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ABSTRACT
This thésisis a fraction of measuring and controlling
temperature which is wused to apply in a work concerning adout
measuring temperature in industrial factory. This thesis
presents techneque for wusing and importantitems for bet;;f‘
underspanding in measuring temperature system. application of
these is 33%9 with termocuple which can measure in from of low
voltage and then can be changed into temperature by eletronic
and computer methods. The result of nmeasured Ltemperature
abtained from these methods is more clear and corrected.
In addition, these can measure 16 channels. whicheach
channel is independent each others. then result can be show 186

channels.
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LATCH

PORT
RS232

¢—_—> 8031

i~

A2

1)

AtoDd LCD {PRINTER
s PORT
E L ] L a3 /
SR .T
: 2 XN7 b
{ s ae 16 CHAMNEL |
16 CH MULTIPLEXER

#7UNRY PROGRAM.

Eﬂ 6.4 BLOCK DIAGRAM

, [ < ar [l P, 4 PN
Tudiunay PROGRAM T91iudund digdumii Tzl 6.5 Liluuwunil

< . , ‘
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C o

SETUP LCD
SETUP SERIAL PDRT
CHANNEL MULTIPLEXER = D

1

DUT CHANNEL

i)

INPUT A TOD

)

CONVERSE TO VDLTAGE
| spLuTiDN vOLT TO TEMP

4

LTD DISPLAY

PC DISPLAY

CH = CH + 1

CH > OF H

CHANNAL = D

< o o
Eﬂ?’l 6.5 uwugﬂaﬁﬂ"lﬂﬂ']‘fﬂq\‘l']uﬁ3\3'1\1’-]'5

&




0000

0000

2200

2200

0040

004cC

6058

0061

0064

0070

007C

007E

O07F

oos2

0083

0080

00698

0088

00938

00AC

1]

—-62-

CPU "C:\debuger\CROSS32\TBL\8051.TBL"

HOF "INT8"

e

.**************************************

*THIS PROGRAM IS PROGRAM PROCESS *

')

* BY CPU 8051 ' *

o ke ok s sk ok st sfeofe s s ok ok s abe b b sbe sk ok s ok b sk ok dke ok ok o 3k ok ok ok o ok K O

ORG 2200H

INCL ‘"Register.ASM"

MainAddro: EQU 40H
MainAddri: EQU 4CH
SUBADDRO: EQU 58H
SUBADDRO.Q* EQU : 61H
SUBADDR1: EQU 64H
SUBADDR2: " EQU 70H
SUBRO: EQU 7CH
MSR: , EQU 7EH
LCON: . EQU 7FH
DPL: | EQU - 82H
DPH: EQU 83H
P1: EQU 90H
RI: EQU 98H
TI: EQU 99H
SBUF : EQU 99H
ES: EQU OACH
g



00DO
00D4
OCEO
00E3
00ES5
OOES
OOE7
00FO0
2C00

EO0COo

EoC1

EocC2

EOC3

EODO

EOD2

EOD3

2200
2202

2206

= INPUTTABLE:

= LCD.Control:

-63~

= LCD.Busy.Flag:

b4

= LCD.Write:

= LCD.Read:

= AtoD.Conv:

-

»

£

= AtoD.Read.MSB:

= AtoD.Read.LSB:

>

S024FD

1224E2

T590FF

EQU
EQU
- EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

EQU

EQU

1LCD WRITE CHARACTER

EQU

EQU

EQU

3

EQU

ODOH

0D4H

OEOCH

OE3H

OE5H

OE6H

OETH

OFOH

2COO0H

OEOCOH

LCD READ WRITE REGISTER

0OEOC1H

OEOCZH

OEOC3H

LCD READ DATA FROM DD RAM

OEODOH

OEOD2H

A TO D ENABLE 8 MSBs ONLY

OEOD3H

LCD READ BF<BUSY FLAG>AND ADDRESS

A TO D INTIATE 12 BIT CONVERSION

A TO D ENABLE 4 LSBs + 4 TRAILING ZEROS

T
<

MOV

LCALL

MOV

g

\ {

DPTR
Show

P1,

, #Display
Screen

#O0FFH



2209

220B

220D

220E

220F

2210

2212

2214

2215

2217

2219

221B

221E

221F

2221

2223

2226

2227

2229

222A

222D

222E

2232

2233

7840 Start:

TAIC

E4

F6 ClearMemory:
08
DAFC
E590
04
540F
F590
7B64
SCEODO Input:
EC
TA20
DAFE ConverTime:
90CEOD3

EC

54D0

F8

S90EODZ2

EO

54D8

TAO4

C3 Shift.4.BIT:
13

C8

13

c8

MOV

MOV

CLR

MOV

INC

DJNZ

MOV

INC

ANL

MOV

MOV

MOV

MOVX

MOV

DJNZ

MOV

MOVX

ANL

MOV

MOV

MOVX

. ANL ~

MOV

CLR

RRC

XCH

RRC

XCH

RO, #MainAddroO

R2, #3CH

A

€RO, A

RO

RZ, ClearMemory
A, P1

A

A, #OFH

P1, A

R3, #64H

DPTR, #AtoD.Conv
A, @DPTR

R2, #20H
Ré, ConverTime

DPTR, #ATOD.Read.LSB
A, @DPTR

A, #0DOH

RO, A

DPTR, #ATOD.Read.MSB

A, @DPTR

.A, #ODSH

R2, #04H
o

A

A, RO

A

A, RO



223E
223F
2240
2241
2242
2243
2245
2247
2249
224A
224B
224C
224D
224E
224F
2250
2252
2254
2256
2258
2259
2258

225D

DAFS
7958

09

c8 -

09
Cc8
F7
C3
TAQCA
7858
7940
08
09
08
09
ET
36
F7
DAF9
7858
TAOC
7600
08‘
DAFB
DBBE

122321

Bank:

ClearBuff:

DJNZ
MOV
INC
INC
XCH
MOV
INC
XCH
MOV
CLRA
MOV
MOV
MOV
INC
INC
INC
INC
MOV.
ADDC
MOV
DJINZ
MOV
MOV
MOV
INC
DJINZ
DaNzZ

LCALL

R2, Shift.4.BIT
R1, #SUBADDRO
R1

R1

A, RO

@R1, A

R1

R2, #0AH
RO, #SUBADDRO

Ri, #MainAddro

RO

R1

RO

R1

A, @Rl
A, @RO
eRr1, A
R2, BANK

RO, #SUBAddro

R2, #OCH
@RO, #OOH
RO

R2, ClearBuff
R2, 1NPUT

Divide



. v

2260
2263
2265
2266
2268
226A
226B
226D
226E
2270
2271
2273
2275
2278
227B
227D
227F
2282
2285
2287
2289
228C
228E
228F
2291
2292
2294

2297

-66~

122321
7840
08
7600
7858
08
T6F9
08
T6TA
08
7600
7864
T5TE40
1223BA
7840
7964
12240B
122321
7840
7964
12240B
7870
08
76FF
08
7T60A
902T7EB

EQ

R
. <'$J

LCALL
MOV
INC
MOV
MOV
INC
ﬂOV
INC
MOV
INC
MOV
MOV
MOV
LéALL

MOV

MOV

‘'LCALL

LCALL

MOV

MOV

LCALL

MOV

INC

MOV

INC

MOV

MOV

MOVX

Divide

RO, #MainAddro
RO

@RO, #O0OH

RO, #SUBADDRO
RO

8RO, #0F9H

RO

8RO, #07ah sD7H
RO

€RO, #00H

RO, #SUBADDR1
MSR, #MainAddro
Multiply
Ré,'#ﬁainAddro
R1, #SUBADDR1
XChange

Divide

RO, #MainAddro’
R1, #SUBADDR1

XChange

RO, #SUBADDRZ

RO

@RO, - #OFFH

RO

@RO, #OAH
DPTR, #TABLE_j

A, @DPTR



2298
2299
229A
229C
229E
22A0

22A1

22A3
22A5
22AT7
22A8
22A8
22AA
22AB
22AD
22B0
22B1
22B2
22B4
22B7
22B9
22BC
22BE
22BF
22C2
22C4

22C7

FB

7840
TAOC
7600
08

DAFB

7858
7A08
EO

F6

08

A3
DAFA
122357
1B

EB
6015
T57TE64
7840
1223BA
7940
09
B7F900

50DF

ClearBuff3:

Operation:

ReadTable:

Fix:

Fix2:
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MOV R3, A

INC DPTR

MOV RO, #MainAddro
MOV R2, #OCH

MOV @R0O, #OOH

INC RO

DJINZ R2, ClearBuffs3
MOV RO, #SUBADDRO
MOV R2, #08H

MOVX A, @DPTR

MOQ @R0O, A

INC RO

INC DPTR

DJINZ R2, ReadTable ,
LCALL ~ Addition

DEC R3

MOV A, R3

JZ EE

MOV | MSR, #SUBADDRI1
MOV _ RO, #MainAddroO
L.CALL MULTIPLY

MOV R1, #MainaAddro
INC R1

CJNE &eR1, #O0F9H, Fix2
JNC Operation
LCALL Divide

SJIMP Fix



22C9
22CB
22CD
22D0
22D3
22D5

22Db7

22DA
22DA
22DD
22DF
22E1
22E2
22E4
22E6
22E8
22EB
22ED
22EF
22F1
22F3
22F4
22F§
22F6

22F7

7840
7958
122408
122321
7840
7958

12240B

754001
TALT
7940
09
7700
DAFB
7BOA
757E58
057E
057E
7TAO08
A9TE
E7

c3

13

F7
5007
7840

T94C

EE:

Hex.To.Dec:

ClearBuff2:

WordChange:

PowerLloop:

~68-

MOV

MOV

LCALL

LCALL

MOV

MOV

LCALL

INCL

MOV

MOV

MOV

INC

MOV

DJNZ

MOV
MOV
INC
INC
MOV
MOV
MOV
CLR
RRC
MoV
JNC
MOV

MOV

RO, #Mainaddro
R1, #SubAddro

XChange

Divide

RO, #Mainaddro
R1, #SubAddro

XChange

"HexToDec.ASM"
MainAddro, #01H
R2, #17H

R1, #MainAddro
R1

€R1, #00H

R2, ClearBuff2
R3, #0AH

MSR, #SubAddro

MSR

MSR

R2, #08H
R1, MSR
A, &R1

C

A

€R1, A
Make.2n

RO, tiMainAddro

R1, #MainAddri



2307
23098
230B

230E

2411
2313
2315
2316
2317
2318
2319
231A
231B
231C
231E

2320

2321

122311

7840

7940

122311

DAES8

DBEZ2

122415

022208

8AFO0

TAOC

C3

E6

37

D4

F7

‘08

09

DAF8

AAFO

22
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LCALL Add.BCD
Make.2n: MOV RO, #MainAddroO
MOV R1, #MainAddro
LCALL Add.BCD
DJNZ R R2, PowverLoop
DJINZ R3, WordChange
LCALL CHACK
LJMP START
Add.BCD: -~ MOV B, R2
MOV R2, #OCH
CLR C
Adding.BCD: MOV A, @RO
ADDC A, @R1
DAA
MOV @R1, A
INC RO ST
INC R1
DJNZ R2, Adding.BCD
MOV R2, B
RET
INCL "Divide.ASM"

we

we

we

B¢ 3 ok ke ok sk sfe ke ok sk sk sbe ok skeokoke ok sk ook ke ko e ok R b ke ok
* PROGRAM DIVIDE ¥

3k ob okokok ok ok ok ook dokok hd kb A b b kb ko

e,
ke L%



oy

2321

2330
2331
2332
2333
2334
2335
2338
2339

233A

233C

233D

233E

784C DIVIDE:
7958

18

TAl4
E6
75F00A DIV1:
84

Cc7

ca

D7

F7

EA
30E004
18

19 ol
7700 -
ES6 bIva:
C4

F6

540F

Ca

45F0

C4

DAES

kG

MOV
MOV’
DEC
DEC
MOV
MOV
MOV
MOV
DIV
XCH
SWAP
XCHD
MOV
MOV
JNB
DEC
DEC
MOV
MOV
SWAP

MOV

SWAP
ORL
SWAP
DJINZ
MOV

SWAP

RO, ?MainAddrl
R1, #SUBADDRO
RO

R1

@€R1, #00H
R2, #14H

A, €RO

B, #0AH

AB

A, @R1

A

A, @R1
@RrR1, A

A, R2
ACC.0, DIV2
RO

R1

@R1, #O0OH
A, RO

A

@RO, A

-A, #O0FH

R2, DIV1

A, @RO



234D

234E

234F

2351

2353

2356

2357

04

F7

18

19

E6

F7
7840
7924C
1é24OB

22

. 7858

7940

08

09

867C

ET

B57C16

T858

-71-

INC A

MOV eR1, A

DEC RO

DEC R1

MOV A, GRO

MOV €R1, A

MOV RO, #MainAddro

MOV R1, #MainAddri

LC%LL XChange,
ENDDIV: RET )

INCL "Add.ASM"

A 1)

.

e

Fokolok ko ok sk ok ok ok ol Kok ok Sk ok Sk ko K
L% 'PROGRAM ADD *

ke sfe sk sk sk s s ok s ok ke ek b ok e e e e b sfesk sk sk skl sk ke e ok ok

3 SubAddr0 + MainAddro =  SubAddroO -
Addition: MOV RO, #SubAddro

MOV R1, #MainAddrd

INC RO

INC R1

MOV Subr0, RO

MOV A, @R1

CJNE A, Subr0, NOBALANCE

MOV RO, #SubAddro



3

236D
236E
236F
2370
2371
2372
2373
2374
2375
2377
2379
2378
237D
237F
2382
2384
2387
238A
238C
238E

2391

ne
w
NeJ
%)

2395

E6

7940

67

7028

TACA

C3

08

09

08

09

E6

37

Fé

DAF9

8040

4007

7840

7858

12240B

784C

T5TE7T0

1223BA

794C

7858

12240B

80C4

» 7864

TO4C

s

Additionil:

NOBALANCE:

BALANCE:

»

MOV
MOV
XRL
JNZ
MOV
CLR
INC
INC
INC
INC
MOV
ADDC
MOV

DJINZ

- SIMP

dJc¢

MOV

" MOV

LCALL

MOV

MOV

LCALL

MOV

MOV

LCALL

SJMP

MOV

MOV

A, @RO

R1, #MainAddro

A, €R1
SUB
R2, #O0AH
Cc

RO

R1

RO

R1

A, @RO
A, @R1
RO, A

R2, Additioni1
EndAadd
BALANCE
R1, #MainAddro-
RO, #SubAddro
XCHANGE
RO, #MainAddri

MSR, #SUBADDR2Z2

‘Multiply

R1, #MainAddri
RO, #SubAddro
XCHANGE
Addition
RO, #SUBADDR1

R1, #MainAddri



239A
239C
239F
23A1
23A3
23A5
2BAT7
23AA
23AC
23AE
23B0
23B1
23B2
23B3
23B4
23B5
23B6

23B7

23BA

18

19

ET

867C

Bb57CO2

DAF®6

4007

7940

7858

12240B

7858

7940

TAOA

08

08

08

‘09

E6

a7

F6

DAFS

22

ve

e

e

-73=

CHKSUB1: DEC
. DEC
MOV
MOV
CJNE
DJINZ
SUBO: Jc
MOV
MOV
LCALL
SUB1: MOV
MOV
MoV
INC
INC
SuUB2: INC
INC
MOV
SUBB
MOV
DJNZ

Endadd: RET

INCL

RO

R1

A, &R1

Subro, @RO

A, Subro, SUBO
R2, CHKSUB1
SUB1

R1, #Mainaddro
RO, #SubAddro
XCHANGE

RO, #Subaddro

R1i, #MainAddro

R2, #0AH
RO

R1

RO

R1

A, @RO

A, @R1
@RO, A
R2, SUBZ -

"Multiply.ASM"

Fedo ok ek ok b sk ok sk ok b ok ot skeob b o sh ko ko sk ok ok okt

* PROGRAM MULTIPLY

¥

sk kb b sk b ook ook ok ok b o sk sk ok sk ko shek s kot b ko bk

s
- Feg

5
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_23BA ASTE MULTIPLY: MOV R1, MSR

23BC E7 i ' MOV A, @R1

23BD 7958 MOV R1, #SUBADDRO
23BF 27 ADD A, GR1

23C0 B41001 CJNE A, #10H, Add.10E
23C3 E4 CLR A

23C4 Fs Add. 10E: ~ MOV 8RO, A

23C5 08 INC RO

23C6 O57E INC MSR

23C8 09 JI INC R1

23C9 ET7 MOV A, 8R1

23CA A9TE B ¥OV R1, MSR

ZéCC 27 ADD A, @R1

23CD TAOB \ MOV R2, #0BH

23CF F6 ClearB&ffer: MOV: @R0O, A

23D0 08 INC RO

23D1 E4, ) CLR A

23D2 DAFB - . DJNZ R2, ClearBuffer”
23D4 C3 clr (o]

23D5 E8 MOV A, RO

23D6 940A SUBB A, #0AH

23D8 F8 . - MOV RO, A

23D9 T7AA40 MOV R2, £4OH

23DB OS5T7E MULTI1: INC MSR

23DD A9TE MOV R1, MSR

23DF 877C ’ MOV SUBRO, €R1
23E1 7958 MOV R1, #SUBADDRO
23E3 08 INC R1

O
. “{ng 4’,‘ 5 ...\
Yo



23E9
23EA
23ED
23EE
23EF
23F0
23F1
23F2
23F4
23F5
23F6
23F7
23FA
23FB
23FD
23FE
23FF
2401
2403
2404
2406
- 2407
2408

240A

09
EA
9406
FA

E7
857CFO
A4

26

F6

08

09
E5F0
36

F6

EA
30E601
06
92E6
14

FA
540F
7OE6
E8
9409
F8

EA
70D1

22

MULTIZ:

NOCARRY1:

INC
MOV
SUBB
MOV
MOV
MOV
MUL
ADD

MOV

. INC

INC
MOV
ADDC
MOV
MOV
JNB
INC
MOV
DEC
MOV
ANL
JNZ
MOV
SUBB
MOV
MOV
JNZ

RET

R1

A, #08H
RZ, A
A, @Rri
B, SUBRO
AB

A, @RO
@RO, A
RO
R1

A, B

A, @RO
@RO, A
A, R2

ACC.6, NOCARRY1

"@RO

ACC.6, C

A

R2, A

A, #0FH

MULTIZ ’ )
A, RO

A, #09H

RO, A

A, RZ

MULTI1



240B

240B

240D

240E
ZAOF
2410
2411
2412
2414
2415
2415
2417
2419
241B
241C
241D
2420
2423
2425
2428
242A
242C

242F

TAOC

E6

08
09
DAFS

22

7952
TEOF
7D03
18

E7
122459
BD0O205
TA42E
122471
DDF1
E590
B40708
902734
1224E3
8009
B40OFO06
902758

1224E%

XCHANGE:

XCHANGE1:

Chack:

Display2:

Isnot:

IsCHO:

INCL
MOV
MOV
XCH
XCH
INC
INC
DJINZ
RET
INCL
MOV
MOV
MOV
DEC
MOV
LCALL
CJNE
MOV
LCALL
DJNZ
MOV
CJNE
MOV
LCALL
SJIMP
CJINE
MOV

LCALL

"Xchange.ASM"
R2, #O0CH
A, E€RO
A, @RI1
A, ERO
RO
R1
R2, XCHANGE1
/
"WritePC.ASM" /
R1, #SubAddro + #-86
R6, #OFH
R5, #O03H
R1
A, @R1
WritePC
R5, #02H, Ishot

A, #2EH

.SENT

R5, Display2 -
A, P1

A, #07, IsCHO

DPTR, #Go.CHS8
ShowScreen
LineFeed

A, #0FH, LineFeed
DPTR, #Go.CHO

ShowScreen



2440
2442
2445
2447
2449
244C
244E
2451
2453
2456

2458

2459
245B
245C
245E
2460
2462
2463
2466
2467
24GA

246C

740A LineFeed:
122471

7A07

741B Return:
122471

745B

122471

7444

122471

DAEF

22

we

7F02 WritePC:
c4 ConvChar:
F5FO0

S40F

2430

D4

30E601

04

122471 WritePC1:
ESFO

DFED

MOV
LCALL
MOV
MOV
LCALL
MOV
LCALL
MOV
LCALL
DJNZ

RET

MOV
SWAP
MOV

ANL

ADD

DAA

JNB

INC

LCALL

MOV

DJNZ

A, #O0AH

SENT

R2, #O07H
A, #1BH

SENT

A, #5BH

SENT

A, #44H

SENT

R2, Return

A e e e e o s sk sk o s s e o ok s e ok sk sk sk b s e sk sk sk e sk e e ok ok ke
% SUB PROGRAM WRITE ASCII TO PC %

sk skokRok Kok okt kok ok ok Kok sk ok SR FOK ok o

A, #0OFH

A, #30H

ACC.8, WritePC1

R7, ConvChar
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246E E5FO EndWrite: MOV A, B

2470 22 N , RET

2471 C2AC SENT: CLR ES

2473 €299 CLR TI

2475 F599 MOV SBUF, A
2477 3099FD Wait1: JNB TI, Waiti1
247A C299 CLR TI

247C D2AC SETB ES

247E 22 /, ' \ RET

247F INCL "SetUpLCD.ASM"
247F S0E0CO SetUpLCD: MoV DPTR, #LCD.Control
2482 7438 MOV A, #38H
2484 FO MOVX @DPTR, A
2485 1224D3 LCALL WAITBF
2488 TA4OF MOV A, #OFH
248A FO \ _ MOVX @DPTR, A
248B 1224D3 'LCALL WAITBF
248E 74086 g MOV A, #06H
2490 FO \ MOVX @DPTR, A
2491 1224D3 LCALL WAITBF
2494 7401 . - - MOV A, #01H
2496 FO MOVX @DPTR, A
2497 1224D3 LCALL WAITBF
249A 22 RET




249B
249D
249F
24A1
24A2
24A5
24A86
24AT
24A8
24AA
24AC
24AD
24B0
24B1
24B2
24B4
24B5
24B8
24B9
24BC
-24BD
24BF
24C1
24c2

24C4

cosz2
co83
AETF

CE

20E60D

CE

ca

FF

540F

2430

D4

30E601

04

CE

S540F

CE

S0EOC2

FO

1224D3

EF

C57F

B2E7

FE

C57F

CE

20E7DD

30EB02

D2ET

WriteLCD:

CHGCHAR:

ENDCHANGE:

‘CHKCURSER:

-79-

PUSH
PUSH
MOV
XCH
JB
XCH
SWAP
MOV
ANL
ADD
DAA
JNB
INC
XCH

ANL

- XCH

MOV
MOVX
LCALL
MOV
XCH
CPL
MOV
XCH
XCH
JB
JNB

SETB

DPL

DPH

R6, LCON

A, R6

ACC.6, CHKCURSER

A, R6

A, #OFH

Ay/ #30H

ACC.6, ENDCHANGE

A, RS

A, #OFH

A, R8

~ DPTR, #LCD.Write

@DPTR, A
WAITBF

A, RT

A, LCON

ACC.7

R6, A

A, LCON

A, RE

ACC.7, CHGCHAR
ACC.6, NOTHEX

ACC.7



-80-

| 24CD D083 NOTHEX : POP DPH

24CF DO82 - , POP DPL

24D1 EF . ' MOV A, RT

24D2 22 RET

24D3 €082 WaitBF: PUSH DPL

24D5 C083 PUSH DPH

24D7 90EOC1 MOV DPTR, #LCD.Busy.Flag
24DA EO ReadBusy: MOVX A, @DPTR

24DB 20ET7FC JB ACC.7, ReadBusy
24DE D083 POP DPH

24E0 D082 l POP DPL

24E2 22 RET

24E3 - INéL. - “ShowPC.ASM"
24E3 A3 ShowScreen: 1 INC DPTR

24E4 EO MOVX - A, @DPIR

24E5 B48000 CJINE A, #80H, Next
24E8 7801 Next.: - MOV RO, #1

24EA 4004 JC CheckEnd

24EC F8 _ MOV RO, A

24ED A3 , INC DPTR

24EE EO MOVX ' A, @DPTR

24EF C8 XCH A, RO

24F0 B40302 CheckEnd: CJINE A, #03H, SentData
24F3 8007 SJMP EndShow

24F5 122471 SentData: . LCALL SENT

24F8 D8FB DJINZ RO, SentData

y ;

s,
&
i



Z4FA 8O0ET

24FC 22

" 24FD

Display:

..81_

01H

O1H

) SJMP ShowScreen
Endshow: RET
INCL "TypeTbl.ASM"
DFB OOH, OCH, ODH, OAH,

ODH, OAH, ODH, OAH
DFB O9H, OCSH, O1H, OCDH,

3FH, OBBH, 01%, ODH, OAH
DFB O09H, OBAH, QIH, OFFH,

3FH, OBAH, O1H, ODH, OAH
DFB OSH, OBAH, O1H, OFFH,

- OEH, ™16 CHANNELS SCAN TEMPERATURE"
DFB OFFH, 12H, OBAH, O01H, ODH, OAH
DFB 09H, OBAH, O1H, OFFH,

3FH, OBAH, O01H, ODH, O0AH
DFB O9H, OCCH, O1H, OCDH,

1FH, OCBH, O01H, OCDH
DFB 1FH, 0B9H, O01H, ODH,

OAH, O0O9H, OBAH, O01H, OFFH
DFB 1FH, OBAH, O1H, OFFH,

1FH, OBAH, ‘01H, ODH, OAH
DFB OSH, OBAH, O1H,

" Channel 0" OFFH, OEH, OF8H,
DFB "C "OBAH, O1H,

"  Channel 8" OFFH, OEH, OF8H,
DFB "C "OBAH, O01H, ODH, OAH
DFB 09H, OBAH, O01H,



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

* DFB

DFB

DFB

DFB

DFB

DFB

DFB

L1}

-82~

Channel
"C "OBAH,
Channel
“C "OBAH,
09H, OBAH,
Channel
"C "OBAH,
Channel
"C "OBAH,
09H, OBAH,
Channel
"C "OBAH,
Channel
"C "OBAH,
O09H, OBAH,
Channel
"C "OBAH,
Channel
"C "OBAH,
09H, OBAH,
Channel
“C "OBAH,
Channel
"Cc "OBAH,
09H,
Channel
“C "OBAH,

Channel

OBAH,

1" OFFH, OEH, OFS8H,
01H,
9" OFFH, OEH, OF8H,

01H, ODH, OAH
O1H, ‘

2" OFFH, OEH, OF8H,
01H,

10" OFFH, OEH, OF8H,
01H, ODH, OAH
01H,

3" OFFH, OEH, OF8H,
O1H,

11" OFFH, OEH, OF8H,
O1H, ODH, OAH

01H,

4" OFFH, OEH, OF8H,
O1H,

12" OFFH, OEH, OF8H,

C1H, ODH, OAH
O1H,
5" OFFH, OEH, OF8H,

01H,
13" OFFH, OEH, OF8H,
01H, ODH, ‘OAH
01H,
6" OFFH, OEH, OF8H,
O1H,

14" OFFH,

@
. -._‘ﬁ 4

OEH, OF8H,

01H

O1H

O1H

O1H

01H

O1H

01H

01H

O1H

01H

01H

O1H



Go.CHS8:

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB
DFB
DFB
DFB
'DFB

DFB

DFB

~-83-

"C "OBAH, O01H, ODH, OAH
09H, OBAH, O01H,

! Channel 7" - OFFH, OEH, OF8H,
"C "OBAH, O01H,

" Channel 15" OFFH, OEH, OFS8H,
"C "OBAH, O01H, ODH, OAH
O9H, OBAH, O1H, OFFH, 1FH,

OBAH, O01H, OFFH, 1FH

OBAH, O01H, ODH, O0AH, O09H,

]
0C8H, O1H, OCDH, 1FH ,
OCAH, O1H, OCDH, 1FH, OBCH,
01H, ODH, OAH
1BH, 5BH, 41H,- 1BH, 5BH,
41H, 1BH, 5BH, 41H

i1BH, 5BH, 41H, 1BH, 5BH,
41H, 1BH, 5BH, 41H

1BH, 5BH, 41H, -.1BH, 5BH,
41H, 1BH, 5BH, " 41H

1BH, .SBH, 41H, O09H, OS8H,

O09H, 1BH, 5BH, 43H
1BH, 5BH, 43H, 1BH, 5BH,

43H, 1BH, ©5BH, 43H
03H

OO0H
1BH, 5BH, 41H, 1BH, 5BH,
41H, 1BH, 5BH, 41H
1BH, 5BH, 41H, 1BH, 5BH,
41H, 1BH, 5BH, 41H

O1H

O1H



Go.CHO:

TABLE_E:

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

1BH, ©5BH, 41H, 1BH, 5BH, 41H

08H, O09H, O09H, O09H

1BH, ©5BH, 43H, 1BH, 5BH,
43H, 1BH, B5BH, 43H

03H

OOH

1BH, G5BH, 41H, 1BH, G5BH, 41H,
1BH, B5BH, 41H

1BH, S5BH, 41H, 1BH, 5BH, 41H,
1BH, SBH,T 41H

1BH, 5BH, 41H, 1BH, 5BH, 41H

ODH, O09H, O09H, O09H, 1BH, 5BH,
43H, 1BH, 5BH, 43H

1BH, SBH, 43H, 1BH, 5BH, 43H,
1BH, 5BH, 43H

1BH, 5BH, 43H, 1BH, S5BH, 43H,
1BH, 5BH, 43H

1BH, 5BH, 43H, 1BH, G5BH, 43H,
1BH, 5BH, 43H

03H

OAH
00H, ODH, 34H, 25H, D3H, OOH, OOH,
OFH, OCH, 4EH, 4BH, O0OH, OOH, OOH,
O0H, OCH, - 42H, O09FH, O2H, OOH, OOH,
OFH, OBH, OA7H, OB2H, 0O2H, O0OH, OOH,
00H, ©OAH, 12H, OB1H, O1H, O0OH, OOH,

GOH

OO0OH

OOH

OOH

00OH



TABLE_J:

TABLE_T:

TABLE_K:

DFB
DFB '
DFB
DFB

DFB

DFB
DFB
DFB
DFB
DFB
DFB

DFB

DFB
DFB_
DFB
DFB
DFB
DFB
DFB
DFB

DFB

DFB
DFB
DFB

DFB

OFH, OFFH, 3EH,
00H, OFFH, OATH,
OFH, OFCH, 42H,
0OH, OFBH, O2H,

00H, OF7H, 50H,

06H

00H, OOH, 62H,

OFH, OFFH, 12H,
1

00H, OFEH, OAAH,

OFH, OFCH, 49H,

0OOH, OFBH, 4T7H,

OFH, OF7H, O9SCH,

08H
O0OH, OEH, 5EH,
OFH, ODH,.ODOH,

00H, OBH, 58H,

_OFH, O0O0H, 7DH,

OOH,- OFEH, 5DH,
OFH, OFCH, T7T7H,
00H, OFBH, O1H,

OOH, OF7H, OEEH,

O9H
OFH, 08H, 6CH,
O0OH, O0O8H, OCZ2H,

OFH, O0O7H, OBA4H,

‘OF8H,

35H,
32H,
OEEH,
O3H,

OABH,

03H,
OFH,
0A5H,
T2H,
09CH,
OAEH,
OBAH,

0O3H,

OABH,
1DH,

OCEH,

4EH,
GETH,
OF5H,
4DH,
74H,

CESH,

O6H,
O4H,
OAH,
31H,
11H,
5FH,
59H,

O03H,

09H,
02H,

01H,

OOH,
00H,
00H,
27TH,

OD1H,

OC9H,

099H,

06H,

OO0H,
OOH,

OCH,

01H,
OOH,
00H,
0OO0H,

O0OH,

ooH,
00H,
0CH,
00H,
OOH,

OO0H,

o0H,
O0OH,
00H,
02H,
01H,
O1H,
OO0H,

OCH,

GOH,
OOH,

OOH,

00OH
00H
00H
00H

OOH

OOH
0OH
0OH
00H
OOH

O0H

OOH
O0H~ .,
OOH .
OOH
00H
OOH
OOCH

O0H

OO0H
00H

OO0H



TABLE._R:

TABLE_S:

DFB
DFB
DFB
DFB
DFB

DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

- DFB’

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

-86-

OOH, O05H, OB2H,
OFH, OFFH, OEDH,
OOH, OFDH, 4AH,
00H, OFCH, O0AB8H,
00H, OFBH, 094H,

O0OH, OF7H, 1AH,

09H

OFH, 13H, 20H,

00H, 12H, 28H,

OFH, 10H, O9AH,
00H, OEH, OEBH,
OFH, OCH, 090H,
OOH, OAH, 32H,
OFH, OFEH, 59H,
00H, OFDH, OA3H,

00H, OF7H, 15H,

OAH
OOH, 14H, 3FH,
OFH, 13H, OC9H,
60OH, 11H, 1DH,
OFH, 10H, 19H,
O0H, OEH, 7BH,
OFH, OCH, OEDH,
00H, OOH, 0ATH,
OFH, OFEH, 2AH,

O0OH, OFCH, T7EH,

60H,
0AAH,
1FH,
01H,
31H,

68H,

41H,
0ABH,
OFCH,
0AOH,
5DH,
OE6H,
T2H,
79H,

0B8H,

OCH,

O5H, -

OAH,
OBH,
07H,
O2H,
iCH,
0ACH,

OB6H,

OOH,
O1H,
083H,
28H,
08FH,

ODH,

O0H,
OGH,
O0H,
00H,
00H,
00H,
23H,
-0AH,

OFH,

00H,
02H,
OOH,
00OH,
00H,

OOH,

OOH,
OOH,
OOH,
OOH,
OO0H,
OOH,
01H,
O00H,

00H,

O0OH,
OOH,
OOH,
oo,
00H,
O0H,
02H,
O0H,

0O0H,

O0H
OOH
OOH
O00H
OCH

OOH

00H
00H/
00H
0O0H
00H
0OH
OOH

O0H

“00H

OO0OH

OOH

00H

O0OH

O0OH

OOH

OOH

O0H

OOH



0000
00EOQ
0OES
2311
2370
EOD2
224B
24A5
2256
23CF
2221
 232C
0083
23B9
24FC
22BC
2734

2C00

DFB

ACC.0O

ACC.86
ADD.BCD
ADDITION1
ATOD.READ.MSB
BANK
CHGCHAR
CLEARBUFF
CLEARBUFFER
CONVERTIME
DIVl

DPH

ENDADD
ENDSHOW

FIX

GO.CH8
INPUTTABLE
LCD.BUSY.FLAG
LCD.WRITE
MAINADDRO
MSR
MULTIPLY
NOCARRY1

P1

PSW. 4

00H, OF7H, ODFH, O08AH,
O0E3 ACC.3

00E7 ACC.T

2316 ADDING.BCD
EODO ATOD.CONV
O0F0 B

2415 CHACK

24B2 CHKCURSER
22E1 CLEARBUFF2
220E CLEARMEMORY
24FD DISPLAY
233C DIV2

0082 DPL

"24B1 ENDCHANGE
246E ENDWRITE'
22Cc2 FIX2

22DA HEX.TO.DEC
2437 1ISCHO

EOCO LCD.CONTROL
007F LCON

004C MAINADDR1
23DB  MULTI1

24E8 NEXT

24CD NOTHEX

22F1 POWERLOOP
24DA READBUSY

-87-

4CH,

00E5
23C4
2357
EOD3
2382
24F0
2397
229E
245B
2418
2321
22C9
2356
00AC
2758

2218

2428

47H, OOH, OOH

ACC.5
ADD. 10E
ADDITION
ATOD.READ.LSB
BALANCE
CHECKEND
CHKSUB1
CLEARBUFF3
CONVCHAR
DISPLAY2
DIVIDE

EE
ENDDIV .
ES

GO. CHO
INPUT
ISNOT
LCD.READ
LINEFEED
MAKE. 2N
MULTIZ2
NOBALANCE
OPERATION
PSK. 0

READTABLE



2393

23B2

0064

279A

28A86

0088

22ED

2467

RETURN
SENT
SHIFT.4.BIT
SUB

SUB2
SUBADDR1
TABLE_E
TABLE_R

TI

WORDCHANGE

WRITEPC1

0098

- 24F3

24E3

23A1

0058

0070

27EB

28EF

2477

2498

240B

-88-

RI
SENTDATA
SHOWSCREEN
SUBO
SUBADDRO
SUBADDR2
TABLE_J
TABLE_S
WAIT1
WRITELCD

XCHANGE

0099
247TF
2209
23AA
0061
007C
285D
281C
24D3
2459

240D

SBUF

SETUPLCD

START

SUB1

SUBADDRO. 9

SUBRO

TABLE_K

TABLE_T

WAITBF

WRITEPC

XCHANGE1
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Thernocouple A
Reference Tables

X A THERMOELECTRIC VOLTAGE IN ABSOLUTE RILLIVOLTS

DEG C ° 1 2 ] . $ . 1 L ’ 10

=210 ~8.09¢

-200 ~7.890 =7,912 ~T.9%4 <-7,958 -1,976 =-7.996 -8,017 -8,037 -8.037 -8.07é

4 190 ~7.639 =7,683 =7,707 =T,731 =7,73% <-7,778 <=7.,801 ~7.824 -7.846 -7.868

% -180 74829 =T.4855 =7,4R2 =7,508 -7.%33 -7,559 -7.384 -7,609 -7,63¢

.g) 4 A =170 =Te1%1 74209 =T4237 =7.26% =-7,293 =7,321 =-T.348 -T7,31%

~6.852 ~6.914 ~6.944 ~7.006 =T.034 =~7.064 =-7.093

Referénce Tables -1%0 -6.332 598 630 ~6,895 -6,727 ~6.7%8 =~8.790
N.I.S.T. Monograph 125 . =140 ~6.263 297 -6,36% -6.399 —6.068
-1%0 ~5.910 -3.946 ~6.018 -6.053 ~6.124
-120 ~5.502 ~3.%40 ~-3.578 ~5.653 ~5.764
-110 -8.076 ~5.11%5 =5,155 =-3,19¢ =-8,233 -3,272 -3
-100 SA.6T3 ~alT1h 4,733 -a.T95 -A.E36 -4.876 -4.916
-90 A.257 ~6,299 6,381 ~A,383 4,425 4,467 -4.508 —6.591
~80 ~3,829 ~3.872 =3,91% =3,958 ~4,001 ~-6,084 -4.087 -4,130 =-4.172
-10 ~3.389 -3,433 -3,478 -3.522 -3.366 =-3,610 -3.65¢ =-3,698 -3,742

~-60 ~2,892 =2,938 ~2.984 =3,029 ~-3,074 =-3,120 -3,165 ~3.210 -3.2%% -3.299

-%0 ~2,A78 2,526 2,370 2,817 =2.663 -2.709 -2.7%% -2.801 -2.847
-40 ~2,008 =2,0%% =2,102 =2,130 =2,197 =~2,244 -2,291 =2.338 -2.384
-30 ~14530 =1.578 -1.626 ~-1.674 =~1.722 =1,770 ~-l.818
-20 “1.066 =1,093 =1.1841 =1.190 =1.239 3
-10 ~0.530 =0.600 ~0.630 =0.899 =0.748
° -0.0%0 =0.101 "=0.1%1 =04201 =-0.291
DEG C 1 2 ] 4 ) . 1] 10
° 0.4% 0.3
10 0.967 1.0
20 1600 1.8
30 2,006 2.0
“0 2,932 2.9
S0 3.062 3.1
RED 44 3.995 3.6
T0 4,132 4.
- S0 A48T AT
0 $.213 8.2
I "ermccoup" 100 $.7%8 5.8
110 6306
BROWN ™% HH
] 130 T.402
4 i%0 7.953 8.0
lron 1%0 0,505 6.3
; 160 9.058 9.1
170 9. 9.612 9.6

10.000 10,166 10.2
210,955 10,610 10.666 10.721 10.7

’ 180 9.667

vs g 1% 10.222
10,999 11,0%% 11,110 11.165 11,221 11,276 11.3
11,95 11.609 11.66% 11.720 11.77

oF -
H . + 200 10,777 10,832 10.888
Co er_r,llckel . : 210 110332 11.387 11.e43
; 220 11.887 11.943 11,990 120109 12,168 12,220 12,276 12,331

12.387
12,498 12,953 124609 “12.664 12,720 12,776 12.831 12, 12.942 12,9

12. 7
240 12,998 15,053 135.109 18,168 13.220 15.273 13,331 13,386 13,442 13,497 13,5

250 13,553 13,608 13,664 13,719 13,775 13,830 13,086 13,941 13,997 14,082
260 4,108 14,163 14,219 14,274 14,330 14,385 14,441 14,496 14,332 14,607
270 14,663 JA,TIS 14,774 14,829 14,885 14,940 14,993 13,051 15,106 15.162

280 15,217 15,273 15.328 15,383 13,439 135,494 15,550 15.60% 1%.661 15,716
Extension 290  A5.T71 15,827 13.882 15,538 15,993 16.048 16,106 16.159 16.214 16.270
Grade 300 16,436 164491 16,547 16,602 16,457 16,713 16,768 16,823
210 9 17,064 17,210
320 17, 17:997 17.763
330  17.984 18.039 18.1%0 18,316
340 18,937 18,992 18,702 18,668 18,978

3% 19.144 19,199 19.2% 19,420 19,475 19.%30
360 19.693 19,751 19.806 6 19.971 20.026 20.081
.37 204247 204302 20.3%7 27 20.467 20,9523 20.578 20.623)3
* 380 20798 20853 20,909 204964 21.019 21.074 21129 21.164 21.239

3% 214293 21,350 214409 21,860 21.51% J1.570 21,625 21.680 21.73 21.791

400 21,846 21,901 21.9%6 22,011 22,066 22,122 22,177 27,232 22.207 22.342
410 224997 224483 22.900 22963 22,610 22,673 22,720 22.784 22.839 22.89%
420 22,949 23,004 23,060 23,119 23,170 23,225 23,200 23.336 234391 23.646

MAXlMUM TMPERATURE RANGE ::: ::::g: ;::::: ;::::{ 236667 23,722 23,777 23,833 23.888 23,943 23,999

28,220 F4,2TS ZA,930  ZA, 006 24,841 24,496 24,%92

Thermocouple Grade : 30 20407 2.4z WTE 2.1 20029 29 20998 2300 25108

32 to 1382°F 470 e 230712 2 26.216

480 264320 2 2 26774

0 to 750Qc >. A% 264089 26.94) 274109 : - 274220 27,

Extension Grade “adil SRR Axon | 1790 11,480 1.9 27,
i «00 «230 28. .
S20 28,567 0 28,793 29.019 29.
32 to 392°F ¢ $30 29,075 29,132 29.168 29,249 29.301 29.3%8 2 29.5%58% 29,
otozwoc ; sS40 29,642 29,698 29,755 29,812 29,849 29,926 29,989 30.039 30.0%8 30.153 0.

850  90.210 30.267 90,324 30,981 30,499 30,496 30,553 30.610 30.667 30.724 30,
s60 30,782 30,839 30.896 30,954 31,011 31,068 31,126 3).183 1,241 31.298 31,
ST0 314356 31,413 31,471 31,528 31,586 31,644 31,759 31.817 31.67% 31,
sso 21933 31,991 32,046 32,106 32,164 32,222 32,338 32,396 32.45% 132,

LIMITS OF ERROR $90 32,513 32,571 32,627 32,687 72,746 32,804 32,921 32.97% 33.0%8 31,

(wh‘chever‘s G[ea‘er) . 600 !’-0': 35,195 33,218 33,272 33,330 !)¢’l:

33,506 39,563 33,624 133,
33,742 33.600 33,839 33.918 1

36,095 34,159 34,2046 34,

Standard: 2.2°C or 0.75% 30 30807 3e.326 Decons 33s006 3.109 30219 39.205 33,388 35,008 351
SPEC|8|:1.1°C or 0.4% 680 FS.A64 35,520 35,584 33,664 35,706 35,764 35,825 35,865 35,945 36,003 36.

650 35,066 36,126 36,1806 36,247 ‘l;!o? 36.368 36,428 90-‘.9 36,549 4.610 36,
680 36,671 36,732 36.792 36,853 36,914 36,979 37,036 37,097 37.1%8 37,219 31,
670 37,260 37.341 37,402 37,463 374523 37,5806 37,647 37.709 37,770 37.831 37,

\ : : 680 37,893 37.954 38,016 30,078 358,139 38,201 38,262 35.324 3B.386 38.040 38,
COMMENTS, BARE WlRE a0 38,510 38,572 98,633 38,695 8,757 36,819 10,882 32,944 39,006 35,088 39,

ENVIRONMENT: Too Jeiise sees Bl il t00ek 400391 40193 R
. H H 1 404 40. 404 40, r
Reducing, Vacuum, Inert; Limited Use T30 A1) ALOTe ALLLYe o203 Alizes 1.3t R
i Oxidizing at High Temperature; M0 A1.6A7 41710 41,778 61,897 &1.901 41,968 2156 a2.219 <2,
h{)‘k Recommended fOr LOW . . ;:g :::::: .ll.sh_‘l A2,811 42,478 42,838 4A2.602 s &2.798 42,058 a2,
Temperatures B i
DEG C o 1 2 ] L} $iss 1] 7 L] s ]
TEMPERATURE IN DEGREES °C Note: NiST {forme: iy NBS) [« planning on revising the Tharr couple Raf

REFERENCE JUNCTION AT 0°C Tables, and OMEGA will publish these new tsbles as soon ee {13y ar8 refe




~240  ~6,34s8
-230 ~b,262
=220 ~6.1%80
=210 ~6.03%
=200 -5.891

-1%0 -5,730
~180 -5,5%0
=170 -5,354

-0 ~p.717
=10 ~0.392
«0 0.000

2350 10,151
10,360

270 10,960
280 11,30
2% 11,793
300 12.207
310 12,62
320 13,03
130 13,456
340 13,074
350  1a,292
360 Ja,T12
370 1%5.132
380  15.5%2

3190 15,974

420 17,24)
430 17,664

440 18,080

450

460

‘7

450 - 19,788
490 20,214
500 20,640
510 21,068
320  21.49)
5 21,919
540 22,348
$s50 22,712
560 23,198
$70 23.824
S80  24,0%0
890 24,476

400  24,%02

" C °

i

=-6.170
~6.048
=5.907

~5.747
=5.569
54374
~5.16)
~4,936

~4.6%4
-4 1

3
=0.018
=0.4351
=0.03%

13,915

Je.334
16,754

16.016

16,438
16,860
17.28%
17.707
18.131

19.831
20.257

20,683
21.109
21,5358
21.962
22,388

22.801%
23,241
23,667
24,073
28,519

24,9

THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS
s

~b.bhe
6013

0
18]
~6.061
=5.922

=5.783
-5.587
=5.394
~5.10%
4,959

~4,719
~4.48)
-4, 193
=3.910
=3.616

10.233
10.641
11.051
11,463
11.876

12.2%9
12.706
13,122
13.539
13,

14,37
14,79
15.218
15.636
16,050

57

16,400

1.7

18,598
19.023
19.448
19.873
20,299

20,729
21,182
21.878
22,004
22.431

22,857
23,284
23.710
24,136
24,561

2,507

=5.207
~4,983

-4, T4
~A, 009
-Ae221
~3.939
~3.644

veker,

10,274
10,602
11,093
11,504
11,918

13,999
16,410

15.679
18,100

16,522
16,945
1

a7
22,47

2i.900
234326
23,782
24,178
24,604

25.029

.

~6.450
~6.021

=6.371
~64297
~6,202
~6.,087
=5.951

=5.796
” 24
o434
=5.228
=5.006

~4,768
=4,513%
~4.248
=3.968
=3.674

=3.368
~3.050
=2.721
~2.301
~2.032

=1.673
=1+30%
=0+930
~0a547
-0.157

10,315

10.72%"

11,134
11,56
11.959

12,373
12,789
13.20%
13,622
14,041

14,480
14,880
15.300
15.721
16,142

16,588
1 87

20,305

20.811
21207
21,663
22,090
22516

22,962
23,369
23,795
24,221
24,640

%012

~6.482
~6hah2%

~A. 792
~4.541
~4.276
3,997
=3.704

L]

: |

~6.453 7 =5,4%8

~6,429

~6.382
=6.314
~6.223
=6.111
~5.980

~2.067

~1.70%
=1e342
~0.968
~0.58%
~0.197

18,083

14,502
14,922
15,342
15.763
16,104

16,607
17.029
17,453
17.876
18,301

18.72%
19.15%0
19.57%
20.001
20,427

20,0953
Z1.200
21.706

22.132 |

22,9559

22,988
23,411
23.887
24,263
24,609

25,114

10,396
10.80%
11,238
1l.628
12.082

12,458
12,872
13,209
13,706
14,128

14,544
16,968
15,304
15,808
16,227

16,649
17,072
17,485
17,919
18,34

18,768
19,193
19.610
20,044
20,470

20,896
214322

22,601

23,028
23,454
23,880
24,308
ELTRS D

25,187

~6.432

~b.308
~6.322
-6.233
123
~5.9%4

=5.045
~5.678
~5.,493
~5.292
-Q.OPS

-4,041
~4,593
~4330
~4.0%3
=3.764

~3,461
~3.147
~2,82)
~2,484
-2.137

=1.781
=l.418
~1.043
~0s662
~0.278

10,029

10,437

12,498
12,916
13,331
13,7480
14,167

164,586
15.006
15,426
15.847
16,269

16,651
17,114
17.837
17.961
18,385

18.010
19.235
19.861
20.086
20.512

20.938
S

23.070
23,497
23,923
24,340
20,774

28,19

~bat56
~6.43%

-6.394
~6.329
~64243
o135
~64007

~5.860
=5.69%
=5.%12
=5.313
-5.097

~ho065
~A.b18
~4.357
~4.082
=3.793

~3.492
=3.179
=2.0%%
~2.518
=2.173

=1.017
=1.4353
=l.081
~0.701
~0e314

10.070
10.478
1

1.

12,128
12,539
12,958
13,372
13,790
14,208

14,620
15.040
15,488
15.809
16.311

18.733

2.607

23,119
23,599
28,965
244391
26,017

5.4

=645
-6.438

~6.399
-6.337
~6425)
6,147
-6.021

~5.87¢
-5«712
~5.531
~5.333
~5a119

-3.523
~3.211
-2.007
-2.9%2
~2.200

~1.905%)
=1.4%0
~lelld
-0.739
~0.353

1p.113
10519
10

11.752
12166

12,501
12,997
13.414
13,832
14.2%0

14,670
15,09
15.%10
15.931
16.353

16,776
17,199
11.622
10.04¢8
18.479

18,893
19.320
19.746

20,172 °

20.5%¢

21,024
21.450
21.876
22.303
22,729

23.1%
23,582
24.008
26,434
24,059

25.204

=5.891
=3.730
=-5.55%0
=5.354
~5.141

~4.912
~4,669
~4.0l10
~4.138
~3.852

=3.5%)
-3.242
=2.,%20
~2+586
~2e24)

=l.009
=1.527
=1.156
-0.777
~0.392

10,181
10.%60
10

11.793
12.207

12,8
13.0
13,456
13.874
14.292

18,712
15.132

1t.088
10,513

je, 938
19.362
19.708
204214
204640

21.068
21.493
21919
224348
2.112

23,190
23,624
24.0%0
244476
24,902

25.327

10

-5
~40

Note: NIST (formerly NE 3) Is plenning on revising the Thermocouple Rsfarence

Tables, and OMEGA will publigh these new tables ne soon es they are it/ 2sed.

Thermocouple
Reference Tables

RED

Thermocouple

BROWN  Grade

Nickel-Chromium
VS,
Nickel-Aluminum

YELLOW

MAXIMUM TEMPERATURE RANGE
Thermocouple Grade

—328 to 2282°F

—200 to 1250°C

Extension Grade

32 1o 392°F

0to 200°C

LIMITS OF ERROR

(whichever is Greater)

Standard: 2.2°C or 0.75% Above 0°C
2.2°C or 2.0% Below 0°C -

Special: 1.1°C or 0.4%

COMMENTS, BARE V/IRL
ENVIRONMENT:

Clean Oxidizing and Inert; Limited
Use in Vacuum or Reducing; Wide
Temperature Range; Mos: Popular
Calibration

TEMPEF ATURE IN DEGREES °C
REFERENCE JUNCTION AT 0°C



Thermocouple | c . |
Rete rence Tables otec’ O 1 2 . . L] . 1 . ’ 10 besc

THraMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS

800 24,902 24,944 244987 23,029 23,072 25.114 25,157 2%.199 2%.242
elo 23,327 25,012 25,454 25,497 25,539 25,624 25.686
51

%327 €00
25.751 el

620 25,879 25,921 25,966 26,048 26,091 ?l.l” b2
630 26,303 264345 26.987 26,472 515 59 (31
40 % 284726 26,769 24,811 26.8% 26,938 2700" a0
650 27,065 275107 27,149 27.192 27,234 274318 27.361 27.403 27.448 (30
660 27,887 273329 27,572 27.614 27.8%6 27 0 27.783 27,823 27.867 660
€70 27.905 274951 21,993 Il.o!! 28,070 2 20,204 28,246 eT0
680 284330 284372 28,414 28,498 28,583 28,625 28.667 oo
6% l.-"o' 20,731 28,793 28,83 1l.l71 28,919 20,961 29,002 29.044 29,086 %
T00 29.128 29,170 l'o 12 29,256 29,296 29.330 29,380 29,422 29.464 29.%0% 700
Ti0 29,347 29.589 294831 29.673 29.715 29.7%6 29.840 29.924 10
T20 29.96% 30.007 3Q4049 30 1 30.174 30.2%7 30.301 120
130 )0.3.) 30.424 304466 30 304591 )0-0)! 30,674 30.716 30.757 e
Tao 30. 30,840 30,882 30.924 31,007 31,090 31.131 31.173 e
750 31,214 31,2% !lé,"’ 31339 31,380 91.422 31,504 31,548 31.587 31,629 50
Té0 31,629 31.870 31.312 )I.ﬂ! 31794 31.83% 314918 31.960 32.001 32.082 ™0
770 32,042 32,084 32,207 32.249 324301 324372 32.414 32,485 176

Te0 32,459 32,498

32,619 32,841 32.702 32.70) 324825 32.%64 80
70 32,866 32.%07

32.784
93,031 32,072 33,113 35,154 33,195 33.2% 33277 %
800 33,277 33,318 33-3’, 93,400 33,441 33,482 39,529 33,564 33,006 33,643 33.686 0o

32.9%0

810 33,686 33,727 33,758 33,809 33,850 33891 33,951 33,972 34,013 34.0%4 34.0%3 sle
620 4,095 34,136 34,076 IAL21T 34,258 34,299 BALSIV 34,3080 34.A2] 3a.s6l 34,802 o
30 4,502 344543 458D FALR24 34,665 SALTOS 3A,.TA6 A TET 34,827 34,068 34,900 "o

34,909 34,949 34,990 95,030 35,071 35,111 35,182 35,192 35,233 35,273 13%5.314 "

35,314 35,354 35,395 35,435 35,476 33.516 95,387 35,597 35,637 35,678 35.718
35,718 35,758 35,799 35,839 35,960 36,000 36.04) 1 3

36,121 38.162 36,202 36,242 $6.,803 36,443 36.524

36,524 3s, 36,604 36,644 356,006 36,044 36,928

36,929 36.965 37.00% 37.045% 37.128 37.20% 37.249 37.32%
900 37.32% 37.36% 37,048 37,524 37,604 37.644 7720
910 37,724 37,764 37,843 2 37.92% 38,082 a2
20 3 38.162 38,241 3 30,3519
30 3 38,558 30,598 38,838 38,796 30,036 38.875 38,919
90 38 30,954 30,994 W’ 12 !'.I!l 39.191 39,231 39.270 39.310

930 39,310 39,349 I9.IB0 IIIRTFIIINETTI0.007  39.346 39.305 39629 39.664 39.703
960 39,703 39,743 39,782 39,821 39,861 39,900 39,939 39,979 40,018 40.057
970 40,096 40,136 404175 40,214 40,233 40.292 40,332 40,371 40.410 40.449
T80 40,488 €0.527 40,568 40,603 40.643 40.684 40,723 40,7627 40.601 40.840
BROWN P90 40,079 40,918 40.937 40,996 41,035 41,074 AL.113 61,132 Al.191 &1.290

1,000 41200 ALaT ALiaes ALaze ALeds 4Lz 4Ll
- ¥ . 1,010 41 6 AL1.T73% Al,774 Al.8%0
Nickel-Chromium i
y 1.030 42,470 42,509 42,%0 42,740
3 1,040 42,856 42,894 42,933 a3.010 ar.1zs
vs 140%0 43,200 43,279 A8,317 43,998 AS.AT1 43,509 43,587
L 1,060 A3.624 A3.062 43,700 as. N AF.853 43,890 43,930 A
. A . 1.070 46,006 44,088 2 as189 48,235 44,273 A4.311 4a.3a%
1,080 44,367 44,425 84,463 84539 840633 44,691 44,729
- 1,090 A.T6T 44,808 44,843 S4.919 84,957 SA.PPS 43.033 45.070 45.108
1,100 a3.148 45,188 45,222 43,305 45373 45,411 AS.6AE aS.aue
1,110 43.524 43.361 43,599 45,712 AS.750 4S.787 45.823 43.83
1:120 43,900 45,938 45,978 48088 46,126 46.163 46,201 46,298
3:130 48.275 48.313 46,350 46,423 46,463 46,500 46.537 46,573 6.6
1s140 RE.649 AB, 00T 40,724 46,761 46,799 48,838 46,073 86,910 €5.948 A6.988

15190 46,909 47,022 47,059 AT,09 AT.134 47.171 AT.200
12160  4T.356 47,393 47,430 AT,.468
10170  AT.726 AT.763 42,800 a7.937
14100 40,095 4p,132 48,165 48.20%
10190  S8,062 48,499 40,336 48,372 e,

ATL.282 AT.I19 aT.3%
47.6%3 A& 14d
o 21

AT.T26
48,093
62
28

a8,

1,200 a8,820 49.010 49,047 49.120 49,156 49,192
1+210 49,192 49.374 A%.410 49,483 49,519 49,959
1,220 49,938 49,736 A%, 172 49,0644 47,000 A9.91¢
14230 49.916 49,932 A'.’Ol 50024 50.060 50.096 50.132 350,168 50.7064 50.240 50,276
. 14200 30,276 304311 50.347 50,383 50,419 350,455 0,491 90,526 50.%62 S0.598 S50.439

14250 504633 30,669 50,705 50,741 50,776 50,812 50.047 S0.6835 50,919 50.954 30.990
14260 50,990 51,025 31.061 31,09 51.132 $1.167 S1,20% 51,309 S1.344
1.270 S1a344 51,300 51,419 51,450 51,488 $1.%21 S1.%%6 51682 Sl.ev7
1,280 $1.697 51,733 51,768 351,809 S1,838 S1.873 S1.900 $2.014 52,049 '280
19290 ° 52,049 52,084 52,119 92,184 S2.189 52,224 $2,25% S2.%64 52,39 1.%

MAX|MUM TEMPERATURE RANGE % 14300 $2,398 52,439 52,460 32,503 52,538 82,573 82,712 82,747  1,%¢

14310 52,747 52,781 92,816 52,051 92.886 52,920

’lc‘ol

. 53,089 $3.099 131
Thermocouple Grade : 30350 350030 B3ea1s 83507 SR BE 90iss” Aoy 33.716 33,748 33.767 5:3&
— 328 to 2282°F 14360 53,762 33,817 $3.851 23,065 53,920 53,954 54,057 34,091 34,128 1.3a4
Z 20010 1250°C 2 T i g nod B

1370 Sa.8el Se.678 ; s 130
Extension Grade bee ¢ ° 1 2 3 . TEpERhe ] N i 10 oeec

3210 392°F T
010200°C

LIMITS OF ERROR . : i s e SRl
(whichever Is Greater) 3 A
Standard: 2.2°C or 0.75% Above 0°C : o

2.2°C or 2.0% Below 0°C : ; : ' Ea
Special: 1.1°C or 0.4% : Bt & :

COMMENTS, BARE WIRE ; 5 :
ENVIRONMENT: : &
Clean Oxidizing and Inert; Limited

Use in Vacuum or Reducing; Wide

Temperature Range; Most Popular

Cahbratton

TEMPERATURE IN DEGREES °C I'NF'.;N'
REFERENCE JUNCTION AT 0°C

&

T (formerly NBS) s plenning 0! revising the Thermocoup!s Referen
Tables, and OMEGA will publish these now tables ae soon as they ais relessed




Te0

150
Tsc
10
Te0
%0

€6 ¢

-7.963
=1,631
-1,279

-4, 717
-4,301
=3.811
~3.306
-2.787

=2.2%
~1,709
~1.151
~0.501

0.000

12,681

S13,6019

16,161
14,509
13 1
16,417

1T.178
17,942
18,710
19.481
20.2%¢

21,093
21,814
22,591

_23,383

26171

24,961
25,754
26,549
21,348
28,143

20,94
29,744

30.546

31.3%0
32,1%5

32,960

“0.23

41,085
&1,05%
a2.007
A3, 400
48,278

&s,08%
45,891
48,897
47,%02
“8,306

49,109
a9.%11
50,713
51.513
s2.312

$3.110
$3.%07
sS4, 703
$5.498
36,291

51,003
57,873
50,663
59,451
60,237

~9.802
-9.728

12,755
13,493

16.493
17,254
ois

19.558
20,333

21.011
21.892
22.67%
23,461
2a.2%

25,081
235,833
26,628
2r.428
.22

30.627
31.430
32.235

33,041

39.5%07
40.316

41.12%
41934
42,743
43,951
as.358

45,169
as.972

A9.189
49,992
50,793
514593
52.392

53.1%0

58.370

57.162
57,
S

.

:

THERMOELECTRIC VOLTAGE IN ABSOLUTE WILLIVOLYS

=9.808
-9.107

~6.903
~64596
~6.190
=5.167
-5.327

12.028
13.%67
14,310
15.059
15.812
16,569

17.330
1 95

1 64
19.636
20.411

21.189

23%.120
25.913
26,708
27.504
20.%0%

29.103
29.504
30.707

S1.511
32.%16

33.122
33.928
34,736
35.544
36,352

37.161
37.970
35,719
39.588
40,397

41.208
42.01%
42,824
43,832
ELTL R L]

45,248

a8, 007

49.270
50.072
50.873
51.673
52.472

S6.44%

57.241

LIRS
2

-9.013
-9.748

~T+020
«633
231
=3.810
~5.371

~4.916
~A,046
~3.9%9
=3.459
~2.944

~2.416
~1.874
-14320
0,754
~0:176

13,641
14,385
15.134
15,887
16,645

17,408
18,172

214267
22.048
22,832
23,619
24,008

2%.199
25.992
26,787
27.504
28,00

29.18%
2% .
30.787

31.%91
32,39

33.202

36,433

37242
36,0581
38,060
39.669
40.478

ale287
42.0%8
42,904
a3, M2
48,520

43,327
. M

49,350
50,152
50,953
514753
524952

$3.3%0
Sa.lec
54.94)
3547386
SE.529

57.320
5 10

.

-9.817
-9.754

10.072
10,709
11.512
12,241
12,975

13.71%
14,480
15.209
15,963
16,721

20,588

21,348
22.127

32,471

33.20%
34,090

37.32%
36.132
38,941
39.7%0
40,559

414308
42,17
h2.%8%
43,793
44,801

AT 824
40,627

4%.430
50.232
51,033
S1.833
52.632

53,429
Se.226
55.021
55.815
S6.608

57,399
s8.189
58.978
55.76%
60581

-

-9.821
~9.762

-'.ll‘

9,710 °

=7.093
~6.714
-6,314
~3.896
~3.460

-3.009%
«541
050
~3.560
~3.048

-2.522

-0.292
L]

0.950
1.495
2.109
2.732

3.364
4,005
4.655
5.314
5.981

6.656
T.339
8,029
8.727
9.432

10.143
10.861
11.58%
12.314
13.049

13,789
14,534
15,284
16,038
16,797

17.559
18,325
19.095
19.868
20.644

21.423
22.20%
9
7
24,566

25.357
26.1%
26.947
274744
28.5%4)

29,343
30.143
30.948
31.752
32.5%7

33.%64
34,170
34.978
35,786

36,598

37.40%
38,213
39.022
39.831
40.840

41049
42.2%8
43,066
43,074
A4.08)

45,400
.

48,708

49.5)0
50.312
S1.11)
$1.913
$2.711

$3,%0¢
S4,30°
9%.100
55.894
s6.687

ST.470
58,268
59.057
ST EAN
60.630

s

-3.1%2

-2.620
~2.092
=1.543
-0.982
=0.408

~T.206
-6+830
64436
~6.02)
=5.593

=5.148
3
~4.204
~3.711
~3,203

~2.68)
=20 148
~14399
~1.030
~0.466

10,218

10,933
11,657
12,387
13,123

13.864
14,609
15,359
16,114
16,873

17.636
18,802
19.172
19,945
20,722

21.%01
22,283
23,068
23,858
24,645

25,437
264230
21,026
27,824
28,623

32,638

33,440
34,251

40,721

Al.530
42,339
a3, 067
43,998
ah. 782

45,569
s

»

.
AT,
AR, 788
49,591
50,392
51.193
51.993
52.791

53.589
54,308
s5.180
55,974
56,766

$7.557

56,347

$59.136

$9.923

€0, 708
3

10.286
11.00%

11,730

12,461
139

13.938
16,6804
15,438
16.190
16,949

17,712
1 7

20.023
20.800

21.51¢
22.362
23,147
23,93
28,724

2%.51e
26,310
27,106
27.%03
28,70y

29.503
30.30%
31.109
31.913
32.Mm9

33,.%28
34,332
35.140
35.940
36.75%6

37.56%
38.37%
39.184
39.993
40.802

al.811
42,4819
a3.220
44,038
LU T8 )

45,889
46,455
47,260
48.06%
a€.B68

49,671
50.472
51.273
52.073
52.87)

$3.668
54,4648
55.2%9
56,053
56,845

57.636
58,426
%214
€0.001
60,787

¥

10.358
11.077
11,803
124534
13.27M

14.012

“14L T8

154510
164266
17,025

1T.789
18,556
19.326
204100
204877

21.6%7
22.440
23,225
24.013
24,803

25,595
264989
274186
27.983
28,783

29.584
30.388
31.789
31.996
32,799

33.60%
34,413
3%.220
36,029
36.837

39.264
40,074
40.803

al.e92
42.%00
ad.308
ah 116
48,923

45.7%
46538
47,341
48,145
AB.949

45,751
50,553
51,353
52.1%2
82.9%1

53.748
4. %6k
85.339
$6.132
56,924

57.715
$8.%0°
59.293
60,080
€0.065

-2.734
=-2.200

10.429
11.1%
11.878
12.808
13,345

14.087
14.83¢
15,585
16.34)
17.101

17.865
18,633
19.404
20.178
20,955

21,735
22.%518
23.%04
24,092
26,082

25,475
264469
27.265%
28,083
8,00

29.664
30.466
31.270
32.074
32.880

33,686
34,493
35.30)
3 09

st 27
3

536

3
40,155
40,964

4177
42.581
43,309
A4,
45,004

A5.811
. 16

49.029

49,831
504633
$1.43)
52.232
$3.031

53.820
S4.862)
$5.418
56,212
$7.004

57.794
SE.564
59,372
€0, 159
60,944

=2.787
~2.254
=1.709
=l.151
-0.581

13,419

148.161
9

16.417
1T.178

17.962
1 10

204256
21,082

21.014
22.591
23,383
24171
24,961

25,754
264549
27,348
28,143
28,943

29744
304546
31.3%0
324155
32.960

33.767
34,574
35.382
36.1%0
36.999

37.808
3t.617
39.426
40.236
41.04%

41.853
42.662
43.470
AhL278
45,085

“5.891
87
47.%502
48,306
49.109

49,911
50.713
51,513
52.312
s3.310

53.907
544703
55,498
564291
57.08%

57.873
58,663
59.451
804237
4l.022

10

L o
& @‘;
iR

=

690

700
710

130
T40

750
1¢0

180
190

b6 C

Thermocouple
Reference Tables

TYPE

Reference Tables
N.1.S.T. Monograph 125

Nickel-Chromium
EhE L N
- Copper-Nickel

PURPLE

PURPLE

MAXIMUM TEMPERATURE RANGE
Thermocouple Grade

— 328 to 1652°F

— 200 to 900°C

Extension Grade

32 to 392°F

0 to 200°C

LIMITS OF ERROR

(whichever is Greater)

Standard: 1.7°C or 0.5% Above 0°C
1.7°C or 1.0% Below 0°C

Special: 1.0°C or 0.4%

COMMENTS, BARE WIRE
ENVIRONMENT:

Oxidizing or Inert; Limited Use in
Vacuum or Reducing; Highest EMF
Change per Degree

TEMPERATURE IN DEGREES °C
REFEJAENCE JUNCTION AT 0°C



Thermocouple
Reference Tables

DEG C

TYPE ==

Reference Tables &
N.1.S.T. Monograph 125

TYPE

Reference Tables
N.1.S.T. Monograph 125

DEG C

RED

Thermocouple o -

BROWN  Grade
Copper A &
. VS. A e
Copper-Nickel J AShSy

BLUE g :
. + 10
Extenslon 3
Grade i
S0
. 60
]
0
100
110
MAXIMUM TEMPERATURE RANGE 136
Thermocouple Grade v
-328 10 662°F . 130
- 20010 350°C 170
Extension Grade } 1%
-761t0212°F ) 200
-6010100°C 120
L 2%
LIMITS OF ERROR =
(whkshevev is Greater) ;:g
Standard: 1.0°C or 0.75% Above 0°C : Ato
1.0°C or 1.5% Below 0°C . 290
Spaclal: 0.5°C or 0.4% 300
‘ 30
COMMENTS, BARE WIRE ENVIRONMENT: it
Mild Oxidizing, Reducing Vacuum or Inert; 330
Good Where Moisture is Present; Low 360
Temperature and Cryoganic Applications 300
190
TEMPERATURE IN DEGREES °C : g%0
REFERENCE JUNCTION AT 0°C o B ¢
27
4 n;

61,022

67,243

T1.83%

72,593

73.3%0

74,104

74,057

75,608

76,958
L

~6.258
-6.232
-6,101

~3.65%6

11,456

12,011
12,512
13.137
13,7017
14,281

14,860
13,443
16,030
16,621
17.217

17,816
18,420
19.027
19.638
20.252

20.86%
o

s1.101
61.804
62.666
63,446
64,22%

63.002

58,092

68,860
69,626
T70.390
T1.151
Ti.911

T2.689

7 32
T5.683

~6.236
-6.107
~6.114
-6.018
-5.901

~5.761
~5.619

~3.456
~9.279
~5.,089
~4,888
~4.670

4,442
o2

=3.684
=3.407

-3.118
~2.818

9.33%
9.874
104414
10,960
11.511

12,067
12.628
13.194
13.764
16.339

14,918
15.5%01
16.089,
16.52)
17.277

17.877
18.480
19.088
19.699
204314

.

s

L3

L

THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS

61.179 61.2%8
61.962
62.744
63.534
64,309

£5.0 85,187
65.88% 65,932
66,6 66.70%
67.399 87.476
68,189 58,246

.~"n.e 18

7
T5.8D7  73%.082

41,336
62.119
62.900
€3.600
64,050

63,238

67,553
68,323

69,090

2,096
73,852
74,408
75.187
75,908

.

61,414
62.197
62.978
63,758
64,536

€5.312
66.087
66,839
67.630
68,399

69,166

L 89.931
T0.6%4

T1ads6
T2.21%

T2.9M2
T3.727
TA 480

7

61,493

6
8,478

59,243

79.008
10,771
314932
12,290

73.047
73.802
TA.558
13.307

Te.058

61,971
62.3%3
63,194
63,914
68,691

65.467
(13

67,784
68,953
69.320

T2,366

13.123
73.078
74,631
15.382
76,133

7

~4,693 ~4,T18

~4,866

=3,435 ~3.480

=3.,147 ~3,177
~2.849 2,879
~2,939 =2.%70
=2.,218 ~2,2%
~1.806 ~1,920

~1e%04 ~1.579

-1.192 =~1.228.

~0+830 ~0.0867
~0.458 =0.496
=0.077 -p.l118

11,566 11.822

12.12% 124179
12,604 12,741
13.2%1 134307
13,821
14,996 14,434

14,976 15,034
1%.%60 1%.619
164148 184207
16,740 16,800
17.336  17.396

17,937 174997
18,541 18,602
19,149 19,210
19.761 19.822
20376 204437

13,879 -

=5.147
~4e948
~4a 737

.
=3.491

~3.206
=24909
~2.602
-2.203

3

=1.9%

~1.614
~1e263
~0.903
~0.534
~0.194

11877

12.23%

14.%12

15.092
15,677
164266
16,6359
17,456

18,057
18,662
19.271
19.083
20c49%

~3.308
~5.333

~3.23%
=2.939
~2.633
=2.31%
1

~1.648
=1.299
~0.940
=0.571
~0.193

11.793

12.291
12,894
13.42)
13,993
14.570

15.151
15.73¢
16.32%
16,919
17.516

18,118
18,123
19,332
19,943

204360

=3.519

~2.348
~-2.020

-1.682
=1.334
-0.976
~0.608
-0.231

11.708

12,347
12,910
13.478
14,081
14,628

1%.209
15.79%
16,384
16,078
17,578

18,178

-

19.3
20,0068
20.622

~-6.2%3
~6.219

~6.160
-6i078
-5.913
~5.0%
~$.710

~5.998
~3.387
-$.20%
~5.010
-4,801

~4.501
~4,347

-3.293
~2.999
~2.69%
=2.380
-2,0%3

=1.717
=1.370
~1.013
~0.646
~0.269

11.844

12.403
12,961
13.33%
16,108
14,686

1%5.267
15.0%3
16,844
17.038
17.636

18,
19,455
20.068
20,684

61,649
624432
63.212
63,992
64,769

65,545
66.319
67.091

68,830

69,396
704161
70.923

ELLT
73.199
73.9%3
TALT06

T5.458
T6.200

~642%%
~6.224

=6.167
~5.863
~S.724
~5.571

‘=5.404

~5.223
-5.030
~4.823

~4.603
~A.371

-3.321
-3.029
-2.726
~2.412
~2.087

~1.781,

~1.40%
=1.049
~0.683
~04307

11.900

12.499
13.024

18,744

15.326
1%.912
16.50"
17,097
1T.6%6

18,299
1 L]
19.518
204129
20.746

61,728
62.%10
€3.290
64,069
64,847

65.822

69.ATY
70.237
70.999
T1.7%9
12.%18

TI.274
74.029
14,781
75.933
76,203

-8.256
~6.228

~6.174
-6.096
-5.99%
~3.87¢
-5.739

~3.629

=3.3%
~3.0%9
~2.757
-2a0A4
~2.120

=1.78%
~1,6840
~1.085%
~0.720
=0.345

J1.7%6

12.%18
13.080
1

14,802

15,384
15.971
16,562
17.1%7
17.756

18,359
16.966
194577
20.1%1
20.%07

69,549
70313
71,078
T1.835
12.593

73.3%
740104
T4.057
15.600
T6.358

~6.2%8
~6.232

~6.181
~6.10%
-6.,007
~5.809
=3.7%3

-5.60%

~1.019
=1.47%
=1.121
=0.757
~0.363

12.011

12.572
13,137
13.707
14,2801
14,060

15,443
16.030
16,621
17.217
17,818

18.420
19.027
19.630
20.252
2104069

-1
~2%¢
280



90

600

lu(lm!l.(('l!lr( VOLYAGE IN ABSOLUTE MILLIVOLTS

0.000 0.00% 0.016
0.05% 0.061 0.072
0.113  0.119 04131
0.173 0.179 04191
0.23%  0.241 04254
0.299 0.%0% 0.318
0,36% 0.371 0.385
0,432 0.439 04,453
0.502 0.509 04523
0.573 0.580 04594
0,645 0.6%) 0.667
0.719 0.727 0,742
0,79% 0.802 De818
0.872 0.879 0.89%
0,95 0,957 0.973
1,029 1.037 1.0%3
1.109 1.117 1,133
1.190 1.198 1.21%
1.2713 1.281 1.297
1.3% 1a364 1.381
1,440 1,448 14665
1.%92% 1.5% 1.%51
1.611 1.620 1.637
1,698 1,706 1,726
1.785% 1.79% 1.81)
1,873 1.082 1.099
1,962  1.97) 1.988
2.051 2,000 2.078
2,181 2.150 2.168
2.2%2 2.2641 2.2%9
2,323 2.3% 24350
2,816 2,420 24442
2,508 2.516 24534
2,599 2.608 2.627
2.6¥2 2.702 2.720
2,786

2.880

2,974

3,069

3.164

3.260

3.3%

3,652

3,549

3.645

0.022
0.078
04137
04197
0.260

0.32%
0,391
04460
04530
0.602

0.675
0.749%
0.825

‘04903

0.981

1.081
116l
14223
1.306
1.389

1,474
14559
1.665
1.732
1.820

1.908
1.997
2.087
2.177
2,268

2.3%9
24451
2,543
2+6386
2.730

0.027 0.033
0.084 0.0%0 7
0s142 0,148
0.203 0,210
0.266 0,273

0.331 0,338
0.398 0.405
0.467 0,478
0.537  U.544
0.609 0,616

0.682 0.690
0.757  0.764
0.833 0.841
0.910 0,918
0.989 0.997

1.069 1.077
14149 1.1%8
1.231 1.240
14314 1.322
1.398 1.406

1.4082 lea9)
1.568 1.576
1,65 . 1,66
1.741 1.75%0
1.829 1.838

1.917 1.926
2.006 2.01%
2,096 2.10%
2.186 2,195
2,277 2,208

7

0.032
0.095

DEG C

640

850
660
670
680
6%0

700

T20
730
T40

750
760
170
160
%0

800
elo
820
830
840

850
860
870
880
8y0

DEG ¢

(NIST (formerly N13S) le planning on revising the Theh."F'ISCOUP‘O Reference
Tables, and OMEGA will put :‘l_gitih_t 8@ new tables r;a_s'ggp_g{gp‘y ars reieased.

Thermocouple
Reference Tables

Thermocoup
Grade

NONE
ESTABLISHED

Platinum-10% Rhodium
VSs. :
Platinum

BLACK

Extension
Grade

MAXIMUM TEMPERATURE RANGE
Thermocouple Grade

32 to 2642°F

0to 1450°C

Extension Grade

32 to 300°F

01to 150°C

'LIMITS OF ERROR

(whichever is Greater)
Stardard: 1.5°C or 0.25%
Special: 0.6°C or 0.1%

COMMENTS, BARE WIRE
ENVIRCNMENT:

Oxidizing or Inert; Do Not Insert in
Metal Tubes; Beware of
Contamination; High Temperature

TEMPERATURE IN DEGREES °C
REFLRENCE JUNCTION AT 0"@



- Thermocouple . ¥
Reference Tables

DEG € v e | 2 3 L) s L] Y L} . 10 DEG C

THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS

900 8,402 8.316 £.338 8549 900
910 8,594 «628 £.650 8,682 910
920 07 8.741 8.763 8,774 920
930 20 854 8.876 8.808 930
940 8,933 0,97 8,990 9.001 940
9%0 92047 9.081 9.103  9.115  9.2% 950
960 9.160 9.19% 9.217 9.229 9.240 960
¥ 970 9,275 9.309 9,332 9,363 9,335 970
980 94389 9424 9.447 9,458  9.470 980
990 9.470  9.48) 9,504 9.939 9.562  9.573  9.58% 990
14000 9.98%  9.396 9,619 9.654 9.689  9.700
1,010 9.700 9.712 9.73% 9.770 9.804  9.816
1,020 9.816  9.828 9,851 6 9.920 9.932
1+030 9,932  9.944 9.967 10.002 10+013 10.02%5 10,037 10.048

+0'

1,040 10,048 10,060 10.072 10.083 10,118 10,130 10,142 10,154 10.16% 1.0%0
14050 10,165 10,177 104189 104200 104212 10422~ 10.23% 10.247 10.2%9 10.271 10.282 1.0%0
1,060 10,282 104,276 10,396 . 104318 10,329 10.341 10,3%3 10.364 10.376 10.388 10.400 1.080
0 10.411 10,423 104435 104647 10,459 10,470 10,482 10,506 10,517 1070

1,080 10517 104529 10.541 1043%3 104565 10.576 10.588 10, 1 10,624 10,635 1.080
1,090 10,635 10,647 104659 104671 104683 10.694 10.706 10,718 10,730 10.742 10.754 1+0%0

14100 10.7%% 10,765 10.777 10,789 10.801 10.R13 10,823 10.836 10.848 10,860 10.872 1+100
1.110 10.872 10.884 10.876 10.908 10.919 10.931 10,943 10.9%5 10.967 10.979 10.991 Tello
1122 10,991 11.003 11,018 11,026 11,038 11,050 11.062 11.074 11.086 11.070 1l.110 1.120
1+130 11,110 114321 114133 3).14% 114157 11,169 11.181 11193 11.20% 11.217 11.229 1+130
1.140 116229 114261 1142%2 114264 114276 11.288 11,300 11.312 11.324 11,336 11.340 1els0

14150 211,348 11,360 114372 11.384 11,396 11.408 11,420 11,432
1160 104467 114479 11,491 11,503 11.51%5 11.527 11,539 11,551
1Y T145R7 114599 114611 11,623 11.635 11.667 11,659 11,671
1.18 10,707 114719 11730 J1.T43 11.755 11.767 11,779 11,791

11,455 11.467 1«150
1 87

3 11.815 2
1,190 11,827 11,839 11,851 11,863 11,87% 11,887 11,099 11,911 11,923 11.935 11,947 1.1%0

1,200 11,967 11.9%9 11,971 “11,983 11,995 12,007 12.019 12,031 12.043 12.055 12.067 12200
1s210 12,087 79 12,091 124103 12,116 12,128 12.140 12.152 12.164 12.176 12.188 1+210
1,220 12,188 12,200 12,212 124226 1 6 12.248 60 12,272 12.286 12.296 12.308 14220
1.230 12, 124320 12,332 12,345 124357 12.369 12,381 12,393 12.405 12.417 1 9

1:260 12,629 12,461 12,453 12,485 12,477 12,489 352.%01 12,504 12,526 12.%38 12.350 1e240

1.2%0 12,550 124562 12,574 12,586 12,598 12.610 12,622 12.634 12,647 12,639 12,671 14250

/
NONE

1260 12,671 12,683 12.695 12,707 12.731 12,755 12,767 12.780 12.792 1+260

12.792 12.804 12,816 12.828 12.852 12,876 12.8880 12.901 12.913 1,270

ESTABLISHED 124913 12,925 124937 12,949 12.973 12,997 13,010 13.022 13,03 1+280
13,034 13,048 13,058 13,070 13.094 13,119 13,131 13,143 13,155 19290

13,155 13,167 13,179 13,191 13,203 13.216
13,276 13.28% 13.300 13.313 13.32% 13.337
13,397 13,810 13,422 13,634 13,446 13,458 13,482 13,495 13.%07 13,519
13,519 13,531 13,543 13,9555 13.%7 13.519 13,606 13,616 13,628 13,640
13,640 13,652 13,668 13,877 13,659 13,701 18.713 15.72% 13.737 13.749 13.761

13.240 13.29%2
13.361 13.373 13.397

13.276

Platinum-10% Rhodium
VS.

13,761 13,7764 13,786 13,798 13.810 13.822 13,834 13,846 13,859 13,871 13,883
1 B3 13,895 13.907 13,919 13,931 13.943 33,956 13,968 13.980 13,992 14,004
14,016 14,028 1 1 53 14,077

= 14,004 14,063 16.089 14,101 14,113 14,128
Platlnum 18,125 16,138 14,150 16108 1e.po8 1a.210 16,222 14,235 18,267
18,287 16,259 16,271 162307 160810 140332 140308 368

16,429 J4,441 34,453 14,
14,550

S L6.6TT 14,489
16,574 14,586 14,398 14.610
164,695 16,707 14,719 18,731
14,016 16,828 . 18,840 14,632
16,937 14,549 14,961 14,973

16368 144380 144392 14,404
16,489 14,500 14,519 14,526
18,622 14,8635
B4, 766 14,758
14.865 14,877

14,%01

14,985 14,998 15,010 1%5.022 15.03& 15,046 15.058 15.070 15.082 15,094
15,106 15.118 15,130 15,163 15.15% 15,167 15.179 15.191 15.203 15.21%
15.227 15,239 15,251 1%.263 15.27% 15.287 1% 9 15.331 15, 15.336
15.348 15,360 15,372 15.384  15.396 15,408 15.420 15,432 15,6484 15,456
15,456 15,468 15,480 15,492 15.304 135,516 15,3528 35,340 ~15.552 15.%64 15.576

15,576 15,589 15,601 15,613 15,625 15,637 . 35,649 S15.681 15.673 15,685 13,697
15697 15,709 15,721 15,733 15,745 1 523,789 0 15,781 15.793 15.817
7 15.829 15,841 15,853 15,865 15,877 5,889 15,901 1%.913 15,937 1452¢
15,937 15,949 13,961 15,973 15,989 18,009 - 16,021 16.033 16,057  1453¢
16,057 16,089 16,080 16,092 16.104 16,140 16,182 16,176 1454

16,176 16,188 16,200 16,212 164224
16,296 16,308 16,319 16,331 164343 16,379 16.391
16,415 16,427 16,439 16,451 18,462 16,476 16 6 16,498 16.510

164536 16,546 16.558 16,569 16,581 16,593 16,605 16,617 16,629 16.641 16,653 1458
16,653 16,664 16,676 16,688 16,700 16,712 16,724 16,736 16,747 16,759 16.771 1059

16,260 16.272 16,29 105 5¢

16,771 16783 16,798
16,890 1s.901 1 13 16.972 1
17,008 17,019 17,031 17.05% 17.087 17.090 1
17.12% 174137 17.149 17173 17.184 17,196 17.208 17.220
17,2643 17,255 17,2867 17,278 17.290 17.302 17.32% 17.337

16.030 16,842 16,854 16,866 16.878 16,89
1 .9 16.996 17.008
17 L)

MAXIMUM TEMPERATURE RANGE
Thermocouple Grade

3210 2642°F
0 to 1450°C

Extension Grade

174360 17,372 17,384 17,39 17,407 17.419
17,477 17,489 17,501 17,512 17,524 17.33
37,996 17,606 17.617 17,629 17.641 17.652
FTLVLE 37,722 17,736 17,745 17,757 17.769
17,826 17,838 17,850 17,861 17,873 17.884

17,642 17,454
17,559 17.571
17,876 17.687
17.792 17.803 17.81%

17,907 17.919 17.930 17,92 1069

17.962 17,953 17.96% 17,976 18,033 18,065 18,056 1470
32 to 300°F 19:120 1ao1e) 180197 180308 HE g 112
0to 150°C R L HI R TR I L 1R L -
18,504 18.518 18,526 18,536 18,547 18.550 18,369 16.560 18.591 18.602 18.612 1478

‘ 18,612 18,623 18,634 18,685 18,635 18.666 18,677 18,687 16,698 1476
LIAITS OF ERROR . ! 3 . o 5 . : F 3 io. Bnta

{whichever is Greater)
Standard: 1.5°C or 0.25% :
Special: 0.6°C or 0.1% i

COMMENTS, BARE WIRE
ENVIRONMENT:

Oxidizing or Inert; Do Not Insert in
Metal Tubes; Beware of
Contamination; High Temperature

TEMPERATURE IN DEGRIES °C Note: NIST (formerly NES) Is planning on revising {he Themocouple Reference
REFERENCE JUNCTION AT 0°C Tables, and OMEGA will publieh thase new tables ss soon as thoy are relezsed.

&




Thermoccuple
&8y .. . . .. .. . Reference Tables

.r
THERMOELECTRIC VOLYAGE IN ABSOLUTE MILLIVOLTYS

° 0.000 0,005 ©0.011 ©0.016 0.021 0.027 0.032 '0.038
10 0,054  0.060 0.065 0.071 0.077 ©.082 0.088 0,09
20 0.111 0117 04123 04129 0,135 0.141 0,147 0,152
30 0,171 0.177 0.183 0.189 0.19% 0.201 0.207 0.214
0 0,232 0,239 0.245 0.251 0.258 0.264 0,271 0.277

50 0.296 0.303 0.310 04316 0,323 0.329 0.336 0,343
0.378 04383 0,390 04397 0.403 0.410

T0 ] 0,659  0.4686 0.473
0 0.51% 0,530 0.537 0.544
L\ c.508 0.,603 0.610 0,617
100 0.662 0.677 0.68% 0.692
110 0.730 0.754 0.761
120 0.816 0.831 0.839

0. 0.89%
10 0.959  0.967 0,978

0,911 0.919
0.992 1.000

1% 1.081 1.049 1.057 1.08% 1,074 1.082 1,090
160 1,124 1.132 1.140 1149 1.157 1.168 1.174
1o 1.208 1.217 1e22% 1234 1e242 1.231 1.259

1o 1.302 1311 1319 1.328 14337 1,348
1% « 380 1.009 1.398 1407 1e418 T1e424 1.3
200 1,060 1.477 1504 1.%12 1.521
1o 1,557 1.566 1.593 1.602 1.611
o ¥ 1.8% 1.683 1.692 1.702
30 . 1,747 1,775 1.784 1.793

1
o 1,8% 1.839 1e067 1.87¢ 1.886
1.960 1.970 1.979
2,054 2.064 2,073
2.149 24159 2,169
2,245 2.25%% 2.264
23462 2,951 2.361

%0 1.923 1.932
2.017  2.026

mo0 3:107 2.218
o 24303 2.313

300 2.410 24439 2,449 2,459
30 2.508 24537 2947 2.5%7
520 24606 74636 2.646 2,656
%0 24705 2735 2745 2,755
M0 2.80% 2.835 24845 2,855

2 2.9% 2946 2.9%
Mo 2,997 3.007 34037 3.048 3,058
no 3,099 3,109 3.119 3.127 3.139 3.150  3.1s0
no 3.201 3211 3.221 3.232 J.242 3.2%2 3,283
"o 3,306 3,314 3.924 3.33% Se345 3.35% 3,366

- ESTABLISHED

400 3.407 b LT 3,470

o 3.511 3.574

a0 J.616 3.66 3,679 - -
0 3 T T I 1 Platinum-13% Rhodium

moum i 4§ Vs,

o 3 Plati '.

e 4362 821 atlnum

300 &,4T1 : 4,536

5o - 4,645

35 4 1o o H BLACK

L l.'lo_ 4,976

30 5,021 5,087

D sz H st Extenslon

™o 35 Grade

400 5.982 ; $.6%0

4o

2o

o

0

50

460

0

"o

"o 6.694

100 6,812

ted .01 MAXIMUM TEMPERATURE RANGE

‘e T.17

w2 1291 Thermocouple Grade

50 1.:» § . 1.2 32 to 2642°F

moos T 0 to 1450°C

m .82 ? el Extension Grade

o a0 32 to 300°F

] 0io 150°C

"o B.4008

"o 8,57

e LIMITS OF ERROR

o 8.309 (whichever is Greater)

i g : A : . , \ 3 , 5 e g Standard: 1.5°C or 0.25%

Special: 0.6°C or 0.1%

COMMENTS, BARE WIRE
ENVIRONMENT:

Oxidizing or Inert; Do Noi Insart in
Metal Tubes; Beware of
Contamination; High Temperature

Wte: NIST (formerly NBS) Is plannirig on = vising the Thermocouple Reference I TEMPERATURE IN DEGREES °C
Wies, and OMEGA will publish thess new lablesZg soon as they & REFERENCE JUNCTION AT 0°C




Thermocouple
Reference Tables

OEG C ° 1 2 ] 4 s 6 7 L} ’ 10 DEG |
. THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS

900 9.203 9.216 90229 9,242  9.2% 9,267 9.280 9.293 9.306 Y0
910 9.331 LB L1 9.3%7 9.370 9,383 94393 F.408 .821 LR L) 2
20 9.480 9,473 9 9.511 9.524 9.9%7 9.550 9.%63 92
930 9.589 9.602 9640 9.6%3 9.679  9.892 93
940 9.718 $.731 9.770 3 . 9.809 9.822 94
9.848 9.86) 9.874 9.900 9.913 9.926 9.939  9,9%2 98

9.978 9.991 10.008 10,030 104043 10,056 10.069 10.082 96

104109 10.122 10.13% 10,161 104174 10,187 10.200 10.213 97
104240 10.253 10.266 10,292 10.305 10,319 10.332 104345 10.358 10.371 98
104371 104384 104398 10.411 104424 10,437 10,45C 10,464 10,477 10,490 10.503 99

104503 104516 10.530 104543 10,556 10.569 10.583 10.596 10.609 10.622 10.636 1:00
1 36 104649 10.662 10.675 10,689 10,702 104729 10.742 10.75% 10.768 1,01
10.782 104795 ' 10,808 10,822 10.83% 10.862 10.875 10.888 10.902 1+02
10,902 104915 10,928 10.942 10,955 10.968 10.995 11.009 11.022 11.03% 1403
11,035 11,049 11,062 11,076 11,089 11.102 11129 114143 11.1% 11.170 1204

114170 314183 114196 11,210 11,223 11,297
114304 114318 114331 114345 11,358 31,372
114639 114453 11,466 11,480 11,493 11.%07
11,574 11.568 11,802 114615 11.629 11.642
11,710 11,724 11,737 11,750 11,765 11,778

11,264 114277 11,291 11,304 1405

110399 114402 114426 11,439 1405

11,536 11,547 1 61 11.57« 1.07

11.669 11.683 1 97 1l.710 108

114805 11.819 11,833 11,846 1.09
.

11,846 11,860 11.874 11,887 11,901 11,914 11,928 11,942 11,935 11,969 11,983 110
11,983 11,996 12,010 12,026 12,037 12,031 12,06% 12,078 12,052 12.106 12,119 1ell:
12,119 124133 124147 124161 12,176 124188 12,202 12.21% 124229 12.243 12,257 112
12257 12,270 124284 12,298 12,311 12.32% 12,339 12.353 12.366 12.380 12.394 1ol
12,396 12,408 12,421 12,435 12,649 12,463 12,876 12,490 12.506 12,518 12,532 114

12,332 12,565 124559 12,573 12,587 12.600 12,614 12,6280 12,642 12.656 12.669 1e15
124669 12,683 12.697 12,711 124725 12.739 12,752 12.766 12.780 12.796 12,808

12,808 12,822 124835 124849 12.863 12.877 12.89) 12,905 12.918 12.932 12.946 1e17
124946 12,960 124974 12,988 13,002 13,016 13,029 13,043 13,057 13.071 13.08% 118
13,085 13,099 134113 13,127 13,140 13,154 13,168 13,182 13.196 13,210 13,224 1419

/
Thermocouple

13,224 13,238 13,252 13,266 13.280 13,293 13,307 13,321 13,335
134363 13,377 33,391 13,405 134419 13,433 13,447 13,461 13,475 13.502 121
13,502 13.516 134530 13,544 13,558 13.572 13,586 13,600 13.614 8 13.642 1,22
13,642 13,656 13,670 13,684 13,698 13,712 13,726 13,740 13.75¢ 13.768 13,782 1,23
13,782 13,796 13.510 13,824 13,838 13.852 13,866 13,880 13.894 13,508 13,922 1524

13.363 1:20

13,922 13,936 13,950 13.964 13,978 13.992 14,020 14,036 14,048 14,062 1425

14,062 160106 140118 160132 14,160 144174 14,202 1426
NONE 14,202 14 16,258 14,272 14,301 140313 14,343 1427
14,343 160385 18,399 14,413 1 deLael 1a.ans 16,483 1,28
ESTABLISHED 16,083 160311 16,525 14,339 16,558 16,568 14,352 14,596 16,610 14,624 1,29

144626 14,638 14,652 14,666 14,680 14,694 14,708 14,722 14,737 14,751 14,765 1430
T4.765 14,779 14,793 14,807 14,821 14,835 14,869 14,863 14,877 14.8Y1 (4,908 13}
14,906 14,920 . 14,934 4,948 14,962 14,976 14,990 15,004 15,018 15,032 135,067 132
15,047 15,061 15,075 15,089 15,103 13,117 15,131 15,145 15,159 15,173 15,188 1433
154188 15,202 15,216 15,230 15,264 15,258 15,272 1%.286 15,300 1%.3)% 19,329 1e34

Platinum-13% Rhodium
VS.
Platinum

15,329 15,363 15357 15,371 134385 15,399 15,413 19,427 15,442 15.¢56 1%.470 1+3%
159:470 13,486 15,498 15,512 13,526 13,540 15,555 15,569 15,583 15.%597 1%.611 1436
15611 15,625 15,639 19,653 15,667 15.682 15,696 15.710 15.72¢ 15,738 15,782 137
1+380 15,752 15.766 15,780 15,795 15.809 135.823 15,837 15,851 15.86% 15,879 15.89) 138
1.3% 15.893 15,908 15,922 15,736 15,950 19,964 15,978 15,992 16,006 16,021 16.03% 1439

164035 164049 164063 184077 16,091 16.105 16,119 16,134 16,148 16,162 16,176

164176 164150 160206 164218 164232 164267 16,261 164273 16,303
160317 164331 164345 16,380 164374 16,388 16,402 16,416 16,464
160458 16,472 16,487 164501 164515 16,529 16,543 16,557 16,585
10440 16,599 16,614 16,828 16,642 16,656 16,670 16,684 16,698 16,712 16,726 164781
Extenslon 5 v o 10450 16,741 164755 18,769 164783 16,797 16.811 16,825 164839 16.853 16,867 16,882
Grade ’ ) e o < 10460 16,882 164896 16,910 16,924 16,938 16,952 16,980 16.994 17.008 17.022

14870 °© 17,022 17.037 17.051
1,480 17,163 17,177 17.192
1.4%0 17,304 17,318 17,332

17.079 17.093
17,220 17.23%
174360 17.3274

17.%01 17.%1%

17,121 170135 17,149 17,163
17.262 17,276 17,290 17.304°
170403 17,817 17,431 17,443

14500 17,4645 17,459 17,473 1745957 17,571 17.58%
17.712

14510 17.58% 17.599 17.61% 17,641 17.65%% 17.698 17.726
1520 17,726 17,740 17,734 17,782 17.79¢6 17.838 17.866
3530 17,866 17,880 17.089 17,922 17.936 17.978 18,006
1e540 18,006 18,020 18,034 18,062 18,076 18,090 18,104 18,118 18,346

14550 18,146 18,160 18,174 18,188 16,202 18,216 18,230 16,244 18,258
18.299 18,327 18,341 18,3%% 9 18.383 18,397
1 1

18,439 67 18,495 | 18,523
\d 18.578 06 0 18.634 18,662
MAX'MUM TEMPERATURE RANGE 18.717 10,745 789 18,773 18,801 18.81% 18,528
18.856 18,804 18,898 18,912 18,939 18.953 18.967 18,981 160
18,995 19.023 19.036 19.0% 19.076 19,092 19.106 19,119 1e81
Themocoup'e Grade l?:ll) I’:IM 19:179 l':l!! 19.202 I':)lb IO:Z!O l':)th I’:l!" 1462
32 'o 2642°F 19.271 194299 19,313 19,326 19.340° 19,35 19,368
: 1:8640 19,395 19,409 19,423 19,437 19,450 19,464 19 8 19,492 19,509
o :
0 tO 1450 C ' 1+6%0 19. 19.547 19,560 19,588 19,602 19.615 19,629 19.643

19.72% 19.739 19,732 19,766 19,780
19.862 19,875 19,88° 19,903 19,916

533
670 19.684 19,698
Extension Grade 19670 - 19,807 |:.:z| 19,834

10680 19,946 19,957 19,971 19,998 20,012 20,02% 20.039 20,053 20.066 20.080 1,68
32 to 300°F 14690 70,080 204093 204107 204120 204134 204148 20,16 204175 20,188 20,202 20.215 1469
0 tfo 150°C 14700 20,215 204229 204242 204256 20,269 204283 20,296 204309 204323 204336 20.3%0 1470
1,710 20.3%0 20.363 204390 204403 204417 - 20,430 20,443 20,457 204470 20.483 1,71
15720 20,483 20.497 204323 20,537 204550 20,363 20.376 20,390 20,603 20.616 1,72
1,730 204629 204636 200669 204682 20,695 204708 20.721 20,734 20.748 1,73

20.616
15740 20,748 20.761 204787 20,800 70,813 20,826 20.839 20.832 20.865 20.878 1474

LIMITS OF ERROR 1,750 20,878 20.891 20,904 20,916 20,929 20,942 20,938 20.968 20.961 20,994 21.006 1,7

14760 21,006 21,019 21,032 21.04% 21,057 21,070 21,083 21.09¢ 21.108 o768
{whichever is Greater)

Standard: 1.5°C or 0.25% = el ’ 1 iy : ! ’ o
Special: 0.6°C or 0.1%

.

COMMENTS, BARE WIRE -
ENVIRONMENT:

Oxidizing or Inert; Do Not Insert in

Metal Tubes; Beware of :

Contamination; High Temperature

TEMPERATURE IN DEC REES °C Note: NIST (formerly k 1S} '3 plannlng‘on revising the Thermocoupic Referernce
REFERENCE JUNCTION AT 0°C Tables, and OMEGA wiil publish these new table: &3 soon as they &re rale_esed.
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e - Thermocouple
EERr . . . . . T ‘Reference Tables

THERMOELECTRIT VOLTAGE IN ABSOLUTE MILLIVOLTE

1] 04000 =0.000 =~0.000 ~0,00] =04001 =04001 =0,001 7-0,001 =0.007 =-0.002 ~0.002 [
10 =0.002 -0.002 =~0.002 =0.002 =0.002 =0,002 =~0,002 =-0.002 =0,003 =~0.00) -0.,003 . 10
20 =0.003 =-0.003 =0.,00% =-0,00% =-0,003 =0,002 =-0.,002 =-0.,002 «0.002 =-0.002 ~0.002 20
30 =0.,002 =0,002 =0.,002 =0+002 =0.002 =0,001 =~0.001 =-0.001 ~0.001 =0.001 =0.000 30
L 1] =0,000 =0,000 =~0.000 0.000 0.000 0,001 0.001 0.001 0.002 0.002 0.002 “0
S0 0,002 0.00% 0.003 0.00% 0.004 0,004 0.004 0.00% 0,008 D.006 0.006 50
60 0,006 0.007 0.007 0.008 0.008 0.00% 0.009 0.010 0.010 0.011 0.011 60
T0 0.011 0.012 0.012 O.013 0.014 0.0)4 0.018 0.,015% 0.018 0.017 0.017 70
. 80 0.017 0.018 0.019% 0.020 0.020 0.021 0,022 0.022 0.023 0.024 0.025% . ]
% 0.02% 0.02¢ 0.026 0.027 0.028 0,029 0.030 0.031 0.031 0.032 0.033 %0
\00- 0.03% 0.0% 0.0%% 0.0%6 0.0%7 0.038 0.0 0,040 0,041 0.042 0.043 100
110 0.043 0.044 0.048% 0.046 0.047 0.040 0.0Q'_ 0.0%0 0.051 0.0%2 0,053 110
120 $3] 0.0%5% 0,056 0.087 0.0%8 0.0%9% 0,040 0.082 0.086)3 0.064 0.065% 120
130 0,065 0.066 0.068 0.069 0.070 0,071 0.073 " 0,074 0.07% 0.077 0.078 1%
140 0.078 0.07y 0.081 0.082 0.08% 0.005% 0.086 o.088 0.00% 0.091 0.092 1s0
1% 0.092 0.09 0.09% 0.0% 0.098 0.0%9 O.101 0.102 0.104 0,104 0.)07 1%
160 0.107 0.109 o.110 0112 0.113 0+115 0.117 0.120 o.122 0.12) 1é0
170 0.12% 0.12% 0.127 0.128 O.1%0 0137 0199 0.140 170
100 0.140 Del42 Delbs [ L) 0.148 0.1%% 0.1%7 0.159 180
1% 0.1%% O.161 0.16% 0.164 0.186 DelT4 0«17 0.178 1%
200 0.182 Oel0n O.106 0194 .19 04199 200
210 0.20% 0.207 0.216 C.210 0.220 210
220 0.227 0.229 0:230  0.240 0.243 220
2% 0,2%0 0.2%2 04262 Q264 0.266 1%
240 0274 0.276 0.206 = 0.209 0.291 260
2% D.299 0.%01 0.312 0,314 0.317 2%
240 0325 0.320 0.338 361 260
260 0323 D.320 0,330 260
HH e300 0.30s 0:395 HH
2% 0:00' O:QII O:A:A %0 Ehmmupl.
300 Deba0 Debay 0,455 100 .
30 0.47) D474 Q.07 3o
320 g 0.%03 0.5%507 0.520 320
HHHH I F ) HH NONE
%0 0.5% 0.810 0825 %0 ESTABL'SHED
360 32 0,647 360
HH ours - Al . .
Platinum-30% Rhodium
400 400
i s VS.
430 .71 ] H R
. Platinum-6% Rhodium
450 1,002 T asp %
460 1,040 460
470 1,095 4%
“80 1,143 480
4% 1.192 4%0
500 1.26) S00
sio 1,292 slo
ol i Extension
Se0 1,450 340 Grade
450 1.50% $so
560 1.560 S60
s70 1,617 70
sSeo 1,674 Sso
S%0 1,732 756 5%
600 1,791 1.80% 1.818 1.0%9 600 2
610 1,881 1.87% 1.900 6lo
620 1.912 1.961 620
(31] 1.974 2.024 630
640 2.0% 2.087 640
6% 2,100 2.181 50 .
P i s MAXIMUM TEMPERATURE RANGE
56 -8 e 11 - o% Thermocouple Grade
B & i o0 32 to 3092°F
4 5522 ié.; 0to 1700°C :
7% A 1w . Extension Grade
o
766 2e040 z;g 32to 215 F
®  s0e 3106 HH 0to 100°C
™0 3,078 3.139 T%
00 a.:n :z:: ::: F
o B #  LIMITS OF ERROR
R H 3.330 840 (whichever is Greater)
B ssw 3410 e Standard: 0.5°C over 800°C
S0 3.708 3.13 70 Speclal: NOT ESTABLISHED
L1 1.7% 3.8%6 L1
%0 .87 3.940 %0
DEG C ° i 2 ] LY s ] 7 13 PG C
COMMENTS, BARE WIRE
ENVIRONMENT:
Oxidizing or Inert; Do Not Insert in
Metal Tubes; Beware of
Contamination; High Temperature;
Common Use in Glass Industry
| Note: NIST (formerly 1/BS) I8 plarning on revising the Thermocouple Reference TEMPERATURE IN DEGREES °C
| Tebles, and O/ AEGA will publish these new tabiss &s scon as they are released, REFERENCE JUNCTION AT 0°C : <




Thermocouple @ K
Reference Tables -

gy 2 ] . s { ] 7 ] ’ 10 o€
THERMOFLECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS Y

Y00 3.9%7 3.96% 3.97% 3.982 3.9%0 3.999 4,007 4024 4.032 4.041 *
o0 4,041 4,049 4,050  a,068 4,075 4,089 4,092 4109 4117 4128 .
920 40126 AL135  AL1A3 4152 4,180 4.169  AL177 40195 4,203 a.212 9,
930 40212 4,270 40229 44238 4,246 4,235 4,264 4,281 4,290  4.298 12
940 40298 4,307 | Au316 4,323 A.333  a.3a2  4L3s) o360 4377 4386 »

4,430 4,430

A58 . 7

a.807 -

4697 4,7

4707 4,79

a,87¢ A, 887
4,970 4,979
5.063

ESTABLISHED

latinum-30% Rhodium
VS, :
Platinum-6% Rhodium

xtension
rade

3
10,002 10,019 10,025 10,036 10,048

10.0%9 10.071 10409

10,094 10,106 104117 10,129 104140 10,152 10,163 10.17% 10107

10.210 1450

10.210 104221 104233 10.244 10,236 10.268 10,279 10.291 1431

10,325 10.337 104349 10,360 10,372 10,383 10,398 10.407 152¢

10,841 10,433 10,483 10,476 10,488 10,500 10,511 10.823 1433

10,858 10,569 104561 10,593 10,606 10,616 10,827 10,639 1098

10,674 10,686 10,697 104709 10,721 10.732 16,744 10,76 10,779 1085

10.790 10,802 10+814 10,837 J0.849 10.860 10,872 10,093 158

104907 10.%13 10,930 10,9354 10,965 10,977 10,989 11,012 1487

11,026 11,038 11,047 9 11,070 11,082 11,094 11.105 11,117 11.129 1,38

AXIMUM TEMPERATURE RANGE TLaiAL 11,152 11,164 114176 10,087 11,109 31.211 11,222 11.236 11,266 1039
1257 11,2607 11,201 114292 11,304 110316 11,320 11033911931 1363 100

T1o378 114386 114398 110809 11,421 . 11,433 11.468 11.436 11,468 11,480 10818

hermocouple Grade 110491 11,503 114513 11,526 114538 11.550 11,561 11.873 11.88% 11.597 1162
2 10 3092°F 11,600° 11,620 114632 11,643 11,655 11.667 11.678 11.690 11,702 11,714 1083
(o] T1.728 114737 11,749 15,760 11,772 11,784 11.798 11.607 11.819 11.8%0 1064

to 1700°C
xienslon Grade

2 {0 212°F
10 100°C

11,042 11,054 11,866 11,877 11,089 11,901 11,912 11,924 11.9%¢
11,959 114971 114983 11,994 12,006 12.018 12,029 12,041 12.0%3
12,076 12,088 12,099 12,111 12,123 12,154 22,168 12,188 12.170
124193 17,205 124216 324220 124200 324251 12,267 32,2719 12.286
12910 17.321 12,339 12,349 12.986 12,366 12,380 132,391 12,009

128026 12,438 12,450 12,461 12,473 12,485 12,498 12.%08 12,820
324543 12,953 12,566 12.578 12,390 12,601 32,8613 12,624 12.636
126659 12,671 124683 12,694 12,706 12.718 12,729 12.7%2 6
12,776 12,767 124799 12,811 12,8227 12.83% 12,869 12,880
12,092 12,903 12,915 12,927 12,938 12,950 12,961 12,973 12.90% 12.9%

13,008 15.019 13,031 19,049 13.0%4 15,066 13,077 13,009 15,100 13,112 13.124 1475¢
13,124 13,135 13,147 13,150 15,170 13,161 13,193 13,206 19.216 33.226 13,239 1,760
13,239 13251 13,262 13,274 135,285 13,297 33,308 13,320 13,331 13.343 15.384 1,770
13,934 13,366 13,378 13,389 15,401 13,412 10,428 19,438 13,447 13.438 ‘13,870 19780
13,470 13,481 13.493 13,5046 13,816 19,527 19,539 13,950 13.%62 12.573 13,585 1a7%

11,947

IMITS OF ERROR

hichever Is Greater)
tandard: 0.5°C over 800°C
peclal: NOT ESTABLISHED

1,800 13.565 13.%96 1%.607 )!.Cls 15,630 13,642 19,653 13,663 13,676 13,688 13,897

1810 13,699 13,711 134722 13,739 13.74% 13.7% 13,768 13,779 13.791 13.802 13.614
1820 13,814

0MMENTS,BAREW|RE bEe C o, 1 2 B S . . 7 . [ 10
NVIRONMENT: . '

xidizing or Inert; Do Not Insert in : :
etal Tubes; Baware of

ontamination; High Temperature:

ymmon Use in Glass Industry

=MPERATURKE IN DEGREES °C Note: NIST (formerly NOS) fs He®

plenning on revisl:j the Therm coupis He' -nce
=FERENCE JUNCTION AT 0°C Tebies, and O11EGA wili piblish thess new (ables e soon as they are refec. od

&




s C L] 1} 2 ] 4 $ (] 1 . ’ 0 pmcC
THEMOELECTRIC VOLTAGE IN WILLIVOLTS Ik

210 ~4. 048 ¢ -170

260 -4.336  =4.337  ~4.339  -4.240 =404 -4.343 -4 043 4340 -0 - 048 -34S =260

2150 ~4.313  =4016 0019 -4,321 ~€.324 4326 4320 ~4.330 ~4.002 -4.304 -4,006 -2%0

240 -4.377  -4.281  -4.20%  ~4.209 ~4.29)  -4.297  ~4.300 ~4.304  ~4.307  ~4.000 ~4.31) -240
230 ~4.217  ~4.232 4230 ~4.24)  ~A240 0 S350 U239 S4L26) 0 4260 -7 -4.2M1 =230

3 20 10.592 . . . .
To:8e1 10017 1o 1009 dnese Al AbLan g e
BC 0 ' 3 2 a B i1 ] . i 10 omc

’

Note: NiST (formeriy NBS) Is planning on revising !fe The mocou;'e Reference
Tebles, end OMEGA wlll pwblhh these new tables y # so0n ue they & released.

Thermocouple
Reference Tables

Grade

BROWN

‘Nickel-14.2%
_Chromium- 4% Sillcon
: VS.
Nlckel-4 4% Slllcon-
0.1% Magnesium

ORANGE
+

Extension
Grade

ORANGE

MAXIMUM TEMPERATURE RANGE
Tharmocouple Grade

—450 1o 2372°F

=270 1o 1300°C

Extension Grade

32 to 392°F

0to 200°C

LIMITS OF ERROR
(whichever is Greater)

St r‘éndard: 2.2°C or 0.75% Above
00

2.2°C or 2.0% Below 0°C
Speclal: 1.1°C or 0.4%

COMMENTS, BARE WIRE
ENVIRONMENT:

Alternative to Typ= K; More Siable at
High Temps

TEMPERATURE IN DEGREES °C
REFERENCE JUNCTION AT 0°C



I'hermocohple g
teference Tables

pEG € L] 1 2 ] ‘ L L] A L] 1] 10 omc
THEEMOELECTRIC VOLTAGE IN KILLIVOLTS

356 110138 11,171 11,208 11244 11,2001 11,317 11,354 11.390 11.42€  11.46) 350
360 11.836  11.577  11.609 11.646 11.682 11.719 11.788 11.792 11.829 360
370 11.902  11.939  11.97%  12.012 12,049 -~ 12,086 12.122 12.1%% 12.196 , 370
380 12,270 12.306 12,343 12.300  12.417  12.4%¢  12.491 12.528  12.56$ 30
3%0 12,639 12,676 12,713 12,730 12,787 12.82¢ 12.061 12.09¢ 12,938 3%0
€00 13.009  13.046 13,084 13.121 13.19% 11,232 13.269  13.307 400
410 13361 13,418 13.436  13.49) 13.568 13,605  1).642  13.600 o
€20 13,754 13.792  13.829  13.867 13.942  13.979  14.017  14.0%4¢ a0
0 14,129 14,167 14.20¢ 14242 14317 16.3%¢ 14,392 14.430 0
@ 14505  14.342  14.580 14,618 14,693 14.731  14.769  14.806 o
450 14882 14,919 14,937 14,998 15,071 15,100  15.146 15.184 50
460 15.260  15.298 15.373 15,448 15,487 15.525  15.56) 0
410 15.639  15.677 15.7%3 15.829  13.967 (3]
0 16.019  16.087 16.13) 16,210  16.248 ]
a0 16.400 16,439 16.918 16,391  16.630 a0
500 16,703 16.021 16.897 16,974 17.012 300
s10 17.166  17.204 17.201 17,358 17.39¢ s10
$20 17.9%0  17.580 17,668 17,741 17,981 320
$30 17.938 17,973 19,050 16.127 10,166 510
sS40 10.320  18.339 1.4 10,513 19,352 10.391 10,629 340
530 18,748 10.82) 16,900 19,977 19.016 50
$40 19.132 19.210 19.287 19.363  19.404 360
370 19.520 i 19.590 19.676 19,733 19.192 $70
380 19.909  19.948  19.98¢ 20.064 20,142 20.101 $80
)RANGE 590 20,259 20,298  20.337  20.376 20.453 20.831  20.570 590
- €00 20.648 20,687 20,726  20.76% 20.84) 30,921  20.960
610 21.038  21.077  21.116  21.188 21,234 21,012 21.351
$20 21.429  21.468  21.507  21.546 21.62¢ 21.702  21.742
€30 21,820  21.859 21.898 21.937 22.01% 22,094  22.13) ¢
s 32,211 22,250 22.289 22,329 22.368 22.407 22,408 22,530 22.564
€30 22.603 . 22.662 22,681 22.720 22.760 22.799 22,477 22.916  22.9%6
660 22.9%3 23,034 23.07) 23.112  2).1%2 23.191 23,269 23.309  23.348
) €10 23,387 23.426 23,466 23.508 2).544 2).38) 23.662 23701 23.740
0 21,7860 23.819  23.058  23.897 23.937 2).976 20,054 20.094 24.11)
690 24,172 24,212 . 24.251 24,290 24.329  24.369 20447 224,487 24.32¢
Thermoco;lplo 700 20,563 24.604  24.644  24.68) 24.722  24.762 20,840  24.879  24.919 700
< Grade 710 24.958 24,997  23.037 25.076 25,1135  25.1%% 28.23)  25.273  25.312 716
BROWN 710 33.351 23,391 25.430 25.469  23.308  25.548 25.626  23.666  25.705 120
730 25.744 25,784 23.82) 25.862 25.902 25.941 26.020  26.059  26.090 730
740 26,136 26,177 26,216 26,285 26.29% 26,334 26,413 26.4%2  26.491 740
Nickel_14 20/ 730 36.331  26.370  26.609  26.649  36.600  26.727 26,806 26.643  26.008 730
. 0 i 760 26,924 26,96) 27.002 27,042 27.081 27.120 27,199 27,238 27.218 760

27.3171  27.3%6  27.396  27.43% 27404 27.513
37.710  27.749% 27,780 37.828  27.067 27.906

:hromium-1 .4% Silicon 3:: 20.10) 20,142 26,181 20,221 20,260 29.299

800 20,456  20.495  36.53%  28.574 29,613 20,652 20.692
VSI 810 28.049  20.988 20.927 20.966 29.006

L27.992  27.631 1.671 170
27.985 20,024  26.063 780
20,370 20,417 20,456 790

26,770  20.809  20.049 400

= = €20 29,241  29.200 29.319  29.389  29.398 29,333
N k |440/ S' 830  29.633 29.672  29.712  29.7%1 28.7%0 29.947
iCKel-4, 0 HHiICcOon- 840 30.023 .30.064 30,103 30.143  30.182 30.338
: H 30.498  30.8534  30.37) 30.730
- 0.1% Magnesium s
31746
32.13¢
ORANGE 32.82¢ 32,721 32.760 900
32.916 310110 33M48 9
. 31,308 33499 33,538 920
1 ;:. 9 33.e80 33.92¢ 93¢
XiOnﬂOﬂ 082 34.276 34,318 s
34,476 34.66) 34.702
"“. 34.9%7 35.0%1 35.0089
35.417
35,024
36.1210
36.402 16.398
3. 36.980
3.2
37.8%6
37,540

ORANGE

IAXIMUM TEMPERATURE RANGE

hermocouple Grade t:sho s i
-450 to 2372°F e dikse e

41,703 41,741

42.079 @a.117
42,458 42,492
42.829 42.867
43,203 43.340
€3.876 43,613  43.630 43.687

43,988 44,022 44,099

€1.0%4 41.929  41.96¢
42,308 420342
£2.680 42.71%
o 43.054 41,091
43,38 4347 43,464
43,762 43.79% 3.8

440,133 44,170 44,207 1208
40,304 44,341 &5.577 1210
46,073 44,910 44,967 1220
45.241 435,270 43.31% 1234
l'!.lll 45,490 25,538 45,572 45,609  45.645 49,602 1244

45,758 45,792 45,828 £S.06S 43,902 43.930° 43.975  W6.011  46.048 123
46.121 46,158 46.194 46,231 £6.267 46,304  46.340  46.377  €6.413 1268
6. 406 46.522 - 46.9%9  £6.593  4€.631 46.66F  46.704 £6.T741  46.777 L)
46.850 46,086 s 46.922 66,959  46.99%  47.031  47.067 47.104  47.160 120
.212 47.249 C @7.205 47.321  €7.3357  47.39)  47.430  47.466  47.5027 1290

-270 to 1300°C
xtenslon Grade

2 to 392°F
o 200°C

IMITS OF ERROR
vhichever is Greater)

it%ndard: 2.2°C or 0.75% Above
-]

.2°C or 2.0% Beslow 0°C
pecial: 1.1°C or 0.4%

€2.229

45,308

OMMENTS, BARE WIRE S , '
NVIRONMENT: e
lternative to Type K; More Stable at

igh Temps :

EMPERATURE IN DEGREES °C ITJ to: NIST (formerly NBS) Is planning on revising the Thermocoupls Reference
EFERENCE JUNCTION AT 0°C Tebiss, and OMEGA wlll publish these new (alles ae econ ae thoy are released.

¢



TYPE E TYPE J TYPEK TYPER TYPE S TYPET
Nickel-10% Chromium(«+ ) fron{ +) Nickel-10% Chromium(«) | Platinum-13% Rhodium( + )| Platinum-10% Rhodium( +) Copper(+)
Versus Versus Versus Versus Versus Versus
Constantan( - ) Constantan( - ) Nickel-5%(-) Platinum( -) Platinum( ~ ) Constantan{ -~)
- (Aluminum Silicon)
~ 100°C 10 1000°C* 0°C 10 760°C* 0°C 10 1370° C* 0°C 10 1000°C" 0°C I{) 1750°C* - 160°C 16 400°C"
1 0.5°C 20.1°C 10.7°C 1 0.5°C 21°C =0.5°C
9th order Sth order Rih order Bth ordef 9th order 7th order
0.104967248 —-0.048868252 0.226584602 0:2636329)7 0.927763167 0.100850910
1718945282 19873.14503 24152.10900 179075.491° 169526.5150 25727.94369
- 282639.0850 -218614.5353 67233.4248 ~48840341.37 - 31568363.94 ~767345.8295
H 12695339.5 11569199.78 2210340.682 1.90002E + 10 8990730663 768025595.81
H ~448703084.6 |- 2649175314 - 860963914.9 -4.82704E + 12 ~ }1.63565E + 12 -9247486589
L] 1.10866E + 10. 2018441314 4.83506E + ¥ 7.62091E + 14 1.88027E + 14 6.97688E + 11
-1.76807E + -11 ~1.18452E + 12 ~7.20026E + 16 ~1.37241E + 16 -2.66192E + 13
1.71842€ + 12 4 1.38690E + 13 3.71496E + 18 6.17501E + 17 ~ 3.94078E + 14
~9.49278E + 12 -6.33708E + 13 -8.03104E + 19 - 1.56105E + 19 .

2.06132E +.13

1.6953SE + 20

TEMPERATURE «CONVERSION EQUATION: T = a, + a,% + a,x? + ...+ a, x" .

w
%

NBS POLYNOMIAL COEFFICIENTS
* Table 4

. ~NESTED POLYNOMIAL FORM: T = ay + x(a; + x(a, +x(a; + x(ag + asx)))) (5th order)

»




=] wcssthmos - tnternal Memory ", Jlosts/ interrupts
- IFamlly Device *"| ~* program " Data i gvent Counters
© {,B051AH . rq” WKxBROM | 128xBRAM o . 2x168 5 -
Lo mostAHP HETTT] 4KxBROM 128 x 8 RAM “2x 1681t ‘= Bl -

‘

e S PRELIMINARY
intal -

8051AHP
MCS®-51 FAMILY
8-BIT G,QNTROL-OR!ENTED MICROCONTROLLER

A WITH PROTECTED ROM
High Performance HMOS Process m Bit-Addressable RAM
tnternal Timers/Event Counters : m Programmable Full Duplex Serial
Channel

2-Level Interrupt Priority Structure
32 {/0 Lines (Four 8-Bit Ports) w 111 Instructions (64 Single-Cycle)
® 4K Data Memory Space*

4K Program Memory Space *Expandable to 64K

t Part
ot Software ¢ Protects ROMPAM®  u Avaliable In 40 Pin Plastic and CERDIP
Packages

@ Boolean Processor -~ (See Packaging Outlines and Dumensons Order #231369)

The MCS®-51 products are optimized for control epplications. Byte-processing and numerical operations one

. small data structures ere tacilitated by & variety of fast addressing modes for accessing the internat RAM. The

- instruction set provides a convenient menu of 8-bit arithmetic instructions, including multiply and divide instruc-

“« ions. Extensive on-chip support is provided for one-bit variables as a separate data type, aliowing direct bit
manipulation and testing in control and logic systems that require Boolean processing. .

-~

: A o 3% i g

The B0S1AHP is identical ot B051AH with the exceplion of the Protection Feature. To.incorporate this

JProtection Feature, program verification has been disabled énd exiemal memory accesses have been timited
. 4 - . > Yy 3 q v > .
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RN

8051AHP

PRELIVINARY

PALCKAGES
Part Prefix Package Type
BOS1AHP P 40-Pin Plastic DIP
D 40-Pin CERDIP
ey N ahwee
[ARN P B rooa0s
m2 380 P03 ADY
IE¥=1) 37 [ eo2 a0z
A=Y %D rod an)
e15 Cla »[Drosaos
LY Y= MDrasaos
e 29[ ros a0s
[ =Y 32[3e07 D7
0035 (10 npi
JTRO PO (6 W ALE
Hierge n D FEER
Friesadu npr2y
/ LYY= P2 :
Tescles s
wWheas e a3 r24
FBexrcdur uPynsan
EYALY ] 18 nDpOe22an
EvaALT O 9s IR A
vss 2o nDrsa
270278-2
Pin (PDIP, CERDIP)

Figure 2. MCS®-51 Connections

- PIN DESCRIPTIONS

“#,

-

Vee
Supply voltage.

S

,
-

. Vss

»Circuit grodnd. -

5 -

Port0

Porl 0 is an 8-bit open drain bidirectional 170 port. As
-an output port each pin can sink 8 LS TTL inputs.

Port 0 pins that have 1s written o them float, and in
that state can be used as high-impedance inputs.

Port 0 is also the muttiplexed low-order address and
data bus during accesses {0 external Program and
Data Memory. In this application it uses strong inter-
nal pullups when emitting 1s and can source and

. sink 8 LS TTL inputs. N

.

Port 1

Port 1 is an B-bit bidirectional l/é port with internal
pullups. The Port 1 output butfers can sink source 4

LS TTL inputs. Port 1 pins that have 1s written 10

them are pulled high by the internat puliups, and in |

that state can be used as inputs. As inputs, Pod 1
pins that are externzlly being pulied low will source
current (i, on the data sheet) because of the inter-
nal puliups. *

Port2

Port 2'is an 8-bit bidirectionz! 170 port with int rnal
pullups. The Port 2 output butiers can sink/scurce 4
LS TTL inputs. Port 2 pins that have 1s writien 10
them are pulled high by the internal putiups, and in
that state can be used as inputs. As inputs, Port 2
pins that are externally being pulled low will source
current (I on the data sheet) because of the inter-
nal pullups.

Port 2 emits the high-order address byte duting
fetches from external Program Memory and during

accesses 10 externz! Data Memory that use 16-bit

addresses (MOVX @DPTR). In this application it
uses strong internal pullups when emitting 1s. Bits
P2.4 through P2.7 are forced 10 0, effectively limiting
external Data and Code space tc 4K each in the
8051AHP during external accesses®. During access-
+es to external Data Memory tnat use B-bit addresses
AMOVX @Ri),;’Port 2 emits the contents of the P2
*%wdal Function Register.

s R

fiy 9

4, ¥

S AR R
"‘PortS, 2 3

Port 3 is an B8-bit bidirectionat I/0 port with internal
pullups. The Port 3 output butfers can sink/source 4
LS TTL9nputs. *Port 3 pins that have 1s written to
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 3
pins that are externatly being pulled low will source
current (i on the data sheetl) because of the pull-
ups.

Port 3 also serves the functions of various special
features of the MCS-51 Family, as listed below:

Port
Pin

3.0 | RXD (serial input port}

P3.1 TXD (serial output port)

P3.2 | INTO (external interrupt 0)

P3.3 | INTT (externalinterrupt 1)

P3.4 TO (Timer 0 external input)

P3.5 | T1 (Timer 1 external input)

P3.6 | WR (external data memory write strobe)

Alternative Function

P3.7 | RD (external data memory read strobe)

“Protection feature
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RST -

Reset input. A high on this pin for two machine cy-
cles while the oscillator is running resets the device.

ALE

Address Latch Enable output pulse for latching the
low byte of the address during accesses to external
memory.

fn normal operation ALE is emitted at a constant
rate of V4 the oscillator frequency, and may be used
for external timing or clocking purposes. Note, how-
ever, that one ALE pulse is skipped during each ac-
cess 10 external Data Memory.

PSEN )
Program Store Enable is the read strobe 10 external
Program Memory. . /

When the device is executing code from external
Program Memory, PSEN is activated twice each ma-
chine cycle, except that two PSEN activations are
skipped during each access to exterrial Data Memo-
1y.

EA

External Access enable EA should ba strapped to
g forinternal program executions. EA must be
strapped 10 Vsg in order 10 enable any MCS-51 de-
vice to fetch code from extenal Program memory
focations starting at 0000H up to FFFFH.

1
p

XTAL2

XTALY

VSsS

e .

270279-4
C1.C2 = 30pF 210 oF tor Crystais
= 40 of 2 10 pF {or Ceramic Resonators

Figure 3. Oscliiator Connections

-

. XTAL1

Input to the inverting oscillator amplifier.

XTAL2

Output from the inverting oscil}ator amplifier.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respec-
tively, of an inverting amplifier which can be config-
ured for use as an on-chip oscillator, as shown in
Figure 3. Either a quartz crystal or ceramic resonalor
may be used. More detailed information concerning
the use of the on-chip oscillator is available in Appli-
cation Note AP-155, “Oscillators for Microcontrol-
tors.”

To drive the device from an extemnal clock source,
XTAL1 should be grounded, while XTAL2 is driven,
as shown in Figure 4. There are no requirements on
the duty cycle of the external clock signal, since the
input to the intemnal clocking circuitry is through a
divide-by-two flip-flop, but minimum and maximum
figh and low times specified on the Data Sheet must
be observed. :

EXTERNAL
OSCILLATOR XTAL2
SIGNAL
o]
4
XTALL
“ ¥ vSS
ot oA
270279-5

Figure 4. External Drive Configuration

DESIGN CONSIDERATION

The B0O51AHP cannot access external Program of
Data memory above 4K. This means that the foliow-
ing instructions that use the Data Pointer only read/
write data at address locations below OFFFH:

HOVX A, €DPIR
¥OVX @DPIR, A

When the Data Pointer contains an address above
the 4K limit, those locations will not be accessed.

To access Data Memory above 4K, the MOVX, @Ri,
_Aor MOVX A, @Riinstructions must be used.
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exceed 0.8V, !

ABSOLUTE MAXIMUM RATINGS® .

Ambient Temperature Under Bias ....0°Cto + 70°C
Storage Temperature .......... —65'Cto +150°C

Voltage on EA/Vpp Pinlo Vgg ... — 0.5V 1o +21.5V
Voltage on Any Other Pintlo Vgg .... ~0.5Vlo +7V

Power Dissipation.................. e 1.5W

L3
*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings* may cause permanent dam-
age fo the device. This is & stress rating only and
{unctional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure lo absolute maximum rating conditions for
extended peniods may affect device reliability.

D.C. CHARACTERISTICS T, = 0"Cto +70°C; Vo = 5V £ 10%: Vsg = OV

Symbrot Parameter Min Max | Units| TestConditions
Vi Input Low Voltage =0.5 0.8 v
TVin input High Voltage (Except XTAL2, RST) 20 |Vec + 05 Vv
ViK1 Input High Voltage to XTAL2, RST 25 |Vecc +05f VvV |XTALY = vgg
Vou Output Low Voltage (Ports 1, 2, 3)* 0.45 V |ioL = 1.6 mA
Vout | Output Low Voltage (Port 0, ALE, PSEN)* 0.45 V oL =32mA
Vo | Output High Voltage (Ports 1, 2, 3, ALE, PSEN) 2.4 V |loy= -80uA
VoH1 Output High Voltage (Port 0 in External Bus Mode) | 2.4 V lloy = —400 A
" Logical 0 Input Current —500 pA VN = 045V
ho Logical 0 Input Current (XTAL2) -3.2 mA |V = 045V
Iy input Leakage Current (Port 0) +10 pA |045 < Viy < Vo
'™ Input Current to RST to Activate Reset 500 pA 1Vin < Voo — 1.5V)
loc Power Supply Current 125 mA | All Outputs
4 : Disconnected;
.| EA = vCC
Cio Pin Capacitance 10 pF | Testfreq = 1 MHz
-tioTE:

b4
CupadﬁvabadngonPoﬂsOand2maycausespuﬁouspoiseMsestobesupeﬁmposedonn\evo,_solALEandPods1

Trigger STROBE input. T

o 1)

umd3.Thenoisoisdueloexlmlbuscapadtancediscfﬁrghghlo}heﬁoﬁOandPoﬂ2pinswhenlhesepimmake 1100
during bus operations. In the worst cases (capacitive foading > 100 pF), the noise pulse on the ALE fine may
n such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address tatch with a Schmitt



AC CHARACTERISTICS Ta=0Cto +70°C;Vcc = SV 2 10%; Vgg = OV;

Load Capacitance for Port 0, ALE, and PSEN = 100 pF; -
- Load Capacitance for Al Other Outputs = 80 pF

Symbol Parameter 12 MiHz Osclllator varlable Osclilator Unts
. Min Max Min Max
1/TCLCL | Oscillator Frequency 35 12.0 MHz
TLHLL | ALE Pulse Width 127 2TCLCL-40 ns
TAVLL | Address Valid to ALE Low 43 TCLCL—40 ns
TLLAX | Address Hold after ALE Low 48 TCLCL—35 ns
TLLIV ALE Low to ValidinstrIn ¢ 233- 4TCLCL—100 ns
TLPL | ALE Lowto PSEN Low 58 TCLCL~25 ns
TPLPH | PSEN Pulse Width 215 3TCLCL~35 ns
TPLIV PSEN Low to Valid Instr In 125 3TCLCL—125| ns
7PxiX | nputinstrHoldafter PSEN | 0 0 ns
TPXiZ Input Instr Float after PSEN 1~ 63 TCLCL—20 as
TPXAV | PSENto Address Valid . 75 TCLCL~-8 ns
TAVIV Address to Valid Instr In 302 - STCLCL—115 ns
: TPLAZ | PSEN Low to Address Float 20 20 ns
TRLRH | RD Pulse Width 400 6TCLCL—100 ns
TWLWH | WA Pulse Width : 400 6TCLCL—100 ns
TRLDV | RD Lowto Valid Datain -} 252 STCLCL—165 | ns
. { TRHOX | DataHold atier RD ¥ 0. | ) ' ns
TRHDZ | Data Float atter RD 2 | e J etoct-70 | ns
U ALE Low to Valid Data In I | eTCcLCL=150 1 ns
TAVDV | AddresstoValidDataln A4 1" =85 . -YogTCLCL-165] 'ns
Y7uwL  ALEtowtoRDorWH Low -| 200 1 200 {-3TCLCL-S50 | 3TCLOL+50 | ns
TAVWL { AddresstoRDorWRLow -| 203 ° 4-4TCLCL-130 ns
| Tavwx | Data Valid to WR Transition 23 { TCLCL-60 ns
! . | TavwH | Datavaliid 1o WH High 433 7TCLCL—150 ns
TWHQX | DataHold after WR r 33 ToteL-so | - ns
TRLAZ | ADLowto Address Float 4 ; 20 20 ™~ ns,
TWHLH | RD or WA High to ALE High 43 123 TCLCL—40 | TCLCL+40 ns
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£EXTERNAL DATA MEMORY READ CYCLE
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TRLAM

[ o——— TRLOV —=

TFavLL fe—— ] |— TRLAZ
TLLAX “
AC-A? h y,
ke > ' FAOM R OR DPL
- .

TAVWL

TAVDY

PORT 2 )

£20-£2.7 OR AS-A1S FROM DPY

jAI-Als FROM PCH
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fa—TLLWL TWLWK

ﬁ LT TO TWHLH ——e]
aLe ) \ /
\_
N
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.

] p— TOVWX —=]
Yave i TLLAX avw TWHOX
Yy -
PORTO >“< FROM Al OR DL DATA OUT XX":‘;“-‘:CH wstn
[ TAVWL ——o-f
FOIT2 ) $2.0-92.7 OR AB-A1S FROM DPH x AB-R1S FROW PCH
]
. 270279-8
. = ——" ‘
SERIAL PORT TIMING—SHIFT REGISTER MODE i
Test Conditions: To = 0°C to +70°C; Voo = SV 10%; Vgs = OV; Load Capacitance = 80 pF
[ symbol Parameter 12 MHz Osciliatar Variable kOscIﬂator Unlts
v Min, “Max Min Max
TXLXL | Seriat Port Clock Cycle Time 1.0 1 =erorcL | . 1S
TOVXH | Output Data Setup to Clock Rising 700 10TCLCL~133 s
Edge
TXHOX | Output DataHold after Clock | 50 2TCLCL—117 ns
Rising Edge
TXHDX | input Data Hold after Clock Rising 0 0 ns
: Edge
TXHDV | Clock Rising Edge to Input Data 700 10TCLCL—-133) ns
Valid 2

SHIFT REGISTER TIMING WAVEFORMS _

el | . | . | . | , | . i f { f | . | B |
‘

e ™ L [ L LI r eI
bty pomer | )

s \ D GIED G GEDD GITID GECID GEND G4

-wl-—-ioll«--u 5

. .
B 5 G C0 D €D i €0 S € @ €D S €5 i €D

[
.

Qe w
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EXTERNAL CLOCK DRIVE

Symbol Parameter Min Max Uoits
1/TCLCL Oscillator Frequency 3.5 12 MH2
TCHCX "High Time . 20 ns
TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns

EXTERNAL CLOCK DRIVE WAVEFORM
fo— tomex - YCHCL
2s
__.J : k. _
; TeLet
270279-10

N

-A.C, TESTING INPUT, OUTPUT WAVEFORM

E

“| AC. Testing: tnputs are driven af 2.4V for 8 Logic “1* and 0.45V

u @ 2 28 4
hRES '>mm< 2 G

~ - S vy

o ¢ o8 LY 1.
g A *
s . ,270279-11 7

for & Logc “0". Timing measurements pre made st-2.0V fora |-

Logic “1" and 0.8V for & Logic 0"
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Program Verification -

The program verification test mode has been’elimi-
nated on the 8051AHP. It is not possible to verify the
ROM contents using this mode, the way EPROM
programmers typically do. Also,‘the ROM contents
cannot be verified by a program executing out of
external program memory due to the restricted ad-
dressing on the B0S1AHP, -

.-

DATA SHEET REVISION SUMMARY

The Tollowing are the key differences between this
and the -002 version of 8051AHP data sheet:

1. Package Table was added.
12, Added clearer explanation to DESIGN CONSID-
"ERATION.
3. Data Sheet Revision Summary was added.

- .
3

-
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oP-07C, OP-07D, OP-Q7E _
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS

@ Ultra-Low Offset Voltage . . .30 gV Typ D. JG. OR P PACKAGE
. (OP-O7E) . (TOP VIEW)
@ Ultra-Low Offset Volt#ge Temperature ’ ofrseT N1 [Ty U &[] oFrFseT n2
Coefficient . . . 0.3 pV/°C Typ (OP-O7E) . IN-[]2 7 % vee+
. N+ 3 el]ouT
.o Uttra-Low Noise vee - (e sAne

No External Components Required
NC—No internal connection
Replaces Chopper Amplifiers at.a Lower

Cost ~ symbol
® Single-Chip Monofithic Fabrication s OFESET N1
@ Wide Input Voltage Range NONINVERTING
Oto £14 V Typ INPUT IN¢ ]
OUTPUT
@ Wide Supply Voltage Range INVERTING _
+3Vto 18V INPUT IN-

~@ Essentially Equivalent to Fairchild xA714 ORESELN?
Operational Amplifiers o
# Direct Replacement for PMI OP-07C, <
OP-07D, OP-0TE \ . P
: Y -
. . e N T P 3,
description : M S I |

These devices represent a breakthrough in bperational amplifier performance. Low offset and fong-term
stability are achieved by means of a fow-noise, &opperless bipolar-input-transistor amplifier circuit. For
most apphcatsons external components ere requtred foroffset nulling and frequency compensation. The
true differential input, with a wide input voltage range and outstanding common-mode rejection, provndes
maximum flexibility and performance in high-noise environments and in noninverting applications. Low
bias currents and extremely high input impedances are maintained over the entire temperature range. The
OP-07 is unsurpassed for low-noise, high-accuracy amplification-of very-flow-eve! signals.

These devices are characterized for operation from 'v°C to 70°C; -
AVAKABLE OPTIONS
- 9 . , . .PACKAGE
Vio MAX
. Ta .. | SMALLOUTUNE | CERAMIC DIP | PLASTIC DIP
Ziadhe o _+4JG] ®l
0°C o OP-07CD ©OP-07CJG 0P-07CP
to s OP-07DD OP-07DJG OP-070P
70°C 75 gV OP-07ED OP-07EJG OP-07EP

The D package is available taped and reeled. Add the suffix R to the device type
when ordering. (e.g., OP-O7CDR}
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schematic ’
) JJ IV
[{1] :
OFFSET N1 — o4 - %] T 1S
@ r T 1 "[Ji
OFFSET N2
. - | )—_L i o1
_(._—}_‘ ,[ = L{S >_1 QUTPUT
NONINVERTING B! }{
INPUT N+ I ! | _{:
) eNVERTING (2! ?‘_
o INPUT IN- TI H
o !
e
=3 ¢ - H
- N
g 4 I‘g N /
-3 { <
3 ] 1 ‘A w
? Vee-
3 N
2. -sbsolute maximum ratings over operating free-sir temperature range (unless otherwise noted}
=@ - Supply voltage VCC+ (see Note 1)..... LN s Se "8 Pyt & SR T 2V
;n SuUPPly VOREGE VGG = - v vvmvrevmmmacatcasoseanesntesasnrasesansanoaanansnn -2V
B + ‘Differential input voltage (see Note 2V A L TN A 2. e ..M o AR ..., +30V
fnput voltage (either input, see Note 3) ...... \ W' e I o O . o e VRRUETTIN B TR 22V
% Duration of output short circuit (see Note Ao, WMo Lo AF . 12028]) . LY. . 8... unlimited
*Oontmuous total dissipation at (or below) 25°C free—alr temperature (see Note ). ....... 500 mW
« #Operating free-alr temperature fanNge ... cs e oo oenss- oA o BT EE 3 0°C to 70°C
“ Storage femperature range . .......- Crernviros ra ) P f AR ENA tearesesss —65°Cto 150°C
ead temperature 1,6 mm {1/16 inch) from case for 60 seconds: JG package ........... 300°C
; “Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C
& NOTES:1. Al votuge values, unless otherwise noted, are with mepem to the midpoint between Ve 4+ 8nd Voo~
FP 2. Ditf { voltages are st the i ting input inal with respect 1o the inverting input terminat.

3. “The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is tess,
4. The output may be shorted 1o ground or elther power supply.

¥ " 5. For operation sbove 64 °C free-sir temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C.



electrical characteristics at specified free-air temperature, VCC £ = 1+ 15 V (unless otherwise noted)

N or.7C OP-7D OP-7€
PARAMETER TEST CONDITIONS ! UNIT
MIN TYP  MAX MIN TYP  MAX MIN TYP  MAX
v 3 B ' ve = 0 e = 500 26°C 60 150 60 150 30 75 v
Input - -
10 offset votiage o= S 0°C to 70°C 85 250 85 250 TS A
Temperature coeficient of )
Vo = 0. Rg = 500 0°C to 70°C 0.5 18 0.7 28 0.2 1.3 |aviec]..
evio input offset voltage °o* s® * 1.:
Long-term drift of .
See Note 6 0.4 0.8 0.3 aVimo
Input offset voltsge
. Offset sdjustment range Rg = 20 kf?, See Figure 1 25°C 4 14 24 mv
25°C 0.8 [ 0.8 ] 0.5 3.8
tnput offset t nA
o orfset cumen . 0°C to 70°C ) . 1.6 ) 09 - 53
*  Temperature cosfficient df. >
0°C to 70°C 12 50 12 50 8 35 |pasrec
KO nout offsst currant . P
1nput blas . 25°C +1.8 t7 +2 212 $1.2 24 oA
current
e 0°C to 70°C 22.2 +9 . 23 214 +1.6 +5.6
T e coafficlent of .
ayg | perwiure coafficlen 0°C to 70°C 0 %0 1" 80 13 35 |parec
fnput blas current .
v Common-mode input 25°C 213 t14 213 t 14 %13 %14 v
IcR voltage range ) ¥ 0°Cto70°C ] 213 2138 213 2138 £13 #1358
A 2 10kQ +12 .213 212 13 £12.6 213
v sk . R = 20 25°C 116 2128 2118 2128 212 2128 v 1
oM Tesk output volage | 2 140 <17 212 £105 212
’ R 2 2k 0°Cto70°C | 211 2128 £11 2126 212 2126 !
' =£3V, Vg =208V, . i
Vecs = £3V. Vo = 25°C 100  -400 <00 150" 400 :
Lorge-signal differential R =z 500 k@ VimV i
voltage ampiification 25°C 420 400 120 400 200 500 3
. Y 10V, R = 2k0 -
1 o-= A Towwroe | w0 o0 1000 400 180 450 )
81 Unity gain bandwidth 25°C 0.4 0.6 0.4 0.8 0.4 0.6 MHz ,"
q lnput resistance 25C [ 33 7 31 16 . 60 Mo {
Common-mode 25°C 100 320 84 A0 R 106 123 ¢
MRR v 413V, Rg =800 . a8
MR iection ratio i " 3 0°Cw70°C| B7 120 24 308 03 123 i
. Supply voltage sensitivity * |Voey = 23Vio 218V, 25°C ? 32 | ? 32 5 20 v
VS Lavioravee) Rg = 500 ; 0°C to 70°C 0 51 T EETS Rl
Vg = 0, No tosd 80 150 80 150 75 120
Pp  Power dissipation Vees = 23V, Vo = 0, 25°C # 1 A A R 6| ™ ’
No load .
LAN cheracteristics are measured under open-loop ditii with zero de input voltage unless otherwise noted, .
NOTE 8: Since long-term drift cannot be on the individusl devices prior to ship this ification i3 not intended 1o be a [+ or vt is an engineering esti of

the sveraged trend fine of drift versus time over extended periods after the fiest thiny day® of operation.

Operational Amplifiers
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operating characteristics at specmed free-air temperature, VCC+ = * 15V (unless otherwise notas

PARAMETER TEST couomous' op7¢ P70 oF 7€
MIN  TYP MAX| MIN TYP MAX | MIN TYP MAX N
Ecvivalent i {= 10 Hz 10.6 < 105 10.3 ™
v, auve ’:‘ MPUL 1 T4 = 25°C | { = 100 Hz 10.2 103 10.0 Vi
notse vorege { = 1 kHz 9.8 9.8 9.6 Jﬁ
Peak-to-pesk . .
f = 0.1 Hz 10 10 Hz,
i i n g 0.38 0. . . ’
VPP eqtnvalent input Ta = 255C 38 0.35 i
noise voltage
Eavivatent i {=10H 0.35 ’ 0.35 0.32
o Covivelentimout | o - 2sec [T = 100w 0.15 0.15 0.14 oA
noise curront T = 1 kHz 0.13 0.13 0.12
-10-peak T
Peak-to-peal { = 0.1 Hz to 10 Hz,
INPP equivalent input 15 15 14 pA
. Ta = 25°C
noise current
SR Slew rate RL2 2kl, Tp = 25°C 0.3 0.3 0.3 Vi
TAl cheracteristics are messured under open-oop conditions with zero wode input voltage unless otherwise specified.
TYPICAL APPLICATION DATA
IN¢G
- IN-—
FIGURE 1 ’INPUT OFFSET VOLTAGE NULL CIRCUIT
N R ’-< b o \
£ ‘ie - ©
o, K
d
> -
. -
:!,‘,a
-, ;




BURR BROWNO

ADC574A

L Mlcroprpcessor-Compahble
ANALOG-TO DIGITAL CONVERTER

FEATURES

® COMPLETE 12-BiT A/D CONVERTER WITH
REFERENCE, CLOCK, AND 8-, 12-, OR 18-BIT
MICROPROCESSOR BUS INTERFACE
© IMPROVED_PERFORMANCE SECOND SOURCE FOR
S74A-TYPE A/D CONVERTERS
2543 Matlmum Conversion Tims
150ns Bus Access Tims
A, Input:Bus Contention During Resd Upmllm
Eliminated
o FULLY SPECIFIED FOR OPERATION OK +12V OR
+15v SUPPU‘ES
® NO MISSING CODES OVER TEMPERATURE v
0°C 30 +75°C: ADC574AJH, KH Grades
—S5°0 0 +125°C: ADCSTAASH, TH Brades

DESCRIPTION

The ADCS74A is a 12-bit successive approximation
analog-to-digital converter, utilizing state-of-the-an
CMOS and las:r-lnmmcd bipolar die custom-
designed for freedom from latch-up and for opti-

mum AC performance. It is complete with a self-.

.contained +10V reference, internal clock, digital

interface for microprocessor control, and three-state
outputs,

The reference cin:uit, contnining a buried 2ener, is
laser-trimmed for minimum temperature coefficient.
The clock oscillator is current—controlled for excel-
lent subnhly over temperature. Full-scale and offset
errors may be ekternally-trimmed to zero. Internal
scaling resistors are provided for the selection of
analog input signal ranges of OV to +10V, OV to
+20V, 5V, and £10V.

The converter may be exicrnally programmed to
provide 8- or 12-bit resolution. The conversion time
for 12 bits is factory set for 20us typical.

Output data are available jn a paralle] format from’

TTL-compatible three-state output buffers. Output

data are coded in'straight binary for unipolar input

signals and bipolar offset binary for bipolar input

signaks,

The ADCS74A, available in both industrial and mil-

itary temperature ranges, requires supply voltages of
+5Vand 212V or £15V. Itis packaged in a hermetic

2B-pin side-brazed ceramic DIP,

corman, torm (amg
) 1nryTy _—
SIPOLAR :
Wi o AR INE
oV RAKGE :j—- ﬂE !
2
[- g "1 ] .
Wy KANGE ‘ PALLEL
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AC

~-ELECTRICAL - ’ .
Ta = 425°C, Vor = +12V Or 415V, Vey = =12V o =15V, v....; = 48V ynless otherwise lp.cm’d e
MODEL ADCST4AJH, ADCST4ASH ADCSTUAKM, ADCST4ATH
MIN Ye MAX MIN e " MAX UNiTS
RESOLUTION 12 . Blts
INPUT
ANALOO ] . T
Vottege Ranges: Unipolsr 010 +10,010 420 . v
Blpolar £5, 210 . v
impedance: 010 410V, 5V r 8 83 - . . k0
410V, OV to +20V 15 10 128 - . . k0
DIOITAL (CE, CS, R/C, A, 12/)
Over Tempersiure Renge 7
voliages. Logic t : | 24 T 455 B . v
Logic 0 -05 " ] , o8 . - .« . v
Cutrent, 0.0V S Va S S0V =5 0.1 I ) . . * A
Capacitsnce s . oF
TRANSFER CHARACTERISTICS
ACCURACY
Al +25°C
Linearity Error E3] 12 LS8
Unipotar Otiset Error (adustadle {0 rero) 42 ¢ 188
Bipoter Offset Error {edjustable to zero) 210 44 Lss
Fuli-Sceie Callbration Error™
... (sdyustable o zero) A o J 3 403 . % of FS™
o Misaing Codes Resotution - "3 +i  ° NE L i 17 Bits
_inherent Quantizstion Error 4 &2 . s 158
?U— l° Tm e . : ‘
Linearlty Error. J, K Grades +1 %172 % of F§
8. Y Grades — J . 21 . %ofFS
Fut-Scale Cslibration Error ¥ : o
Without tnitial sdjustment™; J, K Grades ' 408 404 ‘%ol F§
5, T Grades . +0.8 . . 108 | %ol FS
‘Kdjusted lo 2000 81 425°C: J, K Grades T T i $0.22 £0.12 % ofFS
§.TGrades ~ ¢ 0.8 2028 % of F§
No Mizsing Codes Resolution 1t ot 172 A Bits
POWER SUPPLY BENSITIVITY .
Changs in Full-Scale Cailbration y, . )
+13 5V < Voo € +18.5V of +11.4V < Ve CHI128V 2\\ @ 42 ‘&1 LS8
=18 5V < Ver < ~13.5V or ~12.8Y < Vgq <-114V- AR 22 21 [8.1:)
-8BV < Vicare < +5.5V . > . 172 y LS8
CONVERSION TIME'® -
8-Bit Cycle 10 13 17 . . . "
12-8it Cycle 15 20 25 y . te n
DRIFT % 2
Unlpohr Offeet: J, K Grades 2 N PY E . 210 5 pomrC
$.T Grades T - : 15 ‘428 pomIC
Ohanqo over Tompersture Rangs, All Orades — 42 3 t'se
Bipotar Offset, Atl Grades [ s 210 E) epm/IC
Ohlngt over Temperaturs Range: J, K Grdes o k2. " . it 1 Lse
§,Tordes " "1 : 24 . - -‘12.,,,,, Lse
Full-Scate Calibration: J. K Gredes -~ v 2% ) S 4y 228 | ppmrc
S, T Grades %50 - 125 PPMIC
Change over Yemparsture Range: J, K Grades +9 ’ 48 Lse
. S. T Grades +20 310 (s
ouTeuT ’ B
DIGITAL (DB. - DB, STATUS) I
Over Tempersturs Range . :
Output Codes: Unipolsr Unipolar Straight Blnary (US8) . '
i Bipolsr N Bipolar Otfset Bln‘ry {BOB} r
Logic Levels: Logic 0 {lee = 1:6mA) ° ~ +0.4 A ‘v
Logic 1 (leeo = 500UA) "7 7 ¢ +2.4 W ! v
Logkage, Osta Bits Only, High-Z State e =5 .01 .45 . . et PR
Capacitsnce 1} . E of
INTERNAL REFERENCE VOLTAGE . { '
Voltags +0.9 +10.0 +10.1 .. . RN W
Source Current Avaiiable for Externat Losds™ 20 . mA

raqp g " L



1 PES'G, Ve B TI2V O TIOV, Ve 5 =12V Of ~35V, Vicak & THV UN:. 58 OLNOrwise specilec

MODEL ADCST4AIN, ADCETEASH. ADCSTLAKH, ADCST4ATH s
Temee e e wn: | v T wal ] ww - v | wax ] -unims
POWER SUPPLY REQUIREMENTS , ’ .
Voliage: Voc +114 +18.5 C .. y
Vae ~11.4 -16.$ * . v
Voo +45 ' +5.5 . * v
Current: loc 1" 1% * * mA
tos 21 28 . M rmA
loox 7 15 * e mA
Power Dissipation {£15V Supplies) 515 120 L M mw
TEMPERATURE RANGE (Ambrent)
Specilication; J, K Grades [} +75 ¢ . i -
5. T Graces -85 +125 M * *c
Storage ” —65 +150 . ¢ *c
*Samae specificalion as Qrace (0 the immediale left. '

NOTES (1) Athough this guatantesd threshold s higher than the standard TTL guaranteed level (+2.0V). bus loading is much less. Typn:al inpul current is only
0.25% of 8 standard TTL losd. {2) With fixed 500 resistor from REF OUT to REF IN. This parameter ts also adjustable 10 zefo 8t +25°C (see “Optional External Full
Scale ang Ottset Adjusiments” section). (3) FS in this specitication table means Full-Scale Range. That is, for 8 210V inpul range, FS means 20V; fors 0 to nov
range, FS means 10V. Use of the term Full Scale (or these :poclhcnlom instead of Full-Scale Range is consistent with other vendors' S74 and 574A spocnlmhon
tables. (4) See "Conlioling the ADCS74A" for ion concerning digital ming.  (5) External loading must be duning i
when supplying an external ioad and operating on 12V supplies, 8 bufter amplifisr must be provided 101 the reference oulpul

CONNECTION DIAGRAM
+5vdC
Lt O r-{mtwr mnl j——.———@xm?s
rn (@) : > HED own s
<H(@) ome

1—

e @ 'me

qle
ABSOLUTE MAXIMUM RATINGS l.@- Loaic ,
: - o1 CLOCK |— N
, vi(®H =
Vee to Digital Common ........ . D10 +16.5V 5 E
Vyq to Digitat Common . . Oto —-16.5V "C!@- 1) 2 ) 8
Viosc 10 Digitst Common ...... vaee 010 +TV -4 e
Ansiog Common 1o Digttal Oommon B o oo AMEA e TW + N HEEIARE "
Conteol Inputs (CE. CS, A,. 12/8, R/C) Ve ® A § ] 1@
to Digital COMMON ouuuveeennss vavesen 0.5V to Vica +0.5V. I{FMT@ E & E"‘@’“
Ansiog Inputs (REF IN, BIP OFF, 10Vw) E 17 (®
10 Analog COMMAN . ..e.eveesveress cevreees. 2165V | JrALOS s | r-@m
20Va 10 Analog Common .. veene 224V Coxmox g - —
REFOUT ..... [ETTTTT PRI sseeves Ingetinite Shor 1o Common, wil 1 on
Momentary Short 10 Ve Jehm g E '
Chip Tempersture: J, K, L Grades .. +100°C v, 2 082
8, T, U Grades . +150°C 4 s @ " ®

=
SIPOLAR ;’
Power Dissi1pstion ..vovvvrernnranas . 1000mwW | ] "
Lead Temparsture, Soldering. .. +300°C, 1088¢ OFFSEY = @ X
Thermst Resistance, faa...ccevnnuvses ceriern., 48°CW 10V RAXEE @ HGs) veo oy
1
CAUTION: These devices sre sensitive to electrostatic discharpe. et (10 m DGITAL
Approprists L.C. handiing proceduros should be followed v CoMMON

MECHANICAL : T

INCHES MILLIMETEAS [' [0 NdTE Leads in trus position

WMin T max 1T Min T MAX within 010° {.25mm) R at MMC »t
V.386]1.414] 36.20]36.92 ) seating plans. .
108 .166] 2.74] 4.22 1 .
018] .021] o0.se] 0.63 T~ ,v.Ja\ Pun aumbers shown fof reference -
038] .000] 0.69] 1.62 eJl only Numben may ot be marked
100 BEABIC | 2.64 BABIC —— & ———— an packags.

.036] .0e4] 0.0t1] 1.0
.008] .012] o0.20] ©.30
.120] .240] 3.08f .10
L0600 BASIC [16.24 BABIC
- -J0 | --T10°
.028] .060] 0.¢4] 1.62

CASE: Ceramic, hermetic
MATING CONNECTOR 2803MC
\/ WEIGHT: 4.8 grams {0.1701.)
]

-]
zigjrixle[xio|wl0lOI>» | &

.




DISCUSSION OF
SPECIFICATIONS

LINEARITY ERROR

Lincarity errur is defined as the deviation of actual code
transition values from the ideal transition values. ldeal
transition valycy, lic on a line drawn through zero (or
minus full scale for b.ipolar cperation) and plus full scale.
The zero valye jg located at an-analog input value
1/2LSB before the first code transition (0004 to 0014).
The full-scale vulye is located at an analog value 3/2LSB

beyond the lust code transition (FFEy to FFFy) (see
Figure 1),

- FULL-SCALE
" CALIBRATION p
FFEx ) £8304 o
. :ztum N
= | 1
5 802, Ling [ 1
S mlﬂ k. : :
2 s f—0o Lt
E e} Osr B £
g thko i s d,
L N5 T 'y o
e TN ' P
w2, T M um ¢! Y
1. 4 mrouan |V wosene 1|
OFFSET—~d o jaipOLAR '/
80, 1 TRANSITION]) 1 TEAD) o
T N v L vy v
™
- 1 St
#~FULL-SCALE +FULL-SCALE  SCA
AFUL ey amation CALIBAATION
SCMEL  taansiTion) TRAXSITION
ANALOS INPUT
FIGURE 1. A13CS74A Transfer Characteristic

Terminology.

Thus, for a cunyerter connected for bipolar operation

and with & fullscale range (or span) of 20V (£10V), the

acro value of 10V js 2.44mV below the first code transi-

tion (000w 1o ¥l at —9.99756V) and the plus full-scale

value of +10V .: 7.32mV above the last code transition
* (FFEx 10 FFF, 1+9.99268) (sce Table 1).

NO MISSING COpES

(DIFFERENTIAL LINEARITY ERROR)

A specificativg  which guaranteces no missing codes
fequires thal every code combination appear in a mono-
tonically-incresung sequence as the analog input is

[y

increased throughout the range, Thus, every input code
width (quantum) must have a finite width. If an input
quantum has a value of zero (a differential linearity error
of ~1LSB), a missing code-will occur.

ADCS57A KH and TH grades arc guaranteed to have no
missing codes to 12-bit resolution over their respective
specification temperature ranges.

UNIPOLAR OFFSET ERROR

An ADC574A connccted for unipolar operation has an
analog input range of OV to plus full scale. The first
output code transition should occur al an analog input
value 1/2LSB above OV. Unipolar offset error is defined
as the deviation of the actual transition value from the
ideal value. The unipolar offset temperature cocfficient
specifics the change of this transition value versus &
change in ambient temperature,

BIPOLAR OFFSET ERROR

A/D converter specifications have' historically defined
"bipolar offset as the first transition value above the
minus full-scale value. The ADCS74A specification,
however, follows the terminology defined for the 574
converter several years ago. Thus, bipolar offsct is
located ncar the midscale value of OV (bipalar 2¢ro) at
«the output code transition 7FFy to 800y, - ~

Bipolar offset error for the ADC574A is defined as the
deviation of the actual transition value from the ideal
transition value located 1/2LSB below QV. The bipolar
offset temperature coefficient specifies the maximum
change of the code transition vatue versus a change in
ambient temperature, ’

FULL SCALE CALIBRATION ERROR

The last output code transition (FFEy to FFFu) occurs
for an analog input value 3/2LSB below the nominal
full-scale value. The full scale calibration error is the
deviation of the actual analog value at the last transition
point from the ideal value. The full-scale calibration
temperature coefficient specifies the maximum change of
the code transition value versus a change in ambient
temperature.

POWER SUPPLY SENSITIVITY

Electrical specifications for the ADCS74A assume the
application of the rated power supply voltages of +5V
and 12V or 15V, The major effect of power supply

TABLE L Input Voltages, Transition Values, and LSB Values.

Binary (BIN) Outpee tnput Voliage Range snd LS8 Values
b
Anslog Inpul Vouna 4 Range Detined As: 210V 15v 010 +10v 010 +20v
e 0
One Least Signtrsns 61 (LSB) £sA 2ov 10v 10v 20v
: ha 2* 4 * e
n=8 78 dmv 39 06myY 38 0Bmvy - 18.13ImV
n=12 4 88mv 2.44mVY 2.44mv 4.88my
—— .
Output Transition Voiuey . " .
FFEw10 FFFn + Full-Scale Calibration +10V - 2188 +5v - J2Lse +10V — 372188 | +20v ~ V2LS8
TFFFu to 800, Midscale Cahbretion (Bipolar Oftaet) 0 - V2LSB 0-1/2L88° +5v — 172188 +10V - /2058
000w 10 001, Zero Calibration (W ult-Scale Canbration} -0V + /258 ~5V+ /758 Q +1/2L58 BORCARAL

-y



FULL-SCALE ADVUST ‘

REF 1%

ADCSI4A
O LA T
SIPOLAR
OFFSEY ADJUST (12 BiPoLAR OFFSET
AXALOS O 1oV RANSE
- ®
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ANALOG COMMON @
]

COMPANATOR
1

FIGURE 3, Bipolar Configuration.

CALIBRATION

OPTIONAL EXTERNAL FULL-SCALE AND
OFFSET ADJUSTMENTS

Offset and full-scale errors may be trimmed to zero using
external offset and full-scale trim potentiometers con-
nected to the ADCS574A as shown in Figures 2 and 3 for
unipolar and bipolar operation.

CALIBRATION PROCEDURE— >
UNIPOLAR RANGES

If adjustment of unipolar offset and full scale is not
required, replace R; with a 500, 1% metal film resisior
and connect pin 12 to pin 9, omitting the adjustment
network.’

If adjustment is required, connect the converter as
shown in Figure 2. Sweep the input through the end-
point transition voltage (0V + 1/2LSB; +1.22mV for the
10V range, +2.44mV for the 20V range) that causes the
output code to be DHO ON (high). Adjust potentiometer
R until DBO is alternately toggling ON and OFF with
all other bits OFF. Then adjusi full scale by applying an
input voltage of nominal full-scale value minus 3j2LSB,
the value which should cause all bits 10 be ON. This

TABLE 1]. ADC574A Conirol Line Functions.

value is +9.9963V for the 10V range and +19.9927V for
the 20V range. Adjust potentiometer Rz until bits DB!-
DBIl are ON and DBO is toggling ON and OFF.

CALIBRATION PROCEDURE—BIPOLAR RANGES

If external adjustments of full-scale and bipolar offset
are not required, the potentiomeiers may be replaced by
500, 1% metal film resistors.

If adjustments are required, connect the converter as
shown in Figure 3. The calibration procedure is similar
to that described above for unipolar operation, except
that the offset adjustment is performed with an input
voltage which is I/2LSB above the minus full-scale value
{—4.9988YV for the X5V range, —9.9976V for the 10V
ringe). Adjust R, for DBO to toggle ON and OFF with
all other bits OFF. To adjust {ull-scale, apply a DC input
signal which is 3/2LSB below the nominal plus full-scale
value (+4.9963V for +SV range, +9.9927V for %10V
range) and adjust R; for DBO 10 toggle ON and OFF
with all other bits ON.

CONTROLLING THE ADC574A

The Burr-Brown ADCS74A can be casily interfaced to
most microprocessor systems and other digital systems.
The microprocessor may take full control of each con-
version, or the converter may operate in a stand-alone
mode, cogtrolled only by the R/T input. Full control
consists o[} selecting an 8- or 12-bit conversion cycle,
initiating the conversion, and reading the oupiut data

_ when ready—choosing either 12 bits all at once, or 8 bits

followed by 4 bits in & left-jusiified format. The. five
control inputs (12/8, CS, Ac, R/C, and CE) are all
TTL:CMOS-compatible. The functions of the control
inputs are described in Table Il The control function
truth table is listed in Table H).

STAND-ALONE OPERATION

For stand-alone operation, control of the converter is
accomplished by a single control line connected to R/ C.
In this mode CS and A, are connecied to digital com-
mon and CE and 12/8 are connected 1o Vioaic {(+5V).
The output data are presenied as 12-bit words. The

Pin

Designation Definition B - Funclion

CE (Pin §) Chip Enable Must be high (717} Lo silher smtiale & CONVErsICN Of 1820 Oulput G8la 0-1 e0Qr May De used 1o tiale & .
{active hughn) conversion

CS (Pin3) Chup Select Must be low (70") 10 erther iniliale a CONVETSION OF feas DULput data 1-0 edge May be used 10 tiale
(aclive low) conversion

AC {Pin 5) Read/Conven Must be low (0"} 10 iniliate ether 8 o 12-Dn conversions 1-0 e0ge may be used 10 initiate 8 CONversion. Must
1" = read) be high {"1"} 10 18ad oulput cata 0-1 edge may De used 10 1n:hiale & read Oporation.

. ("0 = convert)

A (Pin 4) Byle Adaress In the start-convert mode. A, selects B-bit (A, = "17) Or 12-b1l {A = “07) conversion mode When reading output

Short Cycle oata in 2 B-bit bytes, A, = “0” accesses B MSB3 (fugh Dyte) 8na Ay = "1 accesses 4 LSBs and 1aihing “03” (low
. ' byte).
12/8 (Pin2) | Data Moce Seiect | when reacing output data, 1278 = “1* onobles alt 12 output Dits simultansousty 1278 = “0" will snabls the MSB's
1 "1 =12 bty or LSB's a3 delermined by the A, line

0" = 8 bats)

i e smewme

- aer i

O Y L L S

St o v ma B amemre wa— s = e —— - -
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TABLE 111 Control Input Truth Table.

TABLE 1V. Stand-Alone Mode Timing.

stand-alonc mode is used in sysiems containing dedi-

cated input ports which do not requise full bus interface
capability. - o

Conversion is initiated by a high-to-low traniition of
R/C. The three-state data.ouiput buffers are enabled
when R/C is high and STATUS is low. Thus, there are
two possible modes of operation; conversion can be
initiated with either positive or negative pulses. In either
case the R/C pulse must remain low for a minimum of
S0nsec. \ :

Figure 4 illustrates timing when conversion is initiated
by an R/C pulse which goes low and returns to the high
state during the conversion. In this case, the three-siate
outputs go to the high-impedance state in response to the
falling edge of R/C and are enabled for external access
of the data after completion of the conversion. Figure §
iflustrates the timing when gonversion is initiated by a
positive R/C pulse..In this mode the ouptut data from
the previous conversion is enabled during the positive
portion of R/C. A ncw conversion is started on the fal-
ling edge of R/T, and the three-state outputs return to
the high-impedance state until the next occurrence of a
high R/C pulse, Table 1V lists timing specifications for
stand-along operation.

$TATUS —-—-—————Jt_ﬁ———
N
NiGH-2 STATE
uu.an

FIGURE 4. R/C Pulse Low — Outputs Enabled After
Conversion.
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ce | € | A | s | A Operstion Symbol Pasameter Min | Typ | Mex | unite
0 X x ¥ X | None [ Low R/C Pulse Wigin 50 03
x 1 X X. X | None . tos 5TS Delay trom R/C 20} s
4 0 1] X (1] initiate 12-bit conversion [ Data Vana Atier R/C Low 25 oy
4 [4 [ x B Initiaie 8-bit conversion (™ STS Delay Attor Data Vaha | 300 | 500 | 1000 | na
\ v 0 4 [} Inihiale 12-bit Conversion [ High R/C Pulse Wigtn 150 ns,
1 ] [ x v | thitste 8-bit converaion toos | Data Access Time - . 150 ] ns
] ] [} X 0 irutiate 12-bit conversion

1 0 v }ox 1| Initiate B-bt conversion

1 0 ] 1 X Enadie 12-b oulput .

1 0 1 (4 0 | -Enabie 8 MSBs only FULLY CONTROLLED OPERATION

1 1] 1 ] 1 Enable 4 LSBs plus 4,

traiing zeros Conversion Length

Conversion length (8-bit or I2-bit) is determined by the
state of the A, input, which is latched upon receipt of a
conversion start transition (described below). U A, is
latched high, the conversion continues for 8 bits. The full
12-bit conversion will occur if A, is low. I all 12 bits are
read following an 8-bit conversion, the 3LSBs (DBO
/DB2) will be low (logic 0) and DB3 will be high (logic 1).
A, is laiched because it is also involved in enabling the
output buffers. No other control inputs are laiched.

CONVERSION START

The converter is commanded tg.initiaic conversion by a
transition occurring on any of three logic inputs (CE,
CS. and R/C) as shown in Table I}. Conversion is
sinitiated by the last of the three 10 reach the required
state and thus all three may be dynamically controlled. If
necessary, all three may change states simultancously,
and the nominal delay time is the same regardless of
which input actually starts conversion. If it is desired
that a particular input establish the actual start of con-
version, the other two should be stable a minimum of
S0nsec prior to the transition of that input. Timing rela-
tionships for start of conversion timing are illustrated in
Figure 6. The specifications for timing are containcd in

" Table V. 5

8

e

i

WIEH IMPLOANCE
D&11-080

FIGURE 5. R/C Pulse High — Outputs Enabled Only

K ., .
LR LG S

FIGURE 6. Conversion Cycle Timing.
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TABLE V. Timing Specifications.

Symbol' Patameter Min Typ Max Unils
Convert Mode
tosc STS oelay trom CE 100 200 ns
[ CE Putse wigdin 50 ki ng
tasc €8 10 CE setup 50 .20 n
tasc €3 low duning CE high %0 20 m
[rvey R/C 10 CE salup 50 [} ny
s AT low ouning CE mgh 50 20 n
sac A, to CE selup [} 0 nn
[y A, vaid dunng CE high 50 20 ns
te Conversion sme, 12 bit cycie 15 20 25 L
" 8bicycle 10 1 ” "
Read Mode ‘
too Access time trom CE 75 150 ns
o Data vai«d ahier CE low 25 kL) ne
[y Qutput fioat delay 100 150 ns
[ CS 10 CE setup - 80 0 ns
tsma A/C 1o CE setup 0 [} ns
taan As 10 CE-selup S0 25
Luaa €3 vand atier CE low .0, 0
[ R/E nigh atier CE fow [ [}
- [, A, valid afisr CE tow .50 25
tns STS ostay after gata vaua 300 500 1000

NOTE: Speciticauons are st +25°C ang Mealured al 50% level of teansitions

The STATUS output indicates the current state of the
converter by being in a high state only during conver-
sion. During this time the three state output buffers
remain in a high-inipedance state, and therefore data
cannot be read during conversion. During this period
additional transitions .of the three digital inputs which
control conversion will be ignored, so that conversion
cannol be prematurely terminated or restarted. .How-
ever, if Ao changes state after the beginning of conver-
sion, any additional start conversion transition will latch

the new state of A,, possibly resulting in un incorrect,

conversion length (8 bits vs 12 bits) for that conversion.

A

\

READING OUTPUT DATA * ]
Alter conversion is initiatéd, the output data buffers
remain in a high-impedance state until the following four
fogic conditions are simultaneously met: R/ high, STA-
TUS low, CE high, and CS low. Upon satisfaction of
these conditions the data lines are enabled according to
the state of inputs 12/8 and A.. See Figure 7 and Table V
for timing relationships and specifications.

1n most applications the 12/8 input will be hard-wired in
either the high or low condition, although it is fully TTL-
and CMOS-compatible and may be actively driven if
desired. When 12/8 is high, all 12 output lines (DBO-
DBI1) are enabled simultancously for full data word
transfer to a 12-bit or 16-bit bus. In this sijuation the A,
state is ignored.

When 12/8 is low, the data is presenged in the form of
two B-bit bytes, with selection of the byte of interest

-~

LS
S — o
s |
oa11-080 l s - F]u;uva‘ -
: ~°i l:s.g-

FIGURE 7. Read Cycle Timing. |

accomplished by the state of A, during the read cycle.
Conncction of the ADC574A 10 an 8-bil bus for transfer
of lefi-justified daia is illustrated in Figure 8. The A,
input is usually driven by the least significant bit of the
address bus, allowing storage of the output data word in
two consecutive memory locations.

When A, is low, the byte addressed contains the SMSBs,
When A, is high, the byte addressed contains the 4LSBs
from the conversion followed by four logic zeros which
have been forced by the control logic. The left-justified

Word ¢ Woid 2
Processor | 087 | 086 | DBs | oBs | DBl 082 | oey | oBo DB? |'Des | 08s | DBs | DBY | DBz | DBY ] OBO
Converier | DB11 | DB10 | DRY | OB8 | DB | DBG DBS | DB4 08 | pB2 | DBY | DBEO 0 [ [} 4
FIGUDE 10 Bl Do Fvrmat for 3.0 Querorrg,
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formats of the two 8-bit bytes are shown in Figure 8. The

design of the ADCS74A guarantees that the A, input -

‘ORDERING INFORMATION .

may be toggled at any.limc wi}h no damage to the con- ‘Linescity | Resolution. | Fult-
verter; the outputs which are tied together as illustrated Temper- Error, No Missing |  Scate
in Figure 9 cannot be cnabled at the same time. slure mak (Tum | CoOer (Tum | TC, mas
L. L. . i Model Range 10 Tauan) 10 Tuas) (ppm/*C)
In the majority of applications lh'e re::ad operation will be ADCST4AIH | -~ 0C 1o T1SD 1 s o
. attempted only afier the conversion is complete and the +75°C
: STATUS output has gone low. ln those situations ADCST4AKH 0;2.‘2 -21/2LS8 128us '] 228
) . . -y M + D - -—
- requiring the earliest possible access to the data, the read ADCSTeASH| ~ss'cio | 2isa 9 Bus +50
may be started as much as L15usec (ton max + tus max) +125°C o .
" before STATUS goes low. Refer to Figure 7 for these ADCSTAATH| -83:Co | 1iSB 128u 125 i
timing relationships. - LS 4
\J
srus -2
| 21 oan qusy) -2 ‘
a_ _._I -4 2
. 3 l‘; @ 4 N t<) (
d o %
ADDRE : BAIA
s L2 8us
ADCST4A &
0 x R !‘
I L)
LR ol .
L
1
}
- 863 (LS8} $
© o | ¥ - - ’
COMMON —1

FIGURE 9. Connection to an 8-bit Bus.






