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DIRECTORIO DE FROFESDORES DEL CURSO
LODS MICROFROCESADORES Y SUS APLICACIONES' ‘
DEL 14 DE AGOSTO AL 12 DE SEPTIEMBRE DE. 1992.

IHNG. JDSE ANTONID ARREDDNDD GARZIA
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DEFARTAMENTO DE CONTROL Y DEFARTAMENTO DE MECATRONICA
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JEFE DEL DEPTO. DE- TELEFROCESO DE LA SUBA. COMERCIAL: DE
FETROLEDS MEXICANDS.

JEFE DEL CENTREB DE DISERAD DE QPLICADIDNES_PQRQ COMPUTADDRA EN

LA FACULTAD DE INGENIERIA, UNAM.
TEL. 550 52 15 EXT. 3746 y 254 7% 24

ING. ARTURO SALVA CALLEJA
FROFESDR DE CARRERA FACULTAD DE INGEMIERIA LNAM
TEL. 539 07 79

INGENIERD JESUS SAVABE CARMONA :
ENCARGADD DEL LABDRATORID DE PROCESAMIENTOD DE VYOZ EN LA DEPFI
TEL. 54% 87 %1

ING. ALBERTO TEMPLOS CAREBAJAL
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-~ UNIVERSITARIOS HCY" UNAM

s N
1.~ ¢Qué le parecid el ambiente en la Divisidn de Educacién Continua?
MUY AGRADABLE o AGRADABLE DESAGRADABLE
9 . [::::::::] '[::::::::] J
- : A
2.- Medioc de comunicacibn por el que se enterd del curso:
PERIODICC EXCELSIOQR ?ERIODICO NOVEDADLS
ANUNCICO TITULADO DI ANUNCIO TITULADO DI
VISION DE EDUCACION VISION DE EDUCACION FOLLETO DEL CURSO
CONTINUA ‘ CONTINUA i :
CARTEL MENSUAL RADIO UNIVERSIDAD COMUNICACION CARTA,
' . TELEFONQ, VERBAL,
ETC.
REVISTAS TECNICAS . FOLLETQ ANUAL CARTELERA UNEM "LCS GACETA

—
-

3.- Medio Qe transporte utilizado para venir al Palacio de Mineria:

AUTOMOVIL METRO OTRC MEDIO

PARTICULAR _ : _
L ) .~ C__) C_J)

(4.- ¢Qué cambios harfia en el programa para tratar de perfeccionar el curso?

I\

5.~ éRecomendaria el curso a otras personas?@ SI @NO

J

5.a.¢Qué periddico lee con mayuor .frecuencia?:




r .
6.- <Qué cursos le gustaria que ofreciera la Divisidn de Educacidn Continua?

~

I - ; ; "
7.- La coordinacidn académica fué:

EXCELENTE : BUENA . REGULAR MALA

|

AN

DE 14 A 18 H. 17 a 21 H. 18 A 21 H,
(CON COMIDAD) ' '

VIERNES DE 17 A 21 H. " VIERNES DE 17 A 21 H. OTRO
SABADOS DE 9 A 14 H. SABADOS DE 9 A 13 H.
DE 14 A 18 H.

N J
r ™
8.~ Si estd interesado en tomar algin curso INTENSIVO éCudl es el horario mds
conveniente para usted?
LUNES A VIERNES LUNES A LUNES: A MIERCOLES MARTES Y JUEVES
DE 9 a 13 H. Y VIERNES DE Y VIERNES DE DE 18 A 21 H.

9.- ¢Qué servicios adicionales desearia que tuviese la Divisidn de Educacidn
Continua, para los asistentes?

AN

\_
(

10.- Otras :sygerencias:
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CURSOS ABIERTOS
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COMPUTADORAS PERSONALES. SU ORGANIZACION

INTERNA

ING. ABEL CLEMENTE REYES

SEPTIEMBRE- OCTUBRE
. 1992,
Palacic de Mineria  Calle de Tacuba 5 Primer piso  Deleg. Cuauhtémoc 06000  México, D.F.  Tel: 52140-20  Apdo. Postal M-2285



his is a guide for writing assem-

bly-language programs or rou- .

tines on the IBM PC, It is nec-

essary to program in assembly
language when an application must be
as fast as possibie or when the high-
level language being used cannot per-
form the desired operation. High-level
languages are alsc easier to compre-
hend when you understand assembly-
language concepts. This article is not a
primer. | am assuming that you have
read a primer or manual and are left
with unanswered questions 1 hope this
artwle will aneawer some of those gques
tions and that. with one or more of the
references listed at the end of the arti-
cle. you wiil become a more polished
assembly-language programmer. 1 will
presemt specifics of the 3088 first,
followed by a sample program and rou-
tine. The program is a usefu! uiility il-
lustrating DOS (disk operating system)
function calls and string manipulation.
The routine introduces a new technique
for writing code to be called from
BASIC.

THE 8088-;CENTRAL
PROCESSING UNIT

Figure i shows an elementary block
diagram of the 8088, This processor has
two separate processing units: the ex-
ecution unit (EU). which executes in-
structions, and the bus interface unit
(BIU). which is responsible for the
8088's communication with the outside
world. The BIU is capable of coor-

~.

AN INTRODUCTION
o s e TO PC ASSEMBLY-
LANGUAGE

PROGRAMMING

" How to program the 8088

| assume you have
read a primer
and are left
with unanswered
questions. 1 hope this
article will answer
some of those questions.

dinating multiple EUs such as the 8087
numeric data processor (NDP) and the
8089 1’0 processor. The only difference
between the 3038 and the 3086 is their
BiUs.

The BIU sits between the EU and the’

outside world. An EU provides a logical
address to the 81U, which translates it
into a physical address. This translation,
calied the physical-address computa-
tion, uses two | é-bit quantities: a seg-
ment register and an offset. The nota-
tion used for logical addresses is seg-
ment;offset. The segment registers
{parts of the BIU) are code segment
(CS). stack segment {SS), data segment
(DS). and extra segment (ES). The off-

~set is usually supplied by the EU.

The physical address is computed by
shifting the segment register left 4 bits

and adding the offset in the BIU's

dedicated adder. Segments are 64K-

byte relocatable pieces of the I-mega-
byte physical-address space. They are
located on 16-byte boundaries called
paragraphs. Assembly-language pro-
grams are written in logical segments,
Placement of these segments in mem-
ory is a function of the linker and the
DOS. They can be overlapped. con.
tiguous. or disjcinted.

The address of the next instruction to
be executed is CS:iP. (code segrment: in-
struction pointer). For increased effi-
ciency. the BiU pipelines bytes (pre-
fetches them and puis them inwo z
queued. To facilitate this caleulation. the
offset instruction pointer is keptin ke
BIU. )

The EU contains eight 16-bit registers.
any of which can be used in z2mzuie
tions. Four of these registers comprise
the data group. They are the ac
cumulator [AX). base (BX), count {CX).
and data (DX) registers. The high and |
low 8 bits of each data register also can
be accessed. The two halves of the ac-
cumulator register are AH (accumuiator

“high) and AL [accumulator low). The

halves of the base. count. and data
{continued

“Wiltiam |. Claff (7 Roberts Rd.. Wellesley. MA
02181) (s a member of the engineering depart-

* ment of Spinnaker Software Corporation. where

he is the in-house expert on the 1BM PC family,
He also has run his own microcomputer retail,
and consulting business for the past six years.
Mr. Claff holds a master's degree in applied
imatﬁmalics‘ from -Harvard Upiveisiw.



registers are similarly named.

Two other general registers. the
source index (SI) and the destination
index (DI}, comprise the.index group.
These registers are used primarily in
string operations. Two segment
- registers are required to perform
moves Of COMmparisens on memory
more than 64K bytes apart. This is why
there is an extra segment in addition to
the data segment. The destination.in a
string operation is always ES:DI (extra
segment; destination index).

The last two general registers, the
stack pointer (SP} and the hase pointer
(BP). comprise the pointer group, These
registers manipulate the stack that
holds subroutine return information.
When a subroutine is invoked, $5:5P
{stack segment: stack pointer) is used
to store the return address on the stack.
Stack pointer points to the top of the
stack and is automatically decremented
by calls and incremented by returns.
The stack also is used to pass subrou-
tine parameters, The base-pointer
register is used to access these param-
eters. ,

Many of the registers in the EU have
special uses. Table | shows these
registers and their uses, '

ADDRESSING

An offset is also known as an effective
address. The EU generates an effective
address using one of several methods
called addressing modes. An effective
address has one or more of the follow-
ing: base. index. and displacement. A
base can be either a base register or
base pointer; an index can be either a
source index or destination index; and
the displacement is a 16-bit signed
number. . '

if no segment register is specified, the
data-segment register will be used. If
the base-pointer register is specified as
the base. the stack-segment register is
used. Supplying a segment register that
is not the default is called a segment-
override prefix. The segment cannot be
overridden for an instruction pointer,
stack pointer. or destination-index '
registers in string operations. Figure 2
shows how the various addressing

modes in the EU and the BIU combine *

to form the physical address.

There are three types of addresses:
Short, Near. and Far. Short addressing”
is used for looping. conditional jumps,

and for some unconditional jumps. Near
and Far addressing are used in calls and
unconditional jumps that do not qualify
for Short addressing. Short and Near
addresses affect only the instruction-

Far addresses affect code-segment and
instruction-pointer registers and are ab-
solute. When the value of the code
segment register does not change, you
have intrasegment addressing. When

pointer register and are always relative, {cOntiniedi
1
ADORESS Bus
1 : 120 01733
AM AL = I
BH [N 1 -
T | EL I :
- GENERAL OH oL .
RIGISTERS i || =t )
(1d ! e et
ol !
- ! c3
- i 03
H 33
I €3
[
H F._—___
ALMDaTA B F— CoumunEaTioNs —
- RIGISTERS
e mte :
e b TEWMPORARY REGISTERS : 3 A
I : " 1 BUs
1 conTacL o)
| R LoGic [T
1 s
[{1] | ;
ALY —{ CONTROL [T - INERR AN &]
sretEm Y
H T 1
11 i INITAUCTION
R i ouiue -
!
CAECUTION UNIT (V) '

. BUS INTERFAGE UNIT (e}

7 F_Igure l A block diagram of the 8088's two processing unils (see reference 3).

SINGLE INDEX

INSTRUCTION p

ASSUMED
UNLESS
OVERRIODEN
Y PREFIX

ENCODED
IN THE an
INGTRUCTION E_
or
EXPLICIT s C‘E ———
IN THE { —_——

4 . .
PHYSICAL ADDR °

DOUALE INDEX

EFFECTIVE
ADDRESS

-

B

£
»

Figure 2: Addressing modes in the execution unit and bus-inierface unit combine to

form the physical address (see reference 4).




: GET DRIVE.FILENAME AND EXTENSION OF QUTPUT FILE
T T MOV CX.{SIZE DRIVE_NUMBER) + {SIZE FILE__NAME) + (SIZE
. FILE__EXTENSION)

MOV | SLOFFSET FORMATTED _AREA_.I ‘

- - MOV DIOFFSET FCBOUT ) ot
REP MOVSB
GET DRIVE.FILENAME AND EXTENSION OF SEARCH CRITERIA
MOV CX.ISIZE DRIVE_NUMBER| + [SIZE FILE__NAME} + |SIZE

FILE_EXTENSION}

MOV SIOFFSET FORMATTED_AREA__2 .

fe b : MOV DLOFFSET FCBSEA Sy

N "*7 REP *© MOVSB
DS =DSEG
MOV DSCONDSEG

ASSUME DSDSEG
cesssrvers CREATE THE QUTPUT FILE

- iv MOV | AH.GI6H C
.. .MOV DX.OFFSET FCBOUT
. it T UNT O21H
OR AL.AL
iz CREATED
- ‘e FAILED
MOV . AH.009H
c e . .MOV . DX.OFFSET MSGCRE
© .. L INT 02iH e .
T, mP EXIT
——— e SUCCESS

.CREATED . LABEL  NEAR
: MOV FCBOUTREC__SIZE.]
- MOV FCBOUTCURRENT _REC.O

MOV FCBOUTRANDOM_REC_LO.0

i * MOV FCBOUT.RANDOM _REC_HILO : .
teseserses SEARCH FOR FILENAMES .
» NEXT.* "7 LABEL  NEAR
+ i m————e—SET DISK TRANSFER ADDRESS FOR RESULT OF SEARCH

.

MOV AH.OIAH ) _
i MOV DX.OFFSET FCBRES - R
: . "INT ' QlH L

- meene~ee PERFORM THE SEARCH LR
MOV AHVARFUN "
MOv DX OFFSET FCBSEA

< " mwr b oum \
" OR AL.AL ' - . .
T3 NZ , DONE
1essioscrs BUILD OUTLINE FROM RESULT -
f—— %l
v T MOV DLOFFSET QUTLINE
o MOV AL'% N
» 5TOSB : :
.. . MOV ALT : =
. \ .. .sT088 . :
"X MOV, AL
STOSH - ) .
ODRIVE 6 ™
MOV  AL.FCBRES.DRIVE_NUMBER
.. ADD' AL@Q
, .. Smose
‘ BUoaMOV ALY , .
v, . STOSB

s .iewsesrers FILENAME & ©
" e MOVE ENTIRE FILENAME

' MOV’ CXISIZE FILE_NAMEL 7 - T T4
L * MOV.  SIOFFSET FCBRES.FILE_NAME
e REP MOVSB

- REMOVE TRAILING BLANKS
CALL,  TRAL

MOV AL:

o STOSB

. '\.‘



Sy
~ INTERRUPTS SEGMENT AT OH
R ORG 9H#4
‘fKEYBOARD _INT LABEL  DWORD
“ INTERRUPTS ENDS
~“SCREEN SEGMENT AT @BG@QH
#SCREEN ENDS
*"ROM_BIOS_DATA ' SEGMENT AT 40H
- ORG 1AH
- HEAD DW ?
- TAIL DW ?
. BUFFER DW .16
BUFFER_END' LABEL 7 - WOR
- 'ROM_BIDS_DATA  ENDS
~"CODE_SEG SEGMENT
- ASSUME CS:CODE_SEG
- ORG 100H
- 'FIRST: JnP LOAD _PAD
CNTRL u FLAG T DM
e PAD . “DB, .~
PAD_CURSOR. DW
PAD_OFFSET DW
- FIRST_POSITION OW
ATTRIBUTE pa
SCREEN_SEG_OFFSET
I0_CHAR oW
STATUS_PORT Dw
OLD_KEYBOARD_INT. - -
N_PAD PROC NEAR ° T
ASSUME 'CS: coos ses ’
PUSH AX
PUSH _ BX
- PUSH cX .
PUSH DX
PUSH DI .
PUSH . SI R
., PUSH ps . -
PUSH ESH .
PUSHF :
CALL. OLD_KEYBOARD_INT
" ASSUME DS:ROM_BIGS_DATA
(s} BX, ROX_BIOS_DATA
MOY DS, BX

.

WD e @

4

:Thig 18 vhere the keyboard interrupt
;holds the address of ita service routine

;A dummy segment to' uae as the
'Extra Segment

iBIOS atdtuaesLﬁéld here, also keyboard buffer

*

tUnread chars go from Head to Tail

DUP (?) ;The buffer itself
D
. ) : ) . .
+ORG = 100H to make this into a .COM file

iFirst time through_;ump to 1nxti-lize routine

.Cntrl ‘N on or off

-1Memary. etorage for pad
.iCurrent position in pad
;Chooses 1st 250 bytes or 2nd
iPogition of lat char on screen
;Pad Attribute reverse video
i@ for mono, B8090H for graphica
;Holds addr of Put or Get_Char
;Yideo controller etatus port
:Location of old kbd 1nterrupt

S

~

=+, 499 DUPC’ ")

X - .
N

? -

=}
o

; The keyboard 1nterrupt will nov come here.

iSave the used registers for good form

. .

;Firet, call old keyboard interrupt

;Examine the char juaet put in

1Fieure X connnue

Figure 2: Assemnbier code for NPAD.COM,




e S

s19R )
CHMP
JE
SuUB
CHP
JAE
rOV
"NO_WRAP: HOY
: . CHMP
JRE
rov
NOT
CHP
JNE
CNTRL _N_OFF:
HOV
MOV
LEA
MOY
CALL
IN: JHFP
CNTRL_N_ON:
KOV
LEA
- MOV
CALL
CALL
Inp
NOT_CNTRL_N:
TEST
JZ
MOV
Cnp
JNE
Mov
DEL_LOOP:
MOV
DEC
JNZ
MOV
HOVY
CcCHP
. JLE
nov
MOV

DEC ---

NEYER HIND.
CALL
JMP

CRLF_TEST:
CHP
JNE

BX. TAIL
BX, HEAD
IN

BX, 2

BX, OFFSET BUFFER

NO_WRAP

BX,OFFSET BUFFER_END

DX, (BX]
DX, J10EH

TAll, BX .

If.'_ lad
NOT_CNTRL_N

CNTRL_N_FLAG

CHTRL_N_FLAG, ®

CNTRL_N_ON

ATTRIBUTE, 7

PAD_OFFSET, 250
AX, PUT_CHAR

I0O_CHAR, AX
I0
ouT

PAD_OFFSET, 250
AX, GET_CHAR

10_CHAR, AX
10
DISPLAY
ouT

CNTRL_NR_FLAG, 1

IN
TAIL, BX

DX, 330QH repDd -

RUBOUT_TEST ,
BX, 249 4y, px &0 |
it g

PADIBX1, *
BX
DEL_LOOP
PAD, '

PAD CURSOR L]

BX, ®
NEVER_MIND
PADIBX], *

PAD(BX-11,
PAD_CURSOR

DISPLAY
ouT

DX, 1CODH
CHAR_TEST

-

o

-

——

“
:Point to current tail

:I1f at head, kbd int has deleted char

;S0 leave

;:Point to jusat read in character

;Did we undershoot buffer? .
; Nope '
;Yes -- move to buffer top

;Char in DY now

;1e the char a Cntrl N?

-Na

iYes -- delete it from buffer . g
;Svitch Modes |
;Cntrl-N off?

;Ho, only other choice-is on

;:Set up for normal video

,,Poxnt to 2nd half of pad
:Make I0 call Put Char as it scansg
;over all locations in pad an screen
, iRestore screen .
,Done

;Point to screen stroage part of pad
;Make IO ume Get_char \so current screen
;1@ etored :

;Store Screen

;And put up the pad
; Done here.

:Ig Cntrl-N on?

;No -- leave

;Yea, delete this char from buffer
;Decide what to do =-- is it a Delete?
;No -- try Rubout :

iYea -- fill pad with Bpaces

;Move space to current pad position
;and go back cne

;until done.

iPut the curscor st the beginning

iAnd Btart cursor over

tAre ve at beglnnlng’

;Yee -~ can’t rubout past beqinning
iNo -- move space to current positian
; And move cureor back one

;Set the pad locaticon straight

;And put the result on the screén -
;Done here.

31a it a carriage return-line feed?
;No == put it in the pad

{Figure I continues}




CALL ~  DISPLAY ) ;Put up the nev pad on screen

JHP ouT ;And take our leave
RUBOUT _TEST: — ) : .
CMP -~ DX, OEQ8H A ;Is it a Rubout?
JNE CRLF _TEST . ;No -- try carriage return-line feed
MOV BX, PAD_CURSQOR - ;Yee.-- get current pad location
~ CALL CRLF ‘o . - 3Y¥e® -- move to next line
CALL DISPLAY -~ ' ;And digplay result on sacreen
JNP ouT .. ;Done. '
CHAR_TEST: : _ ,
MQy BX, PAD_CURSOR ’ ;Get current pad location
CHP BX, 249 iAre wve past the end of the pad?
JGE PAST_END " ;Yea -- throv away char
Hov PADCBX], DL . ) tHo -~ move ASCII code into pad
nov PADIBX+11, '_" jAdvance cursor
INC - PAD_CURSOR . ‘ ;Increment pad location
PAST_END: o ' '
. CALL DISPLAY : ' ) ;Put result on ecreen
QuUT: * POP ES tHaving done Pushes, here are the Pope
" POP DS .
POP SI
“POP ~ DI
" POP - DX
.~ POP CX
T pop BX
" POP AX - '
- IRET ;An interrupt needs an IRET
N_PAD  ENDP .
DISPLAY PROC NEAR ” - ;Puts the vhole pad on the screen
PUSH AX - ) . : .
MoV ATTRIBUTE; 112 - ’ ;jUee reveree video. ‘
MOV PAD_OFFSET,® - iUge let 23@ bytes of pad memory
LEA "AX, PUT_CHAR ~ ’ ;Make IO uee Put-Char eo it does
HQv IO_CHAR, AX " -
CALL ‘I0 o * .jPut result on screen
POP AX ' :
RET . . iLeave
- DISPLAY ENDP. : '
CRLF PROC NEAR ;This handles carriage returns
CHP PAD_CURSOR, 223 ‘tAre ve on last line?
- JGE DONE . . ;Yea, can’'t do 8 carriuage return, exit
NEXT_CHAR: - : . '
HOVY - BX, PAD_CURSOR iGet pad locaticn.
Mov AX, BX ;Get another copy for destructive teats
EDGE_TEST: : . ’ : -
’ cHp AX, 24 ;Are ve at the edge of the pad display?
JE " AT_EDGE ;Yea -- f£11]1 pad with nev curanr
-JL ADD_SPACE iNo -- Advance another epace

(8 fgure & uniinuen

AN



sus
Jnp
ADD_SPACE:
nov
INC
Jnp
AT _EDGE:
HMOY
INC
DONE:  RET
. CRLF

| GET_CHAR
. PUSH
MOV
MOV
G_WAIT_LOW:
IN
TEST
INZ
G_WAIT_HIGH:

LEAVE: 1INC
POP

: . RET
GET_CHAR

PUT_CHAR
PUSH
MOV
h[a37
MOV

P_WAIT_LOW:
IN
TEST
JNZ

P_WAIT_HIGH:
IN

Jz
MOV
nov
INC
DEC
. INZ
INC
POP
RET
PUT_CHAR

ENDP

| TEST..

AX, 25
EDGE_TEST

PADIBX); * *
PAD_CURSGR
NEXT_CHAR -

PADIBX+11, * _*
PAD_CURSOR

PROC . NEAR
DX
s1,2

DX, STATUS PORT

AL, DX
AL, L Lo
G_WAIT_LOW

A
AL, DX
AL, 1
G_WAIT_HIGH
AH,ES: (DI)-
DI
SI
SI,0
LEAVE
PADCBX1, AH

 G_WAIT_LOW

BX-
DX
ENDP
PROC NEAR
DX

AH, PADIBX)
SI,2

DX, STATUS_PORT

AL, DX
AL, 1
P_WAIT_LOW

AL, DX
AL, L
P_WAIT_HIGH
ES:{DI), AH
AH, ATTRIBUTE
DI

SI
P_WAIT_LOW
BX

DX

ENDP

L . "'

";Loop tvice,

e L

;Subtroct another line-width
iCheck 1if at edge naw

;Add a space
iUpdate pad location b
;Check if at edge now '
:Put cursor in next location :
- sUpdate pad location to nev cureor
. ;And out.. .

LH

. . : oo
31Geta a char from screen and advances pesition,

;Loop twice, once for char, ‘once for attribute
:Get ready to read vidéo controller atatue

‘sStart wvaiting for a new horxzontal ecan -

;Make sure the video controller Bcan étatue
;i lovw:

A
;After port haa gone lou

b " a i .

"it must go hfghw

;before:it is Bafe to read directly from

;the smcreen buffer in memory

;Do the move from the sérepn, one byte at a' time
;Move to next screen location
;Decrement loop counter

;Are we done?

;Yes

iNo --- put char wve got into the pad
;Do it again

;Update pad locatian

;Puts one char on screen and advances pogition

;Get the char to be put onto the screen

ence for char, once for attribute
;Get ready to read video controller status
}Start vaiting for a nev horizontal scen -
;Make surpg the video controller 8can status
;is low '

iAfter pori has gone low, 1t must go high
;before it 1s safe to’vrite directly to
;the screen buffer in menmory

;1Move to screen, one byte at a time -
;Load attribute byte for second pass

;Point to next screen poation . ‘T
;Decrement locop counter

;If not zero, do it one more time

;Point to next char in pad

; Exeunt . ‘
{Figure 1 continues)
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" accomplished by means of the CPU status-signals 50, S1;

. 8ignal,

CENTHAL PROCESSING UNIT (CPU) AND CLOCK GENERATOR (ﬁchema:;r 1)

The IBM PC-compatible computer usea an Intel BOEA mjvroprocﬂsaor
(Ui11) as fts CPU. The 8088 is a 16-bit microproceasor with an
6-bit data bus. It has 16-bit internal architecture, - and its 20
addresa lines make it possible to address one megabyte of memory
directly. The desigfi of the CPU thus makes it posaible te achieve.
16-bit harduare apeeda while maxntaxnlng an economical package
design.
In this computer, the 8088 is operated in the maximum mode. In thia
node, the CPU c¢an share 1ta control functions with an external bus
controller (8288) and an' 6ptional co-processor {8087). This
configuration provides the flex1bxl1ty needed for implementing
extended large system features. such as hlgh resclution graphxcs
and fast coaputations. :
Communica.xou with the bus controller and bus- arbitration log1c is .
S2, and
LOCK. 50, S1,-and S2 providé coded information that is used by the
bus controller to generate the control szgnala This coded
information is 8lso used by the bus controller to monitor the CPU
atetus. (The bus controller generates the interrupt acknowledge
INTA, that goes o the interrupt controller when an
1nterrupt request has-been made.) -

The LOCK signal yreventa tontrol of the aystem buses from being
trensferred from one component to another at the incorrect time.
Timing for the CPU comes from the B2844 clock generator (U128).
This chip produces the clock frequency (CLK) needed for proper
operation cf the BOE8 and 8087. (This is one-third of the crystal
frequcncy. or 4.77 ¥Hz.) It alac provides an cutput (PCLK) for the
programmable interval timer (on Schemstic 5). This signal, whose
frequency is one-half that of the CLK signal, is used for timing
periphera s. - : '

~In addi tion, the clock generator produces the RESET azgnals that

are used to stop and restart the processor and to initialize the
iogic throughout the PCE.

Switeh 32 is used tc manually force a system RESET to occur. When
this switch is pressed, all currént processing activity stops and
the systez reboots.

ta
ta
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The Mac Il s lmprovements
“iInclude hardware slots,
i color, speed, and a compat:ble,

1,

Y en-ended system des:gn

Editor s note: Thc jbllowing is a BYTE
“ product preview. If is not a review, We.'.
| pravide an advance look at this new prod- -
T %0 wet because we feel it It significant. A

i ~~__;. émvplm' g« ina .rubu- :

5 M—‘"‘-“w&» #8
' e RnOVAtion and compmi-
T I = | bility don’t always go to-

gether easily. Some
companies, when asked
to improve their com-
ter, go for a bigger-is-better approach,

kelhemnwhotnedtobreedhlshone: R

larger so they could pull a carriage
faster-"the strategy works, but only so
far, Other companies, like Apple, take a
think-then-act approach that looks be- .
neath the surface of a problem to delivera™ <<
broader, more fundamental answer—in

" contrast to the horse breeder above, they
* rewin the earriage but power it with an

suiomobile engine,

Apple has combined innovation ofid
compatibility in the . Macintosh II; the
Mac with color and peripheral-card slots}
end it has been worth the wait, Apple has
sdded the roman numeral “IT** in homage
to the Apple 11, a product that has had a
mpernaturalty long life span so far, and
Apple's action in doing this is one that,
for once, contains more substance: than

hyperbole. The original Mac's lack of
sioty stunted its growth and forced Apple
to expend the machine by offering new




models.” With the Mac 11, Apple—and,
more important, third-panty developers—
cian ex pund the maching rudicudly without
forcing you to buy a new compuier. One
thing s obvious: This is the design on
which Apple plans 0 build its Macintosh
CHIpine,

About the onty valid compluint that
coines o nund—its lack of multitask-
ing=-will probably be remedied once
Moturoka’s 68351 memory management
chip becomes uvailuble. Even its under-
$3000 price is delensible. As is the case
with muny ather new computers, you are
buying it partially fur its petential—but
never belwe have we seen a compuler in
whitch that surchurge is so reasonable.

System Description

Here are the most important fc.uurcs of
the Macimosh I (see also the sysiem
hlock diagrum in figure 1 and the circuil
boards in photo ) ’

* 68020 and 68881 processing power:
The Mac [I comes with a Motorola 68020
processor running at 15.6672 megahertz
and a 6888l floating-puint coprocessor.
The inclusion of the latter chip as stan-
dard gives system software and any appli-
cation access 1o hurdware-assisted num-
ber crunching and the speed boost that
comes with it. Existing upplications that
use SANE (standard Apple numerics ¢n-
vironment) run 3 10 30 times {aster auto-

Biy iy
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’

matically, but applications that dircctly
access the 68881 will be 30 10 200 times
faster.

* Six NubBius vlois: These six slots will la
you extend the Mag [1's hardware with
coprocessors, LAN cards, und other add-
iny, NuBus is & 96-pin card used until
now in.minicomputers and adapted for
microcomputer use by Apple. Any card
can become the “muaster,” and the ma-
ching cun be contigured to start from uny
card, Becuuse the 68020 motherboard
acts like @ NuBus card, it is possible for
an add-in NuBus card to "take over' the
system,

® Growih within the same footprint: The
Mac 1l box, about the size of un IBM PC
AT, has roam inside it for the options
most people want, The Mac [1 comes
with | megubyte of memory (expandable
to 8 megabytes un-board and up to 2 giga-
bytes using NuBus slots), one 800K-byw
3'4-inch Noppy disk drive, two Mini-¥
serial (RS-232/RS§-422) ports,’2a DB-23
SCSI hard disk interfiuce, und two Apple
Deskiop Bus (ADB} cornectors (for
mouse and keyboard). The box ulsa con-
wins room tor u second loppy disk drive:
a 20-, 40-, or BO-megubyte internal hard
disk; und six NuBus expansion cards. Al
this can be wdded without increasing the
amount of space the Mag 11 tukes on your
desk.

® Backwurd computibility: The Mac 1l
supports most existing monochrome Mag
programs (more than 95 percent of theny
and [hL few progrims that use Quich-
Dgpw's lixed-color capability. {u does
thi'.i‘. because of the similurity of the 68000
processor (in the old Mae) und the 68020
(in the Mac i) and the heavy use in both
machines” sofiware of high-level librario
that let the same soltware run on vasll)
diflferent muchines.

e Color support: The Mac |1 suppons
color through Color QuickDraw and var-
ious other extensions (o the Mag {[ Toul-
box. Applicution programs munipuisw
48-bit "ubsolute™ colurs, then transhut
them (o the nearest approximations avail
able through the attached video or printer
cards, -

o No standard video oupur: Though this
soundy strange at fiest, it's really an ad-
vantage. All Mac 1f hurdware und both
old and Rew Mac software are designed w
work with any Muc 1! video card, present
or futwre. (Your video card will take up
one NuBus slot) Becuuse you will
able’ 10 add any card und use it with ull
your soltware, hardwurc‘dcsigncrs are

V4



internal SCSI
[o0sTaTal T (] S——

SCSI, VIA1, VIA2,
SCC, and ADB

NuBus slots e CHIDS
! 10 8 megatntes
RAM in SIMM
‘packages

NuBus ——

ranscaners L 256K ROM

NuBus control
logie

intarnal floppy
dink connactors

il | »
b ” s SITII MEMOrY

. MARAQement chip

=9 ' {sacknin® tor GARA 1)

Lkl T i 68020
‘ Procassor
L}
Apple Sound
Chip
. custom gate .
- : array
» .
= _ 68881 foating:
. point coprocassor
color lookiup
. latye and .
) 256K optional digital-to-
i video memory — |8 +analog NGB
1 (socke[ed} 9{]”3' converer
i
cnnhguration
| o
I
j . ~
: 256K standard PALs . NuBysdata
l o video memory bus buffers _
Lo : * :
: cusiom gale array
memary control, video
generation and timing,
E - - bus interface
! »

Phato 1: The motherboard (top) and the NuBus Graphics Card (bottom),
X



more likely w build custom video cards—
which means you will eventuully have nu-

merads videa outpul options rom which .

W chouse, -

"% B40- hy $80-pixel video: Apple has cur-
rently unnounced only one video board
thit will Jdrive cither 4 color or mono-
vhrome board at the 640 by 380 resolu-
tion, The standard bourd hus 256K bytes
ol memnory and displays up to 16 colors
(ur shides of gray) on the screen at one
time, ltom a palette of more than 16 mil-
hon culors. By adding un extra 256K
bytes ol memory Lo the board, you can in-
creuse this 10 256 on-screen colors (or
shisdes) ut one time.

+

® Multiple-yereen desktop: One conse-
yuenve af the video design is that muli-
Pe video displays ¢an be combined 10
vreate o Cdeskiop™ that spans two or
more monitors, Even combined color und
nanochromee displuys draw their contenty
correctly, und a window can span multi-
ple displayy.

o MS-DON and UNIX capability: Apple
svy it o third-pany company will offer
an $U2NO coprocessor card, Apple is also
working on a4 version of UNIX, but that

will huve o wait tor the availability of the
Mutoraly 688351 memory management -

chip. =

o Sound support in hardware: The Muc
I contuns w custony Apple Sound Chip
(ASC) than replaces the old Macinosh
suumd-penerating soltware with hardware
and wdds stereo capability, four-voice
synthesized sound, und arbitrury sound
samipled at up W 441 Kilohenz, (Sound
oubput is bnited 10 7.5 kHe, up from §
kHz o ol Maes.) Becuuse these funee
tony ure nowon hardware, sound cun be
used frecly in upplications without no-
ticcuble system degrudation.,

o (hher cuhuncements: The Toolbox |

ROM, conuining Color QuickDraw and
ather Jibraries of syswem software, is now
256K byies long. An improved TextEdit
allows the retention of text attributes like

volur, style, font, vertical spacing, and -

size during cut-antl-paste operations. Use
of e A lees te processor Trom
much ol the foutine servicing of the key-
bourd und mouse and makes the Mag 11
more awcessible o future dput peripher-
als. SOST datin trunsfers are now luster be-
viise wb hardware handshaking. Apple
abser ol detachible 81- amd 10S-key
NI I

Nulbus .

NuHus iy 4 32-bit high-performunce bus
that cinphasizes independence of any par-
neular sysem architecture and a simpie

yet sophisticated transaction protocol. A

card's address space is determined by the
slot it occupies on the bus, and a *'strictly
fuir” arbitration protocol allows every
card 4 chance at bus access. Multipro-

cessing is possible by ullowing multiple

bus-master cards and restricting access to
shared resources through bus locking.
We'li take a closer look at each of these
characteristics in turn Lo se¢ how the Nu-
Bus design accomplishes this.

NuBus is a multipieaed bus (.c., ad-
dress information and data share the same
lines at different intervals) operating syn-
chronously at 10 MHz, The bus reads
and writes data to a 32-bijt address space
of 4 gigabytes. Bus addressing is accom-

_plished by driving all 32 bits of the ad-

dress onto the multiplexed lines. Duw
transfers can be 8-, 16-, or 32-bit quanti-
ties, a facility that complements the dy-
namic bus-sizing capubilities of the

68020 processor. NuBuy explicitly de- -

fines dala sizes of 4 byte (¥ bits), halfword
(16 bits), and word (32 bits) and their ad-
dressing relationship. {When a halfword
is broken into 2 bytes, the most signifi-
cunt byte is in the lower memory address.
Words are broken into hutfwords similar-
ly.) These sizes will be referred 10 as Nu-
Bus byte, NuBus hatiword, and NuBus
word when it is necessary to distinguish
between a NuBus quantity and a 68020
quantity. NuBus also defines block trans-
fersof 2, 4, 8, or 16 NuBus words. How-
ever, we won'l cover this capability since
it's not used by the Mac I1.

Two important points must be made

about the NuBus address space. First, all -

addressable resources occupy a single ad-
dress space whether it's a memory chip
or a control register. There isn't ap “1/O
space™ or "CPU space™ or other entity
requiring additional control signals and
logic. Second, since the addressing rela-
lionship of daw sizes hus been defined
from the bus’s point of view, you know
precisely where byte x lies on NuBus,
This provides a common ground where
processors that address bytes differently
can share information. [f & processor's
bus-interface circuitry is wired so that
réading or writing a byte corresponds to
reading or writing i NuBus byte, dissimi-
lar processons can share data through Nu-
Bus byte transiers.

Euch slot on the bus is hard-wired with
a unigue 4-bit [1) number that identifies it
tw a peripheral card inseried into the slot
and limits NuBus to o maximu of 16
slots, This 1D serves 1o set the address
range that the card will respond 10 and
aiso figures in the arbitration scheme,
wihich will be described later,

The upper sixtcenth of the 4-gigabyte
address space (256 megabytes) is termed
slot space. This slot space is partitioned

into 16 regions of 16 megabyles euch.
Slot addresses are of the form FSxxxxxx,
where S (bits 27 through 24) is ussigned
by the sloy ID. This assigament of i fixed

- address space based on a card’s position

on the bus is culled geographic address:
ing. No jumpers or DIP switches ure re-
quired 1o configure a card into the system
since a card's address range is duter
mined by the 1D of the slot it octupies.
The remaining portion of the NuBus ud-
dress space is unreserved and can be allo-
cated 1o devices us needed,

The NuBus specification makes two re-
quirements of a card on the bus. First, the
card must respond with the appropriate

“control signals to reuds of the NuBus

word located at the top of its allocated slot
space (address FSFFFFFC), This is re-
quired to indicate that the bus slot is oceu-
pied. Accesses o an unoccupied slog will
be hundled by a bus time-out mechanism,
Second, & curd must have a4 configuration
ROM located ut the tp of its stot space.
The purpose of this ROM iy not defined
by the NuBus specification. The presence
of a configuration ROM does happen 1o
satisfy the tirst NuBus card requirement:
indicating stot occupancy,

NuBus also specitics the physicat di-
mensions, or form-factor, of a8 card. Two
types of cards are defined: a triple-height
form-factor and a PC-style form-factor.
The PC form-factor is defined for micro-
computer use and describes a 4- by 13-
inch card that uses a 96-pin Eurocurd
type C connector.

NuBus Lines . . ‘
NuBus is composed of 96 lines: 51 signal
lincs and 45 power and ground lines. All
signals are uctive low cxcept for the ad-
dress/data lines that use tristate drivers.
The signal lines can be divided into three
types: Utility, Bus Data Transaction, amd
Arbitration System Signais. All signul
names ending in an asterisk are active
Jow,

The power lines supply voltages of +35
V, =52V, +12V,und =12V for every
card on the bus. The Utility lines carry
signuls that are supplied to the backplane
by the computer system. Somg of thes
stgnals arc the Clock (CLK*), Power Fail
Warning (PFW*), Card Slot Identifica-
tion (ID3*-1DU*), und Reset (RBSET?®).
The Bus Duta Transaction lines hundle
addressing und data (AD31*-ADO*)
purity signals (SPV* and SP*), und 1w
lines that manage the start and eod of 4
datz teansfer (START® and ACK*). The
Arbitration System Signals handle the ar-
hitration of several cards contending for
ownership of the bus. The Arbitration
Signals (ARB3*-ARB0*) are used (o de-
weminc the next bus inaster, and Bus Re:

contipned

~



qucsl (RQST*) is used to indicute lhal a
card wanly bus ownership.

T use NuBus, a card normally obums
vwieship of she bus. It accomplishes
this by requesting the bus and waits untit
this reguest 1§ granted. A card that owns
the. bus can initiste a data transfer and is
Culled a master. A card becomes o sluve
when it is addressed by o inaster and re-
sponds 10 the duta transter, A read or

write between a master and a slave card-

begins with a START™* cycle, followed by
multipie bus cycles to address and trans-
fer the daia, and ends with an ACK* cy-
cle. Such a dauw: transfer is called a trans-
action. Tenure is the period of time a card
continuously owns the bus. The NuBus
specificution does not require a card o
become a master. A special line, the
Non-Master Request (NMRQ®), allows

Tuble L: Nultus Transfer Mode signals.

TMI* TMO* AD1® ADG* " Type of Cycle
o) 0 0 0 Write byte 3
4] 0 4] 1 Write byle 2
4] 0 1 g . Write byte 1
¥] 0 1 1 Write byte 0
o, 1 0 0 Write hallword 1
J 1 0 1 Biock wrte
4] 1- 1 0 Write hallword D
v 1 1 1 Write word
1 0 0 0 Read byte 3
! 0 4} 1 Read byte 2
1 4] 1 0 Read byte 1
T 0 1 1 Read tyte 0
| 1 0 0 Read haitword 1
1 1 Q -1 Blogk read
1 1 1 0 Read hatiword 0
1 1 1 1 Read word
] A

™1 .,

T™mo*

'[hhlr‘l'. Nulties Transaction J‘_t’csporuc‘.rignals.

Type of Acknowledge

Comment

~ 0 0
0 i

Error

Bus Timeou! Error,

Try Again Later

Bus Transter Complete

The lransaction was successiul.”

During a read, the data may be -
corrupled. Dunng a wrile, he
transaction may not have
compleled successiully.

Slave tailed (o raspang in 256
cycles. Tha bus time-out logic

has generated an ACK"* to
lgrrminale the transaction.

Slave cannot complete
ransaction at this time. The

slave may be abie Lo complate

the iransaction at a future request.

‘Tuble J; Nullus Anendion Cycle signuls.

resarved -

T™" T™mO* Type of Altention Cycle Commant
3] 0 Atention-Null Used 10 revnutiate argitration
or and a locked-resource
‘ transaction.
V] 1 raserved - .
! 0 Atienuon-Resouica-Lock - Start of 8 locked-resource

transaction.

this type of card o signal u need for
service,

Twa of the Bus Data Transaction lines,
termed Transfer Mode, serve double duny
during 3 NuBus transaction. Al ihe sun
of u transaction, these two lines (TM1*
and TMO*) carry a transaction code that
indicates the type of transfer (read or
write and data size) taking place. At i
end of a truasuaction, they carry a re
spunse sutus code that indicates whethet
the data transfer was successful. See w-
bles 1 and 2 for more information on ihe
transaction codes and their response
codes. See figures 2 and 3 for a detailed
look at compiete NuBus read and wme
transactions.

NuBus also defines an Event Transac-
tion, which is a special form of a wrik
trunsaction. Ity purpose is (o post inter-
rupts to a slave card. The Mac I does ot
use Event Transactions, so they will nut
be discussed further.

NuBus Arbilralion

When many cards are on the bus, it’s pos:
sible thut two or more of ther may re
quest bus ownership on the same clock
cycle. NuBus provides distributed arbi-
tration logic (so called because the com-
ponents inplementing the arbitration
mechanisn are present on every card) o
handle this situation. The arbitration pro-
tocol is called “Ffair™ because curds w-
empting @ uw the bus al the same nwr
ment wilt eventuully obtain access o the
bus and obtain access before any of the
competing cards get access u second
time. Because there 150t a special priori-
ty scheme embedded in the NuBuy arbi-
tration logic, it is said 1w be “strictly
fair.” The NuBus design avoids a pre-
emptive or priority arbitration protocol
that fan produce conditions where high-
er-priority cards continue to own the bus
und “starve™ a lower-priority card’'s w-
cess to the bus.

A card requests use of the bus by as-
serting the Bus Request line (RQST*).
will not assert RQST*, however, if this
line was asserted on the last clock cycle.
Ifthe card is able to ussert RQST®, it will
continue to do s0 until it gains ownership
of the bus and hegins a transaction by as-
serting START*. Once it has_pssened
RQST*, a card drives its slot 1D orito the
urbitration lines ARB3*-ARBO". The
card will unussert these lines il it finds
higher IDs present. This results in the ar-
bitration lincs holding the ID of the high-

‘est-numbered card competing for the

bus. The ID present on these lines indi-
cates the next bus master, As you can see,
when several cards request the bus on the
sume clock cycle, the arbitrution contest
wil! be won by the card with the highest
slot 1D,

2



-he winning card has access to thic hus
-nediately if the bus’is not busy, or at

't completion of a transaction jf the bus -

-busy, *Once this card owns the bus, the
'maining cards again contend for the bus
sd undergo the arbitration contest to se-
xt the next bus master. This process re-
=uts until all the cards that requested the
 have been granted bus wccess. Fuir-
et is implemented by the requirement
‘at 2. card can request the bus only if
NST* is not alrcady asserted. Other
inds will be hincked from competing for
‘% bus until all the cards that requested
‘¢ bus simullaneously on a previous
lnck cycle have owned the bus.

A bus master may continue tn own the
us as long as RQST* is unasserted (Lhat
- no other card is requesting use of the
w). The master is said to be perked on
¢ bus and can continue to use the bus
sthout -undergoing an arbitration con-
«1. Rus parking reduces the time nor-
-ully required to gain access to the bus in
icomputer system with few active cards.
fowever, once RQST* s .asserted, the
s master won't start another transac-
<on, and a new arbitration contest
ins.

Multipracessing on NuBus

The NuBus specification also lets a mas-
2t lock the bus. This is necessary for cer-
.10 operations that must be allowed to
amplete in a multiprocessor environ-
nent (e.g., a test-and-sct operition on a
tmaphore).

The NuBus specification defincs two
wpes of locking: bus and resource. Bus
scking is used by a master to cnsure an
inhroken hus tenure. A master can also
‘~ck the bus to gain performance for a
‘wge data transfer involving many bus

=mmactions, although this is not recom- -

=nded. Resource Incking is used 1o in-
‘wm a slave card to lock out all lncal ac-
55 routes on the card to a resource being
wdressed by NuBus, For example, a
mltiprocessor caid ieight have dual-
~riedd RAM that the processor eould ac-
-+ during a NuBus tronsaction on the
ame RAM, Rexource locking informs
¢ card to lock out the local CPU port
sile a locked NuBus transaction is in
.xgress; More than one card can be
whed during a resource lock, Note that
~waree locking accompanics bus lock-
~g. that is, a ‘continuous hus tenure oc-
-4r during a resource lock,

" Rus Incking occurs when the master
SMinues 1o assert RQST*. The master,
swing won the arhbitration conlest previ-
wly, is stll the highest 11 card in the
smpetition and thus continucs 10 own
T bus, .

- Resource lncking requires the master
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(A} The master begins a transaction by asserting START *. The master drives lines
AD31°*-ADQO" with the target read address and linas TM1 ' -TMQ*® with 1he.
proper transter mode informahon. The master ansuras that ACK ” is ynassarted.

(B} AN bus cards sample the ADI1*-ADO" and TM1°-TMQ" lines.

(C) The master stops driving AD31°-ADG", TM1°-TMO", ACK"*, and unasserls
START*. The master waits for an ACK*.

The slave card (determined by the larget address) drives the desired data onto
lings AD31°-ADOQ". The slave also drives TM 1 *-TMQ " with the proper trans-
action response slatys. The slave asserts ACK signaling the end of I1he
transaction.

The masier samples the lines AD31°-ADD", TM1*-TMO*, and ACK*. Thn

master drives ACK* to the 1:)pmprnle slale, nossibly the sian ol A new
transaction.

o

€)

" Pigure 2: Timing diagram for a Nuflus read transaction.
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NuBus Write Transaction

" {A) Tha master begins a transaction ry assering START*. The masle’ rinurs hnes
AD3J1 " -ADO* with the 1arant write address and lings TM1® TM with the

propor transier mocde inlormanon, The mdse s vewiind 006 SO s annnnerind

{B) All bus cards sampla the AD1 " -ADQ* and TM1°-TMD® Iines,
(C) The master drives t"e data onto the ADJI1 " -ADO" tines and raimaces the
’ TM1*-TMO* and ACK " lings. Tha masier unnssers STNTT angl lanke: lar A

ACK*.

(D) The siave card (determined by the target address) samoles the AD31*-AND”
and TM1*-TMQ" lines. receiving Ihe clala.

{E) - The slave drives the proper transaclion response stalus onlo TMt*-TMO"
ACK* is asserted, signaling the pnd of the Iransaction.

(Fi The master releases the ADG1*-AD0" linas, anct the slave mieasas ACK® anrd
thg TM1*-TMQ* lines. The master drives ACK * 1o the appropnabe state,
possibly the sian ol a new transaction.

Figure 3: Timing diagram for o NuBtus write transaction.




W isaue certain signals w inform cards on
Ui bus that a lovked ramsaction is oveur-
fing, The mnaster beging the lock by issu-
g an Alention-Bus-Lock cyele. An At-
tenson Gele s generited by usserting
tuth START® and ACK* at the beginning
of o bus transaction, The meten alue
drives wiv Attentione-Resouree Lok code
aito the Tramaler Mode lines (see table
31 A the end af the locked trunsachion,
e imaster issues an Avention-Null cyele
(NTAKT® and ACK?® usserted with the
vurresponding code on the Trunster
Mude hines) o signal the end ol the bus
k. Al curds with lockable resources
saanple the bus Jor an Attention-Bus-Lock
vyohe und note it [T a card happens (o be
addressed by the master during this inter-
val and belore an Adention-Null cycle is
tnaued, 3t will lock its resources. NuBus
Jduey awot require a card w0 lock its local
resources, hut ils use in a muliiprocessor
enviconment won't be reliuble if &t
doesn't.
Apple NuBlus '
The Muacintosh_ Ll comes equipped with

six Nublus slots. These slots are hard--
wired with 1Ds from 9 10 {4 (9 0 E hexa- ¢

decitily, and cach foliows the PC form-

fuvtor us described in the NuBus |
spevitivation. The muatherboyrd is treated
Cun sdot U, and ID 15 (which has no corre- -

spomding physical slot) is reserved. One
W the sluts will be occupied with a video
vard.

" Apple has worked with the IEEE Nu-
Bus proposal group and has followed the
spevitication clusely. Not sl of the Nu-
Bus fcutures are supported, however,
Apple cully this subset of the NuBus
apevitication Apple -NuBus, which dif-

H

fers from the specification in one area:
Apple NuBus does not supply —5.2-V
power 1o the NuBus backplane,

Sume puns of the NuBus specification
are “open™; that is, certain pans arc un-
defined or optivnal and can be imple-
Mentey ds e designer sces it One of
these is the use o the NMRQ® line: Wt can
be bused, or cuch slot can have its own
dedicated interrupt line. Apple has
chosen the lutter swthad, feeding euch
line 10 the V1A2 (versatile interface
adapter) chip. Alihough bus parity is de-
scribed in the NuBus specification, iy
us¢ is not required. Bus parity is not gen-
érated by Apple NuBus, and the NuBus
lines SP* and SPV* are not used,

The processor on a card is not required
o communicate (o the bus by NuBus byte
addressing, but it is convenient if’ several
processors are sharing the bus, The Mac-
intosh [I is designed 10 support NuBus
byt addressing. The bus transceivers are
wired 1o place 68020 dala bytes onto the
bus”in NuBus byte order. This wiring
does not alfect addressing. Finally, Nu-
Bus doesn't specily the contents of the
NuBus configuration ROM. Apple de-
scribes specific information for the con-
figuration ROM thut cnables the Macin-
tosh Il 1o inswill a driver for the card, run
machine or card initalization code, and
load bootstrup code if the card cun be
booted. All these code blocks in the con-
figuration ROM are loaded intc main
memory on the Mac iI's motherboard be-
fore being executed.

Apple NuBus has some limitations
brought aboul by the Macintosh system
architecture. For some time-critical oper-
ations (for example, a data transier to the
IWM), the 68020 must prevent NuBus

_from interfiring wilh its locul bus. It Jus
this by performing a loca! bus lock. This
is acvomplished by assenting a line (HUS-
LOCK*) to the VIAZ. This informs the
NuBus intertuce to lock the motherhoary
RAM Iroin NuBus access. The NuBus
interfuce will respond with i Try-Again-
Later transaction respotise code 10 an
wwcess aitenpl,

Currcnt Maciniosh sofiware uses an
address space of 4 megabyles, compared
10 the Mucintosh 11's 4 gigabytes. This
came abuut because the 68000 processur
is limited 1o 24-bit addresses and the lo-
cation of the Mac ROMs in this address
space. This poses u problem for the Mac-
intosh 11, since it must suppart the exist-
ing buse of Muc sofiware. The Macintush
1T uses u tnode bit on the VIAL (0 indicate
iFitis running inu 32-bit mode ur u 24-bit
“compatibility” mode. In the 24-bit
mode, logical addresses of the form

Sxxxxx hexadecimal are mapped to phys--

ical addresses of the form FSQxxxax
hexadecimal. The 24-bit mode restrivts
the Mac I to six NuBus slots, und each
shot is limited w0 1 megabyte.

* A vendor wishing to suppont either ad-
dressing mode’ should design a card's
NuBus sddress decode to ignore
AD23*-AD20* and use ADI19*-AD(.
The card must be able to produce o 32-bit
address 10 agdens resources on the
mutherboard,

From Bits to Pixels _

The old Macintoshes use a bit map o rep-
resent the screen; one bit represents one
rpixel, und ondy two colors are possible:
black and white. The Magc [ generalizes
this to |, 2, 4, 8, 16, or 32 bits per pixel.
Apple’s first video bouard will use either



‘pemes,

4- ar B-bit pixels, therchy allowing 16 or
256 different colors, respectively, On the
hiph end, a 32-bit pixel gives a theoretical
limit of 4,294 847,296 diffcrent colors
on-screen al one lime—{rom a 48-bit-
‘wide palette representing more than 280
trilfion colors. {These numbers far ox-
ceed other sysiem constraints,)

, The design of Color QuickDraw allows
the support of three different layouts of

video memory. In planar layout, the

viden display comprises one or morc bt
where the number of colors or
shades of gray possible equals 2%, where
n is the number of bit plancs. Here, adja-
cent bits tn a bit plane contribute to the

detinition of different pixels, but the n

hitg that define a given pixél are scattered
throughoui memory. Color QuickDraw
supports the monochrome one-planc
graphics and the eight-fixed-color graph-
ics supported by previous Macintashes.

The second lavout is the one Apple
supports completely: chunky pixels. In
this layout, all the hits for one pixel are
adjacent and are followed by all the bita
for the next pixel. Each pixel is defined by
1.2, 4,8,16, or 32 adjncent bits in mem-
ory, This laynut works well with Apple’s
preferred design of graphics output de-
vices,
These cards use the numeric value stored
in the pixel's memory to index into a
knrmwn table of colors from a much larger
eofor spectrum. In the case of Apple’s
first video card, the actual (Apple calls it
comerere) color is 24 bits wide, giving
16.777.216 colors from which to choase.

The last layout is a hybrid of the first two,
chunky-planar. 1t has separatc memory
areas for the red, green, and blue compeo-
nents of its pixels, with the components
heing chunky, that is, 1, 2, 4, or 8§ adja-
cent bits describing a given component.
This layout might be used someday to
drive a very high-resolution color device
that would use three slats for its three bit
planes. The current implementation of
Color QuickDraw does not support this,
but the averal] design permits it,

Color on the Mac Il

One of the most ¥mpressive additions to
‘the Maciniosh [I is its use of color, But

how. did the Apple designers do this,
while still allmving the machine to run

most existing Macimtosh applications?

The answer lics in the parts of the Mac
II's Toolbox ROM code called Color
QuickDraw: its supporting package, the
Color Manager; and several other see-
tinns of the Toolbox. Here are the most
important aspecis uf Tulue Quic kDraw:

Buckward compatihle: Acgording to
Apple. " All changes arc dcugncd o he
fully backward-compitible with the elder

s

which use color lookup tables..

Magcintosh ROM.™ The designers of the

new code do this in several ways. First,
some QuickDraw routines have the same
aame hut have been extended to take care
of color and other enhancements (e.g..
CopyBits). Some routines and data struc-

tures are new but arc color cquivalents of

their monochrome counterparis (c.g.,
NewCWindow, bkPixPat). Some data
structures replace the data ina given fickl
with a handle to a larger pixel-orienicd
data structure. Of these, some flag the
color nncnlanon of the data structure hy
selting the top 1 or 2 bits of a given field
to ls. Overall, the designers said that
about 80 percent of the Color Quick Draw
code—mostly high-level routines—is_the
same as it was in the clder QuickDraw:
the rest is low-level routines that have
been enhanced or changed 1o deal with
colored pixel structures.

Generalized: Many data structures have
been made more versatile. For example,
the mouse cursor is still 16 by 16 pixels,
but it can now be in color. Similarly, the
patterns that QuickDraw uscs to “paint”
areas are no longer limited to being an 8
by 8 monochrome image. Color Quick-
Draw supports colored rectanguiar pat-
terns with each side being a power of 2.
Adaptive: Color QuickDraw adapts to the
display hardware that it is currently
using. For example, Color QuickDraw
drawing routines look at the current con-
figuration of the graphics oulput device
{vidco screen, printer, etc.) and adapt ac-
cordingly. Also, both the color cursor
and color icons have two images: a color
imagc for normal use and a monochrome
onc for use when the screen is cither
manochrome or 4-colored (i.e., |- or 2-
bil pixels). Color QuickDraw uses the ap-
propriate image automatically.

Room to grow: The designers have
created data structures with future expan-
sion in mind. Several data structures have
a field or fields reserved for future Apple
use and a single ficld available for the ap-
plication's use. In addition, Apple’s first
video display card can grow from 4 to §
bils per pixel (increasing the possible
number of colors from 16 to 256). Color
QuickDraw is designed to use pixetsup o
32 bits wide from a color palctte with 48-
bit-wide entrics.

Color QuickDraw does not do all this
work by itself. The. Color Manager rou-
tines and data structures manage the use
and mapping of color throngh a Jata
structure called a gDevice (graphics out-
put device) that describes the display (or
printer) device being used.

Ahsolute and Concrete.Colors
One of the most ynusual lcaiies of the
Mac I is that it was not designed with a

standard video output, Althnugh only one
video card is available pow. Apple-cx.
pects that several video cards of différing
color capabilities and resolutions will by
availabie cventually. With such diversity
puossible, how can o software developer
know what to put on the Mag 1T7s video
display? .

Just as Appic hardware engincers de-
signed the Mac T to one of severnl video
output cards, the system soltware engi:
ncers envisioned a way of representing
video images that any viden fonput cierd
can use. They decided that il applica-
tions should work with colors in an abse-
fute Toem, represented internally as three
16-bit values, one cach for the red, green,
and bluc components of the color. As we
will see below, the Color QuickDraw
software and the Ma¢ {[ video hardware
will work together 1o transtate an absolue
color 10 the c¢losest eoncrete color the
video card ¢an supply.

-

The Color Lookup Thhle

As we mentioned before, the Mac 11 s

-most comfortable with printer interface

and video output cards that use a color
lookup table. In this way, cven the stan-
dard video card. which can display only
16 colors, can offer that many colors
from a much larger palctic. When vou
start up the Mac I1, systcm software ini-
tinlizes each graphics output device with

its closest approximation to the valnes for

a. standard color 1able. When an applica-
tion reguests an absolute color, cenain
routines {described below) use the cur-
rent device’s color table to supply the
best approximation lh.ll device can
supply.

The Color Manager provides several
routines that aliow running progriams to
internct with the current graphics output
device. Among them are

~Colar2index and Index2Color: These

transiate between the absolite color and
the index number of the ¢losest conereie
color the device can supply.

InvertColor: This routine transiates an
absolute color 10 the closcst concrete rep-
resentation of jix inverse.

GetSubTrhie: This routine is given a table
of ahsolute colors and calculates their
nearest concrete equivalents ithe color
tahle of the current device.

Since both desk aceessories and mulri-
ple application programs (through
Apple’s Switcher program now and, per-
haps smmeday, mullitisking programs on
i luture Annlc winchine) must share tlu

samc colar ble, tiic Color Manapoer in
chudes rontines (o chanee and protect the
vt udyieg ~ Coner dable:

- IRTLL LTI
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Color QuickDraw adds.
six modes that are
equivalent to the modes
of Tl's TMS34010 chips.

SetFntrivs: This routine lets the applica-
tion chunge an entry in Uw current de-
vive's volor lookup wble,

Protectlniry: This “locks™ a table emry
s wther applications (running under
Switcher) or desk accessories cannot
chiange st {for it tun sso unlock un eniry),
Reservelfingry: This reserves or unre-
awrves a given entry for exclusive use by
the vurrent upplicution; other programs
will nat e able w “see™ or use it.

Colur D;'uwiug Mudes
Coior QuickDruw supports the source/
dustination drawing imades of old Quick-

Druw weopy. OR, XOR, BIC |black-is- .

vhanged), und their negative counter-
parts), but all but the copy modes don't
make sense when they are used with
colored pixels, Color QuickDraw adds
sin mendes that are equivalent 1w the
mudes’ of ihe Texas Instruments
TMSE34010 chip. The mides ure replace-
with-trunspureney (allows one image to
overlay unother), additive (which is like
vamnbining culored lights), subtractive
tike mising puints), maximum and mini-
wam tor overlapping aliased objects),

“und blend {combines source and destina-

tan pixels in a hixed rutio).

Inside ghhevice

Su tur, we've talked only ubout the intes-
achion between Mac I software and the
current graphics output device hardware,
{This device is usually a video display but
can ads be a printer or un ofl-screen pixel
) The data structure that bridges the
softwane and the hurdware is called the
elievice, ur graphics device; this dat
structuse iy creited when the system softe
wure ujrens the device driver for a given
device. .

In generul, the gDevice record gives
the syatem saflware access (0 Cernain nec-
essary information about the current de-
vive. Here are sume of the most impor-
tant liclds: ‘

wdtpe iy an imeger that 1elhs the software
the type of the current device, Tor cxam-
ple. Tinab-colar, ¢olor lookup table, or
dinedt KGHE,

sdSearchProe paints 1o a hinked st of
cnee ke routines thad transtate an ab-

*wafude color o w eonesete color, This rou-

s I cidled by higher-level routines

- Color-related information is stored in-

like Color2Index, and dilterent applica-
tions can install their own search routines
for use by them alone.

gdCompProc is similar 10 gdScarchProc
except that it points to a linked list of rou-
tines that map un ubsotute Color o its con-

crete complement. This routine is called |

by InvertColor. -
gdPMap is a handle 10 the device's pixel
map, . )

Other Color-reluted Changes

The Apple software engineers have added
severul new window-related data struc-
tures and Toolbox routines that include
color suppon. The GralTon structure of
the old Mucintosh has CGrafPort as its
counterpart. Similarly, the color equiva-
lent of the old WindowRecord is CWin-
dowRecord. Also, NewCWindow and
GetNewCWindow create.a new window,
The Mac II's Window Manager routines
have been expunded to work, correctly
with both WindowRecords and CWin-
dowRecards. .

The CWindowRecord is identical in
size and most of its ficlds o Lthe old Win-
dowRecord (at least in the first impie-
mentation of the Mac Il Toolbox ROM).

thut window’s awxiliary window record,
This record points 10 u ¢olor window

« tuble, which determines the colors used

for the window background, border, text,
close and zoom box highlighting, and
title bar background.,

When the Apple engineers decided o
preserve the congruence between the
monochronie und color window records,
this' meant there was no space for the
CWindowRecord to point to its auxiliary
window record. Instead, the global vari-
able AuxWindowList points 10 a linked
list of auxiliary window records, cach of
which points (o the color window record
thut owns it. Also, u window can do with-
out one if it uscs the system software's de-
fault window colors.

Controls {buttvns, check boxes, vic.)

 have auxiliary control records -that arc

anzlogous to auxiliury window records.
The routines SetDeskColor and SetDesk-
PixPut allow software 10 add color und
patterns to the desktop itsell, ..

The following menu components can
also contain their own independent
colors: the menu title und the menu item
background, text, check mark, and com-
mand key. The Mac I has systemwide
default menu colors if the Sysiem file
containg a menu color information wble
(an *melb’ resource). An application can
override these values if it contains its own
‘metb’ resource.

{The engincers alse described two
other changes o menus that are not re-

lated o color. First, menu bars now have

their own definition procedure, which
controls how they are drawn. Although
the Apple-supplied procedure will re.
strict menu bars 10 the top of the main
screen, it will be possible to write a dit-
ferent definition procedure that can
allow, for example, a menu title and its
body 10 be “torn off™ und moved around
the desktop or attached to a window's
drag bar. Second, Muc I} menu iems can
have secondary menus thit pop up (o the
right side of the item fas in the Comnw
dore Amiga}. These let you muke severul
refated choices with one mouse
movement, )

Macintosh 11 Video Card

The Maciniosh 11 does not come with a
built-in monitor. Video is “broken oul”
into a graphics curd that plugs into a Nu-
Bus slot. This ctiminates some process-
ing constraints coupled 1o the video dis-
play that are a fact of life with the old
Macintosh,

- Apple will offer a Mucintosh [1 Video
Curd that can'provide up 10 256 colors or
shades of gray on a 640- by 480-pixel dis-
play. This card has a user-selectuble
colordepthof 1, 2, 4, or B bits. It features
a color lookup table that can be adjusted
w display any 256 colors selected from s

“palctie of 16.8 million. The video card

will come equipped with 256K bytes of
RAM, providing vidio memory thut sup-
ponts a display of up to 4 bits per pixel, or
16 colors. As an option, the video men.
ory can be expunded 1o 512K bytes, al-
lowing a display of 8 bits per pixel; for the
maximum of' 256 colors,

The heant of the Macintosh 11 Video
Card is a custom chip called the TFB,
named aler ity designer, This chip han
dles video timing and generution und on-
card memory control. The TFB uses (wu
clocks on the card lor generating video
signals. The first is 2 30.24-MHz clock
used with color monitors, The second is s
12.27-MHz clock used to generate
KRS170 video (RSIT0 video is un RGY
signal with NTSC timing that is used with
prajection TVs or il recorders). A soll-
ware-controlled interlace bit is used 10 se-
lect which clock signal the TFB uses w
generute the displiy.

The video card features un adjustable
dolor lookup tuble (CLUT). Thisisachip
with 3 memory array and three 8-bit D/iA
converters that generate the red, green,
and blue anulug signals. A color pixel
that is 10 be displuyed is 1irst presented
the CLUT. This byle (we're ussuining 8-
bit ¢colur depth) is used as an oliser inw
the memory array that is composed of
256 values that are 24 bits wide. This 24-
bit vulue drives the three B-bit D/A con-
verters. A copy of the CLUT vadues is

varerfanand

e
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maintned in Macintush 11 memaory 10
you happen o abter o coin s wble in -
RANM v ugndated. The RAM wehle is then
loaded into the TLUT, preserving your -
new selection, The CLUT meghanisim ol-
fers unpibe deatiibity i colur sehedtion
without complex color-generation hard-
ware, Applications or desk accessories
hal usad the VBL interrupt will still
futictiont--a " Lke " VI inkerrupt is pro-
vided iy the Mac 1.

Enmuncements to TextEdit
One al ihe shortcomings of the original
Mucunosh is that the standard lext-edit-
g packige STexiBdit, cannot handle tabs
vr any change in tom, size, or styling.
tObviously, it cun’t handle color infor-
mation, cither. ) In addition, ‘TextEdit has
ity own srap, distinet from the Scrup
Lditor's desk serup (used 10 implement
the Macintosh's ¢ut-and-paste Clip-
hoardy. |

The Testidit code inthe Macintosh 11
wses the same wdit record s the old Mac-
it KOA 1o store s unit of ext but in-
wiprets soine ol the fields dilferently to
deliver new features, The most unporum
ol these are

u\r.s INixSizee: > = 0, the edit record is
ol the-uld iype und nothing changes, 1f
1aSize < 0, this is a new edit record, und
the foliowing ficlds ure interpreted as de-
wribed below, A

takont and evkuce: I this is @ new edit
record, combine these two fields wo make
a handle: its value will point to this edit
recurd”s siyle record (discussed below),
T feivhe: W lineHeight > = 0, use it
and (he tontAscent field ay normal, 1f
honeHeight < 0, use the style record’s
pointes e the line-height table (LH-
Taivde), which containy information on
the spaving between uny given Jine and
the vne that folkows it

Lising Styled Text

Uhe old edit record has room for the text
af'the revord und nothing more, The style
Lible wnd sty le run duta structures contain
the additional information that the old
wdit recond lucks. -

Apple defines i Subsiring of text with
the same font/size/siyling/eolor/venical
spacing altributes as” a run, The seyle
tibdie contiins one reeord lor each distinet
font/siee/styling color combination; the
st out Geld within g record contains the
nutate of runs i the edit record text thut

record paints to the first characier of the-
second run and s altributes, and so on

sequentially through the runs of the edit”

record’s ext.

The enhanced I-.u[ dit routines cut
and paste direedy ic the dusk scrap (in-
stead -of the interval scrap the old Texi-
Edit routines used). [n addition, the Mac
1I designers have defincd o new scrap

type, styl, to go with the TEXT scrap -

type used by old Macimosh applications.
The styl scrap type, StScrpRec, contins
a table that is almost identical o the style
tuble in that it describes the spacing, font,
size, style, and color of 4 cenain run of
text. However, it is like the style run table
in thut it describes the text lineurly, with
one record for cach of the runs us they up-
pear. The stCount ieid hus o new meon-
ing: It gives the staning character posi-
tion for the run. .

Though the enhanced TextEdit is still
not versatile enough to meet the needs of
all applications (word processors, for ex-
ample), it will be uselul in many others.
Also, applications’ use of the styl record
will make the cutting and pasting of
styled text more commonplace among
programs.

The result of all this is a set of routines

- and Jdata structures that is backward-com-

wse this conubination. /

The wdit record points throagh the sryle.
revord i tuble called the sivie run tuble.,
The first recurd points W the first charac-
ter vl teat i 0 the style table entry that
dese by iy wntsize/stylingfealosiver-
tical spacing atteibutes. The second

patible with existing Macintosh software
but has the ability 10 save u string of text
with its spacing, font, size, style, and
color auributes and pass it (via the stan-
dard Macintosh Clipboard) to another
program that can use it. For compatibility
with existing Macintosh applicutions,
Apple recommends that a software devel-
oper save text directly 1o the desk scrap
{both TEXT und sty records) and the old
TextEdit private scrap that older pro-
grams cxpu.l 10 seu.

Sound L

The Mucintosh Il hus decoupled sound
generution from the hardware that limited
the sound cupabilities on the Macintosh,
Some ol the sound gencration has been
implemented in a custom chip, reducing
the CPU overheud required to make com-
plex sicreophonic sounds. Also, the
sound drivers have been expanded and
are now incorporated into a Sound
Manager.

The old Macintosh tied sound gencra-
tion 1o the video display’s Vertical Blank-
ing interrupt and a buffer of 370 bytes in-
terleaved with the buffer for disk speed
control, The restriction imposed by this
time interval (the blanking interrupt)
Himits digital sound reproduction on 4
Mauc to a maximum freguency of |1 kHz.
This is un ideal condition at best: Actual-
ly, the Muc has a practical frequency
range of 5 kHz, due 1o the sound hard-
ware and hliering. The Mug's hardware

limits digial sound sampling rates to 22
kHz. S

The Mae Il has independent sound-
gencration circuiiry. It cap ample
441 kitz, the sume s a cumpuct disk
player™s sample e, However, a CD
uses 16 bits of information 10 encode
sounds, while the Muc 11 uses 8 bits. Fr-
nully, the Mae 11's sound-reproduction
circtiitry, although improved, yields o
practical lrequency range of only 7.5
kHz.

The sound hardware consists of an
Appie Sound Chip (ASC) and two Sony
power-umplilier chips. The ASC hus twe
pulse-width-modulated outputs, cach
routed to its owa Sony chip 10 produce
siereophonic sound. Only one vl the Sony
chips drives the Muc I1's internal spenk-
er, producing monophonic sound. The
Sony chips drive un external sierco juck
with the uppropriate voltage levels for
Walkman-style headphones and boosier

. umplifiers, which simplifics interfucing

the Mac LI to stereo sound equipmient (the
Mac overdrives this type of equipment).
The Mac 1 senses whether something is
plugged imto the external stereo jack und
generates stercophonic or monophonic
sound as appropriute.
A four-voice Wave Tuble Symhcsm.r [N
built into the ASC. Repetitive waveforms
can be loaded and played continuously
without CPU intervention. The ASC re.
duces CPU overhead in waveforin synthe-
sis from 50 percent o lesy than |10 per-
cent. Sound generation now requires so
litle processor overhesd that compley
sound generation can be performed con-
currenily. For example, you could have &
fuvorite waltz sound file read off a hard
disk und play while you worked with a
spreadshuect or word processor, You cun't
pluy a sound {ile from a luppy disk con-
currently becuuse the IWM disk-control-
ler chip requires oo much processor
istervention.
As stued cardier, the sound soltware
has been improved. All old Sound Driver
und Synthesizer calls are supported. The
programmer also has four new synthe:
sizers available for use.
The first is the Note Symhesizer. This
software plays a simple melody ol nows,
one it a tune. The software is equivalen
w the Mac Squure Wave Synihcsizer if
the Nole Synthesizer is programimed W
pluy square waves.,
The second is the Wave Tuble Synthe-
sizer. [ pliys sounds using wave table
lovkup synthesis. A wine fuble iy one
complete oscillation of a wavelform stored,
in 2 table of §12 or 256 8-bit sumples en
vaded in anrorfset binury format. A wave
tible can he louded or moditied @ any
time during play. The Synthesizer can
eorinucd

-
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nuxle pluys'a wuve lable upon command,
rather thun continuously. This software
carresponds o the old Four Wice Syn-
thusizer if four wavelorms are pluyed.
The ard s Hwe Muosicad Tonstrument
Digitad Interluee Synthesizer. I provides

“u convenient software interfuce 1o pliay an

external syntfiesizer attached to the Mac
It using the MIDI music swndard. You'll
nced 4 vendor's MIDI interface unit o
cuinplete the connection between the
Mac II's seria) pont und the music equip-
merit. The MIDI Synthesizer conforms 1o
the current MIDI specification, The

Sound Manager has 16 channels that cor-

respond 1o MIDI channels.

Finally, there is the Sumpled Sound
Synthesizer, which pluys prerecorded or
sampled sounds. As with the Wave Tuble
Synthesizer, the sounds are encoded in
alfset binary. The sounds can be played
the original or ditferent sumpling rutes,
Ditferent sumpling rates change the piwh

e Mag SE is one of the two new

wicinbers of the Macintosh line, It
wil be priced from 32600 10 $3600, de-
perding on the systemn configuration,
and should be available by the time you
read this,

At Lt glunee, the vutside of the Mac
Stesiembles o Mae Plus: I has o built-
i - oinochrome monitor with o
312 by J2-piach displuy, a single 3'4-
inch SUOK-byw Hoppy dJisk drive, two
seriad pons, a connector for an external
Jrive, und un SCSI port s standard. The
huusing looks almost the same, but then

- you nute small Jifferences. The cooling

vents un the top of the Mac Plus are
nuwned 1o the fromt of the machine. The
vompanment fur the clock/catendar bat-
try is missing-~so is the mouse port: A
new awcess panel for reaching a single
Jperipheral curd has uppeared. The plug-
injuck tur the keybourd is gone because
the Mue SE keyhourd uses the Apple
Deskiop Bus, whuse coamector (one of
wy B located on the back of the ma-
v, Finally, when you turn the Mac
Shooi, you hear the purr of a cooling
L,

foteenaslly, the Mue SE basically re-
semmiles the Mag Plus. The Mac SLE uses

o 7.43 MHz. It has the same SIMM
tingie insline memory todules) hold-
iny # tcgabyte of RAM, expandable o 4
imegaly ey, 1 uses the sunie sound-gea-
cration Circuitty as the Muc Plus, How-
vver, the similurities w the Mac Plus
eud here, The Muc Sk -hus 256K-byte
syatemn ROMs. The power supply has
been beeted up: I1 has o nuximum out-
put & 100 watls, and we've already
tacitioned the cuoling lan. Many of the
distele compotems thut populuted the
Maw Plus motherbourd huve been com-
Binead intao a lasge gate-array chip on the
SE s modwrbuard. The clock/catendar
slige iy powered by o seven-year lithium
batery, also mounted on the mother-
tnnind, and & S0-pin SCSI connector is
movinted next o the NCR 5380 SCSI
vontiuller chip. -~

Thete's emmgh rnm in the upper
housing und wcdegquate power t mouint an
internial SCS1 20-aegabyte hard disk or

the ~ame 6RO microprocessor ruhning

The Mac SE
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un extra 3%-inch Noppy disk drive!
Both hardware options are available
from Apple fur the Muc SE. Last but aot
least, » single 96-pin slot using a Euro-
vurd type 'C connector is mounied on the
side of the Muc SE's motherboard (see
photo A). This connector mikes unbuf-
. fered processor signuls and power avail+
able to vendor curds that cun be plugged
into the slot. The.curd must lic purailel
to the motherboand in the cramped space
at the bottom of the Muc SE. _
The most interesting thing about the
Mac SE,; of course, is its expandability.
Apple has announced that it will supply
4 5%-inch 360K-byte Nuppy disk yon-
troller card, with software to trunslute
Macintosh teat files to an MS-DOS file
formut and back. An Apple spokesper-
son indicated that a third-purty company
will announce an 8086-based expunsion
card that will give the Mac SE IBM PC
compatibility. The card will emulute
buth the IBM manochrome and CGA
curds in sofiware and will give approxi-
maiely the same perfurmunce as an iIBM
PC. It will contain an Intel 8086 proces-

e
i 4

i
e D

sar but hus no provision lur the use of un
%087 numeric coprocessor. The board

« will do no aeltiprocessing: Atall times,

either the BUB6 ur the 68000 will b in
comrol of the machine, The board will
use Muc SE memory for ils computa-
tton. Other possible uses Jor the slot are
a coprovessor card (68030 or 68481, for
example), a local urea network cand, and
an interface board to un exiernal eapan-
sion box.

The amount of code und Jutu in ROM
hus doubled, from 128K bytes lor the
Macintosh Plus to 256K bytes for the
Mac SIZ. About 160K bytes of this is uc-
twal code g resaurces, comprising the
code from the Muc Plus ROM, consid-
erable enhancements o that code, and
all the code libraries that were formerly
stored in RAM except the international
Utilities Package (which handles’ tinwe,
date, currency. and other country-spe-
cific items). The rest of the space is
taken up by the Macintosh system [onts
(Chicagy §2, Monaco and Geneva Y und
12 for roman-language-based sysiems,
and kanji for Jupunese systems). The
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* of the sounds and can be used for special

effects. This synthesizer corresponds (o

the old Free-Form Synihesizer.

SCs1 : )

The Macintosh I uses the same NCR
33RO SCSI1 controller chip as does the
Mac Plus, However, a number of changes

1o the Mac 1! hardware have improved

performance and réliability of the SCSI -

interface. - K

The first of these changes is that the
Mac Il SCSI interface now supports an
SCSI inrtarrupt. This interrupt signal
(IRQ) is connected to the VIA2 chip. The
5380 DMA (direct memory access) Re-

quest signal, which indicates that the ata

register is ready to be read or wrilten, ises,
also brought nut to the VIA2 as aniinter-
rupl. This setup prevents the SCSI bus
RESET* signal from causing a perma-
nent interript to the 68020, xince RE.
SET* is not maskahle through the 53K0.

connimeed

Mac SE and Mac 11 ROMSs share some

of the same code. Some of the routines

that use identical ende are Appletalk
drivers, TextEdit routines, SCSI Man-
ager,” ADB drivers, and the Script
Manager.

The video circuits in the earlier Mac-
intoshes spercl 50 percent of the RAM
secess time svailable during display of a
horizontal line, lcaving the ather 30 per-
cent of that time for doing everything

" clse {they spend all of the time for nor-
mal computation during the vertical and
horizontal retrace intervals, ‘when the
viden screen is nol drawing anything).
As mentioned earlier, the Mac SE inte-
grates 19 discrete chips into one custom
gate arruy and a PAL. Becouse thix gate

array can transfer twice as much data -

{collects two words instead of one word)
at a time inwe the video circuitry, the
Mac SE now spends only one quarter of
the RAM access time, scrvicing the

video display. This provides a.theoreti. '
cal performance boost of approximately
25 percent for applications running in
RAM. (The actual increase varies from
10 percent 13 20 percent.)

The SCSI1 hardwnre in the Mac ST:
now docs its signal handshaking in hard-
ware; this allows it 1o run faster than it
would under software that polls the SCSI
pont periodically and more accurntely

“than it woyld under software that does
“blind" (i.e., no handshaking) reads
and writes. Like the Mac 11, the SCSI
hardware also provides an SCSI inter-
rupt to the Mac SE. This, combined
with the rewritten SCS1 Manager,
should provide a performance boost for
SCS1 hard disk opcrations,

The Mac SE, like the Apple 1IGS,
uses the new Apple-Deskiop Bus to con-
nect the keyhoard, mouse, and other
human-input devices to the compuler,
(Sec “The Apple I1GS™ by Gregg Wil-

< i woulid be more cconomical 10 pir.

liams and Richard Grehun in the Outo-
ber 1986 BYTE for morc details.) This
scheme decreases the amoont of time the
GRO00 must 1ake o service Lthese devives
and makes the design of new inpul Je-
vices much easier (and these devices can
be used on both Macimoshes and Apple
HGSsh

Finally, the Mac SE his increased the
amount of parameter RAM (used o
maintain uscr preferences, time, and
other data cven when the machine is
lrned off) from 20 byies to 256 byies,
Apple has not decided what 1o use this
extra memory for, it we're sure it will
‘eventually he put 1o good use,

There will he no upgrade path from
the Mac Plus to the Mac S1. There are
so many changesto the Mac SE's hons-
ing, motherbaani, and analog boand that

chase » new computer rinher than -
tempt an upgrade.

L
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Thas tneuns that o stow Jeviee o the
SUN D wan anonw 1Rt u thw (LIS 4
whivn o Foes connplved an aperanon, For
Caligae sappose ot Tasee e iad Jdisk
wid g e backap und adtached o the
Mac 1 sON] bus, Yo erder the tipe unit
g e bgacal vnd ol the wpwe and
copy ac e o i The pe unat disgonnects
tron dhe SOSE bus whide exeeuting the
sech e ond al ape. You cun continue W
maitpubate 1des on the haod disk, since
the SUSEbus s sree tor use while the e
sl o deconineviad. When the pe unit
reacies the ape eid, it attempts w recon-
et boghe SCST bus and generautes an in-
werrepd. Sottware then stansy the process
of copy ing the lile Trom the

Ak drive

the ipe wiat. Vhe impornam taag o nete

v that tiwe iterrupt mechanizm prevents
slow devices from tyiag up the Mae 1L
provessor or SCS1 bus,

The second change 1s that the SCS1 in-
torbwe supports hardware hamdshuking
during an SCSI bus transier. The Mac

Flus SCSE auertace hus two modes of

data transter: pseudo-DMA and blind
T oreads or wriles, Fhe pseudo-DMA mode
allows thie 3380 to perform the SCSH bus
handshake. but the 08000 polls the chip
wrvheck on the status of the transier. The
rriwessar fewches or wites a byle when
the 3380 indwaies that the transfer opera-
ton as complete. Each byte moved
througl the SCSL interlacy hus W be
chievked ai this manner, IS obvious that
SOSToanslers consunie same CPU over-
heid amd lower the eftective transter rate.

The alternative for Mac iMus SCSI
trunsters is o utilize blind reads ot
writes, These uperations simply pass data
by les through the SCSI1 bus with no hand-
shiking, nearly tripling the duta-teunsfor
rute. b the SCSE device iy Tast enough 10
hundle this Juia Now, this isn't a prob-
lem, 11 the device isn’t fast enough, how-
cver, the-provessar can write invilid data
by overrunning the chip during a write
operalion, or it can read invalid dat dur-
ing a read operation by accessing the chip
betore it has reccived a valid bywe. The
Mac [’y hardware handshake ¢liminates
pobling by ullowing the 68020 (o access
the S350 only when valid Jata is avail-
able. This is uccomplished by suppress-
ing thd [DSACKU* line, which holds the
processor ofl the chip. The Mac IT°s
hamdshake DMA elisinates the CPU
everbeadd required 1o perform reliuble
higt-spled SUSLE translers. It must be
totedd that these hardware hundshakes
miust ogeur withan 16 microseconds or a
bus crior will be issued inan attempt 1o
end a presyined Jdeadlock. Therefore,
Bandsnake DMA should be used only
with hizh-speed devices.

A Z0-pin SCSEeconmector iy focated in-
weially b the Mac [ O the putside, a

DB-25 SCS1 vonnecwor—identical to the
Mac Plus's—lets you connect other SCSI
peripberals, The SCSE Manager now has
the capability w partition hard disks amd
Bt Erom i particudiar partition,

Slot Manager

The NuBus specilication spares you {rom
knowing intimate hardware details 1o
conligure a new curd o the Mac 1 The
address spuce is set when the card s
phugged into o slot Inoa similar manner,
something should spare you fron know-
ing inthnate soltware details woinsiall o
device driver for u new curd or set an'in-
terrypt vector for the driver. This is the
Sl Manager’s jub.

Al staft-up, the Shot Manager deteets
the presence ol u conliguration ROM ona
Nuisus card. II the card is defined as a
boot device, the Slot Manager will reud
the boot code in e contiguration ROM
inlg memory wwl transter control to . If
the cird is not boowable, information is
read inthe ROM that describes ihe device
deiver or drivers tor the card. The san-
up code next atiempts 10 read a driver
with the same resource name in the Sys-
wni File and install ivin the Mac 1's main
memory. oo resource with this pame
cun’t be found n the System File, the
named driver is read from the configuri-
tion ROM and installed into memory !

This methond of driver installation pro-
vides two benelits. First, the device
driver embedded in the card’s ROM is in-
stubled automaticully inw the system
withoul user intervention. Second,

should the device driver code need {ix-

ing, the vendor can provide the new code
on a disk that can be inserted into the Sys-
tem File using o simple install program.
Since the System File is searched first for
the card's device driver, this replaces the
old driver in the configuration ROM.
Interrupts using NMRQ* are posted to
the VIA2 chip. The Slot Manager deter-

reading a register in the VIA2 and dis-
patches the appropriate inlcrrupt routine,
Interrupt routines are also in the config-
uration ROM us purt of the device driver,

Script Manuger

One of the most signilicant concepls of
the original Mucintosh was its division of
a file into resuurces, where cach resource
is a cenain type of data used by the file. In

cun eiaily chinge u progrum o Freuch,
Spanish, or another Romance lunguage
(e, one Uit uses the Raan alphabet).

But whod abour other lungtages, like
Arubiv, which veuds right o Il and
alters the shape ol it leiters hused on it
surrounding leters? Wl about Jupa.
fese, which has fur more tin the 256
characters allowed inanonal Macinuonh
font? To meet these needs, Apple hay
added another librury of code, the Serips
Manager, o isulate language differenves
from the rest of an application program,
thereby muking it lar more portable
amony dilferent bunan lunguages.

(b addivion w the features of the Seripy
Manuger, the Texalidu cditing puckage
and the International Utilities Puckage
have been extended w work correcily
with the Script Manuper. Also, the sys.
tem soltware deseribed here will work
with any Macintosh with enoigh imemory
10 hold the needed progrims and duta,
Bevause of this, relerences will be made
o routines and data- structures from the
old Toolbox ROM, not the newer Mac |1
Tooibox ROM.,)

According o Apple, aseripris a " wril-
“ing system” that includes a character set;
a writing direction {left o right or vice
versa); keyboard mapping(s) and text in-
put method(s) (e.g., mulliple keystrokes
per character); text druwing, nicusuring,

-and editing methods; sorning methods:

.mines which slot requested service by |

the case of pragram liles, the code re-

source (which contains the executable
code of the program) is separate from,
say, the information relating © dialog
boxes in the DITL resource. This makes
it possible, tor example, for a developer
1w chunge the wxt contained in dialog
boxes without having r change the el
ol the progran iselt, Thus, a develaper

and time, dite, und number lormats, To

“use u given seript, the Script Manager

must have an associated seripn inrerfiuce
file for that script. Apple now has RIS
{roman interlace system), KIS (kanji in-
terlace system, also catled KanjiTulk) for
Japanese. andd AIS {Arabic interliace syy
wm) for the major Arubic lunguages.
{AIS has been availuble since Oclober

1986.)

Not all apptications will need to use the
Script Munager. (Bul those applications
that do use il hitve access Lo routines they
would normally have w provide them-
selves.) The enhanced TexiEdit can hap-
die wxt sclection, highlighting, word
selection, dragging, and word-wrapping
ul o given seript autonatically; only ap-
plications thut do extensive WXt Munipy-
Tation or that dont folluw the beside Mac-
imtosh guidelines will need w use Seript
Manager routines. But for those applica:
tions that Jdo need 10 use them, the follow-
ing putugruphs describe some of the
major routines, what they do, and why
they ure needed.
+The Macinwsh finds which seript w0
use by looking al the font associated with
the current GrafPort. ‘The ruutine Font-
Seript returns the value of the current
seript. Applications can cause the Key-
Tnand e change inuccordunce with the

continncd
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waer s laind by using the KeySeript
[RRTTIRI PO ; . " .

Fach om has e didyoon st
W L diaw g oL e wordss or easun-
ple. L Araliic o phces ity charwieds
ot the sareen rght w lete . The Jow-men-
ony wivbal vapiable teSyaJust determines
the direvtion of wext justification {e.g,,
right pustlicd e Arabie) und the diree-
B wb slevesanve words i whatever font.
P esaanple o] sequenee of Adabie
i Faplish voords os placed right to leltif
WSy JosP i o and left woright it ivis olf.
i oot vises though, individual English
wods are wrten belt to right and Arubie
words aie wntien right o et

In -'i;lh_!ll;lgl.'h W 1 than 230 G-
wiees (Jupanese. lue exanzple), individ-
ual vimracters are represented by |6-uit
words, but some roman characters are
sill represented by 8-biv bytes. This pre-
senls problens whien searching o text
sritg Bora character that is represented
uwane by e—it may mistakenly match the
scenind hyte o'y 16-bit churacter. R pre-
vent this, the application shouid call the
toutine CharByte. which determines
whether a given byte in u string is u 1-byte
churacter or dwe fiest or second byte of u
In-bit churacter.

Sinmlurly, the complexities of certain
Languages (including Japanese and Ara-
ey make i difiivult o associute o certain
piaetucution oa-sereen (where the
muuse butlun was clicked, for example)
with the charagter it corresponds o in the
assaciuted et string. ‘To help solve this,
the routines Pixel2Char und Char2Pixe!
svsociale a given character in the fext

string with the number of pixels the

drawo charwter is from the beginning

edge 0f s representadion ap-sereen,
Some fanguages do not use spaces w

separate swords. Because of this, the”

Scriph Munager uses o brewk table to de-
e where wxt can be correctly broken,
The break wble is actuaily u coltection of
rules or templates, called comtinuation
sequences, thi define what charucter se-
yuences shouidn 't be broken. The routine
FindWord uses the break table o deter-
mine where word hreuks oceur,

" Finally, Liguages differ in the way
they add “blunk™ space 1o nike o certain
text siring justilied. The routine Druw-
hust draws wexe fully jusiified, using o
methed particular 1o the given script to
Qi dlie Fine of lext out so that it fills the
entire space between both marging.

Multiple-Screen Desktop

One of the must amazing things the Mac
Il can do is 1w treat the images trom two
separule monitors us if they were both
purt of one lurge desktop area. As you cun
sce from photo 2, the devices don’t even
have 1o be of the same type. The puru-
graphs that follow give . brief expluna-
tion of how thas is accomplished.

Each graphic output device (gDevice}
connected to the Muc Ll defines a reclan-
gular ares, the gdRect, it is responsible
for. When the gDevices are connected
properly, the Mag [} system software con-
siders the desktop (the. region calied
GrayRgn) to be the union of ali the de-

vices' gdRects. By referencing GrayRgn,:

system softwire cun move objects among

Phasto 22 The Macintosh 1Py mudtiple-screen deskiop, The Muce 1 automatically
condoterey e deskiop to be the wnion of all active video deviees, Windeows and icons
e b dvseged Between sereens and still display property. *Well-behaved ™
applivation programs will be able 1o use the extra desktop area. The progran in use
iyt camtendifivd version of Cricket Graph 1.0, and as you can see on the colur
wiomifar, dhe e B supports the old QuickDraw fixed-color scheme. The SerapBuok
s an carlivr version.of theghart and demunstrates the new eolor PICT

Tesrrnieed,
-

v

all the displuy arcas of the differem ou
prat devices without any linitatons: alwe,
“well-bebaved ™ Macintsh applicauon

< wanuse the larger desktop without has g

o du unything special to use it

LAl the gDevices are connected o

gcther in o linked st ol handles; i pro
grum gets the tirst device by calling the
GetDeviceList routing, or it can gel the
primury device (the one that contiuns ik
menu bar) by calling GuMainDevice.
The Color Quic kD raw routines hive been
cxtendud to draw o multiple gDevices
When a Color QuickDraw routine e
ceives a drawing command, it checks w
see il the drawing is intended for th

"osereen (as opposed o an offsoreen i

map), <11 it is, the routine compares the
rectangte in which the deawing is w ke
place with the gdRecis of ull the screen
duevices and issues a drawing command &
vach device where there is some intersic-
tion between the two.

A window can even span multiple
screens because the Mac 11 Window Man-
ager has been modified to the dragging
boundaries enlorced by the older Macin:
tosh ROM (thus enubling the mouse
pointer and the objects it is dragging o
nove among sereens). Also., singe the
various screens may be of different rewr
lutions and color depths, the cursar
drawing routines must keep track ul
which screen contains the cursor.

MS-DOS Compatibility
Applesees several ways in which 1o give
its users the levels of MS-DOS (and IBM
PCy compatibility. Depending on b
user's needs, il may be enough o provide
file transter capability through a network
of Maus and IBM PCs or through & fik
conversion utility culled Passport that
Apple plans to announce later this year.
(Apple ofters a 5% -inch disk drive tha,
when connected to a Mucintosh, aliows
the appropriawe soltware 1o read and wrik
IBM PC-compatible liles.) )

Apple told us thut an unnanied third:
party compuny will provide an 8028
multiprocessor NuBus card and soltwaie
for the Mac 15 that will give approxinic
ly the performance of a 6-MHz [BM PC
AT. ‘This combination will let you work
on MS-DOS upplications in i Mucinst
window, with full access to the deskiop
and desk accessories and somE cut-and
paste vapability between applications un
the diflerent machines, They will also ke
able 10 use o Macintosh hard disk in such
ua way that both 1BM and Macintosh pre
grams will be ible to read and write each
athers lilex directly.

The 8O286 card will be capable of tre
multiprocessing with the Muc's 68000. b
alsar will hive a sockel fur the addition o
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an SUINT nunh coprovessor chip, and it
will anclude 1 egabyte of menory fur
e 80230 s eaclunive use (with the posi-
Bitin o expanding that w4 megabyles).

Thas card will cnubae both the 1M
monuchrome amd CGA {color) boards
und the Hercules monochrome lext/f
graphies bound in soltware, 1t will also be
able kv use Uw Macintosh SE mouse 1o
contiaol mouse-bused BN DT Lappiica-
Lioin,

UNIX on the Macintosh H

Since UNIX i» mulvitasking, the Mac (1
“will need tie Motoroly 68851 meinory
management chip (which Apple will
ke available o Mac 1 owners). Apple
oy no announcement regarding u
LNIN product, but Jeun-Louis Gassee,
vice president of product development at
Apple, sfoke of 4 version of UNIX that
vould contin 4.2 BSD {Berkeley Stan-
Jdard Distribution) features. Such a ver-
sicti, B said, wauld have e boot up the
nachine and would tike over the system,
wrning the Macintosh inte a “vanilla”
UNIN machine: a future version might |
give programs aceess to the M.xumoxh
I(I W1as alibrury.

I'ru ing und Avall.ahlllly

Altheugh Apple disclosed ne pnces. one |

\pu}.\.spch(m quuted u price of between,
S 200 et $4300 tor the basic Mucintosh
1 tone Noppy disk, 1 megubyte ol mem-
ory) with the video card und 2 mono-
chrone Jisplay and a price of less.than
S6(KH) tor the basic Mae 11 and the color
display . Apple gave us no indication of
how miueh an interoal hird disk or a video
Poird upgrade would cos. (A list of the
urfivid prives will be on BIX by the time
yourread this.

Apple plans o ship the Mac 1T some-
e in the second Guarter of this year,
Bevause of the Jissimilarity between the
Mae 1Y and carlier Mucintoshes, no up-
pundes are posaible. Also, Apple does not
plan o reduce the price of cither the Mac-
mionh 312KE or the Muacintash Plus be-
e i Hhe Mac I's imroduction.

Cineuls
W wrote this arficle afler two visits (o
Apple in Decemnber 1986 and January
957 1ihis included Jiscussions with the
hardware and soltware design team),
about . day”s wonh of hamds-on experi-
eive with the Mac 11, sty of three
batnders Tall of echnical documents, and
several fullow-up culls o abe Apple stall.
The design 1&m described both the
hardware and software as “late alpha -
This means 1t the final hardwafe (und
eapeeraliy the soltware) oy differ sone-
what rom the detals of whial we've de-
werihed heres bot the overall design will

be the sume. o purticular, any perfor-
manee times measured in secomds should
be wken as “bulipark™ estimates,

Observitions

Overall swe were very impressed with the
machine, The Macintosh 11 is gencrally 3
to 4 times fuster than a Mac Plus, except
when it is deuling with a lot of trunscen-
dental ma, 10 wiiich case it is between

L 30 and 40 dmes fuster (see the text box

“Comparing the Mac Plus, the Mag SE,
and the Mac 1) The nurmal actions ut's
Macimosh- user—opening, moving, e
sizing, und scrolling—were cltortess be-
cuuse they were very guick. One ol the
slowest operations, scrolling a winduw of
calor mlurmation, was noticeable but aul
objectionuble —somuewhere around une
second 1o scroll the contents of a full-
sereen color window about an inch.

Both the monitors have an areu of 640

Comparing
the Mac SE,

Lthough these timings shouldn't be
considerced as gospel {after ali, we
worked on machines that weren't
fnished yet). we think we can draw
some conclusions about how fast the
three machines are relative to each
uller.
Here are the overall conclusions: The
Mauc SE is about 10 percent to 20 per-
,cent [uster than the Mac Plus, and the
- Mac Il is roughty 3 1o 4 times faster than
the Mac Plus (except in applications
where heavy.number crunching is done,
in which case the Mac 1l can be 30 10 40
times faster). The puragraphs that follow

tﬁe Mac Plus,
and the Mac 11

will explain these conclusions..

Figure A shows the results of running
some standardized tests on the three ma-
chines. A bar's height shows how.much
faster u machine is than a Mac Plus, and
the number on 1op of the bar is the num-
ber of seconds it ook 10.run the test.

The, first three programs are stand-
alone programs compiled by Lightspeed
C, version 2,01, “Quicksont” is the
standurd BYTE sort benchmark.
“Dhrystone” is the Dbrysione bench-
murk, version,l.]; this test simulates an

. average program by execuling a known
mix of conirol, assignment, and proce-
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Figure A: Relative performance af Muciniosh jimrih' compuiers. The length
of a bar tells how much fasier a given computer is than a Macintosh Plus
when running a given program. The number over each bar tells hew long

@ pragram ook Lo run on d given compuler.
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hy- 480 pixels; which is 1.75 timeés the-
vize of 1. Macintosh screen, Since maorst
Macintosh applications will let you use
“this extra arcii, some of them were casicr
to use just because of the larger screen,
The monochrome screen. measures 12
inches diagonally, and the color RGR
screen micasures- 13 inches, “Wonder-
ul,” you may say, “finally, a larger
swereen for my Macintosh! ™ Well, yes and
sa=it is larger. but it's also showing

more pizels in each direction. Actually,
both Mac [l monitors have about the same
pixel pcr inch density as the old
Macintosh. :

The preciston of the color monitor is
remarkable. When it was displaying a
monochrome image, we found ourselves

thinking we were Inoking at the mono.

chrome monitor—which means that the
monitor can display true black-and-white
dots, cven at the cdge of the screen, with-

out color fringes. This is ar imporgen

factor when you remember you muav . e
reading text, often as small as 9 or (0

“points, on this sereen Tor long periods off

time.

Another remarkahle quality of the Mae
s we tested was their stability. Even
though these were Tate-alphi prototvpes,
most of the software we tricd out--son
ware designed for the older Macin

crntitiee?

v

dure statemcnts. Bts result is usually ex-
pressed in dhrysiones per second, bul
here we used the number of seconds
nceded 16 cxecute the test. “Savape”
does a large number of transcendental
functions (c.g.. sine and exponcntia-
tion). The Mac IT's reiative performance
of 39.2 times faster is duc to its use of its
68881 flonting-point coprocessor.

The next two Lests are stand-alone pro-
grams compiled using Microsofi Com-
piled RASIC, version 1.0, “Sieve™ is
one itcration of the Sieve of Eratosthe-
nex. “Float™ is a 1ot of multiplication
and division, o

“Word" gives an indication of a ma-
chine’s video display performance by
smonth scrolling through a 61K -hyte
Microsaft Word document {we uscd
Word 1.0). The ime gaven in figure A is
for the Mac 1T using a monochrome dis-
play (1 hit per pixcl).

Fimally, "Phocnix™ exercises the
grphics and the SANE numerics pack-
age heavily by mensuring the time that a
machine takes to transform a wire-image
approximation of a sphere 10 a drawing
smoothed with unframed faces: we used
Dreams of the Phoenix's Phoenix 3D,
version 1,2, three-dimensional pro-
gram, -
Remember, one key concept of the

Mac [T is that it léts the user decide how

many colors to use on the screen at 8

time, with fewer colors giving better
" perfortnance. Tigure B heuars this out.

For the Mac [, it plois the number of

hits per pixel versus the time required 1o

smooth-scroll through a $3K-byic

Microsoft Worgd document. As you'can

we. the relationship is almost linear,

Though the Mac H using | bit/pincl per-

forms 2.71 times fasicr than (he Mac .

Plis. that performance degrades io 1.79
when using 4 hits/pixel (16 colors) amd

-

)

1.28 when using 8 bits/pixel (256
colors).

One final 2ct of figures comes from
looking at the role the 688R1 Noating-
point coprocessor plays in the perfor-
mance of the Mac I, Normally. this
can’t be estimated because the 68881 is
used automatically by system software,
However, Apple had a demonstration
program that did three-dimensional
plots using no 68RR1 support, using the
68831 driven by the SANE numerics
package (most applications will use it
this way) and using the 68881 dircctly.
The figure we used, Sombrero, is a

common onc that uses the sine function
a great denl to crente a Ngare of coneen-
tric ripples,

The times (amd their respective ridios)
arc no support, 1165 sceonds () .01
SANT support. 261 sceommds (4,46 times
faster); and direct support, 37 secomds
{31.5times faster). The most impesrtant
figure is the middle ong because nuny
cxisting applications use the SANE
package, so when they run on the Mac
11, they will get this tevel (up 10 5 tinws
fagter) of improvement—and the morne
time the application spends using
SANE, the greater the improvément. .

10 q-mrmmm e e - s

* Time 10 scroll

160 - v

Tima tor the Mac 1l to scroll through’ document (seconds).

Figure B: Macintosh 1 videe displey times as a funciion of the smmber
per pixel on the video display. As this figure shosvs, the more hins per pived i

Muminer of bads per st

umber of by

{or, equivalemly, the more colors thar can be displuyed on-screen i one tiaes,
the onyer the Macintosh [ takes te seroll through a decument of a given sice,
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toshes - warked Fine. The protolypes
viashied oy once or iwice in aeverul
howts” usage (which is far more stable
thun st prerelease machines we sce),
We el this iy a testinent 10 the stability
of thw.maching s hurdware and soltware
awchiedtures and iy idicative of e gual-
ity ol the hardwure and sullware W0 come.

The buttom ling un soltware compati-
biliy is this: Mae software developers
vy had For quite sume time now a list of
aundelines wr follow 10 ensure that their
saftwaie would be compatible with future
oy hines. Most companies have fol-
lowed thase guidelines, and their solt-
ware will ;un onthe Mac 1l (Apple claims
“greater thun Y5 percent’”” compatibility).
So the more recent your software and the
more ¢onscientious the software com-

. pany, the more |ikely your old software
will run correctly on the Mac (1.

One concern we have involves the price
und usclulness of any kind of MS-DOS
compatibility card. In our experience,
such cards always sacrifice some perfor-
mance in the emulation of MS-DOS and
‘cost s much us or more than an equiva-
lent IBM PC clone. Another concern is
that Appie told us that the dird-puny
Mac SE and Mac Il curds would use sofi-
ware 10 simulate and display the PC color
and monochrome screens. The Commo-
dore Amigu 2000°'s MS-DOS curd usey
hardware to maintain the screen’s con
tents and sullware w display them um
still cannot compiciely update the dis-
pluy. We leel that the all-software ap-
proach (for both the contents and the dis-
play of the MS-DOS cards) will either e
too slow or will cat up wo much of the

processor's time. Howcver, we will all '

have 10 wail for the products to come oul
before we can make any final judgments.

Though NuBus peripheral cards will
be slow in coming, they will neverthelesy
oe extremely inportant iv the future of
the Mac II. Many of the add-ins to the old
Mac_that required ““major surgery”—
memory upgrades, internal hird disks,
and 68020 processors—ure cither. in-
cluded in the Muc Il or are alrecady
ptanned for. Still other enhuncements.
like a full-page video display and other
.ideas we huven’t thought of yet, will be
much casier (und therelore much more
likely) to be developed.

Conclusinns

Applu hits come a long way since the lirg
128K-byte Macintosh (with 64K ROMs)
was introduced abowt threc yeurs ugo.
Now Apple has a true product line with
the Macintosh S12KE, the Macintosh
Plus, the Macimosh SE, -und the Macin-
1osh [T, with prices from less than $2000
10 more than $6000. The Maucintosh is
even atfordable, with the bouom-of-the
line Muc 512KE having four times as
much memory and twice as much ROM
and disk storage, all dor a street price
slightty more than hatt the original Mac's
$2500 price g,

Often, a new maching with new fea
tures has an uncertain future. Will
enough people buy new machines
prompt software developers (o create new
software that brings out its potential? Will
enough programs come oul (0 prompt the
public w buy aew machines? The Macll
will have some of this inevitable chicken-
and-egg problem, but not as much &
uther machines. Mac 11 applications #rc
not so much built-lrom-scraich imple-
mentations as they ure bells and whistles
added o a product thay aiready has «
large, cstablished market. Also, both de-
velopers and buyen have been—no other
word will do—lusting o much after thes
added capabilities that the only limits:
tion, we think, will be the time it takes
developers 1o learn how 1o use then. Jus
as the Macintosh has literally ehanged the
way we compite, we're looking forward
w the innovativns the Macintosh 11 will
make possible. B
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LOS MICROPROCESADORES Y SU APLICACION.

I. Introduccién

"En la vida cotidiana actual es frecuente el ver c¢omo una gran
parte de nuestros problemas 1los resuelven las computadoras,
sin embarego, rara vez nos detenemos a reflexionar sobre
ellas, tomando en cuenta que estdn pensadas v disefladas para
ejecutar una funcidén en particular, la cual satisfaga alguna
necesidad del ser humano, como podria serlo el comunicarlo
telefédnicamente ¢ bien, el permitirle efectuar alguna opera-
cién bancaria desde su hogar, etc..

Por otra parte, cada computadora gque existe actualmente es
algo mas que un montdén de transistores y bulbos que sb6lo se
prenden y apagan mistericosamente. Podemos considerar que una
computadora es todo un sistema de procesamiento, el cual ope-
ra por la eficiente interrelacién de sus elementos constitu-
tives,. los cuales estAdn centrados en un microprocesador.

En muchas .ocasiones los diferentes sistemas de procesamiento
estan desarrollados alrededor de algun tipo de microprocesa-
dor en particular, sin embargo, generalmente dentro de un
mismo sistema Se encuentran presentes varias clases de micro-

procesadores, dependiendo de las caracteristicas que deba te-
ner una computadora en particular.

El principal objetivo de este estudio es analizar las princi-
pales caracteristicas que deben ser tomadas en cuenta al mo-
mento de seleccionar o diseflar un sistema en base a micropro-
cesadores, que esté orientado a resolver alguna necesidad es-

pecifica de un centro de trabajo ya sea industrial o de otra
indole..

II. Definiciocnes de Computadora y Microprocesador. .

En ciencias de la computacién es  frecuente sobreentender
ciertos conceptos comunes, sin embargo es importante que de-
finamos _con precision que entendemos por unha computadera, va
que de lo contrario al momento de estudiar las principales
arquitecturas de sistemas de procesamiento, podriamos perder
de vista que funcién debe realizar una computadora. Por otra
parte, cuando se menciona el término "computadora" casi en
forma instintiva pensamos en una terminal del tipo CRT, la
cual debe estar desplegando los datos de un cierto programa;
cuando pensamos en esto estamos todavia un poco lejanos del
concepto gue define-a una computadora, mismo que es mas facil
de entender desde el punto de vista de sistemas, considerando
que una computadora es un cierto sistema de cémputo.



Si tomamos como base 1o anterior, podemos definir que un sis-
tema de coéHmputo €s un conjunto de elementos intimamente rela-
cionados, los cuales reciben datos de entrada (informacioén),
mismos que seran modificados de acuerdo a una secuencia orde-
nada de pasos de un cierto algoritmo prefijado, para obtener
datos de salida o resultados uttiles que le permiten al ususa-
rio tomar una decizién. En otras palabras lo anterior nos
quiere decir que un sistema de cémputo tiene como finalidad
el recibir informacién que sera procesada de acuerdo a un al-

goritmo fijo, con el propésito de permitir al usuario tomar
decisiones. .

Por otra parte, un sistema de cémputo puede ser de indole
analégica, digital o hibride, dependiendo de las principales
caracteristicas de sus elementos constitutivos.

En un sistema digital de cdémputo, se encuentran presentes los
siguientes elementos:

* Un medio de entrada por el que ingresa la informacién
al sistema (UNIDAD DE ENTRADA).

¥ Un medio de salida por el que egresa la informacién ya
procesada por el sistema. (UNIDAD DE SALIDA).

+* Un medio que permite retener temporalmente la informa-
cién dentro del sistema. (MEMORIA}.

* Un medio que permita la ejecucién de acciones aritmeé-
ticas ¢ légicas necesarias para desarrollar un algo-
ritme dentro del sistema. (ALU).

Un medico gque permita el control de todas las acciones’
a realizar por el sistema . (UNIDAD DE CONTROL}.

A los sistemas de cémputo que presentan estos cinco elementos
se les llama clase Harvard, 8i aunado a lo anterior la ins-
trucciones pueden ser tratadas en algun instante como datos,
o los datos pueden ser interpretados como instrucciones, se
dice entonces que el sistema en cuestién es clase Princeton o
Von Neumann.

En estos casos notamos que estamos hablando de cinco elemen-
tos constitutivos, pero en un momento dado podemos asociarlos
segun ciertas caracteristicas comunes, quedando los tradicio-
nales tres elementos como se indica a continuacién:

i) Un conjunto de elementos de entrada/salida, por los
que se efecttan las transferencias de informacidén en-
tre el madio exterior y el sistema,dicho .conjunto
generalmente recibe el nombre de puertos de entra
da/salida.



ii) Un conjunto de elementos que retienen temporalmente
la informacién dentro del sistema; este conjunto co-
manmente es llamado memoria.

iii) Un conjunto de elementos que procesan la informacién
mediante la accidén de. ciertas operaciones légicas o
aritmeticas. Por otra parte este mismo conjunto debe
ejercer una accién de control sobre los demas elemen-
tos presentes en el sistema. A este conjunto en par
ticular se le asocia el nombre de Unidad Central de
Proceso o comunmente CPU.

De lo anterior tenemos como conclusién importante el saber
que los minimos elementos constitutivos esenciales de todo
CPU son la unidad de légica aritmética vy la unidad de con-
trol. . '

Por otra parte, cuando en un CPU se logran tener todos sus
elementos integrados en un solo circuito de semiconductor, se
esta hablando entonces de un microprocesador.

Existen comercialmente diferentes tipos de procesadores, sin
embargo la gran mayoria son disefiados de acuerdo a lo que se
conoce como paradigma de Von Neumann, el cual es un modelo
basado en el concepto de una sola unidad de proceasmiento que
accesa a un arreglo lineal de 1localidades de memoria de un
tamafio fijo; pudiendo contener estas localidades ya sean da-
tos o instrucciones. '

Lo mas relevante del modelo de Von Neumann radica en el hecho
que el control del programa es secuencial y se encuentra cen-
~tralizado en una sola unidad. Lo anterior se refleja fisica-
mente en el hecho de contar siempre en el procesador central,
con un registro apuntador de programa, un registro que hace
las veces de un acumulador y una unidad de control, la cual
generalmente es un secuenciador.

Por otra parte, en una computadora disefiada es necesario te-
ner mezclados los datos vy las instrucciones en un mismo sec-
tor de la memoria, con el fin de que sean igualménte accesi-
bles para el procesador; esta situacién es ventajosa en algu-

nos casos, pero no siempre es 1o mas adecuado en un sistema
digital 'de cé4mputo. :

Por ultimo, es importante hacer notar que independientemente
del tamafic de un cierto procesador, incluso particularizando
en los que se encuentran integrados en un sclo circui-
to,podemos hablar de microprocesadores de propésito general y
microprocesadores de propédésito particular.

Un microprocesador de propésito general estad pensado y di-
sefiado para poder ejecutar cualquier tipo de algoritme que el



usuario le indigque mediante un programa en lenguje ensambla-
dor, en este casoc ne es necesario que el usuario analice la
microprogramacién del procesador en uso, basta Unicamente gue
sepa la arquitectura interna {(cuantos y cudles son los regis-
tros internos presentes en el microprocesador). Por su parte,
un microprocesadeor de propésito particular estd diseflado para
s6lo poder ejecutar muy eficientemente un cierto algoritmo
orientade a resolver una tarea especifica, resultando dificil
ejecutar con este dispositivo algun otro algeoritmo diferente
par el cual fue disefiado. Es importante hacer notar que en
esta.clase de procesadores es frecuente el tener que progra-
marlos mediante la escritura de algun patrén binario en par-
ticular, esto se debe a gque su arqu1tectura 1nterna reguiere
completar algun tipo de microprograma.

A continuacién estudiaremos las principales caracteristicas
de las arquitecturas mas comunes en sistemas desarrollados en
base a microprocesadores.

III; Qrganizacioén de Computadoras.

En sistemas desarrollados alrededor de microprocesadores, in-
dependientemente del tamafio, es comun el oir los términos ar-
quitectura y organizacién de computadoras, los cuales se re-
fieren a la manera en que se relacionan fisica y légicamente
los diferentes elementos constitutivos de un sistema de pro-
cesamiento.

Existen actualmente diferentes teécnicas bajo las cuales se
organiza una computadora, sin embargo todas ellas tienen como
principal objetivo el respaldar eficientemente el procesa-
miento de datos, con la finalidad de hacerlo mas expedito.

Por otra parte, podemos decir que la organizacidén de un sis-
tema de procesamiento depende esencialmente de la aplicacién
que pretende satisfacer vy, generalmente, dicha organizacién
se refleja fisicamente tanto en el disefic del mapa de memo-
ria, como en la forma de interactuar de sus elementos consti-
tutivos ya sean de programacién, o bien electrénicos.

Si partimos desde un punto de vista operativo, podemos decir
que el desarrollc cronolégico de los sistemas de cé4mputo ha
estado orientado como sigue:

i) Procesamiento en bloque.

En éste caso los trabajos (jobs) del usuario son
ejecutados-de una manera secuencial, considerando
que las operaciones de entrada, calculo y salida de
cada trabajo se efectuan sin sobreposicién.



ii) Multiprogramacién.

Este caso es similar al anterior, excepto qQue las
operacicnes de entrada/salida del i-ésimo trabajo
se pueden superponer al calculo en el CPU del
j-ésimo trabajo.

iii) Tiempo compartido.

Para mejorar la eficiencia sobre las técnicas ante-
riores, las porciones de entrada/salida y célculo,
de un programa del usuario se parten en pequefios
incrementos y sus ejecuciones van entrelazadas en
base a un esquema de tiempo compartido.

iv) Multiprocesamiento.

El sistema operativo asigna programas del usuario a
. un determinado numero de procesadores, los cuales
‘ejecutan los programas de una manera cooperativista
a todos los niveles de procesamiento.

Es frecuente el pensar que la multiprogramacién y el multi-
procesamiento son sinénimos, sin embargo de lo.anterior nota-
mos que estrictamente hablando no lo son ya que son dos téc-
nicas diferentes en el desarrollo de sistemas de cémputo

Por otra parte, en cada uno de los cuatro enfoques vistos se
tiende a optimar el tiempo de procesamiento al ejecutar fisi-
camente en forma mas agil un trabajo del usuario. Generalmen-
te en este tipo de sistemas interviene uno o-varios procesa-
dores contando siempre con alguno en particular que ejecuta
una acciodn de control segun el paradigma de Von Neumann.

Si reflexicnamos con mas detenimiento en cada uno de los cua-
tro casos anteriores podemos llegar a la conclusién que en
todos se presenta en mayor o menor grado lo que se llama pro-
cesamiento en paralelo, mismo gque podemos entender como una
forma de procesar informacién haciendo énfasis en la ejecu-
cién de eventos concurrentes en el desarrcolle de un cierto
trabajo.o una cierta tarea asignada por el usuario. La concu-
rrencia de eventos implica paralelismo y simultaneidad en la
ejecucidén de acciones, referentes a un procedimiento.

Junto con la idea de paralelismo surge el concepto de lo que
llamaremos "PIPELINE", que se refiere a la ejecucién de even-
tos translapando el tiempo de realizacién de cada uno de
ellos. . '

De lo anterior podemos sacar como conclusién importante el
hecho gque un procesamiento en paralelo requiere de la ejecu-



¢ién concurrente de varios programas en una clerta computado-
ra, lo cual contrasta con el tradicional procesamiento se-
cuencial; ademas la computadora que se oriente al procesa-
miento en paralelo debera cubrir algunas caracteristicas par-
ticulares en su circuiteria interna, principalmente en los
‘microprocesadores que emplee.

5i ahora partimos desde un punto de vista organizativo, el
procesamiento en paralelo puede ser clasificado a su vez en
cuatro niveles diferentes que son:

a) A nivel trabajo.

Diferentes procesadores ejecutan de una manera concu-
rrente varios trabajos separados.

b) A nivel tarea.

Algunos trabajos se cuden particionar en varias tare-
as, mismas que pueden ser ejecutadas concurrentemen-
te., .

c¢) A nivel interinstruccién

Mas de una instruccién se puede ejecutar en paralelo,
en caso de no existir alguna dependencia entre los
datos de esas instrucciones.

d) A nivel intrainstruccion.

Dentro de la ejecucién de una instruccién se pueden
efectuar ciertas fases de una manera superpuesta o
paralela, en este punto se hace mas patente el efecto
pipeline . :

En cada uno de estos niveles se egstablece una fuerte interac-
cién entre el software y el hardware, por lo que es necesario
contar con algun criterio que nos permita seleccionar adecua-
damente los diferentes elementos que deben estar presentes en
un sistema de cémputo.

Cuando se esta desarrollando un sistema en base a microproce-
sadores-y se desea lograr el paralelismo., principalmente en

un sistema monoprocesador, se puede proceder en la siguiente
manera: -

'* Buscar que nuestro procesador cuente con multiples unidades
funcionales, encargadas cada una de accicones diferentes.

Buscar el paralelismo y el pipeline dentro del mismo proce-
sador. Actualmente diferentes procesadores comerciales ha-
cen uso internamente de multiples unidades funcionales, por
lo cual comparten internamente sus recursos empleando ele-



mentos de alta velocidad.

I1XI. Arquitectura de Computadoras.

Como ya se menciond, las computadoras en paralelo son siste-
mas que tienden a enfatizar el procesamiento en paralelo; a
continuacidn se muestra una clasificacién de éste tipo de
sistemas de acuerdo a su configuracién fisica, teniendose:

* Computadoras tipo- pipeline.
Esta clase de computadoras efectlan dlferentes calculos en
forma superpuesta ¢ con un cierto translape de acciones ex-
plotando el paralelismo temporal .

¥ Arreglos de procesadores (Array processors)
'En..éste caso,un arreglo de procesadores emplea, en forma
sincronizada, multiples unidades de légica-aritmética para
explotar el paralellsmo espacial. A cada una de las unida-

des empleadas se les denomina Elemento de Procesamiento
(PE) . ‘ : : -

* Sistemas multiprocesador.

" Esta clase ‘de sistemas explotan el paralelism¢ asincrono
mediante la operaciédn interactiva de diferentes procesado-
res que comparten recursos tales como memoria, dispositi-
vos de entrada/salida, etc..

Estoé tres enfoques de sistemas de cémputo no deben ser con--

siderados como mutuamente excluyentes, ya que en ocasiones se
entremezclan para lograr un cierto disefio en particular.

En culaquiera de estas clases de computadoras es importante

hacer notar que se pueden tener disefios en base a procesado-
res del tipo pipeline, o también procesadores del tipo de
arreglos, asi como también se puede escoger entre procesado-
res en paralelo o coprocesadores especiales.

Hasta ahora  -sélo nos hemos referido a la teoria en la que se
basan los diferentes sistemas de coOmputo comerciales actua-
les, sin embargo es necesario describir brevemente la princi-
pal tendencla que se estd desarrollando entorno a lo que se-
ran las computadoras de la quinta generacién, es decir los
sistemas del mafiana. Debemos considerar que las maquinas con-
vencionales del tipo Von Neumann también se denomian como
computadoras de control de  flujo, puesto gque las instruccio-
nes que componen un cierto programa se ejecutan en forma se-
cuencial, siguiendo &l orden establecido por un apuntador de

programa (también llamado apuntador de instruccidén er algunos

" casos); como podemos notar, la ejecucién de cualguier tarea



efectuada en forma secuencial es inherentemente lenta, lo
cual vuelve ineficiente a los sistemas de coéHmputo.

Con la idea de hacer mas eficientes los sistemas de cédmputo
futuros, surgen algunas arquitecturas de  computadoras gue
pretenden explotar al maximo 1los conceptos de paralelismo vy
translape de acciones, tales como las arquitecturas sisté6li-
cas, de frente de onda de procesamiento, de flujo de datos
entre otras, sin embargo. de dichas arquitecturas se estudia
principalmente el modelo desarrollado en la Universidad de
Manchester (Inglaterra), referente "al control de un sistema
maediante el flujo de datos a procesar; ésta clase de sistemas
recibe el nombre "Computadoras de Flujo de Datos'.

El principio fundamental en el cual se basan las computadoras
de flujo de datos consiste en activar la ejecucion de una
instruccidén hasta que todeos los operandos que intervienen
en ella se encuentren . listos para ser procesados. Hay que
considerar que sé6lo se utilzardn los operandos regueridos en
cada fase del trabajo a realizar, vy si en una instruccién se
quieren repetir ciertos datos se puedé hacer en ese momento,
ya que el control del programa se realiza segun el flujo o la
necesidad de procesar los datos y no segun el flujo de las
instrucciones de acuerdo al .paradigma de Von Neumann ; por 1lo
tanto, en ésta clase de sistemas no es necesario contar con.
un contador de programa, o en su defectoc con un apuntador de
instruccién.

En las computadoras de flujo de datos podemcs imaginar que se
tienen ciertos nodos de informacién en los cuales se tienen
presentes los datos, v un sector de dichos nodos indica que
instruccién se pretende realizar. Estos nodos o paguetes de
informacién se encuentran ligados por la dependencia de da-
tos, por lo tanto podemos decir que las instrucciones son in-
dependientes de su ubicacién fisica en un cierto programa.
Teoricamente esta clase de sistemas explota la maxima concu-
rrencia de eventos, limitandose unicamente por los aspectos
técnicos de la implementacién electrénica de la computadora.

Por su parte, los programas que se escriban para este tipo de
sistemas en donde se tiene un control por datos, pueden ser
efectyados mediante una carta o grafica de flujo de datos;
ésta grafica en general es diferente de un diagrama de flujo,
va que dicha técnica 8se desarrollé pensando en las maAquinas
tradicionales. A continuacidén se muestra un ejemplo de una

parte de un programa escrito para las computadoras de flujo
de datos. :

La principal ventaja de trabajar con éste tipo de sistemas
estd en el poder visulizar mas facilmente las dependencias
de datos entre varios procesos,. situacién que se pretende
buscar también en 1los esquemas de programacién estructurada



ambliamente utilizados en otras clases de computadoras.

En el caso de los programas empleados en los sistemas de flu-
jo de datos, el escribir rutinas paralelas es mucho mas sim-
rPle que en otros esquemas, como se puede notar en la figura
"III.1, considerando a manera de ejemplo los calculos siguien-
tes:

A =B+ C-F
D'=B *C - F
E=A-0D

Como podemos apreciar, los datos de entrada se repiten tantas
veces como es necesario para éste caso en particular; la can-
tidad de veces que se repite un dato depende udnicamente de la
cantidad de operaciones que requieren ese dato.

En la figura III.2 podemos apreciar cémo se implementaria es-
ta misma secuencia de c¢alculos, empleando alguno de los len-
. guajes de alto nivel comunes, por ejemplo BASIC.

En la figura III. 3; se mnmuestra el mecanismo basico para la
ejecucidédn de este tipo de algoritmos. ' :

IV: Esquema de Clasificacién de Arquitecturas. :

Existen varios esquemas para clasificar los diferentes tipos
de computadoras digitales que han sido comentadas en este es-
tudio, sin embargo nos basaremos en el propuesto por Michael
Flynn, el cual toma come referencia la multiplicidad de se-
cuencias de instrucciones y datos en un sistema de cémputo.

Es importante tener en mente que el procesamiento de datos
tiene como finalidad el aplicar un conjunto de instrucciones
a un conjunto de datos. Por otra parte, las diferentes orga-
nizacionegs propuestas se caracterizan también por el tipo de
dispositivos que se emplean para soportar las secuencias de
datos e.instrucciones en uso.

A continuacién se muestra la clasificacién de las computado--
ras digitales, segun el esgquema de Flynn, considerando que
una o varias instrucciones pueden actuar sobre unc o varios

datos, segun el grado de paralelismo desarrollado en cada
sistema.

* Qrganizacidén tipo SISD. X
(Instruccién Simple-Dato Simple o Single Instruction -
Single Data)
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Fifura III.1 Ejemplo de un algorifmo de flujo
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¥ Organizacién tipo SIMD. :
(Instruccidn Simple-Dato Multiple o Single Instruction
Multiple Data)

* Qrganizacién tipo MISD.
(Instrucciones Multiples-Dato Simple o Multiple
Instruction-Single Data)

* Organizacién tipo MIMD.
(Multiples Instrucciones- Multiples Datos o Multiple
Instruction-Multiple Data)

Cada una de las categorias anteriores depende ,como sus nom-
bres lo indican, de 1la multiplicidad simultidnea de eventos
gue ocurren en los componentes del sistema.

Es necesario considerar que tanto 1los datos como las instruc-
ciones son capturadas de ciertas celdas o localidades de me-
moria. Por otra parte, 1las instrucciones son siempre decodi-
ficadas por una unidad de control, 1la cual le indica a una
‘unidad de procesamiento las acciones que debe ejecutar. Se
considera ademas que una secuencia de instrucciones es gene-~
rada par soélo por una unidad de control. '

A continuacién se discute brevemente c¢ada una de las cuatro
" organizaciones antes propuestas.

* Organizacioén SISD.

Este tipo de organizacién se muestra en la figura IV.1, donde
notamos que practicamente se representa a las computadoras
actuales tipo serie. En éste caso,las instrucciones son eje-
cutadas secuencialmente, sin embargo es posible translapar la
ejecucidén de las mismas al emplear el concepto de pipeline
por instruccién.

¥ Organizacion SIMD.

La figura IV.2 muestra la disposicién légica de esta organi-
zacién, =la cual corresponde a los procesadores en arreglo,
mismos que ya 3¢ comentaron antes, donde notamos que pueden
existir miltiples elementos de procesamiento, todos ellos su-
pervisados por la misma unidad de contrecl. Es importante ha-
cer notar que todos los elementos de procesamiento reciben la
misma instruccidn, pero operan en diferentes datos de dife-
rentes secuencias de informacién

Es posible subdividir las magquinas SIMD ‘'en los tipos
Word-sSlice y Bit-Slice. .
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* QOrganizacién MISD.

Esta organizacién se muestra en la figura IV.3, en este caso
se tienen N unidades de procesamiento, donde cada una recibe
‘diferentes instrucciones pero todas ellas actuian sobre el
misma secuencia de datos. Esta organizacién se juzga general-
mente como impractica y por lo tanto es remota su implementa-
cién en algun tipo de maquina actual.

* QOrganizacién MIMD.

En la figura IV.4 podemos apreciar ésta organizacién, la cual
es muy popular en los sistemas actuales, vya sea a nivel de
sistemas multiprocesador o bien, a nivel de un sistema con
multiples computadoras como podria ser una red de computado-
ras.

Una computadora del tipo MIMD implica la interaccién de los N
microprocesadores que la constituyen, va que los datos gene-
ralmente se obtienen de memorias de acceso compartido.

V. Sistemas en base a Microprocesadores.

Como ya se ha comentado, los sistemas de cémputeo actuales ha-
cen un uso intensivo y eficiente de diferentes téchnicas de
programacién, procurando en todos los c¢casos basarse en una
arquitectura y en una corganizacién robustas, las cuales se
desarrcllan en algun entorno de ciertos microprocesadores.
Debemos hacer hincapié en que existen diferentes tipos de
procesadores, ya sean integrados o no, s8in embarge todos
ellos llegan a presentar caracteristicas comunes.

El objetivo de esta seccién es analizar ciertos conceptos que
generalmente son necesarios para desarrollar o estudiar cier-
tos sistemas basados en microprocesadores.

Como es facil de.entender, dependien&o de la arquitectura in-
terna del procesador, podemos agrupar a los microprocesadores
en dos §randes categorias que son: :

i) Microprocesadores de propésito general. :
Esta clase de dispositivos estd disfiada para poder
efectuar casi cualquier clase de algoeritmo, sin im-
portar mucho la aplicacién; cuentan generalmente con
un buen repertorio de tanto de instrucciones como de
registros internos. En estos procesadores son impor-
tantes el numero de registros internos, el total de
instrucciones posibles, el total de los modos de di-
reccionamiento, la frecuencia . de op=raclén y las ca-



pacidades de sus canales de datos Yy direcciones prin-
cipalmente.

ii) Microprocesadores de propésito particular.
Los microprocesadores de propdsito particular son
dispositivos del tipo VLSI, gque cuentan con uha ar-
quitectura altamente especializada para soportar
ciertos algoritmos en forma altamente eficiente, ge
neralmente a ésta clase de circuitos también se les
llama coprocesadores, su principal funcién es la de
liberar al procesador central de ciertas tareas en
particular. Cuandc se emplean esta clase de disposi
tivos se estd tendiendo a explotar el paralelismo,

mediante algun tipo de arquitectura como podria serlo
un sistema SIMD.

Es importante hacer notar que mientras en un microprocesador
de propésito general se programa dependiendo de una secuencia
de pasos indicada por el usuario mediante un programa, un mi-
croprocesador de propésito particular es un esclavo del ante- .

rior, y éste es quien lo programa generalmente eviandole un
cierto cé6digo muy particular.

A grandes rasgos podemos c¢lasificar al los .microprocesadores
de propésito particular en la siguiente manera:

* Coprocesadores de comunicaciones.

* Coprocesadores numéricos.

* Coprocesadores graficos.

* Coprocesadores de soporte.

¥ Coprocesadoreé de procesamiento digital de sefales.

En todos estos casos se establece una comunicacién bidirec-
cional entre el o los procesadores centrales y cada coproce-
sador, considerando que los coprocesadores ejecutan las ins-
trucciones que les sean indicadas por el procesador maestro.
Por otra parte la atencién a cada coprocesador se puede efec-
tuar empleando algunas de las técnicas populares
de poleo o interrupciones. '

Los coprocesadores de comunicaciones se encargan generalmente
de controlar las comunicaciones del sistema, las cuales pue-
den ser en serie o paralelo, en forma sincrona ¢ asincrona.

Los coprocesadores numéricos se emplean generalmente para
efectuar operaciones. matemadticas a gran velocidad, siendo es-
tas en la mayoria de los casos de tipo aritmetico, sin embar-
go hay algunos que pueden generar alguna funcidén como podria



serloc sen x, log x, etc. Estos coprocesadores pueden manejar
cualquier técnica de representacién, tales como el punto fijo

y el punto flotante, segiun el modelo propio para cada aplica-
cién.

‘Los coprocesadores graficos han sido disefiados principalmente
para encargarse de un manejo eficiente de las graficas que
pueden ser creadas en la pantalla de un sistema de cémputo,

generalmente también se les conoce como controladores de vi-
deo.

Los coprocesadores orientados al procesamiento digital de
sefiales son similares a los anteriores, sin embargo estan di-
sefidos para poder efectuar muy 4gilmente algunos de los algo-
ritmos para el anadlisis de sefiales, como podria serlo la
Transformada Rapida de Fourier (FFT).

Los coprocesadores de soporte pueden ser entendidos como to-
dos aquellos microprocesadores esclavos que pueden ayudar al
mejor funcionamiento del sistema, come podrian serlo por
ejemplo los manejadores de memoria (MMU}, los controladores
de interrupciones, (en cualquier nivel, como por ejemplo,
DMAC, controladores de interrupciones, etc.), contadores vy
convertidores programables, generadores vy verificadores de
codigos (CRC, SDLC, etc.), entre otros.

En general, en un sistema basado en microprocesadores, existe
uno o varios procesadores centrales y cada uno cuenta con una
familia de coprocesadores, mismos que han sido diseflados vy
fabricados para coptimar la operacién del sistema mediante la
eficiente comunicacién entre procesadores.

Por otra parte, en lo referente a los microprocesadores de
propésito general, podemos decir que se clasifican segun el
nunero de bits que pueden ser procesados en un instante dado,
dicho numero corresponde generalmente a la capacidad del re-
gistro que haga las veces de acumulader. Actualmente existen
microprocesadores con una capacidad de procesamiento de 4, 8,
16, yv 32 bits, fabricados bajo varias tecnologias pero prin-
cipalmente es8 empleado el tipo pipeline; a excepciédn de la
categoria de 4 bits, vya que ésta es generalmente del tipo
bit-slice. En la categoria -de 8 bits existen varios modelcs
comerciales, sin embargo se pueden centrar en dos tendencias,
aquellos orientados al procesamiento de informacién en un
sistema con varios usuarios como el popular 6800, y aquellos
orientados al manejo de dispositivos de entrada/salida, como
podria ser el famoso Z-80. '

Actualmente los microprocesadores mas empleados son de 16 y
32 bits, sin embargo, en ambos casos los fabricantes han
efectuado disefios compatibles entre tecnologias, basandcse
principalmente en los procesadores de- 16 bits, por lo tanto
a continuacién mostramos una comparacién entre los micropro-



cesadores de 16 bits mas populares.

De lo anterior podemos notar gue los microprocesadores de Mo-
torola se orientan principalmente a soportara sistemas del
tipo MIMD destinadeos a la multiprogramacién, mientras que los
microprocesadores de INTEL se orientan a soportar sistemas
MIMD destinados principalmente al multiprocesamiento por via
de sus técnicas de multiprocesadores. Por su parte ZILOG se
orienta principalmente a soportar los sistemas que interac-
tuan grandemente con dispositivos de entrada /salida.

VI. Criterios de Seleccién de Microprocesadores.

En lo referente a2 los criterios de seleccién de microprocesa-
"dores se puede decir que no hay una técnica muy desarrollada,
ya que en ocasiones se escoge un microprocesador porgue sélo
agse se conoce, 8in embargo cuando se piensa disefiar un siste-

ma digital de procesamientc es conveniente seguir estas reco-
mendaciones:

1. Analizar detenidamente 1la aplicacidn que se pretende
resolver. :

2. Determinar la resolucién y la velocidad con la que se
desea procesar la informacidén, esto nos determinara si
empleamos 8, 16 o 32 bits y a que frecuencia de trabajo.

3. Determinar el tipo de interfaces que deben ser utili-
zadas c¢on la finalidad de poder seleccionar los coprocesado-
res adecuados.

4. Determinar la capacidad vy el tipo de memorias (cacheé
y primaria) que se desean emplear.

S. Determinar el grado de paralelismo que deseamos em-
plear, lo cual nos indicarad qué tipo de arquitectura se debe
emplear, ya sea SISD, SIMD o MIMD.

6. Con la informacién anterior podemos definir si se de-
sea principalmente un sistema orientado a la multiprograma-
cién, al multiprocesamiento o a la interaccidén de entra-
da/salida.

En resumen, al aplicar adecuadamente esta secuencia a nuestro
problema, podemos tener un criterio que nos permita una co-
rrecta seleccién del microprocesador para un sistema digital
de cédémputo.
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The Microprocessor

Part 2

ax pensaitle. The iplications of any constiining parameters introdueed by the
customer must e thoroughly discussed o prevent alie sations in the coursy ot the
undertshing.
tn addition to the project’s Tunctionad aims, other considerations must be
detanled, s Tullows, ‘
, .

Accuracy

The expense and complexity of a system tends to be an exponential furfction of the
demanded accudticy. Over-enthusiasm by the customer (or ¢ven designer!) may
well radically alter the cost, and therefore viability, of the project.

Range and Resolution
This covers consideration of maximum and minimum values: how often events

occur, and to what precision the e¢nd result is displaved, Their influence gn cost is
not so radical as that due to accuracy considerations.

Enviroamental

Ambient temperature and humidity are covered by this category. For example. in
2 greenhouse. an installation may have to withstand sprinkling by automatic
watering systems. The clectrical environment must also be included. Con-

siderations should include battery or mains supply: and if the latter. the problem of
noise and voltage fluctuation.

Ergonomic
Svstem operation should be straightforward. without requiring frequent resort to

an operating manual. This is particularly important where nonskilled personnel are
involved. Frequently the look of an instrument is sufficient to scll it.

Failure

This involves considerations for dealing with malfunction, such as a mains failure
(c.g. should a battery backup be employcd?) or a temporary absence of an

expected signal. Obviously these and similar factors are more important in critigal
applications: such as in the biomedical field.

Maintenance
Documentation, service contracts and information are covered under this heading.

Once the overall picture is clear, the architecture of the system must be
formulated. To a large extent this depends on the transducers, since these form the
interface between the electronics and the real world, The types selected will depend

. on the range. accuracy., environmental and cost considerations. The chaice is not

unduly influenced by the technology used for the.central processing chectronics.
With the transducers seiected, we can nuw turn our attention to the processing

- circuitry, In a digital system, this may be micraprocessor or whally conventional
“logic-hased. Generatly microprocessors do everything sequentially, one at a time.

and are unsuitable for microsecond response times. However, in many cases i
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ORGANIZACION BASICA DE LOS MICROPROCESADOR

Unidad E Unidad [
A A
~— ™ Y
| _ Registros o
‘ Registro - programables l
l SR (condicién) |
| de estado Registros de }
s :
| A ad ¥ proposito general Contador del programa |
cumulado .
I = d (memona de PC |
! AC - trabajo) ‘l
Registro de instruccién
~ Unidad — IR
-aritmético-logica - l
- Légica
. Buses , l ) de control
- imernos y
Registro inter- | Registro intermedio lemponzacion
medio de datos de direcciones C}
Bus de datos Bus de direccion : Bus de control
\, v S

Bus del sistema hacia
la memonia principal
y dispositivos de E/S

- * Organizacién interna de un microprocesador tipico.
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Etapas bsicas en un ciclo de instruccion.
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‘PROCESAMIENTO DE CONOCIMIENTOS

MANIPULACION DE CONOCIMIENTOS. ENTENDIENDO COMO CONOCIMIENTOS

A TODOS NODOS DE INFORMACION QUE CONTIENEN UN SIGNIFICADO SE-
MANTICO,

CORRELACION DE DIFERENTES NODOS (ITEMS) DE CONOCIMIENTOS, A
FIN DE QUE EL SISTEMA APRENDER. ADAPTARSE O AUTOCORREGIRSE.
DE MANERA SEMEJANTE A LA INTELIGENCIA HUMANA.
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de material en bruto
a procesar

Pracesamienio
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Procesamiento
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Creciente
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del procesamiento

Los espacios de datos, informacion. conocimiento e inteligencia desde ef punto de vista

del procesamiento por computador,
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PROCESAMIENTO DE DATOS

TRATAMIENTO DE DATOS LOS CUALES SON GENERALMENTE CARACTERES
DE TIPO ALFANUMERICO. LOS CUALES NO NECESARIAMENTE GUARDAN
UNA CIERTA ESTRUCTURA SINTACTICA,
PROCESAMIENTO DE INFORMACION

TRATAMIENTO DE NODOS O ART{cuULOS (ITEMS) DE INFORMACION,

MISMAS QUE GENERALMENTE SON CONJUNTOS DE DATOS RELACIONADOS
POR CIERTA ESTRUCTURA SINTACTICA.

PROCESAMIENTO DE CONOCIMIENTOS

MANIPULACIGNADE CONOCIMIENTOS, ENTENDIENDO.COMO CONOCIMIEMN

A TODOS NODOS DE INFORMACION QUE CONTIENEN UN SIGNIFICALG
SEMANTICO, ‘ '

PROCESAMIENTO DE INTELIGENCIA
CORRELACION DE DIFERENTES NODOS (ITEMS) DE CONOCIMIENTOS, A

FIN DE QUE EL SISTEMA APRENDER, ADAPTARSE O AUTOCORREGIRSE.
DE MANERA SEMEJANTE A LA INTELIGENCIA HUMANA,

/2



CONCEPTOS BASICOS

CONJUNTO DE ELEMENTOS INTIMAMENTE RELACIONADOS ENTRE SI, CUYO PRO-
POSITO ES PROCESAR INFORMACION, DE ACUERDO CON LA SECUENCIA DE PA-
SOS PROPIA DE UN CIERTO ALBORITMO PREFIJADO.

OMPUTADORA D16

MAQUINA CAPAZ DE MANIPULAR DIGITOS BINARIOS (DATOS). SIGUIENDO UNA

SECUENCIA ORDENADA DE PASOS (PROGRAMA)., (CADA PASO.DE DICHA SECUEN
CIA SE DENOMINA INSTRUCCION,

LAS COMPUTADORAS., INDEPENDIENTEMENTE DE SU TAMANO. SON MAQUINAS
QUE CUENTAN CON LOS SIGUIENTES ELEMENTOS CONSTITUTIVOS!

A) UN MEDIO DE EN:RADA POR EL CUAL LAS INSTRUCCIONES Y LOS DATOS
PUEDEN INGRESAR AL SISTEMA,

B) UNA'MEMORIAf DESDE LA CUAL SE PUEDEN OBTENER TANTO LOS DATOS

COMO LAS INSTRUCCIONES, PUDIENDOSE ALMACENAR TAMBIEN LOS RE-
SULTADOS OBTENIDOS,

¢) UNA SECCION DE CALCULO, LA CUAL ES CAPAZ DE REALIZAR CPERACIO-

NES LOGICAS O ARITMETICAS SOBRE CUALQUIER DATO PROVENIENTE DE
LA MEMORIA. '

D} UNA SECCION DE CONTROL., CAPAZ DE TOMAR LAS DECISIONES REFE-

RENTES A LOS DIFERENTES CURSOS QUE DEBEN TOMAR EL PROCESAMIEN
TO.

E) UN MEDIO DE SALIDA POR EL CUAL LOS RESULTADOS PUEDEN SER PRO-
PORCIONADOS AL USUARIO.

¢ty
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MEMORIA

CONJUNTO DE ELEMENTOS QUE ALMACENAN Y RETIENEN TEMPORALMENTE
LA INFORMACION QUE VA A SER PROCESADA POR eL CPU,

LAS CELDAS O REGISTROS DE MEMORIA HABITUALMENTE ESTAN CONSTITUL
DOS POR ELEMENTOS DIGITALES COMO: TRANSISTORES. FLIP-FLOP'S,
REGISTROS, CONTADORES, ETC...

LA MEMORIA SE PUEDE CLASIFICAR COMO: MEMORIA CHACHE., MEMORIA
PRIMARIA Y MEMORIA SECUNDARIA.

EN cuanTo A SU TIPO. LAS MEMORIAS PUEDEN SER?

LECTURA Y PERMANENTES ~ ACCESO DIRECTO EsTATICA
ESCRITURA ‘ | :
S6Lo LECTURA  VOLATILES . Acceso SECUENCIAL DiINAMICAS

Los PRINCIPALES-PARAMETROS A CONSIDERAR EN LA SELECCION DE ME-
MORIAS SON:

- Tiempo DE AccESO

- Mobo DE Acceso

- CAPACIDAD Y ORGANIZACION
- Mobo De GRABACION

15



T1EMPO DE ACCESQ:

£s EL TIEMPO TRANSCURRIDO DESDE QUE LA UNIDAD DE LOGICA-ARITMETL
CA NECESITA.ALGUNA INFORMAC I ON (QUE TOTALMENTE DISPONIBLE PARA SU
PROCESAMIENTO, TAMBIEN ES EL TIEMPO TRANSBCURRIDO DESDE QUE ALGU-

NA INFORMACION EN LA UNIDAD DE LOGICA-ARITMETICA ESTA LISTA PARA

ALMACENARSE HASTA EL MOMENTO QUE SE ALMACENA EN LA UNIDAD DE ME-
" MORIA,

MoDo DE ACCESO:

EXISTEN DOS FORMAS EN QUE SE PUEDE TENER ACCESO A UNA DIRECCIGN
DE MEMORIA: SECUENCIAL Y ALEATORIA (o0 DIRECTA)., LA FORMA SELEC-
CIONADA POR LO GENERAL DEPENDE DEL DISPOSITIVO EMPLEADO,

EN EL ACCESO SECUENCIAL PARA LLEGAR A UNA DIRECCION DADA HAY QUE
PASAR POR TODAS LAS QUE EXISTEN HASTA ELLA., SI EL ACCESO ES ALEA
TORIC, ES POSIBLE LLEGAR A LA DIRECCION DADA EN FORMA DIRECTA SIN
TENER QUE PASAR POR NINGUNA OTRA:Z EN ESTE TIPO EL TIEMPO DE ACCE-
SO ES CASI IGUAL PARA CUALQUIER LOCALIDAD DE MEMORIA., NO SIENDO

AS! PARA MEMORIAS SECUENCIALES QUE TIENEN UN TIEMPO DE ACCESO VA-
RIABLE LO QUE LAS HACE MAS LENTAS., - |

CAPACIDAD:

ES LA CANTIDAD DE UNIDADES DE INFORMACION QUE PUEDE EL DISPOSITI-
VO GENERALMENTE BITS, BYTES., CARACTERES O PALABRAS,.

NDo :

PUEDE GRABARSE EN SERIE, PARALELO, SERIE-PARALELO O PARALELO-SE-
RIE,

7&
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MEMORIA e DATOS,

Algunas 1nstrucciones pueden operar directamente sohre 144 bHits en
RAM interna que forman =] procesador booleanco. Estoz bite pueden  ser
usados como barderaz de software o para  almacenar variable=z del
WEuarioa. Las instrycciones gque yrilizan la  bandera carrvry (C) como un
cedistro de un bit o ‘acumulador booleano’ para operacicres logicas vy

tramsferencia de datos de 1 bit,

FUERTOS DE ENTRALA/SALIDA.

Todas las tarminales de entrada/salida . (32) Fusden ser
direcclonadas como entradas, salidas o cumpliendo ambas funciones,
=n Cudalauier  combinaciTn. Cualquier terminal puede ser una salids de

controal permnanente, entrada de estado o puertas de entradalsalida
gzt 1e  implementadas por medio de coftware.

Existern 33 bits, individualmente dJdireccionables, que reconfiguran
controlan y monitorean el ecstado del CPU vy de toadas las furnciornes
peerifiricas del circuito, contadores de tiempo, modos de  puerto
eerie, logica de imterrupciones, y son TCON, SCON, PSW, IP e IE.

HIRECCINNAMIENTD LIRECTO DE BIT EN RAM INTERNA.

Loe  valores entre 0 y 127 (00H y 7FH) de RAM  interna contiensn un
Bloque de J2 bytes, entre las direcciones Z0H y ZFH (figura 4.3}, Jque
sorn los hits que se pueden direccionar directamente y  son numerados
conzecutivamente desde =21 bit de menor orden hasta =21 bit de mayor
arden  del byte. ‘

Las direcciones entre 128 vy 295 (80H vy  0OFFH) carresponden &
Faegistros sspeciales, wtilizados para entrada/salida o para control
de pFerifiricos, Estas posiciones son  numeradas con Ui esquemna

Al ferents gqu= =21 de la RAM los T bits de direcciornr de mayor ordern
equivaien & la direccion eropila del registro, mientras los tres bits
de metor ardern identifican la pPosicion de bit dentro del reaistrao
{figura 4.b). '

Ltog bits conr significados especiales en &l PSW vy otros registros
tiznen modnbres simb™licos correspondientes. Las instrucciones de
proposito gerneral (ern contradiccion .a la definicion del carry)
pueder  accasxr ] carry comc cualguier  otro bit con 2]l uso del
miemonico Y en lugar de C. PO, P, P2 y P3 son los cuatro puertos de
entrada‘ssalida donde =] puerta 3 tisne funciones adicionhales asighadas
a cada uma de las ocho terminales de P3 y =e muestrann enn la figura 6.

La figura 7 muestra TCON (control de timer) "y SCON ( contral de
Fuerta serie) controlan vy monitorean los perifericos correspondientes,
mientraz 1E (habilitacion de interrupci™n) e IP (prioridad de
tRtar rupcicon) " o habilitan y jerarquizan los cinca niveles de
interrupciThn por hardware



RAM  (MSE) (LSB)
< T T
7FH £ €
{ {
JFH G 7F ( TE (7D < 7C ( 7B (78 € 79 ¢ 78 ¢
ZEH (77 (76 ¢ 75 ( 74 (73 (72 < 71 < 70 <
J0H < 6F < 6E 6D < 6C ¢ 6B ¢ &A { 69 ( €3
20H (67 < 66 ¢ 65 ¢ 64 ¢ 63 ( 62 ¢ 61 60 €
JBH < SF ( SE ( 5D ( SC ¢ SB ¢ SA ¢ 59 ¢ 58 ¢
ZAH (57 < 56 ( S5 < 54 (33 (52 ( 51 ¢ 50 ¢
29H  ( 4F ¢ 4E < 4D ¢ 4C C 4B ( 4A 49 { 48
ZEH (47 < 46 (45 ( 44 ¢ 43 ( 42 € 41 ¢ 40 ¢
Z7H  (3F ( 3E € 3D < aC ¢ 3B < 3A ¢ 37 € 33 (
26H (37 (36 ¢ 35 ¢ 34 € 33 ¢ 32 ¢ 31 € 30 <
25H  C2F < 2E < 2D ( 2C ¢ 2B < 2R < 29 ¢ 28 <
Z4H (27 (26 (25 ( 24 23 ( 22 € 21 € 20 <
23 C1F € 1E € 1D ¢ 1C < 1B ¢ 1A ¢ 19 ¢ 18 ¢
22H <17 € 16 (15 ( 14 € 13 ¢ 12 € 11 ¢ 10 ¢
21H  C OF ¢ GE ¢ 0D ¢ OC < OB < 0A ¢ 09 ¢ 08 «
200 <07 (06 €05 (04 (03 C0ZCO1CO0C
IFH <  BANCO 3 (8 REGISTROS) ¢
H ¢ BAnco 2 (8 REazsTROS) <
P < BaNco 1 (8 REaisTROS) |«
B8H - e ee oo
G7H € BANCO 0 (8 REGISTROS) €
D} = — = e e

Figura 4. Mapas de direcci“n de bit.
CONJUNTO DE REGISTROS DIRECCIONABLES.

Hay 20 reqistros de funciones especiales, pero las ventajas de
direccionamiente de bit sale involucran a los 11 descritos abajo.
tperaciones logicas del ancho del byte pueden ser usadas para
manipular bits en todos los registros y RAM direccionables de bit
MO, ‘

d



Direccion Pirecciones de bit Simbolo

Directa de - Hardware de
Byte Registro
(MSB) (LSB)

OFFH ;--""-----—-—~-------—-----------------;

GFUH ( F7 < F6 < F5 ( F4 ¢ F3 ¢ F2 ¢ F1 { FO ¢ B w
P

OEUH ¢ E7 ( E6 ( ES ( E4 ¢ E3 ¢ E2  EI ( E0 ¢ ACC
«

UDOM (D7 ¢ D6 ¢ DS ( D4 ¢ D3 ¢ D2 ¢ D1 ( BO ( PSW
<

GBBM ¢ -- =~ ( == < BC ¢ BB ¢ BA { B9 ( Bg ( IP
o

GBOH < B7 ( B6 < BS { B4 < B3 ( B2 ( B1 { BO ¢ P3
P

0ASH  ( AF C - ( —- (AC ¢ AB ( AA ( A9 ( AZ ¢ IE
<

GABH (A7 ( A6 ( AS ( A4 C A3 ( A2 { A1 ( AD ( P2
T T

38H  ( 9F ( 9E ( 9D < 9C 9B ( 9A ( 99 ( 98 ( SCON
<

J0H. < 97 ¢ 96 ( 95 < 94 ( 93 ( 92 ¢ 31 ( 90 ( P1
P

S8H  ( BF ( BE ( 8D ¢ BC ¢ 8B ( 8A ( 89 < 88 ¢ TCON
<

S0H (87 (86 ¢ 85 84 ( 83 ( 82 81 80 ( PO

Figura 4. Mapas de direccion de bit, de los registros
: de funciones especliales.



Puesto/borrado por hardware o
software durante ciertas ins-
. trucciones aritmeticas vy logicast

AC FSW. &6 Barndera auxiliar de carry.

) FPuesto/borrado por hardware
durante instrucciones de suma y
resta para indicar carry o pe-
dir salida de bit 3.

Fo FSW,.S Bandera G.
Fuestco/borrado/probadoe por
software como urna bandera de es-
tado de uso definido.

< {
{ (MsE) (LSB) {
L et e it {
3 LY { AC £ FO { RS1 { RSO { OV { -- { P { i
{ ot mesm s e, <
i Simboio Fosicion Nombre y Significado 1
i cY FSW. 7 " Bandera de carry. {

£

{

£

R Y
o

RSt FSW. 4 Banco de registro elegido para
bits de control.
RSO FPSW.3 1 v 0 . Puesto/borrade por

software para determinar la cpe-
racion del banco de registro
. {(ver nota).
ov PSW. 2 Bandera de overflow.
Puesto/barrado por hardware
durante instrucciones aritmeti-
cas para indicar condiciones de

T R T T T R O T ST P Y

~ overflow.
-——- FSW. 1 ( reservado ).
F FSW. 9 Bandera de paridad.

Puesto/borrado por hardware
cada ciclo de instruccion para
indicar un numero impar/par de
bits "uno" en el acumulador,
i.e., paridad par.

NOTA » Los contenidos de (RS1,RS0) bo-
rran la instruccion de los ban-
cos de registro con la forma :.
(06,0) - Banco 0 (00H-07H)
(0,1) - Banco 1 {08H-0FH)
(1,0} - Banco 2 (10H-17H)
(1,1 - Banco 3 {18H-1FH)
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Simbolo Paosicion Nombre y Significado

R F3.7 Salida de control de lectura de
datos,
Activa pulso bajo generado por
hardware cuandc la memcoria de

. datos externos es leida.

WR F3.6 Salida de control de escritura
de datos,
Activa pulso bajo generado por
hardware cuando la memoria de
datos externos es escrita.

T1 F3.9 Entrada externa para timer/cor-
tador 1 o term de prueba.

TU P3.4 Entrada externa para timer/con-
tador 0 o term de prueba.

INT1 P3.3 term de entrada de interrupcion
1.
Nivel bajo o flanco de bajada

INTO P3.2 term de entrada de interrupcion
0. .
Nivel bajo o flanco de bajada

TxD F3.1 : term para transmitir datos para
Ppuerto serie en modo UART.

RXD P3.0 term para transmitir datcs para

puerto serie en modo UART. term
de entrada/salida de datos

LR R T e T i T 2 T T et T i i T i T e T e B e T e S e B e R T . T T e S

Figura 6. P3 - Funciones.de entrada/ssalida del puerto 3.

{ Simboleo Posiciaon Nombre y Signhificado
{ TF1 FTCON. 7 Bandera de overflow del timer 1.

5
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Grabadce por hardware sobre over-
flow en timer/contador. Borrade
cuando la interrupcion es proce-

sada.
TR1 TCON. & Bit de control de ejecucion del
timer 1.

e R e ]

Grabado/borrado por software pa-
ra cambiar ccen on/off el timer/
contador.
TFOo - TCON. S Bandera de overflow del timer 0.
’ Grabado por hardware sobre over-
flow en timer/contador. Borradc
cuando la interrupcion es proce-

sada.
TRO TCON. 4 ‘Bit de cantrol de ejecucion del
. ' timer 0.

N SO T . e
P R ] P T

Grabado/borrado por software pa-
ra cambiar con on/off el timer/
contadar.

I£1 TCON.3 Bandera de fin de interrupcion 1
Grabado por hardware cuando el
fin de la interrupcion externa
es detectado. Borrado cuando la
interrupcion s procesada.

IT1 TCON. 2 Bit de control de 'tipo de la in-
terrupcion 1i.

Grabado/borrado por software pa-
ra especificar interrupciones
externas disparadas en una caida
de nivel alto/bajo.

IEQ TCON. 1 Bandera de fin de interrupcion 0.

) - Grabado por hardware cuandc el
fin de la interrupcion externa
es detectado. Borrado cuandc la
interrupcion es procesada.

ITO TCON. & Bit de control de tipo de la in-
terrupcion 0,

Grabado/borrado por software pa-
ra especificar interrupciones
externas disparadas en una caida
de nivel alto/bajo.

Figura 7. Registros de configuracion de perifericos.

TCON - Registro de control del

temporizador/contador.
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{ {MSH) (LSB) {
§ me e e e m e m e ————— e {
{ Simbolo Posicion Nombre y Significado {
{ SMOD SCON, 7 " Bit 0 de contraol de modo en {
{ ' puerto serie. {
< Grabado/borrado por software {

o
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SM1
SMz
REN
B8
RES
TI

RI
NOTA 3

- e e e,

. SCON. &

SCON. 3

SCON. 4

SCON. 3

SCON. 2

SCON. 1

SCON. 0

El estado

( ver nota ).

Bit 1 de control de modo en

puerto serie.

Grabado/borrado por software

{ ver ncta ).

Bit 2 de control de modo en

Fuerto serie.

Grabado por software para desha-
bititar recepcion de estructuras
Ppara las cuales el bit 8 es cero
Bit de control de habilitacion

del receptor.

Grabado/borrado por software pa-
ra habititar/deshabilitar recep-

cion de datos en serie.

Bit 8 de transmision.

Grabado/borrado por hardware pa-
ra determinar el estado del no-
veno bit de datos transmitido en

modo UART de 9 bits.
Bit 8 de recepcion.

bit de datos recibido.

Bandera de interrupcion de trans -

misicn.

Grabado por hardware cuando el
byte es transmitido. Borrado por
software despues del servicio.
Bandera de interrupcion de recep-

clon.

Grabado por hardware cuando el
byte es recibido. Borrado par
software despues del servicino.

.Grabado/borradc por hardware pa-
ra indicar el estado del noveno

de (SM0,SM1) seleccicha :

" (0,0) Expansion del registro de cambio de ent/sal.
(0,1) UART de 8 bits, declaracion de datos variables<
{1,0) UARY de 92 bits, declaracion de datos fijos
(1,1) UART de 9 bits, declaracion de datos variables{
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Figura 7. Registros de configuracion
’ SCON - Registro de control

de perifericos.
del puerto serie. .

1
{ (MsSB)
{ {EA (L

{ Simbolo

Posicion

Nombre y Signhificado




EA IE.7 Habilita todo el bit de control. ¢
Borrado por software para desha-
bilitar todas las interrupciones,
-es independiente del estado de
IE.4 - IE.Q .

- o= IE. & - { reservado ).
-- IE.S ‘
ES, 1IE. 4 Habilita el bit de control del

-puerto sarie.
Grabado/borrado por software pa-
ra habilitar/deshabilitar las
’ interrupciones de las btanderas
. Tl o RI.
Ell IE.3 Habilita el bit de control del
timer 1.
Grabado/borradc por software pa-
ra habilitar/deshabilitar inte-
rrupciones del timer/contador 1.
Exl - IE.2 Habilita bit de control de inte-
rrupcion externa 1. Gratado/bo-
rrado por software para habili-
tar/deshabilitar interrupcicnes
‘ _ de INT1L. :
ETO IE. 1 Habilita el bit de control del
timer 0. .
Grabado/borrado por software pa-
ra habilitar/deshabilitar inte-
rrupciones del timer/contador 0.
EX0. IE. QO Habilita bit de control de inte-
. . rrupcion externa 0. Grabado/bo-
rrado por software para habili-
tar/deshabilitar interrupciones
de INTO.
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Figura 7. Registros de configuracion de perifericos
" { continuacion ).
c) 1E - Registro de habilitacion de interrupcion.

£ {
£ {MSB) (LSB) {
{  mmmmmmmr e - {
{ { =~ { —— { == { PS { PT1 { PR1 { PTO { PXD { {
{ e e e e e {
{ Simbolo Posicion Nambre y Significado {
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irP.7 { reservado ) .
-- IP.6 ( reservado ) .
-- IF.5 ( reservadoc ) .
PS irP.4 Bit de control de pricridad del
puertca serie.
Grabado/borrado por scoftware
para especificar la prioridad
alta/baja de las interrupciones
del puerto serie.
Bit de control de prioridad del
timer 1.
Grabado/borrado por software
para especificar la priocridad
altasbaja de las interrupciones
del timer/contador 1.
Fx1 IP.2 Bit de control de prioridad de
la interrupcion externa 1.
‘Grabado/borrado por . software
para especificar la prioridad
alta/baja de las interrupciones
de INTL. '
FT3 IP.1 Bit de control de prioridad del
timer 0.
Grabado/borrado por software
para especificar la prioridad
alta/bajia de las interrupciones
del timer/contador 0.
PX0 IP.0 Bit de control de prioridad de
la interrupcion externa 0.
Grabado/borrado por software
para especificar la prioridad
alta/baja de las i1nterrupciones
de INTQ.

e e

PT1 1P,
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Figura 7. Registros de configuraci™n de perifericos
IP - Registro de control de pricridad de
interrupci™n.,
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1 INTRODUCCION

v 1976 INTEL 1ntrodujo los microcontroladores con la  familia
MLsS-48, que consistla de jos microprocesadores 230458, 2742 vy el 2035,
EzToS S0 microprocesadores 9ue se caracterizan por  integrar en  un
TOlC 1Vl to un procesador de 3 bits, memoria de  programa, ROM o
cHERUM, a2 1024 palabras por 8 bits, &4 palabras de memcoria de datos,
coisr Los Jde ennrada/s/csal ida (E/S) vy un temporizador /contador de  achao

DLz, ,

Estos ‘circultos €& utilizan para dise " os dedicados y pueden
confrolar una Jdiversa gJama Jde dispositivos, desde juguetes, aparatos
Jomestlcos, automoviles, aparatos de control industrixl hasta equipo
e prozesamlents de textoz vy datos en general.

Ern 1250 aparece la nueva familia MCS-51 con  tres nuevos
CirCUItos: S081, 37221 vy 2031. FPosteriormente se incluyen el 8032 vy el
=ALAG,

ALY a"os de ytalizarse la familia del 2051 se ha convertido en
. stardard  para Jdise”os de sistemas dedicados o ‘embebidos’

Que requlierern un microecontrolador de 8 hits y aunque se puede pensar
Gigz aeste =5 obsoleto, han aparecido 2n ] mercado dispositivos que se
bacaty &

' 2] SUS1 vy oque agregan mas opcicones al circuito v hacen qQus
i

= fnotas expllican la arquitectura v las funciones de 1la
i

-
a

=
-t
11
2

-vﬂ,l

ma del S051, E?ql &031 v 23032 se muestra en la
TUitos tisrwen las siguientes funciohes 3

® Ciperaciaon con SV

® 3096 bvtes de memoria de programa ( no en 2031 )

® 1758 bytes de memoria de datos (256 para el 2031)

® Cyatro bancos de registroas.

® 1223 banderas de software definidas por el usuariac

® 64 kbytes de memoria externa direcciconable ya sea
Ppars programa o datos.

® Ciclos de instruccion de 1us con cristal a 12ZMHz.

® 32 lineas de entrada/salida bidireccionales
organlizadas como 4 puertos de 8 bits ( 16 lineas en
el 3031 ),

® Fuerto serie programable

® 2 Temporizadores/Lontadores de 16 bits y modo multiple.

® Stack para almacenamiento de datos de subrutinas

' ® Inreccionamiento directo de bits y bytes.

® Ar1+met1ca bBinaria o decimal.

® Deteccicn de signo, overflow vy camputo de paridad.

® Multiplicaci™n vy divisi™n por hardware

1

/0



® Muyltiplicaci™n y divisi®™n por hardware
® Procesador Boolearno integrado para aplicaciones de
control.

Loz circuitos intedarados estan disponibles en encapsulados
DIF de 40 terminales. <on la misma distribuci®™n, de termirnales,
Jiagrama de tiempos y caracteristicas electricas. La unica diferencia
entre ellos es la cantidad de memoria dispuesta para programa y la
interna de trabajo. .

En el 8731 hay 4kbytecs de memoria UEPROM para decarrolla de
Froaramas, prototipos ¥y produccion limitada. Puede ser programada en
un programador de microprocesadores comercial. Si se detectan errores
de software o cambian las especificaciones de dise™o, esta puede ser
borrada conluz ultravioleta para despues ser reprogramada con  nueves
dJatos. Este ciclo puede ser repetido indefinidamente durante la fase
de dise™o y desarrollo.

. Si la version final del software debe ser programada en un
rnumero grande de circuitos, el 2051 tiene 4Kbytes de ROM que Fuede ser
Frogramada. &n la etapa de ensamblado, pPor el fabricante con las
especificaciones del cliente. Este es considerablemente mas barato,
perc la memoria no puede ser. borrada o modificada despues de  la
fabricaci™n. ' '

El 3031 no tiene memoria de programa ‘interna, pero puede
usar hasta 64Kbytes de memoria ROM, PROM o EPROM en forma estandar o
multiplexada. El1 8031 es adecuado para arlicaciones que requieren
cantidades mayores, o mencres, a los 4Kbytes que tienen los otras
microprocesadores de la familia.

{ E1 8031 yv el 87951 accesan automaticamente las Ilocalidades
=n memoria externa para direcciones mayores a las 4096 internas. E1l
Ext=rnal Access : EA | Acceso Externc 1 es un deshabilitador para toda
ia memoria de programa interna, el 8051 y el 8751 emulan al 8031 si la-
terminal 31 estaa V ). i

. En el resto de estas notas se usara el termino 8031 de
manera general. A menos que se especifique lo contrario, se aplicara
de 1gual marnera a todos los microprocesadores.

£l resto de-estas notas discuten las diferentes funciones de
la familia MCS-51 y como pueden ser usadas. Ejemplos de aplicaciches
de =oftware y hardware ilustran la mayoria de los conceptos. Muchas
tareas aisladas ( en vez del dise” o completo de un sistema } se
presentan con la internci”™n de que algune de ellos ce ajuste. a las
necesidades o experiencias del usuario. :

ASMS1 es el ensamblador empleado para todos los miembros de la
serie #0S1. . :

CONJUNTO DE INSTRUCCIONES
Podemas clasificar las instrucciones en ;inco grupos:
2
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OQperaciones aritmeticas.

Qperaciones logicas para variables de un byte.
Instrucciones de transferencia de datos.
"Manipulaciones de variables booleanas.

Saltos y control de la mlguina.

* O o#E K #

Ninguna instruccion requiere mas de tres bytes de la memoria del
Programa, con 21 mayor requerimiento de uno o dos bytes. Virtualmente
todas las instruccicnes se ejecutan en Uuno o dos ciclos de inmstruccion
-“unG O Jdas mlicrosegundos con un cristal de 12 MHz- con la sola
excapcion (multiplicacion v division) que se completan en cuatro
ci1clos, : ’

\

Muchas instrucciones, como las funciones aritmeticas y logicas o
cantral de programa proveen una forma corta o larga para la misona
cperacichn, permitiendo al programador optimizar el codigo producido
para una aplicacion especifica. El 8051 normalmente tiene dos bytes de
instruccion por ciclo, y usando una forma mas corta, puede llevar a
una 2jecuci™n mas ripida.

Por ejemplo, cualquier byte de RAM puede ser cargado con una
instruccion de tres bytes y dos cicles, pero los comunmente usados
registros de trabajo en RAM pueden ser inicializados en la forma de un
Ticlo vy das pbytes. Cualquier bit, puede ser puesto a uno, limpiade o
complementads por una Instruccion logica sencilla de tres bytes usando
dos ciclos. Fero los bits criticos de control, terminales de E/S vy
tanderas programables pueden ser controladas por instrucciones de | dos
bytes yv un ciclo sencillo. Mientras que los saltos de tres bytes Y
llamadas pueden ir dondequiera en la memoria del programa, las
secclomes proximas del codigo, pueden ser alcanzadas por versiones
relativas cortas o absolutas.

f T | I ] T T T 7
|cY |AC |FO |RS1|RSO|OV |-- | P | :
L [ L i i i i L
SHmbolo Posici™n " Nombre y significado.
Y PSW. 7 ’ Bandera de acarreo. Activada o

limpiada por alguna instruc-
ciorn aritmetica y logica por
hardware o software.

Ac - PSH.é& Bandera auxiliar de acarreo.
Activada o limpiada por hard-
ware durante instrucciornes de
adicion o sustraccion para
indicar acarreo o prestamo
mas alladel bit 3.

Fo PSW.S Bandera 0. Activada o limpia-
da o probada por prodgrama co-
mo bandera de estado definida
por el usuario. .

RS1 PSW. 4 Selecci™n del banco de regis-
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RS1 Sk, 4 Selecci™n del banco de regis-

tros de bits | v 0. Activado,
. limgiade por programa.

RS0 PSW. 3 Banco de registros de trabajo.
(a,0) -> barnco 0 (00H - O7H)
(0,1) -» banco 1 (N8H 0FH)
(1,8) -> banco 2 (10H 17H)
{1,1) -> banco 3 {18H - 1FH).

av PSW. 2 Bandera de sobreflujo. Activa-
da, limpiada por hardware du-
rante instrucciornes aritmeti-~
cas para indicar condiciones de
sobreflujo,

- FSW. 1 Reservado,
F . FSW. 0 ; Bandera de paridad. Activada,

limpiada por hardware cada ci-

clo de instruccion para indi-

car Jun numero par/impar de

un bit en el acumulador,

F.€ej. paridad par.
------------------------------------------------------------- Fig. 4

FSW., Fraogram Status Word.

Urganizaci™n de la Palabra de Estado del Programa.

ACUMULADOR Y FSW. ¢

El 8051, es una arquitectura baszada en un acumulador; un registro

de 3 bits llamado acumulador (A) sostiene un operando fuente v
recibe el resultado de de una i1nstruccion aritmetica (suma, resta,
multiplicaci™n vy divisi™n). El acumulador puede ser la fuente o el
destino para operaciones logicas ¢ un numergo de instrucciones de
movimiento especglial de datos, . incluyendo =1 buscar en - tablas v
expansion externa en RAM. Muchas funcionesTse aplican exclusivamente
al acumulador; rotaciones, calculo de paridad, prueba de cero, vy
otrass. : '

Muchas instrucciones afectan implicitamente o explicitamente (o
-son afactadas por) varias banderas de estado, que son agrupadas en - la
Palabra de Estado del Programa, (PSW) comc se muestra en la figura 4. .

k4

El punto en la notaci™n de las entradas es llamado operador
punto, e indica una posici®n particular de un bit dentro de un byte de
ocho bits. PSW.S especifica el bit 5 del PSW. Ambos, la documentacion
y los ensambladores wusan esta notaci®n. '

El bit de estado mas importante es la bandera de acarreo (C).
Este bit hace posible operaciones aritmeticas de multiple precision
incluyendo la suma, resta y rotaci™n. El1 acarreo tambien sirve como ur
acumulador booleano para operaciones logicas de un bit e instrucciones
de manipulacion de bits. La bandera de sobreflujo (overflow, 0OV)
detecta cuando ocurren scbreflujos aritmeticos en operandos enterocos

4
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signados, haciendo posible el complemento a dos aritmetico. La bandera
de parldad (F) es actualirzada despues de cada ciclo de instrucci™n con
la paridad par del contenido del acumulador.

El CPU no controla de manera autcmatica los bits de seleccion de
los dos bancos de registros, RSt y RS0. Estos son manipulados  por
Frograma  para hatilitar wunt de 1los cuatro bancos de registros
utilizando dos barderas del PSW.

Aunque la arquitectura esta basada en acumulador, el acumulador
52 amite en algunas instrucciones bLos datos pueden ser movidos desde
Cualquier parte del circuite a cualquier registro, direcci™n o
direcci™n 1ndirecta (y viceversa), cualquier registro puede ser
cargado con una constante, etc., todos sin afectar al acumulador. Las
operaciones l™gicas pueden ser ejecutadas contra registros o variables
FPara alterar campos de bits -sin usar ¢ afectar el acumulador. Las
variables pueden ser incrementadas, decrementadas, o probadas sin usar
el acumulador. Las banderas y bits de control pueden ser manipuladas vy
probadas sin afectar otras variables,

OTRUS REGISTRUOS DEL CPU.
El registroc B es de ocho bits v se utiliza en la ejecucri™n de
instrucciones de multiplicaci™n y divisi”™n. El registro es uysado en

conjunto con el acumulador como un Segundo operanda de resuwltado
que regresa ocho bits dél resultado.

La familia de procesadores MCS-51 incluyen un Stack de hardware
en RAM interna, usada para subrutinas de ligado, paso de parametros
entre rutinas, almacenamiento temporal de variables, o salvando el
estado durante rutinas de servicio a interrupciones. El1 Stack Pointer
{(SP) es un registro apuntador de ocho bits que indica la direccion del
ultimo byte ‘almacenado en la pila. El Stack es automiticamente
incrementado o decrementade en todas las instrucciones de push o FPOP vy
todos los llamados a subrutinas vy retornos. En teoria, el Stack en el
EUSl puede contener un total de 128 bytes. En 1a practica, aun
prodramas simplew usan varias localidades de RAM para apuntadores,
varliables y otras cosas, reduciendo la longitud del Stack en ese
ri&maro. ’ -

El Stack Pointer se posicibna en. la localidad 7 de memoria
interna durante el RESET, por lo que empieza a .aumentar desde la
localidad &. Al alterar el contenido del apuntador el stack puede ser
relocalizads en cualquier lugar dentro de la RAM interna.

Finalmente un registro de 16 bits llamado DATA POINTER o apuntador de
datos { DPFTR ) sirve como un registro base para saltos indirectos ,
una tabla de busqueda para instrucciones y para transferencia de datos
externos . La parte alta vy baja del DPTR deben ser manipuladas como
registros separados ( DPH yv DPL respectivamente ) o bien , como un
solo registro con las instrucciones aspeciales de carga ( LOAD } o
incremento ( INC ) ambas de 16 bits . Las tablas de b&squeda pueden

S
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empezar en Ccualquier parte de la memoria del programa y tener una
lorngitud arkitraria .

ESFACIOS DE MEMORIA .

La memoria del programa es separada y tiene uma foarma distinta de la
memoria de datos . Cada tipo de memoria tiere diferente mecanismo de
direccicthamiento , diferentes se“ales de control y diferente funci™n .

El arreglo de la memcria de programa ( ROM EFROM ) es de 64K vy nunca
Plerde 1ntormacin aun cuando el voltaje de alimentaci™n se apague . La
memcria Jde programa =s usada para informaci™n requerida cada vez que
exista voltaje de alimentaci™n @ valores iniciales , calibracin de
constantas , tablas de decodificaci™n de teclados etc. as# como el
Frograma mismo . La memorilia de programa tiene un bus de direcciones de
16 bits , ¥y sus elementos son direccionados usando =l Praogram Counter
o instrucciones que generan un direccionamiento de 16 bits .

_La memcria de datcs interna es pegque™a y mis ripida que la memoria de=
Frograma Y se maneja de forma aleatoria cuando el vaoltaje de
alimerntaci™n es aplicado . El circuto de RAM integrado en el
microcontrolador es usado para variables que son determinadas o Qque
deben cambkiar mientras el programa se ejecuta.

Una computadora consume la mayor parte de su tiempo manipulando

variables , no constantes , y adem!s un n&mero relativamente. peque™o
de variables ; & bits es una longitud de palabra suficiente para la

RAM interna ( 128 x 3 ) v el registro de direcciones es de un byte de
ahchio . En contraste corm la memoria de programa , el acceso a la

memorlia de Jdatos necesita un %nico valor de 8§ bits - una constante o
alguna otra variable - para especificar umna &nica localidad , tomando

2t cuenta que esta es la lYongitud bsica de la ALU y ‘los diferentes

tipos de memorias , estos recursos pueden ser utilizados para el

direccichamiento v de esta forma mejorar la eficiencia operativa .La
partici™n de la memorilia de programa y de datos puede ser extendida con

memorias externas de expansi¥n . Cada expansi”™n es _agregada de forma -
independiente v cada una utiliza.el mismo bus- de direcciones” y de

dato=s pero con diferentes se™ales de control .

L'a memaria externa de programa es habilitada vy conectada al bus de

dJatos por la pata 29 de control de salida ,@sta se habilita en bajo vy

se derncomina FPSEN ( program store enable ).

La memoria axterna de datoes ( RAM ) es le##da. y conectada al bus ‘de
datcs por la habilitaci“n de la pata de salida 17 , habilitada en bajo
vy dernominada RD , y para la lectura se utiliza la pata 16 de salida
hattilitada en bajo y denominada WR . Ambos tipos de memoaria pueden ser
axpandidos hasta 64 K v opcichalmente se pueden expander en pl!ginas de
Z56 bytes para preservar el uso del puerto 2 CoOmo de
entrada-salida{entrada/salida) .

-t .
Los programas dque controlan a este chip son &nicos y no son
modificables , hco tienen una arquitectura de Von Newman como el comdn
de laos sistemas computarizados . El procesador de datos de memoria

ya sea 1nterna o externa ) MCS-51 no puede ser usado para c”digeos de

=
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programa , no hay forma de que el CPU ejecute instrucciornes de RAM .
En contrarparte esta arquitectura permite unas aplicaciones eficientes
de control : con un programa localizado en ROM y variables en RAM vy
con diferentes metodos de direccionamiento para cada una .

Las arquitecturas de Von Newman son de gran wtilidad para el
desarrcllo de scoftware . Un sistema 8051 puede ser modificado rara
ternsr un solo chip de memoria externa utilizandce como entradas de uwha
compusrta AND las patas de control PSEN y RDP , habilitadas en bajo .

D= =sta forma el CPU puede escribir datos en el arregle com&n de
memoria externa utilizando la pata de WR , habilitada en bajo , v los
datas grabados pueden mandar instrucciones o manipular otros datos .

Ademis de los arreglos de memoria , hay otro espacio fcsico
direccionable . Conectado al bus interno de dates hay wna 2zona de
propsito especial con registros de 8 bits . Algunos de estos son B O,
sF , PSWo, DPH Y DPL . ©ODtros registros para los puertos de
entrada-salida y para los perifericos seran vistos posteriormente . En
conjunto estos registros son desighnados como registros de funciones
especliales ,  incluyendc al acumulador para mayor flexibilidad vy
wnil formidad . '

La arquitectura del MC5-51 puede direccionar varios espacios de
memaoria , funcionalmente separados por hardware y con diferentes tipos
de direccionamientos y se™ales de lectura y escritura o ambas :

Memoria de programa interna

.Memoria de datos interna

.Memcria de programa externa

-Memoria de datos externa

.Registros internos de funciones especiales

Lo que el pregramador ve son espaéios logicos direccionables . Por
=jemplo 1 salo hay un tipo de memoria para programa , de A4 K de=

langitud , el hecho de ser intefna o externa es invisible ., el CPU
realiza la busqueda autom!tica . )

Los modos lgicos de direccionamiento son descritos en el capitulo del
conjunto  de instrucciones en t@arminos de espacios fHsicos
direccionables . 'Entender su diferencia ayuda para entender vy
uti1lizar este dispositivo ' o

FUERTOS DE ENTRADA-SALIDA

Tanto en el 2051 como el 8751 tienen 32 terminales de entrada/salida
configuradas en 4 puertos de 8 bite en paralelo ( PO , Pt , P2 y P3 )
. Lada terminal lee y/o0 escribe datos dependiendo del control por
software vy cada una puede ser referida especificamente dentro de 1a
longitud del puerto para operaciones de bytes o de bits .,

En varios modos de expansi™n , algunas de estas terminales de

entradassalida pueden ser utilizadas para funciones especiales de
entrada o salida . Las instrucciones que accesan a la memoria externa
utilizan el puertc 0 multiplexado como bus de datos vy direcciones .

7
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Fara ] ciclo de memoria externa primerc salen los 8 bits de-
direcciones ., posteriormente 2l dato s transferido a las mismas 2
patas . Las instrucciones de 1& Lbits para transferencia de datos
externos ¥ cyalguier instruccin de acceso a memoria externa tienen los
2 bits ms significativos en €l puerto 2 durante el ciclo de acceso .
El 8031 siempre utiliza el puerto 0 vy el 2 para direccionamie=ntc
axternc v el puerto 1.y 3 son para entrada/salida comunes .
Cada wno de las 8 terminales del puerto 3 tiene una funci™n especial
Jos interrupclones externas , dos contadores de entrada , dos  lineas
para puerto de comunicaciones serie y dos patas de caontrol para
cortbral de temporizadores llamadas strobes . ver figura 6 . Cuando
=Stas terminales no sSe usan para  funciones especiales se pueden
utilizar para entrada/salida .

Aur corn un solo puerto las funciones de entrada‘salida  pueden ser
combirnadas en muchas formas . Entrada y salida pueden ser ejecutadas
al mismo tiempo usando diferentes terminales o usando las mismas
pera alternando salida vy luego entrada ( multiplexar en tiempo. ) 3
unas veces eh paralela otras veces an serie o comoe funciones
especiales adicionales .

(2 8
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ENGIN-EERS TOOLBOX

AN 8031 -
IN-CIRCUIT
EMULATOR

BY GEORGE DINWIDDIE

Build this emulator and avoid

DEBUGGING A microprocessor-
based program in assembly language
can be difficult for a home engineer.
The equipment to aid such a task—
logic analyzers and emulators~is
usually incredibly expensive. Even a
large company might not be able to
afford the thousands of dollars need-
ed for an emulator because of the
processor-specific nature of the tool.
Such was the case when | was devel-
oping firmware for an embedded pro-
cessor controlling a cornmercial prod-
uct. The processor in use was an In-
tel 8031. and at that time, only Intel
had an emulator for it. Obviously, In-
tel wanted a lot of money for the emu-
lator. Worse, it needed a new micro-
processor development systern to
host it.

My alternative was to edit. assem-
ble, burn EPROMSs, trace the execu-
tion using a logic analyzer. and
deduce where the code was going
wrong. Cnce | found a bug. | usually
nad :0 start over at the edit step
oefore | could hunt for the next one.
This was a slow process.

A BETTER WAY
It didn't take me long to become
frustrated with this method. There had

debugging headaches

to be a better way. At the suggestion
of a microprocessor guru, | decided
to build a monitor. Because the prod-
uct hardware was mostly developed.
| designed the monitor board so that
it could function as an emulator—
plugging into the processor socket of
the application hardware,

The primary benefit of my —--~.cor
is that it gives you the ability to patch
errors without repeating the edit,
assemble. burn EPROM cycle. Some-
times a patch alters only a byte or
two. but more often than not it in-
volves a jump to an unused section

of RAM where a hand-assembled rou-

tine is inserted.

Another handy debugging tool is
the monitor's breakpoint capability.
While the breakpoint in my monitor
is extremely limited and simple. it
does provide a way to verify which
path of a conditional jump was taken
without having to resort to the logic
analyzer. Furthermore, you can check
the actual vaiues in vanables and ia-
ternal registers instead of deducing
them from external behavior.

Another technique | found helpful
was to insert temporary test patches
that displayed the value of some
variable each time through a loop.

This was accomplished by callinr
monitor subroutines via a convenict!
jurnp table provided at the start of
menitor. This technique was at the ©»
pense of real-time operation. but !
provig=1 insights into the dynamiv!
of the .ftware that were unobtain
able vy any other means.

| alsa included some basic but ne
essary functions that let you initialis
memory. copy a block of memory
compare two blocks of memory, anil
perform a hexadecimal dump on =
block of memory. Of course. | had t+
provide commands to edit the con
tents of memary and to execute in
structions starting at any arbitraty
location. Finally, 1 added some con
venience commands to display the
command syntax and the locations in
the jump table and to perform hexi
decimal arithmetic.

THE PROCESSOR
The Intel 8031 singlechip microcon:
puter is the ROM-less version of the
{continurh
George Dinwiddie (13808 Wayside Di
Clarksville. MD 21029) is a softwa
engineer for Mitron Systems Corp. He is cut
rently working on his M.S. degree in computrt
Science. .
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AN 8031 EMULATOR

O6EB 9430 SuBB
QGED 4017 JC
BGEF S40A suBe
BEF 1 5005 JNC
BEFJ 240A ADD
@6F5 020704 LJmpP
O6F8 2403 ADD
@6FA 20E7@9 JB
@6FD C3 CLR
O6FE 9410 suBB
8700 5004 JINC
8702 2419 ADD
0704 C3 GOOD: CLR
@785 22 RET
0796 D3 BAD: SETB
8707 22 RET

Listing |: The code for performing ASCll-hexadecimal to binary conversion.

A g0
BAD ; ACC < '@’
A F10
$+7 ;. ACC > '9°’
A #1090 ;RESTORE
‘'@’ <m ACC <=

GOOD :
AF( 0 +18-"A"+10)

ACC.7,BAD H
c

A $18

BAD H
A, $16

c

tg'
ACC > 'F’

c

805l. the high end of Intel's 8-bit
micrecontrollers. It has five inter-
rupts—two external inputs. two hard-
ware timers, and one hardware asyn-
chronous serial port (UART). It sports
a 16-bit external address bus and 16
bidirectional I/Q lines. The processor
has three separate memory spaces—a
64K-byte program memory space. a
64K-byte externai data memory
space. and 128 bytes of internal RAM.
The 803! even features a hardware
multiply and divide. -

While this processor has a lot of
speed and power. it has its share of
‘problems. too. The architecture is

et R

accumulator-based. This means a lot
of processing time and bytes of code
are used to load and store the ac-
cumulator. The instruction set is
highly irregular. For example, the only
compare instruction is a ¢ompare-
and-jump-if-not-equal. To do a com-
pare-and-jump-if-equal requires an
exclusive-or, a subtract, or a jump-
around-a-jump. A jump-less-than or a
jump-greater-than also involves extra
work. You can see some of the prob-
lems this causes in -the ASCII-
hexadecimal to binary conversion in
listing 1. The instruction set also has
few instructions that are capable of

rgt

;CORRECT FOR (-'0'-10)
& MAP 'A* INTO 12
< ACC < .'A’

accessing the two large external
memory spaces.

THE EMULATCR BOARD
HARDWARE
The hardware design of the emulator
board is straightforward. Figures la
and 1b show the schematic diagram.
It features 4K bytes of monitor
EPROM. BK bytes of application
EPROM space. and 8K bytes of
emulation RAM. With the current
prices for larger memories it would
make more sense to use 8K by 8
monitor and application EPROM
(continued)
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Figure ta: Schematic of the 8031 emulator board. showing the central processor. UART. and address-decoding circuitry.
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Figure Ib: Schematic of the 8031's ROM and RAM circuitry,
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8000

7800
6000

4000

2000

1000

0100

hexadecimal address

blank

blank

terminal
UART

blank

emutation RAM

application
EPROM

blank

blank

spacial function register

0080

0000

internal RAM

monitor
EPROM

Figure 2: The emulator board's memory map.
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Figure 3: Alternate circuit for generating baud-rate clock signal.
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¢hips and an 8K by 8 emulation RAM
chip. When this circuit was first de-
signed. however, an 8K by § stati:
RAM chip cost approximately $50.
Using the larger memory chip could
save one 7415138 address-decoder
chip. not to mention the additional
sockets and wiring.

The 8031's separate external pro-
gram and data memories pose a
problem in the design of the emu-
lator. The monitor and application
EPROMS are in the program memory
—that's easy enough. The RAM. how-
ever, must be in the data memory
because the 8031 has no instructions
for writing to the program memory.
On the other hand, the purpose of the
emulation RAM is 1o allow you to alter
the executed code. Therefore, the
RAM must also be part of the pro-
gram memory so that instruction
fetches may access it. The solution, of
course. is to map the RAM into both
memory spaces. The signal RAMSEL
is true if PSEN is true or if RD is true.
Figure 2 shows a memory map of the ®
emulator board.

[ tried to tie up as few of the re-
sources of the processor as possible.
The exception to this is the large
amcunt of externai memory space
used. The project that prompted this
monitor used very little external
memory. but it did use the internal
UART. Therefore. | included an 8251
USART for communicating with the
terminal rather than the internal UART
of the 8031. Clocks for the 8251 are
provided by a Motorola K113 5A dual .
baud-rate generator. The KI135A con-
Yains both a crystal oscillator and two
divider chains in one 18-pin dual in-
line package. If you are unable to find
a K1135A. you can substitute the alter-
nate circuit, shown in figure 3. that
uses a 74HC4060 oscillator/divider
chip.

The address. data. and control sig-
nals are buffered 1o allow for the ex-
tra loads placed on them by circuitry
on the monitor board. If these signals
are also buffered on the target board.
it may cause excessive propagation
delays. If necessary. replace one set
of buffers with jumpers. [umpers are
also provided 1o choose ether the on-
board crystai or an external clock

SCominued|



AN 8031 EMULATOR

from whatever application board you
are using the emulator with. Similar-
ly. there is a jJumper selection enabling
the on-board rese: button. the appli-
cation board reset. or both. Another
jumper allows connecting or isolating
the grounds between the target ard
emulator boards.

OPERATION OF THE SOFTWARE

First. edit and assemble your source
code. Program the object code in
EPROMS and plug them into the ap-
plication code space. Note that the
code will be executed out of the
er iator board's RAM. Therefore, the
O Statement in the source code
should specify 4000 hexadecimal. the
start of RAM. rather than 2000 hexa-
decimal, the start of the application
EPROM. The interrupt vectors in the
monitor EPROM all jump to the
equivalent offset in the RAM space,
allowing use of all the interrupts with
only a slight additional latency. The
reset vector, however, jumps to the

moenitor initialization code. This
scheme allows the application
EPROMs. burned for development
purposes. :0 be used in the final proj-
ect in some cases. In the products |
developed with the aid of this moni-
tor. the memory decoding was incom-
plete. The same EPROM was ad-
dressed ai <000 hexadecimal and 000
hexadecimal. |Editer's note: The source
code for the author's monitor program.
UGHBUG.ASM. is available in a variety of
formats. See pages 459461 for details.|

THE COMMANDS

The commands are invoked by the
first character of the command name,
There are a few exceptions to this rule.
The internal varieties of the DUMP
and ALTER commands (which access
the 8031's internal memory) have an
“" appended to distinguish them
from their external equivalents. The
HEXMATH command is invoked with
a number sign (#). All numeric values
are expressed in hexadecimal. If you

nuistype an adlress or a data vajue
just keep typing. The monitor accepts
the last four digits entered for address
values and the last two for dus-
values. You need not type leari -
zeros unless you're covering up .
mistake. To cancel a command that
you've started o type. just type any
illegal character. To abort a command
that outputs to the screen. merely
type any character, These rules are
consistent for all the commands,

The first command needed in any
debugging session is the COPY com-
mand. Copy the application code
from the EPROM to the RAM. Be sura
not to overwrite the last 9 bytes o/
RAM: these are used by the break-
point routine,

Next, use the VERIFY command o
make sure the transfer was successful.
VERIFY indicates agreement between
two blocks of memory by doing noth-
ing. Any differences are displayed. (I
never got around to adding a memory
test. With only four RAM chips it

. -

Whan it comes 10 problem solving, the

APL*PLUS System is the undisputed ieader.

A Personal Language

rather than sirugg'e with intricate calcuia-

tions and modeling.

applications—like graphics, report
tormaiting and communications —you

That's becauss the APL«PLUS System
works with you. It goes far bayond what
application software like Lotus” or JBASE?
coukd possibly ever otfer. And, it won't tie
you down with the datails of standard
programming languages.

The APL#PLUS System is a personal
language, with proguctivity features that
heip you concentrate on geiting answers,

With it you can manipulate tables of
numbers as easily as single numbers and
gt quick results from your computer using
short, simple statements.

When you've reaached the limits of
othar packages. move up to the APL*PLUS
System.it's a powerful and flexitle tool
that grows with you as your ngeds become
more sophisticatad. With over 200 buiit-in

have all the lools at your fingertips to
quickly and easily soive those seeming!
impossible problems,

Best of all, the APL*PLUS System
interfaces well with software packages
you're already using —like databases,
spreadsheels, and graphics packages.
The APL+PLUS System aiso makes )’
easy lo link those packages that are
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didn't seem worth the effort. Usually,
corrupted memory was the result of
stack overflow or some other errant
code) Always VERIFY the damages
after your code goes into the weeds.

Run your code using the GO com-
mand. If you do not specify an ad-
dress. execution wiil restart at the
breakpoint. {1 talk more about
breakpoints later) Although the most
likely starting place is 4000 hexadeci-
mal—the reset vector of the applica-
tion code—you can GO to any address
in the program memory.

1 had to resort to some tricks in my
monitor's code. The 8031 does have
an indexed jump ipstruction. JMP
@A + DPTR. Unfortunately. the data
pointer is only easily loaded by a

" constant—a variable must be loaded
~ a byte at a time—and the accumulator
is only 8 bits. Besides that, | wanted
to be able to restore the data pointer
and the accumulator when resuming
after a breakpoint. The simple solu-
tion. shown in listing 2. is to push the

3
address onto the stack and execute
a return-from-subroutine instruction.

Before running vour code you may
want to set a breakpoint. Thé BREAK
routine requires a little explanation.
Many processors have a single-byte
software-interrupt instruction that can
be used for breaking back to the
monitor. This single byte may be sub-
stituted for the first byte of any in-
struction. When the software interrupt
is executed, it transfers control to a
breakpoint routine. The 8031 lacks
such an instruction: you have to use

‘a long jump instruction. which is 3
bytes long. The break address must
be aligned with the first byte of an in-
struction so that it will be executed
and not treated as data.

First you .want to save the original
instructions. Because an 8031 instruc-
ton may be 1. 2, or 3 bytes long. in-
serting the 3-byte jump instruction at
a given point in the code may clob-
ber a sequence of 3, 4, or 5 bytes of
code. The number of bytes affected

is the optional final parameter of the
break command: 3 is the most con-
venient value and is the default, This
parameter is stored at the iocation
BYTENUM. and the bytes of code are
stored in the following 5 bytes
{padded with NOP instructions if nec-
essary). Following this, the next 3
bytes of RAM are filled with a jump
instruction to the location following
the code that was copied. that is,
BYTENUM bytes after the break ad-
dress. After all this is done. a jump-
to-the-breakpoint-routine instruction
is written at the break address. When
execution reaches the break address,
control passes 10 the breakpoint
routine. The breakpoint routine saves
the registers that are treated as
volatile memory and displays the
values that they contained.

A GO command without a starting
address resumes from the break ad-
dress. First it restores the saved
registers and executes the saved code,

- {comtinued)
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AN 8031 EMULATOR

and then it jumps back i the applica-
tion code following the break address.
If vou execute the breakpoint routine,
you should reset the toard before at-
empting to initiate a GO command
1o a starting address. This will recover
the 5 bytes of stack space used to
store the volatile registers.

The code saved at location BYTE-
NUM+1 is restored to its original
location when a new break address is
entered or if the BREAK command is
invoked without a new address. You
should do this before a reset because
the initialization code clears BYTE-
NUM and the following locations.

The DUMP command comes in two
flavors, internal and external. The ex-
ternal version does a memory dump

of the program mematry in hexadeci-
mal, showing the ASCI transtation to
the right {see figure 4). If no ending
address is specified, OFFFFH is as-
sumed. A DUMP may be interrupted.
as can any command that writes to
the screen. by typing any key.

The internal DUMP command is
simifar but dumps the intemal RAM
and the speciai function registers. No
ASCII transiation is shown since it is
unlikely to find ASCH strings in inter-
nal memory. The special function reg-
isters are indicated symbolically in
addition to their addresses.” This is
shown in figure 5.

The ALTER command also comes in
two flavors. The extémal version dis-
plays the current byte from program

memory followed by a dash. If you
enter a hexadecimal value that value
will be inserted at that location in ex-
ternal dat: memory. A space or a cat-
riage return leaves the location un-
changed and displays the next byte
(Carriage return puts you on a new
line, space leaves you on the current
line). A period or a backspace backs
up the displayed byte by one location.
Any other nonhexadecimat character
cancels the command. Remember
that the RAM on the monitor board
is mapped to both the program mem-
ory and the data memory. The ALTER
command writes to data memory be-
cause there is no way to write to pro-
gram memcry, It is frequently conve-
nient to use the ALTER command t2

check code, hitting carriage return af-
o . . ter each instruction for readability.
Listing 2. The author's solution to the 8031's lack of ‘an indexed jump The internal form of the ALTER
instruction. ) command accesses the 803!'s inter-
osoF - nai RAM. As in the DUMP command.
EOF- CO4S " PusH LOBYTE whgn you reacij the special functicn
@611 Co48 PUSH  HIBYTE registers {locations above 7F hexa-
9813 22 RET decimal) the name of the register is
displayed.
(comtinued)
UGH:d 23 oebl
B 1 2 3 4 5 6 7 8 9 ABCODEF
0929 92 40 23 02 @0 F5 02 00 FB 02 @6 Bl 02 of.. ........
0030 86 C6 92 96 FO 02 97 20 92 @7 48 092 07 CO Q2 086  ....... LJHoL L
2042 D7 92 066 CD 02 @7 6C 02 07 69 82 07 A7 02 @7 Al P DU
2250 ©2 88 16 02 07 70 02 88 AD 82 @7 BD 02 @7 AF 82 .. ...Pe+ connrnns
POE@ ©7 EA 92 05 918D GA 55 67 €8 62 75 67 204D 43  ....... U ghbug MC
2070 53 2D 35 31 20 6D 6F GE 69 74 GF 7.2 ‘2C-20 76 6% $-51 mon ltor, ve
€8Bd 72 73 69 6F GE 20 31 2E 30 30 0D ©A 63 6F 70 79 rsion 1. @8..copy
9090 72 69 67 88 74 20 31 39" 38 36 20 62 79 20 47 65 right 19 B6 by Ge
GBAD 6F 72 67 65 20 44 69 6E 77 69 64 64 689 65 2E OA orge Din widdie..
. 288 @4 75 . - .u
4 UGH: -
Figure 4: Sample output of the external version of the DUMP command.
UGH:di 89
© 1234567 8 9ABCDESTF
6. .* o€ AC C9 1C CE CC E4
70 88 S0 8¢ Jle ‘02 20 BB A2 OF 9B EC E4 BB 46 E8 E4
Be=P@ :55 B81=SP :52 82«0PL :69 B3=DPH :08 B7=PCON:7F B88«TCON:00
89=TMOD:2@ BA=TLD :08 BB=TL! :00 BC=THO :00 B8D=TH1 :00 99=P1 :FF
98=SCON: 90 99=SBUF:0@ AO=P2 :08 AB=IE :60 Bo=P3 :FF BB=IP :E€
DOwPSW :29 EB=ACC :01 Fo=8 ;80 :
UGH: .

Figure 5: Sample outpul of the internal version of the DUMP command.
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1 Exxon
2 General Motors
3 Mobil
4 ford Motor
5 18M
6 Texaca
7 £l du Pont
8 Standard Qil (Ind.}
9 Standard O of Cal.
10 General Eiectric
1i Gulf il
12 Atlantic Richfield
13 Shel' Qil
14 Qccidental Petroleum
15 U.5. Steel
16 Phillips Petreleumn
17T

Every year, functional
literacy costs American
business billions.

But your company can
fight back ... by joining
your local community's.
fight against illiteracy.
Call the Coalition for
Literacy at toll-free
1-800-228-8813 and find
out how.

You may find it's the
greatest cost-saving
measure your company
has ever taken.

A literate
‘Americaisa
good investment.

& . O
Cc‘xn'(l CB&HIIOH for Literacy
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Both the DUMP and ALTER com-
mands use the SFR table (special
function registers table—it can be
found near the end of the monitor's
source code listing) to access these
registers. The special function regis-
ters cannot ke accessed indirectly.
and the memory space they occupy
is sparsely poopulated. The SFR table
provides a solution to both of these
probjems. Each table entry is 11 bytes
long. The first 5 bytes give the sym-
botic name of the register. At an off-
set of five is a subroutine to read the
register. Within this subroutine, at an
offser of six, is the hexadecimal ad-
dress of the register. Eight bytes frcm
the start of each entry is a subroutine
to alter the contents of the register.
Some registers. such as the stack
painter, would crash the system if they
were altered. 50 these entries return
an error flag instead. Some registers.
such as the accumulator, are treated
as volatile by the monitor. You can
alter them, but the monitor makes no
attermpt to preserve the contents of
these registers.

The MODIFY command ailows vou

to enter information into external data
memaory as characters instead of hex-
adecimal values. There are only two
special characters to remember within
this command. A backspace backs up
the address pointer to allow the cor-
rection of mistakes. An ECT (Control-
D} terminates the command. There is
no internal version of the MODIFY
command since it seems unlikely that
the limited internal RAM would pe
used for storing strings.

The INSERT command fills a

selected block of external RAM with’

a singie hexadecimal byte. | used IN-
SERT rather than FILL because [ in-
tended to add a FIND command.
The final three commands, HELP.
IUMPTABLE. and HEXMATH, are con-
veniences. HELP dispiays the syntax
of the commands and {UMPTABLE
displays the entry points t0 the util-
ity subroutines. HEXMATH. invcked
by # performs both addition and sub-
traction in hexadecimal. This is con-
venien: for calculating relative jumps
Some pecple might consider these
last commands to oe insignificant. but
| disagree. It takes a short time o for-
get the command syntax. The HELP

comman giso makes this tool easily
available 1o others. The JUMPTABLE
command allowed me to create test
patches easily. Before [ added this
ccmmand { was censtantly searching
for the monitor program listing to
lock up the jump-table addresses. The
HEXMATH is a cheap convenience—
ccnvenient o include when com-
pared with the trouble caused by
missing a jump target by 1 byte Even
simple software such as this should
attempt to be as helpful as possible—
there are better ‘vays 1o spend time.

CONCLUSION
In this article, | have ‘ocused on one
particular implémentation of a debug
monitor. If you are using a different
processor it is well worth the effort 1o
create your own, In additicn to the de-
bugging help. writing a monitor is a
good exercise. It heips you to become
familiar with a new instruction set.
Build your monitor one function at
a time. First start with displayirtg -a
sign-on message. Then accept input
and echo it back to the screen. Once
you have the terminal interface work-
ing. add the more basic commancls
such as DUMP and ALTER. At this
point you will have tools to aid you
in developing the rest of the code.
It took me two weeks to develop the
hardware and enough of the software
to start using my new tool to develop
anplication code. A year later | was
still adding features and refining func-
tions. Every minute | spent working on
the monitor was quickly repaid in time
saved. in the first week | used it. | ac-
compiished six weeks of debugging
measured by my previous standards.
What features would | like to add to
this or any other monitor? A LOAD
command to download a hexfile di-
rectly 1o RAM would be first choice,
A FIND or SEARCH command to pick
out variable-length byte sequences
would be nice. A disassembler and
single-line assembler would be a great
help. These two are big jobs, though.
I got to be pretty good at patching
code with hand assembly. but | was
doing it every day. The list of features
could go on and on. A monitor i3
never finished un:il you quit using it. @

Seecial thanks io fim Caudreaul:
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RESUMEN

Este trabajo presenta un sistema minimo de microprocesador constituido por

los siguientes elementos:

1.- CPU .

2.- Memoria RAM .
3.- Memoria EPROM .
4.- Tres puertos paralelos ( Dos de salida y uno de entrada ) .
5.- Un puerto serie .

6.- Ocho puertos de entrada analdgicos

7.- Dos puertos de-salida analfgicos .

E1l sistema eslmanejado por una microcomputadora a travég del puerto serie -
~de la misma, pudiéndose editar, guardar en digco o leer de disco programas-
en lenguaje de mdquina del CPU empleado en el sistema mediante la micropom-
pufédora,'de esta manera se puede tener un medio de almacenamiento permanen
te y versdtil para dichos programas, va sea en disco flexible o duro, depég
diendo de la microcomputadora empleada, facilitdndose asi el desarrollo del
software para el sistema que fuere necesario en una aplicacidn espec?f{ca-

del mismo .



INTRODUCCION

En la figura 1 se muestra un diagrama de bioques simplificado del sistema -
minimo de microprocesador que de aquf en adelante se denominard SIMMP-1; --
puede apreciarse que el CPU empleado es el Z-80 de ZILOG que si bien es un
microprocesador que aparecidé hace varios afos en el mercado sigue siendo a-
la fecha sumamente versdtil para la§ aplicaciones hacia las cuales esta ---
orientado el SIMMP-1, ademds de que su costo es actuaimente el més bajﬁ en
el mercado; siendo ademds los periféricos comunmente asociados con este gi-

’

croprocesador facilmente acequibies en el pafs .
Para establecer la comunicacién entre la microcomputadora y el SIMMP-1 se -
emplea el chip 8251 que es un trasmisor-receptor universal sincrono y asin-
crono (USART) fabricado por Intei. Al inicializarse el sistema el puerto -
serie, queda habi]jtado para transmitir y recibir informacidén a 300 bauds,
pudiéndose mediante un comando enviado por la microcomputadora cambiarlo a-
1200 bauds.

En la EPROM 2716 existe un programa que toma una cadena de bytes proceden--
tes de la microcomputadora localizdndolos en una zona especiffica de la memo

ria RAM 2016 aﬁtoejecuténdose el programa correspondiente en el SIMMP-1 |

A continuacidn se describen algunos aspectos reievantes del software y del -
hardware relacionados con el SIMMP-1 y la microcomputadora empleada para co-

mandarlo; asi como también un ejemplo de aplicacién del sistema .

PAGINACION DE MEMORIA DEL SIMMP-1

tn 1a figura 2 se muestra el mapa de memoria del SIMMP-1

-3-
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0000
EPROM 2716
07 F ¢ : J
08 00
i Exransion Furura
OF F F
1000
-
Exransion _ Furura
! FoF
1 8 00
Exransion Fuorura 3
1\ F F F '
2000
R A M
27 F F
2300
EKPANSION FUTURA
FFF
000
sk Exransion Furvan
3800
Exsansion Furura
3 F F F

FIGuRA 2 _M_APA DE Memoria
. DEL SIMMP"I

Puede apreciarse que la paginacion esté-hecha en bloques de 2K bytes pudién
dose decodifi&ar hasta 16K bytes, esto es'de la dirgccién 0000 a la direc--
cién 3FFF. En la versidn inﬁcia] del sistema inicamente se ocupan 4K bytes
de memoria; 2K bytes de RAM situados de Ia'direccfén 2000 a la direccidn --
27FF y 2K bytes de EPROM situados de la direccién 0000 a la direccién O7FF;
quedando disponibles 12K bytes de memokia para expansidgn futura .

Fisicamente 1a paginacién de memoria se realiza mediante el circuito inte--

grado 74L5138 como puede apreciarse en la Fig. 1.
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PAGINACION DE PUERTOS

En la Fig, 3 se muestra el mapa de puertos del SIMMP-1 .

00 "
o 1 EXPANSION FUTURA
O 4
o 7 Exransion Furura '
o 8
o s Exransion Furura
o ¢ :
o F Exeransion Furura ;
1 0
. Exransion FUTURA
"4 Daros Puerto Serie
s Conrror Puerto Serie
18 Puenro Puuuo DE Suam
1 9 p P E

_ UERTO ARALELO DOE NTRAD A
boA CoNveaHDoa A/D
18 l Puerio Pirateto of Satipa
1 ¢
. I Exransion Furura i

FIGURA 3 Maira DE Puerros

DEL SIMMP -

Se observa que se dispone de un mdximo de 32 direccionesAasociadas con puer
tos de las cuales, la 14 y 15 estdn vinculadas con las direccione§ de control
y datos del puerto serie. Otras cuatro direcciones de la 18 a la 18 se usan-
para los 3 ﬁuertos’para1e1os y el convertidor gna16gico digital. Cabe sefalar

que los dos puertos paralelos de salida estdn vinculados con sendos converti

-b-



tidores digital analdgico; Tas 26 direcciones restantes pueden usarse en
_ expans{ones futuras del SIMMP-1 .

La decodificacién de puertos se 1leva a cabo mediante dos circuitos inte
grados un 74LS138 y un 74LS139, como se observa en la Fié. 1, Ta porcidn
no empleada- del 74LS139 puede ser usada para decodificar otras cuatro di
recciones de puertos; de esta manera sin necesidad de afadir mds chips -

decodificadores el sistema minimo puede contar hasta con ocho puertos’ .

RELOJ

v

E1 SIMMP-1 trabaja con un reloj de 2MHz, el circuito empleado para genefar

la sefial correspondiente se muestra en la Fig. 4.

i 4 M HZ +5v
i 1
| r
I X [ K é 110
AP AA. /2 1574
‘ No— o 4 Q —————-——{:)tr—-ﬂ-
- 1% cx
1/6 L504 1/6 1504 _ /6 1504
l.——— D Q
Ficura &4 Cmcuno EMPLEADO PARA GEMNERAR LA

SENAL DE RELO) DEL SIMMP"'I

Para generar la sefial correspondiente al reloj de baudaje se emplearon cir
cuitos digitales convencionales que dividen la sefial de relo] origjnal de-
2MHz entre 104 generandose‘asi una sefal de 19230 Hz, la cual hace posible
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'que el puerto serie pueda ser programado por software para poder traba-

jar ya sea a 300 bauds & a 1200 bauds .

CIRCUITO DE RESTABLECIMIENTO ( RESET )

E1 circuito para generar la senal de restablecimiento ( Reset ) en el ---

SIMMP-1 se iflustra en la Fig. 5.

-5y
4
+
% 10 K
: C 178 LS04 1/6 1504
1K '
' [ . RESET
- i F
v
-
FiGura S . CIRCUITO DE RESTABLECIMIENTO

PUERTOS PARALELO DE ENTRADA Y SALIDA

Debido a que los puertd paralelo del SIMMP-1 estan ya prefijades como --
puertos de salida d entrada, para su realizacidn se émp]eé el circuito -

integrado 74LS373 resultando ast el costo de ‘1os pugrtos mas, econdmico -

comparado con el que se tendria si se-hubiera empleado para el mismo fin

un circuito integrado de alta escala de integracién como el 8255 fabrica

do por Intel
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En la Fig. 6 se ilustra el circuito correspondiente para realizar un puer
to paralelo de salida; en la Fig. 7 el correspondiente a un puerto de en-

trada.

CIRCUITO ADECUADOR DE SERAL

Debido a que el Fango de la sefal de entrada para el convertidor analdgico
digital va de 0 a 5 volts, para poder registrar sefiales bipolares hay que
hacer un acondicionamiento de las mismas. En el SIMMP-1 esto se hizé me--
diante un circuito analégico que transforma un rango que va de- 10 volts a
+ 10 volts en un rango que va de 0 volts a + 5 volts. En la Fig.8 se @ueg
“tra el circuito correspondiente. En caso de que-se deseara que el rango -
de las sefiales de entrada sea diferente se pueden emplear circuitos de --

atenuacidn o amplificacidn antes del adecuador de sefial correspondiente .

S5y
-3
EA 100K AL CONVERTIO
O———AAAAAA
A= 0d,u.. 7 |
10 K ANALOGICO = DIGITAL
—

F A GURA 8 Circuito  ADECUADOR DE SERNAL

DE ENTRADA ANALOGIC A
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CONVERSION ANALOGICA DIGITAL

E1 convertidor analdgico digital que se utilizd en el SIMMP-1 es el cir-

cuito integrado ADC0O809 fabricado por National. Trabajando con un reloj.
de IMHz, que se deriva del reloj del sistema, el tiempo de conversidn es
del orden de 70 microsegundos. En la Fig.l se puede apreciar la conexidn

correspondiente .
SOFTWARE BASICO EN EL SIMMP-1

Como se menciona en la introduccidén Ta esencia del SIMMP-]1 se encuentra -
en un programa grabado en 1a EPROM, dicho programa recibé de la microéom-
putadora una cadena de bytes que integran un programa en lenguaje de mi--
guina del Z-80, autoejecutandose el mismoruna vez que se ha terminado de-
bajar. En la Fig.9 se muestra un diagrama de flujo de dicho programa, --
que se ejecuta automaticamente al restablecer el sistema o bien al energi

zarse el mismo.

A} bajar al SIMMP-1 un programa, la secuencia que envia la microcomputado

ra es la siguiente:

l.- Envia un caracter de identificacién que indica al SIMMP-1 que los ca

. racteres que siguen repressntan'a un prograﬁa para el microprocesaor

Z-80.

2.- Trasmite 4 bytes con informacién referente a la direccién inicial y -
la direccidn final del programa a bajar .

3.- Trasmite la cadena de bytes correspondiente]al programa que se este -

bajan&o .

Cabe sefialar que en esta primera versidn del SIMMP-1 no se manejan interrup

ciones, sin embargo el programa bdsico en la EPROM esta localizado en una-
zona de memoria que deja libre las localidades correspondientes que pudie-

ran requerirse programar a futuro al trabajar con interrupciones .

-11-
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DE PILA

INICIALITACION
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SOFTWARE EN LA MICROCOMPUTADQRA

En lo que toca al software del lado de la microcomputadora el lenguaje -
utilTizado fue el BASIC ya que para los requerimientos de velocidad de las
aplicaciones hacia las cuales esta orientado el SIMMP-1, dicho Tenguaje «
es adecﬁado. En el programa bdsico se manejan dos menids uno de comando-
y otro de edicién. El meni de comando es el siguiente:
1.- Cargar un programa en lenguaje de miquina Z-80.
2.~ Cargar de disco un programa para Z-80.
3.- Cargar en disco un programa.para Z-80. 5
4.- Bajar a SIMMP-1 programa que se autoejecute.
5.- Editar programa.
§.— Definir baudaje .
7.- Terminar la sesion .
A continuacidn se describe brevemente lo gue acoﬁtecé al seleccionar cada
una de las opciones del men( de comandos .

OPCION UNQ
Al hacer esta seleccifn el pfograma pide las direcciones inicial y final -
asi como también el nombre del programa que se va ha cargar. Una vez efec-
tuado To anterior el programa despliega en la pantalla de la microcomputa-
dora las direcciones en forma sucesiva debiendo el usuario introducir cada
vez el valor del byte correspondiente en notacidn hexadecimal. E) programa
asigna a cada direccidn una variable de tipo cadena ( String } que represen
ta To que ha de almacenarse en las Tocaciones de memoria correspondiéntes-
de) SIMMP-1, de esta manera la cadena de bytes que representa al programa-
queda contenida en un arreglo cuyo tamafio es igual al ndmero de bytes que-

integran el programa.
OPCION DOS

Cuando se escoge esta opcidn la microcomputadora requie:« del usuario el -

nombre del programa a tomar de disco y la unidad corre:pondiente, Una vez

~13-
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que se ha ejecutado esta opcifin T1a cadena de bytes correspondiente al
programa que se ha tomado de disco queda en un‘arreg]o similar al re-

sultante al de la opcién uno.:

.OPCION TRES

Mediante esta opcidn el arreglo correspondiente a un programa determi-
nado se guarda en un archivo de disco junto con las direcciones inigial

y final correspondientes .

OPCION CUATRO ,

]
Esta opcidn permite bajar al SIMMP-1 las direcciones inicial y final de
un programa para Z-80, asf como también la cadena que lo constituyen. -

Una vez que el programa es bajado se autoejecuta .
QPCION CINCO

Al seleccionar esta opcidn se pasa al men( de edicidn que se describe --

mas adelante.

dPCION SEIS

Si se desea cambiar el valor de baudaje, esto se puede hacer mediante es-
ta opcidn; los baudajes posibles en esta primera version del SIMMP-1 son-

300 y 1200 .

OPCION SIETE

Escogiendo esta opcién'el usqario regresa al sistema operativo de la mi--
crocomputadora .

E1 mend de edicién consta de cinco alternativas a saber:

1l.- Insertar bytes.

é.- Borrar bytes .

3.- Listar .

4.- ‘Cambiar bytes

5.- Continuar .

A continuacién se describe brevemente el accionamiento de cada alternativa,
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ALTERNATIVA UNQ

Esta alternativa, permite insertar instrucciones en lenguaje de miguina

en un programa en el cual este trabajando el usuario .

ALTERNATIVA DOS

Mediante esta alternativa el usuario puede borrar instrucciones del pro-

grama en lenguaje de mdquina del Z-80 que se este depurando .

ALTERNATIVA TRES

Para poder Tistar todo un programa en lenquaje de mdquina para Z-80 & una

parte del mismo se emplea esta alternativa,

ALTERNATIVA CUATRO

*

Esta alternativa permite cambiar una o varias instrucciones de un programa

para 2-80 con el cual se este trabajando .
ALTERNATIVA CINCO

Al seleccionar esta alternativa el sistema pasa a un submeni que comprende
las siguientes acciones:
1.- Editar .

2.- Retornar a menit principal

Si se toma la accion 1 el usuario retorna al mend de edicidn, si se toma la
accion 2 el usuario retorna:al mend principal 6 de comandos. Cabe seflalar-
que una vez que se ha ejecutado cualquiera de las opciones 1 a 6 del men{ -
de comandos, el submeni descrito en este pdrrafo aparece nuevamente .

Para cada uno de los comandos del mend principal existe una subrutina que -
ejecuta la opcidn correspondiente, de esta manera si el SIMMP-1 se emplea -
como hardware auxiliar de un programa en la microcomputadora, para poder co
mandarlo desde la misma basta que dentro del programa en la microcomputado-

ra se genere el arreglo que contiene la cadena de bytes correspondiente a -

-15-
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un programa en lenguaje de miquina para Z-80 que realize en el SIMMP-1
el accionamiento requerido por el programa en la microcomputadora, pa-
ra lo cual se requerird que el programa en la microcomputadora cuente-
con la subrutina correspondiente a la opcidn cuatro del mend de coman-

dos .

EJEMPLO DE APLICACION

Los posibles ejemplos de aplicacidn del SIMMP-1 son muchos y muy varig.
dos, para este trabajo se eligid un caso en el cual el SIMMP-1 es opes
rado como hardware auxiliar de un programa en la microcomputadora - Mé
diante dicho programa y el SIMMP-1 se puede obtener la respuesta en --
frecuencia eh magnitud de un sistema en el rango de una década. La --
respuesta en frecuencia corkespondiente es desplegada en la pantalla -
de ‘Ta microcomputadora y en la pantalla de uﬁ oséiioscopio auxiliar. -
En la Fig. 10 se muestra un diagrama de bloques del sistema mencionado
que de aqui enadelante se denominard Bodimetro de una década (BUD)
Como se aprecia en la figura, el VCO empleado barre un rango de frecuen
cia de una década cuando el voltaje de control al mismo varia de 0 a 10
© volts. Dado que la s;1ida analégica-del SIMMP-1 varia en el rango de-
0 a 3.5 volts, se requiere un amplificador de ganancia 2.857 para poder
lograrel rango Hé barr%do requerido por el VCO. Es conveniente seﬁajar-
que tanto el VCO como e]‘amplificador de rango requerido se encuentran
en un solo gbérato comercial fabriﬁado por la compaiiia BWD ELECTRONICS
dénominado MINI-LAB; el instrﬁmento mencionado permite al usuario §e--

leccionar la frecuencia inicial de la década de barrido que se desee.

-16-
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EN FRECUENCIA DE UN SISTEMA, CON REGISTRO EN EL
OSCILOSCOPIO ¥ PANTALLA Of mickocomp, empieanto el SIMMP =T

E1 programa correspondiente en el SIMMP-1 que se ha llamado CV0O] efec-
tua las siguientes acciones:
a) Carga en registros internos del CPU las direcciones inicial y final

de una tabla de 256 bytes donde han de aimacenarse los valores de -
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b)

e)
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ia magnitud de la respuesta en frecuencia del sistema que se esté -
analizando:

E1 programa pasa a un lazo del cual no sale a menos que el bit 1 --
del puerto paralelo de entrada del SIMMP-1 cambie dé 0al. Dees-
ta manera puede inciarse el barrido de frecuencia en el momento en-
que gl usuario efectue fisicamente el cambio mencionado . .
Si se sale del lazo mencionado en e) paso b)l se inicia el barrido-
de frecuenci;, pafa 1o cual el SIMMP-1 pone sucesivamenfe en un puer
to paralelo de salida una cuenta que va de 00 a FF, de esta maner;-
en el puerto analdgico de salida correspondiente t SAe )AaﬁareteréF

la rampa He barrido requerida por el amplificador de rango. Para -

cada paso en la cuenta el SIMMP-1 lee el valor pico de la respuesta

en frecuencia y lo coloca en una locacidn de 1a tabla asignada para

tal fin, una vez hecho lo anterior el programa va a una subrutina -
de retraso de 20 milisequndos e incrementa la cuenta, de esta mane-

ra una vez que se ha colocado la cuenta FF se ha concluido con el -

"1lenado de la tabla qde contiene 256 puhtos_de la magnitud de la --

respuesta en frecuencia del sistema ana]izédo.

ConcIui&a'la accin anterior el SIMMP-1 sube-a la microcomputadora-
la tabla que contiene los datos de la respuesta en frecuencia reque
rida. Una'vez terminada la transférenéia, la microcomputadora des-
pliega una gréfica ilustrando dicha respuesta .

La téb]a'de reépuestd en frecuencia es reciclada en el buerto anald
gico de salida SAy, con lo cual es posible desplegar tal respuesta

en un osciloscopio.

Del lado de la microcomputadora se ejecuta un programa que como primera

accidn del mismo baja al SIMMP-1 el programa CVCOl descrito a grandes -

razgos anteriormente; el programa en la microcomputadora contiene ade--

mds las rutinas necesarias para interaccionar con el programa CVCOl ---

....la.—
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que se ejecuta con el SIMMP-1 .

En Ta Fig. 11 se muestra la grafica desplegada en lq computadora.correg

pondiente a l1a respuesta en frecuencia del circuito mostrado en la Fig.

12 . | |

Dicho circuito_puede emplearse como una de las bahdas elementales de un

ecualizador grdfico de éudiot

Mediante andlisis convencional de redes puede demostrarse que dicho}éir-

cuito puede presentar una atenuacidn o amplificacidn de 12.5 decibeles a

una frecuencia de 5.486Kﬂz. La méxima.amp]ificacién se logra cuando K=0 .

Para obtener mediante el sistema de Ja Fig; 10 1a magnitud de la respJeE

ta en frecuencia del circuito mostrado en la Fig.l2 se procedié de la si

guiente manera: ‘

a) Se calibrd el VCO de modo que la Frecuenc{a inicial de barrido fuera
1000 Hz . .

b) Se ajustd la amplitud de la salida de! VCO a 1 volt de pico .

c) Se hu§ieron en operacidn el sistema SIMMP;I y la microcomputadora .

d) Se ejecuta el programa en la microcomputadora que usa el sistema ---
SIMMP-1 como auxiliar en la obtencion de la resersta en.frecbencia .

e} Una vez ejecuta;o'el programa correspondiente-en'1é microcomputadora,
se obtuvo la gridfica mostr;da en la Fig. 11..

Como puede apreciarse,,?os valores experimentales obtenidos para la ganan

cia maxima y 1a_frecuen#1a a 1a cual esta ocurre difieren de los valores

tedricos mencionados. Esto puede deberse a que el circuito analizado fue

construido con eleménto§ que presentan una cierta‘toierancia en sus valo-

res nominales.

En la Fig. 13 se muestra la curva de respuesta en frecuencia teérica del-

circuito de la Fig. 12

-9



TRAZA DE MAGKITYD DE RESPUESTA EN FRECUENCIA

Figura 11'Respuesta en frecuencia del circuito de la figura 12

4

obtenida mediante el sistema de la figura !
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TRAZA DE MAGNITUD DE RESPUESTA EN FRECHENCIA
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Figura 13:Respuesta en frecuencia teorica del circuito de la figura 12

Cabe sefialar que el sistema BUD descrito anteribrmente se qlambré exprofe
S0 para mostrar un ejempio de aplicacidn del SIMMP-1, que pudiera constru
irse en un tiempo breve, por esa razdn se utilizo un VCO que se controla-
analogicamente con los naturales pkob]emas que esto imp1ica .

Actuaimente los autoreé trabajaﬁ'en el desarrollo de un-sistema que anali
ce respuesta en frecuencia ampleando un generador de funciones monolitico
al cual se le pueda agfegar la circuiteria analdgica y digital necesaria-

para que el SIMMP-1 pueda controlarlio digitalmente .

“°" CONCLUSIONES
Como se ha apreciado en el presente trabajo las posibies aplicaciones del
SIMMP-1 son muy diversas entre otras estas podrian ser :
a) Adquisidor de datos de baja velocidad, que pudieran ser procesados fue

ra de Tinea en una microcomputadora empleando un lenguaje de alto nivel.

b) Procesamiento en tiempo real de sefiales de muy baja frecuencia

-2~



c) Control 18gico de secuencias .
d} Ensefianza de la teoria y prdctica de los microprocesadores .
e} Instrumentacidn electrdnica empleando microcomputadoras y micro-

procesadores .,

Si bien se trabajo en este desarrollo alrededor de un microprocesador
de 8 bits es claro que la misma idea bdsica puede realizarse emplean-
do microprocesadores mds evolucionados tales como el 8086 de Intel }

el 68000 de Motorola. Los autores planean a futuro desarrcollar una -
nueva versign del SIMMP-1 basada en alguno de los microprocesadores -f

-

mencionados anteriormente .
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SISTEMAS PARA DESARROLLO CON  MICROFPROCESADORES

AUXILIADOS IMOR UNA COMPUTADORA DE TIFPO PC

[

Ern Lesaz antor

=] iores ze 2xplico la estructora basica dz u;a
microcomautadora dig%tal hasads &y ar mi;rc;rmce;adcr v o circuitos
intecracdos oonplessnbsriocs,  wna caracteristica notoriz d= oun
sigtems minimo como ol omzcrito en forms gendrica =0 la figurs

.10 del tema antericr, =z 1la zusencZia 2n 2l misso do 1o gue sn 1a

liteyatura dez computacidn s dznomira bain =21 nombra  de memoria
secundaria (v.og.oints magndéiica,unidades de disco duro o fla2xible,
ate) ezto 2% oomdn e zistemas basados 2n microprocessasdor qus

netén dedicados o realicar labores de instrumentacidn o control,
va que 2n talez cazos la smicrocomputadora podra estar destinada
anicamenta 3 atendsr un inztrumento o servic  de  adguisidor  de
datos v pnlace con obra compatedora 42 mayor  capacidad, por 1o
Lantn, el pragrama gue e debe ejescutar usgalmente =2 encontrscg
almacenardo =an memQFiaE de tipe ROM o EFROM. Es zZlaroc gquz el

firmuwares contenids ern memorias de sé6lo lectura debe haber sido

probade previamente, para llesvar a czbo esto

[

iy

e pueds wubilizar
cualguisra de las siguientes hzrramientas:

1} Eiglemas e desarrollo avtocontenidos (SZRA) con firmware de

1M

zopoarte que permitzn al vsuwario probar programas introduciendolos

a memporia RAM mediante un teclado. Tales =sistemas por 1o regular

cuwentan cor laz siguierntes vfacilidades:
a) Dezplzgzde hexadecimal de =eis digitos; cuatro de ellos estan
) - t

dediczadeos a mostrar direcciones de memoria, loz otros dos se

empleoan pera irndicar =21 contenido de la direccidn de memcria

L
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2at4 ligada con un pusrta dal =istema 21 usuario

Heaualmente 1oz desplegados d=e estos sistemas son d2 ziets
megmentne

tiy 1eclado mediante 21 cuwal el usueric pueds introducic 2
memor i 2 RAM un p%agram: =n lenguaie de ménuina empleando gpara
110 notacién henadecimal. E1 teclads cusnta cmﬁ varias , teclas

tle proposito espacifice dedicadas a  comandos  tales como:
eiscucion de up programa a partir de lea direccidn mostrada en

el deplegadn, modificarcidn d=2l contenido de registros  intarnos

de la CFU previamente a 1a ejecucidn de un programa, lesctura de

=1 contenidn de locadiones de memoria lectura o escritura de
; .

peertos, stc. . Conociendo la argquitectura del sistena 21

usuvarino nodra emplear 21 teclado para propdsitns especificoes
relacicnados con la aplicacidon que en un momento dado 21 misma
este programando.

Alguno= sistemas de este tipo cuentan con programadores de

memorias de tipm EFROM mediante los cuales el wusuario puede
pasar a un medio de almacenamianto perman=nte un  programa gue
ya haya =irdo depurado.

Farm:ten colocar pguntos de ruptura que facilitan la depuracidn

d2 arngramas. Un puntg de ruptura es una facilicad gue Zetienz

(8]
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ia pjecucion de on pragrama Bn wvna dirscociodgn greviamerhes
definida por el uvzuaric, desplsnando=s zntonces 21 eztada deo

diversas variable

1
5
u
(W]
133
[}
JI
n
—
H)
I
HH
(0]
=3
]

=} wvalor contenido en los
registros internos de ia TR,

Al uw=ar una herramisnta como ésta se presentg el incoenvenieniz

de gqua 12 memoriz RAM 25 wolatil por 10 que 21 desarrollador

dabera continuamentz programsc y borrar memorias de tipo EFRDM, 1o

que complica muchg la fase da desarrolla  d2l  zistema bazado =0
microprocesador que se estd diseflando en oun’ momento dado.

2} Emuelardores en circulto (In-Circuit Emulators), eszte tipo da
herramientas pzraiten emular diversos microprocesadores v por 1o

regular operan en combinacidn con  otra computadora anfitriona

{

T

nst) 1z que auxiliada por  harcdwarz dedicado permite  hacer

depuracidn 21 disefar 2! firmware de scports requerido para la

aplicacidn que 32 esté desarrollando. El  proceso a  seguir 2

utilizar una herramienta ceomo ésta ez a grandes rasgoss 2L

siguiente: -

at A la tarjeta basada en 21 microprocezador  disefjada suprofezo
para las necssidades regueridas por la gpli:acién de

instrumentacidn o control =2 le2 conecta en lugar de una CFU
narmal una CFY con facilidades de monitoreo de gefales propies

de ella..

]
rt
ar

&) Mediante hardware intermediario entre la tarjeta qgque cse =
desarrollando v la computadora anfitriona se puesde hacer on
sequimiento de diversas sefiales de 1la propia tarjista. E£1

despliegus de estas sefiales es hecho en 1la pantalla d2 1a



computadora anfitriona.

Cuentan con facilidacdes que permiten colocar puntos d2 roaptura

que auxilian en =2l desarrol

1
et
il

dezl  Ffirmware requerido por  la
aplicacidén.

-1 =

1

temas o

B
L
n
]
L
5
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Lok
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comandados

anfitriona Chost-target systems), aqui los designaremss bajn el

nombre ze2 sistemaz HT, las caracter{sticazde este tipao de sistemas

LA

o)

<)

~r

mn

Constan de dos partes principales a saber:
Computadora anfiiriona con zsoftwars dz2 soporte Quz arbitra el

funcicnzmiento de una sicrocomputadora de una  sola tarjera

bazsada en el microprocesador con €l gque se desze  instrumentar

Microcomputadeora on una =ola - tarijzta  t(target) ue  contiene
circuiteria de apoyo como puertos, memoria de sédlo lectura (gque
contiene gl firmware elemental gque permita la comunicacison con
1a computadora anfitriona), memcria RAM  (a la cual la
computadora anfitriona pusde bajar programas para su ejecucidn)
vy circuiteria l1égica auxiliér-que en canjuntu con lo mencionado
anteriormente cénstituyen urp sistema con la  arguitectora del
gque s= muestra en la figura Z.10.

La comuricacion entre los dpos subsistemas gque integran a un
sistema HT se efectda a través de puerios serie 0 paralelesz.
La coamputadora anfitrion2 cuenta con softwars que permite entre

ptraz cosas efectoar las siguientes accion

1D
15
it}

n la computadora

deztino: Leer el contenido de localidades de memoria o puertos
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desplegandeo el valor sn cueztidn 2n pantalla, cargar memoria o
puertos, bajar a la RAMN un programa para su giecucién, colocar
puntes de ruptuwra gue faciliten la depuracidn de programas  a
eiecutarse, precargar registros interncs de la CPU antes de
giocubar un cierto praograma, =iecutar paso a paso  un  programa

Ltriona el

[
0
3
o
W
oy |
iy
:-l

dezplegandn an la pantalla de la computa
estado de la CFU después de la sjecucidn de cada intruccisan,
cambiar la velocidad de transferencia de informacion (baudajed
entre las dos cémutaéorés cuando la comuanicacidn es por  pusrto
Seris,
En la memoria secuntdaria de la computadora anfitriona se pusden
guardar programas #£n cédigo de maquina de la  computadora
destino para su posterior edicidén o ejecucisn, esto svita el
tener nque2 estar programando v borrando memcorias EFROM al  estar
dezarrollando upa aplicecidn. |

Algunos  sistemaz cuentan con facilidades para programar
memorias EFROM gque son parte de l1a  arguitectura de la
computadora destino. Lo anterior_permife, una vez que yva s2 ha
depuradc y probado un programa cargarlo en memoria permanente =
modoc de que la computadora destino trabaje en forma auténoma,
Otra zaracteristica importante de los sistemas HT es =1 contar

' s

con un_ensamblador cruzade (cross aszembler) mediante =21 cual
se puede obtener el cédigo de magquina reguerido por la
computadora destino a partir de un programa en languaje
ensa%bladnr que s2 ensambla en la zemputadora anfitriona.

A continpacién se describe un sistema HT  basado en =l

3



mioroprocasader 280, gur pusds usar como compubtadora anfitricna o
una FC YXT/AT o PR/2 que cuernte a3l mencs Con un pusrto saria,

Varias re las aplicacicnaes de microprocessdores gue sSse  expondran

denomira con el nombre de SIMMP-1 que =on laz siglas de Sistema
Interconsctado de Hicrbcumpu£adora y Microprocesador Paralelo, =1
digito 1 indica gque el microprocesador de la computadora destino
es el 80,

E= un sistema gque se comanda por una microcomputadora a través

de su puerto serie, con

n

ta de Zk de memoria RAM expandible a 4k

2k de memoria EFROM eupandible a 4%, lo qu= le da una capacidad

total de memoria en la tarjeta de Bk, pudiendeo expandirse con

tarjetas adicirnales hasta &4k; tiene ademas 1la  opcidén de

1]

programacidn de 1; EFROM de expansidn contenida en la tarj=ta
mediante 21 hardware gue contisne el sistema.

En 1o gue a puertos se refisre =21 sistema cuenta con:
2} Dos suertos paralelos de 8 bits con capacidad para que el usuario

pueda nrogramarlos como entrada o salida.

h) Unr pusrto de comuanicaciones en formato serie asincronc implantado

h]
[u 8
10

For medio d

H

un USART comercial: mediante saftwarse el usuarioc pu

T}

tes

modificar el formato de Lransmisién (vg., nimero de bits de o

p1]

,
numero de stop-bits, ausencia o presencia de bit de paridad). A
este puerto se le denpomina FS2 {errtu serie dos). Las veleocidadas
de transmisién y receprcidn posibles del puerto P82 son:  I00, .&OD,
1ﬁ00 y 2400 bps.

£) Un puerto de comunicacién serie asincrono implantado medi ante



software gue emplea un puerto ds entrada da 1 bit y un puerto d

m

salida de 1 bBit. A este puorio

n

e le .denamina FS1  (puerts

mn
17}

unol. Las velocidades de transmisién y recepciédn son idénticas

Y

las del FE2, su formato de transmision es fijo, 8 bits de datos, no
paridad y un bift de paro.
El software de control deil éistema reside tanto en €1 como  en

la microcomputadora (FC XT, AT, FS2) por lo gue e proporciona  al

usuario un dishette gque contiens la parte de software de control

1

gue debe sliecut

1]

r=e 2n la microcomputadora.

El usuario con ayuda del software gque se proporciona en disco

n

puede examinar y/o cargar la memoria del istema, eliecutar un
programa a partir de una cierta localidad de memoria, bajar vy
avtnejecutar un preograma  gue previamente_ =e introdujo en 1la
microcomputadora en formato hexadecimal (lenguaie <o saguina)l

contando con auxiliaree para =l sunrdar en disgo o tomar o

ot

disco programas en formz’ o ocadecimaly acomodar sn 2l SIMMF-1 en
o Soto faie e oeonjenta de programas en formate hewadecimal  an

Ay
tho

ireccidn de celocacidn inicial especifi

n

ada por el usuario,
cjecutar paso a'paso un programa a partir d2 una direccidr gue
también especifica 21 usuario con despliegus 2n la pantalla d=2 la
microcomputadora del contenido de los registros internos de 1z CRU
v e locaciones de memoria de interés para el usuwario; inzertar

puntos de ruptura en un programa gue se ejecuta en el SIMMF-1  con

N

despliegus del estado de la CFJ al 1legar a cada punto de rupturs,
manejar los tres mcdos de interrupcién enmascarable con gque cuenta

la CPY que se utiliza en el sistema, mover blogues de datos en la



memoria del sigtema SIMMP-L1, orogramar l1a EFREOM  de expansidén

u

=

partir de: blogue de dataos =zn formato hexadecimal centeridc e

disco, blogue de datos contenido en la memcria dal SIMMF-1, byte

[

aislados tecleados Jjunto ceon su especificacién de direcciosn en 1la

microcomputadora; medianta 12 modificacién del  estade de dos

in

puentes eléctricos hacer gue el istema salte a l1a EFROM d=
expansidn en et mﬁmentc d= restablecer o0 arrancar el sistema, =sto
ultimo permite al usuario disefar con base en el sistema SIMME-3 -
dispositiveos que funcionen de mansra autémoma (vg., sin comandozs de
la microcomputadora) =ampleando el seftware de desarrollo del
SIMMF-1 cuyas facilidades de programacidn se describieron
brevemente en parrafos anteriores.

El SIMMF-1 cuerta con un  ensamblador cruzade pafa el
microprocesador del sistema escrito especialmente para ¢l. Asi el
usuarioc pusde editar,-guafdar 0 tomar de disco programas fusnts an
lengualije eorsamblador y una vezr ensamblados guardarlos en disco en
formato hexadecimal para su ejecucién posterior o inmediata en el
sistema SIMMF-1.

Avngue existen ensambl adores cruzados en =21 mercado se decidid  gue
2l del SIMMFP-1 fuera escrito en forma original por las siguientes
razones:
aY El ensamblaaor cruzsado forma parte del sistema.

b} Al escribir-.el ensamblador_se crea. una estructura basica de
software a partir de la cual se hace facil escribir
ensambl adores ' cruzados para otros microprocesadores ]

microcontroladeorss que exisien en 21 mercado.

-]



c) Tomar experiencia en 21 desarrnollo de este tipo de herramisntas

de software.

-4

Cabe mencionar que por medio 'de pequefias modificaciones  al
Fardware se pusden tener woersignes con difersnite capacidad de
meEmoria v puerfcs = adn el emplen de otro microprocesadoar como
CFuU.

La aplicacidn original del producto 2s un sistema de desarrallo
educativo gue puede ser empleado también por profesional2s ce la
ingenieria slectrénica en 2l disefio de dispositives profesicnales
de instrumentzcidn digital. En tales casos el SIMMP-1 se uszaria
comn circuiteria hisica funcionando en forma autdncma o bien como
periftérico de una micracomputadora, de tal Fforma que para el
usuario  final del sistema sera irrelevants cunocér el
funcipnamiento interno del dispositivo.

A sisﬁemas cor las caracteristicas del SIMMP-1 se les denomin
HOST-TGAGRGET:; donde 1a parte que se 11lama HOET =11 la
microcomputadora yv la gque se denomina "TARBET es =1 siz=tema, &en

pcste case =21 SIMMP-1. También se les llama  EMEEDDED SYSTEMS

]

1]

sistemas de microprocesador empleados como bloques basicozs en la
construccidn de disgositivos de instrumerntacidén y/o contral  paras
la industria y/o el hogar.

El rango de aplicaciones cerradas es amﬁlin, =41lo Qque =n cada
caso hay que desarrollar el sistema de pusrtos gque sg requiera,
az=i como también la tarjeta de circuitc impreso correspondiente,
uzanao 2l siztema SIMMF—I en estos casos como  cerebro  de la

aplicacidn de gque se trate en un momento dado.



Ern la figura Z.11 =2 muzstrz un diagramsz de bloguss  del
sistema SIMMF-1, zomo pusde aprecizrs= la CFU. empleada es 1z 100
de Zilog, gque si bign aparecid hace varios afios esn el mercado

n

us periféricos cominmente asaciados sdn o= facil  adguisicién.
FPara establerer la comunicacidén entre la microcomputadora y el

SIMMF-1 se emplea =1 chip 8251, transmisor-receptor universal

Q0

siﬁcrone ¥ asincron (USART)Y , fabricado por Intel. Al inicial el
funcionamiento del sizt=ma, =21 puerto serie queda habilitads para
tramsmitir vy recibir-in%ormacién|a 00 bauds.

En la EFROM 2714 existe el firmware de soporte gue permite a
la microcomputadora bajar programas  a éQM ‘del SIiMMP-1 v
ejecutarios para su prusba.

A continuacién s2 describen algunocs aspectos relevantes dgsl

software vy  hardware relacionados con el SIMMF-1

<
jed
[H]

microcomputadora smpleada para comandarlo.
Paginacidn de memoria del SIMMP-1

En 1a figura =.12 se presenta el mapa de memoria del SIMMP-1.

2N

n
i}

[

la paginacison esta hecha en blogues de 2k bytes pud

[
]

decedificar hasta 16k bytes, esto es, de la direccidn . Q000 a
IFFF. En la versién iricial del sistema unicamente =e ocupan Bk

bytes de memoria, 4k bytes de RAM situados de 1a direccién 1BOC 3

la 27FF y 4k bytes de EFROM situados de la direccidn 0000 & la’

direccién QFFF. Fisicamente, la paginacién de memoria se reaiiza

mediante el CI 74LS138 (Fig. I.11}.

9]



[ [ vy, 0

muh -au l h-':. e | . am e e x
v wa
] . .
Lade (L]
AT L T Jennnngnte]
eee 8l LG l
IWI o -
Fy
-
v -1 i, l
1 !
- Légice auxiliar para i l""r"ll"-“'-
Lo decodificacian 2 I .
do puertoes LU
L ¥ .
U-.D-/ il
1 "
. SR el
. - . R EOIgL
[ F‘ = I
e e - nitene I
Wil Wi wves
: |
[ Y] —= -
B — - | &
.' - " il ..
] il uil )i i) s.
.I il ‘ .
o i 1t b T
i » [N
B ar =G0
.- . Ll
b SUBETETS PPN L b [ | .
L T 1

. l i it bt

mETA. & may

'-""'"-_'D}"—_" . B EE

L L ..

Logica auxiliar para la
J_ } . programacion de la EPROM
4 i

y ©jecucidn paso o paso

}-II l
L
a2
= ¥ . e . . . ~ oo - R
!I-‘—J - I FR AR R Jutd b comidY IR aa mIAeseIMPI Ut AaRIRS
v~ e | ¥ mlatsPARELIADGR FAASLELS IEmnR g
{]
Sloehei Sml. dereells SNV SaLLE S l il EME. Moy et -u.o] T R ]
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GO0
EPROM 2716
07FE .
OBO0
i EFPROM DE EXPANSION (OPCIONAL)
£000
o EXPANSION FUTURA
Lst
{zo0
RAM DE EXPANSION COPCIONALD
LFER
2000
RAM
E*rf
H_;'___; EXPANSION FUTURA
2000
EXPANSION FUTURA
I7FF
2800
— ’ EXPANSION FUTURA
';Obo -
— EXPANSION FUTURA FUERA DE TARJETA

F‘igu.ra 3.12 Mapa de memoria del SIHMP.-.l
Como se aprecia en la figura Z.12 1la zona de memoria RAM
empleada por la pila (stack), va de las direcciones 27ch1 a 27FF,
-de la direccidn 2700 a 1a 2780 se define una zona de memoria para

uso de nucleo basico de entrada salida del sistema, esho ==, esie

il

conjunto de locacivunes de memoria €3 usado tanto por el firmware
del sistema como por el software de la wmicrocomputadora gque 1o
comanda, a gste intervaln de direcciones se le donomina zona de
gervi:in y =2 recomienda 21 dsuario no mcdifitar el contenido de
cualquisr locelidad en =se rango. Las direcciones de memsria

comprendidas de la 2600 a.la Z26FF san wutilizadas para localizar



rutinas de servicio ktante de interrupcicnes no enmascarables comc

zrimascarables de modo 1 (52 recomiznda zonsulbtar hoja de datos del

n

microprocesador Z80). Corn 2n gl ceaso de la zona de servicio

racamiends al usuario no modificar =21 centenicdn o ida

f

—

las loca

|
i}
rﬂ

de la zona de servicico de interrupciones, aungue =2sto no =23 tan

critice como =2n la zona de

i}

ervizio ya que no todas  las

aplicaciones usaran interrupciones.

Paginacidn de puertos del SIMMP-1

En la figura Z.12 s2 muestra el mapa de pueriocs del SIMMP-L,

Con el hardware contenido en 1a tarjeta sg pueden decocdificar

hasta 72 direcciones asociadas con pﬁertus de las cuales el

vsuario puede usar 164, las ufras 16 scn usadas por el csistema en
los puertbos que 21 mismo contisne, 2 conptinuvacidén se déscribe

esto: N

a) Las dirrecciones 14 vy 15 estan vinculadas zZon las dé control
datos del puerto serie 82%1. (Se recomienda consultar hoja de
datos del CI 8251). '

5 Las direcriones 00 a 03 est&n vinculadas con =21 multipuerto
paralelo 8255, por lo tanto para los puerics &, By £ d= eze
chip las direcciones regpectivas son 00, 01 vy 2. .Eiendn Ia
direccién 03 1la corraspondiente al registro de contreol el chip.

{Se recomienda consultar hoja de datos del £1 BZ5S).

O
ot

Las direcciones 04 a 97 estan vinculadas con el temporizador
programable de tres canales B825Z. La direccién 07 es 1la
correspondiente al registro de zontrol del chip, siendo las

—

direcciones 04 a 04 las asociadas con cada uno de les tres



canales de ftemporizacidon del  GRET. {(Se recomiends gonsultar
hoja de datos del CI 2253).
d) L& direccidn 08 == emplezds por un pusrtp de= =alida de

gque es parte de la légicas de ajecucidn de programas pasc a2

10

Iy}

pPaso.

-

Las notras cuatre sefial &«

4

de habilitacidn e nusrto
provenientes del decodificador de pusrtos 2stan disponiblezs para
2l usuario a modo d8 que éste pueda colocsr mas pusrtos al

siztema.

00
- IPP 8255
o4
\ TEMPORIZADOR 8253
o7
08
SALIDA AUXILIAR DE 1 BIT (O8)
OF
oC
- EXPANSION FUTURA
j-_:::
EXPANSION FUTURA
13
14
PUERTO SERIE 8251 (DIR 14 Y 15
17
13 .
B EXPANSION FUTURA
1C
EXPANSION FUTURA
1F
i EXPANSION FUTURA FUERA DE TARJETA
FF

Figura 2.13 Mapa de puertos del SIMMP-1

]



Descripcidn de puertos del SIMMP-1

A continuacion s= describs brevemsnie la 4Drﬁa en  gue =1
sistema SIMHP“I emplea varios cde los puertos contenidos 20 su
arquitectura.
al Fuertp =eris uno {(F51}). Este g5 implantado programando comg

salida la parts baja v como entrada la parte alta del pusrtoc C
del B8I%T, empleandc como zalida v entrada de transmision las
correspondientes con FCO v PC? respectivamente, siendo =1
funcionamignto del pusrto PSSl arhitrado por firmware contenido
en la EFROM del sistama. ﬁl formato de serializacién de este
puerto es =1 sigurients: wun bBit de inicio, ur bit de parg; no
paridad vy ocho bits de datos. El baudaje puede variarse de 00

a Z40¢ bauds.

b)Y Puzrto serie dos (F52). Este puerto es implantado mediantes el

CI 251, pudisndo el uwsuario modificar el formato L
serializacidén (vg. numero de bits de paro, paridad) ezcribiendo
el software reguerido. £1 baudaje de est= puerto pusde varlar

-

de 200 x 2400 bauds_empleandmse el canal cero del! tempociizador

25z para génerér la sefial de cadenc;a requerida  para  cadsa
bauvdaie. (Se recomienda consultar hoja de datos del CI 82%1).

¢) Fuerto de indicacién d2 espera de comandos. Este es implantade

empleando la salida PE1 del 8;55 gue esta consctado con  un

diodeo emisor de luz gque ha de brillar siempre due 21 sistema

SIMMF-1 esté en espera de un comando o dato proveniente de la

microconputadora.

d} Fuerto de habilitacisén de programacién de la EPROM. Este e

n



n

g

Rl

i)

implantado empleando la salida FC_ del B8255. -Estanda PC en
cern la EPROM de s=xpansidn :antehidé en la tarjeta eo2sta

hakilitada para leer, =i PEZ €5 uno la habilitacisdn seria  para

programat .

Fuerto de servicio de salida de un bhit. Implantado con la linea
de =zalida PC3 del 8233, puede ser emplsado por =21 usuario para

los fine=s que a &1 convengan teniendo cuidado de preservar 21

gstado de los bits PCO Fci v pgz_

Puartos de sntrada PCS y'PCd. Estas dos entradas de un  bit
estan ligadas con los  puentes eléctricos (jumpers} que

cararterizan el modo de funcionamiesnto del cistema al

restablecerse. Esto se describe en la siguientes tabla:

FCG ch "Accidn de restablecimiento

2 8 Salta a la direccién de memoria 0200

.O_ 1 Calta a la direcciédn de memoria 0400
t 0 Sa3lta a recibir comandos a traves de PGSL
1 i Salta a recibir comandos a través de PE2

Fuerto de entrada de_un bit PC‘. Fuede ser usado por 21 usuari
para los fines que-a €1 convengan.

Fuerto A de entrada o salida. Fuerto de ocho bits que pusde ser
projramadn por el usuario cemo de entrda o de <=alida, s=se
encuentra en la direcfién 00, {se recomienda consultar laé

hojas de datos del CI1 B2Z33).

Fuerto B de entrada o salida. Fuerto de ocho bits gua puede ser

programado por el vsuarino cemo de' entrda o de salida, =

W
n
il

encuentra 2n la direccién 01, (Se recomienda consultar



hojas datos del CI B2ZE).

Es importante puntualizar que  de azuerdo Zon lo e

antes la parte baja del puertno C del CI 8255 siempre ha

Pl T

programada como salida v 1a partz alta como entrada, en =2

n
"
r
n
o
£L
o}

[n R
T
m
I}
r_'.-
]
1

=0 de
que el wusuaric modifigque esta prggraﬁacién, alterara =1
funcionamiento correcto del sistema.
Reloj
El SIMMP—1 funcions con on relod de 2 MHz; el circuito gus
g=nera la se

fal corresponcdiente =2 observa 2n la ftigura .14 la

s2fal correspondi=nts al relej de baudaie se genera mediante =1

canal cero del temporizador programable BZ3Z a partir de la sefal

original de reloj de 2 MHz, lo gue bhace posible
serie FS2 pueda programarse a modo de que opere a

baudajes: 00, &0, 1200 y 400 bauds.

gue el puerto

los siguientes

+5v

P -

4 MmNz
S ] —
K 4
Satad —— /2. 1574
~h———{>o————————{>c* cK Q
1/6 1304 ' 1/6 LS04

.

D

/4 L504

Figura 3.14 Circuito empleado para generar la senfial de

reloj del SIMMP-1



Circuito de restablecimiento (Resel)

El circuito para gernerar la sefal de. rzstablce

miento (Rezet)

jh

2n el S5IMMF-1 =ze ilustra en la figura I.15.

/6 L504 1/ LS04

e D

Figura 3.16 Circuito de restablecimiento

Software basico en el SIMMP-1
La esencia del SIMMF-1 s2 encuentra 2n un programa grabado en

su EFROM, gue recibe de la microcomputadora urna cadena be byies

que integran un programa en  lenguaje de magquina de 80,

avtosiecutandose una vez gque ha terminado de bajar. a4l bajar a

SIMMF-1 un programa la secuencia que envia la microcomputadora es

la siguiente:

—— Envia un caracter de identificacidén gue indica al SIMMP-1 gus
los gque siguen representan un programa para el micropreocesador
80, | |

—— Transmite 4 bytes con informacidn referente a la direccidn
inicial y final dél programa a bajar.

-— Transmite la cadena de bytes correspcndiente al programa ques se

estée baiando.

[
j
m



Software en la microcomputadora

El software esta escrito en  un leguaie de al+to nivel. El
programa se denomina CCA¥ v permite al uwsuarioc operar el sistema.
"SIMMF~1 desde la microcomputadora, manejandose la informacidn  en

~

1

tacidn heradecimal. El programa == base en menus, el principal
se denomina de comando gsnerandose por cada opcién de este glitimo
ramificaciones de mends para cada caso. El de comandos consta de

nueve opcicnes:

)
w
2

1. Eargar un programa en lenguaje de maguina
. Cargar de disco un programa para I80

Z. Cargar =n disco un praograma para Z80

4. Bajar a SIMMF-1 un programa gque se autoeisculs
3. Editar un programa

&. Maripulacidn de memoria

7. Definir baudaje
8. Manejo de"diécn

?. FRetornar al sistema operativo

pli
—af

A rontinuacién se describe brevemente 1o que acontese
seleccionar cada una de las opciaones del mend de comandos.
Opcidn uno

Al hacer. esta -seleccidédn el programa .pide l1as. direcciones

1]

inicial y final asi cemo 21 nombre del programas gqu= s va
cargar. Una vez efectuade 1lo anterior, .se despliegan en 1la
pantalla de la micrmcmmﬁﬂtadora ias direcciones en forma sucesiva,
debi;ndo 2] usyaric introducir cada vez =1 valor del byie

caorrespondiente 2pn notacidn hexadecimal. EI programa asigna a cada

t-)
(

[

0



direccidn una variable de tipo cadena {(3tring) gue  regpresenta 10

que ha de almacenarse 2n lscaciones de .memoria  corr

iD

spondigntes
del SIMMﬁ—l. De este menera; la cadona de bytes gue representa =1
programa gueda contenida en un arraglo cuyo tamafio es igual al
numera de bytes gue lo integra,
Opcion clos

Cunando =e escoge ésta, la microcomputadora requiere del usuario
el nombre del programa a tomar de disco Y la unidasd
correspondiente. Una vez gue se ha ejecutado esta opcian, la
cadena de bytes del programa que se ha tomado de disco gueda en
un arreglo =imilar al resucltante de la opcidn uno.
Opcion tres : :

En ézta, =1 arregic correspondiente a un programa determinado
S22 guarda eh'un archivo de disco junto con las direccionsgs inicial
y final correspondisntes.
Opcicon cuatro

Fermitse bajér al SIMMF-1 las direcciones inicial y firal de un
programa para 780, asi como la cadena de bytes gque lo constituyen.
Una.vez que =1 programs es bajado se autoejecﬁta.
Opcicon cinco

Mediante esta opcidn 3e pasa al mendg de edicién que permite al

[
Il

usuario editar el programa .en lenguaje de maquina con el que

12
m

trabaje en un momento dado. Laz opciones gque contempla el mend
edicidn son las siguientes:
a) Listar- el programa. Fermite listar todo un programa en lenguaje

de maquina o parte del mismo.

- 20
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b) Borrar bytes. Mediante esta opcidn =1 uwusuarFisc pusde  borrar
bytes  del prngramé 2n lenguaje de méguina gue sSe g=ts
dépurandﬁ.

<) Insertar bytes. Fermite insertar instrucciones en lenguaje de
maguina al programa gue se esté trabajando.

o) éambiar bytes. Fermite cambiar unNoC O mAs bytes de un programa
en lengualje de maguina.

e} Continuar. Con ezta s=lsccidén, el sistema pa

bl
n
p1]

a un submend gue
comprende las siguientes acciones:
1) Editar
2) Retornar a mend de comando
81 s2 toma la accidén 1, el usuario retorna al mend de edicidng
s5i se toma la 2, regresa al mena principal o de camandﬁ. Cabe
seffalar gQue una vez que se ha gjecutado cualguiera de las opciones
1 a 8 del mend de comandos, =1 submend descritoc en este parrat.
aparece nuevaménté.
Opcion seis
Mediante é?té se pasa a un menu gue comprende’ . los siguientes
puntos:
a) Examinar memoria de SIMMF-1. Permite examinar contenido de
localidades de memoria del sistema. ' .
b) Cargar mehoria de SIMMF-1. Fzrmite cargar bytes en memaria RAM
del sistema.

¢) Ejecutar un programa cargado previamente en memoria  RAM del

sistema. El usuario puede escoger entre ejetucidn pasc & pasc ©



d) Transferir bleogues en memcoria de SIMMP-1. Agul el usuaric puede
mover blogques contenidoz en memoria REM o RAM a memoria RAM.

2} Acomodar blogues provenienltes de disco =2n memoria RAM 4

n

SIMMF-1. Mediante esta opcidn 21 uvusuario pusde bajar a2 memoria
RAM una cadena de blogues contenidos originalmente en disco.

f} Frogramar la EFROM de expansidn del SIMMP-~1. Con esta gpocidn =1

Py

n

=2

1]
"
0
3

usuaric podra programar la EFROM auxiliar del sist

fuentz de detos en: disco;, memoria de SIMMF-1 o datos ta

n
(]
bl
Q
D
n

en microcomputadora aisladamente.

£ Retérnar a menu de comandes, El usuario podrid retornar al  mend
de comando con esta opoidn.,

Opcion siete

Mediante ésta el wusuario puede programar ! baudaisz de

5
i
in

cualesquiera de los dos pusrtoz serie del sistema, 1ps baudszjs
permizibles son: 200, £00, 1200, vy 2400 bauds.
Opcion acho

‘Mare 3

4

der disco. &1 seleccionar ésta el usuario pasa al mendg
de manipulacion de dizco que comprende las siguiéntes opoiones:
a) Examinar directoriso activo en alguna unidad d= disco.
b) Cambiar directorio activo en alguna unidad de disco.
¢) Borrar programa en cédigo para Z80 en alguna unidad de disco.
., - s
d) Retornar a mend de comando.
Opc tan nueve
Mediante ésta 21 usuarin pueée retornar al sistema operativ

de 1la microcomputadora.

Ensambl ador cruzado

=~

tJ



El software del lado de la microcomputadora  asaciado con =
sistema SIMMP-1 cu=nta com un programa  ensamblador ozorito
exprofeso para el sistema. El ensamblador es de dos rpasadas,
admitiendo cualesgquiera mnemdnico dentro de la lexicografia
asociada con el Z30. En la primera pasada se ogenera cédigo oz

mAquina para 4o b e instrucciones a excepocidn de lzz que

involucren szaltos o llamatdas a etigquetas, colocando al enzamblador

3 1lamada. El manelic cel snsamblador por parte del usuario es
sumamente zercillc, s manejs ai igual gue =21 programa CCA, en

bazso a menus. Bl principsl o de comandp consta de las siguientes

CpCLonN2%G
1. Largar an programa en lenguaje ensamblador para 7Z80. .

Z. Tomar de distp un programa fusnte 2n ensamblador.

e TCargar en disco un programa ¥uénte en ensamblador.

4, Editar un programa fuznte.

S. Buardar en disco el cddigo objeto correspondiente a un-ﬁrograma
fuente recién ensamblado;l

6. Ensamblar un programa  fuente especificando el usuario la
direcciédn inicial a partir de 1la cual se dessa cargar el
programa objeto en memoria del sistema SIMMF—-1. Una vez que un
programa psta ensamblado el usuario podra bajarle al SIMMP-1
para su ejecuciéﬁ a modo de hacer una prueba del programa Sin
necesidad de almacenzrlcoc en disco, si es necesario hacer algun

cambio 2l usuario puede retornar al editor para hacer las

k3
8]
A



modificaciones necesariaz= a fin de ensamblarlo y probario de2
nuevo, uwuna vez Qqug 21 programa funciora correctamente se pueds
cargar su codigo obij=sto en disco siendo 21 archive
correspondiente compatible con el programa CCA  de 'maneja
hexadecimal del SIMMFP-1.

REFERENCIAS
Fundamentos de los microprocesadores.
Roger L. Tokheim.
Serie Schaum, Mc GBraw Hill.
Contruva vra microcodhputadara basada en el 280,
Steve Ciarcia.
BYTE BOCOKES / Mg Graw Hill.
Microprocesadores, programacidn e interconexidn.
José Ma. Urufiyela M.

Mc Graw Hill.
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TYPES SN54L5138, SN545138, SN54L5139, SN545139

M
. . B . SN7415138, SN745138,
nst | DECODERS/DEMULTIPLEXERS DECODERS/DEMULTIPLEXERS
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description
. — “LEIID, 'SR
Thew Schottkv-clampad TTL MS! circuits are SNEALSIIP, SKALS 1N .. . J OR W PACKAGE
datiged T be used in high-performance memary- SNT4LS1IS SNTASIIY .. .J OR H PACK AGE ™ .
! - decoding of dete-routing spplcations requiring ve LYor vaEw) : e L5139, '5139
ing : 9 .pul ations oquiring very onnnih 16 N {EACH DECODER/MEMULTIPLEXER)
N shori propeqation detay times. in high-performanca FUNCTION TABLE
\.N memory Syslems thos decoders £an be uted 10 st “h{:’_ﬂ oataouiruf
minimire the affscts of sysiem decoding. When A TICAN TRR I CIFLINCLOI skt "i[)*"’" INPUTS
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wlest inputs and the three enable inputs. Two N'“‘—V—"’ —
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the need lor exiernal gates Of inveriwrs when schematics of inputs and cutputs
axpanding A 24-line decoder can be implemented EQUIVALE
without External fnverters and 8 32dine decoder powtive fogic: 38 funclion LabM ‘ i D:_F‘Tl:."i:?:' EQUIVALENT OF EACH TYPICAL OF QUTPUTS TYPICAL OF CUTPUTS
fequres only one inverter, An ensble input can be . INPUT OF 5132, 3139 OF ‘L5138, 'L5138 OF "S134, '§119
used ms & dats input for demuttipleing applicstions. ) vee
Vee bt Vee
The 'LS1739 and "S139 comprise two individual two-line-to-four-line decaders in a single package. The active-low enatis 0 k{2 NOM
input can be used as 8 data line in demultiplexing spplications. INPUT - " weut
QuTrur
Al of these decoders/demuttiptexers testurs lully buffersd inputs each of which represents only one nprmalized Setins ¥
5415, 7415 load ('L5138, 'L5139] or ane normalized Series §45/745 load {5138, '5139) 10 its driving circuit, A1 ¥ 4 o
inputs wre clamped with high-performance Schatiky dioded 10 suppress linaringing and simplily systam dusign. Se
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— L
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TYPES SN54LSI3B, SN54L5139, SN74LS1IB. SN74LS139,
DECODERS/DEMULTIPLEXERS

AEVIAED OCTORE ® 1978

absolute maximum ratings over operating free-ai temperature range {unjess otherwise noted)

TYPES SN548138. SN545139, SN745138, SN745139
DECUDEHS/DEMULTIPLEXERS

abiolute maximum ratings oves operating free-air lemperature range {unless otherwise noted)
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TYPES SN5415363, SN541L53164, SN74LS363, SN74LS364
OCTAL D-TYPE TRANSPARENT 'LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS .
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“ TYPES SN54L3373, SN5415378, SN545373, SN548374, '
TTL SN7415373. SN7415374, SN745373, SN74S374

M5i

OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

.ULLITIN NO. DL & 1713350, GCTONER 1974 MEVISED AUGUET Y977

Choica of 8 Latchas or 8 D-Type Flip-Flops
In a Single Package

3-5wte Bus-Driving Owputs

Full Paraltel-Access for Loading

Buffered Control Inputy

Clock/Enable tnput Has Hysteresis ta Improve
Noiss Rejection

P-N-P Inputs Reduce D-C Loading on

Data Lires ("5373 and "S374}

SN5SLS363 and SN74L5364 Are Similsr But
Hava Higher Vo For MOS Interface

e % ¥ @ L]

‘LSITY. 537
FUNCTION TABLE
OUTPUT ENANLE
CONTROL 4 kil
L H H H
L H L L
L L X ag
H X X 2
f
'LETTH, BITA
FUNCTION TABLE
ouTruT
conthoL | CLOCR D | outeut
L t H 1]
L H 1 L
L L X Ay
H X X z

Son srplananon of funcuon rablem on gags 18,

description

SNSILSITI, ENBASTY] .. JPACKAGE
SNTALEITI, SNTMEITY ., . J OR N PACKAGE

[YOP VIEWI

logic: s tuncticn wbis

ENSALEYTS, SNSAS374 . JPACKAGE
EN7ALEXY4, ENTASITA .. . JOR NPACKAGE

{ToPr VIEW)

logic: sse functlon table

These B-bit reglsters featurt 1otem-pole hree-state outputs designed specificaily for driving highly-capatitive or
ralatively low-impadance loads. The high<impadance third state snd increased highelogic-tevel drive provide these
regizters with the capability of being connectad directly to and driving the bus lines in » bus-organited system withoot
need lov interface o pull-up componenms. Thay sre particularly attraciive for implementing butter registeny, 1/O ports,

bidirsctional bus drivers, snd working registers,

The sight latches of the “LS37J and "S373 are transpecent D-type latches meaning that while the snabie (G) is high the
Q cutputs will follow tha data (D] inpurs, When the enable i 1aken law the output will be latehed a1 the leval of the

data that we setup,
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SN545374,
TYPES SN54L$373, SN54LS174, SN545373,
SN741S373, SN74LS374, SN745373, SNM4S114

0CVAL D-TYPE TRANSPARENT LATCHES AND

EDGE-TRIGGERED FLIP-FLOPS

description {continued)

i iti ition ©F e fhack,
The eight flip-tiops of the ‘LE374 sne ‘5374 are ecpe-frigotred D-type fNlip-flops. On the potilive tramition
1he O putputs will ba se1 1o the logic states thal wrre seiud at the [ inputs.

Sehmizt-tigger bul fered Wputs a1 the enable/ciock lines simphily syttern cesign s ac nd de noise rERCHDN T mP et
izt

4 n i ne
by typicalty 400 mY due 1o Whe ipput hysteresi, A taiitered gutput controh inout can he used to place ¥
¥ P

tpyts in either & aormal logic state {nigh or low logic levals} or 2 high»mpadance e, fn the high-impecanes g
autpyls |

he putptits Aeither load nor drive the bus lines signilicantiv.

Th 1t coniral does not aflect 1he internal opergtipn of the latches of flip-Hogn, That is, the ald otz 20 e
O @ v )
retsined G1 new Jats can be enEred even vhile the Outputs are off.
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TYPES SN54L1§373, SN54L5374, SN74LS373, SN74LS374
OCTAL D-TYPE TRANSPARENT LATCHES AND

EDGE-TRIGGERED FLIP-FLOPS

schematic of inputs and cutputs

‘L8373

EOtAVALENT OF DATA AND
OUTPUT CONTROL INPUTS
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INPUT —g
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- 4
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sbsolute maximum ratings over oparsting free-sir temperature rang (unless otherwise noted)
Supply voltage, Voo (ue Note 1) T T A 4
Input volisge e e P - YV

Otf state cutput voltage D e e e

Opsrating free-nir tempersturd range: SNS4LS' .
. SN7ALS .

Storage TeMperatrd tange

NOTR 1

recommendsd operating conditions

R v
~55°C to 125°C

. . - v v . . 0Cw’c
C e e e e .o ... —eS'Ce180"C

Voltage vilumy sre with remact (8 Adtwark Sin R irmifet,

SNBALY SNTALE
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L5374 [Tl (T

[ Operating Irsesie temperatern, T4 ~5% 175 o 10 *c
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intel”  silicon Gate MOS 8251

14

PROGRAMMABLE COMMUNICATION INTERFACE

= Synchronous and Asynchronous » Baud Rate —DC to 56k Baud (Sync Mode)
Operation DC t0 96k Baud (Async Mode)
. SV"5°2'§:}°5‘§= \  Full Duplex, Double Buffered,
. araclers
Internal ar Extarnal Character Transimiiter and Receiver
Synchronization s Error Deleclion --- Parity, Overrun,
Automatic Sync Insertion and Framing
» asynchronous: = Fully Compatihie with-8086 CPLU
5-8 Bit Characlers s
Clock Rata — 1,18 o« 64 Thnos ¥ 28-Pin DIP Backaye
Break i _'333'1 -“-""ii = All inpits and Dutputs Are
4 Saracigr Leaeralion P H "
1, 1.4, or 2 Stop Bits A Compdhbic
False Start Bit Detection » Single 5 Vot Supply

Lo . i v Single TTL Clock

The 8251 is a Universal Synchronous/ Asynchronous Recaiver / Transmitter (USART} Chip designed for data
communicalicns in microconiputer systems, The USART is used us 4 parinheral device and is programmed
by the CPU to.operate using wirtually any serial data transmission technique presentiv in use (including 1BM
Bi-Sync). The USART accepts data characters from the CPU in parallel format snd then converts them into
a continuous serial data stream for transmission. Simultaneousty it can seceive serial data streani: and con-
vart them into paralle! data characiars (or the CPU. The USART will signal the CPU wheneuvs- i1 can acgept
a new characier for transmission or whenever it has received o chavacter for the CPUL The CFL can read the
complete status of the USART at any time. These include data rransmission errors and contrul siginals such
as SYNDET, TxEMPT. The chip is constructed using N-channel silican gate technoiogy.

PIN CONFIGURATION FVrrs DILGRAM
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8251 BASIC FUNCTIONAL DESCRIPTION
General

The 8251 is 3 Universal Synchronous/Asynchronous Ae
caiver/Transmitter designed specificaily for the 8080 Micro-
computer System. Like other 1/Q devices in the 8080 Mkro-
computer System its funciional configuration is programmed
by the systems spftware {for maximun Hexibility, The 8251
can support virually any serial data technique curcanty
in use {including IBM “hi-sue™).

In & communication environment an interface davice must
convert parallel formal system dara into senial format tor
transmission and convert incarning seriat format Jata ino
parallel system data for reception. Th interface device must
also datere or insert hits or characters that are functionally
unique to the communication trchnigue, In essenca, the
interface should appear “transparent” to the CPU, a simple
Input or output of byte-oriented sysiem data,

" Date Bus Buffer

This 3 -state, bi-directional, 8-bit buffer is used to interface
the B261 to the BDBO system Data Bus. Dota Is transmitted
or received by the buffer upon exacution of iNput or QUT-
put instructions of the 8080 CPU., Control words, Command’
words and Status information are also transferrad through
the Data Bus Buffer.

Read/Write Control Logic ,

This functivnal biock accepts inputs from the 8080 Control
bus and gancratas control signats for ovarall device operation.
it contains the Control Word Register and Command Word
Rogister that store the various control farmats tor device
functlonal definition. ;

RESET {Reset)

A “high” on this input furses the A28 into aa “ldie” mode.
The device will remain at “Idie™ until a new set of control
words is writtan into the B251 to program its functionat
definition. \

CLK (Clock)

The CLK input is used to generate internal davice timiny

and Is normatly connected to the Phase 2 (TTL) output of

the 8224 Clock Gensrstor, No external inputs or outputs

o refunnud to CLK hu{,mﬂ frequency of CLK must be
30

MW iTy e

m or Transmitter clock in-

¢/0 {Control/Dsta).

This input, in conjunctiva wiih the WS angd AD nputs in.
forms the 8251 that the word e the (i bus is aither 8
data character, vontrol woed o stadus informatlon,
1=CONTROIL 0~ n0rs

CE {Chin Seiant

ACUlow” G lhis inpat anahlos soe Bl Mg

seling @r writs
ing will oeur unless the doevice is selaates!

AEAD/WAITE
COMTROL
LOGKIC

¢/D 95 WR &S

1] 0 1 4} #25 -~ DATA BUS

a ) 0 o DA A BUS =« 8251
ﬂﬁ 5 thnas for asynchronous p M . 3 SYATUS = DATA DUS

1 1. 9 90 DATA 9rtg m CONTROL

XA X N DATASUS: ISTATE
A 'bw" an.mh Iwut !immu- the 8251 that the CPU is
uutputﬁng duty or. eomml words, ir essonce, the CPU is
writing out ta tha 8251,
RD (Read)
A "low” on this Input informs the A251 that the CPU isin-
putting data or status Infarmation, i assence, the CPU Is
reading from the 8251.
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Modarn Contrnl

Tha 251 has a set of control inputs and oulputs that can
be used o simplify the Interface to almast any Modem.
The muuiomn control signals are general purpose in nature
andd van n: used tor functions other than Modem control,
if Nesastiry,

DR a0 581 Maady)

Tha DER input signal is general purpose in nature. Its can-
ditior, «un be tested by the CPU using e Status Read opera
tier, The BFR input is normaily ied to test Modem con-
ditions such as Deta Set Ready.

DTR (Dara Tarminal Ready)

The T R output signal is general purpose in natura, bt can
be set ‘'ley’ by programming the sppropriste bit in the
Command Instnuction ward, The DT R outpu t signal is norm-
#ly used for Modem control such a3 Data Terminal Heady
or Aate Select,

RTS (Request to Send)

The RT8 uulput signal Is general purpose in nawre, I can
he ey “inw' by programuning the appropriate bit in the
Commnnd Instmcuonword.T_he RTS output signal is norm-
ally used for Modem control such as Reguest to Send,

T8 (Clear to Send) :

TOTU e o s gt ene lllh". e BEL w0 transtt dota
{serini) if the Tx EN bit in the Command byte is set o a

Cofe

Frsnsimitter Bufler } )

The Tiansmitter Butfer accepts parallel data from the Data
Bus Buffer, converts It to 8 serigl bit stream, insorts the ap-
preoriate characters or bits {based on the communication
techiviauel and outpuls a composite serisl stream of data on
the Tail outpat pin,

Transmittar Cont_rol
The 'frmlnar‘Cnnﬂ;ﬁ:‘*'_"

all activities associated

fu: \rnnn.

This putput signals the CPiJ thot the wansmitter is reody
to acrnept a data charncter. It can be used as on interrupt 10
thm syctem or for the Polled operation the CPU can check
FTxROY using a status read operion, TxADY is automatic.
ally rezo0 when a tharacter s ioaded trom the CPU,

TxE (TI:«‘.' aeddieg

When the st Tt UxR

put witl ¢ hea B Cor e e
characte: irun .. A tadingen thn
engol atoag e e, R TICT CIRRTE T 13
1o turn tho o w0 Cet e S nsarg ded
mode,

In SYNUhionoes v
that 8 characie:
e G CRapoide i 7 oLr
as “liljers”

st IpAinno .

v naAGwiIrTe
- GOHTHOL
100K

TxC (Transomtie, * 0 ot
Foranrrnty the e at which the char-

The Trensmitizr '.:

acier s to ba sraasmiitad. In ite Sunchronous transimissien
maae, the i ., we Vs gl o) the actual Band
Rate (1X;. In d:“,-r;r.:r,:mu \,--.v's-:ion mode, the (1o
quency of Tl iy & Tl te actual Baud Rate. A
portio'n of Lz s nstmciion selects the valie of the
inultiplier; it can O *o TG4 o B8y dhe Daud Rate,

For Examnple:

H Baed Rag rgee o000 o X
TR aren
€ oo b @i r
O TG ey T Ay
LN T TR B ;
Tl crialz Cgd 0wt 80

AN IR Y T

The follivg - Lt
8251,
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SILICON GATE MOS 8251

Recseiver Butfer

The Receivar accepts serial data, converts this sarial input
to parallel format, checks tor bits or characters that are
unique to the conwnunication techrigue and sends an
“assembieg” characier to the CPU, Seilal data is input to
the AxD pin,

Receiver Conrai
This functivaoi tlock wnanays: o't aeaive -related activities.
RxRDY {Reucniver Peady!

This outputindieates that the 8241 cuataing a character that
is ready to be Input to the CPU. AIxRDY can he connected
to the interrupt structure of the CPU or for Polled opers-
tion the CPU can check the condition of RxRDY using a
status read operatinn, RuRDY ic automatically reset when
the character is read Ly the CPU.

AxC {Receiver Clock)

The Recaiver Clack controls the rate at which the character
is 10 ba recelved. In Synchronous Mode, tha frequency of
AxC is squal to the sctual Baud Rate {1x). In Asynchranous
Mode, the frccuvacy of RxGC is @ multiple of the sctual
Baud Rate, A nortion of the mode instruction selects the
value of the multiplier; it can be 1x, 16x gr 64x the Baud
Aate.

For Example: tf Baud Rate equals 300 Baud,
: fixC equals 300 Hz {1x}

¥ equals 4800 Hz (16x)
AXC squals 14,7 kHz (64x),

1f Baud Rate equils 2400 Baud,
RxC equals 2400 Hz [1x) -

RYT equals 8.4 kHz (16x)
[ equals 153.6 kHz (64x).

Data is sumpled into the 8257 on the rising edge of AxC.

NOTE: In most communlications systems, the 8251 will be

handgling both the ransmissfon and reception operations of

a single link, Consequentiy, the Receive and Transmit Baud
Rates will b (k= same. Bath TxC and AxC will require iden-
tical frequencies tar this operation and can be tied together
and connected I s single froquency source {Baud Rate
Generator} to sinplity the interface.

SYNDET (S‘(NC Datoct)-:” :
3

This pin is used i’ SYNme-M only. I is used as
either input or output progrinimiitie through the Controf
Word. It is reset 10 "low” UMBESET When used as an
output {internal Syneé M;rft’"‘S’YNDET pin will go
“high” to Indicate that m;mrp located the SYNC
character in the Rucelve mode, §f'the 8261 is programmed
to use double Sync characters (bi-sync), thon SYNDET will
go “high™ in the middle of the last bit of the second Syne
character, SYMDET Is avlomaticully reset upon a Status
Read operation.

When used as 4 inpul, Eaxteraa! SUNC detact e b}, 4
pasitive going siynst wili <oyse the 8251 10 start assembling
date characters n the isliing edge of the Aext ﬁif.. (ince
thSYNC, the "high' ineut sinna! car be rerseoni, The durs.
tion of the high signal should Le 2t loast agueai (o the perigd
of RxC.

ACCEIVE
PUFFER
LE=#)

RECLIVE
CONIAQL

AODAESS 0us i
o]
8 CONTROL BU3
BN ml reseT[ &y
P TR ! L) L

{ " OATA BUS

e ____1]__._1___7____

L rvpa
e 43 AP - N L WA AESET Lk

B251 interface 1o S08M0 2 add Syctem B
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DETAILED OPERATION DESCRIPTION
- Geners| '

The completa functional definition of the 8251 is program-
med by the systems softweore. A set of control words must
be sent out by the CPU to initialize the 8251 1o support the
desired communications format. Thesa control words will
program the: BAUD RATE, CHARACTER LENGTH,
NUMBER OF STOP BITS, SYNCHRONOUS or ASYNCH-
RONQUS OPERATION, EVEN/CGDD PARITY etc, in the
Synchranous Mode, uptions are also provided to select either
internal or external character synchronization,

Onee programmed, the 8251 is ready to perform its com-
munication functions, The TxADY output is raised “high”
to signal the CPU that the 8251 is ready to recoive  char.
scter. This output {TxRDY} is reset automatically when the
CPU writes a character into the 8251, On the other hand,
the B251 raceives serial data from the MODEM or 1/0 de-
vice, upon receiving an entire character the RxADY output
is raised “high’" to signol the CPU that the B251 has o com-

- plete character ready for the CPU to fetch, RxRDY is reset
automatically upon the CPU read operation.

The 8251 cannat begin transmission until the TXEN(Trans-
mitter Enable) hit is sat in the Command instruction and
it has received a Clear To Send (CTS) Input. The TxD out-
put will be held in the marking state upon Reset,

Programming the 8251 '

Prior to starting data transmission or reception, the 8251
must be loaded with a set of control words generated by
the CPU. These control signals define the complete func-
tional definition of the 82581 and must immediately follow
a Reset operation (internal or external).

The control words zre split into two formats:
1. Mode Instruction

2. Command Instruction

Mode Instruction

This format defines the general operational charactaristics
of the 8251, it must follow a Reset operation (internal or
external). Once the Mode instruction has been written into
the B25% by the CPU, SYNC characters or Command In-
structions may be inserted.

Both the Mode and Cwm'nmmdom must conform to
a specified. wquence for mmmanon The Mode
Instruction must be insartad y foltowing a Aeset
operstion, prior te using the I8t tor dats communication,

5138
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All control words wiittep into the 8751 aftor the Madn In
struction will load the Command Instruction. Comman. In-

‘sfructions can be written into the 8261 a1 &ny time in the

data block during the operatinn of the 82B6%. 7o return to
the Mode instruction farmat a bit In the Comminid instrue:
tion word can be sot to initiate an internal Azl operation
which sutometically places the 8251 back into the Mode
Instruction format. Command Instrictions must fallow the
Mode instructions or Sync charactoers,

[ R aDE msmu-'non j
— ad
cay T ENG CHARAGTF i

L, EHE H0QE
! aNLY

[ SYNG CHARACTER 1

CO =t | COMMAND INSTAUCTION

ce-0 - bara

1 1
O - 1 | CUMMAND INSTAUG N l
.o - DATA

[

[ R1 comnnnmsmucnﬁu_]

*The texand TYNC duricim o sraprad H e HIE instere o
s rop smed the B25) e gl chasscter dntanal SYMEC
Mode, Both 5 YNC charctmrs s thwpped off MODE imuuerion
hon Crogramemed We £281 o3 ASYIE mocis,

.-

Typical Dats Block
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Mods Instruction Dafinition

. The 8251 can be yused for either Asynchronous or Synchro-
nous data communication. To understand how the Mode
‘Instruction defines the functional operation of the 8251 the
designer can best view the device as two separate companents
sharing, the same package. One Asynchronous the other
Synchronous. The format definition can bs changed “on
the fly* but for explanation purposes the two formats will
be isolated.

Asynchronous Mode {Transmission)

Whenever a data character is sent by the CPU the 8251
automatically odds a Start bit (low level} and the program-
med number of Stop birs to each charanter. Also, an even
or odd Parity Lit is insarted prior 1o the Stop bit{s), as de-
tined by the Mode Instruction. The character is then trans-
mitted 8s a serlal data stream an the TxD output. The serial
data is shifted out on the falling edge of TxC at a rate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mude
[nstruction, BREAK characters can fre continuously sent to
the TxD if cornmanded 10 o so.

When no data cheracters have looded into the B251 the
TxD output remains “high” tmarking} unless a Break {con-
tinuously low) has been programmed.

Asynchronous Made (Receive) ,

The RxD line is normally high. A fatling edge on this line
triggers the beginning of a START bit, The validity of this
START bit is chocked by again strabing this bit at its nom-
inal center, It a low is detected again, it is a valid START
bit, and the bit counter will start counting. The bit cuunter
locates the center of the data bits, the parity bit {if it ex-
ists) and the atop bits, [f parity arrur occurs, the parity or-
ror fay is set, Data and parity hits arc sampled on the RxD
pin with the rising edga of AxC. {1 8 low teval Is detected as
he STOP bit, the Framing Emor flag will be sat, The STOP
bit signals the end of a character, This character is then
loaded fato tee parallel 1O buifer of the 8251, The RxADY
pin is raised tu signal the CPU 1hat a character is ready w
be tetched, If a previous character has not been fetched by
the CPU, the present charscter replaces it in the /O buf-
ter, and the OVERRUN flag s raised (ihus the previous
character s lom). AH of thc m flags can be resot by a
command instruction. Th! Iifhm'lnce of any of thase er-
rors will not nop lheooandnno! tha 8251,
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Synchronous Mode {Transmission)
The TxD output is continuausly high untll the CPU sends

its first charocter 1o the 8251 which usually is a SYNC |

character, When the CTS Hine yoes low, the tirst character
is serially transimitted out. All charactors are shifted out on
the failing edge of TxG. Data is shifted out at the same
rote as the TxC.

Once trapsmission has started, tiwe dati stream at Txl) out
put must continue at the TxG rate, 1f the CPU does not pro-
vide the B2S1 with a charecier Letore the 8251 boecomes
empty, the SYMNC chaructels (or character if In single SYNC
word mode) will be automatically inserted in the TxD data
stream, n this case, the TXEMPTY pin Is reised high to sig-
nal that the 8251 is empty ard SYNC characters are being
sant out. The TAEMPTY pin is internalty resel by the next
characier being written into tha 8251,

Synchronous Mode (Receive)

In this made, character synchranization can be Intemally
or externatly achieved, If the internal SYNC mode has baen
pregrammed, the receiver starts in a HUNT mode. Data on
the RxD pin is then sampled in on the rising edge of AxC.
The content of the Rx buifer is continuousty compared
with the first SYNC character until 8 match occurs, |f the
8251 has beon programmed for two SYNC characters, the

subsequent recaived character is also compared; when both .

SYNC charactars have been datectad, the USART ends the
HUNT mode and is in character synchronization, The SYN-
DET pin Is then set high, and is reset automatically by a
STATUS READ.

In the external SYNC mode, synchronization is achiaved by
applying a high level on tha SYNDET pin. The high level can
ba remaved after one AxC cycle, :

Parity error and averrun error are both checked in the samo
way as in Lthe Asynchronous Rx mode,

The CPU can comnmond the recgiver to enter the HUNT
mode if synchronization is lost. ’

5141
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Mode Instruction Format, Synchronous Mode
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[ UATA CHARACTERE ]
—
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SYNC SYNG
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RECEIVE FORMAY

[
DATA CIHARACTERS
4

HERSLL DATA WPUT (R}

[ oo, T o, |

CPU BYTES (B0 BITSACHAR)

DATA CHARACTERS I

Synchronous Mode, Transmission Format
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COMMAND INSTHUCTION DEFINITION

Once the functional definition of the B261 has been pro-
grammed by the Moda Instruction and the Syng Characters
arg loaded {if in Sync Mode) then the device is ready to be
used for data commupication, The Command instruction

controls the actual operation of the selected format. Func--

tions such as: Enable Transmit/Receive, Errar Resst and
Modem Controls are provided by the Cainmand instruction.

Once the Mode Instruction has been written intc the 8251
and Sync choracters inserted, if necessary, then all further
“cantral writes” (C/D = 1) will load tha Command In-
struction, A Resat operstion [internal or external) will
return the 8251 10 the Mode Instruction Format.

STATUS READ DEFINITION

In dats communication systams it ls often necessary to
examina the “status” of the active devics to scertaln If
srrors have occurred or other conditions that require the
processor’s attention, The 8251 has facitities that sllow the
programmer to “read” the status of tha device at any time
during the functional operation.

A normal “resd” command i8 issued by the CPU with the
C/D input at one to accomplish this function.

Some of the bits In tha Status Read Format have [dentical

mesnings to external output pins so that the 5251 can be -

used in a completely Poltled environmant or in an interrupt
driven environment,

oy O, ‘G4 DO, Py D, DO O b, 0, Uy a, u, o, 9, Dy
[:ii " Fu ER | S8RK] Axt Dm]T.ENJ osn {synokT{ fE of rE Tsf | AAOY | TaRDY

TRAANEMIT ENABLE
1 = wralile
0 o disaile

DATA TEAMIMAL
READY

“high'' will lgrgn OTR
oulput ts rery

RECUIVE ENABLE
1 = el -
[RX.CT

SkNG DHEAX
CHARACTER
1 o torom TuD “tow™
0~ el operitien

. o e

EAROR NESET
1okl At wrar Hag
PE, OE, FE

L e} 1 .

ATOQUEET TO FEND
“hegh ™ with taone AT3
outpus Ly pwe

INTERNAL AEZET
“high'' 19w 8281 10
Mode bnstruayon Fermal

FNTEN HUNT BOOE
1 = aalie sanech for Syme
(=TT

SAME DEFINITIOND AR VO POl

PARITY FARON

The PE Moy u we whan » mrly
wior m drtested. 1 b remet By
i EA bt & U Commued

Status Read Farmat
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APPLICATIONS OF THE 8251

f ADDWESS tug ¥ i ~_ADORRH BUg T
CONTAOL B3 1 - CONTADL U 3
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i !
!
P =
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Lo - | U | i L] ASYNE LINE
" 6| MODEM nTER.
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e {——l{ st o o erp
AY§ pr—
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:‘ CONTAGL DUt 1 ? COMTAQL BUT 1
DATA;IUEH_.____“H o | ¢ DATA B8 3
Rl B - ) po—
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o e ---—l_ O PERIPHRHAL oo wren
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! SYNOYT oot
SYNDET b~
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D.C. Characteristics:

Ta = 0°Cto 70°C; Voo = 5.0V  5%; Vg5 = OV

Symbol Parameter Min. Typ. Max. Uit T_u-;l—-ﬂoniitium.

Vi Input Low Volitage Vgs-.5 0.8 Y o oot

Vin Input High Voltage 2.0 Vee v Tt

VoL Output Low Voltage T oas | v oL = 16mA

Vo Output High Voluge 2.2 v low ¥ -100A iDEy5)

) byi * -T0NUA (Others)

oL Data Bus Leakage 50 A Veyur = 4.5V ’

[I¥] Input Load Current 10 HA @ 5-%\1 B

e Power Supply Current 45 an —[.“ T T
Capacitanes
Ta = 25°C; Voo = Vgg = OV

Symboal Parameter T Min, Typ. Max. Unit T Tesnt Condilion; -

Cn Input Capacitance 10 pF I o= IMHz

Cuo 1/O Capacitance TrTTTT 20 pF_m ‘J Unmeasired ping rewurned to Vag,
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A.C, Characteristics:

Ta =0°Cto 70°C; Vog = 5.0V £5%; Vgg = OV

Symbel Parsmeter . Min. | Typ. | Max. Unit Tor Conaitions
toy Clock Period 420 1.35 HS
lew Clock Pulse Width 220 100 s
e Clock Rise and Fall Time 0 50 s
twi WRITE Pulse Width 430 ns -
tos Data Set-Up Time for WRITE 0 ) ng L
ton Data Hold Time for WRITE as nsm
taw Address Stable before WRITE 20 ns
twa Adagress Hold Time for WRIVE 35 PO
tho READ Pulse Width 430 ns
too Data Delay from READ 350 ns C =100pF
toE READ to Data Floating 150 ns CL+100pF
tant Address Stable befora READ, CE {C/D) 50 ns
TRAI Address Hoki Time for READ, CE 5 ns .’
tRAZ Address Hold Time for READ, C/D 370 T .
toTx TxD Oclay tram Falling Edge of TxC 1 us C—L-ﬂOO'pF
tsAx Rx Date Set-Up Time to Sampling Pulse 'R ) us | C_=100pF
tHAx Rx Data Hold Time to Sampling Pulse 2 o ;:;HVA-PEW
fyx Transmitter Input Clock Frequency
1X Baud Rate bc 48 wHo
16X and 84X Daud Rate o 615 FHz
frx Racaiver Input Clock Frequaney ’ T
1X Baud Rate oc 56 Fielr |
16X and GAX Baud Rate DeC 615 Kitz !
e TxRADY Delay from Center of Data Bit _ 16 |CL¥ Buriod| Cy=50pF
e AxROY Delay from Center of Data Bit 15 20 |CLK Period}
Lg iT\Ternal Svi_wdet Delay from Canter of Data Bit 20 25 | CLX Periou o
1gs . External Syndet Set-Up Time before Failing 15 [CLK Period
Edye of RxC ool S

Note: The TxC and AxC fraguencies have the tollowing fimitation with respect 1o CLK.
For ASYNC Mode, ITg of tAx > 4.5 10y

For SYNC Muds, s, of tRy > 30 ICY
[ Y
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READ AND WRITE TIMING
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20280°CPU ARCHITECHURE S 20u\§

A block diagram of the internal architecture of the ZSO-CPU is shown in Figure 20-1
The .diagram shows all of the major elements in the CPU end it should be referred to
-throughout the following description.

;as_

Z80-CPU BLOCK DIAGRAM

BT
DATA BUS

<>

DATA BUS
CONTROL
LNESGT- CNTERNAL DATA BUS ALU
INSTAUCTION
. DECODE
<>
5 cPU .
CONTROL S
CPU AND
cou AN o REGISTERS
CONTROL ' ::>C°“TR°"
SIGNALS @
ADORESS .
, CONTAOL
+5Y GND W 16-BIT
ADDRESS BUS
FIGURE 2.0-1
v
2.1 CPU REGISTERS . ' o

The Z80-CPU contains 208 brts of R/W memory that are accessible to the programmer

Figure 2.0-2 jllustrates how this memory is configured into eighteen 8-bit registers and "
four 16-bit registers. All ZBO registers are implemented using static- RAM. The registers
include two sets of six general purpose registers that may be used individually as 8-bit -
registers or in pairs as 16-bit reg:sters There are also two sets of accumulator and flag
registers.

Special Pu'rppse Registers

1. Program -Counter {PC}. The program counter holds the 16-bit address of the current
instruction being fetched from memory. The-PC is automatically incremented after

7

o

Ly

its contents have been transferred to the address lines. When a program jump occurs

the new value is automatlcally placed in the PC, overriding the incrementer.

2. Stack Pointer (SP). The stack pomter holids the 16-bit address:of the current top of

a stack located anywhere in external system RAM memory. The external stack -

" memory is organized as a last-in first-out (LIFO) file. Data can be pushed onto the °

stack from specific CPU registers or popped off of the stack into specific CPU regis-
~ ters through the execution of PUSH and POP instructions, The data popped from the
stack is always the last data pushed onto it. The stack aliows simple implementation

of multiple leve! interrupts, unlimited subroutine nestmg and simplification of many -

types of data manipulation,
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REGISTER CONFIGURATION

b

'.‘gf.'j S '

x0T ' MAIN REG SET ALTERNATE REG SET

'd'“ v . & ./ ~ - ~

LIS S ACCUMULATOR|  FLAGS | ACCUMULATOR|  FLAGS

Ny A F LA F

bsan - 8 c B 1 e,

Aeel - -

3 (O GENERAL
Herr o D £ . o E PURPOSE
. REGISTERS
0. . ;

1. ] L H L
_Vir-

o -
L {NTERRUPT MEMORY 3

1’ B . VECTOR REFRESH
'R | [
o ANDEX REGISTER IX

VRN SPECIAL

VR _ PURPOSE

e INDEX REGISTER 1Y ’ Resiereas .
L
r-, STACK POINTER 5P
(., — : PROGRAM COUNTER PG ]

JRE 2.0-2

. Two Index Registers {IX & 1Y}. The two independent index registers hold a 16-bit

base address that is used in indexed addressing modes. In this mode, an index register

is used as a base to point to a region in memory from which data is to be stored or

retrieved, An additional byte is included in indexed instructions to specify a dis-

placement from this base. This displacement is specified as a two's complement

signed integer. This mode of addressing greatly simplifies many types of programs,

especially where tables of data are used. . ‘ o

[ ]

4. Interrupt Page Address Register (). The Z80-CPU can be operated in a mode where
an indirect call to any memory location can be achieved in response to an interrupt.
"~ The ! Register is used for this purpose to store the high order 8-bits of the indirect
address while the interrupting device provides the lower 8-bits of the address. This
E + - feature allows interrupt routines to be dynamically located anywhere in memory with
i absolute minimal access time to the routine.

5. Memory Refrash Register (R). The Z8G-CPU contains a memory refresh counter to

¢« enable dynamic memories to be used with the same ease as static memories, This 7-bit
register is automatically incremented after each instruction fetch. The data in the
refresh counter is sent out on the lower portion of the address bus along with a
refresh control signal while the CPU is decoding and executing the fetched instruc.
tion. This mode of refresh is totally transparent to the programmer and does not
slow 'down the CPU operation. The programmer can load the R register for testing
purposes, but this register is normally not used by the programmer,

-

Accumulator and Flag Registers

The CPU includes two independent B-bit accumulators and associated 8-bit flag registers.

‘ The sécumulator holds the results of 8-bit arithmetic or logical operations while the flag
- register indicates specific conditions for 8 or 16-bit operations, such as indicating whether
or not the result of an operation is equal to zero, The programmer selects the accumulator

and flag pair that he wishes to work with with a single exchange instruction so that he may
easily work with either pair. ’ .

. e e et ek a1 ] $1 8 T T TR DR Y TIPS e



- The type of functions performed by the ALU include:

General Purpose Registers ' 206

There are two matched sets of general purpose registers, each set containing six 8-bit regis-
ters that may be used individually as 8-bit registers or as 16-bit register pairs by the prog-
rammer. One set is called BC, DE, and HL while the complementary set is called BD’, DE’
and HL'. At any one time the programmer can select either set of registers to work with
through a single exchange command for the entire set. In systems where fast interrupt
response is required, one set of general purpose registers and an accumulator/fiag register
may be reserved for handling this very fast routine. Only a simple exchange command need
be executed to go between the routines. This greatly reduces interrupt service time by
eliminating the requirement for saving and retrieving register contents in the external
stack during interrupt or subroutine processing. These general purpose registers are used for
a wide range of applications by the programmer. They also simplify programming, especml!y
in ROM based systems where little external read/write memory is available.

2.2 ARITHMETIC & LOGIC UNIT {ALU)

The 8-bit arithmetic and logical instructions of the CPU are executed in the ALU. Interné!l\'(f

the ALU communicates with the registers and the external data bus on the internal data bus,

Add Left or right shifts or rotates (arithmetic and Iog:cal)
-Subtract . Increment

Logical AND Decrement

Logical OR . Setbit

Logical Exclusive OR  Reset bit

Compare . © Test bit

2.3 INSTRUCTION REGISTER AND CPU CONTROL

As each instruction is fetched from memory, it is placed in the instruction register and °

decoded. The control section performs this function and then generates and supplies all of
"the control signals necessary to read or write data from or to the registers, controis the
ALU and provides all required external control signals.

okt grne s al T e
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3.0 280-CPU PIN DESCRIPTION _ 207

B 5 The 2B0-CPU is packaged in an industry standard 40 pin Dual In-Line Package. The /O
Y lJpms are shown in Figure 3.0-1 and the function of each is described below.
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JRE 3.0-1
Ap-A1s Tri-state output, active high. Ag-A1g constitute a 16-bit address
(Address Bus) bus. The address bus provides the address for memory {up to 64K
bytes) data exchanges and for I/O device data exchanges. 1/O
addressing uses the 8 lower address bits to allow the user. to
directly select up to 256 input or 256 output ports. Ap is the
- least significant address bit. During refresh time, the lower 7 blts
N . contain a valid refresh address.
“ Dgby Tri-state input/output, active high. Dg-D7 constitute an 8-bit
~ (Data Bus) bidirectional data bus. The data bus is used for data exchanges
- ' ' with memory and /O devices.
- FO N : . ' - .
A T Output, active low. M7 indicates that the current machine cycle

,  (Machine Cycle one)

MREQ
{Memory Request)

is the OP code fetch cycle of an instruction execution. Nate that
during execution of 2-byte op-codes, M7 is generated as each op
code byte is fetched. These two byte op-codes always begin with
CBH, DDH, EDH, or FDH. M7 also occurs with TORQ to indicate
an interrupt acknowledge cycle

Tri-state output, active low. The memory request signal indicates
that the address bus holds a valid address for a memory read or
memaory write operatuon



IORQ

{Input/Output Request)

RD
(Memory Read)

WR
{Memory Write)

RFSH
{Refresh}

HALT
(Halt state)

WAIT*
{Wait)

INT
{tnterrupt Request)

=

Tri-state output, active low. The TORQ signal indicates that the
lower half of the address bus holds a valid {/O address for & 1/0
read or write operation. An IORQ signal is also generated with
an My signal when an interrupt is being acknowledged to indicate
that an interrupt response vector can be placed on the data bus,
Interrupt Acknowledge operations occur during Mq time while~
[/O operations never occur during Mq time.

1
sl

Tri-state output, active low. RD indicates that the CPU wants to _
read data from memory or an |/O device. The addressed /O device
or memory should use this signal to gate data onto the CPU data "j

bus. o
"

Tri-state output, active low. WR indicates that the CPU data bus 3
holds valid data to be stored in the addressed memory or 1/0 §
device, :

Output, active low. RFSH indicates that the tower 7 bits of the's}
address bus contain a refresh address for dynamic memories and 38
current MREQ signal should be used to do a refresh read to all'§
dynamic memories. Ay is a logic zero and the upper 8 bits of the
Address Bus contains the | Register,

Output, active low. HALT indicates that the CPU has executed :
HALT software instruction and is awaiting either a non maskable
or a maskable interrupt {with the mask enabled) before operation
can resume. While halted, the CPU executes NOP’s to maintain -
memory refresh activity. .

Input, active low. WAIT indicates to the Z80-CPU that the add-3
ressed memory or |/O devices are not ready for a data transfer.s
The CPU continues to enter wait states for as long as this signal i}
active. This signal allows memory or /O devices of any speed. -'
be synchronized to the CPU. '

Input, active low.. The Interrupt Request signal is generated byjy
1/0 devices. A request will be honored at the end of the currentg
instruction if the internal software controlied interrupt enablgl
flip-flop (}FF) is enabled and if the BUSRQ signal is not activg
When the CPU accepts the interrupt, an acknowiedge signgg
(TORQ during M1 time) is sent out at the beginning of the nexg
instruction cycle. The CPU can respond to an interrupt in threl
different modes that are described in detail in section 8. %

to restart to location 0066y. The program counter is automyf
cally saved in the external stack so that the user can return to
program that was interrupted. Note that continuous WAIT cyel
can prevent the current instruction from ending, and

BUSRQ will override a NMI.

Aﬂ. " il



E’I\:Ie the Z80-CPU is in either a WA iT state or a Bus Acknowledge condition, Dynamic Memory Refresh
w:ll not occur.

e

ST ot

BUSRQ
(BUs Request)

S ENH

BUSAK*

(Bus A;knowledg'e)

'nput, active low. RESET forces the p}ogram counter 10 zero and
initialfzes the CPU. The CPU initialization includes:

1) Disable the interrupt enable flip-flop
2} Set Register | = 00H
3) Set Register R = 00H
4} Set Interrupt Mode 0

During reset time, the address bus and data bus go to a high
impedance state and all control output 5|gnals go to the inactive
state. No refresh occurs.

Input, active low. The bus request signal is used to request the
CPU address bus, data bus and tri-state output control signals to
go to a high impedance state so that other devices can control
these buses. When BUSRQ is activated, the CPU will set these
buses to a high impedance state as soon as the current CPU
machine cycle is termmated

Qutput, active low.. Bus acknowledge is used to indicate to the
requesting device that the CPU address bus, data bus and tri-
state control bus signals have been set to their high impedance
state and the external device can now control these signals.

Single'phase system clock.

209



4.0 CPU TIMING
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The 280-CPU executes instructions by stepping through a very precise set of a few basic
operations. These include:

Memory read or write

I/0 device read or write

Interrupt acknowledge

All instructions are merely a-series of these basic operations. Each of these basic operations
can take from three to six clock periods to complete or they can be lengthened to syn-
chronize the CPU to the speed of external devices. The basic clock periods are referred to as
T states and the basic operations are referred to as'M (for machine) cycles. Figure 4.0-0
illustrates how a typical instruction will be merely-a series of specific M and T cycles, Notice
that this instruction consists of three machine cycles (M1, M2 and M3). The first machine
cycle of any instruction is a fetch cycle which is four, five or six T states long {uniess
lengthened by the wait signal which will be fully described in the next section)., The fetch
cycle (M1) is used to fetch the OP code of the next instruction to be executed. Subsequent
machine cycles move data between the CPU and memory or |/O devices and they may have
anywhere from three to five T cycles (again they may be lengthened by wait states to
synchronize the external devices to the CPU). The following paragraphs describe the timing
which occurs within any of the basic machine cycles. In section 7, the exact timing for
each instruction is specified.

BASIC CPU TIMING EXAMPLE

T State
-

Machine Cycle

M
{OF Code Fercht

M2
iMemory Read}

Instiucnion Cycle

M3
{Memory Wriel

Sl eyt

FIGURE 4.0-0 '
g
All CPU ti'ming can be broken down into a few very simple timing diagrams as shown in ) ::;

Figure 4.0-1 through 4.0-7. These diagrams show the following basic operations with and

without wait states {wait states are added to synchronize the CPU to slow memory or

{/O devices),

4.0-1.
4.0-2.

-4.0-3.

4.0-4.

4.0-5.

4.0-6.
4.0-7.

Instruction OP code fetch {M1 cycle}
Memory data read or write cycles

i/O read or write cycles

Bus Request/Acknowledge Cycle

Interrupt Request/Acknowledge Cycle

Non maskable Interrupt Request/Acknowledge Cycle

Exit from a HALT instruction




INSTRUCTION FETCH ‘ 211

Figure 4.0-1 shows the timing during an M1 cycle {(OP code fetch). Notice that the PC is -
placed on the address bus at the beginning of the M1 cycle. One half clock time later the

MREQ signal goes active. At this time the address to the memory has had time to stabilize

so that the faliing edge of MREQ can be used directly as a chip enable clock to dynamic

memories, The RD line also goes active to indicate that the memory read data should be

enabled onto the CPU data bus. The CPU samples the data from the memory on the data

bus with the rising edge of the clock of state T3 and this same edge is used by the CPU

to turn off the' RD and MREQ signals. Thus the data has already been sampled by the CPU

before the RD signal becomes inactive. Clock state T3 and T4 of a fetch cycle are used to

refresh dynamic memories. {The CPU uses this time to decode and execute the fetched

instruction so that no other operation could be performed at this time). During T3 and T4 '
the lower 7 bits of the address bus contain 2 memory refresh address and the RFSH signal

becomes active to indicate that a refresh read of all dynamic memories should be accom-

plished. Notice that a RD signal is not generated during refresh time to prevent data from

different memory segments from being gated onto the data bus. The MREQ signal during

refresh time should be used to perform a refresh read of all memory elements. The refresh

signal can not be used by itself since the refresh address is only guaranteed to be stable

during MREQ time. ' ‘

'-‘ﬂw‘"‘v“".ﬂw e

STRUCTION OP CODE .FETCH
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IGURE 4.0-1

‘ Figure 4.0-1A illustrates how the fetch cycle is delayed if the memory activates the WA‘IT
line. During T2 and every subsequent Tw, the CPU samples the WAIT line with the fa!I!ng
edge of . |f the WAIT line is active at this time, another wait state will be entered during
the following cycle. Using this technigue the read cycle can be lengthened to match the
access time of any type of memory device,

- o



INSTRUCTION OP CODE FETCH WITH WAIT STATES
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FIGURE 4.0-1A

MEMORY READ OR WRITE S
Figure 4.0-2 illustrates the timing of memory read or write cycles other than an OP code
fetch (M1 cycle). These cycles are generally three clock periods long unless wait states are
requested by the memory via the WAIT signal. The MREQ signal and the RD signal are used
the same as in the fetch cycle. In the case of a memory write cycle, the MREQ also becomes

active when the address bus is stable so that it can be used directly as a chip enable for

dynamic memories. The WR line is active when data on the data bus is stable so that it can
be used directly as a R/W pulse to virtually any type of semiconductor memory. Further-
more the WR signal goes inactive one half T state before the address and data bus contents
are changed so that the overlap requirements for virtually any type of semiconductor
memory type will be met.

Id

MEMORY READ OR WRITE CYCLES

FIGURE 4.0-2
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- Figure 4.0-2A illustrates how a WATT request signal will lengthen any memory read or

write operation. This operation is identical to that previously described for a fetch cycle.

Notice in this figure that a separate read and a separate write cycle are shown in the same ‘

figure although read and write cycles can never occur simultaneously.
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INPUT OR QUTPUT CYCLES

Figure 4.0-3 illustrates an |/O read or /O write operation. Notice that durin'g I/Q operations
a single wait state is automatically inserted. Tha reason for this is that during 1/0 operations,
the time from when the TORQ signal goes active until the CPU must sample the WA T line
ls very short and without this extra state sufficient time does not exist for an 1/O port to
decode its address and activate the WAIT line if a wait is required. Also, without this wait
state it is difficult to design MOS 1/O devices that can operate at full CPU speed. During
this wait state time the WAIT request signal is sampled. During a read 1/O operation, the
RD !Ine is used to enable the addressed port onto the data bus just as in the case of a
memory read. For 1/O write operations, the R line is used as a clock to the 1/0 port, again

:with sufficient overlap timing-automatically provided so that the rising. edge may be used as
a data clock. . :

Figure 4.0-3A illustrates how additional wait states may be added with the WAIT line.
The operation is identical to that previously described.

R .
BUS REQUEST/ACKNOWLEDGE CYCLE

Figure 4.0-4 illustrates the timing for a Bus Request/Acknowledge cycle. The BUSRQ
signal is sampled by the CPU with the rising edge of the last clock period of any machine
cycle. If the BUSRQ signal is active, the CPU wil! set its address, data and tri-state control
signais to the high impedance state with the rising edge of the next clock pulse. At that
time any external device can contral the buses to transfer data between memory and 1/0
devices. (This is generally known as Direct Memory Access [DMA] using cycle stealing).
The maximum time for the CPU to respond to a bus request is the length of a machine
cycle and the external controller can maintain control of the bus for as many clock cycles
as is desired. Note, however, that if very long DMA cycles are used, and dynamic memories
are being used, the external controller must also perform the refresh function. This situation
only occurs if very large blocks of data are transferred under DMA control. Also note that

. during a bus request cycle, the CPU cannot be interrupted by either a NMI or an TNT signal.
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BUS REQUEST/ACKNOWLEDGE CYCLE
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FIGURE 4.0-4

INTERRUPT REQUEST/ ACKNOWLEDGE CYCLE

Figure 4.0-5 illustrates the timing associated with an interrupt cycle, The interrupt signal
{TN'T} is sampled by the .CPU with the rising edge of thie last clock at the end of any in-
struction. The signal will not be ac':cegted if the internal CPU software controlled interrupt
-enable flip-flop is not set or if the BUSRQ signal is active. When the signal is accepted a
special M1 cycle is generated. During this special M1 cycle the IORQ signal becomes active |
{instead of the normal MREQ). to indicate that the interrupting device can place an 8- blt
vector on the data bus. Notice that two wait states are dutomatically added to this cycle.
These states are added so that a ripple priority interrupt scheme can be easily implemented,
The two wait states allow sufficient time for the ripple signals to stablilize and identify
which 1/0 device must insert the response vector. Refer to section 8.0 for detatls on how the
interrupt response vector is utilized by the CPU,

INTERRUPT REQUEST/ACKNQWLEDGE CYCLE
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6.0 FLAGS LS

Each of the two Z80-CPU Flag registers contains six bits of information which are set o
reset by various CPU operations. Four of these bits are testable; that is, they are used a:
~ conditions for jump, call or return instructions. For example a jump may be desired only i
a specific bit in the flag register is set. The four testable flag bits are:

1)} Carry Flag {C) — This flag is the carry from the highest order bit of the accumuiam
For example, the carry flag will be set during an add instruction where a carry iroin
the- highest bit of the accumulator is generated. This flag is also set if a boriow i:
generated during a subtraction instruction. The shift and rotate instruction: <.
affect this bit. :

2} Zero Flag {2) — This flag is set if the result of the operation loaded a zero- !r-'ro the
accumulator, Otherwise it is reset. ~

3) Sign Flag(S) — This flag is intended to be used with signed numbers and it is sei i3
the result of the operation was negative. Since bit 7 (MSB) represents the sign of the
number (A negative number has a 1 in bit 7), this flag stores the state of Lit 7 in the
accumulator.

4) Parity/Overflow Flag(P/V) — This dual purpose flag indicates the parity of the result
in the accumulator when logical operations are performed (such as AND A, B) and it
represents overflow when signed two’'s complement arithmetic operations are per:
formed. The Z80 overflow flag indicates that the two’s complement number in the
accumuiator js in error since it has exceeded the maximum possible {+127) or is
less than the minimum. possible (—128) number that can be represented twao's

- -complement notation, For example consider adding:

+120= 0111 1000 .
+105= 0110 1001

C=0 11100001 =-95 {wrong) Overflow has occurred;

Here the result is incorrect, Overflow has occurred and yet there is no carry to indicate sn
error, For this case the overflow flag would be set ‘Also oonsider the addition of v
negative numbers

11111011
1111 0000

1 11101011 =-21 correct

5
-16

)

Notice that the answer is correct but the carry is set so that this flag can not be used as an
overflow indicator. In this case the overflow would not be set.

For logical operatrons (AND, OR, XORY} this flag is set if the parity of the result is even and
it is reset if it is odd.

There are also two non-testable bits in the flag registér. Both of these are used for Bi[:
arithmetic. They are:

1} Half carry(H) — This is the BCD carry or borrow result from the least significant
four bits of operation. When using the DAA (Decimal Adjust Instruction) this
flag is used to correct the result of a previous packed decimal add or subtract.

"2) Add/Subtract Flag (N) — Since the agorithim for correcting BCD operations is
different for addition or subtraction, this flag is used to specify what type of in-
struction was executed last so that the DAA operation will be correct for either
addition or subtraction.
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The Flag register can be accessed by the programmer and its format is as follows:

. D7
[S'IZIXTHFXTP/VINICJ

X means flag is indeterminate.

Table 6.0-1 lists how each flag bit is affected by various CPU instructions. In this table
a '+ "indicates that the instruction does not change the flag, an ‘X’ means that the flag goes
to an indeterminate state, an ‘0’ means that it is reset, a ‘1’ means that it is set and the
symbol t indicates that it is set or reset according to the previcus discussion, Note that
any instruction not appearing in this table does not affect any of the flags.

Table 6.0-1 includes a few special cases that must be described for clarity. Notice that the
block search instruction sets the £ flag if the last compare operation indicated a match
between the source and the accumulator data. Also, the parity flag is set if the byte counter
(register pair BC) is not equal to zero. This same use of the parity flag is made with the
block move instructions. Another special case is during block input or output instructions,
here the Z flag is used to indicate the state of register B which is used as a byte counter,

Notice that when the [/O block transfer is complete, the zero flag will be reset to a zero

{i.e. B=0) while in the case of a block move command the parity flag is reset when the
oparation is complete, A final case is. when the refresh or [ register is loaded into the
accumulator, the interrupt enable flip flop is loaded into the parity flag so that the complete
state of the CPU can be saved at any, time,

.oy



A.C. TIMING DIAGRAM

Timing measurements are made at the following voltages, unless otherwise specified:
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B.8!T LOAD GROUP

" Symbolic Flags Op-Code No.of [No.of M |No.of T

Mnemonic | Openation .[§ [ Z HT TPNINTC 176 543 210 | FHex | Bytes | Cycles | States Comments
LDr,s P e el x!lelbxle -io 01 ¢ s 1 1 4 .5 Reg.
LOrn r—n . X| o X |s ol'. 00 r 110 2. 2 7 000 8
_ : ' S RS Y. B 001 ¢
L0+, (HL) r—(HL Yo [e]XjoiXxTajeloig ¢ 110 1 2 7 010 .0
Lo, (ixeah fe—tixed) Jo jofx]o|xie]olelinonm| oo |3 5 1w Jon
| | . : .10t ¢ 110 : 10 H
o ; Coied - oL
LOr (Y4l [ritysd) "o i e xfelx e[ o e 11111101 FO 3 5 19 "M A
: Ao o o1+ 10 '
: i vt b —d -
DKL, s (HUl—r Fe leixjelx|e o ie gl 110 ¢ U
LO (IX+d), e [UXedb—r jo -0l x e ix o ejentonim ! o0 |3 5 19
. 1 [
| P N L
! : : 1 o f-d - .
LD (sl ¢ |(Y+diwr |o !-‘;xlo Pxie{eieinao i Fo |3 5 19
A A I TIRIIE _ | :
SR boi-d - '
LD (HLhn  tHU~a o be lx Lo ix i- oo 00110110 | 36 |2 3 10
’ l i E ; 1 ! :" n - 1
LO (IX+d)n  [(1X4d)n 18 : sixXisiXje|eie 1 o w0t ] oo |4 E 19
T | o0101107] 36 i ! '
A A
AT R I i '= 4
LOtYsdln [liYsdien fo Coix o lx e oo 11 | ,0oje i5 e !
e N R AT RT I l " ;
SR -4 =] | -.
Co ' Lo t=n . | | !
LDA(BC) |A—(BCH | .o ix|eix e e e 00001010 0A |1 re ol T L
LO A, (DE} A—(DE) o "® jxle .x e eie 00011010 1A |1 ['2 i1 !
10 A, {nn) A=fon) (e "elxtedixie eie 0011010} 34 13 "4 13
o S | ~-n - o !
| " ] g - P !
5 LDIBCLA |(BC)—A e s x |[elx e 'ajefonoocor0 ! 02 |13 (2 T
B LD(DELA  |(DEI-A de .eix|eix eieloncwonwy w2 1t 7
< LD(am, A |lnnl—A ‘I- coixtelxyelo 00 110010 | 32 13 la iz |
Do | -n - ! : i I
. ' = n - ; | i
£ foa, A1 iyl x[ojx jrrio]eitnionm | e0 |2 i2 3
B} los ow01ny | 87 ; |
. LDAR A-R bidixtoyxbreio|s hinir | €0 |2 . 2 9
o1 011111 | &F i
th1, A [ ~A e |ei{xX|ofx|e|ole 111101 | ED |2 l 2 9
+ prooont | a7 i
LD R, A R~A o |oefxlo|xtelejefirwonim! €0 |2 2 9 -
, 01 001 111 | 4F

Notas: v, s means any of the registers A, B, C, 0, E, H, L :
IFF the coatent of the interrupt enable flip-flop (IFF) is copled into lhe oV Ilag

Flag Notation: ®= flag not affected. 0 = flag reset, 1 = flag set, X = flag is unknown,
le flag is stfected according to the result of the operation.

able 7.0-1




16-BIT LOAD GROUP

Flag Notation:

Symbalic Flags | 0p-Code No. of |No.of M|No.of T
Mnemaonic __ Operation S 3 H PIV Nl EC TEW?EQ__;IO] Hex Bytes Cycies | States
LDdd, nn | dd - an ’ X| o[ x]oTa|oe | 00 ddo 001 3 3 10
B -— n .
o - o -
LD IX, nn tX = nn l . X{e{Xx|e]|e|einoiiot, 00 ;4 4 14
! £ 00 100 001 21 '
| | | - n - ;
| Ll
LOIY.na | 1Y = an . x| [x siedelnnon! o ga ¢ |a
‘ Yoo 00 001! 2t
I. - a - :
b L} - i
LDHL (nn)  H ~ {onel) | ® X | | X|e|*|e|00rn00f 24 |3 AL
L - {nn I - a - | : :
1 | ! - n -, i |
LD dd, (pn). | ddy=(nn+l) | @ P'x i el X [® ]« 1«11 101107 ED 4 6 20
dd ~(nn) i i 01 dd1 01t :
1 ; i - - | i |
| \ ! - n - i . 1
LDIX, tnn) | IXH—(nnel) | @ FX|e i Xqgele lelitpr0r- DO 4 | 6 2
PIXL~(an} ! I I 10101 030 -2a ! : |
: b o [ - n - P : ;
) i b ! i i - n - ! .
LOAY, (an) | 1Yy ~(an+l) | @ | X|e Xxiele el 11101 FO ;4 i 6 120
YL ~lan) ; b jemmo. A i
PRI U U T U O A N DR
LO tnal, HL y (one)) = | o | §x1-|x;-|-i- 0100010: 22 fa s s
é(nn'*L oy I i P | | L= n = | l i
: | I L] i I : - n bl i
LD {nn}, dd i(nnﬂ)-—ddH!". !|X!.° I SR |o e dvr101 101: €D !id I! § 20
Innb-ddy | 1 | } b 1o ddo 01t : .
o] N | !
! | | i i I : ! H ; - n -=
LD {na}, 1X inmn—lei-i pX e tX je e jeltronagt: DO oa ] 20
Lam—ixy . [ | | 000010, 22
| EENE IR
: S T R B R ! ;
LD (nnh 1Y lansth=1vy] @ "o DX {o ix o |e jejtitnnigl; FO 4 & 20
dflml-iyy b b r T 00 100 010¢ 22 ! '
i | t . ; : fen - .
| A T A e :
LOSP, HL * ; SP « HL . X1® 'Xieje je 10111100 F9 i 16
LDSPIX  [SP - X e X.® X |ele teil10n0: 00 lz 2 0
i Lo FR R R R | I = I ;
OSP 1Y |sP -1y elelx|oixiats tojnnnaon |2 2 10
| Py P ojunmoo: k|
PUSH qq (SP-2} — qgL ! * X e X ie -\i-:lquo 101 i i3 1
(SP1) — qqp | P o , ; : ;
PUSH 1X isp-zi-le,-i Xi® :X |- s je|uonani 00 2 B P |
{SP1) ~ IXH"' i : 1100 101 ES ! ,
PUSH 1Y (SP2) —1Yy ' X[o . X:iele f-ln nag! fo0 v 2 4 15
($P1) ~i¥y! D e Es | ,
POP qq qqu—(SP+t) T @ [o X | o 1 X ie e [ o 111 qq0 001! 1 P 10
qqu~(SP | b ; o ‘ i
POP IX IXy —(SP+1} © » ! Xxle lxiefe | efnvonniol oo !z 6 |14
X ISP T [ oo | EV
POP 1Y 1Y —{SPel) | o x[e[x[e]o jolunmn! o |2 -4 14
1Yy ~{SP) - [11100001] E1 |
Notes:  ddisany of the register pairs 8C, DE, HL, 5P

qq is any of the register pairs AF, BC, OE, HL
(PALR}Y, {PAIR} refer 10 high order and low order eight bits of the register pair :especlrvely
e BC = C AFH=A

¢ = flag not affecied, 0 = Hag reset,
} Tiag is affected according 1o the resuft of the operation.

Table 7.0-2

={lagset, X = flagis unknow_n,

! Commar::

| ds -

o0 BC

P06
10 H

! "o

!

i

!

i

?

‘ [T I 4

100 BT
01 Ot
100 HL

) 11 AF

]

)

|
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EXCHANGE GROUP AND BLOCK TRANSFER AND SEARCH GROUP

] Symbolic

Flags Op-Code No.of |No.of M{No.of T
_Mnemaonic Operation |5 | 2 H PIVI N I C {76 543 210| Hex | Bytes | Cycies | States | Comments
EX DE, HL | DE—HL o e | Xfoltxjale|lelirioronf es |1 . | 4
EX AF, AF' | AF —AF e je i X e |Xx|ele e 0000 000 08 |1 1 4
LX BC --8C s Lo X e X be | & | s (11011001, D9 . 1 4 Register bank and
(DE —DE') | : auxiliary register
HL-HL i bank exchange
EXASPLHL[ M ~=(SPel) 1o | o [ X | | x e [e[egri100mij E3 |1 5 19 '
LS ' _ A
EXISPLIX | IXp=~(SP+l)je 1o 1 x te [X]|o|[e o1y o1301] DO |2 5 23
IX{ ~{SP} | 11100 0v1| E3
EXUSPLIY | 1Yy ={SP+1) @ b ot X fo { X1 e o e it i11101| FDO 2 6 23
(YL —{Sk 11100 0111 €3 |~
: @y |
Lol DE)—~(HU & [ & | X TO|X |} [ 0]« [ni0i101i €0 {2 4 16 Load (HUb into
DE ~ DE+I | 10 100 060! AO (DE), increment the
HL = HL+1 I pointers and
BC - BC) | | decrement the byte
' i | . counter {BC)
LDIR (DE)—(HL) o [ o x| 0ix|0lolsi101101] €0 |2 5 2 [ieC#0
DE — OE+1 hottooooi 80 |2 ia 5 |i8c=0
HL = HL+1 b i ; '
8C —BCY ! bl 1 f
Repeat until v '
BC=0 I ! :
, RO ?
100 (DE}=(HL) ie le i x io x| ylojeario 101i ED |2 4 16
OE ~ DE- P L 10 101 000° A8
HL = HLY 0 | i ‘
8C ~ 8C-! | i |
LOOR (OE}—(HL) ¢ ;e  xtalxjo|lo|eli10vion! ED i 2 5 2 HBC=+0
. DE = DE1 | 10 111 000 BB~ 2 4 16 R
HU = HL : |
BC —BC1 ,
Repeat uniil |
BC=0 ! !
e (i , ]
CPy A-tHU P p oy px b x|ty e 1o, ED 2 4 15
HL — HL+1 10 100 001 Al
BC = BC1 | : |
@ W . ,
CPIR A~ (HL) l it lxltfx|yrv]e el eo |2 5 21 I BL # Qand A¥{HL)
HL ~ HL+1 10 110 oml B1 2 4 16 fIBC=0ar A=[HL
B8C - BCY | "
Repeat until ' !
A={HLlor ]
BC=0 i ;
D (1 |
LPO A~ (HU pry Xy tbxfrfr]e el ED 2 4 16
HL = HL-1 " o100 00t Al
’ 2) Q)
UK A-(HU) bt xPtixly i e ot o 12 5 21 1$BCf0and AdIHL
HL = ML 1M 115 001 BS 2 4 18 HBC=0orA=(HL
BC - BC-i
Repeat unul
A= {HL)or
BC=0 |

Lonles:

(1) PV Nag s 0l the result of BC-Y = 0, otherwise PV = 1
() ZMlagis Vit A= (HL), otherwise Z =0,

tij Hutalion:  ® = flag not atfected, 0 - fag reset, 1 = Ttag set, £ = flag 15 unhnown,
1 = tlag is aflectud according io the (vsult of the operatien.

Fable o -



8-BIT ARITHMETIC AND LOGICAL GROUP

Notes:

means parity of the result is even, P = 0 means parity of the result is odd.

Flag Notation: @ = flag not affected, (0 = Hag reset, 1 = flag set, X = llag is unknown.
} = fiag is affectad according to the resuit of the operation.

Table 7,04

+

,operation. Similarly the P symbol indicates parity. V = 1 means overflow, V = 0 means not overflow, P =1

Symbolic Flag: Op-Code No.ol |No.ofMNo.of T
Mnemonic Operation s |2 H PIVI N L C [76 543 210} Hex | Bytes jCycles [States | Commenis
ADD A, ¢ A-Ats t Ly x[ [ xjvio]  [10003] - ! ) 3 r  he
ADD A, n A <Atn Prrpx] b x v ]o| b [eago 2 2 7 000 n
- n - ' 001 r
010 n
ADD A, (HL) A =~ A+{HL) PPy x] P x|v|o|1 o080 1 2 7 o1t ‘
ADD A, (IXed) | A=A+{IX+d) PLP Xt i xsivio tnn o1ty 00 3 5 18 180 v
10 (000]110 101 '
. , - d - m ;
ADD A, [iY+d) | A-A+{IYHd) | Poxtbp i xiviodd om0y FO 3 5 19
110 [oodj 110
i- d -
AOCA, s A~ A+s+CY tie{xletxyviolby o e sisany o't
SuB s A-A-s vptixi sl xtvin iyl g (HU), i1y
. SBCA,s A=A-s-CY [ ] x{ vy XxIvitgd [ (IR {1¥+d} a1 shovn
AND A=A s Pl xi v xlerfolo; ADD instruction.
ORs A-A v s Pl x| 9pxtelolo!l mm The indicated Lite
XOR s A=Aws 1|y x]o;xlepielai D repiace the [300] in
crs Ale CLrp Xt xbv by [N the ADD set abovs.
INCt rered Pprixpalxgvie e ‘00 r (150} 1o 4
INC {HL) (HO=(HU+ | 0y X}t x v oie ipo 110000 1 3 n
INC (1X+d) {1X+d) - Pyslxb e x(via:e mronam| oo {3 6 P}
X+ L L loo 110 o0
BERAR
INC {I¥+d) (1'Y+d) = Lt | X:p|x|v ;u L ln ntoaott FD |3 8 423
(1Y +d)+1 ’ N IfmJ 110[100) |
o e d - i
DEC: s-3-1 Vx| x,'iv REER igany af 1, UL
i L ] (IXed), 1Y 15
I b ! ' shown for 1MC.
i I I IDEC same forzawr
f and states as INC
l i Replace [T00] v
| 101lin OP Coas
P
The ¥ symbol in the P/V flag calumn indicates that the P/V flag contains the overflow of the result of the
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GENERAL PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

No. of

Symbalic Flzys Op-Code No.of M | No.of T
Maemonic | Operation 5§12 H P/V| N| L [T6 547 210 Hex Bytes | Cycles | States Comments
DAA Conwertsace, | | | 1 | X[ ] XyP [«] 0000 117] 27 i 1 4 Decimal adjust
content into accemulator
packed BCO
{ollowing add
or subtract
with packed
8CO operands
L A-R . X[ 1 x|« 00 161 11| 2F 1 1 ] Compiement
accumulalor
) ) {One’s complemeny
1l A - A+ ] Xjpitx|v|t. 11 108 101 EO 2 2 g Negate acc, [twa's
i ‘ 01 000 00| 44 tomplement)
Lt cY -CY “ PX i Al X| s @ go 11y 13| 3F 1 i 4 Complement caoriy
i flag
suF CY -1 | X0 i x)e|o0 o 116 11| 37 ! 1 4 Set carry Hay
HeP No operationt @ PX e [ x| 00 000 DOO| B0 |1 i 4
nalT CPU haited | o Pxle I x]e]e 01 110 310(- 76 [ 1 1 4
e IFF -0 Pxle xpele 1e 10011 F3 | 1 4
o IFF = 1 . » X L Xle e 1L 01 FB o | 4
A Selinterrupli P ; A Xi*|= 11 101 1 £E0 2 Z 8
mode 0 : - 0t 000 110 46 .
i Set interrupt E . B S O AP poo | En | o2 2 8
model | i ' ‘ 01 010 120] 56
b2 Set interrupt | * Xt X . 11100 191 ED 2 2 8
mode2 | I 01 011 110] SE
Hotes:  |FFindicates the imterrupl enabie Hip-fiap

CY indicates the carry flip-llop.

. xy Hotation:  # = flag not affected, O = (g reser, 1 = flag sel, X = flag is unknown,
= flag is allected according to the resuit of the operation.

“Interrupts are Aot sampied at the end of £1 or DI

Tabl: 7 )6
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16-8:. ARITHMETIC GROUP

No.of

Symbolic Flags Op-Code No.of No.of T
Mnemanic Oparation H PIV]. 16 543 210 Hex | Bytes [Cycles | States | Nome~
ADD HL st | HL =~ HL+s X Xt X1 00 51 001 1 3 T w o
on B
ADCHL, HL ~HL#ss+CY X Xy xiv 11100 1 ED | 2 4 t5 m it
01 51 010 10 '
11
SBC HL, 53 HL = HL-ss-CY X[ Xix|Vv 11101 10| €D | 2 4 15
01 0 010
ADDIX,pp |IX ~IX+pp X X)X 1o 1Mot 01 DD 2 4 16 pn =
00 pp! 001 an
n
11)
11
ADD Y, rr 1Y =Y+ X[ XiX | " n m fFD | 2 4 15 rr ,‘-,.,9_
00 rr1 001 i} 4
01 DE
10 Iy
. 11 5
INCss -t Xipe|X]|e 00 0 0N 1 1 6
iNC IX IX - 1X+1 Xle|X}|e 11011 101 0O |2 2 10
00 100 OV 23
INCIY 1Y = 1Y +1 X|o|X|» i, Fo |2 2 10
00 100 0111 23 )
DECss L P T | X{o|X|» 00 31 011 : 1 1 6
OECIX X - 1X-1 Xls X | Mmooy op|z2 2 10
00 10% D1Y| 28
DECtY 1Y -1Y-1 X | X )e* 1M1 1 FD 12 2 10
oo o 28

Notes:

55 is any of the register pairs BC, DE. HL, SP

pp is any of the register pairs BC, DE, IX, SP

11 is any of the register pairs BC, DE, 1Y, SP.

m

'Flag Notation:  ® = {lag not affected, 0 = flag reset, 1 = flag se1, X = flag is unknown,
} = flag is atfected according to the result of the operation.

Table 7.0-6
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ROTATE AND SHIFT GROUP
Symbolic Flags Op-Code No.af{No.of{No.of
b7 M|
Maemonic Operation S|2 _H_ v 76 543210 | Hex [Bytes|Cycis|States| Comments
RLCA - . e 0 X|= 00 600 111 | 07 1[4 Ratate left circular
A accumulaior
RLA Lent—t=o* |+ |» 0|x]|e o117 it 11 {4 [Ratate el
: A | accumulator
(=) [
RACA I —}—={CY L 01X|e o0 00t 111 | OF |1 1 4 | Rotate right circular
A ' accumuiator
Lo '
RRA 7 —= (Y o | Loixie 00 01T AF 1 )4 'Rntauright
: A | i f f | 1in:.:umuialur
RLice ) b 0ix|ep 11001 011! CB :2 iz 8 iRotate left circular
00 {068 r s i register 1
ALC (HU) Py elx]elxle 1001 031 CB 2 4 |15 ir Reg.
; ; 00 [060) nul ! gg? 1[3:
RLC (ixsdh | b vl =0} N 0ix P 1Mo 101L 004 (8 [23 (010 O
( LIHLLUXed) Y 4d) ! 11000 011! ¢B ! o 3
i | -4 - o jloo - H
: l 00 [63] 110 o1 L
[ | ! : . it A
RLC (1Y+d) |} 1 0lx|p IR EETRT TS I TS - I
! 11 00 uni cB - i
| ) . i
! ! | ! - 4 :
b o I 00 !_j gno , i
AL 1 0:iX | p | i ; “Instruction format and
s SrHLL1X+d), [ Y+ ’ i ; ' t |states are as shown faor
‘ ! ' : i i g RLC's. To form acw.
AHCs E;’? ——-1_“]'57 P 0 ';X i P il f ! i0p-Code replace {000
s SR, (IX4dLUYed) | ] ; | Pt of RLC's with shown
] I ; ) % . ; code
HA 7——0_.['ch§3 e U!X!Pi i
s=rHLxdlys || L1 L
| | | i ! s
SLAS EY)—[=—=0]—0 ! 1]1{ DIX|P i ;
s S(HLLIX LY | ! |I i :
‘ | N
sias | (=0T ¥ 0ix P oy
c=oHuaxsaavsa ! || :
i oy ‘ :
$ALs |0=f==T—[t¥] thelxiolx!e: o .
: s SLAHLLIX LY ) | ! | ! Lo
- B I '. i H
RLOD A -(HL l! ' 0ix!ie i 111011011 ED 2 |§ |18 |Rossie digit left and
’ — I | ! 01 101 111§ 6F | fight between the
! | | { : accumulator
i and focation (HL.
HRO A f1-a]3-0] [J'_]_JT-'O[HLI i 0(x|P g0 ] €o dz |5 D@ |Thecontentof e
01 100 111¢ 67 upper hal of the
) | ACCUMLIALOr s
1 | b junattecies

Flag Noation:

Table 7.0-7

= {lag not alfected, 0 = {dag resat, 1 = flag set, X = Hag is unknown,
| = flag is affected according 10 the result ol the operation,

o o e e



BIT SET, RESET AND TEST GROUP ~

_Symbolic _ Flags . Op-Code
Mnemonic Operation | S H PAVI N C |76 543 230] Hex
BIT b, ¢ 1Z-Ty X T X (X |07} e]ti0ondn| B
' ' Mb o
BITH, (HU |Z~-(HUp | X T xix o etiloo o1 CB
ot b 1101
BIT b, (IX+dly 12 -~ [IX+dlp | X 1y x)x|oyfepraniel oo
1 001 611! €8
- -
01 b 20|
BITb, (IY+d)y |2 - (TY+dlp | X 1.0 X)X 0|0 fo
11 00t 011, CB
- d - ;
M ob 110
|
I
SET b, r T | . e | X (e e et 001 0111 CB
. ) v
SETb, (HL) [{HLy-1 | » e} X|ele |00 01! cB
o } 1 b . 110
SETh, {IX+d) ((IX+dly = 1 | ® o x| e |e|r10nm! oD
: ! 11 001 0117 CB
.| -4 -
o fil] b 110
SET b, (iY+d) {(¥+dly ~ 1 | » e X[ o]y nvam} fp
' 11001 011! CB
- d -
B b 110
RESh.s sp - 0 . el xfeo|e|efif] !
$ 2=y, (HL), :
(1X+d),
Notes:  The notation sp indicates bith (@ 1¢ 7) or focation s.

Flag Notation:

® = flag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown,
| = flag is alfected according 1o the result of the opesation.

Table 7.0-8

Ma, of
Bytes
2

o ————

e nfM
Lyzles,
2
3

5

Noof T
States

20

23

23

=
=
Ol

-
[~
(=]

To e,
Code rajiz. -

of SETH -+
Flags 2o
states far i
instrucdic
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JUMP GROUP
Symbalic | Flags Op-Code No.of | Na.of M[Noof T
Mnemanic | Operstion | S FH PIV[ N 756 543 210| Hex | Bytes|Cycles |States | Comments
JPnn PC - nn’ | - | e o | 11 eo0on| ¢33 |3 10
; | L
o -~ n - te Condition

JPcc nn H condition cc L R * te e 1] cc 010 3 3 10 000 N2 non 2er0
is true PC = nn,t . - 0 - 001 V12 zero
otherwise o - n - ‘010 | NC non carty
continue } : 01 [C carry

i 100 {1 PO parity odd

! 101 | PE parity even

i ! 19 1P sign positive
JRe PC~PC+e 1o X|» ® | e | {00011 000 18 |2 ki 12 111 | M sign negative

' -2 =

JRC,e HC=0, . s X1 s (o (o 100 111000 38 {2 2 7 If candition not met
tontinue - e2 -

He=1, | 2 3 12 If condition is met
PC ~ PCte |

JRNC, e |lIfC=1, pel P X le s & | e (00110 000 30 |2 2 7 If condition nat met
continue oo -2 -

He=0, i i 2 |3 12 If condition is met
PC - PC+e : [ :

JAZ e $2Z=0 fsieixia *« 1o e l00101000 28 |2 |2 7 .| if condition not met
continue o -2 -

Wz=1, | ! i | | 2- 13 12 If tandition is met
PC ~ PC+e . _
JRNZe  [2=1, - jeie ix|e | x| |s]e00100000f 20 |2 |2 7 If condition aot met
continue ‘ | 1o - el - ‘
tZ=0, ; : i 2 3 12 It condition is met
PC - PCre | A j
JP (HL) pC - HL e e X e s [e be 10101 001} ES |1 1 4
PUX) PG - X be s ixje xie e e inonoy ooz {2 |8
! i : 11101 001} ES

#uvl |PC- 1y o folxis i elo ety o2 |2 s
i | 11101 001f €9
|

DiNZe |8 - B1 |« X | o |elejoomoooo 102 |2 8 8=0
ite=10 | ' -2 ="
continue | i

* |
1840, ‘ 3 2 |3 13 |80
PC - PC+e | !
L]
Notes: e represents the exteasion in the relative addressing mode.

9 i5 8 signed two's complement number in the range <¢126, 129>

¢-2 ini the oprcode provides an clfective address of peee as PCis -
incremented by 2 prior to be addition of e

Flag Notation:  ® = flag not affected, 0 = tlag reset, 1 = fap set, X = Hag 13 unknown,

Table 7.0-9

| = flag is affected according to the resull of the operation.
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CALL AND RETURN GROUP

Symbolic Flags Op-Cods No. of |(NoofM|Noof T
Mnemonic [ Operation S [ 2 H P/VI N | C |76 543 210] Hex | Bytes {Cycles |States | Commants
CALL nn {SP1) ~PCyl o L o} X{ o | Xl o®t{sie}11000 101, CO }3 5 17
(sP-21 - PCy -0 - : '
PC = nn - n - |
| |
CALLcc, anjlf condition @ y o | X1 & X | e e | e} cc 100 3 3 10 ! " cc is false
cc is false - n - . ' !
continug, -0 -] 3 ] 17| Mecistrue ¢
atherwise ‘ i | | l
same a3 | | H :
* |calLan o : | | i
" RET pC - (sP) [e[el x|elx{eie|eitroononi cg |1 ' 3 ',10
PCy = (SP+1) ' i i | ;
| P : j i f |
RET cc Mcondition [ | e[ x| e ] x e ;e e 1) cc 000 S R D 1 ceis fatse
ccis false ! } |
continus, ; 1 oo "1 ce i trye
otheswise ! { . te__| Condition
same as ; : i . 000 [ N2 noniero
RET ! I i ;|2 010
i i ! + 010 { NC  non carry
RETI Retwrnfrom | ® | o | X[ | X e |efe oot €02 fe 4 tonlc  cmy
interrupt 0 001 IOIE 40 { i - 100 { PO parnty odd
AETN! Returnfram = [ o | X [ e J X | e Ao |1 000100, ED [2° 4 (1 101 PE parity even
. non maskahle 01 060 101, 45 | { J " 1181 P  signpositive
interrupt i ! i i M| M signnegative
RST o (SP1) = PCy® [ o] x| o l X1iele ol ¢ mi hvofs hr
{sp-2) ~ PC, \ ! | , ; '
Pty - 0 P | R ' i
PCL - » i , i ,
' i | ]
: 000 Fgo_n ‘
001 | 08H
_' 010 | 10M
011 | 18H
100 | 20H
101 | 28H
H - . 110 | 30H
l 111 | 38H

TRETN loads IFFy ~ IFF,

Flag Notation: ® = Hag not affected, 0 = flag reset, 1 = flag set, X = Hag is unknown,
} = flag is aflected according to the result of the operation. :

Table 7.0-10
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INPUT AND QUTPUT GROUP
| Symbolic | Flags 0p-Code No.of [No.ofM No.of T
Muemonic | operation [T T T H, [MVIN [C [76 543 2101 Hex Bytes |Cycles [States | Comments
iNA (a) 1A - {n «Tetx [opx]ele Tehivomroni o8 |2 3 11 ntoAg~ A7
. II f I | i | i j- n -1 Ate to f\a"'A]s

W0 pr-te XX Py e 0 ! E0 |2 3 12 CtoAg ~ Ay
'!'Ifl“lluulﬂyt ! i ; iu] r OC[]: BIDAa"‘A!s
! the flags will ! Vo '
be affected | - S . .

Poani g ! ! : "

Il THW - (€1 P X paix X x| xi1]e nimio e |2 4 13 CtoAg™~ A7

R "0 100 010 A2 B to Ag ~ Ay
_ HL=HLer 000 b b : |

iNtR (HU = (© X1 i x [ X, xb xta)s ey €0 |2 5 2 Cto Ag ~ A7
B-g-1 | g ot ~ jwwnoo0f B2 | 8o Bto Ag ~ Ayg
FHL = HLet | 0, ; | i 12 4 |16 '
Iﬁepeatuntil . \ ; (i1 B =0}

B=0 | ! . |
3 i o . ;
I v SR ! i i : .

IND HU =480 5 X DX, X X X1 e 110 101] ED 2 a 16 Cto Ag~ Ay
B-8-1 | . i l10 101 010; AA BtoAg~ Arg

HL - HL-Y , : :

INOR [HLE - (b i x ;1 ix, xix] x| o Ity 101l €D 2 5 21 CtoAg~ Ay
lg -8-t = | 0 |1 (10111 010; BA (it B 70l Bi1oAg ™ Ayg
PHL - HLeg | e | I : 2 4 i16
Repeatuntit | [ | b b ; : (¢ 6 =0
ERCI N A N - ;

UUT ta), A | la)~ A [o e lx e x| eieitymoon, 03 |2 3 n ntoAg ™~ Ay

F oo | P | ' ) Atc ta Ag ~ Ag

QUTICLs [(E) ~ ¢ Pe e lx e ixe e e oo iy ED |2 3 127 CtoAg ™~ Ay

! i i Poog r 001 BioAg ~ A
- ICONR . P f |
ouT [y« o | X | Ix LxIx b xpa e oo €0 2 4 116 ClaAg~ Ay
' B-8.1 P Cooa10 100 011 A2 BtoAg~ Arg
HL - HLe1 | | -* :

OTIR ©-m|o x| ]x ixlx|11e hiwonm] 0 |2 5 2 Cto Ag ~ Ay
BB 0| | l1o 110 011: B3 1t 8 ¥ 0} BioAg ~ Ag
MU HLed b } 1 L2 r 118 ,

] Repeat uniil ! : I g=0

) B=0 I

()

Luro {Cl - {HL) X% X| X| v]e y1100101) ED |2 4 16 Cto Ag~ Ay
B-8-t 10 101 011 A8 BloAg~ Agg
HL = HL-)

i - [ x {1 lx x ! %i{1 s 11901101 ED |2 5 21 ClaAg™ Ay
8 -8 ' 10 111011| 88 (it B 40) BtoAg~ Ays
HL = HL-1 : 2 4 16
*| Repaat uatil K11'p =0
B=0 '

Nowes: « 1. il the result of B - 1is zero the 2 Dag is set, otherwise it is reset.

Flag Naisi.on:  ® = flag not altected, O = fag reset, | = flag set, X = flag is unknown,

Table 7.0-11

} = liag is afected accerding 1o the result of the operation.




TETSe ESEs e msr o an TN T s s o AT e s gy ey R M A e - PRI

: 230
8.0 INTERRUPT RESPONSE

The prupose of an interrupt is to allow peripheral devices 1o suspend CPU operation in an
" orderly manner and force the CPU to start a peripheral service routine. Usually this service
routine is involved with the exchange of data, or status and control information, hetween
the CPU and the peripheral. Once the service routine is completed, the CPU returns to the
operation from which it was interrupted.

INTERRUPT ENABLE — DISABLE

The Z80-CPU has two interrupt inputs, a software maskable interrupt and a non-maskable
interrupt. The non-maskable interrupt (NMI) can not be disabled by the programmer and
it will be accepted whenever a peripheral device requests it. This interrupt is generally
reserved for very important functions that must be serviced whenever they occur, such as
an impending power failure. The maskable interrupt (INT} can be selectively enabled or
disabied by the programmer. This allows the programmer to disable the interrupt during
periods where his program has timing constraints that do not allow it to be interrupted.
In the Z80-CPU there is an enable flip flop (called |FF) that is set or reset by the prog-
rammer using the Enable Interrupt (El) and Disable Interrupt {DI|) instructions. When the
IFF is reset, an interrupt can not be accepted by the CPU.

Actually, for purposes that will be subsequently explained, there are two enable flip flops
called tFFq and IFF».

1FFq IFFo
Actually disables interrupts Temporary storage tocation
from being accepted. for IFF 1.

The state of |FFq is used to actually inhibit interrupts while [FFo is used as a temporary
storage location for IFFq. The purpose of storing the |FF{ will be subsequently explained.

A reset to the CPU will force both IFF¢ and |FF5 to the reset state so that interrupts are
disabled. They can then be enabled by an E! instruction at any time by the programmer,
When an El instruction is executed, any pending interrupt request will not be accepted until .
after the instruction following Ef has been executed. This single instruction delay is neces-
sary for cases when the following instruction is a return instruction and interrupts must not
be allowed until the return has been completed. The El instructions sets both 1FF and
IFF g to the enable state. When an interrupt is accepted by the CPU, both IFF 4 and IFFj
are automatically reset, inhibiting further interrupts until the programmer wishes to issue a
new E! instruction. Note that for all of the previous cases, |FF ' and |FF 5 are always equal.

The purpose of IFF is to save the status of {FFq when a non-maskable interrupt occurs.
When a non-maskable interrupt is accepted, IFFq is reset to prevent further interrupts
until reenabled by the programmer. Thus, after a non-maskable interrupt has heen accepted
maskable interrupts are disabled but the previous state of IFFq has been saved so that the
complete state of the CPU just prior to the non-maskable interrupt can be restored at any
time. When a Load Register A with Register | {LD A, i} instruction or a Load Register A
with Register R (LD A, R} instruction is executed, the state of IFF7 is copied into the
parity flag where it can be tested or stored.

A second method of restoring the status of IFFq is thru the execution of a Return From
Non-Maskable Interrupt (RETN) instruction. Since this instruction indicates that the non
maskable interrupt service routine is complete, the contents of IFF o are now copied back
into IFFq, so that the status of IFFq just prior to the acceptance of the non-maskable
interrupt will be restored automatically.
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Figure 8.0-1 is a summary of the effect of different instructions on the two enable flip flops.

INTERRUPT ENABLE/DISABLE FLIP FLOPS

Action . IFF} IFF,
CPU Reset - 0 0
DI 0 0
El . o .
LD 4,1l . . 1FF4 ~Parity flag
LD AR . . . IFF4 = Parity Nag
Accepl NMI 0 e

RETN , IFFy IFF5 >1EF,
Accept INT 0 0
RET! . . .

“e" indicates no change

| FIGURE 8.0-1

CPU RESPONSE’
iNon-Maskable

A non-maskable interrupt will be accepted at all times by the CPU. When this occurs, the
CPU ignores the next instruction that it fetches and instead does a restart to location
0066H, Thus, it behaves exactly as if it had received a restart instruction but, itisto a
location: that is not one of the 8 software restart locations. A restart is merely a call to a
specific address in page 0 memory.

Maskable

The CPU can be programmed to respond to the maskable interrupt in any one of three
possible modes. ' -

‘Mode 0 _

This mode is identical to the B080A interrupt response mode. With this mode, the interrupt-
ing device can plface any instruction on the data bus and the CPU will execute it. Thus, the
interrupting device provides the next instruction to be executed instead of the memory.
Often this will be a restart instruction since the interrupting device only need supply a
single byte instruction. Alternatively, any other instruction such as a 3 byte call to any lo-
cation in memory could be executed.

The number of clock cycles necessary to execute this instruction is 2 more than the normal
sumber for the instruction. This occurs since the CPU automatically adds 2 wait states to an
interrupt response cycle to allow sufficient time to implement an external daisy chain for
priority control, Section 4.0 illustrates the detailed timing for an interrupt response. After
the application of RESET the CPU will automatically enter interrupt Mode O.

Mode 1

When this mode has been selected by the programmer, the CPU will respond to an interrupt

by executing a restart to location 0038H. Thus the response is identical to that for a non
maskable interrupt except that the cail location is 0038H instead of 0066H. Another
difference is that the number of cycles required to complete the restart instruction is 2
mora than normal dua to the two added wait states. -



Mode 2

This mode is the most powerful interrupt response mode. With a smg!e 8-bit byte from : -

user an indirect call can be made to any memory location,

-With this mode the programmer maintains a table of 16 bit starting addresses for evi
terrupt service routine. This tabie may be located anywhere in memory. When an inter.
is accepted, a 16 bit pointer must be formed to obtain the desired interrupt service root:
starting address from the tahle. The upper 8 bits of this pointer is formed from the con:
of the | register. The | register must have been previously ioaded with the desired valu:
the programmer, j.e, LD |, A. Note that a CPU reset clears the | register so that it ic
tialized to zero. The lower eight bits of the pointer must be supplied by the interrupi-
device. Actually, only 7 bits are required from the interrupting device as the |u:
bit must be a zero, This is required since the pointer is used to get two adjacent byie.’
from a complete 16 bit service routine starting address and the addresses must always si:
in even locations.

”
desired starting address

Interrupt puinted 1o by:
Service ’ ]
Routine low order 1 RIEG 7 BITS FROM
Sturting ﬁ high vrder CONTENTS PERIPIIERAL °
Address
Table

N

E)

The first byte in the table is the least sign'ificant {low order} portion of the address.
programmer must obviously fill this table in with the desired addresses before any interrur:
are to be accepted.

Note that this table can be changed at any time by the programmer (if it is stored in Read.
Write Memory) to allow different peripherals to be serviced by different service routins:

Once the interrupting device supplies the lower portion of the pointer, the CPU ‘automat -
cally pushes the program counter onto the stack, cbtains the starting address.from the tahi=

and does a jump to this address. This made of resnonse requires 19 clock periods to com:

plete (7 to fetch the lower B bits from the mterruptmg devnce 6 to save the program

counter, and 6 to obtain the jump address.)

Note that the Z80 peripheral devices all include a daisy chain priority interrupt structure

that automatically supplies the programmed vector to the CPU during lnterrupt acknow-
 ledge. Refer to the Z80-P10, Z80-Si10 and Z80-CTC manuals for details.
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

Lest M Cycle
of Instruction
Last T S1ate

S i W /s

AQ-A1H
L]
MREQ
IQRG
1
DATA BUS
' —— ] L o o ——
walT . E .
RD L
| .
| : |
. Daisey Chain 1 Vector Placed
| - Priority Frozen ] onto Deta Bus
t

ZBO INTERRUPT ACKNOWLEDGE SUMMARY

1) PERIPHERAL DEVICE REQUESTS INTE'RRUP'T.,Any device requesting and interrupt
care pull the wired-or line INT low,

2 oPU ACKNOWLEDGES INTERRUPT.  Priority status is frozen when M1 goes low
guring the Interrupt Acknowledge sequence. Propagation delays down the IEI/IEQ
riaisy chain must be settled out when TORQ goes low. If 1El is HIGH, an active Peri-
iseral Device will place its Interrupt Vector on the Data Bus when IORQ goes low,
t1.a1 Peripheral then releases its hold on INT allowing interrupts from a higher
oriority device, Lower priority devices are inhibited from placing their Vector on
the Data Bus or Interrupting because IEO is low on the active device.

) INTERRUPT IS CLEARED. An active Peripheral device (IEI=1, |EQ=0) monitors

- UP Code fetches for an RETI (ED 4D} instruction which tells the peripheral that its
frirerrupt Service Routine is over. The peripheral device then re-activates its internal
interrupt Structure as well as raising its IEO line to enable lower priority devices.
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias

---------------------------------------

Specified Operating Range

GIOTAGE TOIMIPOIALUIC. v vt v ettt et s et et ettt et eeasennnes ~-85°Cto +150°C
Voltage on Any Pin with Respect to Ground . ... .. . tiin et iennnn ey -0.3Vito+7Vv
Power Dissipation .. .... ... ittt nnnnnneraeans R 1.0W

'D.C. CHARACTERISTICS

Ta=0°Cto 70°C, Vo = 5V £ 5% unless otherwise specified

SYMBOL{ PARAMETER MIN, | TYP. | MAX.| UNIT TEéT CONDITION

ViLe Clock tnput Low Voltage -0.3 0.8 \%

ViHc  |Clock Input High Voltage Vee-.6 Vee+.d  V i

Vit {nput Low Voltage -0.3 0.8 \'

ViH Input High Voltage 2.0 Vee vV T
VoL  |Output Low Voltage N 0.4 v log = 1.8mA
Vou  [Output High Voltage 2.4 v [ ion=-250uA

ice Power Supply Current 150" mA

1 g Input Leakage Current 10 A ViN=0toVYee

H.OH Tri-State Output Leakage Current in Float 10 uA VOU'f = 2.4 w0 Ve

[ o, [Tri-State Output Leakage Current in Float -10 | uA VouTt = 0.4V

"IL[T A E!"-Jata Bus Leakage Current in Input Mode 1.10 uA

0<V1N<VCC

*200ms for -4, -10 or -20 devices

CAPACITANCE .
Ta =25°C, f = 1MHz unmeasured pins returned to ground

SYymMBOL | PARAMETER MAX.| UNIT
b - Clock Capacitance | 35 pF
Cin Input Capacitance | 5 pF
COUT Output Capacitance | 10 " |- pF

-

*Comment

Stresses above those listed undér “Absolute Maximum Ratings’™ may
cause permanent damage 10 the device, This is & stress rating only and
functional operation of the device at these or any other condition
above those indicated in the operationat sections of this specification
is not implied. Exposure 10 absotute maximum rating conditions (or

extended periods may affect device reliability.



AK 3880, MK 3880-1u, MK 3830-20 Z80-Cru

A Lo

. I7UF0 are both active.
8 HETN
SOt ey 79

ITUSET signal must be active tor o minmuoe of 3 ik oyehn

Covld be enabled onto the CPL dita b vl THD Gachve Duringinterrupt schnowvded @«
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A C CHARACTERISTICS
ia=0°Cto70°C, Vg = +5V £ 5%, Unless Otherwise Noted
SIGNAL SYMBOL PARAMETER MiN, MAX, UNIT| TEST CONDITION
te Clock Period 4 {12] Hsac
1y dPH) Clock Pulse Width, Clock High 180 (D) nsec
b ty, (L) Clock Pulse Width, Clock Low 180 2000 nsec
i Clock Rise and Fali Time . 30 hsec
D(AD) Address Outpul Delay 145 nsec
tF(AD] Delay to Float ‘ 110 nsec
tuem Address Stable Prior to MREQ [1] nsec C| =50pF
{Memory Cycle) —_
AQs Tagi Address Stabie Prior 10 IORG, A (2] nsec
or WR (1O Cycle) __
tea Address Stable Fromm HD, WR, tORQ or MREC | [3} nsec Except TI-M1
teat - Address Stable From RD or WR . (4] nsec
During Floa
D) Data Quiput Delay 230 nsec
tFiD) Delay to Float During Write Cycle 50 nsec
)] Data Setup Time to Rising Edge of 50 nsec
Ciock During M1 Cycle
g7 1Sib(D} Data Setup Time to Falling Edge at 60 nsec € = 50pF
Ciock During M2 to M5
teem Data Stabie Prior ta WR {Memory 15} nsec
Cycle} .
tdei Data Stable Prior 10 WR {1/O Cycle) {6} nsec
tedt Data Stable From WR [71 nsec .
119 Input Hold Time 0 nsec
IDLPMR) MREQ Delay From Falling Edge of . 100 nsec¢
Clock, MREQ Low *
'OHGIMA) MREQ Delay From Rising Edge of 100 nsec
I T Clock, MREQ High
MREQ tOHMMR) MREQ Delay From Falling Edye of 100 nsec C_=50pF
" Clock, MREQ High
tWIMRL) Pulse Wisth, MREQ Low (8] nsec
tw(MRH) ‘Pulse Width, MREQ High [9] nsec
, 1Ay IORG Deloy From Rising Edge of 80 nsec .
' oLPan) Clock, TORG Low
I ‘DL‘T’HR] IDRQ Deloy From Falling Edge of 110 nsec CpL» 50 pF
1o Clock, IORQ Low .
tOHDUIR} iORG Deizy From Rising Edge of 100 nsec
Clock, t{ORQ High
: ‘DH"_I;IIH) IORQ Delay From Falling Edge of | 110 nsec
R Clock, IORQY High
tDLAARD) Wﬁ_@lay From Rising Edge of Clock, 100 nsec
__RD Low
_ \p L‘T’(RD] D Dalay From Falling Edge of Clock, 130 nsee | Cp =50pF
i - __RDLow 00
1DH¢ RD Detay From Rising Edge of Clock, 1 nsec
N IDHMIRD) _TD High
IDH‘-I'(BDI RD_Delay From Falling Edge of Clock, 110 nsec
_ RD High :
IDLYIWR] WR Delay From Rising Edge of Clock, 80 nsec
__WR Low
o tp I..‘T'(WH) WH_Deluy From Falling Edge of Clack 90 nsec Cy = 50nF
Il WR Low R )
PDHYAIWR) WA _Delay From Falling Edge of Clack, 100 nsec
WAR Hith ]
LWw{WRL Pulst: Width, Wit Low {101 T

wx
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DESCHIPTION

e canétics 2718 s a 16,394 bil eresable
i aramable read only memory (EPROM).
Tiw 2716 is organized as 2048 words <l 8
e .ach and fealures fast single address
lecLucn programming. Erasure is accom-
plisi.a by exposure to ultraviolel light and
¢ aiamming is performed electrically.
s @ program is finalizad the 2716 can
cenvert o Signetics pin-for-pin compatible
151 HOM, the 26186,

' ‘the 2718 oparates from a single 5 volt pow-

ui Supply which makeas it ideal for uae with

. tne aewer high performance 5§ voll
ks IOCESSOrS, A power down mode re-

duces power during standby 1o 25% that ol
of.0icling power.

Sinylo pulse TTL level programming makes
the 2716 simple and fast to program. All
conlrol signals are TTL level allowing on
hesaid programming. Words can be selostud
individually, sequentially or randomiy, Total
progs amming time for all 16,384 bits is 100
SeTunds, '

BLOCK DIAGRAM

‘-’fi?L’!"'"_NARY SPEGIFICATION ;_;:f o

FEATURES R PIN CONFIGURATION

+ Single -5V power supply
+ Simpls programming:
Sinyiu locallon programming
Single 50ms pulse
TTi. luval signals
+ Fast programming— 100sec
« Fasl access lime—A450ns max
« iow Power dissipation:
525mW max, active power
132mW max, standby power
s Pla compatiblo {o Signetics 2616 ROM

| PACKAGE

a
3
as [3]
a4
x3 (2]
s [T
A|E
w(®
o [

cop 11

GNp [12]-

24| veo
FEI Y]

[22] 4
1] ver
) &
[15] 410
(18] Porram
18] o8 -
) os
o

3] o3

i e
L .
i
? BATA QUTPUTS
0g-0r
. VEL + v 5
i 51, [, :
|
; ‘ : — ~
: £ — Chup SLLECT,
i . (POWLE DOWN, f— -
! ' PDipPGM —-——ef -~ PHOG. LOGIC : OUTPUT SUFFERS
L.
o
i
| ——— : R r--;—-.
' .- ' v . Y-GATNG
‘ . LECGDER .
i
: . o
. + ' B [T }—
i ANDRESS .
! _ wuts ———
° -
; o ,
- GECOLLA . 18,3048
R . CELL MATRIX
B —— : . °
T .

SIGRULCS
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' F'F-I&L!MINARY SPECIFICATION

AHSOLUTE MAXIMUM RATINGS1

1

: PARAMETER " RATING UNIY
I — —
: Temparature range , ¢t

: A Cpaerating =10 to BO

;. TsTg  Storage -85 to 125

! All input or oulput voltages -031086 Y

: with respoct to ground )

l Vpp supply voltage with -0.3to0 28 v

] respact 1o ground T
..

HOTE

1. Sirosses abova Ihess tistad as “Absolule Maximum Ralings” may damage the davice.
T:cae ratings ars meanl fur short lorm atress only, prolonged sxposurs al Lhass
rulings may alloct device reliabitity.

9ESIGNAT|0N .
[ PIN NO. SYMBOL, FUNCTION
]
' i-8,22-23, 19 AgAg Addrass inputs
| 18 roirGM Powor down/Drogram
: 20 o) Chip select
i 8-11, 1317 0q-07 Oulputs
: 24 Voo Power (+5V) !
' 21 : Viap Program vollage (+25V)
' 12 GND Ground

TS ELECTRICAL CH#.RACTE-R{STICS Ta = 0°C 1o 70°C, Va2 = +5V, 2 5%, Vpo? = Vo 10.6V4, unless otherwiso «pecilic

. PARAMETER TEST CONDITIONS - LIMITS IFIHN
! Min Typ* Max
input vollape v .
1. Low 0.1 0.8 ;
K High 2.2 Vec+
Thitpel vollage
Y Low lp = 2.1mA 0.45
VO High loH = —400uA 2.4
e nput load curront Viy = 5.25V 10 T
e {utpit leakage current Vour = 5.25V 10 0
ipp: 0 Yop curren! Vpp = 5.85V 5 (R
e d Vog curienl {(standby) PD/PGM = V4, TS = V)i 10 25 ma
oo Y currant (active) C5 = PD/PGM = V) 57 100 0
Capncitance® Ta =25°C, = IMHz ni=
N gt - Vig = OV 1 8
Coul - Outpt VouTt = OV .1 12
0058 '
i 5 o apphied stmdlinnar e ay O Sodora VPP snd removad simultaneousty or
L enanectnd dirpetly to VC\' nxcept durmq programming. Tha Voo supply
Itien ba the sum ot lpe and Ipp gy, . X
-, “he lglerance of O.6\ atiowa the vae ol a driver circuit tor swilching the Vpp supply \
o rem Ve in road (o 25V lor progeamming. :
" Ligmcal values are lor Ty = 25°C anit nominal supply voltagas, ‘
Ihiv parsmetar is onky sampled and in nol 100% lesled. :
. wGny i 1efareaced to PO/PGM or Lho addreasos, whichever occure laet, ; :
i
- .
SiNeGES -
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Udapnel
Output -
Quipi
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0
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TEST CONDITIONS

LIMITS

Min

Typd

Max

UNIT

Ausirtnt
i"A
| Chigr geluo

Outfnn
Cutpul

Hald time

t .

Optpul

[ R RRTN
Ghip deaelecl

PL/PGM = TF = V)

POPGM s Vi

250
200

450
450
150

ns

TS5 vy
FO/PGM = Vi

100

100

ng

AUross

PD/PGM = C5 = Vi

ns
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" PRELIMINARY SPECIFICATION

.

DC PROGRAMMING CHARACTERISTICS? T4 256 2 50¢, Vec® = 5V £ 5%, VPP®:' = 25V 1V, unloss otherwise speriic -

PARAMETER TEST CONDITIONS LIMITS NN
‘ Min Typ Max ,
L) Inpui current (for any input) Viy = 5.26V/0.45 10 uh )
lppy Vpp supply current PD/PGM = Vy_ 5 m-»;:_
Ippa Vpp supply current during PD/PGM = V|4 30 n‘..-\—
programming pulse

lce vee supply current 100 mA ;
viL Input low lavei ~0.1 0.8 i ~’
V||: Input high level 2.2 Vee+1 :

AC PROGRAMMING CHARACTERISTICS® 15 = 25°C £5°C, V9 = 5V *5%, Vpp?.18 = 26V + 1V, unless otherwise specificd

f 8 , —

! PARAMETER TEST CONDITIONS LIMITS it

i Min Typ Max

! A Address setup time 2 s

i.’ icss CS setup time 2 R

l ins Data setup lime 2 B

' taAH Address hold time 2

i ICSH CS hold time 2 e

DK Data hold time ! 2 ¥

tnF Chip deselect 1o outpul 0 120

! {loal daelay

' tco Chip select 1o output delay 150 e

I tew Program pulse width 45 50 55 nos
trRT Program pultse risae time 5, i
_!-pFT Program pulse fall time - 5 e

R

. Srmelics slandard product warrenty appliss only (o devices progremmed 10 specifi-

culiony doscribad herain,
Vor il be appliod simultnaecusly of hotoro Vap and femaved simultonoousty or
Sitar ¥pp. The 27 18 must nat bo inserted inlo or removad Irom a board with Vpp at 25
13 1o prevenl damage 1o the device. )
W, IV Ldvaimlum aliuwabtu volioga which mey ba appliod 1o the Vpp [-1] dunnu program- - 1
rang is +?5V Care musi be 1aken whon swilching the Vpp Wupply to prevent
ovarshool oxcaeding this 26V maximum specificalion.

Sinotics

Bk 'r-t-ro e

ALy s mm P



OATA

PROGRAAM

...... .
VERIFY .
e e e . :‘i\ /
FOUNESSES ABDRESS N Ix ADDRESS M + m
i
s i rA
OATA &i
STABLE
ADORESS M
toF lco foF
—
{0.12 man} 0.5 max) 16.12 max)
¥ ps et !
- oo | b RN |
, (21 amad i
JUR—— ;
A ;
st ] :
2} |
e -
+ 1 LofBANESES are MERIMUM limes and are 1:3 unlus 3 otharaius 0100, -

1. w6 @rased by using the follow-

: "' .
S0y Huaviolel lamp with a wave length

saginnms (A)

- a1 iube within 1 inch of devica

»uy filter irom lamp .lube
. wnti K @ 1nlad dose (intensity x

) ol 16W-sat/eme

AL e,

vaHuidn

+*

< o naced all 16,384 bite in the
“3 Letd ready for sulective
Cooaihing, Lighl sources with

- whurter Ihan 4000A can cause
wsiltu. Direct sunlight could
wL 27168 in 1 weaek while room
s eal Could do the same in ap-

<r . yuals, Signetics has opague

ool il the 271808 1o bu sxposed
oo dight fevels fu extended

«.:.s labels could alsu bre uied
.. -wiu of parts on the board, The
: ..« i placed on devicea with
DG L L

NA

a9 fist of ultraviolel lamps are

toim Ultra-violet Froducts inc.,

5114 Walnui Grovae Ave., San Gabriel, CA:

TIME FOR
MODEL [POWER RATING [ 15W-soc/ecm2
$-68 [MzZ000 uW/ecm2| 21 minutes
§-53 - [i20G0 aW/icm? 21 minulas
UVE-B4[ 6700 aW/ic1a2] 44 minules
R-52 [1G00G aW/ien®!  20'minutes
UVS-11] 5500 xW/em?2| 46 minutes

It ehouthi be. folied bt uliravicotet lamps
have u twndunsy 10 dugrade with constant
On-Otf operalioa. :

PROGEHAN
Altar erasure all bils are in the “1° state.
Programising 10 1 0" is nccomplished using
s Jolloweimy procadurc:

o R iy b e )

L Vee g UV, Ve 10 A3V
« CSHRH )

b Subluul ilbimed ot by applying ad-

dgresses -

e Pl ontpets w5 R tow (V)
e Apply st Loddve R TTL program

pdlie ta PEY e

[ETRRCEFL TR o

» Repeat for all.woros

g
Multipie 27 168's can be lcaded with the same
dala by paralleling all pins and following the
program procedure,

Mulliple 2716's can be loadad with dilleron
data by paralleling all pins axcept PD/PGM
and {ollowing the program procedure. The

" program pulse should be appiled o the su-
- lected chip while all deselactad chips heva

their PD/PGM inputs held LOW,

The program can be veriliad without rodee.
ing Vpp by holding balhv the PD/PGM and
CS pins LOW,

READ

Thoe Vpp pin shouid bu al =3 L2l o
QxCLL! PIOQrom Lpefatibis A LU on bl
the PO /PGM and ©S DIns pluiosdn tha S
ol the setuctol word 1o e sulpul Ao b
on either PD/PGM or CF dnsalacts tha ot
lor readimg ol paralial dences. A HIGH
PO GM ruduces 1ho achive pewnf dissia:
lion by 75%,.,
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‘MATING MODES Y " APPLICATIONS -

; - PINS PD/PGM (18] €S (20) Vpp (21) Voo (24) OUTPUTS On-board proyramming with the 27 (.
: :.‘..‘)E\ I9-11,13-17) casy task. Tha circuit shawn is lor an v -°
_"L:F!AM EPROM system. This techaique usaa 1 *
i rite I H +25 +5 DN the 6 diflarent modas of operation, i 4t
i ‘nhviit L H +26 +5 High Z programming the selecled device ix o -
: Varity . L L 428" +5 DouT - write mode while the unsaigctan davin: - =2
- - - in the inhibit mgcde. During read the ¢
, bl ‘| . device is in the read mode wh
' . Hoad L L +5 +5 Bouyr unselectad devicos are in 1he pov?-
Power down H Oon't,care +5 +5 High Z mode.
Daaelec! Don't care H +5 +5 High Z

SYLICATION DIAGRAM

. BKx8 ON-BOARD PROGRAMMING SYSTEM
9 .
i LN +I5¥ 45
o A,\b b &b
N —— e k. e ]
l €% |
™ 1 —_— P IS e ——
— D . : ,' ¥
. _—ﬂ i <
> ) : :
Ay e ] IYr] + u--—-x-w-—-—-—j ;
. T4158 . H
A P— ) . i
- i !
. i .
. i
.
.
.
MW .
M » i
st [ ] 4
N . . i
i \ ’ .
[
*
e Ypp
.
S 3
" > PR/PGM

Ag-A10

- 1\}'

L G

a subsidiary of US. Philips Corporat-

Sagris -
[
BNEa: Ay I

Printed in 1177 !



H T AT S TROYT MRS S TTE YTy ¥ I ™ o Ty
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i-word X 8-hit High Spt,ed Statn, C0S RAM

FeATURES : . . T
smgle 5V Supply and High Density 24 pin Packane

iligh Speed: Fast Access Time 12005/150n4/200ns {max.} S
o Power Stundby and Low Power Operation: Standby:  100uW (typ.}

. Operation: 180mwW (typ.)
" ompletely Static RAM:  No clock or Timing Strobe Required
Cinctly TTL Compatible:  All Input and Quipul
- Qut Compaunble with Standard 16K EPROM/MASK ROM
.ial Access and Cycle Time

“UINCTIONAL BLOCK DIAGRAM
0 am e — DT

£k LY m.r.-li—.h—.—-md-&.h—m macbe o A" L L

{DP.24)

o Vee 2 PIN ARRANGEMENT.
Aove | ° Munoey Matia ——0 GNT : S :
S fecoues . 1282128 ‘ A7) |24 Ve
e et 7 - Ty
] Asf3 [22] a9
——= T as (s S EL L
-T-E : Colurn KO All 5 20 &
.i" Ingut T e e A2E_| 191A10
[ Column Decoder —=
o Data m'_fl_l 18|Cs
i
: Controt 1 , .
ool —_ A IVHEY _n{.m
c--o---:-i.:la.-—-—-- X by 1o 9 16]1:07
a’ . R . .
- L o A7 Alo S . 102{19 1510
H v . i 1
: ..".’.:T.:.L__1 5~ 1 gi H w03 2105
L - —
. Conurol : GND 12 11 1104
te
. gic (Top View)
¢ AESOLUTE MAXIMUM RATINGS
T ’ lhem . 7 Symboi Ranng Unit
Sy G0 Ay Pen Relalsia 10 GHU ) i ViN . -0.5ta+7.0 ! v
o ..-....m?_t;r...;gulu}c Topr ! Oro+70 ‘c
Lo Tematiature | Tue -55 10 +125 ' c
T IIT;{J.‘\-E;; By ! Toios -10 10 +8S ! C
Fo. . Loielauon I e 1.0 ’ W
a pren TABLE
o 7 wE N Vee Current ,  LOPR Aef, Cyele
- X X TNGL Seeted . Isa sy Hign 2 . . )
- i Y " : T Aead - icc T Dot ;  Aead Cycie 1)~ (N
T o H L . vime lee ‘ Jin g e Cycla i1
---- il‘" L L- -.._._._-..‘Jr.;“____...-..- "gal'-_—_‘icc i Oin | Weire Cycte tﬂ___




PR

. RECOMMENDED DC OPERATING CONDITIONS tr.

l1em I symhai “mun. -
' ' s Yee 45
Supply Voliaga - i
-~ ' GND. o
inpul Volrage qf_ﬂl ?._1_’_
V’E — -1.0*

* Pulte YWadin, 5G ns, OC: by mun, « =03V,

8 DC AND OPERATING CHARACTERISTICS (3ep =5y «10%, (GND « OV, Ty = 810 +70"C)

i o i S
ltzen isvmbol | Test Conditiong [T HN_‘I@_}_I_S 2 HMG1 1_9;1 _,,r A —
. ! - - _f“_i_fl_. ] ty[ l may, min, " yp? max, |-
Inpur Lrakage Cuemt Uiyt | Foes85.5V.0,0 rGND 10 Feo | - - 10 T
y ' ‘——s_qu OE sV, T T T
fﬂput Lloif:gc Curr_em ‘I I;_u.l- ?.__O _ fo‘!b 6. A I, - - 10 - - 0 .
Doerating Power Supo!v _.ES-- ! lCS . l;;;\ll'mr « U;n:v - 40. _ 8o - P_-:ls 0 - . N
Cutrent l e VY if ST v v
- a—- lecy I’/o * OmA : = 35 - .- i l P BT
T * - .
_&v_e_uqe Op_e_r:ung CL.rrem ' lee? Mm cvcle Huty » 100% - 40 agQ -. b | 10 i b
Stanghy Power Supply -8R g: ; ll m : — = 5 [ 5 - i s L
Cursent . ce - O ?V in cc H ]
o { I.\U' o 2V Of I ‘n - 0 2\, ) . - 0.02 ) 2 - 0.02 b4 ! rel
po, - t0L * &mA - Po- - U aa | - ~ - -
Outpur Valtage N TR T T U Emaits tmar T
" Von flay s ~1.0ma y 24 ) - 1 2a l o Bl
Sleer 5V 4, 25C )
**: Reference Oniy
® AC CHARACTERISTICS 1'ec « v «10%, 75 « 010« 30°C)
e AL YEST CONDITIONS
fapet Pulse Levels: D.81o2.4V tput and Ouipui Timing Referance Levels: 1.5V
lnput Fase ang Fall Tnmcs, 10 ns Ouput Load: TTTL Gate and Ci. = 100pF
. nEAD CYCLE . ] . {including szope and Jig)
T , TTUTTHMETIE? ] HMGIIBP3 | HMEB116P4 | ’
tem P Symbol b e e e — f— ot
3 N Tan max. min, rn.u i man ! Tax
Read Cycte Time B ¥ Tad 120 - ! 150 - : 200 i -
Aadrets Acceis Time ]‘:_.'—;,‘,1 2 120 . - 150 I T 1
Chip Setect Access Time _ | lacs T T 0 - 150 - I
Chip Setection 1o Output in Low Z ; fterz LT T - 14 - 16
Output Enabie 10 Quinut Valid * tog - ' 80 - 100 -
Output Enabie 10 Quipul in Low-Z T toLz A0 = 15 - 15
. T e e v —
Crup desélecuon ta Quiput in High 2 tonr o} t 40 o 80 0
Chip Disable 10 Ouipul 1a High 2 .—1';‘)1'!2 0 ! 40 | 0 50 o
Durput Hold liom Aadreis Change ; o 1o l - 15 - 1%

& WRITE CYCLE

- i HMGEI6P 2 HMEI 16P-] T HMB116P4 O

Item - Symbol . ‘ o r - :

' Pomin, f wp. | omin. 4 max. min | nar
Wruu \..vclc l'nme : DR - Iwe 120 l — [ 150 _ ‘ 200 " : .
. —_— } —— e
Chup Selecuon 1o End of Write ~ Vootew 10 - 90 - “r 120 - e

e e L ] ——— e

T adaress Valid 1o End of Write fTAw 10% - Y20 - - 180 - .

’ ﬁ-\“odreu Set Up Time - fas p. o] - 20 - 20 L - ; o
Wrm- Puuc \‘J-d!h typ _j 0 - 90 - N - ™
w“" Hl:C-O_\;EN T‘m' - R " fwe i £ - } , 10 ' - R | B 5_— i_— e
“Output Disable 1o OulDul in High Z 4 anr G 1 40 N 50 0 #n

-——ia mar verr—ie e . i = i it a4 D A - — s b § ot St ¢t s ek p ot st s
Write 10 Ouwut " H.gh 2 ' iz (] 50 0 ] &0 &1
Data 10 Wiiie Time Overlao . nw oa i 40 - B - , n
Dam Hold Irom \'.'nu Tm;n.m e -i Ini g - - 10 N - " -~ ! Pt
“Butpwt Active from End of Writs TV ow 5 - Two - Vi .I T

.



Here————~HM6116P-27* HMG116P-3;;HM6116P-4 -
KA CAPAC.ITANCE f = \MHz, Tq= 25°C) - . _ '-:_i ) e . ‘ _
I : ltermn - Symbol |  Test Conditions .. tye. S max, Unit
! : ,'L‘,EZ"E_C.""“C"""“ . Cin Vim = OV 3 -1 3 —
P ; legut'Ouipur Capacitance ' Crro Viro=ov 5 ) F) oF
i _
: [ ¢ Head Cycle (1} Notes} 1,5
' ; ; e
: N
. ‘ o tAA ,
! : o loe ' o 10H
| & N \‘ : otz N/ / ///
., c§ _ |___lotz
‘ tacs : fc‘;?:z
IcLz —
XX -
¢ Read Cycle {2) Notes] 1,2,4,§ .
; e Iac , .
- X S GE
7 ALY, : ! lon
‘ : ‘ foir _
D 60026, G

:ile (3)  Notes) 1,3,4,5

" lenz
[o13 )——
HOtEs 1. WE it High for Read Cycts, '
2 Qcwice it conpnuously selerted, €5+ Ve o
3. Aadresy Vahd pnor 10 0 congwlinmt wath €5 sransition .
Low, )
4 QE e Vpr.

5 When £S 4 Low, the address input st nai Lt in the high
impedance state,




¥ TIMING WAVEFORM

HM6116P-2, HM6116P-3, HM

246

. A werite occurs duting the overlap [fypl of 3 tow CS and 2

fow WE.

. 1WR is meatured from ihe eartier of CS or WE going high to

the end of wrine cycle

+ During 1his penod, /0 pins are-in the oulput s1ate 3o that
. the input signats of oppasite phass [0 the ouipuls Mutl Aot
" be apphed, e

. it the C5 tow wantinen occurs simulanecusly wath the WE

0o e

' Write Cycle (1) Notes} 1 ' twe
Addrews )( >< '''' T
twrld]
B /A TN |
NN XL
fas A
o CRONN\R A
loyzldl | Twel2)
Dot _> > >>> >>i '——'ow Du
. W-__ﬂm.-“m. T C ><><
2 Write Cycle (2} Notes) 1.6 -
. }_ (S .1
raven % R X R e e e
M few NS P ~
" NV NN\ R AN IE
i fwpl2) 7
ne , \ii\\\\r\ _/L( logy i
25 Twiz 3l
out NN T S N N N s N \\’ == /w
LLLLL L LY /5:9 ’ /I L ‘ow It foy 19}! | N
On \VAYAVA
INLNONTNN
I';'OTES: . WE must be hig-;h during all i»ddren transitions. low transitions or after the WE UINSGILION, OUIPUT 1ENIN iA

2 high impedance state.

. OF is cantinuousty low. IDE « I'11)
. Dgyutit the same phase of write dara of this write cyci.

Dy, 4t the read data of next address, .

11 C5 iy Low during this period, HO ping are in1he ouieat
state. Then 1ne data input signalt ol cpposile phase to !
outpuls Mult not be applied 10 them,

6116P-4

i
i

;
!



M8116P-2, HMG6116P-3, HM6116P-4

~ {(Normalizedh

i
Ry

e

~
s
I

Sunp!:

2
-

Acces: Tirr 1,; 4. 1m0 {lommalized

Tnrmadizes:

~
L.

erss Time rgr T

/

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

247

Tan 15T

“ «

04l =

o4

(2}

“” w15 58 3 53

Supply Voltage vec'in

ACCESS TIME
vs, SUPPLY VOLTAGE

Tan 25T

0 : \

od

4l

44 [t} Y ¥+ ] B E)
Supply Voltage vee (v)

ACCESS TIME
" LOAD CAPACITANCE

Wa

thy- . /

/ TeatiT
. ) Vet fiﬂﬂ

Access Time 144, 04c5 (Hormmalized)

Supply Current Iee, Jocy (Normalized)

SUPPLY CURRENT

vs, AMBIENT TEMPERATURE
1)

Yeemsoy
14

a8k

4 0 " [ ]
Ambient Temperature 7o ()

ACCESS TIME
vs, AMBIENT TEMPERATURE

A

Veem 30V -

|.| // .
/

10 [

[ 8

[ ¥}

i D ™) ® . ¥
Amblent Temperature e (X) B

SUPPLY CURRENT
vs. FRE_QUENC?(

13 T T
00ay | 150 U3




ik 3 S RN [ s )
N ] > . T ' A r\ . -~ 3 A igi T
‘-:XIH!HH]" b L e m:‘”:jmmﬁnr L o ot TITT L $
FACULTAD DE INGENIERIA U.N.A_M.
DIVISION DE EDUCACION CONTINUA

CURSOS ABIERTOS

LOS MICROPROCESADORES Y SUS APLICACIONES
Del 14 de agosto al 12 de septiembre de 1992

PROCESAMIENTO DIGCITAL DE SENALES

APLICACIONES DIVERSAS

PROF: JOSE ANTONIO ARREDONDO GARZA

AGOSTO - 1992

K3

Patacio de Mineria  Calle de Tacuba b  Primer piso  Deleg. Cuauhtémoc 06000  México, D.f. Tel:52140-20 Apdo. Postal M-2285



v



MOTOROLA vy SRTHA

1 SEMICONDUCTOR s
TECHNICAL DATA

MC68HC11F1

Technical Summary
8-Bit Microcontroiler

Iintroduction

The MCEBHC11F1 is a high-performance member of the M6BHC 11 Family of microcontroller units
{(MCUs). High-speed expanded systems required the development of this chip with its extra
input/output (1/0) ports, an increase in static RAM (1K), intemal chip-select functions, and a non-
mulipiexed bus which reduces the need for external interface logic. The timer; serial I/Q, and
anaiog-to-digital {A/D) converter enable functions similar to those found in the MC68HC11E9.

For more detailed information about this product, refer to the M68HC11 Reference Manual,
document number M68MC11 RM/AD.

Features

» MCBBHC11 CPU
» 512 Bytes of On-Chip Electrically Erasabie Programmable ROM (EEPROM) with Block Protect
* 1024 Bytes of On-Chip RAM (All Saved During Standby)
+ Enhanced 16-Bit Timer System
— 3 Input Capture (IC) Functions
— 4 Qutput Compare (OC) Functions
— 4th IC or 5th OC (Software Selectable)
+ On-Board Chip-Selects with Clock Stretching
* Real-Time Interrupt Circuit
+ 8-Bit Puilse Accumulator -
+ Synchronous Sernial Peripheral Interface {SPI)
e Asynchronous Nonretum to Zero (NRZ) Senal Communications Intertace (SCl)
, » Power Saving STOP and WAIT Modes
" Eight-Channel 8-Bit A/D Converter
« Computer Operating Properly (COP) Watchdog System and Clock Monitor
» 68-Pin PLCC Package

Ordering Information

Package Temperature MC Order Numbar
PLCG {FN Sutfix) -40°to+85°C MCE8HC11F1FN

This document contains new product information. Specifications and information herein are subled lo change without notice.

@ MOTOROLA =

OMOTOROLA INC., 1991 BR781/D
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Register and Control Bit Assignments (1 of 3)
(The register block can be remapped to any 4K boundary after reset.)

B# 7 6 5 4 3 2 1 Bh O
$1000 | PA7 | PA6 | PAS | PA4 | PA3 | PA2 | PAY | PAO |POATA
s1001 [ DDA7 | DDA6 | DDAS | DDA | DOAS | DOAZ | DDAt | DDAO | DORA’
$1002 | PG7 | PGS | PGs | PG4 | PG3 | PG2 | PG | PGO |PCRTG
s1003 [ 0oG7 | Dbos | boos | Doos | ba | 0o | o0o1 | boce | ook
s100¢ | PB7 | PBs | PBS | PB4 | PB3I | PB2 | PB1 | PBo |PORTB
$1005 | PF7 | PFs | PF5 | PF4 | PF3 | PF2 | PF1 | PFo | PORTF
$1006 | PC?7 | Pcs | Pcs | | pea | p2 | Pot | Pco |PORTC
$1007 | DDC7 | DDCs | DOCS | | pocs | boc2 | poct | Dbco | DoRC

l

4

st008| o | o | pDs | PD3 | PD2 | PD1 | PDO | PORTD
$9009 | o | o | DDDs | DDD4 | DDD3 | DDD2 | DDD1 | DDDO | DORD
$100A | PE7 | PE6 | PE5 | PE4 | PE3 | PE2 | | Pec | PoRTE
$1008 | Foct | Focz [ Focs | Focs | Focs | o | o | o |crome
$100C | octM7 | ociMe [ocims [octma joctims | o | o [ o. jocim
$100D | Oc1D7 | ociDe | ocips:| ocib4 [ocd3| o | o [ o Jocip
$100E | Bt15 | 14 13 12 1 10 9 Bit8 | TCNT (High)
$100F Bt 7 & 5 4 3 2 1 Bit 0 TCNT (Low)
$1010 | Bit15 | 14 13 12 11 10 9 Bit8 | MC1 (High)
$1011 Bt7 | & | 5 4 3 2 1 Bit0 | TIC1 {Low)
$1012 | Bitts5 i 14 | 13 | 12 11 10 9 Bit8 | TIC2 (High)
$1013 | 817 ! 6 5 4 3 2 1 Bito | TIC2 (Low)
§1014 | Bt15 | 14 13 12 " 10 9 Bit8 | TIC3 {High)
$1015 | Bt7 | 6 5 4 3 2 1 - Bite | TIC3 (Low)
$1016 Bi15 | 14 13 12 11 10 g Bit8 TOC1 (High)
$1017 | Br7 | 6 5 4 3 2 1 Bit0 | TOC1 (Low)
$1018 | Bit15 14 13 12 11 10 9 Bit8 | TOC2 (High)
$1019 | Bit7 6 5 4 3 2 | Bit0 | TOC2 (Low)
$101A Bit 15 14 13 12 11 10 9 Bit8 TOC3 {High)
$1018 | Bit7 6 5 4 3 2 1 Bit0 | TOC3 (Low)
$101C Bit 15 14 13 12 11 10 s gits TOCA (High)
$101D Bt 7 6 5 4 3 2 1 Bit 0 TOC4 (Low)
$101E | Bt15 14 13 12 11 10 9 B : | THOS (High)
$101F | Bt7 6 5 4 3 2 1 Biio | TI4OS (Low)

2, *u -
:, . LI . . - i .-
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Memory M p and Modes of Ope! tion

Because the MC68HC11F1 Is intended to operate principally In expanded mode, there is no
internal ROM and the bus is nonmultiplexed. Memory consists of 84K bytes of memory-
addressing capability. On-chip, there are 1K bytes of static RAM, 512 bytes of EEPROM, and 96
bytes of status and control registers. The RAM, the EEPROM, and the an-chip register block can
be ingdependently remapped to any 4K boundary in memory. in the special bootstrap mode, an
addhional 256 bytes of bootioader ROM are present.

i the control and status registers are relocated 80 they oconflict with the functions of RAM, the
register block has priority and the RAM at those kocations becomes inaccessible (no harmful
conflicts resuit — lower priority resources simply become inaccessible). Bootstrap ROM has
priority over EEPROM. ‘ _ :

Reset locates the RAM from $0000-$03FF, and register space from $1000—-$105F, where 1
represents the decoded value of the tour low-order bits of the INIT register. RAM and control
register locations are defined by the INIT register, which can be written 1o only once within the first
64 E-clock cycies atter a reset in normal modes. it becomes a read-only register thereatter.

The logic level on the pin (MODB, MODA) determines the mode of operation. Rsfer to the
hardware mode select summary.

In expanded nonmultiplexed and special test modes, EEPROM is located from $xE00-$xFFF,
where x represents the value of the four high-order bits of the CONFIG register. EEPROM is
enabled by the EEON bit of the CONFIG register. in single-chip and bootstrap modes, the

" EEPROM is located from $FEQ0-$FFFF. -

Bootstrap ROM is mapped 1o location $BF00-$BFFF upon reset in bootstrap mode. -

Hardware Mode Select Summary

Inputs Mode Description Control Bits in HPRIO (Latched at Reset)
MODB | MODA : RBOOT : SMOD MDA
1 0 Normal Single Chip : 0 0 0
1 1 Normal Expanded 0 0 1
0 0 Special Bootstrap 1 1 0
0 1 Special Test 0 1 1

MOTOROLA MCSEBHC11F1
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$0000 — - - -
CAN BE REMAPPED
. 1624-BYTE O ANY 4K BOUNDARY)
$OOFF — - - - RAM '
EXTERNAL | EXTERNAL
$1000 — - L 4 - - h 4
06-BYTE | {CAN BE REMAPPED
$1065F — - - - REGISTER | TO ANY 4K BOUNDARY)
EXTERNAL EXTERNAL
. $BFCO
SPECIAL
MODE
VECTORS
$BFO0 — = . - B /
" SBFF
$EFFF — - - -
(CAN BE DISABLED
: 512 BY AN EEPROM BIT)
' BYTES "
v - EPROM $FFCQ
-$FEQQ — - - - NORMAL
MODE
SFFCO — |- o} = - - VECTORS
SFFFF — k= — - 4 — Y
SINGLE EXPANDED- SPECIAL - SPECIAL SFFFF
CHIP NON-MULT PXD BOOTSTRAP TEST
MODA'Q ‘MODA-‘ “O'DA-O HODA-‘I
MODB = 1 MODB = 1 MODE = 0 MODB = 0

NOTE: Scftware can change some aspects of the memory map after reset.

Memory Map

MCEBHC11F1
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Register and Control Bit Assignments (2 of 3)
Bit 7 8 5 4 3 2 1 Bito
$1020 | o2 | o2 | om3s | O3 | oMe | ot | oms [ ous | Tem
$1021 | EDG48 | EDG4A | EDG1B | EDG1A | EDG2B | EDG2A | EDG38 | EDGaA | TCTL2

$1022 | Oct | ocai | Ocal | ocsl | wOst | 1cu [ ic2t | ical | TMsk!
$1023 | OCIF | OC2F | OC3F | OC4F | MOSF | ICIF | 1c2F | IC3F ].TIELG1
st024 | TOl | RTH [Paovi| pan | o | o | PRt | PRo | TMskz
$1025 | TOF | RTF |PAOVF| PAF | o | o | o [ o |mee
$1026 | 0 | PAEN [PAMOD[PEDGE| 0 | ms | RTIR1 | RTR | PACTL
st027 | B17 [ 6 [ 5 [ a4 [ 3 2 | Bit0 | PACNT

$10286 | SPIE | SPE | DWOM | MSTR | cPoL | cpHA | sPR1 | sPRo | spcr

[
l
1
|
I

I
l
$1029 | SPIF { wcoL | o [ MoDF | o o | o | o |sPsR
$102A | Bt7 | 6 | 5 [ 4 | 3 2 | 1 | Bto |sPOR
$1028 | TOLR | o | scPt | scro [ RokB | scRe | scRi | scro | Baup
sto2c | R8 | ™ | o | M [wae| o [ o | o |scecr
$1020 [ TE | TCE | RIE | ILE | TE | RE | RW | SBK |SCCR
s102e [ TORE | TC | RORF | DLE | OR | W | FE | 0 |SCSR
sto2F | B17 | 6 | s | &4 | 3 | =2 | 1 | Bto |Sscom
$1030 | ccF | o [scaNn{wmaT | @ | o | c8 | ca |apcm
s103t | Bt7 | 6 [ s | 4 | a [ 2 ] 1 | Bito |ADR
s1032 | Bt7 | 6 | s | 4 [ a [ 2 | 1+ | Bto |ADR2
$1033 | B17 | 6 | 5 | 4 | 3 | 2 | 1 | Bto |ADRS
s1034 | Bt7 [ 6 | s | 4 | 3 | 2 | 1 | Bto |ADR4
$1033 | o | o | o [Prcon| BPRT3 | BPRT2 | BPRT! | BPRTO | BPROT
$1036 | | | | | | | | | Reserved
$1037 l ] ] ] i j [ [ IRasarvad
$1038 | GWOM | cwom | cixax | | | | ] | oPT2
$1039 | ADPU | cSEL | IrRaE | oLy | cME | FoME | CR! | CRO | OPTION
s103A | Bt7 | 6 |- s | a4 [ 3 | 2 | 1 | Bto |coPmsT

$1038 | 00D | EVEN.] o [ BYTE | ROW | ERASE | EELAT | EEPGM | PPROG

$103C | RBOOT | SMOD | MDA | IRV | PSEL3 | PSEL2 | PSELT | PSELO | HPRIO.

T ]
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$1030
$103€
$100F
$1040
$1058
$105C
$105D

Register and Controi Bit Assignments (3 of 3)

| RAM3 | Rawe | RaM1 | RAM0 | REGS | REG2 | REG! | REGO | INIT
[mop [ o ToocR [ceve | OsR | FM | FooP | — | Tesm
| €Es | EE2 | EE1 | EE0 | 1 | NocOP| 1 | EEON | conFic
C T T T T T T T ]Resess
T T T T T T T T e
| 1015A | 10188 | 102SA | 10258 | GSTHA | GSTGB | PSTHA | PSTHB | CSSTRH
| 101EN | 107PL [ 102EN [ lo2PL | GCSPR | PCSEN | Psiza | PsB | cscmu

$105E [ GA1S | GA14 | GA13 | GA12 | GAIl | GAI0 | — | — |.CSGADR
$105F | 101avV | w2Av | — T GNPOL [ GAVLD | GSIZA | GSIZB | GSiZC | csGsiz
HPRIO — Highest Priority |-Bit Interrupi and Miscellaneous $103C
Bt7 6 s 4 3 2 9 8it 0
[RBOOT | sMOD | MDA | RV | PSEL3 | PSEL2 | PSEL1 | PSELD
RESETS: , :
0 o 0 0 0 1 0 1 Single-Chip Mode
0 0 1 0 0 1 0 1" Exp'd-Mux'd
1 1 0 1 4] 1 0 1 Bootstrap
0 1 1 1 1] 1 0 1 Special Test

RBOOT, SMOD, MDA, and IRVNE resets depend on mode selected at power-up.

RBOOT — Read Bootstrap ROM
Valid only when SMOD is set to one (special bootstrap or special test mode). Can only be written in
special modes. '
0 = Boot loader ROM disabled and not in map
1 = Boot loader ROM enabled and in map at $BF00-$BFFF

SMOD and MDA — Special Mode Select and Mode Select A
These two bits can be read at any time. SMOQD can only be written in special modes; MDA can be
written at any time in special modes, but only once in normal modes.

inputs Latched at Raset

MODB MODA Mode SMOD MDA
1 ¢ Single-Chip 0 o]
1 1 Expanded Nonmultiplexed ’ 0 1
0 0 Special Bootstrap 1 0
0 1 Special Test 1 1

MOTOROLA
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IRV — Imemal Read Visibiltty

This bit can be read at any time. 1 can be written at any time in special modes, but only once in normal
modes.

0 = Boot loader ROM disabled and not in map
1 = Boot loader ROM enabled and in map at $8F00-$BFFF

Bits 3—0 — Refer to Ressts and intstrupts.

INIT — RAM and /O Mapping $1030
Bit 7 6 5 4 3 2 1 Beo
| RaMo | Rav2 | RaM1 | RAMO | REG3 | REG4 | REGI | REGO |

RESET: 8] ¢ 0 Y 0 0 0 1

RAM3-RAMO — intemal RAM Map Position

REG3-REGD — 128-Byte Register Block Map Position

NOTE

Can be written only once in first 64 cycles out of reset in normal modes, or at any
time in special modes. Refer to Memory Maps and Modes of Operation
for additional information.

TEST1 — Factory Test ‘ $103E
Bit 7 6 5 4 3 2 1 Bit 0
| Tiop [ o | occR j cBYP DiSR | FeM [ FocoP | o |
RESET: 0 0 0 0 - 0 0 0

These bits writable in test and bootstrap modes only.

TILOP — Test illegal Opcode

OCCR — Output Condition Code Register to Timer Port |

CBYP — Timer Divider Chain Bypass

DiSR — Disable Resets from COP and Clock Monitor
In test and bootstrap modes, this bit is reset to 1 to inhibit clock monitor and COP resets. In normal
modes, DISR is reset 10 0.

FCM — Force Clock Monitor Failure

FCOP — Force COP Watchdog Failure

© MOTOROLA
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CONFIG — EEPROM Mapping, COP, EEPROM Enables $103F
Bit7 6 5 4 3 2 1 8o
| EE3 | EEz2 | Ee1 | EE0 | 1 | Nocop| 1 ] EEON
RESET: U v u u 1 u 1 U

EE3~-EE0 — EEPROM Map Position
EEPROM is located at $xE00-xFFF, where x is the vaiue represented by these four bits. In single-
chip and bootstrap modes, EEPROM is torced to $SFEQO-$FFFF, regardiess of the state of these bits.

Bits 3 and 1 — Not impiemented; aiways read one
NOCOP — Reter 10 Resets and Interrupts.

EEON — EPROM Enable
This bit is forced to one in single-chip and bootstrap modes. In the test mode, EEON is forced to zero
out of reset. In expanded mode, the EEPROM obeys the state of this bit.
0 = EEPROM is removed from the memofy map
1 = EEPROM is present in the memory map

Resets and Iinterrupts
The MCB8HC11F1 has 3 reset vectors and 18 interrupt vectors. The reset vectors are as follows:

e RESET, or Power-On
* COP Clock Monitor Fail
» COP Failure

The 18 interrupt vectors service 22 interrupt sources (3 non-maskable, 19 maskable). The 3 non-
maskable interrupt vectors are as follows:

» lllegal Opcode Trap
+ Software Interrupt
¢ XIRQ Pin {Pseudo Non-Maskable nterrupt)

On-chip peripheral systems generate maskable interrupts that are recognized only if the global
interrupt mask bit (1) in the condition code register (CCR) is ¢lear. Maskable interrupts are
prioritized according to a default arangement. However, any one source can be elevated to the
highest maskable priority position by a software-accessible control register (HPRIO). The HPRIO
register can be written at any time, provided the | bit in the CCR is set.

Nineteen interrupt sources in the MC68HC11F1 are subject to masking by a global interrupt mask
bt {I bit in the CCR). In addition to the global | bit, alf ot these sources, except the external
imerrupt (IRQ pin), are subject to local enable bils in control registers. Most interrupt sources in
the MBBHC11 have separate interrupt vectors and there is usually no need for software to poll
control registers to determine the cause of an interrupt. The maskable interrupt sources respond
1o a tixed-priority relationship, except that any one source can be dynamically elevated to the
highest priority pesition of any maskable source. Refer to the following table for a list of interrupt
and reset vector assignments.

e S S
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Yector Address interrupt Source CC Register Local
) Mask~ Mask
FFCO, Ct —FFD4, 05 | Reserved C - -
‘ FFDS, D7 SCl Serial System | Bit
’t » SC| Transmit Complete TCIE
+ 5C! Transmit Data Register Empty ' TIE
¢ SCl idle Line Detect LIE
! » SCI Recegiver Overrun RIE
{ : « SCI Receive Data Register Ful ' RIE
g FFDS8, D9 SP1 Serial Transter Compiete , Bt - SPIE
FFDA, DB Puise Accumulator input Edge 18it PAll
FFDC.DD Puise Accumuylator Qverfiow i Bit PAOVI
FFDE, DF Timar Overfiow ‘ | Bit TOI
FFEO, E1 Timar Input Capture 4/Output Compare 5 I Bit 14051
FFE3. E2 Timar Output Compare 4 ] | Brt 0041
FFE4, ES Timer Output Compare 3 I Bit ocH
FFES. E7 Timer Output Compare 2 | Bit oc2
FFES, EQ Timer Output Compare 1 , 1Bit oc1l
FFEA, EB Timer Input Capture 3 i Bit o
FFEC, ED Timer Input Capture 2 | Bit Ic21
FFEE, EF Timer Input Capture 1 ' I Bit IC11
FFFC, F1 Real-Time Intarrupt | Bit RN
FFF2, F3 IRQ (External Pin) : - | Bit None
FFF4, F5 XIRQ Pin . X Bit Nare
FFF6. F7 Software Interrupt None None
FFFe. Fo ilegal Opcode Trap i None None
FFFA, FB COP Failure None NOCOP
FFFC, FD COP Clock Monitor Fail None CME
FFFE. FF RESET None None ]

For some interrupt sources, such as the SCI interrupts, the flags are automatically cleared during
the normal course of responding to the interrupt requests. For example, the RDRF flag in the SCi
system is cleared by the automatic clearing mechanism, consisting of a read of the SCI status
register while RDRF is set, followed by a read of the SCI data register. The normal response {0 an
RDRF interrupt request is 1o read the SCI status register to check for receive errors, then to read
the received data from the SCI data register. These two steps satisty the automatic clearing
mechanism without requinng any special instructions.

.
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OPT2 — System Configuration Oplions Register 2 _ $1038

Bit 7 -] 5 4 3 2 . 1 Bit©
[owom [ owo [arax | = | — [ = [ = [ — ]

RESET: © © o 1 0 0 0 0 0

GWOM — Port G Wired-OR Mode Option
This bit affects ail port G pins together.

0 = Pont G outputs are normal CMOS outputs

1 = Port G outputs act as ppen-gdrain outputs

CWOM — Port C Wired-OR Mode Option
This bit aftects all port C pins together.
" 0= Pon C outputs are normal CMOS outputs
1 = Port C outputs act as open-drain outputs

CLK4X — 4X Clock Output Enable
This bit can only be written once- after reset in all modes.
0 = Output of 4XOUT clock is disabled
1 = Output of 4XOUT clock is enabled

Bits 4—0 — Not implemented

OPTION — System Configuration Options - ' $1039
Bit 7 6 5 4 3 2 1 Bit 0
[appu [ cseL [ moe* | Dy T cME [ FoMe* | CR1* | CRo* |

RESET. 0 0 0 1 0 o 0 0
*Can be written only once in first 64 cycles out of reset in normal modes, or at any time in special modes.

ADPU — A/D Power Up
0 = A/D powered down
1 = A/D powered up

CSEL — Clock Select
0 = A/D and EEPRCM use system E-Clock
1 = A/D and EEPROM use intemal RC clock

IRQE — IRQ Select Edge Sensitive Only
0 = Low level recognition
1 = Falling edge recognition

DLY — Enable Oscillator Start-Up Delay-on Exit from STOP
0 = No stabilization delay on exit from STOP
1 = Stabilization delay of 4064 E-clock cycles is enabled on exit from STOP

NOTOROLA ' - MCEBHC11F1
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CME — Clock Monitor Enable

. 0= Clock monitor disabled; slow Clocks can be used
1 = Siow or stopped clocks cause clock fallure reset

FCME — Force Clock Monitor Enable
0 = Clock mohitor circult follows the state of the CME bit
1 = Cock monitor circull is snabled unti! the next reset

CR1, CRO — COP Timer Rate Select

COP Timsr Rate Select

CR [1:0] Divide XTAL = 8.0 MHz " XTAL = 12.0 MHz XTAL = 16.0 MHz
E/215 By Timeout . Timeout Timsout
—0/+16.4 ms =0/+10.% ms -0/s 8.2 ms

00 1 16.384 ms 10.823 ms 8.192 ms

01 4 65.536 ms 43.691 ms 32.768 ms

10 16 262.14 ms 17476 ms 131.07 ms

11 64 1.049 sec 699.05 ms 52429 ms

E= 20MHz - 3.0 MHz 4.0 MHz
COPRST — ArmvResel COP Timer Circuitry §103A
Bit7 6 5 2 1 Bit 0

I 7 | s 5 | | 2 | 1 0 |

RESET: 0 0 0 0 0

Write $55 to COPRST to arm COP watchdog clearing mechanism. Write $AA to COPRST to reset
COP watchdog. -

HPRIO — Highest Priority I-Bit Interrupt and Miscellaneous $103C
Bt 7 6 5 4 3 2 1 BitO
| RBooT | sMob | MDA [ iRV [ PSEL3 | PSEL2 | PSEL1 | PSELO |
RESET; 0 1 0 1

Bits 74 — Refer to Memory Maps and Modes of Operation.

PSEL3-PSELO — Priority Select Bits 3-0
Writable onty while the | bit in the CCR is set (interrupts disabled). These bits select one interrupt
source to have priority over other I-bit related sources.

]
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PSEL [3:0] interrupt Bource Promoted
0000 Timer Overfiow
0001 Pulse Accumuia = QOvertiow
0010 Pulse Accumulator Input Edge
0011 SPi Serial Transter Compiete
0106 SCi Serial System
0101 Reserved (Defauft to IRQ)
0110 iRQ (External Pin)
o1 RealTime intarmupt
1000 Timer Input Capture 1
1001 Timer Input Capture 2
1010 Timer input Capture 3 X
1011 Timer Output Compare 1 ‘
1100 Timer Output Compare 2 ;
1101 Timar Output Compare 3 :
1110 Timer Output Compare 4
1111 Timer Output Compare 5/nput Capture 4

P T I T

TS
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El ctrically Ere able Programmablo ROM (EEPROM)

The MC6B8HC11F1 has 512 bytes of EEPROM. A nonvolatile, EEPROM-based conﬂquration
register (CONFIG) controis whether the EEPROM Is present or absent, and its position in the
memory map. In single-Chip and bootstrap modes the EEPROM is positioned at $SFE00-SFFFF.
in expanded and special test modes, the EEPROM can be- reposnioned to any 4K boundary
($xEQO-$xFFF).

The EEON bit in CONFIG controls whether the EEPROM is present in the memory map. When
EEON = 1, the EEPROM is enabled. When EEON = 0, the EEPROM ig disabled and out of the
memory map. EEON is forced to 1 out of reset in single-chip and special bootstrap modes o
enable EEPROM. EEON is forced to O out of reset in special test mode to torce EEPROM owt of
the memory map, although test software can tum & back on. in normal expanded mode, EEON is
reset to the vaiue last programmed into CONFIG.

An on-chip charge pump develops the high voltage required tor programming and erasing. When
E-clock is 1 MHz or above, the charge pump is driven by the E-clock. When the E-clock is less
than 1 MHz, seleci an internal clock to drive the EEPROM charge pump by writing 1 to the CSEL
bit in tha OPTION register. Refer to the OPTION register.

Programming and erasing the EEPROM is controlled by the PPROG register, subject to the block -
protect (BPROT) register value. To erase the EEPROM, ensure that the proper bits of the
BPROT register are cleared then complete the following steps: .

1. ‘'Nrite to PPROG with the ERASE, EELAT, and appropriate BYTE and ROW bits set.
Write to the appropriate EEPROM address with any data. Row erase ($xE00-$xEOF,
$xE10-$xE1F, . . . $xFF0-$xFFF) requires a single write to any location in the row. .

~ Perform bulk erase by writing to any location in the array.

3. Write to PPROG with ERASE, EELAT, EEPGM and the appropriate BYTE and ROW bits

sel.

Delay for 10 ms or more, depending on the type of memory.

5. Clear the EEPGM bit in PPROG to tum off the high vollage.

6. Cilear the PPROG register to reconfigure EEPROM address and data buses tor normal
operations.

»

To program the EEPROM, ensure that the proper bits of the BPROT register are cleared, then

~ complete the following steps:

Write to PPROG with the EELAT bit set.

Write data to the desired address.

Write to PPROG with the EELAT and EEPGM bits set.

Delay for 10 ms or more, depending on the type of memory,

Clear the EEPGM bit in PPROG to tum off the high voltage.

Clear the PPROG register to reconfigure EEPROM address and data buses for normal
operations.

oM E N =

MC6BHC11F1 MOTOROLA

BR781/D

17



BPROT - Block Protect $1035

Bit7 6 5 4 3 2 1 Bit 0

[ o | o | o |[Pproon| BPRTa | BPRT2 | BPATY | BPRTD |
RESET- . 0 Q 4] 1 1 1 1 t

Bits 7-5 — Not implemented; aiways read zero

PTCON — Protect for CONFIG
0 = CONFIG register can be programmed or erased nomaily
1 = CONFIG register cannot be programmed or erased

BPRT3-BPRT0 — Block Protect Bits for EEPROM
0 = Protection disabled
1 = Protection enabled

Bit Name Block Protected Block Size
BPRT3 SxEEO—xFFF 288 Bytes
BPRT2 $xE60-xEDF ' 128 Bytas
PBRT1 $xE20-xESF . 64 Bytes
BPRTO $xE00-xE 1F ‘ 32 Bytes

NOTE

Block protect register bits can be writien to zero (protection disabled) only once
within 64 cycles of a reset in normal modes, or at any time in special modes. Biock
protect register bils can be written to 1 (protection enabled) at any time.

MOTOROLA MCEBHC1TF!
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OPTION — System Configuration Options $1039

Bit 7 6 5 4 3 2 1 Bio
| ADPu [ cseL [ roE*.[ DLy | cME | FoME [ CR1* | CRo~ |
RESET: o 0 ) 1 0 0 0 o

*Can be written only once in firat 64 cycies out of reset in normal modes, or at any time in special modes.

ADPU — A/D Power Up
0 = A/D powered down
1 = A/D powered up

CSEL — Clock Seiect
0 = A/D and EEPROM use system E<clock
1 = A/D and EEPROM use intemal RC clock

IRQE — IRQ Select Edge Sensitive Only
0 = Low level recognition
1 = Falling edge recognition

DLY — Enable Oscillator Start-Up Delay on Exit from STOP
0 = No stabilization delay on exit from STOP ' .
1 = Stabilization delay of 4064 E-clock cycles is enabled on exit from STOP

CME — Ciock Monitor Enable

0 = Clock monitor disabled; slow clocks can be used

1 = Skow or stopped clocks cause clock failure reset .
FCME — Force Clock Monitor Enabie

0 = Clock monitor circuit follows the state of the CME bit

1 = Cock manitor circuit is enabled untit the next reset

CR1, CRO — COP Timer Rate Select

COP Timer Rate Select

Divide XTAL = 4.0 MHz XTAL = 8.0 MH2  XTAL = 12.0 MHz
E/215 Timeout Timeout - Timeout
CR [1:0] By -0/432.8 ms -0/+16.4 ms =0/410.9 ms

00 1 32.768 ms 16.384 ms 10.923 ms

01 4 131.07 ms 65.536 ms 43.691 ms

10 16 524.29 ms 26214 ms 174.76 ms

11 64 2.097 sec 1.049 sec - 699.05 ms

E= T 1.0 MHz 2.0 MHz 1 3.0 MHz
) | ‘ ;
F : MCEBHC11F1 L T MOTOROLA
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PPROG — EEPROM Programming Control $103B .

Bit7 6 5 4 3 2 B O
| oo | eveN [ o [ BYTE | Row [ ERASE [ EELAT | EEPGM |
RESET: 0 0 o 0 0 0 0 0

ODD — Program Odd Rows (TEST)

EVEN — Program Even Rows (TEST)

ROW and BYTE — Row Erase Select Bit and Byte Erase Select
The vaiue of these bits determines the manner in which EEPROM is erased. Bits encode as foliows:

BYTE ROW Action
0 0 Buik Erase (Al 512 Bytes)
0 1 Row Erase (16 Bytes)
1 o] Byte Erase
1 1 Byte Erase

ERASE — Erase/Normal Control for EEPROM
0 = Normai read or program mode
1 = Erase mode

EELAT — EEPROM Latch Control
0 = EEPROM address and data bus configured for normal reads
1 = EEPROM address and data bus configured for programming of erasing

EEPGM — EEPROM Program Command _
0 = Program or erase voltage t0 EEPROM array switched off
1 = Program or erase voltage to EEPROM array switched on

NOTE
To program EEPROM, set EELAT and write data to the desired address, then set
-~ EEPGM for the required programming time. To erase EEPROM, select ROW = 0
or 1, select BYTE = 0 or 1; set ERASE = EELAT = 1; write to an EEPROM
address to be erased, then set EEPGM for the required erase time.

N ) - .
MOTOROLA MCG6BHC11F1
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CONFIG — EEPROM Mapping, COP, EEPROM Enables $103F

‘ Bit 7 6 5 4 3 2 1 BitO

[ ees | ee2 | eet | Eeo | 1 fwnocop[ 1 T EEON |
RESET: u u ) U 1 u 1 U

Bits 7-3 and 1—-0 — Refer to Electricaily Erasable Programmable ROM (EEPROM).

NOCOP — COP System Disabie
0 « COP enabled (forces reset on timeout)
1 = COP disabled (does not force raset on timeout)

MCGBHC11F1 MOTOROLA
BR781/D 2



3 sllel lnput/Output

The MCBBHC11F1 has six 8-bit 1O ports (A, B, C, E, F, and G), and one 8-bit IO port (D). 'O
functions on some ports (B, C, F, and G) are affected by the mode of operation selected. In the
single~chip and bootstrap modes, they are configured as paraliel /O data ports. In expanded
nonmultiplexed and test modes, ports B, C, F, G, and pin R/W are configured as a memory
expansion bus, with ports B and F as the address bus, port C as the data bus, the /W signal as
data bus direction contrvi, and the upper four bits of port G as optional external chip-selects. The
remaining ports are unafiected by mode changes.

Ports A, D, and G can be used as general-purposs /O ports, though sach has an aiternate
function. Pon A bits contro! the timer functions, Port D handles the SPI and SCI functions, and
Port G controis chip-select tunctions. Port E can be used for general-purpose static inputs and/or
A/D converter channel inputs.

Port A is 5 general-purpose VO pont with both a data register (PORTA) and a data direction register
(ODRA). PORTA pins are availabie for shared use among main timer, pulse accumulator, and
general VO ftunctions, regardiess of mode. Four pins can be used for timer output compare
tunctions (OC), three for input capture (IC), and one as either a fourth IC or a fifth OC.

Port B (PORTB) is a general-purpose output pont in single-chip modes; in expanded modes,
PORTB is used tor the high-order address lines (A15-A8) of the address bus, and accesses 10 -
PORTB are treated as extemnal. :

Port C is a general-purpose VO port with a data register (PORTC) and a data direction register
(DDRC). In the single-chip modes, PORTC is a general-purpose /O (PC7-PC0). PORTC can be
configured for wired-OR operation in single-chip modes by setting the CWOM bit of the QPT2
register. in the expanded nonmultiplexed modes, PORTC is the data bus {D7-D0Q), and accesses
to PORTC are treated as external.

Fort D is a 6-bil, general-purpose O port with a data register (PORTD) and a data direction register
{DDRD). In all modes, the six pont D bits (D5-D0) can be used for general-pumose VO, or for the
SCl and SPi subsystems. Port D can also be configured for wired-OR operation.

Port E (PORTE) is used for general-purpose static inputs (PE7-PEQ} and analog-to-digital (A/D)
channel inputs. if Port E is read as digital inpul while an A/D conversion is in progress, small emors
can occur in the A/D conversion results.

Port F (PORTF) is a generai-purpose output port in singie-chip modes, and a low-order address
{A7-AD) of the address bus in expanded nonmuttiplexed modes.

Port G is an 8-bit, general-purpose O port with both a data register (PORTG) and a data direction
register (DDRG). The upper four bits (PG7-PG4) can be used as chip-select outputs in expanded
modes. When any of these pins are not being used for chip-selects, they can be used as general-
pumpose VO, - ; :

MOTOROLA -MCBBHC11F1
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i PORTA — Pon A Data $1000

Br7 8 5 4 3 2 1 Bto .
| PA7 | PA6 | PAs | PA4 | PA3 | PA2 | PA1 | PA0 |
RESET: Reset configures pins as HiZ inputs
Alt. Pin
Funct.: PAI oc2 oc3 oc4 OCSKC4  IC ICc2 Ic3
And/or: OCs OC1 OC1 OC1 OoC _ —_ —_
DDRA — Data Direction Register for Port A o $1001
Bit 7 & 5 .4 3 2 1 B#O
| ooa7 | ooas | opas | pbas | DDA | pDA2 [ Doat | ppAo |

RESET: 0 0 0 0 0 0 0 0

For DDRXx bits, 0 = input and 1 = output.

PORTG — Ponl G Data _ ' $1002
Bit 7 6 5 4 3 2 1 Bit 0
. | pc7 | PGs | Pas | PG4 | PG3 | Pa2 | PG1 | PGO |
RESET: Reset doas not affect the state of Port G latches
Alt. Pin '

Funct.: CSPRG. CSGEN CSIK CSi02

DDRG — Data Direction Register for Port G $1003
Bit 7 6 5 4 3 2 1 B0
[ bbc7 | obes | ppbgs | DG4 | Doca | obc2 | DbG1 | DDGO |
RESET: 0 0 0 0 0 0 0 0

For DDRx bits, 0 = input and 1 = output.

PORTB — Port B Data ' ' $1004
Bt7 -6 5 4 3 2 1 Bito
["Pe7 [ PBs | PBS | PB4 | PB3 | PB2 | PB1 | PBO |
RESET: 0 0 0 0 0 0 0 0
Alt. Pin

Funct.: Als Ald A3 A2 Al A10 AS Ag
X

MC&BHC11F1 : MOTOROLA
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PORTF— Pon F Data $1005
Bt?7 6 5 4 3 2 R Bt 0
| PF? | PF6 | PF5 | PFa | PF3 | PF2 | PF1 | PFO |
RESET: 0 0 0 0 0 0 0 0
Al P_in
Funct.: A7 AS AS Ad A3 A2 Al AQ
PORTC — Port C Data $1006
Bit 7 8 5 4 3 2 1 Bit0
| pc7 | Pce | Pcs | Pca [ Pca | pc2 | PC1 | Pco |
RESET: ‘ Reset does not aftect the state of Port C laiches
Alt. Pin
Funct.: D? D6 05 D4 D3 D2 D1 - Do
DDRC — Data Direction Register tor Port C . $1007
Bit 7 6 5 4 3 2 1 Bit 0
| ooc? { poce | pocs | poca | obce | poce | poct | ppco |
RESET: 0 0 0 0 0 0 0 0
For DDRx bits, 0 = input and 1 = output.
PORTD — Port D Data $1008
Bit 7 6 5 4 3 2 1 Bit 0
| o | o | pos | ppa | Pp3 | P2 | PDI PDO
RESET: Reset does not affect the stale of Port D latches
AR. Pin .
Funct.: — - sS SCK MOSI  MISO TxD RxD
DDRD — Data Direction Register for Port D . $1009
Bt 7 6 5 4 3 2 1 B#toO
[ o | o | poos | Dopsa | DDD | DDD2 | DDD1 | DDDO
RESET: 0 0 o - 0 0 0 o . 0

For DDRx bits, 0 = input and 1 = output.

MOTOROLA

MCEBHC11F1
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PORTE — Port E Data $100A

817 6 5 4 3 2 1 B0
| Pe7 | pes | PEs | PEs | PE3 | PE2 | PE1 | PEO |
RESET: Inputs only. Reset does not affect thesa pins.

AR. Pin
Furct.: AN7 ANE ANS AN4 AN3 AN2 AN1 ANO

OPT2 — System Configuration Options Register 2 $1038
Bit 7 6 -5 4 3 2 1 Bi 0
[Gwom [cwom [Ctkex [ — [ — | — = 7 — |
RESET: 0 0 1 °o . 0 0 0 0

GWOM — Port G Wired-OR Mode Option
This bit affects all port G pins together.
0 = Porl G outputs are normai CMOS outputs
1 = Port G outputs act as open-drain cutputs

CWOM — Por C Wired-OR Mode Option N
This bit affects all port C pins together.
0 = Port C outputs are normal CMOS outputs
1 = Port C outputs act as open-drain outputs
Bit 5 — Reier to Resets and Interrupts.

Bits 4-0 — Not implemented; always read zero

S
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Chip-Selects

Chip-selects eliminate the need for additional external components to interface with peripherals in
expanded nonmultiplexed modes. Chip—seleqt registers contro! polarity, address block size, and

clock stretching. _ a %

There are four programmable chip-selects on the MCB8HC11F1: two for external VO (CSIO1 and
CSI102), one for externai program space (CSPRG), and one general-purpose chip-select
(CSGEN).

The extemal program chip-select (CSPRG) is active low and becomes active at address valid time.

CSPRG is enabled by the PCSEN bit of the chip-select controt register (CSCTL), and its address
block size is selected by the PSIZA and PSIZB bits of CSCTL.

Use the I/O chip-selects (CSIOt and CSIO2) for external IO devices. Thase chip-select
addresses are found in the memory map 4K block that contains the status and coritrol registers.
CSIO1 is mapped from $1060-$17FF, and CSIO2 is mapped trom $1800-$1FFF, where 1is a
character representing the value of the high-order nibble of the register block address. Polarity
and enable/disable selections are controlled by CSCTL register bits IO1EN, I01PL, I02EN, and
IO2PL. The IO1AV and 102AV bits of the CSGSIZ register determine whether the chip-selects
are valid during acddress or E-Clock valid times. '

The general-purpose chip-select is the most flexible of the four chip-selects. Polarity, address as
opposed to E-clock valid, and address block size are determined by the GNPOL, GAVLD, GSIZA,
GSIZB, and GSIZC bits of the CSGSIZ register. The stanting address is selected with the CSGADR
register.

Each of the four chip-selects is associated with two bits in the chip-select clock stretch register
{CSSTRH). These bits allow clock streiching from zero to three cycles (full E-clock periods) o
permit slow device interfaces. Any of the chip-selects can be programmed to cause a clock
stretch 1o occur only during access to addresses that fall within that particular chip-select's address
range.

During the stretch period, the E-clock is held high and the bus remains in the state that il is
normally in at the end of E high time. Intemally, the clocks continue to run, which maintains the
imegrity of the timers and baud-rate generators.

The assignment of prionty levels prevents the four chip-selects from cordiicting with each other or
with intemal memory and registers. .here are two sets of priorities controlied by the vaiue of the
general-purpose chip-select priority bit {GCSPR) of the CSCTL register. Refer to the chip-select
prioritlies table for the highest-to-lowest priority of on-Chip memory, on-chip registers, and chip-
selects.

e
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CSSTRH — Clock Stretching : $105C

‘ _ Bit7 & 5 4 3 2 al Bt o

| 101SA | 10158 | i02sA | 0258 I’GS'IHA] GSTHB | PSTHA | PSTHB |
RESET: 0 0 0 0 0 0 0 0

Refer to the following table for the amount of clock streiching for each of the chip-selects in CSSTRH.

Bit A-B [1:0] Clock Stretch
00 0 Cycles
01 1 Cycle
10 2 Cycles
11 3 Cycles

I015A and ID1SB — O Chip-Select 1 Ciock Delay
_ I02SA and 102SB — /O Chip-Select 2 Clock Delay
GSTHA an;:i GSTHB — General-Purpose Chip-Select Clock Delay

PSTHA and PSTHB — Program Chip-Select Clock Deilay

CSCTL — Chip-Select Control ' $105D
 B7 6 5 & 3 2 1 Bit 0
| 101EN | 101PL | 102EN | 102PL | GCSPR | PCSEN | PsizA | PsizB |

RESET: 0 - o © 0 0 — 0o 0

I01EN — I/O Chip-Select 1 Enable
0 = CSIO1 disabled
1 = CSIO1 enabled

IC1PL — VO Chip-Select 1 Polarity
0 = CSIO1 active low
1 = CS101 active high

IOYEN — /O Chip-Select 2 Enable
0 = CSIO2 disabled
1 = CSIOZ2 enabled

I02PL — VO Chip-Select 2 Polarity
0 = CSIO2 active low
1 = CSIO2 active high

GCSPR — General-Purpose Chip-Select Priofity -
0 = Program chip-select has priority over general-purpose chip-select
1 = General-purpose chip-select has priority over program chip-select

MCE6BHC11F1 MOTOROLA
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Chip-Select Priorities

GCSPR » 0 GCSPR » 1
On-Chip Registers On-Chip Registers
On-Chip RAM On-Chip RAM
Booticader ROM | Bootioader ROM
On-Chip EEPROM On-Chip EEPROM
YO Chip-salects O Chip-Selects
Program Chip-Select Generai-Purposa Chip-Select
Ganeral-Purpose Chip-Select Program Chip-Select

PCSEN — Program Chip-Select Enable
Reset clears PCSEN In single-chip mode, sets PCSEN in expanded nonmuttiplexed mode.
0 = CSPROG disabled
1 = CSPROG enabled

PSIZA, PSIZB — Select Size of Program Chip-Select

PSIZA PSizZB Size (Bytes) Address Range
0 0 64K $0000-$FFFF
0 1 32K $8000-$FFFF
1 0 16K - $CO00-$FFFF
1 1 8K $EO00-$FFFF
CSGADR-- General-Purpose Chip-Select Address Register ’ $105E
Bit 7 8 5 4 3 2 1 Bt 0
| Ga1s | Gata [ Gaa [gaz [ Gatn [ GAo | — | — |
RESET: 0 0 0 0 0 0 0 0

GA15-GA10 — General-Purpose Chip-Select Starting Address
These bits determine the starting address of the CSGEN valid address space and correspond to the
high-order address bits A15-A10. The following table iltustrates how the address size selected
determines which of this register's bils are valid: .

Address Size Selected CSGADR 8its Valld
OK Bytes Nane
1K Bytes GA15 — GA10
2K Byles GA15 — GA11
4K Bytes GA15 — GA12
8K Byles : GA15 — GA13
16K Bytes GA15 —GA14
32K Bytes S GA15
64K Bytes Nona

Bits 1 and 0 — Not implemented

MOTOROLA ’ MCE3HC11F1
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‘ CSGSIZ — Generai-Purpose Chip-Select Size Register ) ] ) $105F

Bt7 & 5 4 3 2 1 Bro
[ 1o1av [ 102av | — | GNeoL | GaviD | Gsiza | GsizB | Gszc |
RESET: 0 0 4] 0 0 0 0 0
IO1AV — I/O Chip-Selact 1 Address Valid .

0 = CSIO1 Is valid during E-clock valid time (E-clock high)
1 = CSIO1 is vahd during address valid time

I02AV — I/0 Chip-Select 2 Address Vatid .
0 = CSIO2 is valid during E-clock valid time {E-clock high)
1 = CSI02 Is valid during address valid time

Bit 5 — Not impiemented; always reads zém

GNPOL — General-Purpose Chip-Select Polarity

0 = CSGEN is active low
1 = CSGEN is active high

GAVLD — General-Purpose Chip-Select Address Valid
0 = CSGEN is valid during E-clock valid time (E-clock high)
1 = CSGEN is valid during address valii time

GSIZA, GSIZB, and GSIZC — Address Size tor CSGEN

Refer to the following table for bit values:

GSIZA-C [2:0) Address Size
000 64K Bytes
001 32K Bytes
a0 16K Bytes
011 8K Bytes
100 4K Bytes
101 2K Bytes
110 1K Bytes
11 0K Bytes

MCEBHC11F1
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Serial Communications Interface (SCI)

The SCI, a universal asynchronous receiver transmitter (UART) serial communications interface, is
one of two independent serial VO subsystems in the MCB8HC11F1. The SC! has a standard non-
retumn to zero (NRZ) format (one start, elght or nine data, and one stop bit) and several selectable
baud rates. The transmitter and receiver are independent, but use the same data format and bit
rate. : '

TRANSMITTER
BAUD RATE SCORWL Tx BUFFER K—m}—\

CLOCK .
v oot
16 {11) - BIT Tx SHIFT REGISTER
PIN BUFFER PO
o—>» [Hl®[7 6 5 ¢« 3 2 1 ¢fL}-pm > PINBUFFER
A A 7y ¢ :
A A A A A
g £ 2l &
o PARITY & 2l 2 \ N
@ | ceneraton | 3| &) & T} 7
'y E R KR
gl 3 :
(%)
2 g
= . DI U,
I TRANSMITTER
+ > CONTROL LOGIC ————
A A
g W AHEM
§|§| EIERER Sleig 'é'l%l‘i!&l'a‘:l
SCCR1 SCI CONTROL 1 SCSRY INTERRUPT STATUS
N
TORE
=
' TC
TCIE
s .
A1 S EEHEME glﬁ
\/ SCCRZ SCICONTROL? [
i v 0
SCI Ry SC!INTERRUPT . . INTERNAL
REQUESTS REQUEST - DATA BUS
SCi Transmitter Block Diagram
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BAUD — Baud Rate

$1028

Bit 7 6 5 4 3 2 1 Bro
| Tar | o | scei | scPo | RckB | SCRe | scR1 | scRo
G 0 0 o 0 u u u

RESET:

TCLR — Clear Baud Rate Counters (TEST)

Bit 6 — Not implemented; always reads zero

SCP1, SCP0 — SCI Baud Rate Prescaler Selects
Refer to the foliowing tabies and figures.

RCKB - SCI Baud-Rate Clock Check (Test)

SCR2, SCR1, and SCR0 — SCI Baud Rate Selects
Selects receiver and transmitter baud rate. Reter to the ilustration of the baud rate clock divider chain.

MOTOROLA
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Baud Rate Prescaler Sets Highest Rate

SCP (1:0] Divids Crystal Frequency in MHz
10 Internal Clock | 40 MHz | 8.0 MHz [10.0 MHz| 12.0 MHz
By (Baud) (Baud) (Baud) (Baud)
00 1 62.50K 125.0K 156.25K 187.5K
01 3 - 20.83K 41 67K 52.08K 62.5K
10 4 15.625K 31.25K 38.4K 46.88K
11 13 4800 9600 12.02K | 14.42K
Baud Rate Selection Table
Divide Highest Baud Rate
, Prescaler | (Prescaler Output from Previous Table)
SCR Bit [2:0) By 4800 9600 38.4K
000 1 4800 9600 38.4K
001 2 2400 4800 19.2K
010 4 1200 2400 9600
011 8 600 1200 4800
100 16 300 600 2400
101’ a2 150 300 1200
110 B4 - 150 600
111 128 - - 300

MCEBHC11F1
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Baud Rate Generator Block Diagram
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SCCR1 — SCI Control 1 $102C

5 4 3 2 1 Bit 0

FB;?[TZ]O]MIWAKEioloroT
RESET: U U 0 0 0 0 0 0

R8 — Reaceive Data Bit 8
if M bit is set, R8 stores the ninth bit in the receive data character.

T8 — Transmit Data Bit 8
i M bit is set, TB stores the ninth bil in the transmit data characier.

Bits 5 and 2—0 -— Not inv#emgmed: always read zero

M — Mode (Select Character Format)
0 = Star, 8 data bits, 1 stop bit
1 = Start, 9 data bits, 1 stop bit

WAKE — Wake Up by Address Mark/Idle
0 = Wake up by IDLE line recognition
1 = Wake up by address mark

SCCR2 — SCI Control 2 $102D

Bit 7 6 5 4 3 2. 1 Bit 0
| e [ TcE i RE | wE | TE | RE | RW | sBK |
RESET: 0 o 0 0 0 0 0 0

TIE — Transmit Interrupt Enable
0 = TDRE interrupts disabled
1 = SCl interrupt requested when TDRE status flag is set

TCIE — Transmit Complete Intemrupt Enabie
0 = TC interrupts disabled
1 = SCl interrupt requested when TDRE status flag is set

RIE — Receiver Interrupt Enable
0 = RDRF and OR interrupts disabled
1 = SC! interrupt requested when RDRF flag or the OR status flag is set

ILIE — idie Line Imerrupt Enable
0 = IDLE interrupts disabled
1 = SCl imterrupt requested when IDLE status flag is set

TE — Transmitter Enable
0 = Transmitter disabled
1 = Transmitter enabied -

MOTOROLA MCEBHC11F1
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RE — Recsiver Enable
0 = Receiver disabled
1 = Receiver anabled

RWU — Receiver Wake Up Control
0 = Normal SCI receiver
1 = Wake up enabled and receiver interrupt inhibited

SBK — Send Break
0 = Break generator off
1 « Break codes generated as long as SBK = 1

SCSR — SCI Status $102E
Bit 7 6 5 4 3 2 1 Bit O
| TRE | T [ ROF [ DLE | OR | W | E | o |
RESET 1 1 o] 0 0 4] b 0

TDRE — Transmit Data Register Empty Flag
Set if transmit data can be written to SCDR; if TDRE « 0, transmit data register is busy. Cleared by
SCSR read with TDRE set, followed by SCDR write.

TC — Transmit Compiete Flag
Set it.transmitter is idie — no data, preamble, or break transmission in progress. Cleared by SCSR
read with TC set, followed by SCDR write.

RDRF — Receive Data Register Full Flag
Set it a received character is ready o be read from SCDR. Cleared by SCSR read with RDRF set,
toliowed by SCDR read

IDLE — idle Line Detected Flag
Set it the RxD line is idle. Idie flag is inhibited when RWU = 1, Cleared by SCSR read with IDLE set,
foliowed by SCDR read. Once cleared, IDLE is not set again until the RxD line has been active and
becomes idle again.

OR — Overrun Ermor Flag
Set it a new characler is received before a previously received character is read from SCDR. Cleared
by SCSA read with OR set, foliowed by SCDR read.

NF — Noise Error Flag
Set it majority sample logic detects anything other than a unanimous decision. Cleared by SCSR read
with NF set, followed by SCDR read.

FE — Framiﬁg Eror

Setitais detected where a stop bit was expected. Cleared by SCSR read with FE set, followed by
SCDR read. .

Bit 0 — Not implemented; always reads zero

MCEBHC11F MOTOROLA
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SCDR — Serial Communications Data Register L $102F

Bit 7 6 5 4 3 2 1 BitO

[Ba7z | 6 | s | « | 3 | 2 1 2 | Buo |
RESET: U u u u u u u u

Reads access buffered receive data. Writes access iransmit data bufter register. Receive and transmit
are double buffered.

MOTOROLA MCEBHC11F1
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Serial Peripheral Interface (SPI)

The SPI ailows the MCU to communicate synchronously with peripheral devices and other
microprocessors. The SPi protocol faciiitates rapid exchange of serial data between devices in a
control system. Each SPl-compatible component in a system can be set up for master or slave
operation. Data rates can be as high as one half of the E-clock rate when configured as master,
and as {ast as the E-Clock when configured as slave.

INTERNAL MCU CLOCK $
: (%)
. DVIDER "
42 4 +16 432 -} 25T SHFT REGISTER - CTY '
READ DATA BUFFER 2
& .
3
:
$P1 CLOCK ¢ J
SELECT (MASTER) ] === z
clock [E€——°S SCK
LOGIC E—— a1 PD4
(g
0 i
AAA
Elu
ARk
vy |y
f::;n *
SPt CONTROL et
»
=18 § wlw|@|EiE|212|2
Sz = E H1E51Z|51G615]|5
[ AN IR I ‘
| PSR SPI STATUS REGISTER | SPCR SPI CONTROL REG |
3 e
! ¢
SPHINTERALPT INTERNAL
REQUEST DATA 8US

SPI Block Diagram

-
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SPCR — Serial Peripheral Contro! $1028

Bit 7 6 5 4 3 2 1 Bit 0

| SPIE | SPE [ DWOM | MSTR | CPOL | CPHA | SPR1 | SPRo |
RESET: o 0 0 0 0 1 u u

SPIE — Serial Peripherai Interrupt Enable
0 = SPI interrupt disabled
1 = SPI interrupt enabiled

SPE — Serial Peripheral System Enable
0 = SP| off
1 = SPlon

. DWOM — Port D Wired-OR Mode Option for SPI Pins PD5—-PD2
0 = Normal CMQOS outputs
1 = Open-drain outputs

MSTR — Master Mode Select
0 = Slave mode
1 = Master mode

CPOL, CPHA — Clock Phase, Clock Poiarity (Refer 1o following figure, SP1 Transfer Format.)

o EKELEY I N I IO S I A |

SIS B o B O o B o O o O o B
= A N N B R A B B
TS =T G G GURD GEND GE D GEND G- () S
cwwEer | Ly v v v
SRSV G T G G ST GERD GFED G N corn

o LT

NOTE: This figure shows the LSBF « 0 default case. If LSBF = 1, data is ransferred in reverse order (LSB first).

-
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SPR1 and SPRO — SP! Clock Rate Selects

SPt Clock Rate Selects

Divide Frequency st Frequency at Frequency at
SPR [1:0] E Clock By E = 2 MHz E= 3 MH:z E= 4 MH2

{Baud) (Baud) {Baud)
00 . 2 1 MHz 1.5 MH2 2.0 MHz
01 : 4 500 kHz . 750 kHz 1.0 kHz
10 16 125 kHz 187.5 kHz 250 kMz
11 32 62.5 kHz 93.8 kHz 125 kHz

SPSR — Serial Peripheral Status : $1029
Bit 7 6 5 4 3 2 1 Bit 0
| sPF TweoL| o . ImMoDFi o | o | o | o |
0

RESET: 0 G Y o 0 0 0

SPIF — SPI Transter Complete Flag

Set when an SPI transfer is complete. Cleared by readmg SPSR with SPIF set, tollowed by SPDR
access.

WCOL — Write Colhsnon ™~

Set when SPDR is written while transfer is in progress.. Cleared by SPSR with WCOL set, fotlowed by
SPDR access.

Bits 5 and 3—0 — Not implemented:; aways read zero

MODF — Mode Fault e
A mode fault terminates SPI operation. Set when SS is pulled low while MSTR = 1. Claared by SPSR
read with MODF set, foliowed by SPCR write.

SPDR — SP! Data , ' $102A

Bit 7 6 5 4 3 2 1 Bit o

| Br7 | 6 [ s [ a4 | 3 2 [ 1 [ Bao |

SP1 is double butfered in, single buffered out.
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Analog-to-Digital Converter

The MC68HC11F1 analog-to-digital (A/D) converter system uses an all-capacitive charge-
redistribution technique to convert analog signals to digital values. The A/D system is an
8-channel, 8-bit, multiplexed-input, successive-approximation converter, accurate to +1 least
significant bit (LSB). Because the capachive charge redistribution technique used includes a ‘
built-in sampile-and-hokd, no extenal sample-and-hold is required.

) Dedicated lines VRH and VRL provide the reference supply voltage inputs. Systems operating
at.ciock rates of 750 kHz or below must use an irtemal RC osciliator. Reter to the CSEL bit in the
OPTION register.

A muitipiexer allows the single A/D converter 10 select one of 16 anaiog signals, as shown in the
tabie of A/D converter channel assignments.

_ 8-BIT CAPACITIVE DAC ,
o o WITH SAMPLE AND HOLD '
| ] R
PE2Y
AN2 SUCCESSIVE APPROXIMATION L
- REGISTER AND CONTROY,
PE3
AN RESULT
%QG AL AN [ )
PE4 -
ANG -
PES -
& .
INTERNAL
DATA BUS
AAAAAYR - A
-
sl 23alls|s Y
1 ojololo
ANT _ ADCTL AD CONTROL - /
F Y VYY # r Y
RESULT REGISTER INTERFACE
Yy ¥ y Y
ADR1 ADRESULT! ADR2 ADRESULT2 ADR3 ADRESWLT 3 ADR4 ADRESULT 4
{ L L t /

" A/D Converter Block Dlagram
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|¢| MSB  [ome|oms |BTa | BT B2 |BITY | SR
12 ECYCLES ] 2 2| 202|212 |
g cvaes |{ove |ove | ove | ove | ove | ove | eve | o
(=} .
=
g SAMPLE ANALOG INPUT SUCCESSIVE APPROXIMATION SEQUENCE END
z -
: z
! P w
. -7 w
! e L]
: T 3 @
1 e b «
1 LT p— a
: 18 &
CONVERT FIRST CONVERT SECOND CONVERT THIRD CONVERT FOURTH
CHANNEL CHANNEL CHANNEL CHANNEL
AND UPDATE ADR1 AND UPDATE ADR2 ANO UPDATE ADR) AND UPDATE ADR4
0 22 & 9% . 128 _ F
CYCLES
A/D Conversion Sequence
INPUT
== PROTECTION ~™™ DIFFUSION AND
ANALOG i DEVICE POLY COUPLER -
INPUT - Wy 9{0
PIN i ® g < 4k . l .
+ =2V ~20
¢ A< ~g7v ' ’
% % 400 nA DAC
- : JUNCTION CAPACITANCE
§ : LEAKAGE
5 i i VHL

* This analog switch is closed only during the 12-cycle sample time.

Electrical Model of an Analog Input Pin (Sample Mode)

-
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ADCTL — A/D Control/Status $1030

Bit7 . € 5 4 3 2 1 Bit 0
[ coF | o [scan|mMur| @ | < | c8 cA |
RESET: u 0 U U v U U U

CCF — Conversions Compiete Flag
Set after the fourth A/D conversion in a conversion sequence. Cleared when ADCTL is written.

. Bit 6 — Not impiemented; always reads zero
SCAN — Continuous Scan Coritrol

0 = Do four conversions and stop

1 = Convert tour channels in selected group continuousiy
MULT — Multiple Channel’Single Channel Control

0 = Convenr single channel selected

1 = Convert four channels in selected group

CD—CA — Channel Select D through A

A/D Converter Channel Assignments

Channel Select Control Bits Channel| | Result in ADRx if
cD cc CB CA Signai MULT = 1
0 0 0 0 ANO ADR1
0 0 0 1 AN1 ADR2
0 0 1 0 AN2 ADR3
0 0 1 1 AN3 ADR4
0 1 0 0 AN4 ADR?
0 1 0 1 AN5 ADR2
0 1 1 0 ANG ADRG
0 1 1 1 AN7 ADR4
1 0 b 4 X Reserved ADR1-ADR4
1 1 o 0 VRH® ADR1
1 1 0 1 VRL* ADR2
1 1 1 0 (VRH)2* ADR3
[ 1 1 1 1 Resarved* ADR4

*Used for factory testing

MOTOROLA MCE8HC11F1
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ADR1-ADR4 — A/D Results $:931-8$1034

) Bit 7 & 5 4 3 2 1 Bto
$1031 Bit 7 6 5 4 3 2 1 Bto ADR1
$1032 | . Bt 7 6 5 4 3 2 1 Brto ADR2
$1033 Bit 7 6 5 4 3 2 1 Bito ADR3.
$1034 Bt 7 6 5 4 3 2 1 Bit 0 ADR4

Analog Input to 8-Bit Result Transiation Table
Bt7 - - & 5 4 a2 1 Bit 0
% (0} 50% . 25% 125% | 6.25% | 3.12% | 156% | 0.78% | 0.39%
Vohs (@ | 2500 | 1.250 | 0.625 | 0.3125 | 0.1562 | 0.0781 | 0.0391 | 0.0195

() 9% of VRH-VRL {2 Vols for VR = 0; VRH = 5.0 V
OPTION — System Configuration Options o $1039
. Bty 6 5 4 3 2 . 1 Bito
| ADPU | CSEL | RQE* | DLY* | oMer [ o [ cRi* | cRor |
RESET: 0 0 0 1 0 0 0. 0

San be writtan only once in first 64 cycles out of reset in normal modes, or at any time in special modes

ADPU — A/D Power Up
0 =" A/D powered down
1= A/D powered up

CSEL — Clock Select
0 = A/D and EEPROM use system E-Clock
1 ='A/D and EEPROM use internal RC clock

Bits 5-0 — Refer to Resets and Interrupts and Electrically Erasable Programmable ROM.

MCGBHC11F1 ‘ ‘ . MOTOROLA
BR781/D 43

oo



Main Timer

The main timer is based on a tree-running 16-bit counter with a four-stage programmable
prescaler. The timer shares PORTA. H has three channels of input capture and four channeis of
output compare, in addition to a channei that can be configured as either an input capture or an
output compare (14/05). The real-time interrupt circult is based on the main timer's 16-bit counter.

Refer to the the foliowing table for a summary of crystal-relaled frequencies and periods.

Timer Summary

XTAL Frequencies
4.0 MHz 8.0 MHz 12.0 MHz Other Rates
Control 1.0 MMz 2.0 MHz 3.0 MHz (E}
Bits 1000 ne 500 ns 333 ns (1/E)
. PR [1:0) Main Timer Count Rates
0o s
1 count 1.0 s 500 ng 333 ns (E/1)
overfiow 65.536 ms 32.768 ms 21.845 ms (Er27%)
01
1 count 40 us 2.0 us 1.333 us (E/4)
overfiow 262.14 ms 131.07 ms 87.381 ms (Er218)
10 T ' .
1 count 8.0 us 4.0us .2.667 us (E/8)
overflow 524.29 ms 262.14 mg 174.76 ms (E/219)
11
1 count 16.0 us B.Ous §333 us (E/8)
overfiow 1.049 s 52429 ms 349.52 ms {Er220)
RTR {1:0] Periodic- (RTI) Interrupt Rates '
00 8.192 ms 4.096 ms 2731 ms (E/213)
01 16.384 ms 8.192 ms 5.461 ms (Er214
10 32.768 ms 16.384 ms 10923 ms (Er215)
11 65.536 ms 32.768 ms 21.845 ms (E/218)
CR [1:0] COP Watchdog Timeout Rates
00 32.768 ms 16.384 ms 10.923 ms (Er215)
01 131.07 ms 65.536 ms 43.691 ms (Er217)
10 524.29 ms 262.14 ms 174.76 ms (Er219)
11 2097 s 1.049 s £99.05 ms (Es221)
Timeout Toleranca '
(=0 ms/+...) 32.768 ms 16.4 ms 10.9 ms (Er213)

MOTOROLA

44

MC6BHC11F1
BR781/D

1
r

o




.4
a
b _J

')
%!
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Y 1
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>y PA2!
K

PAY

MCUE ™ PRESCALER TONT 40 [ TONT (LOY [ TO | - ®
Do .
b 1 asote 3 1687 FEE RUIG nie
L] PRe ] ' U] '
Taps tor Ireemot raquests
16-8IT TMER BUS AT1, COP waithdog {Further qualiied
and Puine Accumumtor ﬁ%ﬂ‘
Forcs To Puise
ouput : ACCUMUIslo!
, compan m * '
|'—V 16-BT COMPARATOR < X} L
TOC1 ™0 | TOCT 1O Gxi} a7
[ OC2 |
—N" {5.87 COMPARATOR < {1 .
T0C2 ) [ TOC2 0 () Bas
_ &3 H -
——[ 168 COMPARATOR + =F1 .
Toc3 ™ | Toca (o) - = 8 S
i H
— 168 COMPARATOR <————»{ 05 } :
TOCA {H) | TOCA {LO) e B4
[uosH -
@ 163 COMPARATOR <}y ocs
T405 (HI) | 11405 (LOJ-‘R.‘-O— RS T | Ba3
w _ H -t
é :> 1687 LATCH  CLK -0‘_ ____ —oo ; CFORC -
fj E@ . il | D_@
S| =N seer ek _oix ~H{ KT He . -l o2
TIC1 )| TICY O , :
(a1 Yo
166 LATCH LK G—at+{ IC2F } —- Bt
Tic2 ¢ ] Tic2 1ol
, o o
=N o8 taten_ox < CF — -« B0
Tca ] TR (0) TR TMSK? Pk
alus intemgy Control
fags wnables fNOTg 1)

NOTE: Port A pin actions controlied by DDRA, OC1M, OC1D, PACTL, TCTL1, and TCTL2 registers
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CFORC — Timer Compare Force

Bit7 6 5 4 3 2 1 Bito

| Foct | Foco [ Focs [ Focsa | Focs | 6 | o [ o |
RESET:  o© 0 0 0 0 0 0 0

FOC5-FOC1 — Force Output Compare x Action
0 = Not aftected
1 = Qutput compare x action occurs, but OCxF flag bit is not set

Bils 2 — 0 — Not impliemerded; aiways read zero

‘OC1M — Output Compare 1 Mask $100C
Bit 7. 6 5 4 3 2 1 Bit 0
| ociM7 [ ocime [ ocims [ocime focms | o | o | o ]
RESET: 0 0 0 0 0 0 0 o

Set bit(s) to enable OC1 to control corresponding pin{s} of port A.
OC1M7-0C1M3 — Output Compare Masks
0 = OC1 is disabled .
1 = OC1 is enabled to control the corresponding pin of port A

E_i'ns 2~0—Not implemented; aMays read zero

0C1D — Output Compare 1 Data ' : $100D

Bit 7 6 5 4 3 2 1 Bit 0
| ocio7 | ocibs [ocibs [ociba [ocpa| o [ o | o |
RESET.  © 0 0 0 0 0 0 0

If OC1Mx is set, data in OC1Dx is output 1o port A bit x on successtul OC1 oon'parés.

Bits 2-0 — Not implemented, always read zero

MOTOROLA ! MCGBHC11F1
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) TCNT — Timer Count o $100E, $100F

$100E | Brt15 | 14 13 ] 12 ] N 10 9 Bt8 |Hgh TONT
$100F Bit 7 6 5 4 3 2 1 Bi0 |tilow
RESET: 0 0 0 0 0 0 0 P

In normai modes, TCNT is read-onty.

TIC1-TIC3 — Timer Input Capiture $1010-%1015
$1010 | Bt 15 14 .1 13 12 11 10 9 Bt8 |High TIC1
$1011 | Bit7 & 5 4 3 2 1 Bt0 | Low
$1012 | Bit15 14 13 12 11 10 9 Bit8 |High TIC2
$1013 | Bit7 6 5 4 3 2 1 Bit0 | Llow
$1014 | Bt 15 14 13 12 1 10 9 B8 |High TIC3
$1015 | Bit7 6 | 5 | 4 3 ] 2 4 1 B0 | Low

TICx not affected by reset.

TOC1-TOC4 — Timer Qutput Compare . $1016-3101D

 $1016 | Bit15 14 13 12 1 10 9 B8 |High ToOC1
$1017 | Bi7 6 5 4 3 2 1 B0 |Low
$1018 | Bit15 14 13 12 11 10 9 Bit8 [High TOC2
$1019 | Bit7 ] 5 |. 4 3 2 1 Bito |Low
$101A | Bit15 14 13 12 11 10 9 Bit8 [High TOC3
$101B | Bit7 6 5 a 3 2 1 B0 |Low

$101C | Bit 15 14 13 12 | 1 10 9 Bt |High TOC4
$101D | Bi7 6 5 4 | 3 2 1 B0 |Low
$101E | Bit15 14 13 12 1 10 g Bt8 |High TOCS -
$1001F | B#t7 6 5 4 3 .| 2 1 B0 |Low

RESET: 1 1 1 1 1 1 1 L . .

All TOCx register pairs reset-to ones ($FFFF).
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TKOS5 — Timer Input Capture 4/Output Compare 5 $101E, $101F

$101E | Br1s | 14 13 12 11 .10 8 Bts {Hgh TI40S
$101F Bit 7 6 - 5 4 3 2 1 Bit0 | Llow

All TI4O5 register pairs reset o ones ($FFFF).

. TCTL1 — Timer Control 1 ' ' $1020
Bit 7 5 5 4 3 2 M Bit0
[om2 | o2 | oms [ o3 [ ome | owa |- oms T ols |

RESET: 0 0 0 0 e 0 -0 0

OM2-OMS5 — Output Mode

OL2-0OLE — OQutput Level

OMx Olx Action Tsken on Successful Compare
0 o] Timer disconnected from output pin logic
0 1 Toggie OCx output line
1 0 Ciear OCx output lineto 0
1 1 Set OCx output iine to 1 ‘
TCTL2 — Timer Control 2 L $1021
Bit 7 6 5 4 3 2 1., Bit0
| EDG4B | EDG4A | EDGIB | EDGIA | EDG2B | EDG2A | EDG3B | EDG3A |

RESET: 0 0 o 0 0 . 0 . 0 0

~ Timer Control Configuration

EDGxB - EDGxA Configuration
0 . 0 Capture disabied
o 0 1 Capture on rising edges only
1 0 Capture on falling edges only
1 1 Capture on any edge

MOTOROLA MCEBHC11F1
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TMSK1 — Timer Interrupt Mask 1 ' . $1022

Bit 7 6 5 4 3 2 1 B O
| ocit | ocar [ ocar | oce | mosi | ic1l | ic2i | oicar |
RESET: 0 0 0 "o 0 0 0 0

OC11-0C4: - Qutput Compare x Interrupt Enable
1405| — Input Capture 4 or Qutput Compare 5 Interrupt Enabie
IC1HIC3! — Input Capture x Interrupt Enable

NOTE

Bits in TMSK1 correspond bit for bit with flag bits. Ones in TMSK1 enable the
comresponding interrupt sources. :

TFLG1 — Timer Interrupt Flag 1 |  §1023

Bt7 . 6 . 5 . 4 3 2 t. BiO
| ociF | ocoF | ocaF | ocaF | WosF | icoF [ iceF | icaF |

RESET: 0 0 0 0 0 0 0 0-
Cleared by writing a one to the corresponding bit position(s}.

OC1F-OCS5F — Output Compare x Flag
Set each time the counter matches oulput compare x value.

14O5F - Input Capture 4/Output Compare 5 Flag
Set by IC4 or OC5, depending on which function was enabled by 1405 of PACTL.

IC1F-IC3F — Input Capture x Flag
Set each time a selected active edge is detected on the ICx input line.

L Lal o e * e - 24 R R
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TMSK2 — Timer Inerrupt Mask 2 : $1024

Bt 7 6 5 4 3 2 1 Bit 0
t Toi | R [rPaovi| Pan | o | o | e | PRO
RESET: 0 0 0 0 o 0 0 0

TOI — Timer Overflow interrupt Enable
RTIl — Reaktime Inerrupt Enable
PAOVI — Pulse Accumuiator Overflow Interrupt Enable
- PAIl — Pulse Accumulator Interrupt Enable _
. R
Bits in TMSK2 correspond bit tor.bit with flag bits in TFLGz._ Ones in TMSK2 enable the

corresponding interrupt sources.

- Bits 3-2 — Not implemented; always read zero

PR1 and PRO — Timer Prescaler Select
in normal modes, PR1 and PRO can only be written once, and the write must be within 64 cycles after

reset. Refer to table, Timer Summary, for speciic timing values.

PR [1:0] Prescaler
00D 1

01 4

10 8

11 16

A
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TFLG2 — Timer Interrupt Flag 2 $1025

Bit7 6 5 4 3 2 1 Bt 0

lTOF[RTF]PAOVFlPAIF[ o | o | o | o |
RESET: © 0 0 0 0 0 i} 0 -

Cleared by writing a one to the Correspanding bit position(s).

TOF — Timer Overtiow Flag
Set when TCNT changes from $FFFF to $0000. -

RTIF — Real-Time (Periodic) interrupt Flag _
Set periodically (Refer to RTR1:0 bits in PACTL register).

Bits 5—4 — Refer to Pulse Accumuiator. - -

Bits 3-0 — Not implemented; atways read zero

rd e, ey et R TR L L et . eliie AR SN L L e
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- PACTL — Pulse Accumulator Control $1026

Bit7 6 5 4 3 - 2 1 Bit 0
| o | PAEN [PAMOD [PEDGE| o0 | wos | RTR1 | R0 |

RESET: 0 0 0 0 0 0 0

Bits 7 and 3 — Not implemented; always read zero

Bits 6~4 — Reter to Pulse Accumulator.

14/05 — Contigure TI405 Register for {C or OC
0 = OCS5 tunction enabled
1 = IC4 tunction enabled

RTR1-RTRO — RTI Interrupt Rate Selects
These two bits select one of four rates for the real-time periodic mterrup! circuit. Refer to the table of
real-time interrupt rates for additiona! detail.

Real-Time Interrupt Rates

RTR [1:0] Divide E By XTAL = 4.0 MHz | XTAL = 8.0 MHz | XTAL = 12.0 MHz

00 213 8.19 ms 4.096 ms 2731 ms
01’ 214 16.38 ms - 8.192ms 5451 ms
10 . 215 R2.77ms 16,384 ms 10.923 ms
- 11 216 65,54 ms 32.768 ms 21.845 ms
Es 1.0 MHz 2.0 MHz 3.0 MHz
PACNT — Pulse Accumuiator Count $1027
Bit 7 6 5 4 3 2 1 Bito
Bit 7 6 | s | 4 ] 3 | 2 [ 1 | sto |
RESET: u u U u u U U v
Readable and writable.

. :
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Pulse Accumulator | _ X

The MCE8HC11F1 has an 8-bit counter that can be configured to operate as 8 simple event
counter or a8 a gated time accumulator, depending on the PAMOD bit in the PACTL register. B

The port A b-7 /O pin acts as a clock input in event counting mode, orasagateumltoena:lea -
tree-running clock (E divided by 64) in gated time accumuiation mode. While the extemal PAl :
input pin is activated, the free-running clock incraments the B-bit counter in gated time
accumuliation modse.. An overflaw status flag and an interrupt are available to extend the range of

the 8-bit counter.

The maximum clocking rate for the axtqmal avent counting mode is the E-Clock divided by two.

The puise accumulator courter can be read or written at any time.

PAOVI : - 8
PAOVF _ 1 ‘
‘ INTERALPT
PAIl REQUESTS
_ . PAF ,
E+64CLOCK L ' . . — J ;
{FROM MAIN TIMER) ' § . . s
_ S bl bl IS B B O [T hant kil 0 W VO O
! TMSK2 INTENABLES  jetin— TFLG2 INTERRUPT STATUS
- L
| A ' > : ' PAEN - FLAG SETTING
PN ; — CLOCK . '
INPUT BUFFER a1 -==3mi PACNT S-BITCOUNTEP_J
AND ———1 MUX L : i
EDGE DETECTOR f—(—)- o
aa DATA A ENABLE L
gtUJTPgT 4—-L Bus N T st
FFER N -
4 PAE
FROM I >
MAIN TIMER %= g g -
oc HHEE -
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Oommon XTAL Fraquencles
Selected
Cryesta! 8.0 MMz 12.0 . MMz 18.0 MHz
CPU Cilock (E) 2.0 MMz, 3.0 MMz 4.0 MHz
Cycle Time (1/E) 500 ns . 333 ns 250 ns
Pulse Accumulator (in Cated Mode) .
(E/25) 1 count 32.0 us . 2133us 16.0 us
(ERY4 overflow 8.192 ms " 5.461ms 4,096 ms
TMSK2 — Timer Interrupt Mask 2 $1024
Bit 7 6 4 3 2 Bit O
| TOl | RTN l PonL[ PAll L | o0.:] PR T PRO_ |

RESET: = 0 o ¥ 0 0 0 0

" Bits 7-6 and 1-0 — Refer to Main Timer. e
PAQVI — Puise Aowmulator Overflow lmermpt Enable
. 0 = Puise accumutator overfiow interrupt disabled
1= 1merrupt requested when bit PAOVF of TFLG2 is set
PAIl — Pulse Accumilator Interrupt Enable
0 = Pulse accumuiator interrupt disableg
1 = Interrupt requested when bit PAIF of TFLG2 is set

Bits in TMSK2 correspond bit for bit with flag bits. One_s in TMSK2 enable the comresponding interrupt
sources.

Bits 3-2 — Not implemented; aways read zer§o

TFLG2 — Timer Interrupt Flag 2 ' $1025
Bit 7 6 5 4 3 2. 9 B10
| TOF | RTF ~A0vF| PAF | o | o | o | o |
RESET: 0 0 0 o 0 0 . o 0

Cleared by writing a one to the oorfesponding bit position(s).
Bits 7—6 — Refer to Main Timer.

~ PAOVF — Pulse Accumulator Overflow Flag
Set when PACNT changes from $FF to $00.

PAIF — Pulse Accumulator Input Edge Flag
Set each time a selected active edge is detected on the PAI input line.

Bits 3-0 — Not implemented; aways tgad 2ero
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PACTL — Puise Accumulator Controt 4 . : $1028

Bi7 6 5 .4 3 2 1 Bh o
| o | PaEN [PAMOD|PEDGE| o | w0s | RIR1 [ RTRO

RESET: 0 o 0 0 0 0 0 0

Bits 7 and 3 — Not implemented; aways read zero _ ] »

PAEN — Puise Accumuiator System Enable
0 = Pulse Accumuilator disabled
1 = Pulse Accumuiator enabled

PAMOD — Pulse Accumuiator Mode
0 = Event counter '
1 = Gated time accumulation

PEDGE — Pulse Accumulator Edge Control
0 = Falling edges increment counter: high level anables accumuiation
1 = Rising edges increment counter: low level enables accumulation

Bits 2—-0 — Refer to Main Timer.

PACNT — Pulse Accumulator Count ' $1027
Bit 7 6 5 4 3 2 1 Bit 0
g7 [ 6 | s | 4 | 3 | 2 | 1 [-8ro:]
RESET: 1] U U U U u U U
Readable and writable. - -

MCEBHCT1F1 MOTOROLA
BR781/D 55



DIRECTORIO DE ALUMNOS DEL CURSO
: ) LOS MICROPROCESADORES Y SUS APL ICACIONES
v DEL 14 DE AGOSTO AL 12 DE SEPTIEMBRE DE 1992.

l.— [CARREDON MENDEZ ALFREDD DCTAVID -
w1 : - ASTURIAS 245-6, COL. ALAMDS, DELEG. B, JUAREZ, C.P.03400

- v . TEL. %79 37 27 DOM.
i ) 2.- DAZIA PIMENTEL JUAN VICENTE

JEFE DE MANTENIMIENTD

INDUSTRIAS VINICDLAS PEDRO DOMECO S5.A. DE C.V.

KM 17.5 CARR. FED. MEXICO PUEBLA, LD5 REYES LA PAZ,
ERD. MEX., C.P, 56400, TEL. 326 52 35T OFNA.

3.~ DDLDRES ANGUIAND RAMSES
OCDTEPEC 214, COL. MARAVILLAS, CUERMAVACA 91-73
TEL. 13 74 B7 DOM.

FLORES MARRDOUIN JUAN MANUEL

4.-
ING. DE CALIDAD DE CAMPOD
ELEVADDRES OTIS, S5.A. DE C.V. -
ABEDULES No. 75, COL. S5TA. MA. INSURGENTES
DELEG. CUAUHTEMOC, C.P. 06430, TEL. 326 53 00 DFNA.
S.—~ GARCIA GARCIA ENRIOUE GABIND
ACADEMICD
UNAM
TEL. 91 595 42 0556 DDM.
6.~ GDNZALEXZ PRADD JAVIER

EMPLEADD :

COMISION FEDERAL DE ELECTRICIDAD

AUGUSTD RDDIN 265, COL. NOCHE BUENA, DELEG. B. JUAREZ
C.P. 03B20, TEL. 563 37 00 EXT. 246 -DFNA.

7.= DBDNIALEI RAMIREZ PATRICIA
JEFE DE LABORATDRID
MICROTECNDLOGIA DE MEXICO, S.A. DE C.V.
RIG PANUCO No. 53, COL. CUAUHTEMDE, DELEG. CURUHTEMDC
TEL. 703 32 44 OFNA.

. L © B.- -HERNANDEZI FLORES ENRIQUE .
- AV. MDRELDS B27-EDIF., 3-104, COL. JARDIN BALBUENA,
DELEG. V. CARRANIA, C.P. 13900, TEL. 552 OB 94 DODM.

?.— LEON DRDZCD VICENTE
CATEDRATILCD
INST. TECNODLOGICD DE TUXTLA GUTIERREZ
CARRETERA PANAMERICANA KM 1079, TUXTLA GUTIERREZ CHIAPAS
TEL. 208 B& DOM. )

N

10.= MARIN JOYA RICARDOD
GERENTE BGENERAL
INSTRUQUIM, S.A. DE C.V.
VALLEJD 1722, COL. STA. ROSA, DELEG. G. A. MADERD
v. .. £.P. D7620, TEL. 391 34 47 OFNA, o

11.~ RAMIREZ MANDUJAND NORBERTD
POTRERDO 13, {DL. COLINA DEL SUR, DELEG. A.OBREGDN
C.P. 01430, TEL. 651 08 93 DOM.

12.~ RAMIREZ ZEPEDA MARTIN
TECNICD
MICRDTECNOLDGIA DE MEXICO, S5.A., DE C.V. -
RID PANUCD No, 53, COL. CUAUHTEMOC, DELEG. CUAUHTEMDC
TEL. 703 32 44 DFNA.

13.~ RIVERA HUERTA GUILLERMD
INGENIEROD "C" _
COMISION FERERAL DE ELECTRICIDAD
AUGUSTO RODIN MNo. 265, £0L. NOCHEBUENA
TEL. 3463 37 00 DFNA.

14.- SANCHEZ HERNANDEZ VALENTIN
JEFE DE INGENIERIA
. INMER - : L o
: ' CARDENALES 63, COL. LDS ANGELES, DELEG. A. DBREGON © ; .
vi.u.. TEL. 650 19 43 OFNA. e,
13.~ URIBE GARCIA NICOLAS ENRIQUE
INGENIERD EN ELECTRONICA (EMPLEADD) T
COMISION FEDERAL DE E€LECTRICIDAD : .
AUGUSTO RODIN No. 265, COL. NOCHEBUENA, DELEG. B. JUAREZ

C.P. 03820, TEL. 355463 37 00 EXT. 244 OFNA. i
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