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CHAPTER 1 OVERVIEW

»

Althourh the first microproceasor, the Intel U004, appeared 5ix years ago,
the microprocessor field still seeoms pew and excitf;.ng. The rapid advaneces in
microprocessor technoleogy, the creativity of the sof'tware desipners, and the ex-
vlosion ol microprocessor applications have all contributed to this image, In
the pepular mind, the cooputer on a chip has been r'ealimd‘, and the availability
ot computing power to everyone is at hand. While this iz not yet the case, it
is true that few of us will leng escape the ir:‘lpa-::F ol' microprocessors, Mi-
groprocessors are scheduled for use in most automobiles in the late 70°s and
early 1980"s, and the market for tolevision . rodules is Just now developing, For
engineegrs and scientists, microprocessors will increasinely be employed in in-

struments, terminals, and a wide variety of military and industrial ceontrol ang

comunication systens.
Components - Not Coonputerszs {4 viecwpoint)

There is a wide spectrum of viows on nicroprocessors dus in part Lo the
wide wvariety of available nicroprocessors. Thelr..rord microconputer” is fre-
guently used to emphasize that the basic gperatlon of these devices and their
assoclated s:.rst,.em is pearly identical to that of conventional computers.¥ ' on
the other hand dipgital desirners often view microprocessers as convenlent re-
vlacerants for hardwired digital subsystems. One should note that microproces-

sors are products of the components industry and not of the computer industry.

1. In this text, "microprocessor® will be used when describing the cen-
tral processing unit of a "microsrocessor system" (or "microcomputer™).
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Components manutacturers prefer to sell items in larre quantities at low costs,
Thus the types of processors that are available and that will hecome availatle
are largely detérmined by a nanufacturers’ predictions about markets where larpe
numbers of' processors can be sold, Gmall users and nobhyists benefit from the
"fallout™ - the sheer availability of the components, but generally, they do not
play an important role in the desipn process. Gordon Hoore cf Intel stated
that: in its simplest terms, a microprocessor can be considered a "standard loe-
ic block whose partleular functions can be deternined after fabricatjion by
software routines which the logic block would execute”.”® This does rot imply
that microprocessors cannot be made into sophisticated computling systers. The
cotiputer tobbyists have shown that this can be done. (A large fraction nf the
25,000 notbyist systems produced in 1977 by various corpanies (HI75, IMS,and In-
tel for examuple) will be purchased by indusirial companies.) The anateurs ray
very well lead the way as amateurs radio operators once pioneered new techniques
in radio communicatjons. Dut, microprocessors are still most suitable for  2p-

T
plications where tney will be used in large numbers.,

Head of the Family

Alrost in parallel with the development of micreprocessors, ranutacturers
developed aneillary chips that unburden the processer and =implify the softwire,
In rany cases, these chips rival the complexity of the processor; they are pro-
grammable and thus Fan he configured by the processor under software control to
perform A particular task. kExample are: parallel input and cutput chips, serial
interface chips, d}sk interface chips,-and number crunchers, !otorcla developed

:
itz ramily chips together with the HGH00 and described them all as a

2., Proc, of the Iize, June, 1976,
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"icroprocessor tawmily”. Later, Intel developed ita systens components for  Lho
8080, ‘The desifner can expect a continuing growth in the fanily size for rost T
microprocessors since the capabilities of the systems can be increased without

moving to another processor and it concommitant software investrents,

dather special memory components have .alsc been developed far mileroproces-
SOrs. hese chips may have mltiplqi chip selects that slmplify the address
decoding and may be organized so that a minimum number of eﬁ_ips van be used.
The ubiquitous 2102 is organized as a 1024 by 1 bit chip {1024 words, 1 bit
long}, and a minimum pemory © for an B-bit processor would require elpht chips,
This pemory would have 1i{b_~,rte' capacity and might be toco larre for mny nicropro-
cessor applications. Instead, one could use a Hotorola 6830 which, in one chip,
has 128 bytes. (In most microprocessor applications, the progras is stored in
read-oniy-memory and not in read/write memory.) Ultraviolet erasable read-only-

memory {ROM) 1is alsc avallable for proto=- type systems, ' o

Flnally, read/write and RGH memorles have been combined with input/outout
circuits on  the sare chip, Obviously, the manufacturers are trylor to provide
chips that will aimplify the dezign of microprocessor systems by mininizine the
number of chips. Further, thne load on the addresa and data bu_ses is reduced and

the overall reliability increased.
Copputers are Soarter than Programacrs

Software remins a costly feature of -the desim bf‘ﬂces:r for- a microproces-
sor system. There arc two reasons (or this. First, microprocessors have a lim-
ited instructions set and iimited addressing modes. The procrarrer simply must

sorkk harder and more carefully. Second, in contrast to computer ranufacturers,
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component ranulacturers have been slow to develop comprehensive software ai?s
because that software assoclated with development systeris is s0 expensive com-
pared to the component cost, Variocus estimates ranpging from $20 -340 per assem-
bly language instruction have been made for typical programing tasks., This is

to be contrasted with the $5 = £10 cost for the microprocessor.

Hanufacturers have devloped some alds however, These lnclude:! cross assem-
blers, compilers, development systema with resident asaemb}ers and debug aids,
and software packages that allow the user to prograr entirely in "ﬁacrus". The
necphyte 18 {requently surprised and dismayed at the hirh costs of a developrent
sysbem, especially if he had been looking for an inexpensive substitute for a
minicomputer. A designer can expect (or at least hope) that considerable pro-
gress in software for micrﬁprocessurs.uill_bE'made. Because micros will impact
on  tEhy Whe otherwise would never touch a computer, there will be a continuing
demand for hetter soi'tware, especially software that is transportable from pro-
cessor 1O processor and Lhat‘does not invnlyera fundamental understanding of the

details of the processor architecture. =
Chalienges to the Desigoer

if only a tew systems are needed for an application, a designer should
prosably  select one of the single board systeris {Intgl 80710, for example) con-
taining the processor and slots for Rﬂﬁ, read/write memory, and imput/ecutput.
Essentially the designer face the same problems {not ¢hallenges} as the hobby-

ist, and the relative cost of each sysatem will be hich.

The tar more challenging task i3 the desifm for an appllcation that will

invelve Bny processors {(Ll.e., many identical nicrgprocessor systens to be used
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in exactly tne same way). Here the designer muat exersize careful judrement is

the selection’of the'processcr, memory; programmble’ input/output, toard deésipn,’

development aystem, etc. The large mumber of sysatems justifies considerahle at-
tention to the minimization of costs ,to testing and reliability, ard to docu-
mentation., Since the zame software will be used, the desirmer can try to optim-
1ze the software so that hardware costs can be minimized (e.g, memory size}
through various tradeoffs in software. In this latter case, a désighér should
completely Understand the components of the system and be able to cope with the

softwara,

in this tutorial, we will attempt to study some of the [fundamental ideas

involved in microprocessor system design and to review the basic characteristics

of microprocessor system components,

“al
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CHAPTER 2 88SIC MICROPROCESSOR ARCHITECTURE AYD OPERATION

70 illustrate the basic crganization of a microprocessor, we will usze the
model shown in Fig. 2-1. This model resembles the 650X series of MOS Technology
and the (800 of Hotorola; certain registera are not shown for clarity however.
The aixteen address lines permit access to 65,536 mermory location, although re-
latively few applications will require such a large memory. . These . locations
contaln ' the program, data storage, and input/output registers. _Some of the
newer and simpler nmicroprocessors discussed in Chp, 5 have only eight address
lines but tire multiplex the sixteen address bits. Other processors time muiti-
plex the data bus to obtain the full address information, and still others sim-
ply have fewer than sixteen address bits. These various schemes penmi?_the use
ot' other pins on the proceasor packare for input/output, for extra control sig-
nals, or to permit a smaller package. Therpperation ol sone of the internal re-
gisters will be discussed in the following sectlons and described in detail at
the end of the chapter where a specific processor is analyzed.

The cperation of this processor 13 illustrated in Fig. 2-2. The progran is
stored in a sequence of memory locations In the read-only-memory (RGH1). lhen
the HESET signal is toepled low and then high, the contents of the program
counter polnt to a particular pemory locatlon which must contain the First in-
struction (location 0 in this exanple)., The first instruction i3 fetched when
the contents of the PC flow on to the address bus to select location ¢. The
contents of that location, the op code, ls brought into the instructlon register
of the processor, where the op code is decoded, The PC 1s auvtomatlcally incre-
mented so that its contents peint to location 1. IF only one byte is needed for

the inatructlon, the instruction is executed. If more than one byte 1s needed,
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the additional byte(s) is fetched before the instruction is executed. The addi-
tiocnal byte is astored in the location(s) following the opcode, and As each ia
fetched, the PC is incremented so th.at‘al:. the end of the inétmctiun,- it »oipts
to the next instruction. The processor contimies I‘etchilhng and execuking in-
structicons sequentially until it is told to nalt or until the PC is mdi_t:ied hy
an instruction so that it jumps to another locatien in the prosram, This opera-
tion is Identical to that of nearly any other computer. The Micrnp;rocezisu‘r' is
distinguished from conventional mrnppter‘s by some of the details of its c;.:nera—

tion. These delajls are discussed in the rest of the chapter.and sumarized at

the end.

Address Decuding

Typically, some of lt.he addresls lines are | used for decodine;, i.e,, the
(._selecticn o’ the appropriate chipls) or /0 device. Two possible schepes are
snovn in Fig. 2'-3 for two Systess with 4K (4006) bytes'af nerory consisting of
four in byte s {2708). 1In Fip. 2-3a, the upper address lines are connected
to a cecoder chip which provides a G ar LOW on cnly one of its output lines and
thereby selects only one of the RUMS. In Fig. 2-3b, each memory chip is endowed
witn rultiple 'chip selects (totorela’s family chips) and the address decoding is
accomplisned directly. T_n:i_m latter scheme is wory useful] if only a few chips
will be used in the system. For larger resory systems, additional chips fer ad-
dress decoding are necessary.

The examples shown are called Ylimited address deccding” since the , ad-
dresses of tho memcry locations in a given chip are not unigque. Sinee bits 10

0 13 are not used In the decoding or selectlon of the chips, they can be arbi-

trarily set without affectint the operation of the system. In contrast,

]
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]
riinicomputers are "tully decoded", hence if' the processor references lecaticns
where nemory does not exist, a "trap" to & special prorram for such errors usu-
ally takes place. uenerally, in microprocessor systems the processor may read
and write in non-existent memory without irpunity or it rmay address the asame
physical leecation through multiple addresses, Thus microprocessor proframmers
must be more careful because no "hand snaking" occurs between processor and
memory Lo assure the processor that the memory exists or that the lecation s

uniquely cefined,
Menory Happed vs, Iaclated Input/Qutput

In most wicroprocesser systems, the input and output recisters and their
associated control and status reglsters are seen as memory locations by the pro-
cessar. Thus the input and oubtput registers and the ordlnary memory locations
oCcupy the same address space (1,e., they fall within the 65,536 locatlgns Bl
dressable by a éixteen blt address bus of a typlical processer), This scheme 15
called rerory mapped I/0 and is illustrated in Fig. 2-4., The ahvéntaﬂes of this
scheme {3 that one can apply any ef the memeory relerence instructions to the
.inputfouthut. Thus to.create a pulse at an output bit, one can simply use the
ik {increrent) and DEC (decrement) comrands which ordinarily increment and de-
crerent remory  locations, Some processors have separale 170 instructions; the
E0B0 is a good exarple. The BCE0 generates input and output signals separate
from the cemory read and write signals. The input and output signals essential-
ly are read and write signals for the 170 repisters selected by eipht of the ad-
dress  lines. The advantages of isolated I/0 are that less address degoding is
necessary and that the full addresa space can be used for memory. In  isoloted
I/0, special instructions such a3 Il and OUT are used; these place the contents

of the accurwlator at the cutput register or place the contents of the input

=i
ot
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register in the actumulator, The BOEQ is eas{ly converted to cemary rapped acs
shown in Fig. 2-5 and as discussed in Intel’s "5080 Microcomputer Systens lser s

Manual ™

Isolated 170 1s used In some of the newer processors such as Intel’s BQ48
and 8085. The 8085 1s a later version of the 8080 chip which helps to H'Ji-ni'.'l‘i_?.‘:
the chip count while keeping software compatibility, The 9080 is really a three
chip processor because it requires a B228 data bus chip to r:*apr.ur‘e the status
and a 3:2*2# timing chip to generate the elock signals and  synchronize contrad
signals, A typlcal B0BS system 1s shown in Fig. 2-6, ; the 6085 will be used in
addition to the 8080 for illustrations and examples. The SO048, a trug microcorm-
puter on a chip, is discussed later in Chp. 5 as one of the beat, sicpler pro-
cessors. All of the Intel 80XX processors can be made compatible with simple
logic ecircuits, and even other, quite distinct processors such as the 6800 or

~
6505 can be interfaced with Intel-like circuits.

A simple microprocessor system based en the 03 Technology 6502 1s shown in
Fiz. 2-7 Lo 1llustrate address decoding and memory mapped 170, A simple E0EQ
gysten is included in Appendix A along with other operation details. These sio-
ple exanples show that the nueber of chips required to fabricate a working sys-
tem iz quite zrall. Yet quite sophisticated operations may be performed by
thaese systems, In additicn, these systerms provide excellent 170 capabilities,
typical of most microprocessor systems. In the 8085 system, the 8755 provides
2k bytes of Al in addition to the 1/0C ports ad the 2155 provides 256 bytes of
Rall. Both the ROM and RAM capacities are suitable for z larre number of appli-
cations. Hote that limited address decoding is provided by the 11th and 12tn

bits of the address bus. These systems require only a few resistors and capaci-
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tors in addition to the chips and crystal shown to fabricate a2 working system,

» 6505 systems uses a 1702 hoei with 256 bytes and a ibtorola 6810 with 128
bytes. Address decoding is provided by the 7HUS decoder chip. Again limited
address decoding iz used, The 5505 has- only 12 address pins, and thus it can
address only 4K bytes; but this -;:apac-i‘tyi is‘very adequat,er for mast sygtems. The
650X 2eries from MHOS Technuloaﬂr”resenbles ‘the HBEOG, - In some cases, a consider-
able simplification of the int,e:!'f;;éing requirenents l}as ‘be_erl ﬁchieved. tiote
that a very simple clock r:.ircl.-zit is used and that the chip select of memory or
1/0 ocecurs with phase two of the clock. 'i‘he system éhmm is prr;otﬂbl}" the least

expenaive microprocessor system that can be aasermbled, It fits on wiring:'strips

such as the 3Super-Strip and costs leas than $30 is ainele gquantities,
Resxtart Locations

Upon a RESET signal, the program counter of a processor 1is sct to 3 apecif.
ie state. In the 808D, l:.heJPE is cleared sﬂ that it p::-ints.~t'-::: lecation €. The
first instruction of the program must be {n that” location, Since the program is
stored 1n kXl for nmvnllatliﬁ‘t:y .{r'_gbair}; dal:_a-w%tlzaut _pcwer*], the RU:I is usually

- —

located in the lower cterory locations. In the 6800, thie PC is loaded with the

contents of location FrFe and location FEEY.on HESE.‘T,-thus the FOH in a 6800
system 1s usually located at the top of memory. In addition, the 6800 has ad-

dressing modes which rakes special use of the loweat menory Eocatiuns,.and thus

read/write memory (RAM) usually starts a locat:ior} 0. {Fi'g. 2-8),

The Data Bus

a

The data bus of most processors is eight bits wide: a few such as the 5P

1000 and the TI 9900 are sixteen bits wide. Eight bits permit the
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aresentation of all ef tne alphanumeric charaéters: a byte is a ratural unit
ror coomunication purposes, Most B-bit processcors have limited instruction sets
because of the width limitation, the Z-80 perhaps is an exception, The £E080
uses 244 of the possible 256 op codes, the HBOC uses 195, and the 8048 uses 239
In contrast to the address bus, the data bus is bidirectional, hence data can

te read from or written into memory via the same lines.

In a typical system, the outputs of several memory or interface chips are
connected to the data bus; however, only one device can place its contents on
the bus a2t any given time, Thus most mieroprocessor system chips have ™tri-
state™ or .high impedance outputs, Unless a chip 1s selected by the address
deceding process, its cutputs rerain in the of f or {loatinrs staéé and do not afl-

fect the output., Ithen selected, the outputs are either the 1 or O state.

The data and address buses can drive anly a limited pumber of chips. A
rule of thumb is that ten tamily chips may be ¢onnected without buffering. gach
memory ar 1/0 device places a capacitance on the bus a pemita a certain leakape

current to flow. The address and data busgs-must be able to charée the parasi-
"tic capacitance al’ the wires and of the d9v1;es and must provide the lealape
current in order for the processor to work ab its rated speed. Special chips
are available to bulfer Lhe buses,. Intel designed the 8228 chip usually ‘used
with the 8080 so that it would buffer the data tus in addition to its other

tasks. The data bus is the more difficult because it 15 bidirectional.

Tielng and Clocks

tlicroprocessor operation is controlled by clock {oscillator) signals. In

some cases, the oscillator i3 on the chip, and external componenta such a

LI
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erystals or resistances and capacitances can be used to set the clock rate. iIn
other ecases, the elock signals must be provided by extermal =zirmals. In L;e
cases of tne 6800 and the 80B0, this is no mean task. There are restrictions on
the voltage levels, risetirmes, ralltimes, overlap, ete. While the 6800 E;Euirﬂs
a 5 volt clock, it is not TTL compatible. The BOBO reguires a hirh level clock
{12 volts) and to achieve maximum speed, a diffiecult timing sequence {(zolved by

the 8224).

Hicroprocessors have a variety of clock types: single phaﬁe. s5ingle phase
statie clogks, two phase e¢locks, ete, We will use the two phase clock as an
illustration (6800 and 650X), The seguence is ouite simple. During phase 1,
address informmation is placed on the address bus Lo select some memory location
or device. {ontreol signals, discussed in a later section, are also set to ea-
tablish a read or write conditlon, At the end of phase 2, the contents of the
merory location are available to the processor in a read operation or !.‘.I."A'E*'Ih prG—
cessor snould place the oppropriate code on the daﬁa bus in a write ozeration.
Thus phase cne is associated with address information and phase two with data
informaticn. These oaperations are illustrated in Fip, 2-9, Hererrineg to this
figure and to our model processor, the iprst byte of the instruction, the op-
code, 1s received at the end of phase two and directed into the instruction re-
gister wnere it is decoded to determine what operation is to be performed,
bince tne decadin; will take some time and since the next byte in memory may he
needed, that second byte is letched in the next cyecle. AL the end of phase Ewo
of the second cycle, the next byte 1s available and the operstion is now decod-
ed, If only cone byte is required [or the_lnstructian, the processor discards
the second byte and executes the instructlon. If two bytes were required, that
second byte is now availlable, These cases are shown in Figp., 2-10. The exacu-

tion of the instruction in most processors overlaps the fetching of the next
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instruction; the obvicusly save time and i3 called “plpelinlrg". 4l] of the

ecoding of the op-code and execution of an instruction reauires cperationa
between internal reglaters i{n the proceascr. The nonoverlapping two phase ¢lock
provides four "edges" (rising and falling transitlons) that clock or toggle
these internal registers in addition to other timing tasks, If only a single
phase <c¢lock 13 used, more clock cycles will be required to provide the "edges™,
An example is shown in Fig. 2-1) for the Intel B085, Here, the data bus and the
lower byte of the address bus share the same pins, The lower address bitx arn
sent out first and muat by latched using the ALE as the enabiing pulae on D-type
latches. Later, the data [lows in or out of the processor in the ncrmal manner.
While thlis may seem cumbersome, the complete BGBS system i3 much simpler than a

corresponding 8080 ayatem.

The 6800 and 650X microprocessors have the very simple two phase clocks
,ust  discussed, The 8080 also has a two phase clock, but its operations are

very ouch more complicated., A more or less complete discussion is ineluded in

Appendix A.
Clock Rates

The clock rate alone is not an indication of the speed of a processer. It
is frequently and incorrectly stated that the BO8) is twice as fast as the 6800

because the former ‘s clock rate Ia twice as fzat aa the latter’s, [In fact, the

8080 requires more clock c¢ycles to accomplish the same task, and the tHo proces-

/" sors have very sinmilar specds. J Of course, for a given procesascr, a higher

-

clock rate yields faster execution.

3. Clock ratea are only one of many characteristics that are  lncorrectly
compared even in the most recent literature,

H
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The maxlmum clock rate is limited by propagatlon delays, access times, and
other factors within the processor,. The alowest rate at which the processor
Will operate depends upon the type of storape in the internal. registers; viz.
atatic or dynamle., In dynamic storage, the information is stored on capacitors
which willl eventually discharge unless the information is refreshed. Thuas tha
minimum c¢lock rate depends vpon the rate of discharge, The slowest specified
clock rate for the 6800 is 100KHz, ' At room temperature where the leakage i{s nob
particularly large, a 6505 can be operated at 5 KHZ before it ceases operation.

The 8080 also has dynamic storage, and its details are included in App. A.

For st.a't.ic storage (the associated elock s sometimes called a "atatic
clock") the clock may be slowed as much as-desired, The RCA COSMAC (1802) has a
static clock and thus may be single stepped using a debounced sawitch, Statle
and dynamic storage in the intermnal reglsters Is, of course, similar to ti2

static and dynamic memory discussed in Chp, 3,

Finally, some processors provide synchronizing or atate aignals that may be
used for the control of peripherals or for Interfacing. The 8080, for Instance
uses a "synch" sipnal; the RCA {USMAC state signals, and the 6800 has a WHA
(valid memory address) aignal. As discussed ealler, some pr‘uéesmra do not have
aixteen addreaa pins, but time multiplex the addreas information or share the
address bus with the data bus. In this case, the sixteen address bits are sent
out in two bytes, and cne of the b}rtesi will have to be latched or held by exter-
nal circuitry. A timing signal for the lateh has to be provided such as the ALE
on the 8085,
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Control Bus

The last group of signals include read write 1inea, the rezdy or hold
linea, RESET input, HALT, and IRQ, the I{nterrupt reguest. These are often
grouped together, The number of auch linea and thelr speclal features vary
‘widely from proceasor to processor. The interrupt feature is discussed in the
next chapter. The Halt Line performsa the uh?iuus action of stopplng the procea-
aor. A temporary halt may be used in some proceasors (e.g. the 6800Q) so that
ancther device auch as a direct memory access device (DMA) mmy control the
pemory o I/Q0. In other processors, a HOLD signal causes the processor to enter
a2 walting stata and to release to bua Lo some othar devices, Sooe of éheae

features are diacussed later in the next chapters,

The read and write signals Tall into two groupa. Im the ESDO. and 650X
series, one aingle RA/W contains both aignals, and the convention is that the
READ i3 high or 1 and the write I3 low or G. This can lead to problems as dia-
cussed below. In the B0BO and the COSMAC and other processors,s the read and
write sipgnals are separate, For instance, the 8080 has a meoory read and memory
write lines that are ilnactive when they are high or 1. When a read ar a write
operation ls deaired, cne of the lines goes low to aignal the memory that a read

or a write operation la occurring., See Fig. 2-12 .

A question of Interesat to most deaigners is, what is on the various buses?
The renufacturers now provide that information, and the differences between pro-—
cessors Is very interesting. The 8080 is discussed in an appendix, and we will
simply state that it puts pothing on the bus that shouldn’t be there, In the

6800, depending upen the operation, imappropriate information may be on the
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address or data bus. Fertunately, a read operation normally ogcura is such cases
and that data {s simply ignored. Motorola further provides a VMA signal (valid
mexcty address) that ia supposed to eml_)le the memory and I/0 registers, VHMA is
never asserted unless a valid memory is on the address bus, 1 The 650X serles has

very similar properties. Cycle by cycle deacriptions are showm in Flg., 2-13.
Examination of a Processor in Detall

In this section we will examine the inatruction set of the 6800 processor
and the detalls or Iiis upemf.ion. This processor, as part of the Motorola
Evaluation K1t II will te used In the tutorial. The deaigners of the 6800 ini-
tially attempted to produce a microprocessor with the mame instruction 3ct as
the POP-i11 minicomputer; however the processer could not be realized on a single
chip and marketing indicated that a two chip processor would not sell well. The
Final product does strongly resemble the PDP-11 (alftzeit 8-bita} and is perhaps
the easiesat nicroproceasor to program. Like tt:se PDP-11 mini, the 6800 uses
merny mapped 1707 that is, it has no separate 170 instructiona. Thus any in-

structions that apply to memory locations can be applied to the I/0 registers.

{?

The intermal registers in the 5800 are shown in Fig, 2-34, The two accumi.

jators, the index reglster, the stack pointer, and the program counter are very
cenventlonal registera. The 630G, like almost every other processor, 1s a sin-
gle operand sachipne: all arithmetic, logical, and data transfer instructions

move through the accumulators and only one gperand i3 manipulated at a time,

The 6800 i3 eaay to program because it has a reasonable instruction set and
i1t has good number of addresaing modes. The modes {nclude the immediate mode,

the absclute mode (two forma), a true index mode, and the register mode.
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CYCLE - BY- CYCLE OPERATION
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(bbt:}mla's names for Lhese modes are not standard names.) Conditisnal branches

use the mlative.rrnde. Theze modes are summarized in the following.

Immediate mode: In the immediate mode, the operand 1s stored in the location
following the op—code. For example consider the lnstruction which adds the

number S to accumzlator A:

ADD #5, ACCA
This would be assembled in the following form:

ADD 05, ACCA 89 (op-code)

05 (data)

Extended and Direct Hodes: The modes are really absolute addressing modes,
i.e.! the absolute or numerical zddress of the operand i3 given in the follow-
ing byte or bytes. In the extended mode, the specific addr :33 of the memory lo-
cation or I/Q regiater 1a given in the folloewing two bytes (the full sixteen ad-
dress bits), the high order byte first. For memory Jlocations with addresses
less than 256, Lthe direct addressing mode my also be used. Here, only one
byte, specifying one of the first 256 locatlons Is used. This direct mode per-
mits faster executlng and, of course, saves memory locations. An example is a

load the accumulator with the contents of a memory location:

LDA O# 167A
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Tnis instruction loads the accumulator with the contents of location 167A (hew—
!
adecimal }, and would be assenmbled: . !

LDA 8R16TA BS {op-code)
16 .
Th {low byte of address)

The 6300 haz an index reglater which may be used to located the operands. This
addressing made uses an offset followlng the op-code to specify how many times
the index register must be incremented to point to the addreas of the operand.
Thiz tode is especially useful when dealing with tables. Although some mi-
eroprocesscrs are said to have an index register, they have in faet oaly a
pointer reglater: cne that peints to a memory location only and has no proviaion
for an index or offset. The 6800 has a true index register., For example, (I
the index register ia currently pointing to location 8008, and one wishes to

1

¢lear locat{on B00A, one can use the following:

CLR 2(X) -
which 1s assembled,

CLR 6F (clear Index mode)

02 {index or offset)

The "implied" mode or more cocmonly the register mode is used when one wishes to

deal with one of the internal registers: the accumjlators, the index ¢r stack
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polnter registers, or the condition code —egister.

Finally the relative mode la used for the branch cormands and consiata of adding
the second byte of the inmatructlion to b progran counter to divert the progran
execution to another part of the program. The second byte is a 2°s complements
nuzber, meanlng that the contents of the program counter may be Ilncreased ar de-
creased. An example iz a branch from the current location back to a previcus
instruction, often in a loop. For instaswe, one may wish to teat the state of a
process by testing a done bit. If the done bit {3 the most significant bit of a
regiater then the register’s contents are a negative number when the done bhit is

set {=1), We suppose that the reglater is located at 8008 (hex).

LooP:  TST 8r2008
BPL, 1002

Thus unless the done bit is set, the loop test the contents of 8008 and branches

back for ancther test. This would be assembled:

LOOP : 70 . (test)
80
08 {the adcr2ss)
2A (BPL, brz=ch of plus)

FB (2°8 corclement of -5)

Hote the one branches back -5 because 1= program counter will point to the lo-

cation following the offset of the rinch command while the branch command is



-3R-

The instruction set is displayed on the ollowlnp pages and are prouped accord-
ing to their function. Not all of the inatructions may use all of the addreas-
ing modes; for example the clear (CLR) instruction cannot use the direct ad-

dressing mode but muat use the extended addreszing mode.

Data Handling Instructions

Function Mnemonie Qperation
Load accun. LDAA,LDAB M =&, M =3B
Push data PSHA PSHE A =% atack
B =» stack
Pull data PULA,PULB stack =>A
. stack =»B
Store aceum. STAA,STAB A ->M, B->H

Transfer accum. TAB, TBA A ->B, B ->A
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lata Handling Instructions II

Funct ion

Clear

Decrement

Inerement

hHegate

2’'s complement

Complement (17s)

Data Handling

function
Rotate left
fotate right

Arithmetic
shilt left

Arithmetic
shift right

Logic shift
right

carry bit
bit ©
bit 7

Accumilator A
Accumalator B
Memary loecatlon
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Mremonic
CLRK,CLKA,CLRB

DEC, DECA, DECB

INC,IHCA, INCB

N2G , NEGA ,NEGH

COt4, OOMA , COMB

Instruction III
Hnemonie .

ROL , ROLA , ROLEB
ROR , RORA , RORB

ASL,ASLA,ASLB

ASR, ASKA, ASRB

LSR,LSRA,LSRE

"QOperation

Q0->M, A, B

1 -5
-2
1 >

| I |
—r

-
=>
1 =2

e X o= X
+
-

+ o+
e
= a2 m x>

Dperatiﬁn
c ->b0, b7 ->¢
hO ->e, ¢ =>b7

b7 -de, D=3b0
b7 ->b7, bo-de

0 ->b7, bl->e¢

By



Arithmetie Instructions

Function

-

Add

Subtract

Adgd with earry
Subtract with
carry

ADD acouwmulators

Subtract accma,

-40-

Mnemonic

ADDA , ADDB

5UBA, SUBB

ADCA, ADCB

SBCA, SBCB

ABA

S84

Logie Instructicns

Function a I-‘.lnermn ie
AND™ ANDA, ANDEH
Exclusi{ve OR EIIRA.,_B.JRB
Inclusive OFR ORA ,OKB

+ - plus or UR

o e M=

Cperation
+ M= A
+ M ->B
- M > A
-M->B
« M+ =24
+M+p =28
A =M =>4
BRBaMa=¢ga->B
A+ B =>4
LA -B-=xA
Cparation
A M > A
B H ->BH
A M -> A
B M »>BH
A+ M -2 A
B+ =>B

.
L



runction

Branch alwayzs

Branch if
Branch if

Brancsh il

Branch 1

Branch t

Jumn

r

o

Zerg

Zero
plus

carry set -

subroutine

No operation
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Conditional Branch and Jump Inatructions

Mnemonic
BHA
BEG
ENE

BPL

BSR
JIP

HOP

‘I'il )

-3
Condition

This is a partial 1ist of the branch and jump commnds; some dJdepend upon the

bits in the condition code registér which are summarized below:

Bit no, oo
0 c
1 v
2 Z
3 H
4 I
S H

Condition Code

carry ~ borrow
overfllow

Zero

negative
interrupt rask

half carry (for dee, arith,}
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Chapter 3 MEHORIES -~ RAN AND ROH

Semiconductor memory development preceded that of mieroproceasor develop-
ment and is equally important, Soon after the announcement of the first mls
croprocessor, it was facetiously stated that the components manufacturers
developed "micros so that they could sell mepory! In fzet, the cost of the
memory usually exceeds the cost of the microprocessor in a typical syaten, in
this chapter, we will discuss read-only-memory, rend/write memory, examine a

simple memory system, and disecuss direct memory access (DMA).

Bead Unly Memory: ROM

A microprocessor’s pregrabh is usally stored in ROM since ROM  is  non-
volatlle; that is, it retains itz contents uit.hciut. applied power., In prototlype
or evaluation systems, the program may be temporarily stored in readfwrite
memory for easy testing and editing, and then the pmgr;‘:m ray be moved to ROM.
Electrically alterable ROM is also useful for systems where the ROM will be used
in =mll quantities or where the program may be modified arain. The well known
1702 uses a p-MIS teehnolagy" and contains 255 bytes, Hecently the 2708, an n-
channel RAUM, has become available. It contains 1K bytes and is much easier to
progeam than the 1702, EBach of these ROMs is uvltraviolet erasable and can be
reprogrammed in  an appropriate device external to the microprocessor aysten in
which it will ultimately be used. This process takes'at Jeast 15 to 20 minutes
including the erasure. Once programmed, the ROM chip is placed in the micropro-

ceasor syatem, IF a large number of identical ROMs are to Y used for many

h, p=M053 and n-MIS refer Lo p-channel and n-channel Metal Oxide Semicon-
ductor transzistors used in the memories.
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identical systems, mask programmed ROMs are avallable from a number of ranufac-
turers which are pin for pin compatible with the erasable ROMs. Even larger
capacity mask programmed ROMs are available; e.g. the Intel 83164 with 16K
bytes. Other types of programmable ROMs include fusible 1ink ROMs in which a
nichrome or silicon link is burned opened to store a 1 or 0 in the corresponding
it location. Fusible link ROMs are usually bipolar hence much faater than the
MOS HOMs; but they are less practical since the faster speed is not necessary
they can be programmed only once, and the chip capaclties are smaller, Intel,
MO05 Technology and others have ¢combined ROMs and 1/0 cir‘cuits. on the same chips,
This helps to minimize the chlp count for the system., Some of the ROMs are
reprograrmable. The ultimate chip 1s the 8748, a member of the the MCS-U8 fami-
ly of 1Intel, which contains the processor, erasable ROM, read/write memory,
interval/event timer, and copious I/0.
s S

In addition to program st.orage\: ROM can store tables of data, codes, moni-
tor frograms, assemblers, editors, ete, In evaluation kits and development sys-
tems, monitor programs assist the user in writing, editing, and executlng pro-

Erama.
Read/Write Nemory: RAM

Actually, ROMs are random access memory [(RAM), but  "RAM" ia usually
reserved for read/urite memory. Developments in FAM have proceeded as least as
fast as microprocessor development. Hvtzrrnr:nr'zar chips with 16 K by one bit organlza-
tiona are available; eight such chips would provide 16k bytesa., In microprocess
aor systems, RAM is usually used for data st,or'ar::e. however the program may bde
stored in and executed from FRAM. RAM ia volatile, and thus reguires hatter-j;r

backup if a power losa opccurs. Many mlcroprocessor syatems require only a zmall
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amount of HAM and thus component manufacturers have provided organizationn that
minimize the number of c¢hipa. Two example are shown In Fig. 3-1. The first Is
a Motorola 6810 with 128 bytes, and the second 13 an Intel 2111 with 256 Uu-bit
nibbles. Two 2111 would provide 256 bytes, Larger amounts of memory ray be ob-
tained using 2102°s (1K by 1 bit}. For very large memory systems, larger cara-
city chips such as the 23107 (4% by 1 bit) and the pewer 1K by 4bits static

memory by Intel are also avallable,

Dynamle and Static RAM

Some of the larger capaclty chips such an the 2107 have dynamic storage of
bits. That is, the. bits are steored on capacitors fabricated directly on the
chip using the MOS technolopy., Since the data will eventually leak away, it ia
necesssary Lo detect the state of the bit before it in changed and reatore Lhe
charge to the initial state: refreshing., The refreshing is accomplizshed usinp
additional eircuitry which addresses the chip and performs read operations on
each location. Ceocunter and timing circuits are needed to ensure that all loea-
tions (actually all columns in the array) are refreahed and to avoid confliet
with precessor accesa. Normally, the processor cperaticn must be delayed aor
held in a state and be disconnected from the address bus to avoeld conflictu. A
refresh of each location must be done every 2 millsec, and thus the processor
operation may be slowed by as moch a3 3%, The complexity of the refresh circult

doea not increase with memory size, and thus dynamic memory is not the bhurden

‘that one might think. In addition, d;,rnamic memory uses leas energy than statie

!
and is therefore more practical for battery backup. Finelly, nearly all the
very large capacity BAMs are dynamie, hence tney are more sultable for large

memory systems,
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The smaller capacity RAMs are 3tatic. Here the bit data 1a stored con
flip-fleps and the data will remain 20 long as power i3 applied., Power-down op—
tions are available which save power when the memory Ls not accessed by the pro-
cessor. Statlc wmemory 13 easfer to use than dynamic and iz the abtvious cholee

for ama]]l RAM systems,
Avcess Yioe and Cycle Time.

Recall that microproceasor timing is controlled by elock cycles. When the
processor apcesses medory, 1t sends ocut address information for chip selecticn
and for byte location within a chip{s). At the end of phase two in our earlier
example in Chp. 2, the processor expects valid data. Thua the memory must ba
Fast enough to yleld valld information. The time between the application of
valid address and the data valid state Is called the "access time™ and must at
least mateh that of the the processor. Shown in Fig, 3-2 are the timing data
for a 2111, Note also that the chip select may occur after the address is ap-
plied. Usually the address {nformation is involved in a chip select, but the
phase two clock may also be Involved in chip select., Thum a second time, the
Tchip enable to cutput" time ia alse important, Typlical times are shown 1o the
Figure and in the assoeiéted table, Other times are included for completeness.
Extremaly fast memory, faster than 400 nsec would be a wasted expense for most

systems,

Siople Memory System

Shown in Fig. 3-3 12 a simple 3system using one ROM and bLwo 2111 RaMs. " e

memory  is connected to an S080 bus and some addreas decoding Is accomplished by
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TIMING DATA FOR THE 8111 RaM

) Min. Max,
Read Cycle 8§50 .
Access time 850
Chip enable %o 550
output . '
Write Cycle 350
Write delay. 150
Chip enable to 750
output ..
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the 8205 chip which supplies a low on one of its outputs according to the inpet
pattern, That low selecis the appropriate chip or chips. For thls aystem, the
ROM locations start at 0000 and the 256 bits of RAM start at H0C0. Hore com-
plete system drawinga can be found'in the appendices of the Intel SDK-80 Manual.

Direct Memory Access
1

Direct Memory Access {DMA) ia related to input/cutput. and thus couvld be
discussed in the following chapter as well, Under programmed 1/0, a substantial
time {at least several microseconda) are reguired for data transfers to memory;
further, the processor must be dedicated to the 1/0 process, In many applica-
tions, fast tranafer of large amounts of data to memory are reqqired. It mey be
that the data generation rate of the process is inherently fast or it may be
desired to transfer E.hed.at.a snl th.;'nt. the processor is not tiled up or held 1in a
walting state for long timea. An excellent discussion lof varlous techniques can
be found in Motorola’s Appliecations Manual for the 6800. There are direct tech-
niques where the processor 1s halted or held in a waiting state 3o that the ad-
dresas and data lines are not c;::ntir{:}lled by the procesacr., An extermal eclrcult
or device then can take direct control of the busea and deposit the data in
memary. The B080 has a HOLD signal input that accomplishes just that task. The
6800 1s only slightly :mr;e complicated in its HALT state. In both, the memory
may be uritten fast as the cyele time of the memory permits f{one applicatian
where faat RAMY i3 useful). This scheme does not require complex hardware.
Anather techniquesa uses cyele :lt.ea;ling" which does not require a rcomplete shut-
downn ¢of the processor or complex ¢ircuitry. However, the data transfer rates
are ¢orrespondingly less. An unusual scheoe inﬁolving the 6800 ia "multiplexed
DMA" and 1s Sllustrated in Fig, 3-4. This scheme 1s possible because of the

simple, symmetrical clock timing of the 6800, These techniques are surnrized
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in the asasociated table,

Applications for DMA include disk interfaces where data transfer in blocks
at high speeds is required and a variety of data acquisition systems. One exam-
ple iz a transient recorder in which the digital dates is stored directly in the
RAM and then the processor "slowly" displays all or parts of the pulse under
program control. Hardwlred systems cost up te $10,000; but a microprecessor

aystem could reduce much of the cost and provide additional features,

DA can also be accomplished by some of the prograrrable chips discussed in
the next chapter; however, the date rates are not as high as those in which the

proceszor is halted or held in 8 HOLD state,
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DMA TECHHIQUES

Technique Haximum Data Rate HMFU progran Hardware
Execution Complexity

Halt Processor 1 byte/microsec. D Lowest

Cycle Steal 1 byte/2.5 nicrosec. ieyele/S nicrosec, Hedium

Multiplexed DMA 1 byte/1.2 microsec, leycle/1.2 microsec, Highest

Soltware (PIA) 1 bytg{1h microsec, Dedicated to Lowest
Agquizition

Notes:

These examples hold for the £800 processor and are deseribed in
Motorola’s Applications Manual. The DMA rate for the Halt case

is limited by memory 3peed;

CHAPTER 4 .
PROGEANAABLE MICROPHDGESSOR SISTEM CHIPS - INPUT/QOUTPUT

Wnen microprocessors firat became available, the input and cubtput c¢lrcuits
has to be delsgned using 551 loglc. Hot only was this task time consuming, but

the number of chips in the system increased a preat deal. Hotorola, and later
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Intel and cthers, eased these problems by providing L5I chips te handle I/0,
Recently, additional LS1 chips have become available that augment the
processor’s capabilities in other ways, Almoat all of these newer chips are
programmable, and thus they can be configured to suit a given task, Standard
nicroprocessor aystems can therefore be fabricated for a number of applications
Lhereby reducing production and documentation costs. Intel, Moterola, are cany
ather mnufacturers have produced a nucher of systens that can be programmed by
the user for various tasks, The B0O/10 and B0/20 aystems of Intel are good ex-
amples, These syatems contain a variety of 1/0 circuits in  addition to the
processor and memory, and they can be expanded to include additional memory and
I/0. These small systems are particularly useful for applications where only a
feu xystems are required. For applications that require a larper mumber of pro-
cessors, several manufacuters will provide custon deslpns, Whether a  desiener

chogses these systems or uses one of his own, he will encounter these proprarm-

able chips.

In this chapter, we will discussa basic input/output ‘chip, and then exanmine
zome  specifie exarmples of parallel and serial 1/0. Interrupt programming, in-
¢cluding priority interrupt schemes will then be discussed and illustrated. Fi-

nally other programmable chips will be surveyed.
Baale Input/0Output .

Frogramuable chips may be deacibed uaing the model shown {n Fig, #<1. Hot
all of the regi=ters are\fbuﬂd in every chip: scme combine the registers, obthers
vay simply lack one or more of the reglsters. The chip is programmed by depo-
siting the appropriate number in the control register, The control.register Ay

appear a2 a pemory location tc the processor (memory mapped I/0) or a3 one of



CONTROL

STATUS

INPUT

QUTPUT

CONTROL

PORT A

PORT B

PORT C

Fizp Il-i-1



o,

-58-

*he 1/0 reglsters (isclated I/C). The contents of the control register deler-
mine the roles that the other reglster can play. The contents may apecifly which
register is an input register or an output register; they may enable or disable
interrupt requests from the chip{ or they may specify the type of input {e.g.

latching with handshaking) or output {(aynchronous or asynchronous).

Cne of the more interesting examples is Intel’s 8255 Programmble Peri-
pheral Interface (PPI}5 shown in Flg. 4-2. This device contains no status re-
gister. The four internal registers are selected by the two lines connected to
the address bits AD and A1, The pontrel reglater is "write only™; that is, it
cannot be read by the processor, On resel, all of the registers are cleared.
Thz chip way be cperated in three modes, Mode O Is called basie input and out-
put. In this mode, ports A and B may be either lnput or outplt ports. Port C
.3 5plit and elther half may be an lnput or output. In this econfiguration, the
output lines will hold or latch the data in the output registers, and the input
registers will reflect the state of the input lines., Further, any of the 'eight
bits of port C may be individually set or reset using a single output instruc-
tion which writes into the control reglsater. The control register 13 however
not permanently modified by a bit set/reset operation. Detalls of the control

register operation are shown in Fig, 4-3.
Xeyboard Encoding ~ an Application Exanple
A simple scheme for encoding an array of switches using the 8255 is shown

in Fig. 4-4. Of course, keyboards my be purchased with LSI encoder chips, how-

ever, encoding by the microprocesasr may reduce the coast of the total aystem.

5. I don't rmke up these names, I just use them.
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ADDRESS BUS

CONTROL BUS

DATA BUS

RD,WR D7-0D0 AO-Al
- Cc5
o
= =
[~ 8255 .
e
MODE O

e B

PB7-PBO , PC3-PC O, PC7-PC4 , PA7- PAO

Fis- h‘-a
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GROUP A GROUP B
p L e

I loiolo|lojoio]!
"'"'—"\.-——--"

MODE «#—— | lpORT C

SET BITS O-3

| ACTIVE -

MODE g | L »PORT B

SELECT . .

PORT A= L MODE
-POR-T C

BITS 4-7
- INPUT
O- OUPUT ‘

Fig. 4-3
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"hiz 1is very practical if the proceasor will freguently be walting for an imput
from the keyboard anyway, and il the extra soefiware doea not reguire additional
memory chips thus cancelling the saving of the encoder chip. Some of the simple
evaluation kits such az the XIM-1 and the M6BOODZ2 use this scheme, In this ap-
plication, a pattern of 1'= and a ;‘Jwill be applied from the A port, and I a
wey is closed 1in the row in which the 0 1s applied, one of the port B inputs
will be pulled lew, If no switehes are clozed, the inputs to port B will all be
high (+5 wolts). The processor, under program control, thus shifts or rotates
the saingle 0 among the port A outputs and checks the state of the B input. when
a low ls found at the Input, the processor can use the atatea of port A and B to
,deterndnﬂ which kKey was closed. For example. the processor can use the B input
data and the A cutput data to construct an address in a tadle atored in memory
and find the corresponding ASCII character. An outline of the B080 code i

hown in Fig. k=5,
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8080 CODE FOR SWITCH DECODING

In the following, it is assumed that the 8255 registers have the
addresses: Port A: F4:; Port B: FS; Port Ci  Fb;
Control Reglister: F7.

A program fragment is shown; the cooplete program would be too
complicated to be shown here.

MVYI A, #82 :load accum with 82

ouT FT ;initialize the control register,
Port A, bits 0-3 cutputs, Port B input,
Port € incidentally set as input

MVl A, #FE .

QUT F4 tPut zere in bit C of Port A

IN F5 iread Port B

XRI #FF :1°s complement the accum,

JHZ RIT tHit ia the routine for the table lookup

If zero, no key was clozed, and the
zerc bit of Port A should be ahilted

Fig., 4-5



Latched Inputs and Handshaking -Another .Hode -

- T

In some applications, it is nneexr:‘es,:at.au'},:r torlatch input data aince the data
may be valid only for a short time, Usually_ some tiuminﬁ; signél or Mstrobe" ls
available to indicate when the data are valid. The processor my be occupled
with some task which cannot be interrupted or the data valid dstate may be too
short for the processor to capture the data, The B255 may be uzed in mode 1 as
ahown in Fig. 4-6 for these cases, {If the processor is not otherwlse occcupled
ahnd if the data valid state exlsts for at least several microseconds, the pro-
Cessnr  can check' the state of the strobe input and capture the.data easily in
mode O of the previous section.) In the latched input case of Fig. 4-6, the

strobe signal loads the data into the input latch. Subsequently the 8255 issue

"the 1lnput buffer full (IBF) signal. If the interrupt enable iz set wusing t.he#

bit aect of pin 4 of port C, an interrupt request will be generated on piri 3 of
port C. The strobe and the:_ IBF conatitute the i'landshaking; the IBF signal s
ugeful for indicating t:J 'the inputting device that the data has not been read by
the processor, When the conteﬁts of port A are read, the IBF slgnal is reset,
Port A and port B may both be operated in this mode. Ancther use of Mode 1 is
strobed output. Here data are placed at the output of A or B and an output
buffer full (OBF) signal is .iasuad by the 8255, When the output device connect-
ed to the 8255 accepts the data, it should issue an acknowledge signal that can
tn turn generate an interrupt request. (Interrupts are discussed later in this
chapter, )

The 8255 can be operated in still'jar;ct.her mode which can provide synchro-
nous input or output., Details can be found In the B080 Microcomputer Systems

User’s Manual. In summary, the B255 provides 24 input or cutput lines amnd ecan
. . ¥

.;_.
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CONTROL WORD

07 D& D5 D& D3 D2 D! DO
1o 11 t |10

PC &7
1= INPUT
O=0OUTRUT

MOOE I{PORT A )

PA7 - PA0O 8

1 I
| INTE | PC4 |e—STH A
' |

FC5

— iBF A

PC3 | _»INTR A

PC 67 o2, 10

Fis- 4-6



be operated in a number of modes.

There are a number of other chips fram Intel and other manufacturers] that
resemble the 8255, With the new 5085, an 8155 has been made available which has
many of the B255 features:-two 8-bit.Atand B"p‘h‘:‘-ta, 6- bim'c&ﬁorr. basic and

| ! IRENERY
atrobed inputfmtput;'lln addition,- it-has a-fh -bit- binary.doun counter,_and 256
I

bytes of RAM, and may be interfaced with the 8080,
I e } JORTY.D0
DPata Directlon Beglaters I
ATRG X o
| TI2Ai0 j mn |
JIAAR0

On some parallel 170 d‘jipa, individual bits may be dengnated as either an

|| —— sy

-

input or an output bit. (lne exarple is the Motorola PIA (6820)7 Here the chip

_ P! OM : I O\t i
may be divided .lnt.n two.parts,.A.and B. Each side or part_is_ very_  aimilar as

shown in Fig. tl 7:~~(TheA- cutput -bits. are-standard -TTL. compatible,. but the B
R TN T 1.5 e 1
output bits ray.scurce.up to; 1 milliampere, adequate for- t.he_,qbasa‘__dr-ive of a

transistor. The Intel 8255 outputs also provide the 1ma, drive,) Although there

are aix internal registers, only four are addressable at any time. The data

direction reglsters ispecif}r which bits are ocutputs or inputs. A 1 In a bit of
the data direction register defines the corresponding extermal line a3 an out-
put; a 0O der inés an input., The control registers define and enable the inter-
rupt states and with pins RO and R1, the register select pini, select the I/0
register or the data direction register. Specifically, it the 2nd bit of the
control register is a zero, then (RO,R1) = (D,0) selects the data direction re-
gister. If the 2nd bit ia one, (0,0) selects the I/0 register. The control re-
gisters are always selectable. The register select is indicated in Fig. 4-8,
While cumberscme, this schewe permits a pin that would ordinarily be used a=
reglaster select, to be used for some other useful task, MOS Technology manulacs

turea an excellent variation of the PIA: the £530. It containa not only the



INTERIAL ADDRESSING OF ThE PIA

4
'

RS BS0) Control Register 3it Location Selected

CRA-2, CRB-2 . _ -

0 0 1 x Peripheral Heg_ist.er A

o 0 0 x Data Direction Repister A
4 1 - x b .- Control Register A
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control Register o

RSG amd A5 are the revizior select pins normally connected teo address

pina AD and A1, CRA-2 and CHB-2 are bit 2 of the control registers.



Data Acquinition: Analog to Digital Conversion

In this example, we will consider the simple task of controlling an A/D
converter and storing the binary data in consecutive pmemory locations, Hote
that the 6800 uses pemory sapped 1/0, and thus the registers in the PIA are ad-
dressed as memory locations. The A/D converts analog =ignals {usvally a voltage
or a current} into a binary number, When the A/D is issued a ¢cormand pulse (D
to 1 to 0}, it begins the conversion., When the conversion is finished, a "done"
signal i1s issued by the A/D, Some A/D a perform the conversion very quickly,
perhaps in a few microseconds. Other may take as lonp as milliseconds. If the
A/D {= fast and frequent ccnversions are required, the processor will have to be
devoted to the tasks. I the A/D i3 slow, the processor may be used for some
other task and then come back for the data or be interrupted from the other task
to take care of the converslon and data, In this latter case, interrupt pro-
cessing may be useful. Here we will consider the Ease where the procesaor is
nardling only the converslon. In Fig. 4-9, the flow chart and instructionsa for

the 6800 are given.

LY
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LO0P;

DONE:

LDAA
STAA
LDAA
STAA

STAR
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6800 Code for the A/D Zxample

01
¢ 8008
04
6t 600%
8¢ 8008

INC B#E0D08

DEC 6#B00B

TST #8008

pFL DONE

LDAA E#800A

STAA (using index reg.
INX

CPI #xxxx

BNE LOOP

;initialize PIA, bit O an ocutput

; atore in data dlrection register

;set control register A

iset control replster B

ipulse the cormand line
;i3 the done bit =et?

1if not, go back to DONE

); index register used to store data
iatep Index reglster to next location
1all data acquired?

il ot go back to LOOP

Fig. 4-9
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The A/D is one example of a common task where the processor must evamine a
strebe bit amd store the date for a certain number of samples. A question of
important is, how [ast can the processor acquire data while keeping track of
data samples and the count? The code for the RBOO is shown in Fip. 4-10, The
processeor ray handle more than ope such task, The Motorocla Applications Book

describes and analyzes this multiple task,

[N
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DATA TRAMGFER PROGRAM

This program segnent is intended to indicate the maximum rate at which a

6800 may acquire data,

Here, we are glven a control register (CHTHL) which in-

dicated that status: if bit 7 is high, the data word (DTWR)} 1= ready to be read,

The {index register has been prelcaded with the number of words to be acquired

andl iz decremented until it 1a zero in which case the acquisition is done,

LOOP: LDAA
PPL

LDAA

CNTRL
LOOP

DTWD

LOoOP

iload control word
idataz not ready

iget data into accum A.
;store on atack

;Index reg,. has count

ireturn Tor next word

1

Fig, 4-10

4 eycles
4

4
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Here it 1s shown that 24 clock cycles are reguired to test the status, ac-
quire the data, and count the mumber of acquisitions. For a 6300, 24 cycles
correspond to 24 microseconds or 12 microseconds depending on which speed pro-
cessor 1s used, While adequate for many tasks, this acquisiﬁion rate is too
slow for other tasks, It is sufficiently fast to acquire data from a {loppy
disc if the data iz available in bytes, but toc siow to provide the bit to byte
interfacing for the dize ltself, It is {est enough to acgquire data from a

cassette tape recorder bit by bit.
Serial Input/Output Chipsx

hot long age, communication between the processor and a teletype or CRT was
randled by a U/ARRT, a p-M3S E§I chip which converts parallel data from the pro-
cessor into serial data and converts serial data from the terminal into parallel
data., This chip is "programmed™ by éonnecting Jumpers to +5 volts aor to ground,
It is very flexible and in fact is still]l used (in hobby computers and in the
L3I-11 [lor exanple. Again, Motorela was the first to produce a microproceasor
compatible ohip that can be programmed by the processeor and not by external con-
nections, These chips have various names: ACIA {asynchronous communicaticn ine
terface adapter), UéART {Inﬁel'a universal synchronous asynchronous receiver
transmitter), A typiecal version is shown in Fig. 4-11. The four internal re-
platers are selected by the register select line and the read/write line, The
control register and the transmitter buffer are write only and the status regls-
ter and read buffer are read only. The chip ls progracmed by depositing the ap-
propriate code 1In the contrel register, Specifiec bits determine the number of
atop bits, parity, number of data bits, and together with the transmitter and

receiver clocks, the baud rate. in  interrupt on the reception or complete

R
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transmission of a character may also be provided. Thus the processor ray per-
form some other task while the transmission of a.character is carried out or
while walting for a character to be received., The function of the individual
bita i=2 illustrated in Fig, 4-12. The input and cutput of the ACIA are serial
strings of bits shown in Fig. 4-13, The start bit and stop bits act as t.iming

signals for the teletype or CRT.

The ACIA can be connected to a modem [modulator-demodulator) chip so  that
the serial information can be transmitted over telephone lines, The modem pro-
vides the [requency shift keying EFSK} gver the lines; it can be operated in an
originate or an anawer mode. It originates 1's and 0’'s {called rarks and
spaces) at 1270 and 1070 Hz res3pectively and answers at 2225 and 2025 Hz repec-
tively.

The U/ZART or ACIA type chips are not always satisfactory for teletype come
municaticn since there is no provision for reader control. 6 Shown in Fig, U4=-14
is a scheme used by Motorela in their evaluation kits. Certain output bits send
and recelve the serial data and others turn on or off the reader relay. Howev-
er, in this scheme, the processor is responsible for converting the parajlel
character into serial bits, It can do this by shifting the bits out one by one.
The processor will theref&re have to dedicate itself to this task. If the pro—
cessor 13 supposed to handle other tasks, the ACIA or its equivalent i3 neces-
aary, {(Transmission to a teletype requires 100 milliseconds per character or
about 9 millesecconds per bit. This slow rate would permit some time for execu-

tion of a task, but for higher baud rates, Lhe processcr would have to spend

6. In some teletypes, provision is made for control of the paper tape
reader using special eoding hara. Certain control charactera then can tum
the reader cn and off.

I
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TRANSMIT DATA REG:
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most oI its time shifting and timing the bits.)

Interrupt Handling

Interrupts provide a processor with the eapacity to handle more than one
programming task, Usually one task is the “main program® andithg_otherfsl is a
service routine which is performed on rgquest. An example is a microprncessér
prograt  where the processor is supposed to monitor a process {(and perhaps also
" provide control signals) and print information or data on a terminal. Here, the
praocessor may, under program control, epable interrupts on the serial corrunica-
tion interface 30 that the processor may monitor the process most of the time
and only oceasionally divert to the terminal program and transmit the next char-
acter out, 1f-the monitoring program cannot be interrupted at certain times,
the processor can disab:le' the interrupt and dévote full time te its maln pro-
gran. when the interrupt is énabled, the ﬁroeessar o0 interrupt regquesat fin-
ishes its current instruction, saves enough information sc that it c¢an return to
the rain program (e.é. Lthe propram cdunté} and the condition codes), and Jjunmps
tc the interrupt routine, On entering the interrupt routine, the processor dis-
ables further interrupts and begins execution, When finished, it returns to the
main program by restoring the saved program counter and any other reegisters in-
forrmation raved before lcaving the main program. The processor may enable an
intercupt on entry to an interrupt routine amd thus interrupts of interrupts

{nesting)} may occur.

Hfinicomputers such as the PDP-11 handle interrupts in sophisticated ways.
These processors are relatively expensive and powerful, thus multitask program-
ming is very cormon. The interrupt capabilties of most microprocessor are siml-

lar to those of mnminicomputers (or can, by additional circuitry, be made

e
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3inilar}, nowever the desipgner should consider the possibllity of using =everal
processors rather than coping with complicated rultitask programming. Hi{![‘.ﬂpm-
cessor are less powerful than minicomputers, the software presenta more diffie
culties, and they cost mach less. Of course, if the data or control rates are

very slow and aimple, a microprocesscor can handle many. tasks,

Typical Xoterrupt Procedurcs

Most interrupts are maskable, that is, the microprocessor’s condition code
register contains a flag bit which enables or disables (masks) interrupt re-
quests, Jhen the interrmupt in not masked, and an interrupt request is made, the
processor linishes ita ocurrent instruotion and inters the service routine, The
Ilow chart of a 6800 is shown in Fig, 4=15, HNote that there are two interrupt
requests: a nonmaskable interrupt (one that cannot be disabled by the processor)
and a regular interrupt r‘eq.;.lest-. We will diacuss only the latter. When Lhe
processor [inishes an instruction, it checks for a halt sipgnal and then an in-
terrupt request. If the interrupt request is asserted, it then checks the mask,
Ir the mask is set, the processor continues with the next instruction. If the
requeat is not wmasked, the processor saves all of the intemal reglsters on the
stack (excluding of course the contents of the stack pointer} and goes to loca-
tions FFFB and FFF9 for Lhe.new program counter, IF several devices are capable
¢f interrupting the processor, the service program must POLL the devices to
determine which device ¢reated the interrupt reguest, A "prlority" of the re-
gueata may be eatahlished through the order in which the devices are checked,
In the 6800 family, the I/0 devices have a status register or statua/control re-
gister which contains a flag bit that signals an interrupt request. Thus when
inh 1/0 devlce is programmed, interrupt enable bits in the control register may

be set to permit interrupts by that I/0 device.{Fig. 8-16). The Motorcla scheme
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START SEQUENCE

FFFE , FFFF

YES

T
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minimizes the hardware lor interrupt processing, however, the search forthe in-
terrupting device does require additional time, Considerable time may be saved
if the processor is told or can quickly determine which device 1s interrupting
and thereby go directly to the service routing. This 13 called YECTUR inter-

rupt,
Yector Interrupt Exanple

In the BOBUL, the processcr is fed a particular address corrHSponding to the
particular interrupt service routine, This saves time at the expense of addi-
ticnal hardware, The 80BO itself allowa eight peossaible interrupta, When the
interrupt reguest is received and the interrupt enable bit is set, the 8080 ex-

pects to see a BRESTART instruetion.

TIHHNTI

When this restarti commnd is received, the PC is saved on the stack, and the
processor will pgo to location B"HNN (locaticns 0,8,16,32,40,48 and 56) for the
beginning of the interrupt routine. 7 Location 0 corresponds to reset External
circuitry 1s required for the generation of the R3T command. For a single in-
terrupt, this can be accomplished using an B-bit input port that is enabled when
the procassor acknowledges an  interrupt  request (INTA). The clrcuitry for
several devices is considerably more complicated. Intel produced the B2l
priority control unit shown In Fig. 4-16, which fed a particplar RST command for

each request on one of the inputs to the 8214, I two devices simultanecusly

7. Hote that the 8080 {35 essentially coded in octal rather than in hexa-
decimal, and thus when the instructions are expressed in hexadecimal, they
have a rather chactic relationship.
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reguest an interrupt, the one with higher priority will bhe recognized first,
Apain, the 8214 issues the appropriate n3T instruction.on (INTA) from the pro-

.

cessor, .

Intel’s 8259 provides prograrmable prigrity interrupt which can be pascaded
to 5% 1levels. Or IiiTA from the 8228, the #2590 will issue a CALL (Subroutine}
op-code which in turn will cause the 8228 to issue two more INTA to fetch the
complete 3 byte subroutine call instruction. The 259 may e ﬁrogrammed s0 that
any m&méry location may be specified for the start of the interrupt rootine and
50 thati desired priority in established. -

k

Other Programmabie Chips .

Gther chips include "number crunchers® which are q;sent&iily prograrmmable
caleulators for processors., Specifie chips have been announced for the 3080 and
for the SC/HP of National. When the cru;cher finishes with the caleculation, it
can interrupt the processor in the manner described earlier, Floppy disk inter-
face chips, apecial serial and parallel interface chips, cri eontrollers,
keybocard/display interface chips and 5DLC prutocol_canéknller chips have also
heen doveloped. Basically thelr gperation iz determined by a control register
and simple commands from the processor accomplish the desired operatlion{(s). As
discussed earlier, these chips extend the capabilities of the processor, unbur-
den the processor, and simplify the 36ftware and hardware desim, In this sec-

Lionn we will gnly lock at A direct msmary access (DHMA} chip that simplifies the

sottware and hardware of the DHA problem discussed in Thap., 3 (Memories).

ihe DA ohip in gquestion Is the 8257 DMA controlled of Intel, This device

permits four different channel inputs to remory. It autocatically generates

fiva
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sequential address locations for the input or output amd uses the processor HOLD
feature discussed earlier, Priorities may be set for each of‘l t:he channels or a
rotating priority may be eatablished, Finally, a "terminal count®™ or the number
of bytes that are t-':': be transferred in a single requesat may be pmgraméd. A
disadvantage of using this chip {x that a maxirum transfer rate of ) bytéfﬂusec.
iz possible, For many instrumentation taaks, this rate i{s ruch too slow, 2
hardwired DMA unit as discussed earlier, can handle data a3 fast a3 the nemory
access time will allow, However, in rthis latter case, that hardware complexity

13 mych greater than the complexity of a aingle chip,

o
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CHAPTER 5, SIMPLE_PROCESSORS. . .., +=~ ', .=

T v bt I

R LI ol

In this chapter, we will discuss the Intel. 4048, the RCA 1802, the Natlonal
SC/MP, and to a limited degree, the Intel 8085.. I nave classifled these proces.
sors as simple hecause Ehey provide I/0 lines on the CPU chip, and thus they can
be used to .design ayatems with.very few componenta,  The processors are not
necessarily limitsq;éither_in‘the degree of system complexity or ln “the degree
of =system expansion op capabilities however, 1 have, pertaps unfairly, pot in-
cluded the F8 In this chapter. In most respects, the cperation of these proces—
sor3  is simllar to that discussed in Chap 2, and the interfacing of the proces.
sors o thelr "family™ rmembers is very similar to those techniques discussed in

the chapters related to I/0 or memory. Only those features of these simple pro-

cessors and some applications will be lllustrated here,

The 5048 - & Opne-Chip Mierocomputer Intel™s 8048 i3 the
newest and perkaps the premier mesber of thia group of
2inple processors., It has 1Xbyte of HROM, 6% bytes af
hAH, a time/event counter, and 27 I/0 lices. The BT7AER
version haa eraseable ROM (PEON) while the 5048 i3 maak
progranmmed at the factnrr. A schematic 1= shown in Fig.

5""1|

In develeping thls processor, Intel seems to have departed fram the
8008-8030-8085 series of software compatibility. But, the processor ray be in-
terfaced to the BBED!&UEE family or asystem components discussed in the previous
chapter on I/0 In addition to its own, speclally developed system chips, Any of

the intermal RAM memory locations can be addressed using one of the two

——
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registers, KO or R1. In addition, any of the first eight reglsters can he
directly addressed using several instructions, These are called "working® re-
glsters. & second bank or worklng registers can be selected by using a regplster
bank =switch instruction. Additional, .external RAM and ROM rmay be added using

conventional memory or using the special I/0 chips tnat contain RAH or RGML

The inatruction set cont.;tine.. many conventional operations: 1ocading and
storing the accumulator, conditlonal- jumps fm;flags or_" condition codes, ote, A
new instruction that I have not seen before is a EnndliEional Jump  inatruction
depending upon 1is a specified bit in the accunlator is set. This “instruction

could be very usetul in gulckly handling some 1/0 problems. Ca— -
_ | e ) T 3
The B048 has three 1/0 ports or buzes, Two are called "quasigbidir‘ectiﬁnal

ports® because they may act as latching output port or men-latching input ports
. P -

F

. ‘ : |
without defining instructicns or programing. This feature is possible because .

of a special hardware deaign. Thus one simply connects inputs to the lines as

desired and connects'others as ﬁut.put.s. _The third bus .is simply "called "bus®

and is a bidirectional bus in the usual ranner. It is through this bus that
3 : + =

syatem expansion 1s accomplished. _ '

Pl By

1

A simple application of the '‘BOUB 1a shown in Fig. 5-2 and 5-3, Here, the
8048 is used as an intelligent terminal; a-"video display modulen® ia used for
the diaplay. The modulea dlaplay the char'a;:l:ers on atandard meonlitora in a
variety of ways, For exanple 32 characters by 6 lines, 80 charactera by 295
lines, c¢te, are available The module appeara Lo the processor as standard RAM;

hence it ¢an be read and written. The monitor displays the converted ASCII data

8. Available from Matrox Electronic Syatems and other companies,
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of the HKAM, A keyboard may be interfaced to the 8048 using the 3J279
keyboard/display or a standard, encoded keyboard may be evmneelted to one of the
quasi~bldirectional ports since the VDM already supplies the display. The serl-
al 1/0 can be provided by using the other quasi-bidirectional port. To generate
te proper baud and handle the serial [/0, the processor maey use its  internal

counter for timing.

The l1ibyte REOM and 64 bytes of RAM are adequate for the necessary progran,
The processor must spend most if its time monitoring the serial input and output
and echoing that response on'the VM. When a key is struck, an interrupt will
oc¢cur that results in a read of the keyboard encoding chip and tranamission of
the character via the serial ocutput. Since the internal tirmer increments every
80 microsec,, this scheme is satisfactory up to 600 baud, For higher baud, a
serial Interface chip such as the 6800 diécussed in the previous chapter is re-

quired.

Intel "= BO85

The B0B5 was mentioned in Chp.3 as an extension or simplication of the
B080. In the 8080, atatus information rmust be placed on the bus and be captured
using an additional echip, the 8228. The 8228 possesses some additional features
that moke it very useful, but if ome is trying to use the minimum number of com-
ponenta, the BOBS5 system is better. The 8085 haz all of the instructions of the
808G and can he used in similar systems but is not bus compatible, One mast use

some logic chips to ecennect the POSS to an BOBO bus.

Tne 8085 offers some simplication of system design, espeeially if the sys-

tes Joes not require many priority interrupt request lines. For instance, the

-4
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8085 has five interrupt requeat lines on the chip:

-

INTR-  general purpoae {nterrupt requeat

RSTS.%
R5T6,5
RST7.5 These are all interrupt requests which result in
internal restarta, restarts 2t partleular Iocations.

R5T7.5 has the highesat profority, RSTS.5 the lowest.

TRAP A nonmaskable restart instruction that restarts at 24(Hex).
It is not affected by any inteprupt masks and can
be used for power down or other "eatastrophice™ error

[

The 5085 also has Itwo I/0 pins on the package, a serial in and a serial out
pin. The output is set by setting bits 6 and 7 of the accumulator to the ap-
propriate state and then using a SIM, set interrupt maska. The serial in datim

i3 read by a RIM, read interrupt mask, and found in bit 7.
The COSHAC: RCaA 1802

Actually, RCA probably produced the flrst 8-bit processor but delayed 1ts
announcments  and production because it had recently divested its computer divi-
alon and apparently was not willing to invesat in another "computer®, The COSMAC

(a name which is not always used to describe the 1802 even in RCA Literature) is

-
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a MUS (complimentary MOS logic) processor, and thus has some unigue featurea,
First, the processor can be operated with a wide range of voltages: 3 - 15
volta., 5Second, the processor requires extremely low power- microwatts instead
of bundreds of milliwatts for more conventlonal processora. Thus the processor
and its assoclated chips can be operated in applications requiring battery power
or very low power ilnput much more succesafully than, say, the 8080,

Other special features of the COSMAC include a static clock (no minimum
elock [requency); simple input/output either memory mapped, on-chip DH'A, or I/
lines on the ¢hip; and 16 16-bit registers, any one of which may be the program
counter, index register, or DMA pointer. The processor (s thus I/0 oriented,

Ezch of these 1/0 featunes will be examined in the f‘uilmring.

The processor has four input flags which which may be tested and used for
conditicnal branches and it has 3 output linea which may be used for simplified
address decoding or device selection or for additicnal I/AC lines. Finally, a
one-bit I/0 line is available for.serial input/output, Some detalls are shown in
Fig. 5-4.

The processor has & DMA request input that essentially providea "oyele
astealing™ capabilities, ff the request {3 made [requently enough or 1if it ia
continuously made, the processor will continue to provicde DHA in or DMA out,
Thia feature is very useful for locading memory with the desired program and then
executing the program. RCA has made avallable a "Microtutor™ that uses this
scheme, The DMA feature 1s handled by Register O; i.e, RO points to the memory
locations that are loaded through the DMA requeats and is automatically stepped
to the next memory location., On RESET, RO alsc serves as the program counter,

but any register may thereafter be designated the program counter,
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Any of the sixteen 16-bit register may be designated as an index reglster,
Basic input and cutput is handled through an IN or an OUT instruction which uses
an index reglater as a polnter to input or ocutput 2 byte, The index reglsater is
automatically stepped 1in thls procedure, Further a 3 bit code 1s specified on
the cutput bits for device selection. The byte la placed on the data bus by the
processor in  an output operation, cﬁ* the proceasor reads the byte op the Input
operation. With additional extermal logzic, the I/0 capabilities ray be greatly
expanded, HCA bas also developed peripheral chips for this processor. The ad-
ditional I/0 lines are possible because only 8 ping are uwsed for the address
hits. The 6 address bits are time multiplexed; an additiomal bit is provided
s0 that the Cirat (most significant} address bits can be latched. This addreas

multiplexing is common on many of the simpler proceasors,

'L; 1
The SC/MP: MRatfional”s SCAMP

Tne orlginal SC/MP was fabricated uaing a p-MOS technology, andl thus 1t was
qulte alou: 32 micoroseconds per Instruction. A new n=-M15 version ia now
available and Is correapondingly faster, The SC/MP has 12 address bits on the
chip but can multiplex the additional four for a full 16-bit addreas using four
bita on the data bus, & tiﬁxing or la.t.r.'hing signal 18 iasued by the processor
when the additional fowr bits are valld. The internal reglsater organlzation is
illustrated in Fig. 5-5. The progran counter 1s hardwlired as point.e:: register 0.
However, the oontenta of the PC can be exchanged with the m-::ntent.s of any
pointer register using a singlie instruction. This feature leads to an interest-
ing way to handle subrountines: if the pointer reglsters are pointing to the
beginning of a subrountine, then by exchanglng contents, the processor executes

the subroutine. The return from subroutine fs accomplished by another exchange
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of’ contents. In addition to a conventional accumulator, an extenaion register
is avaliable for arithmetic, logical, and data-transfer instructions., Its use

will he illustrated below.

Tne SC/MP has several 1/0 lines on the ¢li.p. First, it has serfial in and
serial out pins. Under software control, these sipnals carn be shilrted in and
out of the extensicn register using one byte instructions, Second, thzre are
three [{lag outputs that can be used for almost any puruose. Tﬁese flars are sct
through "eopy" instructions which copy the contents of the accumlater into the
status register and vice versa, Two additional input bits, Sense & and Sense B
are aﬁailable for user purposes, and Senze A may be used for interrupt recuests.

The sense bits are available to the processor through the status register.

ine SC/MP has an unigue DELAY command which can, through a two byte jn-
struction, delay frog tens of micrusécﬂnda to seconds without uaine proprarmed

delay loops.

A simple application for the SC/AP is shown in Fip., 5-5. This application
1s & microprocessor controlled welding system. HEEE the processor must control
the output positiona of the welding head, perhaps throurh stepping motors, the
welding current, and in turn acqQire enouzh {nformatlion about the processes so
that a desired acouracy may be obtained. Since one mirht wish to direct the
processor to perfom a variety of welds, provisions are made for keyboard entry
by the operation. The processor also echoes the coperator’s comwands and pro-

P
vides information on the state of the system when it is operating. While this
system would hDave once been complicated, microprocessors and thelr Aassociated

compenents would greatly simplify a desipn. Almest any processor would do, cer-

tainly cne that is I/0 oriented would help. A& processor with family chips that
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would nelp with the acguisition and operator I/0 would help minimize the cehip

nurbers,

In the end, t:he software, or the programming of the processor would be the
ecostliest part of the dezlpn - for any processor. These troubles are discussed
in the next chapter. But even with these costs, nleroprocessors usually
represent, less than 101 of the total cost of a system. Desipners should not
therefore put the cart before the horse - modify tne overall system desipn to
simplify the micmpr:omsaor design.

SOFTWARZ AIDS AHD DEVELOPMENT SYSTENMS
CHAPTER &

Yany software aids for microprocessors resembles those avallable for rmini-
computers. Manulacturers of Imiemr. and others have written assemblers, cross
assemblers, simulators, and compilers. These are a‘l.railablr_: at ajditional costs
to  the purchaser of the processors. These aids are Eenr:mll:,r ot used on typi-
cal nmicroprocessor systems. Instead, the software 1s assembled and often teated
on a larger computer system or on a speclal microprocessor development system.
Logic analyzers are also available for microprocessors that help1 to solve
hardware bugs. All of these aids are generally expensive compared to the final,
individual microprocessor systems. These hiph costz are justifled because
software ©osts are ver'}.r.‘ high otherwlse, and because the costs are amortized

over many systems and many desipns.

In thia chapter, we will examine varlious microprocessor aystems that help
with the development of microprocessor software and disecuss the various software

adids associated with each system.
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Evaluation Systenxs

Microprocessor ranulacturers have developed ipexpensive evalustion kitsz or
systems for users who wish to explore simple microprocessor operation. The
imotorola Evaluation Kit IT used in this tuterinl is & pgood example. These sys-
tems interface with a terminal or with a keyboard cn the system and 2llow the
user to deposit, run, debug, and perhaps stere his program on a  casselte.  The
aystem ‘iz controlled by a pregram, the moniter, stored in a ROM. These systems
can be expanded to include more pemory and more 170, however, 1t iz impractical
in rost cases to add assemblera, diska, ete. These systems coat from 100 to
$300, and are often available only as a kit. Other popular evaluation kits in-
clude the SDK-E0 from Intel, and the KIM-1 from MOS Technologsy. Whlle I have
eard of a firm that used the SDK-QF in a product, I believe that evaulation
kits are really suitable for learning aboulb microprocessor and especially in

edurational programs.
Hobby Systepa

This text is not directed toward the deslgn of hebby systems soch as the
altair by HITS or IMSAI “s 8080 system. They are mentioned here because Lhelr
coats are modest, and because these systems are occasionally used [or  inexpen-
sive development of software. In contraat to the evaluation systems, the hotby
systems ¢an be easlly expanded. Hany have assenblers and debug;gingl aidas that
greatly case the prograrming process. Most of the systems can be interfaced Lo
) floppy disks where the software can be stored, edited, assembled, ete. High
zvel languages have also been developed for these systems; BASIC in some form

is the rost popular.
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Most of the use of the Hibby systems are most suitable as a "personal cono-
puter”: f{for computing by those who do not have easy access to larger systems.
The costs of these systems varies from 3600 to {3000 depending upon the equip-

ment added to the basic processor.
Developoent Systems

The advent of microprocessor systens led to a demand for a new desimn tool,
a tool that would greatly ease the testing of proprams and testing of the user’s
nardware systems. One answer to the denand has been development systems. These
systexs  contaln system prograns such as an editor, asszembler, compiler, and de-
bugging aida., Provisionas for the testing of prototype systems and logic
analyzers have also been added. Intel, Motorola, and others have produced
development systems for software development and debugping of hardware systems.
These systems cost {rom $5000 to $20,000 depending on the options. In Intel’s
HIRTELLEC Microcomputer Development System™ {MDS), software for the 8080, 8048,
B0B5, and 300% slice systems can be developed. The !DS provides a basie bus and
interfacing te disks and holds the appropriate modules for each processor. In-
tel has developed an "in circuit emulater" In which connection i3 made to the
user’s system throurh the pﬁmcessnr's socket, and the actual processor s emi-
lated using the software jn the MDS. This system allows the testing of software
in the user’s sytems and the checking of hardware operation. Recently, Intel
has introduced a resident compiler, PL/M, which can simplifiy the programing
for a particular application, and which can be evaluated and develvped on the

MD3 system. Compilers are discussed below. ' .

Hotorola has produced an  "eXORelser" that perfomms many of the same

. -
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cperaticns a3 the MDS system. As in the Intel aystem, it accomodates a number
of dirferent Systems, and can be expanded to additional memory, FOM prorramers,
disk interfaces etc. Eoth the Intel and the lotorcla systems deal only with
their resseclive processors. Hecer?t.ly, Tektronlx has developed its aysten, the
B0CZ system, which can accomodate a mumber of different processors: G800, 8080,
Z2-80, and will be expanded to include four others. This system will ba availe

able at the tutorial and will be discussed helow.

The B0O0OZ system consists of a dual-floppy disk, a terminal, and the 8002
rainfroame. The first two are standard components and need no elaboration. The
mainframe ccntains the system processor, a Z-80, 16K bytes of system nerory, ap
azsembler proceasor, and an ermlator processor. 15K bytes of RAM are gvailable
far the usors program and the RAm may be expanded to AUK bytes. The asscrmbler

A processor  run the Tektronix assembler while the system processor handles ‘_qll of
! the 170 to the di=zks. The emilator processor 1s a eclrcuit board which uses  the
particular cotemercail processor of interest to the user. It runs the user-pro-——

gram while the system processor progran detects program errors and runtime er-

rors.

As shown In 6=1, one can start with the software design apd produce a
source program which in ‘turn may be edited by the BCO0Z2 editing program. The
source propfam my be assembled via the asaenbler processor and fLested using the
emulator processor. In that testing, the emulator processor executes Lhe user

program from the emulator memory and alsoe provides the I/0.

In the hardware desipn process, one may start with a breadboard or a proto-
. type syatem. Using o special prolotype probe, the hardware system may be

cnecked using the amulatoer processor. The proceswor is removed from the
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breadboard or prototype system and the prototype probe is inserted in its place.
In this mode, the emulator processor runs the hardware while the system pmécsﬂ
sor performs debupping and run time checks. Breakpoints ray be inserted, new
instructien added or substituted, and timing check in loops or from one part of
the user program to another. The user program may be run from the emulator pro-
cegsor, from the prototype system, or both. A special mapping corrand exists Lo
select which part of the memory and I/0Q space resides in the emulator merory and
which part in the prototype board. A ROM programmer is also available for pro=

grarming the hardware system’s memory.

Finally, a logic analyzer facility {= avallable Tfor system t..est.ing.
Software detugging is successful only when the hardware 1s working properly. To
check hardware, the analyzer displays the states of the address bus, the data
bus, tLthe control bus, and eight other user selected points. The last 100 such
States are stored and displayed a3 a result of a pre-tripger, a post-trigger, or

a variable center trigger, ‘

This development system was described in some detail because it offers mast
of the design alds available in a single system, The desism aids are not neces-
sarily unique bowever; Intel offers an ICE system which is very similar to the
emulator processor and the ﬁrntotype probo. The high initial cost for this sys-
tem -about $18,000 - is justified if desligns using several different  processors
are necessary, The same system instructions and usape prevails over all of the
processors, and 1s easier than using development syStems (rom different panufac-

turers.

‘ime Sharing Sysateaxs

Py
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Time sharing systems are avajlable to nearly everyone, although the conneat
tice costs may be very high Iin a few cases. Many organizaticons have their oun
computer systems and offer this service at little or no costs. Hicroprocassor
manufacturers have offered compilers, c¢ross-assemblers, and simulators/emilators
for time sharing services, Normally, the assemblers are written in Fortran, and
the compilers are written in PL/1 (Intel’s PL/M, Motorola“s MPL). The cost of
such programs is aboot $1000. Thnese programs may be placed on the host  cormput-
ers and 3ource programs my be assembled or complled and partially debugged.
This approach is, of course, considerably cheapeR in terms of initial costs, but
if extensive software assembly and sirulation is done on a time sharing aystem,

the cosLs may exceed that of & development system,

The assemblers are fairly standard. Some people have trouble with assembly .,
language programming, and many problems are difficultl to weite in terms of as-
sembly language instructions. Thus, there has been considerable interest in
conpilers which allow the programmer to write in a high level languare. Intel
was the flrst to offer a compiler and chose PL/1 aa-the basic language, calling
their compilers the PL/M compiler. Later, Motorola also wrote a compiler in
PL/1 and called it MPL. Especially at first, compilers were relatively contro-
versial. They were accus.ed of generating inefficlent code thus requiring
greater amounts of memory for the Final microprocessor progran. Also it is
necessary to write the I/0 parts in assembly lanpguage anyway. The compllers
have been lmproved and indeed offer a nuwber of advantages, First, compilers
save a great deal of programming time; claims of one-Tifth the time compared to
assembly lanpuage programming have beeg made. Second, compilers make pood sense
if' frequent reprogramming is necessary or if one wants to guickly obtain proto-

type software. Third, compilers are useful in low volume systems where it i3 to
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costly Lo optimize in assembly language. iiormally, the speed with vhich a pro-
gram will execute depends upon a very few portions of the program: a few 100ps
perhaps. If the compller can be linked to an assembly language program, as most
can, these lew portions can be optimized and the rest of the program written us-

ing assembly language.

Intel offers their compiler as a resident program in thelr Intellec system
(MDS) and claims that this offers considerable savings over timesharing ser-
vicea. Intel also states that the realiability of programs written in PL/M  have

better software reliability.
Macroas and other alds

Programming still seems to be a barrier in the use of computer syatems [for
many people. While high level languages help, they are not always the answer.
Macros represent at least a partial sclution. 4 macro is essentially a string
of assembly Ilzanguage instructions which represents a single operation or task.
An exanmple might be a microprocessor controlled pin-ball machine? in which the
deaigners [(who are not computer experts) wish to program a variety of games.
The mamifacturer of the processora {if the quantity is very promising) or some
ather organization might write a series of Macros, each of which}perfnnns s0Mme
Lask: checle the tilt, count the pointa, check for bomuz points, ete. The
desipgner of the game gould then simple comblne the macres and a few conditional
branches to form a specific game. The 'macros can be named 1In obvious ways.
Essentially, then, macros can be used by non-expert prograrmers to deal with

programrable systema such as omieroprocessor based systeos,

9. Menticned at an IEfE Microprocessor Workshop by a National Semicondoe-
tor speaker
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The use of macros to simplify programming is simllar to "modular software™
0 here each module is'a short, debupped, program that accompllshes one tazk.
Software modules can be comparsed to st;andard hargware modules that are used
again and agaim in design of mlecroprocessor systems. One needs, of course, a

software design system that will supsoort the modules or macros.

Mieroproceasors will soon play an important role in "personal computing®
‘that far exceeds its present . hobby status. Simplified pmgrﬂming languages
beyond Macros will have to be developed to satisfy thia marxet. Assembly
‘language and probably BASIC are out of the question. Of ecourse the languages
will have to be c¢losely related to the system that the procersor contrels. This
text was prepared using only a few =ystem calls - the rest: the editing, insert-
ing, appending, even checking the spelling was accomplished with a few systen
calls. Such a system is used by a large number of people, some of whom know

very little about. programming.

10. Intel article reprint AR-30 from Electronics, Sept. 30, 1976.
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APPENDIIX & THE 8080 MICROGPROCESSOR

The BOBO is best appreclated and understood i it i{s remembered that it is
the first of the "2nd generation® processora. Ita predesse.’:}oré were the 4004
and the 8008, quite limited processors by comparison. The programming model of
the 3080 1s shown in Fig. A-1. The program counter, the stack pointer, ang the
accutulator are quite standard registers. The condition code register has the
usual bits plus a parity bit that iz set when the modulc 2 sum of the bits in
the result of the operation is zero. I have never used this feature, and thus I
cannot glve an example of the application of the parity bit. The register pair,
H & L, is frequently used to point to a memory location, but it is not an index

register. FRegisters D & E and B & C, as pairs, also can point to memory and

used in some Instructioma. The registers may alsc be used for scratch pad purs-

poaes.

The BCEOD _has a nutber of addressing modes: gb.sc:-lut.e {exact adéress),_ .

register indireet (location polnted to by reglster pair), register (op-code
specifies one of the  internal ' r‘«:g.lst,er's+ .Gr‘ register ' pairs), and
immediate{operand follews op-code). All conditional branches, called condition-
al jumps in the 8080, use absolute addressing. The repister pair H L is rmore
frequently used lor memory-accumulator transfers or ALU operations. The condi-
tion codes are not moditried by lncrementing or decrepenting. regiater pairs and

there 13 no operation to compare H L Lo determine if a transfer a data is com-

plete. Tnis is the principal shorteoming of the instruction set.

. N . * . ]

The 8080°s clock cycles are rore complex than most other processors’. Each

pt
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instruction cycle consists of a nurber of machine cycles. tach rmachine cycle
consists of a nunber ofaélnck‘cbeES. Tﬁe nu;ber of machine uy:lés in an in-
struction cycle is egual to the nunber of memory references in the instruction.
For example, if the instruction is a_;ne byte instruction such as increment the
scoumulator, one rachine cycle is neeced to feteh the instrueticn. If we are
going to add a nucber to the accumilator using the immediate moda, two cycles
are needed, one to Meboh the op—code,_and one to fetoh the operand. The first
raciaine cycle is either four or five clock cycles and the rest are thres clock
cycles. Shown in Fig. A-2 is a typical machine cyele (the first in an  instruec-

tion). In T1, the address of the op~ccde i placed on the address bus;
in T2, status informstion is placed on the data bus; in T3, the op-~
code ip supposed to be avallabtle from memory; and in T4, the opcods
1s decoded, If the 1lnstruction is only a single byte instruction,
a TS5 period will follow for execution, If mocre than one byte

{8 required for the instructiom, T4 will be followed by another
serles of T, T2, and T3 to fatch the next byte. Thus each cycle
consists of a single series of T1,T72,T3,T§ {possibly TS) and a
serles of T1,72,T3 for each additional mccees to memory.

The status information supplied by the processor during
gach T2 1s transltory and must be latched. It consiets of the
memory read and write or input or output control signals. It must
further be decoded to be useful. Intel now supplies the 8228 which
autonmatically latches and decodes the status information and also
BEupplies the interrupt ocapatbtilities discussed sarlier in the main
text. The 8080 is probably not now used without the 8228 in most
ayatems, ) :

The high level clocks {(greater than 5 volts) required for the
8080 are aleo hard to generated for the following reasons, The
phase 1 and phase 2 Bignals are not symmetrical if the processor is
te operated at maximum speeds, Further there are synchronization
probleps with the READY a-4{gnmal, Intel has provided an 8224
clock driver for this purpose that eplves all of the problems,

Thus the 8080 cpu could be considered a three~chip processor {in
fairness the clock generation of the 6800 is nontrivial),
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The complete processor is shown in Fig, A-3. The BOB5
of fere considerable ease in design, since it does not need any
6Epecial clock or status latches. It is almost csrtalnly the processor
of choice for most future eystems if one wishes to stay in the

8080/8085 software (a considerable investment).
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1.0 INTRODUCTION PR

The teom “uniciocmnpiien” Joas been umd 1o :imnhv virlually t‘-tl}-' 1y pe of small computing device
devigned within the lay few s uars. This tzrm has been applied (o esepvihing from simple “microprogram.
med” contenlless constecied oat al TTE MSTup 1o low end minicomputers with a pertion of the CPU
constrected out of TTL LSE 0 sTnes.™ Buw ever, the magoi impact of the |81 1echrology wilthin the lasi
fow 4 eaty has boen with M5 LEL With shas techanlogy, b possible 1o fabricale complele and very power-
ful compuler sysicms with only o few MOS LS| compunents.

L

The Zalng Z-86 Damiby ol componenis is a significant adsancemient in the state-af-the art of miera-
comprtegy, These compoments cant e configured with any 13 pe of standard semiconductior memory 1o
penetale compulgr sssiems with an extremely wide sunge of capabililies. For example, as few a5 two [L8]
citvnits and ihpee standard TTL WS puckages can be comnbined 1o fenm a simple controdter, With addinional
memory and 17O devices a computer can be construzicd watln capabidities that only a minicompuier conld
previowsly deliver, This wide range of compuiationat puwer allows standard moedules 10 be comsizuced by a
user that can sausfy the requirements af an extremely, wide range of applications.

T

The major reasen fur M5 LS] domination of the microvemputer market is the low cost af -
these few |51 compaonents, For example, MOS L "':'I macIcoImpuers have already replaced TTL lagic in
snch applications as terminal controllers, pe:mhml device controllers traffie mgnn] vonlrollers. poim of
wide 1ermnals, intelligent terminals and fest sysieims. In fact the MOS L5§ microcornputer is find ing its way
ino almost every product thal now uses electronics and it s even replacing mamy mechanical systems such
£5 w1ght scaley and automebile conirols, H :t

The &IOS L3 miciocompuler markel is al:t:d\. welltsuhlnshcd and new products using them are
heing devetoped at an extraurdindry rags, The ?ﬂng 250 compoment set has been devigned 1o {itinle
this marker through the following faciors:

I, The Z-BOis Tully sofiwure compatible with-1he popadur 8D80A CPU ulfered from several sources,
Existing designs can be eusily converied 1o inchude the £ as 3 superion alternative.

2. The Z-£0 component wl is superior in both soflware and hardware capabilities 10 any other micro-
compulter system on the matket. These capalililies provide the user with significanily lowei hardware
and software dewelopment costs while also o ing him 10 offer additional lealures in his svsiem,

3. Furincreased throughput the ZB0A operating at a 4 M2 clock rare offers the user significant speed
advantages over compefitive products.

d, A complete prodoct line inglocding Tull sefiware sapgrn with sirong sonphasis on high level tanpuages
and g disk-hased development system with advanced real-time debug capabilities is of[-red 10 enable
the user 10 easilv develop new produets,

Microcqmpurer systems are eatremely simple 10 constinet using 7.80 compunéents. Any such sysiem
consisis of three pans:

1. CFU {{"emra‘l Processing Lhit)
3 Memuory
3. ImietTage Circuns (o periphieral devices

Thie TP s the heart af the sysiem. Tis fupciion 1s 1w ebiain instrucijons fom the memory and perform

the desised opeiations. The memaory is used 1o contain instruchions and in most cases data that is 1o be
procened, For example, a 1vpical instouction sequence may be 10 read data fram a specific peripheral
device, siare 1t in & hocation in memory , check the parity and write in out 10 anuther peripheral device, Nulte
that the Zilug compunent sel inclisdes the CPL and sasious yeneral purpose 110 device comirollzrs. while a
wide renge of memory devices mas be used from any sowce. Thus. gl iequired cumponents can be
connedied together in g sery simple manner with virtwally no other exernal logic, The user's ¢ then
becimies primariky one af saftware developrent. That is, the user can concentrate an describing his prob-
e wnd cranslating iv inla @ seies of instroctions than can e Tuaded into he micrnescompuier memary, Zilog
1s dedicated 10 making this s1ep of soflware generation as sunple v possible, A goud example of thiy is our
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2.0 Z.80 CPU ARCHITECTURE

A block diagram of the internat archileciure of Ue £-50 CPU is shown in figure 2.0-5. The diagram
shows al! of the major elements in the CPU and it should be referred to throughout the lollowing
description, ’
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.60 CPU BLOCK DIAGRAM
FIGURE 20

2.1 CPU REGISTERS

The 2-80 CIMU contains 208 hits of B/ memory that are accessible Lo the programmer, Figure 2.0-2
itlustrates how this memory is configured into eighteen 8.3 registees and four 16-bin registers, Al £-80
registers are implemenied using static RAM, The registers include two sets of siv general purpose regisiers
that may be used individually as 8-bil registers o1 in pairs as 16-bit registers. There are alsg 1w s¢1s of
accurmulator armd Nag registers.

Special Purpose Regislers

1. Program Counter (PC). The program counier helds the 16bil address of the curremt instruction being
fetched from memory. The PC is automatically incremented alier ils contents have been transferrad
1o the address lines, When a program jump etcurs the new value is aulomatically placed in the PC,
owecriding the (ncremenier,

2, Stack Pointer {51°), The slack pointer holds the 16-bit sddiess of the current top of 4 stack located
anywhere in exterpal system RAM memory, The external stack memory is organized as 3 last-in fizsl-
gut (LIFQ) Nle. Daia can ke pushed onto the tack from specific CPU regisiers or popped off of the
slace into specific CPU registers through the esecution of PUSH and POF instructions, The dara
ropped from the stack is always the last data puthed onto it The stack allows simple implementation
of multiple level interrupts, unlimited subrouting nesting and siimptificativn of muny types of data
manipulalion,

at
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FIGURE 2.0-2 T

3. Two Index Registers (IX & IY) The two independent index registers bold a 16-bit base address that
is used in indexed yddressing modes. In this mode. an index register i5 used 25 2 base (0 point 1o 2
tegion in iemony from which data 15 10 be siored pr relrieved . An additional byte j5 included in
indexed instructions to specify & displacement Niom this base, This displscement is specified as atwo's
complement signed integer. This mode of addressing greatly simplifies many types of programs,
especially where tables of data are used,

4. Interrupt Pagt Address Register (1) The Z.80 CP1} can be operaied in @ mode where an indiseci call
10 any memnaly Tecation can be achieved in response 1o zn interropt, The | Regisier js used for this
purpose 1 store the high arder 5 -bits of 1he indiredt address while the interrupting dévice provides the
luwer 8-bits of the address, This feature ulfuws imenupt routines 10 be dynanically located amywhere
i memory witl absehete miggimal access thine 1o e rongine.

5. Memory Relvesh Regisier {R). The £-80 CPU ¢untains a memory refreth counter 1o enable dynamic
mesmnories 10 be wied wilh the same case as slalic memories, Seven bits of this 8 bit regisier are autg-
matically incremenled alier each insiruction fetch. The eighth bit wilf remain as programmed as the
tesult of un 117 R, A tnstruction. The data in the tefresh counter is sent oul an the lwer purtion of
the address hus alung with a refresh control signal white the CPU s deceding and execuling the letched
instructicn, This inode of refliesh is 1o1akly trans parent Lo the programmer and does nol slow down the
CPL operativn. The pregrammer can load the R register for testing purpases, but this register is normally
not used by the programmer. During refresh, the contents of the § register are placed on the upper B bits of
the address busy,

Accumutalor and Flag Regisiers

The CPU includes two independent E-bi acoumulators and associated S-bit Mug reg@sters. The sccumb-
larer holds the restlis of S-bii arithmetic or logical uperstions while the NRag register indicates specific
canduions for & or 16:bin operations, wich as indicating w hether ar net the result of an operation is equal
o sero. The programmer selects the accomulston apd Mg pair that he wishes 1o wark with with a single
evchuange instruction su i he may easily work with enther pair,



Gravral Purpose Regiviers

Tiucie e Pwo matthed sis of general puipose registers, cach sel conlaining 1in 8-bil registers that
may be used individually as B-bu iegisters or a5 16-bil regisizr pairs by the programmer, One sel is called
BC, DE and HL white the complementary set is called BC, DE and HL'. A1 any one time the programmes
can welect either sel of 1egisteis Lo werk with through a single exchange command {er the entire 1. In
sysipems where fasl inlermupt response is tequired, one sel of peneral purpose regiciers and an wecumulatonf
Mag registet may be reseroed (o handling this very Tastrouting, Only @ simple exchange cammands need be
executed 1o go between the soutines, This preatly reduces intermupt seevice time by eliminating the require-
ment for saving and rebrieving regisier contenis in the exteroal stack during interrupl of subtnutine process.
ing, These gencral purpase regisiers are weed for a wide range of applications by the prograinmer, They also
simplify paogiamiming, especially in HOM based sysiems whese lillle exteinal read/s rite memary is
available. .

4

2.2 ARITHMETIC & LOGIC UNIT (ALU)

The 8-bit arithimetic and logical instructions of the CPU are executed jn the ALLL Interpally the ALU
communicales with the regisiers and the exiérnal data bus on the intemal data bus. The 1ype of functions
performed by the ALY include:

Add Lefi ar right shifts or rotates {arithmetic 1nd logical)
Subtract Increment :

Logicat AND Decrement

Logical CR Set bit

Luogical Exclusive OR Reset bil .

Compare T Test kit

wE

2.3 INSTRUCTION REGISTER AND CPLt CONTROL

As each instruciion is ferched from memory, it is placed in the instruction regisier and decoded. The
control sections perfonms this function and then generates and supplies all of 1the control signals necessary
to read or wrile data ftom or 1o the registers, contrel the ALLY and provide all required exterpal contrel

Eignals.

LT



30 Z-80CPUPIN OESCRIPTION

The Z-80 CPU s packaged in an industry standard 30 pin Dual LeLine Package, The 110 pins are shown
in figure 3 @-1 and the function of each is Jescribed below,
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Z.BOPIN CONFIGURATION
FIGURE 2.0

Tri-state output, active high. Ay-A; ¢ constile 3 16-bit addiess bus., The
address bus provides the address lor memory (up 10 64K bytes) dala
exchanges and for 1O device dala exchanges. 1fO sddressing usts the B lower
address bits 1o sllow the user lo direciy select up 10 256 inpul or 256 oulput
porls. Ag is the least significant address bit. During refresh time, the lower

7 bits contain a valid refresh address.

Tri-state inputfoutput, active high. Do-Dy constitute an 8-bil bidi reclional
data bus, The data bus is used for data exchanges with memury and 1/0
davices,

Output, achive 1;:w.?-1_1 indi;ates that the curtent miching evele is the OF
code Tetel evebe of aninslruction execution. dote 1hat duning eyecution
of 2-byie up-codes, M is genecated 25 each op cude byvie s ferched These
two by e op-codes aiways begin with CBH, DDH, RIH or FDH, M) also
oecurs with JOHG o indicale an interrupt acknowledge cvele.

Tri-state outpul, aclive low, The memory request signal indicates thar the
address bus holds a valid address far a memony read or memon wile
operation.
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{ lpurOanpun Hegest)

R
{Memory Read)

WE
{Memory Wrile)

RFEH
{Refresh)

HALT
{Halt stale)

WAIT
{Wail)

INT
{loterrupl Request)

NMI
{Mon Maskable
Imterrapl)

Tri-state vulput, active low, The 10RG signal indicates that the lower hall of
the adgress by holds 2 valid 1/O sddress Tor a 3O reed or wrile operation. An
TORG 5 pnalis aho penerated with an M1 signal when an internupl is being
achnowlrdped 10 indicate that an interrupt response vector can be placed on
the data bus Interrupt Acknowledge operations occwr during My time while
1O operations never vovur dwiing M time.

Tri-s1ate oulpur, aclive low. RD indicates that the CPU wants to read data
frem memaory or an Q0 device, The addressed 1fO device or memory should
ise this signal 10 gate data onlo the CPU data bus.

Tr-sizie outpul, active low, WR indicates that the CPU data bus holds valid
data 10 be siored in the addressed memuary a1 1/ O device.

Output, active Jow, RFSH indjcates that the lower 7 bits of the address
luss contapn a refresh address Tor dynamic memaries and the current MREQ
signal should be used 1o do @ refresh read to all dynamic memories,

Ouiput, active low. HALT indicates that the CPLU has execued a HALT soft-
ware instruclion and is awaiting either 2 non maskable or a maska’le inter-”
rupt {with the mask enabled) befoe operation can resume, While halted, the
TP executes NOP's to maintain memary refresh activity.

Input, active low. WAIT indicares 1o the Z-80 CPLI that the addressed
memory or 0 devices are not ready lor @ dats ransfese The CPL centinues
Lo enier wail states fof as 1ong as thissignal is active, This signat allows
memory o 10 devices of any speed 10 be synchronized 1o the CPLUL

Input, active low. The Interrupt Request signal is gengrated by 110 deviees. A
requiest will be honared at the end of the current instruction if the internal
software controled inlerrupt enable Nip-Nop (JEF) is enabled and if the
BUSRG signal_is not active. When the CPU accepts the interrupt, an achnowl-
edype signal {IORQ during M| time) ks sent cul at the beginring of the next
instruction cycle, The CPU can respond to an interrupl in three diflerent
miodes that are deseribed in dewail in section 5.4 (CPU Conurgl Instruclions).

4

Input, megative sdge 1riggered, The non maskabie inferrupt request line has a
higher priority than INT and is always recognized 4t the end of the curent
instruction, independent of the status of 1he intereupt enable flip-fop, NMI
autornatically forces the Z-B0 CPU (o restart 1o location 0066y, The program
counter is aptomatically saved in the external $13¢k 5o thal the vser can refum
1o the program that was interrupled. Note thal condinuous WAIT eycles can
puexent the cuirent instruction from ending, and that a RAUSR] will override
a NM[



RESET

BUSRE
{Bus Raquest)

BUSAK
(Bus Acknowledge)

Input, active low, RESET forces the program counler to zero and imitializes
the CPLE The CPU indtialization includes:

1) Disable the inlerrupt enable Nip-op

2) Set Register 1= 00y
3) Sct Register R = 00y -
431 Set Intenupt Mode O

During reset time, the address bus and data bus go 10 a high impedance state
and all control outpul signals go Lo the inagiive state,

Inpur, active low. The bus request signal is used 10 1egquest the CPU wddress
bus, dziz bux and 16-state outpul contrel signals 1o go 16 2 high impedance
state sa thal other devices can conlrod these buses, When BUSRO) is activaled,
the CPI) will se1 these buses 1o 2 high impedance stale az soon as 1he curient

CPU machine ¢ycle is lerminaled, -

Clutput, aciive low. Bus acknowledge is used 1o indicate Lo the requesiing
device that the CPLU address bus, data bus and tristaty con{rol bus signals
have been se1 1o Their high impedante slate and the extemal device can now
contral 1hese signals,

Single phase TTL leve! tlock which requites enly a 330 ohm pull-up resisior
1o +5 volis Lo meet all clock requirements

™
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4.0 CPU TIMING

The Z-50 CP'LI execules instruclions by stepping thronrgh a very precise tel of a law basic operations.
These include:
Memegry read or wrile

/O dewice read of write
Inierrupl acknowiedge

All tastructions are imerely a series of these hasic operations. Fach of thase basic operations can lake lrom
thiee 1o siv clock periods 1o complete or they can be lengthened 10 synchrenize the CPU 10 the spred of
external devices. The basic cloch periods ae referied toas T cyeles and the basic operations art referred 1o
as M {Tor meching} cvcles. Figure 4.0-0 dlusirates hin a typical imstruction will be merely a series of
specific M and T oyvcles. Nolice that this instruction consists of thiee machine cycles (M1, M2 and M2). The
first machine cycle of any instruchion isa feich cyele which is four, five or six T cycles long {unless length-
ened by the wail signal which will be [ully described in ihe next section), The ferch eyele (M1) is used 10
feich the OF code of the pexl instruction 1o be executed, Subtequent machine ¢ycles move data belween
the CPU and mcmuny or 10} devices and they may have anywhere from three (o Tive T cycles (again they
may be iengthened by wail states 1o synchronize the extenal devices to the CPU). The foliowing para-
graphs describe the liming which occors »athin any of the basic machine cycles. In section 7, the exact
iming for rach instruction is specified.

" Wchiers Cyels N
- M Mz " M1
1OF Coda Faichl '-r- Ve mary Moaad) I {Memary Weate|
_ Inrtiuchon Cypla -
£
BASIC CPU TIMING EXAMPLE

FIGURE 4.0-0

v

All CPU timing can be broken down into a few very simple tliming diagrams as shown in figwie 4.0
through 4 0.7, These diagrams show the folluwing basic opelations with and without wait states (wail slales
are added Lo synchrgnize the CPU 1o slaw memory or 1/O devices).

4 0.,  Instruction OF code fetch (M1 cyele)

402, Memury data 1ead or wrile cycles

4.0-3. O read or write cyeles

A4 Bus RequestfAcknowledge Cycle

4.0-5.  Interrupt Request/ Acknowledge Cyele

40-6. Nounmasuable Interrupl Requestf Acknowledge Cycle
407, Exit from a HALT insiruction

11



INSTRUCTION FETCH

Fipure 4.0-1 shuws the 1iming during an M1 cycle (OP code fetch}, Notice that the PC is placed on the
address bus at the beginming of the M1 cxvcle, One hall dock time 1ater the MREQ s oes aclive. Al this
tire the address to the memory has had lime 1o stabilize 5o 1hat the falling edge of MR Ef‘j can be used
directly a5 a chip enable ¢loch 1o dy pamic memaories. The I Tine alvo goes active 1o indicate that the
memony read datz should be enabled onto the CFU data bus. The CPLU samgples the dara lrom the memory on
the data bus with the tising edge of the cloch of state T3 and this same edge is used by the CPU to tuin off
the AT and MEQ signals, Thus the data has already been samipled by the CPU before the BB signal becomes
inactive. Clock state T3 and T4 of a fetch ¢ycle are used to refiesh dvnamic memories. (The CPU uses this
time 10 decode and execure the feiched instruction s that no other cperation could be performed at this
time), During T3 and T4 the lower 7 hits of the address bus contain a memory refiesh sddress and the RFSH
sgnal becomes active 10 indicate thal a refresh read of atl dy namic memories should be accomplished. Notice
1hat # WD signal ts no generated during refresh time to prevent data from dafferent memory segments from

being pated onio the data bus, The MRED signal during refresh time should be used 10 perform a refresh read
of zll memory elements. The refiesh signal can not be vsed by iteell since the refresh address is only guaran-
teed 1o be stable dusing MREQ time,

el MY Cvgn -
T R ¥ Ta T

* N 1 1 F_Lqiu If
an-an (R I T ] I
wree |\ I A B W S
D 1 | f
VAT -y B e —
e
GED - DG} ] { ]} i
WFLH [

INSTRUCTHON OP CODE FETCH
FIGURE 4.0-1

Figuie 4.0-! A illustrates haw the fetch eycle is delayed if the memory activales the WAILT line_ Dt
ing T2 and every subisequent Tw, the CPU samples the WAIT line with the falling edge of @, [T 1he WaAIT
line i1 active at this bme, xnother wait state will be entercd during the following cycle. Using this technigue
the read cycle can be lengthened 1o malch the access 1ime of any 1ype of memery device,
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INSTRUCTION OF CODE FETCH WITH WAIT STATES
FIGURE 4.0-1A

MEMORY READ OR WRITE

Figure 4.0-2 illustrales the 1uming of memory vead oF write cyclés other than an OF code feich (b
cycle), These cwcles are generally three clock periads long unless wail siaies are requesied by the memory
via the WA T signal, The MRE( signal and the RESignal are used the tame as in the fetch eyele, In the case
oF 4 memory write cycle, the MRE:ES al5s hecomes active when the address bus is siable so rhat it can be
used directly as a chip enable Tur dynamic memaries. The WH line i active when data on 1he data bus is
stable 3o that ot can be used directly a5 a RfW pulse to virtually any 1y pe ol semicondocior memory,
Furthermare the WR signat goes inactive one half T siawe hefine the address and data bus conlents are
vhanged so that the overlap requirgments [or virtually auy ype of semicanductor memory type will be met.
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' MEMORY READ OR WRITE CYCLES '
FIGURE 4.0.2
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Figure 4 0-2A illustrates how ¢« WAIT request signal will lengthen any memory read or wrile opera-
tion, This vperation 15 identical 10 that previcusly described for a feich cycle. Notice in this figure Lhat a
separsie read und @ separaie write cycle ase shown in the same figure although read and write cycles can
nevel ocout simudlancously,
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MEMCORY READ OR WRITE CYCLES WITH WAIT STATES
FIGURE 4.0-2A

CNPUT OR QUTPUT OYCLES

Figure 4,0-3 illusirates an IfQ resd or 1/ O wrile operation. Motice that during 1/O operations a single
wit state js automatically insened, The reason for this is that during /O eperations, the time rom when
the IORQ signal goes aclive until the CPU must sample the WALT Jine i very short and withoul this extra
stale sufficient lime does nal exist for an /O port 1o decode its addrest and activate the WAIT line if 2 wait
is required. Also, without this waitstate it is difficalt (o design MOS 1fO devices that can operale 2l foll
CPU speed. During this wail state Lime the WAIT tequest signal is sampled. During a read /O operation,
the RI} line is used to enable the adudiessed port onto the data bus just 25 in the case of a memory read. For
[fO write speralions, the WR linc is used as a clock 10 the O porl, again with sufficient overlap timing
auviomatically provided so that the rising edge may be wed a5 a data clock.

Figure 4.0-3A illustrates how addilional wail stales may be added with the WATT ling, The operation
s dentical to thal previously described.

BUS REQUEST/AUKNOWLEDGE CYCLE

Figure 4,04 lustrates the timing lor a Bus RequestfAcknowledge cycle. The BUSRQ si
saiupled by the CPL with the tising cdge of the last elock peviod of any machine cycle. I the gE]EE
signal is active, the CPU will set its address, data and 17ji-g1ate control signals 1o the high impedance state
wilh the rising edge of the pext clock pulse, Ar that Litne any extermal device can cantrel The buses o
trznsfer dats between memary and [0 devices. (This is generally known as Direes Memory Access [PMA]
using cycle siealing). The maximuan time for the CPU 1o respond to a bus request is the length of & machine
cycle and the exrernal controller can maintain conuol of the bus for as many elock cycles as is desired.
Nuole, however, that if very ling DMA cycles ate used, and dynamic memortes are heing used, the external
cunirolier must also pe:form the refliesh function. This situation ondy occurs if very large Blocks of data are
Leansferred under DMA conirol Also nole that during a bus request cycle, 1the CPU cannot be intei rupled
by either 3 N80 o an 18T signal
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INTERRUPT REQUEST/ACKNOWLEDCE CYCLE

Figure 4 0-5 llustraies the uming sssociated with an interrepn eyele. The inteerupt signal (INT} is
sumpled by the CPU with the rising ¢dge of the last clock 3t the end of any insuruction, The signal will nat be
accepied if the internal CPLF sofiware controlled interrupt emable flip-flop iz not sl or if the BUSRQ signal
is active. When (he signal is accepled a special M1 cyvcle is generated. During this special MY cveie the |6Rﬁ
rignal becomes active {initead of the normat MRECH 10 indicate 1hat the inierrupiing device can place ag
B.bit vector on the data bus, Notice thal two wait states are automaticaily added 10 this evele, These states
are added 50 hat a ripple pringity inlerrupt scheme can be easily implemented . The two walt siates dliow
sufficient Lime for the ripple signals 1o sighilize and identify which 1fQ device must insen the response
vectar. Refer (o section 8.0 for delalls on how the imerrupt response vec1or is utitized by the CPL.
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Figures 4.0-5A and 4 0-5B illusirate how 2 programmsble counter can be psed ta extend inrerrupt

achnowledge tine. (Configured as shown 1o add one wail state)
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KON MASKABLE INTERRUPT RESPMONSE Fy

Figure & 0-fvillustrates 1he requestfacknos ledge cyele Tur the non maskable interrupt. This signal is
safmpled at the ~ame 1ime as the interrept line, but this Iime has priceity aver the poimal interrept znd it can
not e disabled under soltw are control, 15 usina! functien is 1o provide immediate response 10 impounant
cignaly wach ay an impending poser [zilure, The CPU respunse (o a non miaskable interrupt s similar to a
nunns! memary read operation, The only difference being thar 1he content of the data bus is ignored while
tie pogessor automatically siores the I'C in the evlernal stack and jumps 1o location 0066 The service
routine for the non maskable inteirupl must begin al this location if this interrupt is used.

HALT EXIT

Whenever 2 software halt instruction iy executed the CPU bepms execuling NOP'y unul an interrupt &
received {cither 2 non maskable of 3 madhable interrupt w hile ke interrupt Nlip flop is enabled). The two
inlerrupl lines are sampled with the rising <lock edge during each T4 slale as shown in Ngure 4.0-7_ 11 a non
maskable imerrupl his been received or 2 mashable inlerrupt has been received ynd the interrupt enable
fip-flop is set. then the halt state will be exiled on the next ming clock edge. The follevwing cvcle will then
be of imierrupt acknowledee cyete corresponding 10 1he type of interrupt that was reccived, 1T both are
received a: this time, then the non mashable one will be achnowledged since it Lias highest priority. The
purpost of executing NOP instructions while in the halt stale is 1o keep the Remaory refresh signals active. -
Each cycle in the halt state is 2 noemal M1 {feich) cycle cacepl thal the dala received Mrotm the memaory is
ignored and a NOP instruciion is forced inlernatly 10 the CPU, The halt acknowledge signal is active during
this 1ime to indicate that the processor is in the hati state.
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5.0 Z2-BDCPU INSTRUCTION SET

The Z-80 CPU can execute 158 different instructian types including all 78 of the S0KCA CPLL
The insiructions can be broken down inta 1he Tollos g majur groups:

» load and Bchange
Block Transfer and Search

Arithmetic and Logical

Rotale and Shifl

BiL Mani pulation {se1, reser, 1es()
Jump, Call and Re1urn
Input/OurLput

Bazic CPU Cantrel

. & & ¥ a2 x

51 INTRODUCTION TO INSTRUCTION TYPES

The toad instruclions move data inleenally batwesn CFU tepisters or between CPU registers and exte;.
nal memory. All of these instruclions must specify a source location from which the daa is 1o be moved
and 3 destination lncation, The source location is not altered by a Joad instruction. Examples of
lvad group instruenions include moves between any of the general purpose reg:sters such as move the daia
1o Register B (rom Register €. This group also includes load immediale Lo any CFLU regisier o1 10 any
external memory location. Other 1y pes of load instruetions alow |ransfer berween CPL regisiers and
memory locations, The ¢xchange instructions can trade 1he contents of twe regis1ers,

A unique set of block ransfer instructions is provided in the 2.80. With a single instruction a
block of memary of any size can be moved 10 any other location in memory. This sei of blnck moves
is extremely viluable when large strings of data must be processed. The Z-80 block search instructions
are alse valuahle for this (ype of processing. With a single instruction, a block of extermal memuory
of any desired length can be searched for any 8-bit charagler. Once the character is found of the end of the
block is reached, the instuclion automaltically terminates Bath the block transfer and ihe block search
instructions can be inferrupled dusing their execulion $¢ 2s 10 not occupy the CPU for long periads of time.

The atithmetic and logical insiruciions eperate on data stored in the accunulator and other
general purpose CPU registers or external memaory locations, The results of 1he eperations are placed
in the aceumulator and the appropiiaie flags are set according (o the resull of the operation. An
example of an arithmetic operation is adding the accumulaier 1o the coments of an exiemal memary
location, The retuhs of the addition are placed in the accumulator, This group 3lso includes 16-bil
additign and subtraciion between 16-bit CPLU regisiers,

The ratate and shifl group allows sny register of any memory location to be rotated right or left
with or wilhout carry either arithmetic or logical, Also, a digit in the accumulator can be rotated right

or left with twao digits in any memory location,

The hit manipulation instructions 2low anoy bis in the accumulatur, any geveral purpose regisier
or any external memory location to be set, reset or tested with a single instruction. For example,
the most significant bit ol vegsier H can be reset, This gioup is especially useful in contral applicalions
and for conlrnlling seflware flags in general purpase programming,

The jump, call and return instruciions ate ussd 16 banslen bedw con vagions lwations in the uael's
program. This group uses several dufferent wechniques for oblaning the new program counter addiess
from specific extzrnal memory luciiions. A unique (vpe of call is the 1estast instruction, This insiruction
acttraily contains the new address 20 a par1 of the &-bil OP code, This is possble since only B sepurate
addresses located in page zero of the externad memory may be specified. Program jumps may alsa
be achieved by lnading regivier HL, MX or 1Y dircctly intes the PC, thuay ol wing the jump address 1o
be 2 comples Mewctiva of the ouline being execued,



The inputfotput proup of inseactions in the 2-50 allow for o wide range of 1ransfers between
eateral memony cations o e genwal poopise CP8 eeisiess, and the extermal 0 devices, In
each case, the port nuember 3 provided on the lower 8 bits of the addiess bos during any 1/ C
Mangictivn, One nslrection gliows this porl mber 0 be specified by 1he wecund byile of the instruclion
while ether Z-50 fnstructions allow i1 to be specifivd as the comental the € register, One major ad- '
vaptage of using the C regisier as a puinker 10 the 0O device bs tha bt allows dulferenn 1fO posts o
shyie connmon 50f1a are diner rostines, Ths is not possmble when tlic addiecs s pari of the OF code
iF hie voobines ate stored i ROM. Another Teatuie of These input jnsttuctjons is that they seg the
flag tepister amtomaucally s that additional operations sre vol reguited 10 determine the staie of
the input Jata (for example i1s parnity}. The £50CPUF includes single instruclions 1hat ¢an move
blachs ol daia (upr 1o 256 byies) aulvmatically 1o or Mtoyn zox 10 pant duectly 1o any memory location
In conjunciion with the dual ser of peneal putpose recisters, these instauctinny provide for fast
10 bk transler rates. The salue of this 1O insuuction setis Jemonsitated by the Tact that 1he
ZROCPU can provide all vequired floppy disk foumaniog (i.c., tlic CEU provides the pieamble, addiess,
data and enables she CRE vodes) on doulde denmsity Noppy dik deives an an inteirupd driven basis.

Finally, the basic CPU control instructions allow varicus U;;linns and srusbes, This prouy includes
instructinns such a5 setling or reselting the interrupt enable Mip Nop or selting the mode of intermapl
TESTWIASE.

52 ADDSRESSING MODES

Mast of the 250 insbiuctions operate un Jaa steied a0 inteinel CIPLU egisters, external memory
i an e 110 ports Addressing refers L how Whe addiess of (1iis data is geneiated in each insipuction, .
Ths sectiom pives @ bricl sumimary ol the 1ypes of addiexsing used in the Z-80 while snhieuent sections

deval the Ly pe of addressing available fur £ach dnstrngtion goup,

1

Immediate,  In this mode of addressing the byle fllow sz the OF coid € in memory comtaing the
avinal operand,

i

} one or 2 bytes

d

¢

Lvamples ol this type of instractien would be o loud the accumulatar with a cuonstant, whes the consiant
ks the byte innpcdiancly [ollowing 1he GF code, .

Immediste Extended.  This mode is merely an extensian of inmediate addressing in that the 1wo
byies [llowing the OP codes are he gperand.,

Ol vode boone or 2 hates

Operand [ luw wider

high vader

Erwnpes ol nsjs tpee ol sl rmm soon bl bt b the T pegeler pacr (1a-tnt regisies) with
6 bits 12 bytesy ol data,

-
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odified Fage Zero Addressing. The Z-80 hxs o special single byte CALL instruction 1o any of 8 locationy
in pape rero of memory. This instruction (which js relerred 1o ay a tegtart} sers the PC 1o an effectjive
address in page zero. The value of this instruetion is that it allows a single byre 1o specify 2 complete
16-bit adldress where commnnly called subioutines are located, thus saving memary space,

OF Code one byte

by bg
El'l'rclh-t address is {b5 h_‘ hs {m}:

Relative Addiessing,  Relative addeessing uses une byte of data [ollow ing the OF code 1o specily a
displacement from the existing prapram 1o which a program jump can occur. This displacement is
a signed 1w o's commplement number that is added to the addiess of the QF code of The following insirugiion.

OF Code Jump relative (one hyie OF code)
Operand B.hit Lwa's comiplement displacement added 10 Address (A+2)

The value of relalive sddiessing is that il allows jumps 10 nearby Jocaiions while only requiring two

bytes of menwrry space. Fur most programs, iefative junips are by far 1he most prevalenl 1ype of

jump due 1o ihe proximivy of related program segments, Thuy, thest instructions can significantly
teduce memary space requirenents. The signed displacement can range between +127 and 128

from A + 2, This alows Tor a total displacernent of +129 10 -126 from the jump relative OF eode address.
oather rnajor advantage is that it allows for refocatable code! ’

Eviended Addressing  Extended Addressing provides for iwo byies {16 bits) of address 10 be incloded
in the instiuction. This dava can be 30 address 1o which a program ¢an jump or il ¢ap be an address
where an operapd is located.

8 Code } nng o1 two byles
Low Order Address or Low order opecand

High Grdes Addiess or high crder operand)

Extended addressing is requited Tor a program b jump fecon any lueation in memory 1o any other incation,
ar boad and siote daty in any memory location.

When exlended addressing isused 10 speeify the source or destination address of ap aperand,
the noeration {nn) will be used 10 indicate the conlenl of memory a0 nn, where na is Lhe 16-bit addresy
-pecified in the instingtion, This means that the two bytes of address nn are used 23 2 prinler 10 2 memery
location, The use of the parentheses alweys incans that the value enclosed within ther s used asa
rointer Lo s memary location, For esample, {12000 refers (o the contents of memeory at location 1204,

Indexed Addresing.  In this Ly pe of 2ddiessing, the byle of data following the OP code contains

2 displacement wliich is added 10 one of the Lwo index regisiers {The OF code specifies which index
register s used) ta form a pointer to memory, The contents of the indes repisier are nol aliczed by this
pperaiion.

OP Code
O Cnde

two byte OF code

Ispisccmem Oipesaond addded 1 jdes repfsier o Tuim 3 poiniern 10 et .




A evample ol anindesed inslruction wonull be o load 1he contents of the moaary location
{Index Regimter + Displacement }into the accunmilinon, The displageent isa sipned 1wo's complamenl
numiber, tndexed sddiessing preatly simphifies prograins wsing tables al data since the index register
can point to the gant of any Lble. Two index regisiers are provided since vety ollen opetations 1equire
two ur moe ables. Indexed addressing also allows for relocatable code.

The twa indes registers in the Z.50 are referred 1ooas IX and 1Y, To indicate indesed addressing the
nalativn?

(X +d) or (1% +d)

s used, lee d is the displacement specified after the OP code. The parentheses indicate thar this
value 15 ived as a pointer 10 ealerne] jpemony,

Register Addressing. Many af the £-80 OP codes contain bils af inflermation (hat specily which
UPL pegister i 10 be used Tor a0 operation. An exarnple of register addressing would be 10 Joad the
data in register B inlo regisier .

Inphicd addrewing hmplied addiessing refers 10 operations where the OP code automatically
implies ane o0 more CPU regisiens as condaining the operands. An example is the se1 of arithmetic
aperatinns where the gecumulator is slways woplied 16 he the destination of the esults. '

Regivier Indireet Addressing.  This 1ype of addressing specifies 3 1 6-bit CPL segister pair (such as HL)
1o be used as a poinler Lo any location in memory. This 13 pe of iRstruction s very power ful and
it i5 used 1 2 wide range of applications,

L

OF Code }nne o1 lwo bytes

An osamphe of this type of instruction would be 1o load whe sccumulator wilh the data it the memory
locaiign poinied 10 by the HL segister contents, Indexed addressing is aciually a form af regisier indirect
addressing eacept 1hat a displacement 1s added with indexed addressing Register jndirect add ressing
stlows for very powerful but simple 1o implement memeiy segesses, The block move and search commands
in the Z.R0 are extensions of this type of addressing whicre auvtomatic regisier incrementing, decrementing
and comparing has been added, The nowtivn forindicaling regisier indiiect addressing s to pul
parentheses around the e uf the registar thal is Lo be used a5 Lhe pointer. For gxample, the symbal

(HL)

sprectfies that the contenty of 1he HL register are 10 he vsed as a pointer 1o 2 memary lacation. (fien
register badivect addressing 1y used 10 specify 16-bil operands. 1n this case, the 1egisier conients

peant Lev e Jower oidee purtion of the operand wliile the registen contents ate aupomativally incremented
1o ablgin the upper poriien of the vperand,

Bil Addrewing.  The 2-50 conluins a large number of bi sel, resel and {est instructjons. These
imstirugtians allow any memory lrcation or CPU register to be specified for 2 by operation through

ane of three previous adds essing iddes {repister, tegisier indirect and indexed ) white three bits in 1he OF
coode speyily which af the vight hils is 1o be mansiptilated,

ADDRESSING MODE COMBINATIONS

Many insiruzlions include mug than une opetand {such 25 arithmetic instruclons or loads). In
these cones, oo By s of b livesing say ke emiples ed, Fon esample, load con use immnedisre oddiesaing
Akl the soitee Jniad |'|.'1,".'I;'|L'J direct v fsbe s ed difdiensing 10 qu:,.'n-}f e destinativn,

¢
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53 INSTRUCTICN OF CODES

This sectivn describes cach of 1he Z-20 wnirngtions and provides tables histing the OF codes Jur every
imstruction, In each of these 1ables the OF cudes in shaded areas are identical 10 thowe offered in the 30E0A
£.PU. Ao shown is the assembly laupuage mnemonic that is used for each instrution. All instrustion OP
codes are listed in heaadecimal notation, Sisgle byte OF codes require two hex characiern while double
byre UF codes require foukr hex Jiaraciers. The conversion from hea 1o binany is repeated here Tor
CIHBVENENGE, .

Hex Bipary Decimal Hex Birary Decimal
0 = 0000 = 0 8 = 1000 = 8

i = x| = 1 9 = 101 = '

2 = oo = 2 A = W = 10

3 = ool = 3 B = 101 = LA

4 = mon = 4 C " rog = 12

5 = am = 3 I = 111 = 13
& = o1g o= & E = iy = 14

7 = oyl o= ? F = Il = 15

Z-80 instruction mnemonics consisl of an OF ¢ode and zer0, one of two operands, Instruclions in
which the uperand is implied have no operend. Instructions which have only one logical operand or those in
which one operand is inveriant (such as the Logical OR instruction) are 1epresented hy a ane opesand
mnenenic, Instrucions which may have vwo varying operands are represented by 1w aperand maemoics,

LOAD AND EXCHANGE

Table 5.3-] defines the OP code for all of the 8-bil load instructions implemented in the Z-50 CPL.
Also shown in this Lable 35 1he s pe of add ressing used Toe each imstruction. The somce of (he da1a is lound
on the 1op horizonial row while the destination is specified by the left hand column. For example, load
register C fiom regisier B uses the OF code 43H. In ali of the tables (he DP code is specified in hexadecima)
notation and the 48H (20100 1000 binaryYcode is ferched by the CPU Trom the ¢xternal memory during
M| time, decoded and (hen the register transfer 15 automatjcally performed bysthe CPU,

The assernbly langnage mnemonic for this entine grovp iz LD, folluwed by tlic desumation fotlowed
by the source (LD DEST., SOURCE]). Note that several combinations af addaesang modes are possible, For
esample, the source may use register sddressing and the destination may be egister indirect; such as load
the memory location peinled 1o by 1egister HL with the contenis of register D, The OF code for this
operation wouid be 72, The maemonic for this load instrection would be as follows:

“ LD {HL),D

The parentheses around the HL means that the contents of 131 gre used a5 a puinter o a memory location,
In ail £.20 {oad instruction mnemaonics the destination is always fisted {irst, with the sourece follawing. The
Z-30 assembly language has been defined for ease ol programming, Every instruciion is self documenting
and programs writlen jn £-80 language are easy 10 maintain.

Note i 14ble 530 that some load OF codes that are gvailable in the Z.K0 wse fwo bytes. Thisis an
efliciern method of memary utdization since B, 14, 24 or 32 bt instractions are implemented in the 280,
Thus ofien utilized instmciinns such as arithmentis o logicdl opeations are only §-bits which resulisin
hetier memory witization than is achieied with fved instroction sizes such ar 1e-bins, :

All load instructions using indexed addressing for either the souize ar destinaliun location
actuably use thiee bytes of memory with the third byte being the displacemen d, For example a load o
pepister E with the operand pointed 1o by [V witlian offser uf +8 wowid be writien: Sy

(RERERIRALE. T i



Thie mslanction segquence for this in menjoery wonld be:

Addiess A
Al

At

Dy

5k

O

Ul Code

Nisplecement opezand

The 1wo evanded addresang insirictians are also thiee byte instiostions, For example the instruction 19
haad the aecumulaior with 1he vperand in memarny Iocation 6F32H would be writien:

LD A, (6F 3714)

and iLs nstuction sequenve wolld be:

Address A
At)

A2

JA

ofF

H

OF Code
low urder address
high order address

wutice 1hat the low mder portion of the address is alwavs the Tirst operand,

[he load immediate instruelons Tor the general puipuose B-hintegisters ate two-byie inslrugtions, The
ppssructiom losd regisier H wotho the value 3601 would be writien:

and 1o sequence wonid be:

Address A
A+l

24

2]

LI} H, 36H
w4

QF Code
Crperand

Luading & memory Incation using inde<ed addressing far the destination and immediaie addressing (o7 the
sorer requires [our bytes. For example:

wauld appear as:

Address A DD
A+l| 36
At2] ¥l
A+3| 2]

LD X -15 211

QOF Code

diyplaceinent {-15 in
siyned 1wo's complernent}

aperand 1o Joad

wntice that with any indeved addreming the displacement alaays fulliws directly after the OP ¢ode,

Table 3.3-2 ypacifies the b0obit losd opecations. This tuble is sery siinilin 10 the prévicus vne, Satice
thal the extended addrewsing capabiluy covers all regisier paiis. Also police thal regisier indirect uperations
specifyving the stack poiner are the PUS! aud POP ivsiructions. The mnemonic for these instruclions is
“PLAHT and “FOF These dilfer rom other to.bid luads in thay the sfack podmier i< sutcmaticalls Jecre-
mented word Sontenied 3 cach babe s puslisd onteoar pepped Foom the ach nospectisely . For ssaniple

the Insloie Livan:

|
l
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is 2 sinple byte instiaction with the QF code of FAIL When this instruetion is executed th

sequence iy generaled:

PLUSH AF

D zremen SP
LD {5F). A
Becrement 5P
ID{SP). F

Thus the exiernal stack now appears as follows:

{5F)
(SP+1}

— Top of slack
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The FOP instrucizon is the exact reverse of 2 PLUSH. Notice that afl FUSH and POP instruclions utilize 2
latut operand wnd the high order bate is alw avs pusied first and popped tast. That is a:

PUSH BT i PUSH B then C
PL'SH BE i MISH D then E .
PUSH HL inFLUSITH then L
FOP YL = 1'DF Lihen H

The fstrietion using extended immediate addressing [or the source obviously requires 2 bytes of data
fullowing 1he OP code. For example.

LD DE, Oa59H
will be:

Address A 11| OP Coda
A+) | 59 Low vider operand 1o 1episler E

A+2 | 6 | High order operand to repster D

I all extended immediate or exiended addressing modes, the low order byte always appears first afier the
OF code, :

Table 5.3-3 lists the 1&-bit exchange usiruclions implemented inthe Z-80, OF code D3H allows the
progranuner Lo swilch between the two paies of arewnilator flag registers while D&H allows the pro-
prameoier 10 swilch between the duplicate sel of six general purpose regisiers. These OF codes are only one
byie in langth to absolulely minitrize the Lime necessary 10 perform he exchange so thal the duplicate
banks can be used 1o effect very fast inlerrupt response imes,

BLOCK TRANSFER AND SEARCH

Table 5.3 lists the extremely powerful block wansfer instructions. All -:.rff_.hes: inst Auctions aperale
wilh Ihree 1eg@sters. .
HL puints 1o the sonree location,

DE points to e deslination locatian, i -
[}

BC is a byle caunter, \
Alter the programmer has initialized these three regisrers, any of these four instrinclions may be vied. The
100 (Lewd wod Inetement) instruciton moves one byle fioun the lecition pointed 10 by HL to the location
pointed tir by [3E, Remister pzirs HL and DE are Wwoauiomanieally incremenied and ate ready to poini 1o
the {oligwing locations. The byte counter {register puit BC) ts alsa decremented al this time. This instrue-
tinn is valuable when blacks of dala must be moved bul other types of processing are required beiween cach
move, The LDIR {Load , increment and repeat) instruction is an extension of the LDI instructivn, The same
laad and insrement operation is repeaied unlil the byie counies reaches the count of zero. Thus, thit single
imstiuctinn van maove any block of dals rom one lucation 10 uny other,

Naore that unce 18-t repstars are wsed | e vive of the block can he up 1o 63K byies (1K & 1024}
long and 1t can be meved from any lucaiion in scmery 1ooany eaber location, Furtheimore the Blocks can
he onerlapping since there are shsolutely no consiraints on the data thar i3 used.in the Vuee register paiss,

Moo LIRY eond LUDR irstvstions are very similar v the LD and LIHR, The only differcnce is 1hat
repistet jraite L and DE are deviamented alter cvery asove woothat @ Block taansler starty fromn the Niphest
anldress ol vl desirnated blowk rather than the Towest,
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! Yo
P
':lr ni
SOLRCE
RE Lz,
1GIA
[HL}
ED LD = Load |[DF b — [HLI
L1) It HL & DE, Drg BT
LD "LOIR," = L oad (DEJ-—IHL]
- B0 Inc HL & GE, De: 1, Aypeat vand BG = O
DESTINATION lhflflﬂ {RE] .
44] LOD — Laad |GE |- —{WL}
LY. | Ca4e ML & DE, Te BE
£ED ‘LEOR — Lued {QE |=—HL}
BE Dwe ML & DE, Dec BC, Anguat wntl BE = 0

Rrg HL  poinivia sourcs
Aeg DE  poents to deilinatepn
Frg AL  # bYir Cownine

! SLOCK TRANSFER GROUP
TABLE 65.3-4

Table 5.3-5 specifies the OF codes for the four block search insiructions, The first, CPL {compare and
incrementy vompdres the data in 1the accumulator, with the coments of the wemoery location pointed to by
register HI,. The resull of the compare is stored in one of the flag bis (see sevlion 6.0 [or 4 detailed expla-
matiun of the flag operations) and the P, regisier pair is ien incremented and the byte counter frepisier
pair BCY isn.’le::)remcmed_ '

Thie instruction CPIR is meyrely an extension af the O] instrugtion in which ihe compare is repeated
until e1ther & match is found or the byie cotnter {regisier pair B0 hecomes zerp, Thus, thia single nsiruc-
tion can search the entire memory for any &.bil characier,

The CPD (Compare and Decremen) and CPUR (Compare, Deciement and Repeal) are similar
instructions, thew anty difference beang that they decicinent HL alter every compare 3¢ that they search
the memory in the opposite ditectian, (The search is started at the highest bocation in Lhe nemory Block).

+

I should be emphasized again thal 1hese biock transfe and.‘tlnrnplrt insipuctions are extremely
powerful in stripg mariputativn applicaions,

ARITHMETIC AND LOGICAL

Table 5. 3-6 lists all of the Bbit arithnielic aperations that can be pecfonned with the accomulaor,
alsn listed g the incrgment (INCY and decrement (DEC) instructions. 1o all of these instractions, cacent
ISC and DEC, 1he specified B-bil operation is perfonned beiween the data in the swwcumnlator and the
source data specified in the 1able. The resull of the operstion is placed in he accumidanor with the excep-
tivon of cumpare (CP) thot leaves the accumulator unaffected. All of these vperations affeer the flag
register as s resoll of the speaiflied operation, {Section 6.0 pravides al] of the detaib on how the Tiags zre
affecied by any instruction type). INC and DEC instrections specify a register or a memory Incalion zg
hoth soutce and destipation of Lhe resubi. When the source operand js addressed using the index regiviers
the displacement musi follow directy. With Inunediate addressing the actual operand » &l follow Jirectly.
For txample the ins roction:

ANDOTH g

- -
would apprar a5 e

Address A Ft | OF Code

-

A0 O perand



CEARCH "
LOCATION *
- ! i
REG.
INGIA, LA
A 1
fHLY
ED o
ai, Inc HL_ D BE
ED TREAY, Ime HL, Dec BC
B repent wniil BC = @ gr hrod mateh
ED —
A% . CPD" {iec HL & BEC
EL ‘CROR' Dt HL & B3

lBQ l Repeat unil BZ » 0 pr fand match

HL poinT: 1o location in mem pry
to be compargd with sccumulslior
wnlent

BLC |1 byva comentar

BLOCK SEAARCH GROUP
TABLE53-56
Assuning that the accumulatur contained the value F3U the result of 03H would be placed in the
accumulator: ) \
Acc befote uperation 1111 0011 = F3H
Operand : OG0l =074
Result lo Ao, QOG0 0011 = 03H

The Add instructlion (ADD) perfonms @ inary add between the data in the snurce location and the
duta in the accumulstor, The subtract (SUB) does 2 binury subtraction. When the add with carry is specified
{ADC) ot the subirsct with carry (SBC), then the n...nr_'gr Nag is also added ur subtracied respeciively. The

flags and decimal adjust instruction {DAA} in the Z-B0{fully described in section £.0) allow arithmetic
operalions for:

-

inltiprecwion packed BCD numbers - 1

I

mullipreeision signed or ungigoed binary numbers .
. :

mwltiprecision two's complement signed nurmbers
Ocher i|151:un'1icr||;' in this group aye Legival and (ANTY, lagical or (OR), exctusive or { XOR) and compare (CP),

There are five peneral purpose arithimetic insteuctions that operate un the sccunntlator o carry flag
These live ure listed in table 5 3.7, The decimal adjust mstrieciion ¢an adjust for sublzactivn as well as add-
ition, thus mahing BCD arithmmetic perstions simple, Note that te allow fur this operation the flag 5 is used.
This Mug is se1 001 Last arithmetic operation was a subiract. The negate accumulater (NEG) instraclion
frrrns ihe twa's complenent of the number in e acownulatos, Fitalls dice that = resel sy iskruction
is not inchided in the Z-80 since this operation can be easily achieved through otler structions suclsus a
logical AND of 1he acgwmubaior with itself,

Tabie 5,23-% Hsts all of the 16-bn atithmelic operations between 16-bit rﬂg;slers, Thiere are five groups
al inslructiong including add with carry aied subtract willvarry, ADC and SBC affect all of the Mees These
taue el s Il addiess carondationn yperations o otlie Te-bat srithietic vperations
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. SOURCE
BC DE HL o> X ¥
HL g 19 - | -]
“appt 1x [n] ] [l ob &1
o 10 ' 38 '}
I fo o FD FD
[n: ] W k] i ]

DESTINATION

ADDWITH CAARY AMNG [ HL ED £0 ED ED
SET FLAGS “ADC an SA &A Ta

Ul v TH CARKY AND Hi LD ED ED ED

SETFLAGYE ‘580" 42 B2 a2 ki
INCREMEMNT  “INC ol 12 b k) fajuy FD
Fa 3
DECREMENT  'DEC” -] i i k-] al4] FD
L] m

16 EIT AR THMETIC
TABLE 5.3-8

ROTATE AND SHIFT

A major capability of the 780 is its ability to rotate wishiflt d31a in the accwmulator, any general pur-
pose regisier, o any memory |gyation. All of the rolate aogd shifl OF codes are shown in 13ble 5.3.9. Also
included in the Z-&0 are arithmetic and lugical shift operations. These operations are useful in an extremely
wide range of applications including inleger multiplication and duision. Two BCD digl rotals instruclions
(FRD and RLD) allow a digit in the sccumolatar 1o be rotaled with the two digits in 3 memary location
pointed 10 by register pair H1 (See Ngure 5.3-9). These instructions 2llow Tur efficient BCD arithmetic.

BIT MANIFULATION .

The ability to set, reset and Iest individual bits in a register or memory location is necded in almost
every program, These bits may be fugs ina gereral purpose suftware romtine, indications of extemal con-
trol cunditions or date packed inte memory focations 1o make nemuny wiilization more efficient.

Tt

The £-80 has the ability 1o set, resel ar test any It in 1he accumulator, any general purpase register
or any memory location with a single insiruciion. Table 5 3-10 lists 1he 240 insttuctions thatl are available
for this purpese. Register addressing can speaifly the accumulatur or any general purpos<e tepisier on which
the operatien is 1o be perfonned Register indireet and indewed 2ddressing are available 10 vperaie on
exlernal memary locations. Bit reyl operations sel the zero Mag {2)if (he 1ested bit is a ze10. {Refer 1o
section 6.0 for further explanation of Nag operation).

HIMP, CALL AND RETURN

Figure 3.3-11 lists alt of 1he jump, call and return bistsuctions implemented in the 7-80 CPU, A jump
18 a branch in a progrum where the program counter is haded with the 16-bit value asspecified by vne of the
three available wddressing modes (Immediste Fxtended, Relative of Register Indizect). Nutice that 1ie jump
gioup kas several different condilions that can be specified 10 be ipet before the jump will be 1ade, )
these conditions at¢ not met, the program merely continues with the aest sequential instyuction. The
conditions are all dependent on the data in 1he Nag 1egisier, (Refer to section 6.0 for details on the flag
reprster). The immediate exiended addressing is used 10 jump to any lueation in the memory, Thisin
structlion feiizes three bytes {Uwo 1o specily the 16-bit addiess) with the low order sddress byte firu
foftuweed by dhe Tugh order addeess Ly te,

31
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ROTATES AND SHIFTS
TABLE 53-9

Feor example an unconditional Jumng to memary location IEIZH would be:
+ . ) b

Address A | C3[OP Cude . L
A+l 32| Low order address
A+2 | 3E | High order sddress

The relative jurnp instruction uses only two bytes, the second byle is a dgned two's complement dis-
placement from the existing PC. This displacement can be in the range of +129 10 -126 and is measured
from the address of the instruction OF coda.

Theee types of Topister indirect junps aze also included, These instructions are inpleinented by loading
the register pair L o1 one of the index repisters IX or IY directly into the PC. This upabllaly aklows for
progriam jumgps Lo be a function of previous calculations.

A csll is a speciai form of 2 jJump wheze the address of the byte following the call inpiruction is  *
pushed anto the stack before the jump is made. A retuin instruction is the reverse of a call because the
duta un the top of the stack 35 popped directly into the PC 1o Tonn 4 jump address The ¢all and return
instruciions allgw For simple subroating wad interrapt koodling, Two special et instruciions lave been
ineloded in the 2-80 Fandly of componens, The retar fom inleniupt instruetion {RETT and the retuen
from nun inaskabile interrept (RETNY aie treated in the C1U as an uneundntional retuen identical tp ke OF
code COR, The difference 15 that {RETI] can be used at e ¢nd of an interrupt routine and all Z-80 peripheral
chips will recognice the execution of thiy instruction for proper control of nested priorily inlerrupt hundling,
This nstrnction coupled with the £-B8 peripberal devices iimplementation simplifies e nurmal relar Miom
tresbod innesserpl, Withet this featare the [ullowing suliw ¢ sequence would be nevessary 10 mfern the
Intwirupting Jevice that the Inlerrui:t routine js cacapletod:
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BIT MANTPULATION GROUP
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AFSET

T
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ur
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Disable Interrupt — ptevent interrupd before
Touline is exited

LhA R — notily peripheral that service

OUTn, A toutine is compleis

Enagle Interrup

Feturn

This seven hvte sequence can be replaced with the one byte El instruction and the 1wo byte RETI instruciion

in the ZEO. This is important since talerrupi service time often must be minimiz ed.

Ta facilitate program loop ctatral the instieetion DINZ e can be wsed advantageously, This two by e,
relative jump instruction deciementy the B repister and 1he jump octurs il the B aegister has nod becn deers-
menled 10 zera, The relative displacement is expressed as @ signed two's complement numbet. A simple ex-

ample of its use might be:

Address Instruclion Comments
N, N+1 LD B, 7 i5el Boregister 1o coun of 7
NH2toNtD {Perform a sequence
of instructicns) Joop 1o be performed 7 times
R RTIE S| DISNZ 8 itojump rom W + 1210 KW + 2
M+ ]2 (Mext Instruction)
CONDITION
- Wy HON  JRARITY | FARLTY | 20N | SGM REQ
cowd. | canny| camnr| zena | reng [iven |ooD wia | rof ey
I oA o7 (=1} o E& £2 Ea F2- "|
JUMF iMMED, nn n n A n n " " n »
FXT, n n n n n LI n n’ n
Jume R HELATIVE | PO+ ik n k1 P mn
&2 %] %] L] wi
Junar e {HLI (1 ]
e P HEG. 11.1] oh
INDIR. E4
Pt — s
Ame vl D
ED
GO | oc | os | € tCs |Ec | Ex | FC | Fa
IS INMED. mn n " n n n.lon " n n
EXT, " n n n n n n n n
[E THFWMENT B,
HEIAP IF WON RELATIVE | PL+4 W}
ZERO DINT -2
RETLURN REGISTER | (BM = o [+ -] L} B 4 3 ED Fi FO
“RET INDIR, ey HIG
L3
FETURN FROW | REG, 1+ ED
INT "RETI INDIR, 1SP410] 4D
FETULRK FROM EG 141 o - 1
NON MATEARLE
(NT RETH INTHMA g1} a5 "
WMOTE—CERTAIM
FLAGS HavE MOKE
THAYN QNE FURPIISE,
HY FEH 10 SEGTION
£ PO D TAILS JURAR, CAtL L e RETURN GRAUP
TABLE 5,3-11
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Table 5,312 Lists the cight OF codes far 1he reslant instruction. This inslzuction is » single byte call to any
of the eighi addresses listed, The simple mnemonic for these eighl calls is 2also shown. The vatue of ths in-
struction s that frequently wsed routines can be called with this instruction Lo minimize memory usage.

OF
CO0E

poon, | ©F | RETT

o] ) CF ‘AT K

g, OF § .gsrr

001k, | DF | pey e

mﬂu E? ‘AET I

EaAmMIQDRE k0

w| EF | ‘msren

w| FT | ‘matawr

oM | FF | miTH’

- RESTART GROUP
T TADLE 6312

INPUT/OUTPUT

The Z.80 hés an exlensive set of Input and Output instruclions as shown in wble 5.3.13 and 1able
-5.3-14. The addressing of the input or output device cun be either absolule or register indirect, using the
regisler, Notice thatin the tegister indirect addressing mode data ean be (ransferred beiween the 10 devices
znf any of the intemal registers. In addition sight block trangfe) inslivetions have been implemented. Thess
instructions are similar to the memory block tzansfers except that they use register pair HL for 2 peinter to
the memory source (outpul commends) or destination {input commands) while regster B is used as a byie
counter. Register  holds the address of the port fur which the input or vutput command is desired. Since
register 3 is eight bits in length, the |0 block 1retsler command handles up ta 256 bytes.

In the insttuctions [N A, n and OUT n, A the 0 device address nappeass in the lower hall of e add-
ress bus {Ayy Aq) while the accumulator content is transferred in 1he upper hall of the address bus In all reg-
ister indirect input nutpui instroctions, including block IfG trungfers the eohient ol register C is 1ransferred
10 the Jower Rail of the <ddress bus {device address) while the content of register B is transferred to the
upper half of Uhe wddress bus.



SOURCE
PORT ADDHESS

TMMED | AFG.
I IR, f

inl Icl

A e ED
n Ta

] ED
a0

c ED
4B

IMMIT I
ED
2]

E ED
&8
INPUT

CESTINATION

RE—RRMIODE OmME
o

H ED
1]

L ED
ag

TN = INPLUIT & EC
ine ML, D B AZ

“INIA = INP, bne HL, E?
Dac B_AEPEAT IF HaQ B
* FEG. | {HL) \, BLOCK INPUT
INGIR COMMANDGE
IND = tkFUT & ED
we HL. Dwc B A =t

INER'= INMPUT, Dee HL, EQ
Cac B, REFEAT IF B0 aBA

INPUT GROUP
TABLE 5.3-1313

CPL CONTROL GROUP

The final table, table 5.3-15 illusirates the sis general purpose CPU contral instivctions, The NOPisa do-
nothing instruction. The HALT instruction suspends CPU operation until « subsequent interrupt is received,
while the DJ apd El are used to Jock out ang enable interrupts The three interrupt mode commands set the
CPU into any of the three available interrupt tesponse modes as follows, If imode zero is st Lhe Intermupling
device can inserl any instruction on the data bus and zlow the CPU 1o execuie it. Mode | s a simplified
made where Lhe CPU wuiomatically executes a restart (R3T) 10 location (0 38H s that no exlernal hardware
is requited, (The old I content is pushed anto the stack), Mode 2 bs the inust poweiful in that it allows for
an indirect calt 1o any location in memory. With this mode the CPU forms a 16-bit memory address where
the upper 8-bils are the content of register 1 and the lowes 8-bits are supplied by the interrupting device.
This address points Lo the first of lwo sequential bytes in a table where the addiess of the service routine is
tocated, The CPLY auwtomatically obtains the starting address and performs o CALL to this addzess.

£

=3—= Puinter 1o Interrupt 1able, Rep,
1is upper address,
I'eripheral supplies lower address

Address of interrupt
service routineg

Qs
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BLOCK
3 DUTFUT
COMYVANDS

SOURCE
REG,
RECISTER IND.
& B [+ o E - H L {HL}
imser] Tn} [+
n i
QuT
REG. ich ED ED ED ED £h ED D
IND, ] il iy T 59 B1 i -]
"OUTI" ~ QUTPUT HAEG. 1] ED
s HL, Dec b MO - A3
“OTIR — QUTPUT, Ing HL, RFG. 1] EQ
e B, REPEAT (F A=D wE, B
TWUATH w QUTPOT HEG. ich ED
Cmc HL & @ L8 AR
‘OTDR" = DUTPUT, Dec HL REG. [1a]] EQ
& B, REPEAT IF Bkt 1,118 BE
e —
FORT
CESTINATIGN
ADDRESS
CUTFUT GROUP
TABLE 6.3-14
‘WO b ﬂ
‘HALT TE
PISRBLEINT (DI'f F3 ¢
[
!
ENARLE INT {EINF EB -
- ’ 1
SET INT MODE ¢ ED
g 43 HoEGA MODE
SETINT ROIDE T ED
v e CALL TO LOLATION DOZE,,
ST INT MODE 2 El TNCIRECT CALL WSIHG REGISTER
EE tAMD ERTE FROMISTE LARLUPIING

|_ ‘1M

DEVICE AS A PRINTEA.

MISCEL LANEQUS CPU CONTROL
TABLE 5,3-15
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6.0 FLAGS

Fach of the Lwo Z-B0 CPL) Flag registers conlsing six bits of information which are set or reset by
various CPU operatians. Four of Lthese bils are testuble; that is, They are used as conditiens for jump, call or
return inshiuctlions For example a jump may be desured ouly if a speeific bit in the flag cegister is sel, The
four restable Mag bils are: .

1} Carry ¥l2g (C} — This ftag is the carry Do the highest crdes bit of (he accumulator. For example, the
carry Nag will be set dunng an add instruction where s ¢arry from the highes bit of the aceumulaor
is generaled, This flagis also set il a borrow is generaleg during 2 subtraction instruction. The shifi
and rolate inslructions also alfect thiy bit.

2y Zero Flag () — This Nag is sel il the result of the operation loaded 1 zera into 1the accumulatar. Other.
wisk i1 is reset.

3) Sipn Flag (8] — This Mag is intended to be used with sipned numbers and it is set il the result
of the operation was negative, Since bit 7 {MEB] represenis the sign of the number {A negatjve
nurber hasa 1 in bit 73, this Nag stores the state of bil 7 in the acgumulater.

4) Parity /Overflow Flag {P/V} — This dual purposs flag indicates the parity of the result in the accumulator
when logica) operations are performed (such as AND A, B) and it tepresents averflow when signed
Lwo's complement arithmetic operations are perfermed. The Z-80 overllow flag indicates that the
1wo's complement number in the accurnulator is in error since it has exceeded 1he maximum pos
sible (+127) or s lest than the minjmum pessible {-128) number thun can be represented in 1wo's
complement notatiorl For example consider adding:

M= 0111 1000
405 = 01101001

Cw 0 11100001 = -95 {wrong) YverMlow has occured

Here the reeult is incurrect. Overlow has occurred and yet there is no canry 1o indicate an enor.
For this case the everflow Nag would be set. Also consider the addition uf 1wo nepative aumbers:

-5 = 11111011
-la = 1111 D)
C=1 11101011 = 221 conect

Ssotice Phan the aaswer is correct bt the varry is set so that this lug cam nol be used as an over
fiaw ipdicaton. |n this case The overflow wonld nol be set.

, For logical opertions (AND, OR, XOR}Y this flag is set i the parity of the result j5 even and it s
reaet it is odd.

¢

There are alwo 1w o pon-tesatie bins in e flag register. Both of these are eeed Tur BCD arithmetic. They aie:
V) Hall carry () = This is the BCD carry o1 Berrow resull froim the least significant four bits uf operation,
When osing the DA A (Decimal Adjust Instruction) this flag is used 10 conect the resuli of a
previous packed decimal add or subliract, .
2} Subtract [lug (N} = Since the algorithm fur eorrecting BCID vperations is different for addition or

sitbiiaction, this flag i erd 1o specily whal Bype of Danuction was execuied [ast sa that the
BAA vpertion will ke correet for aither addstion vr subniaction,

The Flag register can he aceessed by the programmer 2nd ats fonmat is us folbyws:

- EURnNEEE

M means flag is inderenminate,



Table 6,0-} Lists how each Mag kil is affected by various CPU instzuctions. In this 1able 2 '¢" indicates
that the instruction does not chapge the Nag, an * X" means that the flzg goes 10 an indeterminate state, 2 "0
means (hat iLis reset, a "1" means that it is sel and the symbol "1 indicates that i1 is se4 or reset according Lo
the previous discussion, Note Uhad any instruction not appeating in this table does nol affect any of ihe Mags.

Table §.0-1 includes a few speyial cases that inust be described for clarity, Natice that the bluck search
instruclion sets the 7 fag if Lhe Lust compare operation indicated 2 match between the source znd Lhe
accummulator data, Also, 1he parity Tlag is s¢U if the byte countes (register pair BC) is pot equal 10 2era. This
same use of the parily flag is made with the block move instructions. Ancther special case is during block
inpul or culpul instructions, here the 7 flag is used to indicale the state of tegister B which is used a5 a byte
counter. Notjce that when the 10 bloek transler is complete, the tero flag will be resel 10 a zero (Le. B=0)
while in the cace af a Block move cammand the parity Nag is 1esel when the operatiop is complete, A final
case is when the 1efreshor Liegister is luaded inlo the accumulator, the interrupt enable ip Nop is Jeaded
into the parity flug so that the complete stale of the CPU can be saved at any time.

3Y



Innirnuctionm ClZ Il' g In T |- Commenia

AT A5 4K Au WOt | &-bicadd o sdd with casry

SUR e SBC A THe SLG vt | B birseburact, subtrpst vtk carry, compate and
nepate accumudalar

AN O|:jF |0t || Logisal operations

OR . 20K s Qs |F |10 | Andset’s dulleeni Nap

INC s «:|v]tald E-hit bncresme

CHC m slzlvit|1]s 81 decremend

AP fleju|»|O]X 16 Bin add

ADCHL. L3IV (O] % | 16-til sdd wlhik carry

SEO HL, &5 PIE|vga [ 1]X | 16-bit subiract with carry

RLA: RLCA KRA HKELA fle{s]ei|0 Rouate agcumulator

RLm. RUC m.HRE m, RE m e (F]-]|G|0 Ronate and whifl localion m

Slam SRam SRLm

RLD, RRD «!3|P|:10]|0 Rolaie dig left and right

DAA Hr|Plite]] Decimal adjus sccumulatge

CPL sla|ele|]]] Complement aceumulatar

sSCF T[w]ope |00 | S carry

CrCF HIE LR RN RN Complemsant carry

IN r {0 w (PP 010 Tmpol repioner indiaest

INL NIy OUT L OUTD o IX|X|1]x ] Black input and ourput

i%I%: I=DR; QTIR; OGTDR w XXX { Z=0i[B+0otherwize Z =1

LDI, LDD =X |1[Xx{0]|0 ] Bioek tmnfer msimactions

LR, LDDR s|X|O|x10]0 |F BV = 1iTBC # 0, etherwise BV =0

CPLCFIR,.CPD,CPDR sleli [ % | Bock search ingtructions .
Z=1.ra (), citherwise Z =
FA'm [ (fRC o ) piherwise Y = 0

LD A L LD AR & |3 )FF3|0|0 | Thecomtent of the interrupi enable p-Nop (IEF)
is copied into the P flag

BITH. & w |1 X K]0 Y | The state of bl bof lucation s is copied Inte the Z fag

NEG FRIVEDIYT ] Mepate accumulitor

The feflow ing notadin i3 used 10 his Lable:

Symbal

c
I
5
Fiv

g

a,;zﬂuq

3

Opexaiion

Curey (nk Nug. O 1 37 the operation produced 1 curry from the M5B of 1 opeTand o7 TesulL.
Zeros flag 2oh AT ke sefult of The wporanior i eere
Sipn Mag =10 1he M5B of the seanlg |- gne,

Faraly o onctlhow Maz Parily {F) and orctlow 1Y) dhate I cume Nap Logi. 3l opetaions alfecn 1R Nag

with The pamty of the recult A Wi afthmess opcialiors 270y B Dag il Lhe ovezflow of the sesll I BV

hodds paniy, FI¥=] 57 the resall of the sp<rpkon i even, PV I priglt b oo 1T B hnfde overflps, By =) '
ot tetuln b e operavicon prodused an oreiloms .

Hulfeazry Mag. H=] if ke »d4d ou sehirect vpeiation produwced y carmy sko or borros from imie bt 4 of 1he sccumslalon.

Add, Sublrect fep N= 0 il the presbeos operalion w s 2 b UscL

"M and N Mgt are wod in eonjunsiion wath the degimal ad{Ust spatres o (PR R Y 08 prope ity tarioc! (e re-

sult inle pucked DCTF farmal Folewbng addinign on sutlial ok using opetards walh packed RCD fonnat.

The Nag s allecied acoea:bing to the sesull ol e vperatian,

The Mg 1 wichanped by the uperation

The flug iv petd by the operation.

The (g 1+ vl by it opcration.

The Fiag xs n “dont cae,”

P Mg allected aoco-ding 10 the geerflew reamli of the opeivbon
P P affectod accomding 1o the pants sewull of 15 07w riton

Any oor of the CPU irgimer 4 B O, B ELH, L.

Ane bkl 1. atign Doc 2l (ke ldﬂ]l\\;ﬂ: minelen aByued foF e prarte JLat it ru ption.
Any Jb bl bocatron Tor ail P addie =0 esdet alioras £ Tor Lol T=shrad o,

Any ury wf e taaindes rgetless Ly o 1Y,

Reliryh ctunitel.

E-bal valur i range =D, 1550

1i bl wabur in range <0, LEG3S

Any bebie bocataon (o1 all the s ddiepsing medey 30ewed (0 the faiculn insiruciion.

SLVMSLASY OF TLAG GUEAATION
TAZLE 6.0



7.0 SUMMARY OF OP CODES AND EXECUTION TIMES

Thir Tedlvwing section gives 4 summary of (e 80 siruclions set The insteuziirns are fogicalfy arranged
inln groaips as shown on faubles 7.0-1 through 7.0-11, Fach table showsihe assembly language mnemoenie

OF vode, the actual OF code, e ssmibalic eperation. the content of the Nagepisiet following the ¢neru.
tion of £ach jostrection, the number of byLes required for cach instruction as well as the number of memory
oy cles and the total mumber of T stztes (exiernal chech periods) pequned Tor 1he Telching and evecution of
cach instruction Care has been taken 16 make each table self-xplanatory without reguiting any cross refer-
ence with the test w1 viher lables,
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B} INTCRRUFT RESPONSE

The puepuse of i terrupd Is 1o allow peripheral devices 1o suspend ll{.'f’Ll uperabion 10 an wderly
manncy s force the CPU 10 sturt o pesiplieral service routine. Ustially this service routine is involved with
the ¢xchange of daa, or status and control information, between the CI"J and the periphtral. Once the
service poutine is completed, the CFU returns 10 the aperation from which it was nternepled.

INTERELUPT EXADLE — ISABLE

The 2806 CPU has two inderrupt inpuis, a software mashable inleqrupt and o non meskable interrupt,
The rnon inaskabie integrups (XM can nor be disabled by the paogrammer znd it will be accepied when-
gver a pedipheral devise requests it Tlis imderrupt is generally reserved far very impestant fusctions that
imust be serviced whanaver 1hey oceur, such as an impending powsr faflure, The maslabie interrupt {INT)
can be seleciively enabled or disabled by the programmer. This allows the programmer o disabie the inters
tup duging perinds w here his program has liming constrzings that do not allow it 1o be infeicupled, In the
L8O CPU there is an enable flip Oop {called IFF} that is set or resel by the progrummer wing the Enable
Inierrupt {E1) 2nd Ditable Imcrrupl{DI} instructions. When the |FF is reset, an interrupl can nol be
accepied by the CPU,

Actually. for purposes ihat will be subsequently explain®d, there are two enable [ip flops, called IFF, -
ahd |FF

IFF, IFFj
Actually disables imérrupts Tempaiary storage location
lTom being accepied, " far IFFI_

The staie of 1IFF; is used 1o actually inhibil interrupts while IFF, is used 25 a lemporary storage localion
for IFF . The purpose of storing the IFFy will be subsequently explained,

Aresel o the CPU wilf Toree boih [FF | and IFF - o the resel state so that inserrupts are disabled.
They tan then bt enabled by an El instruction al any time by the programmer. When an Elinstruction is
executed, any pending interrepl request wilk nol be aceepled until after 1the instruction following E1 has
beert executed. This single insiruction delay is necestary for cases when the lolowing instruection is a seturn
instruciion and interrupts most nol be allowed untit the return has Been complered, The El instrugtion sels
buth IFF; and IEF 2 10 the enable state, When an interrnpt isaceepted by the CPU, both 1FF | wad 1FF;
are aioatically resel, inhibiting (urthee interrupts unel the progremmer wishes (o isene 3 new El instrac-
tion. Note that for all o the provious cases, [FF) znd (FF » are alwavs equal,

The purpose of [FFy is tosave the status of IFF| when a non mashable interrupt uccurs. When 2 non
matkable inlerrupt is accepted, IFF is reset 10 prevent further inlerrapts uniil reerabled by the pro-
pratmar, Thus, aftés a non maskable intereapt ias been secepied, mashable Bierrepls wie dizabled bul the
previous state of I1FF | bas beent saved so that the complete siate of the TP fisst juior te the nun mashable
interrupt can be restored al any tizne, When a Losd Register A with Register 1{LD A, [} inyruction or a
Lozd Regisrer A& wilh Register R (LD A, R)instruction is execuled, the stale of 1FF5 is copied into the
parity flag where it can be tesied or stlored.

‘

A second method of restoring the status af IFF | &s thro the execution of & Retuan Prim Non
Maslable Interrapt (RETN boskrecticn, Sinco this instinetiog Boicures that 102 o oo eSable inneupt
soivive routine is cranplete, the contents ol Fa a1¢ sos vopicd hact inte 1-Fy e than the st ol HFF)
Just prior g the acceplance ol the mon meetable intzrmupn will be Testmed b opasically,



Figure 8.0-1 is a sunmamary of the effect of different insiructions on the two enable flip Mops.

Aclion IFF| IFF;

CPU Reset 0 H

(B 0 0

tl ] 1

LD A, | .« . IEFy ~ Parity flag
IDAaR . . FE5 =+ Parity flag
Aceepl WM a .

RETN FFy IFF 5 - IEF,

wl

»"" indicates no change

FIGURE 8.0-1
INTERRUPT. ENABLE/DiSABLE FLIP FLOPS

CPU HESPONSE
»an ik able

A veounaskable interrupt wilk be sccepted a1 a1l times by the CPUL When this ocenrs, the CPU ignores
the next instruclion 1hat it fetches and insead does & restarl 1o location O366H. Thus, it hehaves exacily as
if it had received a restar! instruction bul, it is to a location thatis not ong of the 5 saltware restarf loca-
tions. A restart is merely a call 1o @ specific address in page O of memery.

Mukahle

The CFU ean be programmed (o 1espond 1o the mashable interrupt in any one of thiee possible
mndes,

Mode 0

This roede is adennical to the SOS0A imterrept response oode, With this inode | the interrupiing Joviee
can place any instruction on the daty bus and the TPU will execute i, Thus, the interrupiing Jevice pro-
vides the nexi insieuction Lo be executed instead of the memory, OfNen this will be a restan insructjon
since the imerrupting device only need supply 2 single byte instrucuon, Alternatively, any other instruetion
such as 1 3 byie ¢all 1o any bocation io memary could be evecuted.

Tlee nuinber of clock cveles necessary to execute this instruction = 2 mre tan e normal number lor the
instructicny, This eegurs sinee e CPU automatically adds 2 wait stafes 10 80 ibeernpt reponse cvele (o
allow sufficient time Lo implement an exietmal daisy chain (o7 priosity contiol, Sectivn 5.0 illusizaies the
deteiled timing for an internepl response. After the zpplication of RESET the CPU will aulomatically enter
interfupl Mode 0, i

Mode

Wheai this mede hay been selected by the prognimmer, the CPU will vesposd Doan iderrupt by
cxeculing a restan to Jogatian DO35H. Thus the responss s identical 10 that fer a non maskable inlerrupl
except that the cafl fvcation is 0038H instead of 0006H. Anather difference is that the number of cycles
requintd 1o complete the 1estart fnstruction j« 2 mare than nermal due 1o the 1wo added wail siates,



Mode 2

This made is ihe moust pewerfal imerrupt response node. With a single 8 bit byte from the user an
indirect call can be made 1o any memary lucation,

With this wode the programzner maintaing a 1uble of 16 bit sluriing addresses for exery inlermupt
service routing. Thic Lable may be located anvwhere in memory. When an inierrupl iz accepiled, a 16 bit
pinter iust be Tunmed 1o obtain the desired interrupl service routing stanicg address from the 1able,

The upper B bits of this pointer is formed (roun the comients of the | regisier, The | regisier mmust have been
previously lozded with the desired value by Lhe propramumer, i.6. LD 1, A, Nowe than a CPU reset clears the |
register 50 that il is inititlized (o 2ero. The lower eight bits of the pointer must be supplisd by (he intesupl- .
g device. Acteeally, only 7 bils are required from the interrupting device as the feast significant bit must be

a 7e1o, This is required since the poinier is used 10 pet 1wo adjacent bytes to fonm a complewe 167kt service
ronsline starting address snd the addresses must always starl in even locationg,

’
desired starting uddress

Intermnpt pointed 10 by:
Rervice !
Riwline luw vider } 1 REG 7 BITS FROM |,
SMurting high urder CONTENTS PERLFHERS L
Address .
Table

\

The first byte in the table is the lezst significant (Jow order) partion of the address, The programmer must
ebvionsly fill this table in with the desired addiesees brfare any interrupls are 1o be accepied.

“ale thal this iable can be thanged a1 any time by the programmer G it is slured in Read /Write
Mermane) 1o allew difTerent peripherals 1o be serviced by different wervice roetines.

Once ithe inlesrupiing devices supplies the lower portivn of the painier, the CPU autcapaticaily pushes
the program counler onlo the stack, ebtains the starting address from the 1able and does 2 jump to this
address. This wmods of response requires 19 clock periods to cosnplete (7 10 Telch the Jower & bits (rom the
interrupling device, b 10 xave the program couner, and & 10 obtzin Lhe jump address.)

Note that the 280 per:pharal davives all include a daisy chajn priociy interrupl strociure thal avtg-
mtalically supplies the programined vecior o the CPL' during interrupt acknow ledge. Refer 10 the 250-PI10,
Z50-500 and ZE0CTC manuals for details.



9.0 HARDWARE IMPLEMENTATION EXAMPLES

This chapter 15 inlénded Lo serve as a basic introducion 1o mplemenling syslems with the ZE0CPLL

MINIUM 5YSTEM

Figure % 0-1 is a diagram of a very simple £.80 53y stem. Any Z-B0 system must ingJude the follewing

five elements:

1) Fire voll power supply
21 Oscillator

3) Memery devices

4y 1/ circuits

s} CPU
o woLT
D POWE R §UbRLY
‘ .
ay- Ay Av oD
[ LLORLES
IN
_fin ﬂth I'TH 8]
HO acE R
CATA
B 80 DATA Bt ouT

ALCSET
-—d

]
z

e | 4

—
CE AD N
IgRO BlA b —— Ty
v 740- Mo
=1 LD o Sy
HIAT & PGRT B
DUTPUT INFUT

Gars

FIGURE 9.0:1
MINIMUM 280 COMPUTER SYSTEM

Data

ab

Sinve the LBOCFU unly requires a single 5 volt supply, must snall systens gt be inplerenied using

wily this single supply,

The oscillator can be very simple since the only requirement &5 thatitbe 3 § volt square wave. For
sy slems nol running at full speed, a simple RC oscillator can be used. When the CPU is operated near the
liglrest possibie frequency, a crvalal oscillaior is genesally yequired because the system timing will not

teberate the drift orjitter that un RO netw ork will generate, A crysral esziflaber can be made froan iverrers
amd g fow disgrele components or mosulithic citcoits sre widely availible,

The external memory can be any mixiure of standard RAM, ROM, of FROAL Inthis siimple cvample

we hgve shown @ single 8K bit KOM (1K byres)t being utaliced us the envire mernory sysrem. For this
example we have assumed that the Z-80 imernal register conliganation domtuiss sullcient Read 'Wiine

slorese so o S ernst RAM ansiieny 13 nod eguieod,



FErery compuiet sydem requires 10 circwite fooallow 030 interface 1o 1he “eal world,” In this simple
evample it is assumed thal the ovipui is an B bil control veetor and the inpot §s an 8 bit status word, The
inpul data coukd ke pated snto the data bus using any standard rittaie driver while the vuipul ¢ata vould
be latched with any type of standird [TL lateh, Frg tlis osarnple we have used a 280 IO fur the 1O
circuit, This single circweit attaches Lo the data bus s show n and provides the requited 16 bits of TTL
cuinpalible [0, (Reler Lo the 30 IO manual Tor Jetails on the operation of this circuit) Notice in this
exumplz that with only hirce LLST circoits, asunple cscillator and a single 3 vol power supply, a
powerlul computer has been implemenied.

ADDING RaM

S{ost compuler sysiems require some amount of external ReadMWrite meinory for data sinrage and to
implenivenn a “stack.” Figure 9.0-2 illustrales how 256 bytes of stalic memaory can be added 10 the previous
exgmple. In s example the memory speee is sssumed 1o be oapanized as folluws:

Address
- OUGOH

LK bylex
HOM

{3FFH
256 byles | O40UH
RAM

MFFH

ADDRES: BUS

Ay- By Ap=hy A=Ay
RET-ED [ —iea B ~—— MAG
WAED - RD e, oD ¢ | R0 L] A 'EE? RO

1l 256 x 4 796 2 4
Ao ACM AAM A TR AAmw By
———alce, Rfw - ety l— AW CEy
[]

dg-dy dy-dy dy-dy

I DoTABLUS
FIGURE 242

ROM & RAM IMPLEMENTATION EXAMPLE

In this ehagrans the adureas space is describad in hexigezimal notatien. For this evcmple, addess bil Ay
sepataies the BOM space from the RAM space su thut it can be wsed Tur the ¢k select function. For
farger amounts of exiernal ROM or RAM, 2 simple TTL decoader will be aeguiied to fun Lhe ehip selects.

MEMORY SFEED CONYROL

Fut inany upplications, it may be Jechable tause Jdos pemeaies focd e cosls. Tha WArT ling on
the CFL allows thie 2-80 10 operate with any 2need racimony . By refuizing b bl seetig 3 oy w0 il rotice
thai the mieinury access Lime reguirements are most severe during the M Gcle insrustion fewch. Al other
memory accesses have an #dditional one half of a dlock ey cfe 10 he coanpleted, Foo hes regson it may be
desiralile in sume applwelions (o add vne wail stale 1o the M1 suele sothat showen memtories 2an be veed.
Fizwng 803 10 an ovomple of o cdhaple chenin that will sczoaeplih this ok TN coendt can e chareed 10
il gl it v by Ty weestas e nin Floee v 04,

P
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ADDING ONEWAIT STATE TO AN M1 CYCLE
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ADDING ODNE WAIT STATE TO ANY MEMORY CYCLE

» r——

INTERFACING DVNAMIC MEMORIES

This section is intended only to serve as a baiel inbraduction (o interfacice dynamie memaories, Each
individual dynamuic RAM has vacying specifizations that will require mimor modifications to the description
given liere and no attempt will be made in thic document 10 gve delatls fur a3y pasticular RAM. Separale
anplicatien notes howing liow ihe ZROCPL van be intorfaced o most poputar dvnemic FAM'S are
wvatluble from Ailng.

Figure 9.0-5 illustrates Lhe logic necessary 10 inreiface BE bytes of dyaamie RAM using 18 pin 4K
dynamic memones, This fgure assumes that the RAM" ase the only memory in the syslem se that A 915
used 1o select hebwean the two pages of memaory . Diring refresh 1ime, 21l memuories in the sysiem musc be
read. The CPU prusides the proper refresh address on lines Aﬂ through ."kﬁ. Tor wdd wu! difinagb imemory 10
e sestem bl by Aecestary o only peplice e two gates thal operate an A, 5 wish g Jecoder elal uncrales
on all twequired wddress bits, For arger svstems, buf{ering Tur the address and daza St i al gonfratly
jequired.

crn
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1G.0 SOFTWARE IMPLEMENTATION EXAMPLES
i0.1 METHODS OF SOFTWARE IMPLEMENTATION

Several dilferent upproaches are possible in developing sofiware for the Z-B0 (Figure 10.1). First of
all, Awsermibly Langoage o7 PLIZ may be used 25 the source language, These languapss may then be trans-
fated into gnachine Tacpozge on 3 comimercial time sharing facility using 4 cress-assaiobler o cros-compiler
o, in the case of assembly Janguage, the translalion can be acconiplished on 3 2-50 Development Sysiem
using a resident assembler. Finally | the resulting machine code can be debugped cither on a fime-sharing
facility using 3 Z-B0 sirmulalor or on a £-80 Development Svsiemn which utes a ZEO-CPU direcdy,

$IURLCE
LAKSUAGE TRANSLATION DE BUSE: ING
RESIDEMT ASSEMOLER
ASSEMALY DEWELOPMENT
LANGLAGE SYSTEM
- WALHINE
o LT
| 55 ASSEMBLER ] - LaNGUAGE
L7 QR OTHER
HIGH LEVEL SIMULATOR
LAMGUAGE ~o{ cross compiLeR
FIGUAE 101

In selecling a source language, the primary faciors 1o be considered are clarity and ease of program:
ming vs, codr efficiency. A high level langnage such az PLIZ with its macline independent consiructs is
wpically benter for fonnulating and mainraining Agoritlims, but the resulting machine code is wsually
sinewliat less efficient than what can be written direcdly in assembly language. These trpdecils can often
Le balunced by combining PLIZ and asembly language rootings, identifying those portiens of a task which
must be aprimized and wnling them as aveepably lanpraps subioutines,

Dreciding whether 10 use a rewdent or cross asszinbler is a madter af availability and shosi-1erm vs.
long-erm eapense. While the initial expenditure for o development sysiem is higher than that for a time-
sharing terminal, the cost of an individual assembly using a resident assembler is neglicible while the same
opetalivh on 2 tdne-sharing systen i relatively expensive and ina short tirne Lhis cost can equal the tatal
east ol g Jevelopinent system,

Debugging on a development systemn vs. a simrubalor is 2150 a malier of availaldlity and expense com-
bined with aperativnal fidelity and flexibility . As with the assembly process, debugging is less e xpensive on
a development syslem than on a simulator available throvgh dme-sharing, In addition, the fidelity of the
operating environteent [s presérved throwgh real-1iine execution on 8 250 PU zad by comnecting the 170
and meongry componends which will actually be usedin ihe productivn syslem. The only advantage 1o
Uit use of  strulator is the range of citeria which may b= selecied for such debv, sing prowedures as Liac-
ing and sctehng break points. This flexibility exists beczuse 2 soltware simulation czn schieve any degree of
cothplexity in ils interpretation of machine jnstructions while development grsiem procedures have hard-
ware limitations such as the capacity of the real time storage module, the number of break point registers
and the pin configuration of the CPU, Despite such hardware limitations, debugeing on a deseloprment
gyshLm s lj,.'picu]]:.-' mare productive than op g simolator becatise of the diect interaction that is provathle
briween the progrnning snd the wblhentic evecwtion of 14s prograrm.
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0.2 SOFTWARE FEATURYES QFFERED BY THE Zp0-£ B

The Z-80 instruction se prosides the user with a large and fleaible repetoire of operations with which
to Tormulate control of the ZEQLPUL

[he primary, ausiliary and index pegisiers can be used to Liold the zrguments of arithmetic and logical
vperations, or (o fonn momory addresses, or as Tast-access storage fof frequently used dala.

Information can be moved ditectly {rom regisier 1o register; fom memory 1o memory: lrom memory
10 registers; o1 (rom regislers 1o memery, In addition, register condents and registerfmemeory Conienls can
be eschanged withoul Wsing tenporary stozage. In particulas, the contents of primary and ausilary registers
cart be completely eachangad by executing only twoinstructions, EX and EXX, This register enchange
piocedure can be used te sepasale the sal of working regisiers between different logical procedures or 1o
expand the set of avajlable registers in = single procedure,

Storage and revsieval of data between pyirs of regisiers and memory can be controlled on 8 last-in
firstout basis through PUSH and POP imstructions which utilize a special stack pointer register, SP, This
slack register is available both to manipulate dala and (o autematically sere and retriene addresses for
subtoutine linkage. When 3 subroutine is called, for example, the address following the CALL insusction
is placed on the top of the push-down stack pointed Lo by 5P, When a subrontine retorns 1o Lhe calling
routine, the addiess on the 1op of the stack is used 10 set the program counter for the address of the next
instruction. The stack poinler is adjusted aytomatically 1o reflect the current “1op” stack position during
PUSH, PP, CALL and RET instructions. This stack mechanism allows pushdown dats siacks and sub-
rensting calls to be nesied {0 any practical depth becavse the stack area ¢an polentially be at large a5
meEman space,

The sequence of insiruction exscution can be cantrolied by ik different Qags (zarry, remo, sign,
parity foverllow, add-subtract, half-carry} which refect the resulis of arithmetic, logical, shilt and compare
instruciions. Aflter the execution of an imstraction which se1s a Nag, that Rag ¢an be weed 1o conlrol a
coenditiunal fump or reara mslruction. These instruclions provide logical contral foliowing the manipula-
tien of single bit, eighi-bil byte {or) sixteen-bit data quanitities,

A lull se1 of Togical operations, including AND, OR, XOR (exclusive - OR), CPL (NOR) and NEG
{two's complement) are available 07 Boolean eperations between the aceumulator and 1) all other eighi-bil
repisters, 1) memory locations or 3} immediate operands.

In addition, 2 full set of adttcnetse and Jogical shifts in both directicns sie available whick operate
an he contents of ] eicht-bit primary regitters or dirzctly on snv memony lazation, The carry flag can be
inciudad or slnply sa1 by these shift instruetions to provide both the 1esting of shift resulis and to link
registerfregister or register/memory shift operations,

10,3 EXAMPLES OF USE OF SPECIAL Z80 INSTRLUCTIONS
A Ler us atsome that a string of data in memorny sfaniing al location "DATA™ i to be moved into

anvahier ared of memory starting at location "BUFFER™ and that Lhe string lergih is 737 bytes, This
operatien can be accomplished as follows:

LD HL  DATA 13TART ADDIRESS OF DATA STRING

LD DE , BUFFER (START ADDRESS OF TARGET BUFFER

LD BC , 737 (LENGIT OF DATA STRING

LDIR JHMOVE STRING - TRANSFER MEMORY POINTED TO

(EY HLINTO MEMORY LOCATION POINTED TO @Y DE
(INCREMENT HL AKD DE, DECREMENT BC
s FROCESS UNTIL BC = 0.

1] bytes are equired Do i operation and eazh byte of dara is muved 0 21 ¢hoct cveles.



Let's assume 113l a sieing inoisemony starting a1 location "DATA™ is 10 be moved inlo anather area
of memony starting at lueation “BUFFER™ until an ASCII § character {used as string delimiter) is
found. Let’s also assume Lhar the mavimuonm siing length s 132 characters. The operation cun be
perlormed us Toftows:

1D HL , DATA .STARTING ADDRESS OF DATA STRING
LD DE , BUFFER :STARTING ADDRESS OF TARGET BUFFER
LD BC, 132 MAXTMUM STRING LENGTH
LD ALS :STRING DELIMITER CODE
LOOP.CP (HL} 1 COMPARE MEMORY CONTENTS WITH DELIMITER
IR Z END - § ;GO TO END IF CHARACTERS EQUAL
L.DI s MOVE CHARACTER (L) 19 {DE)
; INCREMENT HL, AND DE, DECREMENT BC
1P PE . LOCP ;GO TO “LOOP™ IF MORE CHARACTERS
END:  OTHERWISE, FALL THROUGH

NOTE: F/V FLAG 15 USED )
;TOINDICATE THAT REGISTER BC WAS
i DECREMENTED TO 2ZERQ,

19 bytes are required for this operation.

Lel us assume that 2 16-digit declmal number represented in packed BCD format {iwo BCD digits/
byle) has 1o e shifted 25 shown in the Figure 102 in order 1o mechanize BCD multiplication of
division. The vperation can be accomplished as follows:

LD HL .DATA ; ADDRESS OF FIRST BY €
LD B.COUNT JSHIFT COUNT
. XOR A :CLEAR ACCUMULATOR
ROTAT:RLD ;ROTATE LEFT LOW ORDER DIGIT IN ACC
JWITH DIGITS IN (HL)
INC HL ' i ADVANCE MEMORY POINTER
DINZ ROTAT .- § :DECREMENT B AND GO TO ROTATIF

;BISMOT ZERQ, OTHERWISE FALL THROUGH

11 bries are required for this operation,

TIGURE Y02



D, Let us assume that ane munberis 4o be subtracied {rom ansiher and a) that they are both in packed
BCD [nnat, b)Y thay they are of equal but vy ing length, and ¢) thal the cesult is 1o be stored in the
location of ke sinuend. The operation £an be zen aplished as Tollows:

LD HL , ARGI . ADDRESS OF MINUEND
LI DE ARG VADDRESS OF SUBTRAHESND
LD B, LENGTH LENGTH OF WO ARGUMENTS
AND A :CLEAR CARRY FLAG
SUBDEC:LD A {DE} “SUBTRSHEND 10 ACC
SHC A, {HL) ; SUBTRACT (HL) FROM ACC
DAA LADIUST RESUL T TO DECIMAL CODED VALUE
1.D (HLY, A : STQRE RESLILT .
INC HL : ADVANCE MEMORY POINTERS
INC DE
DINZ  SUBDEC —§ ; DECRENENT B AND GO TO “SUBDEC™ 1F B

vwOT ZERQ, OTHERWISE FALL THROUGH

17 bytles are required lor this operation,

0.4 EXAMPLES OF PROGREAMMING TASKS

A, The foBowipg program sorts an array of numbets cach in the range 0,235 inta ascendng order using
a standard exchaage soning 2\ gomithm. )

bJ



D1fx2f76 1r-14:37
LOC  OBICODE STMT
1
2
3
4
5
6
7
g
g
o
11
12
13 . A
14 : B
15  C
64 ; D
17 : E
158 - K
¢ : L
20 ¢+ IX
21 0y
2
OO0 232600 21 S0RT:
03 CBR4 24 LOOP:
L5 4l 25
o0& 05 26
W7 DD2As00 27
00 DDYEQD 28 NENT:
oo0E &7 e
DOOF  DDAEDS 30
2 93 31
3 AR 32
Ui s DL7 00 33
Va8 7201 34
001 CHC4 35
i 23 s NOEX:
O01F  T0EA 37
38
L1y Clhid an
(323 MUE 40
00285 OB 41
42
0026 43 V1 AG:
L 44 DATA:

45

RULRLE LISTING PAGE |

SOURCE STATEMENT

2 ETANDARD CRCHANGE{BUEBLE } SORT KOUT|NE *+*

AT ENTRY:

FIl, CONTAINS ADDRESS OF DATA
C CONTAINS SUMBER OF FLEMENTS TO BE SORIED
(1=Cc256)

v AT BXIT: DATA SORTED IN ASCENDING ORDER

. REGISTER

LD
DEC

LD
LD
LD
SI°B
IR
LD
LD
SET
tsC
DINE

BiT
1K
RET

FQU
I ES
END

LSE OF REGISTERS

CONTENTS

TEMPORARY STORAGE FOR CALLULATIONS
COUNTER FOR DATA AKRAY

LEWGTH OF DATA ARRAY

FIRST ELl EMENT IN COMPARISON

SECOND ELEMENT IN COMPARISON

FLAG TO INDICATE EXCHANGE

I™LSED

POINTER INTO DATA ARRAY

LINUSED

(AT A) HL JSAVE DATA ARPRESS

FLAG,H NITIALIZE EXCHANGE FLAG

B,C JNITIALIZE LENGTH COUNIER

] SADIUST FOR TESTING

PDaTA) SIXITIALIZE ARRAY FOINTER

A IX) TFIRST ELEMENT IN COMPARISON

D, A (TEMPORARY STORAGE FOR FLEMENT

E. (1x+1]) CSECOND ELEMENT IN COMIARISON

E COMPARISON FIRST TOSFCOND

NC, NOEX-S CIF FIRST > SECOND, NO JUMP

(X)L E CEXCHANGE ARRAY ELEMENTS

(iX+1;,D

FLAG, | CRECORD EXNCHANGE OCCURRLED

1% (FOINT 10 SEAT DATA ELFYMENT

NEXT-3 “COUNT SUNMBER OF COMEPARISONS
TREPEATIFMORE DATA ATRS

FLAG H CRETERMINE IHF EXtHANGE OCCURKRED

NZ, | COP-3 ;CONTINUE [F DATA UNSORTED

;OTHERWISE, EXIT
0 ;DESIGNATION OF FLAG gIT

2 CETORAGCE GR DALY ADDHISY



B, The fallawing program mueltiplies two unsigned 16 bt integers and leaves the resuli in the HL regisier
pair.

0122176 11:32:36 MULTIPLY LISTING PAGE |
LOC  QRBICODE  5TMT  S0OURCE STATEMENT

0000 I MULT:: UNSIGNED SIXTEEN HIT INTEGER MULTIPLY.

T N EXTRANCE: MULTIPLIER IN 13E.

3 WULTIPLICAND IN HL.

4

5 ON ENT: RESULT IN HL.

6

7 REGISTER USES:

8

I

wo H HitiH ORDER PARTIAL RESULT

noo; L LOW ORDER PARTIAL RESULT

12 D HIGH ORDER MULTIPLICAND

13 E LOW DORDER MLULTIPLICAND

4 B COUNTER FOR NUMBER OF SHIFTS

15 C HIGH QRDER BITS OF MULT!PLIER

16 A LOW ORDER BITS OF MULTIPLIER

17
0O0n 0610 18 LD B.16; NUMBER OF BITS- INITIALIZE
000> 4A 19 LD C.D; MOVE MULTIPLIER
00z 7B pat LD A E
a4 ER : 21 EX DE, HL: MOVE MULTIPLICAND
O0s  2{0000 a2 LD HL, 0. CLEAR I'ARTLAL REAULT
0005 (B39 23 MLDOP: SRL € SHIFT MULTIPLIER RIGHT
Qu0A  IF 4 RRA LEAST SIGNIFICANT BITIS

25 INCARRY.
000B 200 25 IR NC.NOADD-S: 1FNOCARKY SKIP THE ADD.
ooul 19 7 ADD  HL.DE: T OELSE ADDMULTIFLICAND TO

B ' PARTIAL RISULT.
wwE  EB 38 NOADD: EX DE, 4L- SHIFT MUL UPLICAND | EFT
OQUUF 19 - 30 ‘ADD  HL, HL: BY MULTIPLYING IT BY TW Q.
10 EB k]| EX DE, HL,
0311 10FS 31 DINZ  MLDOP-%: REPEAT I'NTIL NQ MORE BITS,
fat: (9 T i3 RET;

34 ENEx s
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{"?’l 120
%7

a7 230-CPU

Zilog INSTRUCTION SET :
ADC HL, = ficld vt Carry Req. nair o< 72 HL
ADC A x add with carry oparand & I Aee,
ADD A n Add value n 10 Ace,

ADD A, r fidd Reg, r to Ace,

ADD A (KL Add locatign (HL) 15 Acc.

ADD A, (1¥+d)
ADD A (1Y +d)
ADD HL, &=
ADD X, pp
ADDIY, e
AND x

EBIT b, {HL)
BIT &, (1X+d}
1T b, {1Yd]
2IiTh,r

CAakL e, nin
CAtL nn

CCF
CPs

cD

CPDA

cel

criR

Add location (12X d} to Acc,

Add Incation (1Y +d} to Ace,

Add Reg, P-'-:!ir 310 HL

Add Aeg. pair pp 1o EX

Add Reg. pair e 10 1Y

Logizal 'AMND’ of operand 1 and Ace.
Test BIT b of location [HL)

Test BIT b of location {13+ d}

Test BIT b of locatipn (1Y +d|

Tues1 BIT L of Reg.r

Call mubroutine at locatian an i
condilion eg if trua

Urconditional call subwouting al
locatian nn

Complement carry Mag
Compare ~perand § with Leg,

Gompare weeation (HEY o= feg,
dreroment HE gnd BO

Compira jozation (HL] and Acc,
descrement HL and BC, renast

“hiptii 3Ga0

Czoomare lncztion (HLY 2o Ace,
increnent HL and decrement BC

Compare Tocation [HL) and Ace,
inzramant HL, decrement BE
st il BCQ

Tt mnt Aes 1 oLl
Desirnal wrliont Ace,
Chsnu nt e m

LECIY
DEC xx
D

DiINZ &

E1
EX (SP), ML
EX ISP}, I1X
EX ISP}, 1Y

EX AF, AF'
EX DE, HL

EXX

HALT
MG
M1
M2

IN &, {n)
1M, {C)

INC {HL)
iNC X
NG (1)
INC LY

INC (1Y}
iNCr

FRl M 1

IND

e

|

Decerment 1Y '
RV 11)
Decrement Req mtir <s

Disahle interrupts

Decrerment B and Jump
rel-iive if B0

Enaly'e i1dcriupts

Exchanye the Incation [5P) 4w HL
Exchange the location (5P} a4 ' %
Exchangs the lecation {SP]. a4 1Y

Exchangn 1he caniunts of AF
and AF”

Exchenga the contenis of DE
and HL

Exchang: the contents of 30, (3E,
HL with contents of BC', DE', hiL"
rospectively .

HALT [wait for intermept or reset)
Set interrupt mode O
Set interrupt imade 1
ot intiu upt mode 2

Load the Ace. with input ir
davice n

Lead the Reg. r with input frewm
device {C}

lpgrginient Tecation (HL)
Inerenent 1X
Toer_soar: tozotion X2}

Prorgvem bY

tusr .nent Iocation (1Y+d)

e R R N

Trce et Tl @t s
-

Lozd lacation {HL) with inp.at
from sort (21, de ,om=nt HL
wd B

L T P T S T TP |
o

Lot U0 Rt BL e A
cacremrent Boage it untilB-0

Lond aeat e (HLT with iy

'
R P I N - TR



I.'.'IFI

JP {HL}
WP X)
JP 1Y)

JP ¢c, nn
JF nn

JFPC ¢

JA e

JPNE &

JRNZ ¢

JAaZ e
LD A, (BC)
LD A, {DE)
LD A, I
LD A&, {nn)
LD A, R
LD {BE), A
LD (DE), A
LD {HL), n

LD e, an

LD HL, {nn}
LD {HL), ¢
LD, A
LFIX, rn
LD kX, (nn}
LD X, n
Peraiedtr
LE i, nn
10 1Y, {enl

I

L i oy

Leod aeation ;HLY with input
from poat 1T}, intriinent HL
A decreient B, repaeal wnkl
B=D

Uneandition:l Jump to (HL}
Urzonditional Jump wo [1X}
Unconditznal Jump o {iY)

Jump 1o leeatien nn il
conditian cc is trus

Unconditi >~ 4l jump to location
nn

Jump relative to PCHe of carry =1

Uncanditional Jump refative
1o PC+e

Jurnp relarive o PCHe if garey =0

Junp relative 1o PC+e if non
zrra [(Z=01

Jump relative to PC+e if zera {Z=1)
Load Acc. with jocation {BC)
Load Ace, with location (DE}
Load Ace. with |

Lerad Age, with location nn

{osd Ace. with Req. R

Loed ipcatiun [3C) with Aec,
Load location (DE) with Aer,
Luad lacatizn (HL) with valtre n

Lind Buq. prafc ©d with vl e nn

Load HL with {caton [nnd

Load focation {HL) with Repg. r
Letd | ity fee,

Teed 18 with v b nn

Load IX with location tnnd

Paad lozation (X 2] soith walue n
Poed lpsasian fie 72 aislh Pegur
Locd IY with vatee nn

Toad 1Y with Lo tion Dond

Fb. uq' . AF1A N owa '™
‘. RS BN A 1 =n
. ' '
! iu I--." '.." k mr

LD i{nnl, &
LD inn), dd
LD {anl, HL
LD [nn]'.llx
LO [nm}, 1Y
LO R, A
LOr (HLY
LD r, {1X+d)
LD r, (IY+d)
il n

LD v

LD $P, HL
LD SP, 1X
LD SP, 1Y
LDD

tOoR

1o

LDIA

NEG
MOP

OR s
OTDR

OTIR

CUT{Ch r

LT Es), A
ouTD

/
Tl

Load iocation (nnl with Acc.

-

Load location {nn) with Reg, par dd
L oad tocation [nn) with HL
Load location {nn} -w'nh X

L.l:lad Iucatinr! {nnl with I'Y

Load B with Acc.

Lnadl Aeg. r with location EHL}
Load Reg rwith location {1X+d)
Load Reg. r with location {{Y+d)
Load Reg r with value n

L.oad Reg. r with Reg ¢’

Load 5P with HL

Load 5P with IX

Load 5P with 1Y

Load Incation [DE} with focation
{HL}, decrement DE, HL and BC

Lead location {DE) with tocation
[HL), dectement DE, HL and BC;
repeat until BEC=0

Load location_(DE) with focation
[HL), increment DE, HL,
demre:nent BC

lLeed tocavion (DEY with luzation
{HL), ingrement DE, HL,
decrament BC and repeat unkil
BC=0 -

”1'";.- IR e I ", "o '11“
Mg grasiation

Logial 'OR’ or operand s and Ace.
Lead put put purt{Cl with lezatian
Mert Josserment HL and B, ropoat
AT RrE

Liod I.I'j‘.‘r.llll part {C] \n-l'i:}i 1o:stion
(HL}, increment HL, decrement B,
rapezt until Bo0

Lurd puiprat po T} un Togr

Lazlea*psot, st ind vqidh S,
Load ool zat port [C) vo ik loszian
[HLY, desroizeant HL and B

oottt e 400 L 83L T, " on
T F A L 1 P .
3



LT aX
L
"a? gg
PLUSH I1X
PUSH 1Y
FLUISH qq
REE b, m

HET
RET cc

RETI
RETH
RLm

HLA

RLT THLY
RLC (1M d)
RLC I1Y+d)
RLC ¢
RLCA

RLD

Lo 0% vith top of stack

Foad IY sith top of stack

Load Reg. pair g with 1op of stack
Load IX anto stack

Lowd iY onio stack

Load Reg. pair qq onto stack

Feset Bit b of operand m

Feturn fromn sybroutine

Return fram subroutine if condition
CC IS true

Belurn from inferrupt
Retuen [ram mon maskable interrupt
Ratate left through carry operand m

Fiotate left Ace, through carry

*Rotate Toration {HL) laft eircular

Rotate location (1 X+d) 1eft circular
Raotate location (i¥+di Ieft eircular
Aofzie Fu. r left circular

Rotate l=ft cireufar Acc,

Rotate digit left and right between
Arg, and focation (HL)

RA'm
RHA
RRC m
RRCA

RRD

R8T p

S8C A s
SBC HL, <3

SCF
SET b, [HL}
SET b, (IX+d}

SET b, (1Y +d) °

.SET b r
SLA m
SRA m
&AL m
ZLE y

XOR s

b o

Rotate right throsgh caney, 0 L
Rotatz right Ace, thro by

. a ¥
Rotate operand m right gjreuler ?‘
Rotate right cirzular Ace,

Roate digil right and f2lt I:H:tww.-nl
Act. and location (HL}

Restart 10 location p

Subtract operand § from Acc, valh
carry

Subtraci Reg peir s3 from HL with
carry - .

Set garry flag (Cw1)

Set Bit b of location {HL)

Set Bit b of lgcation {1 X +d}
Set Bit b af loeation ([Y+d)
Ze1 Bit b of Reg. r

Shit1 operand m left arithmetic

Shif1 operand m right arithmeic

Suitt operand mn oright locical

Subtratt operand § from Aes,

Exclusive "OR’ pperaad s and Acc.
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1.0 INTRODUCTION

The Z-50 Paratlel O {PIO) Cirewt is & programnusble, 1wo port device which provides a TTL
comipatilde {nrerbace hetween peripheral devices and the ZA0-CPLY. The CPU can configire the ZR0-PID
b Erte fave with o wide finge of periplizzal devices with i aiher exiernal loghe required, Ty pical peripheral
devices it are Tully compatible with the 280 FIO include migst keyboards, papes tape readers and
punches, printers, PROM programimers, ete, The ZROPIC utlizes M channel siticon gate Jdepleton load
tevhinulogy and is packogad in o 30 pin DIP, Majur fealures of the ZBO-PIO b lude:
& Twyindependent B bit bidiectional peripheral inlerface ports with *handshake' data teansfer
ol
* Interrupt deven "handshake’ fur fast respunse
* Any one of four distinel modes of uperalion may be selected for a poet including:
By te vutput
Byle input
Byte bidirectiunal bus (Availsblz on Port A onlyy -
BiL cuntrol mede .
All with incerrupt controfled handshake
® Daiyy chain priority interrupt logic included to provide For astomdtic interrupt vectoring without
external logic
Eight wutpuis ace capable ul driving Dadington transistory
& Allinputs and cutpas Fully TTL compatible
& Single 5 valt sopply and single phase clodk arz requlred. .

One of the unique freatures of the Z30-PIO thal separates it from ather interface controllen is that all
data transfer between the peripheral device and the CPY is accomplished under votal interrupt contral, The
intereupt logic of the PLO permity full usage of the efiicient interrupt capabilities of the ZBO-CPU during [JO
transfers. All logic necessary (o implement 2 Fully nested interrupt struciure is included in the PIO so thay
additiona! cieeuits are not required, Another unique feature of the PIO is that it can be programmed o
interrupt the CPU on the ovcurrenee of specified status conditions in the peripheral device, Fur example,
the PO can be programmed w intgrrupt if any specified pecipheral alarm conditions should oceur. This
nterrupt capability reduces the amount of time that the pracessar must spend n polling peripheral stals,



2.0 PO ARCHITECTURE

A block diagram of the Z30-PIC is shown in Figuse 2 Q-1, The internab structuse of the ZBO-PIO
consiats of 1 Z20-CPU bus interlaee, internal control togic, Pocl A 11O loge, Poct B 1O logic, and interrupt
coninsd Logic. The CPU bys interface logic dlows the PIOD 1 intetface directly to the ZR0-CPU with no
other exiernad logic, However, address decoders andfor line bulfers may be required for large systems. The
internal contrel lugic synchronizes the CPL data bus to the peripheral device interfaces (Purt A and Pare B),
The vwo 17O ponts (A and B) are virtually idemtical and are used to intecface directly to peapheral devices,

oW GND ¥
] . A
po—— ot 1/ DATA OR CONTROL
CONTADL -':> A
' LoGie o HAM S HAKE
ﬁ
| |
G— et
DATL BUS EPL e

Pﬁﬂlmi AL

s INTERNAL ALY INTERFACE
INTERFALE —te gl W0

MG CONTAOL

LINES ]

L]
k7 —{ DATA OR CORTADL
INTERRLFT -_:> :un'r
CONTRALDL va

’

A —_
HaMNDEHSKE
| E— L

MTERALPT CONTROL LIMES

FIGURE 2.0-1
PIC BLOCK DHAGRAM

The Port 1O logic is compused of 6 registers with “handshake" control logic 43 shown in Figure 2.0-2.
The registers ingluda: #n 8 bit data input register, an § bit data output register, a 2 bit mode contral
register, an 8 bit mask regisier, an 8 bit inputfoutput select register, and 4 3 it matk contral register.

nln T AT W
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smammany- I8 mut fen |
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o

WEaD T
mANDAMARy [0
|_ & wrouinis © f:z::ﬂ:‘ r,l.fiﬂii :r"ﬁi e
FIGURE 202

POHT IF0 BLOCK DIAGAAM ‘



The 2050 mede control register is loaded by the CPU 1o select e desited operating mode (byte
okt b ke inpuat, bete Bidarestienal bus, wr biv conungl mode ) A1 data transfer beowoen the pesiphozal
Jewice wed the CI7U s achieved thioogh the dats aoput and data eutpuy registers. Data may be writien into
o oatprut gegesten By the CPU o read bk 1o the CPU Trom the inpul cegister al any time, The handshake
lines sssan iated with cach portare used (o control the data vrapslfer between the FIO and the peripheral
desive,

Mhe S-hit mash register and 1ie B-bit put mutpun select registes ae used valy in 1he bit contred
mede, by this mode ama ot 1the & peripliesal dats o0 connol bos pins can be prowramimed 1o be anoinpul or
an oulpol g3 speciDed by the seleot register, The arash regiscer is used i this mode in conjanction wih a
specidl imerenpe festure, This feature allow s an interrupt 10 be generated when any or all of the unmasked
pins reach a specified state {either high or low ). The 2-bii mask contrgd regisier tpecifies the aciive saie
desired (high or low ) and il the imierrupt should be genciated when alf unmasked pins are active {AND
condition) on when auy wnmasked piniv aclive (OR condition}, This featune teduges the 1equirement for
CPL siatus cheching of 1he pedipheral by allowing an inteprupt 10 be automanically genierated on specific
peaipheral status conditions. Far example, in 3 sysiem with 3 alarmn conditions, 2o inlerrupt may be
venerared il any one oceurs o1 1f all theee occuwr,

The intertupl contral bapie seetion handles all CPU interrupt protoce) [or nested priofity interium
aiuztures. The priority of any device is determined by its physical location in a daisy chain confizuration.
Twaolines are provided in each P10 16 Fnrm this daisy chain, The device clesest to the CPL has the highest
privrity, Within a PIO. Port A intetrupis have higher priority than those of Port B. In the byie input. byie
oulpul a1 Bidirectional modes. an interrupt can be penerated wlienever a new byie transfer is requesied by
the peripheral. In the bit control made an intcrrupt can be generated when the peripheral slatus matches a
programmed value. The PIO pepvides for complete contral of nesied interrupts. That is, lower prigniy
devices mav not inlerrupt higher prionty devices thar have not had their inlerrupt senvice rouiine com-
piered by the CPL. Highe: priority devices may interrupt the servicing of lower priority devices.

When an inerritps is accepled by the CPL in made 2, the interrupting devicz musl provide zn &-bit
wnterrupt vecior for the CPL. This vectlor 15 used 10 foim o posnier 10 2 lcation in the computer memory
where the address of the inlerrapt setvice rontine is Jocaled. The 8-bit vestor from the inlerrupling device
ferms the least sighificant 8 bits of the indirect poitner while 1the | Register in the CPU provides the must
signifizant & bus of the pointer. Each port (A and B) has an independent interrupt vector. The feast
yignificamt bt of the vecior s auromartically szt to 3 0 within the PIO snce the pointer mus! point 1o two
adpacent memory locavions for a cumnplele 16-bic address, .

The PiQ decedes the RETI (Return from imtezrupt) instruction directiy frem the CPU dara bus 5o
that gach PIO in the system knows atall times whether i1 iy heing serviced by the CPU interrupt service
rontline withauol apy @thet communication with the CPL,
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3.0 PIN DESCRIPTION

A diugr i of the ZA0-FI gin donfiguratioi is showein Figure 2 0-1. This section describes the
funcrion of each pin.

[‘}?'UU

BIA Sel

D Sel

CE

1IGED

ZROCPY Da Bus ibidisevtional, tristarg)

This bus &5 used Lo rransfer all data and commands between the ZAGCPU and the ZE0-PIO,
Dy s the leust significant bit of the bus,

Port B or A Seicer (input, active high) I

This piat deflies which pore will Be socessed during a data transfer between the ZE0-CPLU and
the Z8-PLO. A low level on this pin selecis Port A while o high level selects Past B, Qfen
Address bit Ag from the CPLI will be wsed fur this selectivn function,

Cuontrol or Data Select (inpur, active high;

This pin defines the tvpe of data transfer 10 be performed between the CPU and the P10, A
high level un this pin durng a CPL write to the PIO cuwzes the Z.80 data bus to be intzr-
preted a5 a cerr e for the poed selectad by the BAA Select line. A low level an this i
muns that he Z-H0 duts bus js being used to wrangfer data betwoen the CPL and the PHO.
Orten Addeess bit A from the CPU will be wsed For this function,

Chip Enable {input, active [ow] t

A low Yewel on this pin enables the PIO ta aceept command ar dota inputs fram the CPU

Cduring a write cvale ar to transmir data 1e the CPY duning 9 read evele, This sipnad is

g-:neruliy Jdecode of four 1O port auinbers thaeoeenipass porl A and B, data and control.

System C'ul.k {input)
The £8P0 vses the standard Z.80 system c:lu:.k to synchronize certain signals intermally,
This is a single phise slock.

Machine Cycle One Signal from CPU (inpun, active low)

This signal rroan the CPL s used 25 3 syne pulse to control several intermal PLO operations.
When M1 is active and the BD signal is active, the Z30-CPU is fetching an instruction from
memaory . Conversely, when M1 15 active 2and 1QRD is active, the CPU is acknowledging 1n
interrupt. In addition, the M1 sigial has two other functions within the Z50-P10

Lo ML synchrenizes the PRO intecrupt logie,

2. When MI oceurs without anactive RD or ORI signal the PIO logic enters u resel
slate,

InputiOns put Begue st from ZR0-CPU (inpet, active Jow)

The [ORQ signal is used in conjunction with the B/A Seleat. O T3 Select, CE, and R signals
) I:r:amt'er cormmands and data between the Z80.CPU and the Z20-PLIO. When TE. RIY and
TORD are actve, the port addpessed by B A wall ransler data tu the CPU (3 read operation).
Conversely. when CE and TORD are active but RD is A4 aative. then the port adidressed by
B will be weitteninto from the CEL witheither data or contral infarmation a3 specifizd

by the C/DF Seicen signal. Also, lFIDRQ and M1 are aclive sisnul tanvousty, the CPU s
acknowladaing an interrupt and the interrupric ng port will automatically pl.itc its interrupi
vector on the TPL data bus it it is the highest priority device requesting anr interrupt.

Reud Cyole Status froan the Z50-CPU [input, active lyw)

If R active « MEMORY RE AD us [0 READ operation is in progress, The RD signtl is
used with B/ A Sclect, C/D Select, CE, urd 10RO signals to transler data from the ZEO-FIO
ta the FR0-CPL,




il

IEQ

A RDY

b ROY

imenupt Enable In (input. aciive high}

This signal is veed 10 form a priogity interrupt daisy hain when mure than one interrupt
driven device is being used. A high Jevel on this pin indicates that no other devices of higher
prionily are being seeviced by a CPU interrupt service rouline,

Inteirupt Enable Oun (ouiput. active high)

The 1¥O signal is the other signal required to form a daisy chain priarity scheme. It s high
only if IEVis high and the CPU is not servicing an interrupt from this PIO, Thus (his signa!
blocks luwer priority devices from interrupting while a higher priority devize 5 heng
serviced by its TPU inlerropt service routine.

Interrupt Request (oulpul, open drain, active low) .
When INT is active the Z80-F10 is requesting an interrupt from the Z80-CPU,

Mort A DBus (bidiiectionsl, tristate)
This & bit bus is used 1o rransfer data endfor status or control infonmation belween Part A
of the £Z80-PIC and a pesipheral device. Ag is e Jeast significant bit of the Parl A data bus,

Fort & Strobe Pulse from Peiipheral Deviee {inpuot, active low)
The meaning of this signal depends on the mode of operation sebec g for Port A as follows:

17 Quipwd mede: The positive edge of this strobe is issued by the peripheral to
achnowledge the receipt of data made available by the PIO.

2} Tmput mode: The strobe is issued by the peripherd 1o load data ftom the periphera
iio the Port A input register, Data isloaded inte the PIC when this signal is active.

3)  Bidirectional mode: When this signal is active; data from the Port A output regisier
¢ 15 gated cnto Forl A bidirectional data bus, The positive edge of the strobe
schnawledges Lthe ceceipl of the daia,

a)  Control mode: The sirobe is inhibited intemally. '
Regisrer A Ready (outpul, active high)
The meaning of 1his signal depends on 1he mode of opration selected for Port A as follows:

1) OQuiputmode: This signal gues active o indicate that the Port A ouiput regisier has
been loaded and the peripherat data bus is viable and ready lor tansfer 10 the
penpheral device,

2} laput mode: This signal is active when the Part A inpul regisier is emnpry and is
ready Lo accepl data from the periphecal device.

3)  Budirsctional mode: This signal is active when dau is available in the Part A ouiput
: register for transfer 10 the peripheral device. In this mode data is not placed on the
Port A daia bus unless A 5TE is active. |

4).  Control mode: This signal is diaabled and [o1ced 10 a low stale,

Part B Bus (bidirectional, iristate)

This 8 bit bus is vsed to transfer data andfor statas of contrel information beiwesn Port B
of the PIQ and a peripheral device, The Port B data bus is capable of supplying | .5ma &
1.5V o drive Darbinglon transistors. BO is the least significant Bit of the bus,

Part |4 Birobe Pulse from Pedipheral Device {Input. aghive low)

The meaning of this signal is similar 1o that of A STH with the fullowing esceplion:
W the Post A bidirectional mode this signal strobes data Trosn the pecipheral device
ima bhe fort A input regisier.

Regisier B Ready {output, active high)

The meaning of this signal is similar to that of A Ready with the Mollowing excoption:
inthe Part A bidoectionsl mode this sipnal is high when the Purt A input regisier s
emply and jesdy 10 accepd data frous 1he peripheral device,
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4.0 PROGRAMMING THE PIO

¢

4.1 RLE5EN

The Z800 PIO Jurenvatizally entersa reset state when power is applied. The resert state perfunins the
Fallosing funetivny:
Ly Both port neask registers aee reset to inhibit all porl data bits,

2y Port Jata bus lines are 324 10 2 high impedance state and the Ready “handshake™ signals are
inactive {luw}. Made 1 iy automatically selected.

33 The vector address registers are s reset.
4] Buth poel interiupt enable fip Qops are reser.

51 Both p-.}rl ourpal registers are resel,
g

Ln additivn o the aulematic puwer on reset, the PO can be reset by applying an M| signal withaul
the presence of 3 8D o1 IDRMD signal. 1 no RG ar {ORQ 15 detected during M1 the FIO will enter the ceser
state immediately after the M1 signal goes inaclive. The purpose of this resat is to allow a single ¢ xiecnal
gale tu geuerale a reset witlvau 3 pawer down sequence. This approach was required due (o the 40 pin
packaging limitation.

Oance the P10 has entered the infermal reset siate it is held there until the PID receives a control word
from the CPLY,

4

42 LGADING THE INTERRUPT VECTOR

" "The PIQ has been designed to operate with the ZRO-CPU using the mode 2 infersupt response, This
mode requires that an interrupt vevtor be supplied by the inteccupling devize. This vector is used by the
CPL to funm the address foe the interop seevice routine of that port. This vecior is placed on the 2-50 duta
Bus during a1 interrupt acknowledge cvele by the highest peiority device requesting service at that nme,
{Reter o the ZR0.CPU Technicsl Manual for details on how an interrupt is serviced by the CPU). The
desited intersupl vector is loaded tnte the PIO by writing a control word to the desired poet of the PLO with
the following formiat: -

D7 (R].) D3 b4 D3 DI D Do

Y7 v WS V4 V3 Y2 Vi a

signifles this control word isan interrupt
vactar

D iz usad in thiy gave a5 2 Hag bit which when low cavses V7 thru ¥ | 1o be ipaded intg the vector register.
At inereupt acknowledgs line, the vestor of the interrupting port will appear on the 2-80 data bus exactly
as shawn in the furmal abase,

81
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4.3 SELECTING AN IERANNG MODE

Pure A of the PIO may he opeaated inany of feur distinet moedes! Mode 0 (output mode), Mode 1
{input made b, Mode 2 {bidiretional mode), and Mede 2 {eonirol modey. Mowte that the mede numbers have
bean selected Tor mnemuanic significance: i, 0=0ul, 1=In, 2=Ridirectional, Pore B can vperate in any of
Marse medes exeepl Magde 2.

The mesde of operation must be estabilbished by writing 3 control ward 16 the PIO in the following
format:

? D& L3 [ 33 n: 0j Ca

a1 | Mo | X l X ] 1 ] 1 N=unused bit
\_V—-_f , - !
T
made word sigmies mode word
Lo he set

Bits D7 and Dé from the binary code for the desiied mode according 1o the Tollawing 1able:

S 1 7) D& Mode
e 0 (cutpur)
0 1 1 (inpul}
| 0 2 fbidirecnmal}
I | 3 {conlral}

Bis D5 and P4 are ignared. Bits 03-D0 must be se? 0 1111 10 indicate "Ser Mode™,

Seleliing Mode O epgbles any data watten 10 the port output register by the CPU 1o be enabled onlo
e port data bus. The contents of the output register may be changed at any time by the CPL siinphe by
wiiling & new dala word 10 1he pert. Also the culrent contenis of the oulput regisier may beread buack 10
the ZEQ-CPU at any thne through the execution of an input instruction.

With Mode O aztive, a data weite from the CPU causes the Ready handshake line of that parl 10 go
high ta notily the peripheral thar data is available. This signal remains high ontil & strobe iy received from
the peripheral, The rising edge of 1he sirobe generates an interrupt (i it has been enabied) and causes the
Ready line 1o go inactive, This very simple handshake ts similar to that used in many peripherad devices.

Selecting Mode | puls the purt inlo the inpui mode. To slarl handshake operalion, the CPU merely
performs an input read operation Mum the por. This activates the Ready tine 1o the penpheral 1o sipnily
that data thould be loaded into the empry inpul regisier. The peripheral device then siiobes data into the
pott input register using the strobe line, Again, 1he nising edge of 1he sirobe causes an {nterrupt request (if
it has been enabled} und deactivates the Ready signal. Data may be sirobed into the inpus register regardless
of the siate of the Ready signal if care is taken 1o present a dala overnim condition,

Mode 2 s 2 bidirectional data transfer mode which uses all four handshak e lines. Therelore anly Pont
A may be vied for Mode 2 operation. Mode 2 operation uses the Porl A handshake signals for outpul
canptiol and the Port B handshake signals for input control, Thus, both A RDY and B RDY may be aclive
simultaneausly. The enly operational difference between Mode 0 and the cutput portion of Mode 2 is Lhat
data from die Port A output register it dllowed on (o the port data bus only when A STB s active in arder
tey achiese g bidirectivnal capahifity,

Muode 3 aperation is intended fur status and conteal zpplications and does not wiilize 1he handshake
signals, When Mude 3 is s¢lecred, the mext contrd! woerd sent 10 the PIO must define which of the pont data
bus lines are W be jnpats and which are ontputs. The Muomat of the cantrol word is shown helow:

[47 14 (33 34 3 (N ] (Rl

110y | 10, | 1jOg I;'04_l:_.-03 E.foz 1oy | 10,
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IV any bit is <et Lo a one, thee e carresponding dasa bus line will be used as an input. Conversely, if the bit
is reset, the hoe will be vsed 15 an oerpur,

Duting Mode 3 opersiion the strobe signzl i ignered and the Ready line is held low, Dalz may be
writlen (o a porl of read trom a purt by the Z3G-CPL at any time during Made 3 operstion. When reading
a port, the data returned to the CPU will be compased of mpul data from part data bus lines assigned as
inputs plus purt outpur register dara from those liges assigned as outputs,

4.4 SETTING PHE INTERRUFT CONTROL WORD
The interrupt control word fur #a¢h port has the [ollowing formal:

DI D D5 D4 DI D DI DO

Enalile AMDY | High! | Musks o I 1
Interrupt] OH Low | rubtows !
. g iy — -

used 1n Mode 3only  tignilies interrupt eontral word

If bit D7=1 the interrupt <nabie iy Mop of the poit s 5ct and the port nizy generate an interrupt. I bit
[7=0 the anable Magis reset and interrupts may not be generated. IF aninterrupt is pending when the
enahle Nagis ser, it will then be enubded unto the CPU interrupt request line. Bits 06, D5, and D4 are used
only with Mwle 3 voperalion. Howeer, setting bit D4 ot the interrupt control word during any mode af
operutiont will cuwse any pending intesrdpt to be reset, These three bits are used to allow for intecrupt
operatiun in Mode 3 when any group of the O lines g0 o certain defined states. Bit D6 (AND/OR) defines
the loyical operativn to be performed in por! monitoring. [Fbit Dé=1, an AND function is specified and il
D60, an OR function is specified. For example, if the AND funcron is specilied, all bits must go o
specified state efore an interrupt will be generated while the GR function will geperale an intecrupt if any

specified bit goes to the dctive siace,

Bit D% delings the active polmity of the pore data busline to be monitored. L kit D3= | the port daty
lines are mynitored for a high state while if D3=0 they will be munitpred for a iow state,

If bit D=l the nz<t control word sent to the PO must define a mask as follows:
D? D D3 D4 o 02 D1 00

M8, | MB, | MB; | MB, | MBy | MB; | MB, MEIG-]

Only those port lines whose mask bit 1 2¢ra will be monitored for generating an interrept. :



3.0 TIMING
5.1 OINPLT MODE (MODE 03

Figrare 5.0-1 tlustrales tfie mung associated with Mode O up-emron An cutput cycle is always started
by the exvutivn al an Qutpul imsiruction by the CPU, A Wi pulse is generated by the PID durng 1 CPU
/) write aperation and is used o latch_the daty from the CPU daty bus into the addressed ports (A or B)
output register. The eising edez of the WR* pulse then raises the Beady flug after the next falling edge of P
urindicate ehar dava is avinlable for the peripheral device. In ot systems the rising edge of the Ready signal
can be used as a latching signal in rhe peripheral device if desired. The Beady signal will rematn active wntl:
{1 2 positive edze is reveivad from the strobe line indicaring that the peripheral has laken the data, or (2)
if a]rtady active, Ready will be forced low 1A ® cyviles after the leading edee of [ORQ if the port’s oulput
register is written into, Ready will return high on the first falling edge of & after the trailing edge of IORQ.
This guatantees that Reedy islow when port data s changing. The Ready signal will not go inactive until a
falling edge vccurs un the clock () line. The purpuse uf delaying the negative transition of the Reudy signal
until after a negative clock traasition is that it allows for a very simple genzration scheme for the strobe
pulse. By merely connecling the Beady line to the Strobe line, a strobe with o duration of one clock periud
will be generuted with no othee logic required. The positive edge of the strobe pulse automatically generales
an N7 requesc il the interup enable flip Mop has been set and this device is the highest paority device
requesting an incerrupl.

If the P is not in a resct state, the outplt eegister may be luaded before mode 0 is selected. This atlows
the port putput lines to beconie active in o user defined state,
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FIGURE 501
MODE 9 IQUTPUT} TIMING

52 INPUT MOLE (MODE 1)

Figure 5.0-2 illustrates the timing of an input <ycle. The peripheral initiates this cycle using the strobe
line after the CPU has performed a data read. A low leve] on Lhig line loads data into the port input register
and the rising edge of the strobe line activates the interiupt request line (INT) if the interrupt enable is set
and chis is the highest priority reguesting devize. The nexi falling adze of the clock linz (&) will then reset
the Ready line Lo an inaclive state sigaifying that the inpur register is full and turther loading must be
inhlbited until the CPU reads the data. The CPU will in the ¢ourse of its intersupt serylee routine, read the
data from the interrupting port. When this occurs, the pusitive edge from the CPU RD signal will raise the
Ready line with the next low going transitlon of &, indicating that new data can be loaded into the PIO.

If alreds active, Ready will be forced low one snd one-half 4 periods following the leading edge of IORQ
during 4 rexd of 2 PIO part. If the user sirobes datainio the PIO only when Reudy is high, the forced state
of Ready will prevent inpul regisser data froemn charging while the CPU is reading the PIQ. Ready will go
high again after the teuiling edge of the [ORG a5 previously deseribed.
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5.3 BIDIKECTIONAL MODE (MODE 2}

This wede is merely 3 combinaticn of Mode 0 and Mode t using all foarr handshake lines. Since it
regitires ali four lines, it it available enly o0 Port Ao When this mode is used on Port A, Port B must be set
10 the Bit Contiel Mode, The swne interrupt vectua will be teturmed Twi a Mode 3 interrupt on Pan Band
an inpul transfer interrupt during Mode 2 vperstivn of Port A, Ambiguily is avoided if Port B is operated
in @ palled made 2nd the Porl B ovask register js se1 1o inlibit all bits.

Figure 5.0-2 illastrates the timing for this made, [0 is alimost identical 1o thal previousty descrited Tor
Maode 0 and Mode 1 with the Port A handshake lines used for autpun contrel and the Port B lines vsed [or
input control. The difference bhetween the two modes js 1hat, in Mode 2, data is alowed out unio the bus
anly when the A strobe is low. The rising edge of Utz strobe can be wsed w latch the data intwe 1he peripheral
since the data will remain slable untl afier this edge. The input purtion of Mode 2 aperates idemieally 1o
Mode |. Mote that both Port A znd Port B must have their interrepts enabled 1o aghieve an interrupt driven
bidirectiunal transier.
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data. The PIO has been designed with & 7erp hold 1ime requirement for the data when latching inthis mode so
that 1his simple gating structure can be usted by the peripheral. That i, the data cun be dissbied from the bus
immedistely afier the strobe rising edge.

54 CONTROL MODE (MODE 3}

The control mode does not utilize the handshake signals and x nermal part write of port read can be
execuled ai any time. When writing, the data will be Jaichad into ouiput 1egisters with the same timing as
Mode 0. A RDY will be furced low whenever Port A is operated in Mode 3. B RDY will be held low whenever
Port Bis operated in Mode 3 unlass Pon A i3 3n Mode 2. [n the latter case, the sinie of 8 RDY wilt mu be affected.

When reading the PIO, the data returned 1o the CPU will be composed of oitpul register data from these
port data lines assigned as cutputs and input regisier data from those port dara lines assigned as inputs. The
input register wilt contain data which was present immediately prior Lo the falling edge of RD. SeeFigure 5.04.
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Aniniertapt witl be gracrated if interrugts from the pon are enzbled and the data on the port datx lines
salisiic~ the bovical equation defined by the 8-t mash and 2-bit mask control registers. Another interrupt will
not be generatad wigl 2 2henzz pecurs in the status of the togical equation. A Mode ¥ interrupt will be gener-
ated vnely if the result of 1 Muode 3 logeal operation changes from false to trus. For exnample, assume chat the
Mode 3 logical equation is an “0OR” function. An enmashed parl Jard line becomes active and an interoupt s
requesied, I a second unraasbed podr dats line bedomes active goncurrently with the lirst, a new interrapl will
aut be requestad since 2 ¢hange in the result of the Mode 3 logical operation has sut oveurred,

If the result of a logiczl vperation becomes true immediately price to or during ML, an interrupt will be
requested after the trailinged e of M1,

6.0 INTEHHUPT SERVICING

edge [‘-H and [DRQ] Dunns this vime the interrupt logic uflhc PIO will deterinine the highest pnuntj
purl which is requesting an intesrupt, (This is simply the device with its Inerrept Enable [nput high andg
its [ntearupt Enable Output low ) To insuee that the daisy chain enable lines stabilize, devices are inhibited
frorn changing theie interrupt request siatus when ML s active, The highest prionty device pluces the con.
tents of its interrupt vedtor register orta the Z90 duta hus Juring interrupt acknowledge,

Figute 6 0-1 illustrates the timing associsted with interrupt requests, During M| fime, no new
intereupt requests cun be genecarad. This gives tiree for the 1ol Enable signals to ripple through up toe Tour
FI4) circwits. The P10 with TEI high and [EQ low during TNTA will place the B-hit interrupt 'ﬂ‘cmr ol the
appropriste port an the data bus at this time.
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INTERAUPT ACKNOWLEDGE TIMING

[f an intzrrept requastad by the P10 s acknowledged, the requesting port is 'under service’. 1EQ of
this part will requin low until a retern from intereupt insiruction (RETI) is executed while 1EL of the port
is high. [f an intereupt caguest is not acknewledg2d, 1EO will be forced high lor one M1 cycle afier the PIO
devudes the apueide *ED. This action guarantess that the two byte RET] instruction i3 decoded by the proper
El0 purt, See Figure 6.0-2,

Figure 6.0-3 illustratas a ¢ypical nested interrupt sequence that could oceur with fodr ports connected
in the daisy chain, In this sequence Part 2A requesds and is granted an interrupt, While this port is being
servived, 2 higher priority poet (1B requests and is granted an interupt. The service couting fu the higher
privrity part is completed and a RETE insteuction i eweeuted to indiczie 10 the port that its routine is
complete, At this lime the seovice moutine of the lowsr priocity port is complered,
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RETURN FROM INTERRLPT CYCLE
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1. PRIDRITY INTERRUPT DAISY CHAIN BEFQRE ANY INTERAUFT OCCURS

+ UNDER SEAVICE
HI HI Hi LG LG
] LEI FEQ IE1 1EG 18| IED 1EI IEQ [

2. FORT A REQUESTS AN INTERRUPT AND 15 ACKNOWLEDGED,

UNDER SERVICE » SERVILE SUSPENDED
+

HI HI Lo Lo ' LO
L—{ie1 ko IEl €O el 1EO 1Bt €0

4. PCRT 18 'NTERRUFTS, SUSPENDS SERVICING OF PORT ZA,

. . SERVICE COMPLETE SERVICE RESUMED ;
HI HI HI LO LG
L— IEF IEQ {El 1ED 1EI 1EQ 1EI 1€0 b—m»

4, POAT 1B SERVICE ROUTINE COMPLETE, "RETiI"” 1SSUED, PORT 2A SEAVICE RESUMED,

SERVICE COMPLETE
+* -~
HI Hi HI HE H
— [E) IED p——— 1EI 1EQ I E1 1ECH IE1 IED

5 SECOND "RET) INSTRUCTION I55UED ON COMPLETION OF POAT 2A SERVICE ROUTINE,

FIGURE 6.0-2
DAISY CHAIN INTEHRUPT SERVICING



7.0 APPLICATIONS
70 EXTESING THE INTERRUPT DATSY CHAIN

Withoul any externg! lpeie. 2 maxinmum of four Z80-PIO devices may be daisy chained intoa privrity
intereupt seuctore. This linitation is reguired so that the interrept enabie status {{EQ) npples through the
entire chain between the beginning of M1, and the beginning of TOKD during an interrupt acknowledge
oycle, Siice the inderrupt enable stalus cannot changy duringm, the vegtor address returned tw the CPU
is assured to be trom the highes priongy device which requested an interupl.

1§ enare than four PIO devices must be accommaodated, a “louk-zhead" structure may be ussd ag
shuwan in Figure 7.0-1. With this technique mare than thiny PLO™s may be chained {ogether using standard
T11, logie,

B
L/

1] nuL mQ L] ] no [T o Ly | L]
‘—umu henx TED W) IE REO 1R EQ €4

[

L -REl IENE- =Y EI E(——] u

AN N

ta3cru CATA JuT

" or

FIGURE 7.0-1
A METHOD OF EXTENCING THE INTERRUPT PAIDORITY DAISY CHAIN

L]

7.1 1O DEVICE INTERFACE

In this exanply, tee T30-FIO is connected to an O rerminal device which commuanicates over an
B bit parallel bidire 2tional dara bus as illustrated in Figure 7.0-2. Mode 2 operation (bidirectional) is selested
by sending the folluwing control word to Port A

Dé D4 D D3 o2 D b0

D7
rl a X X I l I l

T
Yode Control




A BOY D"
A5TR
B HDY D"
HaTH
1 . ¥ 1
Do DOD
e o N HA
cruU WaAD e Tog v
| — ATA AL [ .} W
. kT PORT D ot
e INT__ | b
&'acicCE TERMIMAL

FIGURE 7.0-2

- N EXAMPLE 1/O INTERFACE

Next, the proper ionlerrupl vegtar is foaded {r'éfcr ta CPU Manual for details on the operation of the
interrup )

{hF] D& D3 D 3 N Dl D)

4

Ll Y& V5 b V3 ¥l ¥ 0

*

Interrupts are then enabled by the 1ising edge af the first M1 after the intertupt minde word iy set unbess
thal M1 defines an inlerrupt acknowledge eycle, If a mask fellows the interrnpl mode word, interupts are
enabled by the rising edge of the first M1 fotlowing the setting of 1he mask,

Drata can now be transferred between the peripheral and the CPU. The timing For this hansfer is as
described in Section 5.0



7.3 CONTROL INTERFACE

A typical control maode application is illustrated it Figure 7.0-3. Suppose an industrial proess is to he
myaitgred. The occurrence of any abnommal operating condition is 1o be repurted 10 2 ZROCPU based -
contral system. The process contrsl and status word has the following Motmar:

L7 Do 05 (34 D3 L F; M Do

. Turn Power |Hale Twn Pressur-
?_l:lnul Cin Falure | Froves- 1':::;‘ Heatern | 12w Pressure
el Power | Alarm |ing ™ | Gn System | AREN
FIAT A

BUS

I‘ l ' ot I ; o IPEC TEST
IR CRy ZBO- P A TUAM ON PR

] :>c
Ay MR, Fall ALRA
. -

A, HALT INDUST BIAL

- A z " PROCEIMAG
Groo b TESIP, ALm. SVSTEM
A HTRE. Gh
, |4 D, wmsox |
Ay £S5 &¥s.

D PR
Ay PRESS ALM

ofa G0 EE [
t ADA1S o ADDALLE ___J ‘
GLCODERA
FIGURE 7.0.3

CONTROL MODE APPLICATION

The PIC may e used a3 Tollows. First Port A s set for Mode 3 operation by wn'-lin; the {ollowing control
ward oo Porl A,

D3 (b1} D3 (p2] D3 D2 DI D0

[ ] l X X I l i |

Whenever Mode 1 s selected, the next conirol word sent to the port rust be an /0 select ward, In this
examiple we wish to select port data lines A5, A3 and ADas inputs and 50 the following control word is
writien: '

D7 Dt I 2 [ D2 Dl Do

e oL T

Nent the dedired interrupt vegtor must be lowded (reler 1o the CPL manual Tor details);

D7 D& 5 D4 D3 b2 1 L4

V1 Yo | V5 WV ¥3 V2 ¥l o




An interrupt contrel word is exn sent 1o 1he port:

1¥7 D 133 L4 133 L2 Dl Do

] GJI 1 a i i l

Enahle OR Aitive Matk ™ e 4

Inierrupty Lowr  High  Follows Inteprupl vonual

Thicomash word [ollowing 1he interrupt mode word s

D7 D& (M) D4 D3 L2 D] Lo

1 1 o | G ] I 4] ™

Selects A5, A and AD 1o be monitored

Now. if 2 sensor puls a high level on line A5, A3, or AD, an interrupt request will be generated, The rmask
word may selegt any combination of inputs ar culputs to cause an interrupt. For example, il the mask
wurd above had been:

D7 De D3 D4 D3 D2 D1 DO

0 l 0 1 4 | | 0 . 1

+
then un interrupl request Would also oceur i bit A7 (Special Test) of the outpul register was sl

Assume that the following port assignments are 10 be wsed: <
EOpy= PorL A Daa
+  Ely=Pon B Dan
E2y= Fort A Cuontrol
E3y= Pert B Cuntrol

All purt numbers are io hexadedimal potation, This pariicular sssignment ol port numbers is cenvenient
since Ap of the address bus can be used as the Port BYA Select and Ay of the address bus can be used as
the Control{Dala Select. The Chip Enabie would be Ihe decode of CPU address bits Aq thrz A5 (111000}
Note that if only a few peripheral devices are being used, a Chip Enable decode may nat be reguiied since
a higher onder addeesy bit could be used direcily,



8.0 PROGRAMMING SUMMARY

8.1 LOAD INTERRUPY VECTOR

Y7 Vi V5 W4 V3 V2 Vi 0

8.2 SLT M0QDLK

r— —— —

MI MO X X [ l I |
M My Made
’ o 0 Cutput
)] ! Input
1 0 Bidiregtivnal
1 | Bit Controt

When selecting Mode 3, the neat word muat set the I/O Register:

L

- . 170 = 1 Sets bit to input
1jQ = 0 Sais bit 1o Oulput

8.5 SET INTERRUFT CONTROL

Int ANDY L HighS | Mask
Enable | OR | Low |Folious| © i L L
Cum — z
[eed in Mode 3 only ‘

JF the “*mask follows™ bit is high, the next confrol word writien to the purt must be the mask:

MB., ."vIEb M, MB, ."le_; MBE MBl MB

]

¥IB = O, Moniter bt
MB = |, Mak bit from being monilered

Adse. the interrdpt ¢nable Nip Hop af a port may be sel orreset without modifying the rest of the intermupt
control wurd by using the fullowing conoenand:

Lnt
Enable X x X 4] 0 | l
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A Charctermtics

Z80-PiO
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The 280-510 (Serial Iopu/Duwiput) s a dual-channed
tmudti-function peripheral component designed to satisly
a wide varicly of scrial daia communications require-
ments in microcompuier systems. Ty basic Tunctivnis a
werial-1g-parallel, parallel-to-senial copverterfountrolier,
but—within thar role—ir is vonfigurable by svuiems
software so iy persenahiy’ can be optimized for a
given serial data communications wpplication.

The 280510 s Tapahle of handling asynchidnogk
and synchronoby byie-oriented projocols such as 1By
Bisyne, and synchronous hit-oricaied piorochls such as

HOLC and 18w spLe. This versatile device can alwe be
used 1o support virtvally any other serial pratacel for
applicarions other than data communpicions (casvselte
or fioppy disk interfaces, for example).

The Z80-510 can gencraie and ¢heck CRC cades in
any synchronous mode und can he programmed o
chech dara integrity in vanous modes, The device alsg
has Tacilities for modeom vontials in both channels. In
apphicalions where these conirofs are not needed, the
modem conirels can be wsed lar penecal-purpose L0,

STRUCTLURE

m N-channel silicen-gaie depletion-toad 1echnology
8 30-pin DI#

g Single 5 ¥V power supply

a8 Single-phase 5V cloch

® All inpuis and owlpuis 170 compatible

FEATURES

B Two independent full-duples channels

W Darg rales in synchronous or isosynchronous modes:

¢ 0-350K hits/secqRdwith 2.5'MHz Syvaem clock?
" rale .
= J-BR0K bits/second with 4.0 MHz svsiem ¢loch
rate
@ Keceiver daila regisiers guadruply buffered; trans.
miTlﬂ dnub]}' hut‘ﬁ.-red

. 5. 67 or § hl[%{fhﬂrﬂ‘u‘l r

= |, 182 ar 2 stop bits

Even, odd or no parily

F1x167 ¥ 32 and =64 clock motics
Break grneration and delectlion

Parity, overeun and framing error detection

LELLEY

CHANYEL

o _l

FrinWHEL &

o Rkl O41A
. CHELNEL COERS

. 5I'|l D ¥ Pt AT4L WAy
BE: Lasic AL GIS1ERS
33 R S
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ITH Ay e
DLTA |..
TN o
CONTADL 1 A
HILCRLTE -
: _ T E e ON
“';.: i"r?,l;‘ - OTi® CTRTROLS
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COMTRDL 4baD WRITE ,
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o SEPRAL DATA
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EALTH
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® Minary svnchronous feanures:
s Internal or evernal characiee ~ynehronization
v One o two sspe characlers in separate registers
s Autonatic syne characler insertion
=  KC generation and checking

R i and B SEr e Teatires:
o Abort sequenge pencration and detection
 Automalic zete insertion and deletion
* Auloanatic Nlag inserlion betwesn messages
¢ Address lield recoeniiion
= J-Tield residue handling
= Vald receive messapes proiccied lrom overrun
s« Cre” generation and checking
& Separale modem contrel inpats and ourputs for both
channels

M CRC.16 of CRE-CCTT block check
m_Daisy-chain priority inierriip Togic provides auic-
JTomotid interrepr vectpring Without eviernal lopi®

]
m “Yodem s1atus can be manilered

Pin Description

D,-D;. Svyfem Date Buk (bidireciional, 3-s1a12). The
saslem cala bus transfers dala and commands betwesn
the CPU and the ZB0-5F0. Dy is the Icas1 significant bit,

BIA Churnel A Or B Selecr'linput, High sclthhan-E
nrl B} This input defines which channel is accessed

during a dara transfer between the Pl oand ihe
ZRU-S10. Address bit Ag from L Ihe CPU. lsuﬂcn um. for,
dhe seleqion functions "™

C/D. Contral Or Doto Select (ihp, High telécis Con-

¢ trol); This inpu defines the tvpe of infosmaltivn [1enc.

{cr pecformed between the CPL znd the Z80-51077 A
Tigh“at this input during a CPU write’lo the ZE0.S10
causes the information on the data bus 1o be |n|f.rpr;1ed

as a command for (he channel selecicd by B/a. A [ o at -,

s means that the infopmation on the data bus s da1+”

Address huﬁﬁl_la,q_f;gq‘gggg__rf_gh.hng Tunction,,

‘CE. Chip Enable finput, active Low). A Low level at

this inpul enables the Z80-510 10 acsepi com. mand or.

data inpwts Trom the C¢pu o during & wrine cyele, or to
transmit data (o the cru during a read cvele,

$. System Clock {input). The Z80-SIO uses ihe sland-
ard ZB0A Sysiem Cloch 1o synchronize internal signals,
This is 2 single-pha<e clock.,

MU MoachineCyclé One Onput Trom “ZR0.CPLL, active
Low)., When M! is active and RD Is also active, 1he
ZBO-CPU is lerching an insiruction from memaory; when
Y3} is actr active while JORG is active, the ZB0-S10 accepts M)
and 1I0RQ as an interrupl acknowledge if the 280.510 is
the highest priority desvice that has interrupted the
Z80-CPLL .

rIDRQ :’nEmqurpu: Request: {lnpm from rptr‘ta::mt
Iuw} 10RG 15 used in {,‘B.I'IJUTIC“'U‘TI with B/a, C/D. CE
and Rp Lo transfer cammands and dala between the CFU

and the Z80-S10. VWhen @_@_ﬁr{d]vuqﬁu all active,:
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Figuin 1. 280-510/0 Pin Conligurallon
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e Chaiel selefied by coa e Dorsdala oo the 1"}‘L.- (a
read apiation), When 7F and (0KG arc aclive, bul RD i3
inactive, the channel sefecied By B X is wrirten 1o by the
cRU with either dala or control information as specified
by ¢/B. As menlioned previously, if IORG and A are ae-
Live shimulianeously, the ¢ruis acknowledging an inter-
rupt and the Z50-510 automnaticathy places its interrupt
veclor on the cpy dala bus if it is the highest priority
Jevice requesling an inlerrupl.

R[l Rewd Cyele Stagns. (np from CPU, active Low),
If €D is actlive, a memory or -0 1ead operation is in pro-

gress. ki is veed with 874, CF and 10RQ 10%ransfer data s

frqm the 250510 .‘L_D_II.hE_!_:l"‘_U.

HESET, Reset (input, active Low). A Low ReSET dis-

ables both receivers and tcabsmillers, 'Torces ToDa and

T+0B marking, forzes the modem conlrols High and dis-

ables all interrupts. The control regisiers must bg Iea

wrirten. afier-the ZRQ-SI0 is_resct and bcforc q_m__&;.
Iransmiksd or refeiveds

JE1. Frierrups Enable In (jopat, aclive Highk This sig-

al i esed with 1EO to form a priority daisy chain when
there is more than one interrupt-driven device, A I{agI],..
on this line indicates that no ather device of higher pri-

1U%
[ow), Whindhe, a8 ‘:.Jﬂ 1qlrr:qur\!rm, wn mt_rrr-.-pu i
putls INT Low., T AnRa Ao

w /ROYA, W/RDYH. Wait/Ready A, Wait/Reut
ra.:!puu open drainpbep progranmnted fur Wait )
o, d""fwcn High "and Low when programmed 1o
Ready functien). These dual-purpost outpuis may be
programmed as Ready lines lor 2 OMa controller or as

Wair linesdhat synchronize the C#U 1o the 280510 dma-

«12j¢. The reset state is open drain.

(C15A, CESB. Clear Ta Sead (inpuis, active [ow),
When programmed as Auvio Enables, a Low on these
inputs ¢nables the respective transmitter. If not pro-
grammed 25 Auio Enables, these inpuls may be pro-
prammed as geoeral-purpese inputs. Both inputs are
Schmitt-trigees buffered 1o accommedate slow.risetime
inputs, Thg Z80-510) detects pulses on these inputs and
{nterrupts-; .The CPU 61 both™ logic lescl transitions: The
Schmil-inigger inputs do pol guaraniee a specified
noise-level margin.

DCDA, DCDR. Pare Corrier Detect {inpuls, acive
Low). These signals are similar 1o the CT4 inputs, except
they can be used as receiver cnahles,

T —y

arity is betng =3 nn:r:d by a cPL’mtcrrum sevice munnc"”"‘fﬁtnh‘* RxDB. Receive Dorg (inputs, aclive High).

LEQ. Jaterrupr Erable Out {oulput? zetivé High). IED
is High enly if 1E1is High and the CPU is not servicing an
intesrupd Trom this ZB8-810. Thus, this signal blocks
lgwer priority devices from interrepting while a higher
priority device is being serviced by its CPU interrup! ser-
vice rouline,

INT. faterrepr Feguest {ouipulr open drain, &ctive

§TADASTADR. . Troaunit D31 (olipuls, active High).

L RCA, RvCe.* Reveiver. Clocks {inputs). See (he fol.
lowing section on bonding optiens, The Receive Clo
Tmay he 1716, 32 or 64 times the_ data rate in anch
gicusn rnndr,s Receise daia is sampied on ihe Tiling edge
of RaC,
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Pat' A, TaCEL Y et e 4 dochs Hpast T e
oo Bapding oplioes, Toos) hoemes e 0w T
SERTALINT MY ST T A 5 E T B ) P e Tl B b PR E' ;i3

Thy wvaluiplier for the ransniiter and 1ac 2 ver

Loolhe smine. Both the Tof and GO inpote arg
S hitarigger bulfered for sclaved rives and Talloinme
Lo iiscnient s (Ro noise margin is «pecified). 70 changes
v the Talling cdpe of T<C.

riie
sl

RISA, HTNA. Reguest Fo Send l"cnj[pu s active Lowls
When the 75 bit is sel, the kT ourput gues Low. When
the RTE bis Ts re=21 in the Asynzhroneds mnde, the oult-

Tt pees Tigh after the WRansniiiter 1s ST In"Syn?
chionous modes, 1he K75 pin stricily foflows (he stare of
ilie k1% bit. Both pins can be weed as peperal-purposs
GUIpUIs.

1M A, DTHB. Daig Tcnmnuf Reed) toutputs, 2ctives

low the state progrzmmed inla 1h¢ DTr bit. They can

alse be 7= rarimed as general-purpose outpuls.

<y ' SC B. Srachronizarion -:'n'mrwnulpms'
Artin. These pins can act cilther as inputs or oui-
PULES ¢ Asyvnchronous Releive mode, they are ineu
FrutE s, lo CT5 z2nd DLD In this mode, (he transi-
liens an .. s lings affect the state of (he Sync/Hunt

siatus Mits in RROC In the External 5one mode, these lines
alse a¢1l as inputs. When exiernal synehramization is
achieved, SYNC must be driven Low on the second rising
edge of RVC afier 1that rising edge of R<C on which the
last bit af the ssne characler was received. in other
wornds, affer the syae patiern is detecied, the external
logic must wail for vwo full Receive Clock oy cles to acti-
vale the SYNC input. Once ST is Torced L ow, it is wise
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In keep it Low umnl dhe CPC a1l e gy
Logie Thal synchronization his buen [ o &ooaw ey
sape is abiml to siacl. Character asaembdy egins on the
1ising cdge of RaC that immedialely pio wdes the Talling
edpe of $¥NC in the External Sanc mody.

LT

in the lniernal Synchroniration mode (AMocosinc
and Bisyne), these pins 2£1 as pulpots thal are aciive
during rhe part of the recene clock B Cicacle in which
<yng characlers are recognized, The syne condivinn i
nod lalched, o these outpuls are active cach time 3 -ane
Thilicrn is recognized, repardless of characiar v fa-
ries.

BONDENG OPTLONS

The constraints of a 40-pin package make it impossitle
(o bring ow the Receive Clock, Transmit Clock, Dala
Terminal Ready and Syne signals for baih cl*anm:ls.
Therefore, Channel B musi sacrifice a signa! or have
two signals bonded 1ogether. Since wser Tequirements
vary, three bondings options are offered:

s Z80-510/0 has all four signals, but T7CF and 78
are bonded toeether (Fig. 1),

» 280-510/1 sacrifices DTWA and keeps o0 H, B
and sY~C8 (Fig. 2).

% Z80.810/2 sacrifices SYWCH and Lesps TACR, HoCB
and DTRB (Fig. 3).
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Architecture

iy
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The device internal siruciure includes a Z30-CPU imier-
face, iniernal eontrol and intetrupt togic, and 1we full.
dupley channels. Associated with e¢ach chanhe! are read
and write repisters, and disceele conirol and s1atus logic
thar provides the inlerface 10 modems ur ather exiernal
devices,
r

The read and wrile Tegister group includes five 8-bir
sontral rf:msw:rs~ fio synecharavier ;a:yalrrt and’ u- oy
THatus registers, The ifeniupt veclor is wriien into an
Lul ditiona! §-bin regisler {Write Hegisier 23 in Channcl B
that may be read throogh Read Register 2 in Channel B.
The regisiers lor bath channels are designated in the 1ext
as Mpllows:,

 who-wRT " MWrite Registers § throogh ?
1 KK0-kK2 = =— Read Regisicrs @i through 2

The bit assignmeént and functional grouping of each
regiser is confipured (o simplify and organire the pro-
gramming process. Table 1 illusiraies the funclions
assigned 1o cach read or wrile register,

WAD Ruegester pointers, CAC indialge, imligfitalion com- li‘-

rmands lor the varigys modes, efc, E%

WA TrarsmutrReceive inlerrypt and data 1ransfar mode ;f

definition. s

. & owrw- mae —_——— — et |

WAZ  Inlerrupt ve:tar iChanne! B only) i

WwWwha Hecewe pOrAMElBrE and :omrols f '
W T!ansmmﬁe:ena miscellansous  paamelers lndf

hodes i

ViRY  Transmin paramelers and conlicia h

WWRE S.-nc chara':ll!r or SDLC address halg f;

- - e o H

WAa? Eg.-nc chaiacter or SOLC llag JEIi

(al Writa Registler Funclions

RAG Transmn Recgive bu”z-r 31a1us intetrppt Slalus and
dxlarnal s13tus

RH‘I Spemal Receive Gnndmnn slalys

ARZ  Modified inlerrupl veeigr tChannal B onlyl

It} Read Fegisisr Funclions

Tabie 1. Funcliongl Assigaments ol AResd and Wrile Registers

The logic for bath channels provides fonmats, syn-
vhivnization and validation for dafa Iranalcfred (0 and
from ahe channel imerface, The modem contrel inputs
Clear 10 Send yJrst und Data Carrier Detegt (D) are
monitored by the discrele contral logic under program

control, All the madem control signals are gcntral;(lrv
pose in nalure and ¢an be vsed for funclions other than
modem control.

Far aylunuaig inlerropt yvecloring, the interrupt cogn-
rrol fopic deternnines which channel and which device
within the channe]l has the highest pricrity. Priority iy
lised with Charnet A assigned a higher priority than
Channel B; Receive, Transmit and External/ Status in-
terrupis afe prioritized in that order witkin each chan-
nel,

Nata Path

The transmit and receise dala parth for each channel is
shown in Figure 4. The receiver has three B-bit buffer
registers in a FIFG arrangement (1o provide a 3.baie
delay) in addition to the 8-bil receive shifl register. This
arrangement creales additional 1ime for the CPU 1g ser-
vice an interrupl a1 the beginning of 2 hlock of hich.
speed data. The teccine error FIFQ stores parily and
framing errors and caher types of staius infermation for
each of the three bytes in the receive daia FIFO.

LW ]

Incoming data is rowted through one of several paths
depending an the mode and charagier length. In the
Aswnchroneus mode, werial data is entered in the 3-bit
buffer if it has a character length of seven or eight birs,
or is entered in the E-bi receive shift regisier 3f i1 has a
fength of fne or siv bits,

In the Synchronous mode, however, the data path is
determined by the phase of the receive process cutiently
in operation. A Synclirenous Receive operation begins
wilh 1he receiver in the Hunt phase, during which the
receiver searches the incoming data siream for a big pat-
tern that marches the preprogrammed sype characiers
{or flagsy in the S Canode), 1 the device s programmied
for Morosyne Hunt, @ maich is made with a single syne
charazier stored in WR7. In Bisyne Hunt, 2 maich is
made with dual syne characiers stored i wrs and wr",

In either case the incoming Jarg passes through the
receive syne regisler. and is compared against the pro-
erammed sync characier in wis or WY In the Mong-
syne mode. a maich berween the syne characler pro-
grammed o W kT and the characier assembled in the
receive syne tegisler establishey svnchtonizanion.

In the Bisyne maode, hiowewer, incoming Jala
shifted to the receive shift repister while the nea eighs
bits of the messape are asvembled in the reecive syne
reeister. Fhe aratvh belween the asg mbbed chasacter in
the receisnt sipc registers with the programmed syng
characier In Wke and w K7 esiablishes synehronizaiion,
Once wynchranization is eslablished, incoming daia by-
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patwes the receive sync regisler and directly enters the Althaugh 1he same CRC checher is used Mor bath soe
3-bir buffer. and synchropous dala, the dala path taken for each
mode is different. In Bisvne prolocol, & byle-oriented
apetation requires 1thar the cruU decide 1o include the
In 1he spLC mode, incoming data firsl passes through data character in ¢RE. To allaw the Pt ample Lime (o
the recetve syng register, which centinueusly monilors make Lhjs decision, the ZBO-S10 prosvides an E.bit
the receive data stream and performs zerp deletion when delay for synchrenous data, In the SOLE mode, no delay
indicaled. Upon receiving five contiguous 1°s, the sixth is provided since 1he ZEO-S1O contains logic thal deter.
bit is inspected, If the sixth bit is a Q, it is deleted from mines the byvtes on which ¢RC is calculated.
Ihe data stream. IT the sixth bit is a 1, the seventh bit is ) .
inspected, IT that bit i a 0, 3 Flag sequente has been The transmilter has an 8-bil lransmit dala register
received; 0f it 3s a 1, an Abori sequence has been re- that s Joaded froun the imernal data bus and a 20-bj
ceived. transmit shifl repister that can be loaded lom W Re, w7
and 1he fransmil data register. wre and W K7 cOmain
s¥uc characiers in the hMonosync or Bisyvne modes, or
The reformatted data enters the 3-bit huffer and iy address ficld (one characier long) and (fag respectively
transferred Lo the receive shif regiver. Nole Lhat the in the sDLC mode. During Syachronous mndes, infor-
S01.C zeceive opwration also begins in the Hunl phase, mation conizined in Wke and WK7 is loaded into the
during which the AE0-S1O0 1iies 1o maich the assembled Iransmit shifi register at the beginning of the message
characier in the qeceive shift register with the flag pat- and, 45 & time filler, in the middle of ihe mesage T a
tern in wr?, Once the firse Rag characier is recognized, Transmit Underrun condition occurs, in the Spic
all tubseguent duta is routed 1hrough the same path, mode, the flags are loaded inia the transmil hifl regis-
regardle~s of churacier length, ir at the beginning and end ol message,



Asynchronous data in the wansmil shill regisier is
fornatied with starz and stop bits and is shifted out 10
the tramsmil multipleser 33 1the selected ¢lnck rate. Syn-
chronous (Monasyne ar Bisyncl data is shifted out 1o
the ranemit multipleser and also 10 the CRC geaeralor
al the =1 ¢lock raie,

SBLCHDL C daia i shilled owl through the ero inser-
tion logic, which is disabled while the flags are being
wenl. For all orher ficlds {address, conirol and frame
chech)a 015 inserted following five conlicoous 15 inthe
data stream. The CRC gencrator resull for sCLC data is
also routed through the zero imtni?n logic.

Functional Description

The funclional capabilities of 1the Z30.510 can be
described from twe different points of view: as g data
communicaliont device, il itansmits and receives serial
data, and meets the requirements of various data com-
munications protocnls; as a Z80 Tamily peripheral, it
inleracts with the Z30.CPU and ather Z80 peripheral
circuits, and shares Iheir data, add:ress and control
busses, as well as heing a part of the ZB0 interrupt siruc-
ture. As a peripheral to other microprocessars, the
ZBO-510 offers valuable Meatures such as non-vectored
interrupts, polling and simple handshake capabilities,

The lirst par of the foliowing funclional descripiion
deseribres the interaction between the cpPU and Z80-510
the second part introduces s data communications
capabilities,

O CAMARILITIES

The Z8D-51Q oifers the choice of Folling, Interrup
(reciored or non-secigred) and Bleck Transfer modes 1o
transfer daca, stalus and contro! information Lo and
from the Cpu. The Block Transfer mode can be
implemented under CPU o DMA Canirad,

Polling. The Polled mode avoids interrupis. Sratpg
regisicrs RRO and RRI &re updated a1 appropriate times
for each Tunction being performed (for example, CrC
Error status valid a1t the end of the message). All the in-
terrupl modes af the Z80-510 must be disabled to
operale the device in a polled envirenment,

While in its Polling sequence, the ¢PU examines the
sidius conluined in Rko for cach channel; the KRD s1aius
bils serve as an acknowledge o the Poll inguiry. The
tw0 RKE slafus bits by and Dy indivate that a receive or
transmit data vansfer s needed. The siatus alse in-
divales Froor or other specfal status condilivns {see
2 Z80-510 Programuning ™)y, The Special Receive Condi-
tion status contained in k&1 does nat have io be read ina
Pelling sequence because the sizius biis in K& are ac-
companied by a Reeeive Character Available stalus in
K KD,

106

Interrupts. The ZBO-51C offers an #labozale inlerrup
rcheme 10 provide fast interrypl response in real-time’
applications. As meniioned earlier <Chanfet B Tegishrs
k2 and RR2 cammn ihe mterrupt'\'cﬂnr thil poilils 10 -
an mtcr[upl service rauline in-the memory, To ser

‘u Zrations in both channels 2nd 19 :Iammate the nec.
sity of wriling a stawus analysis routine, the Z280.510 can
meodify the inlerrupt vector in &R so it points directly to
one of eight inlerrupn service roulines, This is done
under program_conttal by sefling a program bir {wR1,
B;)in Channel B called “'Status Affects Vecior.”” When
this bil is set, the inferrupt vector jn %R is modified
according 1o the awigned priory of the variows inter-
rupling conditions. The 1able in the Write Register |
description {£80-510 Programming section) shows Lhe
madificalion details,

Transmit Interrups, Receive interrupis and Externaly
Siatus inlerrepis are the main sources of interrupts
tFizure %). Each interrupt souree is €enabled under pro-
gram egplrol with Chaonel A having a higher priority
than Channel B, and with Receiver, Transmil and Ex-
ternal/Status interrupts priofilized in that order within
ecach channel. When 1he Transmil interrupt is enabled,
the CPU is interrupted by the transmit buffer decoming
empty, {This implies thal the transmitter must have had
a data characier writfen into il sa it can become empiy.)
When enabled, the receiver can imerrupt the CPu in one
of three ways:

-# Inierrupt on {rsi receive character
s Interrupt on al] receive characiers
* Interrupd on a Special Receive condition

Interrupt On Firsl Characier is (ypically used with the
Block Transfer mode, Intersupt On All Receive Charac-
ters has the optian of modifyving the interrupl vecior in
the event of a parity crrar. The Special Receive Condi-
lion inlertupt can accur on & characier or message basis
(End Of Frame inlcrrupl in $01 ¢, Tor example), The
Special Recelve condition can cause an interrupt gnly if
the Interrupt Gn First Receive Character or Interrupt
On All Receive Characlers mode i3 selecied. In Inter.
rept On First Receive Character, an inlerrupl can occur
from Special Receive conditions {excepl Parity Error)
after the first receive character interrupt {example:
Receive Qverrun inlerrupth.

The main funciion of the External/Status inlcrrupt is
o monitor the signal iransitions of the ¢1s, Dro and
S¥NC pins; however, an Exlernal/Status interrupt jsalso
caused hy a Transmit Underrun condition or by the
delection of a Break {Asynchropous mode) or Abort
(501 € mode} sequence in the dala siream. The interrupt
caused by the Rreak/abort sequence has o spediz
feature thar allows the AEWS1CY 1o imterru when thy
BreahsAabort requence is detevied or terminated. This
fearure Tacilitates the propoer lermination of 1he current
message, carrect initiatization of the nest messape, and
the svcurale timing of the Break/Abor condition in
cxicrnal logic,



D DAA Riock Tramder. The Z80-510 rrivndfes a
Hlowh Tronsler mode ro accommaodate e blink frans-
e Tupetions and oaus controllers (ZE80-DMA or ather
desirns). Fhe Block Transfer mode uses the warTs
RFADY cutpui in conjunction with the Wait/Ready bits
of Write Repister 1. The WATI/READY output can be
Aefined upder sofTware control 253 wWaALT line inthe CPU
Bloek Trapsfer mode or as a8 READY ling in the pva
Block Trunsfer muoge,

Ta a pya controller, the ZEG-5HD keADY oulput
ndicates that the 80510 is ready 10 1ransfer daa to or
‘rom memaory. Ta the CPU, the waT oulput indicales
hat the Z80-510 is non ready 10 transfer faila, thereby
requesting 1the CPU 1o exiend the 150 evele. The pro-
sramming of bits 5, 6 and T ol Write Rewister T and the
ooic slates of the WAIT.READY [ine are defined in the
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Write Register | descripiion {(ZEJ-S510 Progoanminy
wolion.)

DATA COMMUNICATIONS CAPARILITIES

In addinon 1o the 1.1 capabilitics previously disgyssed,
the Z280-510 prosides Iwe independeni full-duples
channels as well as Asynchronous, Synchronous and
RO HM O operational modes. These mandes Tacilitare
the implementation of vommonly used daia conpmuni-
cahwns proloeals,

The speciiic Teatures of these modes are descriked in
the {ollowing sections. To preserve the independence
and compleieness of cach section, some information
commaon T¢ all modes is repeated.

RECEIVE CHARACTER

PASITY ERAQR ———
—_—

RECEMNE BVERAUN ERROA ——————= SPECIAL RECENVE
FALY NG ERAOR ————=———""_r CORDITION INTERRUPT
END OF FRAME |30LE)

FINST DATA CHARACTER ———
FIRET WOK-SYNE CHARKETER {$YNE) ————
VALID ADDRESS BYTE (50LE)

N

IKTERRLPT M ALL
RECEIE CHARACTERS

AECEIVE

INTERALPT
lN'TEﬂ AUPT ON

= FIRSY CHAHACTEH

DED TRANSITION
ers musmnn%
STNE TRAKSITION ———— v
Tz USDERAIIN mhl

BREAK ABDAT DETECTION e

EXTERNAL STATUS

283-510
INTERRLUPFT

—————— e r—

InTEARLPT
P ARt

BUFFEA BECOMING EMPTY ———— ——

Figuie 5.

TRAHSWAIT IHTERALIPT

e .‘..-..H..h,r

lrlerrupl Structyid

e — e



Asynchronons Operation

Fooreceive or trags it dane o the Ssaonchronees mode ™
the A0S0 mypst he ionialiced wich the following pa-

runererst charagler length, ofock rate, pomber of sop -*

bits, even oi odd parity. inlerrupt mode, an {receiver or™
‘Uansmitler enable, The parameiers gre loaded ima the

Appropnaie write regisfers by the susiem program, “ed =

poraiicicrs el e issucd belore WRi wrY and w%S
P A lera of eommands,

IF thie daia iz transmitied over 2 smwofem or RS2MC

inferface, e BEOLEST 10 EAD (A15F and DA ATTFR- &

ATTAT HE 1T (TR oulputs must be set afong with thes
Transmil Epable bit, l'rannrmgnmn cannul begm until
1he Tianswil Enable bid is_ wel, .

The "«um Erables fcature allems rhe programmer (<7
send the firsl dasa characier of (he message 107 ‘The
50,510 withont waitine for CT5. I the Aute Enables
hit 15 sel, the ZR0.510 will wait for the €75 pin to go
Low before it begins daia 1ransmission. €75, DCD and
$¥~cC are general-purpose 40 lines thal may be used for

functions ather than their labeled purposes. lf CI% iy

ueed for angaher purpese, the Auio Enabley BLI__!TI_-'EI_E!___bE -
pnlgl’dlll'_lfd ia ﬂ\,

Figure & illusirates asvnchronous message lormats;
Table I shows Wiy, wRs and wre with bits se1 10 indi-

=Mri6th,

. 108

Asynchronous Transmil

b ——— - -

%

Fhe Transmit Data ontput 172D 76 Leld inarking {Highy-

when vhe Transminer has 0o dati o send., Under pro-
pram conirol, the Send Break {(wrs, g0 comumial cun
be issued 10 hold Tv0 spacing (Low) umil ihe counnand
5 cleared.

The Z280-510 auwomaticatly adds the start bit, 1he
programmed parity bit (odd, even or no parily) and 1he
programmed number of stop bits 1o the data characier
10 be transmitted, When the characier length is «is or

< sexen bits, the unused bits are automativally ignoted by

AhZ ZE0-S10. 41 the character lenpth is five bits or s,
refer 1o the 1able in the Wrile Reginier 5 description
(ZB0-510 Programming section) for the fala formai,

Seria} data is shified-from Tp at afale equal'In 1,
1/32nd _qr.)."Gh of 1he clock rare u:pphrd 1
the Transmit Cloek inpuT {T>C 3. Serial Jala is shificd
out on the [alling edge of (T2C).

cale the applicable modes, paramelers and commandsin\ w P set,.the Extr’r’nil?s'ra*us |n|trrupl mude monit

assnchronous modes, % R2 (Channel B onlyl siores 1he)
ifflerrupt veetor: wai defines the intermupt modes and
daia transler modes. W k6 and WRT are nol wsed in asve-

sleps that implement a lull-duplex receive/iransmit
operalion in either channel.

chronous modes, Tauble 3 shows the Lypical program )

“the rtatug of DCO, LCD, CTS and S! g Ihrﬂl..g,hn}m the train-

Fmission_of 1he message,, Il 1hese inputs vhange Tor a
period af time | greater Than the minimom specified pulse
widih, the interrupl is gencraled. In a rransmit opera
tion, 1his fealure is used 10 monitor the modem cnmrnl
signal £T%.

A hImACwGLS FOAMAT
1)
i (49 |
MAREIRE EINE 51aAT Oy gy Oy PAAITT ) mLAEHg LIy v
33
g4 /
N3 6T, ORE
WLL TAANSAETIONE GOCCHR [T LR 11}

0N & FALL!wg EDGE
or faf

WESLAGE FLOW

MAT gt FRESINC GR
WOT, EVEM A DD

e

Figuie 6. Asynchronous Message Formmat
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Asyichronous Receive, 109

An Asizhtonous Receive operaiton beging when the -
Teceie Enable bit s sed. EL]]L‘_ Auta ey UE-E_I'I is
slecied, 700 most be_Low a5 well. A Luw {spacing)
mndnmn on the Recpive Data input yraly indicates a
s1arf bil. [T 1his Low persists Tor an leqa one-hall of 3 bt
timae, the s1arl bit s assumed o be valid and the data in-
put s then sampled @t mid-bit time until the entire
characier is assembled. This methpd of daiceting 2 <art
Bit improves error rejeclion when noise spakes evist oa
an olherwise marking fne.

* When parity, is.coabled. JHEParlty Error bilY(kRi,
Dyl yel whenevgr the:parity bit of the characler
Aods notpratcH™with the programmed parily, Once
ihis bit 1s set, 0 fomailig el until the rrmr Rc\el
Command-twioy is given.

*

= The Framing Eror bi {(RR1, D¢} js set i the char-
acter is_assenbled -.-.:[‘hﬂul | any slop birg (that s, a
Low level delected forth “stop b Unlike the Pariy
Ecrror bit, this bit is s&1 {and nor faiched) only for
the character on which it ococurred. Detection of
Framing error adds an additional one-habi ol a bt
time 10 [he characier time so the framing error is

nol imeérpreted as a ne“‘ stary hil,

o

0 = Te TBIIS CHAR
11 = Tv BBITS CHAR

Tatte 2. Conients cl Wrie Regislers 3 4 and 5 in Asynchionous Modes

if e X clock mede is sclecied, bit ‘"~ﬂl:hmm:'-fln.h:m'Lg
musi be ﬂ-\‘[‘umr'“\-Ll\.Ln Lk‘erna]]}r RL\.E'I"I I daTa ]5 LA - ][ L]'.Iv;‘.{..PU_fEllis I Tffd.d &, dalﬂ \.t.d..l'ﬂclr:l' “]i]lﬂ' ll]ﬁ:"!’f
']"].;-\d onl the riring edee of kC. The recelver Inverts I's rﬂ'ld.]] _three d'larﬂﬂf.‘rSJIﬂ‘rE been recemved, tha Re- .,
when a character lengih of other than eight bils is used, .'cmw: Uttrrun bt {RRi, Ds) % % sl When this oe-
If parity is cnabled, the pirity bit is not stripped from curs, the fourth character assemblcd replaces the
1he psxemblad characier For characizr lengths other than third characier in the receive buffers, With this ar-
gight hiis. For lengihs other than eighi bits, the receiver rangcment, only the character 1hat hag been writ-
aatembles a character length of the requited number of len o%Er 15 agged with the Receive Overrun Error
dala hits, plus 2 parity bit and |'s for any unused bits. bir. Like Parity Error, this bit can only be reset by
For example, the receiver assembles a 5-bit character the Errar Resel command from the Cpu. Borh hy -
with the following format: 11 P Dy D3 D3 D} Dg. cFraming Efror and Receive Oyerrun -Error cause.
_an inteTrupt with theinterrupy vew:mr mdmaung )
Since the receiver is buffered by three 8-bit registerd EPECIIaJIRdEEEH._‘LGHdIHDP (il Status Affects Veclor
in, sddition 16-1he receivé thift remqler the £pu has Is selected)
cnongh time 1o service an inlereup “ind to accepl the Since the Parity Error and Receive Onverron Errop
dara character assembled by the Z83-810. The receiver flags are latched, the error status that is read reflects an
alsp has vhiee bulTers that stare errgr flags for each data errdr in the current word in the receive bulfer plus any
~hwracier in the receive hufler, These error faps are Parity or Qverrun Errors received since the last Error
waded al the <ame tiime a5 (he data characlers, Resel command. To keep coriespondence between the
stafe of fhe eTror bufiers and the conlents of the recelve ™
Afler a character is lffEi\"E‘d, it is Chffkfd ﬂ:rr the data bufﬁ:rs [hefgrror slakus_ [f&lﬁll‘:f .I'I'IIJ.SI hc, IEHd
lallpwing erroc oondiions: Fefore1he data- This 1 casily acmmp!uhed il vectored
N a
a7 BIT & BIT & BiT 4 BIT?. aTz, arr BIT D
g0 » Rx § BITS CHAR B
10 = As 6 BITS CHAR AT R
wh3 01 = Ar ¥ BITS CHAR ENABLES o o ° ENABLE
11 = Ax EBOS CHaR
GO = »1 CLOCK MODE 00 m MNOT LSED _
WR4 g1 = = 1B CLOCK M30E o 0t = 15TOPBITCHAR  EVEN QDD FARITY
10 = ¥ 32 CLOCK MODE 10w 1z STOPETE CHAR  PARITY EMABLE
t1 = <B4 CLOCH MODE 11 = 28TOPBITS CHAR
o = Tx 58ITS (DR
LESS)CHAR SEND Ta
whS oTR 10 = T« & 3ITS CHAR EREaK EMABLE ¢ RTS °
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COMMENTS

FUNCTICH TYPMZ AL PROGRAM STEFS
ArGrsMER Myr DRUATION LCADED
WA  CHALKNEL FESET Hesel 20
WAZ  POINTEA 2
WRAZ  INTERAURT YECTOR Channal B ondy
WRQ  POINTER 4. RESET EXTERNAL STATUS INTERAUPT
WAL ASYNCRPONOUS MODE, PARITY INFORMATHOM. STOF BITS 55w paramelars
INFORATION. CLOCK RATE INFORMATION
INITIALIZE WRY  POINTER 3
WwHR3  AECEIVE ENASLE, AUTO ENABLES. RECEIVE CHARACTER
LENGTH
WA  POINTER &
WHAS  HEOUF ST TO EEND, 1AANSM T EMARLE, TRANSMIT Receive and Transmd Both hully nital
CHAOARTER LENGTH, DATA TERMINAL READY ized, Aulo Enablas witl ensbla Trans.
rmitlar |l CT5 is active and Receive' |f
DCL is BOlive,
WRD  POINTEA 1, BESET EXTERNAL STATUS INTERRUAT
WAt  TRAMSMIT INTERRUPT ENABLE, STATUS AFFECTS YECTOR. Transmil Hec@ivie infelfUpt Mpda 58
INTERRUAT DN AL RECEIVE CHARACTERS, DISABLE wWaIT! lecied, External Inlerrupl moniors e
AEALY FUNCTION, EXTERNAL INTERAUPT ENABLE siawe of the ETE. OCD and S¥HT «mputs
. and detec's tha Break sequanca Status
. AMects Verior in Chanesl 8 only
TRANSFER FIRST DATA BYTE TO SI0 This data fyte Mmust be tansier: WP
UranRSmit intemupts will Goour.
IDLE MODE EXECUTE HaLT INSTRUCTION O SOME OTHEA FROGRAM Frogram is waiting for &n injerrupt Trom
the =g,
I INTERAUPT ACKNOWLEDGE CYCLE TRANSFERS ARZ TQ CPLr Vihen Lha inlertupt occues, the inietrupt
vaCtar is modifisd by 1. Aeceive G-
IF & CHARACTER 15 RECEIVED acier Avallable; 2, Traramil Betfs* Emp-
w TRANSFER CATA CHARACTER TO Col ty: 3. EnternalfGtatus change, «nd 4
* UEDATE POINTERS anD PFARAMETEAS Special Receive condilon,
+ RETURAN FRDM INTERADFT
F TRAYSMITTER BUFFER 15 EMPTY Program control is transiened o one of
» TRANSFER OATA CHARACTERA TD 510 the eght interrupt service 1oulines
+ LUPDATE POINTERS AND PARAUE TEAS
DATATRANSFER AND » RETLAN FASM STEARRLUAT

ERACR MAONITORING

IF EXFEANAL STATUS CHANGES:
» TRAMRSFER ARG TD CPU
+ PEAFORM ERADA ROUTIMES [INCLUDE BRE Ax DETECTO)
= RETURM FROM INTERFURT

WF SPECIAL RECEIVE CONINTHON DCOLURS
* TRAAKSFER AR 10 CPUY
« DD SPECTAL ERAQA (E 6 FRAMNG ERAQR) ROUTINE
a AEVTURN FACK INTEARLRT

H usad wih processors Cther than the 7eg.
the Mmoot inlermupt v B |AR2) S0usd
bBa 1etumed to the CRY W the ntemadl Ac-
knowledge SequEnce.

REDEFINE RECEIVE/ TRANSAM T INTERRLPT MODES

TEAMINATION

CI1SaBLE TR4NSMIT-RECEIVE. MODES

LFOATE MODEM COMNTROH DUTPUTS (EG ATS OFF)

YWHER francmil oF recemne daka ran5Ter s
camplele.

—_—

In Trarnsaut, Iha Al Sant Slatus |
Cales TrANSMIisSSHNN is COMMpiata.

Tahle 3. Asynchronous Mode



intcirups are used, becabse aospeciad inierrapl secrar is
vencriied for these conditions,

While ihe Exviernal#S1atus interrupt is enakled, break
desection camses an interrupl and the Breal Detecied
status hil fRko, B3 s set. Fhe Theak Derecled ntesrupr
showld be bandled by Issuing the Reset Eslernali Status
Interrupt cormmand 10 the Z30-500 in response 10 1he
fiews Breah Detecied interrupt that has a Breah statuy of
1 (mra, b:). The 280-510 monitors Lhe Receive Data in-
put ond wails fur the Break spgucpce to terminale, al
which point the Z50-51C interrups the ¢pU with the
Break sratus sel to 0. The CPE mupst sgain jssue the Resel
LEvtermals/Sratus Interrupt cummand io its inferrupt ser-
vice routine 1o reinitialize the breab deteciion logic.

The External#Siatus imerrupl also monitors the
wfatus of DUD. If 1the BCD pin becomes jnaciive for a
reriod preater than 1the minimum specified polse width,
an interrum is peneraled with the DCD siatis bil (RRo,
D1) set 1o 1. Note thal the DTD inpur s invertsd in (he
K RO slalus regisier,

If the staluk is read afier the gata, the error data for -«

the next word 1 plse included if il has been wacked in. ~
lpc buffer. IT operatians are performed rapidly “éRanghs
v the 5 eu churacler is naf et received, the status u-g:s-’

1Ll ",

il remaing valid. An exception occurs when the Huer-
l'upl On First Characier Only mode b selecied, A wpecial
interrupt in this mode holds 1the ¢rror Jama and the ¢ har-
acter itself [even if read fram the butfer) annl ihe Error
Reset command is issued, This prevenis further ata
from becaming availible in the receiver unmiil the Resel
comemand s pssered, and allows CPU imlersention un ihe
character with 1he error exen if Dva ar block tramfer
lechpiques are being used.

IT Interrupt On Every Chatacter is <glecied, the inter-
it vector iy different if there is an errar $aus in BRI
Il a Receiver Ohverrun occwrs, the most recent chdrag!<r
received is foaded into the buffer; the characier pre-
ceding i1 is lost. When the characier that has been wril-
ten aver the ciher characiers = read, the Beseirve (ner-
run bil is st and the Special Recelve Conditian vector is

returfed if Statys Aflects Yeclor s enabled.

ffavaT ',".En!‘]‘i:”ﬂ“' .:.m'-TF;}?nﬁ?il, the>-Rewcive, Chatazier

& Availzble bil-(RRO, Dg}-must=be monizored . s> he

ZRO-CPL can know when 10 read avharacier. This bil 1s
automalically rewel when the receive buffers are read.
Ta prevenl overwriting data in polled operations,” the
fransmit bufler states mosi be cheched belore writing
inta the transmitter. The Transmit Buffer Empry bir is
s¢1 10 1 whenever the transmit bufler is emply.

L



Synchronous Qperation

- 112

Before desenibing syncheonpus transmission and recep-
tion, the three 1ypes of characier synchronization—
Monosyne, Bissne and External 3y ne—require some ex-
planation. These modes use the x| <lock Tor bath
TFransmil and Receive operations. [hala s sampled on
the rising edge of the Receive Clock inpul (R, Trans-
mitter data tran<itions occur on the Talling edge of the
Tranunint Clazk inpu (G

The differences hetween Monosyng, Bisync and Ex-
ternal Ssne are in the manner in which initial characier
senchronisation s achieved. The mode of operation
musl be seiected before syno characiers are loaded,
because the registers are used diflerently in ihe various
modes. Figure 7 shows the formats for all three of these
synchronous modes.

Manpssne, In a Receive operation, maiching a single
ssne chatacier (B-Bi syne mode) with the programmed
svoe characier stored in wr? implies chatacter synchro-
nizalion and enables data sransfer,

Rivsne. Maitching (wo contigpuous syne  characters
{1fi-bit sync mode) with the programmed sync charae-
1e1y stored in wRe and wr7 implies character synchroni-
sation, In both the Monosyne and Bisync mades, 5YNC
is used as an ouipul, and is active lor the part of the
~ieceive cloch that deiects 1he sync character.

Fxicrpul 55nc. In this mode, character synchronization
is established evernally; SY5C is an inpus thar indicaies
external character ssnchronizalion has been achiesed.
After the sync pattern i detected, the exiernal bogic
must wail for 1wo full Receive Clock eyveles o acivale
the SYC input. The SvAC input st be held Low unril
characigr svnchronization is lost. Character assembly
begins on the rising edge of &C 1that precedes the falling
edge of SYRC.

In zil cases aher @ reset, the receiver is in the [Tung
phase, during which the ZB80-510 looks for chardcler
svachronization. The hunt can begin only when the
receiver 15 enabled, and dawa transfer can begin only
when character svnchrontzation has been achieved. I
characier s¥ynchranization is lost, the Huni phase can be
re-enlered By writing a contral word with the Enter
Hunt Phase bit =e1 {(wWry, Dg1. Inthe Transmit mode, the
trunsmitier always sends the programmed number of
sync bits (8 or 16). in the Monosync mode, the trans-
milier Lransmils from wWhe; the seceiver compares
againgr wR7.

In the Monosyne, Bisync and Esierpal Sync modes,
assembly of reccived data continues until the Z50.510 15
resel, or URtl the recciver is disabled (by command or
by DCD in the Auig Enables mode), or until the cpL':
the Enter Hun! Phase bit. :

MESSAGE FLOW
e
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Figure 7. Synchrarous Formats
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Afrer initial svpchromization has been achieved, the
operaiion of the Monassne, Bisyne and Fviernal Sune
wodes s goile sinilar. Any dilferonces a1e specified in
the following reat,

Table d shows how WHY, wWie and WKS are used in
synchronous reeeive and irapsmit operations. Wao
poinis 1@ other registers and isswes variouws commands,
w il defines the interrupt modes, wWR? sores the inter-
rippl vector, and wke and WR7 slore sy characrers,
Fabie 5 illusirares the typical program stepy that imple-
mend & half-duplex Bisyne transmid operabion.

Svnchronous Transmit

INIFLALVAATION

The svsiem program must initialize the transmitter with
the follewing patameters: odd or cven parity, = 1 clock
mode, B- or 1&-bit sync character(s), cRC polynemial,
Transmiftter Enables, Request To Send, [Jala Terminal
Ready, interrupt modes and transmit characier length.
wR4 paramelers must be nswed belore WRI, WR2, wWRS,
wRe and WR7T paramelers or commands.

One of two polynomials—CrRC- 16 X154 X4 X214 D)
or SPLC (NP4 X124 X7 ¢ 1)—may be used with syn-
chronous maodes, In either case (5DLC mode not
wlecied), the CRC peneralor and checker are reset 1o all
Js. In the 1tansmil #nilialization process, the CRE
generator it iniialized by seriing the Keset Transmit
cRe Generator command bits (wioy. Both the trans-
milter and the receiver use 1he same polynomial,

Transmil fnterrupt Enable or Wait/Ready Enable

113

can be selected 1o ransfer the data. The Externail/Siatus
interrupt mode is vsed e monilor the sialus of the
CLEAR 10 SEND inpul as well as the Transmit Under-
run/EoM laich, Optionaliy, the Auvio Enables feature
¢an be uced to cnable the transmitier when CT5 is active.
The first dala trunsfer 19 the 280-510 ¢an beein when
the Exigerpal/Status imerrupl ooours {CTS status bin set)
or immediatety following the Transmil Enable com-
miznd {Hf the Aua Enables modes s se1),

Transmit data is held marking afller resel or if the
ransmilter is not enubled. Break may be programmed
10 gencraie 2 spacing line that hegins as soon as the Send
Break bit is set. With the rrapsmitier fully inilizlized and
enabled, the defauh condivon is canlinuons Lransmis-
sion of The 8- or 16-bil sync character.

DATA TRANSFER AND STATUS MONITORING

In this phase, there are several combinalions ol inler-
rupts and Wait/Ready.

Data Transfer Using Interrupts. IT-the Transmit Inter:
rupl Enable bit {wR1, Dy} is s€1, aninterrupt is generated
each time the 1ransmit buffer becomes empry. The infer-
rupt ¢an be <atisfied ¢ither by writing another character
into the transmiller or by resetfing the Transmitter In-
terrupt Pending fatch with a Rescl Transmirier Pending

.command (WRG, CMDg). 37 the interrupt is <atished with

this command and nothing more is wrilten inlg the
transmitler, there can be no Turther Transmit Bufler
Empty inettupts, because it is the process of rhe buffer
becoming empty thal causes the imerripts and the bul.

. Ter cannot become empty when it is already empty. This

situarion does cause a Transmit Underrun condition,
which is explained in the “*Bisyae Transmil Linderrun"”
section,

BTT BIT B s BIT 4 a3 BIT 2 81T 1 BiTa
00 = Rr 5 BITS'CHAR ENTER SYNC
WAl 10 = Fx b BI1SCHAR ADTO." HUNT Ax CHC n CHAR AX
01 = RAx 7 BHSCHAR ENABLES MODE ENABLE LOAD ENSBLE
11 = Rn B BITS CHAR INFIBIT
00 = B-BIT S5YNC CHAR
WEd 0 0 01 = 16-BIT EYNC CHAR 0 0 EvEn OO0 FARITY
10 = S0LC MODE SELECTS SYNC PARITY ENABLE
11 = EXT SYNC MODE MODES
00 = Ta 5 BITS (0A
LESSpCHAR 1
whs DTR 10 = Ta 6 BIGCHAR ;:::; ENItBLE SELECTS ATS E';afaﬁ
01 = Tu 7 BITSCHAR CRC-18

-

1 = Ta B BITS.CHAR

Teble 4, Conlanis ¢f Wiite Reglatars 3, 4 and 5 in Synchronovs Modes
1



Data Transfer Uking wali.reaby, To the Cpu, the
activation of WAIT indicates that the Z80-5HD is not
ready 10 accep data and that the CPU moust exicnd the
outpui cvele. To a pvia controller, KEADY indicales Lhat
the transmit hulfer is emmy and thal the Z80-510 s
ready 10 accept the next data characiee. 17 the daia
characier is not loaded into the £80-510 by 1he time Lthe
transmit shifll register is empy, the ZR0-510 enters the
Transmit Underrun condition.

Nivvpe Tranwnit Loderrun, In Bisvne provocol, filler
characters are inseried 1¢ maimain sypcluonization
when the rapsmilier has po data 10 send {Transmit
Underrun condition). The Z80-51C0 has two program-
mabie oplions for solving this situation: it can insen
sync characlers, or it can send the ¢RC characiers pener-
aied sa far, Toliowed by syne characiers.

Thase ﬂ:pliuns' are under the conttol of 1the Reset
Tran<nit Underrun/eon cammand in wro, Following a
chip or channel reset, the Transmit Underrun/ECY
satus bit {RAO, B is in a set condition and allows the
insertion of sync characiers when there is ne data 1o
send. CRC 18 not calculated on the avtomatically inserted
" osyne chaiacicrs. When the cpu detects the end of mes-
sage. a Reset Transmit Underjun/e0M command can be
issucd. This allows CRS 10 be sent when the izansmitier
has no data. In ihis case, the ZEO-SI0 sends CRC,
followed by syne characiers, 1o terminale the message.

F

There is no resiriciion as 1o when in the mewsage Lhe
Transmit UnderrunfECM bit can e reset, If Resel is
issued alier the Nirst data characier has been loaded the
[&-bit cxe 15 sent and [ollowed by syne characters the
first time the rransmitier has no data 10 3end. Because of
the Transmil Underrun condition, an External/Siaius
interrupl is generated whenever the Transmit Under-
run/EOM bit becomes et.

Ln the case of sync insertion, an interrupl is generated
only after the first aotomatically inseried syne characier
has been loaded. The status indicaies the Transmi
Underruns/kUs bit and 1he Transmit Buffer Empt}r bit
are set.

In the case of CRC insertion, the Transmit Underrua/
FOM bit is 521 and the Transmit Bufier Empty bit is rese)
while CRC.is being sent. When ©RC has been completely
sent, the Transmil Buffer Empiy status bil is set and an
interrupd is gencrated to indicate Lo the CFU that another
message can begin {this inlerrupl occurs because CRE
has bren sent and sync has been loaded). If no more
messages-are |g be sent, the program can terminaie
transmission by resetting k75, and disabling the
transmilter (WH3, D3,

Pad characiers may be seni by setting the ZB0-510 10
& bitsstzansmil character and writing FF 1o the 1ransmit.
ter while CRC js being sent. Aliernatively, the sync char.
aclers cah be redefined as pad characters during this
time. The fellowing example is included o clarifly this

painl.
]

b L

The /80.510 inlaryple with the TransmH Builer Emply gt
sgl. -

The cru recognizes |hal the lagl characier &0 of 1he
messase has already been sent 10 Lhe ZB0-510 by eramir' -1
the iplernal program slalus,

To groe the ZB0-510 10 send GRS, The CFU is50es The Rese
Trangmit Underrunfeom Latch eommand o%5 and satislies
the interrupl with (he Aegsel Transmut intecrupl Bending
coinmand, (This command prevents the 281510 frpm re- -
questing mere dala] Because Gl Lhe iransmit pnderrun
cavsed by Ihis command, 1he TBO-SI10 slars sending CAl.
The ZED-SIC 8180 Causes an ExternallSiotus niarunl wilh
the Transmil Underrun/ece laich s,

The cpesatisTlas 1Ris inferrupl by Oading pad sharaclers ife
10 1bae 1ransmil bufler and issuing ihg Resel Estorreprsilalos
Interrupl command.

Wilh Ihis seaguence, cac s lellored by @ Sad chatagter in-
slead of 2 5ynd characier, Male 1Thal e ZBSI0 will inler-
rupt wilth 2 Transmul Bullsr Emply inietrupl when CHC S
comale: ely ganl and thai the pag chard:ler 15 lpadad snio
the transmit shilt regisier,

From Ihis poinl on the cPu can saend moie Dad chadacters af
Eynt characiers,

Bisyne CRC CGeneration. Setting the Transmi CRC
enable bit (WRS, Dp) initiates CRC accumulaiicn when
the program sends the first Jdara characier to the
ZB0-S10. Although the Z80-S10 automatically’trans-
mils up (e twa syne characlers (16-bil sync), it i5 wive 10
send a few mare sync characters ahead of the mes<age
{belore enabling Transmit CRC) 1o ensure syachror’ -
tion At the receiring end. )

The transmil CRC Enabie bil can be changed on the
fly any time in the message i0 include or exclude 2 par-
veular data characier from CRC accumnulation, The

‘Transmiy crRC Enable bil shou!d be in the desited siate

when the dara characier is loaded from the lransmi
data buffer into the transmit shift regisier. To ensure
this bit is in Lhe proper state, the Transmit CRC Enable
bit must be issued hcforc sending the data characrer 1o
the ZRO-SICY,

Transmit Transparent Mode. Transpareni mode (Bi-
syn¢ prolocal) operation is made possible by Lhe ability
to changs Transmil cue Enable on the Iy and by the
additional capability of inserting 16-bil syn¢ characters.
Exclusion of DLE characlers from cRe calculation can
be achieved by disabling cR< calculanion immediaiely
preceding the DLE character wransfer 10 the Z80.510.

In the rase of & Transmit Underrun condition in the
Transparent mode, a pair of pLesyy characters are
sent. The ZR0O-S10 can be programmed 10 send 1he GLE-
sy segquence by loading a DLE characier inlo wie and a
sync character inlo Wg7.

¢
Transmit Terminalion, The ZE0-510 is i:quir'*l'ﬂrr;‘-l 3
special termination feawure thatl maintains dala inlegrily
and ralidiny. If the transmilter is disabled while a dala
or syng character is being sent, thal character iy semn as
wsual, but is followed by a marking line rarvher than cke
or 530¢ characlers, When the iransmitier is disahled, a
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| DHE TN TYPICAL PROGREAM STEPS COMMENTS
RIGUSTER  LCORMATION [ OADED
Wl CreteEl RESET. RESET TRAaWSMIT CAL GERERATOA Resel 50, il e CRC generaler,
WRO  AOWLTEA Z I
WA2  INTLRAJPT VESTOR Charnai B only
WRO POINTER 3
WHI  2UTO EMABLES Transmission beging cnly ater £75 15
doteciod,
WAD  POMNTER 4
WRA  FaRTY INFORMATION SYNC MDOES MFORAMATION. = 1 lSsue [ansmil pazernelans.
CLOCK RODE
L]
WRO  POINTER B
WRAE  SYNC CHARGCTER 1
WRO  POINTER 7, RESET EXTEANAL STATUS INTERRUPTS )
+
INITIALIZE WA?  SYNC CHARACTER 2 ’
WHQ  POINTER 1. RESET EXTERNAL STATUS INTERRUPTS
WHR1  STATUS AFFECTS VECTOR. EXTERNAL INTERRUPT ENABLE. External imerrop mode manilors  1he
TRANSMIT INTEARYPT EMABLE OR WAIT.READY WODE ENABLE  status of JFE and DO input pins a3 well
a4 the platus of Tx Underun EOM lalch.
Transeall  |merupt  Enable intarupts
when Ihe Transmil buflar becomes
ampty; the Waii REacy mode can te used
o franster data using DMA or CPU Blodck,
Transier,
A
WHO  POINTER § Slahut Allects Vecior |Channel B o).
WRE  RECQUEST TO SEND, TRANSMIT EMABLE, Bi5YC CRE, Tranamet CRC Enable shoukd e sel whan
TRANSMIT CHARACTER LENGTH tirst non-gync dala is senl ta feg-Si0
FIRST SYNC BYTE TO 510 Nead saveral 5yns characlers in 1he be-
gnreng of megsage. Transmdler -5 'y
nihalized.
IDLE JMDDE EXECUTE HALT INSTRUCTION DR S0ME OTHER PROGAAM Winding lor inferrpt or Yail Seady putpul

1o transker data.

CATA TRANSFER AND
STATUS MONITORING

WHEN INTEARLPTY (WAL READY) GCCURE:

INCLUBE/EXECLUDE DATA BYTE FROM CAC
ACCLSALLATICN [IM SK).

CTRANSFER CaTa BYTE FAQM CPL {OR MEMORAY) TO S0,

CETECT AND SET APPROPRIATE FLAGS FOR CONTROL
CHARACTERE |:N CPU;

REGET Tu UNWDERRUN ECM LATCH [WROY oF LAST CHARACTER
OF MESSAGE 15 DETECTED.

* UPDATE POINTERS AND PARAMETERS {CPLY,

RETURN FROM INTERAUFT,

iF ERROA CONDITION O STATUS CHANGE CGCCURS.

TRAKSFER RAD T CRU.
EXECUTE ERRCA ADLITINE.
RETURMN FRCM INTE RAWPT,

Inlwiropt occors Wa/Ready becomes
atlive) when Tirst cala byle o Deng senl.
Wat mode allows CPU blotk transter
from mamory 1o 510; Ready mode aliiws
Dha black fzarsler 2uom memary 10 S0,
That DiA chip can be prog: ammed 1o cso-
lure special contiol chatatiery (DY en-
aminmg prly the bi!s thal spedly a5CHor
EBCOK contrel characiers). and inlermunt
CPu,

Tx UnderrurE GM indcates adher trans-
rmal wndemun (sync charaded being sent)
ar end of massage [CRC-16 bang
nan).

TAMINATHON

REDEF™NE INTERRURT MODES

UPDATE EMIDEM CONTAD, QUTPUTS (E G, TURY OFF RTS

DISABLE TRA%SMIT MODE

Piogram  should  gracelully termicale
mEssage,

Tabvie 5 Bisvne Transmil! Moda



character im the buffer rememind in the buffer. M the
vansmiler is disabled while crCis being sent, the 16-bil
trainnssion 38 epmploled, bat syee s sem insead of
URL.

A prognammed break i oeffective a5 soon as 1 is wril-
tegy o The conurol repister; ¢haraciors in the iransmil
bufler wnd «hilt recisier are Josl.

-

Inall rnodes, characters are senl with the deasi signifi-
cant bits first, This requires right-hand jusitfication of
transnicled daia if the word length is less than eight
bits. If the word length is five bits or less, the special
technique described in the Write Regisier § discussion
(250-510 Programming section) must be used lor the
Jdaia formar, The siates of any vnused bits in a data
characier are irrelevant, except when in the Five Bits Or
Less mode.

IF the FsternalsStatus Inierrup Enable bit s ser,
irahsumitrer condiiions such as “‘siarting to send CRC
choraciers,” "giarting to send sync characters,”" and
CT5 changing state cause inlerrupts that have a unique
wveetor if Sialus AfTects Vector 35 set. This intecrupt
mode mas be vied during block translers.

All imerrupts may be disabled for operation in a
Polled mode, or 10 aveid inlerrupis at inappropriaie
times during the evecution of a program.

Synchronous Receive

INTAALIZATION

The sysietn ogeam inidales the Synchronous Receive
aperation with the follewing parameters: odd or even
parity, & or I&-bil svnc characters, x| clock mode,
CrC polynomial, receive characier length, #ic. Sync
churacters must be loaded into regisiers wag and wry,
The receivers can be enabled only alter all receive pa.
TUIREIRrs are s¢p, WRa parameters must be issued before
WRI, Wk, WRS, WReand WRT parameters or commands.,

Aller this is done, the receiver is in the Hunt phase. It
temains in this phase uniil characier synchronization is
achieved. Note thal, under program control, all the
leading eync characters of the message can be inhibited
from Ioading the receive buflers by setting the Sync
Characier Load Inkibin it in wR3.

DATA TRAMSFER AND STATLUS MGXITORING

Afver characier vvnchranisation is achieved, the as-
seimbled chariciers are 1ransfeited to the receive data
11ker. The follawing four interrups mades are available
ter transfer the dala and s associdled status o the CPU,

No Intereypls Epabled, This rmode is used lor a purely
polled operation ar Tor off-line conditions.
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Interrupt On Firs) Character Ondy. This mode is norm.
zlly used 1o start a polling loop or a Block Transfer in-
SIFUCLION USINE W AT T/ READY L0 synchronise the CPU or
Lhe Dv s device to the incoming data rate. In this mos”
the ZB0-S1O interrupts on the First characier and the
after interrupts oply if Special Receive condilions are
detecied. The mode is ieinitialized with the Frahte In-
terripd On Mext Becelve Characier conmmand 1o wltow
the next characier received to generate an intersupl.
Parity errors do not cause interrnprs 10 this imosde, but
End O Frame (spt ¢ mode) and Receive Guerrun do,

IT External/Siatus interrupls are enabled, they may
interrupt any lime BCD changes swale,

Iaterrupt Oa Evers Charscter. Whenewer a character
enlers ithe receive buffer, an imrerropl is generaled.
Error and Special Receive conditions gencrate a wpecial
veclor tF Slatus Affects Yector s selected. Optionatty, a
Parity Error may be directed not 1o generate the special
interrupl vecier.

. Special Receive Condilien Interrgpts. The Special

"7

Receive Condithon interrupt can occur only il ¢ither the
Receive Inlerruplt On First Characier Only o Inierrupt
On Every Recene Characier modes is als¢ sef. The
Epecial Receive Condirion interrupt is caused by the
Receive Overren error condilion. Since the Receive
Overrun and Parity error starus bits are laiched, the
crrorstatus—when read-—reflecis an error in the current
ward in the receive bufler in addition 1o any Parity ¢
Overrun errors recejved since the las; Error Reser com
mand. These status bils €an aniy be resel by the Error
tes#l comMmand,

CHC Error Checking and Termination. A CrC error
check on the receive message can be performed on a per
characier basis under program comrol. The Receive
cwe Enable bin (w3, D3} must be seidfresel by the pro-
gram before the new characier 38 transfetred from the
receive shift regisier into the receive bufler register. This
ensures proper inclusion or exclusion of data characiers
in the ¢rC check,

To allow the cri ample 1'me to epable ar disable the
CRC check or a panicular character, the ZBG-S10 calcu-
lates cre zight bit times aller the characrer has been
transferred to the receive buflfer. M ¢RC is cnabled
belore the next character is transferred, CRC i5 calcu-
lated an 1he transferred characrer. IT CRC it Jdivahled
befure the time of the next transfer, calculation pro-
ceeds on the word in progress, but the word just trans-
ferred 1o the bulfer is not included. When these require-
menis are satished, the J-byte receive data buffer is, in
cfTeci, unusabie in Bisync operation. CRC may be cnabl-
ed and disabled as many times as pecessary lor a given
caleulalion.

In the AMonosyne, Rissine and Exiernal Syne moedes,
the CRC/Framing Error bt {RR1, Dg) comains the com-
parison result of the owne cheeker 16 bit times (cight bs
delay and cight shifis Tor CrRE) afier the characier has
been rransleired from' the receive shift regisier 10 the
bulfer. The rewull should be zerp, indicating an error-



free transmission, (Nole that the resalt is valid enly at
the end of rre ealeulation, I the result i examined
hefore this timne, # esially indicates an error) The com-
partson iv made with ¢ach transfer and is valid only as
long as the character remains in the receive HFQ,

Follewing is an example of the CRE checking opera-

tion when four characters (A, B, C and ) are received
in that order.

Chatacter A lgaded inla bulfer
Characier B loaded inlg byiler

If orC ie divabled before Cis in the bufler, CRC is not
calculaled on B. )

Craracter G loaded inlo Gulter

Aner Cis loaded, the CrC/Framing Error bit shows the
resull of the camparison through character A,

-’

¥
11 }Chara:lar D loaded inlg bufler
Afrer D is in the bufler, the che Errar bit shows the

re<uli of the comparison through characier B whether or
not B was included jh Lhe CRC calculations.

Due 10 the serial pature of crC caltulalion, the
Receive Clock (R+C) must cycle 16 times {B-bit detay plus
B-bit ¢re shift) after the second cre characler has been
Inaded inta the reecive buffer, or 20 1imes (the presious
16 plus 3-bit bufler delay and 1-bit inpui delay) afier the
tasi bit is at the mxD inpul,’ before CRC calculaiion is
camplete. A Tasier esiernzal clock can be gaied inig Lhe
Eeceive Clock inpul to supply Lhe reguired 16 ovcles,
The Transmil 2nd Receive Dals Path diagram (Figure 4)
illustraies Lhe various noinis of delay in the cre path.

The typical program steps that implement a haif-
duplex Bisync Receive mode are jllustrated in Table 6.
The compleie set of command and s1alus ba definitions
are explained under © ZB0-510 Programming. "'

FUNCTION TYPICAL PROGRAM STEPS COMMENTS
REGISTER  INFORMATION [DADED ! ’
WRO CHANNEL RESET, RE:ET RECEIVE CRC CHECKER * Reset Siﬂ.-mﬂ.u Agomn CRC Chelher
wRD  FOINTER 2 -
WRZ  INTERALPT VECTOR - Channe! B only -
WRO  PQINTER 4
WHR4  PARITY [NFORMATION, SYNE MDDES INFORMATION, k1 fsEue reCane naramalers,
CLOCK MODE ) .
WHE  POINTER 5 FESET EXTEAHAL STATUS INTERAWPT
WAL BISYNG CAG-1E DATA TERMINAL READY
WRD  POINTER 8
INTTIALEZE WHR3  EYNG CHARACTER LOAD INHEBIT, RECEIVE CRC ENAME; Sync characier koad inhitet SIS all the

ENTEA HUNT WODE, AUTO ENABLES, RECEIVE CHARACTER

LENGTH

WwhRl  POINTER 8
wRE  SYNC CHARACTER 1
WHO  POINTER 7

WRT  SYNC CHARACTER 2

leading syng chardciers al the beginning
. ol the message. Auvip Enables enabes
the receiver Io 3CCepl cata only Sle the
BT gt im Achiva,

WRO  POINTER 1, RESET EXTLANLL STATUS INT1E RALPT

WR1  STATUS aFFECTS VECTOR, EXTERNAL INVERRUPT ENABLE.
RECEWE INTERRUPT ON FIRST CHARACTER CNLY

In this inlerrupl Mdde, oaly 1he Rrsl none
synC Jala charater s Iransferred 1o the
CFPu Al subesguan gdata s transiered
©f a DMA basis; however Specal Re-
caivg Condison diermup!s el rvetnum
the CPU. Stals ANetts Vector used o
Channet B only.

Table €. Bisync Receive Mode
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FLUNGTION TYPICAL PROGHRAM STEPS COMMENTS
WAD  POMMIER Y ENGSLE NTERTLPTON REXT REGEIVE CHARACTERA Respring this inlsrupl mode: pre--es
INITIALIZE simple program leoplack antry ]
- L]

{CONTINUE D)

WHI  RECENWE EMABLE, SYNC CHARACTER L OAD INafRIT, ERTER
HUNT wIDE, AUTS ENADLE, RECEIVT WORD LENGTH

next tansacion,

WA is nssoed 10 enabie rpocever, Pe-
cobve TRAC Enable rmust be sat aher re-
cehang 500 of 5T charadier

IOLE MCDE

EXECUTE HALT INSTRUCTIGN GR SOME QTHER PROGHAM

Recaive mode = [ufly mbalized and the
systam & wkig Tor anterna OR st
characier, -

DATA TRAKSFER AND
STATUS MONITORING

WHEN WTERRURT ON FIRST CHARACTER DCCUAS, THE CPU DOLS THE
FOLLGIWING: A

« TRAKSFERS DATA BYTE TO CPU

+ DETECTS AMD SETS APPROPRIATE FLAGS FOR CONTRAOL CHAR-

ACTERS (IN CPUy

» INCLUZESENCILUDES DATA BYTE W CRT CHECKER

= UPOATES PGINTE RS AND OTHER PARAMETERS -

+ EMABRLES WAT/AEADY FOR DMA OPERATICN

« EMARYES DA CONTROILLER

+ AETUANS FRAOM NTERRUFT

WHEN WA T AEADY BECOMES ACTIVE, THE OMA CONTROULER DOE S THE
FOLLOWING:
+« TRAKSFERS DATA BYTE TO MEMOAY
. NTEFRUPTS CPUIF A SPECIAL CHARACTER IS CAPTURED BY THE

Draa CONTRCALLER *
w INTERALUFTS THE CPUIF THE tAST CHARMACTE® OF THE MESSAGE
15 DETECTED

FOR MESEAGE TERMINATION, THE CPU DOEX THE FOLLOWING:

During the Hur mode, the SH Gelecs
twD conliguous chalpclers o establsh
synchromzation. The CPU cstabhshes the
Gras mode ard all sLbsequent fala char-
aclers are transiated by the DVA cane
troler, The conl-oler is 3o programmed
19 capiwe apecal charactars (by @ram-
wing ondy the Litg Il specty RECHU of
EBCONC comrd| thaaciars) and aberupt
the GPU UDon oEtetion. In responos
Iha CPU exarmnes the sialus of CDI‘I!'L‘H
tharaCiars and tahes agorcpnade Ao
&g, CRAC Enable Update),

The SH) INtBIRDES (e CPU Tor e

-t * TALNSFERS RAL TO THE CPLU dibbr, and the aror routine sbon. s
» SETE ACH NAK AEPLY FLAG BASED OM CRC PESIAT prasen Mossage, dears Ihe eror CONG-
+» UPRATES POINTERS AND PARAMETERS fian, and repests the cperalon.
« AETUANS FAOKM INTERRUPT . N T
RAECEFINE INTERRUPT MODES AND SrHE WMODES
TERKINATION UPDATE MODEM COMTROLS

DISABLES RECEIVE s4ODE

Tabim & Aisync Aecelve Mode (Continued)
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The Z20-510 is capable of handling both High-level
Sypchranous Data Link Conro! tHpLey and 1BM Sya-
chronous Dta Link Control S0 <y protocols, In the
following 1ext, anly 30LC 1€ referred 10 because of the
high degree of sunilarity berween speLe and HDLE.

The sbi¢ mode is considerably different than Syn-
chionous Blsvne prolocol because W s bii orienied
rather thap character oriented and, therefore, can nati-
tallv kandle tran<parent uperation. Bil orieniation
Isakes sDEC a flevible protocol in terms of message
lengi v and kbil patierns, The Z80-510 has several buili-in
featuyres 1o bandle variable mestage lengih. Dedailed in-
larmation concerning 501 ¢ proteol ¢an be found in
Merarure published on this subject, such as 1BM docu-
ment GAZT-1093.

The sDLt' messaee, cdlled the frume (Figure B), is
opened and ¢losed by Nags thal are similar 10 the syne
characters in Bisvne protocol, The £80-510 handjes the
lransmission and recognition of the Nag characiers that
mark the beginning and end of Lhe [rame, Note that the
LBOS10 can recetve shared-zero flags, but cannat rans-
mii Lhem. The 8-bit address leld of an souc frame con-
rains the secondary <tation address, The Z80-510 has an
Address Search mode that recognizes the secondary sta-
tin address 5o it can accepl or reject Lhe frame,

Since the vomiro! field of 1he suLe Trame is transpar-
eni 1o Lhe ZR0-510, it is siingply transferred 10 the CPU.
The Z280-51C handles the Frame Check sequence in a
manner that simpdifies 1the pregram by ineorporating
features such as initializing the CRC genceratar lo all 17g,
reseriing the CrRC checker when the opening Nag is
deiecied in the Receive mode, and sending the Frame
Chech/Flag sequence in the Transmil mode, Conireller
hardware 1= simiplified by aviomalic zero insertion and
Jdebetion lagic conrained in the 280-510,

Table 7 show s the contents of wR3, Wi and wrs dur-
ing 5PUC Reveive and Transmil modes, WRO painls 1o
other regisiers and jssues arious commands. WRI
defincs the interrupt medes: wR? siores the inletrupl
wector., Wit s1ores the flag characier and wke the sec-
ondary address.,

SDEC Transmit

INITIALTZA TION

Like Synchronous aperation, the solc Transmil mode
must be initialized with the Tollowing pararegiers: 50 C
mode, S5DLC polynomial, Reguest To Send, Daia Ter-
minal Ready, tramymit characier length, transinit inter-
rupl modes {or Wait/Ready funciion), Transmit En-
abie, Auto Enables and ExternalySiatys intcrrupt.

Selecting the $01L.C mode and 1he so ¢ palynomial
enables the 280-510 1o initiahze the ke Generator 1o
all 1's. This is accomplished by istuing the Reset
Transmil CRe Generator command (w ko). Refer ta the
S¥yachronous Operation section for more dewails on the
interrupt modes,

Afler reset, of when 1he transmitrer is oot enabled,
the Transmit Dara output is held marking. Break may
be programmed to pencrdle a spacing line. With rhe
trapsmitrer fully initialized and enabled, continuous
fags are transmiited on the Transmit Darta guipur.

An abor1 sequence may be sent by issuing The Send
Abort command (wR0, cMy. This causes ag least eight,
but less than fourteen; 1's 1o be sem before the line
reverts Lo continuous flags. 1135 possibie that the Ahorg
sequence (eight 1'5) could Toilow up 1o five vominuous |
bits {zllowed by the 7ero insertion logic) and thus cause
uplaikirieen 1's ra be sent. Any daila being transmitied
and any data in the iransmii buffer is Josi when an abor|
15 issued.

When required, an cxtra 0 is avtomatically inseried
when there are five contigeous 1's in the daa stream,
This does not apply 10 MNags or abors,

DATA TRANSFER AND STATUS MONITORING

There are several combinations of interrupts and the
Wail/Ready funciion in the SLOC mode.
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Maty Traoadp Veing taterenpls 1T 1he Transmir Inier-:e
v B le BiLis el aninlenmpt js rencrated sach lime - o2
e uiter beco s empis. _The inlerrupl may be salis-
fudd cither by writing anodbier character imo the trans-
mibler or by reselling the Transstin 1neerupt Pending
lateh with a Roset Transmitier Pending command (W o,
ostDsn I the interrupt is satishied with this command
and nothing mote is writicn Into the lransminer, there
are no further (tansmitier inlerropts. The resylt is a
Trapsmit Underrun condirion, When anoiber character

i wriden and seni oul. the (ransmifier can again
Yeoome empty and interrupt Lthe ¢PU. Following The
flags in an 5ol € vperation, the 8-bit address [eld, con-
irol Nield and information Treld may be sent 10 the
S50 usdne the Transmit Interropi mode. The
A¥-510 rransmity the Frame Check sequence using The
Transmit Underrun lealure.

When the transmitier is first enabled, it is already
empiy and obviously cannor then become emply. There-
fore, no Tran-mil Buffer Empry inlerrupts can occur
ugtil afier the First dara characrer is writien,

When he transmitter is first enabled, it is already
emply and cannd then become empty. Therefore, no
Transmit Buffer Empty inlerrupts can occur until alier
the first data characrer is wrirten,

iyara Transfer Using Wait/Reads. If the Wail/Ready
finciion has heen selected, % 41T indicates to the CPU
that the ZRO-S10 s not ready 1o accepl the dala and the
CPU must eniend the 10 cvele. Toe a Da controller,
RIADY indicates thal the transmitier bulfer i empty and
that the 280-510 is ready 1o accept the text characier, [T
1he daia characier is not lozded inio the Z80-S]Q by the
Nane 1he transmil shift regisier is empty, the Z80-810
cnters the Transmit Underrun condition. Address, con-
wo] and infermalion figlds may be iransferred to the
ZBO.SIC with this mode using the Wait/Ready fung-
tion, The Z280-SI1C iransmils the Frame Check sequence
using 1he Transmil Underrun fearure,

L&V

SELC Transmit Underrun/End OF Messape, SDLC-like
prolecels do not have pravisions for Fill characiers with.
in a message, The F80-510 therefore automancally 1er.
minates an SDLC (rame when the tranvmnt data bafle-
and putput shift register have na more birs (o wend,
does this by Nirst wnding 1he 1wo bytes af CkC an,
following these with one or more flags. This fechnigue
allows very high-speed transmmissions under ova or CPU
biock /0 control without requiring the CPU 10 respond
quickly 10 the end ol message silualion.

The action that the Z80-510 12k 23 in the underrun sit-
ualion depends on the slale of the Trammit Underrun/
EQM command. Following & reser, the Transmii Under-
runsECH status bit is in 1he 521 stale and prevents the in-
sertion of CRC characters during the 1ime 1here s no
data 1o send. Consequently, Mag characiers are sen,
The Z80-510 hegins 1o send the frame as data is wrilten
ino the rransmir bufler, Berween the time the first data
byie is writien and 1he end of the mewsage. the Ressm
Tranymit Underrun/ECM command must be fssmed,
Thus the Transmi Underrun/E0s status bit s in the
reset slale at (he end of the message (when underrun oc-
tursy, which amomalically sends 1he crc characiers.
The sending of CRC again sets the Transmit/Underrun/
EOM status bit,

Although there is nno restriction as to when the Trans.
mit Underrun/EoM bit can be resel within a message, i,
is usually resel alter the first date characier {secondary
address) is senl Lo the Z50-S10. Reselting this bit ailows
R and Mags to be sent when there is no dara to =end
which giver additional time 10 the CPU lor recognizing
the fault and responding with an abort cormmand. Bs re.
celting it egrly in the message, the entire message has the
maximum amounl of cPU response lime in ap uninien-
tional transmit underrun situation.

BIT? BIT 6 BIT 5 BIT 4 BIT 3 BT 2 8IT 1 BIT 0
00 = Rz § BITS CHAR Etg;EHT'FNT
WRY 10 = Rx 6 BITS CHAR AUTO i |§m' Rx CAC LDDRESS o Rx
01 = Rx 7 BITS CHAR ENABLES m:.ﬁ'”m EHARLE SEARCH ESABLE
11 = Ra 8 BITS'CHAR NEEOED) MODE
i 0
WR4 o 0 SELECTS SDIC o 0 o 0
MODE
00 = Tx 5 BITS {OR .
LESS] CHAR
WHS DTA 10 = T2 6 BITS CHAR o Te " SE'-EESS ATS g;fﬁ
01 = Tz ? BITS-CHAR ENAB S{:EI;C

11 = Tr 8 8ITE CHAR

Table 7. Contanls of Wrile Regislars 3, 4 ang 5 In SOLE Modes
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When the FaternalfSeatos interropt = e 2nd wRile
v s being sent, the Traaosmil UnderrunseaM bil is set
ang the Tramamil Bulfer Empay bin is reser [0 indicale
Mgt the ftansimit tegisier is Tull of CRe data, When cre
haw heen completely semt, 1the Transmit Buffer Empuy
“status bt 15 et and animerrunt s generated 10 indicate
ro the ¢ PU thal another message can hegin This inter-
rupt occurs hegause CRC has been senr and 1he flag has
been loaded. Il no mose messages are 1o be senl, 1he
Qrogram can termindl (ransmission by resetling RT3,
and disabling the (ransmitier,

In the s ¢ ptode, iF 35 good practice (0 reset fhe
Transmit Underrunseov statgs bil immediately afier
the first character is sent 10 the 250-5{0. When the
Tranamit Underrun i deiecied, this ensures thai the
irensimission time is filled by CRC characiers, giving the
CPU cnough 1ime 10 istue the Send Abort command.
This 2o stops the Mags from going on the Bne prema-
twrelr znd eliminales the possibility of the receiver ac-
cepding the frame as valid dala. The siteaiion can hap-
pen hecause i is possible that—an the receiving end—1he
dara patiern immediately preceding the automalic flag

insertion could maich the CrRC checker, giving a false

crC cheek result. The ExternalsSialus interrupt is gen-
erated whenever the Transmit Underrun/EoM bit is set
because of the Transmit LInderrun candition.

The iransmit underrun lagis provides additienal pro--

lection against premature Nag insertion f the proper
respanse it given lo the ZB0-S10 by the CPU inlerrupt
service routine. The following example is gn:n 10 clat-
ify this poini;

The ZBD-SIO rakes an inlétropl with the Transwt Bulfer
Ertipty Status bil 3l

The tAr does nat raspond n ime and causes a Transmit
Linderrun condion.

The CBE-S5I0 51315 sending CAC chaiaclers [Awp Dyles)

The cru eveniually =atislies Ine Transmil Buflar Empty in-
1errupt wilh a data chim:lur [hzl toliows the CaC characier
being fransmilled.

The FBO-SHD wain the ExternsiSlalus inlarrupl wilh the
Transmil Underruniepw slatus il sat,

The cry recognlies the Tranumil Underronfrod slalus and
determnes frgm 115 intarnal program siatus 1hal the anler-
rupH is ngt {or “wand ol message”,

The cruimmediately issues & Send Abort ﬂurnmanu fwmoj 10
ihe FRO-510

The ZBO-510 sends 1he Abort sequence by dEstrorlnﬂ whal-
ever data (crg, dala or 1lagt is bewng senl.

This sequence illusirales that the CPU has 8 protee-
tion of 22 mipimum and I} masimum transmit clock
~viles.

ADLC CRC Generation. The CkC peneralor muost be
reset 1o all |75 a1 the beginning of cach frame belore cre
accumulation can begin. Actual accemulalion beging
when the program sends the address Tield (eight bits) 1o

JE . "FOM OO ™ 2 labk -, ' 21 . "TOMNR "I s e es —ma'ooT1
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Iransmits one fMag character following Lhe Tran-man
Enable, it may be wive 10 send a lfew more MNag charac.
1ers ahead of the message 1o ensuse charactet synchroni-
zation al the receiving end. This can be done by evigs-
nally \iming out after enabling the transmultr and
before Inading the first character.

The Transmil ©RC Enable {(wrs, Dg) should be en-
abled prior 10 sending the address field, In 1he spic
riode all the churaciers between the opening and closing
flags are included in CRC accumulation, and the CRrC
generaled i the ZBO-SIC transmitter is inverred before
ft is sent on the line.

Transmit Terminalion. 1T 1the 1ransmilter is disabled
while a character is being sent, that characier {Jata or
fag) is sent in the normal fashion, bul is followed by a
marking Yine rather than CRC or flag characiers.

* A character in the buffer when the ransmilter is dis-
abled remains in the buffer: howeser, & programmed
Abort sequence i5 effeclive &s soon as it is writlen into
ihe control regisier. Characlers being transmitred, il
any, are lost. In the case of CRC, the 16-bit transmission
is completed if the transmitier is disabled; hawever,
Nags are sent in place of CRC.

LW ]

In all modes, characters are xent with the leasi-signifi-
cant bitg firsl. This requires right-hand justification of
dala ro be Iransmitied if the word length is less than
eipght bits. 1T the word lengih is five bits or Iess, the
special technigque described in the Write Regisier § sec-
tion ("*280-51C Programming®' chapier; “"Wrire Regis-
1¢55"" seetion) must be used.

Since the number of bits/chazacier can be changed
on the My, the data Nield can be filled with any nrumber
of bits. When used in conjunction with the Receiver
Rusidue vodes, the ABO-S10 can recgive 8 message thal
has a variable I-field and retrapsmic it exactly as re-
ceived with na previous information abow the characier
siruciure of the L.Field {if any). A change in the number
of hits does not affect 1the characier io the process of
heing shifted out, Characiers are sent with the number
of bits programmed at the time thai the character is
loaded from the Iransmit bulfer ia the transmilier.

If the External S1atus Interfupt Enable is «r1, trans.
miller conditions such as “‘slarting 10 »end CRC charac-
lers,”” *‘starling 10 scpd MNag characters,” and C1§
changing state cause inlertupts that have a unigue veg-
107 3 Statps Alfecs Yector is scl. All inlerrupis can be
dizabled for operation in a pelled mode.

an

Table § shm-s thr l}plcal program steps that [mple-
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1.0

X
INTRODUCTION - 124

The 780 Coenter Timer Cireuit {CTC) is 2 progammable component with feie indapendent channels

that provide counlind and timing functions for microcomp uter systeins based on the 780-CpPU. The CPLF 7

wfinconligye the CI.C chumpels L np;.r:t[e under varipus inodet and cemditiong as requneri fonterfags = fth 7

2 wide range ol devicas. jn maot applmlmns litlle or no external logic is re:;um:d The Z30LTC utilizes
‘Nehanael ulicon gate depletion load wehnolegy and is packaged in a 28-pin DIP. The 280-£TC Tequirds
anty a sirgle 3 volt supply and 2 one-phase 5 vt clock, Major fealures of the ZBO-CTC inchude:

Allinputs and outputs fully T compatible,
Eaih channet may be selected o cperate in either Counter T Mpde of Timer Mode, 3

R P o okl et

Used in either mode, a CPU-readable Down Counter indicales number ol counts- logo until zero,

X Tiine Constant Register can autamatically reload the Down Counter at CountZeso inCounter and
Timer Mode.

Selectable positive or negative trigger initialey time operation in Timer Mode. The same input is
manitored for event counts in Counter Mode,

Thres channels hamc Zero Count/Timeoul outputs capable of driving Da rlmgton transistors.
Ft:rmpts may b-'.' pmgr:mr"ed o orceur on the 210 count condition in any channel. 5
A e

Daisy chain priority interrupt logic included to pmnd: For automatic inkerrupl vecloring without
external logic.

L'



2.0 CTC ARCHITECTURE

2.1 OVERVIEW
A bloch diagram of the 780-CTC is shown in Ngule

¢ 125

2.0:1. The iniernal strocture of the ZBOACIC £on-

wigts o @ ZEO-CPU has Tnier face, liternal Contrel Logic, (our sets of Counter{Timer Channel Logic, and
Intezzupt Contral Logic. The fow independent counterftimer channels are identified by sequential numbers
fram O 1o 3, The CTC Lias the capabilily of generating a unigque interrupt veztor for each separate channe|
(for auiematic veotering Lo an infefupl service rouline), The 4 channels can be connected inta four con-
tguous slods in the standard ABQ priority chain with channel number § Laving (1ie highest priozity. The CPU
b interlzee logic allows the CTC device o inierface ditect!y to the CFU with no other exiernal logic,
However, pon address decoders andfor line buffers may be rr.;ulrtd For Tarie sysiems,

*
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FIGURE 2.0-1
CTC BLOCK DIAGRAM
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2.2 STRUCTURE OF CHANNEL LOGIC ;

The atructure of one of the four sets af Cowmery Tinwr Chunnel Logic is slaawn o Bgare 2020 This begic
is coprposed of I resislors, 2 counters and conirol logic. The registers are an 3-bin Tine Constant Register a0y
an 3.bic Chanmel Conteel Regisier, The counless ae i 3-5i CPU-readable Down Counterand ap 8-bit &'
Présealer.

CHanANEL

TIME

COMIRIIL
REGISTHH (CORAT ANT
a0 L0 RECINTES

1A RITS L. [T

D
COUNTER
i3 BT

ZERD COLNT; TIMEFOUT

-
EXTEASAL{LDLE TIMEK TRIGLER I
———— ————— ™

FIGURE 2.0-2
CHANNEL BLOCK DIAGRAM

221 THE CHAMNEL CONTROL REGISTER AND LOGIC

The Chansel Contzol Register (8-biyand Logic 5 written 10 by e CPU 1w select the mudes anid
parametdrs of the channel, Within the entire CTC device there are fuur such registers, corresponding o the
tour Counler Tll‘l! =r Channels, Which of the four is being weilten to depends vn the encwding ol 1w danne|
select input ping, "C8nand €54 use Aly arrached 12 AT and Al nl' the CPL 2ddres; bus). This s illustruted in

the 1 uth table belaw:

.
7 s Cs0 )
J e 0 o | .
el | oo 1
Ch 2 .l o
Chl 1 i ]
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2.2.7 CORNTIRUED

In the comnnd sotd wit ien to program each Channel Control Register, bit 0 is always set, and the atlier
7 b e progronied Beeselsd slenatives on e channels opetaiiog mades and parsmetess, as shawn in the
Jiagpranm below . (Fal g uiie censpete discusien see section 4.0 CTC Operating Modes™ and section 5.0
U1 Progranuming.”’)

CHANNEL CONTROL REGISTER

97 D6 Ds Ds D3 D2 D Do
) LOAD
‘TEEEET MODE | RANGE | SLOPE |[TRIGGER| TIME | RESET 3
CONSTANT
USELD [N

TIMER MODE ONLY

2.22 THE PRESCALER

L'sed in the Time) Mode wnly, the dréscaics ¢ unB-bit device wiivh van be pmg'ammrd by the CPLvia " F
the Charnet Control Regisier 1o divide its input, die System 'I'.',‘ll:-ck {3}, bY i& ut 256, The output of the Tre-
*waler is uen fod as 27 npit 4o cloch the Duwn Fnunler ‘which ity Sand cvery tfme it tlocks down 1o
rera, s reloaded antematically with the contents of the Tine Cynsiant Regisier. In eflect Th]s again divider . -
the System Clock by an addisional fector of the time constant. E\:r; time the Down Counter zouns down 10~
, 2670, its outpt, Zzn (‘uumrT.n'-*mn (2CfTO}, is pu!:.ed high. e

S
- .
“.‘-........_ F

2.2.3 THE TIME CONSTANT REGISTER

The Time Conttant Register is an 851 register, used in buth Counmter Moce and Tirner ."-‘Jnd:,'i:';fusra.-.._:-?\;a’
by ilie CPU just after the Channel Contrel Woid witic an integer fme constant voliee of 1 theoegl 236, This
regisier loads 1he programmed value inte the Down Counter when the CTC s first imiialized and 12loads the
sarme valie imo the Down Counter autinmatically whienever i counts down therealer 1o zerc. 1 0 new 1ime
voestunl is louded into Lhe Time Constant Regisier while a channel is counting v timing. the preseni down
cound will be compleicd before the new time constant is Joaded inlo the Down Counter. {For detaits of how
# i constantt §s wiiten te 2 UTC ¢hanmel, see segtion 3400 CT10 Programming.™}

2.2.4 THE DOWN COUNTER

The Duown Courder is an 8.5l register, used in both Counter Mo de and Timer Mode, Toudcd fnnially,
uned Later when it cuounis duwn 1o 2ero, by the Time funstin! Register, The Down Cuunior isdeciemeiifd
. by each exicial closh edge in the Counte: Mods. oF 1 the Timer ModeTby the chimh sutput of the Pre-
F.osraler, Avany 1ime, by I'L‘Ifm.mnba simple 1,0 Read at the paet pddress assigned Lo the selected CTC channel,
the O can access (e contents of this repisier «nd obtain the number of counts-to-rera. any CTC channel
M4y b pogrammed 1o genciane an inderrupl iequest seguence each time the sero count s reached.

bnclnnels 0.1, and 2. when tlie 220 connt condiiion is reacled, a sienal pulse appears a1 e cunies-
arnding A0 TEE pin Duie 1o paclage pin limitations, howeser, channel 3 does not Lave this pin and so may
be ewed onby i applications where 1his ouwipul pulse is not 1equired.
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2.3 INTERRUPT COMTROL LOGIC

128

The lnrenmpr Canleod ot insuces that the CTC pots i deeordanee with 830 sustenm urtereup paotiwd

Fop peate prioaits

eeerapting 4nd retorn fron inteorupt, The petority of any sesien devicd is deteomined by

ity phis ol oeatien Dn 2 daisy chaln configueation, Tw signal e (L and W0 e proowided in CTe7 Josives
ter faeen this svsteny Jaiss ehain, The device closest 1o the CPL bas the highest priosicy: within the CTC, ine-
rupt pricn ity is predetconiced by chanmel number, witl chanog! B faving highest priory down to sannel 3
which has the lowes! prienity . The purposg of 3 CTC-aenerated interrupt. as with a0y othes periphenal devics.
is Loy Foras (T CFL b eseeute an inkenupt sersice touting Acermding Lo 280 system mfermupt profuscal. lower
priviity desices of channels may not interrupt highes puoety devices or chascls tsat Tave slready remaptad
ik Weese et had their intermupt sersice roatines cumpleted. Howeser, Trigh privrity devives or channels may
interrupt the serviving of lower prierity devices vr channels,

X CFC channel may be pmg_r.nnmetl b0 requegl an inkeniupl shedy Ligee fr3 anl.ri vuuter euches ¢ 4 w5
“oonnr of zevw, (To wilire this featur2 g Fufrzs e CPL e prograniincy fun intEropt mamle 2 b o ting
dlter fhe ineerrupt regquest, the CPU wil[l seodd out an interrunt atknowledse, and the CTC s Literiupt Condrol
Logic will determrite e hizlicst-privtity chanoe! whicl is eguesting an inlerrupt seithin e € TC Juevice, Then
Wothe CLC s LR input s wotive, indicating that it hus privrisy within the sy sten daisy chatn, i will place an
8-bir, lnte STt Weotur on e sysiem data bus. T h"’**—".‘.L‘:.I_S Ris o T et e db Vava B s it b
ghe CTC eaphiory
ST s [nienuga o mnul Lovwere 543 Blaew ende catrospanding to the highwesi-priority channel eguesliog an
internupil lpaty the low-order bit of the vectar will alw s be rerg govordiog w1 conventiop described

belaw.

1% et the £ ic iniital poogrRagiming procs

Mihe el twis bits will be prenided by the

INTERRUPT VECTOR

Do

D7 O D5 D4 D3 D2 01
V7 VG Vg W W3 X X 0
- 1 Foul ]
o 0 CHANMELD
. 0 1 CHANMEL 1
1 0 CHANNMEL 2
1 T CHANMEL 3

J

{1

This interrupr vestor s used l'.u'fumu pOinter b & foda o i meEmory where the address b e insesrupt

str'-n.; routine 18 3uied 10 4 lacle: _Theector represents the least signiticant B bits, while the CPU ready the

..br}tmus of the 1 regisie: W ‘Brovide thie mast siynificant 8-bits of the 16-hit puinter, The address in ey |
poiRied 10 wilf Eonfain the fow-hrder byte, Tad R ne <l “Righast sddiéid willcontaii the high-drdes by te a8 an
addrass which in turn contains the st gpeode of the intercupt service routine, Thus in mode ?
vestor staced in an intestepling CTC can result in an indireet call to any memory location,

L REG
COMTENTS

T BITS FROM
PERIPHERAL

]

VECTOR

Z80 16-BIT POINTEA [INTERRUPT STARTING ADDRESS)

» 4 single A-bit

~ Therg 52 78U syai ‘,::;n'vehtil‘in that 9l addresses i ihie IRf2rupt servics rautine tadle thuukd e -

.er"lav--mde: by ie nan enen tocation nmeierny , and ']1..LTJ;J}"1I uniu.* bj fe i, Lhr: u et Illgllfal lu..qtmr: i
et ary, which i always e odd 53 1hat the legst significani bif uf:ln; inlerrupt Tector will 3hwA ays ba even,
Henue the least signilleant bit of any Inlerupt vector will slways be za10.

II*E BEL] instruccn t:- ek ad the emd of 1ntuyupt Service rusitine Lu mlru.rzc e oy vhain
The CTC miunitoes tie swstooy Jala

. enghie Lae (EO G Plupﬂ '-'-""hu' oi nestz 1 pririty ‘"“'NH‘ haz:zin
oy and Jecadss this instreetion when (U oocws, Thos the {:Tft.h,]nmn control fogdic will kmow wlen e CFPU

bus completed serviding an interrupl, withuulany further comnmunicalivn with the CPL being necessiry.

2
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10 CTC il DLSCRIFTION

Adiagrazionf she ARQUTO pin eonfyoaration i shown in figure 3.0-10 This sectinn describes the Tunetion
uf wrle pin.

0z - DG
AR0-C LY Data By fi-dircctional, vi-caie)

This bus it nsed to vacsler all daia and commuand words betwesn the ZEOCPL aod the ZEOLTC, Theere
o1t & bty on 1his bas, af which D0 s the Yeast sigrificam,

CS1 =50
Cliannel Seloet Gput, active high)

These pins furtn 8 -bil binary addiess code for wlecting one of the [ous independznt CTC channels for
an 1-0 Write or Hesd, (See tuih 1abls below ) -

US1 €50
Ch o- 4|
Ch 1 0 1
Ch2 1 0
Ch3 | 1
e - -
CE .

Clip Emakle (input, sctive Tow)

A law fevel un (his pin enables the CTC o acoepl eontiel words, Inierrupt Woellars, o1 1me cunsbitat Jara
wurds [rou the ZK0 Datz Bus during an 1/0 Write ey cle, ur 1o Iransmit 1he conlems of the Down Counier 1o
the CPU during an 170 Reud cyele. In most applicatiuns this signal is decowded Trom the B leasr significant bits
uf the a¢dress bus for any of the four 1/O port addresses that are mapped 1o the four Counter/Timer Channels.

Cuch {4
Sy wwem Clack. {inputy #

This single- phuse clock is used by the CTC 1o synolhronise certain signals intemally,

MY
Lhachine Cyele Oae Signal Trean CPU finpui, sctive low)

When 51 i aclive #nd the ®D signal is active, the CPU is feichiog an instruction lrom memory. Wien
AT] is sctive and the TORQ) signal is active, the CPU is acknowledsing an interrupt, slerting the CTC 1o place an

Imicrrupt Yeclor un the Z80 Dara Bus if it has daisy chain privrity and one of its chatnels has requested an
inderrupt

WORQ
Lpant/Catput Beguest Tanm CPY (input. active Tow) L

Tire TORQ signal is e i cpgjenctian with the CF and B0 sivnals w0 1zansfer daty zhd Clisn et Contr
Words hetweon lhc 720-CPU and e {1C. During 2 ¢ Wene Cuvdle. (DD und OF must he tre and HD
talse. The CTC does nul receive @ s72afic write sigial, imiead gendidipg s onn nldmah from s e
af avahd D sizzal. Ina CTC Read Cxdle. IGRD CE ana HD most be acive 10 pace the Conienls vl e Down
Coanter on e 250 Daa Bus. 1f |URD and M1 ase boah true, tie CPU §s 3 browcdeing aniniermups tegoest,
and 1he Bighest-prioridv imderrunting chianned will place i Intesrups Veoror on the Z80 Daia Bus,
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3.0 CTC PIN DESCRIPTION {CONT D)

R
Read Cyele Status Teom the CPU (uput, active luw)

The BD sigoud is osed in coniun tion with the TORD and I sizmals 1o transfer d:lt:l and Cluned Contral
Words between the Z30-CPL aud the CTC. During 2 CTC Write Cycle, IORD and TE must be true and BRI ralse,
The C14 dovi ol receine a speific write signal, lnilrurncr.ﬂlng ity owe intetnally trum the jioverse ol 2
valid Ri¥ signal. In 2 CTC Read Cycte, [ORQ, CF and RD must be active Lo place thie contents of the Duwn

Counter on the 250 [ty Bus,

IE)
Interrupt Diable lu {input, etive hight

This signnal is used to baelp Tfonn 3 system-wide interrupt daisy vhain which establishes prioritics when
more than onz periplieral device in the system has interrupting capability »A bigh level on this pin indlcates LT

" that Ay wther intermpting desives af hizher pn-.‘rm:, in the daisy chain are being setviced by__thar: 230-CPU.

"L ew— - w “m ke Eeaa [ P

1E0 .
Intercupt Engbie Qut {ouwtpul, sctive high)

The IEQ signal, in conjunctivn with TEL is used to form a system-wide inkerrupt priority daisy clain,
IEQ is kigh vaty if TEL is high and the CPU is not servicing an interrupt from any CTC channel. Thus ihis sig-

mal Blocks lower priority devices ltam intzrropting while a higher priority inteerupting device is being servived
by the CPL.

TNT
Interrupd Reguest {output, vpen drain, active low}

<This signat g0¢s true when any CTC chanred which has been programmed to enable nterrupls has 3 eere

cum: sondilivg in s Dm'- n Cuuntcb F

LT R

RFSET
Reset finput, active low)
'Th.s signsl smp. all chﬂnn:'s [mm counhng and resets channel mterrupt enibie Bits I a1 control

registars, thereby disabling CTC-generated interrupis, The ZCITO and TNT outpuls go Lo their inautive states,
YED teflects [EL, and the CTC's data bus output drivers go to the high impedance state.

CLEfTRGI=CLK/TRGO
External Clock! Timer Trigeer (input, user-selectahle active high or Tow]
There are four CLKITRO pins, corresponding (o the lour independent CTC cliannels. Inthe Countes

Mode, every active cdge on this pin decrements e Down Counter, [n the Timer Mude, an active ¢dge an this
pin imitiates the liming funcijon, The user may select the active edes to be wither rising or lalling,

T2 ACTON

Fors Countf Tineaut foutpul, active high)

There are three ZEFTO pins, corresponding 1o OTC channels 2 through O (e G paskage pon limsitativons
channel 3 has no ZC{TO pin.) In either Coaster "-'[Dd: or Vimer Mode, when the Down Coster docieikzenti o
irciu an aciive high going pulse 1ppedrs at this zin.



3.0 CTC PIN DESCRIPTION

Z
DD-I —%—
D.I -l?-?h-

Dz-t-zv—?h-

0y 2]

1
D4 ™

(o1
DATA BUS

cTC ENABLE
CONTROL

INTERRUPT | INT ENABLE__13_4
CONTROL IN
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FIGURE 3.0-1
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4.0 CIC OPFRATING MONFES

Mopeewr v M PE0RCE siate s undefined, Arnoclicg Wi SEY puus e U1 in 4 kreewn ohoz. Befoe-

ans b meb ':4 MLy o tining, ) Chaee lL'L ftrod Word and aine constang duld wind s b
L,

wiitten v the dppapciate ragisiaes oo that chasngd, Fuidlog, ic 3y cliunned s been programef (a2

!

4.1 CTC COUNTER MODE

I enaps 3 fetenmed Weenod woacd oiits e witzen o e 10 [Rrerrupt Contral Logie, (1ar furtse;
Fetuls, tetar waosedtion S0 "CTC Proganemion.™ P When the CPU has written afl of these words to thie CTC
Alaerive clovpesls wadl be puoge pmoe L e dnemaedia e spes ation ineither the Counter Mode o e Tion

Tn this speada the CTC connts edges of the CLECTRG input, The Counter Mmde js prugrammed for a
chtniz] wlhan jts Chacpa! Control Wand s wrilten with bit 6 set. The Clharnel's External Clock (CLEK/THRGY
gt s monitered Tor g series of triggering edges: after dadhy, in synchoonization with the nest rising cdee of
il Svsiern Chowk), the I3 own Counter (wliich was iidialized with the timme conseann duta word at the start

o o saqioge ol dowaeasardicg) 5 Raematted. Aldoagh there s no sedoup tioe requirement betwecn the

triggesing edge of the External Clueh and the rising edge of o, (Clack), the Down Counter will not be decre-
gcrstad unti e Deflosing Grpotee, (See the parameter ts{CRY in section 3.3: A C. Characteristivs.™
eliinnels's ezl Clack inpad is pee-piugramate D by bit4 of the Chanwe! Cantrel Word o trigzer the Jecre-

mAtting st sence witl dithes 2 high oo a fow gaing edge.

Tn any of Chaencls O, t, or 2 when the Down Counter is successively decremented froin’ the wrizinal
turre constant untif Fnadly i fLJn_hLS cecn, the Fero Count (20 TO) autput pin far that channed will b pubed
active (Mighd. {How ever due o package pin limitations, clianoet 3 does not hae this pin and so mav only be
wsed B applivations &1 this aurpdt pulse is not requiced.) Fuetlier, if the channel has beal so pro- prograiey
by Dii 7 of the Chanwe} Control Word. an {nierrupt reanest sequente will be gensrated. (For mare deiails, sex

section TO00CTC Inteirupt Seeicing.” )

Ax the Jhe Tequeen e s proceeding, the 2ero count condition alse resules in the automatic reload oy
the [ Cuuq ter with b wtiging! dne gonstarn Jana woed in the Time Constant chiﬂer Thete 15 ;v ynter-
gl in the eguense of cnetiuad dusw - s Ting 1T the Time Cunstant Register is weitten (o with 1 pew

tnse somatant azn ward while iliz Dowa Countzr is decremeniing. che ieient count will be vomplesed befe

the new e comslant will be loaded into the Down Cusnter,

[ - i

CHaNNEL
LON RO

Tiuk

REAISTER COMETAANT
L5 LOG REGISTER
in RT3 LY 1Y)

Q__ _'"_'_'Lnnu\uu\{_*"ﬂ“ '

1
DMy ZEHG LD =T Hvpsun [
[ ~1tA amb T T
th BT

Eopsn kit 00w I d THILALEY
- T SR Y

FIGURET 4,10
CHANNEL COUNTEY MDD

L - L — E rr—— —————— . T . R = e - -—-- m. - - -
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17 CHC ML A a0OBE

[T | !7"-_ Boreetesditing il Ul noaponreetr s2l e Wf the sversm - b rediog The
| LT - wioe A0 e ehens Ol Cragiznd Woad s wiitin 'H-J.ip bt fiar L e WJoan-
woabel s e ol e nienale nf T, based an the Systern Cloch p:’nud. Mhe Sustegn ri wlorg fed
I"'-l‘l Mo B sl e b oo e Preslober and e Down Counter, T pending v the 0 pwogravamed bin #
T 7 rh.. Comdro s Wond 1l Presealer divides e Syxtem Clogh b3 fecter of Jiler Thar 2on, Thz e SN
Peten oo wler et asedasg ..: SN I:::rn-"* the Daven Cownter s el gy by pre-sm sinmired

M oaaw e '. -.1“- antegerheleeon b oaned TRE, Ain ths O o 11t|¢r \'Iude the tiinewecnzigad joa ':‘.".at‘.t?ﬂ.l!«-’*
velog Jud st s Dowen Clunier an Hr:l'* Terceunt c-._-.udmn. Land pourine contineg TATG 21 raareum the T
draad ..'l o Clu. S TC ) autpui- bl i ' hg ol v dhe Moawnuatie } i Frotaed, ieti el M e URL
.

T ane vie ewbit el Plow]-z preddad el h:!‘ thrju ﬂdHEI:
f" 2. o
PR TC \}
JER T .
whinet oz dhe Sverem Clock pesind, I is the Figscater fay tur ot 18 Gr 256 aud T is the prsghogramn.za time
> 8 esran Tav i
i tTRTETH -

Mo 3 ol ahe Channe Cuntiod “UIL‘: [H pIL‘ sangearrmed 10 selert whicther Griing will be avie i valivies
rutrsd, o whether it wil! be fdtiated with a Wigzering edg2 ai the ¢ Yarel's Timer Triseey (LLir I RCH iroa®,
0% 3 vese) d fliner aqurnalu.a]l H"iq;“‘ wperalive gt ‘1"_3L_r[ar the LIPU ey Lie following e 3°G Write

h-.n.hrr‘ln:\rh that Nacds the vime HusEn d:l:a word 10 the thannc! M Bt 3is szt the 1imer Drpins uperalion
en e second succeeding tsing fdﬂt af T aFteratie Timer TnEEE. eudge féi,nu.n: the jading of 1he time
wobstant iy wrd. I po time canstant data word is 16 Tollow then the timer begins opezation on the serund
savesing rising edpe of 1raf1er the Timer Trigger edge following the control word write coddel by 267 ik 2
Shatnel Crenb Woord js pre-progranamed o selael whethes 1l -Timer Trigge: wili be semsitive v a uinz or
fmnap i eeine, Alhough ere s nu stlup rtqnn:rnrnl hrw.fer- 1he gcrive edge of 1he Time: Trieger cnd ilee nosd
vicing cdge uf 9 11 the Timer Trigger edge octurs cluser than & specified minim.um set-up tine 1o the pisng edye
af 4% 1he Qown Connter will not begin dtcrcmcnttng until the lollgwing 1iting #dge of b (See the purameter
1s{TR1in section £.3: “A.C. Characterisfies™.}

T 7o ke Chamss? Contrad Word s sed, thp 2erv-count condition in the Do wn Councer. Sosides
cassing g pulse 1 the dhaansed’s Tiine Oot i, "-'-fll' be used by iniliele an olenupl redizs sequange, (Fur
were Jetails, see section 7.0 CTC ntereupt Senviving )

- » ‘

TUHANNEL (—
vONIKOL HWE
HECKIER (bW TanNT
o Lo KELISTIR
[ MITS) i~ 81T}
L
2] - %11 H% &l KIS
1- IR SULRDA QLS D |
Rt Mot rk-:.‘:&;‘“ i sTreR IR Y oY WY . 8
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Th RSy o w NMPH TFHA M
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-

FIGURE 4.2.0
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50 CTCPROGEAMMING

i.‘ fead i P CT0 chompelun w238 cunriing af timing operativng, a P 00 Cenin dWaed snl 1 ime s ;
Cor J.“- et fitaed B wgbreene v §T Iy the OV R Tliese wonds il he stur2d in the Charned Contpol
Mogor2e sod i Tanse Constant Register uf I.Ju.n..han:dl Tnacddition, any o the Dour chionnels g been v o
Pprecoannzd Ssrh B 7 of their Chanse! Condoul Winds 1o enoble inTerome an Jppeeniss ¥Wectar messp e ¥
weltizndu la dRpiagiiaie e gsicl in the CC: D o automiatic features in the nierrupt Cunrrol Legic, wne
pre-poo eaned Interivgs Yeoror satives for all fowe Sannels.

51_LOADING THE CHANMNEL CONTHOL REGISTER *

To load a Cheneel Control Word, e PG perfarms 2 aarma? 170 Woite sequence 10 1the port o dress - -
erlieys Ll e the deslne JOTC channel. Two CTC input pins, namely T80 und €81, are used 1o fur_m 3 3.bit
birary addeass tooselect wne of four chunnels within the device. (For a truth tahle, yee section 2.2.1: ~The
Chorrl Contrul Register and Lowic™. ) In many system archilectures, Lhese “wo input pifis are sonnzeted o'
Addveas Bus lines AQ amd 21, raspezively, s thar the four eharmets va CTU device will oecupy 't niguons™
U0 poit addrgsses, A word writen 1o 2 CTC chaaned wil be inteipeeted 25 a Chanuel Condes! Wand, and luaded
lintu the Chaanu Contral R:,,ist t, its bit Mis a logiv 1. The ather seven bits of thii word select operatiry
mundes and condinwns as indicated in the Sagram befow. Following the Plagram the meaning of sach Bt will

be disoyased in Jetai!

ER ]
1

- = At E. A E———

4 RITS)

CHaMNEL
CO%TRIN TIME
RECISTER COMWYT ANT
AND LOGIC RECIATER
AT

I"-”d"tlh BL3

éﬁh_.
o

| I T T lJ'l'Hlu Tivie & [ mir g, 1

[EN =2 LA SRR AR FRLy S BE s

CHA!

LT T P —

e b ] s )
TN '| M NTed EN
L ':-::J' [ ‘__-_--_-~;7r

O W ZERO UL ST, TvE N T
Ui T

i~ By,

FIGLH 2 5.1-0 )
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9.0 1LGAD G THE CHANREL CONTROL REGISTER {(CONT'D)

£
]
D7 D& 5 D4 D3 D2 n ] 0y
' o Thoan ) [T
INTERRURT) nauDE | BANGE | SLGPE |TRIGGER| TIME | RESET |
“ABLE Lo RSTART
- e R N
— ~ —
USED IN USED IN
TIMER MODE OMLY TIMER MODE ONLY
L n.a;‘
[ _ _ _

L 7=

The vhanngd 15 enabled 10 generate an fnterrupt ieguest sequence evory 1ime the Down Countes reaches a
serveumt condition. Tosel this bit 16 1 in any of the four Channel Contrel Regisiers necessitales that an
Lderopd Yectior aiso he writlen 1o Lhe CTC before operation begins, Chanoel infegrapts may be propremmed
isecitler Counter Mode or Toner Mode, 1T an vpdated Clunnel Cuntral Word is writeen 1 a channel already in
vpeiatinn, with bir = ser. the intenupt enable seleclion will not be reipoaciive Io a preceding 2oro-counl
comdilinn,

ikt Ta) .

Clancl Giterrupds o iabled.”

fhir =]

Counter Manle selected. The Dawn Connler it deoimnented by eadh Uipgering cdes of the Fetgira) Clock
Q7L RITRG Vinpul. The Povscaler is oot used,

Bit 624 -
Timer Mode woiected, e Poserler iseloeled by tle Sysvem Clock 8% and the amapul of the Presgsier n

b clowh il Doy Coaittes, Che onpur ol the [Jown Cowntyg [[h: chaunels £C7 T vulputy is @ vilorm e
Palws Vi ot il goven by 1he paodint e

L*F*TC 3

where tois the perid o8 S stem Uloch e it s dhie e ader Tacion of 16 of 256, and T s il 1€ onstsnt
ol wogd,

Biad=p »

L d Son Toer Mode enl o Poep by T o 3E

.
i 2= 0 .

- B &
UL d Goa Tipes Mawbe et oo Presealey Saelor i 14,
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51 LOADING THE CHANMEL COLTROL REGISTER [CONTDH
D7 g (a8 D4 Da D2 CH Do
.E J' *II:'E o R isE SLOPE |TRIGGER TIxE RESETY |
- CONSTANT)
e t -
AV
USEDIN USED IN
TIMER NMODE OMNLY TIMER MOQDE ONLY
Bit 4= 1 . .
TIMEE XONE - pusitiv: ade? trizger starts limer operalion, " _.;. ‘
COUNTLER MOUE - positive edge Jecraigents the down countar, . y
Bit4=0 i -
TIMER WMODE - pegativg edze trigger stans tlmer operation. ¢ "
COUNTE R MODI ne fative edge decrements the down counter, v
- ) no
Bt 1=}

Tione: Modds Only, —

Externa! trigger is vali fru sl:.lrllng timer upfratmn after rising edyge ut T uf the '-1

roachine cvele fullowi ing the ore Lsat loads the time coastant. The Prescater is decremented 2 clack syoles
later if the serup time i mer, otherwiae 3 clock cyeles,

. B

=g

Timrer Modz Only

Tirmer 2egins operation un the fisiny edge of T> of the nixchine oycle followiag the

one that lnads che time cpnstant.

vt Y= 4

The

sims goviizat fas

1 wand Far the Time Constart Bogister will be che n2 8 »udd written L this

chanal ¥ an npdatad Ch wiazi Coatrdl Word and time constant <hita word ace written to a chanze| wi:ile it is
already in operaiing, tie Dawn Counter will sontinue decremmenting 10 rerw befuie the new time congtan i

luadde ! iar. i

Bit 2=0
wo s
big 7 b ilds -yt ere
in oo e gt L ...u..,

Begiter, T l1ari b

Ragiarzr.
Bil=E] -~

B LTI T
Ly e’
ia:cr are chang L

TR IR T
\:r- "
Bei=0,

Crac

ol aps e i L
sorrent then-

I:-'|-' " :.;u

T RGN I RO EY

sonsiant fataword furdl 2 Time Constant Ragistes should be espacta D ra fullow, To progeae

sl thas 'hi Channel Corty I Ward s intend=d W npdade the siatus ol 2 chunne! al-eaty
Tl natuperns wd
o :him Channel Can

el o rocpec ty pragernteie oot a woed inothie Tieee Conagse

et Woard peovidas the only way af wiitiig 1o the Tinne ot

iy This b5 it 3 staeed wonitithme, Hpon wiiting o0 i
Verereat i, however, Rone o8 e the chanmel sonis ] regs
L=l egimmael wil g iz w <l s upmn boacling y tie 2 '

Irlandh-

TTEL L taiig:



52 1L.OADING THE TRAE CONSTANT REGISTER -
k3 r:"'c:.:'.-:].n-a}‘ b et er g ler Ty eihr T €1 Malr e Curater Mode PR e A T

woed By owiition e e Thno 0 ad Fogaer by the CPUL This date w8 il bevmpeaizd nihis von: LD
WRie tu this ciranoet Fotiosine e 1€ Wane of the Chanpe) Comrul Wingd, pibded it R 2 o7 he O el
Contral Word is wil The inte suisiang dala word imay e oany ntege 1 ~alue {n the ar g 1220700 Theigh bit
i this werd e sern, 1t s enerpreted a8 276 17 2 1ne constan data vword is loaded to s chaanel 2lready in

vy Hubion, the Down Counter will ¢ontinee decrieminting to dera zeloie the pew e covstant is lnaded [rom
ihe Tizpe Comsrgnt R2gisier 1o e Diwn Connter.,

——— . —y

TIME CONSTANT REGISTER

7 Dg Cs Dy oy ‘D2 O D

TC3 TCg TCsg TC4 €3 | TCp TCq TCq

—-

M55 L.SB
]
-
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[UNTHOL Mt
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B2 LOXDIMT THAINTERRBUPT VECTOR REZISTER

The Z30.L7C ks Baen dzairned mo openatz with the ZA0.CPU progran:med for piode 2imieirupt roponss
Under the e afreseat U o this made, whon a CTC ¢henael reg i s an iterrupt amd is acknowled szl 2 1600
puint=: st be formed 1o ubisin a oz pending intereupt serdue toutine starting 1 dreds frow o fabls in
mc mury . The cpeoey 8 bits of dhes puu-lr: arz puowidad by the TP register, and ; h;, awar B zits ur ine= T

. Fprcinter ars monitod By il OTC in e fonin of an In[“"t]"‘i[ Yetar unigue tg the partic ul.n' chanr o’

reinsd oz niee it [P fursher dotaile seo searion 700 “CTC fntefrurs Servicing™ . -
MODE 2 INTERRUPT OPERATION
g
Desired starting ad<dress painted to by:

INTERRLUPT
SERVICE
ROUTINE < LOW/ ORDER ! REG 7BITS FROM |
STARTING HIGH ORDER CONTEMTS PERIPHERAL
ADUKFSS -
TABLE '

“

..... SE—

Tiz bigh wid= 5 biis wf this "‘.:z::upL"u-"ntnr must be written 1o the {TC in 4-.1lr:u|u: as part af the
Anilial prog smieain g s295 2000 T 29 59, the CPU mrasc write 1o the /G ot address correspondi=z 1o the CTG
“channel O, just 1 i wauld it AChannel Control Word were being written to that channel, ALY thae bt O of

b waend melng wrine smsi conialn a @ fAs expleined abave (nseciion 5.1, it 0 of 1Whrd writlen 10 a
Clanne] wers yeq to 3, e ward would be interoreted a5 a2 Channe! Control *Word, 302 0 in bit § signals the "\/

CTC to Yoad the incoming wuwnd into the Interrept Veotosr Registec.) Bits | and 2. however, are not wsed when! *
loading this vaiter, At the lime when the interrupring channel pust place the Intercupt Yeclur on the 750
Dats Bus, the [nterrdpid Contiol Logic of the CTC autlomatically sipplizs & binary code inbits 1 and 2 identi

fying which of the four CTC channmels js 1o be seeviced.
[]

INTERRUPT VECTOR REGISTER :

INTERRUPT VECTOR REGISTER

7 L D5 s Da D2 O Dg
V?[Va]h’stva’ﬁ % X 0
~N— T T — a
SUP::IE:EEP BY 0 0 CHANNEL O {Righest Frig-ity!
it i CHaMMNEL 1
1 0 CHAMNNEL ?
1 1 CHAMNNEL 3 [Lawest Priority!
N TN __"'“'_J
. . AUTOMATICALLY INSERTED

BY ZB8C-CTC

—— e eam e g Ta — - - ——




6.0 CTC TIMING

g= see o "hustiates the fiming eelaiorshipe of the relesart CTC ping S the following 1y res of
vperaiien writing o word 1o she CTC, reading 2 werd fos the €€, counsim, o, ﬁni”.g Flerwliere in this
Al s be Seond tining disgrams felaing fodneropn sendcing {r\LLn-m 70 end an AL, Timihe THagimm
which quantiiitivels specifies the isnine releiis rships (secion 540

61 CTCWVWRITECYCLE

Figiere 6.0-1 flbstsnes ihe tiaing associated with she CTC Write Cyele. Tis seguence s applicabie 1o
luading cither a Clanne] Contyol Waord, an Imeirmpt Vertor, or a time gonstant d-1a word.

In the sequence shown, during elack gyvele Ty, the Z80-CPLU prepares fur the Write Cyele with 2 false
thigh) signz] a1 CTC input pin RD (Read) Since the CTC has no separate Write siznal irput, it penerates its
swry et ably fom he false RO input, Later, dusing chuck evile Ta. the Z80-UPU injtiates the Write Cvele
with troe flaw] sigmals ar CTC inpur 2ins mRT? {10 Request} ang CE {Clup Enabie). (Wole: M1 mus: be ol
e adistinguish Lhe ey ¢le Trom an bnienupt schoawhedge ) Al a1 this dme 3 2-b0 Bloary cnde appears at CTC
inputs €51 and C5Q {Channel Select | and 0). specifving which of the four CTC channels is being writien 10,
and the word being wrinten appears vn e £30 Lata Bus. Now even 1I1mg is. reudy [or the wurd 10 be laiched
into the apprapriate CTC imernal regisier in syncl:ronization with the rsing edge beginning elack owele T3. No
additicnal waitl slales aie Allowed.

) CTC WRITE CYCLE

w

CSp.y. CE x CHANNEL ADDRISS x -
iGRO _\ /

=

oaATA 4 Ir X

FAIQREATICALLY (SSERTED BY 250 CPU

— —— —— - 1 — e — o —— Ak b e T um e imm mmmL o —— - s w —
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B2 CIC READCYCLE

Figrarz 6.0:2 dlorates the timing ssaeciated with the CTC Read Cyole, This soquence s useld amy e
the CPU resds the carrens conizats of the Dowa Counter, Luring clock cvcle T, the 750-CPU initstey the
Raad Cy e wiih true W e L BV IR p[l!s RD (R}, 1DRQ (LG} R,:qun:}, :|nd-l."."|i |:.'["]I||_‘r Lna®ler, Al art
this tiipe 4 2.bit binzry sl appeaes ar CTC inputs €51 20d €50 (Chenred Select | and O, specilying which
ol the four C10 Mrancts a being read om. (Note. M1 must Be Lulse ro distinguish the cycle from an inress
s ackeosde 10z VO the rsing edgs of the oyele Ty the valid contents of the Down Counter as of the rising
gdym vf cvele T will be available on the Z30 Dara Bus, No additional w iz starzs are aiowed.

CTC READ CYCLE

P

Cig. 4. CE X CHAMNEL ADDRESS X
IBRA \ /
&6 AN /

Z'I

OaTA P — { auT )

"TAUTOMATICALLY INSEATCD BY ZBI-CALF

r— —
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63 CICONOUNTING AND TEAING

Ll
Figae i3 Mustrates the thoing Jiacrsm for the CTC Covnging and Timing Ma-les,

-

I the Comnnes Mode. the ey [ining vdlge & active S ihis s cample D Tooan the catemal landasie con.
nected wopin CLE VRG degremensts the Thea = Counten i oonecbrondzation with e Ssaem Clock U As
spadled incthe A C. Clisiacicistics (Seciion @0 j s CLEG ! RG pabse must have o e nimen widid and 1he
muinenu Fetbod st e L be sy than vadee e sestean ¢lock poried. Addhough shere S set-cp time reguare-
b Biwgen the oCline edpe of the CLEGTRE and e rising edge of 4 il the CLK, TRG edge oeours choser
than i specified mindmoin fane e decrement of e Dewn Counter wilk be detaved coe ceoie of B Tmmed-
iately afer te decrement of the Dawn Caunter. Lo O, the ACITQ cutpur s pu'sed true.

[ the Timer Mode, @ pulse frigeer (user-seleciable ax citheractice higl, or sotivg low 1 at the CLK TRG
pinenables 1iming funeiion wnthe seaond suceeeding rising edge of 90 As in the Counter Mode, 1he triggeting
padse i derevied ssviclinonously apd mest have 3 miimun widtl, The timing fenction s iniviaed sy norons-
ationr with 2 and o minimom ser-up lime 3s reguired between the active edee of the CLKTTRE and e next
rising edue of e, I the CLKSTRG edee occwrs closer than this, the initiation of the timer function will be
detar cd one exglhe of 4,

CTC COUNTING AND TIMING

I mE
e N s

. INTERNAL
COUNTER . / ZERO COUNT \___.,,__.,_..;_.__
zcno - / \

1] J L I —|
TREG i \

W T HRNAL TT TR TTlm o TS mer memmiem—me s T T
N+ER F STAHT 11.U~G




7O CTCINTERRUPT SERVICING

Each CTC chaznet ey B individuath prograemed ra reguess an Dnreaupt eveny rime its Down Counte.
e lies a vount of 22ne The puipese of 0 CTC-gererated ineerrupt. 3s for any oilier periphien] deddce. i 1o
force the CPL 1w execute gn interrapt servive romdine. Tooundize this featine the Z8G-CPU st be progangicd
for naeds Dinteriupt sespane, Under the sequineaents af this mode, shen s CTC channe] reqiests eointer.
rupt and Do ackipowladge o a T6-bir poiieter most be Bwmed o oBin g conespoding inbermpi secvce roure
sbacting ad dress Sronm 3 Dable inoae oy The lowee 3 Bits of the puinter 2 paoosidad b e C 10 w0 g Fuen
alan Integeept Yegtoo unigae to the pactivobee chaniel that requested the inrermipl. {For Tather denaits. reter
to chapier 5 0 of the ZSECEL Teclipisd Masual

The CTC's Intezrupe Coontnal Logie insares hat 10 aets in aeowmdancs sith S50 svitem islenupit poaroonl
fur nested privrity nt2erept dod proper retum froan inteceupn, Tlee prionity of any sy sbeot devive s detenmined
by its phy sical focatbes inoa daisy chwin configuiation. Two signul lines (E L and FEQY are puovided in the Tt
2l all 240 peripiuerad devices o form the system daisy chain, The desice clusest 1o the €U Ras 1he highest
pronity s within the CTC, miteirept privrily is prodeteemined by clianeel number, with cliannel 0 laving highes
prionity. Aveedding (o Z30 sy stem interrupt protovol, o prionity devices i channels inay mul interpl highe

peiveity devices or chinnels that have already interrupted 1ad not ad Wi interrupt service tutines completed.

However, high privgity devices or chunncls miay interingt the secviving ol lower priority devices ar ¢hiogpels,
{Far further details, soe section 2.3 “interropt Cuntrul Logic™.)

Sections 7.1 and 7.2 below describe the nominat tining selationslips of the relevant €10 pins Lo the
Interiupt Acknuwdedge Cyele and the Retnn from lutersupg Cyele. Section 7.3 below discusss o oy pical
ervample of dafvy chain interrupt servicing.

7.1 INTERRUPT ACKNOWLEDGE CYCLE

Figare 7 0-1 illisirates the timing asseciated with the Interrupn Acknowledge Cycle, Some e glie an
Wndesrups iy regeested by the CTC, the OPU will send vut an interrupt achoms ledye (M1 amd T, Tu
instzre thay the daisy chain 2aahle lines stabilize, claannels sre inhibited From <langing trein e rupt request "
s when m i3 ul.'fi.'l e ML as active dhout [wo elack [_‘,}'c[cs t.:lrllllﬂ' than tﬂm pnd ﬁ) is lalsc 10 di;tinguij]l
the . cle From an instruction Nl During this lime the interiupt logic ol the CTC will detenstine the Iighust
priorigy clunnel requessing ancintecsupt, I Uw CTC Interrupt Enable Input (1ET2 1 active, Wen the Dielios
pobority interiepting Jrancol within the CTC ploces its Inderrapt Yeotor vato the Dt Bus when I'GRT_‘u gy
active, Twu wait siaies [Ty, =) are autanatically inserted at this time o allow the daisy chain to stabiize,
Additional wait szates may be udded.

L

INTERRUPT ACKNOWLEDGE CYCLE

"

N T2 ' Ty T T3 Ta

M Y . Y 4 ‘ __-._

o S N
SR = T3 SR

l CAUTORIATICALLY INSERTED BY JEXTrU

———— e ———— —— —— ———L - — a ————— 4w

baTa  ———

'
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7.2 BETURN FEON INTEFRUPT CYCLE

Fipure 78 2 Nestites e tining sssoited with thie RETH Instruction, This fnstrugtion is wsed 21 ke
codd G i nTertup? sersice rostine W irtiadee the daigy chaie czable lings fon proper contiod of rested pri-
writy fterrwg Landiiag, The €10 dveodes the two-byie RET! code infeenally und determipes whyther it s
inbe ded Tor 3 channeh being sorviced.

- J—
When severad £50 periphesai clips are in the daisy chain IRl w il hecding 23ti = an the chip turrenihy |
ader sgmipe wien an L apeods s .rh codel I ihe-fo Nowdnn opeode iz A0H, the '»f"p"‘r:.. being t..:.m.::d

wibd b2 rednniniired g 14 r'* TED will become active, Aadtiunal wait siotes are 2liowed,

r

RETURN FROM INTERRUPT CYCLE

e inlinSnlsigizligSaNal

DS S

—.,..—......—.,...-...——.———? ——

S
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7.3 DAISY CHAIN INTERRUPT SERVICING '

’I

Figrsre 0 llustaeres aooopicn! wosteLintenugt setheence which sy oz in (e €00, Dy this esaniple,
changel 2 intountsae Ui g anted sendea . Whils this chunae! s belng wiioed, Miger plionidy Shaaeel |
inteorupts goa Tsgoented sreice. The seniue suacing for the higher poiviity Jhanmoe' s complzted, and o REYVI
imsbetcsiom Caee seetiom 7.3 0oe Puntdie Jelaili) i oxecoted o signal the channel that s routing s cunplete,
AT 03 rime, the service poutiaz of the lower pricrity channe! 28 resime ! an b ooanplered.

DAISY CHAIN INTERRUPY SERVICING

RHIEHESF PAIDARETY CHANNEL

. _E_J:.Ef.‘x{ L_FL CHANYEL 1 . CHANNEL?Z CHANNEL
iy e T e p—————
L. 13 IEQ | IE) IEI;]— 151 ‘ECQ M TE IEQ b—
S S - A P s i e . ¢ e el

1. PRIZFITY INTERAUPT QAISY CHAIN BEFURT ANY INTERRUPT GCCURS

. UNIER SERVICE
L - P el — e — I el — -

Lﬂ-— IEt IED '---_l—-t-l-— FEd 1E0 |- Al 1E] "IED -i— FEN 1E0D —-Lvi]—

R L

3 CHANREL 2 REUUETTS AN INTERRLUFT AND S ACKNOWLLOGEL.
UNGER SERVICE SERVICE SUSPENDFD

* HI 17 - bl Er gy H.l P — — g
L._m| 1IE0 13 ieo f—2 1) te g 0 1€ | IEQ NELEY l‘

- BT ™ St SR L S -

3 CHANNEL 1INTERRUPTS, SUSPENDS SEAVICING OF CHANNEL 2, !
SEANICE EOMPLETE SERVICE RESUMED

- R e r——— : —— T —— s v v = 0
L_H_I.. IEI IEN LEE: IEE}-H-. 1E0, IEN .ﬂ].__ 1E1 IEQ "..,.. .
R s ’ - — b e bt i
& CHAMNSEL VSERVICE ROUTINE COMPLETE, "RETI"SSUED, CHANNEL 2 SERVICE AESUMED
SERVICE COMPLETE

L HI m L ° T - AI HI
——1 11 EG IE1 IEQ 131 IEQ 1iE1 1E 0]

b 4 b e S Y . e reepepp—

E SELONT "RETITINSTHUCTIGN ISSUED NN SOMPLETION OF CHANNMEL 2 SEAVICE AQUFINE
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e ]
(Read andfor Weite)

Accumulater
Address

Addeessing Modes

Arithmetic and Laogic .
Unic (AL U}

Architecture |
Aszsembler

Auembly Langurage

Avynchronaws Opergtion
Baud

Henchmark Problem

Binary Coded Decimal
{BCDY

Bit

GENERAL TERMS and DEFINTIONS

The time interval between the inslant data is inserted into of reqguested from memory and Lhe instant
that data wansfer 15 compleed {may be ithe langest path.)

A fermparary storage regisieris) that (stores) sums and other acithmetic and logical operations of an
arithmetic lagic unit pAaLUL) )

A character or graup af bits that identifies a particular location in memaory, or other locations of dazs
sources and destinations.

The methods of specifying the location(s) ‘of data or program segments in memory or other locations.,

fl

That part of a CPL that performs anithmetic, logical and related operations. Along with memary and
control, an pssantial microprocessar element,

The organizational structure of 3 computing system. Relers mainly 1o physical makeup of the micre:
computer (Section 2) ar mucroprocessar-{Sectian 10 parts in this volume.

A computer program osed to translate a sn,-mbotic-lfanguage statement to @ machine language slaterment
on a ane-for-one basis,

A programming language utilizing sy mbalic representation. The symbolic representation, samenmes
called mnemonies, seggests the instruction function and s translatabde by the assembler im0 machine .’
language.

A switching network aperation with ne comman {iming source, Circuit operation is such thal the com-
pletion of one event nitiates the next,

A medsure af serial data ransmission How in commwenications applications, Baud rate genceafly gelines
signad bits per secend transmitled, bul may also include character {rarming bits,

A frequently used [sample) problem employed to compare and evafuate computers {microcompuiuers )
Permits comparison of the number of insiractions, memory waords, and operation cycles reauized 1o
salve the same problem.

Anumber coding systern in which gach decimal digit is represented by 2 4.hit binary word, The decirnal
number 13 becomes the coded-number QORT 011 in BCD using an 8-4-2-1 hinary code.

The abbreviarion of ““binary digit” and the single characters in a binary number {1 or O).



GENERAL TERMS and DEFINITIONS

A decision-making capability that permits 2 processor to w1ect one Iram a number of allernetive
wets of instructions depending on the dala being processed. .

A circpit employed to minimize the etfects ot a following circuit on the preceding cirgutt,

One or mare conductors used bor ransmitting signals or power from one or Mmore sources 1o one or
mare destinations,

£ pre-determined binary element string (numbed ol consecutive bits) operated on as an entity, A byte
is uswally but net necessadily 8-hits.

The unit of a computing systern that inchudes circuits controbling the interpretation snd esecution of

instructions,
Acgenerator of periodic signals used to synchronize circuit operations.

A computer program used W 'lra.ns.late a highlevsl lBnguage prggram leg JFQGRTRAN) into atomputer
orienled jassembly or machine) language piagram.

' ]
Ll " . L

A group of program copditions such as carry, borrow, overflow, etc, Lhat are pas ticularly relevant 1o

ins1rUClion eaecution.
A bus carrying the signals that regulate system operalion within and without the compuler,

A sequence of instructigns thay directs the central processing unil [CPUY in the vanpous gperations il
performs.

A compuier program usad 10 translale 3y mbuolic language proghams asembled on one computer into
machine-lanquage progams 1that operale on ancilher compuler.

A method of inwerrupt priority in which the interruat Bt 15 searched serially.

A bus used 1o Communizate data wnternally and gaiernally to and from the CPU . memory, and periphe-at
devices.

A register holding the mamory address ol the operand used by #n instfuction. The data pointer “points™
o' the memory location af the [datal operand, :

v



' GENERAL TERMS and DEFINITIONS

D212 Register Any repister that holds data.

Debug {Progiam] A computer program designed to ald in delecting, tracing and eliminating érrors in microcamputer [or Sther
compuler) pregrams while they are runming. Allows replacing, adding, of revising instructions inig the
main operatifg program.

Decrement A pngr'am instruction that decreases 1he contenis of a storage location.
Bedicated Micrgprocesser A micreprocessar that has been programmed for a specific, single application,

Diagnosne Program A compuler program desigaed 1o check the operation of various hardware and software parts of re
migcrecomputer sytem, Typically written for each functional area; e,q , SPU diagnostics for CFU rhecks,
Memory diagnastics for Memuory checks, etg, ..

Oireet Addressing An addressing mode in which the address of the instruction or operand iscompletely specified in thz in-
straCtion without reference o g base regisler or index register.

Birect Memory Access A method of inserting inputfoutpur gata inta slorage of obtaining inputfouipul data feom storage Saaatly,

ioma) withoul invelving fhe useal flow of dara through the processor regislers.
Editer {Program) . A computer program designed to allaw mantpulation of source program text material.
Emulate To imitate ane gystemn with.another, The iatter being microproxammable and equeipped with 3 special micio

pragram, <o that the imitating system executes the same programs and achisves the same resulls as the
imilated system. (See Simidate.)

4

Executign Time The time, normally expresged in clock cyeies, reuuir;fd 1o cdarry Oul 30 onstruciion.
Fetch The reading out of an instruetion f1om main memgry and rhe insertion of the instrugtion into weorkieg
MEmory,
Firmware Programming instructions stared in aread-cnly memory (ROMM.)
Flag Bit An infurmatii?n Lit that indicates Lhe occurrence of special conditions such as = gwerilow, carry, gairupt
Ffow Chart A graphical representatian of a problem and the cperations ta be accomplished to solve the aclem.
RTR AN . A high-level programming language used to facilitaie the expression of computer programs in annalic

teemns and formulae. Shorl for “Formula Translatar,””

Handshiaking A colloguial term that describes the method used by a madem [or ather asynche onous doviees } 1o
establish a commupicatian link for eventual data transmission,



GENCRHRAL 1ChiViodiid CrINTHIUND

A pioblem-crienied programming [anguage where a singls {unclional stalement may translate into
a series of instructions in machine language (3 iow-level language.] FORTAAN, COBOL, and BASIC

are commin high-level languages,

A program inslroction that increases the contenis of 3 siorage lacation,

An addressing mode in which the operand is located in Lhe instruction itself, or the memary location
immedialely Tollowing the instruction,

A register thal pravides a programming flexibility in that the inlarmanion it conlaing can be uied to
muodify memary address by sddition of sublraction.

An addressing mode in which the address partion af an instruetion is modilied by an index-regisier
during instruction execulian. A& means ol changing an instruction addiess on the basis of exiernal

commands.

An ad&ressing mode That specifies 3 memory tocation contldimng 1he addiess of data and ngd the dala

itself.

In & programming language, an Ex pression Thal defines & competer opoialion and identities iy orerands.
(e

The time reguited in fetching an instruction from memoly end sxeculing it,
The measure of the memory space requited 10 $10re a0 nSTIuction,
The 1o1al st ol inglrastions thal can be esecuted By 3 QIVER IRIiCropd OCEILOEL.

A program that fetches and immediately eagcutes instrpetions written in & higher level {anguage.
{5ee Compiler and Assernbler.} .

An exiernal signal that temporarily tuspends the normal program gperzlion in order 10 permit pro-
tessing of & high-priorily operation, Maultiple inlerrupt capability requires establishrmeMy of an HWITRITLAL
PGy SyS[em.

General 1erm applied 10 equipment andfor dats involved in connegting the central processing unit
fCPUY with the outside world, The conual electrgnics necessary 10 Li# Lhe COMPUTEr (G valiGu) £X-

wrnal.application areas.
.

A cannectian to # central processing wunit [CPU) wired e¢ programmed 1o connecl data belween the
CPU and exi1ernal devices, i e., keyboard, dsplay, card reader, £lc, May be an input, owtput, or

bidirectional part,
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LENERAL TERMS and DEFINTIONS

An enconditipnal depsrtve from the narmal instruction sequence to & dilferent place in the
piCgram,

A compu Ler progeam designed to read {enter] a program from an inpul device inta working stofage.
[Random Access or Read/Write Memory — RAM,|

b

A central processing unit [CPUY feature thar allows the computer 10 mash [ignore! an inLesrrap?
request unlil the Tollpwing Wnstruction has been Execuied,

A sequence of instructions in which the final instruction causes cepetition of the sequence a Number
of tirmes until @ termination condition 35 detected by & bhranch instruction is reached,

The numeric larm of specilying every bit of every InsLrucion in & program. The final binary program
code 1thsl a cornpuler uses directiy,

The basig ceatral processing umil [CPUY cycle 'n which; an address may be sent 1o memory and aoe
word {data or instruction] may be read ar writien! of in which a feiched instruction may be eveceted
{ne machine cycle is made up ol several clock cycles.

A symbolic sgurce assembly language statement that combines any group of fiequendy vied commands
{instructions], The macrg indtruction will be expanded by the assembler into szveral machine danguacy
insuroctions,

The register in the central processing wait {CPU) that contains the agdress of the storage {memoey )

focation heing sccessed. ’

;
A computer system wheose entral processing wait (CPLY §s @ microprotessor, A basic amicrecomputr
includes 3 micropratessar, mamany. and inputfoutput facility.

An element in 3 miceoprogram. .

A single integraled cirguit chip, or set of chips, capakle of perfarming the functiors of a comput-r
central procesaor,

The compurier ingtructions stored in & read-gnly-memory [ROM| that impisiment the bayic instrocoe
sel of the campuier. '

A compurer in which the mictaprogram [microinstrugtionst in the read-enly-memory [KOM) can
be changed, [hui changing the computer’s instruchion ser,

t"



GENERAL FEKMS and DEFINTIUNS

Symbolit names or sblreviations far instruclions, regislers, memory 1oCations, L., duggesling the
delinition o7 {unctien thereol,

Drvites of equipment employed 1o interface dala pioressing equipment wilh comemunicalion hines.

¢

Similtaneous eagcution {by use of multiple CPLEy uperating with a commanmemory] of muliple
programs by GRE computer.

Calling a subroutine fram, or enclosing a progam lgop within, a larger rauting of loop, For g
subrouting The nesting level s 1he number of times 1the subrogtine is nested.

v

The colput hiom a compiler or assembler which iy iself executable mathine code or is uilable for
processing 10 produce execulable mathine coxie.

The Lisld ot the instruclion that repiesents Lthe specilic operation 10 be perlarmed.

4

The data with which a mathemalicat or gther pperation is perlormed.

A cormputer program Lhat contrals the overall opecation ol @ computer system, including such things

# memory allocatign, inputfoutput distribulion, interrupt precessing, job schedutbing, etc.
v

A Bl jn ke condition code register that indicates f the previgus operation in the piogram caused an
arithmetic oveillow, i.e,, Caused & guantity (o be generatled ihat excerded 1the capacity of 1he results

regisier,

A n2tural grouping ol memary locations, €.9. 78256 consecutive by tes in an B-bit mictoromputer
may typically canstituie a “page”” of memory.

The processing ef ali the bits of & word (bytel simultanecusly by transmitting o0 Separate chiannet
or bus lines,

Auxibiary equipeient in the putside world) used 1o enter datain and receive data tioon a (micen -
compter. .

Temporary suspention ol 8 Microcomputer program ta permit 2xeculion ol 2 pragram or part of
a prograrmn of higher piiority.

Central processor unit (CPUY registers 1hat cumain mernosy addresses. bamelimes called Dats

Fuinlers or Prageam Counters,

A method usedt 1o identify Lhe source ot an interupt 1equest. ‘o poling, the interrept regueest
search is dong seriaglly,

wiil
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uciNCHAL (EHIVIS and UEHFINITIUNS

Terminals thal provide electrical access betwaen the (microlcomputer and the auiside world.

A regisier in the central processing unil {CPU) whose job is to stap the frnicrolcompuier through
the [microlpragram. This register holds |saves) the agdress of the Instruction under gxecution in
the evenl of program interrup? or b dnching acTivily,

An srray of logic elements whose interconnections can be piegrammed {usually mask programuisia.
some {igld programmable] to perform a specific logical tenction,

A memory array manufactred with 2 constang logical pattern [all ©nes or zercs| ang Thal can by
wiitlen inlo |programuned) by the user.  EAROM's {elecirically alterable ROM's) can be eleceri-
cally erarved and reprogrammed. EPROMS can be erased and ceprogrammed using ultravioler light
and elecirical signals.

Gee "Srack.”

A memory device thathas read and write capebtlity and that providss dicect 3ccess Lo Stoned
informalien, regardiess of location. Read or write Lime is independent of data location

Te acquire and/or o interpret data from a memory device,

Small sgale memery capable of hplding 4 fixed amont of data, such as o word. LMsed imainly a3
lemporary storage, and accessible 1o the central pracessing unic (CPLL) The number o! registes
in a microprocessor 15 directly celated o the pragram efficiency,

An addressing mode in which the address is determined by adding an gffsat address 1o 2 base
address stored in some register. Permits the compuier to relecate blocks of data by changing only
ane number,

A memory device generally used {p $tore a compuler's control programs (firmware), and Dl
altgrzble by normal ope:ating methods. Exceptions are PROM's, EPROM s and EAROM's,
which are ROM's whose contenis may be aftered in the Feld by special means,

fAragfwviite {RAM] memory devices or registers that gie-uled 14 51078 temporanly inte Mediile
results (da1a), or memory addresses [pointers

Ta imitale ane system with another using & progeam written in assembly ar Bigh-leved language
50 that the irmitating system acceply the tame data, executes the same programs, and ac complishe
the same (esulis as the system being imitaled, (See Emulate.}

A partition of a microprocessor that enabley several identical gnits Lo be paralleled gr € acaded
and augmented by cantrol iogic 1o realire the CPU,

A colleetion af computer grogepms, procedueres, rales and documenration wswd or associdten
wilh [he operation of the computer,

Xlv



GENERAL TERMS and DEFINITTUNY

A computer program in a high-level or assembly fanguage.

A sequence pf iegislers or memory yiorage locations accessible in a last-indirst-out (LIFD] basis,

The counier o4 regisler that addresses 1he curren: stack 1OCAuon,

& compuler system 1hat is complete within itself and does npt requite conneclion 10 another computer
sySTEm 10 operate.

A quoup of imstructiony (subprogram} 1hat may be réached from mote than one plage in a main
program with 4 branch back 1o the source paint when the subprogram tash is compleed.

Circuit operangn using a common Lming source {¢lock) 10 lime circuil or dara transler aperations,

See “Branch Instruction™

A device used in communications applications 1o interface lconnect] @ word parallel data 1esmina
[eontrolier) 1o 8 bil serial communication netwark,

k

An inieerupt system in which each inlerrypt can be immediate ly serviced winhoul having 10
determing which inlerrupl has occuned by polting,

ln & given [microjocomputer, 1he Mdst COMMEn $torsge entity lor instruclions and data,

To record data,
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The ZRO0O family {s & new set of microprocessar
components (CPU, CPU support chips, peripherals,
and memaories) which supports the Z3040 architec
ture. The accaunt of how architecturel goals were
selected and achieved for two key metnbers of this
farily —che Z8000 CPL) and the memory manage-
ment unit—illustrates how much of a challenge
micraprocessor architecture representa Lo the semi-
conductor industry. MOS technoloyy shows enor
mous potentiel, but it is stil! dilficult Lo use because
cf limitalions an pin Coont, power dissipation, speed,
and eoinplexity.?

-Bince this discussion is restricted to technical
fasues, we will not allude to the many additional fac-
ters Uinarketing considerations, human considera-
tigns, sell-impostd resirictions, ete.} which mahe ar-
chitecture such a fascinating and difficult discipling,
Furibhermora, no attempt hes been mrade to ex-
hsustively describse the ZA000 architecture and eom-
ponents, Intervsted readers should consult the
spicific manuals for a more complete description.®?

The goals of the 28000 architecture:
increased capabilities, archilectural
cnmpanbillty, increased clarity

The primary resson for inlroducing & new aystem
architectore is to significantly improve the contrgl
and processing capabilities of microprocessors while
mainlaining their pricelperformanco advanlages,
Technical advances have permitied the implementa.
tivn of substantially increased processar power, but
Lhe most significant motivetion for 4 new companent
furnily is generality, Only throvgh such a family
could we provide for architecturally compatibla
growlh over a wide range of processing power re-
Yuirtments,

S P e TV UL B L 19T IREE

Increased capabilities,
architectural compatibility, and
clearly defined interfaces were
the chief architectural goals of
Zilog’'s new Z8000 microprocessor
fumily. Here is an account

of how those goals were met

for two members of that family—

the Z8000 CPU and the MMU.

Cur approach was & staged system architecture
which sLlempls to provide new components, enhane
ed features, and new functions, while protecting the
user's investment in hardware and seftwars, The
ZEO00 family supports a single unified architecture
for 8! small, medium, and high-end user applicationy
which are implernented using a miz of components
within the same family.

The goals of the ZRO0D architecture can be grouned
inte three calegorics: inereased capahilities, architec-
tural compatibility over a wide range of processing
powers, and increased clarity. In all these cases the
reaulting architestural festures apply either Lo the
basie architeclure {thel seen by an spplications pror
grammer] or to system architecture (that seen by &
syslem designer or nn gperaling sy slem pPrograr:
mer},

Increwsed capebililies. All existing B-hit micro
processors and meny 16-bit minicomputers suffer
Mrom having a small eddress space. Sa, one of aur
goals was Lo provide access to a larpe address space
(BM bylew), A second goal was to provide more re
sources in terma of regisiers (16 general-purpuose
16-bit registers), in lerma of data types {from bits La
32 bitsl, and in terms of additionel insyruetions eom-
pared to exisling mitroprocessors {moultiply and
divide, multiple register saving Instruetions,
spectabized inatructions lor compiler support etel

To faciiitoto camplex applicationsit wasinmporiant
to support multiprogramming with good hardware
suppart of task switching, interrupts, trapy, And two
execution modes. Opersling systems also requirud |
gnod hardware pmt&c‘.tmn gyalem,

Finslly, we wanted Lo inercase overall system per
formunce, This resulied in thechoice of an implemen:
tation using & 16-bit-wide duta path Lo meinury.

COLPUTER



Archltectural compatitiility. One of the imporiant
lessons lenrned from provious computer Byslem
desipnsisthat Lthedesign of a new family archileclure
iaarare vecurrince, One way to spuly thislgsson isto
clesign a unified architecture compatibla over a wide
ranigh of processing powers, [ wa anticipaie usor
prowth from sniall Lo large systemy within & family
architectw e, then such anapproach can significantly
inerease ils life,

The two versions «f the 78000 (s 40-pin
uhsegmenied and & 48-pin segmented veraion) are
designod to achieve this goel, but many uther
features contribute indirectly to the fumily cam.
patikility. For small aplications an unsegmented
L8000 with onn ur moro 64K byte addresa spnces can
e used, For mediom spplications, n segmented
AHO00 and one mernory menagement wnit ollows
direct access Lo 4M hytes of addivss spuce. For lazge
applications a segmented Z8000 ond multiple pairs of
MMUs aljuw the use of several BM-byte uddress
BpHCEE.

Since the segmented 28000 can run in an unseg-
mented mode, both aystema ara compatible, Finally,
tn achieve even larger processing power through
hardware replication, Lhe architectura provides Lasie
mechanisms for both maultiprocessing and dis-
tributed procossing.

Clarity. Clarity in an urchitectura 1y & measurs of
how well kay interfacea are defined and specified.
This is an elusive but [mportant goal in s family
where new end unloreseen components will bo addoed
during the life of its archilecturs,

We felt bus protocols were so0 important
that we «developed an independent
specificntion for the Z-bus along with the
individuul device menusals,

Clarlty in terms of the basic architectiire moans
regularity and extendabilily of the instrucLion sel, ss
well 23 the general and simple handling of the
operating system interfaces. Clarity in terms of Lhe
system srchilestyre mesns & well defined mathod of
communicalion between ihe various components.
The key Link between these components is Lha Z-buy,
whith is a shared syaleyn bus. In the saction on com-
munication with other dovices, wo describa soma of
1l.e varigus Lypes of hus prolocols. AvZEillog we felt
this was s0 impcriant that we developed an indepen-
dent specification for the Z-bus along with the in-
dividual device manuala*

" Comparlson with other system archileclires
Wa rre coovincod that the differences between

microprocessar system architeciure and large comr
puter aysbem archite-ture wre not sufficieal to ra-
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yuire a different desipn epproach, although they cer-
tuinly influcnee the details of design compromises,
Thelust sertion of this paperdeats wilth implementa-
Lion tradeufla end jlusiraies some poarticulur com.
promises, {In a few places we mix implementation
cansideralions with descriptions of architectural
Lredenffs. Despile theimportance of separaling anar-
chilecture frum ita implementation, we found that
this separation isoflen alisent duting the actual crea-
Lion of 8 new architectura.|

Two differences hetween conventional computer
syslema and microprocessor systems have tha
gruatest impact: price structure and component
boundary differencea. For high-end LSI systema, it
makes synse Lo hava one uniffed architecture, but
unltke their computer lamily counterparis {IBM
J6370, RDT-11} differant implementations canoot
b justified on B price’performance basis. Speed and
performance are mainly dependent on the state of
Lechnalogy, and Lherefore, for s given application, &

user will waste the speed willingly since mnother

slower implementation would cout the same, Thia
doea not exclude different versiona of one implemen:
totion, which reflect only different test and produc-
tion criteria poch as packuge type, funclional Lem-
perature rangt, and pven speed range.

Mot computer sy stems have both external and in-
ternal interfaces, Externs] interfaces which define
aystem boundaries are often standardized le.g., the
13M channelinterface ar tho DEC unibua). ‘The inter-
nalinterfaces of most minj or large computer systems
are essentially hidden. In contrast, the companent
boundarles of n microprocessor-based system repre-
sent actual interlaces, and most users must be famil-
far with them aa well na with external interfaces.
Berause the component interfaces are more visible
nnd often must be more general, the microprocessor-
orfented system bua emerges as a key standardjza.
tion lLnk to allow a wider mix of components end
designs.

The basic archileciure

Address apsce coosiderations. It is advantagecus
to have mpre than one sddreas space, with each ad-
dress space a9 large as poasible. In the ZEDOQ,
memory references and 140 references are viewed a9
telerences to different addreas spaces. The 1A space
ia discussed in the section below oo tommunication
with other devices. Memory'references may be in-
structions or dats and stack wecesses, with each Lype
of accesa poasitle in either system or normal modes,
The FHOOG distinguishes between each of thess
reference possibilitics by using diffzrent combina-
tions of its statos lines. Separating the various ad-
dress spacescan be used Lo increase ihe Lotal number
of addresmnble bytes and to ochieve prolection. The
sire of each address space depends on the versions of
the Z8000 ysed. The 40-pla parkage vergion allows
each addresy space Lo be al most 64K byles, the
48-pin package version allows each address space ta
be at most S000K bytes.

+4
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'The 4Q-pip version is inlended for syatema, often
used 3 dedicaled syatems, where the program and
data sprees wre small In this case, relocation 1 not
usually Twportant. Using the differcnt addresa
spaces, one has e simple way Loaddress inpracticeup
Lo 4 2 64K byles{with s maximum of 6 x 64K byLea).
Some simple protection is achieved by scparating
these spaces in hardwere,

The 48-pin veraion with one or more MM Us is in-
tended for the medium to largs applicaliona where
relocation and betler memory protection are impor-
tant.? In Lthese casey, status inJormation can wlsg ba
used to separate between addrean spaces by vsing
multiple MM Us, But it isalsc essential toachieve Lhe
detailed memery protection ruquired. LIL i3 possible
touseLhe 48.ginversion without an MMU.) For thise
high-end applications, the 8ddresa specesare solarge
that oneis unlikely toexhaust them. Experience with
large coinputers shows that ¢M bytea is probably
adeqoate. The currenl implementation of the Z8O00
uses SM-byte address spaced, but Lthe architecturs
provides for 31-biL address {2147TM LyLosl

in both versiona, the Z8000 allowas direch access
to each sddiess space. Direcl access means that Lhe
addresses used in instructions or registers have us
many bitsas the sddress space size requires. Tn other
schemes the effective uddress {a a combination of &
shorter field in the instruction and olhar extension
Lils often found in an implied register. Despile the
shorter address Felds, we believe this "indirect ac-
vesa' does not save bytos, becpuse axtrainstructions
must be used toload and save the implied registurs,
which are Lypically in short supply,

Huegisters. The ABUOQ i3 primerily a mwtuory-to
regisler architecturs, This characteristic does not en-
tirely exclude other organizations, and mechanisms
exist in Lhe Z3000 to support them. For vxanple,

memory-to-memory operations ere supperied for

strings, wheepas siack operations are supported lor
procedure and procesa chanyes, Thiachoice provides
upward cumpaiibilily with the ZB0. A regisler ar-
chitecture alse results in good performance, since
registir accesses are made at g greater speed than
memery accesses in the current implementation,

Experience with register-oriented machines secins
toconfirm that four general purpose registers &ranot
enough and thak a “proper” number is between eight
and 32.5 The ZEODD supports bLytes, words (16 Lit),
and long words (32-bit), and & few instructions even
use quadruple-word (64-bit) data elements. 1f we
choose 16, 16-bit registers allow ejght A2-biL registery
85 well us four 64-bit repisters (Figure 1). Since ad-
dresses are 32 bits, Lhe necesaity of &t least cight
32-bil regislers was obviovs. The impacl of the 4-big
regisler fivld on the instruction forinat depends also
on the number of address modes and operands, Six-
toes regisiers allpwed a reasonable tradeoff, whereas
32 repisvters would have resulied in Log lew one-word
inxirugtions

With one minor restriction any register can be used
by any instruction as &n accumulstor, source
opurand, index, or memory pointer, Thisrepularity of

the structure ia so imporiand that it is worthwhile to
sactifice any possible encoding improvements in i
struclion forinala which could resuh. from dedicating
registers to special functiony. Enceding improve
menls baued on Instruction lrequency, so Lhat fre
quent instructions use one word, are more cllective in
snving space without having a negative elfect on the
wrihiteclure,

Why not have specialized registers? The
difficulty lies in the fact that the
resirictions caused hy dedicalion ere
inconsistent with one another,

Maost epplicaticna dedicate the available registars
to specific functions. For example, most highJavel
languages require r stack pointer and a stack frame
pointér. Then why not, one might srgue, have
gpiecislizod registera? The difficulty Lies in the fact
thal the restrictions eaused by dedicalion are incoo-
sistenl with one anolher. If the architecture supplies
only general-purpose repisters, the user is free to
dedicata them Lo specific usages for his application
withoul respricLions. This fs important in the conlext
uf microproceasors whera user spplicalions are not
wall known and where high-lavel languaees are 541l
used infrequently.

For example, Lthe 28000 allows software stacks ta
b inplemented with any regisler. There are also Lwo
hardware supparted stocks, byt the registers ueed
are s1ill gencral purpose and can participate in any
operuifon, There is no atlocoted stack framu pointer,
since ony register can be used by means of the proper
combination of addressing modes. The savings realiz-
ed by repipter specialization are unatbraclive when
the given function can still be performed simply, The
loss thet wonld result from restricting Lhe applica-
Ligns would be Loo great. In contrast, significant sav-
ings reavlt rom excluding RO fromuse as enindex or
memory pointer. This exclusien ellows one Lo distin-
guish between the indexed snd direct addressing
moles which use the seme combination of the in-
struction pddress mode field, The price is sinall, since
R still cen b an acumulator or source register and
15 others accumulator, index, and'or memory
poinlerd are avaflable. In this case the resioictisn
tnade senge, )

Another decision tobe made about regristersistheir
site. Since the archileciure handles mulliple daia
Lypes we muat have mulliple data register sizes,
which can hold each data type The soluticn gf Lhe
problem iy implemented in the architecture by pair-
ing registers, 1wo 1-byle registers make a word
register, two word registers make 8 Jong word
register, ete

Data types. Users would like to have as many
directly implemented data Lypes as possible, A data
ty'pe is supporied when il has a hardware representa-
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tigh and instructions which direetly apply toit. New
data {ypes can always ba sitnulated in Lerma of basic
daiatvpes, but hardware support provides faster and
more convenient operationa, At the same time, & pro-
liferation of fully supported data types complicates
the architecture and the itnplementalions,

The Z20Q0 supports severnl primitive Lypes in the
architecture #nd provides oxpanslen mechaniama,
The basic dala types are oliviously tha anes expected
te e nsed most frequently. The extended data ty pes
are built waing existing data types and manipulated
nsinr existing insiructions. ,

The besic data type i3 the byle, which fs slsc the
i+ ¢ addrcssable elemont. Al grher dath Lypes are
reitr. nced using their first byte aildress and their
length in byles. The archilvelure 8lso supporls the
following data types: bytes |8 bils), words {16 bits),
long wards (32 biLs), hytes, and word sirings. In addi-
tion, bits are fully supported and addressed by
mimber within a byte or word. BCD digits are sop-
ported and represented a3 two 4.bit digits in 1 byte,
One conscquence of this data (ype orgenization is
that byte, word, and long-word rogluters are nevd.od
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te support them. The ZE00D even provides guadruple
register—another extenslon—uyeed in long-word
manipulation.

Other data types are Supported by using cne of the
preceding data types; for example, addresses are
manipulated a3 long words, and each element {seg-
ment number or offset) can be manipulated a5 8 byte

or a ward, Instructions are ona to five word atrings, .

the prograrn slatus is four words, ebe,

As thp family grows, support far new dala types
will be added. The architecture will need to suppart
them inits registers ot in memaory if they donot fit in

registers (a5 strings sre implemented Lodayl But

mostimpeortant, the architecture wilthave to support
the addition of new instructivns L0 its repertoire.

Instructions. In designing an instruction format
the architect mast decide how 1o allocale » Iimited
nuraberof bitstothe pprode field, address mode feld,
and other operand subfields. Instruction usage
stalistics are the best source of data toinluencedeci-
sions about instruction set format.! "7 Behind their
psage Lies & strong technical position: we do not

*
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Figure 2. Examples gt inslieclion [armals (nansegmanled versionf

believe that any one of the various instruction set
slrucLures--register oriented, memory priented,
slack orienled, symmetricel, or as¥mmelrical,
elc.—are always betler when used exclusjvely. Thus
thetesk ol the archilect is todecide what hiz moslim-
portant goals are, and lfor each of therm adapt the best
fazlires of the varions structures 50 that on the
average, and for his set of goals, an optimuin solstion
can be found. Wedonot believe that the opLimum will
be very sharp: it will be more like a range af spplica-
tions for which the resulting composite struclure

. works well, We decided 15 use a register structure for
compatibility, multiple word instructions for speed,
memury-Lomemory instructions for strings, stack
structure for process conlral and procedure support,
“short™ instruction for byle density improvement,
ke,

Tastruction forme! consideration. The TR0 has
over 110 distinct instruclion Lypes, several instrac-
tion lormals are illusirated in Figure 2. The opeoide

+ Teld specifies the type of instruction {for example,
ADD and LY. 'Fhe mode {ield indicales the address-
ing moades [{or exatnple, Register {R}, Direcl Address
(DAl The dala element type IW/B) and regisler
designator {iedds complete the basic instruction
fields. Long word instructions use z different opoede
value frow Lhwir byle 6r word connterpart, Fregquent
insi mictions are encuded in a singleword, and less [re-
guent insiroetions which use maorg Lhan lwo
operands use two words. There are often sdditional
lictds fur special elements soch asimmediate valoes
or condition vade descriptors (CC) Insiroclions can
designate one, twe, or three pperands explicitly. The
instruction TRANSLATE akpD TEST is the only one wilh
four eperands and is also the only one with an implicd
register opgrand, 1

Several restraints can giide the proper choice of an
instruction format. A large number of opcodes fused
of reserved) is very important: heving & given in-
struction implemented n hardware saves byles und
improves speed, But one psually needs to concen-
Lrale more on the completeness of the gperalions
available on a particular dala Lyperather than on ad-
ding more and more esoteric instructions which, if us-
wd frequently, will nol significantly allecl, perfor
mance. Great care mast be given tothe problem of ex-
panding Lhe instruclion set s, fur vxainple, new dala
typres can he added

14

Aiddeessing rmodes, The ZB0OU0 has cight sddress.
ing mudes: regtster (R) Sedicect regriszer (TR), direcr
wedeiry 52 (DAY, indexed |X], immedicie | M), base ad-
dress IBA), base indexed (UX), ond refacive adddress
{RA). Severel other nddressing modes ere implivd by
spilie instruclipns such a5 RULGIRCIrment or auto-
deerement. :

Although d very large number of sddressing modes
isbenefieial, usagre sugtistics dononstrale Lhot not all
combinationa of opgrands, addresz mades, end
oecalors are meaninglul ® 'The five basic addiessing
modesof B, TR, DA, X, and [M are Ui inosl freque -
Iy vsed and apply Lo most instruttions with more
than one sddress mode. For twovperand instrae
tions, stalistics show that most of the tima the
destination is a register. Other casca of addressing
mode combinations and less basic addressing modes
are nssociated wilh special instructions, Thua, the

frequent combination of autodecrement for the

destination operand with Lhe five basic addieas
modes for the source operand is provided by tha puss
instruction. The combinalion of aulsinerement ad
dressing modes for both source and desiination
operands is one of the block move instructions. Io
esscace, the address mode field spacehay been tradad
lor opcode feld space, This allaws mure instruclicng
end combinalions whila staying wilhin a oheword
format.

The price for thia tradect! ia the infraquenl occur-
rence of pairs or triples of inslruclivns simulaling »
missing addressing mode. This sitvalisn occurs in
most instruction seLy in ARy case.

Coide density. Bechuse currenl microprocessois ata
restricted Lo primitive pipcline slructures, tlwir
spiedis largely dependont un the number al execuled,
instruction words. Therefore, codedensity is nod enly
important because of progratn size reduction hul alao
Lecause of speed improvement. One wauld like L6 en-
code in the smallest number of bits Lhe most freguent

instructions. The basie instruclion size increment.

was chosen to be & word for reasens dealing with
alignmint, speed penaltics, and hardware campox-
ty. Thus the most {Tequent one and two-operand in-
slructions lake one word in i register nr regiscer-
toregister forms. Less frequent insbructions er in-
struelions which use more Lhan Lwo operands ute al
leasl Lwo worda.

The Z8000 pocs even further by selocting snmvaoral
epecial instructions as "shert'' instructivne which
Luke only one word, when nurmally they would toke
two worda. These instructlions, such as Lol Gy
REGLSTER IMMEDIATE end LOAD WONU REGISTER IM
MEMATE (for small iimmediaty values], Cal.l KELN
TIVE, and JUMF NELATIVE, ure 5 frequent slatistical-
ly Lhat they deserve such special] Lrealment.

A one word JUME RELATIVE and UECREMENT AND
JUMIrOXNOK ZEND alsg have a very sipmificant impact
on speed. The sharl offset muechanism wsed by pd-
dresses (and described beluw) is also designed to
alow oncword eddresses. Comwpared Lo previcus
miLrpprocessors, Lhe largest reduction in size sl
trease in speed resulls [rom e 28000s conslsicnt
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end reprutar stenciure of the architecture end from La

mere poweriul instructon set—which allows fewer !

inglruclions to accomplish a given Lask,

High-lovel tenguage support. For microprocessor
usera, ihe transitionfrom assemblylanmizge Lo High.
Tewel lungusges will sllow grester frecdorn from ar-
chileetural dependency and will improve ease of pro-
gammingd 1L is casy and lempLing Lo adapt a com-
puler arehitocture Lo execute a parlicglar highJevel
Ianguaga efficient]y.* Most programming lanpueges
uct as a filter and can be supported by & subset of
available hardware wilh greater efficiency.'® But effi-
cieney for one particelar high-level language is likely
1o lead to inclMiciency for unrelaled languages. The
ZE000 will be used in a wido variety of applications,
wad we know Lhal a large number of users will still ba
using assembly languages. Since the Z800Q is a
general-purpose microprocessor, language support
has been provided anly thmugh the inclusion of
fertures designed Lo minimize typical compilstion
and codo-generation probiems. Among these is the
regularity of the ZBQ00 addressing rmodes and data
types. The addressing structure provided by segmen-
tation should support procedures that resolt from
structured programming. Access o parameters and
local veriables on the procedure steck issupported by
index with ahort offset address mode as well as bace
ntldresa and base indexed address modea. In addi
tion, orddress arithmetic is aided by the INCREMENT
1Y 11015 and DECREMENT BY 1°10 16 ingtructions,

Testing of date, logical evaluation, initielizalion,
und eomparisen of data are made possible by the in-
stiuclinng TESD, TEST CONDITION CODES, LOAD 1M-
MEUIATE INIO MEMORY, and COMPARE IMMEDIATE
WiTll MEMORY. Compilera and assemblers
imanipulate character strings frequently, and the in-
slruclions TRANSLATE, TRANSLATE AND TEST, BLOCK
COMPARE, and COMPARE STRING all result in dramatic
speed improvementa over software simulations of
these impotiant tasks, especially for certain types of
languages. [n eddilion, Bny register can be Used 65 @
stack pointer by Lhe PUSH and POP instructions.

Segmentation. Tn order to provide for convenient
code gineration and dala access, addresses must alss
he casy tn monipulale. Architectures with direct se-
crss Lo memory Ly pically use a linear address sparce,
s that address arithmetic may be vsed on the eatire
address. In this case, sddresses are menjpulated as
s of Lhe dala typea of the same size. Thes remaoves
the need lodistinguishan address as a new data type.
Incontrast, the 28000 has a hon-linear address space.
Adddrrsacs are made of two parts: a 7-hit segment
number and & 16-kit offset. Only the offset par
ticipalesin addiess atithmetic, The segment number
ia essentielly & pointer to'a part of the total address
spuce, which can vary in size from 0 Lo 64 K bytes, The
hardware represenietion of &8 segmented addresain g
long word ar B register pair [Figure 3), which allowa
the easy manipulation of each part af the address,

The segmented sddresses are one ol the key
tnchanisrg used to supyort both large and smal)
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Figure 3. Handwitre represontalion al segmented addresses. Any non-
eagmenied addoets |5 one weed, whether H §s In a regisier, memaory,
ar an Instructlan {Figure 33). Segmenisd sddressss are always iwa
wards In & reglgior or memory (Figure 3b); howsvar, Insiruclians can
have ¢ne ol two 1orms, The ysusd case {long olise(] requires Iwo
weords (Figura 3ck hawever, thare ln also & shorl olfset taem thal uses

only ane word [Figuie 3d +

mersory systems efficiently. The two versions of the
ZE0D0 implementalicn, the 40-pin unsegmented and
the 48-pin segmented, sllow the maintenance of the
architectural competibility wnd ease the growth be
tween thess two application groups. Tho segroented
eddress space guaranices that esch G4X-byte ad-
dress space of the 40-pin version becomes gne of the
scgments af the 48-pin versivn. Each 40-pin version'a
16G-bit aeldress bocomes an ofiset withinthe segment,
and & mode pxisle in the 48-pin peckepe version in
which 40-pin version code can be cxecoted, Further-
magra, compatibility with any current 8-bit micro-
processar such a8 the Z80 ig cany, and a new micro-
computer such an the Z8 can sddresa axternal data in
a shared segment with Lhe Y8000, :

The hardware performance of the 28000 is plso im-
proved by address segmentation, Since a segment
number di¢s not participate in arithmetic, it can be
put on the bus before the result of an address com-
putation is aveilable. This festyre allows the use of
MMUs with easentially no impact cn memory access
tirne Ly allowing it te funclion in parallel with the
CPD. Indexing operations ara lso faster because on-
Iy & Yé-bit addition musL be perforined. Because of
the distinction belween the segment number and its
offsel, ane can use shorter addresses without soft-
ware consiraints. Short addresses can asen short off-
set Hewer than 256 bytes| and Lhereby redure pro-
gram size (Figure 3).

Finslly, it is very easy Lo associate with each of the
128 segmenta of the addreas apace the protection and
dynamic relocation featuras desirable for larger sys-
tems, Reloration allows a user bo write his application
using logrical nddresses independent of any physical
addresses, Relocetion is vasential, for example, in &
disk-based general data processing aystem with
stversl usera, Relocstion J® not essentisl for
dedicute! npplications with codatypically residing in
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HOM, Usera whose total memgry necdsare smell are
alsg unlikely ta need relocation,

In summary, the choice of 8 segimented eddress
apace has provided—at low cost and with few prac-
tica! limitations—a powerful solulion La the problem
of user growlh, relocation, and protectiog s well pe
virtual memory implementaiion, Wi believa that a
linear sddress space could have echieved these
resulis but at 8 considerghly higher price,

v

The sysiem architeclure

Prolectian Jacililies. The ZBD00 protection
facilities can be divided intp sysiem proleclion
festures and memory protection leatures. Ex-
perience with laryge cumputers has demonsireted Lhe
advantages of having at least twao execution modes
with different acecss rights Lo hardware facilitiea.
The 28000 provides ithesystem and normal modes for
this purpose. A simple profection system resalts
frum the prosence of these two modes and their

wssocinled slacka A special class of Yprivileged” ine
atructions s defined, which deals with 1D, inter-
rupt s, Lepa, and ede changes. Ihograms in novmal
mele which atlempt Lo exceute o privileged lnstroe-
tion will cause a brap and a change be syslen mande.
The switch Tromn user 1o systems nuade con also be
caused by the systom call instruction. Thess
sischunisims enfurce protection and hoelp in deaigning
reliable and efficlent opueruting spslems with cleas
uscr inberfaces. Several olher trapy are reartirad Lo
uchieve # consislent systom: seginentaliell trap,
privileged instruction trep, and wrlelined inslne
tion trap, '

A desirable inemory protection scheme ia ana lor
which protection information {read unly, read write,
execrule unly, system only, sizoofdaia or corle, ot Vg
pasily ausocizlod with thedale and cade structvn: - ol
a given application. Tt iy also ono for whicl a lirga
numbeer of differend types of pretecticn lormation
can by verified.

The relocation and memory protectiun
mechanising describied sbove are provided by an e
Lernal deviee: the mmemory management unit, ' l'oore-
vitlu relocation end protection fealures dicecily o
thia ZEOO0 wonld have demanded tooauch sionplifica-
tivon, Theextarngl M AIL has the luritlier sdvantaga of
providing for easier growth by the sldition of eom-
putents, The 28000 40-pin packags dows nut have
carry the burden of the vnused advenced relocation
aml protection features, although same Yoom af pree
teclion can be achieved by hardware separation aftic
dilferent sddress spaces. With mullipls MMLUs, the
4B8-pin pachege user can control the relocation amd
protection complexity desired in his applicetion,

The memory mAnagement unit, The MMU por-
lorma three functipns: {11 nddress translation of
logical address Lo physics] address using dynzmic
reloration, {2) memory protection, and 13) segme ot
management. The addresses manipulated by the e
prummer, used by theingiructions, snid output by b
ZEO00 wre exlled logical addressea. ‘The MML need
thesa lopical uddresses, comnpesed of a 7-Lil scginent
nuriher and 16-bit effzet, and (ranuformathemintous
24.hit pliysical nddress (Figure 4j A 24-Dib origin or
bose j8 logically mssocialed with esch sepmonl. To
lorin & 24-bit physleal sddress, 110 16 Lit ofTeet 18 wid-
ded Lo the hase for the given segment. In effect, with
the help of one memery mansgement deviee, Lha
2000 can addresa 8K DLiytes directly wilhio a
16M-byLe physleal memary epnce The 1eicons Lo
the choice of alurge physice] address vpace inclode an
expectation that lurge systems will want Lo usu e a7t
bits for complix resguree mansgenent puspoerea,

Fach sepment i glvena narmber of eltrilites when
itz initielly entered into e b1 B UL When a mmeinery
reflerence is made, the proteciion incehanisim checha
these atlributes against the states infermation from
the CPU. I o inistmalch coours, pdrep ia pron: ratod
which interrupts the CPU. The CPLf cun then rheck
the MMLI status registers Lo determine the causs nt
the trap. Segment attributes inclode pegment size
und (ype lread only, system only, executr only, in-

v
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valid M A, invalid CPU, etc ) Other segment prolec.
Lion Fieatures Include & write warning rone pseful for
stack operations.

When a mernory prolection violation iy detecled, 2
write inhibit line guaranlees that memory will not ba
incorrectly changed. The invalid DMA and CPU bits
indicate that theenlry cannat bevsed by the DM A or
CPU respectively, because either the segment
ruinber is jillegal or the segment enLry is not loaded.
This fest feature, in conjunction with the segment
history infarmation (segment “changed” and seg-
ment 'relerenced” bits) and the segmeotation trap
mechanism, ellows the implementation of a virtual
segmented memery system

The MMU comes in a 48-pin package (Figure 5).
Thechip inputs are the segment number, the spper 8
kits of the offset. and status information from the
CPU. Fhe cut puta from the segraent chip are the up
par 16 bits of the 24-bit physical address and the
segmentation trap line. Since the memory manage
menit device processes only the upper B bita of the off-
e, the lower 8 bita go directly to memory. This ia
cquivalent to having zeros in the 8 lower bits of the
24-bit arigin, Thus, the memery management doviee
only needs to store the upper 16 bita of each base ad-
dress. Seginent lmit protection is dong in the
memory managemnent device, and thus segments can
b protected in increments of 266 bytea, -

Each MMU stores 64 scgment entrics that consist
of the sey;tnent base address, its attributes, size, and
stetus. A pair of MM Us support the 128 sermenta
available in apn address space, Additional MM Us can
be used to sccominodate multiple transletion tables.
Using the status information provided with ench ref-
erence, pairs of AMUs can be enabled dynemically.

The memory maragement device funetions con-
stantly while memory references are made, but ity
translation and protection tables ere loaded and un-
loaded as mn IO peripheral. To achieve this, the
meroory management device has chip select, addreas
strobe, dats strobe, and readfwrite ines, The ZB000
special byta 170 instructions that use Lhe upper byte
af Ltha data bus can load or unlpad the memory
management device,

Mode ewitching: foterrupt &nd trsp handling,
Froin srnall users in dedicated process control =p-
plicaliors rolarge users in general-purpose delas pro-
« »vIng spplications, asynchrenous events such asin-

crrupts and svnchzanous events Hke traps muat be
tuadled, When these events ocoenr, the state of any
curtently executing Fropram must be saved during

tat is generally called a task switch or process

aih. The users benefit from the aveilability of
il 1olerrupts and trapa. They also benefit from o
fast, easy, and uniform handling of proceaa switch-
ing.

Peripherals using interrupls have widely varying

constraints on Interrupt processing time. To sclve |

this problem, peripherels with the same charac
Leristics are often 8esociated with one of several inter-
rupts, A priorty enforced smong the several inter-
rupts allows the required processing time Lo ba
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guaranteod. Enabling or disabling tha varigua inter-
rupta Is the mechanism used Lo enforce this procese:
ity priorily,

In the ZA050, wo felt that three levels of Interupts
wers sulficiont, A non-maskable interrupf represents
n catastrophic avent which requires apecial handling
to preserve syslem inlegrity. In addition there are
two meskable intermupts; non-vectored interrupts
and vectored interrupts, which correspond to a fixed
mapping of interrupt processing routines and to a
variable mapping of interrupl preceasing routlnes
depending on tha vieLor presented by the peripheral
Lo the ZEO00. .

Bothinterrupts and traps result In simdlar procesa
swilches, Information related to the old process fits
program status) is saved on a special system stack
witha eode describing thareaaon for the switeh.. This
allowa recursive task awitches Lo occur while leaving
the normal stack undisturbed by system informa-
tan, The atate of the new process {ils new program
alatus) ia leaded from a spetial ares in mempry —the
program atatus uu—deslgnnu-d by a poinler resi
dent in the CPL) (sma Figure B).

The use of Lhe stack and of a pointertothe prugrun
alatys area ara ypecilic choices made 1o allow ar-
chiterlural compatibility if new interrupla or trapa
are added o the architecture. The choice of Lhe two
rodes al execution has a strong impatt an the deslyzn
of clexnuser interfaces. Experiencehans shown that in
large sy3tems tha normal mody inatruction set and
the user intarfoces Logether constitute the most imr
portant elemant in achieving archilectural com-
patibility.

Communication with olber devices: ithe Z-bua. The
Z-bus is the shered bus which Links ail the com-
ponents of the Z8000 futmlly,* The variety and perior-
mante requirements of the components are so dif-
lerent thetinfact the Zbusis composed of five buses;
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s memory bus, an /0 bus, an mh::rupr. bug, end 't.wu
resource request buses {F]gure ™

‘The £-bus is calied 8 “chared"” bus becausge savera]
components can use it. A bus user 15 s CPU or'a pe
ripherel which can usually generate’bne or more hus
transactions such as memory data request or an I/0D
request. Identical bus Lransactions cannot take place
st Lhe same time, bul serialization mechanisms allow
sequenlial vse of the Z-hus, Architecturally, the
buses can be grouped inlo Lwo struciures, The 11D
structure uges the [0 bus and the interrupt hus, The
EMmory siructure uses 1he memary bos with or wilh-
out address exlensions. Both structures can use the
respurce request bus and themastlership reques| bus,

Esch bus consists of a set of signals and the pro-
tocols which preside over the various types of tran-
saclions. Part of each protocol is the timing relelon-
ship between relevant signals. The ZEO0O CPU pro-
vidies most of these timing relations. The advantage
of such o choice is the significant reduction in the
number of vomponenls reguired ta buoild such a
pystemn. One consequence is that bus transsetinnsg
cannot be aborted or delayed freely since some
devices, vspecially memory, have specilic tining cons
elraints. ‘The mest importent consideration for the
Z-bus is the need Lo interface Lo multiplexed mldross
und data lines of the 23000 CF U which nust ficin 40-
and 48-pin packages. The Z-bus mainiaing Lhese
multiplexed address and data lines. Very litUe speed
could be geined by demu]hp]exmg these lines for
mempry references since memorics are themselves
multiplexed, The most importeant advaniage .F &
mulliplrxed 2 bus is the direet sodessability of
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peripheral initernal registers. Thl-?- feature allows the
censbruction of commplex perlpherals which muintain
a simple program interlace,

The Zbus is known as a Lranspaiunt of asyn-
chronous bus, Z5000 camponent s do nul require that
their clocks be synchronized with the CIPU clock. The
sngnuls used by each trnnsacunn provide all the
neccsaary timing. This concept is imparlant: it
alléws, for example, 11D references to be independent
of the spoed and clock frequencies reguired by citur
Z-bus Lransactions.

L bus versus memory bus: The 1; U n:ul I YUY
buses are the most impertant The JED-DG fanily ar
chilecture distinguishes between memcry and L0
spaves and Lhus requires specific L instiudiions.
Fhis architeciural sepuration ellows betder prufess
i1 and has & nicer pelential for extension, Tha LG
ond merory buses use & 16-bit addreas'dna bog,
which allows 16.bic /D addresses and B- ar 18 hil
dela elements, Metnory addresses are 16 bits for thie
40-pin p;nc'ku*:e or extended Lo 23 Lity I.:Ihlﬂl: tha e g
"mented version, Thus, the memory Lus s in lact a
logical eddress bus. The incressed speed reguire-
ments of fulure microprocessors isHkely tobe achiew-
vd by talloring memory end 10 references Ly their
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rsprctive characieristic reference patterna amd by
using simllunecus 11} and memeory eferencing.
These future possibilitivs reguire an nrehilectural
separation todey, Momnery-mapped 140 iy siill possi-
ble, but we fuel the Joss of protection and poleatial ex-
randobility are tou severe Lo justify memory mapped
I3 by itself,

Boththe 110 and memary buses need sddress, data,
and conlrel signels. One impurtant implementation
decision was Lo overlap the signals used by the
memory and LD buses on the saine Z8000 CPU pins,
with the obvious exception of Lhe status signals used
Lo distinguish between the two Ly pes of bua requests.
For the current Z800G implementation the resulling
reduclian in number of pinsis significant. Incantrast
the impossibility of doing cancurrent memory and
IO referencing i3 not very significant since their
speeda are essentially the apme.

In addition, memoriea and peripherals both benefit
from the availabiliLy of esrly states inlormation
defining the bus transaction type (If{Q versus
memory, read versus write) ahead of Lhe actual tran-
saction so that bidirectional drivers and other hard-
ware elements can be enabled before the reference,
The status lines of the ZEODG CPU provide chis type
of early slatus,

The /0 structure, Since many peripherals are con-
nected with one GPL), the If0 bus in shared and
serinkizalion must be provided. Oae 2olulion jnvalves
using a masler/slave protocol. The CF1) ix s master
which can {niiliate an 140 {ransation al uny time. The
peripherals are slaves which participale in a Lransac-
tion only when requested by the master. [n order to
find out if a peripheral needa to be serviced the mastar
ean pell each in turn, The Z-bug alse provides a faster
way of getting the attention of a master: an inlerrupt
bus. {n contrast, with the {0 Lranssclion data bus,
each peripheral sharing the inlerrupt bus may “try"
touseit simultansously. Theinterrupl bus uses an in-
terrupt line, inlerrupt acknowledge line, and two
morelines usid 1o form o daisy chain. The daizy chain
is an implementalion of 8 distribuled srbitration
peliey between the requests, Priority of processing is
determined by the position in the daisy chain, and
peripherals can b preempted. Trterompt veelors are
used Lo deterrnine Lhe Identity of the poriphetals ro-
questing service via an inLerrupt,

Other buses. The two resource requesi buses are
used toroquest the contrel of the Z-Lus from the P
el Lo request control of any genvralized resource.

T ZH000 1Y or any Z-bus compatible CPU duna
nut need Lo request the bus to access it as 8 mester,
and Ty, therelore, the defaull master. Other devices

©orequest bus mastership, but Lhey must go
‘. hanonpreemplive distriloted srbitration us-
tng another daisy chain. Tha CPL) alweys relin-
quishes ithe busg at the end of its current bus Lrensoe-
tion,

The resource request chain is » generalization of
that concept in which each resource requestor has
equal importance and can use the resouree in s non-
preemiplive manner. This inechanism in the 28000
ZPU peomils one Lo buplement in softwarg the kiod
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of exclusion and serialization mechanisma needed for
multipfe distribuled systems with critical resource
shuring.

Multiprocessing. Tn the roniext of Loday™ large
muinlramme systems characterized by multiple pro-
ceases sharing one protessor, one ia tempted to
design diglributed processing systems with many
law-enst microprecessars running dedicated pro-
vesses, Such an approach ‘distributes intelligenca
towsrds the peripherals, results in modularization,
and permila easier development snd growth, Unfor-
turnately, in the past, the preblem with such an ap-
pruach hasbeen software and not hardware. Thus one
cannct ba experted (o provide detailed solutions in
hardware to & software problem that has not been
solved yet. lHowever, some basic mechaniams have
been provided to allow the shadng of address spaces:
Inrge segmented address apaces and the externat
MMU make this possible, and a resource request bus
ts provided which in conjunction witk software pro-
videathe exclesion and serialization control of shared
critical respurcea, These mechanisms and new
peripheraly Jike the Z-FIO have been designed to
allow essy ssynchronous communication between
dilferent CPUs.

Implemantation tradeoctis

The key [amily decision: prodocibility. Confronted
with the problem of designing & new L5I-based
aystem architeclure, we could have ipnored packags
sizg considerations by accepting packages with 64 or
mere ping, or we could have ignored mass production
technology constraints by using die sizes larger than
260 inila sguare. Such sclutions are citen justified in
tha implementation of an existing computer syslem.
The compenent boundaries, pachage limitations, and
technolegical Lmitations are secondary to achieving
the genlof exact membershipin the computer farnily,
But if ane were to design a new system erchiteciure
with the eame lack of congtraints, the individuat com-
ponent would not be pricecompetitive—only the
tulal system would be, A new system architecture
Liazsind on Lthis sppraach cold anly be used to design
yeb wnother traditionsl computer.

The £8000 family provides basie, general-
purpose blocks out of which a system
solution te most problems ean be
implemented.

The 5000 fumily market is intended Lo he much
bruader, and cach component of the family must ba
vvanamivally viable. ‘The staged introd vetion of com-
ponents which aresconomically viable by themselves
allows us to serve the market from very sinsll con-
liguralivns to very large configurations by using
hwee eerponents, in any combination. Not only do
we Ielieve that this sppriach does nat zestrict
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system srchilectural pogsibilities, but we alsobelivve
that the lamily will by mora elfective because it will
grow with il3 eustorner,

The ZA0) (amily does not always atlempt Lo pro-
vide specific architectural solutions, often im-
plemented in hardware, to &} system architecture
problema. Instead, it provides basic, general purpose
blocks out of which & system selution to most pro-
bleins can be implemented. The multimlecroproces-
sor and dislriboted sysiem capabilities of the Z800D
family illusirate Lhe use of open-ended mechanisms
tosolvea variety of architectural problems, while the
memory manzgement of address space illustraces a
specilic problem supporled by a specific solu.
tion—the MMU. 1awever, other solulions more ap-
prapriale to & particular problem can be used and an
advanceinthe stateof theart mightbe mapped inten
new device for the family.

This vision of the lamily ofien resulis in com-
ponents more powerful und complex than an #pplica-
tion may require. The uscer should not take Lhisz 23 a
vausg for alarm, but rather as the reason Lis applica-
tions prowlh will be casier,

Basic CPU implementation decisione. The ZECO0
cutrently uses 2 16 bhil data bus (Figure B), an inLernal
registor wreay of 16-bil registers, and a 16-bit parallel

ALY, These implementation dieclalons, which were
guided by the tevhrological and practice! considera-
Lipng, have a strong iinpact oo perfurmance. .

To achieve good performance with the instruccion
furinat and datu Lypy envisioned for (the ZB00D, arly g
16:-bit bus seens pdequats; 2 32-Bi0 bus would have
neceasitated using an unacceptabie 5G-pia or Jasger
package. OpLimal performace is oblained with thia
chusen bus width i the size of Lhe frequently vsed
rogister-toregistur operations becomes ene word,
The choice of ALY and internel register wilda . fv g
tradeafl between speed of the most Nleguent o a
tinna snd the chip area needed o impleinent 8 wider
ALU or data path inside the CPU.

None of these implementation decisions sheg!d
linit the architecture. Instructions are from ane to
livawordalony, and data ty pes and addiesses are not
limited to 18 bits. For example, 32-hit words a2 g
ol the main duts Lypesof themachines, and addresres
cecupy two wouds, The addreys mechanisn,
lustrates the strong distioction Letween o 2ichua o
ture spd ils implementation. The arclitectural -4
dress representation usea a 32-bit word of whith o

* bits ere reserved and 1 i3 a shorl fTormatlong i el

duseriptor, Thus, the 28000 architectui e provides ug
Lo 31.hit addresses, but only 23 ara curreutly bin
plermenled and 23 pins of the current package areg
allocaled to addresses.

MMU tradeolfs. The MMUY and its relation o the’
ZACOO CPLU Mustrate tradewifs thota microprocessar
architect and deslgner Leam nsl make Lo ensure
compenent munufucturabilily.

To achieve Lhe goals of good urt]'nLEtturll ey
patibitity for high-end systema, IL was necessty Lo in-
clude the protectiva and relecation mechanioms
described above. But if el desired features wore im
Memented va 8 one-chip CPUMMU combinalion, i
would have been too large and, therelue,
uneconomical. And if & reduced sel of lealures wery
bnplemented, it would have Lbeen architecturally toao -
primilive. This, the choive was made o maintain all
features and use two chips. This new organization
hags several significant advanlages, such aa »
cupability for mofliple M1 Us, a1 aliuws Lhe socoeay
al a DMA device Lo the MMU.

Oiven the choice of an external MM, the next sel
ol decisions concerns package sizn and cireoit spoed.
Having each relocaled segment slart ona word boun-
dary would havereguired a B4-pin package and a very
fust 24-bit adder {in faer, a 16-hit adder anid B bits of
carry propagation), In contrasl, Uhe devicion tiv starl
sepments on 256-Lyte boundarics allows e use yla
48-pin package, o fast B-bil addur, und 8§ bits of caisy
propegation. The latler solution is technically
superior and places practically no restrictivn oo Lhe
architectuie, Segment granularily can be siewed ey
an implementation restriction ansd ped a5 en arehigees
tural restriction.

Makirg the 8 low-order bits of the allsct gadiceatly
tomemary also signilicantly 10duces memaory accegs
time. Sinee dynamic memories use these bils fira,
must of the MMU relocation 1iine is hiddern duriug a
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normial memory access, The avallability of sepment
numbers rarlier than the nasocioted offset bitg rein-
Torces this advantage and allewa the MM U to result
in essenlinlly no memory access speed reduction.
Each MAIU entry also requirea 8 bita less for base
and segment size velue. This in {mportant: it is
desirable to pack &5 many entries as possible per
MMU. Wilh &4 entrics a 2K -bit memory is needed,
which is technologically difficult in view of the
aravunt of logic surrounding this memory and the
complexily of ity ergenization.

The fuct than an MMU i9 only connected to the up-
per byte of the data bus requires the use of special /0
instrycliuna for ita loading and obliges us Lo replace
the possible use of an autgmnalic dernend leading of
entries by cxplicit Instruction loading. To compen-
sate for the Lime penelty pasociztod with the losding
of poteniially unused entries, multiple MMUa are
used. They not enly allow the implementation of 128
entries, but pairs of MMUs can be automatically
enablad by the system and normal mode pins elfee-
ting 8 full envirenment switeh at electroniec speed.

Wa foel this example flusirates vne imporiant
desigh approach; te compromise 2y little as possible
on advanced architectural fealures bul to accept
compromises which result in implementation ease in
order to achieve econoraical components. .

Conclusion

The archilecLura] sophistication of Lxe new 16-bit
microprecedsory is rapidly appreaching the level of
the minicampuler snd large computer. Problems
such a8 counponent families, large address spaces,
bus standards, 10 stmctures, software invest ments,
and arehilec ural compatibility are being directly ad-
drassed. Somne of the solutions to these problems are
knerwn, std therefore the transition from 8-bit micro-
mncessors was relatively casy. But the challenges
shezd—networkes, distributed proceasing, new ap-
plications—are much harder. The impaet of micro
processors is olready enormaous, but we fgel they will
echieve the gfien-predicted computer revolution only
slter these new problems are solved. H
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The Intel MCS-48 family of single-chip microcom-
puters contains at least nine different microcompuler
chips having a common instruction set but difvrent
amounts of on-chip read-only memory, read!

write memory, and inpulfsutpat {see Table 1}, Ae-

Tahla 1.
MCS 48 microcompulers.

QN -CHIP O -CHIP

FACRAGE  FROGRAM DATA .
PART &4  SIIE MEMORY MEMECRY /O

{pins) {byles) {brytes) [hras)]
EQ4B 40 1K ROM" -t k1
a7dl Ll 1% EFROM* B4 i
S0a3% 10 . hone* [ n
Bi43 a0 - -2k AOM 126 ey
2039 4 nang” 12 a7
BO21 28 1H fM &4 |
Bo2z Ll 2K RM &4 25 plus 2 B-b ASD conv,
B4 L] 1K RCM i1 ] 18 plus masier ay3. inil,
8141 40 15 EPROM 1] 18 plus masier sys. 41,

* Expandalie to Ak wilh esleinal chips _
** Phys 256 byles of more of extérnal gala mempry with exteznal chips
i

! 1
Table2, 1

MECS-48 expander hips.
ON-CHIP ON-CHIP
PACKAGE FROGRAM DATA
FART ¢ SIZE | MEMORY MEMDRY /D
{pingy | [bytes] {byies) (hnes)
8395 40 ZF, ROM none 113 '
B753 40 2k EFRDM  nont 16 !
B155/56 40 nang P 2% plos bimer fcounter
BEdd 24 nane anng 16
x U013 BILT 5 W ANR e, a7

A system designer and teacher,
who has made liberal use of
micracomputers in his own wrrk
and whose students have designed
8048 processors, reviewws the
capabilities and limitations of the
MCS-48 family of microcomputers.

v

cording ta Intel, the MCS 45 family was criginally
aimed primarily ot the "4-bil market” —ngsers af In
tel’s 4040 and olher low-cost microcontrellers, Par
cent entries ioto the fumily (Lhe BO21, BOZ2, 3041, and
8741) are increasiogly specialized for low-erd micre
controller applications. The MC 548 intml_v hes mei
this market very well

Tha MC5-48 family was also eimed at 2 second tiar-
ket—applications thet require an axpandabla, single-
chip, general purpose microcomputer. As shawn in
Table 2, several expansion chips are aveilable to pro:
videan MCS-48 computer with upta 41{ by tes ol pro
gram ROM, 256 or more bytes of exlernal RWM, and
as many 1A0 bils as s designer would ever nepd. Innd-
dition, Lhe external /O bug of Lhe MiZ5-48 family
allowe casy interfacing of alandard B06V3025-Lom-
patible peripheral chips. Novertheless, the archibec-
ture af the MCS-48 family makey jt difficull to use in
many geperal-purpose applications, where B morn
capable 8-bit architectare is reguited.

Basic archileciure

Figure 1 shows the hasic structure of an MCH4%
raicrocompuler chip. (Table 1 gives the focilities
available for each of the micrucciiputers in the
MCS-48 family that had been gimonnced Ly lale
1878 The first member of the family was int rodoced
inlaLe 1976—the F04B with 1K byleanf oa chip ROM,
64 bytes of RWM, timer/counter, end 27 If) hitr, A
detziled deacription of the entire family ean be fovind
in the user's mamia! published Ly Intel,!

The MOCS-4B i1 a single-accumulalor architecturs,
Program memory snd data memory are lagically and
physically separated [thus, the W75 48 iz not s von
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Newumann machineg!). The mezimmum program ad-
dress spuce linclyding externsl HOM) supported hy
thi archilecture is 4K byles. There are 8 maximum of
258 Liytes of un-chip finternall data memaory, of which
128 Lyles wre implonenled in the current family
Tewdler, e 4049, In addition ke inlernnl data memory,
the MOS8 direeily supporla 256 Lytes of external
dala mmemory.

Afoal MCS-38 (amily membwers have 27 1O pins, ar-
rangid asthreg 8 bit porls, Lwo tesl inputs, &nd anin-
terpupl input. Additional pins are provided Tor such
functiond a3 poweron resel, single-stepping, and
meinory and ) expansion &tzobes. One 8-bit port
and parl of A second are used La furm a multjplexed
ilcdreza and data bus for O and memery expansion.

The: MLS-45 has a singlelevel interrupt gystem

{mlyoneinterrupt o servico st o timejand weceptsin

Lerrupts from Lwo sources--ils inlernsl timer!
counter and an external interrupt input pin, Tnter-
rupt calls and returns sutomatically push and pop
the progrem ecounler and certaln internal status flaga
using a stac’s in the internal dats memory,

Progrom store and pregram conlrol

The MES 48 architecture supports a4 maxipum of
48 byles of program store, configured os shown in
Figura 2. Huwever, u close look at program.siore
orpaniation shows that the MOCS-48 was originally
designed a1 a 2K-byie mothine, with the second
2H-byts capability added ns a clumay afterthought.
This creates two problems with the addressing mech-
anism.

Firgt, tho program counter ia realjy gnly 11 bits and
thus addresses instructions only within a 2K-byte
bank of ptogram store, Jump and subrostine callin-
struclions likewise specify an 11-hit address. The
poblem, then, ia how to provide & 12th address bit,

Intel's salution is as follows. Provide an internal
flag, ME, 1hat can be set and clearad by two insbruc-
tions (SEL MA| and SEL xBw, respectively). Whenever
8 jump or stbroutine call is executed, take the 11 low-
order FC bits frum the instruction, ang load the high-
order bit froza MB. On subroutine calls and relurns,
push and pop the entire 12-bit address.

Then: are sgrne problems with this selution. First,
in & peneral sequence of jumps and calls in a 4K sys-
Lom, we don't always khow where wa came from, and
thncfone e don't Know the carrent. value of MB. So
i greeal, a SEI, MBi instruction muat precede every
Jumpor eall. Nuturally the prugrnmmer £an some
timi+ avoid this instruction on 8 caseby-tase basis,
st thz is engther thing (o worry about.

Having +clved the first problem, we think we un-

derstand the eddressing mechanism unti! we write
vur first Inlerrupt rooline. Then we wake up in the
iniitille of the night thinking, "Whoopa! MBcan'tbe
read ws part of Lhe processor stale I'SW. But MB
inusl e pet 1o a new valuein urder Lodo jurn)is within
the interrupt routine. dow can the gld value he re
sioredgnreturn? Welieawake o few huurs dreaming
up possible solutions—don't v<2 calls or jumpsin in-
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How Io choose a microcompuler

There are 3l leas! siv factors to consider in choos-
g & micracompuler {or microcomputer family} for
a product agplication.

Copability, The uC musl hava encuegh ACHM, AWM,
1D capabdllily, and speed 1) sailaly the requiremen!s
of the application, plus 4 design margin, ROM,
AWY, and 'O capatitily can be delernived frgm the
manufaciurers lilgralure, whits speed is besl daler-
mined from Benchmark programs tallorad far tha
given application.

With soma wCs, the amount ol AOM, RWM, and
KO can b Increased by using extra chips, This ax-
pandabilily hatpa If tha job I Intially vnderestinnal-
ed or il the marketing depariment changas ihe ie-
quirernanis. | the appllcation pushes the abaciuta
inermnosy limily ot the oG, It becomes more diflicull
(and expens|ve) (o develop the programe.

Exfengibilliy, The designer musl consldar whelher
improved versions of Lhe pC wiil ba of tered, A uC-based
pmd uct gesignad [n 1973 or example, might be rede-
sbgned In 19881 to reduce cosl o 1o add leatures. It
would Ihan bedegirable 1o allminele extra AOM, HWHM,
"and W chips |of avoid haying 1o add them or plck a dif-
tarent .5 by uxing a new verston af 1he original 14C with
the extra capabiifly bulllin, Of course, many producls
do nat undel o thls ev2lution; but if proguct evetulion
iz expecled, tho srchileclural mits of the salacied O
shouid be examined In lighl of potentlal applicalionre.
gubrernen!s, One can ex pect lower hardyare and sall-
ware devalopmen| costs and, probably, lower manuo-
lacluring cesls | the enhanced prodoct uses an up-
graded varslon of the ariglnel pC rather than a
completely new cna.

Cosl. In most areas of the privata secior, manimiz-
ing cost 1n a goal, and minimizing W cost usually
means minimlzing the numbar ol )G pachages. Cast
Is whal pravenls the designer from picking & Cray-1
In responsa to lhe lirsl facior above, or an 1B 270 in
response 1o 1he second lactor,

Il the job s well defined and no piodect enhange-
ment is anilclpaled, it is relallvely easy 1o fnd a
minrum-casl 2 thal will do the |ob, Ciherwisa,
{here are many mare (radeotls o be conaldared.
A simpler wC architeciure usually lmplies a smaller
IG die and lower chip cosl, Dul 1 may alad require
merg thips Lo supporl 1 laer. (For exampla, a uis
wilhout a wWaITTREADY hne may ba maore dilflguln 1o
inferface 1u some lypes of paripherals o memory )
An expandable O will 1acililata jaler product evelu-
tion il the producl is successlul), but may Ingrease
infial produe! cosl becavse of Inslrusiion etliciency,
memory s(ze, VO ping, or speed sacriticed by Ihe chip
designels 1o make expansion or enhancoment
possibla.

Availability. Many manulacluling organizailons re-
quire 2 second aouice 1ot all componenis, belh 1o en-
sure thal parts will ke availabie, even | some disasier
befalls one sourge, and 1o enjay Ihe normal benell s of
competilion In a hiee marhal.

The desigrer o) a new praducl is alten 1empled 16
telecl Detwesn a pC wilh ONe OF two SoWrEes and ane
wilh po sburces [yel—"We'll have samples in thiee
monibs™) it 18 risky Lo cormmil to any Farl unless your

purchasing degarimenl can order (and raceive) 100
pieCks from a distThulors shelf, Masuiscturers have
BEEN hagwn 1o Ship $chedules and even cancel parts,

On the ather hand, markellng and cosl facis:s can
molivata 1he selectan ol a nel-yel-available or very
new L, The new pC obn give the produg! a compgtitfvo
adge in leatures or perlgrmance. Alfhgughthe rewvaQ
may be in shodl sepply and costly Intlally, it may be
chgaperin the long run becacse il allows & more ellk
cient design with fewer IG packages.

Expecled produet litelime should 2180 ba compared
willi Ihe expecied lil®me of the wC. Evan il It is In:
expansive curreally, 8 xC that has bean eeound for a
lew years may be a bad choice: producilen guantit/ea
may I3t and prizes risy In & few more yUaTS as newer
chips ara phased intg new designs. O course, this
coasn't apply §f your company alone s ordering
100,000 places par year,

Suppod lools. Hardware and soflwarce aupperiteols
are esagniial for timely develcpment of & uO-based
progust, The suppor 100ls af a newly Introduced 3
cannci be expecled 10 be &3 exlencive or raliable ae. |
thosa al e established uG lamity. Thiz encourageaths
use ol an eslabilshed uC il quilck devatoprnant |8 need-
#d, or an exlensible pC femily wilh musnbla 10-::I5 |f
produci evolulion is expecled. <« ¢

Kosl single-chip oCs are prag:ammtd in assembly
languags, and a gtexd macroassembier |y » must, Mest
manylaciurars supply software togls thal run on their
owen davelopment syslema. However, |1 there are mare
Than Gng or two programmars on the mreject, ihe need
Tor geod lext editors, simulalors, and documentation
{acilllies makes I desirable 10 ron il sollware supparl
leals on m'large cenlral compuling facliity. The ap-
plopriale “Cross assnmmers and simulalors may of
rmay nok I:ra u!IEred by the chip manutaclurar.

Durlnﬂ prod ucl da'.relnprnenl 1|8 obviausly
rnecasiary Iolesi and change programs renningonthe
produgl hardwars, Since moal singlachlp 4Cs
ullimalaly vse mask-programmatie ROM o stove thelr
progiams, another m#ans is needed "o stare and
changa programs during devalopment withoulmaking
new masks, Somg pCs have pin-compet lble versions
with on-chip EPRCH Instead of HOM 1hal allows reuse
of thauC ehlp with dillurent programs. Many have pro-
visions for using exzlernal ERACMK chips intlead of Ike
an-thig AQK. 0 production quantitias are fow, or 1
soltwire changes araenpected alter product inlrodus-
fipn, EFACM versicns may be essenilal.

Besldas EFROM lacilitias, the malp supparl ool
provided by the chip manufacturer I3 the Ia-ciroult
emulalor, which slnml‘ the soliwhre Drogram in ihe
HWM ol a developmen| sysiem and amwlates the .G
Inrough w catie and plug Insertad In place ol the uCir
Ihiz product, Anemulalonis auscfol tool for debugging
bBoth hardwian e and soflwere, However, withnew pCs, 11
may net e availabla a4 s60n as the G ¢hips are, and
aven il it Is, it may still have bugs,

Specific Inchnical Taclars. Many specific 1echnlzal
lactors can be examined In defermining whelher a pG
will do tha job al hand—power consumplian, speed,
TTL comnpatlbillly, package size, Instryctian'sel. How-
evict, Ghce M s delaimined 1thal the 1S can So 1he jab,
tha aiher lactors above lend to EGual or outweigh the
l=ehnlcal "riczness” of ke oG chlp arehitecivr e,




terrupl roulines; dotermine the value of MB e xpert-
mentally by doing & jump to s fixed location and see
ing whether it winds up in MBO or M B1; keep » solt.
ware copy of MB, uspdating it {with inlerrupts dis
abled ,of course) every time we doa SELMB ; mekeall
the code Mit in 2K, as we vxpected todo at the starl of
the project; and so on, “The next moraing we read the
line print todiscover that the MCS5-48 foreeathe most
significant bil of the progrem counter to O dering all
interrupt routines. We should put all of wur interrupt
code in the battom 2K of memary and not touch A B;
in fact, we should forget Lhet M existst

The requirement to put interrupt code in Lhe bot-
Lom 2K makes Lhe MCS-48 very difficult touse sz a
4K machine in a real-time upplication. Nol only must
the basir Interrupl service routing be in the bottom
2K botalsoany ulility routine thet might be called by
it—that is, any code executed before an interrupt re-
turn instruction is executed. This could be well over
half the code in an interrupt-driven environment.

Bul the mein problem we find with MCS5-43 pro-
gram store, after writing hall of our applications pro-
grams, 18 that the address space is just tos small.
With only two chips{and soon with just one, I'm sure
we cao fill the entire 4K byte address space of the
MUCS-48 with code for our original application, new
features, diagnostics, and—of course—patches.

Conditionnl jumps specify an §-bit target
address in the current page; it would be
fur more useful to have a signed offset

from the current address.

The annual halving of the cost of IC memory im-
plies that every year we will need snother addresa big
for the maximur-size application program isince
most evelving products tend to use the decressed
memory cost to incresse features, not Lo reduce pro-
durt cost). Clearly, then, a 4K limit is too low lar any
new archilecture, even a single-chip microcamputer.,

EBesides the 2K memory banks, program slore is
also divided into 256-byle pages. Conditional jumps
specify an §-bit target address in the current page, L
wotsld be Far mere useful 1o have a gigned affset from
the current address; this would increase the ke
lhood of being able Lo use the shart jump address,
since most branch targels are within | 28 byies of the
Lranch instruction.® More Impurtanotly, it would
glivnipate the partitioning problem created wiien
many procedures must be packed inte the memaory
space and split across page boundaries,

The coly indireet jump instruction also yses an
£-hit target nddress in the corrent papge. Very
stranyely, this Instruction uses an 8-bit value in the
accumulator not as the target address, but as 2 point-
er to a program-siure hyte in Lha ¢urrent page thut
contains Lthe tarpet address. So the peags containing
the indirect jurmp instruction muest alse coniain al! of
the routings 1o be jumped Lo, 28 well as a silly Lttls
tihle that contains their starling addresses in the
rage. This not uoly wastes space and time, Lt
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witrse, inakes it nnpossibletody namically vomputea
targe! address afler assembly time, since the jump
Lable is i JiOM. In my recent exporience, three ex.
perienced programmers have coded MCS-48 indirect
jumpsimproperly, believing "The manual must have
atypo—the cantents of the 2ecuinulator must be the
Larpel adidress iLself.” In any cose, instructions sup-
porting indirect jumps and calls anywhere in Lha pro-
gram store |1 2-bit addresa} would e far morp useful.

Arithmetic and logical operations

The MCS-48 containg & single azcumuplator in
which erithmetic and logical uperations take place.
Unary operations an the scvumulator are as foligws:

increment,

decrement,

clear,

one’s com plement,
decimal adjust,

gwap nibhles, '

rolate left,

rotate left with carry,
rotste right, and

rolata right with carky.

Binary operations combine the accurnulator ammian
operand specified by one of the addressing modes do-
sertbedin the next section. The Binary operatjons are:

add,

add with carry,
AND,

OR, and
exclusive oK.

Therearo el sodata-meve’ operations that load or
store the aceumelator,

The main difficulty with MCS-48 operations is not
the operations themselves byt the lack of condition
cades Iur Lesling Lheir results. Cnly Lthe aceemulatar
car: be Lested lor zero ar negative, and an overflow bit
is nol peovided, making comparisons of signed two's-
complement numbers very frustrating,

Operands

Most dala moves and binary operalions use an on:
chip reailwrite internal! data memory (see Figure 3)
acvessible by two addressing modes: REGI5TFER and
InTERR AL HECISTER INDIRECT, The three other ad-
dressing modes are EXTERNAL REGISTER INDUKEST,
IMyED]ATE, ard ACCUMULATOR INLIHECT.

In KEGISTER mode an operand 38 contained 18
ripister spuscilied by a 3-biL field in che instruction, A
Mag bit B¥5, sel by a SEI &Br instrucion, specifies one
of two & byle register banks, carresponding ta fngee
naldat o ineniory Weations 0-7 W BS is 0 and 24-31 il
H5is 1. The spwecified regisler may be logdod with an
immiecdiate value, moved to ar from the acvtumulator,
combined with the accumulater by arithmetic or
togical gperations. incremenced, decremented, ur
used ug a hsp conrter.
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Figure 3, MC5-4B Inlernal dala memaony,

INTEKM AL KEGISTER IXDIRECT allows either RO or
R1inthe current register hank to beused as an 8-bit
poinler to inlernal date memory. The addressed byte
may be loaded with an immediate velue, moved toor
from the accumulator, combined with the accunma-
lator, or incremented (but for some obscure reason
not decremented, even though the necessary “hole”
exists in Lhe inslruclion set).

Locetions B-23 of the internal data niemory are re
served for g retorn address stack (8 entries, 2 byles
per entry), These locations are writlen by inlerrupla
and subroutine calls and read by interropt and sub-
routine return indtructions. The stack is Loo simall,
making jL hurd Lowrite procedur al code, which is im-
portanl in larger programs{ 2K-4K bytes) The pro-
grammer must constantly worry about calling se
guenees apd penerally enable interrupis only ot the
Lop level of the program Lo aveid oV erllowing Lhe
slack.

There are no instuclions Lo directly push or pup a
byvte. Bowever, Lhe stack can be rather incan-
venicntly weilten of resd by extracting the stack-
pointer ficld from the PSW, builiding Lhe appropriale
address, and using INTERNAL HE -.,|:3|1-_,|;t [N T
e e,

The architecture also supporis op 1o 256 bytes of
cxlernal dala memory (which residbs on a reparale
chipl, accessed Ly EXTERNAL REGISTER INDIRECT
mede. Either RO or B in Lhe current ropister bank
may be used as an 8bit poialer Lo cxlernal data
memsry; the addressed byte may be copicd inle the
accumulator or wrillen Iromn the accumylater,

Since pointers are contained in 8-bil repisters, the
maxiinum smount of directly accessible data mam-
ory supporied by the MCS-43 archilecture is 256
byrtes internal plas 256 Lytes eaternal. Hewevsr,
Lank swilching via I/0 bits ean be used to address
any desired ameunt of sdditionsl exlernal daia
I MOTY.

The modes for reading operands lrom program
store are rather limited. In IMMEDIATE mode a0
operand is conlained in the byte lollowing the in-
struction; immediate operands can either Lo loaded
inlo or combined with the accumulater or be loaded
into internal data memory with RECISTER or INTES-
MAL REGISTER INDIKECT modes.

[n ACCUMULATOR INDIHECT mode the accamulalor
is used as an 8-bit pointer Lo an oprrand in either the
current payge or page 3 of prograim store; anly anelyvpa
of operalion wses this mode, and it loads the AcTAmI-
lator with the specified eperand.

A nuember of inslructions specily some “spe-.cia]"
operands implicitly, such as the program status
word, VO ports, timerfcounter, carry bit, and two
Y-lut flagrs, FO and F1.

The MCS.48addressing modes are simple, but they
provide most of the facilities 2 program needs, Still,
there 2re some deficiencies. The o105t serious prab-
lem is the way in which operands in program slore
are addressed. Since program stere only in Lhe car-

renl page and in page 3 can be read througli 2 pointer,
cither lookup tables must afl be located in page 3 or
the code that reads vach table must be in the same
page as the table. This is inconvenicat if more than
une 256-hyle Lrapnslation lalle is needed. IL also
makes it difficult to do a KOM checkeom self-Lest
routinge—& checksam subroutine would have to be
placed inevery page of program storetand since there
15 na indirecl sulroutine call, the main check yum pre
gram would have (o conlaio a sepurale call instruc.
tion Lo each page's checksum rouline].

For most programs, the method of indirectly ad-
dressing data memery Lhrough RO and K1 is aceepts
sble, but, for some data-struelure manipoiations, ors
wishes for one or Lwo more registers Lhal conid b
u=ed a5 pointers.

"The 256-byte Hmit on directly eddressabln inicrnal
data memory is too low. The £049 already cantains
128 byles of RWM, and Inte] shoold soon be sbiz to
provide the full 256 bytes of AWM on one chip. The
architecture cannot meke straightforward use of
technalogy improvementa for more RWM once thiz
lipndt. is reached.

Inputfouvtpul and inlerrupts

Most MCS-48 microcampuicors have three 8-bit 110
purts, &8s shown in Figure 1, Twaof the ports [1 and 7
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are “guasi-hidirectional,” en interfacing arrange
ment shown in Figure 4. This type of 1/0 port wag
first intreduced in Lhe Fairchild 8.2 In this arrange-
ment, each 142 pin i3 both an open-drain sutput and
aninput pin witha high-impedance pullup to the logic
1 level. When & pin is used for pulput, the correspond-
inginpul buler isunused except, posaikly, for check-
ingthe autput value. When & pinis used forinput, the
corres ponding cutput bit inust be set to logic 1 so
that the I'Q device drives only the high-impedance
pullup. This can be conbrasted with & tristate 11D
port, which provides both aetive pullup and active
pulldown in eutput mode and high impedance in in-
put mode. Electrically, tristale I'0 is more desirable,
but it requires extra control bits to set the [0 diree-
tion for each port or bit. Iniel has improved Lhaquasi-
hidirectional design by briefly providing active

raLher than passive pullil whenever a 15 writlen o

the part, which speeds up G-Lg-1 tranajtions,

What quasi-bidireclional /O means to the pro-
grammer i3 that input data on the port is logically
AanDed with the current cutput. Ports 1 god 2 8ra set
to ul] 1's st system roset, and Lhe programmer must
lea vabits intended for inputs sel at output value 1 at
al] titnes. The third port {bus) haa conventicnal
tristate out puta and can be used for eight strobed in-
puts, for eight strobed oulputg, orforadding external
program or data memory.

Four operations on the ports are available:

read input value into accumulater (38),

load output latch from accumulator [OUTL),

logical AND output lateh with immediate mask
ANL), and :

logical OR oul pot lalch with irnmediate mask (ORL).

The togical operalions allow a program Lo Sei or
clear any bit or greup of bits in one instruction
Hawever, since the mask i= an immediate value in
program store, the bits to be set or clesred must be
known at assembly time. Otherwise, a cepy of the
cutput value must bekept ind ate metmory, combined
wilk the mask by logical operations on Lhe accumup-
lator, and loaded inte the port. {In general, the quasi-
bidirectjonal inicrface prevents simply reading the
puit Lo get the old value of the output latch }

A novel “expapder-port'’ arrangement allows fonr
vxterpal 4.bit /O ports to be added to an MU5-48
using a five-wire interface. Again, four eperations on
the ports ere availzble:

read jgput value jnta accumulator,

load eutput latch from acenmulatar,

logical axT output latch with aecumulator, and
logical oR outpot latch with accumulator.

Qnly the low-order four bits of the accumulalor ere
used in Lhese operations. For these ports, dynamic
selection of mask bitsis possible beeause the mask is
inthe yreomylator, On the other hand, dynamic selee-
Lion Lekes more overhesd because the accumilator
must be loaded with the mashk (and then possibly re-
staored tails old valua),

Foth the on chip and cxpander 11O port instrue
{ions contain the port nareber a5 an immediste value

Fetirugry 19/9

GAL, ANL

+ &Y

INTERMAL
BUS

QUTL
WRITE
FlI SE

IN

Flgure 4. ' Quast-bidirecticnal VO part,

in the instruction;itin not possiblyto specify the port
number dynamically In & register, This makes it im-
possible to write revsable INO handlers for identical
devicas on different ports of the MCS 48 o¢ of tha
same expander chip, The same problem exists in the
MC5-48's alder brother, the 8080, However, it isless
serious in the MC5-48 for two reasons. First, Lhe
MCS5-481s inlended for smaller spplications less ko
Iy to employ many cepies of the same YD device. Sec.
ond, the available /O exparnsion modes do allow
dynamic device selection when each devics uses a
separate MO chip.

The processor architecture directly supports only
256 bytes of external data memory and four external
4-bit ['O ports. However, the amount of pxternaldnla
memory and /O ¢an be increased Lo any practical
amount using on-chip HO-port bits to implement
program-controlled bank swilching.

In addition to the 1/0 ports, an MCS5-48 hos thres
additional Input pins that can be tested by condi-
tional Jumap instructions. AL are multipurposs
pina=TG, which can be set up 21 a clock output under
prograin control; T1, which can be used a3 the input
Lo the on-chip timerfconnter; and the external inler-
rupt input.

The MECS-48 accepls interrupls from two sources —
a level-sensitive nput pin and wn on-chip Lirner!
counter. When an interrupt is serviced, the 12-bit PC
apd lTour statusbins {carry, hell earry, Nag 0, regisler
bank select) are pushed onto the internal stack,
Depending on the souree, a jump to either Jocation 3
or lvcalion 7 is taken. The interrupt syslerm ia single
level; inlerrupl service routines canpot Lo inler-
rupted. An interrupt returp inatryction restnres the
PCandstatus bits and allows further interrupls Lo ba
serviced.

Agthe time af thiswriting, the T1 interrupt in put [
generally useless for eounting or Lming asyne
chronous exicrnal events, becuuse Lhe current chip
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Flgura 5. Type | bus control signats.

leatures a pourly designed synchronizer Uit
sunetimes nigses input edees and henee skipa
counts, This is Lhe second Lime in siz months Lhat
have seen an LSE clhip whose designers wera ape
parenlly unnwane bl peelilems in sy nehranizer design
Mhe other was Lhe 2808510, which Zilog hasg since Tix-
edl. I would suppest Lhat chip desipners read swine of
the papers on Lhe subjuecy! ® and that academics warn
their students of Lhe increasing likelibood of syn-
chronizalion problemns in modern syslem desipn.

Ease ol programming

Compared Lo someof the older 4-bit and 8-bit micro-
processers, Lhe MC5-48 15 a nice machine to program,
bt it leaves much o be desired compared with an
M8, a 28, ureven sn 80AS, The single-meguinelator
archilecbure, Lhe lack of index regisiers, and the
absence of even o direct dete memory addressing
mode means that the programmer must constantly
be moving things back and forth between Lhe ac-
cumulator, the two "pointer™ registers RO and R,
and Lhe rest of Lha data memory (and keeping track of
them!). One may write macros Lo case the burden
somewhat, at Lhe expense of more Inefficient codo in
the cramped address space. For example, one can
write & macro to simulate a direcl dala-memory-

addressing mode:
LDAS MACHOMEMADOH

0V RO, #aMEMALIMRAR

MOV A0 RO

EMNDM

|_ A tale of two buses
{or, diferent slrabes lor dillerani "phobes)

A miCrpprocessor memory and Y0 bus has many
identilylng characteristics—dala and address word
lenglh, murliplered or roamulllplaxed address and
stalus, heparale ormemory-mapped 110, and cthers. n
is interasting 1o 106k a1 lwo popular rearﬂwrlm cloeh-
ing arrangements,

Letuscallthe first lechaigque a Typal (of 1) Inlarfacs,
used by ihe Intel BDAS, BOAE, ang MCS 48 families. A5
ahown In Figure 5, Lhere are 1wo muluglly dxclusive
control pulses, RD and WA, thatindicals B raad or wiite
oparation,

Wa'llcall ihe second lechnigue Type {or 2), vsed by
{the Zilog 7B, 260, 2800, ang alsp by the MOtoIola G500
Ularnily. [Parhaps il should ba Type M becayze 1he

RIEB0D cama Vst But & kDghs rmpre kw23 1t s alse
used in pringrple by MES--ﬁEe;panderﬁnru,A; showh
If Figure 8, ihefe is a single control pulse, BEG, and a
level sigral v that indicates whigh lyps ol apgiation
510 ko placa, The Uiming ol 3sissimilar i hat afan
adJiess aignal,

Figure 7 bhows how icusea Type Z procedsor with a
Type | peripheral chip, The decoding ahawn in (he
hgure Can be easlly jmplem=nted with ohe-hatl o a TTL
F4L5128 dual 2 10-4 decoder (i evenleaves an eslra
control inpul tar dislingyishing bely, etn memorny, and

r—— -

g il 1de=.‘ned‘_i. Asfuming thal processor 2ng | uiiph-
eral speeds are comparable, there should be np prot-
lem in satislying Ihe hming cequirement ol euiwer the
processoy of The pariphadal chip,

Figura 8 shows an atlempt to use a Type | processar
wllhaT}'pemelpharalchlp Thﬂloglcaimmniﬂuand
WF frarm 1ha processor Ricely produces HED o 1ha
Type Z poripheral. FD has the corect logic value 1a
serve as G, but s llming [s a problem. The Type &
peflpheral expacts AW Uming 1o be similar
characigr 1o an address 3ignal, that is, it should ba
valid long tefore the BES pulse appears. The oaly way
wecauld prasure this would be 1o arlilicially dutay RES
lang enough tot AD 16 satisly the selup lime of Aw Un.
fortunalaly, such & ¢elay [unlesa highly 25ymmaetric)
woult! alsa gelzy Lha Hailing edoe of REQ until iong
alter AW A had gone awdy —again a problem.

The ctearest way 0 use a Type | processor with
Type Z periphers] chipy is 1o vse 2n addiess ine k4
B, FOf cxampla, The feasl significani bil of tha 10
porl adaiess could be resgrved as R, Hardware
decoding of actual perl Aumbers would use the higher
ardder blte; thep soitware would hipve 1o ensure bt
writes always used odd pon addresses, and jeads
uscd even,

The conclusion e 1hal i1 ks simpli to connect Type ]
periphcrats Lo Type £ protéssars, byl 1nat the teversn
canbediflicyit. 18 this {ust Lhe way it lorned ool of was
lhere melhod L this Medness?

e
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Figure 6. Type £ bus conbol signals,

To use such macras, however, the programmer must
give up some registers for use by the macroa. In the
ahove example, macros would vse RO, leaving only
Rj available to tho program as & pointer variabla.
{Buffler copying and other routines requiring two or
imore pointers gt 1o be o problem,)

The lack of syinmetry in the instruction st also
creates progrimming headaches, For example, why
ere thera INC RO, DEC RO, 2and 1%C RO instructisns, but
not DEC ¢ #6? Or, why can we conditionally jump on
C.Z, T0, and T') conditions troe or false, bul on Fo, F1,
TF, and accumulacer bits only true? Except for ac-
cumulzlor bits felge, Lhe proper “holes™ exist in the
instrretion set; in fact, it probably took more logic ta
turp theinsiruetions offthanrolet them work, T have
been Lol (hal these unbmporiant' instryctions
feave roomn fur haiure enhancements, byt any worlh-
while arehitetural enhancements would reguire
changes Inore sweeping than a few speelal-purpose
apiixdes,

While nice programs can be written for Lhe
MCSAR, ey take mmere vlfurt than Lhaee writlen for
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a “general-purpose” architecture. Progremming dif-
fieulty and expense alsp increase as we bump against
the memary limils of the 8048, If we are writing cne
short [< 1 K byte} program and shipping 50,000 units
withit, the programiving expense is quite juslifiable,
[{ we zre writing 10 different 2K- ta 4K-byte pro-
prams, each of which will be shigped with 5000 units,
we might be hetter off selecting a cloaner (albeil mare
expensive) machine )

Some electrical characterisiics

The MC5-18 uses Intel's reliable n-channel siticon-
gate M5 process. Several second sources for Lhe

e
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family have wen snpounced—-AMD, KEC, Signe
tics, Sicinens, Intersil, HCA. Both [atersil aond RCA
have atinounced plans for CM OS5 versions of MTS-48
chipa,

The MCS-48 chips use a single +5 volt supply and
have lpic inpul and vutput Jevels thot are fully L
cpmpalible. Ay with all MQOS micreprocessors, the
oulput drive is Jited =Ly pically four or five low-
power Scholthy {LE17TL) unil leads,

ML5 48 chips cunlain an gscillaler Lo gencerate the
provessur cleck inorminglly 6 Miiz) Irom an external
crystal or HE cireuit, 11 is also possible te connect an
external clock dircetly Lo the escillator inpot. The
pulput of the oscillutor feeds a divideby-thres
counter whose ouljul inominally 2 MH ) conlrolathe
internal states of the processor. Since the divide-by-
Llarie counbur cenned ba synehronized externally, pro-
cessor 1D cannot bo refurenced very well to the
5-M Hz clock lor tricky inLerfaces, nor can processors
ba run in lock-step from & common clock io 2 b
plicated microcomputer {authar's pet project).

The MCS-18 lamily selislied the usual
Inte] siratepy of being the first in the
marketplace with an imperfect but useful
product.

The MCS-48 chipa have an sctivelow reset input
pin connected to an internal highdmpedance pullup
resistor and Schmitt crigger, Thus, power-on reset
¢an be accomplished by an exlernal 1 mFcapacitor, It
is a liltle more difhicull Lo add a bogiccontrolied resat
Ifor example, by 8 watchdog timer), since open-col-
lector or discrele Lransistor drive ia required. And
undesy Lhe driver circuit is sophisticated, a logic-
commanded rescl will digable the processor lor a long
time, due La the tiing constant of the power-on resel
clrewit—about 200 meee. [n any cape, resel destroys

“Lhe stale of Lhe proccssor, |L would be nice to havea

nonmuskatle Inlerrupt (ae in the BOB5) Lhal could be
ueed for epplicstions such 8 walchdog timera.

Develapmen! toals

Intel supports Lwo mejor development Lools for the
MCS5-48 family—u crogs syaembler and an in-circuit
emulator, ICE, both of which run on an Intel MDS
microcompu ter development sy stem. Unforlunstely,
Intel does not support any MCS-48 assemblers or
simulators thel run on a large computing sy stem, a
necessity for any large developinent projece,
However, Lhey can be oblained from independent
soltware houses and consaltants such as Aicrotec,

{nLet MDE software for the MCS.48)acks the con-
sistency qne expecly irom o pood set of soltware
toals. Fur example, lhl..re st alleast three very dif-
ferert synmlaxes Lhat an cngineer of programmer
might use tochunge the vislue of 8 lhemne y location in
{he M1IIS A F(‘hdihu anwhidherthe snunitar, 1Y ar

PROM programmer i3 heing uaed. The menilor hasa
nice syntax thal allows us to apen 2 localion, change
it. end continue to Lhe nexl locslion wiltk a small
nurnber of keysirokes, In [CE, to read and change
four locations, we must type {machine 1ype under-
lined):

* CEYTE 144 TO 47

O1a4H=0LH 3AH HYH b9H

S CBYTE 144m i1 TLFFAA
Todothe same thing in the PROM projramints, the

programmer Ly pes:

* DISPLAY FROM 144 TO 147

0020 01 24 HF b9

"_CHANUE. 144m11 2L FF.EA
Ineither syntax, one wastes keystrokes, and ib'a cury
tolosctrack of the addressin a long string, Thisisn't
too terrible until wa discover Lhat ICE has inter
preted and printed eddressca ond data in hex, whin
the PROM programmer has assumed inprule in decd-
mal and printed cutputs in hex lexcept for inputb ¥F,
which the PHOM programmer rejects begsuse it
lnoks like an assembler labell).

Another conatant anpoyence is that Lhe MTIS are-
ceptsonly the RUH character [or deleting characters
{echoing the deleted character): backspace js not sup-
ported. It would have been easy snough to support
both erase charactera, making both teleprinter and
CRT usgers heppy.

Conclusion

The MCS-48 microcomputer fsmily was r reasan-
able contribution tothe staleol theart whenit wusin:
troduced in 1978, in gpite of ite [lawse, Tt achicy ed itw
design goals end salislicd the usual Intel stralepoy of
being the first in the marketplace with an iinperfect
but useful product.

The MCS-48 ia an acceplabla choice for applica-
Lions with initis! estimaled requirements of leas {hen
1K bytes of program sture, B4 byles of Jdais neanoey,
and only one or bwo different progroms to be Jevel-
oped. Designers whose applications require nag
memory or dilferent prugrama in dillerent ¢lips
should seck a more gencralpurpose archileciiure,
such as Lhe 28 ovr §BOY, +

I have spent much of this srticle cuuplaining that
the MC3-48 iz not 8 general-purpode 8-bit microcosa-
puier. This mnay seemn unfair, since some peugle a In-
Lel claim the MCS-48 waa never intended Lo o nroch
beyund the old 4-bik market. S0 why criticize it on
that basis? First, to help designers wha might other-
wise be tempted touse jb in alarger applicstion lntel
sales engineers frankly recominend their Lhrenchip
H0L5 system in such caaes). Second, to help designers
whohave already selecied Lhe MTS-48 for alargerap-
mlication. Third, Lecavse discuetion ol general
system requirements should benefiy future sysiem
designers and chip designers alike. Firally, brcavse
Intel does nol now offer a clean archituctore suitehle
for the more general-purpose, singlechip, expan.
dable microcomputer market, snd 1 think they
should, O

CORAFUTLA
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The first implementation of a new microprocessor architecture
promises to narrow the ygap between the power
of very small and very large computers.

L o

A Microprocessor Arch]tecture .
for a Changmg World: The Motomla 68000

Edwurd Siritter
T Gulntur

]‘»‘IPI.urula Scmiconductor

h"itroprocessur Lechnology 15 enlering a new and
especially challenging era. While technology con.
straints have not eompletely disappeared, we are
nearly Lo Lhe paint where the limiting factor in micras
privessor design is not how much function cen Le in-
eluded, bur how imaginative and creative Lhe
designer can be Asa result, several compunivs have
introduced new-genération microprocessors. Wa
describe how one of Lhem, the Motorola 6800, re-
sponds La these nnigue condilions.

Maolivations for a new mictoprocessor
architeclure

Previous generations of microprocessors were
lirmfted by the available tschnalegy. Brocks, in &n
overview article,? discusses how Lhe technology con-
siraints and the perceived microprocessor market
molivaled early microprocessor architectuere.
Microprocessors were limited in number of regiilore,
tata-path widlh, andinslruction-sot power primarily
beeause technoelugy conld not supyport more fralures
on & gingle chip. Ocher limitalions of micro

processors. such as having toe small an address

space? and awhkwardness of sddress compulation,?
may be altribuled as much Lo prevailing pereeplions
ul the potential murk el axtatechnology constraints
Whatever the Joriper seurces of restraint, however,
we dre now in a periud of tm‘.hmfa| innovation and
spiriled counpictition,

Technoluygical ady anees. The basic microprocessor
technoloyy, MOS, has been sieadily advanced in Lhe
las| few yvars. The most noticeable improvement has
been circuit den-ity (Figure T, which trapslates

Fetruary 1469
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directly intg the amounl of capahility thal cen be put
on 2 single-chip microprocessor, Wheteas carlier
microprocessors conlained froim 5000 to 10,000 tran-
gistors per chip, current processors hnve froip 25 000
Lo 70000 Lransislors, whick is lesg than an grder nf
mapnitude away lrom Lthe number in many of the
largest maxi-compoters. Circuit densily is not the
only teehnology advance Lthat has been made: cor-
responding improvements have been achiev ed in cir
cuil speed and power dissipation, -

Advanees in Lechnology have been more cvolu-
tionary than revululionary. The major advance, in-
creased cireult denisity, 15 the result of gradual im-
provements in pricessing techrmigues thal permit
smaller circuil dimensions. Density improvements
are expected to conlinue, since they depend nol on
overcoming fundemental limitatians but only an fur-
ther evolutienary improvement of exisling pro-
cesses. New microprocesser architectures must be
devized ta wake advantage of this future advance
ment.

Markel demvinils. Tha demand for micropinctssors
in applications nol foreseen jose & few years ago is
prividing new oppertunities for microprecessor
manufactorers. Just as the origical microprocessor
designers conld gt prediet the many uses thal would
be found for their devices, today's designers cannot
hnpe to envision more than a faw of the eventoal ap-
plications of noew microprocessors. The imphication
lor the desipaer is Lhat new desipns most be Nexible
and peneral if they are to be useful in o I ge auinber
af prdenthal upp]iﬂ:tions. :

1tigh sof (u are rasls. The problem af sol[warecasls
iseven worse in microprocessor applicatiune thanjtis
with computers penerally. Decreasing mimory roxts.

[utv It KE
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increasing procesyer functionality, and more com-
plex applicatiung are combining to increasa the size
and compleaity of microprocesser programs. Saolu-
ware costs al $100,000 or tnore are clearly incewtpati-
ble with hardware costa ol hundreds of dollars. This
cosL disparity may be unimporiant in large-volume
applicalions, whers soflware costs can Le smori ized
over thousands of hardware units, bul it often
precludes the use of mictoprocessors in applicalions
characlorized by coinplex programs bul Tow velume,
To help reduce the high cost of soflware, inicro-
processor designers must make a strong commit-
ment to suppurting highlevel languages and
disciplined programming practices,

High design coste. The cost of designing and im-
plementing & new device wilh Lens of thousands of
Lransisters is high, Cuinputer design aids dare in-
dispensible, butl {hey are also expensive. Designers
must altack Lhis design-cost problem in seversl
ways. First, struightforward designs, using regrular
siructures, are poyier Lo implement, Lest, snd correct,
and are therelore loss expensive than exotic designs.
Second. eavh pew archilecture must be planned o
last {or as lony as possible and most be easy to ex.
pand in the future. Manulaciurers can no longer al-
lard to privdws pew architeclures vvery fow yours,
Expctivnee with trying Lo extend and hinprove the
ariging] B-Lil mivroprocesser architeelures deman-
strates the need for planned expansion. Doesigners
must lecarelful Lloinclude as few limitations tr fulure
expansion as possitde, The most common mistakesin
the paxt heve been limiling address size snd nol pre-
viding unusedgporation codes for fulure ew instroc-
Liuns.

Design gonls for the 65000, Motorola’s Gapoo
microprocessor archilecture has been designed to
meel the requirements outlined above, (The
W CO8UUD's churacieristics are swintparized in Table
b

Architecrural fumily. The BRQ00 design specifics o
computer architucture of which 2 oumbuer of different
versions of “implermeniations” will be produced ®
The fizst version, the MCE2000, implemenLa only the
suhbset of Lhe complere 82000 zrchilecture sllow od by
current Lechnolugy conslraints,

Frexibifity and usefulness. The G000 dusign on-
sures Lhal Le processor is vasy Lo prograin. Asinuch
as possible, thera ura re unnatural Hinilativons, ae-
Lifacts, specinl cases, or other awkward funtures in
Lhe archilectura.

Marketabiliry. The 65000 is a general-purpose or
chitecture, reflecling the increasing market accep-
tance of genersl purpose microprocessors for diverse
applicalions,

Expandabilicy. The 68000 design spevilive several
features, such as MNoating-point and siring opera-
tions, Lthal are not implemepted in Lhe [irsl sersion
bt have Leen spucified now Lo guarantve lulure cine
sislency. Tn aldition, vuused space hos boen et in
the architegiure Lo sccomningdale new fealures that
future advanees in technology will makao possible.

Support af high-tevel lurguages. The BBOO0 ar-
chiteclure contains lealures for implementing high-
levellanguages, and Morotalz is commited to supplv-
ing saftwarp support lor program develnproent in
well-known high level languzpes.

L]
i
Table 1, '
Motorola MCEROOD characiarisiles.

INTEGER SHES B, 16, and 32 bHs
ADORLSSING CAPABILITY 16, 775,216 by bes
INFUTABUTPUY L PR L
1ECHHOLOGY HMOS

INTERXAL S CLE 250 naec

MEIMOAY ACCTSS S0 hseg

RELATIVE PEHFORWANCE 10 10 ?5 times BEOD
Filg [

POWER 1 9%

' COMPUTER
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68000 internal archilectue )

NMesaurres, The G000 design provides an addresa
spaceol 2% hytes (hnited 1o 27 byles intheimitial im-
plementationl. Memary is byle addressable, wilh
individual-bit addressing provided {or bit-manip
vlation instructions, Memory may be accessed in
urnits el 1, 8, 16, ur 32 hits, CIPU] resoarces ineluda six-
teen 3Z-bit registors, a A2.bil program counler (24
bits in the initial implementatjon), and 2 16-bit slalug
regisler.

The registers [Figure 2§ are divided inte two
classes. The elehl dala regisiers are used primarily
for date manipulation; they may be operand sources
or destinntions for all operaticns but are used [n ad.
dressing anly as index registers, The sight remaining
{address) registers areused primarily for eddressing.
The stack pointer iz one of Lhe address registers. "The
program counter und status werd are separate
TEgisLars.

Addressing. Memory is logically addressed in 8- Lit
bytes, 16-Lit words, or 32-hit lony words. The current
implementation requires that word and lang-word

al . 16 15 87 0
H : Jm
] 41
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1 ' 10q DATA
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1 ! i -]
i ! 1o
n 1515 /]
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i 1M
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Pigure 2. MOBEDOD pro,ranming model fay and In1ernal
sIrucivre gl glalus fogielern by .
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Table 2.
MCEBOO0T addresslng mod=s,

REGISTES DIRECT ADDAESSING ;

Oale reqisiet oiretl EA = Cn

aderess regesier dirscl th = An

tlatus register diteg) EA = 5R
REGISTLR Lt [ARED AGDRESSING:

regusier gelelsed EA = [AR)

regester geleirad pogi-horemen] EA = [An); An <= AR + ¥
iegriier deleired peg-decremen]  An<— An=K: EA = [én)

hase realve EA = |A] + 416

indexad E4 = [AN) + [ER) + 0%
PROGHEM COUNTER RELATIVE:

relateve weth ollsml £A4 = (PC) + 0B

ielalive indexad EA = [PC} + (Xn) + dE

short PC refative branch EA = [PL] + A

tong PCorelalred branch EA = {F{] + 0B
ABSDLUTE ADDRLOSSING:

atisolirte o €A = Phgal ampirocion word)

Asshile long EA = [Nful fwp FSHCI winds]
IMMENATE DATA ADDHESSINE

immediate DATA = ngub insiruchion wardys)

quick Immegialy DATA = Sutil.etd ol insleuclun (4 bt}

CEFINITIGNS:
EA = gllaclive addrass
An = addiess register
D = oata regisler
N = address of daty reQisler used 2% indea fegisier
SR = status regesier
P = piogham counler
06 = B-pil displacoment
d16 = 16-bil displaceman
W = ¥ lof byle, 2 lov word, and 4 o leng word gporands
1] canienls al
€— = rgplaces

data be word aligned. Bits are individeslly ad-
dressable jn the We-menipulation instruelivns,

The archilectura gpecifies an optimal memory
managemenl scheme that implements and enfurces
variablelength scpmentation of the address space
with access righta specifiable Tor individual
segments. The processor can be ysed with or without
memory management.,

Address calculalions [Table 2l are specified by 6-bit
field= of t he instruction. The addressing specification
13 orthogonal Lo the pperation specification of the in-
struction; that is, any addressing moade can be used in
any instruction Lthat nses sddressing,

Addresses are 32-hat quantities (24 bits in Lhe cor
rent implementalion). The archileclure eilicienlly
supporls small systems {those with fewer than 2™ ad-
dressable bytes) by allowing 16-hit address guan-
Lities to be specified, moved, or ealculated in almast
cvery addressing situation. For example, an abzolute
adldress carried iInaninstuctipncanuse 16 or 32 bits,
or snindex calculation can use 16 bils (sign extend ed
to 24 hits)ar 32 hils of Bregisler asinpul. This leature
allows the architecture ta support 1uery large ad-
dresses without penalizing the efficiency of proprams
that reguire anly small addresses. The address «iza
{16 ur 32 ki1 is indivigually specified for cach use, sa
that Jurge and sinall addresses can be infermixed ar-
bitrerily in @ prograrm.
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A variely of addressing modes are available:

Register direct. The dala or address regisler con-
Lains the oprrand,

Address register deferred. The operand address is
in Lhe specified address reprister,

Address register deferred postfacrement. The
operand address is in the specified addreas register.
AfLer Lhe operand Ia areessed, the address in the
rugtister isincremenied by the operand size (1, B, or 4).

Address reyisier deferred pre-decrement. The
operand address is in Lhe specified address register,
Befarethe operand is accessed, the address register ia
decremented by the operand size.

Rase refative. The operand address js the conlents
of the specified addresy register plus s 16-biL signed
displaceinent inlhe inglruction.

Program counter refative, The aperand adidreas is
the current program counter valie phus a 168 biL sign-
ed displacement in Lhe instruction.

Indeced Theoperand address is Lheconweniaof Lhe
specilied address regisier plus the contents of en ad-
divional Idata or address) register specified plus an
B-hil signed displacement in the instruction.

3 a3 3
S ADD GPERAKD | QPERATION | ADDRESS | ADORESS
REGISTER | MODE MIDE | REGISTER
L DRELTIGN AND
{IPERAND SIZE
400 INDEXED .
q 3 1 3 3
A0D OFERAMD | QRERATIQN  ADDRESS HASE
REGISTER | wonE MODE | REGISTER
4 1 i '
[T,
INDEX %//
DISPLACEMERT
REGISTER | | //‘,-
L‘P!NDEI SNE
MOVE
4 3 3 3 1
uave | ADORESS | aDDRESS | aOCRESS | ADDAESS
MODE | REGISTER | WMODE | REGISTER
£ JVNTINAL BRANCH )
4 ] A i
Bre | CONDITION DISPLACEMENT 1
on
BCII CONDITIN LEALD
DISPLACEMENT
bivare A Typical ta' 2000 instruclion foimats.

(1

Pragram egunier indexed The operand eddress js
the current vulue of the program counlee, plus the
contents of the specified data or sddress register,
plus an & bit signed displacement in Lhe instraction,

Absolyre. The operand addreas is Tu Lthe nstrue-
Lion.

Intnediaee. The aperand is In the instruction,

Biturldressing. A complete set of bil-innnipulation
instructions (SET. CLEAR, CHANGE,and TEST)is provid-
cd. Far hiese instructions, an individual memeory
word is addressed using one of Lhe above addressing
inodes. The individueal bit La be manipulaied is ag-
dressed by ila bit number in thal word, The hit
specilicalipn ie contained in the instruction or
previously caleulated in & date regislec. This
meachanism allows bits to be addressed simply,
without requiring the use of logical instructions wod
rmasks. For registers, all 32 bits ara individeally ad-
dressable,

tnail cases, the nddresses specified by Lhe program
can span the entire address spece. No arbitrary seg-
ment sizes are imposed, and no separate segment
numberg necd be maniputated.

Addresa, like integer, is a ully svpported data
type. A complete et of address manipulation spera-
Lions (MOVE, COM IPANE, INCREMENT, DECREMENT, ATD
TO, SUBTHAUT FRAOM) is implemented on the address
registers, In addition, the LOAD EFFECTIVE ADDRESS
inslructign performs an arbitrary calevlation and
putsthe result inlo a specilied address repister. This
provides the programmer, in a single instruction,
wilh the abiliLy to precaleulale addrosses vsing any
of the procesacr's sddressing modes.

Betsuse there are #ight address registers, fewer
memory accesses dce teuired for Toading and sturing
Lemporary addrees values, end addresaes rirely Leed
Lo be recalculated in dilferenl parts of Lhe program,
These features minimire the program time speng
manipulating addresses, a ecmmon boltleneck in ex-
isting microprocessors. They also establish a degree
of address-size independence;” Lhe address.
specification fields in instructions wre most often
only 6 bits, regardless of the fact thal a lurge (32-big)
address is actually being specified. )

Dats enunipulntivo. The 68040 supports o numher
of data types and supplies & complete set of opera
tions lor gach type (Table 3 and Figure ). In general, -
the addressing inode isindependent af the dutatype,
Al=o, incpses whereit makes sense lintegera, logicals,
and addreszses), Lhe size of the operand may be
specified independeontly of the operatinn. Operand
soUrces may be either registers or addressed memuory
locations, The resull may be stored either in the
regisler or in the speeified memory location. This
class of "register-Lo-memaory™ operations riviuces the
number of register stores roquired Lo save resulls,
Most operationy can be specified Lo work inemary Lo
register, regisler-to-register, register-tomemoery,
immediale-to-register, or immediate-le- memory. The
move instruction ia mure Tlexible, being a full fweo
address justruction. It can specily memory-le-
memory move uperalions as woll asthe aptions listed
above.

COMPU I eH



The 68000 data Lypes and the eperations that sup
purl Lhem are;

Integer. The operalions Are ADD, SUHTRACT,
MULTIPLY, DIVINE, NEUATE, COMPARE, and
ARITHMETIC SIFT, Integers may he 1, 2, or 4 bytes,
Shifts arc multiple-Bit shifts, either Teft or right, with
shilt counl specifivd in e instruction or previously
colculated ina delnrepister, and indicatooverflaw ag
appropriate,

Multiprecision fateger. ADD WITH EXTEKD, SUB-
TRACT WITIH EXTEND NEGATE Wil EXTEND, UNS]GN-
ED MULTIPLY, and UNSILGNED DIVIDE ure the
primitives supplied for casily implementing
multiprecision integer arithmetic. Operands may be
1,2, or 4 byles, except for mulliply and divide, which
operate only on 2-biyte quantilies.

Logical The uperations are AND. QR EXCLUSIVE OR,
COMPLEMENT, COMIARE, SHIPT, and ROTATE [which
allow multiple-position shifts and rotaies, lelt or
r:ghL with or without exilend Lit). Logicals may be 1,

2, 0r 4 byles, .

Boglean ANTYL OR, EXCLUSIVE OR COMPLEMENT, I1M-
PLICATION, &nd 85T ADCORDING Tp CONDITION COES
mre provided, [SET ACCORDING TOOUNDITION (ODES i3
used to retricve Lhe logical velue of any of Lho condi-
tionsl tests Lhat are availahle to the CONDFTIONAL
uRaNCH instruction) Boclean dala are one-byte
quanutles

Ait. The operations are 55T, LI:F‘AH CHANGF, and
‘e Bits are individually addfessable,

Pecivul. ADD, BUBTRACT, KEGATE. and COMPARE
are Jecimal eperations, The decimal [BCD) instiuc-
liuns work on operands in memory [memory-to-
inempry) two digits [one byte) ot a time. Combined
with a letping instruction, the decimal instructions
implement variabte-length memory-to- mMemory
decimal operaliona.

Churacter. Character instructions, MGVE and
COMPaRE. work on operands in memoqr {memory Lo
memory).

Address. Address operations m;;_lude INCHEMENT
iby1l 2 ord], nECHEMENT(hy 1, 2, or 4}, ADD INTEGER,
EULTRACT INTEGER, COMPARE, and LOAD EFFECTIVE
ADORESS.

Real Floaling pnint Abn, SUNTRACT MULTIPLY and
mivior are specified but not Implemented in the first
¥ orsion.

Siring. STRING MOYE, 5THING SEAHCH, and
TRANSLATE 1o specified but not implemented in the
first versiocn,

Mrogram conlrel. Program-control instructions in-
clude CONDITIONAL BRANCI {program connter
relativel, JUMPE, JUMP TO SUSRGUTINE, RETURN FROM
SUBROUTIKE, and RETURN FROM INTERRUST. all of
which are traditional instructions. Sixteen separstie
opcrating-system calls are spocifislile with the TRAF
instruction. Conditional traps, losping, and
subrouting control are discusscd helow. The sTOP in-
siruciion halls tho processor, the RESET instruction
reinitializes the sysiem environment, and the Move
inslruction can maripulale the processor statua
winI,
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Privilege ntales, The GEODD provessor can operale
In user or supervisor slute. In supervisor state, the
enilire {nstruction set is available, Indicalion of the
correnl staleds given toLhe external world so that, for
instance, address translalion can be inhibited when
the processor is in supervisor state, Tn uscr state, cor-
taininstructions, such as STOP WESET, and those Lhat
modily the status word, are not allowed; Lhey cause

Tabls 3.
MERADE inslrucilon sei.
MNESIONIC DESCRIPTION
ARCD A clecima’ with exlemd
G Al
. 40X Add with exiend
AKD Logecal amd
ASL Arlitmetic shill il
ASR Arhnmelic shild alghi
BCC Branch cenltionathy
ACHG Bl test and changm
BCLA Bit 1kt and claar
BAL . Beanch avways
A5ET Bt 1esl and sat
85A Branch 19 subrouting
arsT Bil 1251
CHEK Crachk regisier againg] bounds -
LR Clear operand
CHp Alithmelic comparn
DONT Decramenl and beaach noa-zeip
mvs Signed diida
Dhyu Unsigred divide
LOR Excluslhve or
Ex@ Fachange reglsierg
EXT Signed ealend
JHP Jump
J5A Juntp 30 5w ouling
Lok Lo mulliphe reglsiers
Loa Load register qulck
LEA Load eleclive agddets
LINKE Limk stach
LSL Logical shift .
LSA Logical shift right
WOVE i
MuLs Sagred muliply
MULU Unsigned muattigy
NACD Hrgake decunal with sxtend
MEG Two's camplemsnt
NEGX Two's complament with artend
HOF Ho pperation
L1t H Cne's complemeni
OR Logwal or .
FEA . Push efleclive addinss
RESET Resel exiernal gavic ek
ROTL Polafe kel withow &xiend
ROTA Rolate righ! withoul extend
ROTXL Aalale ki with #xiend
ROTXR Retite right wilh exiend
kTR Return and resiore
RTS Pelurn lrom subrguline
SBEED Subiracl decimal Irom extend
SCE Sel conditionally
ST Sleie mudtipde u-gimrl
L3 Stop
sua Swbtiaci
S1URX Subtract with galend
SWRP Swap datz regisier halves
TAS Tesl angd selb operand
TRAP Trap
TREFY Tiap on overiw
151 Tesl
UKLX Unhnk stack
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Lrap Lo supervisor stole |by stacking the currenl pro-
gramund status word and loading a new context from
a proussipned Lrap vector), 1legal instractions,
unimpleniented Instruclions, Interrume, and Lraps
toperating as system callsh all canse the provessar L6
Lrap aivd switch to super visor state, Toensure proper
operation when relurning Lo supervisor stale,
regardless of user-stote activity, there are two stack-
pointer regislers—one active in usur stale, one in
supervisor state. The user stack-peinter contenls are
availably, by special ingiructions, Lo the supsirvisor-
slale program,

The HH000's user/yyslem state distinetion will
allow a small eperating system kernel Lo provide ful-
Iy protected viriual address spaces toany mmber of
independent tasks or users.

Trapping on illega! and unimplemented instrue-
Liong allows the aperating syslemn Lo provide & meory
functional virtual machine touser-statotasks, Forin-
stance, the oparating system can transparently pro-
vide soltware implementation of any currently unim-
plemented instructions (such as Moating-peint o
slring manipulation) executed by a user-stale task.

Highlevel-longuage support. A revent paper by
Allison* sugpests waya in which mictoprocessor ar-
chitecture should be designed to support high-level
languages. This methed, lollowed by the GE00G
desighers, {5 10 “examing, . . the runtimoe represanta-
tien required for the ¢lass of languages to be im-
plemented"” and Lo “provide adegutate instrue-
tions. . tosupporl Lhe vequired runlime reprezenta-
tion'” and transformations on that representelion
“without exLensive in-line computation,”

The 6E00G design supporis high-levellangocges, at
both compilation time and execution time, with a
clean, consisienl instruction set; with hardware im-
plementation of cenimonly used functions tmultiply,
divide, and address calculation); and with a set of
special-purnese instruclions designed Lo manipulate
the runtime environment of a high-level languege
program. The language constructs mided by Lhese
special-purpose instructions include arruy accessing,
limited-precision arithmetie, looping, Boolean-
expression cvaluation, und procedure calls,

Arruy acressing. ‘'The HOUNDS CHECK inslrection
compares & previously calculzted erray index (in a
data register] zpaingt zero end a limit valoe address-
ed by the Insirection. A trap occurs il the index isout
of hounds for that array. This replaces a common se-
guence of instrucijons (st least {our) with a single In-
struclion.

Limited-precision arithmetic. The THAP ON
OVERFLOW instruction causes o trap il Lhe preceding
operalion resulted in overflow. This sllows eflicient
overflow Lesting Lo encourage proper checking of
arithinelic results.

Louping. A restricted form of the Follloop con-
struet is implernented in & single instruction that
decrements & count snd branches backward if the
result is nonzero,

Boolean-expression evoluotion. The CORTDITIONAL
SET instructions assign & true or false value to a
Boclean variabla on the same condilions thal are us-

CoOWMPUTER



od by the corwin TION AL BHASCIE instructions. These
instructions hielp iinplement Doglean-expression
evalualinn by avoiding cxlrz conditjonal branches,
cspevirlly in the case (s with Pascal) whera “"short-
circuited™ eviluation muy be undesirable because of
"possible side ¢ff«cts.,

Procefure calls. The 63000 usgs a stack—pointed
to by one of Lhe sddress registers, called the stack
poinler— Lo build the nested envirenments of called
proceslures. Three instructions [plus an additional
vne for coch parameter] implernent 3 high-level
language procedure call (Figure 41, The enlire call
mechanism uses only the stach and s completely
reentrant {Figure 5. These instructions are described
in more delaj! bolow,

Push peramcter values oraddrosapsontu the stoch.
The MOVE instroction pushes & value onio thae stack,
and the FUsI EFFECTIVE ADDRESS (see LOAD EFFEC
TIYE ADDRESS explained carlier) pushes the result of
- anartitrary Bddresscalealation onluthestack for ¢all
by refcrence.

Calt procedure. The JUMP TO SUBROUTING instruc-
tion poshes the return address on the stack and
jumps to the procvdura entry point,

Ecteblish new local environmeny, The LINK inslruc-
tion does all of Lhe lallowing: saves theold conlents of
the frame pointer fzn arbitrary address register) on
the stack, points the rame pointer to the new top of
stack, and subracts the nomber of Lytes of local
storage required by the procedure from the stack
pointer. This eslablishes local storage Tor the called
procedurs and a frame peinter {add ress register] for
index addressing afl locel variables und parameters.

Bauve on arbitrary subser of the registers on the
steck, The MOVE MULTIPLE REGISTERS instruction
savesan arbitrary subszet of the registers on thastack
{or anywhere in inemory) in a single instroction, The
registers (0 ba saved ara indicated by setting the cor-
responding bils in a 16-bit ficld of the instreclion.

A set of at mosl four instruetions reverses the pro-
cess fur procedurs returm

Aelped saved registers. The MOVE MULTIFLE
REGISTERS inslruction ig used here also.

feestablish previves envirorment, The DNLINK in-
struction undoes the work of the LINK instructjon.

feturn from procedure. The RETURR instruclion
popa Lhe return address from the stack and returns to
the calling procedure, ;

Pop parameters from fhe siack, The ahl M-
w EATE instruclion uwed on the slack poinler pops
any number of vahies oll the slack,

The 68000 sysiem archileclure

A cumpuler architecture specifics inleractions be-
ween Lthe processor and iLs cnviranment by delining
such things as inlerrupt struclure, tnemaory Segmen-
tation, Lus inteefaces, and input/output structure,
The S8000 system archilveiyre ts designed to e as
flexible ns possible, Porinstance, 1O device reglsters
wre iddressed ns memary hacations{memory-mapiped
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1131, 85 onodt her Molurola microprocessors, Memory-
msapped 11D dves the programmer the Nexibility and
power of the entire instruction set Tor manipulating
device-contral and dala registers, Since na additional
instructions are requited for M0, the procossor is
simpler, and theinstruction set is easicr Loremember.
The 13 space is prolected by the same memory-
management facilities that are wsed Lo prolect
critical areas gf memory.

The 65000 bus struciure {3 also designed for
simplicity, speed, amd flexibilty. The address and
data lines are separote; no mulliplexing ia neaded,
This avoids the need for any separate devices for
demultiplexing, ensuring maximum perfgrmance for
aystemsin which spoed isimporiant. Thebusisasyn-
chronoas; transfers on the bus ara controlled by 2¢-
curnpanying handshake signals, so that no assemp-
Lions need be made about tilming or gyslem syn-
chrony. The use of handshak ¢ signals ellows devices
and memaorics with large variations in regpunse time
to be vsed on the same processor bus. The processor
witilz an arbitrary amoonl of time ontil the sccessed
device of memory signals that Lhe transfer §s oconr
ring.

..f simpla bus pefuestigrant protocal is im-
plemenied onchip so that processors and direct
memory-access devices can cooperatively share tha
syslem bus with no extra arbitration logie. Also, the
chip has & bus-faull input gin Lhat causes inutruction
exccution Lo he terminated at any point and s trap to
be Lakers if an illegal or fauity memory access is mada,
This facilitates memory protection.

The 68000 interrupt structure is like that of muat
minicompulers. Eight priority levels are im-
plemented . [nlecrrupls are vecLored so that software
has full conirel over the placemont and execution of
interrupt-handling routines. The current priority
level of the processor j8 kept inits glatus word. Tater-
rupls at or below the current prigrity are inhibited.
[nlerrupts at higher levels may oecur, 90 interrupt
handling moy be nested. When an enabled interrupt
vreurs, Lhe processor sends &8n acknowladjie signal.
The interrupting device responds with a veclor
number. The vector number is used by the processar

HEX &OCREES OO HUMEAER GF
. FREDLFINED VECTORS | VECIORE
(RESET, EUS ERRDA, 16

ETC }
i —
RESERYED |
&0
REFAULT VECTORS FOR g
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B0
TRAP INSTRLCT N 15
YECTOAS
£
USER WECTLAS e
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e index into a table of interropt vectors in low
memory tofind the apprepriate endey Joint falhein-
terimpt handber; Uhere sre 256 such veclors (Figure 8,
Individual devices on Lhe same priority level can ba
distinguished by different vector numbers, so no
device polling is required. Soltware traps and excep-
tinnconditions in Che processor also transfer through
Lhe viwLor Lable; in these cuses e vector nombers
are assigned by the processor. The vector Lable §s in
main memory and therefore can Le manipulnied by
theoprrating systern as necesgary. The processet im-
plements a sct of default veckors fone for ench prasriey
level) so Lhal existing peripheral devices, not equip-
pd Lo respond with vector numbers, can be uspd.

- GBOGO syslems con be canfigured with & proceesor
directly eonnecled Lo memgry; the addresses
genceated Ly the program are then for the phy siez]
memory. This will suffice for many applicalions

Mote complez epplications, eapecially thuse wilh
maltiple Lzsks or even mulliple users, will reguieg
more sophisticeted memory mansgement. A
separate singlechip device will be available to pre-
vide memory segmentation, address transtation, an.d
memory [rotection.

68000 deslgn and implemenlation

The single-chip MCBBD00 microprocessor {Figura
N is e parlial implementation of (he GEGO0 architec
tura. TL implements as large a subset of the camplels
archilecture as current technologics will alluw. Thy
relevant Lechnolopical constraints are limitatinonz an
the numboer of pins und on circuit density, Addresses
are linidled Lo 24 Lis by presenl-day packayging weh-
nology, which restricts the number of pins por
package Lo 64, Similarly the Jala path toinemary i
unly 16 Lits wide. This is nol an archileclural limgse
tion, bt it does require thal Lwg el y accesses L
mate fur sach 32-bit datum.

Circuid dunsity Hmils the number of insbrectbicss
that can Le implemented. Onceiphth of Lhe
cperatipn-rode map is currenlly orimploowsted.
Some ¢f Lhis space is allocated in {hw orchilbe
ture—fur example, lor Hooting-pocint nnd  stripse
aperabions. Some of the free space 13 currenilr
unspecified and will be allocaled for fulyre archil.e-
tural enhancement, All unimplomented insLructicns
cause Lraps, sa thal soltware emulation iy posasibila,

Fulure implementations of the architecluie may
expand upwards or shrink duwpwards in perfo~
inance snd functional capability. Technolopical od
vanges will soon altow the Tul] eichitecturn ta Lo ir
plemenied, Ascircgit densitics imptave Rt ler, n-ow
versions will be Fpsler and smaller |and Lhos leca s
pensivel and will consume less power. Increasod cir
cuil density will also allow the Tnclusivn &f ondl o
tiemory aml sophisticated speed-up techiniques.

Today's state of the art in MOS LS1 technologs
permils approximately one trensisLgr por gusre mil

Figure F. MCHOOD pin ldentidicalicns and dalinitions, Toe
microprocessoris komsed ina §4 pin package that alTaw s
Ihe use ol separale (nen mulliplesed] address and daty
buses.
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Figuse 8. MCESRN0 erecullon unil configurallan,

of circuil ares and permits logic gates Lo be degigned
wilh 8 sperd-to power product of one piccjoule. An
advanced high-density r-channel silicon-gute MOS
Lechnology was selected for the design of the 88000,
Thia technology suppurts three-micron device
geutnetrics and provides the designer with mnuliiple
MO8 transistor threshald voltages. The Lechnnlogy
allowsa the circuit designer to develop high-
perlormonce logie gates using minimunysice devices
&nd todevelop internal buffer eircuits requiring lictle
power,

The exrcutionunit is a dual bus structurs Lhat pee-
forma both address and data processing |Pigure f).
The Lwe buses are 16 bits wide, and esch can be
dynamically reconfligured into three independent sec-
tiond as required by the micracode, Three indepen-
dent erithmetic enils are available to perform these
calculations; alse, special logic funcLions are provid-
ed 10 exerute long shifts, priority encoding, and hit
maniputation. Each of Lhese units is connectid tatwo
internal buses and receives both input operends
gimultaneously from Lhe registers. Exch buscontaing
bath thotrueand thecomplement logic values sothat
differential cirewit design can be wsed Tor higher-
ppeed vperation The execution vnit direcily inler-
faved Lo Lhe external bus lagic and buffers, Lut s
operation js independent of the external Lining re-
guirementis of the bus.

The contral of Lhe 65000 15 implementled Ly micro-
code, Tha aclual structare of the microprogramined
control stryucture is discassed in detail in another
paper.? The microcentol is implemented &1 a two-
level slructure. The first lovel conlains sequences of
micrvinstructions wilh shart “vertical” format und
cemplex branching eapabilities. Micreinstruelions
conlain the addresses of nanoinstrections, wide
"“harizontal'" contral words, stored in the second
Jevel. The nanvinstructions directly costtrol Lhe ox-
ecution unit. The nse of microcode is mutivated by
the high degign cast of new V130 chips, The
micteconde's rejrulirity of steucture campaned e ewn-
binatorial Igic sipnilicantly decreoses the design
gunplexily, Microgods ﬂ]sf:lr PEFIIES 50lre v ieers
ing decisions-for instance, dedsils of spovific in
strurtions. . Lo he delayed, In other words, once the
mrieremaching architeclure {5 detcnmined, hardwnre
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implementation (eircult design) and firmware im-
plementation {microprogramming) ¢an be dane in
parallel

Canclusion

The Maotorola 65000 wrchitecture combines ad-
vanced technology improvements with a betier
undzrstanding of the architecturs) needs of micro-
processor users And microprocessor applicativna.
The 65000 i1 a step inlo an ares previously occupied
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unly by high-end minicomputers. Ju is a 32-bil ar-
chitecture Lhat supports many dala Lypes and data
sizes. The ndvantages of Lhe 68000 include & flexible
addressing mweehanism, a simple and effective in-
slruciion sek Lhat can be used to casily build complex
vperationd, s inyitileyel vectored interrupt stescturs,
and a last, asy nchronous, nominultiplexed bus archi-
teclure, The GROGD architeclure describes a family of
microprocessuzrs designed for Lhe expanding high-
end imicrovompuler mnurket. O
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Iy - - MODOS DE DIRECCIONAMIENTO

ESOUEMAS DE DIRECCION AMIENTO,

La unidad central de proceso (CPLU} en las compatadoras debe
realizar las siguientes funciones:

- Obtener y tracr de mermoria primaria gl CPU la sigujente
instruceion a ejecutar.

- Entender los operandos, esto es, definir la localizacion de
los operandos necesarios para ejecutar la instruccidn v
traerles al CpPU.

- Ejecutar la instruccidn.

Para llevar a cabo las funciones anteriores el CPU debe con-
tar con la siguiente informacion:
- El cOdigo de operacion de 1a instruccién a ejecutar.
|
- l.as direccciones de Jos operandos v Ja del resultado.

- La direccién de )a sipuiente instruccifn a ejecutar.

Existen diferentes soluciones que satisfacen los re»‘é;uurimienios
anteriores, los cuales determinan la arquitecrura de los proce
sadares yue las utilizan.
Se supondrin operaciones aritméiicas en las que se tienen dos
operandos y un resultado ya que son las que proporcionan el
caso mis general,
a} Mdiquinas de "3+1" girecciones -

El formato de instruccién en este esqucm-a due direcciona--

miento contiene tedos los elementos necesitados por el CPU



para realizar sus funciones,

Un posible formato de instrucciOn se muestra ¢n la fifura

iv.1
CODIGO | DIRECCION ] DIRECCION [DIRECCION | DIRECCION DI:I Pzial
DE PRIMER SEGUNDO  [RESULTADO| LA SIGUIENTE] n d:
PERAC.| OPERANDO | OPERANDO INSTRUCCION | memd ria
FIG., 1wl

EEn este caso se tienen cinco campos en el formato de instruc'c'ifm: ino
para el cOdigo de operacibn que sirve para indicar el tipo de uf}era*--
cién a realizar (suma, resta,” muliiplicacién, etc.), tres campos para
lag diraecciones de los operandos y resultado de las operaciones, un

campo para indicar la direccidn de la siguienie insirucciOn a ejecutar.

o
l.as instrucciones para &sta maquina podrian ser escritas en forma

simbdlica en la siguiente forma: ADD A, B, C, D donde ADID) representa
el cOdigo de operacidn suma y A, B, C y D son nombres siimbslicos

asignados a localidades de memoria,

Supuniendo que existen las instruccivnes suma (ADD), subsiraccitn---
(SUB) y multiplicacién (MUL), .enmnces upa posible traduccion de 1a
expresion A=(B*C)-(D*E) en FORTRAN a lenguaje simbtlico en la ma-
quina de 341 direcciones seria:

1.1 MU, B, C,T1, L3

L3: MUIL. D, E, T2, L7

L7 SUB T2, Tl A, L8

L8: Siguiente instruccidn
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donde Tl y T2 representan localidades temporales uvsadas para guardar ¢

resultados ariunéticos intermedios.

L]
b.z= conclusiongs Més Imporianies €n ¢sle @sguema sun:
Los programas n0o necesitan -estar almacenados en memoria en forma
secuencial ya que el campo de direccidn de 1a siguiente insiruccion per

mite conocer donde fueron almacenados.

Debido a que cada instruccitn contiene en. forma ecxplicita tres direc--
cionez, no es necesario tener en ¢l CPU hardware para guardar los re

sultados de las operaciones,

by ™Méguinas de "3" direccicnes
Considerando que los programas se escriben secuencialmente v que
por consiguiente es muy légico almacenarlos en este mismo orden,
se llega a un nuevo esquema de direccionamiento en el cual se sus
&

r
tituyen 1odos Jos campos de direccién de la siguiente instruccion

por un solo registro dentro del procesador que lleva en fornm sc-
cuencial y automdéticamente la direccion de la siguiente instruccidn

a ejecutar. LUin posible formato de instruccifin se muesira en la

fig. IV.2 .

Direccion| Kemstro Codigo [Direccidn [Direccidn [Direccidn | Palabra
en el de primer segundo resultado n de
procesador |operac, joperando  [operando memoriil

FIG. 1Iv.2
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Utilizando este esquema de. direccionamiento la expresiom As(B*CY-(D*E)
en FORTRAN, qucdarfa expresada como: |
MUL R C,TI
MUL D, 15, T2
SUE T2, Tl A
Siguieﬁte instruccion
Donde se ha suprimido la direccidn de la sigui'cme instruccibn va que
{sta es llevada en forma secuencial y automatica por un regisiro del

procesador conocido como contadar del programa (PC).

Con el esquema de 3 direcciones se logra aprovechar la memoria en
forma més eficientie y reducir )2 longitd de palabra lo que recunda

directamente en los costes de la misma.

o) M&quina-s de 27 :ﬂireccion es5,
En las operaciones arilmé[it.:as no siempre s nec;esario guardar
el resuitado en una Jocalidad de memoria y preservar los operan-
dos, por 1o gque se puede pensar en urilizar uno de clivs para----
guardar el resultado una vez gque la operacifn se ha electuado, l.as
consideraciones anteriores Hevan a presentar an posible fosinato de

inshuccitn en esta miquina, mostrado en la figura IV 3

SIR. DELA | REG. ~0D. | DIR. K. SEG. Palabra
5IG. INST. A EN EL , p. OP. 0 de
SJECUTAR PROC. |_CP, Qp. Memaria

FI1G., T¥%3
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egste esquermna se usard la direccion del! segundo operando come la

direccifn del resultado una vez que la operacidn se bava efcctiado,

por Jo gue el segundo operazndo ferd desird

-

do. Asl puss Ja vxprasiin

H=(BTCY-(DYEY en FORTRAN, quedaria:

MUL B,C
MUL B, E
SUB E,C
ADD C,-A

l.a eliminacién del campo de direccidon del resuhado permite reducir la

longitud de la palabra de memoria v los costos de la misma., lo que

permite usar este esquema en miguinas medianas y chicas,

d)

Miquinas de 1" direccion
Este esguema de direccionamniento nermite eliminar de todas las ins
trucciones el campo de direccidn de uno de los operando y sustiu--
irlo por un registro dentro del procesador, el cual contendrd a uno
de los operandus. A este registro se le conoce como acurmulador. -

El formato de instruccion para la maquina de 1 direccion se mues-

tra en la figura 1v4

ir., de la Reg., en el COD. DIR,
1g. inst. a procesador . P

j .

OP. OPERANDQ |

Fegundo Reg. en el
Pperando | procesador

FIG. 1v.4
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Lo anterior implica la creacién de instreciones fue permijlan caryar’
¢l acurnuladour con el segundo operando {JLAC) ¥ depositar el contenido

del acumulader ¢n memaoria (DAC),

Es importame hacer notar que ludas las operaciones =e llevan a Cabo
implicitamente contra el acumulador v gque éste contendrd el resultado
de la operacion efectuada. La expresidn A=(B*C)-({I>*'E) en FORTRAN,

podria traducirse a:

LLAC D
MUL E
DAC T1
LAC B

> MUL C
SLIB T1 -
BaC A

Esle esquema de direccionamiento ha sido ampliamente implementado €n
una gran mayoria de las minicomputadoras, como por ejemplo: PDP-6, --

’DP-15, 1BM-1130, 1BM-7090 y CDC 3600,

¢} Miagquinas de "0" direccioncs
Esre esquema de direccionamienta solo utiliza el campe de cbdigo
de operacidn, por le gue es necesario contar con al@in Mecanismo
que implicitamente permita conocer Jos operandos.
El mecanismo anterior se implementa usande una pila 6 stack, el

cual se puede pensar como un conjunto de lecalidades contigitas de
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moemoria accesadas usando una disciplina UEPS (@itimas entradas, pri-

meras salidas). De Jo anterior se concluye que en cada momenio se

tendrd gisponible el elemento que ce encuonire en &l topz dei siach,

El {furmatv de insiruccibdn para este esguema de direccionamienio se

"encuenira en la figura 1yv.5 : .

ir. de la
Eig. insi,

Apuntador al
Llope del stach

Reg. en el
CPU

COD1 Palabra de
DE QP memoria

FIG. 15

Reg. en el
CPU

Es necesario contar cop instrucciones gue perimitan reter elementos

-.!
de memoria al stack (PUSH} y sacar elementos del stack & memoria-

(FOF).

La expresidon A={(B*C)-{D*E) en FORTRAN,podria expresarse como:

FUSH D

PUSH E

MUL,

PUSH B

PUSH C

MUL
SUB

FOP A

FIG .o gy b
L T {Apuntador a] topse
D I del stack).
T
E : - ——— T
D B*C
D*E
T
[*El

T ‘/
iB“C-D‘E

&

Y [
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En la fig. yy.0 se ilustra el estado del stack después de cady una de

las inst, anieriores.

S poede cenciuir gue el conjunto de insiruccione: de la miguin?

nif lTimade eolamente por oinstroccionss de Cero direcciongs va ole

12mbién se requieren instrucciones de una direccion pars imater vy s4a-

car elementos al stack.

Se requiere un registro en €l procesador que apunte al tope del siack
v se elimine el acumulador va que el resultado de las operaciones --

tatnbién quedard en el srack.
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2.- METODOS DE DIRECCIONAMIENTO

-

En Jas mdguinas de una sela direccifim el formate de lae instruccic-

sbo O BOTe veieYencil a midmoria consa e doF campoes: el canme

L= S AT
de chdigo de aperacidm y el campo de direcciin del operando. Si s
ponemnas que e] campo de direccidn consta de n bits, entonces la

méxima capacidad de memoria direccionable serd 2" localidades. Lo
anterior puede resultar basianie dréstico en el caso de las minicom-
putadoras ya que por lo general tienen palabras de 12 & 16 bits v si
se asignan cuatro de ellos al campo de cédigo de operacifin solo sze
pueden direccionar 8= 256 localidades de memoria en el casc de pa

]2= 4096 localidades de memoria en el caso gz

lahras de 12 hits 0 2
palabras de 16 bits, lo cual rasulta insuficiente para la gran mavo--

1ia de las aplicaciones,

Lo anterior ha ocasionado diferentes modos de direccionamiento, en

los cuales el campo de direccidn sirve para calcular la direccitn
. ' ’

efectiva del operando, logrando una mavor capacidad de memoria di-

reccionable,

a) lomediato
En este caso el operando puede estar contenido directamente en
¢l campo de direccion 6 en la Jocalidad de mer;llcria siﬁuieme a
la instruccién.
Serd necesario dedicar un bit de la palabra para sahfl:r COmo e

Jdebe interpretar la instruccion,
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Directo

Existe direcciunarniento divecto cuando el campo de direccidn dz

L L]
b insiroeeion contiene fy oBreceton Jol operando & cuonde £8ie

iy camibinado con alean vewisire O palabra do omwmmmoria 2o

[t
'

N,

ran la direccion del operando,

h.1) Usando pégina cero
Uno de los esquemas méis comunes de organizacién de ine
moria, divide ésta en n paginas de jonghud fija, donde n
dependerd del tamano de la nemoria vy del tamado de las

niginas.

Las miquinas que usan esleos esguernas genceralmente usan
1a pigina cero con propdsitos especjales, como son: mane-
JjO de interrupciones, traps, localidades outoincrementables,

cic,

I.a forma de indicar si el contenido del campo <de direccion
se refiere a Ja pdgina cero, es usando un bit para este pPro
pOsito, p. ej. si este hit es cero el campo de direccitn

apunta a una localidad en la pagina cero.

b.2y Usando pédgina actual
5i el bit de pigina estd en uno, se asume que ¢l campo de
direccion apunra a una localidad e¢n la pigina en Ja que =se

encuentra la instruccibn. A esta pdgina se Je copoce cuno



b 3)

- 11- /]

pigina actual.
La direccién del operando se determina sumando los bilg
de orden =uperjor del PC a1 campe de direccién 6o 1z ing

trucci1on., -
Relativo al PC '

En este mode de direccionamienio el comenido del camipo
de direccion de la insiruccidn, interpretado como un ente-
ro con signe, se suma al PC para ublener la direccitn del

operando,

Relativo a un registro indice

El contenido del campo de direccién de la instruccibn, in-*
lerpretade como un epterc con signo, se suma al conteni-
do de un regisire indice para obtener la direccion del ope
rando. En casu de existir mAs de un rvegisiro indice es

preciso asignar los bits necesarios para su identificacion.

Inditecto -

En ¢l direccionamiente indirecto el campo de direceidn de la ins-

truccidn contiene un apuntador a la direccidn del operando 6 este

campo combinado con algdn registro O palabra de memoria genera

un apuntador a la direccidn del operando.

Medianie un bit en la instruccidn se puede saber si el direcciona-

N

micnto usado es dirvecto & indirecio,
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¢.1} Usando plgina cero
El campa de direccidn de la insiruccion apunta a una Joca-
tidad on I plging ceros A osnover Csia Toealded condicene

T direccion del operapdo.

c.2) Usando pdgina actual
E]l campo de direccidn de la instrucciOn apunta a una loca--
lidad en la pdgina acrual. Esta localidad contiene la direc--

ciém del operando.

¢.3) Relative al PC

El contenida del campo de dirveccion de la instruccion, inter

pretado como un entero con signo, se suma al PC para ob-
o

tener la direccidn del apuniador al operando.

€.4) PRelativo a un registro fndice
El contenide del campo de direccitn de la instruccidn, inter-
pretado Como un enlerd con signo, se suma al contenide de

4

un registro indice para obléner la direccidbn del apuntador al

operando.

l.a combinacidn de todos los méiodos de direccionamnientn anteriorcs
con registros de propdsito general, permiten Jograr modes de direccio-
namiento bastante poderosos. Cnande se usan los registros de propdsius

general, el campo de direccidn de la instruccion especifica que regpisiro

se usa y como s5e¢ interpreta la informacidn gue contiene,
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A

N '
CCIORAWIENTO EN Z - 80O

El niecroprocesador Z-BC es una ménuina de una éireceidn
en la aue los diferenis=3z modos dé direccicramiento =o0m uoo-
Cos 16r srujcs de irstrucclones ¥y ns 34 anlicen o¢ una

forza geéneral a todo €) conlunto Ze insiruciicnes,

B) Imnciicito

Fn este modo de direccionamiento el operando no se defi-
ne en forma explicita ya que 2} formato de instruccibn
ea fijo y en los cédigos de operacidén se especifica im-
pli?itament¢ sobre que regisiroa del rrocegador actdan
lzs irstrpcciones, por lo jque €l usuzrie no ruede alie-
}arla de ninguna manera,

Los grupcg de instruccicnes, que utilizan este modo de
direccionamiento son: carga de B bits; carga de 16
bits; intercamblo, transferencla de blogues y tiisgue—
q§; aritméticas de propésiteo general y control del Cru.

Ejemploa 1,

k) Inmediato

El F;aranﬁn se encuentra en 1la localidad de memoria si-
guiente a la instrucecibn y se considera que forma parte
de la misma, Los valores de los oparahdus inmediatos

er pingun caso podrin exceder la capacidad de répresen—
tacibn de un byte, Este modo de direccionamiento se uti-
1iza cuando =e desean realizar operacicnes con valores
conpiantes,

Loa grupcs de instrucciones que uiilizan este modo de
direccionamiento son: cargs de 8 bits; aritiméiicas y
légicus de 8 bites y entrada/salida,

Ejémp]ﬂs 2,



c) Inmediato extendido

Fl operando e encuenira en los dos bytes {16 bits) =i-
£ ¥

gnientes al ebdiro de operacifn de la instruccién., Il

primer byte conitiguo 2l cbdigo de orsrieidn es el oincs

significativo y el sizuiente es el rdg siznifiecativo.

Este modeo de direccicrnamiento es urade por algunas ing-

trucciones de carga de 16 bits,

Ejemplos 13,

d}  Reglstro

Fl formato de instruccidn contiene un campo de dlreceldn
de operando donde se especifica cual de los regisiros
del CPU serd uwtilizado como operando,

Los grupos de insirucciones gue utilizan este modo d=
direccionamiento son: carga de 8 bita; enrga de 16
bits; aritméticas y légicas de Birbits; aritméticas y
légicas de 16 bvita), rotaciones y desplazamientos; encen-
dido ¥ apssado de Bits; entrada/salida.

Ejemplea 4.

e} Registro indirecto

Fn este modo de direccionamiento un pur de registros
{16 bita) contiene la direeccidn ée memoris en la que se

encuentra el operando.

Eg utilizado por los grupos de instrucciones de carga
de & bits; intercambio, transferencia de bloques y bila-
nueda; rotaciones y desplazamientoB; prendide y apaga-
do de bits; saltoa, llam-das y regreso de subrutinas;
entrada/salida,

Ejemplos S,
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1) Extendido

La direccidn del orerando estd conternida dentire del
campo de orerando de la irstrucclén, El campo de dirsc-
eidn tiens uona lenpgitud de 16 bits nor lo que i

a2 cLiyacicéad de mereria direcciona®l:z o de £4

Fste modo de direccicnamiento es vitilizade vor log gru-
pes de instrucciornes de carga de £ bits; carga de 16
bite; saltos, llapadas y regreso de subrutinas,

Ejemplos &,

£) Modificadec de piginm cero

En este modo de direccionamjento el coupo de direccidn
del c¢perando se refiere a una localidad de memorias des—
tro de la pdégina cero, Este canpo de direccidn consta
de 3 bite y para su correcta interpretacidén ze multi-
Flica por O8H, obteniéndose de esta forma la referen-
cis a las locelidedes deseadas,

Este modeo de direccicnamiento se utilizz exclusivamen-
te por la instrucciém RST.

Ejemplos 7.

h) Felativo

la direccién del operzndo se determina suoande al con-
tador del programa el conlenide del byte siguiente al
¢bdigo de operacidén de 1lm inatrucciém.

El desplazamientoc anterior se interpretard como un ni-
mero en complemento & doa, ¢cor 1o gue se¢ logra un ran-
o de direccicnamiente de ~126 a +129 lcecalidades rela-
tivae al contador del Lprograma,

Este mcde de direccionamiento s usado ‘por el grupo de
instruccicnes de salto, Jlameda y regrese dé subruiinas,

Ejenploa B,
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Bit

- 1E -~

S

Indexade ;

Lo direccidén del orerando se determina sumande al regis-
tro de {ndice especificado el cortenido del btyte de dez-

rlazamiento,

El cGesplazamiento ss interpreta como una cantidad en
compl emento a dos, con lo que se Qo4TH un rango de a3-
reccionaniento de =128 a +127 lucaliuanEﬂ ralativas al

recgistro de indice,

Los grupcs de instrucciores que utilizan este wode de
direccicnaniento son: carga de B bita;.aritméticas ¥
légicas ée B bits; ratacinnea y desplazamientos; encen-

dido y apagado de h;ts, saltos, 1lamnda ¥y regreso de
subrutinas.

Ejeaplos 9,

Fate modo de direccicramiento permite prender © apagar
un bit dentro de un operando geleccionade, usando los

modos antes descritos.

Ejemples 10,

ING. ILU1S 6. CGRDERO EORBOA
AGOSTO-TY
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EJENPLOS

Se asumird que todes 1loB ejemplod siguientes utilizan &l siste-

ma d& numeracién hexacdecimal,

Eismplos 1,

Mpna ERSF

A 2

[
=

JSand D3

Ejenplos 2,

OGan (634

HRGY Ecdd

MAOS  DE  LIRECCIOHAMIENTO DEY #MICPQEEACESRDOP  T-206
FROGFAMA  CAFGADD EM CASSETE CONW EL HOMEBFE DE -
I1I:E|":I1
OIPECCIONAMIENTD  TRFPLICITO.

Ln A-F
CAFGR EN EL PEGISTFC A EL  CONTENID DEL FEGISTRD
DE. FEFFESCRMIENTD P

[
FEALIZA EL COMPLEMENTO  LOGICD  DEL  COHTEMIDG  DEL
ACLHALAPGR ¥ LO DEJH EN EL MISHD PEGISTRD

THG Ix

+ EL CONTERIDG DEL  FEGISTRO [ME  JHDICE 1¥X SE  1H--

CFEMENTA ER UKD

OIFECCIONRMIENTD  THMEDIRTO.
AL H XdH
Some AL CONTENIDD DEL  REGISTPO  RCUMULADGR R, EL

DATO 34H ¥ DEIA EL PESULTADD EN EL MISMO PE—
GIZTFD.

FHI 104

FERLIZA LA OPEFACION LOGICR AHD  ENTPE EL CONTE-—
HIDD  DEL  FEGISTPO A ¥ EL DATG 40H. DEJANDD FL -
FESULTADD  EM  EL  MISMO  REGISTPO



Ejemplos 3,

hGh Fhzd 3026

nAEb Z13F12

Ejemplos 4,

Ablb JAF

aftl B&

gal2 EDsSg

- 1H -

(3

DIFECCINTHRMIENTE  THHEDIRTD  EXTENDIDO
L 1Y, 2O20H

CHEGA EN EL FEGISTRO DE  INDICE Iy EL DATG CGEAH

LD HL. 123FH

CAFGA €L REGISTRO PAR KL CON EL DATO  183FH

DIRECCIANAMIENTD DE  PEGISTRO

LD C. A
CRFGA EL PEGISTPO € COH EL CONTEMILO DEL  FEGIS-
TRO A

ADD 8
SUMA AL CONTEMIDO DEL  FEGISTRD A EL CONTEMILO -
PEL FEOISTRO B ¥ DEJA EL FESULTHDO BN EL FEGIS-
TRD R.

<RC HL. DE
SUBSTRAE DEL CONTENIPD DEL FEGISTAO HL. EL  COHTE-

HIBD DE LOS FEGISTROS DE ¥ ACAPPEQ €Y. DEJAHNO
EL PFESUILTRDDO EM EL FREGISTAFO ML



Ejemplos 5,

ani4 A

By ¥4

273 b L

Ejemplos 6,

QL7 SRZDI0

aoif FLEIGH006

- 1Y -
| ¢

CIFECCIONAMTIENTD DE  FEGISTRD  IHDIFECTO

LI A TR
CRPEA EL FEGISTPOD R O£0OM EL CONTEMNIDD DE LA LO-
CALIDAM DE MEMORIA  APUNTADA  FOR EL  FEGISTRO  FAP
BT,

iNC CHL>
JHCREMENTA EN UMD EL CONTENIDO DE LA LOCALIDED
DE MEMORIA RFUNTADA POR EL  PEGISTRO PRE HL

Lo CEd. A

DEFPOSITA EL  CONTENIDO DEL  ACUMULAGGR EN LA LOCAR-
LIDRD OE HWEMORIA APUNTADA FOF  EL REGISTRD PAF DE

4

DIRECCTONAMIENTO  EXTENDIDO

LG H, £1B00H)
CREGA  El. ACLMULADOR  CON EL CONTEHIDD DE LA LOCA-
LIDAD DE MEMORIA 10828H

LD CAGRA4HY, TY

: DEPUSITA EL COMTENIOG DER PEGISTFO DE  INDICE  EN

LAS LOCALIDADES DE MEMORIR @064H  (BYTE BAJOY ¥
popoatH  CBYTE  ARLTOD,



Ejemcios T.
GIFECCTONAMIENTG  MODIFICACDD  DE  PASIHNA  CERQ
GH1E CF FST PEH

; EFECTUA UM SALTQ INCONDICICGHAL R LA LOCALIDRC DE
; MEMDRIA @fH DESPLES DE HABER GURFDADD EN EL --
STRCK EL  CONTENIRO DEL  CONTRDOR  DEL  PPOGRAMA

Ejemplos 8,
; DIPECCIONAMIENTD FELATIYO
noiF pong JR Z: 25H '

S1 LA PBANDERA Z=1, AL COMYADGE DEL FPOGPAMA SE LE
SUMA EL VRLOR O4R CON LO QUE SE EFECTURRAR N SAL-
TO R LA LOCALIDRD ODE MEMOFIAR Z2SH.

51 LA EANDERA Z=6 SE CONTINUGRA EJECUTANDO LA S1-
GUIENTE INSTRUGCION DEL  FROGRRAMA

EEE L TH T

-

021 zord JE HC, 17H
;21 LA BANDERA  C=6G. AL CONTADOR [EL FFROSPAMA  SE LE
; SUWMAR  EL YALOR F4H COEM L0 TOE  SE  EFECTURFA UK SRL-
T A LA LOCRLIODAD DE  MEMORIA 47H
i 51 LA EBANGERA C=1 <E COHTINORFR  EJECUTANDO LA -
i SIGUIEHTE IMSTRLCCION [EL  PROGEAMA

L



Ejemplos 9,

P23 FRIcd=1s

GHZ? DDEs2Y

AR2H DT 4T

Ejemples 10,

oy CRCT

ARZF TERE

!
DIFECCTONAMIENTO  ITHDELRDO
LD C1%+aZHh, 13H
EL  DESPLAZAMIENTO 43XH SE SN AL CONTENIDD DEL PE-
GISTFD 1Y PAPR DETEPMINAFR . LA DIPECCION EFECTIVA A
DONCE  SE DEPOSITRAFR EL DATO 13H
ADQ A, TTH+2IHY

ElL DESPLAZAMIENTO 214 SE  SUMA AL CONTERIDD  DEL

FEGISTRD [¥ FAFA DETERMINAR LA [OIPECCION [EL O-

FERRHDO OUE SEFA SUMADD AL FEGISTRO A EL  FESUL-
TARD QUEDA EN £L FEGISTFO A
TN CI%+07H)

EL  DESPLAZAMIENTO 6GPH SE SUMAR AL CONTENIDD  DEL
FEGISTRO 1X PARR DETERMINAP LA DIFRECCTION DE LA

; LOCALIDAD DE  MEMORIA  CUYQ CONTEMIDO SE  INCREMEN-

TA E# DD,

(IFECTIONAMIENTO DE RBIT.

ET 3004, A

ENCIENDE EL BIT @ ODEL PEGISTPO A
FES HSH. CHL Y

!
APAGA EL RIT 5 DE LA LOCALIDARN DE  MEMIRIA Dl-
FECCIONADA FOP EL  FEGISTFO ML

_— g gy - owy S gy . A, W ey, WL . B o e omrew e o &
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NITIALE

- T Em eeh - ARAG A= —r  mm s = w -

TrHMTAL MHOGRAM STERS

COMMENTS

“rabhtER wr LRI poele D

MAQ e -NUEL BT aET

SAL - TS 2

WR2 O REGET ve Q10K

WHO  POTZR Y

WR1 LT ENRRLES

WRD POUNTER £ RESET £aTER WAL STATLS MNTERAUPTS

WA PRATY NG S ATION SDLE »00E, s » SLOEK MODE

WRD PO.NTER !, RESET E4TEAKAL STATUS iSTERRUPTS

WRY L EXTERNAL WNTERRADPRT EMABLE. STETUS AFFECTS VECTOR.

TRANSMIT INTERAJRT ENAILE CA Walf READY
MIDE EriafnE

wHD  POENTER S
L]
WRS  TAsNSWT CAC ENeRLE, REQUEST TO SEMD, SDLC-CRC,
TRENEM.T SHaBLE, TRANSHRIT WORD LENGTH, DATA
TEAMINAL READY

WRIO RESET TRANSK'T CAC GENERATCOR
W

Fesat 50
Chanre B onby

Tramsmiter sends o a Wity sflar €8s
ceietled

The Exlernal Inlorr. g mose onnoacs the
slalys of ke ST gma BT wpals as agll
a5 Ihe 5'3lus of Tx Unperrun Q0 Larch
Transmul Imterrupt nicriuf’s when ine
Trarnsmul bBuller f4oor=es amphy. A0e
\Wal Feady MDoE can b wkid 16 10a=s"2r
cala on 2 Cua gr Sigte Trangler Tage,
The sl intemupl occurs ahen 06
becames active, a0 which pant Tajs &e
fransmitied by the Ze0 =10 Tre drsi J3la
byle (address fiald) can e inaded e ihe
Zo0-513 aler this gl Flage canno
b& senl to the S80S0 a5 Jata Slatog
Atects Vector used o Chanmat B onky

EOLCLAC MoCe mubt be delined before
inlializing frarsmil CRG pengtaiorn,

Inlhalize CAC genetatar 1o all 18,

HILE MODE

EXECUTE HALT MNSTRUCTIN CR S0ME OTHER PROGAAM

Wil for Interr. pnor VxR adhy Mo
10 Iramyles Cata.

———— e ———— - —

DATATRANSFER AND
STATUS RONITORING

WHEN INTERRLRT (A1) READY, QCCLIAS. THE CPU DOES
THE FOLLOWING:
* CHAMGES TAANSMIT WORD LENGTH (IF NECL SE5aRY)
# THAMNSFERS DATA BYTE FROM CPL (MEMDRY) TO 510
s RESETS Tx UNDERRPLUM ECM LATCH (WD)

WFLAST CRASACIER OF T LFELD 15 BE~4T, THE 510 DOES
THE FOLLOWNG:

&« BENDS CAC

+ SENDS CLOSNE FLAG

& INTCRAJPTS CPU WITH BUFFER EMPTY STATUS

CPU QOFE 1HE FOLLOWING
* I580ES RESET To INTE RRUPT PENDING COMMAND T{ THE 280-510
» UPOATES %5 COUNT
* REPEATE THE FROCESS FOR NEAT MESSAGE, ETE

IF TRE VEGIOR (WDICATES AN ERRGR. THE CPU DL S THE FOLLORING
v SLWDS ABORAT
a EYECUTES ERARDA ADLUTIME
& [PPOATES PARAMETERS WIDDES ETC.
# HETLBMS FROM INTLHREUPT

Flags a1 1rats et [y 15m 510 @2 <nn
At Transmd Er abve w spt wnd 677 0e-
cumds acl:ee. Fhe ETE slatus thange is
ihe Lrat intamupl ksl pogues 2nd s fal-
lowed by transmit bulber gty dor
Sutmequant tra-tslers.

Word length can be Changed “on I Ty
lor v3nable b-lekd levgph, The data D2
can comawn address, conthof, or 1-0sd
rdgrmation {never a fiag), H = & good
prachce 10 resat Tr Undarun ECH 1212h
1eL thoe beginning o1 the messaqe 0 awvowd a
lalse end-olrame  deteclon al 1.e
raceiving end. This ensuras thal. wren
undgun oecurs. CRC IS tansmmal ond
wisderrun  ntertupt [Tx Underson £
ialch acinee) ooruts  Nole [Fat Sond
Alaart™ can be s<ued 10 tha 580 aoe-
SDOnER [0 any mIErUaLng Conlnuang 19
Bbodt THE [Fa™S IS SN

TEARMIMATION

REDEFIE :NTERRUPT MIDES .
UPLDATE o0 CONTROL GUTPUTS

ICAl E THA:5M0T vODE

Termunate gracoiully,

Tehila B IR “"rormerm s Al ool



SNLC Receive

INVUEALEZATION

Me s ¢ Receive mode 1 initizliced by the syvem with
the fallowine parameters: 3DLC mode, = | clock mode,
st pelveoitial, reccise word lemeth, et¢, The flag
cliarmcters must glso be ioaded 1n o kY and the sevondary
adudiess icld loaded in wke, The receiver is enihled only
afrer all the receive parameters have been sel, Afier all
1his has heen dane, the receiver is inthe Hunt phase and
rumains in this phase wnidil the Nizst Nag is receined.
While in thr s01 € mode, 1he receler nesver re-enters ihe
Hunt phate, unless specifically instrucied 10 do S0 by
the prisgram. The » R4 parameters must be issoed prior
10 1he WR), WR1, WRS, WHA and “WRT parameiers.,

Under pregram contrel, the receiver can enler the
Address Search mode, If the Address Search bit (wr3,
oo s «et, a character following the Mag (firsd non-flag
charsgier) is compared againsgt the programmed address
in wxs and the hardwired globa? address (T1111111). L
the spLe frame addiess Field maches either address,
data transfer begins.

Since 1the Z50.510 is capable of matching only one
address characier, eviended address field recognition
must be dane by the CPU, In this case, the Z30-510
simply Iransfers the additional address byles to Lthe CPU
as if they were data characlers, If the CPU determines
that the frame does now have the correct address field, &1
can el the Hum bil, and e ARG-510 suspendds recep-
lion and searches for a pew message headed by a Nag.
Since the control Nield of the Trame is transparens 10 the
Z2R0-510, it is wransferred 1o the CPL a5 a data characier.
Exira zeros imseried in the dala siream are automatically
delered: flags are not iransferred 10 the CPO,

DATA TRANSFER AND STATUS MONITORING

Afler receipt of a valid Mag, the assembled characiers
are transferred 1o the receive data FIFD, The following
four inferrupl modes are avaijable 10 transler this dala
and 15 asmociated status,

No Inrterrupts Enadled. This mode 15 used lor purely
polled operations or for off-Tine conditians,

Enterrupt (ta First Character Only. This mode is nor-
mally ueed 1o sfarl a software polling loop or a Block
Transfer insiruction using WAIT/READY 10 synchronize
the ¢ Pl or s device o the incomineg dota rate. In this
mode, the ZR0.510 imerrups an the lirst character and
thercafier aondy imlerrupes i Special Receive conditions
are detected. The mode is reinitialized with the Enable
inierrupl On Newt Receive Characier Command.

The first characier received afier this command is
issued cauves an interrupt, 11 ExternalsSiatus interrupls
are eraibled, they may inlerrupt any time the HC0 input
changes state. Special Reoceive canditions such as End

L

25

Of Frame and Receiver Dveirun also cause interrupls,
Fhe Bnd OF Frame interrupe can be ueed to exin the
Block Transfer mode. ’

I
Tnterrupt On FEvers Characler. An inieirupl is genera-
ird whensser the receive FIFO comaing & characier,
Grear and Special Recrive conditions penerate a special
vector if Status Aflecis Veetor is selected.

Spevial Receive Condition Taferrupls, The  Special
Recelse Condition inlcrrupl 18 not, a5 such, a scparale
interrupt mode, Before the Special Receive condition
Can cause an inlerrupt, either interrupn On First Receive
Character Cnly & Inieirupt On Every Characier inust
ke celecied. The Spegial Recene Condilion interrupl is
caused by a Receive Overren or End Of Frame detec-
tion, Since the Reccive Owerrun status hip s laighed, the
error starus read reflects an errds in the current word in
the receive buffer in addition 10 any crrors received
since the kasi Error Resel command. The Receive Over-
run stalies bit can only be reset by the Bior Resar com-
mand. The End Of Frame states b indicales that g
vahd ending flag has been received and 1hay the £rC
Error and Residue ¢odes are also valid.

Characier length may be changed on the fly, f ihe
address and conirol byies are procesaed as B-bit charac-
lers, the receiver may be swilched to a shorter characier
lengih during the (ime thar the first inlarmation charac,
ler is being assembled. This change must be made I
enough so it is elfective before the number of hits spec
fied for the character length hasve been assembled. For,
cxample, il the change is {0 be from 1he 8-bit conirol
{icld 10 a 7-bit information field, 1the change mus he
made before the first seven bits of the }-field are
assemblad.

SDLC Receive CROC Checking., Comiral of the receive
CRC checher is autvmanic, 1¢is resel by the leading {lag
and CRC ig calculated up 1o the Gnal Mag, The byre tha
has the End O Fram# bil st is the byte 1hat cantains the
result of 1he CRC check. I the cREAFraming Ercor bit is
nol sel, the CRC indicates a valid message. A special
check sequence is n~ed lor the spLc chegk because Lhe
iransmitted CRC chech is imveried. The final check must
be QOOTII0I0KITIN]. The 2ubyvie Cke chech characters
musl be read by 1the CPU and discarded because the
Z80.510, while wsing them for CR¢ checking, Treats
them as ordinary daia,

SDLC Receise Termipatien, |1 enabled, a special veg-
tr 1s peneraied when the closing flag is receisved. This
signals that the bate with the End Of Frame bil sc1 has
been recenned. In nddition to the resulls of ithe CRC
check, BR1 has three bity of Resdidue code vahd al 1his
tme. For thase eases in which the number of bits in the
I-fie'd is non an Integral multiple of the characier lenpi-
used, these Bils indicate the boundary belween ihe

check bits and the I:Geld bits. For a detailed descripnio.,
of the meaning of these bits, see the deseriplion of the
residue vodes in RRY under *750-510 Programming.”'

Aoy frame can be prematurely aboned by an Abuon
seyience. Aboris ace detected 1F seven or more 175 ocour




and ¢avse an External/Siawps interrupt (if enabled) with
the Arcab Zabori bt in keo set. Alier the Reset Exler-
nalsStvus interrupls comanand has haen issued a sec-
ond interrup oconrs when the continuois 1's condition
has heen elecied. This can ke wved 1o distinguish be-
twien the Abort and Ldle line conditions,

nlike the synchroncus mode, CRe caleulation in
sple docs not have an 5.4 delay <ipee al) the charac-

ters are included in CrC calculation. When 1he wcond
CRe character is loaded into the receive bulfer, CRo
catculation is complele.

Table 9 shows the 1y pical steps required 10 imphement
a hall-duplex seie receive mode, The complete st of
command and starus bit definitions is Tound in the next
evlion,

FUWNCTION TYPICAL PADGRAM STEPS COMMENTS
REGISIER  NFOSWATAYY LDADED
WAD  CHANWNEL 2 Resm 510
wRD  POINTER 2
WwH2  INTERRUDT YECTOA f Chanral B anby
WRE  POINTEA 4
- WRE  PARITY WECIARATION. SYNC MOOE. SDLC WMODE, o SLOCK
WMODE
wAD  POINTER & RESET EXTERNALSTATUS INTERRUPTS
wRE  SDLC-CRE, DATA TERMINAL READY
WRO  POINTER 3
WR3  RECENE CPAC ENABLE, ENTER HUNT MODE, AUTO ERASLES. AUl Enables etables Ihe reCENEr
RECENVE CHARACTER LENGTH, ADDRESS SEARCH MIDE acchpl oaia only a'lar DED SetcTes
alva. Agdiess Search “\ogde £rates
' S0 10 rralth the Messags acdress win
Ine programmed addoss (w the ziaal
address.
WRAD  PONTER &
INITIALIZE WRE  SECONDARY ADDRESS FIELD This address is ma'chad agains: e < s
o Eage ackdress i An SDLC podl O Aton
wRAd PONTERT
WAY  SOUC FLAG 1111110 Tirs flag ceiecls Ihe stan and &nc ol
frame in a0 SDLC Cpgabon.
wWAD  FOINTER 1, RESET EXTEARAL'STATUS INTERAUPTS In thus inlermupt mode, only tha Add:ess
Fuald {1 charatter oriy} i ransiatnes 1o
WwWH1 STATUS AFFECTS YECTOR, EXTERNAL INTERRLFT ENABLE, the CRU. & susseguant Tiekds (Conrol,
RECEHE INYERPAUPT ON FIRST CHARAC TER DNLY. Infaemanon, glc) ame banstaned on a
OMA basis. States Alfsciy Veolgr o
Channel B only.
WAC  POINTER 3 ENABLE INTERAUPT CN NEXT RECEVE Used 10 provide simple koo -bach entry
CHARACI ER ponnl lge mex| transachon.
WA3  AECEIYE ENABLE, FFCEIVE CAC ENABLE ENTER HUNT IODE,  WHRIrpittued 1o enabla racoiver,
AT ENARLE S, RECEIVER CHARACTER LENGTH, ADDRESS
SEARCH MODE
SIKC Peceive Mode s fully nlaoes
IOLE MODE and S0 s ALAG K e coemg C-3

EXECUTE HaLT STAUCTION O SOME OTHER PROGARAM

fobowed by @ TaiLhing addias f e 1o
wiertunl the CPU

Table 9, 50LC Aeceive Mode



FUHCTION - . TYPICAL PROGRAM STEPS COMMENTS

: -
et — - . 4

WY M ERUPT GN FIRST CHERACTER DOCURS, ThE CAY Duiwagy the Hunt phase, the SI0 MErumyg
GOES THE FOLLOWinG - _ whon he programmed address Mo
a TR&NSFERS DATA By TE ADLRESS BYTE) TC CPY e message address. Tha CPU 4
« OETEGTS AND SETS AFFAJPAWIE FLAG FCR EXTENDED hshes the DA mode a9 all sulbse ..
ADDRESS FIELD cdala characiers are l:ansftanegg by lhe
LFDATES PCINTERS AND FPARLMETEAS . . ) Dra comoller 1o memory,

EnABLE S Wrall RE A0y FLNET 1IN 1H 10

[ 3
s ENABRLES Owva CONTROLLER '
- .
» AETURRE FROM NTERERUPT

e EN THE READY QLTELT BECOAES ACFIVE, THE Dtk CONTROLIER During Ihe DYA opesakon, the 5o
CHOES THE FOLLOWY NG monitars (he DGC wpldt and the S
+ TAANSFERS THE DATA BYTE TOWEMOAY SEQuEnceE N the cats sirgam g Rl Lo
a UPCATES THE POINTERS e CPU with Ealernal Siatus efrar, ThE

Special Aeteive condinon indlrupl g
cavsed by Rareive Oharnan grrorf,

DATATRAKNSFER AND WHEN END OF FRAWE wWTERRUPT QLCURS. THE Cou DOES Cetectin of End of Frare (Flag) 2. tes
STATUS A0NITORING T+-E FOLLOwiNG: wterrppl and deaninales the Wal Seeoy
» EMITS Cala MODE (DISABLES WAIT FEADY) lancton. ReEscue coces mdsa's e o
s« TRANSFERS RRT TO THE SPU strpcture ol the a5t rwo Bes of e
¢ CHECHS THE CRC ERACR BIT STATUS a4l RESTEUE CODES message, which wers jreas'eied (o
&« UPDATES NP COUNT ' memory under JMa Enocr Pesal g
« ISSUES EHEOR FESET cclmm.N.n TO S0 wsued o clear Ihe speoal Zondbon,
WHEN ABORT SEOQUENCE GETECTIED INTERAUFPT DCLLRS, ' Abor Bequence s golecied when seven
THE CPU DGES THE FOLLO VNG or more 15 ane found m tha datd Sie am

« TRANSFERS ARO TO THE CPU
* EXITS CMA MODE
» ISSUES THE RESET EJ:_TEHH-ILL STATUS INTERAUPT COMMAND

T8 THE 510
» ENTERS THE WOLE MODE ' Py s walng Tor Abort Sequence 1o
sermmate. Termination clears the S:eak’
Abor slaws B and causes nierrupt,
WHEN THE SECOND ABQRT EFCUJENCE WTERRUFT OLCUAS, Al thup pOint, 1hE program plroceer
ThE CPU DOES THE FOLLD ArWE . lerminale his messane.
e ISSUES THE AESET EATERANAL STATUS INTERAUPT COMMAND
TO THE 560 .

TERMINATION RECEFINE INTERRUPT WOOES, SYNC MODE AND 50LE MODES

MSASLE AECEIVE MODE

Table 9. SOLC Aevcaire Mode (Continued)



o provram ihe ASQR10, the syvan fooe-ame fiest
irsugs 3 oswerics of conmpands hat indtiatiee ihe bRasic
mamdy of aperation and then other cammands th gqual-
ify wonditions witivin 1the sclected mode, For wwample,
the Asspchronons ioeide, character Irngth, clogk rate,
mnmlwr of stop bos, even o0 odd parity are firsg ser,
then the interrupt mode and, fimally, receiver or
trans.phifer enable, The wWrd parameters must be issoed
beluie any other pacnelers are issaed in the initiafiza-
bian rouline,

Aoth chainnels contain command registers thal musi
be prog:amined via the ssaem program prior 10 opera-
tivn, The Channe! Scivct inpat (B % and 1he Controlf
Plaa inpun OBy are the command sirueture addressing
conineds, and are aocmally conirolled by the ¢PU ad-
dress bus, Figure 14 illusipates the Hmine relationships
fur programming the weine regisders, and vansferring
data and s1alus.

o BIA Funclion
1] o Chanrel & Sata
1] 1 Cra=nsl 8 Gata
1 4] Channel A Commanes'Siatus
Channel B Commands/Status

-
-

]
i
1
1
L]
1

Write Registers

The ZR0-S10 containe gipht regiviers (W ko wRr7) in cach
channpel thal are programmed separately by the syslem
program 19 configure the fupctional personality of the
channels, With the exceition of WRO, programming the
writg registees requires ta o byies. The first byle contains
three bits 11g-D2) that point 1o the selected regisier; the
wecond buie s the actual control word that is writlen
iino the register 1o conligure the 280.510.

Nole 1hat the programmer has compleie lreedom,
after pointing to the selected cegister, af cither reading
10 tesd the read repisier or writing 10 initialize the wrile
repister, By desipning soliware 1o initalize the 250.510
i & mendular and siructured Tavhion, the programmer
can sy prwerful blogk 140 instructions,

- WwRer is g spectal case inothat all the basie commands
(WCMDy-CMDa can be accessed with a single byie. Resel
{interpal or oxlernal) initializes the poinier bits Dy-D7 10
paint 1o W Ra.

The basic commands oC 8 Dg-CuiD=; amd the CRC ¢on-
Irods ek Cy, VRO ) are cortained in the firs bywe of any
wrily repister aecess. This maintains ninsimum fexibil.
iy ad wrlem consral, Fach channed contains the fol-
lovwinge vontrel tegisters. These registers are addressed as
ety fmed elnea).

Z80-S10 Programming

WHIITE REGISTER O

whriis Lhie command repister; however, it is also vsed Tor
CKC resed codes and (0 poinl 1o the other regivters,

Oy Dg Dg Dy (L] Dg oy Do
CRC CRC CMD CMD C%D FTR PTR PIA
Paset FResel 2 1 d 2 1 i+
Cpde  Cede

¥ Q

Puinler Bils {Dg-D:), Bits Dg-D» are pointer iy thal
derermine which other write repister the next byie v 1a
be writien imta or which read recister the newl bate s 1o
L read from. The first byee writien into cach channel
afler a reset {either by a Resel commrand of by 1he ovier-
nal iesel input) goes inta w ke, Foliowing a tead oF srile
10 any regisier {excepl Wko), the pointer will peint 1o
W RO,

Command 8its 1 3-D¢). Three bits, Dy.Da, are cricoded
i0 issuee the seven basic Z80-5H0 veaninands,

Command CMO2 CMDy CWMDg

Mull Curnmand (ro elfee

a ¢ Q o

1 u} ¥} 1 Send Abor (S0OLC KA e

2 ] 1 0 Reset ExtenalSralus,.

o lmterrupls

3 1 1 Chann&i Feset

4 1 Q o Enable nterrup) on neey
Ae Cnaraciar

A 1 1] 1 Roset Transmulier Infer
ol Pending

) 1 1 1] Eiror Regsel flalches)

7 1 1 1 RE:LIR Irgem Interrupt

1CRhannal Al

Coamrmigred @ il The Soll canmmand lis no efTev,
it5 naemal use 15 to cause the Z30-510 10 do nothing
while the pointers are set [or the fallowing byie,

Command 1 t5end Abort). This command is used saly
with the sDLC mede 16 generate a sequence of cight 10
thirteen 1's. )

1

Cunnnand 2 (Reser Faferowd/Storis taterrepis). Aler
an ExwernalStatuy inrerrup! {a vhange on 2 moedem line
or a reak condition, For esampled, the status hits of ko
are laiched. This command re-cnables them and allows
inlerrupts 1o occur again. Lakching the status bits vap-
tures shorl pulses valil the CPU has time to read Lhe
change.

Cunrnamd 3 (Charned Rews), This command perforing
the same funaion as an Esicinnl Resed, bt only on 2
single ehoannel. Channel A Reser alvoresers the interrunt
prioriticaiion logie, Al control registers for 1the channel
sl he rewriticn afier a Chanpel Rew2t command,



WERITC AFGISTER O

‘wrles lesTfon] a0z | o1 |oo}

] 0 ] b RDLTER B
[ ¥ 1 RYEElin 1
B 1 B OMIGATER
1 [ | 1 ] Efc-yifa
! 1 B0 RIGER S
. b 1 [l 1 PFLgsTia s
b | 1 1 & mEGHTIR G
\ . | L 1 1 1 REGIATER T
I 1 i @ WULY CODE
i I 0 [ 1 SEMD RAGAT IS0LE}
' | 0 1 0 RISET EST MTATGS MIEAHUPTS
0 1 1 [-tusFL RESET
1 1 1] 1} ESSHLE w1 PX KEXT Ry CekSACTER
1 [ 1 RLSET Tuinl FERDIWE
! 1 1 13 EAPGR REGN
i 1 1 t  RITLAN PAOY reT (0% & BNLY)
H
€ 4 ML CODE
0 1 MIREL Pz CC CHECKER
1 ] MESET Tr CRT GERNZERIORA
1 1 AESET T UmDiRRLM ELN LAICH

WRITE REGISTER 1

‘o7 s jos 1oa iy ool oi e

l L--— IET INT ENANLE
s v — T INT ENABLE

——— STETUS AFFECTS VECTDA

= O et p—

{EM. B CHLT)
b HiIN1 DISABLL
1 Be IWt ON FIRST CHARACTER )
0 1% Ok ALL A CHARKCTERS PARITY AFFEETE YECTLR)
* 1 T D% ALL Rz CHAMACTEMS [PRAITY DOES WOT AFFECT |
VECIOAE
& CHON
e T SERDY DR AT SPECIAL
e e e WETSIRY FUNLTION CoNDITION

rw w wim — e L] RELDT EWANLE

WRITE REGISTER 2 ([CHANNEL B ONLY)

JLER IO N TN AT

) IWTERAUFT
¥LCTON

WRITER REGISTER 3
t-—— nr R

lnr|m1ns,n; ur]n:
" [ T Se8C Laa=ACTER 10 A0 (KW

—=—= = = ADDHESS SEARDH maol HdE)
..... +——H1 CAC [NEALE
i mm——— = = [ RTEFA AONT PHALE
= e e et e e - AT ENRBLES

T A3 415 CHEABLTER

1 Ay 7 B3 CHARRDIER

4., Mr b BETHARRCLR o
- 1. !‘_l ¢ B ETHARACIER -

C A

p—cn——-———

'.'.'HIIE AERISTER 4
! v

"

_] D E s " pd ] 03, nz] 1] _ntj
i - Ban gy, -
] ! —— PEATY S VT,
P ]
: B SraCenTinlniE
p 1 bypmw
i v i
| ! t 0 7 IGF EAS Lt
' 0 p & MTSYNE C-ARACTER
o 1 16 BIT SYME CHEENLTER
1§ SOLC MOBE @B1113140 $LE;
11 EXTEANAL §YhL MOOE
b
1
O T AT
B0 zuh DAO0 WODE
1 | 37 CIOLr M0t
ALY 6 GLOLS w0E T

WRITE REGISTER 5

-" n—----.—-— wen B T0 T
|
L

;
L o am - SHLEL=I 1
e s -— e— Ty gnadiE
e H

SERD BFILR

To & BITS (DA LESS) SFARACTER
Tr 7 TS LHARACTLA
To 6 BiTS. THARACTLA
Tu B BITS CHARRLTER

]
L]
1
L)

WRITE REGIETER &

(o]0l ] o Tn!l r.}I: ARG
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Aligr @ Channel Reel, doar oatra sysiom clock cveles
shopld he altowed for 250-510 e ime before any
adldittonal ceminands of captrpls are wrisicn into that
e ol bl This can novmalls be the fime vied by jhe o pU
15100 Teich the aew op vode,
Cuetmand F (e Bnterrupr On Noad Rveeive Charoe-
rer). M the Interrupt On First Receive Characier inpde
in sclected, this comnramd reaciivates 1that mode afier
saeh coinplele mesage s oreceived 1o prepare (he
ARSI Tor thye posl Message.

Conebndd 3 ¢ Beer franseitter fnierrupt Ponding). The
srznamitier inlerrupls whon the 1ransmit buffer becomes
ey il the Tranueil interrupt Eneble mode is se-
tecred, Inthese oaees w here there are pootnore charncrers
00 be sent {2t the end of meswaee, for example), 1ssUing
this command prevents further eznsminer inderruprs
until alier the new characier has been loaded into 1he
trarsmit hulfer or until CRC has been completely seni.

Commeand & (Errter Riaer), This command resets the
vreor lalches, Marity and Oserrun crro7s arc faiched in
wrl unlil they are resel with this command. With this
schiede, Patily errors occurning in block transfers can be
cvmined at ihe end of the block.

Conantend 7 (Redern From Iserrupdd, This caommand
must be iveued in Channel A and is interpreied by the
AROZIC in evactly the same way it would inlerprel an
. kerrcommand on Lthe dala bus. Tr resels the inlerrup-
.--under-.\urricc lasch of the highest-priority inrernal
device under semnvice and thus allows lower priorty
Jdeviess 1o inderrup via the daisy chain. This command
affews use af the inernal daisy chan even in sysiems
wilh no ¢exviernal daisy chain or RETI command.

CRC Revet Cuoten §and 1 {00, und D;). Togezher, these
hits select ane of the theee folloaing resel commands:

CRAC Aesel CAC Rasrt

Code 1 Code Q
o a WuM Code {no aifect)
Q 1 Aetetl Recpive CRE Chacher
1 a Re-sel Transmut CHC Generalor
1 1 Resel To UnderrunEnd Of Message
|a1cn

—em o~ ——— ) mm L 8 pTAT s—rr e mmaEE A m e - —— -

The Reset Tranwmil CRC Generator counmand nor-
mally initizlizes the RO geperator 1o all s, 1Fthe s <
mode i% selecied, this command injtializes the CRC gen-
vrilgr 1o all 1%, The Regelve CRC checker is also in-
iialized 1o all 1°s for the spLc mode,

WHITE HFGIsTER T *

wki conlains the ¢ontrol bils for the varions jnterrgpl
and Wail/Ready modes,

Dr Us Big Dg
wai. e ady Viait or 143.1'Re ady Pecwiva
FErable Praady Gn Receivel  HNIErUGt
Funmhon Tra~smt Moda

1

R

L3 ) Dy Cg
Peceore Erats Transmil Cale-al
Inlsrtapt Ellegis inlerrap! TRl T LT T 3
tdoge 0 Enable Lot

Veriar

4 - . . — P T 4

ExrernalsStatus Liderrup! Frahle (), The Tiviernal
Status Intercupd Feable allows inlerrypts 10 occur o 4
tesull of transitions on the 505, CT8 or Sy S0 inpts, as
aoresuly of o Breab s Abort deteclion and termbation, or
wihe beginming of CRC oF ssne character tansmivion
when the Transmit Underrunscos lawch becoaney se,

Crspsmitter Interrapt Enzble (D3 I vnabled, inler-
rupts pocur whenever the transmitter bufller becomes
vIply.

Status Alfects Vector (D=1 This bil ic azifve in Channel
B enly. If this Bl is non ~¢1, the lived veclor pregram-
med in WERI s returned {rom an interrupl aci nowledge
wequence. I this hit js <el, ibe vector returned from an
inlerrupt acknowledee is variable according 1o the fol-
lgwing intcrfupt condilions:

-~
[ 7]

V2 ¥y

Ch B Tracsma! BuMer Emaly

Ch B EaternaliSiaius Change

Ch B Aeceive Characier Available
Ch B Spectal Regeivr Cond:lhwon®
Ch A Transm:t Butfet Emply

Ch A ExternaliSialus Change

Ch A Receive Chajscler Avalubie
Ch & Spec:al anawr Gc«ndlt-nn

thB

..Q_LD-Gl
|

Ch A

4

—-.-.-_.;gclgn

R Y = e
-
-

Frlrmng Ercor. £ng O Frate LEOLC).

Receive Interrupl Modes 0 and 1 ([ 2nd 1), Together
thewe twd bits specily the various character-available
condiions. In Receive Inierrupl modes 1, 2 and 3, a
Special Receive Condition can cause an interrupt and
modify 1he inferrupt vector.

Dy D3
Racaive Facelve
Infarivpi  nterrupt
Mode 1 Mod- i}
0 o 0. HECENE IMarrugpie Duﬁabled
a 1 1. Aeceive Imerropt On Firg! Characim
Cnly
1 o 2. Interrupt On ANl Receve Characiars—
parlly erraf 15 3 Spetidl Fecgive
conditign
1 1 A Interrupt On Al Ppcelvd Choradlers —

parily ETrOf 1w 00 & Special
AzcEive condilign

Wil r Ready Foaction Selection (I -Dy), The Wail and
Ready functions are sclecied by coentzolling ne, g, and
B+, Wait/Ready funciion is enablfed by ~eiling Waits
Ready Enable (Wki, D7) (0 | The Ready funclion is
sclecred by sening og (Wait/Ready fenctien] 101, M this
bil iz 1, the WATT RE&DY ouatpul swilckes Niem High 1o
TLow wlen the £80 S10Q s ready to tranefer dnla, The
Wil Tooetion is selected by setting mg 1o 00 1F this it is



v

w wSRIETTRY 4F ootpat is inthe aren dipin -rate and WRITE REGISTER 2 8

- .

v i ow when actine, -
WR i Ihe inlerrup sector register; it v s 07 inel

oth the Wair and Ready Tunciigns van be u-ed in B only. Vi-V: and Vg are alwaye returped evaciiv as
0 the Fransmit or Receive inaudes, bul not both writlen: V=V are returned as wridlen il the Siatas 410
Hnecusly, I ps (Wait/Roudy on Receive/ Trans- Tects Vector (wui, D7) control bit is O 1 this bic iy 1,
issct 1o b, dhe Waits Ready function res,wunts o the they are modificd ax esplained in the prosious section.
Vil of e receve bolfer (empty o fall), o7 Dy s

A, il W Ry Functiom respronids Loothe condi- 07 Dg Ds Da O3 LF] 04 Lo

of the niosnat buffer {eimpis ar Tully, Va Vs ,I.I,'t Vo

JE——

Vi Y¥E Ve Va

L logic states of the Wall &1.AT1 duipyl when ac-
ar inactive depend on the combination of modes
1ed. Following iva simmary of thewe combinations:

WRITE REGISTER 3

1 D, =0
= And G 1] . . . N
- Ane D=t —— a.l,-.. - W R conlaing receiver logic vartrod it and parameters.
EELDY 15 High AT i3 floaling
- e MR IS, b Dy 0 By o4
10y =1 Receivar Fezaiver Autg Enler
Ang Dg=D fnd Ogat it Bitsf Enables Hunt
e ema— it mmemme—— s _—= e s == mmeema—— - .
¥ s High wheniransmil READY [s High when 1eceive — Char 1 Char ¢ — FHME.. -
bufter is Full, " bwilar s emply, .

Is Low when fransmat  WalT  |s Low when receive D3 Dy Dy Dy -
bufter is Full and an bBulilar ks emply and . - Pormmm ees
Si12 Zatla part s an S data porl s Recwivar Address Sync Char HrcteTur .
eatag|od. ____ selected. CRGC Srarch L ¢ad Erahe

¥ Ig Low when liansmit READY |5 Low when receive Enabls Mode Inhipt
byuller s empty. bt et os Tl

I3 hating when VWealT |8 Ihoaling whan
e sutfer e recenva butteris full Recelver Enable ibig A mogsanmed imo this bit -f

PR S L p— -- iallows reveise aperziions to begin, This bil should b e
pnly afler. all oihar Mceive. paramelers afe i *ha
receiver s complerely initialized. =
he ™ Al Foulpul High-1o-Low transition occurs wilh Syne Characler Load Inhibi (D). Sync characiers pre-
d."‘h:" Ume 1plid R af1e_r the 1,0 request. TI_" Low- ceding the inesssge (leading sync characiers) are now
tigh Lransition occurs with the delay ipHEWR) from loaded inlo the receive bulTers if this apian is sclecied,
falling cdge of ¢. The READY culpul High-10-Low Because CRC calculations are not stopped by syn¢ char-
sition occurs with the delay iplgdv iy FEnrn ihe rIStng acter siripping, this feature should be enabled vnly at
* of ¢. The FESLY autput Low-1g-High transition the beginning of the message. .

irs with the delay igicw vy after 1GRQ falls.

Address Sesrch Mode (Da). 1 8D1C 15 selecied, witing
1his made causes messages with addresses not marching
the programmed address in Wio or theglobal{lJ111111)
aduress (o be rejected. In other words, no receise inter-
rupls can pgour in the Address Search mode vnless theie
1% un address march.

he Ready Tunction can occur any iime the Z80-5]0
1 selecied. When the READY ouipul hecomes active
1], Lthe paia conizoller issues KRG and the corre.
ding B:A and C:0 inpuls 1o the Z80-510 (o transfer
, The BEEADY oulput beécomes inadlive as s0on as
3 and ©% become agtive, Since the Ready function
ovcut inlernally in the Z80-S1C wheiher it is ad-
sod or nol, the READY ouipul heeames inaclive
moany ckU Jdata or command transfor takes place,
Cdoer el cause prablems beciause the Dva con-
er is not enabled when the e transfer Lakes place.

Mrceiver CHC Enable (D30, I7 this bit is set, Cnc calew-
tation staris {or 1estarts) at the beginping of the last
characicr ransfereed froim the receive shifl register Lo
the el fer stack, regardless of the number of characiers
in the stach, See "SDLC Receive CRC Cheching”
(SDLC Rewcive section) and “CRC Error Checking””
(Synclitonoes Receise section) Tor details regarding
when this bil should be set.

he Wait function—on the other hand—is active
if the CPU atiempts 1o read ZE0.510 data thal has
vel been received, which wocurs Meguenuly when
L Ltransler mstructions are vaed. The Wail function

also become active funder program condrol) if the Enter Huenl Phave 10, The Z50-510 automaticall
Irics 19 write data white the ransmil bulfer is =till enicrs the Huent phase after a revel; however, it can b
The facr that the WanT gutpul Tor gither channed re-catered il characier syachronization is Jost Tor any ™ 7
beeome aclive when the opposite <hannel is ad- reason {Sypuhronous mode} or if the contents of an in-
weed (Pecause jhe Z50-5KY 15 addresved) does not COIMing messipe are nal nectled (SpLC mode), The Hunt

a opcratien of saftware loops or block mose in. phase s re-enlered By writing a 1 nte bit py. This sets
N - e 4 =, L

I
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Afrer a Channel Resel, Lt ovira syvion ¢lned oveles
shoueld be allowed for AF0-510 rowet time before any
addinenal vetngnands of cantrals are wriion inle thal
el This can owemalh be the Sime waed by fhet BU
to faeh the pest op oede,

Cuerniiiengd § (i nehle fnicreups On Near Bvcehve Tharae-
fect 1T the Tnierrupl ©On First Receive Chinrseier inode
15 oselecred, (his comatand reactsates Tthat imede afler
vach comnpleie message is received 1o piepare the
Zu(.510 Tor she nead mcssage,

o ned 5 fReser Fransmitier fnterenpt Foncding). The
Sramutitter interrupts when the transmic buffer becomes
chipty il the Transmit Interrupt Enzble mode is se.
tected. Inthese fases where there are nonare characiers
1o he senl (dt the end of message, Tar exampled, issuing
this command prevents lusiher tramsmitier IndgiTupls
unnil after the newt characler has been loaded ino (he
transmil buffer or unlil CRC has heen comnplerely sent,

Conmpignd & (Lrrur Reser). This comMand rescty the
veror latehes, Puritv and Overrun errers are Lieched in
kil Uil they are reset with this comnand. With this
selicine, parily errars occurring in block transfers can be
cuamined at the ¢nd of the bock,

Cowimend 7 {Rern From faterrepr). Ths command
inust be issued in Channel A and is inierpreted by the
ZR0-510 in evacily the same way §1 would imerprer an
w7t command on the daia bus, N1 (esets the inerrupt-
under-service latch of the highesi-priority  internal
device wunder service and thus zllows lower pricrity
devices (o interrup via the daisy chain. This command
allows use of 1l internal daisy chaip even in sysiems
with oo external Jaisy chisin or RETr conamand,

CRO Resel Coiles 0 and 10D, and Dyp Together, these
hits seiect nne gf the three following resel commands:

CAC Reswel CRC Fegal

Code 1 Cods O _
1] 1] Hull Coce (o aliecl)
o 1 Reset Recerva CRC Checker
1 . 4] Arse! Trarsmid CRC Ceneiatnr
1 1 Fesel T Underrun.End OF Mezsage
ran:h
The Besel Tranemit ©RC Cenerator vornmand por-

matly inilalizes the ¢ RC generatar o all '8, [ the 5D
mode Bs selevied, this command initializes the Cke gen-
eratar to all 1's. The Receive CiC checher i also in-
itialiged 10 all L's Tor the SDLC mode.

WHITF. HF¥AGISIER 1

Wk conlains the coniral hits for the various intcrrupl
and Wait/Ready moddes.

oy (8] 4 B Dg
Wanl Purjy T Or e Feady Pos i
f.nable Aeady 0n Peceive I @i rupd
Funglion Trarsmn MuZe 1

n

e

0y 0z Dy Co
Faceire Statys Trarseul Catprmal
Infercupl Atlegts Interrupl Irfgrruroe
Hpoe Q ‘L'!-:mr Enatle Crazte

_— e m = . - - —_——— - -

Falvrnals/Slalus lulu.rmpl Frable (D The Kaenal

Status Imrerrupt Lnable allows mmrruph B wwewlIT il @
resull of transitigns von the BED, C75 or Ty~ inpils, i
aresult af 8 Break Abart delection and teflmndtion, or
al the beginning of ke ar syne character [Tansmisinn
when the Tranwunit Underrunseasy Jaich becomey s,

Tranemiiter Interropt Enable {133 I ¢nabied, inier-
rupts oocur whengver the stansminter bulfer bevomes
CImMpiy.

Status Affvers Veclor (M), This Bit is active in Channel
B anly. IT ihis kit 7 noa s21, the fised seclor progiam-
med jn WR2 s relwmed from an inierrupl acknawledee
wequance. 1T this T iv vty the vector relurncd from un
imerrupt dachnowledpe s variable accarding 1o the fol-
lowing yierrup condifians

¥y V2 Wy
li] 1] Q Ch B Tranamit Gutfer EMply
Ch 8 0 0 1 Cn B EaternalrSiatos Change
1] 1 0 Cn B RBecsive Charagler Avaable
1] 1 1 Ch B 5pecial Receie Condihon”
1 o 0 Cn A Tansmat Balfar Empliy
ChA 1 Q 1 Cn A ExlernaiiSiatus Change
1 1 s Ch A Peceive Charagler Avadabie
1 1 1 ChAS; l::nal Aeceive Cﬁndman

5pec|a| Receive Condiigns.: Parlly Eriar. IF-tx Ch-erlun Enc-:nr-
Framang Error. End QF Frame (S0LC).

——— = h— — — ————— - - - - -

Reveive [nferrupt Modes 0 and 1 (D and 1Y) Togetber
these (wo bits sapecify 1he variouws characier-availiable
condirions. In Receive Interrupl modes |, 2 and 3, @
Special Receive Comdition can cause an interropt and
modily the inlerrupr yvector.

[+ F] Uy
Rocalve FAeceive
Inlerrupt  Interrupt
Mode 1 Moda Q
o] 0 ] Hactwe in1ertup|5 Drsabned
@ 1 1, Aegohve tmerrupt On First Chatacie
Cnly
1 1) 2. Imtarropt On Al Aecoive Characiars—
parily errer iz a Soecial Fecmve
g ihn
1 1 A Interfudl On All Begpive Characlers —

Darily ENCE 1w NGt @ Special
Receive condition

A el s —— — e ke = T mE—— o=

Waily Reads Fouction Setection {4 -[ry), The Wail and
Ready fubetions are s¢fected by controlling De, My, and
. Wain/Ready function is enzhied hy weiling Wait/
Ready Enable (wki, D7) 10 1 The -Ready funetion s
selected by setting 1, (W ait/ Ready function) 1o 1, If this
bit &5 ], the WATI RERDY awiput swilches licin High 1o
Low when the Z80-S10 is ready 1o francfoer dala, The
Wait fuaction is selected by setting oy, 0 0. 1T this Dig s



i the AT RO DY moipad is 0 the oo dialn tae and
poes | oo Len actinve.

Boeth e Wait and Ready funchions ¢an be vaed in
vither the Tramsamil e Receise irodes, bat nat both
simulneondy. D (Wall/Ready on Receive/ Trans.
i) is ek bo 1 she Wais Ready Tuniction res ponds 1o 1he
voudition of the reveive bufler tompry or futh. I Da is
sl 1o 0, the Wan/Reody Tungion responds o the condi-
tion wf the traasnil buffer {vimpty or full).

[ Jogie states of the WATT ®CALY outpul when ag-
tive of inaciive depend an the combination of modes
welecred, Following is a summary of these combinations:

iD;=0
Ang Dg 1

HEI'-D\ 15 High

.MT i5 floating

- ——— s ———

NOymi
&nd Dy =0 And Dg=1

HFAD‘T‘ 15 Rrgh when receive
buller is emply,

Is High =hen lransmil
buMer is full.

HEADY

WAIT 15 Low when 1tansmil WATT I8 Low when reteive
b er is futl and an . twifler is emply and
I ¢ate pofl s an 510 ¢ala porl I8

] serel1ed, sefecled.

STaDT 45 Low shen hatsmut  READT Is Low nhen [scsive
bulfer 15 ecnply. o buifer is lull.

WAIT 15 figating whea WalT s {lgating when

iransmit buffer s receive butier da Tull,

The WatT ouipul High-1o-Law fransition occurs wilh
the delay Lime 1igicis Ro aflier the .o request, The Low-
to-High wransition necurs with the delay (plgewa) from
the falhing edee of ¢. The REAGY oulpm High-to-Low
transition occurs with the detay ipLeew Ry ram the rising
vdpe of ¢ The SEALR auiput Low.te-1High ransition
wevury with the delay QAW Ry aller 15RO falls.

The Ready function can oceur apy 1ime the £80-510
is nol selecied. When the READY output becomes active
{(Low), the nxea contrplfer issues 1ORG and the corre-
sponding Bea and ©/D inputs to the Z80-S1G to transier
dina, The READY owipul bfcomes inachive a5 «oon as
IGRQ and &3 become active. Since the Ready function
can oceur internally in the Z80.510 wheiher it is ad-
dreswed or not, the READY ouipul becomes inactive
when any CPU data or command iransier takes place.
This tors nol cause problems because the Dva con-
talier is not enabled when the CrPO tramler 1akes place.

The Wait function—an 1he oiher hand—is active
onby if the CPU attemms o yead 250-510 daia that hay
not el been received, which ovcurs requently when
kit transfer instructions are wwed, The Wall lunction
can alse beeome active {under progrim cantrol) if the
CPL tries (0 write data while the transmit bulfer is sll
full. The fact 1hat the walT cutpul far either channel
can become active when the apposite channel is ad-
dressed (because the 2520510 is addrassed) does no
affect operation of soflware [pops or Mook move in-
b TR,

T %

WHITE REGISTER 2 B
WR2 is the inlerrupl vegior register; il oxiets it e
B only. Vi-¥; and Vi are always returned ovaciiy
wrillen; V-¥y ure retnened as written il the St
feets Vector (wei, sy control bit 15 0. 1 1his big js 1,
they are modifsed as evplained in the pretious wection,

- "

D;,r Dg Oy Dy +F] 02 04 Og

‘u"r ¥e Vg Va Vg Vo LA Vi

WRITE REGI®TER 3

W kA contains recciser logic contrgd hite and parameters,

Or Dg D5 [+F)
Pecaiver Fretciver T Lulo Eier

Bilst Butaf Enables uni

Char 1 Char Fhasa

(1 Op Dy 1) -
Recaiver Addreas Sync Char Receiver

CRC Search Lcad Erape
Enable Mode Inhiby

allows receice operntions io begin, This bil should be-
poly afler. all other »sceive. paramelers ate sl &0
receiver is completely initialized.

Recelver Enable (Dygl. A progremmed o his t.:

by |

Sanc Character Load Inhibii (D). Syne charadters pre-
ceding the message (leading syne charasiers) are ngl
lcaded into the receive bullers if this option is selesied.
Becanse CRC calculations are nan stopped by syne char.
acler stripping, this feature should be enabled only dl
the beginning of the message.

Address Scirch Maode (D). 1F 501 C is selected, wlling
this mode causes messages with addresses not marching
the proerammed address in wWae ar theglobal{11111111}
address 1o be rejecied. In edher words, no receive inter-
rupis can occur in the Address Scarch mode unless theie
is un address maich,

Meveiver CREC Enahle 4Dy, 1T chis bit is sel, CuC galcy-
tation staris {or restarls) al the bezinning of the lasi
characier transferred Mrom the receive shifl regisier to
the bulfer stack, repardless of the number of characiess
in the stack. Se¢e "SNLC Receive CRC Checking™
(SDLC Receive sectian} and "CRC Lrror Checking'’
{Synchronous Receise section} for delzils regarding
when this bit should be set.

Enter Huni Fhuse (130, The 2583510 wuiomalics
cnicrs The Hunt phase after a reser; howeser, il can .
re-cnteted AT character synchronizaiton is lost for any
reason [Synchronous mode} or 3f the contenes of an in-
comning messogc are nat needed (S0LC mode). The Hunt
phase is re-entered by wriling a 1 imoe hit oy, This sos
the Sxnc/Hun bit iy in Reo,



R

Aula Enahles 406 IF this inade is wiecred, (00 and
1% become 1the receiver and raeminigr onibles, respeg-
tively, H this bil is Do ser, DO and s e simph in-
puts 10 their cortespanding «ianes bils in ke,

checelver Bits-Characiors 1 owad (b id To-
perher, thew bits detenvsine ihe nuinteer af weiial 1o cine
b awsembled 1o form a chiaacier, Both bits may be
changed during 1he time 1hat a character is being as-
sembled, bur they st be chaneed before the nuntber
af bBits curtenthy progrummed is reached.

0z Dg BitsrCharacler
a o 5
a 1 ?
1 a ]
1 1 2]

WRITE REGISEER 4

wia guniains the cortial Bhs thar affect both the
tezenver aind trensmitier. Inthy (ramnil aod redeive in-.
dddiiration dotine, these bits should be <el htl‘m: issu-. f,

ERLW KD, WHL, W H'- w iih and wer, g
4 : .
[#F] 05 n] Dy bs Dy 0Oy Da
Ciogk Clock Syne Sync Siop Stop Panty Panly
Rale Pale todes Modes Bis  Hitx Evénd
1 1] 1 0 1 Q dd

— e — A e ke - —

Putity «Ihgh. I this biz ix cef, an addizional bit position” §

(in addition (o (hose specilied in the bits/character con-
irel i rdded 10 transmitied daiz and is eapected jn!
rectiive 2ova, Inthe Receise mode, the pariiy bit received
iv transferred 1o Lhe CPL as part of the character, unless
B bilsscharacier Is selected, -~

]
. P A oa
o .- R o

Parity EvensOntd (0 If parity is 3pcci1‘ied, this bit
determines whether 11 % sent and check ed a5 even or odd
(T=evend,

Siop Bits 0 and L (D7 and Tx). These biis detesmine the
nuinber of stop bits added 15 each asyochronous char-
acter sent. The receiver always checks for one stop bit.
Aospecial mode (00) signifies thar a synchronous meade 3
e he selecied,

Dy D2
ElopBils1 SwopBizd
a o Syng modes
o 1 1 stop bit pet ¢haraclar
1 0 1% 5132 bits par chareier
1 1 2 slop bits per chdrucher

C— ame Am4 ok cmIFTTTOTREIE L s - - o —— A A EusEE

Sanc Mudes 0 and'1 {I¥; and D). These bits select the
varives aplions for chatacier synchronization.

£

Syng Syne

Mode1 ModeD
a o B-bu programasec Tyng r
a 1 o progastased sync
1 a SOLC wmude 01111736 Tlag palierny
1 3 Coternal &,.n0 mnde

-

bR |

by

Clock Rate # and L {0y and [Y;). These bits specifs .
muliiplicr between the clock (To€ and k+C) and data
rates. For ssnchronous modes, the » | clock rale paasl
be wpecificd. Any rate may be wstfind for sanghs
1o moades: e, e vame azic gt b gad for
Both jlee recviver sl uapgmitier. PN e tom \r'- Lin
L SO PRENE L FETTY ‘u At A AR gy b Al e
» 1 clock raté is selected, hit Y mhrum,a. yan mut-l he
gecomplished exiermally,

Cloek Ralg 1

Cluck Pated

ww o mw w b -

o ) [aia Ha1Ex 1= Clazk Bale
a 1 Ctata Rale < 1E= Cloor Bate
t Q Data Rate x 32 = Claca Sare
1 1 Data Aate x 64 = Closk n—a1e

WRITE REGISTER &

- . }
Wk conrainy contrel bits ther ailect the opa ‘a. b of

[Faf-fiiter, with the nu:rrlmn of ma. whizh affess the
lr.mnmutr and recciver, .
¥ RO : AT
' - - - l‘l""" [l
7 g Dg oy D3 Dz 24 Doy
OTR Tx Tx Send Tx CRE& FlTS Tx
Bit&'  Bils! Erean Enable SDLG CRC
Char 1 Ghar 1] Enablae

Transmit CRC Enalbile {Ng). This b determines if ¢ #C
is calculated on a particular ransmil characier, 1T 01 s

" wel &t the time the characier i loaded fram the ranann

buffer into the trantmin shill register, CRC s cziqelated
on the characier, CRC s nol automalically sent 1nlea
this it 35 sef when the Trapsmit Underrun canditinn
cnists.

Reovest To Send (Y1, This is the cootrel b for the

KT pin, When the K18 bt 3 ¢et, the KT8 pin enes L ow:

when resel, RT3 gocs High. Inthe Assnchronose mode,

ATS goed High only after ull the bits of the charesier nre,
araasmizizd and the \ransmitter bulfer is empty. in Syn-
chronous modes, the pin ditestly foliows .hr: tiate of Lhe

bil.

CRC-16/5DLC (Da), This bit selects the CrRC pohe
nomial used by both the itansminter 2nd receiser. When
set, the CRC-16 polynomial (XM + XI5+ X2+ 1) is weed;
when reset the spiC polynemial (X1 + X124+ X% 4 1) is
used. 1T the 5DLC mode b5 selected, the ORC genvrator
and checker &re preset 1o all 's and a special chech se-
(uence is wsed. The spre ¢ee polnomial must be
selected when the s ¢ mode s selected, 1F the spre
inode is not selected, the CRC gencrator and checler are
preset 1o all 2's {For both polynamials).

ATran::ni Enable (D30, Data is not trabsmitied until this
bit is 1, and 1he Transmil Crara gulput is held markine.
Data or ~ync characiers jn the process of being trans.
milted are completcly sent if this bii 1s 1esct afler rans-
mission has staried, I ohe transiminer is di-abled during
the transmission of a ke characier, ~sne or lag char-
acters are =ent insiead of ¢ RE,



Sernb Bivak (1), When set, 3Vis bil immediately forces
e [ransmit Da owipul o the spaciite condition,
tegardle:s nf any data being rransminied. When reset,
Fol¥ roturas Lo narking.

Crocspet i M prsders 8 20l 1 (3: =22 DL To-
puther, oy, 2o 3¢ control the number of Pits in cach by e
trapsforred ro the transmit bufler.

Dg Dg
Tiangmt Ei1af Transmil Aitgs

E- AlRETES 1 Chrracler O BilstCharaciar
a ] Five or leas
o] 1 7
1 il &
£ . B B
- . e e e s
Bits 1o be wnr must be right iustified, least-

significant hits Nrst, The Five Or Less mode allows
trams imiscion of one 1o five bits per character; however,
the ¢ru should formal the data characier as shown in
the lollowing 1able.

Oy Dg Dy Dy

——

s s —————— e

D Seru:ss one data bil

D Lrnds 1wn dalta Duts
0 Sendsibresdatatuis
0  Sencs 'our data bits
0 Sengs live caja bits

"B B S u o
oDAOQ o

- R
[ = I = IR

Mheva Tereninal Feads (D7), This is 1he cantrol by for
Ihe ITIT ]'rirl. "v.‘\’hr.'n s, TR Is active (Low); when reset,

[ 3

WHRITE RFGISTER 6

This register is programmed 10 contain the iransmil sypc
character in the Monogsyng mode, the first elgln bis of 2
If-bit sy e charactee in the Risvne mode, ar a transmil
sany character in vhe Exiernal Svie mode, In the s o
mide, it is programmed 1o cienliin 1he secondary ad-
divss Tield used 10 compare against the address field of
the 5DLC rame.

04

Dg 03 1]

oy

by

D

Dﬁ

Sync 7 Erm'-f: Syncd Syncd Symc ) Sync? Syncl SyncO

e i

4

WERITE HEGISTER 7 .

This degister is programmed (g coniain the receive syne
vhatacier in the MMenosyng moede, a wecond byvie {las
eight bitsy ol @ 16-bil sype characier in 1the Bisync mode,
ar a Aag chatacter (01111110} in the SDIC mode, wik?is
not used in the External Sync mode.

oy

Dg Og 4 D3 0 L 1

Sﬂ-c‘lﬁ Syng i8 T,nc 3 Sone! ? .J,rll.‘:H Sy 1I} ng:!l E.ym:E

a
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Read Registers

_,Th" ZED- 510 containg thice TEIBIEIS, RMD ¥ D {Fogu,
10), sHdl van be-read wy obraiy the siates infuns

for rach channs! fove ey for Rks—~Channe) EMI\: lhe
stalus information includes error Londmn“s inte: Fupl
vector and standard comimmnicaiions-imerface dynals,

I . .
Torezd thewontenlt of a sehecred read register other
than kwrg, the SVEUIN program musl I'lrsl mrile "1:‘

[‘Dln:Er Eyie to W Ao in cranly the <amie ua'l. Ay A wi Lo

repiviar operaiien. Thyn, by executing an mpu! ;ﬂf..rm-
tien, 1he contents of the nddressed tead registar fan be
reed b3 the Pl

The statues bits of wre and BRI are carelully grouped
o simplify status monitoring. Fer example, when the
intercwan vestor indicates that a Specizl Receive Condi-
tion inierrupt has occiered, all the appropriate error
Bits can be read from 4 single register (KR,

READ REGISTER §

This regisier containg the slatus of the receive and irans-
mil buifers; the GED. €T3 and Sy~C inpnts; the Trans.
mit Underrun/FoM laich; and the Elc&nh'&h!}rl Latch,

PRI SN N
Or g Og Dy Dy ;‘r Bz D4 i Do
Break/ Trans: CTS Syne! DCD jTrans nter F‘s-cewe- 1l
aAbort Hunt mit Sivpt Shatace .
Under. sBulfer  Pend. | ler '
fund Ermpty  ing ;Mall-
EQM ICh. A Cadle S

Y7

-

only) 3y

1 ——— . r— r—— W A AAa - -

Riccive Cizrocter Available (D), Tonis Bz s sel wlon
at least one Haracier (s available inthe ceoeive Buffer 1t
i resel when the receive FI=0 0= Colrpletely ciuple.

Inteirupt Peoding (D). Any intetrupiing condilion in
1he ABD-S10 causes iy bit 1o be o0 howeser, i s read-
ahie only in Channel A. This bit is mainly used in appli-
caticns that do nol have veclored interrupis available.

During the imerrupt service roukine in these applica- |

tions, this bil indicales if any intersupt conditions are
preseni in the Z80.510. This eliminates 1he need lor
znalyzing all ihe bits of RR0in both Channels A and B.
Bit Dy is reset when all the inferrupting condinians are
sanisfied. This hit is adways 0 in Channel B,

Transmit Duiler Eayply {n;). Jh:x bit 1s '-L1 'n'hcrn.wr
e sransini bulfer becomes EITII'H} TROTH W m.l'l AL’
charazier 1= bofng sent in & synchironos arsn o '-J
The bil is reset when a tharacier 15]0&1“.1 RN i' ane
mit bulfer. This bit s in the sei condition afier a rest

Nata Carrice Detect {I3). The 0CD bil shows 1he siale
of 1the DCOInpUt at the time of the last change of any of
the five Esrerpal/Stiatuy bits (DD, 15, Svnc/Hunr,
Brcak. Aborc ar Fransmin UnderrunsFon), Any (ransi.
tien of the (0 Inpns cianses the DCD bit e be Biched

n.:hn lj

¢
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And ybises an Barorigl/Satns Sorerrap . To read Lhe
cizd el stake o the two o b, this B mgst be read im-
moadbately Tollvwing a Reser Baernals Sy cus inrerrug
viglintnd,

Syar. Hlunt trgh. Since this bil i contiel’ed differently
in the Assnchonons, Ssochionous and <o € modes, ils
aperalion i somewhal inede coanples 1kan thar af the
rificr Bits nd therefore requires mose esplianalion.

P nelognons maodes, the operition of this hit is
similid 1o e D0 statas bir, exéept (at SyvncsHunt
shiows thy aare of the S95C input. Any Higho-Low
traesition an the SYNC pin sets this birand caeses an Ex-
ternal 'Sams inteiropt (i enabled). The Resel Evterpal/
Suatus lnterrup command s jssued 10 clear the inter-
rupl, .4 Low-ta-Hreh rransioon ¢lears this bit and sets
the fvierpat:Siaus jpterrupl. When the Ewernals
S1atus imerrupl is «er by the chaoge in siare of any ather
inpul o7 condition, this Bil shows The imverted uaie of
the Sy~C pin at the iime of 1he change. This bit must be
fead Lunedintely Tollowing a Rewt {Iviernal/Siatus In-
terpupt commangd 1o read 1he current staie of the sy~NC
i puL,

fr the External Sync mode, the Syae/Hunt bl oper-
ates 1 a Daslhion siimdlar 12 the Assnchroneus mode, ex-
vepl the Enier Hunt Mode contenl bit enables 1he exter-
aal syne deteciion logic, When the External $:nc Made
and Emer Hunt Mode birs are et (lor evample, when
the receiver i enabled following a reser), the Sy SC input
musi he held High by the external logic until eviernal
characier ssnchrontration is achisved. A High al the
SYNC inpul holds the Syne/Hunt status bit in the reset
condition,

When esternal sapchronizalion s achieved, syNC
must he driven Low an the second rising edge of B0
afrer that rising edpe of RaC on which the jast kit of the
sy charicrer was recened. o ocher words, after the
sy patlern iy delecied, ihe external lovie must war for
two full Receire Clovk cveles 1o activate the SYATinpul.
Cuce Y5 s Torced Low, i1 s 2 pood pracrice 1a heep it
Leow umil 1the «°#U infarms the eviernal syne logic that
sanchronization has been lost or a new mesage is aboul
{0 starl. Refer 1o Figure 1B for riming details. The High-
re-Lasw ransition of the 8y 5 input sels 1he Synesunt
bit, which —in turn—sets the Evicinal /Sialus inderrupl.
Fhe ¢ U st cfear the inrecrupn by issuing the Reset
Estereal/S1pius Interrupt comrnand.,

Wihen the $Y5C inpul gocy High again, another Ex-
tersal! Stalus interrupt 15 rencrated that most alio be
vleared. The Enter Hong Mode control bit 35 set when-
cver chatacter synchronizalion i< jow or the end af mes-
wage in detecied, In this case, 1the Z80.510 again looks
for o Bighag-Low trapsiiion ap the STRT input and the
Opcialion repedls as esplained previcusly, This implies
the ore shisuld also inTarm the evternal lugic that ¢har-
acler syichronization has been losl and that the
TRO-N1C b waiting For s¥YNC 1w hemmc active.

In the Muonosyne and Bissne Recene muodes, the
SyncsHunt seatos bit s initially ~¢t 10 | by the Enter
Hunt Mode bit. The Sinc/Hung bit is reset when the
23050 carablishes characier onchiontoation, The

REAL REGISTER 0 oo

s —— fy LaIACTIT 2600 L5,
. memw ] PG u) Ee K ["i:,'"
== o amm =— Ty ANFFES [RFTY
v ama = - DED
e w4 = = ERLE RLAT !
e e e e (g .
— Ti ULIEFELY LEM I
Ehfex FRART

TUEED WITH CENTiamEL STATLS
EnTeFALFT hUDPE .

READ REGISTER 1t

[0y Tos Jos Toa ] esTor i o] ooy
-
1 FIFLD LTS ITFELaE T8 N
TR IS BECGWD Z-Z..0 F
Brie £ 1k
" B 3
II 1 u ] £
1 1 L] |} 5 o
r .0 1 ] ]
1 b 1 0 H
[ 1 1 '} L]
1 1 1 1 L3
1} [} L} 2 |
'—— PRATY ERROA "RESISLE Da"A FER CA5AT
e - OVEZRUN FARIA R BiTS CHARRLTER Frodha Wi
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Figwe 10, Rzad Aegisiar Bil funclions
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Higk-te-f o nansition of the Svnc Hung bit caigses an
Farereal’Status interrupt shat muasl be cloared by the
P eding the Bover ExterpnlySiatus Inferrum com-
gand, This eraties the 250-510 ro detect the nest tran-
sition af ooher FDstepnal s Sestes bits,

Whep the O dereots 1he end of mesaipe or than
character sanddugnizaion is ost, it sets the Ener Hunt
Soade conninl bl wlich -in turn- «sels the SynesHum
bit 1o 1. The Lgw-ra-Hich transition of the Sync/ Hum
bit ~e1s 1the MsternalrSizins imerrupr, »hich musr alsa

e cleared by the Reset Exicrral#Siatus 1alerrupt com-
mand. Note that the 595 pin ac1s a3 an output in this
mode and goes Low every time a ssnc patiern is dejecied
in the dafa siream.

I ihe s e mode, the SyncsHume bin s iniially sep
by the Tnier NMunt mode bit, or whien the receiver is dis-
abled. In anyv case, i is reset 10 0 when the apening flag
of the firsl frame is deiecied by the £80-510, The Exler-
nal Siatus interrepl is 3lso generaled, and shovld be
hondled as discussed proviously,

Untike the Monosyne and Bisvne modes, once Lthe
SvpcsHunt kil ks reset in the sDIC mode, it does not
need 1o be w21 when the ead of messaze is delecied, The
Z50-510 autommically maintains synchronization, The
only way the Ssne/Hunt bit can be sel again is by the
Crater Mum Mode hin, or by disabling the receiver.

Clear To Send (D). This bit is similar 10 1the DCD bit,
evcepl that it sliows the inverted stale of 11w TS pin.

Trarsmit Linderron/End OF Mesaape (1), This bit is
it u el condition follawing a reset {internal or external).
The only comunand that can resel this bil ts the Reset
Transmit Underrunsros Latch command {wgo, Dy, and
Rz, When the Transmit Underrun condition occurs,
1this bit is tel; its becoming set causes the Exiernal/
Status imerrupt, which musi be resel by issucing 1the
Revet Exterpal/Status Intermupt comimand bits ewro.
This status bit plays an impartam mle in conjunclion
with other cantrol bits in controlling a (ransmit opera-
tion, Refer 10 Bisyne Transmil Underron' and
“SDLE Tranwumit Uinderrun'™ for additional deiails,

Break ZAbuort ([34). Inthe Asvnchronous Rt_ccit: mode,
this bt is ce1 when a Break sequence (null characier plus
fruming errer) is detected in the data siteam. The Exter-
nal/Status imerrupe, if enabled, is st when Break is
detecred. The imerrupt service roudine must issue the
Resel Exicinal/Siatus lmerrupd command (wko, C4Dy)
1e the break detection logic so the Breal sequence ler-
minaion ¢an be recognized.

The Break /Abori bit is rexct when the 1ermination of
the Break sequence is deiecied in the incoming dala
stream. The termination of the Oreab sequence also
vauses the ExlernalsStatus interrupt 10 be set, The Reset
Exrernal/Siatus Tnieerupd commangd must be issued 1o
enable the break deregtion fogic 10 look lTor 1he next
Breal wequence, A cingle exfrancous null character is

15
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presemt it the receiver afier the terminaiion ol a teak;
it should be read and divearded.,

Inthe spLe Reccive mnde, this status hit is st by thr
detection of an Abort sequence (seven or more 1's). T
External/Satus inteniup is handled the <ame way as in
the case af & Bicak, Fhe Break/Abort bitis nod used in
the Synchronous Receive miode.

KEALD REGISTER 1

This rcgim:r contains the Special Receive condition
status bits and Residue codes Tor the 1-figld in the spiC
Redeive Mode,

0y B Ds by D3

Ena Q1 CHCr Peeaier Panly Residue Pesidue Residue Al
F:arre Framing Cuertyn Eror Code 2 Code 1 Gode O Sent
tSOLCY Errgr Errar

D3 Oy Co

— i m g - - -

All Rent {Dg). In asynchronous modes, 1his bit is se
when all the characters have completely cleared the
transmitter. Transitions of 1his bit do nol cause inier-
rupls. It is always sel in synchronous modes,

"Residor Codes 0, 1 and 2 ([3,-D3). In those caces of the

SDLC receive mode where the 1-field is not an integr:

muhiple of tha characier lengih, these three bits indicale
the length of the 1-figkd. These codes are menning ful an-
I¥ Tor the trznsfer in which the End Of Frame bit is et
t301Cr. For a reccive characler lengih of eight bits per
character, the codes signily the following:

I-Field Bits
InPrevisus

I-Fiwls Bily

Aesidue Fesidue Resfdus In Sycond

Code 2 Codel1 Codeo Byte Previous Byle
1 0 a o k|
o 1 1] 4
1 1 0 ,0 5
v 0 1 v &
1 v} 1 4] r
0 t 1 0 5
1 1 1 1 L
Q 0 a 2 8

I-Field tats are night-jusiified in all cases.

Ifa receive character lengih different from eight bis
is wsed Tor the I-field, a table similar 1o the pevions one
may be constructed Tor enach different chanagier length,
For nu residue (thal is, the last ¢haracter bonndary coin-
cides with the houndary of the |-ficld and Crc field), 1he
Residue codes are:

Aesiduse Residue Residus
. Buix por Character Code 2 Code 1 Cade B
f Bits per Chataciar Q 1 1
7 Bi*%s per Charac|gr 1] 0 4}
BBz pe Chasacier o 1 0 "
LBt et Cratacier 1] o -



“Parits Frror (D), When parity i+ coabled, this bit is set
for those chirworgrs whose pority dncs nol maich the
paograiined sense {Ceendodd) Fhe bt iy Tawched, so
e Al e b cenrs, B emaine sop gntid the Brrgn Reset
coungnand ¢4 R s piven

R.evive @verrun Freor (Dgi This bt indicaies thal
ity than thiee charpcters kave been received withour a
tead froun the e, Only the character thar kas been
writen aver 35 Nageed with this error, bul when this
charatier 15 pead. the errar condition is laiched unril
reset by the Error Resed command. I S1atus Affects
Yecror @2 cnabled, the characier that has been oserrnn
interrups with a Special Reeeive Condition vedtor,

CRC Framing Error () T a Framing Eeror ocours
{azynchronods modes), 1his bit 15 set {and pal laiched)
for the receive characler in which the Framing Error
occurred, Detection of a Framing Error 2adds an addi-
lioral one-kalf of a hit 1ime 10 the chazacier lime so the
Froming Error 35 nol inlerpreied as a new starl hit, In
ssnchronous and 0l € modes, this bil indicales (he
resull of comparing 1he CRC cheeler 10 the appropriaie
chech »alue, This hid is reset by issuing an Error Resel
command. The bit is pot laiched, <o it is alwavs updaicd
when the rext character is received. When used Tor ckE
error and sianes in sy nehrooeus modes, it is weually set
since mast kil combinations resull in @ non.2¢ro CRC
escept for a correctly compleied message.

L]

.. 13
End OF Frame {Iv4}, This bit is used only with the spLc
mode and indicates that a valid ending flag has been
received and Thay the ¢ke Errer and Residile codes are
iwho vahd. This bit can be reset by issuing the Errar
Revet communand. It is also updaned by the first characier
of the Faliowing frime.

HEAD REGISTER 2 (Ch. & Only)

This regisicr contains the interrupt sector wriitlen infa
wkzifthe Status AfTecis Yeotor contral hil is not <er, I
the conrral Bit s set, it coniains the modified vector
thown in the Status Affects Vecugr paragraph of 1he
Wiile Register 1 section. When this register 15 read, the
vector relurngd is modified by the highest priogity inter-
rapting conditian ar the Lime af the read. Il no inler-
rupis are pending, the vector 15 modified with V=0,
Vy=1 and Vy=m|. This regisier mav be toad only
through Channel B.

0y Oy bs Dy 03 af o Op
¥p VMg Vs Wy M3 ¥z ¥y Vo
Yarighte i1 S1a"us
Alfecis Vecior in
enableg

- —— i A E———— T E— ——— k= mmaa® Tl 8
L]




Applications
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Tl lesidibiry wmd sersariling of the Zx0-%10 make iy
Uacbul Tor mmcraos applications, a lew al which areine.
clinded bore, These exvitmples show several applications
that vombine the Z30-51{0 with olher members of the
TR0 Lamily. ’

Figure 11 shons simple processor-10-processor come-
mumicativn over 3 direst line, Both remnote processors in
s svslom van communizate to the Z20.CPLU with dif-
ferent pegtogeeds and dala rates, Depending on Lhe com-
esits of 1he application, ather S50 poripheral eircuis
AE0-CTE, Tor evampley may be required. The unused
chunnel of the 250-510 can be used 10 contral mbher
peripherzls ar they can be connecied (0 0iher remole
[ TS, '

Figure 12 illustrates how both chanasls of a single
A50500 are nied with modems that have primary and
weannnTy, uf reserst ehannel oplions. Alerpatively,
Foogy modems withou tigse oplions can be connected 1o
ihe ARU-510, A cpitable baud-rate generator (£80.CTC)
musl be vsed for assnchronous modems,

Figuie 12 shows the £20.510 in 2 dala concentrator,
a relaiively complew application thal uses wo Z50-510s
to perform a variely of functions. The data congen-
triter can be used 1¢ eollect data from many terminals

vrer T speed lines and iransimig i over 3 siaele highe
specd line aficr ditine and 1eformanting.

The Z80.D%A coniroller circuit 3 uswed wilh
AMSI0 82 o jran-mit the reformaucd dae ar high
speed with the 1equired piolocal. The high speed
modern provides she transmil clock for this Jhanned,
The Z80-CTC counter-dimer circuir supplies 1the rans.
mil and receive clocks for the low.speed lines and s alvo
veed as 2 time-oul counler Tor +arious funciions,

ZE0.5I0 £ comrals local or pemole erminals, A
single intelligent i2rmipal i shown within the dached
lines. The terminal emplons a A80.510 10 communivane
1o ihe dala conceniralor on one chanpel v Stie providing
the interface 10 a line printer 0ver its veoond Channel.
The imelligem 1erminal shown could be desizned 1o
aperate ingernctively with the operator.

Depending on the software and hardware capatilinies
buili inte this sastem, the dala condentralor Canomphn
store-and-forward or hold and-forward methods {or
rezulating nformation traffic beiween cow jorminals
and the high-speed remale professor. 11 the high-wpeed
channel is prosided with a dial.out option. the channel
can be connecied 10 2 number of remole processors over
a switched line.
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Figure 11, SynchraonoustAsynchronous Piocessor o Processor Communcation (Diretl Wire 10 Two Bemole Lot ations)
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Timing -
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HEADY CYCLE

Fhe fiming siepals tenerated by a A80-CPL inpul in-
Ganvlhion fo read a 13aia or Staius byie Trom the
AR50 are illistrieted In Fizure 14a,

CATHA - an

Figuia 14a. Read Cycle
INIERRLDP'T ACRNOWLEDGE COYCLE

After receiving an Inlerrupl Request signal {I~T pulled
Low], the Z50-CPPU sends an Interrupt Achnowledge
gnal (51 and 1ORQ both Low), The daisy-chained in-
lerrupd ditcuils detesmiinge the highest priority interrupt
tegricsior, The 1K1 of the highest priorine peripheral s
waninaled Hich. For any peripheral that has no inter-
tupt pending ar upder service, tEO=1E1, Any peripheral
thal does have an interrupt pending or under senice
forces its 1EO L aw,

To insure stable ¢onditions in the daisy chain, all in-
terrupt status signals are prevented from changing while
i is Low. When fORQ = Low, the highest priarity inler-
rupi requesior (the one with k1 High} places i1s inter-
rupt vector on the dara bus and <g1s its imierpal
imurrept-nnder-service latch.

T4 Ty Tw T T3 Ty

7 \
it '
L R WU
haTa L xEcTon

Figure 1dg, Interrup! Acknbwledge Cycle

WHITE (A CLE - '

Figure 14b illustrates the 1hming and data signals oot
ated by g Z50.CPL owipe instruction 1o weile a 12 ar
Control byvie inle the Z80-510.

Ty L

LI

Y

CE CHASNEL ADJRESS X

iom /T
RO .
W

DATA X IN

-

) S

Figure 1db. Wrlie Cycle
RETURN FROA INTERRUI'F CYCLE

Narmally, the Z80-CPU istwes a KETI (RETurn frsm
ferrupl) insiruclion ar the end of an imlerrapn sepvice,
routine, RET) is a 2-byie opcode (FD-40 1hat 1osers the
inrerrupt-under-service latch to terminate the incirum
that has just been processed. This is avceimnplivhed by
manipulating the daisy chain in the Tollowing way,

The nermal daisy chain operation can be mved 10
Cerest a pending inesropt; hewever, iU cannat distin-
puish belween an interrupt under senvice and a pending
unachnowledged imerrupt of a higher priority, When.
ever “ED™ is decoded, the duisy chain s moadifivd by
forcing High the 10 of anyv inteirupt rhat has not e
been acknowledped. Thus the daisy chain identifies 1he

-device presemly under service as the only one with an IEI

High and an 1IFO Low. If the nesl opcode byie is <20,
the interrupt-under-service lateh is reset.

_ I
AD % s L /! 1
i
et —
Dg -0y gL, .40 T
l
_____ - S " —_—
L i I
|
IED I.i'

Figuie 12d. Retuwin from Inlerftupl Cycle



The ripple iime of the atartupl dhisy Chuon fbath the
Hirteto Low and the Tes-tofligh fnimiticns Himis
the anher of desiees thal can be placed in the Jaisy
Jhain, Ripple sime can be amproved with cnnc-lopk-
atead, an by esviending the inteni s o o edre oucle,
For furtler infermaiion aboot lechnisues for inusesing
the mntwr of Jaisy-chained devices, 1efer 0 Zilog
Application Nore QY3101 (Fhe 258 Fanidy Pragros
fatercups Srenctee).

IDAISY CHAIN INTERRLPT MESTING

Figute 15 illusicates the Saisy chain conliguralion of in-
tersupt cirouite and their behavior with nested inlercupts
(A iniesoam that s imerremied By anotber with a higher
Pricriyy,

Each kox in the illustration ¢onld he a serieate culer-
nal Z80 pecipheral circuil with a wser-defined aader of
interrupl priorities, Howeser, a samikir daia chain
sdructure alsa exisie inside the ZED-510, which lies s
isierropt levels with a fived order of priorities,

The case illusirajed occurs wlhen the transmitier of
Chunnet Binterrupts amd W granted service, While 1his
interrupt §s being serviced, i s smerrnried by a higher
privrity interrupl froon Channel A, The second interrup
i serviced and—uepon coanpletion: -a ke TSEruction s
vveciited OF @ KETI command i wrilten into the
ASD-B10, reseuning the interrupl-under-service lach of
the Chanpel A interrupt. At this iime, 1be service rou-
line for Channel B s tesumed. When it i~ compleied,
another RETHiRSITuction is executed 1o compicle 1he in-
terrupt service,

. CHEMYEL A fmanhEL 2
CHANNEL & CMebmEL A o EXTESMNAL LHAMNEL B TRINLEL B EwTES L
FRZCEIVEA TRA:EITIER STAHTUS RECEIER TRE:ALEATTER STATUS
) . .
l e it Ly HIGH HIGm Him g
----- 'l tabk— & fol——e  Eg €l K0 El 0| ——<E tof-—

1. PRICRAITY INTERRUPT DAISY CHAIN BEFDORE ANY INTERRUPT OCCURS.

UNDER SERVICE

HIGH HigiH

IE| (11 IEN 1] IEl L3

Mk

HAGH

El Gy IE} EC

LCW

2. CHAMNNEL B TRANSITTER INTERTUFTS AND IS ACKNOWLEDGED,

L

LGER SERAVISE

ETFACE SUSEEDED

— ey

HIGH HIGH

| U]

IEl EQF *El =——AaIE| 1B

\ED

Lo

1E1 IECEH IEG ] —=—— )

L vy

IE} EQ

L

3 EXTEAMNALSTATUS OF CHARNEL A
TRANSLITITER.

*

+

SEAVICE COMPLETED

INTERAUPTS SUSPENDING SEAVICE QF CHLNNEL 8

STRVICE RESUMED

HIGH MIGH HiGH iy HitGH
IE1 :Eﬂlf ~{sl"r L} ———vIEI IEC IEI IED u IEI IEQ p——11E{ IEC
| I LS Exany
4, CHAMNNEL A EXTEANAL STATUS ROUTINE COQMPLETE. RETI ISSUED, CHANKEL B
TRANSKMITTER SERVICE RESUNED.
L]
- SEQVEE o £1ED
Inlc.n et ] HIGH HIGH riiH a= q o
1E] S —d I it g -=—- ‘l 4{ ~L |=cl—— -E1 o]

5. CHANNEL 8 TRANSMITTER SERVICE ROUTINE CONELETE, SFCOND RETIESSUKD,

Figure 15 Typical fnterrrnl Sequence
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Package Configurations
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30-Pin Pladlic

40-Pin Ceramic

*

Ordering Information

C — Ceramic

P — Planic

5 — Sandard AV + 5%, 0% 10 70%C

E — Exfended SV = 5%, —40% 10 85°C
M o— Milivary SV 2100, = 55710 125%C
A — Type 0 Donding

1 — Tape 1 Bording

{2 — Type X Bonding

Example:

TEG-S10/7] C5 {C'f:r._lmc—S!and.ud Runee—Tuipe |
Bonding)

ZEO-E10:0 FB (Plastic — Stapdard Range -~ Type
Donding)



nt

READER'S COMMENTS

Your Jepdback aboui this Jocument is impartant (0 us:  only in 1his way can we ascertain your
needs and fullill shern in the Tuure, Please take the time 10 fill outl this questionnaieg and retuin
it 1o us. This infarmation will be belpful 1o us, and, in tine, 1o the [uture users of Zilog sysiems.

Thank you,

Your Wame:

Compeny Name:

Address:

Title of this document:

\hat software products do you have?

What is your hardware configuration lincluding memory size}?

f— o rrsem . ———

Does 1his publication meet your needs?
' not, why nat?

Jves

CNo

How do you use this publication? {Check all that apply)

(] As an intraduciion 1o the subject?
[] As a reference manual?
[ As an instructor or student?
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CIRECTOSI0 [ ASISTENTES AL CURS0:; INTRODUDICICON A LOS MICRIPROCESADORES Y

S5 APLICACIORNES & (DEL 10 DF AGOSTO AL § DE GEPTIEMBRE DE 1979

NQMBRE ¥ DIRECCTON

ARMANDO AGIITRREE GARCTR
Carmen No. 524

Col, Mativitas

MExico 13, D.F.

1‘&1‘

NG, VICTOR MANUEL AIVARE?Z A,
B. Da Szhagun MNo. 27-D

Col. Guerrero

tdco 3, DLF.

Tel, 535-27-B9

VICTOR GARRIEYL BARBOSA GARCTA
Martin Castreifn No. 72

Col. Felieitas dal Rio
Mayelia, Mich.

T=l,

ING. JAVIER CABRERA VAZQIEZ
Gildardo Aviles Mo, 119
Col. Rafael Iucio

Xalapa, Ver,
Tel. 7 €66 33

HECTOR CRINVARYO MARTINEZ
Fivera Wo. B3

Col. Auilas

MEwico 20, D.F.

Tel. 5%3-03-ERB

ADRTAN CARVAJAL VIZCAREA
Medellin Mo, 3854

Col. Del valle

Msxico 7, D.P.

Tel, 543-23-02 584-77-80

EMPRESA ¥ DIREQCION

So AI Rt H-

Sierra Gorda Ng, 23
Col. Lomas Tecamachaleo
MSxico 10, D,F,
Tel.540-00-52

5. ¢, T,

Av. ¥ola y Universidad
Fd, "H" 50. Piso

Col. Rarvarte

México 12, D.F.

Tel. 530-64-58

ESCUELA DE INGENIERIA BEIECTRICA
D.M.5. 8. H,
Cindad Universitaria

FACULTAD DE TNGEIFRIA
INIVERSIDAD VERRCRUZANA
Calle ¢de la Pergola S/N
Col. Icmas del Estadio
Xalapa, Ver.
Tel. 7 &6 33

CENTED OE CALOULD Faz, TR,
Ciudad Universitaria

S. A. H. O, B,
Reforma Mo, 77-10 Pisc



10.

11.

12,

DIRECIORIO DE ASISTENTES AL CURSO: INTRODUCTION A LOS MICROPROCESADCRES Y

505 APLICACICHES CEL 10 DF. A306TO AL 8 TE

MBRE DE 1979

NCMERE Y DIRECCION

ING. JOSE MANUEL CASTELIAMNOS ALVAIEZ
Divisf{on del Norte Andador 6-3

Col. Villa Coapa
MExico 22, D.F.
Tel. 671-01-27

JAIME ARAT CHAVARRIA
Tantoyuca Nao, 38
¥alapa, Vor.

“al. 7 69 40 Bxt. 101

IMG. ERIESTO CISHERCS PARZ
av, Veracruz MNo. 184

Col. Cuajimalpa

Wxico 1B, D.F.

Tel, 2-04-83

ARAMANGO CORCNA VAZQLUEZ
Herraera Tejada No. H7
Col. Pederal

Jalapa, Ver.

Tel. 7 68 91

JESUS DAVID CRUZ CERVANTES
uadalcansal Me. 12

ol. BPuzkadil

MExico 15, DLF,

Tel, 355-28-37

SERGIO M. ESPTNCSA DE LOS MONETRCS G.

Extremadura Mo, 158-1
Col. Mixcoac

tExico 19, DLF,

Tel. 563-56-61

EMPRESA Y DIRECCION

OMISICN FEDERAL DE ELECTRICIDAD
San Rafael Sta. Cecilia Mo, 211
Col.- Tlalnepantla

Edn. de MExico

Tel.

JOMISICH FEDERAL DE ELECTRICIDAD
Xalapa, Ver,

FISHER GOWVERNOR

Hacienda de la Guaracha No. 127
Col. Bosques de Echegaray

Edo. de M&x,

Tel. 3-73-08-11

COMISICH FEDERAL DE ELBECTRICIDAD
Allende No. 155

Col. Jalapa

Jalapa, Ver.

Tel. 7 22 35

5, A, R. H.

Gomez Farias No. 2-ler. Piso
Col. San Rafael

Mixico, D.F.

Tel. S535-4i-20

5, A, R. H,

Gémez Farfas No. 2-3o. Piso
Col. Tahacalera

México 4, D.F.

Tel, 535-67-28B Y 29



14.

15.

16.

i7.

18.

DIRECTORIO DE ASISTENTES Al CURSO: INTRODUCCION 2 LOS MICHIPCRESADCHES Y

SUS APLICACIONES  (DEL 10 DE ACQSTO AL & DE GEPTIEMBRE DF, 1979)

NCMBRE ¥ DTRECCION

THG. RICARDO ESPRIELIA GODNEZ
Calla "Z" Mo, 2612

Ccl. Fovissste

Mixico 21, D.F.

Tel. 677-96-61

RODOLFQ A. FLORES MARQLE?

1LULs H. FRANOO CARDFNAS

" Av. tniversidadNo. 4654

Ool. Delivalle
México 16, D.F.
Tel. 523-49-36

UBAI DO GRAITEGDSG SAMNDOVAL
Anaxagoras No, 17-304
Cal. Narvarte

México 12, D.F.

THli

ING. AIFREDD GEMEZ LOFPEZ
Betancourt No. 67

Xalapa, Ver.
Tel. 7-72-34

ING. JAIME A. GRRCTA CASTAREDA
Cerro Gordo No, 150

Col. Campestre Chwrubusco
Méxica 21, D.F.

Tel. 549-1%-70

EMPRES2 Y DIRECCION

FACULTAD DE INGENIERIA [RAM
Cindad Undversitaria
Tel, 555-52-15 Ext. 3748

QOMISICH FEDFRAL DE ELECTRICIDAD

!

BANRURAL

Campeche No. 290-7o. Plso
Col, Rama

México 11, D.F.

Tel.

5. Ah.' R. 1.

Gfmoz Parilas Ne. 2-2o. Piso
Col. Takacalera

MExico 4, D.F.

Tel. S46-67-86

FACULTAD DE INGEMIERIR
INIVERSIDAD VERACHIZAMNA
Calle de la Pergola S/N
Losmas Del Estadic

Xalapa, Ver.

S. A. k. H.

Sierra Gorda Ho. 23

Col. lLomas de Tecamachalro
Mixico 10, D.P.

Tel. S540-00-52
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21,

24,

DIKFCTORIO DE ASISTENTES AL CURSO:

INTRODOCCION A 1OS MICROPROCESANORES Y

S5 APLICACIONES  (DEL 10 OF ROOBTO AL 8 DE SEPTIRMERE DB 1979)

NOMERE Y GIRECCICH

ING. 1LUIS GARCIA REYES
Martin Castrejdn No, 35
Col. Felicitas da) Rio
Mor:=lias, Mich.

Tel, 2-6§%-25

ING. ARTURO GUIILIERMG GOMEZ PEREZ
Carro de Macuiltepec Mo, 196

Col. Cawestre Churuasco

Mixico 21, DLF.

Tel. 544-62-58

JOSE ANTOHIO COMZALEZ CAICANED
Gfrez Farias No. 2-40. Piso
Col. San Bafaasl

Mixico 4, D.F.

Tal, 346-67-78

ALFREDD GRAMADOS SALAIRR
Aburdio Martinez No., 249
Col. vallejo

Méico 24, DUF.

Tol.

ING. LIS GUERFA AVIIA
Allende No. 217

"Col. Claveria

Mexico 16, D.F.
Tel.

Rio Heva WO, 32
Col. Cuauhtfmoc
M&rico 5, DUP.
Tel. 535-08-07

EMPRESA ¥ DIFEOCION

ESCUELA DE INGEMIERIA EIBL‘TRIm
1udad Universitaria

Morelia, Mich.

Tel. 2-77-76

HUGIN DB MEXTOO, S.A.
Bahia de Todos Santos 149
Col. Verfnica Anzures
MExico 17, DLF.

Tel, S45-66-]15 Ext, 26

5.A_R.H. .
Ganez ' hrias bbE—-!u Piso

INSTTTUTO MEXTIC2NO DEL FETREED
Av. De los Clen Metros No. 152
Col. Ind, Vallejo

MSwico 14, DLF.

Tal. 5&67-54-76

FPEMEX

Marina Mal. Eo. 129
Col. Verdnica Anzures
MExico 17, D.F.

Tel, 545-74-60 Ext. 3165

E S TIHME CULHIANAN

Av. Santa Ana Mo, 1000
Col. Sn. Foo. Culhuacan
MExico 13, D.F.

Tel. 581-85-90



23.

26,

27.

28,

25,

30,

DIRECTORIO DE ASTSIENTES AL CURSQO: INTRODUCCICN A LOS MICROPROCESADORES Y

SUS APLICACILNES  (DEL 10 DE MYETU AL 8 [E SEPTIEMBRE DE 1979}

NPRRE Y DIRECUICH

Y, FELIPE Ioza N,
hoates No. 7 J. Sn, Mateo
Col. Colina Maucalpan
Ido. de M&xico

Tel. 373-53~14

LAITRA MARTTH! MMGIIA
Codorniz No., 25

Col. Las Alaredas
Edo. de Mix.

Tel. 2 17-63

ING. JOSE MA, MENDOZA GUTIERREZ

HE. CARIOS MORENO PEREZ
Zaragoza No. 234 Dpto. 31
Col. Guerrera
Mixico 3, D.F.
Tel, 526-26-91

ALFONSO MUR0Z KURETWOWKI
Isabel la Catolica No. 457
Coel., Algarin

Mixdco B8, D.F.

Tel, 530-77-41

RUHIN EUGENIO MUROZ VARGAS
Av. Palomas No. 58

Col. Mayorazgos del Bosque
Atizapan .
Edo. de M&x.

Tel.

EMPHESA ¥ DIRDOCICN

PEMEX
Marina Hacional Mo, 329

FISHER GWERYXR DE MO0, 5.A.
Hacienda de la Guaracha No. 127
Col. Bosgues de Echegaray
Naucalpan

Tel, 3 73-06-33

FAOULTAD DE INGENIERIA TRAM

INSTTTUTO MACIONAL DE TNVESTI
GACTIONES KIXCLERRES IWNINW
Benjamin Franklin Mo. 1f1
Col, Tacubaya

MExico 18, D.F.

Tel, 271-31-46 271-31-85

S. A. R H

Gfmez Farfas Mo, 2-1lp, Plso
Col. Tabacalera

México 4, C.F.

Tel. 535-41-20

CIA. OB LUZ ¥ FUERRY [FL CENTRD
Av. Playa Pie de la Cussta 273
Col. Sn. Ardréa Tetepilco
Mixico 13, D.F.

Tel. 539-96-10



31.

32.

35,

3G,

DIRECTORIO IE ASISTENTES AL CURSD THTRODUCCION A LOS MICROPROCESADORES Y

SUS APLICACIONES  (DEL 10 DE AGSTO AL 8 DE SEPTIEMERE LI 1579

HMERE Y DIRECCION

MARCO £, MIRRAY LASSO
Farbrandt Ho. 53

Col. Mixooac

MEwlco 19, DLP.

Tel. 563-37-40

NG, JOSE GASTON NOTDLA DEL RIO
Tulipdn My, 137
Col, ¢d. Jardin
Mel. S544-03~32

ING. JESUS NUFEZ VALADEZ
Centrad de tzlabartercs No. 112
Col. Emilio Carranza

Mixico 2, D.F,

Tal. 529-36-68

FALL E. OCHOA ESOCBAR
Bifalo No. B2

Col. Dal Valle
MExico 12, D.F,

Te—, 524-12-09

G, GUSTAVO G. CRIGEL CUUTIRO
Gamelog No. 119

Col. Pradoc Chor.

Mixioa 13, DLF.

Tel. 582-32-71

LIS aROCZO0 RAMIREZ
Tlaxcaltecas No, 70
Col. Ia Raza
Mxico 15, D.T.
"el. 597-54-31

EMPRESA Y DIFECCICH

LEPFI, 1NAM
Ciudad niversitaria
Tel, 548-65-00

5. A. H. D, P,
Culiacln MNo. 132
Col. Roma Sur
M&xico 7, D.F.
Tel. 564-94-39

ENEP ARAMGON

Av. Central y Calle 3/N
Sn. Juan de Aragin
Netzahualcoyotl

Tel.

FACULUTAD DE THGENTERIA 1RGEM
Cindad Universitaria
Tel. 550-00-40

FACULTAD DE INCENIERIA (RAM
Ciudad hiversitaria
Tel.

DNETITUTG MEXTCANG DEY, PETROTED
Av. de los 100 Metros No. 152
Col,. lLindavista

MExico 14, D.F.

Tal, 567-54-76



37.

35.

39,

40.

4l1.

42.

DIRECTORIO OE ASISTENTES AL CURSO: INTRODUOCION A LOS MICROPROCESAIORES Y

S5 APLICACTICNES  (DEL 10 Of ASOSTO AL 8 CE SEPTIEMBRE DE 1979)

NOMEPE, ¥ DIEECCICN

ING., M0, JOSE LUTS PERALTA SOLORIO
Cali No. 323-A

Col. valle Dorado

Tlalnepantla

Edo. da Msu,

Tel. 379-34-16

G, J. CRJZ RORLES GAINEZ

Hda. &n. Diego de los Padres No. 35
Col. Prac. 5ta. Elena

En., Mateo Atenco

Tel, 570-21-22 Fxt. 136

ACEA ELVTA SATAZAR FPEHEZ

ledo No. 304 Bdif. I. Zaragoza A-104
Col. Guerrero

Méixeo 3, DLF.

Tel. 583-92-38

ING. EIMRIMO SALINAS BCHOROUEZ
Carlos Pereira No. 10-8

Col. Viaducto Piedad

Maxico 13; D.r,

Tel. 538=-07-28

ING. ETAUARDO SANCHEZ MARITHLZ
Cerrada Casa 'Hogerr No.14
Col. Loanas Hidalgo

Morelia, Mich.

Tel, 269-63

ING. HOMERD SANCHEZ ZORRILLA
Acacias No. 9 Dpto, "F"

Col. Sta. Ma, Ia Rivera
Mixicn 4, DLF.

Tel, 547-39-51

EMPRESA Y DIFECCICH

COMISICN FEDERAL DF FLECTRICIDAD
Av, Tolusa v Don Mamelito

Col. Olivar de los Padres
Maxico 20, D.F.

Tel., 595-54=-00

INSTITUTO NACICNAL DE INVESYL
GACICHES WUCLEARES

Pepdamin Franklin Ho. 161
Cal. Tacubaya

MExico 18, D,F.

Tel. 271-31-85%

CIA. IF LIJ2 ¥ AERZA OEL CENTRD
Melchor Ccampo No. 171

Cal, Andhuac

Miwieon 17, DLF,

Tel, S535-75-25

INSTTTUTO NACIONAL [DE DINVESTI
GACICNES HIXTLEAFRES

Benjamin Franklin No. 161
Col. Tacubaya

M&xicon 18, D.F.

Tel. 271-31-46 271-31-85

UNIVERS IDAD MICHOACANA

ESCUELA DE INGENIERTA EIECTRICA
Ciwdad Universitaria

Morelia, Mich.

Tel., 2 7677

5. A, B. H.

Ignacic Ranirez No. 20~4a, Piso
Col. San Rafael

Mixir~o 4, D.F.

Tel. 566-36-25



a3,

7.

48.

DIRGCTORIO CF ASISTENIES AL CURSO: INTRODUCCI(N A LOS MICREPROCESADORES Y

55 AFLICACIONES

{DEL 10 DF AJ610 /AL B CE SEPTIIMBRE CE 1979)

LICMBRE Y DIREOCION

ING, AILETANDRD SERRAND FELIX
Toribio Madina Mo, 108

(el. Algarin

MEwioco B, D.F.

Tel. 530~53-03

FEDED DE JESUS TCIEDO ECHEGARAY
Insurgentes Sur No. 4411 BE4if. 21-401
Col. Tlalcoligia

MExico 22, D.F.

Tel. 573-51-B1

ING. FRANCISOU TORRES
Prega No. 85

Col. San Jerfnimo
México 20, D.F.

Tel., 595-35-15

ING, ROBERTO VAIENZIUELR CEPEDA
Av. del Conventsa Mo, 13 .
Col. Churnibusco

M&xico 21, D.F.

Tel. 549-29=30

THG, ALFCMSO VAZDUEZ MORDZ
M2lchor Ocampo Ma. 386
Col. Cuauhté&moc

M&xico 5, D.F,

Tal. 514-08-33

ING. ANGEL YAREZ HERNANDEZ
Valle del Mexquital Ma. 168
Col. Valle de Aragén

Edo. de MEx.

Tel. 566-38-48

EMPRESS ¥ DIRECCIN

FMNTILTAD DE IMGENTERLA ThinM,
Ciudad Universitaria

S. A. H. O. P.
Feforma Mo, 77-10 Piso
M&xico, D,F,’
Tel. 591-18-E9

COHMISICH FEDERAL CE ELECTRICIDAD
Av. S50 Rafael Sta. Cecilia Wo. 211
Col, San Rafael

Tlalnepantla
Tel. 565-36-18

5. A, R. H.

Ignacic Ramirez No. 20
Col. Tabacalera
MSxico 4, D.F.

Tel. 566-38-4%

OMISION FEDERAL DE ELECTRICTDAD
Fodano 14 Mezaninnea

Col. Cuauhtfmoc

MSxico 5, D.F.

Tal. 553-71-33 Fxt. 2357

5, &. R, H.

Ignacio Ramfrez No. 20-46. Piso
Col. San Rafael

MEwico 4, D.F.

Tel. 566-38-48



50.

=3 98

DIRECTORIO DE ASISTENTES AL CURSO: INTRODUOCICH A 105 MICROPROCESADORES Y

SUS APLICACIONES  (DEI, 10 DE AGOSTO AL 8 DE SEPTIFEMERE DE 1979)

NOMBRE ¥ DIREQCICN

BERIQUE ZBREATE LEYVA
Reforma Mo, 69-%a. Piso
Col. Centro

Middco 1, D.F.
Tal.

ROBERTO ZENDEJAS MORALES:

Calz. de la Viga No. 1416 Depto. £~108
Col, Sifén

Mixico B, D,F.

TEl.

ING. JESUS IBARRA VELAZOUEZ
Gral. Gpe. victoria Mo, 150
Col, G. A. Maderc

México 14, D.F.

Tal, 577-26=~27

EMPRESS Y DIRECCICH

5. A, R, H.

Feforma Mo. 65-90. Piso
Col. Centro

Méxwioo 1, DLF.

Tel. 591-09-84

5. A. R, H.

Plaza de la Repdblica Mo. 31-60.
Col. Centrg

MSxico 1, D.F,

Tel. 592-41-82

5. A. R. H.

Plaza de la Repfiblica esq.
Ponciano Arrlaga 6o. Piso
MExico 1, D.F.

Tel. 546-50-96






