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Abstract

This senior project is the product design step because the Metronome is
widely used in professional and amateur musician group.

The system is controlled by front button such as to change speaker volume,
tempo or to shutdown. All functions can work properly by unite designed hardware
and software. The Intel MCS®-51, the main microcontroller unit, will receive 60 Hz
base frequency for time count and programmable base frequency for tempo. The
user interface units are speaker, keypad, 3-digit numerical display and 20 character 2
lines liquid crystal display module. All functions controlled by MCS®-51 assembly
language are to change speaker volume, tempo, meter and time signature by front
key and programmable measure count or time count. All programmable data will

reserve forever after shutdown.
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Intemal RAM Structure

Arithmetic Special-
and PSW Function 5 S
Logic Unit Registers L] &
RAM
A B 8-Bit Data and
Address Bus 5 ;
DPTR
FC DPH ROM
DPL

5 ¢
E o
a

16-Bit Address Bus
EA Byla/B Special 5 )

it
ALE = System yte Function s -
Addresses Registe 3 5
PSEN — Timing egE s 4

XTAL1 = System R

egister
XTAL2 — Interrupts Bank 3 P 1
RESET — Timers PCON I
Data Buffers Register SBUF '
Voc =—{ Memory Control Bank 2 SCON |
GND TCON 1
I Register TMOD i
I Bank 1 o I
i } THo |
| Bank 0 T |
| T |

S ——

1l 3.1 amilaenssuves 8051

Vo
AQ-A7
Do-D7

Vo

vo
AB-A15

Vo
interrupt
Counter

Serial Data
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Registe Regist
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Math Registers THO T THI Tt
Counter Counter Counter Counter
Timer/Counter Registers
8 | s& 8 | 9 8 | o7 8 | o
" SCON SBUF PCON PSW
Register Register Register Register
Serial Data Registers Flags
General-
Purpose
Area
g | &
Stack
Pointar
30
oF 7F
Bit
Address Bit Addresses for this RAM Area Only
Area
20 00
1F
lster
g s Jeo |5 e 16__ | No Address
3 Data Pointer
Program Counter
18 opH | orL
17
Register
Bank
2
10
oF 8 | eor 8 | oo~ s |aAc 8 | B0
Port0 Part 1 Port2 Port3
Register Latch Latch Latch Latch
Bank
1
08
07 A7
(V] 16
Register 95 ;o
Bank 04 4 ]

T 03 . Number of Direct Byts Address
02 ;A Bits - * Indicates Bit Addressable
01 A1
o0 RO 000
Byte Internal Internal

Addresses RAM ROM
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Port 1 Bit 0
Port 1 Bit 1
Port 1 Bit 2
Port 1 Bit 3
Port 1 Bit 4
Port 1Bt 5
Port 1 Bit 6
Port1Bit 7
Reset Input
Port 3 Bit 0

{Receive Data)

Port 3 Bit 1
(OCMIT Data)

Port 3 Bit 2
(Interrupt 0)

Port 3 Bit 3
(interrupt 1)

Port 3 Bit 4
(Timer O Input)

Port 3 Bit 5
(Timer 1 Input)

Port 3 Bit 6
(Write Strobe)

Port 3 Bit7
(Read Strobe)

Crystal Input 2
Crystal Input 1

Ground

1 P10

3 Pi2

4 P13

5 P14

6 P15

7 P16

8 P17

9 RST

10 P3.0 (RXD)
11 P3.1 (TXD)
12 P3.2 (INTO)
13 P3.3 (INT1)
14 P3.4 (10)
15 P35 (T1)
16 P3.6 (WR)
17 P3.7 (RD)
18 XTAL2

19 XTAL1

20 Vss

Vee 40

(Aod) P0.0 39
(AD1) PO.1 38
(AD2) P0.2 37
(AD3) P0.3 36
(AD4) P0.4 35
(AD5) PO.5 34
(ADE) P0.6 33
(AD7) PO.7 32
(VPR)/EA 31
(PROG)ALE 30
PSEN 29
(A15) P2.7 28
(A14) P2.6 27
(A13) P25 26
(A12) P2.4 25
(A11) P2.3 24
(A10) P22 23
(A9) P2.1 22

(A8) P2.0 21

3 3.3 midavives 8051

+ 5V
Port 0 Bit 0
(Address/Data 0)

Port 0 Bit 1
(Address/Data 1)

Port 0 Bit 2
(Address/Data 2)

Port 0 Bit 3
(Address/Data 3)

Port 0 Bit 4

(Address/Data 4)

Port 0 Bit 5
(Address/Data 5)

Port 0 Bit 6
(Address/Data 6)

Port 0 Bit 7
(Address/Data 7)

External Enable
(EPROM Programming Voitage)

Address Latch Enable
(EPROM Program Pulse)

Program Store Enable
Port2Bit 7
(Address 15)

Port 2 Bit 6
(Address 14)

Port 2 Bit 5
(Address 13)

Port 2 Bit4
(Address 12)

Port 2 Bit 3
(Address 11)

Port 2 Bit 2
(Address 10)

Port 2 Bit 1
(Address 8)

Port 2Bit 0
(Address 8)
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DIGITAL METRONOME

;*
;*
;*
.k
r

Chayakul

34504016

VIWATTANATEERAKUL 34504042

*
¥*
%*
*

;****************************************************************************

divl
divh
runup
sndr0
sndrl
sndr2
vol
tem
temdec
tcount
dispbuf
mcount
meter
timesign
volume
rul
no.c
rhythm
measure
connect
timer
oflag
tcend
mcend
instw
dataw
statr
datar
porta
portb
portc
ctrl

sLocal

filll:

ti0:

£ill12:

til:

begin:

Thanapat
SUMANEE
org 0000h
equ 32h
equ 33h
equ 34h
equ 35h
equ 36h
equ 37h
equ 3%h
equ 40h
equ 41h
equ 43h
equ 45h
equ 46h
equ 48h
equ 4%h
equ 4ah
equ 50h
egu 51h
equ 52h
equ 54h
equ 56h
equ 57h
equ 60h
equ 7dh
equ 7eh
equ 4000h
equ 4001h
equ 4002h
equ 4003h
equ 4800h
equ 4801h
equ 4802h
equ 4803h

;ssound level
7 tempo
skeep tempo(BCD)value

s keep value for send to 7-seg

;s keep meter
skeep code of timesignature

;number character for led
;1keep rhythm for compare
;jcenter send Measure count
;center send beat value
;center send timer

;Batt off flag

;time count end

;measure count end

;write instruction

swrite data

;read instruction

jread data

; speaker

; 7-seg

shigh byte for 7-seq
;control port

Address 10h,11h,12h,13h,14h,15h,16h,17h,18h,19h,1ah,1bh, leh
;General register :r5,r6,r7 delay loop

§ HHHEHHHHHA

’

i # MENU

§ AR

jmp begin

db 00h, 00h,00h,00h,00h,00h,00h,00h
org 000bh

jmp t0serv ;jgoto beat

db 00h,00h,00h,00h, 00h,00h,00h,00h
db 00h,00h,00h,00h,00h

org 001bh

Jmp tlserv ;sgoto time
org 00leh

clr p3.0 ;Awake

lcall getdata
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initdata:

maincont:

home:

home2:

clr tcend
clr mcend
mov dptr,#ctrl
mov a,#81h
movx @dptr,a
mov a,oflag
cjne a,#16h,initdata
sjmp maincont
mov oflag,#16h
mov meter,#10h
mov timesign,#10h
mov measure,#00h
mov (measure+1),#00h
mov timer,#00h
mov (timer+1),#00h
mov (timer+2),#00h
mov vol,#07h
mov tem,#3ch
lcall putdata
mov sp,#08h
mov temdec,#00h
mov (temdec+1),#00h
nov mcount ,#00h
mov (mcount+1),#00h
mov tcount,#00h
mov (tcount+1) ,#00h
mov (tcount+2),#00h
acall lcd
lcall hltxt
lcall h2txt
lcall showmt
lcall showts
lcall showtime
lcall showmc
lcall tmll
mov pl, tem
lcall seq
mov dptr,#portc
mMOVX a,@dptr
anl a,#0fh
cjne a,#0bh,tapl
acall delay3
acall delay3

s

+METER

s A
acall lcd
acall 11

s+ KEY SCAN SUBROUTINE

seq
dptr,#portc
a,@dptr
a,#0fh
a,#0eh, k2
delay3
a,meter

a

meter,a
a,#08h, k11
a,#80h

;8255 initialize

scheck default

;Quarter
;4/4
;Measure

s Time

;Speak level
sTempo = 60

;through the eye of god

;convert tem to temdec
;Send Tempo to VCO

;check MENU key pressed?

scheck + key pressed?

81



mov meter,a

kll: acall ¢
jmp op
TR

i
;- KEY SCAN SUBROUTINE

~

k2: cjne a,#0dh, keyen
acall delay2
mov a,meter
rl a
mov meter,a
cjne a,#01h,k21
mov a,#10h
mov meter,a
k21: acall ¢
jmp op
tapl: 1jmp chvl

keyen: cine a,#07h,op
acall delay2
acall 1lcd
mov rul,#80h
mov no.c,#19
mov dptr,#charé
lcall ledld
mov a,timesign

acall t822

§ TIFIIT )

;+ KEY SCAN SUBROUTINE

kenl: lcall seg
mov dptr,#portc
movx a,@dptr
anl a,#0fh

cjne a,#0eh, ken2
acall delay2

mov a,timesign

rl a

mov timesign,a

cjne a,#40h,ken

mov a,#02h

mov timesign,a
ken: acall ts22

s+~ KEY SCAN SUBROUTINE

ken2: cjne a,#0dh,kn31
acall delay2
mov a,timesign
rr a
mov timesign,a

cjine a,#01h,k31

;send METER to LCD

;check -key to pressed?

s8end METER to LCD

;display at LCD

;check + key to pressed?

;check ENTER key to pressed?

jcompare for check

;check - key to pressed?

;compare for check
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mov
mov
k31: acall

a,#20h
timesign,a
ts22

; ,

I
s MEASURE COUNT
; AR
kn31: cjne a,#07h,kenl
acall delay2
acall lcd
mov rul,#80h
mov no.c,#18
mov dptr,#charl2
lcall ledld
acall 1d10
s FHHHHAHRR
3+ KEY SCAN SUBROUTINE
s HHEHAHRR R
kml: lcall seg
mov dptr,#portc
movx a,@dptr
anl a,#0fh
cjne a,#0eh, km2
acall delay3
acall delay3
mov a,measure
add a,#01d
da a
mov measure,a
cjne a,#00h,1d17
mov a, (measure+l)
add a,#01d
da a
mov (measure+l),a
acall 1d10
sjmp kml
1d17: acall 1d10
sjmp kml
A

.
[
.
7

..

km2 s cjne
acall
acall
dec
mov
cjne
mov
dec
mov
cjne
mov
acall

sjmp

kmsenl: ajmp

- KEY SCAN SUBROUTINE

a,#0dh,kmsenl
delay3

delay3
measure
a,measure
a,#0ffh, kmm2
measure,#9%h
(measure+l)
a, (measure+l)
a,#0£f£fh, kmm3

(measure+l),#99%h

1d10
km1l

kmsen

;check enter key to pressed?

;send value to LCD

;check + key to pressed?

;chang hex in measure to BCD

schang hex in (measure+l) to BCD

skmsen ;check -~ key press?

;compare measure for chack

;compare (measure+l) for chack

;display at LCD



Y a:

s CALCULATION SUBROUTINE

kmm3 :

anl
cjne
mov
clr
subb
mov
acall

sjmp

anl
cjne
mov
clr
subb
mov
acall

sjmp

a,#0fh
a,#0fh,1d17
a,measure
c

a,#06d
measure,a
1d10

kml

a,#0fh
a,#0fh,1d17
a, (measure+1)
c

a,#06d
(measure+l),a
1d10

kml

1d11:

1d14:

1d415:

a, (measure+l)
a,#0£f0h
a,#00h,1d11
a,#0cOh
oper
a,#20h

dtw

a, (measure+l)
a,#0£fh
a,#00h,1d12
a,#0clh
oper
a,#20h

dtw
a,measure
a,#0£0h
a,#00h,1d13
a,#0c2h
oper
a,#20h

dtw
a,measure
a,#0fh

r4,a
leh,#0c3h
ncl

a, (measure+l)
a,#0£0h

a

r4,a
leh,#0cOh
mcl

a, (measure+1)
a,#0fh

r4,a
leh,#0clh
mcl
a,measure

;change to BCD

schange to BCD



1dle:

1ld12:

1d13:

kmsen:

’

.
’

.
’

po:

anl
swap
mov
mov
acall
mov
anl
mov
mov
acall
ret

mov
acall
mov
acall
jmp

mov
acall
mov
acall
mov
acall
mov
acall

jmp

1jmp

a,#0£f0h

a

r4,a
leh,#0c2h
mecl
a,measure
a,#0fh
r4,a
leh,#0c3h
mcl

a,#0cOh
oper
a,#20h
dtw
1414

a,#0cOh
oper
a,#20h
dtw
a,#0clh
oper
a,#20h
dtw
1d15

kml

a,#07h,kmsl
delay3
delay3
rul,#80h
no.c,#18

lcd
dptr,#charl3
lcdld

ktd

a,#0c2h
oper
a,#3ah
dtw
a,#0c5h
oper
a,#3ah
dtw
a,#0clh
oper
a,#00001110b
oper
delay3

;send : to between time-counting



+ KEY SCAN SUBROUTINE

.. we we

HRHRHEHRHRHE

L
kt02: lcall segq
mov dptr,#portc
movx a,@dptr
anl a,#0fh
cjne a,#0eh,kt03
acall delay3
mov a, (timer+2)
add a,#01d
da a
mov (timer+2),a
ktd2: acall ktd
mov a,#0c1lh
acall oper
mov a,#00001110b
acall oper

acall delay3
ajmp

thodbdbotd
7 i

kt03: cjne a,#0dh,kt04
acall delay3
dec (timer+2)
mov a, (timer+2)
cjne a,#0££fh,ktdl
mov (timer+2),#99n
jmp ktd2

1

.
r

ktdl: anl

7— KEY SCAN SUBROUTINE

;s CALCULATION SUBROUTINE

kto02

a,#0fh
cine a,#0fh,ktd2
mov a, (timer+2)
clr c
subb a,#064
mov (timer+2),a
jmp ktd2

3 HHHHEH

s MINUTE

; HEHAHAE

kt04: cjne a,#07h, kv

acall delay3
acall delay3
acall ktd
mov a,#0c4h
acall oper
mov a,#00001110b
acall oper
acall delay3

I

;+ KEY SCAN SUBROUTINE

scheck + key pressed?

scheck key

scheck - key pressed?

;display at LCD

schang to BCD

;display at LCD

;bring curser back to last position



kt55: lcall seqg

mov dptr,#portc
movx a,@dptr
anl a,#0fh

kto06: cjne a,#0eh,kt07
acall delay3
mov a, (timer+1l)
cjne a,#59h,ktd31
mov (timer+1),#00h
Jmp ktd3

ktol2: ajmp ktol11l

'HENU KEY SCAN SUBROUTINE

kv: cjne a,#0bh,kt02
acall delay3
1jmp vl

,CALCULATION AND DISPLAY SUBROUTINE

H

ktd31l: add a,#01d
da a
mov (timer+l),a
ktd3: acall ktd
mov a,#0c4h
acall oper
mov a,#00001110b
acall oper

acall delay3
‘ajmp kt55

kt07: cjne a,#0dh, kt08
acall delay3
dec (timer+1l)
mov a, (timer+l1)
cjne a,#0£ffh,ktd4
mov (timer+1),#59h
jmp ktd3

kvl: cjne a,#0bh,kt55
acall delay3
ljmp vl

ktd4: anl a,#0fh
cjne a,#0fh, ktd3
mov a, (timer+l)
clr c
subb a,#06d
mov (timer+l),a

;check + key pressed?

;compare (timer+1l)
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.
[

.
1

kt08:

’

kt001:

kt10:

.
1

’

ktd32:

ktd110:

jmp

;ENTER KEY SCAN SUBROUTINE

ktd3

; HHHEHH

;s SECOND

3 A
cjne a,#07h, kvl
acall delay3
acall delay3
acall ktd
mov a,#0c7h
acall oper
mov a,#00001110b
acall oper
acall delay3

;+ KEY SCAN SUBROUTINE

lcall
mov
mMOVX
anl
cjne
acall

mov
cjne
mov
jmp

add
da
nov
acall
nov
acall

acall
acall

ajmp

seq
dptr,#portc
a,@dptr
a,#0fh
a,#0eh,ktll
delay3
a,timer
a,#59%9h,ktd32
timer,#00h
ktdl1lo0

a,#01d

a

timer,a

ktd

a,#0c7h

oper
a,#00001110b
oper

delay3

ktool

cjne
acall
dec

mov
cine
mov
Imp

a,#0dh; kt112
delay3

timer

a,timer
a,#0££fh, ktdl2
timer,#59n
ktd1l10

;bring curser back to last position

;check + key pressed?

;compare timer

;check - key pressed?

;jcompare timer



ktdl2: anl a,#0fh
cjne a,#0fh,ktd110

mov a,timer

clr c

subb a,#06d ;change to BCD
mnov timer,a

jmp ktdilo

;ENTER KEY SCAN SUBROUTINE

kt112: cjne a,#07h,kv2 :check ENTER key pressed?
acall delay3
acall delay3

acall ktd

mov a,#0clh

acall oper

mov a,#00001110b

acall oper

acall delay3
kto1l1l: 1jmp kt02

;MENU KEY SCAN SUBROUTINE

kv2: cine a,#0bh,kt001 ;check MENU key pressed?
acall delay3
1jmp vl
;s HHHEEE
; VOLUME
vls acall lecd
ROV rul,#80h
mov no.c,#07
mov dptr,#charl4
lcall ledld
mov a,#87h
acall oper
mov a,vol
add a,#30h

acall dtw

vl3: lcall seg
mov dptr,#portc
movx a,édptr
anl a,#0fh
cjne a,#0eh,vll ;check + key pressed?

acall delay3
acall delay3

mov a,vol

cjne a,#07d,vl12 scheck ENTER key pressed?
mov vol,#00h

Jmp vl4

[

,CALCULATION AND DISPLAY SUBROUTINE
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v12: mov
add
da
mov

v14: mov
acall
mov
add
acall
acall
acall

jmp

.
1
.
1
.
1

HHHEEHE A
vlils cjne a,#0dh,tm
acall delay3
acall delay3
mov a,vol
cjne a,#00h,vle
mov vol,#07d
jmp vl4
vle6: dec vol
mov a,vol
Jmp vld
; TR
;ENTER KEY SCAN
; AR
r
s A
; TEMPO
» HEHEAE
tms cjne a,#07h,v13
acall delay3
acall delay3
acall lcd
mov rul,#80h
mov no.c,#06
mov dptr,#charl$
lcall lcdld
acall tmll
acall tm3
acall seg
jmp tml

- KEY SCAN SUBROUTINE

a,vol
a,#01d

vol,a
a,#87h
oper
a,vol
a,#30h
dtw

cv
sndnorm
vl3

sndnorm: mov
mov
mov
acall
ret

loops: mov
nov
clr
subb
mov

loopsl: mov
mov

dptr,#porta

sndrl,#20h
sndr0,#03h
loops

r0,volume
a,r0

c

a,#20h
sndr2,a
r6,sndr0
a,r0

;check - key pressed?

;scheck ENTER key pressed?

; speaker



echo:
echol:

rest:
restl:

cv0:

cvl:

cv2:

cv3:

cvd:

cvSs

cvé:

;COMPARE SOUND

mov
movx
djnz
djnz
mov
mov
mov
movx
djnz
djnz
dec
mov
cjne
ret

mov
cine
mov
ret

cjne
mov
ret

cjne
mov
ret

cjne
mov
ret

cjne
mov
ret

cjne
mov
ret

cjne
mov
ret

cjne
mov
ret

LEVEL SUBROUTINE

r7,sndrl
@dptr,a
r7,echol
ré6,echo
r6,sndr0
a,#00h
r7,sndrl
@dptr,a
r7,restl
r6,rest
r0

a,r0

a,sndr2, loopsl

a,vol
a,#00h,cv0
volume,#20h

a,#01lh,cvl
volume,#22h

a,#02h,cv2
volume,#25h

a,#03h,cv3
volume,#38h

a,#04h,cv4
volume, #4ah

a,#05h,cv5
volume,#60h

a,#06h,cvé
volume,#0a0h

a,#07h,cv
volume,#0££fh

long:

lcall
mov
movx
anl
cjne
acall
acall
mov
acall
djnz
acall
acall

seg

dptr,#portc
a,@edptr
a,#0fh
a,#0eh, tm2
delay5
tm21
r3,#05h
seq
r3,long
tm3

seq

s compare

; compare

;compare

;compare

s compare

;compare

;jcompare

jcompare

for

for

for

for

for

for

for

for

send

send

send

send

send

send

send

send

value

value

value

value

value

value

value

value

;check + key pressed?

ssend to 7-seg
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’

1: inc tem

tmll: nov pl,tem
mov a,tem
mov b,#100 sjdivided by 100 to :
div ab ;determine num of hundreds
mov (temdec+1),a
mov a,#10 ;divided remain by ten to
xch a,b ;determine number of tens
div ab sten's digit in ACC

;jremainder is one's digit

swap a
add a,b ;pack BCD digits in AcCC
mov temdec,a
ret

tm2: cjne a,#0dh, tm8 ;check - key pressed?
acall delay5
dec tem
acall tmll
mov r3,#05h
long2: acall seg
djnz r3,long2
acall tm3
acall seg
jmp tml

tm8: cjne a,#07h, tml
acall delay5
lcall putdata
acall seq
1jmp home

;+ KEY SCAN SUBROUTINE FOR INCREASE OR DECREASE VOLUME WHEN WORKING

chvl: cjne a,#07h,sleep
acall delay5
lcall dmn

1jmp home

sleep: cjne a,#0dh,homel
acall delay5
lcall putdata
setb p3.0
sjmp  §

homel: 1jmp home2




tm4:

tm5:

tmé61l:

a, (temdec+l)
a,#0fh
a,#00h, tmd
a,#86h
oper
a,#20h
dtw
a,temdec
a,#0f0h
a,#00h, tm5
a,#87h
oper
a,#20h

dtw

tmé1l

r4,a
leh,#86h
mcl
a,temdec
a,#0f0h
a

r4,a
leh,#87h
mecl
a,temdec
a,#0fh
r4,a
leh,#88h
mcl

cff:

[o:1:}

cdg:

mov
anl
cjne
mov
mov
movX

mov
mov
movx
djnz
mov
anl
cjne
mov
mov

mov
mov
mov
movx
djnz
acall
ret

mov
move
cpl
mov

a, (temdec+1)
a,#0fh
a,#00h,cdg
a,#0ffh
dptr,#portb
@dptr,a
rl,#00h
a,#80h
dptr,#portc
@édptr,a
rl,cff
a,temdec
a,#0£0h
a,#00h,cdgl
a,#0ffh
dptr,#portb
@dptr,a
rl,#00h
a,#40h
dptr,#portc
édptr,a
rl,css

cdg2

dptr,#table
a,@a+dptr

a
dptr,#portb
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cf:

cdgl:

cs:?

cdg2:

ch:

movx
mov
mov
mov
movx
djnz
mov
anl
swap
mov
movc
cpl
mov
movx
mov
mov
mov
movx
djnz
mov
anl
mov
movc
cpl
mov

mov
mov

movx
djnz
ret

@dptr,a
rl,#00h
a,#80h
dptr,#portc
@dptr,a
rl,cf
a,temdec
a,#0f0h

a
dptr,#table
a,@atdptr
a
dptr,#portb
@dptr,a
rl,#00h
a,#40h
dptr,#portc
édptr,a
rl,cs
a,temdec
a,#0fh
dptr,#table
a,@a+dptr
a
dptr,#portb
@dptr,a
rl,#00h
a,#20h
dptr,#portc
édptr,a
rl,ch

a, (timer+2)
a,#0£0h

a

r4,a
leh,#0cOh
mcl

a, (timer+2)
a,#0fh
r4,a
leh,#0clh
mecl

a, (timer+1)
a,#0£f0h

a

r4,a
leh,#0c3h
mcl

a, (timer+l)
a,#0fh
r4,a
leh,#0c4h
mcl
a,timer
a,#0£0h

a

r4,a
leh,#0cé6h
mcl
a,timer



e:
triplets:

t:
sixteenth:

-1
quarter:

kl:

11:

12:

.
’
.
1

.
’

delay:

delayl:

delay2:

dl2:

anl
mov
mov
acall
ret

cjne
mov
mov
mov
lcall
ret

cjne
mov

mov
lcall
ret

cjne
mov
mov
mov
lcall
ret

cjne
mov

mov
lcall
ret

mov
lcall
mov
lcall
ret

FHHTH S
DELAY SUBROUTINE

a,#0fh
r4,a
leh,#0c7h
mcl

a,#80h,e
rul,#89h
no.c,#09
dptr,#char3
ledld

a,#40h,t
rul,#89h
no.c,#09
dptr,#char4
lcdld

a,#20h,s
rul,#89h
no.c,#09
dptr,#char5
lcdld

a,#10h, k1l
rul,#89h
no.c,#09
dptr,#char2
ledld

op

rul,#80h
no.c,#09
dptr,#charl
lcdld
a,meter

q

r5,#0££fh
r6,#80h
r7,#04h
r5,delayl
r6,delayl
r7,delayl

r5,#00h
r6,#00h
r7,#02h
r5,d12
r6,d12
r7,d12
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ret

delay3: mov
mov
dlay: djnz
djnz
ret
delay4: mov
dlayl: djnz
ret
delay5: mov
mov
dll: dinz
djnz
ret

r6,#0£f£fh
r7,#092h
r6,dlay
r7,dlay

r7,#0£fh
r7,dlayl

r6,#00h
r7,#0e6h
r6,dll
r7,d11

;LCD CONTROL SUBROUTINE

lcd: mov
acall
mov
acall
mov
acall
acall
mov
acall
acall
ret

14

ledld: mov
lcall
lcall
ret

push
push
mov
movx
acall

pop

pop
ret

push
push
mov
MOVX
acall

pop

;LCD DISPLAY SUBROUTINE

sWRITE INSTRUCTION SUBROUTINE

sWRITE DATA SUBROUTINE

a,#00111000b
oper
a,#00000110b
oper
a,#00001100b
oper

delay3
a,#01h

oper

delay3

a,rul
lcdlds
delay3

dph

dpl
dptr,#instw
@dptr,a
delay4

dpl

dph

dph

dpl
dptr,#dataw
@dptr,a
delay4

dpl

; function set
;Entry INC

sDisplay ON

;Clear Screen

;clear speed

;send data to 1lst lcd's line

;value was in buffer(lcd)

;send order

;jsend data



pop dph
ret

;LCD DISPLAY SUBROUTINE

lcdlds: push dph
push dpl
lcall oper
pop dpl
pop dph
mov r2,no.c
ledldsl: clr a
movc a,@a+dptr
push dph
push dpl
lcall dtw
pop dpl
pop dph
inc dptr
djnz r2,ledldsl
ret

ts822: cjne a,#02h,ts24
t22: mov dptr,#char?
acall €221
mov rhythm, #04h

ret
ts24: cjne a,#04h, ts34
t24: mov dptr,#char$
acall t221
mov rhythm,#02h
ret
ta34: cjne a,#08h,ts44
t34: mov dptr,#char9
acall t221
mov rhythm,#03h
ret
tsd4: cjne a,#10h,ts68
td4: mov dptr, #charl0
acall t221
mov rhythm,#04h
ret
t868: cjne a,#20h,ts22
t68: mov dptr,#charll

acall t221
mov rhythm, #03h

ret

£221: mov rul,#0cOh
nov no.c,#03
acall lcdld
ret

:send number charactor to lcd

;compare

;compare

;compare

;compare

;compare

:send

key

key

key

key

key

2/2

and bring

and bring

and bring

and bring

and bring

charactor to lcd

charactor to lcd

charactor to lcd

charactor to lcd

charactor to lcd



mcé: mov

mcO: mov
mov
mov
acall
ret

mcl: mov
acall
mov
add
acall
ret

~a we we

dmn: lcall
lcall
lcall
lcall
mov
mov
mov
mov
mov
mov
lcall
lcall
lcall
lcall
lcall
lcall
lcall
mov
cjne
sjmp
sethb
setb
lcall
mov
movx

sett0:

settl:

loop:

stop: clr

inittimer: mov

(measure+1),#00h
measure,#00h
a,r4

leh,#0c3h

mel

a,leh
oper
a,r4
a,#30h
dtw

;send figure to lcd

e Je e de Je e e e ¢ de Je Je de do e sie e de o Je de I de de Je de e de de de de e e e e e de de Fo de Je Je de Je de de de Je Fe e e Fe e de de de de de e e e e do e Je de Je e

Main Function to approach the Beat
e de e de e e Je e de Je e Je Je Je Je do de Je e d Je Je de Je Je de Je de e Je e de de de de de de K Je de e e de de e de de e de de o de de e Fe Je I e I Jo de de do Je Jo de de do

led ;Through to eye of god
inittimer

hltxt

h2txt

mcount, #00h

(mcount+1),#00h

tcount,#00h

(tcount+1),#00h

(tcount+2),#00h

runup,#00h
shownt
showtime
showme
tempodiv
showts
tsset
tempomul
a,tem
a,#00h,sett0
settl
tcon. 4
tcon.6

seg

dptr, #portc
a,@dptr
a,#0fh

c

a,#0eh
stop
mcend, stop
tcend, stop
loop

tecon. 4
mcend
tcon.6
tcend

ie,#10001010b

tmod,#01100101b

t10,divl
tho,divh
tl1,#0c3h
thl,#0c3h

;Beat

;no beat

sTimer 0 run
;Timer 1 run

;Beat End

;Timer End

sEnable TO & Tl
3sT0 mode 0 & Tl mode 2
;1 TO0 divide tempo

;Tl Start value
H Reload value
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- we wo

getdata:

getlp:

putdata:

putlp:

-~ we weo

hltxt:

hlpl:

h2txt:

hlp2:

r

; the Show must go on
;*********************i****************

stime
showtime:

shtlp:

mov

mov
movx
inc
inc
djnz
ret

mov
lcall
mov
mov
clr
move
lcall
inc
djnz
ret

mov
lcall
mov
mov
clr
movce
lcall
inc
djnz
ret

mov
lcall
mov
mov
mov
anl
swap
add
lcall
mov
anl
add

de e de e Yo Je e de de Je de de de de de e Je e de e de de e de de de de e de g Je % e Je g de de o

Get & Put data from pRAM
v de Ve e de de e de J de Je e do Je de de Je de de de Je Je de Je Je e o de de Je de & de de Je e K de

dptr,#0030h
r0,#30h
r7,#49d
a,@dptr
€r0,a

r0

dptr
r7,qgetlp

dptr,#0000h
r0,#00h
r7,#80h
a,@ro
@dptr,a

r0

dptr
r7,putlp

¥ & de Je de e de de e de e e ode Je do de Yo de de de e e e e Je de do de Je de Jo Je Je de de de Ko de

Print Head text

o e Y e ode o e de de de de de o e e e e e e de de de e e de de de de de de de Je de e de ek K

a,#80h

oper
dptr,#tmltxt
rl,#20d

a

a,@a+dptr
dtw

dptr

rl,hlpl

a,#0cOh

oper
dptr,#tm2txt
rl,#20d

a

a,@a+dptr
dtw

dptr

ri,hlp2

« ¢ e de de e e de de de de e Jo de e de de de Je de de de e Je e Je e Je de Je de e Je Je de de de de de

a,#0c3h
oper
rl,#03h
r0,#(tcount+2)
a,@ro
a,#0£0h
a
a,#30h
dtw
a,ero
a,#0fh
a,#30h

;Line 2 Col 4




shtbk:

lcall
mov
clr
subb
jz
mov
lcall
dec
djnz
ret

;jmeasure count

showmc:

shmlps

;meter
showmt:

squart:
seighti
stript:

ssixtn:
shmtcont:
shmtlp:

mov
lcall
mov
mov
mov
anl
swap
add
lcall
mov
anl
add
lcall
dec
dijnz
ret

mov
lcall
mov
cjne
mov
s8jmp
cjne
mov
sjmp
cjne
mov
sjmp
mov
mov
clr
move
lcall
inc
dinz
ret

stime signature

showts:

sts22:

sts24:

sts34:

stsdd:

mov
lcall
mov
cjne
mov
sjmp
cjne
mov
sjmp
cine
mov
sjmp
cjne
mov

L3

dtw

a,rl

c

a,#01h
shtbk
a,#3ah
dtw

r0
rl,shtlp

a,#0d0h
oper

rl,#02h
a,@ro
a,#0£0h
a
a,#30h
dtw
a,@ro
a,#0fh
a,#30h
dtw

r0
rl,shmlp

a,#82h

oper

a,meter
a,#10h,seight
dptr,#char2
shmtcont
a,#80h,stript
dptr,#char3
shmtcont
a,#40h,ssixtn
dptr,#char4
shmtcont
dptr,#char5
rl,#0%h

a

a,eat+dptr

dtw

dptr
rl,shmtlp

a,#91h

oper
a,timesign
a,#02h,sts24
dptr,#char?
stscont
a,#04h,sts34
dptr,#char8
stscont
a,#08h,sts44
dptr,#char9
stscont
a,#10h,sts68
dptr, #charl0

r0,#(mcount+1)

;Line 2 Col 4

sLine 1 Col 3

;Quarter Note

;Eighth Note

;Triplets

:1Sixteenth Note

12/2

12/4

:3/4

14/4
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sjmp stscont

8ts68: mov dptr,#charll ;16/8
stscont: nov rl,#03h
stslp: clr a

movce a,@a+dptr

lcall dtw

inc dptr

djnz rl,stslp

ret

;**************************************

; Arrange value to suit
;**************************************

stimer 0 divider

tempodiv: mov a,meter
quart: cjne a,#10h,eighth
mov divl,#02fh sQuarter Note
mov divh,#0£dh
sjmp tdcont
eighth: cjne a,#80h,tript
mov divl,#097h ;Eighth Note
mov divh,#0feh
sjmp tdcont
tript: cjne a,#40h,sixtn
mov divl,#00fh ;Triplets
mov divh,#0ffh
sjmp tdcont
sixtn: mov divl,#04bh ;Sixteenth Note
mov divh,#0£ffh
tdcont: ret

;time signature relate

tsset: mov a,timesign

tts22: cjne a,#02h,tts24 12/2
mov rhythm,#04h
sjimp tscont

tts24: cjne a,#04h,tts34 12/4
mov rhythm, #02h
sjmp tscont

tts34: cjne a,#08h,tts44 :13/4
mov rhythm,#03h
sjmp tscont

tts4d4: cjne a,#10h,tts68 ;4/4
mov rhythm, #04h
sjmp tscont

tts68: mov rhythm, #03h 16/8

tscont: ret

supper value to beat

tempomul : mov a,meter .
mguart: cine a,#10h,meight ;Quarter Note
mov b,#01h
sjmp tpmcont
meight: cjne a,#80h, mtript ;Eighth Note
mov b,#02h
sjmp tpmcont
mtript: cjne a,#40h,msixtn ;Triplets
mov b,#03h
sjmp tpmcont
msixtn: mov b,#04h ;Sixteenth
tpmcont: mov a,rhythm
mul ab
mov rhythm,a
ret
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;jcount coming pulse
beat: mov a,runup
cjne a,rhythm, bcont
lcall incme
mov runup,#00h
lcall sndhi
sjmp becont2
bcont: lcall sndnorm
bcont2: ret

;**************************************

; Service is come first
;**************************************

;beat service

t0serv: clr tcon. 4
mov t10,divl 3 TO divide tempo
mov th0,divh
inc runup
lcall beat
lcall showmc
lcall chkm
lcall segq
setb tcon.4
reti

;time service

tlserv: lcall inctime
lcall showtime
lcall chkt
lcall segq
reti

» 3¢ Jo Je de Je Je Je d¢ de Je de de de B¢ de -de dc de e e de eS¢ de de Ko e de e de Je do de de e ¥ ke ke

3 Progressive routine
;**************************************

;time progress

-

inctime: mov a,tcount sinc sec
add a,#01d :
da a
mov tcount,a
cjne a,#60h,tcont ;sec = 60 ?
mov tcount,#00h
mov a, (tcount+1) sinc min
add a,#01d
da a
nov (tcount+l),a
cjne a,#60h,tcont smin = 60 ?
mov (tcount+1),#00h
mov a, (tcount+2) sinc hr
add a,#01d
da a
mov (tcount+2),a
tcont: ret
;measure progress
incme: clr c
mov a,mcount
add a,#01d
da a
mov mcount,a
mov a, (mcount+1l)
adde a,#00h
da a .
nov (mcount+l),a

ret

12
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e e Je Je Je Je de de de de Je de Je de Jde Yo Je Je e de de do Je de de de e ode e de de T de de Jde Yo do de

To hear the rhythm

de Je Je e de Je ¢ de de de e do de e de Je e de e de de e de de e de e de o Je de de de de de Ve de &

~e ws e

;play hi for i

sndhi: mov dptr,#porta
mov sndrl,#40h
mov sndr0,#01h
lcall loops
ret

e e Jo de e Je de e Je e de de J¢ e de e Je e do Je de Je Je e Je e de de de Je de de de de g qe e K

Sure ?
;**************************************

;time check

.
1
.
1

chkt: mov a,tcount
cjne a,timer,ctcont
mov a, (tcount+l)
cjne a, (timer+l),ctcont
mnov a, (tcount+2)
cjne a, (timer+2),ctcont
setb tcend

ctcont: ret

;measure check

chkm: mov a,mcount
cijne a,#00h,chk
mov a, (mcount+1)
cjne a,#00h,chk
sjmp ckcont

chk: mov a,mcount
cjne a,measure,ckcont
mov a, (mcount+1)
cjne a, (measure+1),ckcont
setb mcend

ckcont: ret

de e e Je e e Je e de de e Je e de de e e de e e de de de de oo e Je de de Je Je ode de e o dede ke

i
; Character to play role
;**************************************

tmltxt: db "M: TS:

tm2txts db "TCs MC: "

charl: db "Meter(M):"

char2: db "Quarter "

char3: db "Eighth "

char4: db "Triplets "

char5: db “Sixteenth"”

charé6: db "Time Signature(Ts):"

char7: db "2/2"

char8: db "2/4"

char9: db "3/4"

chario0: db "4/4"

charll: db "6/8"

charl2: db "Measure Count(MC):"

charl3: db "Time Count(TC): "

charld: db "Volume: "

charl5: db "Tempos: "

tables db 3fh,06h,5bh,4fh,66h,6dh,7dh,07h
db 7£h,6£fh,77h, 7ch,39h,5eh,79h,71h
end
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msda LCD MODULE induszuylulas
mideuyy MEMORY MAP
1. sansaderdiy CHIP wefitaq WH 1u 8051 wide Z80 Tneviiszunllas
uoifiu LCD MODULE ludnunizves MEMORY éivuii

2. fl¥Famansadvunazsudeyanin LCD MODULE 18 shlfiueaaiioudiu

MEMORY BUFFER Wlud?

4 . y .
3. Weannamunsaswdeyanduld Suhliainsoansdey FLAG anuwienly

aquzfl LCD MODULE sdawhauls
4. W¥fuuedafiil LCD BUS anliw¥ouniniy
5. fnlfAuiuiveamiuanusWdaumils uaz#esiins DECODE aziduawends
6. misandyanaszdsaiiuliuvy CHIP udazives

ndgygnudn qlunsde ¥y LCD MODULE

PIN | SYMBOL |LEVEL FUNCTION
1 Vss --- |0V GND
2 Vee --- | +5V POWER SUPPLY
3 Vee --- |+V FOR LIQUID CRYSTAL DRIVE
4 RS H/L. | REGISTER SELECT
H:DATA INPUT L:INSTRUCTION INPUT
5 R/W H/L. | H:DATA READ L:DATA WRITE
6 E H |ENABLE SIGNAL (L —H)
7 DBO H/L | DATA BUS BIT 0
8 DB1 H/L |DATA BUS BIT 1
9 DB2 H/L | DATA BUS BIT 2
10 DB3 H/L |DATA BUS BIT 3
11 DB4 H/L |DATA BUS BIT 4
12 DBS5 H/L. | DATA BUS BIT 5
13 DB6 H/L |DATA BUS BIT 6
14 DB7 H/L |DATA BUS BIT 7
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wazidvamsi¥ny LCD MODULE

myefdaves DMC202

INSTRUCTION | RS | R DATA BIT EXE
/ TIME
w 4 (ns)
CLEAR 0 0 0 0 0 0 0 1640
DISPLAY
CURSOR AT 0 0 0 0 0 0 1 1640
HOME '
ENTRY MODE | 0 0 0 0 0 1 |ID 40
SET ,,
DISPLAYON/ | O 0 0 0 1 D r C 40
OFF
DISPLAY 0 0 0 1 |SC{RL| * 40
SHIFT :
FUNCTION 0 0 0 DL| N F * 40
SET
SET CGRAM 0 0 0 CGRAM ADDRESS 40
ADDRESS
SET DDRAM 0 0 1 DDRAM ADDRESS 40
ADDRESS
BUSY 0 1 | BF ADDRESS 0
ADD.READ
CGRAM 1 0 WRITE DATA 40
DDRAM WR
CGRAM 1 1 READ DATA 40
DDRAM RD
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) ] o o
PRGN MGG A

1. CLEAR DISPLAY
RS | R/W | DB7 | DB6 | DB5S | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 0 0 0 0 1
dmiums CLEAR DISPLAY Tagezvihmsiluudidnns SPACE adlu DDRAM
Hovum uaz
fwuas DDRAM ADDRESS 1ilu 0 w¥eunfs CURSOR sxndulufiisumis
FoUUGAYBINBMN ‘

2.CURSOR AT HOME

RS | R/'W | DB7 { DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 0 0 0 1 *

dmfumstimuns DDRAM ADDRESS iflu 0 w¥emis CURSOR v=Weg

fisumisheuugavessenm Tasiidexyalu DDRAM hifintsuldsumlag

3.ENTRY MODE SET
RS | R‘'W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 0 0 1 1D S
I/D = 0 fmuafimaves CURSOR waz DDRAM Wiilu DECREMENT
I/D = 1 fimuafinmaves CURSOR waz DDRAM illu INCREMENT
S = 0 ulooudeyauds M CURSOR sxgridevlliimmaemus YD
S = 1 diaidoudieyaudr # CURSOR szagiufl uazdasnusezgadulifiema
muen I/D
msrimuam D uaz S #f Wiusdeumsdvudeyely DDRAM uaziilerimua

u# exfechilfida CLEAR DISPLAY #n
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4.DISPLAY ON/OFF

' RS | R/'W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 0 1 D C B

D = 0 fimualvi OFF DISPLAY

D = 1 riwmualfi ON DISPLAY

C = 0 rimual# OFF CURSOR

C =1 fimual ON CURSOR Tag CURSOR wziluiduinlaidnys

B = 0 fmualibiinsnszwiufishumis CURSOR

B = 1 dmualiiimsnszwiufidumia CURSOR (nszwiufugidivden)

5.DISPLAY SHIFT

RS | R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 1 S/IC | RIL * *

S/C = 0 mvuelfifieu CURSOR R/L

S/C = 1 musalfidenderuuuunaudasmudisms R/L W 1 COLUMN

(t%‘muv,mmsﬁ'ﬂ)

R/L = 0 fmnualvianalmedne
R/L = 1 famualviinemalmaan

6.FUNCTION SET
RS | R'W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0| 1 DL N F * *

DL = 0 fihmual¥imsfadersy LCD MODULE Wuuuy 4 BIT
DL = 1 fmual¥imsAadedy LCD MODULE {luuwy 8 BIT
sxdainah mafuad DL # ansenssil§il DB4-DB7 Sudhilasrmumiiiu
uvy 4 BIT sudnfiusn vdaondiolwides fexyi¥ LCD MODULE fimsiudeyauuy
4 BIT Wui

N = 0 fiuasnnuusniauuy 1/8 DUTY was 1/11 DUTY

N = 1 Amuasiuusniauuy 1/16 DUTY

F = 0 mualimsnuniluuuy 5x7 DOTS
F = 1 dmualiidmsnusshiuuy 5x10 DOTS (nséift LCD MODULE (§uuvy
5x7 agud fezhilinaecls)
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7.SET CGRAM ADDRESS
RS | R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 1 CGRAM ADDRES

4 a o z (-] ] 1
e 1AInsAMURADDRES 989 CGRAM i ldvhmsfmmualiud) msswuas
4, ¥ 4. .
Wou DATA fidennil azifiulimu ADDRESS fifwnuariun

8.SET DDRAM ADDRESS
RS | R/W | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
0 0 1 DDRAM ADDRES

ot [ A o [J J
dwsunisimua ADDRESS %89 DDRAM s ldnsdmualiuay mssuuas
o ] J 4 o Y 4 o (] :
Weou DATA fidesintl eiffuliain ADDRESS fimmuaufl asuandammwsiotuil
4 DMC202

00}01]02103{04105(06{07]08)09|0A|OB|OCJOE|QF|10}f11}12}13
40141 142143144 |45{46147]|48|49|4A|4B|4C|4E|4F|50}51 52153

9.BUSY FLLAG AND ADDRESS READ

RS |R/'W | DB7| DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0| 1 | BF ADDRESS

dimsunmseuABF (BUSY FLAG) Feuenisnnuwdeuves LCD MODULE

Tumssudioyn &1 BF = 0 mnedsimbeuieziuderyonelilly uith BF = 1 mneiends

Taiw¥on venonildauilumsimunasn ADDRESS ves CGRAM via DDRAM v

madmuaziivudieyaiy DDRAM/CGRAM

1. WRITE DATA TO DDRAM OR CGRAM

RS | R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
1 0 - DATA

dwsumaideudayaamizenuiiDDRAM vila CGRAM Taudtohmaidenud

ADDRESS s:gaiiuviendlassalisiamuiitimuasind1 I/D lusds ENTRY MODE

SET wazmaduuezifhu DDRAM viie CGRAM fiuagfui rewnthndei] fimarimua

ADDRESS #la

109



2.READ DATA FROM DDRAM OR CGRAM

RS | R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
1 1 DATA

dwiumssudieyaaamieanuit DDRAM e CGRAM Tagiiievimsidouuds

ADDRESS w:quuvieaslassalisid anifmuasind I/D lumds ENTRY MODE

SET uazmisetuaziily DDRAM vile CGRAM fiuegrii deunthendeil fimsimun

ADDRESS lla
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PRELIMINARY

DATA SHEET

80C51-L/ 80C31-L

AUGUST 1988

CMOS SINGLE-CHIP 8 BIT 3V-MICROCONTROLLER

© 80C51-L~ CMOS SINGLE-SHIP 8-BIT MICROCONTROLLER with factory mask-programmable ROM
© 80C31-L- CMOS SINGLE-CHIP 8-BIT CONTROL-ORIENTED CPU with RAM and I/0
¢ 80C51-L/C31-L: 0TO 6 MHz,VCC=2.7VTO 6V

FEATURES
* POWER CONTROL MODES * BOOLEAN PROCESSOR
© 128 x 8 BITRAM * 5 INTERRUPT SOURCES
* 32 PROGRAMMAELE 1/0 LINES °* PROGRAMMABLE SERIAL PORT
¢ TWO 16-BIT TIMER/COUNTERS * 64K DATA MEMORY SPACE
* 64K PROGRAM MEMORY SPACE * TEMPERATURE RANGE: 0 TO 70°C
© FULLY STATIC DESIGN

* HIGH PERFORMANCE SAJI VI CMOS

PROCESS

DESCRIPTION

MHS's 80C51 and 80C31 are high
performance CMOS versions of
the 8051/8031 NMOS singie chip
8 bit y Cand is manufactured usinga
self-aligned silicon gate CMOS

process (SAJIVI).

The fully static design of the MHS
80C51/80C31 allows to reduce

system power consumption by

bringing the clock frequency down

to any value, even DC, without loss
of data.

The 80C51 retains all the features
of the 8051: 4K bytes of ROM;
128 bytes of RAM; 32 I/O lines; two

16 bit timers; a 5-source 2-level

interrupt structure; a full duplex serial

port; and on-chip oscillator and
clock circuits.

In addition, the 80C51 has two

software-selectable modes of
reduced activity for further reduction
in power consumption. In the Idle
Mode the CPU is frozen while the
RAM, the timers, the serial port,and
the interrupt system continue to
function. In the Power Down Mode
the RAM is saved and all other
functions are inoperative.

The 80C31 s identical to the 80C51
except that it has no on-chip ROM.

O377/01/8774
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80C51-L/80C31-L

Figure 2. Configurations
~ CORNER
Plo T\ S a0pwee
O -
P11 O 2 39 ] P0.0 1) a3t a2 la1! lac!
P12 43 38 1 PO.1 R R R R
P13 4 377 PO.2 P15 LRg Pos
P14 45 36 1 P03 P18 130 ros
P15 6 35 g P04 e
P16 47 34 1 POS P17 LT14 Fos
Pi.7q8 33 n POS RST Y
RSTJ9 & 32hHP07 ve
paom@ J10 8 31hEA P30 ] 4
Parmxodi11 § S0pALE e 230 ne
PR2ANTO 12 § 293 PSEN s
PA3ANTI J13 & 28p[P27 Pat (L ME
P3.4/T0 J 14 27 |5 P26 paz 5L peen
P3.5MM1 15 26 b P25 .
P3.6/WR 16 25 h P24 P3 g P2
P3.7/RD 4 17 24 P23 Pas $%T ras
XTAL2 ] 18 23 [ P22 ves
XTALl : 19 22 : P2.1 m - 9 POq Poq P°q PFeq PFo% P" e - -y ..-. m
VSS d 20 21 5 P20 Hey 9} 20t 12 izt 123} el lom) 128} iomy iom
Pin g g g ¢ 28§88
Diagrams are for pin reference only. Pad
Package sizes are not to scale.
IDLE AND POWER DOWN PCON: Power Control Register

OPERATION (MSB) (LSB)
Figure 3shows thentemalldleandPowerDownclock ~ sMod| - | - | - [eF1|aro| PD [ DL |
gtonfigttlhr:tion. IAl: ilustrated, Power Down operation :

ops oscillator. idle mode operation allows the
interrupt, serial port, and timer blocks to continue to Symbol Position Name and Function
function while the clock to the CPU is gated off. R
These special modes are activated by software via the SMOD PCON.7 Double Baud rate bit. When set
Special Function Register, Its hardware address is 87H. to a 1,the baud rate is doubled
PCON is not bit addressable. when the serial port is being

used in either modes 1,2 or 3.

- PCON.6 (Reserved)

- PCON.5 (Reserved)

- PCON.4 (Reserved)

GFI  PCON.3 General-purpose flag bit.

GF0  PCON.2 General-purpose flag bit.

PD PCON.1 Power Down bit. Setting this
bit activates power down
operation.

iDL PCON.O ide mode bitSeiting this bit
activates idle mode operation.

If 's are written to PD and IDL at the same time.
Figure 3. ldle and Power Down Hardware f’gx;g&smxgicedence. The reset value of PCON is
ne aMHS
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80C51-1./80C31-L

Table 1. Status of the external pins during Idle and Power Down modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Port Data Port Data Port Data Port Data
idle External 1 1 Floating Port Data Address Port Data

Power Internal 0 0 | PotData | PotData | PortData | PortData

m External 0 0 Fioating | PortData | PortData | Port Data

IDLE MODE STOP CLOCK MODE

The instruction that sets PCON.Q is the last instruction
executed before the ldle mode is activated. Once in
the Idle mode the CPU status is preserved in its
entirety: the Stack Pointer, Program Counter, Program
Status Word, Accumulator, RAM,and all otherregisters
maintain their data during Idle. Table 1 describes the
status of the external pins during Idie mode.

There are two ways to terminate the Idle mode.
Activation of any enabled interrupt will cause PCON.O
to be cleared by hardware, terminating Idle mode.
The interrupt is serviced, and following RETI, the next
instruction to be executed will be the one following
theinstruction that wrote a 1toc PCON.O.

The flag bits GFO and GF1 may be used to determine
whether the interrupt was received during normal
execution or during the Idle mode. For example, the
instruction that writes to PCON.Q can also set or clear
one or both flag bits. When Idle mode is terminated by
an enabled interrupt, the service routine can examine
the status of the flag bits.

The second way of terminating the Idle mode is with a
hardware reset. Since the oscillator is still running, the
hardware reset needs to be active for only 2 machine
cycles (24 oscillator periods) to complete the reset
operation.

POWER DOWN MODE

The instruction that sets PCON.1 is the last executed
priorto entering power down.Once in powerdown,the
oscillator is stopped. The contents of the onchip RAM
and the Special Function Register is saved during
powerdown mode. A hardware reset is the only way of
exiting the power down mode. The hardware reset
initiates the Special Function Register (see Table 1).

in the Power Down mode. VCC may be lowered to
minimize circuit power consumption. Care must be
taken to ensure the voltage is not reduced until the
power down mode is entered, and that the voltage is
restored before the hardware reset is applied which
frees the oscillator, Reset should not be released until
the oscillator has restarted and stabilized.

Table 1describes the status ofthe external pins whilein
the power down mode. It should be noted that if the
power down mode is activated while in external
program memory, the port data that is held in the
Special Function Register P2 is restored to Port 2. If the
data is a 1, the port pin is held high during the power
down mode bythe strong pullup, T1,shown in Figure 4.

Dueto static design,the MHS 80C31/C51clock speed
can be reduced until 0 MHz without any data loss in
memory or registers. This mode allows step by step
utilization, and permits to reduce system power
consumption by bringing the clock frequency down to
any value. At 0 MHz, the power consumption is the
same as in the Power Down Mode.

80C511/0 PORTS

The /O port drive of the 80C51 is similar to the 8051.
The /O buffers for Ports 1,2,and 3 are implemented as
shown in figure 4.

When the port latch contains a 0, all pFETS in figure 4
are off while the nFETis turmed on.When the portlatch
makes a 0-to-1transition,the nFETtums off. The strong
pullup pFET, T1, turns on for two oscillator periods,
pulling the output high very rapidiy. As the output line is
drawn high, pFET T3 turns on through the inverter to
supply the IQH source current. This inverter and T3
form a latch which holds the 1and is supported by T2,
When Port 2 is used as an address port, foraccess to
external program of data memory, any address bit
that contains a 1 will have his strong pullup turned on
for the entire duration of the external memory access.

When an /O pin on Ports 1,2, or 3 is used as an input,
the user should be aware that the external circuit must
sink current during the logical 1-to-0 transition.
The maximum sink current is specified as [TL under
the D.C.Specifications. When the input goes below
approximately 2V,T3 turns offto save ICC current.Note,
when returning to a logical 1, T2 is the only intemal
putllup that is on. This will result in a slow rise time if
the user's circuit does not force the input line high.

Fig. 4.1/0 Buffers in the 80C51 (Ports 1,2, 3)




80C51 PIN DESCRIPTIONS
Vss
Circuit ground potential

Vce
Supply voltage during normal, Idle, and Power Down
operation.

Port 0

Port 0 is an 8-bit open drain bi-directional IO port.

Port O pins that have 1's writtentothem float,and inthat
state can be used as high-impedance inputs.

Port 0 is also the muitiplexed low-order address and
data bus during accesses to external Program and
Data Memory.In this application it uses strong internal
puliups when emitting 1's. Port 0 also outputs the

code bytes during program venfication in the 80C51.

External pullups are required during program
verification. Port O can sink eight LS TTL inputs.

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal
pullups. Port 1 pins that have 1's written to them are
pulled high bythe internal pullups,andinthat state can
be used as inputs. As inputs, Port 1 pins that are

externally being pulled fow will source current (lIL,

on the data sheet) because of the internal pullups.

Port 1also receives the low-order address bytes during
program verification. In the 80C51, Port 1 can sink/
source three LS TTL inputs. It can drive CMOS inputs
without external pullups.

Port 2

Port 2 is an 8-bit bi-directional /0O port with internal
pullups. Port 2 pins that have 1's written to them are
pulled high bythe internal pullups,and inthat state can
be used as inputs. As inputs, Port 2 pins that are
extermnally being pulled low will source current (lIL, on
the data sheet) because of the internal pullups. Port 2
emits the high-order address byte during fetches from
external Program Memory and during accesses to
external Data Memory that use 16-bit addresses
(MOVX @ DPTR). In this application, it uses strong
internal pullups when emitting 1's. During accesses to
external Data Memory that uses 8-bit addresses
{(MOVX @ Ri), Port 2 emits the contents of the P2
Special Function Register.

It also receives the high-order address bits and control

signals during progam verification in the 80C51.

Port 2 can sink/source three LS TTLinputs. It can drive
CMOS inputs without external pullups.

Port 3

Port 3 is an 8-bit bi-directional VO port with internal
pullups. Port 3 pins that have 1's written to them are
pulled high bythe internal pullups,andin that state can
be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source current (ML, on
the data sheet) because of the puilups. it also serves
the functions of various special features ofthe MCS-51
Family, as listed below.

80C51-L/80C31-L
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Port Pin
P30

Alternate Function
RXD (serial input port)

P3.1  TXD (serial output port)

P3.2 INTO (extemal interrupt O)

P3.3  INT1 (extemal interrupt 1)

P34 TO (Timer O extemnal input)

P3.5 T1(Timer1external input)

P3.6 WR (external Data Memory write strobe)
P3.7 RD (external Data Memory read strobe)

Port 3 can sink/source three LS TTLinputs. it can drive
CMOS inputs without external pullups.

RST

A high level on this for two machine cycles while the
oscillator is running resets the device. An internal pull-
down resistor permits Power-On reset using only a
capacitor connected toVeC.

ALE

Address Latch Enable output for latching the low byte
of the address during accesses to external memory.
ALE is activated as though for this purpose at a
constant rate of 1/6 the oscillator frequency except
during an external data memory access at which time
one ALE pulse is skipped. ALE can sink/source 8 LS
TTL inputs. It can drive CMOS inputs without an
external pullup.

PSEN

Program Store Enable output is the read strobe to
external Program Memory. PSEN is activated twice
each’ machine cycle during fetches from external
Program Memory. (However, when executing out of
external Program Memory, two activations of PSEN are
skipped during each access to external Data
Memory). PSEN is not activated during fetches from
internal Program Memory. PSEN can sink/source 8LS
TTL inputs. it can drive CMOS inputs without an
external pullup.

EA

When EAis held high,the CPU executes out of internal
Program Memory (unless the Program Counter
exceeds OFFFH). When EA is held low, the CPU
executes only out of external Program Memory.
EA must not be floated.

XTAL1

input to the inverting amplifier that forms the oscillator.
Receives the external oscillator signal when an
external oscillator is used.

XTAL2
Output of the inverting amplifier that forms the
oscillator, and input to the intemal clock generator.
This pin should be floated when an external oscillator
is used.




OSCILLATOR CHARACTERISTICS

XTAL1and XTAL2 aretheinput and output respectively,
of an inverting amplifier which is configured foruse as
an on-chip oscillator, as shown in figure 5. Either a
quartz crystal or ceramic resonator may be used.

To drive the device from an extemal clock source,
XTAL1 should be driven while XTAL2 is left

80C51-L./80C31-L

unconnected as shown in figure 6. There are no
requirements on the duty cycle of the external clock
signal,sincethe inputtothe intemal clocking circuitryis
through a divide-by-two flip-flop, but munimum and
maximum high and low times specified on the Data
Sheet must be observed.

'[ I — X'II'AL1

vss

Figure 5. Crystal Oscillator

=

NC—1 XTAL2
OSCILLATOR XTALY
SIGNAL
g
Figure 6. External Drive Configuration
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ABSOLUTE MAXIMUM RATINGS* *NOTICE:

Ambient Temperature Under Bias: Stresses at orabove those listed under “‘Absolute Maxi-
Commercial .................. 0°Cto70°C mum Ratings" may cause permanent damage to the
Industrial ................. -40°Cto 85°C device. This is a stress rating only and functional opera-

Storage Temperature ............ -85°Cto+150°C tion ofthe device at these orany otherconditions above

Voltage onVee toV -05Vto+7V those indicated in the operational sections of this spe-

< cc ) R RASRRERRELEALA, : cification is not implied. Exposure to absolute maxi-
Voltage on Any PintoV SS..... -0.5V toVoc +0.5v mum rating conditions may affect device reliability.
Power Dissipation ...............ccooeei i 1w

* This value is based on the maximum allowable die
temperature and the thermal resistance of the

package.
DC CHARACTERISTICS
TA=-40°Ct0 85°C;VCc=2.7Vto 6V;VSS=0V; F=0to 6 MHz
Symbol Parameter Min Max Unit Test Conditions
ViL Input Low Voltage -05 O.ZC\)/CC v '
-0.1
VIH Input High Voltage o.2vee | vee \'
{Except XTALs and RST) +0.9 +0.5
VIH1 Input High Voltage to RST for Reset 0.7vee V8C5 \
+0.
VIH2 ‘Input High Voitage To XTAL 1 0.7vee Vc% v
+0.
VPD | Power DownVoltageToVec inPDMode] 2.0 6.0 v
VOL Output Low Voltage (Ports 1,2, 3) 0.45 Vv I0L=1.6mA (note 1)
VOL1 Output Low Voltage Port 0, ALE, PSEN 045 \' IOL=3.2mA (note 1)
VOH Output High Voltage Ports 1,2, 3 0.8vee " IOH=~10pa
24 \' IOH=-60pA
Vo=V 10%
VOH1 Output High Voitage (Port 0 in External | 0.9VCC \ IOH=-40pA
in External Bus Mode), ALE, PSEN )
24 v IOH==400uA
vee=vV:10%
([ Logical 0 input Current Ports 1,2,3 -50 pA Vin=0.45V
ILi Input Leakage Current +10 pA 0.45 <Vin <Vce
ITL Logical 1 to O Transition Current -500 7. Vin=2.0V
(Ports 1,2,3)
ICCPD | Power Supply Current 50 10 pA Vee=2.0Vto 5.5V
{Power Down Mode) (note 2)
RRST RST Pulidown Resistor 50 150 ko
ClO Capacitance of I/0 Buffer 10 pF fe=1MHz,TA=25°C
Note 1:

Capacitive loading on Ports 0 and 2 may cause
spurious noise puises to be superimposed on the
VoLs of ALE and Ports 1 and 3. The noise is due to
external bus capacitance discharging into the Port 0
and Port 2 pins when these pins make 1-to-0

transitions during bus operations. In the worst cases
{capacitive loading 100 pF).the naise pulseonthe ALE
line may exceed 0.45V with maxi VOL peak 0.6V.
A Schmitt Trigger use is not necessary.
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EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL 1)

Variable Clock
freq=0to 6 MHz
Symbol . Parameter Min Max Unit
TCCL Oscillator Period 166 ns
TCHCX High Time 20 ns
TCLCX LowTime 20 ns
TCLCH Rise Time 20 ns
TCHCL Fali Time 20 ns
veC-08vVL .. l‘———_—qm TacH TCHCL
/ o7vee
048V ‘OIVCC-OJ
[ TOLCX
TOLCL i

AC CHARACTERISTICS

(TA=-40°Cto85°CVCcC=2.7Vto 6V,Vg5=0V)
(Load Capacitance for Port 0, ALE, and PSEN =100pf; Load Capacitance for All Other Qutputs = 80pf).

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Symbol Parameter Min Max Units
TLHLL ALE Pulse Width 2TCLCL- 40 ns
TAVLL Address Valid to ALE TCLCL-55 ns
TLLAX Address Hold After ALE TCLCL-35 ns
TLLV ALE to Valid instr n 4TCLCL-170 ns
TLLPL ALE to PSEN TCLCL- 25 ns
TPLPH PSEN Pulse Width 3TCLCL-35 ns
TPLIV PSEN to Valid Instr In 3TCLCL- 220 ns
TPXIX Input Instr Hold After PSEN 0 ns
TPXIZ Input Instr Float After PSEN TCLCL- 20 ns
TPXAV PSEN to Address Valid TCLCL-8 ns
TAVV Address to Valid Instr In STCLCL~220 ns
TPLAZ PSEN Low to Address Float 0 ns

See next page for External Data Memory Characteristics.




EXTERNAL DATA MEMORY CHARACTERISTICS

80C51-L/80C31-L

Symbol Parameter Min Max Units
TRLRH - RD Pulse Width 6TCLCL- 100 ns
TWLWH WR Pulse Width 6TCLCL- 100 ns
TLLAX Data Address Hold After ALE TCLCL~35 ns
TRLDV RD to Valid Data In STCLCL-165 ns
TRHDX Data Hold After RD 0 ns
TRHDZ Data Float After RD 2TCLCL-70 ns
TLLDV ALE to Valid Data In 8TCLCL-150 ns
TAVDV Address to Valid Data In 9TCLCL- 165 ns
TLLWL ALE to WR or RD 3TCLCL-50 3TCLCL+50 ns
TAVWL Address to WR or RD 4TCLCL-130 ns
TQVWX Data Valid to WR Transition TCLCL-60 ns
TQVWH Data Setup to WR High 7TCLCL- 150 ns
TWHQX Data Hold After WR TCLCL-50 ns
TRLAZ RD Low to Address Float 0 ns
TWHLH RD or WR High to ALE High TCLCL-40 TCLCL+ 40 ns
MAXIMUM ICC (mA)
Operating (Note 3) Idie (Note 4)
Freq.VcC 2.7V sV &V 2.7V Y v
1 MHz 0.8mA 1.5 mA 1.8 mA 400 pA 800 uA 1mA
6 MHz 4mA 8 mA 10 mA 1.2 mA 35mA 3.8mA
Note 2: Note 4:
Power Down IcC is measured will all output pins idle Icc is measured with all output pins

disconnected; EA="Port 0=Vc(C: XTAL2 N.C.; RST=
vss

Note 3:

IcC is measured with all output pins disconnected;
XTAL1 driven with TCLCH, TCHCL =5 ns, VIL=Vgg +
0.5V;VIHVCC-0.5V; XTAL2 N.C.; EA=RST=Port 0=
V. Icc would be slightly higher if a crystal oscillator
used.

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has 5 characters. The first
character is always a ‘T’ (stands for time). The other
characters, depending on their positions, stand for the

name of a signal or the logical status of that signali.

The following is a list all the characters and what they
stand for.

disconnected: XTAL1 driven TCLCH,TCHCL=5 ns,V|L
=Vgg +0.5V; ViH=VcC ~0.5V; XTAL2 N.C.; Port 0=
Vcc: EA=RST=Vss.

EXAMPLE:

TAVLL=Time for Address Valid to ALE low.
TLLPL=Time for ALE low to PSEN low.

A: Address.

C: Clock.

D: input data.

H: Logic level HIGH.

1; Instruction (program memory contents).
L: Logic level LOW, or ALE.

P: PSEN

Q: Output data.

R: READ signal.

T: Time.

V: Valid.

W: WRITE signal

X: No longer a valid logic level.
Z: Float.
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ACTIMING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE

fea— 12TCLCL ]

TLLAX ] =| T
Lt TPLV ™XZ
TAVLL 2y - »m
PORTO D_M 1N AD- INSTR IN AC-A7 C INSTRIN
TAVIV ————— o]

ADDRESS >‘
- 5 X
, ORSFR-P2 ¢ ADDRESS AB-A1 A ADDRESS AB-A1S

o TRLRH
[ ~
TVWL-o-]
o . L AX— TRLOV——p .
PORTO A0-A [ DATA IN
- TRLAZ
PoRT2  ADRESS L X ADORESS AB-A15 OR SFR-P2 >
EXTERNAL DATA MEMORY WRITE CYCLE TWHLH ___j/_;
ME m
PSEN —_—/ TUWL
w TWIWH P
TAYWL ::‘ /|
 |eeuax ’«&M | et TWHOX.
PORTQ AO-A7 ﬁ('- DATA OUT
f 1
e [ ADDRESS AB-A1S OR SFR-P2 /
PORT2
AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS
INPUT/QUTPUT FLOAT :
, FLOAT e
VEC-0SV
_onvcc-os 1 X T X voH-0av ViIOAD + 0.1V
N viowo /
TESTPOINTS
04sv] o2vec-o1 | iaou-mv \‘VLD*D'?JV

AC inputs during testing are driven at VCC - 0.5 for a logic “1" and 0.45V for a logic 0", Timing measurements are
made at ViH min for a logic *1* and VIL max for a logic *0°. For timing purposes a port pin is no longer floating when
%\1'2'0 mV change from load voitage occurs and begins to float when a 100 mV change from the loaded VOH/VOL

occurs. lol/loH = + 20 Ma.
| o
za MHS



80C51-L/80C31-L

SERIAL PORT TIMING - SHIFT REGISTER MODE
A.C.CHARACTERISTICS:
(TA=0°Cto 70°C;Vs§=0V:VCC=2.7Vt0 6V; Load Capacitance =80 pF)

Symbol Parameter Min Max Units

TXLXL Serial Port Clock Cycle Time 12TCLCL us

TQVXH Output Data Setup to Clock 10TCLCL-133 ns
Rising Edge

TXHQX Output Data Hold After Clock 2TCLCL-117 ns
Rising Edge

TXHDX Input Data Hold After Clock Rising Edge 0 ns

TXHDV Clock Rising Edge to Input Data Valid 10TLCL-133 ns

SHIFT REGISTER TIMING WAVEFORMS

I N R T R I DL A B
| ]
aoox L L1 reroreirer

oo e o

TPUTORT J 3 X 4 X [ x [ r7 r

o X X =
- shn
wmr‘osaus ""‘“’l'—" ’lll"m
WPUTOATA Quas) X)X Xwo)X XuoX  XwoX  XwoX  XwwoX Xwo)
A

e J
A

CLEAR Rt

SETR
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CLOCK WAVEFORMS
INTERNAL STATE 4 STATE § STATE 6 I STATE 1 STATE 2 STATE 3 STATE 4 STATE 8 I
auock pmlelalalalalalelalalalelinlelele
XTAL2
e —d e TN L
ACTNATED DURNG THE
EXTERNAL PROGRAM MEMORY FETCH
PROGRAM EXECUTION OF A MOVX INSTRUCTION
PSER '
o D PCLOUT Py | pCLOUT DATA peLout
- SAMPLED [ SAMPLED
FLOAT I FLOAT
PLEXD ] oCATESACORESSTRANSTIONS |
READ CYQLE
]
{ {
OGH IS EMITTED PCL OUT (IF PROGRAM
DURING THIS PERIOD S EXTERNAL)
o e | omonn L oah
out s e — L
R | INDICATES DPH OR P2 SFRTO PCH TRANSITIONS —
WRITE CVCLE
wR 1 [ Pc ouT (EveN F PROGRAM
MEMORY IS INTERNAL)
=‘
) DPLORRs |} -
DATA QUT PCL OUT (IF PROGRAM
PO | INDICATES DPH OR P2 SFR TO PCH TRANSITIONS MEMORY IS EXTERNAL)
PORT OPERATION
MOV PORT SRC G.DDATA[NEWW PO PINS SAMPLED
MOV DESTPO ]
MOV DEST, PORT (P1 P2P3) A o Prs sAMPLED
(INCLUDES INTO.INT 1.TQ.T1) l’:l
SERIAL PORT SHIFT QLOCK P1P2 P3 PINS SAMPLED : ‘;}its?’s’:;nm
{33050) ; j I '.AI'I—
IRXD SAMPLED

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins,
however, ranges from 25 to 125 ns.This propagation delay is dependent on variables such as temperature and pin
loading. Propagation also varies from output to output and component. Typically though (TA =25°C fully loaded)

RD and WR propagation delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays
are incorporated in the AC specifications.

=2 NHS
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Table 1. MCS®-51 Instruction Set Description

ARITHMETIC OPERATIONS

Mnemonic Description Byte
ADD ARn Add register to Accumulator 1
ADD Adirect Add direct byte to Accumulator 2
ADD A @Ri Add indirect RAM to Accumulator 1
ADD Addata Add immediate data to Accumulator 2
ADDC ARn Add register to Accumulator with Carry 1
ADDC A direct Add direct byte to A with Carry flag 2
ADDC A@Ri Add indirect RAM to A with Canry flag 1
ADCC A#data Add immediate data to A with Carry flag 2
SUBB ARn Subtract register from A with Borrow - 1
SuUBB Adirect Subtract direct byte from A with Borrow 2
SuUBB A@Ri Subtract indirect RAM from A with Borrow 1
suBB Adidata Subtract immed. data from A with Borrow 2
INC A Increment Accumulator 1
INC Rn Increment register 1
INC direct increment direct byte 2
INC @Ri Incriment indirect RAM 1
INC DPTR Incriment Data Pointer 1
DEC A Decrement Accumulator 1
DEC Rn Decrement register 1
DEC direct Decrement direct byte 2
DEC @Ri Decrement indirect RAM 1
MUL AB Multiply A& B 1
Div AB Divide Aby B 1
DA A Decimal Adjust Accumulator 1
LOGICAL OPERATIONS

Mnemonic Destination Byte
ANL ARn AND register to Accumulator 1
ANL A direct AND direct byte to Accumulator 2
ANL A@Ri AND indirect RAM to Accumulator 1
ANL A#data AND immediate data to Accumulator 2
ANL direct,A AND Accumulator to direct byte 2
ANL direct##data  AND immediate data to direct byte 3
ORL ARn OR register to Accumulator 1
ORL A direct OR direct byte to Accumnulator 2
ORL A@Ri OR indirect RAM to Accumulator 1
ORL A #tdata OR immediate data to Accumulator 2
ORL direct A . OR Accumulator to direct byte 2
ORL direct#tdata  OR immediate data to direct byte 3
XRL ARn Exclusive-OR register to Accumulator 1
XRL Adirect Exclusive-OR direct byte to Accumulator 2
XRL A@Ri Exclusive-OR indirect RAM to A 1
XRL A ddata Exclusive-OR immediate data to A 2
XRL directA Exclusive-OR Accumulator to direct byte 2
XRL direct#data  Exclusive-OR immediate data to direct 3
CLR A Clear Accumulator 1
CPL A Complement Accumulator 1
RL . A Rotate Accumulator Left 1
RLC A Rotate A Left through the Carry flag 1
RR A Rotate Accumulator Right 1
RRC A Rotate A Right through Carry flag 1
SWAP A Swap nibbles within the Accumulator 1

_sAh_‘_A_A_AN_._._.d..a-a.a—A—A—A—h—A-A—A-‘—Ag

-A-A-A..A_A-A.-AN_A.._A_;_AM_A_;_A_A-AM_A-L_A_A._-2
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Table 1. (Cont.)

DATATRANSFER
Mnemonic Byte Cyc
MOV ARn Move register to Accumulator 1 1
MOV Adirect Move direct byte to Accumulator 2 1
MOV A@Ri Move indirect RAM to Accumulator 1 1
MoV Adidata Move immediate data to Accumulator 2 1
MOV RnA Move Accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MOV Rn #data Move immediate data to register 2 1
MOV directA Move Accumulator to direct byte 2 1
MoV directRn Move register to direct byte 2 2
MOV directdirect  Move direct byte to direct 3 2
MOV direct, @Ri Move indirect RAM to direct byte 2 2
MOV direct##data  Move immediate data to direct byte 3 2
MOV @Ri,A Move Accumulator to indirect RAM 1 1
MoV @Ridirect Move direct byte to indirect RAM 2 2
MOV @Ri #data Move immediate data to indirect RAM 2 - 1
MOV DPTR#data 16 Load Data Pointer with a 16-bit constant 3 2
MOVC A@A+DPTR  Move Code byte relative to DPTR to A 1 2
MOVC A@A+PC Move Code byte relative to PCto A 1 2
MOVX A@Ri Move External RAM (8-bit addr) to A 1 2
MOVX A@DPTR Move External RAM (16-bit addr) to A 1 2
MOVX @RiA Move A to External RAM (8-bit addr) 1 2
MOVX @DPTRA Move A to External RAM (16-bit addr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte form stack 2 2
XCH ARn Exchange register with Accumulator 1 1
XCH A direct Exchange direct byte with Accumutator 2 1
XCH A@Ri Exchange indirect RAM with A 1 1
XCHD A @Ri Exchange low-order nibble ind RAM with A 1 1
BOOLEAN VARIABLE MANIPULATION
Mnemonic Description Byte Cyc
CLR o Clear Carry flag 1 1
CLR bit Clear direct bit 2 1
SETB Cc Set Carry flag 1 1
SETB bit Set direct Bit 2 1
CPL C Complement Carry flag 1 1
CPL bit Complement direct bit 2 1
ANL Cbit AND direct bit to Carry flag 2 2
ANL C.1bit AND complement of direct bit to Carry 2 2
ORL C/bit OR direct bit to Carry flag 2 2
CRL C.1bit OR complement of direct bit to Carry 2 2
MOV Cloit Move direct bit to Carry flag 2 1
MOV bit,C Move Carry flag to direct bit 2 2
PROGRAM AND MACHINE CONTROL
Mnemonic Description Byte Cyc
ACALL addr 11 Absolute Subroutine Call 2 2
LCALL addr 16 Long Subroutine Call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AIMP addr 11 Absolute Jump 2 2
LJMP addr 16 Long Jump 3 2
SJMP rel Short Jump (relative addr) 2 2
JMP @A+DPTR Jump indirect relative to the DPTR 1 2
JZz rel Jump if Accumulator is Zero 2 2
JINZ rel Jump if Accumulator is Not Zero 2 2
Jc rel Jump if Carry flag is set 2 2
JNC rel Jump if No Canry flag 2 2
Bd
n43 iy ] M‘B
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Table 1. {Cont.)
PROGRAM AND MACHINE CONTROL (cont.)
Mnemonic Description Byte Cyc
JB bitrel Jump if direct Bit set 3 2
JNB bitrel Jump if direct Bit Not set 3 2
JBC bit,rel Jump if direct Bit is set & Clear bit 3 2
CJUNE Adirectrel Compare direct to A& Jump if Not Equal 3 2
CUNE Adidatarel Comp.immed. to A&Jump if Not Equal 3 2
CJINE Rndtdatarel  Comp.immed.to reg &Jump if Not Equal 3 2
CJINE @Ri #data.rel Comp.immed.to ind.&Jump if Not Equal 3 2
DJNZ Rn,rel Decrement register &Jump if Not Zero 2 2
DINZ direct.rel Decrement direct & Jump if Not Zero 3 2
NOP No operation 1 1
Notes on data addressing modes:
Rn ~ Working register RO-R7
direct - 128 internal RAM locations, any /O port, control or status register
@Ri - Indirect internal RAM location addressed by register RO or R1
fidata - 8-bit constant included in instruction
#data 16 - 16-bit constant included as bytes 2 & 3 of instruction
bit - 128 software flags, any /O pin, control or status bit
Notes on program addressing modes:
addr 16 - Destination address for LCALL & LUMP may be anywhere within the 64-k program memory
address space
Addr 11 - Destination address for ACALL & AJMP will be within the same 2-k page of program
memory as the first byte of the following instruction
rel - SJMP and all conditional jumps include an 8-bit offset byte. Range is +127 ~128 bytes

relative to first byte of the following instruction.

Al mnemonics copyrighted * Intel Corporation 1979

ea MHS
n-14 min



80C51-L./80C31-L

Table 2. Instruction Opcodes in Hexadecimal Order

Hex Number

Mdm“MnemonlcOperands mmm”lﬂnemonlc()perands

00 1 NOP 33 1 RLC A

01 2  AJMP code addr 34 2 ADDC A #tdata

02 3 LJMP code addr 35 2 ADDC A,data addr

03 1 RR A 36 1  ADDC A@RO

04 1 INC A 37 1 ADDC A@R1

05 2 INC data addr 38 1 ADDC ARO

06 1 INC @RO 39 1  ADDC ARI

07 1 INC @R1 3A 1 ADDC AR2

08 1 INC RO 38 1 ADDC AR3

09 1 INC R1 3C 1 ADDC AR4

0A 1 INC R2 3D 1 ADDC AR5

0B 1 INC R3 3E 1 ADDC AR6

oC 1 INC R4 3F 1 ADDC AR7

oD 1 INC R5 40 2 JC code addr

OE 1 INC R6 41 2  AMP code addr

OF 1 INC R7 42 2 ORL data addrA

10 3 JBC bit addr,code addr 43 3 ORL data addr#data

1 2 ACALL  code addr 44 2 ORL A didata

12 3 LCALL code addr 45 2 ORL A.data addr

13 1 RRC A 46 1 ORL A.@RO

14 1 DEC A 47 1 ORL A @Rt

15 2 DEC data addr 48 1 ORL ARO

16 1 DEC @R0 49 1 ORL ARi1

7 1 DEC @R1 4A 1 ORL AR2

18 1 DEC RO 4B 1 ORL AR3

19 1 DEC R1 4C 1 ORL AR4

1A 1 DEC R2 4D 1 ORL AR5

1B 1 DEC R3 4E 1 ORL AR6

1C 1 DEC R4 4F 1 ORL AR7

1D 1 DEC RS 50 2 JNC code addr

1E 1 DEC R6 51 2 ACALL code addr

1F 1 DEC R7 52 2 ANL data addrA

20 3 B bit addr.code addr 53 3 ANL data addr#data

21 2 AJMP code addr 54 2 ANL Adidata

22 1 RET 55 2 ANL A.data addr

23 1 RL A 56 1 ANL A@RO

24 2 ADD Adata 57 1 ANL AGR1

25 2 ADD A,data addr 58 1 ANL ARO

26 1 ADD A.@RO 59 1 ANL ARt

27 i ADD A@GR1, 5A 1 ANL AR2

28 1 ADD ARO 58 1 ANL AR3

29 1 ADD AR1 5C 1 ANL AR4

2A 1 ADD AR2 5D 1 ANL AR5

2B 1 ADD AR3 5E 1 ANL AR6

2C 1 ADD AR4 5F 1 ANL AR7

2D 1 ADD AR5 60 2 JZ code addr

2E 1 ADD AR6 61 2  AMP code addr

2F 1 ADD AR7 62 2 XRL data addrA

30 3 JNB bit addr,code addr 63 3 XRL data addr#data

31 2 ACALL code addr 64 2 XRL Afidata

32 1 RETI 65 2 XRAL A, data addr
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Table 2. (Cont.)
Hex Number Hex Number
Code ofo‘eaMnemcmic Operands Code 01mwaneumnk:Opemm:ls
"1 66 1 XRL AGRO 99 1 susB AR1
67 1 XRL A@R1 9A 1 SuBB AR2
68 1 XRL ARO 98 1 SuBB AR3
69 1 XRL AR1 9C 1 SuBB AR4
6A 1 XRL AR2 8D 1 SUBB AR5
6B 1 XRL AR3 9E 1 SUBB ARG
6C 1 XRL AR4 9F 1  SUBB AR7
6D 1 XRL AR5 A0 2 ORL Cbit addr
6E 1 XRL AR6 At 2  AMP code addr
6F 1 XRL AR7 A2 2 MOV C.bit addr
70 2 UNZ code addr A3 1 INC DPTR
4l 2  ACALL code addr A4 1 MUL AB
72 2 ORL C, bit addr A5 reserved
73 1 JMP @A+DPTR AB 2 MOV @RO0,data addr
74 2 Mov Adtdata A7 2 MoV @R1,data addr
75 3 MOV data addr,#data A8 2 MoV RO,data addr
76 2 MoV @RO,#data A9 2 MOV R1,data addr
77 2 MoV @R #data AA 2 Mov R2,data addr
78 2 Mov RO.#data AB 2 MOV R3.data addr
79 2 Mov R1,#data AC 2 MOV R4,data addr
7A 2 MoV R2 #data AD 2 MOV RS5,data addr
78 2 Mov R3,#data AE 2 Mov R6.data addr
7C 2 MoV R4 #data AF 2 MOV R7data addr
70 2 MOV R5,#data BO 2 ANL C.bit addr
7E 2 MoV R6,#data B1 2 ACALL code addr
7F 2 MoV R74#data B2 2 CPL bit addr
80 2 SIMP code addr B3 1 CPL C
81 2 AMP code addr B4 3 CINE A #idata.code addr
82 2 ANL Cbit addr Bs 3 CINE A.data addr,code addr
83 1 MOVC A@A+PC B6 3 CINE @RO0,#data,code addr
84 1 Div AB B7 3 CINE @R1,#data,code addr
85. 3 MoV data addrdata addr B8 3 CINE RO #data,code addr
86 2 MOV data addr,@R0O B9 3 CINE R1,#data,code addr
87 2  Mov data addr@R1 BA 3 CINE R2 f#tdata,code addr
88 2 MoV data addr,R0O BB 3 CINE R3,#data,code addr
89 2 MoV data addr,R1 BC 3 CINE R4 #data,code addr
8A 2 MoV data addr,R2 8D 3 CINE R5,#data,code addr
8B 2 MOV data addr,R3 BE 3 CINE R6,#data,code addr
8C 2 MoV data addrR4 BF 3 CINE R7#data,code addr
8D 2 MoV data addrR5 Cco 2 PUSH data addr
8E 2 MOV data addr,R6 1 2 AP code addr
8F 2 Mov data addrR7 C2 2 CLR bit addr
90 3 Mov DPTR#data Cc3 1 CLR C
9N 2 ACALL code addr C4 1 SWAP A
92 2 Mov bit addr,C C5 2 XCH A,data addr
93 1 MOvVC A@A+DPTR Ccé 1 XCH A@RO
94 2 SusB Addata Cc7 1 XCH A@R1
95 2 SueB A.data addr cs 1 XCH ARO
96 1 SuUBB A@GRO Co 1 XCH ARt
97 1 suBB A @R1 CA 1 XCH AR2
98 1 SuUBB ARO cB 1 XCH AR3
e
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80C51-L/80C31-L

Table 2. (Cont.)
Hex Number Hex Number
MMB“”MmonlcOperands Code mlBmmhﬂnemonk:Opemnds
cC 1 XCH AR4 E6 1 MOV A@RO
CD 1 XCH ARS E7 1 MOV A@R1
CE 1 XCH AR6 E8 1 MOV ARRO
CF 1 XCH AR7 E9 1 MOV AR1
DO 2 POP data addr EA 1 MOV AR2
D1 2  ACALL code addr EB 1 MOV AR3
D2 2 SETB bit addr EC 1 Mov AR4
D3 1 SETB C ED 1 MOV AR5
D4 1 DA A EE 1 MOV "AR6
D5 3 DINZ data addrcode addr EF 1 MOV AR7
D6 1 XCHD ABRO FO 1 MOvVX @DPTRA
D7 1 XCHD A@Rt1 Ft 2  ACALL code addr
D8 2 DINZ RO,code addr F2 1 MOVX @ROA
D9 2 DINZ R1,code addr F3 1 MOvVX @R1A
DA 2 DINZ R2,code addr F4 1 CPL A
DB 2 DJINZ R3,code addr F5 2 Mov data addrA
bC 2 DJINZ R4,code addr F6 1 MOV @ROA
DD 2 DINZ RS,code addr F7 1 MOV @R1,A
DE 2 DINZ R6,code addr F8 1 MOV ROA
DF 2 DINZ R7.code addr F9 1 MOV R1A
EO 1 MOVX A@DPTR FA 1 MOV - R2A
E1 2 AJMP code addr FB 1 MOV R3A
E2 1 MOVX A@RO FC 1 MOV R4.A
E3 1 MOVX A@R1 FD 1 MOV R5.A
E4 1 CLR A FE 1 Mov R6,A
E5 2 MOV A,data addr FF 1 MOV R7A
R
P
S
D 80C31
| Jd 80C51 XXX L
Temperature Range Part Number Customer Rom Code Low Power
blank: Commercial 80C51Rom 4K x 8 (80C51 only) Supply Version
I: Industrial 80C31 External Rom
Package Type
P: Plastic
S:PLCC
D: Cerdip
R:LCC
J:J leaded LCC
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CMOS Microprocessors, Memories and Peripherals

CDM6116A
B CMOS 2048-Word by 8-Bit
AT —{ 1 24 A/
RN PR Ep Static RAM
:: — : :f - :,—’t Features:
a3 — s 20 }— oF 8 Fully static operation L] Ind‘uslry srandard‘24-pin configuration
22— & 19 b— at0 = Single power supply: 4.5 V1055V = Chip-enable gates addrass bulfers for
A — 7 18 b— €F » All inputs and outputs directly TTL minimum standby current
A0 — 8 17 }=— 108 compatible s Data retention voltage: 2 V min.
/01 —{ 9 16 |— T/07 u  3-state outputs
1s02 —10 I8 |— I/06 CDM6116A-2[COMG116A-3]COME116A-9
HAG ™ I Access Time (max.) 200 ns 150 ns 250 ns
s 758 V,E; — e Output Enable Time (max.) 120 ns 60 ns 150 ps
. 92C3-369e2 Operating Temperature 0° to +70°C F40° to +85°
Operating Current (max.) 35 mA 35 mA 40 mA
TERMINAL ASSIGNMENT Standby Current
loosy (max.) 30 A 50 pA 100 pA

The RCA-CDM6116A is a CMOS 2048-word by 8-bit static
random-access memory. It is designed for use in memory
systems where high-speed, low power and simplicity in use
are desirable. This device has common data inputs and data
outputs and utilizes a single power supplyof 4 5Vto55V. A
chip-enable input and an output-enable input are provided
for memory expansion and output butfer control.

The chip enable (C_E) gates the address and output butfers
and powers down the chip to the low power standby mode.

The output enable (OE) controls the output buffers to
eliminate bus contention.

The COM6116A-2 and COM6116A-3 have an operating
temperature range of 0° to +70°C. The CDM6116A-S hasan
operating temperature range of -40° to +85°C.

The COM6116A-2 and COME116A-3 are supplied in a 24-
lead dual-in-line plastic package (E sutfix). The COM-
6116A-9is supplied in a 24-lead dual-in-line plastic package
(E suffix) and a 24-lead dual-in-line_side-brazed ceramic
package (D suffix).

a10——f — 1/08
a9 — — | — — xs07
A8 ——] — | — —— 1/08
A7 =~ wpur [ xv 1| i28m2e [ —— 1/08
A6 ——f Ao%nrs!%ss —— OECCDE | :E‘ugroaal; b— og;:\‘n’ I— I/04
as — 8Y | | F— BuFFERs — L/03
A — —] I — — x/02
Ay ~— — i — p— /01
a2 — —
|
Al —
AQ —{ ENABLE
cF -0 VDD
e —] e e
of —
I2CM-3694)
Fig. 1 - Functional block diagram.
TRUTH TABLE
— — —_— DEVICE
CE
OE WE A0 TO At0 MODE 1701 7O /08 CURRENT
H X } 4 X NOT SELECTED HIGH Z STANDBY
L L H STABLE READ DATA OUT ACTIVE
L H L STABLE WRITE DATAIN ACTIVE
L L L STABLE WRITE DATA IN ACTIVE

L=LOW H=HIGH X=Horl

o1
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Random-Access Memories (RAMSs)

MAXIMUM RATINGS, Absolute-Maximum Ratings

pC SUPPLY-VOLTAGE RANGE, {Vo):

{Voitage referenced to Vas terminal)

DC INPUT CURRENT, ANY ONE INPUT

POWER DISSIPATION PER PACKAGE (Pp):

For Ta = -40° t0 +60°C (PACKAGE TYPE E)
For T4 = +60° to +85°C (PACKAGE TYPE E)
For Ta = -40° to +85°C (PACKAGE TYPE D)

DEVICE DISSIPATION PER QUTPUT TRANSISTOR

CDM6116A

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All PACKEGE TYPBS) .. vveuvtrreennenseireeneesnenetnneeneeesnseeennes 100 mW
OPERATING-TEMPERATURE RANGE (T4)

COMB116A-2, COMB11BA-3 (PACKAGE TYPE B) .. .uuutiiiiitiettiineneeteeeeessnsaesseessesnnnensernesssesessaenanes 0to+70°C

CDME116A-9 (PACKAGE TYPES D.E).......... .. =40 t0 +85°C
STORAGE TEMPERATURE RANGE {Tatg) . - oo tttiittttaneaetnetiistineeeeeransnrnreesneessssseseseesessaanorannns -55t0 +125°C
LEAD TEMPERATURE (DURING SOLDERING):

Atdistance 1/16 x 1/32in. (1.59 £ 0.79 MM) from CBSE fO7 10 S MBX.  ...oeun'eennenneunnennessoaeenesenaesnsanneensensens +265°C

OPERATING CONDITIONS at T4 = 0 to +70°C, (COMB116A-2, COME118A-3); T4 = ~40° to +35°C (COME116A-9)
For maximum rellability, operating conditions should be selected so that operation Is atways within the following ranges:

LIMITS
CHARACTERISTIC YPES | UNITS
_MIN. _MAX,
DC Operating Voltage Range 45 55
Input Voitage Range Vi 22 Voo +0.3 v
Vu -0.3 08
Input Signal Rise or Fall Time A (A7 - 5 us
A Input signal rise and fall imes ionger than the maximum value can cause loss of stored data in the selected mode.
STATIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C (CDM6E118A-2, COMG116A-3);
Ta = ~40° 1o +85°C (CDMGE116A-9), Voo = 8 V = 10%, Except as noted
LIMITS
CHARACTERISTIC CONDITIONS CDMEB116A-2 CDM6E118A-3 CDM6118A-9 UNITS
MIN.| TYP.* Lqu. MIN.| TYP.® EAX. MIN.| TYP.* |MAX,
Standby Device loos CE=Vu — ] oe l2|—|o0o6l2|~]03 2] m
Current loosy | CE = Voo-0.2V — 1 Jae]—| 1 |so]—] 1+ j100] pA
Output Voltage loo = 2.1 mA - —_ 04| — —_ 04| — —_ 04 v
Lowlevel o Max. |lo.=1pA —Jor {=]=1or |[=}=101 |-
Output Voltage lon = =1 mA 2.4 —_ — |24 - — | 24 -_ —_ v
HighLevel y  win. [1ow= -1 oA — Moo-0.1| — | = Mog-0.1] — | — Noo-0.1| —
input Leakage Voo =55V — | 2011 2] =1 201 22| — | +0.1| 22
Current Iiw Max, [Vinz0V (Oigg uA
3-State Output CEor OE = Vin
Leakage - | £05 | 2| — $05 | 2} — | 205 ] %2
Current lour Vio =0 Vto Voo
Operatin:
pDeviceg Vin = Vi, Vin - 20 as | — 20 35 | — 28 40 | mA
Current lopga®
Input Vin=0V, _ - 4 6 | - 4 8
Capacitance  Cw  |1=1MHz Ta=25°C 418 of
Output Vioz0V, — - 6 8 | — 3 8
Capacitance Cio f= 1 MHz, Ta = 25°C 6 8

*Typical values are for Ty = 25° C and nominal Voo. *Outputs open circuited; cycle time = Min. te,c,, duty = 100%.

%2



CDM6116A

SIGNAL DESCRIPTIONS
A0-A10 (Address Inputs):

1/01-1/08:
__CE(Chip Enable):
OE (Output Enable):
(Write Enable):

be tristated and a Write will occur).

Voo. Vas:

Power supply connections.

WE is high.

DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 0 to +70°C (CDOM8116A-2, CDM6116A-3);
Ta = -40° to +85°C (COME116A-9), Voo = 5 V £ 10%,
Input t, t, = 10 ns; C. = 100 pF and 1 TTL Load, input Pulse Levels: 0.8 Vto 24 V

CMOS Microprocessors, Memories and Peripheraly

These inputs must be stable prior to a write operation, but may change asynchronously during
read operations.

8-bit tristate data bus.
Powars down chip, disables Read and Write functions, and gates ott address inputs.
Enables tristate outputs it CE is low and — —
Enables Write function, it C€ is low. WE will dominate if both WE and OE are fow (i.e.. the bus will

LIMITS
CHARACTERISTIC CDM8116A-2 | COME116A-3 | CDME118A-9 UNITS

Read Cycle Times See Fig. 2 MING | max. [ MmN | MAX. | MIN.Y | MAX.

Read Cycle Time tre 200 - 150 - 250 -
Address Access Time taa - 200 - 150 - 250

Chip Enabie Access Time tace -— 200 - 150 -— 250

Chip Enable to Output Active tex 15 - 18 - 15 -

Qutput Enable to Output Valid tosv - 120 - 60 —_ 150 ns
QOutput Enabie to Output Active toex 1§ —_ 15 -— 15 -

Chip Disable to Output “High 2" tera 60 50 0 80

Output Disable to Output "High Z" tomz 60 |- 50 80

Output Hold tfrom Address Change tom 15 — 15 -— 15 —_—

tTime required by a limit device to alfow for the indicated tunction.

tRC

ADDRESS

y A

DATA QUT

Tz

M

*onz

C

D,

—t pc g —

WE 13 HIGH DURING READ CYCLE
TIMING MEASUREMENT REFERENCE

LEVEL 18 13V

2-3

Fig. 2 - Read-cycle timing waveforms.

M teuz ="
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Random-Access Memories (RAMs)

CDM6116A
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C (COMS1168A-2, COMS8116A-3);
Ta = -40° to +85°C (COME116A-9), Voo = 5 V £ 10%,
Input t, t = 10 ns; C. = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 Vic 24V
LIMITS
CHARACTERISTIC CDM6116A-2 | COMB1168A-3 | COMS118A-9 |UNITS
Write Cycle Times See Fig. 3 MIN. | MAX. [ MiN | max. | Mt | max.
Write Cycle Time twe 200 - 150 - 250 -
Chip Enable to End of WRITE tew 160 - 90 —_ 200 -_—
Address Valid to End of WRITE taw 160 _ 90 - 200 -—
Address Setup Time tas 0 - 0 -— 0 -
Write Puise Width twe 160 - T 80 - 200 - ns
Write Recovery Time twa 10 - 0 - 10 -
Output Disable to Output “High Z" tomz 60 0 50 80
Write to Output “High Z* twhz 0 60 0 40 80
Input Data Setup Time tow 80 -— 50 — 100 —_
Input Data Hold Time tow 10 - s — 10 —_
QOutput Active from End of Write tow 10 — 10 —_ 10 -~

Time required by a limit device to aliow for the indicated function.

WRITE CYCLE 1

'we
ADDRESS )( ‘)( ‘
= 7 IS
l ‘cw -1 T 'wn
Tt \m\\m' 7
1 faw [
" b\\Nt 7
tag —o=1 '
ety ———
oATA OUT  NNSONSY NN\
477470185804 '
tonz —uu"-— 2 fou
DATA N
_ s2CH- Sa9es
WRITE CYCLE2- OE = LOW e
ADDRESS )( w{
]
* TSSO "~ Z
b 1y~ typ [
fwp
wE ){ fou
— tas 'z ™ fe- 1o
DATA ouT
Pty -,
OATA 1N
TIMING MEASURAEMENT REFERENCE
LEVEL IS 18V o2cH-3eves

Fig. 3 - Write-cyctle timing waveforms.
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CDM6116A

DATA RETENTION CHARACTERISTICS at T4 = 0 to 70°C (CDM6116A-2, cbumu-s);

Ta = -40 to +85° C (COME118A-9), Unless otherwise noted, See Fig. 4.

CMOS Microprocessors, Memories and Peripheralg

LIMITS
CHARACTERISTIC TEST CONDITIONS ALL TYPES UNITS
MIN. MAX,
Minimum Data Retention Voitage Vor
CDM81168A-2, CDME116A-3, COM6E116A-9 Taz=0to 70°C 2 —_
CE2Voo-02V v
Ta=-401t00°C
COMB116A-9l =2\ oav 45
Data Retention Quiescent Current looDR®
COM6116A-2| Voo =3V,CE=28V - 15
CDM6116A-3| Vop=3V,CE=228V - 25 uA
CDMB116A-8] Veo=3V,CE=28V - 50
Chip Disable to Data Retention Time tcon See Fig. 4 0 —
ns
Recovery to Normai Operation Time ta See Fig. 4 “tac -

*100DR=7.5 A max. at Ta=0° to +40°C for COME118A-2 and CDMB116A-3.

*tac = Read Cycle Time.

X-45v

DATA
he———— RETENTION ———on
MODE

. 4.8v
-\ Vor 2 2v ;

r‘.-,n te —-| 'R

CE 2vp-0-2V

2.2v

* teotg2 lus
Fig. 4 - Low VDO data ra

5

92CM-36263
tention timing waveforms.




DALLAS

SEMICONDUCTOR

DS1210

Nonvolatile Controller Chip

FEATURES PIN ASSIGNMENT
* Converts CMOS P.AMs into nonvolatile memories ‘ T
: veeo[] 1 8] vea
¢ Unconditionally write protects when Vg is out of » :]
tolerance s E 7 Tz
) . ' Tou[] 3 ] cE0
o Autematically switchss to battery when power fail —
occLrs GNDE * & :' c&

Space saving &pin DiP

.

o 1 2
Q1 J
1 A

Consumes less than 100 nA of battery current = .

DS1219 8-Fin DIP (300 MIL)
Ses Moch Drawing — Sect. 16, Pg. 1

L[]

o o a = n:o 'ﬁ'_‘.:
Tests battery condition on power up VN ﬂa'lﬁLa ’P 3 ‘;‘ﬂNc Ea
1108/41 quumsmm:tu&;g_
DAUUTUNIN NTINWY 10118°
1 1 VaAT1 O
Tny. 392-3886, 392-6183 ¢

Low forward voitage drog on tha Ve switch TOL \.;3
NC

GND EEL

Provides for recundant batteries

Optional 5% or 10% power fail detection

Ceticnai 18-pin SO:C surfacs meuri package

L3

Cgticral industdal temparaturs ranca of -40°C to
+85°C

PIN DESCRIPTICN

DS1210S 16-Pin SOIC (300 MIL)
See Mech Dranvy—Sect 16,Pg. §

T
1 1610 NC
2 15[ vccl
3 14 {0 NC
4 13 {10 VBAT2
5 120 ~C
5 n [0 cso
7 100 N2

{ a s _C—E

—_—

Veeo - RAM Suc~ly
VBAT! - + Battery 1
TOL - Power Suppiy Tolerance
GND - Ground
CE - Chip Enable input
CEO - Chip Enabls Output
VeaT2 -+ Battary 2
Vea -+ Supply
NC - No Cennect
DeEGCRIPTION
Tha 0%:210Nonve!~t" - Controller (' . isaCMOS ;- consum=- 1. The 8pin 7! package k=32 #C board

=it ~nich solves tha cppiication preolem of convertng
C:O8 RAM into nonveiatile memory. !~ zoming power
1 is meniicred for an .- Siton. Yy
. such a condition is dotected, chip e.:abla is inhibited to
accomplish write protection and the battary is switched
onto supply the RAM with uninteriislod power. Spedai
circuitry uses a low-ieakage CMOS process which af-
fords orocise voltage citection at extr«..ely low battary

of-tolerancs x memory =

ba achigved.

real estata requirements

s

to 2 minimum. By combining

the S 1210 iNonvolatile Carroller Chip witi- a CMOS
s Halterias, ncowvolatile RAM operation can

G11502 1/6



OPERATION ... _ ..

The DS1210 nonvolatile controller performs five circuit
functions required to battery back up a RAM. First, a
switch is provided to direct power from the battery orthe
incoming supply (Vcci) depending on which is greater.
This switch has a voitage drop of less than 0.3V. The
secord function which the nonvolatile controller pro-
vides is power fail detection. The DS1210 constantly
monitors the incoming supply. When the supply goes
out of tolerance a precision comparator detects power
fail and inhibits chip enable (CEOQ). The third function of
write protection is accomplished by helding the GEO
output signal to within 0.2 volts of the V¢; or battery
supply. IfCE inputis low at the time power fail detection
oceurs, the CEO output is kept in its present state until
CE is returned high. The delay of write protaction until
the current memory cycle is completed pravents the
corruption of data. Power fail detection cccurs in the
range of 4.75 volts to 4.5 volts with the tolerance Pin 3
grounded. if Pin 3 in connected to Voo, then power fail
detection occurs in the range of 4.5 volts to 4.25 volts.
During ne:sinal supply conditions TED will follow T2
with a rnaximum propagation delay of 20ns. The faurth
functioni the DS1210 parforms is a battery status warn-
ing so that potential data lcss is avoidad. E2ch time that
the circuit is powered Up ths battery voitage is chocked
with a pracision comparator. If the battery veage is less
than 2.0 volts, the second memory cycls is inhibited.
Battery status can, therefore, ba determined by per-
forming a raad cycle after power-up to any location in
memory, varifying that memory location contsnt. A sub-
sequent write cycle can then ba executed lo the same
memory In-ation altering t+3 data. If the not read cycle
fails to venfy the written data, then the baiteries areless

SECTION A - BATTERY BACKUP Figure 1

than 2.0V and data is in danger of being corrupted. The

fith function of the nonvolatile controller provides for
battery redundancy. In many applications, data integrity
is paramount. In these applications it is often desirable
to use two batteries to ensure reliability. The DS1210
controller provides an internal isolation switch which al-
lows the connection, of two batteries. During battery

backup operation the battery with the highest voltageiis -

selected for usa. If one battery should fail, the other will
take over the load. The switch to a redundant battery is
transparentto circuit operation andto the user. Abattery
status warning will occur when the battery in use falls
below 2.0 voits. A grounded Vg a12 pin will not activate a
battery fail warning. In applications where battery re-
dundancy is not required, a single battery should be
connected to the BAT1 pin. Tha BAT2 battery pin must
be grounded. The nonvolatile controller contains circuit-
1y to turn off the battery back-up. This is to maintainthe
battery(s) at its highest capacity until the equipment is
powered up and valid data is written to the SRAM. While
in the freshness seal mode tha CZQ and Veeg will be
forced to Vg,_. ‘When tha baitasies are first attached to

" one or both of the Vpay £ins, Veo will net provide bat-

tery back-up.untit Vogp exceeds Voot as set by the
Tot pin, aid ihen fafls below Vaar.

Figure 1 shows a typical apolization incorporating the
DS1210 in a inicroprocessui-sed system. Sedtion A
shows the connections necassary (o writs proic 2t the
RAMwhen Vg isless than 4.75 voltsand toback up the
supply with batteries. Section B shows the use of the
D£S1210 to halt the processor when Vg is less than
4.75volts and i dolay s ractart on power- up to srevent
spurious writes.

Veeo ]1
Ds1219 v:;]l"“!
VVeer [ '
! TEet . i
~ - . CHy Y
. Vearz ——] ReM !
FRC ‘ i
CFIVCER  oF | N _ ;
1 \
—
S £ _j - Ij CE %
4 3 ol f
—— - _— l
I
I I 1 H GND
L 4 i

011582 25
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BATTERY BACKUP CURRENT DRAIN EXAMPLE

CONSUMPTION

DS1210igar 100 nA

RAM lcco2 10 1
Total Drain

10.1 gA

SECTION B - PROCESSOR RESET

ABSGLUY I MAXIGULM AATINGS®

‘o Ground

Voltagas ~~ =ny Pin Rel~
Operating Terparaturn
Storaga Te-. Lerature
Selda: - Tumperatirs

SORLE 1

+5V Vcc|

VBari

DS1210°
2 8 {——

Y
YBAT2

ak |

F4
{

(&)

CE

FRGOH T
PUTTC {ESET

-3 %V to +7.0V

4G to 70°C

=153 to +125°C

© PCfor 19 o vinds

Lo 5 '——_j\:’ RESET

* This i a ziress ratireg i’y and function=! peration cf th~ Jdovice at thesa or any other ccrditions outsic s hose

indicar

conditions frr extendad nedzds of time may affect renatility.

RECC: - ZHDED .0

- PERATING L ONDITIONS

A the operath - sactions of s specification i not implied. Exposure to abe .13 maximu:m ruiing

(07 i 70°C)

PA T A

REASEEVIR AN TYP

=
%

. z;éiT§

MHCTUES

P el Bugs’ 1 4. 50 i 5.8 | ’ v K
Pinz . aSupply it m | V. 4 2w | so  ss | v R
1:,:- Cud T v 2 lv' Vee#0.3 |V o
LC“’.}‘C—. £ T R 3 i +0.8 r v
Gader gt | Vewn | 20 | 40 v 12
Vaarz ' l
- ) ) 149236



DC ELECTRICAL CHARACTERISTICS

(0°C 0 70°C, Vg = 4.75V to 5.5V, Pin 3 = GND)
{Vcer =4.5t0 5.5V, Pin 3 = Veeo)

PARAMETER SYMBOL | MIN TYP MAX UNITS | NOTES
Supply Current lecs 5 mA 3
Supply Voltage Veeo Vec0.2 Vv 1
Supply Current lecot - 80 mA 4

input Leakage T -1.0 +1.0 pA

Cutput Leakage ho -1.0 +1.0

CEO Qutput @2.4V lon -1.0 mA 5
CEO Output @0.4V foL 4.0 mA 5

Ve Trip Point (TOL=GND) Vecrp 450 462 4.74 v 1

Ve Trip Point (TCL=Vpeno) Veare 4.25 437 4.49 v 1

{0°C to 70°C, Vg = < Viar)

CEO Output Vour | Vear0.2 v 7
Vgat1 of Veare Battery Current lsay 100 nA 23
Battery Backup Currant lecoz £0 RA 6,7

@ Veeo = Vgar - 0.3V
CAPACITANCE (ta=25°C)
| PARAMETER symsoL | M TYP MAX UMITS | NOTES !
Input Capacitance Cin 5 pF

Output Capacitance Cour 7 pF

AC ELECTRICAL CHARACTERISTICS

{0°% 2 70°C, Vpny = 4.75V 1o 5.5Y, Pin 3 = GiH(J}

PARAMETER SYMBOL MIN e rAX UNITS NOTES
CE Propagation Delay tpp 5 10 20 ns 5
CE High to Power Fail teF 0 0s

= GND; Veey < 4.5. Pin 3 = Vegcd

{0°C to 79°C, Vegy < 4.75V, Pin 3

—

| Racovery at Powsr Up tacs 2 £0 125 ms |
Yec Slew Rai» Power Down te 300 ! ur )

lvcc Slew Rate Power Down tey w0 } -3;5 o

! Vee Slew Rate Power Up tq 0 i s

| GE Puise wicth tee 15 ps 8
onsez s
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NOTES

1.

2
3
4. lccgt is the maximum average load which the DS1210 can suppiy to the memories.
5
6

7.

All voltages are referenced to ground.

. Only one battery input is required. Unused battery inputs must bs grounded.
. Measured with Ve and CEO open.

. Measured with a load as shown in Figure 2. .
. lecoz is the maximum average load current which the DS1210 can supply to the memories in the battery back-
up mede.

—~

i

o max. must ba izt to ensure data integrity on power loss.

U 3

Q

8. CEO can only sustain leakage current in the battery backup mede.

o
TIMING DIAGRAM - POWER UP

s "
: ses J'”*{\__ /

—o tppinr -

| |

—dr EC pg——

TindlinG DIAGR AR - POWER COVH
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8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

s MCS-85™ Compatible 8255A-5 = Direct Bit Set/Reset Capability Easing
u 24 Programmable I/0 Pins Control Application Interface

» Reduces System Package Count
n Completely TTL Compatible

. = Improved DC Driving Capability
m Fully Compatible with Intel® Micro-

s Avalilable in EXPRESS
processor Familles —Standard Temperature Range
u Improved Timing Characteristics —Extoqded Temperature Range

The Intel® 8255A is a general purpose programmable VO device designed for use with Intel® microprocessors. it has
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of opsration. In the first
mode (MODE 0), each group of 12 VO pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

={_—2 [- hrg - e

—~ = T ~=~ ~d: nflm

~(]s Elnl

] nf)me

l aC] (] J
— a. ] menay

A s - [ “He

— ? 7 e -.-Co wlye
"-"_:. w |l u]s -gh
— v e O wim

:::_: N z y - g]e s2e8a [ oY

— scpce w ] wlle

= LY s B wlls

' L Ye L) Cisl)

- | i =] v
- -~ . = nYoer
] o ] g \ v w]e wfy
— L 1 & - -] He L
o LI O wlJe
. -_1 —q. s

-
Figure 1. 8255A Block Diagram Figure 2. Pin Configuration
SINTEL CORFPORATION, 1982,

1 Order Number: 231308-001
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmable peripheral interface (PPI)
device designed for use in Intel® microcomputer
systems. Its function is that of a general purpose /0
component to interface peripheral equipment to the
microcomputer system bus. The functional configura-
tion of the'8255A is programmed by the system software
so that normally no external logic is necessary to inter-
face peripneral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface
the 8255A to the system data bus. Data is transmitted or
received by the buffer upon execution of input or output
instructions by the CPU. Control words and status infor-
mation are also transferred through the data bus buffer.

(RD)

Read. A “low" on this input pin enables the 8255A to
send the data or status information to the CPU on the
data bus. In essence, it allows the CPU to *“‘read from"
the 8255A.

(WR)
Write. A “low" on this input pin enables the CPU to write
data or control words into the 8255A.

(Ag and A,)
Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ports or the control word
registers. They are normally connected to the least
significant bits of the address bus (Ag and A,).

8255A BASIC OPERATION

Ay | Ag [ RD | WR | CS | INPUT OPERATION (READ)
Read/Write and Control Logic o ol o 1 0 | PORT A= DATABUS
0 1 ) 1 0 | PORT B = DATA BUS
The_ function of this block is to manage all of the internal 1 0 0 1 0 PORT C = DATA BUS
and external transfers of both Data and Control or Status OUTPUT OPERATION
words. It accepts inputs from the CPU Address and Con- (WRITE)
trol busses and in turn, issues commands to both of the 0 0 L 0 0 g‘:: gg:':gg::
0| 1 1 0 0 A -
Covtre! Cwionipe 1] 0 1 0 0 | DATA BUS = PORTC
[ 1 0 0 | DATA BUS = CONTROL
- | DISABLE FUNCTION
(CS) X | x X X 1 | DATABUS= 3-STATE
Chip Select. A “low” on this input pin enables the com- ! L L 0 JILEEGALICONDITION
muniction between the 8255A and the CPU. x| x| 1 ! 0 | DATA BUS = 3-STATE
. I .
somoes .
e croww l(::() wonr [C———D %
] e —— | 2
| -—
. ]
GROUe
I o W
gl ol
BOIRECTIONAL DATA BUS
. >
o i ha pro=m
e = L:%'c?—«
-
2
- CAO CRAOU
. comen K= fn) T f e
a -
meser l LI f =
s

Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Fuactions
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(RESET)

Reset. A “high™ on this input clears the control register
and all ports (A, B, C) are set to the input mode.

Group A and Group B Controls

The functional configuration of each port is program-
med by the systems software. in essence, the CPU “'out.
puts” a control word to the 8255A. The control word con-
tains information such as 'mode”, *'bit set”, "'bit reset",
etc., that initializes the functional configuration of the
8255A.

Each of the Control blocks (Group A and Group B) accepts
“commands” from the Read/Write Control Logic, receives
“control words”” from the internal data bus and issues the
proper commands to its associated ports.
Control Group A — Port A and Port C upper {C7-C4)
Controt Group B — Port B and Port C lower (C3-C0}
The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

Ports A, B, and C

The 8255A contains three 8-bit ports (A, B, and C). Al
can be configured in a wide variety of functional charac-
teristics by the system software but each has its own
special features or “personality” to further enhance the
power and flexibility of the 8255A.

Port A. One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port B. One 8-bit data input/output latch/buffer and one
8-bit data input buffer.

Port C. One 8-bit data output latch/buffer and one 8-bit
data input buffer (no latch for input). This port can be
divided into two 4-bit ports under the mode control.
Each 4-bit port contains a 4-bit iatch and it can be used
tor the control signal outputs and status signal inputs In
conjunction with ports A and B.

PIN CONFIGURATION

ma] \./ o] e
mal]2 n]eas
ear(ls n[oue
[
r 1 ;S: ap&
—_— q (s S ey
e - = vo awo ] L]
—_— FJ e Cz ol C—_.—>~p-. atC]e I!:]:
conten C; - s afo
] rcrfre Do,
L -ugu WA nfo,
l scs [0 »0o
o - mSu »[Jo,
I—— one (‘___:).c,..-‘ rcal]re n:»
SO RON, GAts B = ._1 e g 2P e
ousa fa 1) [:
e (TN Joa, G:::,? :c" :5:
o Ll . veaf1s ] v
T m o~ e %3-5Ce "lal' ::m
had mrClin nl)m
T
q
[ JUm—
o e e | as PIN NAMES -
. o - . — T > = 5,0, | caTA Sus omEcTIONAL)|
— ‘ [ ™iseT [ nisgay owuy
B [ NE & P SELECY
w READ (WPUY
L‘Gf WRITE T
%, AT TORY ADOREES
a f PAIPAG | PORT A (BT
P87580 | PORT @ TBmI
. #Co | PORT € Bv1
A VoL
i SVOATS
Figure 4. 8225A Block Diagram Showing Group A and
Group B Control Functions
231308-001
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the system software:

Mode 0 — Basic input/Output
Mode 1 — Strobed Input/Output
Mode 2 — Bi-Directional Bus

When the reset input goes *high™ all ports will be set to
the input mode (i.e., all 24 lines will be in the high im-
pedance state). After the reset is removed the 8255A can
remain in the input mode with no additional initialization
required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This allows a single B255A to service
a variety of peripheral devices with a simple software
maintenance routine.

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
‘mode is changed. Modes may be combined so that their
functional definition can be “tailored” to almost any |/O
structure. For instance; Group B can be programmed in
Mode 0 to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

g
]
&
L

CONTROL BUS —
11 Tl
DATA BUS ]
4
T 1
HD, WR 0,00 Ay A, l
=

mre, ko, ok, A
MODE 1 [ b a
iio I )
S e
[
MODE 2 8 A
/o mrmnecnonu.
PO PE, D s Ay PA

CONTROL

Figure 5. Basic Mode Definitions
and Bus Interface

V-4

CONTROL WORD

B, | Dy {0 | O, [0 {0, ]| 0 | D

]

GROUP B

PORT C (LOWER!
1= INPUT
0= OUTPUT

PORT B
1 = INPUT
0 = OUTPUT

MODE SELECTION
0= MODE O
1= MODE t

GROUP A

PORT C (UPPER)
1= INPUT
0= QUTPUT

MODE SELECTION
00 = MODE 0
01 = MODE 1
X « MODE 2

MODE SET FLAG
1 ACTIVE

Figure 6. Mode Definition Format

The mode definitions and possible mode combinations
may seem confusing at first but after a cursory review of
the complete device operation a simple, logical I/O ap-
proach will surface. The design of the 8255A has taken
into account things such as efficient PC board layout,
control signal definition vs PC layout and complete
functional flexibility to support aimost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based applications.

231308-001




8255A/8255A-5

CONTROL WORD
Dy | Dy { O3 |00 | Oy | Dy | Oy ] 0O
X X L3
DON'T
CARE

BIT SET/RESET
1=SET
0 = RESET

8IT SELECT

0{1]2,314(8(6,7|

011]0(1:0{1]0'1]8d
ofviviofo{1]1]ey

1011 1J1v]ay

BIT SET/RESET FLAG
9= ACTIVE

Figure 7. Bit Set/Reset Format

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control Functions

When the 8255A is programmed to operate in mode 1 or
mode 2, control signais are provided that can be used as
interrupt request inputs to the CPU. The interrupt re-
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE flip-
flop, using the bit set/reset tunction of port C.

This function allows the Programmer to disallow or allow a
specific 1/0 device to interrupt the CPU without affecting
any other device in the interrupt structure.

INTE flip-flop definition:

{BIT-SET) — INTE is SET — Interrupt enable
(BIT-RESET) — INTE is RESET — interrupt disable

Note: All Mask flip-flops are automatically reset during

mode selection and device Reset.

Operating Modes

Mode 0 Basic Functional Definitions:

® Two 8-bit ports and two 4-bit ports.
® Any port can be input or output.
MODE 0 (Basic input/Output). This functional configura- ® Outputs are latched.
tion provides simple input and output operations for ® Inputs are not latched.
each of the three ports. No “handshaking” is required, ® 16 different input/Output configurations are possible
data is simply written to or read from a specitied port. in this Mode,
\ - s
AD
\N _7
Fe—tip ——eef [ tun —=|
'7
INPUT
X X
tar l— — tq g ————]
8. a1, 40 i (
\ W
oy — — e — — —— — —+( X S
o *! tor
MODE 0 (Basic Input)
Y
R \ A
X 7
e tow ———ete—twp —o
X X
! taw wa ~
[ WANY ] & x
o A
‘————h———ol
MODE 0 (Basic Output)
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MODE 0 Port Definition
A 8 GROUP A GROUP 8
PORTC PORTC

Da | O3 | D1 | Do | PORTA | ipemy | * | PORTB | (Lowem
0 J]o o ! o] ourrur | ouTrut | 0 | ouTPUT | QuTPUT
0 | o [o | 1 [oureur | outpur | 1 | OuTPUT | INPUT

o { o[ 1 | o[ outpur | outputr | 2 [ INPUT OUTPUT
o o]t |1 |outeur | outpur | 3 | INPUT INPUT

0 [ 1 [ 0o [ 0 | ouTPUT | INPUT 4 [ ouTPUT | ouTPUT
o | v+ [ o} 11 ourrur | neur 5 | outPuT [ wPUT

0 |1 1 | o | ourpur | inrUT 6 | INPUT OUTPUT
0o [ 1 [ 1 | ouTPuT | INPUT 7 [ iNPUT INPUT

1 o o[ o] nrur outeut | 8 | outpuT [ outPut
1 [0 [ 0o [ 1 | iNeuT QUTPUT | 9 | OUTPUT | iNPUT

1t o[ 1] o | ineuT outeutT | 10 | INPUT QUTPUT
1 |0 |1 1 | INPUT OUTPUT | 11 | INPUT INPUT

1 1 [0 | 0o | INPUT INPUT 12 [ outpuT | OUTPUT
1 1 | 0 | 1t | INPUT INPUT 13 | OUTPUT | INPUT

1 1 ] 1 | 0 | INPUT INPUT 14 | INPUT QUTPUT
1 K 1 | INFUT INPUT 15 | INPUT INPUT

MODE 0 Configurations
CONTROL WORD #0 CONTROL WORD #2

8, Dy O O, 0; o, O,
[}

Doppoonn

Py ] S A

B, O O, 0, 0y 0 D, b,

Llefefefefel«le]

Iy —/'——*PA,OA,

8253A S238A
e e, o, A rc, 0,
Oy c{ 0,0, c{
e ey e, o
o|—+2—ro,en, o f—2— eapem,
CONTROL RORD #1 CONTROL WORD #3
O Og O, D, O; D Dy O D, Oy O3 O, Dy B; O, D

oopnonoo

nopooonn

Al e ra,ea, Al a,
=7 2854
—-/‘—b rC,%C, —-—/—‘-—. #c,-PC,
0,9, c { 0,0, c {
—rt— ey, f—rtt— rey7c,
st of——rt— ra,em,
-6 231308-001
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CONTROL WORD =4 CONTROL WORD s8
O, Oy By O, D; D; By D o, Dy O; O, D, D, D, O,

(LT LT

A +. PA,-PAy

828SA
{ et b, e,
c

0y Dy =]

B f——rt— ro, 08,

poopnonn

At payra,

8255A
'—/'2—’ e, PC,
oo <]

—— At 50, 50,

a—yL»vs,nu

CONTROL WORD #8
Oy Og O3 DO, Dy D, Dy O

Llefefef fele] ]

aAl—At ey,

4235A
{~—/'—'°1*°.
<

[ ———

of—r—on,q,

CONTROL WORD 59
Oy Og Dy D, 0, D, Dy D,

Liefelrfeele] ]

ale—rt— PA,PA,

DDy o]

{_/_‘.__.'c,;c‘
<

et reypc,

8l—F2 e ray e,

CONTROL WORD #8
0, O b, D, Dy D, D, D,

Llelefel fe] ][]

af—At e pay 0,

82854
% b, 0¢,
Dy Dy +——— c «[

- reyo

) IEPY S

CONTROL WORD #10
O, Dg Oy D, D3 D, Oy D

Llefefefelef e}

A -+ PA,PA,

8288A
LI
[ —— ¢ {
——A e reye,

af—r— ra,m,

CONTROL WORD 27
O D O O, By 0 D Dy

Llefefef el 1]

A -—1L.—o PA,PA,

82854
fo—p e, e,
Dy, c {

o—/‘_ <y,

!0——,"——!‘.’-'%

CONTROL WORO =11
D, Oy Oy D, ) O, O, D

[LTTLLLT]

Al ra,a,
G233A
At e rey0e,
0,0, c -[
ot — reyac,
sfo—rt—ra,em,
231308-001
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CONTROL WORD =12
D, Dy Dy D, Oy D, D, Dy

CLTLLLLL]

At pa e,

CONTROL WORD #14
0, o, Dy D, Oy D, D,

[LLLLLT

]

A PA,PA,

8253A 8283A
—r PGy PCy ‘—"‘f“_‘—' PeyPC,
0,0, c { 0,0, c {
ey, vy,
8 f——"— ro, 8, 8|t v, s,
CONTROL WORD =13 CONTROL WORD #18.
B, Dy By O O, O3 Dy DO Dy Dy Oy O, Dy D, D, Dy

Llelefelofefel]

A .——/'——-u,-n, )
62584

<|:._.-—,¢-1._-c,u;,
c

DyDy .
po——rf—— Py 7C,

By e

Llefelefefol ]]

I

{.—A-—n:,n,
c

0,0 A
oo %Gy PC,

sle—rtl— ra,0n,

Operating Modes

MODE 1 (Strobed Input/Qutput). This functional ton-
figuration provides a means for transferring /O data to
or from a specified port in conjunction with strobes or
“handshaking" signals. In mode 1, port A and Port B use
the fines on port C to generate or accept these *“hand-
shaking" signals. '

Mode 1 Basic Functional Definitions:

® Two Groups {(Group A and Group B)

® Each group contains one 8-bit data port and one 4-bit
control/data port.

® The 8-bit data port can be either input or output.
Both inputs and outputs are latched.

® The 4-bit port is used for control and status of the
8-bit data port.

231308-001
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Input Control Signal Definition

STB (Strobe Input). A “low” on this input loads data into
the input latch.

1BF (Input Butfer Full FIF)

A “high” on this cutput indicates that the data has been
loaded into the input latch; in essence, an acknowledgement
IBF is set by STB input being low and is reset by the rising
edge of the RD input.

INTR (Interrupt Request)

A “high” on this cutput can be used to interrupt the CPU
when an input device is requesting service. INTR is set by
the STB is a “one”, IBF isa “one"” and INTE is a “‘one”
it is reset by the falling edge of RD. This procedure allows
an input device to request service from the CPU by simply
strobing its data into the port.

INTE A
Controlled by bit set/reset of PC 4.
INTEB
Controlled by bit set/reset of PC.

CONTROL WORD
O; Dg By Dy O3 B; Dy By

[ T[]+ [ePXiXIX]
Py
1= INPUT

0= OUTPUT

CONTROL WORD
Oy Oy Dy 04 Dy Dy 0,0y

[ DD 1| 11X

MOOE 1 (PORT A)

D ——ed}

PA,PA, @

| rc, po—— 578,

PCy[—— i8f,

oy e TR,

L })

vo

MODE 1 (PORT B)

-
' PGy fo— 8T8,

PCy [ 18,

Figure 8. MODE 1 Input

gy e

TWJ?

—— iy ]

1

- — —

g ——

Figure 9. MODE 1 (Strobed Input)
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Output Control Signal Definition

OBF (Output Buffer Full F/F). The OBF output will go
“low" to indicate that the CPU has written data out to the
specified port. The OBF F/F will be set by the rising edge
of the WR input and reset by ACK input being low.

ACK (Acknowledge input). A “low” on this input informs
the 8255A that the data from port A or port B has been
accepted. In essence, a response from the peripheral
device indicating that it has recieved the data output by
the CPU.

INTR (Interrupt Request). A "high” on this output can be
used to interrupt the CPU when an output device has
accepted data transmitted by the CPU. INTR is set when
ACK isa“one". OBF isa~one". and INTE is a “one”. Itis
reset by the falling edge of WR.

INTR (Interrupt Request). A “high” on this output can be
used to interrupt the CPU when an output device has
accepted data transmitted by the CPU. INTR is set when

ACK isa “one”, OBF is a“one”, and INTE is a “one". Itis
reset by the falling edge of WR.

INTE A

Controlled by bit set/reset of PCq

INTEB

Controlled by bit set/reset of PC,

.
CONTROL WORD

D, Dy Dy D, Dy D, D, D,
[ [o ]+ o DTN
PCys
1= INPUT
0= OUTPUT
"l
PCos p—-/z—-
MODE 1 (PORT B)

i S
CONTROL WORD

D; Oy Dy O, D, D, D, O,

[ DD [ X

Wi ——eq)

Figure 10. MODE 1 Output

h_.?k/}_

\

to—""ax tarp———wi

Figure 11. Mode 1 (Strobed Output)
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Combinations of MODE 1

Port A and Port B can be individually defined as input or
output in Mode 1 to support a wide variety of strobed |/0
applications.

PA,PAy <I]

) Y
CONTROL WORD

0, Dy 0y O, 0y D, O, B, Poa——= INTR,

N/
[1]e] ] ]w[+ o] *eurlorim o
Pos

1= iNPUT 'g"g‘z>

0= ouTryT

ﬁ—.ﬁ Co——e O8%,
#Cy o ATy
PCof——=INTR,

PORT A - {STROGED INPUT)
PORT B — (STROGED CUTPUT)

O

Wi ——q) #C, {—— BEF,
reofe— 1%,
CONTROL WORD
Oy Dy Oy 0, By 0y 0y By PCy [ INTR,
N/
Ilﬂllnmllu O S
1
c S &3
WO —0 Sy fo—— T8,

reuf— s,

PGy |——— INTR,

PORT A — (STROBED OUTPUTE
PORT 8 —~ (STROSED INPUT}

Figure 12. Combinations of MODE 1

Opserating Modes

MODE 2 (Strobed Bldirectional Bus /0). This functional
configuration provides a means for communicating with
a peripheral device or structure on a single 8-bit bus for
both transmitting and receiving data (bidirectional bus
0). “Handshaking" signals are provided to maintain
proper bus fiow discipline in a similar manner to MODE

1. Interrupt generation and enable/disable functions are
also available.

MODE 2 Basic Functional Definitions:

® Used in Group A only.

® One 8-bit, bi-directional bus Port {Port A) and a 5-bit
cantrol Port (Port C),

¢ Both inputs and outputs are iatched,

® The 5-bit control port {Port C) is used for control

and status for the 8-bit, bi-directional bus port {Port
A).

Bidirectiona! Bus /O Control Signal Definition

INTR (Interrupt Request). A high on this cutput can be

::Ised to interrupt the CPU for both input or output opera-
ons,

-1

Output Operations

OBF (OutputBuffer Full). The OBF output will go “low" to
indicate that the-CPU has written data out to port A.

ACK (Acknowledgs). A “low" on this input enables the
tri-state output butfer of port A to send out the data.
Otherwise, the output buffer will be in the high im-
pedance state.

INTE 1 (The INTE Flip-Flop Assoclated with OBF). Con-
trolted by bit set/reset of PCg.

Input Operations

STB (Strobe Input). A “low" on this input loads data into
the input latch.

IBF (Input Butfer Full FIF). A “high" on this output in-
dicates that data has been loaded into the input latch,

INTE 2 (The INTE Flip-Flop Associsted with IBF). Con-
trolled by bit set/reset of PC,.

231308-001
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CONTROL WORD
D, Oy O3 Dy 0, D; O, D

[T XXK[]

[ INTR,

o8F,

R Y

8%,

0= MOOE 0
1 MODE 1 3
A5 ——_.1 2y f—F— 110
Figure 13. MODE Control Word Figure 14. MODE 2
DATA FROM

) e

:——& DJ\L A
|

o

DATA FROM - OATA FROM
PERIPHERAL YO 83934 82334 TO PERIPHERAL
DATA FROM
S253A TO 8080

Figure 15. MODE 2 (Bidirectional)

NOTE:  Any ssquence where WR occurs betore ACK and ST8 oceurs betore RD is permissible.
(INTR = |18F « MASK « §T8 « RD + OBF + MASK + ACK « WR )
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MODE 2 AND MODE 0 {INPUT)

CONTROL WORD
Oy Dy O D, Oy Dy D, Oy

geennn
"Cra

1 = INPUT
0=0uTrPuT

KB ————ed

[~ pe——— |

MODE 2 AND MODE 0 (OUTPUT)

PG > INTR,

e 58,

Cy fo——— ATK, CONTROL WORD
By O Oy D4 Dy O; D, Dy
o f——— 3

: [T X [ [
L L )

1= INPUT
3 Q=ouTPUT

<o —rF— w0

n,'-.CZ

D ————ed

py IR
men KD

<, L

nm.ﬁ@

MODE 2 AND MODE 1 {OUTPUT)

MODE 2 AND MODE 1 {INPUT)

CONTROL WORD

Oy O O3 O, B, D, O, O,

[ [ DD T <]

e

v, b—— a7,
— CONTROL WORD

O; Oy D5 B, 8; O, D, B,

[ ] XXX+ X

E‘o—ﬁ‘

ey ey,

nvn.I>

76y |- oy

PCy ——— TR,

PA, A, <I>

e, {—— o,

PGy [~ ALK,

Figure 16. MODE ¥ Combinations
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8255A/8255A-5
Mode Definition Summary
MODE 0 MODE 1 - MODE 2
IN ouT IN out GROUP A ONLY

PAg IN our IN out B
PA4 IN our IN our D
PAg IN out IN ouTt -
PA3 IN our IN ouTt -~
PA, IN ouT IN our -—
PAg IN out IN out -
PAg IN our IN ouTt -
PA7 IN our IN out -
Pag IN out IN ouT — T
PBy IN out IN out _
PBy IN our IN our —_—
PB3 IN out IN out —_— MODE 0
PB4 IN our IN out — — OR MODE 1
PBg IN out IN out _— ONLY
PRg IN our IN out _
P87 IN our IN ouTt —_
PG IN out INTRg INTRp o
PCy IN out 18Fg OBFp wo
PCy IN our §T8g ACKg 1o
PC3 N our TR, | INTR, INTRA
PCq N ouTt §78a 1o §T8,
PCg N | our 18Fa 1o 18F
PCg IN ouT "o ACKa ACKp
PCy N our 1o OBF 5 08F,

Spacial Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for control or status. The remaining
bits can be used as follows:

if Programmed as Inputs ~
All input lines can be accessed during a normal Port C
read.

If Programmed as Outputs —

Bits in C upper (PC3-PC4) must be individually accessed
using the bit set/reset function.

Bits in C lower (PC3-PCq) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port C.

Source Current Capability on Port B and Port C

Any set of sight output buffers, selected randomly from
Ports B and C can source ImA at 1.5 volts. This feature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts “hand-shaking” signals
with the peripheral device. Reading the contents of Port C

allows the programmer to test or verify the “status” of each
peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this function.

: [ ::1 '::‘I"::‘I:" ':'-l -::. ll:"-

~r

GROUP A

GROUPS
OUTPUT CONFIGURATION

O, O D D, Dy D O, 0

o, um.l o luo [m. mt.lm,lxm.

T T

GROUP A GROUP 8

Figure 17. MODE 1 Status Word Format

Og 0 O, B .0, 0, D0

lﬁhl"m-] 18F, |m.lumu

GROUP A anours
{DEFINED BY MOOE 0 OR MODE 1 SELECTION)

Figure 18. MODE 2 Status Word Format

231308-001



mtel 8255A/8255A-5

APPLICATIONS OF THE 8255A

The 8255A is a very powerful tool for .interfacing
peripheral equipment to the microcomputer system. It
represents the optimum use of available pins and is flex-
ible enough to interface almost any /O device without
the need for additional external logic.

Each peripheral device in a microcomputer system
usually has a “service routine” associated with it. The
routine manages the software interface between the
device and the CPU. The functional definition of the
8255A is programmed by the 1/O service routine and
becomes an extension of the system software. By ex-
amining the /O devices interface characteristics for
both data transfer and timing, and matching this infor-
mation to the examples and tabies in the detailed opera-
tional description, a control word can easily be devel-
oped to initialize the 8255A to exactly "fit" the applica-
tion. Figures 19 through 25 present a few examples of
typical applications of the 8255A.

NTERRUPT
"”"r:l
5 ra, —!
s, — —]
o —— )
P, e pre PRINTER
[Ty Se— S
rag —r] —_—
‘nnon ooy — _
" 1 | rassan
| —] | recavs
<, DATA msADY |——
"<, acx |
", ParRFEED o
e —
s ——]
n, |— —
», ] —
n. e
”, ] |—] 0aTA READY
», |t o acx
woot 1 | rey —=i |——e] Paran reco
VTR py, | || rorwarosmev
”, |—! ——! nizoon
s
’C, f——=10ATA READY
ey o] acx
",
[ —— l CONTROL LOGIC AKD DRIVERS
REQUTST

INTERRUPT

REQUEST
T | oag .

e ™ f
- N
PAy % xEvB0ARD
Pa, Ry
Pay Ry

o 1 SMIFY
vA, CONTROL
re, sTROBE
_pc‘ - ACK
| 7o, &
e, B
e 8  seLrscan
ro, B,  DISPLAY
’8, 8
", 5

PR -
r8, cLean
rc, DATA READY
r, Ak
re, BLANKING
| ec, CANCEL WORD

<,
INTERRUPT l

Figure 20. Keyboard and Display interface

Figure 19. Printer Interface

3-15

NTERAUPT
REauest
2 10 %
A, L
o} ]
w0t 1 | PAy ®, —tt
woun | pa, R, ®EYBOARD
o %
ra, su1eT
",
", sTROSE
", 1061
<, susv LY
<, TasTALY
___-_._.n.. e
nl - -
.. -———
mooso | "% < e
anoun 7 re, - "
" - "=
”. " " -
", L "
-

Figure 21. Keyboard and Terminal Address
Interface
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INTERRUPT
preees
=" I
» —
-: <3 [rae Dy
", ™ o,
ra #ay o
" Ay e, $LOMPY DI
wo0E o _{ g b o CONTROLLER
ner cave
) CONVERTAN }—- ANALOG OUTRUT oot 2] e O
<, Dac ™~ :'-
<, '
e,
Y ", DATA ST
Sad - e, acx oo
- ”*, DATA AEADY
"<, STEATA
", ouTRUT BN L™ AcK (OuUT)
LI e, TRACK “0 SENSOR
r, SAMPLE £8 ", Svac READY
e B ", motx
Cr, -
”, vy [ ENGAGE HEAD
", COMVERTER - ANALOG 1t "
no0Ee _| P8y ”» ARAD ENABLE
= TR — i
" " amLE CRe
e, nad "y oSt
Py BUSY LT

Figure 22. Digital 1o Analog, Analog to Digital

Figure 23. Basic Floppy Disk Intertace

aTERRUY
REQUEST
[ S [
"y L] CRT CONTROLLER
", ny * CHANACTEA GIN.
ray n ® REFREEM QUPPIR
", " = CURSOR CONTROL
L] "y
w008 1 | A "
",
”©, OATA READY
"<, acx
"<, :.nam
soma "%
[re,y RowsTs
”©, coLLm ST8
”©, CURION MWV 8T8
LY
mooe ¢ _§ "
e ﬁ AN
ol 5
”, nav
LY
- ey
o~ L

WTEARUPT
REQUEST
[y "
on, [
", n  SLIvEL
rastn
[N R tam
", n,  mAOtR
LY Ry
proahly L8 "
", b
<, m
"%, AR
L'
L] MACHINE TOOL
woro |
pephg 10 LT SENSOR (HA)
e, ouT oF FLuD
", exanGE TOOL
", w
",
wooe o | ve, STEP STROST
", VERT. ST STROSE
", sawaTer
", FLUIO EnABLE,
) stor

Figure 24. Basic CRT Controller Interface
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Figure 25. Machine Too! Controller interface
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8255A/8255A-5

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . ......
Storage Temperature

Voltage on Any Pin

With Respect to Ground
Power Dissipation

1 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings" may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicdted in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (Ta=0°CTt070°C,Vgg = +5V =10%, GND = OV)

Symbol Parameter Min. | Max. | Unit Test Conditions
ViL Input Low Voltage -05 | 0.8 v
Vin Input High Voitage 20 | Veco v
Vo (DB) | Output Low Voltage (Data Bus) 0.45°| Vv loL = 2.5mA
Voo (PER)] Output Low Voitage (Peripheral Port) 045 Vv loL = 1.7mA
Vou{D8) | Output High Voitage (Data Bus) 24 \" tom = -400uA
Vor(PER)| Output High Voitage (Peripheral Port) | 2.4 v toH = -200uA
Ipar!'l | Darlington Drive Current -1.0 | -40 | mA Rext = 750Q2; Vexr= 1.5V
lee Power Supply Current 120 | mA
e Input Load Current $10 | pA Vin = Vee to OV
loFL QOutput Float Leakage £10 | MA VouTt = Vg to 45V
NOTE:
1. Available on any 8 pins trom Port 8 and C.
CAPACITANCE (1, = 25°C, Voo = GND = OV)
Symbol . Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc= 1IMH2z
Cio 1/0 Capacitance 20 pF Unmeasured pins returned toGND

A.C. CHARACTERISTICS (Ta=0°Cto70°C. Vcg = +5V =10%, GND = OV) *
Bus Parameters

READ
8255A 8255A-5
Symbo! Parameter Min. Max. Min. Nax. Unit
taR Address Stable Before READ 0 0 ns
tRA Address Stable After READ 0 0 ns
tRR READ Puise Width 300 300 ns
ap Data Valid From READ! ! 250 200 ns
toF Data Float After READ 10 150 10 100 ns
tRY Time Between READs and/or WRITEs 850 850 ns

17
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A.C. CHARACTERISTICS (Continued)
WRITE

8255A 8255A-5

Symbeol Parameter Min. Max. Min. Max. Unit
taw Address Stable Before WRITE 0 0 ns
twa Address Stable After WRITE P 20 ns
tww WRITE Pulse Width 400 300 ns
tow Data Valid to WRITE (T.E.) 100 100 ns
two Data Valid After WRITE 30 30 ns

OTHER TIMINGS
8255A 8255A-5

Symbel | Parameter Min. Max. Min. Max. Unit
twe WR =1 to Outputi !l 350 350 ns
tR Peripheral Data Before RD s} 0 ns
tHR Peripheral Data After RD 0 0 ns
tak ACK Pulse Width 300 300 ns
tsT STB Pulse Width 500 500 ns
tps Per. Data Before T.E. of STB o 0 ns
tPH Per. Data After T.E. of STB 180 180 ns
tAD ACK = 0 to Outputlt! 300 300 ns
txp ACK = 1 to Output Float 20 250 20 250 ng
‘twos WR = 1 to OBF = 0l1] 650 650 ns
taos ACK = 010 OBF = 1%l 350 350 ns
tsig STB =010 IBF = 111l 300 300 ns
thie RD = 1to IBF = 0} 300 300 ns
T RD = Oto INTR = 0l 400 400 ns
tsit STB =110 INTR = 1I%l 300 300 ns
tair ACK =110 INTR =1l 350 350 ns
T WR = 0to INTR = 0l13] 450 450 ns

NOTES:

1. Yest Conditions: C, = 150 pF.

2. Period of Reset pulse must be at least 50us during or after power on. Subsequent Reset pulse can be 530 ns min.

3. INTR? may occur gs early as WR|.

* For Extended Temperature EXPRESS, use MB255A electrical parameters.

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

e

A [+ YESYING (NPUTS ARE DRIVEN AT 24V FORA LOGIC 1 ANDD4SVFOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1
AND 08V FOR A LOGIC 0

A.C. TESTING LOAD CIRCUIT

| lct'lﬂﬂ‘ -

15 SET AT VARIOUS VOL TAGES DURING TESTING TO GUARANTEE THE
SBELIICATION. G, INGLUDES JiG CAPACITANCE.
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WAVEFORMS

MODE 0 (BASIC INPUT)

tan

Yy — b—-'m.—-l
- N 3

tna———e]

[ P P— |
j— )
& ar a0 D

Dy D e —— — — — — _.J-C X i — —
no ‘. tos
MODE 0 (BASIC OUTPUT)
I —
- . N N
: tow wo—=]
2,0, ‘ X
": taw wa

& a1a0 K

N_!L

b—h——4
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WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

'n'o\mrlm-l__._..¢ﬁ

MODE 1 (STROBED OUTPUT)

[e—tax
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WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

[e—"ta08 —=]
w L
twos X
-\ / A
il h\ iy i
=X \j 4
Yr
m \ 4
tue
¥
v —ltaple- —of g |
y T\
R < S G S— 4--
l —e} tppy po— / tam
® / /
DATA FROM DATA FROM
PERIPHERAL TO 6255 8255 TO PERIPHERAL
DATA FROM
258 TO 0080
NOTE: Any ssquence where WH occurs betore ACK and §T8 occurs befare RD is permissible,
(INTR = 18F + MASK + T8 + RD + OBF « MASK » ACK - WH )
WRITE TIMING READ TIMING
L 4'7 q ]
Aa-1. €3 L ! K Ao-1. €8 X X
I———l..-——.‘ —.{5,}.—- i - Y .i - re—tpa
DATASUS N X ., —w
[ towe—ete o+ - Hhan - tophe—
= Sﬁ { : DATA B 7 /7, WIGN IMPEDANCE . 7//] VAL WIGH PEDANCE
oot tew o
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DAC0808/DAC0807/DAC0806

National
Semiconductor

DAC0808/DAC0807/DAC0806 8-Bit D/A Converters

General Description

The DACO0808 series is an 8-bit monolithic digital-to-analog
converter (DAC) featuring a full scale output current settling
time of 150 ns while dissipating only 33 mW with +5V sup-
plies. No reference current (lrgr) trimming is required for
most applications since the full scale output current is typi-
cally +1 LSB of 255 lpgr/ 256. Relative accuracies of bet-
ter than *+0.19% assure 8-bit monotonicity and linearity
while zero leve! output current of less than 4 pA provides
8-bit zero accuracy for IRgr22 mA. The power supply cur-
rents of the DAC0808 series are independent of bit codes,

MC1508/MC1408. For higher speed applications, see
DAC0800 data sheet.

Features

m Relative accuracy: +0.19% error maximum (DAC0808)
= Full scale current match: +1 LSB typ

®m 7 and 6-bit accuracy available (DAC0807, DACO806)

B Fast settling time: 150 ns typ

| Noninverting digital inputs are TTL and CMOS compati-

and exhibits essentially constant device characteristics over ble

the entire supply voltage range.

The DACO0808 will interface directly with popular TTL, OTL
or CMOS logic levels, and is a direct replacement for the

& High speed muitiplying input slew rate: 8 mA/us
B Power supply voltage range: £4.5V to +18V
B Low power consumption: 33 mW @+ 5V

Block ahd Connection Diagrams

Dual-In-Line Package

.:? A A MO MN ‘: U
p— Eccmmm-
cowtaaL CuRRENT SiTCHES o Order Number ""'f :: VRer)
DAC0808, DAC0807, Ver =1 )
| RINLATOER I | JR— | - or DAC0806 19 -=4 e [rve
T - See NS Package 5 a4 ans LTS
Vaepn O] Number J16A, a [,
PN CURNENT Veo M16A or N16A
SOURCE PAIR =] LW
Yare-) O—4 . .
&l:;!.:;ﬁ- PCMI A p—s A5
Ver TL/H/5887 -1 TOP ViEw TL/H/5687~2
Small-Outline Package
Y4t 18[r=A8 LS8
Vper(0)={2 15p=A7
Voer (<) 13 14] EAB
COMPENSATION—4 3-8
NCe=33 12=A4
GND—16 n L-AS
vﬂa 7 10 Kn
v-fs [} S
TL/H/5687-13
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)" N PACKAGE (N16A)* [SO PACKAGE (M16A)
8-bit —-55°C<Tas +125°C DAC0808LJ |MC1508L8
8-bit 0°C<Ta< +75°C DAC0808LCJ | MC1408L8 | DACOB0BLCN | MC1408P8 DAC0808LCM
7-bit 0°C<Ta< +75°C DACO0807LCJ{ MC1408L7 | DACOBO7LCN | MC1408P7 DAC0807LCM
6-hit 0°C<Ta< +75°C DAC0806LCJ | MC1408L6 | DACOBOSLCN | MC1408P6 DACO806LCM

*Note. Devices may be ordered by using either order number.
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Otflce/Distributors for avallability and specifications.

Storage Temperature Range

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

-65°Cto +150°C

Power Supply Voltage Dual-In-Line Package (Ceramic)
Veo +18 Vpg Surface Mount Package
Vg —18Vpc Vapor Phase (60 seconds)
Digital Input Voitage, V5-V12 —10Vpgto +18 Vpg Intrared (15 seconds)
Applied Output Voitage, Vo —11Vpgto +18Vpe
Reference Current, 114 5mA ?peritlr:{g Raﬁngs
Reference Amplifier inputs, V14, V15 Voo VeE er')“:g;aao:. ange
Power Dissipation (Note 3) 1000 mW DACO808LC Series
ESD Susceptibiiity (Note 4) T8D

Electrical Characteristics
(Vec = 5V, Veg = —15 Vpg, VRer/R14 = 2 mA, DAC0B08: Ta = —55°C to + 125°C, DAC0808C, DAC0807C, DACO806C, Ta

= 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.)

260°C
300°C

215°C
220°C

TmIN < TA < Tmax
—55°C < Ta < +125°C
0<Tp < +75°C

Symbol Parameter Conditions Min Typ Max Units
E; Relative Accuracy (Error Relative (Figure 4) %
to Full Scale Ig) .
DACO0808L (LM1508-8), +0.19 %
DACO0808LC (LM1408-8)
DACO0807LC (LM1408-7), (Note 5) +0.39 %
DACO0806LC (LM1408-6), (Note 5) +0.78 %
Settling Time to Within %, LSB Ta=25C (Note 6), 150 ns
(Includes tag ) (Figure 5)
teLis tPHL | Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
TClo Output Full Scale Current Drift +20 ppm/°C
. MsB Digital input Logic Levels (Figure 3)
ViH High Level, Logic *“1" 2 Voc
Vi Low Levael, Logic 0" 0.8 Vpc
MSB Digital Input Current (Figure 3)
High Level Vi = 5V 0 0.040 mA
Low Leve! V)L = 0.8V ~0.003 -0.8 mA
lis Reference input Bias Current (Figure 3) -1 -3 nA
Output Current Range (Figure 3)
Vgg = —5V ] 20 2.1 mA
Vg = —15V,To=25C | 0 2.0 4.2 mA
lo Output Current VRer = 2.000V,
R14 = 10000,
(Figure 3) 19 1.99 21 mA
Qutput Current, All Bits Low (Figure 3) 0 4 pA
Output Voltage Compliance (Note 2) | E, < 0.19%, T = 25°C
VEg= —5V,lger=1mA —0.55, +0.4 Voc
Vgg Below —10V —5.0, +0.4 Voc
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Electrical Characteristics (continued)
(Ve = 5V, Veg = —15 Vpg, VRer/R14 = 2mA, DAC0808: Ty = —55°C to + 125°C, DAC0808C, DAC0807C, DACO806C, T

= °C to + 75°C, and all digital inputs at high logic ievel untess ctherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
SRiger Reterence Current Slew Rate (Figure 6) 4 8 mA/us
Output Current Power Supply -5V £ Vgg € —16.5V 0.0 27 pA/N
Sensitivity
Power Supply Current (All Bits (Figure 3}
Low)
lec 2.3 22 mA
leg —4.3 -13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3)
Veo 45 5.0 5.5 Voc
VEg —4.5 —15 —16.5 Voc
Power Dissipation
All Bits Low Vece = 5V, Vgg = -5V 33 170 mw
Vee = 5V, Vgg = —15V- 106 305 mw
All Bits High Vee = 15V, Vgg = —5V 90 : mw
Vee = 15V, Vgg = —15V 160 mw

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. OC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.
Note 2 Range control is not required.

Note 3: The i power must be d atel d andis bmix.OJA.amm P Ta. The

wmwxﬂmatmmmh%=ﬂm T»lauormenunmefgivenmtm“' Ratings, whk is lower. For this

davba.TJm=1m and the typical juncti of the dual-in-fine J package when the board mounted is 100°C/W. For the dual-in-
ge, this number m175‘0/wandtoru'|asmanoumupackagetrmmmls1wc1w

m&.wmmmﬁ‘ [ h a 1.5 k0

NehE:AnamemstmesuammmlaastSO%dmmdmm

Nats 6: All bits switched.

Nots 7: Pin-out numbers tor the DALOBOX represent the dual-in-tine package. The small outling package pinout differs from the duakin-line package.

Typical Application
Vego v
L
m: : LN v S Sy
no—:J
omaL :g—_f oacons
o
AT Qe
[t ] MOE'

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

< LOGIC INPUT CURRENT (uA)

s

Ig - OUTPUT CURRENT (mA)

POWER SUPPLY CURRENT (mA)

Logic Input Current vs
Input Voltage

|
|
|
!
T
|
T
i
|
I

g L

-12-10-8-6-4-202 4 6§ 81012141618

V{ - LOGIC INPUT VOLTAGE (V)

Output Current vs Output
Voltage (Output Voltage
Compliance)
28
ALL 8ITS “ON" l [
24 ————
Vgg = -1V |Vgg = -5V
2
| | | | heszma
16 .
| [ |
12 i | T e 1 mA
u HH i { | i
|
04 I + T lyg=02mA
0 [ | |
-4 10 -6 -2 2 6 10 14 18

Vg - QUTPUT VOLTAGE (V)

Typical Power Supply
Current vs Vgg

ALLBITSHIGHOR LOW | |
[ IEEWITH g = 2mA ™|

BEEE

s “lgg WITH ljq= 1 mA T
ettt

3 b—

| liggwTHIjq=02ma |
S|

|

lce
|

i 7

L

[]
0 -2 -4 -6 -8 -10-12-14-16-18-20
Vg - NEGATIVE POWER SUPPLY (V)

OUTPUT VOLTAGE (V) 10 - OUTPUT CURRENT (imA)

POWER SUPPLY CURRENT (mA)

Bit Transfer Characteristics

TR

12 —1[ hat llm“ 1
Al

' %

A2

|
04 Y1 1= AS
-—]-/\- v = -5V H—— A3 ’,l
FARERN Lamrle
0 il LTI - 1
-12-10-8-6-4-20 24 6 8 101214 1613

Vi - LOGIC INPUT VOLTAGE (V)

Output Voltage Compliance
vs Temperature

2 T
1% \“
12
N
[ AREA INDICATES
PERMISSIBLE QUTPUT

VOLTAGE RANGE FOR
0 3 VEE=-15V,.I14=2mA L |

12 A j
-50 0 50 100 150
TEMPERATURE ('C)

Typical Power Supply
Current vs V¢

ALL BITS HIGH OR LOW
s2mAL L |
et

2 Ige
|

‘ |

X l
0 2 4 & 8 10 1214161820

Vg - POSITIVE POWER SUPPLY (V)

Logic Threshold Voitage vs
Temperature

~

18—
15 [~

[
-7‘.1 ‘
-

14
12

1
08
0.6
04
02

Vry - LOGIC THRESHOLD VOLTAGE (Vpe)

0
~§5-37-19 -1 17 35 53 71 89 107125
Ta - TEMPERATURE (°C)

Typical Power Supply
Current vs Temperature

1 ALL BITS HIGH OR LOW

70 Fhg*2mA

50 1g ——

50
@0

10
20 lcc

POWER SUPPLY CURRENT (mA)

-50 0 50 100 150
TEMPERATURE (°C)

Reference Input
Frequency Response

RELATIVE OUTPUT (d8)

01 0.3 1 1 10
f— FREQUENCY (MHz)
TL/H/5687-5

Unless otherwise specified: R14 =
R15 = 1 k2, C = 15 pF, pin 16 to
Vege: R = 509, pin 4 to ground.
Curve A: Large Signal Bandwidth
Method of Figure 7, Vgeg = 2 Vp-p
offset 1 V above ground.

Curve 2: Small Signal Bandwidth
Method of Figure 7, R = 250Q, VRer
= 50 mVp-p offset 200 mV above
ground.

Curve C: Large and Small Signal
Bandwidth Method of Figure 9 (no op
amp, R = 500), Rg = 500, VRer =
2V, Vg = 100 mVp-p centered at OV.
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FIGURE 2. Equivalent Circuit of the DAC0808 Series (Note 7)




Test Circuits

IGITAL
inPUTS

“Yaer

TL/H/8687-8

V) and 11 apply to inputs A1-A8.
The resistor tied to pin 15 is to temperature compensate the
bias current and may not be necessary for all applications.

FIGURE 3. Notation Definitlons Test Circuit (Note 7)

L3
COUNTER

T

Vee

(M A2 A4 A5 AB A7 A8 )
o=K|{l—+—+—+ o+ -+ +
2 4 16 32 64 128 256
VReF
BN
where K R4
and Ay = *1" if Ay is at high leve!
Ay = “0" if Ay is at low level
L
TU/H/5887-7

FIGURE 4. Relative Accuracy Test Clrcuit (Note 7)

FOR SETTLING TIME

o ASUREMENT (ALL LTS
| SMTCHED LOW TO HIGN)

TRAASA (LOW CAPACITANCE,
FAST RECOVEAY 0100E)

FIGURE 5. Transient Response
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and Settling Time (Note 7)
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Test Circuits (continued)

Ve Voo
R14= RIS
13
5 1
Al o‘T v ’VREF J_L
14 i I v — o 4
A VREF n__rL_ :: 1 18 R1§
- V MQ : DACI308 : {
2 AS b
~—O———¢ °Tu' s = © LT
4 AB O.IT
a = A7 O-‘T

.l".oj— by ScOPE , mAM 3 ¢
3 = =

1§ oF s#f;'é“ SEE TEXT FOR VALUES OF C
5. i‘- d;! Vee
vee oo Ra TL/H/S687-10
TUMSEsT-9 FIGURE 7. Positive Vpep (Note 7)

FIGURE 6. Reference Current Slew Rate Measurement (Note 7)

vee
Al4=R1E
13
.
At o-f:- "—O-\Q-
A2C 7 15 R:; -
AJOT “Vagr 'l_l'
A4 91 0OAacosos |2
a8 19 I
AG Oy =
1" 4 = o LI
A1 12 18
A8 Ot
Ry
3 ¢
SEE TEXT FOR VALUES OF €
Vee
TL/H/5687-11

FIGURE 8. Negative VRer (Note 7)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference ampiifier provides a voltage at pin 14 for con-
verting the reference voltage to a current, and a turn-around
circuit or current mirror for feeding the fadder. The reference
amplifier input currrent, 144, must always flow into pin 14,
regardiess of the set-up method or reference volitage polarity.
Connections for a positive voltage are shown In Figure 7.
The reference voltage source supplies the full current l44.
For bipolar reference signals, as in the multiplying mode,

A!O—5
A!O—]-
AJO‘T
At O—d
Asoﬁ

Ag O—l

Ale
VAEF
- l'u
18] W

18
ne
] —o When Vg =0, I14 = 2.0 mA

0ACGE0S

VREF \'
SERIES Vo= ['—E‘ + —5‘] (A) Ro

1
—ov
€ R4 Rg

3
=0 Vee

i 2 {1 Ia —AAA

o

TUH/5687-12
FIGURE 9. Programmable Gain Amplifier or
Digitai Attenuator Circuit (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
vaiues of 1, 2.5 and 5 k2, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Vgg or
ground, but using Vgg increases negative supply rejection.
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Application Hints (continued)

A negative reference voitage may be used if R14 is ground-
ed and the reference voitage is applied to R15 as shown in
Figure 8. A high input impedance is the main advantage of
this method. Compensation invoives a capacitor to Vgg on
pin 18, using the vaiues of the previous paragraph. The neg-
ative reference voitage must be at least 4V above the Vgg
supply. Bipolar input signais may be handled by connecting
R14 to a positive reference voltage equal to the peak posi-
tive input level 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 drives iogic is to be used as the reference, R14
should be decoupled by connecting it to §V through another
resistor and bypassing the junction of the 2 resistors with
0.1 F to ground. For reference voltages greater than 5V, a
clamp diode is recommended between pin 14 and ground.

It pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voitage on pin 4 is restricted to a range of —0.55 to

0.4V when Vgg = —5V due to the current switching meth-
ods employed in the DAC0808.

The negative output voitage compliance of the DAC0808 is
extended to —5V where the negative supply voitage is more
negative than — 10V. Using a fuil-scale current of 1.992 mA
and load resistor of 2.5 k2 between pin 4 and ground will
yield a voltage output of 256 levels bstween 0 and
—4.880V. 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 kQ 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 voitages more negative than —8V,
due to the increased voltage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each cutput 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
DAC0808 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 DACO808 series is guaranteed accurate to within + 1,
LS8 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 pA) 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. Thig is an optional step since the DAC0808 accu-
racy is essentially the same between 1.5 and 2.5 mA. Then
the DACO0808 circuits’ full-scale current is trimmed to the
same value 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
totai 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 DAC0808.

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 uA 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 to 4 mA,

SETTLING TIME

The worst-case switching condition occurs when ail bits are
switched ON, which corresponds to a low-tc-high transition
for all bits. This time is typically 150 ns for settling to within
+/, LSB, for 8-bit accuracy, and 100 ns to Y, L.SB for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns.
These times apply when R < 5009 and Co < 25 pF.
Extra care must be taken .in board layout since this is usually
the dominant factor in satisfactory test results when mea-
suring settling time. Short leads, 100 wF supply bypassing
for low frequencies, and minimum scope lead length are all
mandatory.
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TECHNICAL DATA

DUAL LOW POWER OPERATIONAL AMPLIFIERS

Uulizing the circuit designs perfected for recently introduced
Quad Operational Amplifiers, these dual operational amplifiers
feature 1) low power drain, 2) a common mode input voltage range
extending to ground/Vgg, 3) Single Supply or Split Supply operation
and 4) pin outs compatibie with the popular MC1558 dual operational
amplifier. The LM158 Series is equivalent to one-half of an LM124.

LM158, LM258,
LM358, LM2904

DUAL DIFFERENTIAL
INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

These amplifiers have several distinct advantages over standard > v
operational amplifier types in single supply applications. They can
operate at supply voltages as low as 3.0 Volts or as high as 32 Volts
with quiescent currents about one-fifth of those associated with the
MC1741 (on a per amplifier basis). The common mode input range 8" " inputsi
includes the negative supply, thereby eliminating the necessity for
external biasing components in many applications. The output voltage H SUFFIX |
range also includes the negative power supply voitage METAL PACKAGE |
ASE 601 |
® Short Circuit Protected Outputs b |
® True Differential Input Stage i
1
® Single Supply Operation: 3.0 to 32 Volts J SUFFIX *
® Low Input Bias Currents CERAMIC PACKAGE i
® Internally Compensated s CASE 693 |
® Common Mode Range Extends to Negative Supply ‘
® Single and Split Supply Operation N SUFFIX K !
PLASTIC PACKAGE
® Similar Performance to the Popular MC1
' puls MC1508 CASE 626 4 ‘: [
D SUFFIX 2
*, PLASTIC PACKAGE
& e CASE 751
MAXIMUM RATINGS (T4 = +25°C unless otherwise noted) (SO-8)
Lm1s8
LM258 (8] vee
Rating Symbol LM3s58 LM2904 Unit
7! Oumut B
Power Supply Voltages Vdc
Single Supply Vee 32 26 T
Split Supplies Vee- VEe T16 +13
Input Differential Voitage Range (1) VIDR +32 26 Vdc Too View!
Input Common Mode Volitage Range (2) ViCcR -03w032 | -031026 Vdc
Input Forward Current (3) "WE 50 - mA ORDERING INFORMATION
Vy<-03V) Temperature
Qutput Short Circuit Duration tg Continuous Device Range Package
Junction Temperature Ty °e LM158H Metal Can
Ceramic and Metal Packages 175 LM158J ~55to +125°C Ceramic DIP
Plastic Package 150
Storage Temperature Range Tstg fe LM25040 -40to -105°C S0
Ceramic and Metal Packages —-65 to +150 LM2904N Plastic OIP
Plastic Package -55 to +125 LM2904J Ceramic DIP
- -401t0 +85°C
Operating Ambient Temperature Range Ta Cc LM2904H Metal Can
LM158 -551t0 +125 =
LM2580 SO-8
LM258 -25to +85 - 2
v LM258H Metal Can
LM358 0t +70 -25t0 +85°C
LM2904 - —40 to+ 105 LM258J Ceramic DIP
NOTES: LM2S8N Plasuc DIP
(1) Soiit Power Supplies LM3580 So-8
(2) For Supoly Voltages less than 32 V for the LM158/258/358 and 26 V for the LM2904.
the apsoiute maximum INPut voltage is equal 10 the supply voltage, LM358H 0to +70°C Metal Can
(3) This input current will only exist when the voltage is negative at any of the inout leads. LM358J Ceramic DIP
Normal output states will reestablish when the input voitage returns to a voltage greater
than -0 3 Vv LM358N Plastic DIP

MOTOROLA LINEAR/INTERFACE DEVICES
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LM158, LM258, LM358, LM2904

ELECTRICAL CHARACTERISTICS (Vo =5.0 V, VEE © Gnd, T4 = 25°C unless otherwise noted)

LM158/1.M258 LM3s8 LM2804
Characteristic Symbal | Min | Typ | Max | Min | Typ | Max ] Min | Typ | Max | Unit
Input Offset Voitage vio mv
Vee =50 V to 30 V (26 V for LM2804),
Vic=0Vtovee-1.7 V.Vg=14V,Rg=200Q
Ta =25°C - l20]|so} - |20fj70] - |20 70
TA = Thmw Tiow (Note 1) - - 70 - - |90 - - 10
Average Temperature Coefficiant of Input Offset Voitage |aVig/aT| ~ |70 | - - (70| - - [ 70 ] - [uvi®C
Ta = Thigh 10 Tiow (Note 1)
Input Otfset Currant ho - [30] 3 - | 50| so - | 50 | s0 nA
TA = Thigh 10 Tiow (Note 1) ~ - Jwo] -] - [0} -~ |45 |200
Averaga Temperature Coefficient of Input Offset Current Ahg/aT] - 10 | - - 0| - - 0 | - |[pAlC|
TA = Thigh t0 Tigy (Note 1)
Input Bias Current Iig - -45 |-1501 - -45 |-250] - -45 [-250| oA
Ta = Thigh 10 Tigw (Note 1} - |-50 |-300} - | -50 |-500] - | -50 |-500
input Common-Mode Voltage Range (Note 2) ViICcR v
Vee 2 30 V (26 V for LM2904) o] - |283] 0 - |283] 0 - 1243
Vee = 30 V (26 V for LM29041, Ta = Thigh 10 Tiow [+] - 28 o] - 28 [} - 24
Differential input Voitage Range VIDR - - |veel - - |Veetl - - |vee v
Larga Signal Open-Loop Voitage Gain AvoL vimv
R{ = 20kQ, Veg = 15 V, For Large Vo Swing, 50 |100 | - 2% (w00 ]| - - 100 | -
TA = Thign 10 Tigw (Note 1) 25 - - 15 - - - - -
Channel Separation - - -120]| - - |-120] - - [-120] - d8
1.0 kHz < f < 20 kHz, Input Reterenced
Common-Mode Rejection Ratio CMRR | 70 | 8S - }6 | 70 - 18 |7 - a8
Rg < 10 kQ
Power Supply Rejection Ratio PSRR 165 {100 | — 65 | 100 | — 50 J100 | -~ d8
Output Voltage Rangs VoR 0 - ]33]0 - 331 0 - 133 v
R =2k (Ry > 10 k2 for LM2904)
Output Voitage—High Limit (T = Thgp 10 Tigw!(Note 1) Vo v
Vee © 30 V (26 V for LM2804), Ry = 2 kSl 2% |- |-12| - ]-]22]|-]|-
Ve = 30 V (26 V for LM2804), R_ = 10 k2 27 |8 | - 21 |28 | - 23| 2a] -
Output Voltage—Low Limit VoL - 50 | 20 - | s0 {2 60 { 20 mv
Veg 250 V. R =10k, TA = Thigh to Tigy (Note 1)
Qutput Sourca Current 1o+ 20 40 - 20 40 - 20 40 - mA
Vip=+10V,Vec =15V
Output Sink Current lo- .
Vip=-10V,Vcc =15V 10 2| -]wol2|-Jw{2|-]m
Vip = -10 V, Vg = 200 mV 12 |so | - J12]s0o | -] -1-1-14us
Output Short Circuit to Ground (Note 3) log - |40 |60 § - | 40 | 60 - |4 {60 | mA
Power Supply Current [T o = Thigh t0 Tigw! (NOte 11 Ice mA
Vee = 30 V (26 V for LM2904), Vg =0V, R == - Jis 30} - |1s]30} - {1530
Vee25V. VoS0V, R 2= - forj12] - |07 |12} - |07 {12
NOTES:
{1} Tiow = -55°C for LM158 Thigh = +125°C for LM158
= =-40°C for LM2904 = +105°C for LM2904

= -25°C for LM258
= 0°C for LM358

= «85°C for LM258

= +70°C for LM3I58

{2) The input commen-mode voltage or either input signal voitage
should not be aillowed to go negative by more than 0.3 V. The
upper end of the comman-mode voltage range is Ve ~ 1.7 V.

{3) Short circuits from ths output to VCC can cause excessiva heating
and aventual destruction, Destructive dissipation can resuit from
simuitaneous shorts on ail amplifiers.

SINGLE SUPPLY
3.0 V to Ve (Max)

I Vce
o
o nd
o
ol -0
< Veg/Gnd

Vee

SPLIT SUPPLIES

{1111

vVee

= w
2 ]

= 1.8V 10 v (Max)

= 1.5 Vto vgg (Max)
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LM158, LM258, LM358, LM2904

REPRESENTATIVE CIRCUIT SCHEMATIC Buas Curcustry
(One-Half of C t Sh ) Cammon to Both
ne-Halif of Circun own Output Amphtiers
' : Vee
g o J

b |

Q16 Qia |

Q13 |

|

40k |

Q19 i

S oF : a2 1

] '

i€ 28 _n

|

|

I

Q18 Q20 i
Inputs as I
JQH l

o Q7 a1 K I
[s1 f

S P 19 !
Q2 as I
N Q7 A a1 1

a3 Qa Q26 103 Nl I

l' Vegg Gna

LARGE SIGNAL VOLTAGE
FOLLOWER RESPONSE
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CIRCUIT DESCRIPTION

The LM158 Series is made using two internally com-
pensated, two-stage operational amplifiers. The first stage
of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and
the differential to single ended converter Q3 and Q4.
The first stage performs not only the first stage gain
function but also performs the level shifting and trans
conductance reduction functions. 8y reducing the trans-
conductance a smaller compensation capacitor (only 5 pF)
can be employed, thus saving chip area. The transcon.
ductance raduction is accomplished by spiitting the col-
lectors of Q20 and Q18. Another feature of this input
stage is that the input common-mode range can include
the negative supply or ground, in single supply operation,
without saturating either the input devices or the dif-
ferential to single-ended converter. The second stage con-
sists of a standard current source load amplifier stage.
" Each amplifier is biased from an internal-voltage regu-
lator which has a low temperature coefficient thus giving
each amplifier good temperature characteristics as well as
excellent power supply rejection.

MOTOROLA LINEAR/INTERFACE DEVICES
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LM158, LM258, LM358, LM2904

TYPICAL PERFORMANCE CURVES

FIGURE 1 - INPUT VOLTAGE RANGE
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FIGURE 3 — LARGE-SIGNAL FREQUENCY RESPONSE
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FIGURE 8 — POWER SUPPLY CURRENT versus
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FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER
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LM158, LM258, LM358, LM2904

APPLICATIONS INFORMATION

FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR
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FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 - COMPARATOR WITH MYSTERES!S
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FIGURE 11 — Bi-QUAD FILTER
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MOTOROLA LINEAR/INTERFACE DEVICES

2-80



LM158, LM258, LM358, LM2904

APPLICATIONS INFORMATION (continued)

FIGURE 12 ~ FUNCTION GENERATOR
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FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER
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If source impadancs varies, tilter may be preceded with voitage
foliower buffer to stabilize filter parameters.
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National
Semiconductor

LM131A/LM131, LM231A/LM231, LM331A/LM331
Precision Voltage-to-Frequency Converters

General Description

The LM131/LM231/LM331 family of voltage-to-frequency
converters are ideally suited for use in simple low-cost cir-
cuits for analog-to-digital conversion, precision frequency-
to-voitage conversion, long-term integration, linear frequen-
cy modulation or demodulation, and many other functions.
The output when used as a voltage-to-frequency converter
is a pulse train at a frequency precisely proportional to the
appiied input voitage. Thus, it provides all the inherent ad-
vantages of the voitage-to-frequency conversion tech-
niques, and ¥ easy to apply in all standard voitage-to-fre-
quency converter applications. Further, the LM131A/
LM231A/LM331A attains a new high ievel of accuracy ver-
sus temperature which could only be attained with expen-
sive voitage-to-frequency modules. Additionaily the LM131
is ideally suited for use in digital systems at low power sup-
ply voltages and can provide low-cost analog-to-digital con-
version in microprocessor-controlied systems. And, the fre-
quency from a battery powered voitage-to-frequency con-
verter can be easily channeled through a simple photoisola-
tor to provide isolation against high common mode leveis.
The LM131/LM231/LM331 utilizes a new temperature-
compensated band-gap reference circuit, to provide excel-
lent accuracy over the full operating temperature range, at
power supplies as low as 4.0V. The precision timer circuit

has low bias currents without degrading the quick response
necessary for 100 kHz voltage-to-frequency conversion.
And the output is capable of driving 3 TTL loads, or a high
voitage output up to 40V, yet is short-circuit-proof against
Vee

Features

® Guaranteed linearity 0.01% max

8 Improved parformance in existing voitage-to-frequency
conversion applications

® Split or single supply operation

m Operates on single 5V supply

@ Pulse output compatible with all logic forms

s Excellent temperature stability, +50 ppm/°C max

B Low power dissipation, 15 mW typical at 5V

® Wide dynamic range, 100 dB min at 10 kHz full scale
frequency

 ‘'Wide range of full scale frequency, 1 Hz to 100 kHz

u Low cost

Typical Applications

W
s -J_ G <P

OFFSET ADJUST -

*Use stable with low
**0.1pF or 1uF, See “Principles of Operation.”
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Absolute Maximum Ratings (ote 1) El
It Military/Aerospace specifiled devices are required, please contact the Natlonal Semiconductor Sales Office/
Distributors for availabllity and specifications. FEE
LM131A/LM131 LM231A/LM231 LM331A/LM331 —6—"
Supply Voitage 40V a0v 40V ute
Output Short Circuit to Ground Continuous Continuous Continuous
Qutput Short Circuit to Voo Continuous Continuous _ Continuous o
input Voltage ~0.2V1o +Vg —0.2V1to +Vg ~0.2Vto +Vg | Cha
Tmin  Tmax TN Tmax Tuin  Tmax Cur
Operating Ambient Temperature Range -55°Cto +125°C —25°Cto +85°C 0°Cto +70°C
Power Dissipation (Pp at 25°C)
and Thermal Resistance (6ja) 1
(H Package) Pp 870 mwW 570 mW 570 mwW § op:
6 150°C/W 150°C/W 150°C/W ' _RE
{N Package) Pp 500 mwW 500 mW —
Oia 155°C/W 155°C/W
Lead Temperature (Soldering, 10 sec.) e
Dual-In-Line Package (Plastic) 260°C 260°C 260°C LSk
Metal Can Package (TO-5) 260°C 260°C 260°C St
ESD Susceptibility (Note 4) TBDV TBOV TBOV —Ez
Electrical Characteristics 7, =25°C uniess otherwise specified (Note 2)
Parameter Conditlons Min Typ Max Units
VFC Non-Linearity (Note 3) 4.5V < Vg < 20V +0.003 +0.01 % Full- 3
Scale I~
Tmin € Ta € Tmax +0.006 +0.02 % Full-
Scale
VFC Non-Linearity Vg = 15V, f = 10 Hzto 11 kHz +0.024 +0.14 %Full (|
In Circuit of Figure 1 Scale i
Conversion Accuracy Scale Factor Vin = —10V,Rg = 14kQ ] ‘
{Gain) ;
LM131, LM131A, LM231, LM231A .95 1.00 1.05 kHz/V :
LM331, LM331A 0.90 1.00 1.10 kHz/V
Temperature Stability of Gain TMIN < Ta < Timax, 4.5V < Vg < 20V
LM131/LM231/LM331 +30 +150 ppm/*C ;
LM131A/LM231A/LM331A +20 +50 pem/*C '
Change of Gain with Vg 4.5V<Vg < 10V 0.01 0.1 %IV !
10V < Vg < 40V 0.006 0.08 BNV
Rated Full-Scale Frequency ViN = —10V 10.0 KMz !
Gain Stability vs Time TMIN € Ta < Tvax +0.02 % Full- |
(1000 Hrs) Scale
Overrange (Beyond Fuil-Scale) Vin = —11V 10 %
Frequency
INPUT COMPARATOR
Oftset Voltage +3 £10 mv
LM131/LM231/LM331 TMIN € Ta € Tmax x4 +14 mv
LM131A/LM231A/LM331A TN S Ta € TMax £3 £10 mv
Bias Current —-80 —300 nA
Offset Current *8 +100 nA
Common-Mode Range Trin € Ta € Tmax -0.2 Vee—2.0 v
TIMER '
Timer Threshold Voltage, Pin 5 0.63 0.667 0.70 X Vg
Input Bias Current, Pin § Vg = 15V
All Devices 0V<Vpins < 9.9V +10 +100 nA
LM131/LM231/L.M331 Vpins = 10V 200 1000 nA
LM131A/LM231A/LM331A Vpinsg = 10V 200 500 nA -
VsaT PN 5 (Reset) 1=5mA 0.22 0.5 v
JENS
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! i

g i Electrical CharacteristiCs T,=25C uniess otherwise specified (Note 2) (Continued)

X Parameter L Conditions ljm ] Typ I Max I Units

;i CURRENT SOURCE (Pin 1)

{ Output Current Rg=14kQ, Vpin1=0

R LM131, LM131A, LM231, LM231A 126 135 144 RA

| : LM331, LM331A 116 136 156 pA

g Change with Voltage OV<Vpy 110V 0.2 1.0 A

i| Current Source OFF Leakage

| (M131, LM131A 0.01 1.0 nA

1 : LM231, LM231A, LM331, LM331A 0.02 10.0 nA

'\ AllDevices Ta=TMax 20 50.0 nA

1 Operating Range of Current (Typical) (10 to 500) BA

, ! REFERENCE VOLTAGE (Pin 2)

i LM131, LM131A, LM231, LM231A 1.76 1.89 2.02 Vpe

! LM331, LM331A 1.70 1.89 2.08 Voo

. Stability vs Temperature +60 ppm/°C

. _Stability vs Time, 1000 Hours +£0.1 %

.. LOGIC OUTPUT (Pin 3)

T Vsar 1=5mA 0.15 0.50 v
-1 1=3.2mA (2 TTL Loads), Tmin< Ta< Tmax 0.10 0.40 v
K OFF Leakage +0.05 1.0 RA

! SUPPLY CURRENT

’; LM131, LM131A, LM231, Vg=5V 20 3.0 4.0 mA

0 LM231A Vg=40V 25 4.0 6.0 mA
o LM331, LM331A Vg=5V 1.5 3.0 6.0 mA

i Vg=40V 20 40 8.0 mA
o Note 1: Absolute M Ratings i limits beyond which damage to the device may occur, DC and AC electrical specifications do not apply when operating

i the device beyond its specified operating conditions.
Note 2: All specifications apply in the circuit of Figure 3, with 4.0V < Vg <40V, unless otherwise noted.
Note 3: Nonli y is defined as the devi of foyt from Vin X (10 kHz/ —10 Vpg) when the circuit has been trimmed for zero error at 10 Hz and at 10 kHz,

' overmefrequenwrange1HztonkHz.Formetinﬁngeapaeitorbcr.useNPo ic, Teflon®, or
- Note 4: Human body model, 100 pF discharged through a 1.5 kf} resistor.

* Functional Block Diagram
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Performance Characteristics
(All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.)
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Typical Applications (Continued)

PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO-FREQUENCY CONVERTER

The LM131 is a monolithic circuit designed for accuracy and
versatile operation when applied as a voitage-to-frequency
(V-to-F) converter or as a frequency-to-volitage (F-to-V) con-
verter. A simplified block diagram of the LM131 is shown in
Figure 2 and consists of a switched current source, input
comparator, and 1-shot timer.

The operation of these blocks is best understood by going
through the operating cycle of the basic V-to-F converter,
Figure 2, which consists of the simplified block diagram of
the LM131 and the various resistors and capacitors con-
nected to it

The voitage comparator compares a positive input voltage,
V1, at pin 7 to the voltage, Vy, at pin 6. if V1 is greater, the
comparator will trigger the 1-shot timer. The output of the
timer will tum ON both the frequency output transistor and
the switched current source for a period t= 1.1 RyC;. During
this period, the current i will flow out of the switched current
source and provide a fixed amount of charge, Q=i X t, into
the capacitor, C. This will normally charge V, up to a higher
level than V1. At the end of the timing period, the current i
will tum OFF, and the timer will resst itself.

Now there is no current flowing from pin 1, and the capaci-
tor G will be gradually discharged by Ry until V falis to the
level of V1. Then the comparator will trigger the timer and
start another cycle. .

The current flowing into C;_is exactly iave = i X (1.1XRCy)
X f, and the current flowing out of Ci_ is exactly Vy/R| =
Vin/RL. If Vi is doubled, the frequency will double to main-
tain this balance. Even a simple V-to-F converter can pro-
vide a frequency precisely proportional to its input voltage
over a wide range of frequencies.
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TL/H/8680-4
FIGURE 2. Simplified Block Diagram of Stand-Alone
Voltage-to-Frequency Converter Showing LM131 and
External Components

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (FIGURE 1a)

The block diagram shows a band gap reference which pro-
vides a stabie 1.9 Vpg output. This 1.9 Vpg is well regulated
over a Vg range of 3.9V to 40V. It also has a flat, low tem-
perature coefficient, and typically changes less than %%
over a 100°C temperature change.

The current pump circuit forces the voltage at pin 2 to be at
1.9V, and causes a cument i=1.80V/Rg to flow. For
Rg=14k, i=135 uA. The precision current refiector pro-
vides a current equal to i to the current switch. The current
switch switches the current to pin 1 or to ground depending
on the state of the Rg flip-fiop.

The timing function consists of an Rg flip-flop, and a timer
comparator connected to the external RyCy network. When
the input comparator detects a voltage at pin 7 higher than
pin 6, it sets the Rg flip-flop which turns ON the current
switch and the output driver transistor. When the voltage at
pin & rises to 24 Vg, the timer comparator causes the Rg
flip-flop to reset. The reset transistor is then tumed ON and
the current switch is turned OFF.

However, if the input comparator still detects pin 7 higher
than pin 6 when pin 5 crosses 24 Vcg, the flip-flop will not
be reset, and the current at pin 1 will continue to flow, in its
attempt to make the voitage at pin 6 higher than pin 7. This
condition will usually apply under start-up conditions or in
the case of an overload voltage at signal input. It should be
noted that during this sort of overioad, the output frequency
will be 0; as soon as the signal is restored to the working
range, the output frequency will be resumed.

The output driver transistor acts to saturate pin 3 with an
ON resistance of about 509. In case of overvoltage, the
output current is actively limited to lass than 50 mA.

The voltage at pin 2 is regulated at 1.80 Vpg for all values of
i betwean 10 pA to 500 pA. It can bs used as a voltage
reference for other components, but care must be taken to
ensure that current is not taken from it which could reduce
the accuracy of the converter.

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
TO-FREQUENCY CONVERTER (FIGURE 1)

The simple stand-alone V-to-F converter shown in Figure 1
includes all the basic circuitry of Figure 2 plus a few compo-
nents for improved performance. )

A resistor, Ryy= 100 ke + 10%, has been added in the path
to pin 7, so that the bias current at pin 7 (—80 nA typical)
will cancel the effect of the bias current at pin 6 and help
provide minimum frequency offset.

The resistance Rg at pin 2 is made up of a 12 kQ fixed
resistor plus a 5 k) (cermet, preferably) gain adjust rheo-
stat. The function of this adjustment is to trim out the gain
tolerance of the LM131, and the tolerance of Ry, Ry and C;.
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Applications (continued)

For best resuits, all the components should be stabie low-
temperature-coefficient components, such as metal-film re-
sistors. The capacitor should have low dislectric absorption;
depending on the temperature characteristics desired, NPO
ceramic, polystyrene, Teflon or polypropylene are best
suited.

A capacitor Ciy is added from pin 7 to ground to act as a
filter for Vin. A value of 0.01 F to 0.1 1F will be adequate in
most cases; however, in cases where better fiitering is re-
quired, a 1 pF capacitor can be used. When the RC time
constants are matched at pin 6 and pin 7, a voltage step at
Vin will cause a step change in foyT. If Cy is much less
than Cy, a step at Vi may cause foyr to stop momentarily.
A 47 resistor, in series with the 1 pF Cy, is added to give
hysteresis effect which helps the input comparator provide
the excellent linearity (0.03% typical).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (FIGURE 3)

In this circuit, integration is performed by using a conven-
tional operational amplifier and feedback capacitor, Cr.
When the integrator’s output crosses the nominal threshold
level at pin 6 of the LM131, the timing cycle is initiated.

The average current fed into the op amp's summing point
(pin 2} isi X (1.1 RCy X f which is perfectly balanced with
—ViN/Rin. In this circuit, the voitage offset of the LM131
input comparator does not affect the offset ar accuracy of
the V-to-F converter as it does in the stand-alone V-to-F
converter; nor does the LM131 bias current or offsst cur-
rent. Instead, the offset voltage and offset current of the
operational amplifier are the only limits on how small the
signal can be accurately converted. Since op amps with
voitage offset well below 1 mV and offset currents well be-
low 2 nA are available at low cost, this circuit is recommend-
ed for best accuracy for small signals. This circuit ailso re-
sponds immediately to any change of input signal (which a
stand-alone circuit does not) so that the output frequency
will be an accurate representation of Vi, as quickly as 2
output pulses’ spacing can be measured.

In the precision mode, excellent linearity is cbtained be-
cause the current source (pin 1) is always at ground poten-
tial and that voitage does not vary with Viy or foyT. (In the
stand-alone V-to-F converter, a major cause of non-linearity
is the output impedance at pin 1 which causes i to change
as a function of Vin).

The circuit of Figure 4 operates in the same way as Figure 3,
but with the necessary changes for high speed operation.
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1005 10% weetoxes 4 oamoxe
o AA AAA AAA
VWA~ VWA~ VA &
] 0a1F*
(] § T4
w1\
= H o Vigaie =
3 '3«1
| 10 kNz
znaxt L 7 FULLSCALE
Rs u® r
RHECSTAT ']_-‘ ‘t
GAIN o 3

ADJusY

vs

GFFSET ADJUST -
WTO N —

*Use stable comp with low

TL/H/5680-8

coefficients. See Typical Applications section.

**This resistor can be 5 kN2 or 10 ki for Vg=8V to 22V, but must be 10 kQ for Vg=4.5V to 8V.
***Use [ow offsat voitage and low offset current op amps for A1: recommended types LM108, LM308A, LF411A

FIGURE 3. Standard Test Circuit and Appiications Circuit, Precision Voitage-to-Frequency Converter
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Typical Applications (continueq)

DETAILS OF OPERATION, FREQUENCY-TO-

YOLTAGE CONVERTERS (FIGURES 5 AND 6)

In these applications, a pulse input at fyy is differentiated by
a C-R network and the negative-going edge at pin 6 causes
the input comparator to trigger the timer circuit. Just as with
a V-to-F converter, the average current flowing out of pin 1
is laverage = i X (1.1 RCy) X 1.

In the simple circuit of FIGURE 5, this current is filtered in
the network Ry = 100 k2 and 1 pF. The ripple will be tess
than 10 mV peak, but the response will be siow, with a

10 £ 10%

10k 19% % *
AAA
W

0.1 second time constant, and settling of 0.7 second to
0.1% accuracy.

In the precision circuit, an operational ampiifier provides a
buffered output and also acts as a 2-pole filter. The ripple
will be less than 5 mV peak for all frequencies above 1 kHz,
and the response time will be much quicker than in Figure 5.
However, for input frequencies below 200 Hz, this circuit will
have worse ripple than Figure 5. The engineering of the filter
time-constants to get adequate response and small enough
ripple simply requires a study of the compromises to be
made. Inherently, V-to-F converter response can be fast,
but F-to-V response can not.

*Use stable with iow cosfficients.
See Typical Appiications section.

**This resistor can be 5 kfl or 10 kN for Vg=8V to 22V,
but must bs 10 kN for Vg=4.5V to 8V.

***Uss low offset voitage and low offset current op amps for A1:

recommended types LF411A or LF356.

TL/H/56880-6

FIGURE 4. Precision Voltage-to-Frequency Converter,
100 kHz Full-Scale, +0.03% Non-Linearity
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FIGURE 5. Simple Frequency-to-Voltage Converter,
10 kHz Full-Scale, +0.06% Non-Llnearity
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FIGURE 6. Precision Frequency-to-Voitage Converter,
10 kHz Full-Scale with 2-Pole Filter, £0.01%
Non-Llnearity Maximum
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Applications (continued)

Light Intensity to Frequency Converter
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Typical Applications (continued)

Lo

Analog-to-Digital Converter with Microprocessor
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Remote Voltage-to-Frequency Converter with 2-Wire Transmitter and Receiver
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TL/H/8880-14
Voitage-to-Frequency Converter with Square-Wave Output Using - 2 Filp-Flop
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Applications (continued)
Voitage-to-Frequency Converter with Isolatars
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Volitage-to-Frequency Converter with isolators
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Metal Can Package Dual-In-LIne Package
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ToF view
TL/H/5680-20
. . 0P VIEW
Note: Metal case is connected to pin 4 (GND.) TUHY 21

Order Number LM131AH, LM131H, LM231AH,
LM231H, LM331AH or LM331H
See NS Package Number H08C

or LM331N

Order Number LM231AN, LM231N, LM331AN,

See NS Package Number NOSE
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LM386

National
Semiconductor
Corporation

LM386 Low Voitage Audio Power Amplifier

General Description

The LM386 is a power amplifier designed for use in low
voltage consumer applications. The gain is internally set to
20 to keep external part count low, but the addition of an
external resistor and capacitor between pins 1 and 8 will
increase the gain to any valus up to 200.

The inputs are ground referenced while the output is auto-
matically biased to one haif the supply voitage. The quies-
cent power drain is only 24 milliwatts when operating from a
6 volt supply, making the LM386 ideal for battery operation.

Features

= Battery operation

| Minimum externai parts

® Wide supply voltage range
8 Low quiescent current drain

4V-12V or 5V-18V
4 mA

a Voitage gains from 20 to 200

u Ground referenced input

m Self-centering output quiescent voltage
m Low distortion .

# Eight pin dual-in-line package

Applications

8 AM-FM radio amplifiers

W Portable tape player amplifiers
& Intercoms

B TV sound systems

| Line drivers

8 Ultrasonic drivers

& Small servo drivers

u Power converters

Equivalent Schematic and Connection Diagrams

Typical Applications

Amplifier with Gain = 20
Minimum Parts

N Dual-In-Line and Small Outline
9—O Vs Packages
AN -'{ Ly
e L aveass
s Vour anrur =3 S v,
b anD =X S Vour
TUH/ESTE-2
Top View
Order Number LM386M-1,
LM386N-1, LM386N-3 or LM386N-4
) .. See NS Package Number
R MOSA or NOSE

Amplifier with Gain = 200
v 106




Absolute Maximum Ratings

It Military/Aerospace specified devices are required, Junction Temperature +150°C
contact the National Semiconductor Sales Office/ Soldering Information
Distributors for availabllity and specifications. Dual-in-Line Package
Supply Voltage (LM386N-1, -3, LM386M-1) 15v Soldaring (10 sec) +260°C
Supply Voltage (LM386N-4) 22v Small Qutline Package
Package Dissipation (Note 1) (LM388N-4) 1.25W };ﬁ:’;ﬁg‘g)’ sec) e
Input Voltage £04V gae AN-450 “Surface Mounting Methods and Their Effect
Storage Temperature —~85°Cto +150°C on Product Rsiiability” for other methods of soldering sur-
Operating Temperature 0°Cto +70°C face mount devices.
Electrical Characteristics 1, = 25¢
Parameter Conditions Min Typ | Max Units
Operating Supply Voitage (Vg)
LM386N-1, -3, LM386M-1 4 12 v
LM386N-4 5 18 v
Quiescent Current (Ig) Vg =6V,ViN=0 4 8 mA
Qutput Power (PoyT)
LM386N-1, LM38EM-1 Vs = 6V,R, = 80, THD = 10% 250 325 mw
LM386N-3 Vg = 8V, R = 80, THD = 10% 500 700 mwW
LM386N-4 Vg =16V, R = 320, THD = 10% 700 1000 mw
Voltage Gain (Ay) Vg = 6V, f = 1 kHz 26 dB
10 uF fromPin1to 8 46 dB
Bandwidth (BW) Vs = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vs = 6V, R = 8Q, Poyt = 125 mW 02 %
t = 1 kHz, Pins 1 and 8 Open
Power Supply Rejection Ratio (PSRR) Vg = 6V, f = 1 kHz, Cgypass = 10 pF 50 dB
Pins 1 and 8 Open, Refaerred to Output
Input Resistance (Rin) 50 kQ
Input Bias Current (Igias) Vs = 6V, Pins 2 and 3 Open 250 nA
Note 1: For in above 25°C, the device must be derated based on a 150°C maximum function temperature and 1) a thermal

resistance of 80°C/W [unction to ambient for the dual-in-iine packago and 2) a thermal resistance of 170°C/W for the small outiine package.

Application Hints
GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins (1
and 8) are provided for gain control. With pins 1 and 8 open
the 1.35 kQ resistor sets the gain at 20 (26 dB). If a capaci-
tor is put from pin 1 to 8, bypassing the 1.35 kQ resistor, the
gain will go up to 200 (46 dB). If a resistor is placed in series
with the capacitor, the gain can be st to any value from 20
to 200. Gain contro! can aiso be done by capacitively cou-
piing a resistor (or FET) from pin 1 to ground.

Additional external components can be placed in paraile!
with the internal feedback resistors to tailer the gain and
frequency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a se-
fies RC from pin 1 to 5 (paraileling the internal 15 kA resis-
tor). For 6 dB effective bass boost: R & 15 kQ, the lowest
value for good stable operation is R = 10 kQ if pin 8 is
open. if pins 1 and 8 are bypassed then R as low as 2 ki
can be used. This restriction is bacause the amplifier is only
compensated for closed-loop gains greater than 8.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 k} resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when loft open. if-the dc source resistance driving the
LM388 is higher than 250 kQ it will contribute very little
additional offset (about 2.5 mV at the input, 50 mV at the
qutput). If the de source resistance is less than 10 kft, then
shorting the unused input to ground will keep the offset low
(about 2.5 mV at the input, 50 mV at the cutput). For de
source rasistances between these values we can eliminate
excess offset by putting a resistor from the unused input to
ground, equal in value to the dc source raesistance. Of
course all offset problems are eliminated if the input I3 ca-
pacitivaly couplsd.

Whan using the LM386 with higher gains (bypassing the
1.356 kN resistor between pins 1 and 8) it i3 necessary to
bypass the unusad input, preventing tion of gain
and possible instabilites. This is done with a 0.1 uF capaci-
tor or a short to ground depending on the dc source resist-
ance on the driven input.
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LM386

Typical Performance Characteristics
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Typical Applications (continueq)

Ampiifier with Galn = 50

Amplifier with Bass Boost

*Requirad for LM386N-4 only.
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LM386

Typical Applications (continued)

AM Radlo Power Amplifier

FROM
DETECTOR

Note 1: Twist supply lead and supply ground very tightly,
Note 2: Twist speaker lead and ground very tightly.
Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 tums of wire.

FERAITE

Nots 4: R1C1 band [imits input signals.
Nots §: All components must be spaced very clese to IC.

‘ I
A () SPEAKER
0.0%:F
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