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1NGAS
Vou-r = RF / R,X( Vi-V,)
) rd 4
e R, =200 filalonw uag R, =50 AlaTeny

wla AG =200/50=4

T
d =4
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qundlv #i v, inumdy 273 Taan figungll 0 swmuzadon v, Saumiy 2.63

T I N .
Thanawdiasls Aniuussduemunaziamiy 0.40 Toan
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#1590 6.1 ll'dﬂ\iﬂ"lﬂ')'lllffil‘wuﬁiZHUTQQﬂJHQN UINAHIDIMNN HasAIvoIavgIuass

gamgi (°C) usaé’mmﬁun v.) LT RIE N
0.0 0.40 0001 0100
0.5 _ 0.42 0001 0101
1.0 0.44 0001 0110 ~
L5 0.46 0001 0111
2.0 0.48 0001 1000
2.5 0.50 0001 1001
3.0 0.52 0001 1010
3.5 0.54 0001 1011
4.0 0.56 0001 1100
4.5 0.58 0001 1101
5.0 0.60 0001 1110
55 0.62 0001 1111
6.0 0.64 0010 0000
6.5 0.66 0010 0001
7.0 0.68 0010 0010
7.5 0.70 0010 0011
8.0 0.72 0010 0100
8.5 .0.74 0010 0101
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UIIRUBINHN (V.)

gamgil (°C) avgIuaes
9.0 0.76 0010 0110
9.5 0.78 0010 0111
10.0 0.80 0010 1000
10.5 0.82 0010 1001
11.0 0.84 0010 1010
115 0.86 0010 1011
12.0 0.88 0010 1100
12.5 0.90 0010 1101
13.0 0.92 0010 1110
13.5 0.94 0010 1111
14.0 0.96 0011 0000
14.5 0.98 0011 0001
15.0 1.00 0011 0010
15.5 1.02 0011 0011
16.0 1.04 0011 0100
165 1.06 0011 0101
17.0 1.08 0011 0110
17.5 L.10 0011 0111
18.0 1.12 0011 1000
185 114 0011 1001
19.0 1.16 0011 1010
19.5 1.18 0011 1011
20.0 1.20 0011 1100
20.5 1.22 0011 1101
21.0 1.24 0011 1110
21.5 1.26 0011 1111
22.0 1.28 0100 0000
225 1.30 0100 0001
23.0 132 0100 0010
23.5 1.34 0100 0011
24.0 136 0100 0100
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¢
UIIAUIBINAN (V.)

gungil (°C) CLTRIEGE
24.5 1.38 0100 0101
25.0 1.40 0100 0110
25.5 1.42 0100 0111
26.0 1.44 0100 1000
26.5 1.46 0100 1001
27.0 1.48 0100 1010
27.5 1.50 0100 1011
28.0 1.52 0100 1100
28.5 1.54 0100 1101
29.0 1.56 0100 1110
29.5 1.58 0100 1111
30.0 1160 0101 0000
30.5 1.62 0101 0001
31.0 1.64 0101 0010
315 1.66 0101 0011
32,0 1.68 0101 0100
32.5 1.70 0101 0101
33.0 L.72 0101 0110
335 1.74 0101 0111
34.0 1.76 0101 1000
34.5 1.78 0101 1001
35.0 1.80 0101 1010
35.5 1.82 0101 1011
36.0 1.84 0101 1100
36.5 1.86 0101 1101
37.0 1.88 0101 1110
37.5 1.90 0101 1111
38.0 1.92 0110 0000
38.5 1.94 0110 0001
39.0 1.96 0110 0010
39.5 1.98 0110 0011
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HIIAUB NN (V.)

gaumgil (°C) LT MG GY
40.0 2.00 0110 0100
40.5 2.02. 0110 0101
41.0 2.04 0110 0110
415 2.06 0110 0111
42.0 2.08 0110 1000
42.5 2.10 0110 1001
43.0 2.12 0110 1010
435 2.14 0110 1011
44.0 2.16 0110 1100
4.5 2.18 0110 1101
45.0 2.20 0110 1110
45.5 2.22 0110 1111
46.0 2.24 0111 0000
46.5 2.26 0111 0001
47.0 2.28 0111 0010
475 230 0111 0011
48.0 2.32 0111 0100
48.5 2.34 0111 0101
49.0 2.36 0111 0110
495 2.38 0111 0111
50.0 2.40 _ 0111 1000
50.5 2.42 0111 1001
51.0 2.44 0111 1010
51.5 2.46 0111 1011
52.0 2.48 0111 1100
525 2.50 0111 1101
53.0 2.52 0111 1110
53.5 2.54 0111 1111
54.0 2.56 1000 0000
54.5 2.58 1000 0001
55.0 2.60 1000 0010
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gamgil (°C) w3asme M (V) LT LK
55.5 2.62 1000 0011
56.0 2.64 1000 0100
56.5 2.66 1000 0101
57.0 2.68 1000 0110
515 2.70 1000 0111
58.0 2.72 1000 1000
58.5 2.74 1000 1001
59.0 2.76 1000 1010
59.5 2.78 1000 1011
60.0 2.80 1000 1100

6.4 HAN1TNNIHYBINIIFINGD]
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uumnéwmﬁq;mmﬁ’nt'l'ﬂméuwas'nnﬁu (signal  generator) AUTAYYIUFIUIANIN
LM 555 4«ﬁq;m1m1m€‘mwm’f‘fvzhmmvﬁnn‘inmni’xﬁaﬂfwﬁqqnmﬁafﬂﬁtﬂuszﬁ'u
useAuAnuea (TTL)

J o o -
117 26 urawmavesdygaiadnndusefarsiuioududygaeinnesyune
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it 27 UARINAYDITYRIAIINNIIFINNAT LM 555 Mounudaaaniuadnezgadsy
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L. mimul ﬁ'un?’wl ""lu'[ﬂsﬂauTmmaawwmu'J 8051 (Single Chip Microcontroller 8051)",
funsmaundaf 1 w2535

2. quns IgaIney, "mﬂ‘mm'lnTﬂsﬂeuTmamaiﬂs.,ﬂa 8051"

3. Usangg szuemium Jowert mnmar,"ﬂuauazmsﬂizqnniﬁmuTuTﬂiﬂauTﬂsataﬂ{
MCS-51 "

4.5 fiand mmaens, "nwneausLGdmiyluTasnew Tnsames Mcs-s1 fiuw
afait 1 w2537

S.quns Ingswan, "msTﬂmnmnwmaﬂuwuﬁvaq'luTﬂsﬂauTmmaa{ﬂszr_}a 8051"

6.Peter W.Gofton, 58uiFeqIag §sﬁﬂﬁ°fmﬁmq"ls, "fT:Jn‘.'i(mihf’qjums'c‘r"a?mwﬂwuu PC

(Mastering Serial Comxﬁunications)", N.f1.2537
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set mode timerl ﬁw'nulﬂu counterl
Tnua 1 1ag priority bit,interrupt
enable

70113 interrupt 910%1 INT1

sc’t mode timerl 'lﬁﬁmwﬂu timer 1O
faasmsTuradeyaiilu 9600 bps

dedeyavesinnuindienamaznmilsyi

L~

HasAIn108n 11ma sedal RS-232C

set timer? IWiTuTuND &
1n T1 v

itrAe FLOW CHART vesTsunsudumesiwiveamniviaduazdenideya
Tl Rs-232C
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; PROGRAM MONITOR

; VARIABLE IDENTIFY
ADCADDRESS EQU  8000H
;ASCH VALUR
CR EBQU ODH
LF  BQU OAH
BELL BQU O7H
BS BQU O08H
CUP EQU 30D
CDWN EQU O0AH; 31D
CRHT EQU 32D ;004 ; 28D
CLFT BQU 08H ;29D

;COUTER/TIMER PARAMETER
BRAT_12 BQU OB8H ;1200 BAUD RATE VAR.
BRAT_24 EQU OR4H ;2400
BRAT_48 EQU OFAH ;4800
BRAT_9%6 BEQU OFDH ;9600
TIME_VAR EQU 4100 ;TIME BASE VARIABLE

HIGH_TIME_VAR EQU 10H
LOW_TIME_VAR EQU 04H

;  RAM WORKING
Ds 8
TIME_DIV: DS 1 ;15Hz COUNTER
TIME_BUF: Ds 3 ;HH MM,SS
TIMB_MEM: Ds 1
BCD: DS 2
VELO: DS 4
HEXTOD: Ds 2
ENDRAM:

ORG  0000H



SIMP MAIN
ORG  0003H
RETI

H LIMP INTOSERVICE ;INT FROM RTC

ORG 000BH

LUMP TIME_UP ;TOSERVICE

ORG 0013H ;INTERUPT1 FROM WIND COUNTER
LIMP LATCH

;RETI

ORG (001BH

RET1

ORG  0023H

RETI

MAIN: MOV  SP#30H
SETB ETO

SETB IT1

ACALL DELAY

ACALL INITIMERISERIAL
ACALL INITIMERO
ACALL INISERIAL

H MOV. TIMB_BUF#00H
; MOV  TIME_BUF+1,#00H
H MOV  TIMB_BUF+2#00H

MOV ASCR

LCALL SERIALOUT

MOV  DPTR#M_HEADER
LCALL MESSAGEB

MOV  R5#01D
LCALL CURSORUP
MOV  RS5#18D

LCALL CURSORDOWN
SETB EA
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MOV  R5801D

LCALL CURSORUP
MOV A#CR

LCALL SERIALOUT
MOV  R5#18D

LCALL CURSORDOWN

MOV  DPTR#M_MAINMENU
LCALL MESSAGE

LCALL WAITKEY ; LOOP UNTIL KEY PRESS

MOV BA

XRL A#T

JZ  CALLTEMPLOOP
MOV AB

XRL Ap?Y

JZ  CALLWINDLOOP
L'{OV AB

XRL A#3

JZ  CALLBOTHLOOP
MOV AB

XRL A¥4

JZ  CALLSETTIMELOOP

SIMP MAINLOOP

CALLTEMPLOOP:

LCALL TEMPLOOP
SIMP MAINLOOP

CALLWINDLOOP:

LCALIL, WINDLOOP
SIMP MAINLOOP

CALLBOTHLOOP:

LCALL BOTHLOOP
SIMP MAINLOOP

CALLSETTIMELOQP:

LCALL SETTIMELOOP
SIMP MAINLOOP



i  WAIT KBY SUBROUTINE
;  WAIT POR SERIAL IN
i OUTPUT A (ASCI)

WAITKEY:
CIR HRI
SHOWTIMEWAITKEY:
LCALL, SHOWTIME
JNB  RLSHOWTIMEWAITKEY
CLR RI

MOV  A,SBUF
RET

; TEMPERATURE MEASURING LOOP
; IN BY LCALL TEMPLOOP
; OUT BY ANY CHARACTOR (1-3)IN MENU

TEMPLOOP:
MOV  RS5#01H
LCALL CURSORUP
MOV  A#CR
LCALL SERIALOUT
MOV  R5#18D
LCALL CURSORDOWN

MOV  DPTR#M_CENTIGRADE
LCALL MESSAGR

;MOV RS #18D

;§LCALL CURSORLEFT
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REFRESHTEMP:

MOV  RS#0IH
LCALL CURSORUP
MOV  A#CR
LCALL SERIALOUT
MOV  R5#18D
LCALL CURSORDOWN
MOV DPTR #M_NOWTEMPIS
LCALL  MESSAGE
LCALL GETDATA
;ACALL DELAY
; MOV A#F
; LCALL SERIALOUT
H SIMP MAINLOOP

-LCALL LOOKTABLE
;DPTR

INC DPIR

CLR A

MOVC A@A+DPTR
ACALL SERIALOUT

INC DPIR

CIR A ‘
MOVC A@A+DPTR
ACALL SERIALOUT

INC DPTR

CLR A

MOVC A@A+DPTR
ACALL SERIALOUT

INC DPIR
CLR A
MOVC A@A+DPTR
ACALL SERIALOUT
MOV  R5#04D
LCALIL. BACKSPACE
LCALL SHOWTIME



JNB  RLSTILLREFRESHTEMP

CIR RI
MOV  ASBUF
XRL A#Y

JZ  EXITTEMPLOOP

STILLREFRESHTEMP:

SIMP REFRESHTEMP

EXTTTEMPLOOP:

MOV
LCALL
MOV

ABSCR
SERIALOUT
DPTR,#M_MAINMENU

_ LCALL MESSAGE

REBT

; WIND VELOCITY MEASUREMENT

WINDLOOP:

MOV

MOV

MOV

MOV
LCALL

R5,#01H
CURSORUP
A#CR
SERIALOUT
R5#18D
CURSORDOWN

DPTR #M_PPS
MESSAGE

CIR RI

REFRESHWIND:

SHOWTIME

R5#01H

CURSORUP

AMCR

SERIALOUT

R5.#18D
CURSORDOWN
DPTR#AM_NOWWINDIS
MESSAGR

52



LCALL INICOUNTERIWIND
LCALL INITIMER1SERIAL

MOV A VELO
LCALL SERIALOUT
MOV  A,VELO+
LCALL SERIALOUT
MOV A, VELO+2
LCALL SERIALOUT
MOV  A,VELO+3
LCALL SERIALOUT

MOV  R5#04D
LCALL BACKSPACE

JNB  RLREFRESHWIND
MOV  ASBUF

XRL A¥S
JZ  ENDWIND
CLR RI

SIMP . REFRESHWIND
ENDWIND:
RET

:BOTH WIND AND TEMPERATURE MEASUREMENT

B
BOTHLOOP:
MOV RS #0IH
LCALL CURSORUP
MOV  AMCR
LCALL SERIALOUT
MOV  R5#15D
LCALL CURSORDOWN

MOV  DPTR#M_BOTHHEAD
LCALL MESSAGE

REFRESHBOTH:

LCALL SHOWTIME

MOV  RS#01H
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LCALL CURSORUP
MOV  A#CR

LCALL SERIALOUT
MOV  R5,#18D

LCALL CURSORDOWN

MOV  A#™

LCALL SERIALOUT
MOV  RS5#14D
LCALL CURSORRIGHT

LCALL GETDATA

LCALL LOOKTABLE
;DPTR

INC DPTR

CIR A

MOVC  A@A+DPTR
ACALL SERIALOUT

INC DPIR

CIR A

MOVC A@A+DPTR
ACALL SERIALOUT

INC DPIR

CLR A

MOVC A@A+DPTR
ACALL SERIALOUT

INC DPTR

CLR A

MOVC A@A+DPTR
ACALL SERIALOUT

MOV  R5420D

LCALL CURSORRIGHT
MOV  A#*

LCALL SERIALOUT
MOV  R5#18D
LCALL CURSORRIGHT



MOV

MOV

INICOUNTERIWIND
INITIMER 1SERIAL

A,VELO
SERIALOUT
A, VELO+1
SERIALOUT
AVELO+2
§ERIALOUT
A,VELO+3
SERIALOUT

RS5,#15D
CURSORRIGHT
Ax¥

JNB  RLREFRESHBOTH

CLIR RI
MOV  ASBUF
XRL AW¥S

1Z EXTTBOTHLOOP

EXTITBOTHLOOP:

LCALL
MOV

MOV

MOV

RS, #01H
CURSORUP
A#CR
SERIALOUT

RS #15D
CURSORDOWN

DPTR #M_CLEANBOTH
MESSAGE
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; SETTIME LOOP

SETTIMELOOP:
MOV  R5#0IH
LCALL CURSQRUP
MOV A#CR
LCALL SERIALOUT
MOV  R5#18D
LCALL CURSORDOWN

MOV  DPTR#M_ENTERHOUR
LCALL MESSAGB
LCALL WAITKEY
ANL  A#OFH
MOV BA
;B=TEN OF HOUR
MOV  A,TIMB_BUF
SWAP A
ANL  A#0POH
ORL ) AB
SWAP A
PUSH ACC ;ACC=HOUR WITH NEW TOH

LCALL. WAITKEY

ANL  A#OFH
MOV BA
;B=UNIT OF HOUR
POP ACC
ANL  A#CROH
ORL AB

MOV  TIMB_BUFA

MOV  R5#01H
LCALL CURSORUP
MOV AMCR

LCALL SERIALOUT
MOV  R5#18D



LCALL CURSORDOWN

MOV  DPTR#M_ENTERMIN
LCALL MESSAGE
LCALL WAITKEY

ANL  A#FH
MOV BA
;B=TEN OF MIN

MOV A TIME_BUF+1

SWAP A

ANL  AMOFCH

ORL AB

SWAP A

PUSH ACC ;ACC=HOUR WITH NEW TOH

LCALL WAITKBY

ANL  ANFH
MOV BA
;B=UNIT OF HOUR
POP ACC
ANL  A#OFOH
ORL AB

‘MOV  TIME_BUF+1LA

MOV  TIME_BUF+2#00H

RET

.,
¥

; SHOWTIME SUBROUTINB

SHOWTIME:
MOV  R5#01D
LCALL CURSORUP
MOV  R5#06D
LCALL CURSORDOWN
MOV  A#CR
LCALL SERIALOUT
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MOV  DPTR#M_TIMEIS
LCALL MBSSAGE
LCALL SENDTIME

MOV R5401D

LCALL CURSOQRUP
MOV  RS5#18D

LCALL CURSORDOWN

; SEND TIME SUBROUTINE

SENDTIME:

DISP_1: MOV A TIME_BUE+2
;CINE A, TIME_MEM,DISP_2
;SIMP  DISP_1

DISP_2: MOV TIME_MEMA
MOV  ATIME_BUF
LCALL S_BYTEH
MOV  A#3AH
LCALL S_BYTE
MOV  ATIME_BUR+1
LCALL S_BYTEH
MOV  A#3AH
LCALL S_BYTE
MOV A TIME_BUR+2
LCALL S_BYTEH,
LCALL S_LF
RET
jsssssssssssss § BYTH SUBROUTINE #+#+ssssssnssas,
; SEND BYTE
;IN =A
; REG = NO

S_BYTE: INB TLS ;WAIT FOR SEND OK.
R TI
MOV  SBUFA
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;“t.“tt#ttt#t S_BY‘I‘EH SUBROQUTINRE t‘#‘tittt‘t‘tt;
; SEND 2 BYTE HEX FROM A

JIN = A

s REG = AR2R3

S_BYTEH: LCALL H_A
M'OV AR2
LCALL S_BYTE
MOV AR3
LCALL S_BYTE
RET

;‘tttt‘t.“t#t. S_LF SL]‘BROU']"INB t“tt‘tt‘t‘i.t*.t-’
; PRINT CRF
;REG=A

S_LF MOV  AMODH
LCALL S_BYTE
MOV  A#0AH
LCALL S_BYTEB
RET

;wmm R_Bm SUBROlmE tu“mttutm;
;OUT = A
sREG = A

’ ?

R_BYTE: JNB RIS

CIR RI
MOV  ASBUF
RET

jsessessssecses R_BYTEH SUBROUTINE *4ssexenesnses;
; READ HEX->ASCII FROM SERIAL (2BYTE)

;OUT=A

; REG = AR2R3

R_BYTEH: LCALL R_BYTR
MOV R2A
LCALL R_BYTE
MOV R3A



jpessrssesass HEXEMAL TO ASCIH SUB. ###stesesnsnes.
; CONVERT HEX TO ASCI

JIN = A

; OUT = R2,R3

; RBG = AR2,R3

H_A: PUSH ACC
SWAP A
LCALL HEX_A
MOV R2A
POP ACC
LCALL HEX_A
MOV R3A
RET

HEX_A: ANL  A#0FH
CINE AMAHS$+3
JNC HEX_AS
ORL A#0H
RET

HEX_AS: SUBB A#%9
ORL  A#40H
RET

;tmtuuum Ascu m Hm SU'B_ tt*ttt‘tt.t“‘t;
3 ASCHI TO HEX CONVERT

; IN = R2,R3

; OUT = A

; REG = AR2

A_H: MOV  AR2
LCALL A_HEX
SWAP A
MOV R2A
MOV  AR3
LCALL A_HEX
ORL AR2
RET

AHEX:  CINE AM4IHS+3
I AsH
ADD  A#9



AS_H: ANL  A0FH

; INNITIAL TIMER 1 SERIAL
; SET BAUDRATE

INITIMER 1SERIAL:
CLR TRI
ANL  TMOD#00001111B
ORL  TMOD #00100000B ;
MOV  TH1#2s3D
MOV  TL1#253D
SETB TRI
RET

; INNITIAL TIMER 1 WIND COUNTER
; SBT MODE 2

INICOUNTER1WIND:
CLR TRl
ANL  TMOD#00001111B
ORL  TMOD #01010000B ;
MOV  THI1#00H
MOV TL1,#00H
CIR ET1
SETB IT1
SETB EX1
SETB TRI1
CLR WIND

WAIT_W:JNB WIND$

CIR WIND

JNB WINDS

CLR EX1

RET
i INNITIAL TIMER 0 15 HERZ INT
INITIMERO:

ANL  TMOD,#11110000B
ORL  TMOD #00000001B ;
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MOV
MOV
SETB
SETB
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THO#HIGH_TIME_VAR
TLOALOW_TIMB_VAR

ETO
TRO

; the interruptl routine for latch new ;

; velocity from counter then comvert;

; to decimal and save in velocity buffer ;

; Teg =1012,13,15,2 H
Latch: CLR EX1

push ACC ;

PUSH B
push  pew H
push 00 ;

PUSH 01
push 02 ;
push 03 H

PUSH 04
push 05 |
cke trl i
mov  athl ;save (thld1)
mov  hextoda ;in hex thea
mov atll ;convert to dec
mov hextod+1,a ;and save it in
lcall  btod ;velocity.
mov  abcd ;
lcall htoa ;convert to ASCI
mo?  velosd H
mov  velo+1x5 H
mov a,bed+1 5
Icall htoa 3
mov  velo+2,04 ;
mov velo+3,15 H
mov  thl,#00H ;clear thl & dl
mov 111,400 s
sctb  WIND

SETB TR1

3
g



POP 04

pp 03 ;

pop 02 ;
POP 01

pop 00 ;

pop  psw ;
POP B

pop ACC

SETB EBX1 ;

’

; canvert two bytes hexadecimal in hex ;

; 1o two bytes decimal in bed code ;
; reg = 10,2138 ;
htod: cir ¢ H
mov  bed #00H 5
mov  bed+1,#00H S
mov 2 #10H :
btodi: mov 10#hextod+1
mov  13,#02H ;
htod2: mov 2,@10 .
ric a H
mov  @r0a H
dec 10 ?
dinz  13,htod2 ;
mov 10,#bcd+1 R
mov  13#02H H
htod3: mov 2,@10 ;
adde  a,@0 ;
da a ;
mov  @0a ;
dec 0 H
dinz  13,htod3 ;
djz  12,btod1 ;
Tt ;
; convest bexadecimal to ASCI code  ;
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; out = p4,15 ;
; reg = a,4.15 ;

htoas H
mov  rda ;
pop ACC
lcall htoas ’
mov 13 ;

htoas: anl  a,#0fH H

cjoe  a#0aH$+3
joc  htoesl ;
arl 2,#30H =
ret ;

btoasl: subb a#9 H

H DELAY

DELAY: PUSH @7
PUSH 06
MOV R740

DECR0O: MOV R6#0
DINZ R6S$
DINZ R7,DECRO

POP 06

POP Q7

RET
DELAY2:

PUSH 0S5

MOV  RS#15

DECRS: ACALL DELAY
DINZ RSDECRS
POP 05
RET

; INITIAL SERIALPORT



19600 N 8 1

INISERIAL:

ANL  PCON#7FH ;SMOD=0

MOV

SCON,#01010000B ; MODE 1
:SINGLE PROCBSSOR
:ENABLE RECIEVE
;BIT9 =0
;CLEAR INTERUPT FLAG

; SERIAL OUT

:INPUT A Tk=0
;OUTPUT SERIAL

SERIALOUT:

PUSH

MOV

MOV
DINZ
DINZ
DINZ

DINZ
DINZ

SBUF,A

R340FFH
R3S
R3S
R3S
R3S
R3S
R3S
R3,$
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H GET DATA FROM PORT1

: OUTPUT A

; USED R4

GETDATA:
PUSH
PUSH
MOV
MOV

MOV
MOVX
DINZ
DINZ
DINZ

MOV
MOV

MOV
MOVX
DINZ
DINZ
DINZ
MOV
XRL
INZ

MOV
MOVX
DINZ
DINZ
DINZ
MOV

MOV

B

04

R4,#00H

DPTR #ADCADDRESS

P1#0FFH
@DPTRA

R4S

R4S

R4S

APl
B,A

P1,#0FFH
@DPTR,A
R4S
R4S
R4S
APl
AB
NEWREAD

P1,#0FFH
@DPTR,A
R4S
R4S
R4S
APl
AB
NEWREAD
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; LOOKUP TABLE

; INPUT A

; OUTPUT DPTR POINT AT BINARY
; USED R2=BINARY

LOOKTABLE:

PUSH 02

PUSH B

MOV  DPTR#TEMPTABLE

MOV  R2A ;R2 =ADC VALUR
LOOPLOOK:

CLR A

MOVC A@A+DPTR

XRL AR2

JZ  FOUNDTABLE

INC DPIR

INC DPIR

INC DPIR

INC DPIR

INC DPIR

CLR A

MOVC  A@A+DPTR

CPL A

JZ  ENDTABLE ;FOUND FF BINARY
CPL A

MOV BR2

arR C

SUBB AB

IJNC POUNDTABLE
SIMP LOOPLOOK

FOUNDTABLE:

ENDTABLE:

ENDLOOKTABLE:
POP B
POP 02



H MESSAGEH
; INPUT DPTR POINT AT ADRESS WITH MESSAGE
; OUTPUT MEASSAGE SHOW UNTIL FIND ‘§'

MESSAGE:;;CLR EX1
PUSH ACC
PUSH 03
MOV  R3400H
OUTNEWCHAR:
CIR A
DINZ R3S
DINZ R3$
MOVC A@A+DPTR
MOV BA
XRL A#Y
JZ  ENDMESSAGE
MOV AB
LCALL SERIALOUT

INC DPIR
SIMP OUTNEWCHAR

ENDMESSAGE:
POP 03
POP ACC
; SETB  EX1
RET

; BACK SPACE
; INPUT R5 NUMBER OF COLUMN TO BS

¥

BACKSPACE:
PUSH ACC
NEWBS:
MOV  A#BS
LCALL SERIALOUT
DINZ RS5,NEWBS
POP ACC
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;  CURSOR LEFT
; INPUT RS NUMBER OF COLUMN TO LEFT

CURSORLEFT:
PUSH ACC
NEWLEFT:
MOV AMCLFT
LCALL SERIALOUT
DINZ R5NEWLEFT

POP ACC
RET
H CURSOR RIGHT

; INPUT RS NUMBER OF COLUMN TO RIGHT

CURSORRIGHT:
PUSH ACC
NEWRIGHT:
MOV  AACRHT
LCALL SERIALOUT
DINZ RSNEWRIGHT .

POP ACC
RET
H CURSOR UP

; INPUT RS NUMBER OF COLUMN TO UP

CURSORUP:
PUSH ACC

MOV A4CUP
LCALL SERIALOUT

POP ACC
RET
H CURSOR DOWN

; INPUT RS NUMBER OF COLUMN TO DOWN

CURSORDOWN:



PUSH ACC
NEWDOWN:

MOV  A#CDWN

LCALL ‘SBRIALOUT

DINZ RSNEWDOWN

POP ACC
RET
; TIMER 0 SERVICE

TIME_UP: ; CLR EX1!
PUSH AcCC
PUSH Psw

MOV  THOM#HIGH_TIME_VAR
MOV  TLOSLOW_TIME_VAR
INC TIME_DIV
MOV A TIME_DIV
CINE A #15TIME_UP9
;CLR  ETO
; LCALL SHOWTIME
; SETB ETO
MOV  TIME_DIV#0

MOV A,TIME_BUR+2
ADD Am

DA A

MOV  TIME_BUR+2,A
CINE A #60H,TIMB_UP9
MOV  TIME_BUFR+240

MOV A TIME_BUFR+1
ADD AMm

DA A

MOV  TIMB_BUE+1,A
CINE  A#60H,TIME_UPS
MOV TIME_BUFE+1#0

MOV A TIME_BUF
MOV  PSW#0IH
ADD A
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;RESET TIMER

;SECOND

;HOUR
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DA A
CINE A#SHHOUR_T
MOV  A#00H

HOUR_T: MOV  TIME_BUF,A

TIME_UP9: POP PSW

POP ACC
; SETB EX1
RETI
; MBSSAGE LIBRARY
M_HEADER:
DB CR
DB g ,CR
DB = Monitor Program for Remote Wind Velocmeter and Remote Thermometer  *,CR
DB ,CR
DB  ™DBVELOP BY: MISS NAWARAT PANTAWAN *CR
DB * MISS RUNGRUDER ANUSATSIRI *CR
DB CR
DB “*TIMB g *CR
DB CR
DB b Please Select Menu (1-5) *CR
DB ™ 1). Status of Temperature . *CR
DB 2). Status of Wind Velocity * CR
19): S 3). BOTH of Temperature and Wind Velocity. *CR
DB b 4). Set Time. *CR
DB * 5). BXIT TO MAIN MENU. *CR
DB ,CR
DB = *CR
DB * *CR
DB - *CR
DB MAIN MENU* Pleaso Select Meru (1-4) *CR
DB = *CR
DB b *CR
DB b *CR
DB $
M_CENTIGRADE:
DB * - CENTIGRADESS'

M_NOWTEMPIS:
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DB * NOW TEMPERATURE IS §'
M_MAINMENU:

DB MAIN MENU* Please Select Meau (1-4) §
M_TIMEIS:

DB *TIME : §
M_ENTERHOUR

DB = ENTER 2 NUMBERS OF HOURS 2(00-23) s
M_ENTERMIN: ‘

DB ENTER 2 NUMBERS OF MINUTES 2(00-59) $
M_PPS:

DB _PULSES PER SECOUND. §
M_NOWWINDIS:

DB = NOW FREQUENCY FROM WINDCOUNTER IS §'
M_BOTHHEAD:

DB "™ TEMPERRATURE . WIND VELOCITY *CR

DB .

DB = *CR

DB *CR

DB *CR

DB CENTIGRADES PULSE PER SECOUND *CR

DB ' .
M_CLEANBOTH:

DB * *CR

DB *CR

DB = *CR

DB = *CR

DB ™ *CR

DB = * CR

DB . »g
TEMPTABLE:

DB  000H

DB 'LWR' -

DB O13H

DB 'LWR'

DB 014H

DB ‘000

DB OISH

DB 005

DB 016H

DB L0

DB 017H



DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

7.0
023H
071.5
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DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

"12.5'

'13.0'

'13.5'
030H
'14.0'
031H
4.5
032H
'15.0°

'15.5'
035H
'16.0'
036H
'16.5°

'17.0°
038H
'17.5'
039H
'18.0°

"18.5'
03bH
'19.0°
03cH
'19.5

20.0'

20.5°

031

210

215
041H
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DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

2.0

‘235

24.0'

050H
29.5'
051H

052H
305
053H
310

315
055H
'32.0'
056H

05TH
'33.0°
058H
33.5°
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DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
_ DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

059H
'34.0
05aH
345
05bH
'35.0°
05cH
'35.5
05dH
'36.0°
05¢H
'36.5'
05fH
'37.00

‘375
061H
'38.0'
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DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

0708
‘5.0
071H
45.5'

'46.0'
073H

074H
'47.0
075H
'41.5'

'50.5'
07cH
'51.0
Q07dH
'51.5°
07eH
'52.0'
07fH
52 5"

'53.0

081H
'53.5"

083H
545"

'55.00



DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

'55.5'

086H

'56.0'

'56.5'

'57.0°

089H

'57.5°

'58.0'

'58.5

'645‘

'65.0'

'65.5"
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DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

'69.0°

'695'

70.0°

705

71.0'

Ca6H
71.5
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DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

Ob1H

T

0b2H

715"

78.0

78.5'

79.0'

79.5
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DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
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DB
DB
DB
DB
DB
DB
DB
DB

19&51

9.0

99.5"

'OVER'
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ADC0801, ADC0802, ADC0803, ADCO0804,
ADCO0805 8-Bit uP Compatible A/D Converters

General Description

The ADCO0801, ADCOB02, ADC0803, ADCO804 and
ADCO806 are CMOS 8-bit succosaive approximation A/D
corrvorters that use a dilferential potontiometric ladder—
sindlar to the 2SGRN products. These convesters are do-
signed 1o allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
ractly driving the data bus. Thase A/Ds appear like memory
locations or 1/0 ports lo the microprocessor and no inter-
facitw logic Is neaded.

Oitferential analog voitage inputs allow increasing the com-
mon-mode rejection and oflsatting the analog zero input
voltaga valua, In arldillon, 1he voitagae refaronce input can
be adjusted lo allow encoding any smaller analog voltage
span to the {ull 8 bils of resolution.

1 Ditferential analog voitage inputs

u Logic Inpuls and oulputs meet both MOS and TTL voit.
age level specifications

# Works with 2.5V (LM336) voltage roference

8 On-chip clock generator

B 0V to 5V analog input voitage range wnlh single 5V
supply

® No zero adjust required

u 0.3" standard width 20-pin DIP package

= 20-pin molded chip carrier or small outline package

& Operates ratiometricafly or with 5 Vpe, 2.5 Vpe, or ana-
log span adjusted voltags reference

Key Specifications
Features 8 Resolution 8 bits
® Compatible with 8080 P darvatives—no interlacing @ Tolal etror | + %, LS8, 2% LSB and =1 LS8
logic needad - access timo - 125 ns # Conversion time 100 ps
u: Easy intarlaco to all microprocessors, or operates
“stand alono™
Typical Applications
v
A
—"—’l( 4 Yee 7
E— b cna
'__.'c ) e & X 1RARSOUCER
‘-——J( o p Wy L S 8T REsOLLTION
— e [ 08/ g < VIR ARy DISIRLD
any 3| 4———Lone vl [ T L roniact aance
Lrnneesine e Nl %® i) stesIcTion 1.4
1he T Yot ) _>oue meunt
-~ :: L1} Acng J ]—
+ [1H 3 SPAN ADY [_
B LLE B Yagst —o:t‘r‘xz:na.‘ =
‘T.—LL oe oene %7 .
W TU/HISET -1
80an Interface y
Error Specliication (Includes Full-Scale,
Zero Error, and Hon-Lineacity)
€4 p———¥¢ Full-
| Part Scale VRer/2=2.500 Vpe | VRrer/2=MNo Connectlon
%) — N
e wdk —— ) uniber Adjurted {No Ad]ustments) (No Adjustmants)
:z:::c: ol we ADCO0801 | +Y, 158
tie S 1574 ADCDB02 t';LS8
A _| ADC0803 | +1,LSB
4 Lara Y
\ ADCO0804 +11S8
A}
ADC0805 +1LS8
TL/MISBTE-3%




Absolute Maximum Ratings (votes122)

If Military/Aerospace specified devices are required

, Storage Temperature Range
contact the National Semlconductor Sales Otfice/

—=65°Cto +150°C

Package Dissipation al T, = 25"C 875 mwW
Distributors for avaliability and specifications. ESD Susceptibility (Note 10) 800V
Supply Vollage (Vce) (Hote 3) 8.5V
Vottage Operating Ratings (otes 14 2)
togic Control Inputs =0.3Vio + 18V : Tun<Ta<T
At Other Input and Cutputs —0.3V 1o (Ve +0.3V) Temperature Range NS TAS Tuax
Lead Temp. (Solderinz. 10 seconds) ADCo801/02L =55C<Tas + 125_0
Dual-in-Line Package (plastic) 260°C ADC0801/02/03/04LCJ ~40°C<Ta +85°C
Duakin-Lin Packaan (ceramic) 300G ADC0801/02/03/05LCN ~40'C<TA< +85°C
ADCO0B804LCN 0°'CLTa< +70°C
Surface Mount Package ) ADC0802/03/04LCY 0'CSTAS +70°C
Vapor Phase (60 seconds) b ADC0802/03/04LCWM 0°CKTa< +70°C
Infrared (15 seconds) 220°C Range of Veg 4.5Vpc 10 6.3 Vpe

Electrical Characteristics
he lollowing specif-catons apply for Vog =5 Voc. Tuins

Ta<Tumax and fo k=640 kHz unless otherwise spedﬁéd.

Parametnr Conditlons Min Typ Max Units
LTL0801: Total Adjustnd Ernror (Note 8) With Full-Scale Ad). £, L&B
) . * {Ses Section 2.5.2) 4 :
ADC2802: Total Unadjusted Ercor (Note 8) Vagp/2=2.500 Voo A LS8
ACC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. £ Ls8
(See Seclion 2.5.2) 2
ADC0804: Total Unadjusted Error {Note 8) VREr/2=2.500 Vpe 1 LS8
ADC0B805: Total Unadjusied Error (Note 8) Vaere/2-No Connection +1 LS8
YaeF/2 Input Resistance {Pin 8) ADCO0801/02/03/05 2.5 8.0 kn
ADCO0804 (Note 9) 0.75 1.1 kQ
Anaiog Input Velitage Range (Note 4) V(+) or V(—}) Gnd-0.05 Vee+0.05 Voc
&2 Common-Mode Error Over Analog Input Voltage +Ye % LS8
Range
Power Supply Sensitraty Vee=5Voe *10% Over £ 1% LS8
Allowed Vin(+) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The tollowing specilications apply for Voc =5 Vpg and Ta = 25°C unless otherwise specified.
Symbol Parameler Conditions Min Typ Max Units
Te Conversion Time IcLk = 640 kHz (Note 6) 103 114 1S
Tc . Conversion Time {Note 5, 6) 66 73 1/1cLk
fox Clack Fraquency Vee= 5V, (Note 5) 100 640, 1460 kHz
Clock Duty Cycle (Note 5) 40 o 60 %
CR Convarsion Rate in Free-Running INTH tied to WH with 8770 9708 conv/s
Motia . CS=0 Voc. fotx = 640 kHz
e Width of WH Input (Start Pulse Width) TS =0 Vpg (Note 7) 100 ne
acc Access Time (Delay Irom Falling C = 100 pF 135 200 ns
Edgo ol HU to Output Data Valid)
L ton TRI-STATE Control {Delay CrL=10pF, R_ = 10k 125 200 ns
trom Rising Edge of BD to (See TRI-STATE Test
Hi-Z State) Circuits)
.ty Delay from Falling Edge , 300 450 ns
ot WR or RO to Reset of INTH
Cry Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cour TRLSTATE Cutput R 5 7.5 pF
Capacitance (Dala Bullers)
CoMTROL INPUTS |Mote; CLK IN (Pin 4) is tha input of a Schaitt trigger circull and is theretoro specifiod separately)
Vix (1) Logical 1™ Input Vollage Vee=5.25 Vpg 2.0 15 Voc
(Except Pin 4 CLK IN) .




AC Elactrical Characteristics contog
The following specificahnns apply tor Vog = SVpg and Taun S Ta € Tamax, unless otherwise specified.

Symbol l Parameter J Conditions I Min l Typ l Max l Units

CONTROL INPUTS {Fnta: CLK IN (Pin 4) is the input of a Schmitt trigger circult and Is therelore spacified separately)

Vin (0) Logicat 0" Input Voltage Vee=4.75Vpe 0.8 Voc
(Except Pin 4 CLK IN)

Iyes (1) Logical 1" Input Current Vin=5Voc 0.005 1 nApc
(All Inputs)

Iyes (0) Logical 0" Input Current Vin=0Vpge -1 —0.005 #Apc
(Al Inputs)

CLOCK IN AND CLOCK R

Vy+ CLK 1M (Pin 4) Positive Going 2.7 3.1 3.5 VDCj
Threshold Voltage

Vi—- CLK IN {Pin 4) Megativo 15 1.8 2.1 Voc
Going Threshold Voitage

VH CLK 111 (Pin 4) Hysteresis 0.6 1.3 2.0 Voe
(Vrid )~ (Vr=)

Vour (0) Logical "0" CLK R Output lo=360 uA 0.4 Voe
Voltago Vee=4.75 Vpg .

Vour (1) Logic:al 1" GLK A Output o= ~360 A 2.4 Voe
Valtaae Voe=4.75 Vpg

DATA OUTPUTS AND INTR

Vour (0} Logical “0”* Qutput Vollage
Data Ovtputs lour=1.6 MA, Vcc=4.75Vpg 0.4 Voc
NTH Output lour=1.0 MA, Veg=4.75 Vpe 0.4 Vo

Your (1) Logical 17 Output Voltage o= ~360 pA, Vcc=4.75Vpe 2.4 Voc

Vour (1) Logic.at 1 Quiput Voltage lo= =10 pA, Voo =4.75 Voo 4.5 Voc

lour TRI-STATE Disabled Oulput Vour=0Voe -3 1Aoc
Leakage (All Data Bullers) Voutr=5Vpc kl rApDC

Isounce Vout Shortto Gnd, Ty =25°C 45 mApg

Isirx Vour Short to Ve, Ta=25'C: 8.0 i6 mApe

POWEZR SUPPLY

lce Suppiv Current (Includes foix =640 kHz,
Ladder Current) VRer/2=NC, Tp=25"C

and CS=5V

ADCO0811/02/03/04LCJ/05 11 1.8 . MA
ADCORO4LCN/LCV/LCWM i 1.9 2.5 mA

Hote 1: Absotuts Masitmeun i1ahngs indicalo 6mits beyond which demanga to (he device may occur. DC and AC ofectrict spoctications do not epply when operating
¥ denca boyorad its sprai.r) operating conditions,

Note 2 AN voltages aro imeamurad with raspect 10 Gnd, uninss othorwise specified. The separate A Gnd point should alwavs be wired 10 the D Gnd,

Hotw 3: A zanar durdn gseit:, intarnaily, lrom Vee 1o Grd and has a hypical breakdown voitago of 7 Ve

Hote &: For Vip{ ) Wy - ) the d‘gi!al output code will be 0000 0000, Two on-chip dlodes are tied to esch anslog input {sse block dhegram) which will forward
conrhuct for analog inout ~:hugwrs One diode ¢rop betow ground or ono diode drop graster than the Vee supply. Be carsfud, during testing at low Ve levels (4 5V),
23 g5 tavel analog inovi-, (5V) can cause this input dioda to conduct-aspecisily at elevated temperatures, and cause errors lor analog inputs near full-scale. The
$00C adow3 50 mY lorwart i of either diode, This means tat a3 long a3 \he analog Viy does not exceed the supply voltage by more then 50 mV, the cutput
cos wal ba Corfect. Yo a.twr 4n Bbsolute 0 Vec 1o § Vo input vorage range will thereiore require & minkmum supply voliage of 4.950 Ve over temperature
varbons, mitial tolaranze and foading.

Note 5: Accwracy is guarantacd at fcu = 640 kHz. At Migher clock kequencies accurecy can cegrade, For lowsr clock fraquoncies, the duty cycle Smits can bo
eviandod 30 Icng as the nuumum clock high tma interval or minimum clock low time intervel Is no less than 275 ns.

Note §: With an asynchroe 13 siart pulse, up 10 8 clock periods mey be required before the Internst clock phases are pronor 1o start the corversion procoss. The
4t roquest is interaity | o teul, ana Fioee 2 and socbon 2.0,

Hote 7: The TS input 13 assumad to brackat the R strobe input and th ming Is dependent on the WH puise wwiih, An srbitrary wide puise wdth wil hold
:h-cnmmorhamsolw—m!uand!hnslanolcom«donishhhdbywwmﬂwmmdmmw“(mhm\qdagmx
Notw 8: bione of thase A/Ls roquires a zero adijust (3ee section 2.5.1). To obtain zero code at other analog input voltages see secion 2.5 and Figure 5.

Mote & The Vep/2 pin is tha canter pomt of a two resistor divider connected from Vee to ground, Each resistor is 2.2k, excopt for e ADCOB04LCJ where each
129rei0f 13 15k, Total Larkdew inpuit 1varstanco bs the sum of the two equal resiators. -

Nate 10: Hunon body mestol, 100 pF di hwough a 1.5 kit




TRI-STATE Test Circuits and Waveforms

tin tn, C = 10 pF ton toy, Cp = 10 pF
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National
Semiconductor
Comoration

LM108/1.M208/LM308 Operational Amplifiers

General Description

Ti.e LM108 serigs are precision operalional amplifiers hav-
ing specilications a factor of ten belter than FET amplifiers
over a —55°C lo + 125°C temperature range.

The devices operale with supply voltages from 22V to
220V and havo sufficiont supply rejsction to use uncegulat
ed supplies. Athough the circuit Is interchangeable with and
uses tha same compensation as tha LM101A, an allernate
componsation schnme can be used lo make il particutarly
insansilive 1o pownr supply noise and to maks supply by-
fass capacilors unnecessary,

The low currant atror of the LM108 series makes possible
many designs that ars not practical with conventional ampli-
tiers. In fact, it operates from 10 M source resistances,

introducing less error than devices like the 709 with 10 kNl
sources, Intagrators with drilts less than 500 uV/sec and
anslog time delays in excess of one hour can be made us-
ing capacitors no larger than 1 uF,

The LM108 I8 guaranteed trom —56'C to + 125°C, the
LM208 from —25°C to +85°C, and the LM308 from 0°C to
+70°C. '

Features

 Maximum input bias current of 3.0 nA over temperature
% Offset current less than 400 pA over temperature .

® Supply current of only 300 pA, even in saturation

® Guaranteed drift characteristics

Compensation Circuits

Standard Compaensation Clrcult

R A2

-v.,

Vour

Wy L]

R1Co
&2 A1+ R2

Co = 30 pF

€ **

TUN/ITIS8-1
**Danddeicith 3w slow talo ste pioportionat to 1"e

Alternate® Frequency Compensation
at A2

‘e
)

s
7,
TL/H/7788-2

*improves refection of power supply noise by a lactor of 1en,

**Bandwidth and slew rale are proportional o 1/Cy

Fecdforward Compensation

€2
5 pF

1
H

eyt

ouTPYT

508 oF

TL/H/7758-3



Absolute Maximum Ratings

If Mititary/ Aerospace specified devices are required, contact the Natlonal Semiconductor Sales Otfice/Distributors tor

availability and specifications.
(Note 5)

Supply Voitaqge

Power Dissipation (Mote 1)

Ditferential Input Current (Note 2)

Input Voltage (Mota 3)

Qutput Shorl-Circuit Ouration

Operaling Temperalure Range {LM108)
{LM208)

Storaga Temperature Range

LM108/LM208
t20v
500 mW
+10mA
+ 15V
Indelinite
~55°C o +125°C
—-25'Clo + 85°C
-65'Clo +150°C

LM308
+18V
500 mwW
+10mA
+15V
Indefinite

0*Cto +70°C

—65°Clo +150°C

Lead Temperature (Soldering, 10 sec) 260°C 260°C
(a1t 300°C 300°C -
H Packagn L ead Tnmp
(Soldering 11} seconds)
Soldering information
Dual-In-Line Package
Soldering {10 scconds) 260°C
Small Outiine Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
See AN-450 “Surface Mounting Methods and Their Eifect on Product
Reliability” for ather methods of soldering surtace mount davices,
ESO raling to s dotermined.
Electrical Characteristics (vote 4)
-
Parameter Condition Lh1007i M208 108 Units
Min Typ Max Min Typ Max
Input Offset Voltage Ta =25C 0.7 2.0 20 7.5 mv
Input Offset Current Ta = 25°C 0.05 0.2 0.2 1 nA
Input Bias Current Ta = 25°C 0.8 2.0 1.5 7 nA
Input Resistance Ta = 25°C 30 70 10 40 MN
Supply Cutrent Tp = 25°C 0.3 0.6 0.3 0.8 mA
Large Signal Voltage Ta=25C, Vg = £15V
Gain . Vour = £10V, R, 2 10k N300 & Y0 Vimy
Input Olfset-Voltage s 3.0 10 mv
Average Temperature
Coefficient of Input 3.0 15 6.0 30 pv/°C
Ofiset Voltage .
Input Offset Current 0.4 1.5 nA
Average Temperature :
Coelficient of Inpul 0.5 25 2.0 10 pA/C
Offset Cuerent
Input Bias Current 3.0 10 nA
Suppty Cutrent Ta = +125C 0.18 0.4 mA
Large Signal Voltage Vg = £15V,Voyr = 10V
Gain RL > 10kA 2 15 V/mY
Qutput Voltage Swing Vg = £ 15V,Ry = 10k} 13 +14 *13 14 v




Eiaclrical Characteristics mote 4) (Continued)

Parameter Condition LM108/LM208 LM3o8 Units
Min Typ Max Min Typ Max
Input Voltage Range Vg = 15V +13.5 14 \
Cormmon Mode
Rejection Ratio 85 100 80 100 dB
Supply Voltage
Rejection Ratio 80 96 80 96 d8

Hote 12 The maximum junclion Iemparature of tho LM 108 is 150°C, lor the

'n he TO-5 package must be deratod based on a thermal resistance of 1
duelin-Sne package i 100°C/W, &

Hote 2 The inpurts are shuntid with biack-to-back diodas for overvoitage p &

to

Th

1.

LM208, 100°C and for the LM3I08, 85°C. For oporatng at ek
SO°C/W, junction to ambilent, or 45°C/W, junclion to case. The thermal resistance of the

1V is applad botween the inprits unless some kmiting resistance is used,
Kot X For supply voillagns vsrs than %m-bmﬁnowwwh oqual o the supply voltage.

Hote 4: These spacifications apply lor £3V 2 Vg 2 +20Vand - 55°C < Ty £ + 125°C, unless otherwise

spacikcabons are limited 10 - 25°C 2 Ty £ 85°C. and lor the LM308 they are kmited 10 0°C < T, < 70°C.
Hote S: Reler 10 NCTS108X lor LM108 miitary specifications,

Schematic Diagram

8,

current witt llow if 8 crtorential lnput voltage In excess of

spacified. With the LM20B, however, sl temporaiure

COMPENSATION COMPERSRLION
1y Free r
L 91— o v
RS R& L3
20K 1k S 10c —R0!2 A9
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(113 Y 6K il
g1 WA ]
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a3 02 _
$0K (1134
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L 20K
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a9 - [ qe
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National
Semiconductor
Corporation

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

General Description

The LM135 series are precision, easily-calibrated, integrat-
ed cwcuit temperatwe sensors. Operating as a 2-lerminal
zener, the LM13% has a breakdown voltage directly propor-
lional to absolute temperature at -+ 10 mV/*K. With less
than 141 dynamic impedance the device operales over a
current range of 400 A lo § mA with virtualty no change in
perormance. Whan cafibrated at 25°C the LM135 has typi-
cally tass than 1°C error over a 100°C temparature range.
Unlike other sensors the LM135 has a finear output.

Apphicalions for tha | M135 include nimost any type of tem-
paraturo songing ovar a —~55°C 1o + 150°C lemperature
range. The low impedanceo and linear oulput make Intertac-
Ing to readout of contiol circuitry espectally easy.

The LM135 oparates over a - 55°C to + 150°C temperature
rangs while the LM235 onorales over a —40°C o + 125°C
temperature range. The 1.M335 operates from —40°C to
+100°C. The LM135/L\M235/1.M335 are availablo pack-
aged in hermelic TO-46 transistor packages while the
LM335 is also available in plastic TO-92 packages.

Features

Directly calibrated in *Koivin

1°C initlal accuracy aviuiablo
Operates from 400 ;1A 1o 5 mA
Loss then 10 dynamic impndance
Easlly calibrated

Wide oparaling temparaluro range
200°C overrange

Low cost

Schematic Diagram

‘\v—‘

N
¥

M Pna

__t! T i
a Vs y
as n o8
S
[ dum
®
- TUMH/S898-1
Coririection Diagrams
TO-92 TO-46
Plastic Package Metal Can Package*
AGJ * =
lariou vitw 01108 itw TUWSs0e-8

Order Humber LM335Z or LM335A2Z
See NS Package Number Z03A

*Case is connected ta negaiive pin
Order Number LM135H, LM23SH,
LM335H, LM135AH, LM238AH or L M335AH
See¢ NS Package Number HOSH



Absolute Maximum Ratings

It Mifitary/Aerospace specified devices are required,
contact the Natlonai Semiconductor Sales Office/

Distributors for availabllity and specifications.

{Note )

Reversa Current
Forward Cutront
Storage Temperature

1S mA
10 mA

Specified Operating Temp. Range

Continuous
-55"Ctlo + 150°C
—40°Clo +125'C
=40°Cto 1 100°C

LM135, LM135A
LM235, LM235A
LM335, LM335A

Intermittent

Lead Temp. (Soldering, 10 seconds)

(Note 2)

150°C to 200°C
125°C to 150°C
100°Cto 125°C

, . TO-92 Package: 260°C
TO-16 Package —60°Clo +180°C TO-46 Package: J00°c
TO-92 Packaga -60°Clo +150°C

Temperature Accuracy LM135/LM235, LM135A/LM23SA (Note 1)
Parameter Conditions LM135A/LM235A LM135/LM235 Units
. Min Typ | Max Min Typ | Max

Operating Output Voltage Tc = 25°C,lg = 1 mA 2.97 2.98 2.99 295 | 2.98 3.01 Y

Uncahbrated Temperaturo Error Te = 25°C, In = i mA" Q.5. 1 1 3 C

Uncalibrated Temperature Error TmiN € Te € Tuax. In = 1 mA 1.3 | 27 2 5 °C

Temparaturo Error with 25°C TMiN € Te € Tiyax. ln = 1 mA 03 1 0.5 1.5 C

Calbraton

Calibrated Error at Extended Te = Tpax (Intermittant) 2 2 °C

Temperatures

Non-Linearity ln=1mA 0.3 0.5 0.3 1 °C

Temperature Accuracy m3ss, (mM33sA (Note 1)
Parameler Conditlions vala 1 LMep Units
Min Typ Max Min Typ Max

Operating Output Voltage Tc = 25'C.Ig = 1 mA 295 | 298 | 3.01 | 292 | 298 | 304 v

Uncalibrated Temperature Esror Tc = 25C,lIg = t mA 1 3 2 6 °C

Uncalibrated Temperature Error Tmin € T € Tuax. lan=1mA 2 5 4 9 *C

Temperature Error with 25°C Tvin £ Te € Tax IR = 1 mA 0.5 1 1 2 °C

Catibration

Calibrated Error at Extended Te = Tmax (Intermittent) 2 2 ‘C

Tamperatures

Non-Linearity I = 1mA 0.3 1.5 0.3 1.5 ‘C

Electrical Characteristics oto 1)
LM135/LM235 LM33s
Paramoter Condlitlons LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max

Operating Output Voltags 400 pASIR <S5 mA 2.5 10 3 14 mv

Change vwith Current At Constant Temperature . .

Dynamic Impsdance ln=1mA 0.5 0.6 0

Cutput Yoltage Tomperature +10 +10 mv/"C

Coelficiant

Time Constant Still Air 80 80 sec

100 ft/Min Air 10 10 sec
Slirred Qil 1 1 sec

Time Stability Tg=125°C 0.2 0.2 *C/khr

Nole 1: Actiracy moasurements aro mads in a woll-stirod ol bath. For other conditions, sel heating must be considered.

Hate 2= C o at those t 3 for 10,000 hours for H package and 5,000 hours for Z pack Q@ may d ile axp y of the devics.

Hote 3: Tharmal Resistance TO-92 TOus

44 (unction to ambrent)  202°C/W 400°C/v/
9,c (lunction 1o casu) 170°CrH¢ N/A

Note 4: Refar 10 ALTS135H for military specifications.



Appicaticn Hints
CAUIBRATING THE LM135

Inctuaed on the LM 135 chip is an 13asy method of calibrating
Ihe device for higher accuracies. A pat connecled across
the LM135 with the arm tied 1o the adjustment terminal al-
lows a 1.point calibration of the sensor that corrects for
maccuracy over the full tamperalure range.

This single point calibration works because the output of the
LM135 is proportional 1o absolute temperature with the ex-
trapolated output of sensor going to OV output at 0°K
{~273. 15°C). Errors n output voltage versus lemperature
are only slope (or scale factor) errors so a slope calibration
at one temperalure corracts at all teamparatures.

The output of the device (cafibrated or uncalibrated) can be
expressed as:

T

Voury * Voury, % .
where T is the unknown lemperature and To is a reference
lemperature, both erpressed in degrees Kelvin, By calibrat-
ing the output o read correctly at one temperalure the out-

put at all temporaturns 15 correct. Nominally the output is
calibrated at 10 mV/ K,

Typical Applications

Basic Temperature Sensor

v v

aueent
10 myr'x

L4138 (173511

TL/H75698-2 =]

“Catbrata lor 2.982V at 25°C

Minimum Temperalure Sensing

15V . 15v

%‘.

(L343 ] (105 5} S

—p MK
T iamyrx

LM335

BAR

x”-—.

TL/HISAA .4

Calibrated Sensor

Average Temperature Sensing

LMI2S

LM33%

M35

To insure good sensing accuracy several precautions must
be taken. Like any temperature sensing devics, selt heating
can reduce accuracy. The LM 135 should be operated at the
lowest current suitable for the application, Sutficient cutrent,
of course, must be available lo drive both the sensor and
the calibration pot at the maximum operating temperature
as well as any external loads.

If the sensor is used in an ambient where the thermal resist.
ance is constant, self healing errors can be calibrated out,
This is possible if the device is run with a temperature stable
curront. Heating will then be proportional to zener voltage
and therelore lemperalure. This makes the self heating er-
ror proportional to absolute temperature the sama as scale
faclor errors,

WATEARPROOFING SENSORS

Meltable inner core heat shrinkable lubing such as many.
factured by Raychem can be used lo make low-cost water.
prool sensors. The LM335 is ingerted into the tubing about
%" from the end and the tubing heated above the melting
point of the core. The unlilted '4° and melts and provides g
seal over the device.

Wide Operating Supply
v
SV-4gv
R
LM3IU
QUTPUT 10 mv/ K
]
¥

y ouTrYT

18 myrx

TL/H/5698-9
TL/H/%808 10

Remote Temperature Sensing

ourryr

Tavg (30 mvi°x)

M8 =
TL/H/S898-19
Wire langth for 1°C error due to wire drop
I = 1tmA g = 0.5mA’
TL/H/SB98-18 AWG FEET FEET
- 14 4000 8000
16 2500 5000
18 1600 3200
20 1000 2000
22 625 125Q
. 24 400 800

*For ln = 0.5 mA, the wim pot must be deleted.
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G.ound Referred Fahrenhelt Thermomeler

v
1

%:

|

SN 4 <t
S m ST
tan teire ™

1 AAA o DUIPYT

L hAA e 1welt
= :: " n

|
1y =

TLH/5698-22
SAddpsl B2 b 2 S54V across L35G
Adpsst R1 bor connct outpan

Centigrade Thermometer

"
AAA e

ovrror
10 -ys'g

)

YL/Hlse'lq.z;
“Arfirist for 2.7315V at output of LM30s

Fahrenheit Therinometer

mnv
|

~
(L)

> 1y
S

1o cobbrate acuest N2 for 2.554V acrass LM3I6,
Adjust Rt for corract oulput,

T AN -24

THERMOCOQUPLE COLD JUNCTION COMPENSATION
Compensation lor Grounded Thermocouple

THERIMGCCUPLE

TL/H/SE98-8

‘Select A3 lor proper thermacouple type

THERMO- R3 SEEBECK

COUPLE (172) COEFFICIENT
J 377401 523 uVIGC
T osn 42.8 uVIC
K 2900 40.8 pv/°C
S 45.80 6.4 \WVI'C

Adjustmentst Compensates lor both sansor and resistor tolerences
I. Short LM3290

2. Adjust R for Seaback Canlficiant tune< ambiont tamperatre (in dagrees
K) across RJ.

3. Short tMJ3S and adjust R2 for vaitags across A3 corresponding to twr-
macouple type

J 14.32 iV K 1197 mV
T 11.79 mV S 1.768 mV
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National Industrial Blocks
Semiconductor ‘
LM555/LM555C Timer ..
General Description &
The LMS55 is a highly stable device for generating = Adjustable duty cycie -
sccurate time delays or oscillation. Additional terminals ® Output can source or sink 200 mA
are p(:\;ided Z:;elri'ggering:f rr‘s:en:?:tifhdes:ve.d.';n the 8 Output and supply TTL compatible -
time delay m ot operatiofi, t] precisely COn- vae L
trolled by one external resistor and capacitor. For sstable ® Temperature stability better than 0.005% per °C i
operation as sn oscillator, the free running frequency snd % Normally on and normaily off output Z
duty- cycle are sccurately controlled with two external .f
resistors and one capacitor. The circuit may be triggered App"cations b
and reset on falling wavelorms, and the output circuit o }(
can source of sink up to 200 mA or drive TTL circuits. ® Precision timing o
= Puylse generation i
[ g
& Sequential timing ° it
g
Features & Time delay generation IH
& Direct replacemént for SESS5/NESSS ® Pulse width modulation ?.
® Timing from microseconds through hours » Pylse position modulation o
® QOperates in both astable snd monostable modes 8 Linesr ramp generator
Schematic Diagram
Vec o -
1
: g
- L1tX E;:
o o "t Lo = :é::'
4 :t:.’ L :l [ ;
£,
3w ;m Lol
S ne? = !
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2 e | P
camtaoL b (173 Ve 3 b3, on o
vYottact .
] 4& L) o7 LU 3 :
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LM555/LM555C

Absolute Maximum Ratings

Supply Voltage +18V
Power Dissipation (Note 1) 600 mwW
Operating Temperature Ranges
LM555C 0°C o +70°C
LMS53 ~55"C 10 +125°C
Storage Temperature Range ~65°C 10 +150°C
Lead Temperature {Soldering, 10 seconds) 300°C

Electrical Characteristics (1, «25°c, vcc = +5V 10 +15V, unfess otherwise specified)

LIMiTS
PARAMETER CONDITIONS LMSSS LMSS5C UNITS
MIN TYP Max MiN TYP MAX
Supply Voltage a5 18 as 18 v
Supply Current Veg " SV. R, v~ 3 ] 3 6 mA
Vee = 15V, R, - = 10 12 10 1% maA
{Low Stave) (Now 7
Tirmng Error, Monostahie
Inetial Acoue sy 0.5 1 *
Drilt wath Teemperature Ro.flp = % 10 300K, 30 50 pom/"C
C 0 WF. (Now
Accurscy over Tempersture 15 1.5 %
Oritt wnth Supply 005 01 wy
Tirmieng Error, Agiabile
Initisl Accuracy 1.8 2.2% %
Orilt with Temperature 80 150 pom/°C
Accurscy over Temperature 25 0 %
Destt anth Suoply 016 0.30 wv
Theeshold Voitage 0.667 0687 % Vee
Tregoer Voltage Vee - 15V a8 5 5.2 5 v
Vee = 5V 1.45 167 1.9 157 v
Trrgper Corvent 001 Q.5 0% 08 HA
Reset Voitsgr 04 05 1 04 0s 1 v
Revet Cuvrent 0.1 04 o1 04 mA
Threshold Cuvrens {Note 4) 0.1 0.2% 01 0.2% pA
Cantrol Vottage Leve! Vee * 15V 96 10 12.4 9 19 n v
Ve » 5V 29 3 as 8 i 4 \4
Pies 7 1 oab s (3strmat High 1 100 1 100 nA
s 7 Gae {Nnte §)
Qitgnst Lo Vee * 15V 1, - 1B aA 150 180- -y mv
Oustpmet § oo Vee =48V 1, asmA 0 100 &3 700 tmv
Quernrt Vadtage Dron (L owl Vee = 18V ,
lsmx " 13 mA Yot 015 o 025 v
o 7 $Cma 63 1 0.4 G675 v
lging = 100 mA 2 22 2 25 v
Igime ° T00 mA 2.5 25 - v
Vee " 5V
Isii = 8 mA o1 0.2% v
Igpae = & ma a.25 a2 v
Quipus Vortage Drop tHgh) lsouace = 200mA_ Voo = 15V 125 125 v
loounce * 100m& Vee s 15V 13 133 1278 | 133 v
Vee * SV 3 33 . 278 33 v
Rive Twre of Outout 100 100 n
Falt Time of Outout 100 100 ™~

Notr 1: For opernting 21 elevated temperzmires the dwvics must be dersted Basad 57 & 1150°C manimum Jenclion tomoo stute snd 3 tharmael
resstance of $45° C/W junction 10 case for TO-5 snd +150° C/W junction to smbient for both pack: ges.

Mot 2: Supoly currant when output high typicasly 3 ma kas st Ve = 5V. s
Note 3: Tested 3t Veg = SV and Vo = 15V,

Note 4: This will determine the maximum wiue of Ry ¢ Rg for 15V aperation. The meximum totel (Ra+ Rgl k20 M0,
Note 8: No protection against ive pin 7 '3 Y providing the peckage dissiostion rating wit! not be exceeded.
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Typical Pertormance Characteristics
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LM555/LM555C

Applications Information
MONOSTABLE OPERATION

In this mode of operation, the timer functions as a
one-shot (Figrire 1), The external capacitor is initially
held discharged by 2 transistor inside the timer. Upon ap-
plication of 2 negative trigger puise of lezs than 1/3 V¢
10 pin 2, the flip-tlop is set which both releases the short
circuit actoss the capacitor and drives the output high,
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FIGURE 1. Monostable

The voltage scrass the capacitor then increases exponen-
tially for a period of t = 1.1 R C, at the end of which
time the voltage equals 2/3 V. The comparator then
resets the flip-fiop which in turn discharges the capacitor

and drives the output 1o its low state. Figirre 2 shows

the waveforms generated in this mode of operation.
Since the charge and the threshold level of the com-
parator sre both directly proportional to supply voltage,
the timing internsl is independent of supply.
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FIGURE 2. Monntahle Wevelorms

During the timing cycle when the outpul is high, the
turther 2pplication of 2 trigger pulse will not elfect the
circuit. Howeever the circuit can be reset during this time
by the aoplication of a negative pulse to the reset
terminal {oin 4). The output will then remain in the low
state untd 2 trwgger pulse is again spnlied.

When the reset function is not in use, it is recommended
that it be connected 10 Vee to avoid anv possibiiity of
faise triggering.

Figure 3 is 2 nomograph for easy determination of R, C
vatues for various time delays.

NOTE: In monostable operation, the trigger should be

driven hich belore the end of timing cycie.

ASTABLE OPERATION

it the circuit & connected #s shown in Fioure 4 (pine 2
and 6 connected) it will trigger itself and free run as s

T - CAPACITANCE L)
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FIGURE 3. Time Deley

multivibrator. The external capacitor charges through
R. + Ry and discharges through Rg. Thus the duty
cycle may be precisely set by the ratio of these two
resistors.
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FIGURE 4. Astsbile

in this mode of operation, the cepacitor charges and
discharges between 1/3 Ve and 2/3 V. As in the
triggered mode, the charge snd discharge times, and there-
fore the frequency sre independent of the supply voltage.

Fioure 5 shows the wavetorms generated in this mode
of oparation, \
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FIGURE 5. Astadble Waveformms

7

charge time {output high) is given by:
1y = 0.693 (R, + Rg) C

And ths discharge tUme {sutput low) by:

tz = 0.692 {Rg) C

Thus the total period iz
Tty +1 = 0.693 (R, + 2Rg) C
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Applications Information (continveq)

The frequency of oscillation is:
1 1.44

fr—a

T (Ra+2Rg)C

Figure 6 may be used for quick determinastion of these
RC values. .

R
The duty cycle is: D= L
Ra+2Rg
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FIGURE 8. Free Running F requency
FREQUENCY DIVIDER

The monostable circuit of Figure f can be used as a
frequency divider by adjusting the length of the timing
cycle. Figure 7 shows the waveforms generated in a
divide by three circuit..
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FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode
and triggered with s continuous pulse train, the ~:tput
pulse width can be modulated by a signal applie2 io pin
5. Figure 8 shows the circuit, and in Figure 9 are some

v
waveform exsmples.
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FIGURE 8. Putse Width Modulator
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FIGURE 9. Pules Wadth Modulator

PULSE POSITION MODULATOR .

.
This application uses the timer connected for astable
operation, as in Figure 10, with a modulating signal
again applied to the controt voltage terminal. The pulse
position varies with the modulating tignal, since the
threshold voltage and hence the time delay is varied.
Figure 11 shows the waveforrms generated for a trisngle
wave modulation signal.
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FIGURE 10. Pulse Position Modulator
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FIGURE 11. Puiss Position Modulator

LINEAR RAMP .

When the pullup resistof, R, , in the monostetie cirgit
is replaced by 3 constant current source, 8 linear ramp i
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Applications Information (continuea)

generated, Figure 12 shows a circuit configuration that
will_perfarm this function.
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FIGURE 12.

Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:

.23 Vec Re (R, 1 Ryl C
Ry Vee ~Vge (Ry + Ry)
Ve > 0.6V
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FIGURE 13. Linesr Remp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors R, and Ry may be
connected as in Figure 14. The time period for the out-

pyt high is the same as previous, 4y =~ 0.693 R, C.
For the outout low it is t, =

Rg - 2R,
[{Ra Rg)/(R4 + Rgl Cla [-———-—]
: . s - Ra
> 1
Thus the frequency of osciltation is & ——m
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FIGURE 14. 50X Duty Cyele Dacillator

Note that this circuit will not oscillate if Rg s greater
than 1/2 R, becsuse the junction of R, and Rg cannot

bring pin 2 down to 1/3 Vee and trigger the lower
comparator.

ADDITIONAL INFORMATION

Adequate powes supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1uf in
parallel with 1:F electrolytic,

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

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

Pin 7 current switches within 30 ns of the output
{pin 3) voltage.






