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Abstract

In medical science , the physicians use Electrocardiogram (ECG ) to
analyze Arthythmias Cardiac. Now a days ECG Monitor can analyze Arthythmias
Cardiac. This project is about synthesizing various types of ECG , which is controlied
by CPU. The signals from ECG simulator use in checking function of ECG Monitor. In

the other ways , this project can be used for developing the invention of ECG

instrument.
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5U 2.12 Wandering Pacemaker
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Run of 6 P.V.C.’s

3U 2.21 Run of n. PVCs

3U 2.22 Multifocal PVCs
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5U 2.26 AV Nodal Escape
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2.6.3.2 Atrial Flutter
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3U 2.31 First degree AV Block
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3U 2.36 anwmzn1sUanun1svin WA (Block) USiaad Bundle Branch

v o o & - & v v 5 & ° v a 1 [ v )
ml.nﬂn'mlﬂnumsm‘lwﬁﬁuumu'lﬁmwmnqzm'lmnmmswmmmumargqmmmu

vwoenly Jussbiigae ORs  Tsuansendu 2 dwmaisl  2.37

laalyidydnuaidiu R uaz R unugagegauesdygIm QRS AtArennsilnisa

MlaRBeanAasiu

_—

Two QRS's - wide QRS
out of phasg

U 2.37 dnwizeaediygno QRS InTiLAiR Bunble Branch fikamiin 2 dau

3 a“r A’ - v v ar L A’
ﬁwaswaaoammm QRS%Q:‘(I’]IY!FI’J']NF!'TIMENHFQ[U']W QRS FIAIWHINIU

(widened QRS) 37U 2.38 wsmsanwuzzsedyy WA lefiAin Bundle Branch

Block



33
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LWeURI8ATE] Assembly Z80

SMODE EQU 80H
WMODE EQU 82H
RBSF EQU 84H

RMODE EQU 86H

CHO EQU 10H
CHI EQU 1IH
CH? EQU I?H
CH3 EQU I3H

PA  EQU 50H
PB  EQU 5IH
PC  EQU 52H
PD  EQU 30H
PE  EQU 40H

PAC  EQU 54H
PBC  EQU 55H
PCC EQU S6H
PDC  EQU 34H
PEC  EQU 44H

NUMADR EQU 03H

RATEADR EQU 09H

AMPADR EQU OFH

MAXCDIAC EQU 25 ;NUMBER OF CARDIAC
DLNG EQU 444

SAMPLE EQU 400

SYSSTK EQU 9EO0H

ORG 0000H
DI
LD SP,SYSSTK
CALL POWERI
LD HL,AISR
LD (ISRTAB)HL
LD HL,ISRTAB
LD AH
LD LA
LD AL
OUT (CHO),A
LD AOFFH
OUT (PAC),A
OUT (PBC),A

. OUT (PDC),A
LD A, 00H



OUT (PCC),A
LD A07H
OUT (PEC),A
CALL INITLCD
LD A,00H
CALL GOTO
LD HLDPSTART
CALL WRLM
LD A07H
OUT (PE),A
LD HL,00H
LD (BINBUFF),HL
LD HLDTABL
LD (DPBUF),HL
LD DE,SAMPLE
LD (CNTBUF),DE
M 2
El
JP INRNG
BEGIN: CALL KEYRD
CALL KEYCHK
P X
KEY0 9: LD ANUMADR
CALL GOTO
CALL WRLCD
LD B,02H
DIGIT2_3:LD A,03H
SUB B
LD CA
LD ANUMADR
ADD AC
CALL GOTO
CALL RELEASE
CALLDG2_3
DINZ DIGIT2_3
LD D3
LD ANUMADR
CALL RDVAL
LD A03H
LD (BUFFER)A

LD HL,BUFFER
CALL DEC2BN
LD (BINBUFF)HL

CALL OVRNG
P (X)
INRNG: LD A,OH

LD (ERRFLAG)A
CALL CALNUM
LD DE,DTABL
LD BC,DLNG
CALL MVDAT
CALL WRRATE



CALL WRNAME

LD HL,(DTABL+400+42)
LD H,00H
LD (TCPTR),HL
CHGRATE: CALL CALRATE
CALL STARTNEW
LD ANUMADR
CALL GOTO
CALL RELEASE
JP BEGIN
KEYNUM: LD (KEYBUFF)HL
LD D3
LD ANUMADR
CALL RDVAL
LD HL,BUFFER
CALL DEC2BN
LD (BINBUFF)HL
LD HL(KEYBUFF)
LD A0CH
CALL CHECKID
LD (BINBUFF),HL
LD DE,999+1
CALL CMP16
JP CNOTMAX
LD HL,(BINBUFF)
LD DE.OFFFFH
CALL CMPI6
P ZMINMAX
LD HL,00H
LD (BINBUFF),HL
NOTMAX: LD HL(BINBUFF)
LD EL
LD DH
LD HL,BUFFER
CALL BN2DEC
LD HL,BUFFER
CALL INSERTO
CALL WRNUM
LD HL.ERRFLAG
BIT 0,(HL)
JP ZMINMAX
CALL OVRNG
P (IX)
MINMAX: CALL MMNUM
CALL WRNUM
JP INRNG
KEYRATE: LD (KEYBUFF)HL
LD D,02H
LD ARATEADR
CALL RDVAL
LD A02H
LD (BUFFER),A
LD HL,BUFFER



CALL DEC2BN
LD (BINBUFF),HL
LD HL,(KEYBUFF)
LD A0AH
CALL CHECKID
LD (BINBUFF),HL
CALL MMRATE
LD (BINBUFF),HL
LD (TCPTR),HL
LD EL
LD DH
LD HL,BUFFER
CALL BN2DEC
LD HL,BUFFER
CALL INSERTOR
CALL WRR
JP CHGRATE
KEYAMP: LD (KEYBUFF),HL
LD D,0IH
LD A, AMPADR
CALL RDVAL
LD A0IH
LD (BUFFER)A
LD HL,BUFFER
CALL DEC2BN
LD (BINBUFF),HL
LD HL,(KEYBUFF)
LD AOEH
CALL CHECKID
LD (BINBUFF),HL
CALL MMAMP
LD (BINBUFF),HL
LD EL
LD DH
LD HL,BUFFER
CALL BN2DEC
LD A, AMPADR
CALL GOTO
CALL WRCHAR
LD ANUMADR
CALL GOTO
LD HL(BINBUFF)
CALL AMP
LD AL
OUT (PE),A
CALL RELEASE
JP BEGIN

>

; SUB ROUTINE

AMP: LD A0lH
CP L
¢/ JP NZ,CHK02
LD HL,07H



RET

CHK02: LD A2
Cp L
JP NZ,CHKO3
LD HL,06H
RET

CHKO03: LD A3
CP L
JP NZ,CHKO04
LD HL,05H
RET

CHKO04: LD A,04
CP L
JP NZ,CHKOS
LD HL,04H
RET

CHKOS: LD A05
Cp L
JP NZ,CHKOo
LD HL,03H
RET

CHKO06: LD A,06
CP L
JP NZ.CHKO07
LD HL,02H
RET

CHKO07: LD A07
CP L
JP NZ,CHKO08
LD HL,0IH
RET

CHKO08: LD HL,00H
RET

POWERI: LD B,04H

POWER2: LD HL.OFFFFH

POWER3: DEC HL
LD AH
OR L
JR NZPOWER3
DIJNZ POWER?
RET

INITLCD: LD A,00111000B

OUT (SMODE),A
CALLDLY
CALLDLY
CALLDLY
CALLDLY
CALLDLY
CALL READ

LD A,00001111B
OUT (SMODE),A
CALL READ



LD A,00000110B
OUT (SMODE),A
CALL READ

LD A,00000001B
OUT (SMODE) A
CALL READ
RET

DLY: LD B,

DL: NOP
NOP
DINZ DL
RET

KEYRD: IN AJ(PE)
BIT 7,A
JP ZKEYRD
NOP JWAIT FOR VALID DATA
NOP
IN A(PE)
SRL A
SRL A
SRL A
AND OFH
LD BC,10H
LD HL,KBTABL
CPIR
LD BC,0FH
ADD HL,BC
RET

KEYCHK: LD A,0DH
LD IXKEYAMP
SUB (HL)

RET M

LD A.OBH

LD IX.KEYNUM
SUB (HL)

RET M

LD A09H

LD IX,KEYRATE
SUB (HL)

RET M

LD IXKEYO0 9
RET

WRLCD: LD E,(HL)
LD D,00H
LD HL,BUFFER
CALL BN2DEC
CALL WRCHAR
¢ RET




WRCHAR: LD HL,BUFFER+]
LD D,HL)
CALL WRBYTE
LD ANUMADR
CALL GOTO
RET

GOTO:  SET 7,A
OUT (SMODE),A
CALL READ
RET

WRBYTE: LD AD
OUT (WMODE),A
CALL READ
RET

READ: IN A/(RBSF)
BIT 7,A
JR NZREAD
RET

DG2_ 3. PUSHBC
DG: CALL KEYRD
LD A09H
CP (HL)

CALL M,RELEASE
LD A,09H

CP (HL)

JP M,DG

CALL WRLCD
POP BC

RET

RELEASE: IN A/(PE)
BIT 7,A
JP NZRELEASE
RET

RDLCD: CALL RDBYTE
LD (HL)D
INC HL
DINZ RDLCD
LD ANUMADR
CALL GOTO
RET

RDVAL: CALL GOTO
LD AD
LD (BUFFER),A
LD BA
LD HL,BUFFER+]
_ CALLRDLCD
’ RET



RDBYTE: IN A(RMODE)
LD DA
CALL READ
RET

OVRNG: LD HL(BINBUFF)
LD DEMAXCDIAC+]
LD IX.INRNG
LD A,00H
LD (ERRFLAG)A
CALL CMPI6
RET-C
LD HL,ERRTABL
CALL DP3LN
LD ANUMADR
CALL GOTO
CALL RELEASE
LD AQIH
LD (ERRFLAG).A
LD IX.BEGIN
RET

DP3LN: LD A40H
CALL GOTO
CALL WRLM
CALL DP2LN
RET

DP2LN: LD A10H
CALL GOTO
CALL WRLM
LD A,SOH
CALL GOTO
CALL WRLM
RET

WRLM: LD B,16
CALL WRL
RET

WRL: LD DyHL)
CALL WRBYTE
INC HL
DINZ WRL
LD ANUMADR
CALL GOTO
RET

CALNUM: LD HL,(BINBUFF)
LD DE,DLNG
CALL MUL16
LD (DADR)HL
RET



MVDAT: LD HL(DADR)

MV: LD AH
OUT (PB),A
NOP
LD AL
OUT (PA),A
NOP
NOP
NOP
NOP
NOP
NOP
IN A,PC)
LD (DE)A
INC HL
INC DE
DEC BC
LD AB
OR C
JP NZMV
RET

WRNAME: LD HLNASCII
LD A40H
CALL GOTO
LD B
CALL WRL
LD HL,DTABL+400
LD A46H
CALL GOTO
LD B,10
CALL WRL
LD HL.DTABL+400+10
CALL DP2LN
RET

WRRATE: LD DE (DTABL+400+42)
LD D,00H
LD HL.BUFFER
CALL BN2DEC
LD HL,BUFFER
CALL INSERTOR
WRR: LD HL,BUFFER+I
LD ARATEADR
CALL GOTO
LD B2
CALL WRL
RET

INSERTOR: LD A,02H
CP (HL)
RET Z
LD BC,01H



LD HL,BUFFER+]
LD DE,BUFFER+2
LDIR

LD A0

LD (BUFFER+1),A
LD A02H

LD (BUFFER).A
RET

CHECKID: CP (HL)
JP NZDECRE
LD HL/(BINBUFF)
INC HL
RET

DECRE: LD HL/(BINBUFF)
DEC HL '
RET

INSERTO: LD A,02H
CP (HL)
P ZTWO
RET M

ONE: LD BC,0IH
INC HL
LD DE.BUFFER+3
LDI
LD A0
LD (BUFFER+1),A
LD (BUFFER+2)A
LD A,03H
LD (BUFFER),A
RET

TWO: LD BC.02
LD HL.BUFFER+2
LD DE,BUFFER+3
LDDR
LD A
LD (BUFFER+1),A
LD A,03H
LD (BUFFER).A
RET

WRNUM: LD HL,BUFFER+]
LD ANUMADR
CALL GOTO
LD B,03H
CALL WRL
RET

MMNUM: LD DENMAXCDIACH]
LD HL,(BINBUFF)
CALL CMPI6
JP NZ.CMINNUM
LD A03H
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LD (BUFFER).A
LD BC,03H
LD DE,BUFFER+1
LD HLMINASCII
LDIR
LD HL,00H
LD (BINBUFF),HL
RET

CMINNUM: LD DE,OFFFFH
LD HL,(BINBUFF)
CALL CMP16
RET NZ
LD HLBUFFER
LD DEMAXCDIAC
CALL BN2DEC
LD HL.BUFFER
CALL INSERTO
LD HL.MAXCDIAC
LD (BINBUFF),HL
RET

MMRATE: LD HL,DTABL+400+42+1
LD A,HL)
LD HLBINBUFF)
CP L
IP NC,CMINRATE
LD HL,(DTABL+400+42)
LD H,00H
RET
CMINRATE: LD HL,DTABL+400+42
LD A(HL)
DEC A
LD HL.BINBUFF)
Cp L
RET C
LD HL.(DTABL+400+42+1)
LD H.00H
RET

MMAMP: LD HL,(BINBUFF)
LD A.0%H
CP L
JP NZ.CMINAMP
LD HL,01H
RET

CMINAMP: LD A,00H
CP L
RET Nz
LD HL,08H
RET

CALRATE: LD HL,TCPTR
LD DE,MINRATE
LD B,02H



CALL MPBSUB
LD HL(TCPTR)
LD DE03H
CALL MULI16
LD (TCPTR),HL
LD HLTCPTR
LD DE,TIMADD
LD B.02H
CALL MPBADD
RET

STARTNEW:LD A,0C7H
OUT (CHO),A
LD HL(TCPTR)
LD A,HL)
OUT (CHO),A
LD A07H
OUT (CHI),A
LD HL,(TCPTR)
INC HL
LD A,HL)
OUT (CHI),A
RET

2

Z INTERRUPT SERVICE ROUTINE

AISR: EX AFAF
EXX
PUSH IX
LD AOC7H
OUT (CHO0).A
LD A,07H
OUT (CHI),A
LD HL.(TCPTR)
INC HL
INC HL
LD B,HL)
DELAY: DINZDELAY
DEC HL
DEC HL
LD A,(HL)
OUT (CHO),A
INC HL
LD A(HL)
OUT (CHI),A
LD HL,(DPBUF)
LD A,HL)
OUT (PD).A
LD DE,(CNTBUF)
DEC DE
LD AD
OR E
JP NZOLD
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LD DE,SAMPLE
LD (CNTBUF),DE
LD HL,DTABL
JP RETURN

OLD: LD (CNTBUF),DE
INC HL

RETURN: LD (DPBUF)HL
POP IX
EXX
EX AFAF
El
RETI

Title Binary to decimal ASCII
Name: BN2DEC

Y Purpose:  Convert a 16-bit signed binary number
; to ASCII data

1 Entry: Register H = High byte of outpul buffer address
Register L = Low byte of output buffer.address
Register D = High byte of value to convert
Register E = Low byte of value to convert

3 Exit: The first byte of the buffer is the length,
followed by the characters.

; Registers used: AF,BC,DE HL
; Time: Approximately 7,200 cycles

: Size: Program 107 bytes
5 Data 4 bytes

BN2DEC:
;SAVE PARAMETERS
LD (BUFPTR),HL :STORE THE BUFFER POINTER

EX DEHL

LD A

LD (CURLEN)A ;CURRENT BUFFER LENGTH IS 0

LD AH

LD (NGFLAG)A ;SAVE SIGN OF VALUE

OR A ;SET FLAGS FROM VALUE

JP P,CNVERT JUMP IF VALUE IS POSITIVE

EX DEHL ;ELSE TAKE ABSOLUTE VALUE (0 - VALUE)
LD HLJ0

OR A ;CLEAR CARRY
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SBC HL,DE ;SUBTRACT VALUE FROM 0
;CONVERT VALUE TO A STRING
CNVERT:
;HL :=HL DIV 10 (DIVIDEND,QUOTIENT)
:DE =HL MOD 10 (REMAINDER)

LD E0 ;REMAINDER =0

LD B,16 ;16 BITS IN DIVIDEND

OR A \CLEAR CARRY TO START
DVLOOP:

;SHIFT THE NEXT BIT OF THE QUOTIENT INTO BIT 0 OF THE DIVIDEND
;SHIFT NEXT MOST SIGNIFICANT BIT OF DIVIDEND INTO

; LEAST SIGNIFICANT BIT OF REMAINDER

:HL HOLDS BOTH DIVIDEND AND QUOTIENT. QUOTIENT IS SHIFTED

; IN AS THE DIVIDEND IS SHIFTED OUT.

;E IS THE REMAINDER.

;DO A 24-BIT SHIFT LEFT, SHIFTING
;CARRYTOL,LTOH,HTOE

RL L ;CARRY (NEXT BIT OF QUOTIENT) TO BIT 0
RL H ;SHIFT HIGH BYTE
RL E ;SHIFT NEXT BIT OF DIVIDEND

:;JF REMAINDER IS 10 OR MORE, NEXT BIT OF
; QUOTIENT IS 1 (THIS BIT IS PLACED IN CARRY)

LD AE
SUB 10 ;SUBTRACT 10 FROM REMAINDER
CCF ;COMPLEMENT CARRY

» (THIS IS NEXT BIT OF QUOTIENT)
JR NC,DECCNT ;JUMP IF REMAINDER IS LESS THAN 10
LD EA ;OTHERWISE REMAINDER = DIFFERENCE
; BETWEEN PREVIOUS REMAINDER AND 10
DECCNT:
DINZ DVLOOP ;CONTINUE UNTIL ALL BITS ARE DONE

;SHIFT LAST CARRY INTO QUOTIENT
RL L ;LAST BIT OF QUOTIENT TO BIT 0
RL H
JINSERT THE NEXT CHARACTER IN ASCII
CHINS:
LD AE
ADD A0 :CONVERT0..9TO ASCII '0"...'¢
CALL INSERT
JF QUOTIENT IS NOT 0 THEN KEEP DIVIDING
LD AH
OR L
JR NZ.CNVERT
EXIT:
LD AMNNGFLAG)
OR A ]
JP P,POS :BRANCH IF ORIGINAL VALUE WAS POSITIVE
LD AV :ELSE
CALL INSERT ; PUT A MINUS SIGN IN FRONT
POS: .
RET ;RETURN

E
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;SUBROUTINE: INSERT

;PURPOSE:  INSERT THE CHARACTER IN REGISTER A AT THE
: FRONT OF THE BUFFER

:ENTRY:  CURLEN = LENGTH OF BUFFER

: BUFPTR = CURRENT ADDRESS OF LAST CHARACTER

. IN BUFFER

.EXIT: REGISTER A INSERTED IMMEDIATELY AFTER

; LENGTH BYTE

:REGISTERS USED: AF.B,C,D,E

INSERT:
PUSH HL :SAVE HL
PUSH AF :SAVE CHRACTER TO INSERT
;MOVE ENTIRE BUFFER UP 1 BYTE IN MEMORY
LD HL,(BUFPTR) ;GET BUFFER POINTER

LD DH :HL = SOUTCE (CURRENT END OF BUFFER)
LD EL
INC DE :DE = DESTINATION (CURRENT END + 1)
LD (BUFPTR),DE  :STORE NEW BUFFER POINTER
LD A,(CURLEN)
OR A “TEST FOR CURLEN =0
JR ZEXITMR .JUMP IF ZERO (NOTHING TO MOVE,
' ; JUST STORE THE CHARACTER)
LD C.A :BC = LOOP COUNTER
LD B0
LDDR :MOVE ENTIRE BUFFER UP 1 BYTE
EXITMR:
LD A(CURLEN) ;INCREMENT CURRENT LENGTH BY 1
INC A
LD (CURLEN)A
LD (HL),A ;UPDATE LENGTH BYTE OF BUFFER
EX DEHL ;HL POINTS TO FIRST CHARACTER IN BUFFER
POP AF .GET CHARACTER TO INSERT
LD (HL),A .INSERT CHARACTER AT FRONT OF BUFFER
POP HL :RESTORE HL
RET

; Title Decimal ASCII to binary
: Name: DCE2BN
; Purpose: Convert ASCII Characters to two bytes of binary
: data
; Entry: Register HL = Base address of input buffer
; Exit: HL = Binary value
if no errors then
Carry =0
else
Carry =1
Registers used: AF,BC,DE . HL
Time: Approximately 152 cycles per byte plus
a maximum of 186 cycles overhead
Size: Program 79 bytes
; Data 1 bytes
DEC2BN:
;INITIALIZE - SAVE LENGTH, CLEAR SIGN AND VALUE

Ve U M me we we ae s e
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LD A(HL) :SAVE LENGTH IN B

LD B,A

INC HL ;POINT TO BYTE AFTER LENGTH

SUB A

LD (NGFLAGD,A ;ASSUME NUMBER IS POSITIVE
LD DE,0 START WITH VALUE =0

;CHECK FOR EMPTY BUFFER

OR B ;1S BUFFER LENGTH ZERO?

JR ZEREXIT JYES EXIT WITH VALUE =0
;CHECK FOR MINUS OR PLUS SIGN IN FRONT

INITI:
LD A,HL) ;GET FIRST CHARACTER
Ccp IS IT A MINUS SIGN?
JR NZPLUS ;NO, BRANCH
LD A,0FFH
LD (NGFLAGN,A :YES, MAKE SIGN OF NUMBER NEGATIVE
JR SKIP ;SKIP OVER MINUS SIGN
PLUS:
CP '+ ;IS FIRST CHARACTER A PLUS SIGN?
JR NZ,CHKDIG :NO, START CONVERSION
SKIP: INC HL ;SKIP OVER THE SIGN BYTE
DEC B ;DECREMENT COUNT

JR ZEREXIT  ;ERROREXITIF ONLY A SIGN IN BUFFER
;CONVERSION LOOP
. CONTINUE UNTIL THE BUFFER IS EMPTY
; OR A NON-NUMERIC CHARACTER IS FOUND
CNVERTI: - :
LD A(HL) ;GET NEXT CHARACTER
CHKDIG: SUB "0’ .
JR CEREXIT  ;ERROR IF <0’ (NOT A DIGIT)

CP 9+l
JR NCEREXIT :ERROR IF >'9' (NOT A DIGIT)
LD CA ;CHARACTER IS DIGIT, SAVE IT

;VALID DECIMAL DIGIT SO
; VALUE := VALUE * 10

. = VALUE * (8+2)

. ={(VALUE * 8)+ (VALUE * ?)

PUSH HL :SAVE BUFFER POINTER
EX DEHL ‘HL = VALUE

ADD HLHL .*2

LD EL :SAVE TIMES 2 IN DE

LD DH

ADD HLHL % 4

ADD HLHL -*8

ADD HL.DE : VALUE = VALUE * (8+2)

;ADD IN THE NEXT DIGIT
; VALUE = VALUE + DIGIT

LD EC :MOVE NEXT DIGIT TO E

LD D, ;HIGHBYTE IS0

ADD HL,DE ;ADD DIGIT TO VALUE

EX DEHL ;DE = VALUE

POP HL ;POINT TO NEXT CHARACTER
INC HL ‘

DJNZ CNVERT! ;CONTINUE CONVERSION
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;CONVERSION IS COMPLETE, CHECK SIGN

EX DE,HL ;HL=VALUE
LD A,(NGFLAGI)
OR A
JR ZOKEXIT JJUMP IF THE VALUE WAS POSITIVE
EX DE,HL ;ELSE REPLACE VALUE WITH - VALUE
LD HL,0
OR A ;:CLEAR CARRY
SBC HL.DE ;SUBTRACT VALUE FROM 0
;NO ERRORS, EXIT WITH CARRY CLEAR
OKEXIT:
OR A ;CLEAR CARRY
RET
;AN ERROR, EXIT WITH CARRY SET
EREXIT:
EX DE,HL ;HL = VALUE
SCF ;SET CARRY TO INDICATE ERROR
RET

Title Multiple-Precision Binary Addition
Name: MPBADD
Purpose:  Add 2 arrays of binary bytes
Arrayl = Amrayl + Array?
Entry: Register pair HL = Base address of arrayl
Register pair DE = Base address of array?
Register B = Length of the arrays
The arrays are unsigned binary numbers with a
maximurm length of 255 bytes, ARRAY[0] is the
least significant byte.and ARRAY[LENGTH-1]
the most significant byte,
Exit: Arrayl = Amay]l + Array?
Registers used: AF,B,DE_HL

Time: 46 cycles per byte plus 18 cycles overhead
; Size: Program 11 bytes i
MPBADD:
;CLEAR CARRY,EXIT IF ARRAY LENGTH IS 0
LD AB
AND A :CLEAR CARRY, TEST ACCUMULATOR
RET Z JRETURN IF LENGTH = ZERO
LOOP:
LD A/(DE) :GETNEXT BYTE
ADC A(HL) ;ADD BYTES
LD (HL),A ;STORE SUM
INC HL ;INCREMENT ARRAY1 POINTER
INC DE JNCREMENT ARRAY?2 POINTER
DINZ LOOP :CONTINUE UNTIL COUNTER =0
RET
; Title 16-BIT Binary Comparison
1 Name: CMPI6
: Purpose: Compare 2 16-BIT signad or unsigned words and
; return C,Z,S flags set or cleared

Entry: Register L = Low byte of minuend
Register H= High byte of minuend
Register E= Low byte or subtralwnd



Register D= High byte or subtrahend
; Exit: Flags returned based on minusnd - subtrahend
; If both the minuend and subtrahend are 2's
: complement numbers, then use the Zand S
; flags,
; Else use the Z and C flags
IF minuend = subtrahend THEN
; 2=1,5=0,C=0
: IF minuend > subtrahend THEN
; 7=0,5=0,C=0
: IF minuend < subtrahend THEN
R 7=0,5=1,C=1
: Registers used: AF,DE.HL
Time: 30 cycles if no overflow, else 57 ¢ycles
; Size: Program 11 bytes
CMPI6:

OR A :CLEAR CARRY
SBC HL,DE ;SUBTRACT SUBTRAHEND FROM MINUEND
RET PO ;RETURN IF NO OVERFLOW
LD AH ;OVERFLOW - INVERT SIGN FLAG
RRA :SAVE CARRY IN BIT 7
XOR 01000000B ;COMPLEMENT BIT 6 (SIGN BIT)
SCF ;ENSURE A NON-ZETO RESULT
ADC AA ;RESTORE CARRY, COMPLEMENTED SIGN
; ZERO FLAG =0 FOR SURE
RET
; Title Muttiple-Precision Binary Subtraction
; Name: MPBSUB

) Purpose: Subtract 2 arrays of binary bytes

] Minuend = minuend - subtrahend

; Entry: Register pair HL = Base address of minuend

; Register pair DE = Base address of subtrahend

; Register B = Length of the arrays

; The arrays are unsigned binary numbers with a

) maximum length of 255 bytes, ARRAY[0] is the
: least significant byte,and ARRAY[LENGTH-1]}

; the most significant byte.

i’ Exit: Minuend = minuend - subtrahend
! Registers used: AF, B.DE HL
; Time: 46 cycles per byte plus 22 cycles overhead
; Size: Program 12 bytes
MPBSUB:
;CLEAR CARRY,EXIT IF ARRAY LENGTH IS 0
LD AB
AND A ;CLEAR CARRY, TEST ACCUMULATOR
RET Z JRETURN IF LENGTH = ZERO
EX DE,HL ;SWITCH ARRAY POINTERS
; SO HL POINTS TO SUBTRAHEND
LOOP2:
LD A,DL) ;GET NEXT BYTE OF MINUEND
SBC A,(HL) ;SUBTRACT BYTES
LD (DE),A ;STORE DIFFERECE

INC DE JINCREMENT MINUEND POINTER
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INC HL ;INCREMENT SUBTRAHEND POINTER
DINZLOOP2 ;CONTINUE UNTIL COUNTER =0
RET

; Title 16-bit Multiplication
: Name: MULI6
g Purpose:  Multiply 2signed or unsigned 16-bit words and
return a 16 bit signed or unsigned product
Answers needing more than 16 bits : bits higher
than bit 15 are lost .
; Mutiply unsigned product maximum 65535 (OFFFFH)
; Entry: Register H = High byte of multiplicand
; Register L = Low byte of multiplicand
Register D = High byte of multiplier
Register E = Low byte of multiplier
; Exit; Product = Multiplocand * Multiplier
g Register H = High byte of product
; Register L = Low byte of product
" Registers used: AF,BC,DE . HL
', Time: Approximately 865 to 965 cycles
; Size: Program 22 bytes
JINITIALIZE PARTIAL PRODUCT, BIT COUNT
MULI6:
LD CL ;BC = MULTIPLIER
LD BH
LD HL.0 ;PRODUCT =0
LD A5 ;COUNT =BIT LENGTH - |
;SHIFT-AND-ADD ALGORITHM
; IF MSB OF MULTIPLIER IS 1, ADD MULTIPLICAND TO PARTIAL
; PRODUCT
: SHIFT PARTIAL PRODUCT, MULTIPLIER LEFT 1 BIT
MLP:

SLA E ;SHIFT MULTIPLIER LEFT 1 BIT

RL D

JR NCMLPI JUMP IF MSB OF MULTIPLIER =0

ADD HL.BC ;ADD MULTIPLICAND TO PARTIAL PRODUCT
MLPI:

ADD HLHL {SHIFT PARTIAL PRODUCT LEFT

DEC A

JR NZMLP ;CONTINUE UNTIL COUNT=0

;ADD MULTIPLICAND ONE LAST TIME IF MSB OF MULTIPLIER IS 1

OR D ;SIGN FLAG = MSB OF MULTIPLIER

RET P ;EXIT IF MSB OF MULTIPLIER IS 0

ADD HL,BC ;ADD MULTIPLICAND TO PRODUCT

RET

KBTABL DB 00H.01H,02H,03H,04H,05H.06H,07H
DB 08H,09H.0AH,0BH,0CH,0DH,0EH,0FH
DB OFH,0EH,0BH,0AH,0DH,09H,06H,03H
DB 00H,08H,05H,02H,0CH,07H,04H,01H
MINASCII DB ‘000’
MAXASCII DB '025 ;SET FOLLOWING MAXCDIAC (EQU)
ERRTABL DB ' OUT OF RANGE '
DB ' INPUTNEW '
DB ' NUMBER '
DPSTART DB 'NO.OOOR. 0 A.Y



MINRATE DW 4
DTIME DB 2280528
DB 228,04,20
DB 189,04,20
DB 217,03,12
DB 189,03,12
DB 167,03,13
DB 228,02,05
DB 207,02,04
DB 189,02,05
DB 174,02,04
DB 161,02,05
DB 150,02,04
DB 140,02,05
DB 131,02,06
DB 124,02,04
DB 236.01,02
DB 224,01,02
DB 213,01,02
DB 203.01,01
DB 193,01,02
DB 185,01,02
DB 177,01,02
DB 170,01,02
DB 163.01,02
DB 157,01,02
DB 151,01,02
DB 146,01,02
DB 141,01,02
DB 136,01.02
DB 132,01,01
DB 127,01,02
DB 123,01,02

TIMADD DW DTIME
NASCII DB 'NAME.'

ORG 900CH
DPBUF DS 2
BUFFER DS 7
KEYBUFF DS 2
ERRFLAG DS 1
CNTBUF DS 2
DADR DS 2
ISRTAB DS 2
BINBUFF DS 2

TCPTR DS 2

DTABL DS DLNG

BUFPTR: DS 2 ;ADDRESS OF LAST CHARACTLR IN BUFFER
CURLEN DS 1 JCURRENT LENGTH OF BUFFER

NGFLAG DS 1 ;SIGN OF ORGINAL VALUE

NGFLAGI: DS 1 ;SIGN OF NUMBER

END
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The lollowing are numbers for the above calculations

8 MHz 10 MHz 12.5 MHz

Min Max Min Max Min Max
input Buller delay 10ns 10ns 10ns
Output Buller delay 10 ns 10ns 10 ns
8 MHz ’ PIO pan CTC pan SIO part

Min  Max Min Max Min Max
TOM(IEQ) . 60 ns 80 ns 120 ns
TSIEKI0) * 70 ns 70ns 70ns
TAIENIEO!) 50 ns 50 ns 40 ns

== TAIEKIEOT) 50 ns 50 ns 40 ns

10 MMz P1O pant CTC pant SIO parnt

Min  Max Min  Max Min Max
TOM1(EO) ' 60 ns 60 ns 90 ns
TSIENIO) 50 ns 70 ns 50 ns
TAIEI(IEON 50 ns : 50 ns 30ns
TAIENIEOTY) 50 ns 50 ns 30ns
12.5 MH2z PIO pan CTC pan S10 part

Min  Max Min Max Min Max
TAMI(IEQ) 50ns 50 ns 70ns
TSIEN(IO) 40ns 60 ns 40 ns
THEIEOT) 40 ns 40 ns 25ns
TAIEWIEOY) 40 ns 40 ns 25ns

Nots [4] (Conbinued)
Wiy Intsrupt kam only a p {iha Z80KIO, these manbers

mmﬂ;!ﬁ\hvlﬁnsmm

For froce delasts aboidt the “280 dasy-chan struchxe”, plase roler tothe
applicauon nole “Z80 Famy Internupt Syuchue,” winch is nchuded n e
280 Deta Book.
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PRODUCT SPECIFICATION

284011/C11

PARALLEL I/0
CONTROLLER

FEATURES

&’ 784C00 280 CPU with CGC, Z84C30 Z80 CTC, tive 8- -
bt parallel ports.

& thgh speed operation (6/10 MHz),
B Low power consumphion i four operation modes:
.45 imA Typ. (Run mode).
6 mA Typ. (Idie 1 mode).
9 mA Typ. {Idle2 mode; Not applicable 10 Z84011).
t pA Typ. (Stop mode).
wWide operational voltage range (5V £ 10%).

® [ 1L/CMOS compatible,

m 784011 leatutes:
- 784C00 280 CPU A
- On-chip lour channet Counter Timer Controller
(Z80 C1C).
- Buii-in Clock Generalor Controlier (CGC).
“- Five 8-bil paraliel poris.
- 100-pin QP Pachkage
- Noise hiter 1o CLK/TRG mputs of theZ8Q C1C

| 784C11 features
« All 284011 leatures.
- Support of Idic 2 Mode.
- Budt-in Watch 1og Twner (WDT),
- Power-on Resel and Reset Extension
- Wan State Generalor
- Simplilied £V Mode Selection
- Crystal 1 wde-by-One Opton.
- Externat Cloch Input Option.

GENERAL DESCRIPTION

Ihe 784011 and /84C 11 Paraliel 1O Conlrollers (PIC) are
CMOS 8-t microprocessors. Ihey are mitegrated withthe
C1C and hve 8-t paraliet ports inlo a single 100-pin OFP
(Quad Hlat Pack) package The 284C11 1s an upward
companbie vession of the £84011 Higure 1(a) shows the
tloch dragram ol Z8401 1, and Figure 1(b) shows the biock
dragran of the /84C 11 Figute 2 has pin assignments 106
both versions  These tugh end superntegrated Paratlel Y
O Controtiers are targeted lor a3 bioad range of apphca-

hons angmg trom embedded conirolier 10 enhancemeny
cost reduchons of easung hardwate using Z80 based
discrele penpherals

Heremnatier. Ihe word IIC on the descnphion covenng both
versions (Z84C 11 ang /8401 1 isused. Use Z84C11onthe
descrnption which apphes only (0 the Z84C11. and use
284011 wiuch apphes only lo the 284011, :
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PIN DESCRIPTION

The pin assignment is shown ip Figure 2. Following Is the

S number, {f staled as *X11", it applies lo both the Z84C1 17
description on each pin. For the description and the pin

Z84011. Otherwise, C11 for Z84C11 and 011 for 284011,

CPU SiGNALS

SignalName  #of Pins

. Pn#

IO, 3-State

Description

A15-A0 16

(29-44)

o

16-bit address bus. Specifies 10 and memory
addresses to be accessed. During the refresh
period, addressés for refreshing are output. The bus
is an input when the exlerna[bus is accessing the
on-chip peripherals.

D7-DO 8

(6-13)

o .

8-bit bidireclional data bus. When Ihe on-chip CPU
Is accessing on-chip peripherals, these lines are set
to output and hold the data to/rom on-chip periph-
erals. . '

/RD 1

(19)

o

Read signal. CPU read signa lor accepling dala
Irom a memory or /O device. Whin ari exlernal .
master Is accessing the on-chip peripherals, it Is’an
‘inpul signat..

(20)

Write Signal. This signal is outpul when data, 1o be
slored in a specified memory or peripheral LSI. is on
lhe MPU data bus. When an external masler is
accessing the on-chip peripherals, it is an Input
signal.

MREQ 9

(17)

Output, 3-State

Memory request signal. When an ellecﬁve‘ address
for memory access is on the address bus,."0" is
outpul. When an external master controls the bus,
this signal is tri-stated.

fORQ 1

(18)

1O request signal. When addresses for /O are

on the lower 8 bils (A7-A0) of the address bus in the
/0 operation, 0" is outpul. In addilion, the 0RO
signal Is output with the /M1 signal at the time of the
inlerrupl acknowledge cycle. This informs peripheral
LS! of the inlerrupt response veclor stale when on
the dala bus. When an external masier controls Ihe
bus, il Is an input signal. '

(25)

[l{e]

Machine Cycle 1" /MREQ and 0" are output
together in the ope-alion code lelch cycle. M1 i§
oulput for every op-code lelch when a two byte op-
code s executed. in the maskable Interrupt
acknowledge cyclir. this signal is oulput together
wilh JORQ. When an exlernal masler conlrols the
bus, itis an input signal.
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CPU SIGNALS
Signal Name #0fPins Pin# 10, 3-State Description
MFSH 1 (26) Oulpu(01 1), The relresh signal. When the dynamic memory re-
. Oulpuy3-State fresh address is on the low order byte on the
(C11) address bus, this pin goes aclive along with IMREQ
. signal.
Note: '

For the ZB4011 the /AFSH Is not ¥i-stated during EV mode.

Nele:

Fa“lﬂ‘:"hmhﬁ-wmwm

Maskable interrupt request signal. hterrupt is
generated by peripherat LSI. 1his signal is accepled
if the Interrupt enable Flip-Flop (IFF) is set to “1°
The /INT signal of the C1C 1s internally wired-OR
without pull-up resistors and requires external pult-
up. The interrupts traen on-ciwp C1C go out trom this
pin

Non-mashable iterrupl request signal Tius
witerrupt request has a wghier prontly than the
maskable mierrupt request and does not tely upon
the state of the Interrupl enabile Flip-f fop (IFF )

Halt signal. Indicates that the CPU has execuled a
HALT instruction. This signal is tri-stated i 'V
mode.

AN 1 (14) 110 (Open Drain)

INMI 1 (45) Input

MALT 1 (16) Oulput, 3-State

MUSRLQ. 1 (23) Input

/BUSACK 1 (21 Oulpul{011),
Qutput, 3-State
(C11)

Noe:

Bus request signal. /BUSREQ requests placement
of the address bus. dala bus, /MREQ, A01RQ. RD
and /WR signals into he lugh wnpedanca stale.
/BUSRHEQ 1s normatly wired-Olt and a pull-up
1esislof s exiernally connectod

Bus acknowledge signal In ms;xmsn]o MUSH! Q

signal, ASUSACK milorms i penphenst 1S st the
address bus. data bus, MHLQ, A0HQ, AN, and
MWH signals have boen placed n ihe Ingh unped-
ance stale.

FamZB‘OHM/BUSACKmIno(bothI‘dM:gEVmFahoZNCHhBUSACwaoIn-swadmeVmodm

WAL 1 (22) input(013), Wait signat WALT infonns ihe C—I;U that speciticd -
W11 memory of penphieral i1s not ready lor dala ttansler,
As long as /WAIT signal is active, MPU 1s continiu-
ously kept in Ihe wail stale
Note: M )

Fot the ZBAC 11, the /WAIT pin becomes an oulput Io bing out on-chip Wait Slate Generator dunng EV mode

CTC SIGNALS

Signal Name # ol Pins Pin #

1O, 3-State

Description

L KARGO - 1 {2-9)
Cln/ING3

7CN0O0 /CNOP3 (97-99)

inpul

Output

t xtemal Clock/tugger npit. 1hese lour Gt K/ .
NG pins correspond 10 lour Coutrter/ luner Chan- |
nels. In the counter mode, each actve cdye

causes the downcounier 10 decremen by one In

vmer mode, an active edge starls the mer tis

prograun selectable whether Iha acuive edge s

nsing or lathng.

/o countiismer oul signat In either tner or counter
mode. putses are oulpul when the down gounlet
has reached sero ihe Counter/ Limer Channet 3
does not have s oulput.

GENERAL PURPOSE 1O PORT

Signal Name # of Pins Pin #

10O, 3-State

Description

PAT-PAY 8 (61-68)

Pi7-P30 8 (69-76)

PC7-C0 8

PO ) (84. 89,

91-96)

PGt 0 7 B8 7

M7 Oy 1 1

PoamIOUT 1 (7)
(U111 Only)

lle}

70}
(Open-cram
170 when
MNDIOUL)

Conerst purpose L,O por (Port A) These hnes are <
contuted as anonpet O an output, L by bl Un
lHeset, seLas “all mpul ™

Genond purpose 11O port (Port 13) These ines ase
configured as an inpul of dan oulpul, tat by b On
Rescel, sel as "ai nput.”

' Goeneral |)urp(;se 1O port (Port C) These kues ae

conbgurcd as an mput of an outpul, Lit by bil. On
Resel, sel as “all Input.”

Ceneri purpuse HO port {Pord D) 1hese fnes are
contigpured as an mpul o Al oulpul, il by Lt On
Hueset, set as “al lnput ™

Geneal purpose O porl (Poit | ) these nes are
conbgured as awnput of an outpul, it by it On
1eset, sel as “alhingu *

General purpose HO pont (ot b 7)1 puoas
conbgured as an mput o an output On Heset, set
as “inpul.”

Porl | 7MwWalchaog Tuner Oulpul (Mutliplexed) Tus
P is conhguied as a watch 1Jog oulpul pun, of 25 a
general PuPOSe L o an output i When Walch
Dogy Tuned s enabled, #tus pn becoines MWD IOUI
regardicss ol the programimng as an 70 porl. and
also becomes an Open-dram oulput, it WDIOUIT s
connecied other than a A3 SET pus, an extenigl pull-
up resision may e requicd On Power-on Hesoet,
e paenas sebas 1™ 7 and “laput
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SYSTEM CONTROL SIGNALS

Signal Name # ol Ping ) Pin# 1O, 3-State Description

IEl 1 (N Input 80 C1C huterrupt enabie put signat. This signat is
used with the ILO 10 lorm an intetupt prionty daisy
chamn when there 1s more than one mierrupt-dnven
penpheral

[1Ze] 1 (87) O*ulp:l-“ T /80 C1C miterrupt enable output signal n the daisy

cham interrupt conkeal, 1t O contruls the mitenupt of

N exiemal penpherals ILOa1s active when it His * 1"
and e CPU is not servicing an intersupt Irom the
on-chip penpherals

MESL i (24) "iﬁ{aﬁﬂu: n Hoget signal MUSH Sinalis ysad |‘|.nhnhz'n;|9
KO (Openrain) MU and other devices i the systeim Also used to
onCit return braem the steady state i the S10P or 1DLL

modes

Nowe:

For the Z81011 the RESET 1s hepl m actve slate ior a panod of al least tvee sysiam clock Cyclus

Nole:

For the 284C 11, dunng the power-up sequence, the /RESET becomes Open-drain output and the 284C 11 will drive thes pin 10 °0” tor 25 10 75 meec
afist he power supply passes vough apprax 2 2V and then revens to XK. 11t receives the RESET signat after prower -on Seguunca, it will dnve
he MESET pn lor 16-processor clock cycles depending on the stalus ol the Reset Output Drsable bt «) the Watch Doy Twner Masier Register 1 fhes
Rasel output 1s disabled, it must be Reptn an active stale fcr @ penod of at was! lvee systarmn clock cyclus Note, that i usig 2B4C 11 m the 284011
sockel, MUKHCaLON mMery be requEsd an the Resst CHcut Lince a5 par re 8 “pare s pin” Gn e 284011 The /RESED s oot NOL have wlernal
pull-up retisturs and requies external puk-up For more detaits of U hucsion, tuter 1o "Funchonal Descripton.”

Signal Name'  #olPins  Pin# VO, 3-State Description

XIAL i {49) Input Crystal usciliato conneehing letninal A pacaliel
resonanl crystahs recomimended 1 an exlerie
cloch source 15 used as an input 1o e CGC uit,
Supply clock ¢oes uio tus ternmnal

Note:

for the 284C 11, & crysial " y o d by the Z84C 11, oscillator and dvice-by-two cuculs are acbvated The sngle phase
clock Gareratod 8 OUtpul on th CLR Pt I the external clock 1 Nt apphed on CLK ey

Signal Name #olPins Ping V0, 3-State Description
XIAL2 1 (48) Outpul Crysial oscillator conneching ternmnal
CLK 1 (5?) Output (011), System Clock
H(Crt)
Note:

Forthe 284011, CLK ptovides Single Phase system clock generated D‘CGC For the ZB4C 11, 1f the clock 1s apphed on this pan, ihe nternal oscilalor
and dinde-by-two crculs aie bypassed. Otherwise, CLK prowides System Clock 1o the system

SYSTEM CONTROL SIGNALS

Signal Name #olPins  Pina V0O, 3-State Description

MS1, MS2 2 (47.46) l Mode select 1 and 2. The moue select input pins.
The status on these pins determine one ol four
power save modes (Hun. Idiet, Iule? or SIOP)

Lv 1 (15) Input Evaluator signal When 1" 1s apphEJ IS this pufi’l(.f

1S put i Evaluation mode For detads, relor 1o
“Functional Description” on EV mode.

Note: .

For lh-an.logmmmmsma.NEdewuhoZWHhloh-mhmbnwodo When lhis sgnal becomes actve, the status of
M1 HALT and RFSH change 10 input When Usng 784011 as an evaivator chp, the CPU is electically discOrninciad afler one nachine Cycle
execuled with the £V sgnal *1* and the /BUSREQ sgnal 0" 1i folklows the hatructions rom the othee CPU (of ICE). Upon recenng /BUSAEQ, A1S.

A0, MREQ, NORQ, MY and WR we changed 10 input and D2-D0 changes Ha dracion. BUSACK 13 NOT vi-stated so it shoud be ducoryecied
by an eaternally connected cecul

Note:

Fat 1he 2B3C11, 10 access on-Clep 1esouces from the CPU (e g . ICE CPU), the CPU i slecincally desconnected, A15-A0, MREQ, AORQ, RD ana
MH are changed to mpu(.Dlmchangumunclu\.Ml.MTmBFSHu-pumm-r-gnnmmhm twEVpniaseiny”
Alwo, BUSACK 15 Urstated

Signal Name # of Pins Pin # 110, 3-State Description
Vee 3 (27. 51, 90) Power +5 Volts
Vo 4 (28, L0 GND 0 volis
77, 100)
1£S1 t (86) Input Test pin. This pin should be hed 1o 0"
Nole:

Tho tullowiny pins have different functons between 28401 § and 284C 11

Pin Name Pina Function

MESET 24 Funchonality 1s different

MWAIT 22 Funconality 18 cifterent n EV mode

Ev 15 Functionality 1s different

PE7 18 (Port E 7) on 284011, PE7//WDTOUT on 284C 11,

BUSACK 2t In EV mode, t-statd on 284C 11, reniauns active on 264011,
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FUNCTIONAL DESCRIPTION

As shown in Figure 1(a). the 284011 has a Z80CPU, C1C,
Clock Generator/Conlrotier and Five 8-bit General Pur-
pose #0s. In addition 10 these, the Z84C11 has a Walch
Dog Iimer, Wail State Generator, and Power-on Resel
cucunt (Figure 10).

Functionally, the on-chip Z80CPU andhe ZBOCTC are the
same as Ihe discrete devices. Theretore, or detailed de-
scription of each individual unil, reler 1o the Product
Specitication/ [ echnical Manyal of each discrele product.

' 1he lollowing subseclions describe each individual func-
tional umt of the PIC.

Z84C00/01 Logic Uni

1he CPU utiil provides alt the capabiliigs and pins of the
Ziog 280 CPU. s aliows 100% soltware compatibility «
wilh axisting Z80 soltware. Reler to “284C0Q1 ZB0 CPU with
CGC* Product Specification.

ZB4C30 Counter/Timer Logic Unit

Ttws logic unil provides Ihe user with four individual 8-bil
Counter/lmer Channels thal are compatibie with the
£84C30 CI1C (hgure 3). The Counter/limers are plo-
grammed by the CPU for a broad range ol counting -and
tming apphications. Typical applications include event
counting, interrupt and iterval counting, and serial baud
rale clock generation,

Each ol the Counter/Timer Channels, designated Chan-
nels 0-3, have an 8-bil prescaler (when used in bimer
mode) and its own B-bit counter 10 provide a wide range of
counl resolution. Each ol the channels have their own
Cilock/Trigger input 10 quantily the counling process and
an output o indicale zero crossing/timeoul conditions.
Nota thal Channel 3 doesn'l have its oulput pin. With onty
one inlerrupl vector programmaed into the logic unit, each
channel can generale a umque inlerrupl vector in re-
sponse to the interrupt acknowledge cycle.

‘ Internal

¥ Control

Logic

—
Daia P L ——= ANT
—V BV%S internal Bu?_> '"ng}‘cp' S
Control < ] —» €0
LL ~N| Counter/ 3 )zro
- Timer
V| Logic K 4 CIRG .

/RESET

Figure 3. CTC Block Diagram

General Purpose VO Ports

1ive P1C has hive 8-bit General Purpose 1/O ports (a tolal of
40 10 ines) Fach ba is contigured as input or outpul
ndividually Figure 4 has the block diagram lor Generat
Purpose 10 ports. Lach port has 2 associated regisiers.
Oneis the Port Data Port, whichiatehes the data 1o the port,
and the other s he Data Drection Register, wiuch dehines
he drection of data ftow tor the individual bits ol ils post.
Wiule Ihe port bilis assigned as output. the contents of Port
Data reqister can be read back through /O instructions.
t of ihe aduresses ol these registers, reler 10 1able 1.

Note: For Z84C 11, Port 7 b 7 is mulliplexed witly Waich
Dog Timer Outpul (WDTOUT). When enabhng the Walch

Dog limer, the WDTOUT is overriding the funclion as an -~

1O port. When used as /WODTOUT, a wite to Port Data
Hegrsier has no cltect on the PL7HAWDIOUI pin, bul
changes the contents of the Port L dala segisier. A read 10
this bit returns the status of the WD [OUT Tor more detads
aboul Watch Dog luncr. reler 1o the “Walch Log Twner™
Section. ..

07-D0 Dala Bus .-
Output Butler
Port .
Data Data Port _D_ vo
Ditection [~ Register PIN
Register —1

Input Control Logic

Figure 4. VO Port Block Diagram
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Wach Dog Timer (WDT) Logic Unit (284C11 Only)

i i i 4C11tas
This logic unit Is being superwtegrated nto the 78
an mgg.ncod feature lothe Z84011. lidelocts an operation
ernfor, caused by the program runaway, and retuns o
normal operation. Figure 5, shows the block diagramol the

WOT Whilo WD is enabled, the signal L 7/MDI0UN
acls as WD10UT, Duning power down mode of operaon
(esther IDLE 172 01 Siop), Walch Dog himer is haited. Upon
Power-on Resel, it 1s disabied.

PE7 4—p
[\—> MUX <——8 PE7//WDTOUT
#F0 —— 1 ‘
wDTP Enable
(Bits 6 and 5)
204 224
. 2%% 384 0% ;
; Q
P 22-Stage Binary Counter FIE
(WDTCLK) ——" for Walch Dog Timer R s
RESET
RESET
DTE
RESET 4EH WRITE w *,
Jd1 I B1iH WRITE
Watch DogTimer
mand
w:g‘gf?g ;:’Te('w%o‘l%n) Master Register #F0 {(WDTMR)
Intemnal Data Bus
Figure 5. Watch Dog Timer Block Diagram
WDT Output (PE7/WDTOUT)

Since the Z84C11 doesn't have a dedicated WODT output
pin, the WOT output is multiplexed with Port E bit 7. When
enabling the Watch Dog Timer, the WODTOUT function
overrides PE? function,

When the WOT is used, the "0" level signal is output lrom
the PEZ/WDTOUT pin atter a duration of time spacmeu.m

the WOTPin the WDIMR. The oulput puise widih is one ol
the following, depending on the PEZ/WDTOUT pin con-
nection,

The PE?//WDTOUT is connecled 1o the MLSET pin- e
"0 level is pulsed for 51cC (System Ciock cycles).

Ihe PEZIWDIOUT s Connected 10 a pin other than the
MESE pny e "0 leved s keptuntl the W:uchl)og hener
8 cleared by soliware, o esety MU SH) pin

CGC Logic Unit

e PIChasacoe {Ciock GcncralorlComrouel) utul. The
PIC allows Crysiabinput (XTAL 1, X 1AL2) or System Clock
Inputon the X1AL P [ has clock divide-Dy-two circuils
and generales hall-speed clock to the input,

284011 Only. Ihe CGCurnnig 101 SUPPOrling “dle 2° mode
ol operaton

284C11 Only. T xternal clock canbe aiso apphed liom CiK
B exiernal clock 1 provided on the CiK pin, the
oscHlatur and the avitie-by-two Cucuit are bypassey On
Power-on Resel, i cunes U divide-by- twy mode Itthe
Crteeiel Cloch o (:!y'_;Llhnj)ml:;plnvu(leduuIIICXU\( s,
the e VSCIALO s useg ARG e Ui e-by-two cucut
1S Activiiled Yepanding upon b ()4 of he WDIMR (See
Progtoiminy u'(]"e.l-clnun Power Downniodes of e d84C11
VAT B On whiothed (he CIOCh IS mput on Jhe XIAL Y g
G CLBR an 1f e Cloch s it on e Crystal pin, ali of
W oot wy "y Sale are avantatle i i@ system clock
Be Lrovaod ioun e ) w o unly the 1L 2 moge s ap-
Pheable (CiCas kepton futining) but the uwernal CPuU any
walch Doy Luner o SO0}

Generating the System Clock

U P 1o o b SN Crcunt ang the required
LnCh g Sty (JoHorgioy tsy Luhnecimy a crystat 1o he
Caletnal ety (X1 AL LXTAL?) Clock outpulss the half

HrCd o he Clock source txaunple of an oscdlalor con-
ECHO IS Lhown i [ igure 6

284C11/011

= T Cyy = 33p/

xtacz \_];_L

Cour = 33pt
_— v

Figure 6. Circuiy Conliguration for Crystal

Z84C11. Clock speedas the sane, o hail, the lrequency
ot the clock source

Recommengoy charactensiicsol the Crystalandihg values
lor the capacior are as lolows, (the values will changa with
Ctystal iequency)

% lype of crystal F undamental, pasalel lype crystal
(Al culis recommendoed),

LI ] fequency tolerance: Apphcation dependent.

8 CUL Load capaciance. /\pprox:malely 22pl. - '
(Accepiable fange 1s 20-30pt.) .

8 f1s, equivalent-senoes resistance: < 60 olvng

B e level 10mW (lor € 10Mi Iz Crysial)
SINW (lor 2 10M 12 ciysial)

® CIN=Coul = 33pt

Power-on Reset Logic Unit (284C 11 Only)

the /84C 11 hag he enhanceq leature of 3 Power-on
Hesel cwcun Duning the power-up Sequeance, the Open-
dram gale of the on-chip Power-on Reset cucurt dnves
MESL pnio -0 10¢ 2510 75 msec afrer the power Supply

pin

it recenes MESE| mput lrom outsige ater the power-on
Sequeiice, and wiile Rese Output Disable it u, Waich
Bog Masier Hegistenis cleared 1o 0" tdnvesine ILSEL
P ior 16 processor clock cycles from the fatng edge ot
externat LSLT mpyy. Otherwise, /RESE | mn musit be
hept i acuve siale 1o apenod ol al teasi 3 System clock
Cycles

It ihere are Power-on respt Circuls outside of i us device,
anve his pin with OPEN-DRAIN lype gales any puli-up ro-
SISIOrs because the /RESE T Snat is dnven low lor ihe
PCHog mentoned above dunng the Powei-on sequence.

dnvers ang they dnve the /i SEt pin 1o 71- durng that
penodq, i May cause damage. in parhiculiar, when using
2B4C11 i e /84011 socker, modihcabon nay be re-
quired on the external resel crcui,
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Wait State Generator Unit (ZB4C11 Ondy)

The 284C11 has the enhanced leature of a Wait Stale
Generalor circuit. itis capable ol generaing /WA signals
10 the CPU internally. The slatus of the Externat /WAI L input
fne is sampled after the insertion of soltware wail states,
excepl the wail staies inserton for Interrupt Daisy Chan
Wait (for this cycle, insertion ol awai staleis comptex) 1he
Wail State Controt Register can be programmed to gener-
ale multiple Wait slales dunng dilferent CPU cycles as
listed as lollows. .

Memary Wait and Op-code Wait

Ihe Wait State Generator can put 0 1o 3 wail staies in
memory accesses, Additionally, one added wait state can
be mseried dunng an/M1 (Op-code felch) cycie, because
/M1 cyclgs’ timing requirement i§ tighter than mermory
Read/Wnite cycles. It generates wan stales 10 the Memory
Accessinaspecihed agdressrange, whichis programmed
in Memory Waji Boundary Regisier.

VO wan

the Wart State Generator can pul 0, 2, 4 or 6 wail stales 1o
0 accesses. Regardiess of the programmung of this held,
no O wail states are inserled lor accesses 10 on-chip
peripherals,

Interrupt Vector Wait

Dunng Interrupt acknowledge cycle, the Wait Stale Gen-
eralor cannser! one wait state after /IOHQ goes aclive, 10
exicnd the bme between 1010 tall to vecior letch by CPU
It allows a slow veclor response device.

Inferrupt Daisy. Chain Wait

and RET! Sequence Extension

Duning titerrupt acknowledge cycle, the Wan State Gen-
cralor cannsert 0, 2, 4.or 6 wail states between M1 faling
1o the AORQ faling edge. 1his extends the tune required 1o
settle the daisy chain. Itus atso aliows alonger daisy cham
Further, this field controls the number ol wart siales in-
seried during RETH (Return From interrupt) cycle If speci-
hed lo inserl 4 or 6 wail slales during intertupt Acknowi-
edge cycle, he Wait State Generalor aiso nserts want
states duning the RET) teich sequence. This sequence is
generaled with two op-code letch cycles (Op-code is FDh
followed by 4Dh) itinserts 2 or 4 warit slates, respecuvely,
il op-Code tollowed by EDh 1s 4Dh. One wait state if the
lollowing op-code i1s not 4Dh,

Other Functional Features (Z84C11 Only)

For more system design flexibility, the Z84C11 has the
following unique features. These leatures are controlled by

WOIM# (Waich Dog Master Register, AddressF Oh) For®

more delails, reler 10 "Programming section

8 Ciock Divide-By-One option
® fieset Oulput Disable
8 Conirol Register intiahze Option

Clock Divide-by-One Option

Hus leature 18 progranuned through il D4 of WDIMI
Upon Power-on Reset, the Clock trom on-chip CGC is
passed thiough a divide-by-two circunl By settng tius it
to one, the dvide-by-two circuil is bypassed so thal the
syslem clocks equal 1o XTAL wput. I the clock s apphed
tothe CLK pin fraen external clock source, Ihe stalus ol tus
s ignored Upon power-on resel. s cleared o 0 § or
delails, refer (o “Programumning” seebion

Resel Output Disable

ltus leature »s programmed by B D3 of WD ITMIY 1 1ins b
iscleared (0 -0", the /I SI § pinis driven 10 “0” ot 16 clock
cycles krom ihe fating edye of AILSE | mput s icatute
is lof the cases where MI-SE | is used 1o get out fram the
“HAL T state | this it has been sol 10 one, he on-ctugpy
feset crcull will not dnive the MESET pin except duning
power-on sequence

Control Register Initialize Option

[tus leature s programmed by B 02 oL WD IMIT Has ti
deleanmes whether of 6ot 10 iliaze Systmn control
regisiers fouuhal value on/HESH 1 Anweat apphcation fon
using the Walch Dog smer

Evaluation Mode

the PIC has a budi-in evaluation (o developiment) inode
leature which allows Ihe uscrs 1o ulive standard /80
developiment syslems convemmently  Hus mode vituitly
replaces the on-clup 280 CPU withs the exteral CPU
thus mode. the on-chip CPU 1s olecincaily disconneciod
from the mternal bus and all tr-State SIS 15-A0, 07-4X)
MBEQ,N0RQ, A0, WR MIAL L MY (ot G AN SHand
/BUSKHF Q) as well) as they are ti-staled, o chiangod to
mput. Hhis allows ihe development sysiem CPU 1o ke
over and use the internal /O regisiers ol the PIC (ke e
CPU was on-ctup)

284011 Only. When Ihe LV pinis active.the /ML and /1IAL |
pns are put m the tigh-mpedance stale n usny Ihe
484011 as an evaluator chup, the CiU 1s electncally
disconnected (pul in ngh-knpedance state) alter one
machine cycle s executed with ihe |V signal bemg ™ 1" and
the BUSRIQ signat being “0" Ihen, on-clup resources
are accessed lrom outside /BUSACK and A1 S swe
disconnected by an exicinally connecied cucint

»

284C11 Only. if the EV pin is bed 1o Vcc on power-up, the
Z84C11 enters inlo an evaluation mode. in this mode, the
internal CPUis immethately disconnected from ihe internal
bus and all tn-state signals hisied above, and /BUSACK
and MFSH signals are tri-stated, or changed loinpul. Note
that the WAIT pin became the QUIPUT pin in £V mode,
and Wait Stale Generator generates wait stales only as
programmed 1 the target apphcat:on board has a sepa-
fate wail stale generator, modihcation ol the largelmay be
required.

The 284C 11 acts hke regutar operalion where the MUSREQ
signal is asserted by an external master flus causes alt
Iri-state signals 10 be tri-stalea by the Z84C 11 atier one
clock delay For this case. MFSH, /M1, MHALI and
/BUSREQ remain active. 1he BUSREQ approach was not
used for the evaluabhon mode Itis avoded sigalicant
exlernal circuitry 10 work around the me penod belore the
external CPU uses ihe bus lor the 284C11 accesses.

PROGRAMMING
VYO Address Assignment

The PIC *s un-chip penpherals’ 110 addresses are histed in
Tavle 1. Yhey are tully decoded Irom A7-AO and have no
wmage. The registers with Z84C 11 iocated al I/O Address

EEN, ETh, FOh and F1h conlrol enhanced fealures lo lhe
Z84C11, and are not assigned on 284011,

Table 1. VO Control Register Address

Address Dewvice Channel Register
10h C1C Ccho Control Regisier
I'Ih cic Ch1 Control legpster
20 cic Ch2 Contol Regpster
13n CIC Ch3 Control 1egisior
50N PIA Port A Port A Dala Port (PADIPY
54h PIA Pon A Port A Daia Duection Regster (PADR)
S5ih PiA Port B Port 3 Data Port (PB3DP)
55h PIA Port 3 Port 13 Lala Direcuon Register (PBI)
“2h PIA Port C Port C Dara Port (1'CLN)
56h PIA Porl C Porl C Dala Diection Hegster (PCOIY
30h PIA Porn D Port 1) Data Pod (PDP)
34h PIA Port O Port D Lata Drection Hegister (POINRY)
A0h Pia Pon € Pori 2 Data Porl (PEDI)
44h PIA Pon g Pont E Data Direction Registor (PEDR)
1on woT Waich Dog lwner Master Register
(WLITMIR: Not willhy Z784011)
Fin wDI Waich Dog timer Control Regsier
(WDICR; Not wilh 28401 1)
EEn Misc System Conirol Regrsier Pouter
(SCRI?, Not with 28401 1)
EFn Misc

System Coniroi Data Port
{SCDP. Nol with /8401 1)
1vougts SCRP ang SCD#?
Conirol Hegrster 00 - Wait Stale
Conirot register (WCR)
Contiol Regusier 01 - Memory Want stale
Boundary Register (MWL)
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CTC Control Registers

For more detailed inlormation, refer o the CIC Techmnical
Manual.

Channel Control Word

This word sets the operating modes and parameters as
described below. Bit DO is a “1” to indicate that this is a
Control Word (Figure 7).

|o7]os[os jos fosfo2{os [ o]

Figure 7. CTC Channel Control Word

BR07. interrupi Enabie 1his bit enables the miterruptiogic
S0 hat an imernal INT can be generaled at zero count
Interrupls are programmed in either mode and may be
enabled or disabled al any time

Bit D6. Mode Bx This bil selecls either Timer Mode o
Counter Moge.

Bit DS. Prescaier Faclor This bit selects he prescaler
tactor lor use in the ymer mode Either dvide-by-16 or
Givide-by-256 is available.

B#t D4. Cloci/Trigger Edge Setecior. 1tus it selects the
acuive edge of the CLK/TRG input pulses

Bit DA. Timer Trigger. Tius bit selects the ingger mode for
umer operaton. Either automanc_of exiernal tngger is
selected.

Bit D2. Time Constant. This bil indicates thal the next word
programmed is time constant daia for the downcounter.

Bit D1. Software Reset. Wnting 1 10 this bil indicales a
soltware reset operation, which slops counting activiies
unlil another ime constant word 1s writlen.

Time Constant Word
Belore a channel slarts counting, it must receive a time
constanl word. The twne conslant value is anywhere

between 1 and 256, with “0” being accepted as a count ol
256 (Figure 8)

(o7 o os [oe s [ o201 [55]

|
T

1c2

TC3

1C4

Figure 8. CTC Time Constant Word -

Interrupt Vector Word

itone ormoie of the C1C channels have merupt enabled,
then the Interrupt Vector Word must be progranvned. Only
the five most sigrhicant bits ol tis word are prograrmimned,
and it DO must be "0 s D2-D1 are aulomalically
moudiied by the CIC channels whien it responds witly an
wniereupl vector (f sure 93

o7 mlos]oa]o:[m]m[ﬁ]

Figure 9. CTC Interrupt Vector Word
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PIA Registers

Port Direction Registers .
The P1A porls can be conligured tor any combination of
mput and output bits. he direction 1s controlled by wnting
10 the Poit Diection Registers (PADR, PBDR. PCOR,

1" i i incicates that
PDDR. PEDR). A ~1" writlen 10 8 bit posmof\
ihe respective bilis an Output. AR bits are inputs on reset. s
Trus regster 18 wite only (Figure 10).

EEEERREE

L______— 0:Sew Baw gt L
1:Sems 8110 Ouput

Figure 10. Pont Dlrection Register

Port Data Port )
ltns regisier holds the gata 1o the port bit assigned as
outpul Hholds Whe dala unti modihed by me‘CPU. Hihe b
is assighed as an output, a read to this register gives the

7 Pslpslmlm[%]"‘["ﬂ

curtent value on the porl pin, of reads back the contents ol
thus register (Figure 11).

I__.___——RM

PEDP (C13 ondy Addrens:40n)

(R

|

AW

When Toner PE?

When Waichdog Timer i Enedied:WOTOUT
Reat Only)

Figure 11. Port Data Port !

\?Intinq a Port Data Port. 1 ihe bit location is ass:gned'as an
nput, A wiile (0 the bit location, assigned as an input,
changes the contents of the Port Data Port Regrsier without
atlectng the porl's operation

1 i Lt loCalion 1s assigned as anoutpul Awnle tothe it
ocubi, assigned as an oulput, laiches the data nto e

Port Data Port register, and the content of the register is .
output on the pn.

i : i Waich
Z84C11 Only. It Poit € bit 7 has been assigned as
Dog hmer Oulpul (WDI10OUT). a wnie o PET tocation will
not change the status of \he PE7, bul changes the bit 7ol
PLDR




Roading a Port Data Port. It the bi i
Dit location is assi
an input, a read 1o the bit location, assigned as gg?r?p?l

reads (he data on the port directly Th
e
Data Port Regesier are not cnangeu contents ofthe Port

Hihe bitis assigned as an oulput. A read 10 the bit location

ig
. ck the contents of the Port
assigned as an oulput, reads ba [t t

%c]t :n Only. It Port E bit.7 has been assigned as Walch
er Output (/WDTOUT), a read to PE7 iocat
feturns the status of WDTOUT. o

(\s mentioned above, a wrile 10 the bit location assigned

input, willnot aflect the port's operation When changing ?l:

g:)lge pl;)‘ :):L;::'l frominpul, wrjte data to be output into por}

g lnere programming D_ala Direction Regisler 10
L € may be a glitch in the port pin.

Watch Dog Timer Control Registers (ZB4C11 Only)
There are lwo registers 1o conlrol Watch Dog Timer opera-

tions: Waich Dog Timer Master |
Register (WD R
Address FOh) ang tho wDT Command nognglor (‘xg!(;,l?

Read'Write

11O Addtess F 1h), Waich Dog limet Logi

/ \ ogic has a ~
mds:;uclure 1o prevent tha WDT disabling enord:‘f‘ng
oo ad to WOT operatioh stop page due lo progiram
v O(a’:ay‘ Also, these rogislers program the power-down
l of operation. The “Second Key"” is necded w
urning oft the Watch Dog Tamner. o

Emm% the WDT. The WDT is enabled by selling the WOT
o D((zs it (D7'WDIE) o “17 and the WD Periodic heid
.D6:WDP) 10 the desired ime penod these com-

mand bits are in the Walch 1i
(WDTMR; 10 Address FOh). Dog e sismredsiar

Disabiing the WDT. The WDT s .
- s disabled by cle
Enabte bil (WDTE) in the WDTMR 100" 'oll;wedat‘;:/‘ mﬁ;

“Bih" 1o the WOT Cor
dress Fth). mmand Register (WDICR, /O Ad-

Clearing the WODT. The WD i
~4Eh" nto ihe WDICR. can be cleared by writing

Watch Dog Timer Master Regis
lor
(WOTMR; I/O address FOh)

Trus register controls the
activties of th Log 3
and syslom lunclions (Figure 12). PR X7

bﬂili}olo]ollltlw.,mp_.mﬂ“q

| J A |

Contol Register tnitsitze Opian
1. nssab 7o only on Power-on Reset
0 itialize on Resst Al

Clock Drvide by One
1 Clock s Divise- by One
0: Giuch in Oivite- by Two

Timer Pertod (WO TP)

Tece2 18
Tecaz !
Tece2 3
Tec2

--0cf
-o-oR

9 Timer Enable
;.Emu..wor

- Cheabte WOT (Fallow:

w WDICM) ! =dby Bih

Figure 12. Waich Dog Timer Master Register

A
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B D7. Watch Dog Tither Enable(WOTE). Trus bil conuols
e aclivities of Waich Dog Timer. The WDl s enabled by
setung Whis b 10 "1" To disabie WD1, whte "0 10 this il
{otiowed by whiling “B1n" nthe W1 Commanad Regisiér.
waich Dog 1imer LOgic has a “double key" struciure o
prevent the WO aisabling etror which may lead to WDT
operation slop, page. due lo program runaway. Upon
Power-On Resel, this DILiS cleared 10 "0" and the WO1 is
disabled.

Bit D6-D5. WDT Periodic held (WDTP). This two bit field
deteanines the desired wne period. Upon Power-onfesel,
s beld s setto “117 and the'ume penod 1S (YcC x 222).

00 - Penod is {1€C x 2')
01 - Period ss (TcC x 2'®)
10 - Penoa is (1¢C x 2%)
11 - Peniog is (1cC x 2%)

8it D4. Clock Divide-by-one option. “0"-Disable 1-en-
abie. On-chip CGC unit has a dwide-by-two cucul. By
seling tlus itloone. \his circuitis bypassed and clockon
CLK pinis equal to X 1AL osciflabon trequency (of external
clock nput ont the XTAL Y min) This bit has no etlect when
e on-ctup CGC unit 18 nol i usé ang external sysiem
clock 1s led froimn CLK pin Upon Power-0n rasel, thus DILIS
cleared to 0" and the clock is divided Dy two

Bit D3. Resel Output Disable. -0"-Resel output is enabled.
-1-11esel oulpul 1s disabled This bit controls the /RESE T
signal and 1s driven out when MESL T inputis used to1ake
Ihe Z84C 11 outol Ine -H4all” slate iherescipulsels driven
out lor 16-clock cycles lrom e tating edge of MRLSE]
mput, uniess s pitisset. Upon Power-onrescl. this bitis
cleared 1o "0°

Bit D2. Conlrol Register mnahize Option "07- limtiahse
contro! registers on Heset: 1°- utialize conol regisiers
only on Power-on Reset D2 delermunes whether 10 hal-
17¢ system conttol iegisiers o wnbal vatues on MCSLY 1
s bt s cleared v O, contents ol contiol regusters ane
untiahized a/it SUL s i setlo 1, contents ot contiol
registers are nuiahized ONL Y on Power-on ftesel (mLsti
will not uubahze the conlrol registers). Upon Power-on
Heset, tus titis cleared 10 °0°

Bit D1-DO. lHeserved. 1hese two bils are reserved ang are
pogrammed as -11° Arcad o these bils felurns 1

watch Dog Timer Command Register -
(WDICR. WO agaress F1h)

1n conunction with the WDTMR, llus regisier works as
-gocond Key" tor the watch Dog limer. (tus registel
wiite only (kigure 13).

wrie B1h alter clearing WOTE 10 -0" - Disable WO!
"Write 4En - Clear WOT

WOTCR (Wette Oriy)
o7 mlm[mlm]m]unm

1 e ) ¢ © O 1

{B1h) - Disable WOT
(Aier Clearng WOTE}

. (4EN) - Clear WOT

o t+ o 0o 1 1 ¢ ]

.

Figure 13. Walch Dog Timer Command Register

Registers for the Wait State Generatod

{The totiowing registers are not avaiable on Z84011).

a
is

1hete are two inguectly accessiule registers W progeun
wai siales; wai State Control flegister (WCH, Control
flegisier O0h) ang Mamory wan 13oundary Regision (MWW},
Control Hegister 01h) 1o access QS 1eyslans, 784011
wiiles “regisier numbet 10 be accessed” 10 the Syslom
Control Hegister Ponter (SCIRP, 11O address Ch), ang
\hen accesses e laigel regisiet rough System Conlidl
Data Port (SCOP, 1O adgdiess 1 £h) ihe pouter wluch

writes mito SCHP 1s hept untit inodihied.

System Contro! Register Pointer
(SCHP, YO addiess rLny

s regsier stres the ponier 1o access WCH and MW

11us registen 15 Head/wole and it holds the powites value
untitmouihied Upon Power-oi resel, all bnts iwe cleared 10
sero. 1he pomtes value othet than 0O and O1h, s reserved
and not wiittan Upon Power-0n 12§et. Hus regisiernss sello

QU atd puinis 1 WCH (hgute 14)

SCRP (Read/Vrie)

o7 00
molololololol_olwmmmmm
T o o o0 0 0 0 O (00 Pamiowch

0 2 0 0 0 0 O 1 (O PomwMwER

Figure 14. System Contro! Register Pointer
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System Conwol Data Port
(SCOP, IO address EFn)
Ttus regisler accesses WCR and MWBR (F igure 15)

SCOP (ReasWWte)

LLITTTTT]
L .

he
Pointed by SCPR

Figure 15. System Control Data Port

WCR (Read/Write)
or

nannooon)

LLI°I°I°

Walil Stale Control Register
(WCR, register number 00h)
Tius register accessed through SCDP with the pointer
value 00h in SCRP (Figure 16). Lo mamtain compahibilily
withthe 284011, the 284C 1 1 nserts the maximum number
ol wait states (set all bits ol this register 10 one) lor sixteerny
M1 cycles alter Power-on Reset. It auvlomancally clears the
contents of s register (move 10 no-wart stale inserion) on
the traihng edge of the 16th /M1 signal uniess sollware has
programmed a value. If automabtc wail stale insertion is
needed, the wait stale Is programmed willin this tine
penod. A read to WCR during this period will mlum Fih,
uniess programimed

\ 16 - Mt CW-AMPMQMUM-PW-!M
nonn!
J

O No Waa Stale
t Two Weh Stales
0 Fow Watt Sintes
1 Sia Wed Sisies

Mamory Wan
No Was Siste

[

1 One Wad State
O Two Wan States
1

o
[
1
1 Thiee Wat States

e Op-cde Futch Extensan

0 No Admonal Was On
Op-Cade Feich Cycle

1: A0d | More Wat 1o
Op-Code Fewh Cycle

inerrupt Veckr Welt
0. No Wast

1: One Wat Swaie

--0c0
~o-0

Wterrupe Damy Chasn Wait

intenupt HETL
Achnowiedge Cycle  Cyule

0 Waa tiale 0 Wad Stale
2 Wast Sistes 0 Waa Siate
4 Wart Siates 2 Wat Siates
6 Wan Blaiew 4 Waa Slales

Figure 16. Wait State Control Register
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The Wait State Control register has the lotlowing fields:

B# 7-6. inlerrupt Daisy Chain Wait. This 2-bit field specifies
the number of wait states to be inserted during an interrupt
Daisy Chain settle penod ol the Interrupl Acknowledge
cycle. Which means IORQ goes low alter the setthng
period from /M1 going active. Also, this tield controls the
aumber of wail states inserted during the RETI (Retum
From Interrupt) cycle. If specified 1o nsert four or si1x wait
stales during Interrupt Acknowledge ‘cycle, the Wait State
Generator also inserts wait slates during the RET! leich
sequence. This sequence is formed with two op-code
letch cycles (Op-code is EDh loiowed by 4Dh). It insents
one wail state if op-code lotiowed by EDhis NOT 4Dh, and
nserts two or lour wait stales, respecuvely, if ihe lotlowing
op-code 1s 4Dh,

Interrupt Acknowledge RETI cycle
00 - No Waul states No wail stales
01 - 2 Wai states NoO wail states
10 - 4 Wait stales 2 Wall states
11 - 6 Wail states 4 Wail stales

For sixteen /M1 cycles lrom Power-on Reset, bits 7-6 are
set 1o "117 They clear 10 “00” on the Iraiing edge of the
16th M1 signal unless programmed.

Bt 5. Interrupt Vector War. While this bil is set o one, the
wail slate generator inserls one wail state aller the IORQ
signal goes active during the Interrupt Acknowledge cycle.
Tius gives more ime for the vector read cycle. While ltus bit
is clear 10 zero, no wail stale 1s inserted (Standard timing).
For sixteen /M1 cycles from Power-on Reset, thig bitis set
10 “1.” it then clears 10 0 on the Iraiing edge of the 16th
/M1 signal, unless programmed.

Bit 4. Op-code fetch Extension. it this bitis set 1o "1", one
aduitional wanit stato 18 nserted duning the Op-code felch
cyClen aduition 1o the numbes of wait stales programmed
n e Memory Wail lield. for sixleen M1 cycles trom
Power-on Heset, this bitis set1o " 17, thenclear 1o 0" on the
rahng edge ol the 16th /M1 signal, unless programmed.

Bit 3-2. Memory Wail siates. Thus 2-bit ield specifies the
number of wail states inserted dunng WO transactons.

00 - No Wait states
01 - 1 Wait slates
10 - 2 Wail stales
11 - 3 Wait states

For sixteen /M1 cycles lrom Power-on Reset, these bits are
set10 “117, then cleared to “00” on the trailing edge ol the
16th M1 signal, unless programmed.

Bit 1-0. /O Wait states. This 2-bil held specifies the number
of wail stales insertéd during /O transactions.

00 - No wait states
01 - 2 Wait states
10 - 4 Wait states
11 - 6 Wait states

For sixteen M1 cycles lrom Power-on Reset, these bits ate
setio “11", then cleared 1o "00" on the trating edge of the’
16th M1 signal, unless programmed. For the accesses 10
the on-chip YO registers, no Wait slates are inserigd |
regardiess of the programming ol this held.

Memory Wait Boundary Register

(MWBR, register number 01h)

Thus register specilies the address range io insert memory
wait slates. When accessed memaory addresses are within
this range, the Wait State Generator inserts Memory Wail
Slates specitied in the Memory Wail field in WGR.
(Figure 17).This reqister controls the Memory Wait inser-
tons only for normal Memory Read/Wnte and Op-Code
letch cycle.

MWBR {Read/Wrs)
o7 Do

CT LT To o] ] omen o

I———— Memory Wet Low Boundery

Specifes Lower

Aciress (A15-A12) by
Mamaory Wall irserson
Semory Wt High Bosndary
Speches High Bownaery
Axsrens (A15-A12) tor
Memary Wast inserson

Figure 17. Memory Wait Boundary Register

Bit 07-D4. Mornory Warnl High Boundary. This heid speci-
hes A15-A12 ol the upper avdress boundary Ky Memory
wal

Bit D3-00. Memory Wait Low Boundary. Thus hetd specihes
A15-A12 ol ihe lower address boundary lor Memory wail.

Memory wait states are inseried lor the address range:
(D7-D4 of MWBR) 2 A15-A12 2 (D3-DO of MWBR)
This tegister 1S sel 10 "FON™ on Power-on Aeset, which

spectfies the address range for Memory wait as "0000n 10
FFFFR"
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OPERATION MODES

There are lour kinds ol operalion modes available for the
PIC in connection wilh clock generation; RUN Mode,
IBLE /2 Modes and STOP Mode.

The Operation mode is effective when the halt instruction
executes. Restart ol MPU from the slopped state under
IDLE1/2 Mode or STOP mode is elfected by inputting

either RESET or interrupt (/NMI of /INT) The mode selec-
tion of these power-down modes is made Dy two external
pins (MS1/MS2).

Note: 784011 is not supporting IDLE 2 mode of operation.
Do not use the MS 1/MS2 combination of 0 1 with 284011,

Description at HALT State

The PIC continues the operation. It CLK is an output,
it supplies clocks 10 the outside, conlinuously.

The internat oscillator's operation is conlinued and
supplies clocks to the outside, conlinuously. Clock
output {CLK) (and internal clock 1o the C1C and the
Watch Dog Timer) is slopped at "0" level of 14 state
in the halt instruction operation code tetch cycle.
This mode 1s not supported with 784C 11 when
externat clock is apphed 10 the CLK pin.

The internal oscillator and the CIC's operation
continues. H the CLK pin has been selecled as
oulpul, it supphes clock to the outside continuously.
But the internal clock to the CPU and the Waich Dog
Timer i$ stopped al “0” level of the 14 stale. This is
in the cycle immediately alier the halt nstrocton op-
code letch cycle. This mode 1s also vahd when
external clock 1s apphied o the CLK pin.

All operations of the internat oscifiator, clock (CLK)
oulpul, internal clock lo the CIC, and 1he Walch
Dog Timer are stopped at he “0” lovel o the 14
state  Thisis i the cycle unnediaiely atter the haht
instruction op-code letch cycle.

Operation Mode " Mst MS2
RUN Mode 1 1
IDLE1 Mode 0 0
IDLE2 Mode 0 1
(C13 Only)
SIOP Mode 1 0
1
1
.
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Table 2. Device Status in Halt State
{When clock is supphed by on-chip CGC unit)

i Tabie 2),
011 Only. All operating modes, excepl IDLE 2 (
are vahd with Crysial Input (Crystal connecled between
XTAL1/2 or external Clock nput on XTAL 1)

j i ahg with
C11 Only. All the operating modes in Table 3 are v:
crystal input (Crystal connected between XTAL1/2 or ex-
ternal clock input on XTAL1). For the external clock.m the
CLK pin, only the IDLE2 and RUN modes are applicable.

Mode CGC CPU CTC WDT CiK Note
ILENY (o] X X X X

IDLE2 O X (o] X [¢] (W]
STOP X X X X X

RUN (o] (o} o [0} o}

O: Operating

X Stop

Nots:

(1] Not supporied on 011,

TIMING

Basic Timi

i laced
Ine basic tming 1S explained here with emphasis p
on the halt lunction relative Lo the on-ctup Clock Generator.
Ihe lollowing sems are identical 1o those for the Z84C00
t o delails, reler to the data shieet of the Z84C0O0.
® Operaton Code Fetch Cycle
» Memory Read/Winite Operation
& input/Oulput Operation
| us Hequest/Acknowledye Operation
8 Maskable Interrupt Request Operation

u  Non-Maskable Interrupl Request Operation

® jieset Opetation

Operation When HALT Instruction is Executed

when the CPU letches a halt instsuction n ihe op-code
teich cycie, /HALT goes active (Low). This s in sync!vo—
nization with the faling edge of T4 siate betore the periph-
etalLSI and CPU slops the operation Alier this, the syslem
clock generation ditlers, depending upon the operation
mode (RUN Mode, IDLE 1/2 Mode or STOP Mode), Il the
internal system clock is running, the CPU continues 10
execute NOP mstructions even in the halt state.

RUN Mode (MStal, MS2=1)
Shown in Figure 18 15 the basic vming when the had
mnstructon is execuled in RUN Mode.
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; M1Cyde _ | M1 Cycle o[ M1 Cycle
o T4 T T2 13 T4 | T T2 T3
CLKOUT \ l l l | . L.
MALT
M1
HALT OP-Code|
FeichCycle NOP Execution

A NOP Execution
|

Flgure 18. Timing of RUN Mode
(AL Halt Instruction Commang Execution)

In RUN Mode, internal sysiem clock (3) and clock output
(CLK) continues even alter Ihe haltinstruchion is executed
Therelore, untll the halt staie is released by the interrupl
signal (/NMI or INT) or MESET signal, MPU continues lo
execule HALT instructio (internaity executing NOP
instructions). .

IDLEY Mode (MS 1«0, MS2a0)
Shown in Figure 19 is the basic liming when the halt
instruction s executed in IDLE 1 Mode.

T4
CLKOUT I I {L
 }J
2
{Interna}
System __r_l\ MPU Operation STOP
Ciock) —ff—
MHALT lf (l
—
M1 '1'
HALT Instruction Operation

Code Fetch Cycle )

-

Figure 19. IDLE1 Mode Timing
(At Halt Instruction Execution)

InIDLE 1 Mode, the internal oscilator conlinues 1o operate,
but system clock (@) in MPU and clock oulput (CLK) is
stopped al T4 Low state ol HALT instruclion execulion
1hen akl components in the MPU stop their operation. This
mode 15 not supporied when the CGC unit is inactive and
the exiernal clock 1s led from CLK pin.

T4

IDLE2 Mode (C11 Only; MS1=0, MS2a1)

Shown in Figure 20 is the basic timing when the hat
nstruction 1s execuled n IDLE2 Mode. Thus mode 1s nol
supporied on 011, and not with C 11 when external clock
is applied onio the CLK pin.

ewour | | | L [ 1]

{imernal
System

L ro

CPU Operation STOP et

Clock)

L

MHALT

P24

{L.

LY

M1

HALT Instruction Operation
Coda Fetch Cycle

[

Figure 20. IDLE2 Mode Timing
(Al Halt Instruction Execution)
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In IDLE2 Mode, ihe internal osciltator, ctock 10 CIC and
clock oulput (CLK) 1o the outside of Z84C 1 1, continues 10
operaie. System Clock (@) inthe Z84C111s stopped al the
T4 Low stale of HALT instruction execution. Then the CPU
and Waich Dog Timer stop their operation.

STOP Mode (MS1w1, MS2=0)
Shown Figure 21 is the basic liming when the halt
nstruchon i1s executed in STOP Mode.

T T2 T3 T4
CLKouT | I l I I I I I I CLK Output STOP
]
(intemal
System I I | | I I | L\ MPU Operation STOP
Clock)
THALT

S N

L HALT Instruction Operation

-

Code Fetch Cycle

=

Figure 21. STOP Mode Timing
(Al Hat Instruction Execution)

1

In STOP Mode, the on-chip CGC unilis stopped al T4 Low
stale ol HALT insiructon execution. 1herelore, Syslem
Ciock () m the 1PC, operation ol Watch Dog imer, CPU,
C1C and clock oulput (CLK) 10 the outside of the IPC are
stopped.

Release From Halt State

1he hali state ol the CPUis released when “0"1s nputtothe
/RF SL T signal and the MPU\1s reset of an interrupt request
1S accepted. An interrupt request signal is sampled at the
leading edge ol the last clock cycle (14 state) of NOP
instruction. In the case of maskable nterrupt, inlerrupl is

HALT instruction
Execution 1

NOP instruction Execution

accepled by an active /INT signal ("0 leve!). Also, the - :

interrupt enable fhp-tiop is set o “1” The accepted iver-
fupl process s started irom ihe next cycie.

Furiher, when Ihe nlernal system clock is stopped ({OLI 1/
2 Mode. STOP Mode), it is necessary tust 1o restarn the
internal system clock. The internal syslem clock 1s rg-
slaned when /RESET or interrupt signal (/NMi o IN{) is
asserted.

RUN Mode (MS1, MS2=1)
The hall release operation by acceptance ol interrupl
fequest m RUN Mode is shown in Tigure 22.

Interrupt Process

M1

le
|

]

T1 T2 T1 T2 T3 T4 Tt T2
L LML T ML L rLror
Y 4 T4 T T2 it 12 13 T4 T1 T2
(internal —-l I_-] I'—l I-—-l r—‘ ’—I r——] [——l I——l r—l r—
System
Clock)

(t
M & T
S b e CPU internal
1 Laich for NMI
'
P )
M1 7 '
I 1 I
. '
Interrupt Sampie Timing

Figure 22. Hait Release Operatlon Timing
By Intersupt Request Signal In RUN Mode




In RUN Mode the internal system clock is nol siopped 1t
the interrupt signal is recogmized on the nising clock edge
ol 14 ol the coninued NOP nstruchon, the CPU will
execule the mlerrupl process lrom the next cycle

Ihe halt release operation by reseting the CPU in RUN
Mode is shown in Figure 23. Alter Resel. the CPU exccutes

HALT Instruction
Execution

T4

an nstruclion starung trom address 0000 1. | lowevet, in
order lo reset CPPU, it is necessary 10 keep ALSET signal
al "0 for at teas! livee syslem clock cycles (1 or Z84C11:
three clock cycles i 1eset output is disabled.) In addiion,
i ithe MESF I signal becomes “1°, atler the dummy cycle
lor at least two | states, the CIPU execules an insiruchion
trom address 0000}

Execute Instruction
Address 0000H

T L N L L rL L

[4]
{internal

v ' P s s P O e O O

THALT I

Y ( S
.
LL. LC
M [ed > ]

d .
/RESET [ o
LC F{d
N 2

Figure 23. Halt Release Operation Timing
By Reset in RUN Mode
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/ CLXOUT l [ ‘e

IDLE Y Modo (MS1=0, MS2=0)

1DLE2 Mode (MS10, MS2=1)

The hait release operation by nlerrupt signal in 1IDLEY
Mode s shownin Figure 24(a) and in IDLE2 Mode inFigure
24(b)

T4 T1 T2 T3 T4 T1

PLd

2 ~

(\mema! {—] 1——‘ I—I r—l l—l r"
Systemn ﬂ LL.
Clock) LA

MHALT I %'

i

'

1

M1 pLd ;

I L

1

. 1

{C }

NML ~ :
_____________ o= = = — = MPU internal
Laich tor NI

]

)

]
ANT X ] ! ]

1

[

{a) IDLE1 Mode

Figure 24. Halt Release Operation Timing
By Interrupt Request Signat in IDLE1/2 Mode




CLKOUT

(intemal
System
Clock)

MALT

MNMI

ANT

1, NOP Command Execution o |

I |

T4 T1 T2 T3 T4 T1

i I

15 I I I O O O

——

(d
t

i
)
¥
¥
]

_________________ ,.____:-—— MPU Internal
' Latch tor NMI
b
Fid '
£ | l'“
(A '
T
t
Interrupt Sampling Timing

{b) IDLE2 Mode

Figure 24. Halt Release Operation Timing
By Interrupt Request Signal in IDLE 1/2 Mode (Continued)

When recerving NMi or ANT signal, the stopped internal
System clock slarls to fced. In IDLE 1 Mode, the PIC starts
clock output 1o the outside al the same time.

Ihe operaton stop of CPU in IDLL2 mode is taking place
al "0” level dunng 14 slate in the hatt nsiruchon op-code
telch cycle. Theretore, aller beng restarted by the inter-
ot signal. CPU execules one NOPnslructionand samples
an interrupl signal at the use of 14 slate dunng Ihe
Cxecubon of this NOP instruction Hithen execules the inter-
fupl process hom the next cycle.

W no interrunt signalas accepied dunng the execution of

the st NOP instruction atter the nternat syslem clock s
testarted. CPU 15 not released from the hall stale. It IS

T4

placed in IDLE 1/2 Mode again at "0 level during T4 slale
of the NOP instruchion, stopping the inlernal system clock.
1 ANT signal is not at “0" level at the rise ol T4 state, no
intercupt request is accepied.

The Haht Release Operation

By RESET in IDLE1/2 Modes

When /RESET signal at "0" tevel 1s input inlo the PIC, the
nternal system clock is restarted and ihe PIC wili execute
an instruction stored in address 0000H. -

Al time of /RESET signal input, it 15 necessary o take the
Same care as thal in reselling the PIC in RUN Mode
(Figures 25a and 25b). .

|
Execution Instruction ¥om
Address 0000H

T T2 T3
CLKOUT I | l l I I I l I I I | l I I I I l

%]

(internat
System I I ‘
Cloch)

MHALT |
—
' \
Vi Cm

——

J LT

M L4
/RESET 3! | {

L u

(8) IDLE1 Mode

Figure 25. Halt Release Operation Timing
By Reset in IDLE1/2 Mode




M1

MRESET

T4

|

Execution Instruction from
Address 0000H

Ti T2 T3

LL

R

”

(4

¥
Lo

P2 A

(b) IDLE2 Mode

Figure 25. Halt Release Operation Timing
By Reset in IDLE1/2 Mode (Countnucd)

Halt Release in STOP Mode

(MS1<1, MS2.0) By interrupt

The talt release vperation by wilenupl siynal o SIOP
Mode s shuwi i Figuie 26

o NOP Command Execution 4

T4 T T2 T3 T4 T1
Cxout I l | I I | I l | l I I l
I(d
27 4 M
g .
{Internal
System

Clock)

ot |
Y
/HALT I "

7

(« {¢ !

INMI e bed 0
S (. ———— e f - - ~ —=— MPU lnlemal

3

[}
]
i
ANT —3 l . : l-——
]
1

Interrupt Sampiing Timing

Figure 26. Halt Release Operation Timing
By Interrupt Request Signal In STOP Mode

Laich for NMI




When the PIC recewves an interrupt signal, the mternal
oscillator is restarted 10 obtain stabilized oscitation, the
internal sysiem clock and ctock output {Cl K) 10 the outside
are slarted alter a start-up time of (2%+2.5) 1¢C (1cC
Clock Cycle) by the inlernal counter

CPU execules one NOP instruction afler the inleinal sys-
fem clock 1S restarled. At the same time, i samples an
interrupt signal at the rise ol 14 state dunng the execulion
of this NOP ingtruction. 1l the interrupl signal i1s accepled.,
CPU executes the interrupl process operation lrom the
nexi cycle. .

Note: During mnterrupt signal input, care should be taken
ke ihe care of the interrupl signalinput in 101 € 1/2 Mode.

Ihe hall release operation by the Z84C11 resetbing m
STOP Mode 1s shown in Figure 27

CLKOUT I l

Hak Retease in STOP Mode

(MS2<0, MS1a1) By /RESET

When /31°SE1 al "0” level s npul o the PIC, the internal
oscillator is restaried. However, the internal clock counter
lor warm-up does not operate Therctore, Ihe opedaltion is
not carned out properly due 10 unstable clock osciltation
IS necessiry 10 hold the MMRLSE 1 signal a1 "07 level o
sulhcient bme  The halt rekease opeoranon by the PIC
resettng in STOP Mode 1s shown i higuie 27

Z84C110nly. Iha /RESE 1 pulse is Siretchod 10 1 miamusm
ol 16 cycles and dnven oul of the Z84C1 1 o the A3FSE !
pmat Hesel outpul s enabled (Eit )3 of WIIMILs cleared
10°07) Seiting it 12 tisables Ihe diving out ot AL SL 1L I
the Conlrol anahization Oplion has vt been selectod
{cleared bit D2 of WD IMR), 1he values progratuned m the
controf regsiers (WD ITMR, SCRP, WCIR and MWL) are
not indialized on ACSET Otherwase. contents ol these
reqisiers are nubahzed to the delaull vitue

e

Executive Insiruction trom
Address 0000H

T T2 T3

{internal
Clock)

LC.

e SOV SR

$5——+ N
M1
~LC
/RESET P;J
L0 L
1 Pl
Figure 27. Halt Release Operation Timing
By Reset in STOP Mode
L)
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Stant-up Time At Time of Restart {STOP Mode). When the
MU 15 released lrom (he halt state by acceping an
nterrupt request, it executes an interrupt service routine
Iherelore, when an interrupl request 1s accepted, it starts
the generaling cloch on the CLK pin (aller a start-up tame),
by the internal counter [(2%+2.5) TeC (TcC Clock Cycle)).
Ilus obtains a stabihized osciliahon for operation

further, in case of restart by the /RESE T signal, the internal
counter does nol operate.

Evaluation Operation

Eacholthe CPU signals { 15-A0. 7-DO. (MR Q, 1ORQ. AN,
MR, HALT,. M1)canbe lri-stated by activaing Ihe IV Him.
The Z84C 11 enhances the counter parl by elunmating Ihe
requuement of activating BUSHEQ

Instruction set. The Insiruckon set ol the PIC s the same lor
the ZB4C00 For delails, refer to the Data Sheet/ 1 ecluucal
Manual of the Z84C00. .

AC TIMING

1he lollowing section descnbes the ming of the PIC. The
numbers appeanng in the hyures reler 1o the parameters
onthe table A-T.,

CPU Timing

Ine PIC s CiPU executes instruchions by proceeding through
Ihe lollowing specilic sequence ol opeiations

8 Memory read o wrile
® /0 device read of wrile
B Interrupl Acknowledge

The basic clock penodisrelerredioas a Time or Cycie and
three of moxe 1 cycles make up amachine cycle (e g.. MY,

M2or M3) Machine cycles are exiended enher by the Ci’U
automaucally inserung one of more wail s1aies or by the
insertion of one or more wat slates by the usoer.

Instruction Op-code Fetch

fhe CPU ptaces the conlents of the Prograin Counter (1°C)

on the address bus at the start of the cycle (I njure 28)
Approximately one-hall clock cycle laler. MIEFQ goes
active When aclive, /i) incicates that the memory data
can be enabled onlo the Ci’U dala bus.

The CPU samples the WAIT input wath the lating edge of
clock state 12. Durning clock states 13 and 14 ol an M1
cycle, dynamic BAM relresh can occur while the CiPU
siarls decoding and execuling the instruction.
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A15-A0 PC 3 REFRESH ADDR X
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1
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~1™
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J
WAIT j
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7
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M S -
\ 4
—i® , It o~ @
Memory 7 Valid
Access,
Datain . Data
J
—e{ () —™@)
RFSH
Figure 28. Instruction Op-code Fetch
(See lable A)
Al
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Memory Read or Write Cycles

Figure 29 shows the wming of memory read or wtjle cyciles
oihier than an Op-code felch {M1) cycle. The MREQ and
/RD signals lunclion like the Op-code fetch cycle.

In a memory wrile cycle, MREQ also becomes aciive
when the Address Bus is siable. The MR tine is aclive
when the Data Bus is stable, so thal s used dwectly asap
RM pulse 1o most semiconducior memories.

T T2 Tw T3
/) N f KK_/j Kk_/
—©
{f— -~
A15-A0 Vaiid Adress
{ e
J
) 43
12 {___—__
MREQ /
3 I dd o A
! f —/
g o T
e
= X
rd
1 —F
(o) H
Read
Operation
Wit
Opeocation
Data Ot Data Out
——

Figure 29. Memory Read or Write Cycie
(See lable A)
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Input or Quiput Cycles

Figure 30 shows tha timing lor an VO read or /O write
operation. Dunng 1/O operations, the CPU automalically
ingerts a single wail state (TWA). This extra wail stale
allows sufficient time lor an /O port lo decode the address
{rom the port address lines.

When the CPUis accessing the on-chip 1/O registers (CTC,
PIA and system conlrol registers), the data from/io these
registers also appears on the data bus, or data bus is

outpul duning an /O cycle.

T T2 Twa Tw T3
_/ K/ !\_/_\‘-l;./_y &x_/_! \k_/ V—\_
0 o - @,’—
AT-A0 ) Vald Port Address
o f— e
&=
nona Vi
—&— ff—
O Oz g
@-—.1 SN, G
L
d
mAr lj ‘\
e
L N N J
@
o W a 1?
7
VYO Read i
bt ~ @pr T
07-D0 3 777 7 "§<
A Vabd Data
Data in A \SSS f ——
(O ne
MR
el N s N — / -~ @
VO Write ) O
[ x/a
07.00 >
oo ‘ . Dsta Out —
- L4
()
4
Read D7.00 \ Output
Opecation Data Out / Flosting $ Vel
Notw: T, = One wait cycte muomaticaly inserted by CPU
Figure 30. ‘input or Qutput Cycle
{See Table A)
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interrupt RequesVAcknowledge Cycle

i i h the rising edge
The CPU samples the interrupt signal wil
of the 1asl clock cycle at the end of any instruction (ng(e
31). When an intertupt is accepted, a special M1 cycle is
generaled.

During this special M1 cycle, nORO becomes aci_vi
(nstead ol MREQ) 10 adicate that the interrupting dmCPU
can place an 8-bit vector on the data bus. The.
automatically adds two wail states to this cycle.

S AV AVAVAYA WA W A
) =N |
ey B 1f—
® of @_L[.
m,, S
el @ po | —“®L—: °
@&
oron, H— — e —

NOTE: 1) T, o Lant etamte of anv ngwruciion cycle
2) Tyyp =Wl cytio »  aticaly inserted by CPU

Figure 31. Interrupt Request/Acknowledge Cycie
(See Table A)




Non-Msaakabie interrupt Request Cycle

M Is sampled at the same lime as the maskable interrupt
input /INT, but has higher priority and cannot be disabled
under soltware control, The subsequent iming is sumiar to
that ol a normal memory read operation except that gata

puton the bus by the memory is ignored. instoad the CPU
execules a restart (RST) operahon and jumps 10 the /NME
service rouline localed at address 0066H (MNigure 32).

Bus RequesVAcknowiedge Cycle

1he ChU siingles MUSHE Q with the nsing edge ol the tast
clock porod of any machine cycle (1igure 33) 1 BUSH -Q
s active the CPU sets its address, data, and Mt Qloa
gh-unpedance stale The AOKQ. /R and MR lines are
SOt v nput o on-Clip perpherat access rom external

w
N

bus master with the nsing edge ol the next clock pulse. Al
that wme, any external device can lake control ol these
hnes. usually 10 transter dala between memoty and YO
dewices

—— Last M Cycte " =
Tu Ty T2 T3 Ta Ts o
* t.
& BUSREQ
m ----——---‘--——-—------————-—----—-- '
- e e --------—----—-——----—-----—- ]
BUSACK
A18-AD
X .
Floatk
A1S AC F
A .
Floating
07 DO -
MREQ
MREQ — @ @
RO, WA . Floating
o AORQ, M1 !
MALT, RFSH
'Mmuhm y input, 1o 13 bang chy s A e
st 00w 1o lnler han the naing edge of the clock cycie proceding the

on the k
hlmdwns;mcwm:lnw"ww 2) Tx = An arbityary doch cycle used by requesting device

Figure 32. Non-Maskable interrupt Request Operatlon

Figure 33. BUS Request/Acknowledge Cycie
{See lable A)

(See labie A)




Halt Acknowledge Cycle

tigure 34 shows ll‘\e tening lor the Halt acknowledge cycle

Ta Ty T2 T3 T4 T

™ r—

T2

Halt inswucton Recelved | e
A
* A oh /Nt y 2, 10 QU s bang he lollowing machine . /NMTs talting
mcnwm‘:.n:mnmm-m-mdnm;pmnwozadmmmc?;‘ﬂuy'
Figure 34. Halt Acknowledge
(See tabie A)
-
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Reset Cycle

MF SI 1 mustbe active lor atleast theee clock cycles lor the
Ci’U 10 properly accept it As long as MFSET remains
aclive, the adaress and data buses Hoal. and the conirol
oulputs are inactuive.

Once MLSEI goes mnacuve, two niernal T cycles are
consumed belore the CPU resumes normal processing
operation /RESET clears the PC register, so the first op-
code letch locavon is 0000H (Figure 35).

ZB4C11 Only. il Resel oulput is disabled, AW SE T must be
active lor atleast hree clock cycles lor the CPU 1o propesly
acceptit. Otherwise, RE SE 1 must be aclive lor atleast two
clock cycles and the on-chip reset cucuit extends RESE [
signal 1o al least a minumum ol 16 clock cycles.

Ty . T2

—c
RESEY \

¢ Extarnal
MESET /
nput

EEEENTY
A\
{Opon drmn)

!
A18-A0 ]}__[} £
e —
@
07-00 HL Floatng

y ff A

- 7

7

o /74

* 84C11 Onty Aesst Output @ Enebied

Figure 35. Reset Cycle
(See Tabie A)
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CGC Timing

I igures 36-39 shiow ihe iming relaied CGC and Power-on

T T T
Hesel circuils. Idie 2mode of uperation 1s Not supporied on ! 2 3 .
the 784011, Clock
(IDLEY Made) 7
Paramelers relerenced in ngres 36-39appcearmn lable i3
Ta T4 T2 T3
22V £ 0.4V Clock /
/— {{DLE2 Mode)
Vee 2 / % L @
ANT \
/RESET l
N_
. MNMIE
A37
Ons
Figure 36. Reset On Power-up g Bl

(Apphes Only lor /84C11)

(a) Clock Restart Timing By /NT, /NMI (IDLE1/2 Mode)

Ta T T2 T3
Clock
Y,
Ty
CLxouT
—
ANT \
N
, MESET /
NMI, \
N (b) Clock Restart Timing By /RESET (IDLE1/2 Mode)
a9

Figure 38. Clock Restart Timing (IDLE1/2 Mode)

(See Tabile B)
Figure 37. Clock Restan Timing (STOP Mode)

(See lable B)
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IXTALY
(For External
Clock Input)

(8) XTAL1 Timing for External Clock Input

(1) CLK Timing (011 and C11 CLK Pin as Output)

Figure 39. Clock Timing
(See lable B)
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On-chup Peripheral Access
From External Bus Master

Ihe wmng ko the on-clip 110 device access lrom the
exietnal hus master s shownin b wure 40 Hus himing also

apphes o ihe wming dunng 1.V mode of opetation.

Wnte o
(22 (]

Weds b

T, T, WA 3 )
Addiess Veid Adckess v X
fo (2 )] “'(')"‘r"\")”l
HORQ
h— / [e—(3)—
—— L U ——— 2y .—\;)_——.1
([ i
)
t——— (—
0700 Vait Dats ?‘_——
RO i
' ol 200
07 00 ﬁ‘L Veid Data
)t O-OT‘-\')
WR
0RO /
i oy 1!
07 Do jL Vald Dala

(@) On-chip Peripheral ¥O Access From External
Bus Master (Sce lutie C)

Figure 40. On-chip Peripheral Timing From External Bus Master
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(b} Interrupt Acknowledge Cycle Tining
For On-chip petlphefal From Egﬂevml Bus Master (c) Op-code Fetch Cycle Timing for On-chip Peripheral
{See lave C) From External Bus Master (See 1able C )
Figure 40. On-chip Peripheral Timing From External Bus Master (Continued) Figure 40. On-chip Peripheral Timing From External Bus Master (Continued)
'
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CTC Timing

L
Figure 41 shows the timing for on-chip CTC.

ol /
(O— !
D } () .

CLK/TRG i b '
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CLX/TRG \-
Ti .
o S N
om0 :_l
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(D)
ANt \
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1
1E1
12 O
IEO
v

Figure 41. Counter/Timer Timing
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{See lavle D)

General VO Port Timing

Figure 42(a) has the Output Wming for General 1O port -
timing white Figure 42(b) has the Input irming

Ouput
Port Data

e \ /S

(a} VO Port Output Timing

(See lable k)
!
m T2 : ™ 13
CiK
HORQ
/RD
3 \
input
Port Data

(b} KO Port Input Timing
(Sce 1avle £)

Figure 42. 1O Port Thning
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Waich Dog Timer Timing (Z84C11 Only)

Figure 43 shows the timing for Waich Dog Timer

o m
) £
MOTOUT /]
3 .
Figure 43. Watch Dog Timer Timing
(See lavle F)
Precautions

(1) 10 roicase the HAL T slato by MFSLI signal n S1OP
Made, hold tha MESCT signat al "0° unm Ihe bulput rom
the internal osciltator stabilizas

284011 Only. 1oresot MPU, itis nacessary 1o hold /Rk SE |
Signal mpul al "0 levet tor al leas| three clochs

Z84C11 Only. i Resel outputis disabled, /iXF SF T musi be
active lor alleas! hiree clock cycies tor theCPU 1o pruperly
accept it Oherwise, the on-chip Reset cucuit exiends
Mi St 1 signal to at least a miunium of 16 clock cycles

(2) Heleasing the MU Irom the HAL T state by an nterrugst
signaliniDLL 112 Mode and S10P Mode, does not release
theMPUraim e 1AL Tstale The mteraatSyslem clock will
stop agan unless an wlerupt signal is acceplod dunng
he axecunon of a NOI? nstiuchon (even whion the micrmai

System clochk s

reslarted by Ihe micrrupt sQnat mput). Be

Caretul when using /NI

Other precautons are eabcal 1o those tur the 784C00

Reler 1o the gat

A sheet lor ihe Z81C00
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ELECTRICAL CHARACTERISTICS
Absolute Maximum Ralings
Voliage on Vce with respect 1o Vss O3Vio +7.0V
Voltages on all nputs

with respectio vss ... ... .03Viovee +0.3V

Operating Ambient
Temperature ......... .......... See Ordenng Intormation
Storage 1emperalure....................... -85°Clo+ 150°C

Stresses greater than those listed under Absolute Maxi-
mum Raungs may cause peimanent damage 10 the de-
vice This is a stress raing only; operaiion of the device at
any condiion above those indicated in the operational
sechions ol these speciications 1s not imphed Exposure to
absotute maximum rating condiions for extended pernods
may altect device reliability.

STANDARD TEST CONDITIONS

The DC Characleristics and capacitance seclions below
apply tor Ihe followming standard lest conditions, unless
otherwise noted. All voltages are referenced 10 GND (0V).
Posiive current Hlows nto the reterenced pin

Available operaling temperature range is:

E = -40°C lo 100°C
Voltage Supply Range.
+450VEVee S + 550V

All AC parameters assume a load capacitance of 100 pl.
Agd 10 ns delay for each 50 pl increase i toad uploa
maximum ol 150 pt lor the data bus and 100 pt lor address
and conlrol ines. AC himing measurements are relerenced
lo 1.5 volts (except lor clock, which is relerenced 1o the
10% ang 90% points). Maxsimum capacitive load for CLK
15 125 .

The Ordering Information section lists temperature ranges
and producl numbers. Package arawangs are in the Pack-
age Information section. Reler 10 the Literature List for
addiional gdocumentation

+SV

21K

100 pt 250 gA

Figure 44. Standard Test Load

CAPACITANCE

Guaranteed by design and characterization.

Symbol Parameter Min Max  Unit
Caox Ciock Capacitance 10 pt
C, Inpul Capaciance 10 pf
Con Output Capacitance 10 pt
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DC CHARACTERISTICS
Z284011/284C11
Vee=5.0V £10% unless otherwise specified

Symbol Parameter Min Max Unit  Condition

Vac Clock Qutput High Vollage V0.6 Vee v -2.0mA

Vac Ciock Output Low Voltage 04 \ +2.0mA

Ve Input High Vollage 2.2 Vee v

Ve Input Low Voltage 03 08 v

Vee XTAL input Low Voltage 0.3 0.8 v

Ve XTAL1 Input High Voltage Ve ! Vee A

Vo Output Low Voltage 0.4 5} v o =2.0mA

Vau Outpul High voitage 24 (4] v gy =-16mA

Voe Oulput High Voltage V08 (5] v Iy =-250pA

[, Power Supply Current Vee 25V
XTALIN= 10M! 12 60 MA V=V 02V
XTALIN= 6MHz 30 mA Vv, =02V

leca Power Supply Cutrent (STOP Mode) 50 pA Ve 35V

leey Power Supply Current (IDLE 1 Mode) Vee =5V
XTALIN= 10MHz 8 MmA V=V 0.2V
XTALIN= 6MHz 4 mA v, =0.2v

leca Power Supply Current (IDLE2 Mode; C11 only) Ve =9V
XTALIN=10MHz 121) MmA v, =V, 02V
XTALIN= 6MH2z 1011] mA v, =0.2v

I Input Leakage Current -10 10[4)  pA v, =04ViOV,

Lo Tri-state Output Leakage Current in Floal -10 10(2] BA Van =04V 10V,

lao CTC ZC/TO Dartington Drive Current -1.5 MA Vo =15V

Rpp=11KQ
Notes:

1 M.wmummmwtbahm

(2] A15-A0, D7-D0. MREQ, AORQ, RD and WR.

3) I«,SMCAnqungwmmunhMphhbwnstPm
[4) AL Pine except XTAL1, where L, = £250A

15] A15-A0, D7-D0, MAEQ, AORQ, AD, WR, HALT, M) and BUSACK.
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AC CHARACTERISTICS
284011/284C11
Table A. CPU Timing (Figure 28 to 36)
284x1106 ZB4x1110
No Symbol Parameter Min Max Min Max Unit Note
1 TIcC Clock Cycle Time 162°* DC 100°* DC ns (A1}
2 1wCh Clock Putse Width (high) 65 oC -40 DC ns [A1)
3 TwCl Clock Puise Width (low) 65 ° 3]} 40 DC ns [A1)
4 TIC Ciock Fall Time 20 10 ns  [A1)
5 TIC Clock Rise lime 2 10 ns [Al])
6 TdCxA) Address Vakd From Clock Rise 90 © 765 ns
7 TAA(MREQ!) Address Valad To /MREQ Fall 35" 8 ns
8 TdCHMREQI) Clock Fall 10 /MREQ Fall Delay 70 55 ns
9 TdC(MREQr) Clock Rise To MREQ Rise Delay 70 55 ns
10 TwMRLQOh MRLQ Puise Width (tigh) 65 30 ns |A2]
11 TwMRLOt /MBEQ Pulse widih (low) 132* 75 ns |A2]
12 1dCHME RQr) Ciock | all 1o /MREQ Rise Delay 70 55 ns
13 1dCY1DL) Ciock Fall To /D ah Delay 80 65 ns
14 TaCe(Rdr) Clock Rise 1o D Rise Delay 70 55 ns
15 Ts(XCr) Data Setup lime To Clock Rise 30 25 ns
16 IhiXBLr) Jala Hold Twne Atler 1D Rise 0 0 ns
17 1sWAII(CH)  /WAIT Setup Time To Clock Fall 60 10 ns
18 ThwAII(Cl)  /WAIT Liold lime Alter Clock Fall 15 15 ns
19 1dCrM1l) Ciock Rise To M1 Falt Detay 80 65 ns
20 1dCi(M1r) Clock Rise To M1 Rise Delay 80 65 ns
21 10CHRFSH!) Ciock fise To /RFSH Fall Delay 110 80 ns
22 TACHRFSHI) Ciock Rise To MFSH Rise Delay 100 80 ns
23 1aCyiDr) Clock Fall 10 /RD 1lise Delay 70 55 ns
24 1dCr(HDN Clock Rise To MD ¢ alt Delay 70 55 ns
25 1sIXCY Data Setup 1o Clock I all During 40 25 ns
M?, M3, M4 Or M5 Cycles
26 1UAUORQI)  Address Stable Prior To AORQ Fall 107 50°° ns
27 1dCr(1I0RQ1y  Clock Hise 10 10RQ Fall Delay 65 60 ns
28 TyCIORQr) Clock f all 1o IORQ Rise Delay 70 65 ns
29 1JIXWRIMw  Data Stable Pror To /Wit Fall 22 40°* ns
30 tacCwniy ClochFalt . “ARFall Delay 70 55 ns
31 Twwid /Wi Puise width 132 75 ns
32 1UCHWRr) Ciock Falt 1o /WR Rise Delay 70 55 ns
33 1D(WRINIO  Data Stable Prior To WA Tall -55°* -10°° ns
34 1uCriwi) Ciock Rise 1o WA Fail Delay 60 S0 ns
35 Tawii(D) {Jata Stable From /WR Rise 30 10" ns
36 TUCKHALL)  Clock fathto HALT 0" or *1° ’ 260 90 ns
37 TwNMI IMNI Pulse widih 60 60 ns
38 IsBUSREQ  /BUSKIQ Setup Time To Clock Rise 50 30 ns
(Cn)
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AC CHARACTERISTICS (Continued)

Z284011/Z84C11
Table A. CPU Timing (Figure 28 to 36) ({Conlinued)
284x1106 284x1110 .
No Symbol Parameter Min Max Min Max Unit Note
39 ThBUSREQ  /BUSREQ Hold lime Alter Clock Hise 10 10 ns
(Cr)
40 1dCr Clock Rise To BASACK Fall Detay 90 75 ns
(BUSACKI)
41 1aCI Clock Falt To /BASACK Rise Delay %0 75 ns
(BUSACKr) .
42 1dCr(Dz) Clock Rise To Data Float Delay 80 65 ns
43 TdCi(CT2) Clock Rise- To Control Outputs Float Delay 70 65 ns
(MREQ, 10RQ. /RD And /WR)
44 10CHAZ)  Clock Fise To Address Float Defay 80 — s _ 205
45 10C1i(A) Address Hold Time From MREQ, 35 0" ns
NORQ, /RD Or WR ~
46 TSRESI'T(Cr) /RESET fo Clock Rise Setup Time 60 10 ny
47 ThRESLI(Cr) /RESCI To Clock fise Hold lime 4] 10 nus
48 TsINTHCr) /INT Falt To Clock [lise Setup lime 70 50 us
49 ThiIN1(Cr) /INT Rise To Clock fise | old hme 10 10 ns
50 lam1i /M1 Fall. 1o JORQ Fall Delay 359°° 220 ns
(IORQY)
51 1aCIORQN Clock Fall 1o 0RQ Fall Detay ) TS e
52 TdCHIORQr) Clock Rise 10 NORQ Hise Delay 70 65 ns
53 1dCiDy Clock Falt 1o Data Vano Delay 130 110 ns
54 [aCHD) Clock Fall To Data Vahg Delay 120 10 ns
(internal Port Read)
55 IUIOROI(D)\ NORQ Fall To Data Qut Delay 80 80 s
{Interrupt Acknowieage Cycle)
56 IWRESES /RESE Pulse width 31cC 3leC ns A
011, Or C11 With RESFT Output Misabled
57 TwRESEToe /RESET Pulse Widih 21eC 21¢C ns  |A3)
C11 Only, RESE Output £.nabled
58 TWACSETdo /MESCT Drive Duraton 161¢C T el as A3
C11 O0nly; RE SCT Output F nabled
59 IwWRESEIpor /MRESET Drive Duration On Power-On 10 75 10 74 s JAJ|
Sequence (C11 Only)
Noie lor Table A.

** For clock penod other than the minmum shown, calcuale parametors using the lormula on Foolnotes 10 Tatie A

[A1) These parameters 2pply 1o C11 and the exlernal Clock nput on CLK pin
For cases where externsl Clock is fed lrom XTAL 1, please refer 1o Tabie B

[A2] For loading 2 50pt Decrease width by 10nS for each addibonal 50pt

(A3} Apply 10 Z84C 11 only

~

Footnotes to Table A

Number

Symbot

General Parameter

Z84x1106 Z84x1110
1 feC ° TwCh + TwCl + TIC + TIC
7 10AMAFQ) TWCh + TIC 50 45
10 TwMitt Qh IwCh + 11C -20 20
1 TWMIRLQ! 1cC .30 .24
26 “1uAgonan 1cC 55 .50
29 LAL(WHI) teC 140 -60
kY TwwR TeC 30 .25
33 1anowAn wCt+ 11C -140 .60
3 10WRI(D) 1wCl + T1C 55 -40
a4 1dCI1(A) wCl + 1(C -50 -30
50 1AMIIORAN 21¢C + TwCh + 1IC -50 .30




AC CHARACTERISTICS (Continued) Table C. Tuning for On-chip Peripheral Access Irom Exiernal Bus Master
284011/284C11 and Dalsy Chain Timing (See Figure 40)
Table B. CGC Timing (Figure 36 to 39) 284x1106 2B4X1110
No Symbol Pararmeter Min Max Min Max Unkt Note
Z84x1106 Z84X1110
No Symbol Parameler Min Max Min Max Unit Note 1 TsA(iM) Adoress Setup Time To MD, AORQ Fak 50 40 ns
2 ISRKCr) /RD. AORQ Rise To Clock Rise Setup 60 50 ns
1 TRST(INT)S  Clock Restan Tume By ANT (Typ) (Typ) ns 3 In Hold Twne For Specilied Setup 15 15 ns
(STOP Mode) (2'442.5) (242 5) 4  TaCi(DO) Clock Rise To Data Out Delay 100 80 ns
IcC 1cC 5 ToRI(DOz)  /MD, AORQ Rise To Data Out Float Delay 75 60 . ns
2 TRST(MNI)S Clock Restart Time By /NMI (Typ) (Typ) ns
(STOP Mode) (2'+25) (21+25) . 6  1hRDYD) M), RD, 10RQ Rise 10 Data Hold 15 40 15 ‘30 ns [C1}
1cC 1cC 7 1sDXCr) Data In 1o Clock Rise Setup Time 30 25 N ns
= AW 8 TgONDOY)  /IORQ Fall To Data Out Detay 95 % ns
3 TRST(INT)  Ciock Reslari Time By ANT (Typ) (lyp) ns (INTACK Cycle)
(IDLE Mode) 25I1cTl ?25licl 9  ThiOr(D) NORQ Rise 1o Data Hold 15 15 ns
4 IRST(MNIN  Clock Restant Time By NMI lyp) {lyp) ns
(IDLL Mode) 251cT 251cl 10 ThiOr(A) NORQ Rise To Address Hold 15 15 ns
{ oA 1 Thwil(Cr) NORQ, /WR Seltup Tune 1o Clock Rise 20 20 ns |C2]
5 1RSI Clock Restan Time By /RESET (Typ)1icC (typhicC ns 12 ThWR«(Cr) Clock Rise 10 /0RQ. W1 Rise Hoid Time 0 0 ns  [C2)
(RESET) (IDLE Mode) 13 TsMI1KCr) M1 Fall 10 Clock Rise Seilup Time 40 40 ns
6 HCIKOUT CLK Rise Time 15 10 ns [131] t 14 TsMu(Cl M1 Rise To Clock Ruse Setup Time -15 -15 ns
7 {1ICtKOUT CLK Falt Time 15 10 ns |1} (M1 Cycle)
8 Icxi XTAL 1 Cycle Tune 15 TOMINIEOL) /M1 Fali TOIEO Fak Delay (Interrupt 130 70 ns
(For External Clock Input On X1AL 1) Immediatety Preceding /M) Fall)
Dmnde-By-1wo Mode 81 50 ns 16 TSIENION) IEI To IORQ Falt Selup Time 100 70 nS
Divice-By-One Mode (C11 Only) .1e? 100 ns |12 (INTACK Cycle) '
- —_—— B 4. P 17 10EW(IEDY)  IEI Fall [0 IFO | all Delay 100 85 ns
9 Iwixi X1ALt Low Pulse Widin e e [T —— e et e -
(For External Clock Input On XI1AL 1) 18 1JILIr(ILOr) LI Kise 10 ILO fuse Detay [R{¢] 70 ns
Divide-By- I wo Mode 35 20 us (Atter ED Decode)
Divide-By-One Mode (C 1t Only) 65 40 ns  |i§2) 19 1sICICr) 1Et o Clock Fali Setup (pr 4D Decode) 160 150 ns
— e e 20 10CIIEQY) Clock Fait 10 IEQ Rise Delay 50 40 ns
10 Twhxi XTAL1 tugh Puise Widih 21 1dCILOt)  Ciock Fall TO IEQ Rise Detay 90 75 ns
(For External Ciock Input On X1AL1)
Livide-By-1wo Moge 35 20 ns
Dwvide-By-One Mode (C11 Only) 65 40 ns Note 1o Tabie C.
e \ o {C1) For VO wrne 10 CTC
1" I XTAL1 Rise Time 2 e ns B3 (21 1O Wike 10 sysiam conwrl regrsiers
(For External Clock npul On XTAL 1)
12 1x1 XIALY Fan lune 25 25 ns 83|
(For External Clock Inpul On XTAL 1)
. M‘:.:M | N
1 ammters for 011
&}m pesi bz’m Cmunms,mmuw;wcnmucmmmn.ymcm.
lm]nnpum:mwmuomvmt adjust parameiers 811 and 812 ©© sately parameiers 8 and 9
282
253




|
Table F. Watchdog Timer Timing (C11 Only; Figure 44)
AC CHARACTERISTICS Continued
Z84011/284C11 ( ) Z84x1106 284X1110
No Symbol Parameter Min Max Min Max Unit Note
Tabie D. CTC Timing (Figure 42)
1 HCWDII Ctock Rise 1o WDTOUI Fal Delay 160 160 ns
Z84x1106 Z84X1110 2 1wk Ciock Hise To WDITOU! Rise Delay 165 165 ns
No Symbol Parameter Min Max Min Max Unit Note 3 TewDl MWOITOUIT Cycle lune
WDIP = 00 (Typ) (Typ) ns
1 TACr(INTI) Clock Rise To ANT Fall Delay {TcC+100) (TcC+80) ns (D1} 2%I¢cC 2%1cC
2 TsCTRr CLK/TRG Rise lo Clock Rise Setup Iime WDIP = 01 (Typ) (Typ) ns
(Cr)c For Immediate Count 90 90 ns {02} 2®7cC 2%1cC
: wWDIP =10 (Typ) (Typ) ns
3 TIsCIR(CH CLK/TRG Rise To Clock flise Sctup hme 90 90 ns {D1) 2®TcC 221¢C )
For Enabling Ol Prescaler On F. oliowing WDITP = 11 {lyp) (lyp) ns
Clock Rige 2Z1cC 22{cC
4 TdCTRr CLK/IRG Rise 1o /iNI Fati Delay -
(INTH) 1SCIR(C) Saushed {(1)+(2) (1)+(2) ns [2)
TsCIR(C) Nol Sanstied 1cC + IcC + ns [D2)
(1)+(2) (1)+(2)
5 I1cCIR  CUKANG Cyaio tane T @10 e (21cC) OC ns (D3]
6 IwClIkn CLK/1RG Widih (tow} 90 DC 920 DC ns
7 WwCinl CLK/TRG wiath (igh) 90 DC 90 nc ns
8 WCIA CLK/IRG Hise lime . 30 20 us
3 ncm CLK/TRG rall Time 30 30 ns
10 14CnrZCr) Clock Hise 10 2C/10 Rise Delay 80 80 ns
11 TgCyzCly Clock Fall o 7C/10 Fall Detay 80 80 ns
12 1dHOICON  IE1Tal 1o IEO Tall Detay 100 70 ns
13 1dIEI(IEOr) 1€l Rise 10 1LO Rise Delay 100 70 ns
Noles lor Tabie D.
{D1] Tenar Mode
{02) Counter Mode .
{03] Couruer Mode Only, When using a cycie wme leas than 3TcC, paramsier D2 musi be mat.
Table E. General Purpose VO Pon Timing (f igure 43)
Z84x1106 Z84X1110
No Symbol Parameter Min Max Min Max Unit Note
1 TdCiPoul})  Clock Fall to Port Data Vaid Delay 300 300 ns
2 TIsPin Port Data 10 IORQ and /RD 0 0 ns
(10RDYY Fall Setup Time
3 1hPin Port Inpul 10 A0RQ and /RD 0 4] ns
Fall Hold Time
284 285
1
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DAC0808, DAC0807, DAC0806 8-Bit D/A Converters

General Description

The DAC0808 series Is an 8-bit monolithic digital-to-analog MC1508/MC1408. For higher speed applications,- see

converter (DAC) featuring a full scale output current settling DAC0800 data shest.

time of 150 ns while dissipating only 33 mw with 1 5V gup. l

plies. No reference current (Iner) trimming is required for Features

most applications since the ful scale output current is typi. Relative accuracy: £0.19% emor maximum (DACo0808)

cally +1LSB of 255 IRer/ 256. Relative accuracies of bet- ® Full scale t match: 1 LSB

ter than +0.19% assure 8.bit monotonicity-and linearity ' sca current ma g v
p B 7 and 6-bit &ccuracy available (DAC0807 DAC0806)

while zero lavel output current of less than 4 KA provides L '

B-bit zero accuracy for Ipgr>2 mA. The power supply cur.  ® Fast settling time: 150 ns typ

rents of the DACDBO8 series are independent of bit codes, W Noninverting digital inputs are TTL and CMOS compati-

&nd exhibits essentially constant device characteristics over ble

the entirs supply voltage range. 8 High speed multiplying input slew rate: 8 mA/us

The DACOB08 will interface directly with popular TTL, DTL B Power supply voltage range: +4.5V to +18v

or CMOS logic levels, and is a direct replacement for the 8 Low power consumption: 33 mW @ £ 5v

NNV 7 100A WA 16AA~~ s

Block and Connection Diagrams Dust-in-Lina Package

L S T T

g o . L] U "
_I ? ? ? ? Y ? 8 morE 2 —d coMfNsaTION
eoa OL o oy j"ﬁ Order Number ""':' Vi)

DACO808, DACO807,  vii-L LW
5 or DAC0808 il L.
e o iy o= b
Number J16A, i
CURRENT L » "

[}
Ve M16A or N16A
A3 =t —a0

uY LU
O cowts u-q" LI

Yu TL/H/%e87-4 T itw TL/H/8887-2

MrIntuct
SukaInT A

Small-Outline Package

Vo=t 18548 L38
Vagr (#) =42 154-a7
Vogr ()43 ]
CONPDRSATION =4 ¢ A3
N8 A
oD—1s A}
a7 Y
=48 1 M5
TL/H/5887-13
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J18A)° ] NPACKAGE (N16A}* [SO PACKAGE (M16A)
8-bit —55°C<To< +125C DAC0808LJ {MC1508L8 #
8-bit 0C<Ta<+75C DAC0808LCS | MC1 408L8 | DACOBOSLCN MC1408P8 DACOB08LCM 7~
7-bit 0°'C<Tr< +75C DAC0807LCJ [ MC1 408L7| DACOSO7LCN MC1408P7 DACOBO7LCM .
6-bit O°C<Ta< +75C DAC0806LCJ | MC1 408L6 | DACOBOSLCN MC1408P6 DAC0806LCM
'NohDovio-lmybomodbyudngmmmm. &

L ' ¢
415 ' 7




DAC0808/DAC0807/DAC0806

Absolute Maximum Ratings (ote 1)

It Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avaliabliity and specifications.

Power Supply Voltage

Storage Temperature Range

Lead Temp. (Soldering, 10 seconds)
Dual-in-Line Package (Plastic)
Dual-In-Line Package (Ceramic)

Vee +18 Vpe Surface Mount Package

Vee ~18Vpc Vapor Phase (60 seconds)
Digital Input Voltage, V5-v12 ~10Vpcto +18 Vpe Infrared (15 seconds)
Applied Output Voltage, V, =11 Vpcto +18V, -

Ppiod Output Voltage, Vo 1Vocto +18 Vo Operating Ratings
Reference Current, [’ SmA T ture R T <STasT
Reference Amplifier Inputs, Vi4,v15 Vee. Vee e&pg;g;: ange - 55‘Cms~ Ta SA + 125
Power Dissipation (Note 3) 1000 mw DACO0B0BLC Series 0<Ta< +7
ESD Susceptibility (Note 4) 18D

Electrical Characteristics

(Voo = 5V, Vgg = —15 Voc. VREe/R14 = 2 mA, DAC0808: T,
= 0°C 10 +75°C, and all digital inputs at high logic level unle:

A = —55'Cto +125°C, DAC0B08C, DACOS
s otherwise noted.)

Symbol Parameter Conditions Min Typ Max
E, Relative Accuracy (Error Relative (Figure 4)
1o Full Scale Ig)
DACD808L (LM1 508-8), $0.18
DAC0808LC (LM1408-8)
OAC0807LC (LM1408.7), (Note 5) \ $0.39
DACOBOBLC (LM1408-6), (Note 5) +0.78
Settling Time to Within %“Lse Ta=25C (Note 6), 150
(Includes tp 1) (Figure 5) .
teLH. tpHL | Propagation Delay Time Ta = 25°C, (Figure 5) 30 100
TClo Output Full Scale Current Drift +20
MSB Digital input Logic Levels (Figure 3)
Vin High Level, Logic 1" 2
Vi Low Level, Logic 0" 0.8
MSB Digital Input Current (Figure 3)
High Leve Vi = 5V 0 0.040
Low Leve! Vi = 0.8V -0.003 -0.8
Iy Reference Input Bias Current (Figure 3) -1 -3
Output Current Range (Figure 3)
Veg = -5V 0 20 2.1
VEE = =15V, Tp = 25°C 0 2.0 4.2
lo Output Current VREF = 2.000V,
R14 = 100010,
(Figure 3) 1.9 1.89 2.1
Output Current, All Bits Low (Figure 3) 0 4
Output Voltage Compliance (Note2) | E, < 0.19%, Ta = 25'C
VEE=~5V,Iner=~1mA ~0.55, +0.4
Veg Bolow ~ 10V ~5.0,+0.4

4-18
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Electrical Characteristics (contineq) K

(Voe = 5V, VEg = —15Vpe, VRer/R14 = 2 mA, DACOBOS: Ta = —55'Cto +125°C, DAC0BOBC, DAC0BO7C, DACO806C, T4
= 0°Cto +75°C, and all digita! inputs at high logic lavel unless otherwise noted.) 1

Symbol Parameter Conditions Min Typ Max Units |
SRlger Reference Cumrent Slew Rate (Figure 6) 4 8 mA/us
Output Current Power Supply ~5V < Vggx —16.5V 0.05 27 pA/V
Sensitivity
Power Supply Current (Al Bits (Figure 3)
Low)
lcc 23 22 mA
lee -4.3 ~13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3)
Vee 45 5.0 55 Voc
VEE —45 -15 —165 Vpe
Power Dissipation
All Bits Low Vee = 5V, Vgg = -5V 33 170 mwW
Ve = 5V, VEg = — 15V 106 305 mw
All Bits High Vo = 15V, Vgg = -5V 20 mw
Vog = 15V, Vgg = — 15V 160 mw

Note 1: Absoluts Mnximmﬂaﬁngslnduiomboymamammbmammeyoocw DCmdAColoctﬁca!lpodﬁccﬁmdonollwwmnop«lﬁng
mocvbobqondhslpodﬁodopvlhngmm

Note 2: Range control is not required. -
Note 3: The power dissipation mus! be di atek d 83 and s dictated by Tyuax. 844 8nd the ambient ¢ . Ta. The max,

power dissipation at any temp B8P = (Tuuax ~ TaA)/ 84 of the number given in the Absolute M-ixmmRningl,;ﬁchumlslowu. For this
device, Tauax = 125°C, and the fypicat junction-to-ambient thermal resistance of the dual-in-ine J package when the board mounted is 100°C/W. For the dual-in-
IMNNM.MmmborhcrumbWECIWnndfuhmnommMpnmmnumbuh 100°C/w.

Note 4: Human body model, 100 pF discharped through & 1.5 k) resistor.

Note §: All curtent switches are tested 1o Quarantes at least 50% of rated current.

Note 8: All bits switchod.
Note T: Pin-out numbers for the DALOBOX reprasent the dual-in-ine package. The small outiine packape pinout differs from the dual-in-line package.

Typical Application

Ve oy

- S AN e i
»gmal MO~ sacmm

"ty A% O

o vy
- i85 a '—O]_ st'vl

3 ()
= Al A2 AB
Yol ('z"' ) +"’256)

TL/H/5887-3

FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)
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Typical Performance Characteristics
Vo = 5V, Veg = —~15V, Tp = 25°C, unless otherwise noted

Logic Input Current vs
input Voitage

A1 THROUGH AS

1L - LOGIC INPUT CURRENT LA}

]
S2-10-8-64-202 ¢85 5021 nE e

V| - LOGICINPUT VOLTAGE (V)

Output Current vs Output
Voltage (Output Voltage
Compliance)

AL |nls 08" '
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| ] =2t
! }
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Typlca! Power Supply
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Bit Transfer Characteristics
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| !ﬁ Test Circuits

vee
. Vi and Iy apply to inputs A1-AB,
et
“1 . The resistor tied to pin 15 is to temperature compensate the
N - bias current and may not be necessary for alf applications.
o] g Vass Al A2 A4 A5 A6 A7 A8 :
7 o m lo=K{—+—4+—+—+ = — 4 — 4
x0— ’_-g—_‘vq_ 2 4 16 32 64 128 256 A
O
] o] e where K = YREF
o : $—o Y R14 4
a 0—‘-’1 outeut . .
wol " I 1% and Ay = “1" if Ay is at high level
'-'—‘-’ N | Ay = 0" if Ay is at low level :
. ¢ =
'l 'uf j
L] !
- i TL/H/5687-6 "
FIGURE 3. Notation Detinitions Test Circult (Note 7) Y
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FIGURE 4. Relative Accuracy Test Circuit {Note 7)
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FIGURE 5. Transient Response and Settling Time (Note 7)
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Test Circuits (Continued)
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FIGURE 6. Reference Current Slew Rate Measurement {Note 7)
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FIGURE 7. Posltive Vggs (Note 7)

Vee Vs
R14 > RIS
£] As
A1 O " ) nie
a2 0=t LI 0 VhEF
o 71 18 A L '
A30= vy VR 7\l AR
M O—
oY) oAcem 12 Fie L
10 —01 9 [ When Vg = 0, 114 = 2.0 mA
A6 O— 00— .
1" 4 - G U A2 7
A 12 18 AL []
MO _°] MO~ pacaaos |13 VRer Vs
5 . Ry Aso—|: stmes [~OVie Vo Tl Rs AlRo

SEE TEXT FOR VALUESOF C

Ve

FIGURE 8. Negative Vggr (Note 7)

Application Hints

TL/H/5687-11

o

TL/H/5687-12

FIGURE 8. Programmable Gain Amplifier or

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides & voltage at pin 14 for con-
verting the referance voltage to & current, and a turn-around
circult or current mirror for feeding the ladder. The reference
amplifier input currrent, 144, must always flow into pin 14,
regardiess of the set-up method or reference voltage polarity.

Connections for a positive voltage are shown in Figure 7.

The reference voltage source supplies the full

For bipolar reference signals, as in the multiplying mods,

current lyg.

Digltat Attenuator Circult (Note 7)

R15 can be tied to a negative voltage corresponding to the
minimum input level. it is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 kN, minimum capacilor values are 15,
37 and 75 pF. The capacitor may be tied 10 either Vgg or
ground, but using Vgg Increases negative supply rejection.

90800va/20800vQ/80800VQ
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Application Hints (continued)

A negative reference voltage may be used if R14 is ground-
ed and the reference voltage is applied to R15 as shown in
Figure 8. A high input impedance is the main advantage of
this method. Compensation involves a capacitor to VEg on
pin 16, using the values of the previous paragraph. The neg-
ative reference vollage must be at least 4V above the Vee
supply. Bipolar input signals may be handled by connecting
R14 1o a positive reference voltage equal to the peak posi-
tive input igvel at pin 15.

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V sup-
ply which deives logic is to be used as the reference, R14
should be decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 pF o ground. For reference voltages greater than 5V, a
clamp diode is recommended between pin 14 and ground.
if pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the ampiifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted 1o a range of —0.55 to
0.4V when Vgg = -5V due 1o the current switching meth-
ods employed in the DAC0808.

The negative output vollage compliance of the DACOB08 is
extended to — 5V where the negative supply voltage is more
negative than —~ 10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 k2 between pin 4 and ground wilt
yield a voltage output of 256 levels between O and
—4.980V. Floating pin 1 does not affect the converter
speed or power dissipation. However, the value of the load
resistor determines the switching time due to increased volt-
age swing. Values of R up to 5000 do not significantly
affect performance, but a 2.5 k) load increases worst-case
settling time to 1.2 us (when all bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than — 8V,
due to the increased voltage drop across the resistors in the
reference cusrent amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DACO0808 is essentially constant with temperature due to

the excellent temperature tracking of the monolithic resistor
ladder. The reference current may drift with temperature,
causing a change in the absolute accuracy of output cur-
rent. However, the DAC0808 has a very low full-scale cur-
rent drift with temperature.

The DACOBO08 series is guaranteed accurate to within £,
LSB at a full-scale output current of 1.992 mA. This corre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 nA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1
mA, allowing some mismatch in the NPN current source
pair. The accuracy test circuit is shown in Figure 4. The 12-
bit converter is calibrated for a full-scale output current of
1.992 mA. This is an optional step since the DAC0B08 accu-
racy is essentially the same between 1.5 and 2.5 mA. Then
the DAC08B08 circuits’ full-scale current is trimmed to the
same valug with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the error
band may be displayed on an oscilloscope, detected by
comparators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of +; of one part in 65,536 or +0.00076%,
which is much more accurate than the +0.019% specifica-
tion provided by the DAC0B808.

MULTIPLYING ACCURACY

The DAC0808 may be used in the multiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference current in the multiplying
mode ranges from 16 nA to 4 mA, the additional error con-
tributions are less than 1.6 pA. This is well within 8-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DAC0808 is monotonic for all values of reference current
above 0.5 mA. The recommended range for operation with
a DC reference current is 0.5 10 4 mA.

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which corresponds to a low-1o-high transition
for all bits. This time is typically 150 ns for settiing to within
1 Y4 LSB, for B-bit accuracy, and 100 ns to 1%, LSB for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns.
These times apply when R < 5000 and Cg < 25 pF.
Extra care must be taken in board tayout since this is usually
the dominant factor in satisfactory test results when mea-
suring settling time. Short leads, 100 uF supply bypassing
for low frequencies, and minimum scope lead length are all
mandatory.
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LM136-5.0/LM236-5.0/LM336-5.0, 5.0V Reference Diode

General Description

The LM136-5.0/LM236-5.0/LM336-5.0 integrated circuits
are precision 5 OV shun! regulator diodes. These monolithic
IC voltage references operate as a low tempereture coetfi-
cient 5.0V zener with 0.6¢) dynamic impedance A third ter-
minal on the LM136-5.0 allows the reference voltage and
temperature coeflicient to be trimmed easily.

The LM136-5.0 senes is usefu! as a precision 5.0V low volt-
age reference for digital voltmeters, power supplies o1 op
amp c¥custry. The 5.0V makes it convenient to obtain 8 sta-
ble referonce from low vollage supplies. Further, since the
LM136-5.0 operates as a shunt regulator, it can be used as
either @ positive or negative voltage reference.

The LM136-50 is rated for operation over —55C to
+125°C while the LM236-5.0 is rated over a —25'C to
+ B5°C temperature range. Both are packaged in a TO-46

package. The LM336-5.0 is rated for operation over 8 0°C to
+ 70°C temperature range and is available in a TO-82 plas-
fic package. For applications requinng 2.5V see LM136-2.5.

Features

® Adjusiable 4V to 6V

® Low temperature coetficient .

® Wide operating current of 600 pA to 10 mA
s 0.61) dynamic impedance

&® % 1% initial tolerance available

& Guaranteed temperature stability

= Easily timmed for mnimum temperature dnft
& Fas! turn-on

® Three lead transisior package

Connection Diagrams

T0-92
Plastic Package

TO-46
Metal Can Package . NC NC ADJ

SO Package

hos  « D 8 | e s
TLHETIE-4
Bottom View TLmisT6-8 B ELE ‘4
Order Number LM3362-5.0 or Bottom View NC NG NC ’- s
"y -
. § ¥ Lrdag PomberiiMRsHS b Order Number LM336M-5.0 or

See NS Package Number ZO3A

LM236M-5.0, LM136AH-5.0 or
LM236AN-5.0

LM236BM-5.0
See NS Package Number HO3H

See NS Package Number HO3H

Typical Applications

5.0V Reference with Minimum

Trimmed 4V to 6V Reference

5.0V Reference Temperature Coefficient with Temperature Coefficient
v wv Independent of Breakdown Voltage
v
20
* 1
sov
tM136 5.9 N887
0
= TN - LM3ES 0 CALIBRATE
- [C2H Y]
TLIHILTI6-0
nay?°
TAdjust 10 5 00V -
TL/H/ST18-D

“Any siicor. signal 8ide

*Does not affect tempersture coethicent
YL/HISTIB- 1S




I miiitary/Aerospace specified devices are required,
contact the National Semiconductor Ssles Office/
Distributors for svailabllity and specifications. °

Reverse Current 15mA
Forward Current 10mA
Storage Temperature -60"Cto +150°C

Operating Temperature Range

Soldering Information

TO-92 Package (10 sec.)

TO-46 Package (10 sec.) 300°C
SO Package sc
Vapor Phase (60 sec.) 215°

220°C

Infrared (15 sec.)
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” (appendix D) for other methods of

260°C &

LM136-5.0 -55'Cto 4150°C soldering surlace mount devices.
LM236-5.0 -25'Cto 4 85°C
LM336-5.0 0*Cto +70°C
Electrical Characteristics not 1)
LM136A-5.0/LM236A-5.0 LM336B-5.0
Parameter Conditions LM136-5.0/LM236-5.0 LM336-5.0 Units
Min Typ Max | Min | Typ | Max
Reverse Breakdown Voltage | Ta=25'C, Ig= 1mA
LM136-5.0/LM236-5.0/LM336.5.0 49 5.00 5.1 48 (500 5.2 v
LM136A-5 0/LM236A-5.0, LM3368B.5.0 | 4.95 5.00 505 |490 500} 51 v
Reverse Breahdown Change | Tp= 25°C, 6 12 6 20 mv
With Current 600 uAZig<10mA
Reverse Dynamic Impedance | To= 25°C, In= 1 mA 0.6 1.2 0.6 2 n
Temperature Stability Va Adjusted 5.00V
In= 1mA, (Fowe2d)
0°C<Ta<70°C (LM336-5.0) . 4 12 myv
~25'CTa< +85C (LM236-5.0) 7 18 mvV
- 55°CuTa< +125°C (LM136-5.0) 20 36 mv
Reverse Breakdown Change
Llgs 6 17 6 24 mVv
With Current BAUAA I3 10w
Adjustment Range Crcuit of Figure 1 21 11 v
Reverse Dynamic Impedance | I = 1mA 0.8 1.6 08 | 25 n
Long Term Stabinty Tao=25'C20.1°C.lg= 1mA 20 20 ppm

Wote 1: Uniess ofrwwise 3p62M6d the LW136 50 15 pecthod rom - S5°C o Taz + 125°C, the LM236 50 om - 25°C = Tas ~ BS'C and the LM336.5 G from

OleTaw = 700C

Note 2: Tempe-ature statnity for the LM3IIE and LM236 fsmidy i guaranteed by detsgn Dessg” kmits 810 guarantesd (bul not 100% percent producton: tesied)
Ove’ the: Ind.CaleC 1emperature and supply vollage ranges Thuse bmuts 816 Not Used 10 CHICUIALE OUIGONG Quality levels Stabety s detinad 8s the maxmurn charge

N Vegr tom 25°C 10 Ta{mm) or T (max)
Note 3. For elevated temperaturey oporation, T, max 18

1M136 157C
IM23se 125°C
1M336 100°C
Therma! Resistance T0-82 YO-48 80-8
6,4 Ldunction 10 Ambient) 180°C/W (0 4° Lends) 44arC/w 165°C/W
1200C/W (0 125" Leads)
#,5 (Junction to Case) N/A s C/W N/A




Typical Performance Characteristics
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Application Hints

The LM136.5 0 senes voltage references are much easier
10 use than ordinary zener diodes Their low impedance and
wide operating current range simplify biasing in almost any
circuit. Further, either the breakdown voltage of the temper-
ature coethicient can be adjusted 1o optimize circull perform-
ance.

Figure 1 shows an LM136-5 0 with a 10k potentiomaeter for
adjusting the reverse breakdown vollage. With the addition
of R1 1he breakdown voltage can be adjusted without af-
tecting the temperature coetficient of the device. The ad-
justment range is usually sutficient to adjust for both the
initial device tolerance and inaccuracies in butfer circurtry.
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Reverse Characteristics
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Forward Characteristics
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If minimum temperature coefficient is doSHw iy, odes
can be added in senes with the adjustment e w,moter
as shown in Figure 2. When the device is adjusted 1, 5, ooy
the temperature coetlicient is minimized. Attt ary alicon
signal diode can be used for this purpose suih me o 11)y14
1N4148 or 8 1N457, For proper temperatura .‘.-...,,.,4.“|,O,;
the diodes should be in the same thermal Bivipergnt as
the LM136-5 0. It is usually sufficient 10 mount the, hodes
near the LM136-5.0 on the printed circull boait tie, atep.
lute resistance of the network is not critical et .y yatue
from 2k 10 20k will work. Because of the wilo a, aement
range, fixed resistors should be connected In suiiue ooy, the
pot to make pot setting less cntical.




Application Hints (continuea) : g
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FIGURE 1. LM 136-5.0 with Pot for Adjustment of
Breakdown Voltage (Trim Range = : 1.0V Typlcal)
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FIGURE 2. Temperature Coetficient Adjustment
(Trim Range = = 0.5V Typlcal)

Typical Applications (continued)

Precision Power Regulator with Low Temperature Coefficient
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Typical Applications (continved) : .
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Typical Applications (Continueq)

Op Amp with Output Clamped
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