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ABSTRACT

This Thesis present SensQr Controller Unit using micro
controller single ship in MSC-51 family to control each sensor in
this unit. The advantage of this microcontroller is it can detect
meny sensor from anywhere to the same point and also show

time passing through microcontroller.
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Vo
i

| INITIAL
L

W
CALL MENU

4

CALL SENSOR

\

CALL SHOWTIME




porta
porthb
portc
pctrl
lcdwrc
lcdrdc
lcdwrd
lcdrdd
lcdbuf
bit senl
bit_sen2
bit sen3
bit_sen4
b_buff

main:

sub:

org

equ
equ
equ
equ
equ
eqgu
equ
equ
equ
equ
equ
equ
eqgu
equ

mov
lcall
lcall
lcall
lcall
lcall
lcall
mov
clr
subb
jz
mov
mov
lcall

jmp

8100h

0fe0O0h
0feOlh
0feO2h
0fe03h
0ff80h
0ff81h
0ff82h
0f£f83h
9500h
21h
22h
23h
24h
9600h

sp,#30h
init
lcd_disp
delay
menu
sensor
rdtime
a,77h

c

a,rd

sub

a,r4
77h, a
showtime
sub

;8255 Port A
;8255 Port B
;8255 Port C

;8255 Control Port
;LCD Write Control
;LCD Read Control
;LCD Write Data
;LCD Read Data

;Video memory
;Sensorl flag
;Sensor2 flag
;Sensor3 flag
;Sensor4 flag
;Buffer PortB

;:ki***7’(*:&)k)k*kk*.)k****)'(k*k**kx*x***xk*****k*i*******

Initial Routines
;*kk**kk*k*k*kt**x*********xi**i*k*kk**k****k*k***

. X
r

init:

setb
setb
setb
setb
mov
mov
movx
mov
mov
movx
mov
movx
lcall
lcall
mov
lcall
lcall

‘ret

bit_senl
bit_sen2
bit_sen3

bit send4
dptr, #ipctrl
a,#91h
@dptr, a
a,#11110000b
dptr, #b_buff
@dptr, a
dptr, #portb
@edptr, a
led_init
rtcint
dptr,#tableb
& teixb
lcd_disp

*

;Initial 8255

;k*)kk******7‘;k***k**kk****k***k*kk**k**k*****k**k‘k*

Menu Routines
;f.*lk*k*k****t****ﬁk**X******k**kk*****kkxi**kk***k

o Xk

’

menu:

lcall
cjne

scan

a,#0ffh,menul

*
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menul:

smenul:

smenu:

menu2:

menu3:

menu3l:

menu32:

menu33:

menud:

menu4l:

menu42:

menud3:

menub:

menubl:

menub2:

menub3:

menub :

menubl:

menub2:

menu63:

menu7:

ret
cjne
jmp
1jmp
mov
lcall
lcall
lcall
Ccjne
1jmp
Ccjne
mov
lcall
lcall
1call
cjne
1jmp
cjne
lcall
1imp
cjne
1jmp
Ccjne
mov
lcall
lcall
lcall
cjne
1jmp
Ccjne
lcall
1ljmp
Ccjne
1jmp
Ccjne
mov
lcall
lcall
lcall
cjne
1jmp
cjne
lcall
1jmp
Ccjne
1jmp
cjne
mov
lcall
Icall
lcall
cjne
1jmp
cjne
lcall
1jimp
cjne
1jmp
Ccjne
jmp

70
a,#0ah, smenul
smenu
end_menu
dptr,#tableb
t_to_vb
lcd _disp
scan
a,#0ffh,menu3
menu2
a,#01h,menu4
dptr,#tablel
t_to_vb
lcd_disp
scan
a,#0ffh,menu32
menu3l
a,#0bh,menu33
set _time
end_menu
a,#00h,menu3l
smenu
a,#02h, menub
dptr,#table2
t_to_vb
lcd_disp
scan
a,#0ffh,menu4?2
menu4l
a,#0bh,menu43
set_date
end_menu
a,#00h,menu4l
smenu
a,#03h,menub
dptr,#table3
t_to_vb
lcd disp
scan
a,#0ffh,menub2
menubl
a,#0bh,menub53
set_sensor
end_menu
a,#00h,menubl
smenu
a,#04h,menu?7
dptr,fitable4
t_to_vb
lcd disp
scan
a,#0ffh,menu62
menubl
a,#0bh,menu63
clr sensor
end_menu
a,#00h, menub6l
smenu
a,#00h, smenu?2
end_menu



smenu2:

end menu:

t_to_vb:

t _to_vbl:

set_time:

set_date:

1jmp
ret

mov
push
push
mov
mov
mov
pop
pop
movx
push
push
mov
mov
movx
inc
mov
mov
pop
DoR
inc
djinz
ret

mov
lcall
1call
lcall
mov
mov
lcall
1call
lcall
mowv
mov
mov
mov
lcall
ret

mov
lcall
lcall
lcall
mov
mov
lcall
lcall
lcall
mov
mov
lcall
lcall
lcall
mov
mov
mov
lcall

menu2

r0,#10h
dph

dpl
dptr, #lcdbuf
78h,dph
79h,dpl
dpl

dph
a,@dptr
dph

dpl
dph, 78h
dpl, 79h
@dptr, a
dptr
78h,dph
79h,dpl
dpl

dph
dptr
r0,t_to_vbl

dptr,#table?7
t_to_vb

lcd _disp

get _number
7ah,a
dptr,#table8
t_to_vb

lcd disp
get_number
7bh, a

r2,7ah
r3,7bh
r4,#00h
wrtime

dptr,#table9
t_to_vb
lcd_disp
get_number
7ah,a
dptr,#tablel0
t_to_vb
lecd_disp
get_number
7bh, a
dptr,#tablell
t_to_vb
lcd_disp
get_number
r2,7ah

r3, 7bh

rd4,a

wrdate
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set_sensor:

set_sensorl:

sub_senl:

set_sensor2:

sub_senll:

sub_senl2:

sub_senl3:

sub_senl4:

sub_sen2:

set_sensor3:

ret

mov
lcall
lcall
lcall
Ccjne
jmp
Ccjne
mov
lcall
lcall
lcall
lcall
Ccjne
jmp
Cjne
setb
mov
movx
clr
movx
mov
movx
ret
cjne
setb
mov
Mmovx
clr
movx
mov
movx
ret
Ccjne
setb
mov
movx
clr
Mmovx
mov
Mmovx
ret
Cjne
setb
mov
Mmovx
clr
movx
mov
movx
ret
Cjne
mov
lcall
lcall
lcall
lcall
cjne
jmp

12

dptr,#tablel?2
t_to_vb

lcd disp

scan
a,#0ffh,sub_senl
set_sensorl
a,#01lh,sub_sen?2
dptr,#tablel3
t_to_vb

led _disp

delay

. scan

a,#0ffh,sub_senll
set_sensor2
a,#01lh,sub_senl2
bit_senl
dptr,#b_buff
a,@dptr

acc.0

@dptr, a

dptr, #fportb
@dptr, a

a,#02h,sub_senl3
bit_sen2
dptr,#b_buff
a,@dptr

acc.1

@dptr, a

dptr, #portb
@dptr, a

a,#03h,sub_senl4
bit_sen3

dptr, #b_buff
a,@dptr

acc.2

@dptr, a

dptr, #portb
@dptr, a

a,#04h,set_sensor2
bit_sen4

dptr, #b_buff
a,@dptr

acc.3

@dptr, a

dptr, #iportb
@dptr, a

a,#02h,set_sensorl
dptr,#tablel3
t_to_vb

lcd _disp

delay

scan
a,#0ffh,sub_sen21
set_sensor3



sub_sen22l:

sub_sen22:

sub_sen23:

sub_sen24:

clr_sensor:

get number:

Cjne
cilr
mov
movx
setb
movx
mov
movx
ret
Cjne
clr
mov
movx
setb
movx
mov
movx
ret
Ccjne
clr
mov
movx
setb-
movx
mov
movx
ret
cijne
clr
mov
movx
setb
movx
mov
movx
ret

mov
lcall
lcall
mov
movx
orl
Movx
mov
movx
lcall
ret

mov
mov
setb
movx
lcall
anl
mov
lcall
mov
mov
movx

a,#01h,sub_sen22
bit_senl
dptr,#b_buff
a,@dptr

acc.0

@dptr, a

dptr, #portb
@dptr, a

a,#02h,sub_sen23
bit_sen2
dptr,#b_buff
a,@dptr

acc.1l

@dptr, a

dptr, #portb
@dptr, a

a,#03h,sub_sen24
bit_sen3
dptr,#b_buff
a,@dptr

acc.2

@dptr, a

dptr, #portb
@dptr, a

a,#04h,set_sensor3
bit sen4
dptr,#b_buff
a,@dptr

acc.3

@dptr, a

dptr, #portb
@dptr, a

dptr,fitablel4
t_to_vb
led_disp
dptr,#b_buff
a,@edptr
a,#11110000b
@dptr, a

dptr, #fportb
@dptr, a

delay

dptr, #lcdwrc
a,#42h

acec.7
@dptr, a
sub_get
a,#0fh

7dh, a

htoa

a;r3

dptr, #lcdwrd
@dptr, a
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sub_get:

get2:
get3:
getd:
geth:
getb:
get7:
get8:
get9:
getlO:

getll:

lcall
lcall
anl
mov
lcall
mov
mov
movx
lcall
mov
swap
orl
ret

lcall
cjne
jmp
cjne
ret
Ccjne
ret
C jne
ret
Cc jne
ret
Ccjne
ret
cjne
ret
cjne
ret
Ccjne
ret
Cc jne
ret
Ccjne
ret

delay
sub_get
a,#0fh
7eh,a
htoa

a, r3
dptr,#lcdwrd
@dptr, a
delay
a,7dh

a

a,7eh

scan
a,##t0ffth,get?2
sub get

a,#01lh,get3
a,#02h,get4
a,#03h,getb
a,#04h,geté6
a,#05h,get?7
a,#06h,get8
a,#07h,get9
a,#08h,getl0
a,#0%h,getll

a,#00h,sub_get

;k}‘:*kxxk;k*.ﬂc:k)kk:k:kk)l::k)kit:‘:*:‘:k.‘(:‘:k****ki*tﬁ)‘:k*k***k*ﬁ**

e X
r

Check Sensor Routines *

;k)k*k)’(*k*:k**;k)k)k)kkk***k*t*k****kk********kﬁ*k**)‘::‘c*:k

sensor:

senl:

sen2:

sen3:

send:

sensorl:

mov
movx
anl
jnb
lcall
jnb
lcall
jnb
lcall
jb
lcall
ret

jnb
mov
push
mov
movx
clr

dptr, #fporta
a,@dptr
a,#0fh
acc.0,senl
sensorl
acc.1l,sen?2
sensor2
acc.2,sen3
sensor3
acc.3,sen4d
sensor4

bit_senl,end _senl
6fh,a

6fh

dptr, #b_buff
a,@dptr

acc.4



movx
mov
movx
pop
mov
end_senl: ret

sensor2: jnb
mov
push
mov
movx
cly
movx
mov
movx
pop
mov

end sen2: ret

sensor3: jnb
mov
push
mov
MOVX
clr
movx
mov
movx
pPop
mov

end sen3: ret

sensord: jnb
mov
push
mov
movx
clr
movx
mov
movx
pop
mov

end_send: ret

@dptr, a 75
dptr, #portb

@dptr, a

6fh

a,6fh

bit_sen2,end sen2
6fh, a

6fh

dptr, #b_buff
a,@dptr
acc.b5
@dptr, a
dptr, #iportb
@dptr, a

6fh

a,6fh

bit_sen3,end sen3
6fh,a

6fh

dptr, #b_buff
a,@dptr
acc.b6
@dptr, a
dptr, #fportb
@dptr, a

6fh

a,6fh

bit_sen4,end _sen4
6fh, a

6fh
dptr,#b_buff
a,@dptr
acc.7
@dptr, a
dptr, #portb
@dptr, a

6fh

a,6fh

;7’(**,‘:***:&****}k**f(***k**k***x*k***kk****k*k*kk*k*k)k

HES Scan Kkey Routines *
;X:k;\*k****k**k***k***k***ttx***k*kx**k**tk*k*k****

lcall
C jne
ret
scankeyl: mov
mov
mov
movx
lcall
mov
1call
mov

scankey:

scan
a,#0ffh, scankeyl

r0,a

dptr, #lcdwrc
a,#01h
@dptr, a
waitbf

a,ro

htoa

a,r3



scloop:

scloopl:

scan:

Krow:

kcol:

nokey:

zZero:

one:

two:

three:

four:

five:

mov
movx
lcall
lcall
ret

lcall
Ccjne
s jmp
lcall
ret

mov
mov
mov
mov
mov
clr
mov
anl
mov
movx
MoOVX
anl
mov
rrc
je
mov
mov
mov
mov
mov
clr
inc
djnz
mov
rl
mov
djnz
clr
mov
add
mov
jnc
Ccjne
mov
1jmp
cjne
mov
1jmp
Cjne
mov
1jmp
Ccjne
mov
1jmp
cjne
mov
1jmp
Ccjne

dptr, #lcdwrd
@dptr, a
waitbf

delay

scan
a,#0ffh,scloopl
scloop

scan

r7,#00h
r6,#11101110b
r5,#04h
r2,#0ffh
r3,#00h

o]

a,rb6
a,#11110000b
dptr, #portc
@dptr, a
a,@dptr
a,#00000111b
r4,#03h

a

nokey

b,a

a,r7

r2;a
r3,#0ffh
a,b

c

r7

r4,kcol
a,ré6

a

ré6,a
r5,krow

c

a,r3

a,#01h

a,r2

scanl
a,#0ah,one
a,#00h

end_ scan
a,#00h, two
a,#01h
end_scan
a,#01h, three
a,#02h

end scan
a,#02h, four
a,#03h
end_scan
a,#03h,five
a,#04h
end_scan
a,#04h,six
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Six:
seven:
eight:
nine:
sharp:
star:

scanl:
end_scan:

;*k*k********:‘(k'k*k)kk*******kk*k***)‘:*k}kk**kk*:’(*k***

. %

r

;***kk***k*********X***)\***k*******i*x***k*****k**

delay:

delayO:
delayl:
delay2:

showtime:

mov
1jmp
cjne
mov
1jmp
Ccjne
mov
1jmp
cjne
mov
1jmp
cjne
mov
1jmp
cjne
mov
1jmp
cjne
mov
1jmp
mov
ret

a,#05h
end_scan
a,#05h,seven
a,#06h
end_scan
a,#06h,eight
a,#07h
end_scan
a,#07h,nine
a,#08h
end_scan
a,#08h,sharp
a,#09h
end_scan
a,#09h,star
a,#0ah
end_scan
a,#0bh, scanl
a, #0bh
end_scan
a,#0ffh

Delay Routines

mov
mov
mov
djnz
djnz
djnz
ret

lcall
mov
mov
mov
lcall
mov
mov
mov
mov
mov
mov
movx
inc
mov
lcall
mov
movx
inc
mov
lcall
mov
movx
inc
mov
lcall
mov

r0,#0ffh
rl,#0ffh
r2,#06h
r2,delay2
rl,delayl
r0,delay0

rdtime
70h,r2
71h,r3
72h,r4
rddate

73h,r2

74h,r3
75h,r4
76h,r5
dptr,#lcdbuf
a,#' ]
@dptr, a
dptr
a,70h
a_to_1lcd
a e
@dptr, a
dptr
a,71lh
a_to_1lcd
afttie
@dptr, a
dptr
a,72h
a-to led
a,#l 1

;1 70h keep
:71h keep
;72h Kkeep

;1 73h Kkeep
;74h Kkeep
:75h keep
;76h keep

;hour

;minute

; second

hours
minutes
seconds

days
months
years
weeks

27



a_to_1lcd:

movx
inc
mov
lcall
mov
movx
inc
mov
1call
mov
movx
lcall
ret

lcall
mov
movx
inc
mov
Mmovx
inc
ret

@dptr, a
dptr
a,73h
a_to_1lcd
a, #'/"
@dptr, a
dptr
a,74h
a_to_1lcd
a,#l (]
@dptr, a
lcd_disp

htoa
a,r2
@dptr, a
dptr
a,r3
@dptr, a
dptr

78

;day

;month

;*k*k*k*kk)k:k*k***k**k*****kt***k*ki{*k}k******i*k*)k)‘r

. %

’

Hex to Ascii Routines

*

;****k*k**)‘(kf.)'<kk)’(*****kkkxkk*****k*******k**k***k*

HTOA:

HTOAS:

HTOAS]:

PUSH
SWAP
LCALL
MOV
POP
LCALL
MOV
RET
ANL
CJINE
JNC
ORL
RET
SUBB
ORL
RET

ACC

A
HTOAS
R2,A
ACC
HTOAS
R3,A

A, #0FH
A,#0AH, $+3
HTOAS1
A, #30H

A, #09H
A, #40H

;*.*k*X**)‘(k*********k*****k)\****k*k*k*k****k***kkk*

RTC Routines
;:kk**k)'c’k***)k*******k***k*k*********k**k*****ﬂc:k*:k**

. Xk
’

RTCINT:

MOV
MOV
MOVX
ORL
MOVX
MOV
MOV
MOVX
MOV
MOV
MOVX

MOV
MOVX

DPTR, #0FE8FH
A,#00000011B
@DPTR, A
A,#00000100B
@DPTR, A
DPTR, #O0FE8EH
A,#00000100B
@DPTR, A
DPTR, #0FE8DH
A,#00000000B
@DPTR, A

DPTR, #O0FEBFH
A,@DPTR

*

i STOP=1,RESET=1

;24 HOUR

; SET STND 1SEC

; HOLD=0



RDTIME:

RDTIME]:

RDDATE:

RDDATEL:

ANL
MOVX
RET

MOV
MOVX
SETB
MOVX
MOVX
JNB
CLR
MOVX
SJIMP
MOV
MOVX
ANL
MOV
MOV
MOVX
ANL
SWAP
ORL
MOV
MOV
MOVX
ANL
MOV
MOV
MOVX
ANL
SWAP
ORL
MOV
MOV
MOVX
ANL
MOV
MOV
MOVX
ANL
SWAP
ORL
MOV
MOV
MOVX
CLR
MOVX
RET

MOV
MOVX
SETB
MOVX
MOVX
JNB
CLR
MOVX
SJIMP
MOV
MOVX

A,#00000100B
@DPTR, A

DPTR, #OFE8DH
A,@DPTR
ACC.0
@DPTR, A
A,@DPTR

ACC.1,RDTIME1

ACC.0
@DPTR, A
RDTIME

DPTR, #OFE80H
A,@DPTR

A, #0FH

RO, A

DPTR, #OFE81H
A,@DPTR

A, #07H

A

A,RO

R4,A

DPTR, #0FE82H
A,@DPTR

A, #0FH

RO, A

DPTR, #0FE83H
A,@DPTR

A, #07H

A

A,RO

R3,A

DPTR, #O0FE84H
A,@DPTR

A, #0FH

RO,A

DPTR, #0FE85H
A,@DPTR

A, #03H

A

A,RO

R2,A

DPTR, #OFE8DH
A,@DPTR
ACC.O0
@DPTR, A

DPTR, #OFE8DH
A,@DPTR
ACC.O
@DPTR, A
A,@DPTR

ACC.1,RDDATE1

ACC.O
@DPTR , A
RDDATE

DPTR, #OFE86H
A,@DPTR

; STOP=0,RESET=0

; HOLD=1
s READ BUSY

; HOLD=0

; SECOND

i MINUTE

i HOUR

i 24 HOUR

; HOLD=0

: HOLD=1
; READ BUSY

;HOLD=0

: DAY

7L



WRTIME:

WRTIME] :

ANL
MOV
MOV
MOVX
ANL
SWAP
ORL
MOV
MOV
MOVX
ANL
MOV
MOV
MOVX
ANL
SWAP
ORL
MOV
MOV
MOVX
ANL
MOV
MOV
MOVX
ANL
SWAP
ORL
MOV
MOV
MOVX
ANL
MOV
MOV
MOVX
CLR
MOVX
RET

MOV
MOVX
SETB
MOVX
MOVX
JNB
CLR
MOVX
SJIMP
MOV
MOV
ANL
MOVX
MOV
MOV
ANL
SWAP
MOVX
MOV
MOV
ANL
MOVX

A, #0FH

RO, A

DPTR, #0FE87H

A,@DPTR

A,#03H

A

A,RO

R2,A

DPTR, #0FE88H i MONTH
A, @DPTR

A, #0FH

RO, A

DPTR, #0FE89H

A,@DPTR

A,#01H

A

A,RO

R3,A

DPTR, #0FE8AH 1 YEAR
A,@DPTR

A, #0FH

RO, A

DPTR, #0FE8BH

A,@DPTR

A, #0FH

A

A, RO

R4,A

DPTR, #0FE8CH ; WEEK
A,@DPTR

A,#07H

R5,A

DPTR, #OFE8DH

A,@DPTR

ACC.O0 ;HOLD=0
@DPTR, A

DPTR, #0OFE8DH

A,@DPTR

ACC.0O ; HOLD=1
@DPTR, A

A,@DPTR i READ BUSY
ACC.1,WRTIME1

ACC.O0 ; HOLD=0
@DPTR, A

WRTIME

DPTR, #0FE80H ; SECOND
A,R4

A, #0FH

@DPTR, A

DPTR, #0FE81H

A,R4

A, #70H

A

@DPTR, A

DPTR, #OFE82H ;MINUTE
A,R3

A,#OFH

@DPTR, A

80



WRDATE:

WRDATE]L :

MOV
MOV
ANL
SWAP
MOVX
MOV
MOV
ANL
MOVX
MOV
MOV
ANL
SWAP
MOVX
MOV
MOVX
CLR
MOVX
RET

MOV
MOVX
SETB
MOVX
MOVX
JNB
CLR
MOVX
SJIMP
MOV
MOV
ANL
MOVX
MOV
MOV
ANL
SWAP
MOVX
MOV
MOV
ANL
MOVX
MOV
MOV
ANL
SWAP
MOVX
MOV
MOV
ANL
MOVX
MOV
MOV
ANL
SWAP
MOVX
MOV
MOVX
CLR
MOVX

DPTR, #0FE83H
A,R3

A, #70H

A

@DPTR, A
DPTR, #0FE84H
A,R2

A, #0FH
@DPTR, A
DPTR, #0FE85H
A,R2

A, #30H

A

@DPTR, A
DPTR, #0FE8DH
A,@DPTR
ACC.O
@DPTR, A

DPTR, #0OFE8DH
A,@DPTR
ACC.0
@DPTR, A
A,@DPTR

ACC.1,WRDATE1

ACC.O
@DPTR, A
WRDATE

DPTR, #OFE86H
A,R2

A, #0FH
@DPTR, A
DPTR, #O0FE87H
A,R2

A, #30H

A

@DPTR, A
DPTR, #0FE88H
A,R3

A, #0FH
@DPTR, A
DPTR, #0OFE89H
A,R3

A,#10H

A

@DPTR, A
DPTR, #O0OFE8AH
A,R4

A, #OFH
@DPTR, A
DPTR,#0FE8BH
A,R4

A, #0FOH

A

@DPTR, A
DPTR, #OFE8DH
A,@DPTR
ACC.O
@DPTR , A

81

; HOUR

i 24 HOUR

; HOLD=0

;HOLD=1
;i READ BUSY

; HOLD=0

: DAY

i MONTH

: YEAR

; HOLD=0



RET 82

;7‘:*)k;‘:)kkk:k:‘:i?:**7‘:*)’(:‘ck;‘:**k****:‘;kk**)’(***}kﬁ**kk**;‘fk**k:&

; * LCD Routines *
;*)‘:7‘:)&?1)&*)&*X*k**:’;****k***k***i:*ﬁ;*t****)‘:*iik********
lcd disp: push dpl
push dph
mov dptr,#lcdwrc
mov . a,#01n iClear display
movx @dptr, a
lcall waitbf
mov dptr,#lcdbuf
lcall lcd_1 1line
push dpl
push dph
mov dptr, #lcdwrc
mov a,#40h ;Set 8 char right
setb acc.7
movx @dptr, a
lcall waitbf
pop dph
pop dpl
lcall lcd_1_1line
pop dph
pop dpl
ret
lcd_1 line: mov r0,#08h
led_1_1linel: movx a,@dptr
lcall lced_displ
inc dptr
djnz ro;led 1 linel
lcd _displ: push dpl
push dph
mov dptr, #lcdwrd
movx @dptr, a
lcall waitbf
pop dph
pop dpl
ret
led_init: push dpl
push dph
mov dptr, #lcdwrc
mov a,#38h i8bit, 1line, 5x7dot
movx @dptr, a
lcall waitbf
mov a,#0fh iDisplay on, Cursor on and bl:
movx @dptr, a
lcall waitbf
mov a,#06h iIncrement dd, Shift cursor
movx @dptr, a
lcall waitbf
mov a,#01h iClear display
movx @dptr, a
icalil waitbf
pop dph

pop dpl



waliltbf:

rdyl:

tablel:
table2:
table3:
tabled:
tableb5:
tableb:
table7:
tableS8:
table9:

tablelO:
tablell:
tablel2:
tablel3:
tablel4d:

ret

push
push
mov
movx
jb
pbop
pop
ret

db
db
db
db
db
db
db
db
db
db
db
db
db
db
org
db

end

dpl

dph

dptr, #lcdrdc
a,edptr
acc.7,rdyl
dph

dpl

"1l) Set Time

"2) Set Date

"3) Set Sensor
"4) Clear Detect
" Select 1,2,3,4
" Sensor Control
Hour

" Minute

" Day

" Month

Year

" 1)Set 2)Clear
Select sensor
" Sensor Clear
9500h

83

;Busy Flag
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National
Semiconductor

Voltage Comparators

LM193/LM293/LM393, LM193A/LM293A/LM393A, LM2903

Low Power Low Offset Voltage
General Description

Dual Comparators

The LM193 series consists of two ihdependem precision ® Eiiminates need for dual supplies

voltage comparators with an offset voltage specification = Allows sensing near ground

as low as 2.0 m.V max for two comparatorsAwhnch were ® Compatible with all forms of logic

designed specifically to operate from a single power ) . . .

s ; B Power drain suitable for battery operation

supply over a wide range of voltages. Operztion from

split power supplies is aiso possible and the low power

supply current drain is independent of the magnitude

of the power suppiy voltage. These comparators also

have a unique characteristic in that the input common- Features

mode vo‘ltage range imcludes ground, even though 8 Wide single supply

operated from a single power supply voitage. Vil inge nange . 2.0 Vo 1 36 Voc

Application areas include iimit comparators, simple or dual supplies ‘:1'0 Voc 10218 Ve

analog to digital converters; pulse, squarewave and time ® Very low supply current drain {0.8 mA)-indepen-

delay generators; wide range VCO; MOS clock timers; dent of supply voltage (1.0 mW/comparator at

multivibrators and high voitage digital logic gates. The 5.0Vpe)

LM183 series was designed to directly interface with ® | ow input biasing current 25 nA

TTL and CMOS. When operated from both plus and ¥ Low input offset current =5nA

minus power supplies, the LM193 series will directly and maximum offset voltage =3 mV

interface with MOS logic where their low power drain ® input common-mode voltage range includes ground

is & distinct advantage over standard comparators. ® Differential input voitage range equal 1o the power
supply voitage -

Advamages ® Lowoutput - 250 mV a1 4 mA
saturation volitage

® High precision comparators ® Output voltage compatible with TTL, DTL, ECL,

8 Reduced Vg drift over temperature

MQOS and CMOS logic systems

€06ZINT ‘VEBEINT/VEEZINT/VEELIN

Schematic and Connection Diagrams

INVERTING
INPUT &
“NRuT ourruT
RONANVERTING

NPT &

13
9 o7
TOP VIEW
as [ =+

-yt

Typical Applications (v+=50v,)

. “40Vec

Basic Comparator

Driving CMOS

() ourruts

° NONINVERTING ] ’
INPUT 3 s }

= Order Number LM183H, LM193AH,
LM233H, LM293AH, LM393H or LM3S3AH
See NS Package H08C

Dual-In-Line Package

Metal Can Package

1
UTPUT & —df

—
2 ¥
INVERTING iNPUT & =g e QUTPUT B
T

INVERTING NOMSNVERTING _ 3 i‘[ S veRTIG pUT

mPuT 8

PuT AT

S NONINVERTING
weuT 8

T0P viW

Order Number LM333N,
LM383AN, or LM2903N
See NS Package N0OSB

1 Driving TTL

‘E6EINT/E6ZINT/EBLINT




LM193/LM293/LM393,
LM193A/LM293A/LM393A, LM2903

Absolute Maximum Ratings

Supply Voltage, vt
Differential Input Voltage
Input Voltage
Power Dissipation (Note 1)
Molded DIP
Metal Can

Output Short Circuit 1o Ground, (Note 2)
Input Current (Viy <-0.3 V), (Note 3)

Operating Temperature Range
LM3Y3/L.M393A
LM293/LM293A
LMI193/LMI193A
LM2903 &

Storage Temperature Range

36 Ve or 118 Vo
36 Vpe
“03Vpctot36Vpe

570 mw
830 mw

Continuous
50 mA

0°Cro170°C
25°C 0 185°C
55°C 1o +125"C
10°C 10 185"C
65"C 1o +150°C

Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics (v* =5 vpc) (Note a)
. LM193A LM293A, LM393A LM193 1.M293, 1.M393 LM2903
PARAMETER CONDITIONS UNITS
: MIN TYP MAX MIN Typ MAX MIN YR MAX MIN TYP MAX MIN TYP MAX
Input Offset Voltage Ta = 25°C, (Note 9) 1.0 120 0 120 1o 50 1o 150 120 17.0 mVpc
Input Bias Current lin+ or Iin- with Qutput In Linear 25 100 25 250 25 100 25 250 25 250 nADC
Range, T = 25°C, (Note 6)
Input Offset Current Ny NN- Ta = 25°C 130 125 150 150 130 125 15.0 150 150 150 nADG
Input Common-Mode Voltage Range | Ta = 25°C, (Note 6) 0 vias| oo vhas| o ~v'as| o vias| o v's| vpe
Supply Current R =< on All Comparators, Ta = 25°C 04 ! 0.4 1 0.4 1 04 1 0.4 10 | mApC
R == on All Amps, V' = 30 Vpe 1 25 1 25 25 25 1 25 | mApc
Voltage Gain R 2 15Kk82, Ta = 25"C, V' < 15vpe 50 200 50 200 50 200 50 200 25 100 V/mv
. (To Support Large Vg Swing) 3
Large Signal Response Time Vin = TTL Logie Swing, VRgf = 1.4 Vpe 300 300 300 300 300 ns
VRL =5Vpe. R = 5.1 k82, Ta = 25°C
” 3
Response Time VRL =5Vpc. R =56.1 k82, Tp =257C, 13 13 13 1.3 15 Hs
(Note 7)
Output Sink Current VIN- 2V Vpe. ViNe =0,V < 1.5 Vpg, 6.0 16 6.0 16 60 16 6.0 16 6 16 mADC
Ta=25"C
Saturation Voltage VIN- 2 1VDC. Ving =0, 15Nk <4 mA, 250 400 250 400 250 400 250 400 400 | mVpc
Ta =25"C
Output Leskage Current VIN-=0.Vin+ 21 Vpe. Vo = 5 Vpe. 0.1 0.1 01 0.1 01 nApC

Ta = 25°C

98
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Application Hints

The LM 193 seriesare high gain, wide bandwidth devices
which, like most comperators, can easily osciliate if the
output lead is inadvertently zllowed to capacitively
couple to the inputs via stray capacitance. This shows up
only during the output voltage transition intervals as the
comparator changes states. Power supply bypassing is
not required to soive this problem. Standard PC board
layout is helpful as it reduces stray input-output
coupling. Reducing the input resistors to < 10 k2
reduces the feedback signal levels and finally, adding
even a small amount (1.0 to 10 mV) of positive feedback
(hysteresis) causes such a rapid transition that oscilla-
tions due to stray feedback are not possible, Simply
socketing the iC and attaching resistors 10 the pins wiil
cause input-output osciilations during the small transi-
tion intervals uniess hysteresis is used. |f the input signal
is & pulse waveform, with relatively fast rise and fall
{imes, hysteresis is not required.

All pins of any unused comparators shouid be grounded.

The bias network of the LM 133 series establishes a drain
current which ‘is independent of the magnitude of the
power supply voltage over the range of from 2.0 V¢ to
30 Vpe.

It is usually unnecessary to use a bypass capacitor across
the power supply line.

Typical Applications contnuea) (v* = 15 vpe)

The differential input voitage may be larger than V7
without damaging the device (see Note 8). Protection
shouid be provided to prevent the input voltages from
going negative more than —0.3 V¢ (3t 25°C). An input
ciamp diode can be used as shown in the spplications
section. .

The output of the LM193 series is the uncommitted col-
lector of 2 grounded-emitter NPN output transistor. Many
collectors can be tied together to provide an output
OR’ing function. An output pull-up resistor can be
connected to any available power supply voltage within
the permitted supply voitage range and there is no
restriction on this voitage due to the magnitude of the
voitage which is appiied to the VT terminal of the
LM193 package. The output can also be used as a
simple SPST switch to ground (when & pull-up resistor
is not used). The amount of current which the output
device can sink is limited by the crive available (which is
independent of V™) and the 3 of this device. When the
maximum current limit is reached (approximately
16 mA), the output transistor will come out of satura-
tion and the output voltage will rise very rapidly. The
output saturation voltage is limited by the approxi-
mately 6092 rgat of the output transistor. The iow
offset voitage of the output transistor {1.0 mV) allows
the output to clamp essentially to ground level for
smail load currents.

? n
o
i @
-
o v ”
s LT
s o
- n iy —0 Vo 1 I"“
-
18 Vo O—AAA—

(X3

“For large s of R1/RZ,

= 01 can be omirted.

Squarewave Oscillator

v
FREQUERCY

CoRTROL g
voLTAGE
oyt

i

VTe 30 Ve

Puise Generator

Crystal Controlled Oscillator

S0 mVoc Voo +50Voe
700 M1 < Lo~ 100 kN2

Twuo-Decade High-Frequency VCO

‘€6EINT/E6CINT/EGLINT
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LM567/LM567C

National
Semiconductor

LM567/LM567C Tone Decoder

General Description

The LM567 and LM567C are general purpose tone
decoders designed to provide 2 saturated transistor
switch to ground when an input signal is present
within the passband. The circuit consists of an |
and Q detector driven by a voltage controlled
oscillator which determines the center frequency
of the decoder. External components are used to
independently set center frequency, bandwidth
and output delay.

Features

8 20to 1 frequency range with an external resistor

® | ogic compatible output with 100 mA current
sinking capability

® Bandwidth adjustable from 0 to 14%

Industrial Blocks

High rejection of out of band signals and noise
Immunity to false signals
Highly stable center frequency

Center frequency adjustable from 0.01 Hz to
500 kHz

Applications

Touch tone decoding

Precision oscillator

Frequency monitoring and control
Wide band FSK demodulation -
Ultrasonic controls

Carrier current remote controls
Communications paging decoders

Schematic and Connection Diagrams

Metal Can Package

Tor view

Order Number LM567H or LM567CH
See NS Package HOBC

Dual-In-Line Package

—_—
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Order Number LM587CN
See NS Package NO8SB
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Absolute Maximum Ratings

Suoply Voltage Pin

Power Dissipation (Note 1)
Vg

V3

V3

Storage Temperature Range

10V

300 mW

15V

-10V

Vg + 0.5V
-65°C t0 +150°C

Electrical Characteristics iactescrcun u - 252, ve = sw1

LMSE7 LMB567C/LMSE7CN
PARAMETERS CONDITIONS MIN IYP NMAX MIN ) MAX UNITS
Power Supoly Voltage Range 475 5.0 9.0 475 30 9.0 Y
Power Supply Current R = 20k
Quiescent 6 8 7 10 mA
Power Suooly Current Ry = 20k
Activated 1 13 12 15 mA
'nput Resistance 18 20 22 15 20 25 xQ
Smailest Detectanie input Voltage I =100mA. f =t 20 25 20 25 mVrms
Largest No Qutaut Input Voltage lc=100mA. f = f, 10 15 10 15 mVrms
Largest Simuitaneous Outband Signal to inbanc Signal Ratio 6 6 a8
Minimum Input Signal to Widebang Noise Ratio 8. = 140 kHz -5 -6 o8B
Largest Detection BanawiGth 12 14 16 10 14 18 % of f,
Largest Detection Bandwidth Skew 1 2 2; 3 % of f,
Largest Detection Bandwiath Variation with Temperature =01 0.25 =0.1 0.5 %/°C
Largest Detection Banawigth Variation with Suppty Voltage 4.75V - 6.75V . =1 2 ] =5, *V
Highest Center Frequency 100 500 100 500 KMz
Center Frequency Stability 0<T, <70 35=60 3560 opm/°C
-55< T, < +125 352140 352140 om/°C
Center Frequency Shift with Supply Voitage 4.75V - 6.75V 05 1.0 0.4 20 %V
Fastest ON-OF F Cycling Rate to/20 /20
Output Leakage Current Vg = 15V 0.01 25 0.01 25 HA
Output Saturation Voltage e=25mV, 0.2 0.4 0.2 0.4 \
lg=30mA
¢ =25mvV 2.6 1.0 06 1.0
ig = 100 mA
Cutput Fall Time 30 30 ns
Output Rise Time 9 150 150 ns

Note 1: The maximum junction temperature of the LM567 is 150°C, while that of the LM567C and LM5E7CN is 100°C.
For cperating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of
150°C/W, junction to ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermai

resistance of 187°C/W, junction to ambient.
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LM567/LM567C

Typical Performance Characteristics

Typical Frequency Drift with Typical Bandwidth Variation Typical Frequency Drift with
Temperature (Mean and S.D.) with Temperature {Mean and S.D.) Temperature
o 1 g — ‘ 1 ' z s . T
5 “v 575V ! " ] L > ~v=a75V Pl a
e 125 | 2 - [ |
= 1 - 125ty zZ 10
= | _ T T & b i
2 s IEENEN : |1 ;
= 05 s e T — = 05 T
2 ; : HEEER - r =
e | = g | —— | 2, | - i
T T 5 1T 1] H T
z | B ST ——— z |
w -05 * 2 =0 - - w -05
= z i e 1
= H N x 1
: W 2 /]
= =0 R ] 25 b, ‘ z 1o
M L] i ] = 47 i
z | 1] ‘ BANDWIDTH AT 25°C | © | | ] ol P
g 0 S -s
= -76 =50 -25 0° 25 S0 75 100 125 -75 -50 -25 0 25 50 75 100 125 = -5 -50 -25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (“C)
Typical Frequency Drift with Bandwidth vs Input Signal
Temperature (Mean and S.D.) Amplitude ¢ Largest Detection Bandwidth
] i 300 15 ’
> VRtV | | I I I I
2 [ i | £ R B I I
25 - 50 A rarari i |
s [ ] z o 3] = =2 2 - |
g i | : ) I |
| > -
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R T = s 2 i !
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s | ) > o — z s - ;
= [ ! > = ]
5 REEE 5 £ 11 ' Tar 28
o s 3 7 # 77 o € Vee = 5V
2 HEREEE LY S e ]
S | ! ' I s W0 OUTPUT T L2 ¢C 1 L
< -0 0
S -78 -50 -25 0 25 30 75 100 125 ] 2 4 5 8 0 12 14 16 100 1% 10k 100k M
TEMPERATURE (*C) SANDWIDTH (%0F t,) CENTER FREQUENCY (Hz)
Detection Bandwidth as a ' Typical Supply Current vs Greatest Number of Cycles
Function of Czand C3 Supply Voitage Before Output
10° - — 2 7 T o 1000 -
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Typica-l Applicatidns

Touch-Tong Decoder

Oscillstor with Quadrature OQutput

ILISNT/LISINT

Connect pin 310 2.8V to invert output.

Oscillator with Double Frequency Output

(e

2

Component vaiues (typi

R1 63t 15k
R2 4N
- 6 R 20k .
€1 0a0mfd
’ 2 10mid 6V
) €3 22mid bV
T T Sl
AC Test Circuit _ Applications information
The center frequency of the tone decoder is equal
. to the free running frequency of the VCO. This is
Y given by .
a L A1 oy fo = !
R 2.0x ’-'-\mm 1.1R,C,4

[} 7 3 5 = The bandwidth of the filter may be vound from
i the approximation -

_T_ ” ; . v, i
E ) . Bw =1070 f.Ca in % of fg

T
111

Where:
&% ~ SIGKAL 5V -
- [ INPUT
£ =100 kHz +5V . V; = Input voltage (volts rms), V; < 200 mV
“Note: Adiust for fg * 100 kHz, . 4 5 E

C, = Capacitance at Pin 2 (uF)
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National
Semiconductor

LM555/LM555C Timer

General Description

The LMB55 is a highly stable device for generating
accurate time delays or oscillation. Additional terminals
are provided for triggering or resetting if desired. In the
time delay mode of operation, the time is precisely con-
trolled by one external resistor and capacitor. For astable
operation as an oscillator, the free running frequency and
duty cycie are accurately controlled with two external
resistors and one capacitor. The circuit may be triggered
and reset on falling waveforms, and the output circuit
can source or sink up to 200 mA or drive TTL circuits.

Features

B Direct replacement for SES55/NES55
B Timing from microseconds through hours
® (Operates in both astable znd monostable modes

Industrial Blocks

Adjustable duty cycle

Output can source or sink 200 mA

Output and supply TTL compatible

Temperature stability bg}ter than 0.005% per °c
Normaily on and normally off output

Appiications

Precision timing

Pulse generation
Sequential timing

Time delay generation
Pulse width modulation
Pulse position modulation

Linear ramp generator

Schematic Diagram

R1Y
E.2k

p‘
g
—l |

{

R6 azs

“& é n
S

)
Ver O g
— as
]
THRESHOLD O
a2 ’E(‘J_AJ

N

Re

convRoL (23 Vo)

R12
29

a7 R 3
a8 kﬁ IR K——«-—o ouTPuT

P
VOLTAGE
1 S A1
GO O———————  J 1k Q15
) "“] s s
= an
TBIGEE I Qs a7 010 Veel
e
S RS

Sk

AA

RE RS
100 $ 2

WA
/
Q20 =
J—Gu 2’ an "‘;g
ﬁl azs

‘ 1h) 13
RESET Q28
7 ¢
DISCHARGE

T

£

Connection Diagrams
Metal Can Package
GND o () pcsémncz

=

THRESHOLD

CONTROL
VOLTAGE

TOP VIEW

Order Number LM555H, L M555CH
See NS Package HO8C

Dual-In-Line Package

N\ :

GND —1~1 r—,—'—— “Veeo

U = 7 >
TRIGGER -—-—E—w—-}— H ,——t—— DISCHARGE
| .

THRESHOLD

CONTROL
VOLTAGE

TOP VIEW

Order Number LMS55CN "
See NS Package NO8B .
Order Number LM555J or LM555CJ
See NS Package JOSA :

OSSSINTISSSIAT
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LM555/LM555C

Applications Information (continueq)

generated. Figure 712 shows a circuit configuration that
will perform this function.

Vee

1 o
“ 1 Az A1
TRIGGER O— 2 = 3
INLTEY
OR EQUIV
LMS55 ¢
A2
OUTPYT O—ed 3 i
. c
1
L0uF
FIGURE 12

Figure 13 shows waveforms generated by the linear ramp.

The time interval is given by:

.23 Vec Re (R + Ryl C
R1 Vee ~Vae (R + R2)
Vae = 0.6V

==

(2T O O T

N

“/;

Vee 2 8V Tox Traca: Ingut 3V/On.

TIME » 26/DIV.  Woagie Tracs: Outpt 5V/Dnv

Ry » 47 a2 Bettem Traca: Copacrtor Vertag 1V/On.
Ry » 100 k2

Re =274

Ce00WF

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors R, and Rg may be
connected as in Figure 74. The time period for the out-

put high is the same as previous, 1,.= 0.693 R, C.
For the output low it is t =

.

Rg — 2R,
{{Ra Rg)/(Ra +Rg)] CLn |—m8—
Rg = Ra
Thus the frequency of oscillation is f =
4+
0 vee ¥

Ra
R Sn
3
s ! 2x
2 ’ -
LMSSS &
outPuT O—d3 s _j —L 4

oo

0.01uF

FIGURE 14. 50% Duty Cycie Oscillator

Note that this circuit will not oscillate if Rg is greater
than 1/2 R, because the junction of R4 and Rg cannot
bring pin 2 down to 1/3 Ve and trigger the lower
comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1uF in
parallel with 1uF electrolytic.

Lower comparator storage time can be as long as 10us
when pin 2 is driven fully to ground for triggering. This
limits the monostable pulse width to 10us minimum.

Delay time reset to output is 0.47us typical. Minimum
reset pulse width must be 0.3us, typical.

Pin 7 current switches within 30 ns of the output
(pin 3) voltage.
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LM101A/LM201A/LM301A

National
Semiconductor

Operational Amplifiers/Buffers

LM101A/LM201A/LM301A Operational Amplifiers

General Description

The LM101A series are general purpose operational

amplifiers which feature improved performance

over industry standards like the LM709. Advanced

processing techniques make possible an order of

magnitude reduction in input currents, and a

redesign of the biasing circuitry reduces the

temperature drift of input current. Improved

specifications include:

® Offset voltage 3 mV maximum over tempera-
ture (LM101A/LM201A)

® Input current 100 nA maximum over tempera-
ture (LM101A/LM201A)

= Offset current 20 nA maximum over tempera-
wre (LM101A/LM201A)

® Guaranteed drift characteristics
B Offsets guaranteed over entire common mode
and supply voltage ranges

® Siew rate of 10V/us as a summing amplifier

This amplifier offers many features which make its
application nearly foolproof: overload protection
on the input and output, no latch-up when the
common mode range is exceeded, freedom from
oscillations and compensation with a single 30 pF

capacitor. It has advantages over internally com-
pensated amplifiers in that the frequency compen-
sation can be tailored to the particular application,
For example, in low frequency circuits it can be
overcompensated for increased stability margin. Or
the compensation can be optimized to give more
than a factor of ten improvement in high frequen-
¢y performance for most applications.

In addition, the device provides berter accuracy
and lower noise in high impedance circuitry.
The low input currents also make it particu-
larly well suited for fong interval integrators
or timers, sample and hoid circuits and low fre-
quency waveform generators. Further, replacing
circuits where matched transistor pairs buffer
the inputs of conventional IC op amps, it can
give lower offset voitage and drift at a lower cost.

The LM101A is guaranteed over a temperature
range of —55°C to +125°C, the LM201A from
—25°C 1o +85°C, and the LM301A from 0°C
to 70°C.

Schematic ** and Connection Diagrams (Top views)

v

Metal Can Package

Dual-In-Line Package

AL AnCE/ ] v
Order Number LM101AH, comrtrsanion ) —f 17 CowrtmaTion
LM201AH or LM301AH -y —y nov
See NS Package HO8C i el -,
v oo— 1 st
1 — '

Dual-In-Line Package

Now: Pis 6 comnecres to bottom of packap.

ot . P SRERRR o Order Number LM1014J-14
T § . LM201AJ-14 or LM301AJ-14
See NS Package J14A
st 31— S —

ey

Order Number

LMI01AJ, LM201AJ, LM301AJ

See NS Package JOSBA

Order Number LM301AN
See NS Package NOSA

**Pin connections shown are for metal can.
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Absolute Maximum Ratings

LM101A/LM201A
Supply Voltage . 22V
Power Dissipation (Note 1) 500 mw
Differential Input Voltage =30V
input Voitage (Note 2) 15V
Output Shont Circuit Durztion (Note 3) indefinite ~

—55°C 10 +125°C {LM101A)
-25°C t0 +85°C (LM2C1A)
-55°C 10 +150°C

Operating Temperature Range

Storage Temperature Range

LM301A
218V
500 mw
=30V
=15V
fndefinite
0°C 10 +70°C

-65°C to +150°C

Leacd Temperature (Soldering, 0 seconds) - 300°C 300°C .
Electrical Characteristics Nowe4)
LM101A/LM201A LM301A
PARAMETER CONDITIONS UNITS
MIN  TYP  MAX MIN  TYP  MAX
input Offset Voltage Ta=25C ¢
LM101A, LM201A, LM301A 35 < S0 KD 0.7 2.0 2.0 75 mv
Inout Offset Current Ta=25C 15 0 3.0 50 nA
Input Bias Current Ta=25"C 30 75 70 250 nA
inout Resistance o Ta=25°C 15 a0 2.5 2.0 W
Supoly Current Ta=25°C
Vg =20V 1.8 3.0 mA
Vg = 215V 1.8 3.0 mA
Large Signal Voltage Gain Ta=25°C.Vg =215V 50 160 25 160 7Y
VOUT = 210V RL 2 2kQ
input Offset Voltage Rg <30k 30 10 mv
Rg < 10kQ mv
Average Temperature Coefti- 35 <50kQ 3.0 15 6.0 30 HVIPE
cient of Inout OHset Voltage Rg < 10kQ uvree
input Otfset Current 20 70 nA
Ta = TMAX nA
o Ta=TMIN . nA
Average Temperature Coetfi- 25°C < Ta < TMAX 0.01 0.1 0.01 0.3 nasC
cient of input Offset Current TMINS Ta <25°C Y002 02 0.02 0.6 nAFC
Input Bias Current 0.1 0.3 A
Supply Current Ta =Tmax. Vg =220V 1.2 25 mA
Large Signa!l Voltage Gain Vg =215V.VouT =210V, 25" 15 Vimv
Ry > 2k
Output Voltage Swing : Vg =215V
' RL=10kQ 212 4 212 214 v
RL=2kQ 210 213 =10 13 %
Input Voitage Range Vg = 220V £15 5 v
S Vg =215V g +15, -13 212 +15,--13 v
Commeon-Mode Rejection Ratio Rg <50 kQ 80 96 70 90 a8
R < 10kQ T - a8
Scoply Voltage Rejection Ratio R <350kQ 80 -~ 96 70 96 a8
J Rs < 10kQ o 8.

and 55°C respectively for LM30TA.

Note 2: For supply voltages less than =15V, the absolute maximum input voitage is equai to the supply voliage.
Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 75°C for LM101A/LM201A, and 70°C

Note 1: The maximum junction temperature of the LM101A is 150°C, and that of the LM201A/LM201A is 100°C. For operating at elevated
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to
case. The thermal resistance of the dual-in-iine package is 187 C/W, junction to ambient. E

Note 4: Unless otherwise specified, these specifications anpiy for C1 = 30 pF, =5V < Vg < =20V and -55°C <Ta < +125°C (LM101A),
5V < Vg <220V and=25°C < Tp < +85°C (LM201A), £5V < Vg < 215V and 0°C < Ta < +70°C (LM301A).

VIOEWT/VIOZINT/VIOLNT




97

Typical Applications

Variable Capacitance Muitiplier

* *

Simulated Inductor Fast Inverting Amplifier With High
input Impedance -

Inverting Amplifier Sine Wave Oscillator

with Balancing Circuit

1 -
L=RIR2CT = e 3 T
Rg* R2 —

Re = A1

integrator with Bias Current Compensstion

i

-
™

Your

*Adjust for 2e10 integrator

"May be zero o eousl 1o parallel =
zombinanon of R1 ang R2 for
mimmum orfset.

Application Hints **

Protecting Against Gross
Fauit Conditions

I

e s TS oY
T AAA—] -

*Srotect input

"Protees output
“Protects output—not needed when R4 iy used.

Compensating For Stray Input
Capacitances Or Largs Feedback
Resistor

- - \ J:" 1 dnit Current gerht typecaily

o o " ‘-—1 21 nASL over —35°T 1o
- fo = 10 kHz -125°C temperatore range.
o

Although the LM101A is designed for trouble free operation, experience has
indicated that it is wise to Observe certain precautions given below 1o protect the
devices from abnormal operating conditions.. It might be pointed out that the
advice given here is applicable 10 pracucally any IC op amp, although the exact
reason wny may differ with different devices. )

When driving either input from a low-impedance source, a limiting resistor shouid
be placed in series with the input lead to iimit the peak instantaneous output
current of the source to something less than 100 mA. This is especially important
when the inputs go outside a piece of equipment where they could accidentally be
connected to high voltage sources. Large capacitors on the input (greater than
0.1 uF) should be treated as a low source impedance and isolated with a resistor.
Low impedance sources do not cause a problem uniess their outout voltage ex-
ceeds the supply voitage. However, the suppiies go to zero when they are turned
otf, so the isolation is usually needed.

The output circuitry is protected against damage from shorts to ground. However,
wnen the amplifier output is connected to a test point, it shouid be isolated by
a limiting resistor, as test points frequently get shorted to bad places. Further,
when the amplifier drives a load external to the equipment, it is alsc advisaple
to use some sort of limiting resistance to preclude mishaps. d

Precautions shoutd be taken to insure that the power supplies for the integrated
circuit never become reversed—even under transient conditions. With reverse volt-
ages greater than 1V, the IC will conduct excessive current, fuzing internal
aluminum interconnects. If there i 2 possibility of this happening, clamp diodes
with a high peak current rating should be installed on the supply lines. Reversal of
the voltage between v' and V™ will always cause a probiem, although reversals
with respect to ground may also give difficuities in many circuits.

The minimum values given for the frequency compensation capacitor are stable
only for source resistances less than 10 k{2, stray capacitances on the summing
junction less than 5 pF and capacitive loads smaller than 100 pF. If any of these
conditions are not met, it becomes necessary to overcompensate the amplifier
with a larger compensation capacitor. Alternately, lead capacitors can be used in
the feedback network tc negate the effect of stray capacitance and large feedback
resistors or an RC network can be added to isolate capacitive loads.

Although the LM101A is relatively unaffected by supply bypassing, this cannot
be ignored altogether. Generally it is necessary to bypass the supplies 10 ground at
least once on every circuit card, and more bypass points may be required if more
than five amplifiers are used. When feed-forward compensation is employed, how-
ever, it is advisable to bypass the supply leads of each ampiifier with low
inductance capacitors because of the higher frequencies involved.

**Pin connections shown are for metal can.

e L

VIOEWT/VIOCINT/YIOHINT
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LM101A/LM201A/LM301A

Typical Applications™ ™ (continued)

Standard Compensation and
Otfset Balancing Circuit

Fast Voltage Follower

Power Bandwadth: 16 KH2 .
Sew Rrtr: 1V/ig

Fast AC/DC Converter®

- a
~ wa
~ N -
- 7
" -
" i~

ot

! *Foediorward com prmsen
O bt wmd ts made 3 fat
fof wwe rectrtier wethout
2 filer,

if—

Integrator with Bias Current Compensation

* Adjust for zoro imtoprater
¢t Correm dritt
typeatly 8.1 AR C over
0°C 1 70°C tompermimce
rng.

A ) '
Voltage Comparator for Driving
RTL Logic or High Current Driver ;

**Pin connections shown are for metal can.

Low Drift Sample and Hold

Fast Summing Amplifier

Power Brnewadth: 250 kM1
St Siqmn Bancmcth: 3.5 MHZ {
Sew Rate: 10V/ias i

Biiateral Current Source

o

-
RI Vi n
T RURS — e
"
R3= AL+ RS -
-~
R1 = A2

Instrumentation Amplifier

- < ¢, M ichimy

Low Frequency Square Wave Generator

Vottage Comparator for Oriving
DTL or TTL Integrated Circuits
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