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ABSTRACT

This Thesis presents the design and development of Computerized Differential Thermal
Analysis Instrument. The principle of instrument is used for measuring temperature difference
between a sample and a reference versus sample temperature. A sample and a reference are
place in a same environment and same heating rate. As for data processing on in the Realtime
mode and Post run mode , Digital and Graphic representation , the horizontal axis is a sample
temperature and vertical axis is a differential temperature. The system consists of an electric
furnace, crucibles, precision temperature and differential temperature amplifier, the temperature
sensor used type K thermocouple, data acquisition system,digital to analog converter, PID
controlled program,and Phase control ac regulator. For ac electric furnace provide maximum
constant heating rate 6 celsius per min and maximum temperature 600 celsius . Preliminary
test of the instrument was done by determination of reading accuracy Extrapolated onset of
melting temperature point of Benzoic acid, Potassium nitrate, Tin, Silversulfate are 1.46, 5.3, 0.43,

and 0.99 percentage respectively.
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E, = Q, (T,-T,) (2.13)
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3 syuusaiiudoya (DATA ACQUISITION SYSTEM)
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DTR (Data Terminal Ready)
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6.1.8 Integral Controller
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dv
v +K [V grrordt +K —idrtrﬁr—+vo (2.25)
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4 . .
1® K, = proportional gain

K, = integration constant

Kp= derivative constant

V, = offset integrator initial charge
2.8 MsAnABHINNBIAUMIU(Parallel port)

g3auasdunaimIdns Sy IBM PC
lumsdadoyasen (output data) uaziieyadh (input data) dmiy IBM

a'o 9 =1 ad =Y s A v 9 ar 7 :zl J ‘5 = 9 9o
PC ‘Vl‘ﬂ’llfluﬂﬂﬁuﬂﬁliﬂlﬁﬂ‘)’l‘iﬂuﬂﬁl‘lﬁ)ijﬂm‘lﬂﬂﬂ IBM PC  &IUUNBUDUIIADINIZINNY

slot UM IBM PC  @4ils211 /O slot uaadswazBoadsgili 2.35 uazguii 236 iy

"

EEEEEN Y RUURNRTEI

J1 J2 J3 Jj4 J5

intel 8088
J/O slot 1u1as Tusiweanaos

51171 2.35 A2 5TV O slot UN IBM PC



57
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MEMW (Memory Write ; 41 B11) :
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(Toyagnasninmiennus T Idfuginsst 1o)
DRQ1-DRQ3 (DMA Request 1-3 ; ¥1 B18 , B6 uaz¥1 B16) :
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ansoldlunisve DMA anszuy Tasmstleussdudyanuanin “1” IWAuw DRQ
Jaumila (¥1 DRQ ety DRQ1-DRQ3 U84 8237A-5)
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8237A-5 fazdhmisve DMA IifunyumueniidwusnuddyganheuudiSeinisve
DMA Idfuurunuantidwuanuddydindt  awwly ROM BIOS w84 IBMPC 12
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< o as { 1 o’/’ o =4
(DRQ2)  8237A-5 NezN15ve DMA Mnuuyuuuahn 1 nou  snviuidomsosinuuiu
115 DMA veuyuuuah 1 udy Seezshnsve DMA IWfuuwwiuai 2
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DACK woawuuuaf 1 (DACKD ield5udyanmein DACKT udrfvsSisndyyiu

DRQI (Asuninasdn 17 1ilu <)

DACKO - DACK3 (DMA Acknowledge 0-3 ; ¥1B19, B17, B26 uag B15):

Faynnois 4 Tifueninmueaiivfinesn 07 #1 823745 ahtuieuansliasesmouen
flue DMA n31wFnsve DMA T ldsunsaeuaueuda tay 8237A-5 sdhguuaums
pMa ritel¥msdeiudeyasenineinsal VO five DMA funizenamuiniuldlag
a3 (fe'laidneri 8088) Tasdiyn 1 DACK frﬂzxxaﬂﬁﬂ"luwﬁuuuaiﬂﬁﬁuagjﬁuiwmu
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T/C (Terminal Count ; Y1 B27) :

° o (8 P

o y 4
dygaignaditunnmsiuedynuemynivg EOP e 8237A-5 11

[ 371

ndvastn (IaglHinm Inverter) sl dya 1 T/C fuendiniinesn «1» ﬁm%”nﬁ'q,munmf:ﬂ:
neniiviife s luilumsdeinudeyavesvuauns pMa  Tunsunualausuuuanis
asuawsaudidmunl3 Tﬂewh‘hJuﬁ’aﬁ'ﬂgiywmﬁﬂzgﬂ'l%’iunm?yuqmmums DMA fivh
msderiudeyailuviion xﬁmmnﬁ'munmﬁy&azuaﬂﬁﬂTm'hiuﬁmduﬂuﬁﬂgapmmm
uyuLuale ﬁa&uﬁaﬁmﬁwmsmﬁiytym T/C Tl Inverter udmil or fudynm
DACK sieldrmsonsiwldd  dyam T/C ﬁnﬁﬂi‘fmfmﬁuﬁiytymwau‘vuuuah
dmSuurunuaii o ifuﬁmnym T/C venenfinlusanmifinedife 009 990.804 ms. Fsfife

901 15 unsSilsymiaonusvua 64 Kbyte 1uioq

QU L 1
vaveaurasig IWvssszuy

+5Vdc (91 B3 itag B29) :

vaaeanAefuumadestelsl Do +5v veaszuy Tasezfianiuiisenss (Regulated) +5%
ADRgluYIY +4.75 19 +5.25 Vdc

+12Vdc (1 B9) :

wilazdefuumastie’ld DC +12v veaszuy Tavziifruifioanss (Regulated) 5% Ao
B 1U%9 +11.4 D9 +12.6 Vde

-5Vde (91 BS):

WiszdefuImass el DC sV vesszuy Tavezimauidisenss (Regulated) £10% fi
og1u%4 -5.5 14 -4.5 Vde .
-12Vdc (W1 B7) :

mfrﬂwiaﬁmmn'aiiw'lw DC -12v 833311 Iaveziismudisensa (Regulated) +10% Ao
ag 11939 -13.2 19 -10.8 Vdc

GND (V1 B, B10 uag B31) : :

9 14
mﬁqmuuﬂzmﬁmsnﬁ (Ground) Y9352 VU
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r 9 o 9 Yo ‘]:j ¥ a9 A4 a ' o
ATTNUYBYABBALUASUIVBY VIV ugeatidunty Tuntisezisondy wesa (port)
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‘-']Nilﬂ']i%ﬂﬁiﬁ’lvlnqﬂ‘li@uﬂu ORI T (address) NUUUDY ﬁ'JE]ﬂ?\iﬂ?ﬁﬂﬂﬂiillﬂﬂ!ﬂiﬁﬂj‘lﬂ
~ ' W a P o 4
Aadefuglnsiinouenuu IBM PC udaeasn1s A 2.9 uazmsadinsa (card) eold

iFouas il IO slot aasaagli 2.37 awd 1Ay
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4 ]
fufineamsavesgysol /0

mygwdumn (9 8|7 6 5 4|3 2 1 0 ginsei /O
00-0F 0 0[O0 0 0 Z|A3 A2 Al A0 | DMA CHIP B237-2
20-21 0 0/0 0 1 Z|Z Z Z A0 |INTERRUPT8259A
40-43 0 0/0 1 0 z|2Z Z Al A0 |TIMERS8253-5
60-63 0 0{0 1 1 Z|2Z Z Al A0 |PPI8255A-5
80-83 0 0(1 0 0 z|2Z Z Al A0 |DMAPAGEREGS

AX 0 01 0 1 NMI MASK REG
X 0 01 1 0 RESERVED
EX 0 0f1 1 1 RESERVED
3F8-3FF I 11 1 1 1|1 A2 Al A0 |TPRS-232-CCD
3F0-3F7 1 101 1 1 1|0 A2 Al A0 |51/4°DRV
ADARTOR
2F82FF |1 0|1 1 1 1|1 Z Al AO |RESERVED
378-37F 1 110 1 1 1|1 zZ Al A0 |PARALLELPRTR
PRT
3D03DF |1 1|1 1 0 1 |A3 A2 Al A0 | COLOR/GRAPHICS
ADAPTER
278-27F 1 0/0 1 1 1|1 Z Al A0 |RESERVED
200-20F 1 010 0 0O 0}A3 A2 Al A0 |GAMELO
ADAPTOR
3B0-3BF 1 1|1 0 1 1|A3 A2 Al A0 |IBM
MONOCHROME
DISPLAY
PARALLEL
PRINTER ADAPTER

ziu1useodld

a13190 2.9 LansmstaassueaasailFianenugilasainiousnuu IBM PC
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P ADUUMADT

¥ _ ¥

FR-Aulle 24 1

= <
AIATYUT DN

- N
N

TIUUN 24 17U

119 237 uarmsmsan 11doulu 10 slot (PC - card)

o o a o ) a at A Voo oA
815@!!’351“ﬂ'15@141’!@'1/!91%1’!9‘1‘1]@1.1‘?111518’(18!?)81@‘118\33\1%5ﬂ'l‘il‘ﬁ'f]llﬂﬂ aU
1. 29959uiia (enable circuit)
2. ’N'{li!mﬁ"ﬂﬁuﬁﬁ‘g (output latches circuit)

3. ?Q%Sﬁﬁﬂﬁﬁﬂlﬂ@g (input latches circuit)

19959 unTa

< o ]
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1Y 1t o t ' o g TPy 4 3 o o
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Umousasd (address bus) Tumsimuadwmisnmeluneuiiamey wwdsatunvives
wieez 185uffumeluneuiiunes desdedoyadinananaviites Inulugdes Inu
Ada 4 as =1 % *
Tunsdifiimsdemsdugunsaimeuen  Adesdinseeasiausamsalivmavungynsel
3 o g/ (7= :’ 9 a ‘:; 91' s o s A'l
i msneasaueainsades lulimsddeusuneamsaiilffemsiugdnsainiouendasy
P 9 4 o 4 o o [ ) P
ueaasa lsdemsduglnsainmeuendmiy IBM PC  duwaaesisazdealuaisieit 2.9
WUIWBAIATTYIN 2BO - 2BF (lavgiuduun) Bilin1sld isdemunsoneasiauennsalsd
Punsieusislurisdsnd weldlunsdeeyavenuaziiioynidild
@ 4’! 2 o g) a1 t e
NS0PATHALBAIATNWBMINBNNBSA (port select) 1A 1T 1BUBAIATA A0-A9 HRuNIAY
1010111111 (et 703 ieifumvgudy) Senlddyaiunmsidenwesaiaosn o ug
msfiazaeniesudeyaninmedoynld Aeeilin1saefume AEN (address enable) U¥9q IBM

9/ '
PC fag ez hiwuiiu mydenesufeyaninmodeynszifansfianan’ld dyauild
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d o 4 1Y < a t % °
vInmsfienwesamimiess (or) fu AEN wlflunsduuda 2evsdemdesudeyadeinlifil
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NMIMIVBYINIBIUUBYUNAUU swa:mﬂﬂmana%suﬁmmgﬂw 2.38

A-23 A9———————————  74LS00

{
1
3
A-22 A8 1> j 2 )

74LS04

A-11 AEN
- -~ L
Tanudonues

A-24 A7 b D

74L804 3

A-25 A6 13{>c12 741832
o Py L
A-26 AS 3 dyguaennosa

yiduauluy -
vte 4| 74LS30 Mu@y 703 (§IUdY)
/O slot A-27 A4 3
S —
A-28 3

A3 !

A-29 A2

A-30 Al
il

- A-31 A0
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‘NUIUB NN Y

N o s o (] T
nsdsdeyaeenld IC wes 7418374 Wuduaaddoyn msdedeyasendesriiy
° - a ¥ £ o ' a A

namedeya DO-D7 uazdehnsdundaisuanddoyn FedeliiReanefiaseszsiiam
Yy ¥ A o a 2 g a ¥ oA . . o aa
1§ Aeslimedygradnmenidudwuioidods -10W (inputoutput write) medy ol
2930 0 1iipilin1314M1de OUT address, data Tunwup@niiiesimisdedoyasen azsfusuily

9/ 4' v as [ v g = a 4‘1 o 9 [}
Apusunemedygnuawnandluiestuuia  ifenisunaddeyalutssdedeyasen

30AIDIAVBINIITUAAIAIZLN 2.39
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Al

A0

AEN
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i 3 — 741832
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o

LN\
N 74LS30
J>C% 2 N
3 y
\
4
8
5
6
12
11
-—/
9
, 8
7418374 | 10
N 74L832
o { ,
Ao 22 3 11 2 LDOy Ty e Tasive
D1 LD1 v
A-8 4 5 l!ﬁ@‘l‘lﬂlf}?&ﬁ
D2 LD2
A7 ——— 7 6
3 D3 LD3
Vidygulu A — g 9 = ) .
1/0 slot A-5 13 12 mewmmm‘wayc
D5 LD5
A-4 14 15
D6 LD6
A-3 17 16
D7 LD7
A-2 18 19

P a s o
E‘iJ‘Vl 2.39 llﬂ'ﬂﬂi1ﬂﬁ$lﬁlﬁﬂ'3\1ﬂ'i!'f]'m‘}“!mmﬂ‘]f

o “ P
Wy Inasnues:
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[l v +
iNrade3das M1AINd1Ife -IOR (inputoutput read) aodayamiinaedn 0 ieiinisldd

' Vv v 9 .
@9 A = INP(address) lunmsnudn asiusuiudeaufeudemoduainiidisulessuua

o o

$180210AVD9I99TUTAAIAI LN 2.40

74L.S00
RS
A9 : 3\;3—— 741832
N
A8 ey 2 A~
741830 1y ’ dygoudenusin
. 72 7 )5 ¢
A7 ! ) 741830
Aoty 0\
A5 3 12 13
Ad 4
8 /
A3 - 5
1.
A2 6 / S
Al - — 12 '
A0 — — -—— ]
AEN -
~IOR —
! T
| | | o 741832
Do — o cDo
A9 — 3 p—
DI cDl
A-8 116 —
D2 CcD2

A-7 14

LR GITRLTY A PR

4 ¥ < = o .
1/0 slot A 24 ﬂ_ 0 CD4 > qpynvinfuaiag s n
D5 CD5

9
A-4 7 13
D6 CD6
A-3 5 15
D7 CD7
A-2 3 17—

74L8244

P P=) a Y o
319 2.40 naeeenziBenITBUNRALIIWGS
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2.9 39sufasdiyanamvneaiiluenasn( Digital to Analog Converter)

msulasiuduanaadneaiuezinasndivsy IBM PC

s

“luizunﬂauﬁamas"ﬁmsv‘imuxﬂuxmuﬁ%’mams%zﬁamim%ﬁﬁu"lﬁ'ﬁuﬁﬂujtym

sumen duiludesdinsfounlasdyanuaiaealtiudyaioewaen evnisay

auglnsaimeuenuuuewnemiu uansislaozunsuglii 2.41
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didnnseting
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o 4 9 o
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mndyyrdteeadild dsrdwiudanihiu x ia Wedesmsfouiudyyrneuiasn

usean Ty Y Taad ismudwdazgas (siep) vesdaanniin/fou T szuanarefy
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d‘ L Qs :; T £ Qs d’ d’ 1 v Q U

dedyauavsean/asulludazlia dyanaeuseniifon usasssdinan
= v v s X O ' o aa a ° a a P
sAUMND (Y/27-1) vV endreene Sidynmadasalisuyaswoudady 10 da exfien

10 1] s d' 1] 1 =9 L7 d'
27 -11mnD 1023 uazuaasnmisidasusudazan 0-1024 fa31i4 2.42

D9 D8 D7 D6 D5 D4 D3 D2 Dl DO\

° . > 1024 A1

119 2.42 namsmsildgusuaayda DO-DY 910 0 B9 1024

uazddyanueuinendioia usedu Ifheenindiannndigaiiu 10 v n v
azarveaus i hifhfindeu idesudas Sadon szmiifiu 100 /1023 w3e 0.009775 v
v§o Uszinm 10 mv awddy  ssiudesueazSandouly 1 T Iddyanueidne
us e Wi iwWaou lsasazalszina 10 mv o2 18ussiuerdnaeglugas 0.00 f1 +10.00 v
wernedagUfl - 2.43 uaﬂunstﬁ*ﬁﬁmsaﬂﬁﬂui‘hmuﬁmmﬁmmwmﬁﬁmmﬂu 12 i 2%
1=4096-1) Bunaid wuNFyanausiuednafin/fou T usazsrsziiu 10.0 /(4096-1) =
0.0024 v nazduddsusmaudaluiiiu 6 9n %1 = 64-1) gunedn wundy sy
erdwaniAon lusazdaadiu 100 (641 = 0.158 vV namemsnlaousiadazdisves

dygnuewnen Wendeudmiudasunaivesdyyinndtasa dagih 2.44
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10.00 vV —

TUUIUUTIAU
999V A
998V

Adaouldue
ATHN L

£

0.05V $
0.04 V
0.03V
0.02V
0.01V
0.00 V—
Do
D1
D2
D3
D4
D5
D6
D7
D8
D9

3

S O O O O o0 o o o o
©O O O O C© © & O © r
©C © O O O O ~= ©o
©C O O O © O O © M= M
©C O O O O O C = O O
©C © O © © © O = O
e o R R S R S G U S
i T S R e S W
b e e el e e e e e e

~\/
ATADD DUNA

117 2.43 namsnnudniusszniieantaeaiuussfue Myaves DAC 10 n
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o _

AvABRBUNA 12 1R AvABNBUNA 10 U AvAenduNa 6

1 244 namsmsndvusiudarsisvesdygiaenaeniowyn wenldeudniuda

veddyguasasadunaiiu 12,10, 6 Ta augiey

o ) 4, a o an 1 o o
i]'lﬂg‘]_h’l 2.44 wmﬁ’hmmwumumnmmﬂtymmmmtamnmu %xmiﬁmyfym
v e o4 < o p1 o
aumammazmmmﬁ’aﬂm cmflumsmnﬂamax;ﬁamamiynunmmnwmmﬂawu

a an ° a o a ' [
dyauataenidueuinen aunsanszi R lasrsesdidnnseiindisoudedity BM PC

uaras laezunsudegii 2.45

@ o
MATUDAYUDYD

" DAC
4930910 IBM PC

¥

— meﬁmaqg?

tlasidoya

11 2.45 uaas laezunsunisiFeude1995.DAC 11 IBM PC

2993 DAC v 8 1ia @150 1FuuY R-2R ladder uanesioaziBonansdagildi 2.46 Taei

1M31F0GBU1 data DO-D7 1513 U2995HaAFHBYA (latch data) TiFoudednfy 1BM PC 1119
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1/0 slot MIn137 IfALBAIAS ANRSA MBIy 2BOH-2B7H  1AAIS10AZIB6AU892903 A3

2.47 nog 31U 2.48 AR

LD6

LDS

LD4

LD3

LD2

LD1

LDO

319 2.46 4AA931902188AVBIIIVT DAC VY R-2R ladder YUIA 8 1in

SEEEEE R

tl }-’VV\r-'\/\/\rJVV\r-’\/\/\r-’\N\rJVW-'\/\/\r-’VV\r

1KQ

1KQ

1KQ

1KQ

1KQ

1IKQ

5

2KQ

O/P
DAC
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+5V
(B-3) %‘ 7418374
201 ¢
(A-9) DO , , | 1po
(A-8 DI LDI
4 5
(A7) D2 ) ) LD2
% Ry, 7O D3 8 9 LD3 Joyanany
YITTRUTU U T  _
YT 5) Da y b LD4 3
VOslot s 4y Ds i s LD5 g2993 DAC
(A-3) D6 LD6
— 17 16 ———
(A-2) D7 LD7
Lo
11
I'é
(B-10) GND
/
=1 as o
endygymvueia

(T\\ 4 N
22/3’ Is &
-IOW i
(B-13 741832

P a oY
E“Ll'ﬂ 2.47 !!ﬂ'ﬂ\?ﬁ']ﬂﬁzl@ﬂﬂﬁ\iﬂ?!!ﬂﬂ‘]ﬂlﬂyﬁ
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) 3
A3
6
4 6 |
A4 4
,?C
YDA o :EC
1 1
AS o 2
A6 " 3
A7 ——
0 4

AT

IC1
 74LS138
e
A b
2
C 4
Gl
G2A
G2B
1C2
_ 74L8138
0
A 10
B 2 b
C 3p
G2A 4
G2B 50
G1

10
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7418138 “mumomyﬁaﬂuaf

AEN —

9.

1141 2.48 510021BeA29957 IAAUDAIAT MDA MINBIY 2BOH-2B7H

uazlunsdinld 1C DAC 1wes ADSs8 mnsniFouaaidisy IBM PC 181nsas5e Laaese

azBeAveIsABIFeNiY IC ADSSS fagilhi 2.49 Tasfiansaldaeesa Idnueamsanasa

Nneraeneg U 2.48 1an19w7 1 ¥4 IC 74LS32



80

+12V
+12V .
(B-9)
Vee
(A-9) DO 1 g
16 —@—
(A-8 D1 2
A-7) D2 3
(A-7) 15
. (A-6) D3 4
vdyywilu o AD558 YOUT=0.0 to 10.243
14 —@—r
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A-3) D6 7
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(A2) D7 8
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1 9 |
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o d
7 aneulnsaedisniuames (Phase -Controlled AC Regulator)
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N dy v as a g 9 o 9
29sehuilnzSudyaueuaenoin luTasaeuiuaesiniaiugudasinis i
- ¥ v 4 do v A a v . A Aa v
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& 1 a a o 4’ ] o I'd
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mssuaula ves Insuen
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7.1 lsdaamnStad (Solid-state relay 158 SSR)
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aIATUNY GI’J’EJEJN’UE]Q?Q%ijcﬁﬂﬂﬁlﬂﬂimﬂl‘ﬂuﬂﬂEﬂ‘ﬂ 2.50
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@ () X 2
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Single-phase
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T MT
.2
Logi @ Single-phase
o8 MT, AC suppl
pply
source
PR
(M) Load —°

z‘ﬂ‘ﬁ 2.50 uﬁﬂﬁ%msuﬂﬂdamwsma‘lﬂﬁw (Electrical isolation methods ): (f) reed relay, (V)

Gate pulse transformer and (f) Optocoupler
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71l 2.51 uaaslaezunsumsla zvs

fetamsidou Tsdamansaduaaddfinudegi 2.52

® o
Load 1 Load 2
AC source
+ 0 AC SSR h AC SSR
DC control . i
-0 | DC input AC input 0

(n) Simultaneous control of two ac loads

—0
SCI}
o AC source
+ AC SSR
DC control .
-0 AC input
SCR
Load [—O

(%) Low-power control of high power thyristors
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| ACSSR

O AC input
On —{

T AC source

2k 1W Load
Ofr-
> L O

() Ac input SSR used as a latching relay

Phase A

Phase B

DC control
+ -
o) O
+
L 4 AC SSR
®——— DC input
+
T AC SSR
@——— DC input I
+
AC SSR
= DC input

(9) Simultaneous control of three as SSRs to*obtain three-phase control

Phase C
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d' a o o 1 o a o’n’z’ =)
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i, ANVAN — —\\//\
ON OFF ON OFF )
Finng ' A
Pulses I\N\MI\N\N\INM\ N\N\N\N\NN\IM\
R
a 2
)
Pulses [\ [\ | l\ : [\
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y _ max [6, SIN2(r-8)

= max 2.28
rms \/; 2 4 (228)
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atnsel  fimwsovsavegurgiiniludaiiues
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medTusilariia K oonun1d edregndes Uszuna 10 mv/ C Aaerasvpiudsmisied 3.1
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LTINS DVBTYYIUINHIIN

Thermocouple Temperature Type K Voltage AD 595 Output
(OC) (mV) (mV)
-200 -5.891 -1454
-180 -5.55 -1370
-160 -5.141 -1269
-140 -4.669 -1152
-120 -4.138 -1021
-100 -3.553 -876
-80 -2.92 -719
-60 -2.243 -552
-40 -1.527 -375
-20 -0.777 -189

@13799 3.1 HAAIAMTIAUVIBDNABRMNYN TIMTU AD595




Thermocouple Temperature Type K Voltage AD 595 Output
(° C) (mV) {(mV)
-10 -0.392 -94
0 0 2.7
10 0.397 101
20 0.798" 200
25 1 250
30 1.203 300
40 1.611 401
50 2.022 503
60 2.436 605
30 3.266 810
100 4.095 1015
120 4919 1219
140 5.733 1420
160 6.539 1620
180 7.338 1817
200 8.137 2015
220 8.938 2213
240 9.745 2413
260 10.56 2614
280 11.381 2817
300 12.207 3022
320 13.039 3327
340 13.874 3434
360 14.712 3641
380 15.552 3849
400 16.395 4057

A519% 3.1 HARIA LIS IRUVIDDARBEUHYN T IMTU ADS59S (B)



Thermocouple Temperature Type K Voltage AD 595 Output

Co) (mV) V)
420 17.241 4‘266
440 18.088 4476
460 18.938 4686
480 19.788 4896
500 20.64 5107
520 21.493 5318
540 22.346 5529
560 23.198 5740
580 24.05 5950
600 24.902 6161
620 25.751 6371
640 26.599 6581
660 27.445 6790
680 28.288 6998
700 28.128 7206
720 29.965 7413
740 30.799 7619
750 31214 7722
760 31.629 7825
780 32455 8029
800 33.277 8232
820 34.095 8434
840 34.909 3636
860 35.718 " 8836
880 36.524 9035
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Thermocouple Temperature

Type K Voltage

AD 595 Output

Co) (mV) ({nV)
900 37.325 9233
920 38.122 9430
940 38.915 9626
960 39.703 9821
980 40,488 10015
1000 41.269 10209
1020 42.045 10400
1040 42.817 10591
1060 43.585 10781
1080 44.349 10970
1100 45.108 11158
1120 45.863 11345
1140 46.612 11530
1160 47.356 11714
1180 48.095 11897
1200 48.828 12078
1220 49.555 12258
1240 50.276 12436
1250 50.633 12524
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Type K : nickel-10% chromium(+) versus nickel-5%(-)(aluminiuin silicon),

010 1370 “C+0.5°C, 8th order

2y = 0.226584602
a, = 24152.10900
a,= 672334248

2, = 2210340.682

a, = -860963914.9
a5 = 4.83506E+10
ag = -1.18452E+12
a,=1.386905+13

ag = -6.33708E+13
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msnaaes Tunsdidl 921981 K, = 0.083, K, = 0, K, =0.001 uazwanisnaaguuaaslfifiuds
+ 9 H . + }4 4
s 4.4 dniulumsifauimnieade DTA fadreduil exldaauusiudrlunsTinszians

Y Y o a a o R
qeae wzdeald Sasmsiuguugiidu 6 °C/min
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120 1T

oo
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g
T

O e
80 1 setting(°C) o
60 Lo o I, e
——Furnace .
40 Temp(°C)
w Lo i
0 .; l ’ 1

250 300 350 400 450 500
Time(x10s)

314 4.1 umaIns MRS INSIANYEIQUYH 1.53 *C/ min

350 T

300 T

200 +

g
g
g

—  Temp. setting(°C)

——  Furnace .Temp(°C)

¢ 1 :
T t s

1 50 10 15 200 250 300 350 400 450 500 550

Time(x10s)

51l91 4.2 namsnsMEAsINITMNVRIgUYN 2.82 “C/ min
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Temp.(° C)

500 7

450 +

400 +

350 [

300 B e St LIRS LSRR T~ |
250 J EPOR
200 -+ ...... . ,._.

—o—Temp. setting(°C)

150 1
| — Furnace .Temp(°C)
100 + - :
50 - . P
0 | : % —
1 50 100 150 200 250 300 350 400 450 500 550 600 650

200 T

100 1

Time(x10s)

1104 4.3 uaaansmdasinsMuveIgu il 4.29 “C/ min

——Furnace .Temp(°C

——Temp. setting(°C)

i It } -

50

100 150 200 250 300 350 400 450 500

Time(x10s)

517 4.4 naaensINBRsINSIRVYDIYUYH 6.00 "C/ min
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4.2 MINATRUMNIABEHI

AAASNARELUeIasE 18818 und ny ez Idnareulu Inuanshaumendsldan

9
Zounamsnsamanudon Ifudniaud dereluil
1. 1156129819 nIUNlEdn

2 o <4 a a Y v et

Fetinyuz HuneTane danuuSans 99.999% nazdumsdiedih auay ICTA
(International Confederation for Thermal Analysis) {ag au1fy NBS (National Bureau of
Standards) ‘14 fAmualiiflumisunsgu dwsy asufiou(Calibration) 1A38eile DTA il
arwansalinnudeunnaisdies Tugreguugilisznin 58-125 °C Tasfazsisanuma

P a 4 a e o

nsnaaeueeninluzlues ga T Tashans nsawuledn il sxliga T, U flu123:5°C
£ ] 4 [ ' i
Feszidlughravesnsnlioundasansnnvesudslifluveaunar  uazlisnmisidsuuiag

wianuniemsnlfoundoseusiall A Hidh 148 Vg

nan1snaaet 7 1881nms1¥0153iA31217010 Lab_Net Mode Tag1d Excel 5 98
Y o as P s s :: LY ] =y -
paaslfifiudagui 4.5 TasasTuan 105 mg Aoiumsdredaulsdn vziish A Hiilu
3 . . Y 4
148 x 10.5 x 10 = 1.554 J 1oz shasnvaunsesde K/ = A H/ Wudldns i,
¥

14 ’ [1
pnnssnnuiuildnsmvesfindyas lasldldsunsuneuiiaaed oz ldwunldnsni

auihi 2012 ¢

Sty saefiveunieiie K/ = 1.554/201.2 = 0.007 /C~
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Benzoic Acid

500 Heating Rate 6 °C/min

‘o)

400 +
300 +

200 -

AT

100 -+

30 &1 138 182 239

Temperature (OC)

519 4.5 ueaans i nsawu 143NN Excel 5

4 d‘ g Y s 4 L]
1INMINATELIATENE® DTA Nad1e¥ull Auniedlie DTA ¥8d NETZCH 3U STA

-4 v Y [ P @ ot dy
409C v ldmamnaaeus T_ uanslfitudaisiedi 4.1 dase T
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90 Extrapolated onset temperature T (OC)
indeaile DTA firthedy imSesiie DTA
DTA VERSION 1.0 ?}ﬁ"ﬂ NETZCH STA 409C
123 116.0 F
126 115.6
126 115.7
124 115.8
125 115.5
Maximum’ 126 ' 116.0
Average 124+ 1 115.7 +0.15,
Minimum 123 115.5
Standard deviation + 1.16 +0.17
Repeatability  1.5% 0.25%
Reading Accuracy 1.46% 5.93%
Correlation r -0.78

o ' 0O .4 A
A15199 4.1 u@AeA1 98 T, ( C) 7114910 19599 DTA VERSION 1.0 loy

1399 NETZCH STA 409C
2. m1sneds 1suamdusluasn

Fafldnwue Wundlany farwusqnieo.099% Fuflumsdresredi auay 1CTA
oz awien NBS 18 fmualdiflumsinasgiu dmsy deufisuniesile DTA fifaaw
awnsaldanuisuunmsdindn Tugrgungiisenin 125435 °C Taoftezsisaunanis
nameveenilugives syl ves 9a T, Tasiios TlsuamouTunse ﬁy%zﬁﬂﬂ T %
a1 i 128+ 5 °C Feemfugarsvesmantfounasaniuzainveaude lidluveauds uasd
amsnlasunamsnunsensildsuutaueusiail A Hifhu 28.1 Vg nanisnacey 18
31nn1519n153RT12¥010 Lab_ Net Mode 1818 Excel 5 vzueraalifiudegyii 4.6 Tasms

=1 Qs L = -3
378 53.5 mg a13@a8e1 vzdimt A H 1§y 28.1x53.5x10° =1.507
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[l v k4 * 9 ]
oz snsfiveunseiio K/ = A H/ wuildnsl snasinuiiuildnsvesiindayny
a i 4 . 2
TeoleTsunsunouiiamed oz ldiunldnsmifiauiiu 211757 C

v v )
Faiu fnsnveunseale K/ = 1.50/211.757=0.007 ic

Potassiumnitrate

Heating rate 6 °C/min

‘c)

600

400

AT

200

25 80 131 176 234 277 325 383

Temperature (OC)

3104 4.6 namsns M T suaaiFon lunsaein Excel 5

A A 4 9 4 4o ) A A '
FINNITNATBULIATOIND DTA NAITWUUU AUIAIBIND DTA Ud4 NETZCH U STA

Y ' & ywy ¥y & w A , P
409C ﬂzulﬂwﬁﬂ'ls‘ﬂﬂﬁ'ﬂﬂ'ﬂ']ﬂ'l Tm %d"lﬂwam‘i‘nﬂam liﬁﬂﬁiﬁlﬂuﬂﬁ A139N 4.2 ﬁ@"lﬂ‘u
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0
9@ Extrapolated onset temperature T, ( C)

indesiio DTA Aadredy im3eile DTA
DTA VERSION 1.0 ?'Jﬁﬂ NETZCH STA-409C
Sasn1siugamgdl 6 °C/min sasnsiinungd 5°C/min

134 125.0

136 124.8

134 124.8

136 124.5

134 124.4

Maximum 136 125.0

Average 134 £ 1 1247 £0.19

Minimum 134 124.4

Standard deviation +1.6 +0.22

Repeatability 1% 0.3%

Reading Accuracy 5.3% 2.6%

Correlation -0.19

‘d' A O d‘ d‘
AITHN 4.2 0 98 T ( C) §1#91n 19T99 DTA VERSION 1.0

1182 19589 NETZCH STA 409C .
3. mseed 1 AYn

fidnuuz Wunelony ﬁmmy?qm%‘ 99.999% uazfumsdediedi auan ICTA
uaz awian NBS 18 dmualdidumsuiasgiu dmsy deumsy iw3esile DTA Anaaw
aansolderwdeunnansaiedis lugrqunglisenin 125-435 °C Tagflezsog)uranis
nageusonnluglves gungil ves A T, Tagfiens ﬁuﬂﬁy weilyg T fisifu232+5°
¢ Byzugravesmsdnuasonznnvewdcluifuve i uazlismsnlfounas
wisnunsensiasunaususiol A H i 60.7 g mamsnaaey #1&0nnsidns

a o o d' dy
51913721970 Lab_Net Mode Tntld Excel 5 azumaslfifiudegdd 4.7 lunsidoutiosd




141

W38 154.1 mg HAZAT AWPANNTBUSUMIE ¢, = 0.225 J(g-C) UazAInINvBUATEIlD
1 4 v } 4 v ]

K’ =A H/ #uildnsis= me,(T,-T,) / Wufildnsl Tasfi T, =232"C T,=257"C vin

o H P Y -~ o $ 4 =Bk

msanaiuildnsmvesiindy i Tasl$lsunsunouiiames  ezldRunldnswiien

i 148.814 C°
Sty Aasfiveuniesio K/ = 154.1 x 10° x 0.225x 25 /148.814

= 0.006 J/C

Tin
500 — Heat Rate 6 'C/min

400 -+

Q)

300

-100 135 189 235 285 343 390

Temperature (OC)

519 4.7 neraans oAy NN Excel 5

d’ P d' 9 3 dy as d’ - hd *
FINNITINATOUIATOINS DTA NOTNUVUU NUIATOIND DTA ¥83 NETZCH U STA 409C 9%

9 ] & 9/ Y a o @ 1 dy
Y@nanisnaceumen T, 59 ldnan1snanes uaaslfiiudsms i 43 dadeluil
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0
99 Extrapolated onset temperature T | o)

A oA a 2
1n304i/8 DTA Nasievu
DTA VERSION 1.0

805 1MTINURUNYN 6 “C/min

1n5949iia DTA
%0 NETZCH STA:409C

sasmsfingungll 5 C/min

232
232
232
235
234
Maximum 235
Average 233+ 1.12
Minimum 232
Standard deviation + 1.26
Repeatability  0.66%
Reading Accuracy 0.43%

Correlation r

«

2254
225.4
2253
2254
2253
2254

225.4 +0.05

2253
+0.06

0.033%

2.8%
0

e ' o 4 4
a15197 4.3 - waeas1 98 T, ( C) 1149710 1AT849 DTA VERSION 1.0

1A 1A599 NETZCH STA 409C

o/ 1 a Iy
4. 13D manawmwm

e *
fenvuy WunslanzianuuSans 99.999% uaziflumsdaegah auan 1CTA

waz auiny NBS 18 dmualdifiumsuasgiu dmsy aeuifion nFesiie DTA filiaaw

annsoldaudeunnasfetis lusisguuglisznin 125-435° C oz lugs

aunisznine 295-575 ° ¢ Tavfiszswaunanisnareuseniniuzives guvgil ves 9a

4 a o e a a & ' H
T_ TasfiasFanesdaniail silya T, e iy 424 £ 7°C Faezifludrsvesnisnlaon

< < v 4 o 1
utasaauzanveadelilifuvesudwariansnasundamdsnunienmsilasuutlas
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eumadl A Hiflu 13.7 Vg mamsnaaey #i1801nn1519n153in512¥07n Lab_Net Mode Tae
9 Excel 5 zuanslfiiudazildi 4.8 Tasasiinan 642 mg Fofumsiaetie wwiid A H
Hu 13.7x642x 10° =0.879 J taz snsiiveunsesio K’ = A H/ f:uﬁclﬁ’pﬂﬂ 21NN15
snnafuildnsmussfindunuTasldTusunsunouiuned sl 1dns widaudy

2
174.257 C
v o H ; 2
#a1iu AnanvunIesile K/ = 0.879/174.257 = 0.005 J/C
J a & A z 9 v ° :; = 1 P2
2INAITHT ARsRUDUASEIB N9 4 A5 DAY szausathuunfsuanINveg

n%aafie 1R §lu K’ = (0.007+0.007+0.006+0.005)/4 = 0.00625 J/C"

Silversultate

Heating rate 6 °C/min

500 T
O 400 +
300
b~
< 200 +
100 -+
O 1 T 1 " 1 T 1 T S

25 75 132 176 230 273 330 379 423 473

Temperature o

314 4.8 uerasnsFanesFamlaim Excel 5
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A A P d d o 4 v
INNITNANBUIATBIND DTA ‘Vl’d’;N‘Uu‘u ﬂ‘lJlﬂi‘éNﬁﬂ DTA 4894 NETZCH jqu STA

Y ' 4wy ¥ d o o
409C ‘ilzhlﬂﬂﬁﬂ'ﬁ‘ﬂﬂﬁ@'ﬂﬂ'IﬂT T, ‘])’Q‘lﬂﬂﬁﬂ'li“/lﬂﬂﬂ\‘l llﬁﬂ\ﬁﬂlﬂuﬂ\iﬂ'ﬁw“ﬂ 44

0
99 Extrapolated onset temperature T_ ( C)

deaile DTA Aad 10y iwesile DTA
DTA VERSION 1.0 #e NETZCH STA 409C
$asmsiinanngd 6 Cmin Sasimsifiueungi 5 "C/min

430. 424.0

430 424.1

428 4245

426 4244

427 ' 424.6

Maximum 430 424.6

Average 428 + 1 4243 +0.19

Minimum 426 424.0

Standard deviation + 1.6 +0.22

Repeatability  0.8% 0.12%

Reading Accuracy 0.99% 0.07%

Correlation r -0.82

P ’ 0  a 4
15190 4.4 uaned19a T, (C) 114910 1A599 DTA VERSION 1.0

1A% (A58 NETZCH STA 409C
5. msaaege netilesdamanunzlamsn
é o o =< :’ a =1 @ d’ ar ) c; 1]
Fatignuae Wumndndiinbu uazlnnuusans 99.999% nazfpasdegren Iy

Toesanasgiulasfiszsisaiuranisnaaeuseninluglves sungil ves yageadyym

yasfindyann 1iee9nglswvesdygiueeliguiadyyiunndig
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. - 1
wamsnaen 71149105 19n153A5 121010 Lab_Net Mode 181% Excel 5 szuansldinn

sequfi 4.9
500
Coppersulfatepentah'ydrate

400 Heat rate 6 °C/Min
300

i3
200

—

<

100

128 174 231 278 321 372

-100 =

-200 —

Temperature o)

517 4.9 uzras nsnlnetilesFamamuns loiasa 910 Excel 5
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9n31i 4.9 Windyanadmdede fu fadyoud 1 nazliigavenmilugaven

P oA a ' & o P 9/t ci v P -
Nl Wﬂﬁfgillﬂiu’d’mﬂm& lflu Wﬂﬁillufg“lmﬂ 2 L!ﬁ:iﬂiﬂﬂﬂﬂ@ﬂlﬂﬁi}ﬂﬂ@ﬂ‘n 2 IUNAVIIVD

[]
=1

fu fndyaad 3 uazlviiyaseailugasean 3 Tasmsiiana 312 mg 9IANIINATEY

4 3 5 H s 4 *
in3eaile DTA hadeiiuil funjesile DTA vse NETZCH ju STA 409C 9z ldwans
' o o ] v v 3 o a
naeumagaseafindyyin &1 ldwanisnaass uaaslimuamisih 45

gaveadyan T, (C)
indaile DTA fadreiu .| wSesile DTA
DTA VERSION 1.0 8o NETZCH STA 400C
SasMingungil 6 °C/min Sasn1sifingangil 5 °Clmin
qﬂaaﬂ‘ﬁ qmaﬂﬁ Qﬂﬂaﬂﬁ qmaﬂﬁ gﬂﬂaﬂ;ﬁ Qﬂﬁﬁ]ﬂ‘ﬁ
1 ) 3 1 2 3
100 131 259 98.2 127.1 248.0
103 134 252 97.2 122, 237.7
101 130 250 94.7 120.5 2423
© 102 126 255 95.0 121.7 2433
100 128 256 95.9 121.0 241.5
Maximum 103 134 259 98.2 127.1, 248.0
Average 101 +1 129 + 254 + 96.2 122.4 242.5
2.42 2.79 +1.18 +2.11 +2.96
Minimum 100 126 250 94.7 120.5 237.7
Standard +1.16 +2.71 +3.13 +1.32 +2.37 +3.31
deviation .
Repeatability 1.00% 2.66% 3.00% 1.16% 2.20% 3.43%
Correlation -0.12 +0.27 +0.70
T

d‘ ’ o 0 4 4
A151991 4.5 UaAdAT gATBATYYIN T, ( C) 91 1491 1AT99 DTA VERSION 1.0

1182 1A599 NETZCH STA 409C



a
UNN S

agduaziorseinanisnaaes

a o o 'Y A A 4 v &
AINAABLMI AT IEHAIIAI0019A199) AI8IATEAIR DTA Nas ¥k
' v 9
(DTA Version 1.0) inzin3e4ile DTA 8o NETZCH STA 409C $1u9u 5 A5§ aunsoag 14
v u
A4l Al
1. lumsmaaey d1sdedianasgu 4 ms suldun nsawuledn Tsuamouly
a a o o ' i A 4 2
msa ayn Faneidanla shitaunsamenefindoveuniesie 1&iilu 0.006 1
2. lunsnamey sasimsiinvesgungl veua Tusis gumvgives 2600 ° C oz
&euniudigndesiiqe v 6~ C/min
3. 9ms asanasgu asawuledn wmadeudunies DTA Version 1.0
' o o o a ' o ' A A PR
awsamen T, ¢ ©) waeldifu 124 + 1 ° ¢ uazlianuuniudwesmssuiieiisunusn
wnsg 15 146 Wesiaud nazennsnaasy 1AT99 NETZCH STA 409C @1150M1A1
o d Y yd o a oo ' A A, o e
T_¢c) magldfu 1157+ 0.15 ° ¢ uaslinnuusiudweanisenuiiofsbiua uasgu
i 5.93 nlosisud
mswasgu 1Usueadonluasa ieshwmaney iy 19389 DTA Version 1.0
' o a wo o a t o oA A Y
ansama T, C ©) maeldidlu 134 +1 ° ¢ uaslinrmunivdwesnssuilofsununi
wasg i i 5.3 Wesiwud uazeinnisnaaey inTes NETZCH STA 409C amNsamiA T,
) man1ifiu 1247+ 019 ° c uazfinmsiugwesmssnuiiodoudus nasg W
2.6 1losiaud
mMsIAsIU AYN e maaey f 1A583 DTA Version 1.0 awsamd1 T, ( C)
maeldiiu 233 + 1.12 ° ¢ uazfanuusiudwesnsenudedsuius wasgu Pu 0.43
wlosisud LAz 91NAISNATRL 1A5BY NETZCH STA 409G aunsamen T, ¢ C) waelAiy

o at voo 3 A A o 4 (4
225.4+0.05 C HazufNuuuUINUsIMIDIUMIBINIUNUAMT UIAITIU x‘f]‘u 2.8 Wesirua
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msuesgu Faneidana erwmaney iU 1AT99 DTA Version 1.0 0131301
T o) magldiduag+1 °c uazlianuususivesn e udsNeuiua1 WnsgIu
$lu 0.99 esisud uazsNNITNATEY IATBY NETZCH STA 409C aunsgmien T, ¢ C)
a ) o a v e ' A A @ v
A& 4243 + 019 ° ¢ wasSanuuiuiwesmssmifefoniua wpsgiu i 0.07
wosisud
dmdy asdesn aethleidamlamunslainsa ssuanwnalugilvesyasen e

° ar & . ' o < .
MU mMAaey AL IATD9 DTA Version 1.0 91015011191 1AU8AT, e !ﬁﬁﬂ‘lﬁlﬁju

yagend 11y 101+1 °C
yavend 2 ilu 129+ 242 °C
yaveah 315 254+ 279 ° C

11029 INAIINATEUAIBIAT B NETZCH STA 409C szannsanigaseamae iaiiiu

yaveah 115 962+ 1.18°C
avead 21y 1224+2.11°C
yavand 3 1ilu 2425+2.96 ° C

HazeInNKANNATEUISHI8E 5 13 1aolHindes DTA Version 1.0 #1389 NETZCH
STA 409C vzagylda

dmsy msnasgu nsawulessn 19384 DTA Version 1.0 9ziie dauifisanm
VM3 (Standard deviation) IO e ﬂ'liﬁ1‘§'l(Repeatability) 11NN .m?m NETZCH
STA 409C 1iufie feyan1sSa Y84 1A383 DTA Version 1.0 1A13052910110031 Fuiude
douniunies NETZCH STA 409C  Tudwdisesuihufiedeaiiannde’ dau A
piud lunmseu ( Reading Accuracy ) m?ﬂx‘l DTA Version 1.0 wilanlooni !ﬂ?'ﬂﬂ
NETZCH STA 409C 1iufie foyan1sin wes A8 DTA Version 1.0 Iammiudiandy
183 NETZCH STA 409C d s andnius (Correlation) S 18 -0.78 uaad1 ines
DTA Version 1.0 110 1n384 NETZCH STA 409C  finamduusnivedis liauysel ludie

NRATINUTIY
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s

dmsy msmasgmldsuamdonlumse 1nSee DTA Version 1.0 9z daudios
WUIATEIU uag T A139141 11PN 184 NETZCH STA 409C 1fudle Soyamsia veq
in394 DTA Version 1.0 Imsnsyoieannn Juiludedesniunies NETZCH STA 409C
U AL ug1Un158 1Y A0 DTA Version 1.0 9xifu1nnd1 infes NETZCH STA
409C Viudle doyan1sIn ves inFes DTA Version 1.0 ﬁmmuﬁuﬂﬁaﬂnﬁ)m?ea NETZCH
STA 409C ‘dmsus anduiiug f1 iy -0.19 naae1 1nSee DTA Versich 1.0 uaz 13

NETZCH STA 409C fianudunusnusgisiisslunanieasaiudu

Fm$U MsNASTINAYN 19599 DTA Version 1.0 vedif daufivauunasgu uay
fien Mg Nn91 1938e NETZCH STA 409C tiufle Foyamsin vos 1ASes DTA
Version 1.0 fimsnszatouinnit duiludedesniunies NETZCH STA409C  dau i
g1 1115811 19589 DTA Version 1.0 9ziiaioendt in3eq NETZCH STA 409C
tufie YeyanisTa 181 1nGes DTA Version 1.0 IAImuitiug Aniunios NETZCH STA 409
C dmiue anduwus Te1 iy 0 uanei1 195es DTA Version 1.0 18z 19589 NETZCH

STA 409C litianuduiussuie

dm$y msuasguFanesFama n5es DTA Version 1.0 9z Ao
WINSgIU uag A a13¥hd 10AT1 IASee NETZCH STA 409C tuffe, Yoyan1sin ¥es
19584 DTA Version 1.0 fimsnsznimnnnd1 Fuffudedesniuaios NETZCH STA 409C
dau shnmiugrlunse1u 1nes DTA Version 1.0 9:3A1M10A71 1AS99 NETZCH STA
409C Viufle Feyan13in ves 1A38Y DTA Version 1.0 finamuiudrdeuninaies NETZCH
STA 409C mSum1 anduwus (Correlation) S 1l -0.82 uaAed1 19509 DTA Version 1.0

1Az 1n584 NETZCH STA 409C  fianmduiusnusdie liauysel lufisnasedud

dmiy manetllesdamamunslainsa 19584 DTA Version 1.0 9¢ilan dawdios
WUNIRTFIY Ly T m3¥h 1IAN31 19389 NETZCH STA 400C viudlé 4o3an1530 VD9
19594 DTA Version 1.0 - iimsnszaroninnd dufludedosniunies NETZCH STA 409C
dau fA M58 19589 DTA Version 1.0 9xilfiminndt in3es NETZCH STA
409C Viude $eyan133n ves 1A38a DTA Version 1.0 Sinamuisiud:§esniunios NETZCH

STA 409C
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ANALOG =~ - Monolithic Thermocouple Amplifiers
' with Cold Junction Compensation

' AD594*/AD595*

FEATURES
Pretrimmed for Type J (AD5394) or

Type K {AD595} Thermocouples -
Can Be Used with Type T Thermocouple Inputs
Low lmpedance Voltage Output: 10mV/°C
Built-In lce Point Compensation
Wide Power Supply Range: +5V to =15V
Low.Power: <1mW typical .-
Thermocouple Failure Alarm
Laser Wafer Trimmed to 1°C Calibration Accuracy
Set-Point Mode Operation
Self-Contained Celsius Thermometer Operation
High Impedance Differential input .
Side-Brazed DIP or Low Cost Cerdip

PRODUCT DESCRIPTION

The AD394/AD395 is a compiete instrumentation amplifier and
thermocouple cold junction compensator on a monoiithic chip.
Tt combines an ice point reference with a precalibratzd amplifier
to produce a high level (10mV/°C) output directly from a ther-
mocouple signal. Pin-strapping options allow it to be used as a
linear amplifier-compensator or as a switched output set-point
controller using either fixed or remote set-point control. It can
be used to amplify its compensation voltage directly, thereby
“converting it to a stand-alone Celsius transducer with 2 low-im-
-pedance voltage output.

The AD594/AD595 includes a thermocouple failure alarm that
indicates if one or both thermocouple leads become open. The
alarm output has a fiexible format which includes TTL drive
capability.

The AD3594/ADS9S can be powered from a single ended supply
(including + 5V) and by including a negative supply, temperatures
below 0°C can be measured. To minimize self-heating, an unloaded
ADSS4/AD595 will typically operate with a total supply current
of 1604, but is also capable of delivering in excess of 5mA
to a foad.

The AD594 is precalibrated by laser wafer trimming to match
tire characieristic of type J (iron-constantan) thermocouples and
the ADS9S is laset trimraed for type K (chromel-alumet) inputs.
The temperature transducer voltages and-gain.gonurol resistors
are available at the package pins so that the circuit can be re-
calibrated for other thermocouple types by the addition of two
or three resistors. These terminals also allow more precise cali-
brztion for both thermocouple and thermometer applications.

ADS94/AD595 FUNCTIONAL BLOCK DIAGRAM

~IN <ALM  +ALM hAd comp VO F8

Gl 5] (Gz] (W} fel (@) [1-%
ICE
POINT
comP. f.ic
| T
oy 2] o) Cad a7 el 12d
N +C T com i3 -C Ve

The AD594/AD595 is available in two performance grades. The
C and the A versions have calibradon accuracies of = 1°C and
+3°C, respectively. Both are designed to be used from 0 o
+50°C, and are available in 14-pin, hermetically sealed, side-
brazed ceramic DIPs as well as low costcerdip packages.

PRODUCT HIGHLIGHTS .
1. The AD594/ADS95 provides cold junction compensation,
amplification, and an output buffer in a single IC package.

2. Compensation, zero, and scale factor are all precalibrated by
laser wafer trimming (LWT) of each'IC chip.

3. Flexible pin-out provides for operation as a set-point controller
or a stand-alone temperature transducer calibrated in degrees
Celsius.

4. Operation at remote application sites is facilitated by low
quiescent current and a wide supply voitage range of +5V to
dual supplies spanning 30V.

5. Differential input rejects common-modg noise voltage on the
thermocouple leads.
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Model . e . . ADSMA - - . ADSMC . ADS®A :
st . - Min Typ = "Max Min Typ Max Mia Typ Max Min
ABSOLUTEMAXIMUM RATINGS . .
| +Vso-Vs ’ a I T . ¥ - [ . T R—
Comroon-Mode Input Voltage -Vg-0.15 +Vg -Vg =015 +Vs -Vs -0.15 +Vg ~Vg =0.15 . +Vs
. Differendat Input Voltage -Vs B +Vg -Vg +Vg -Vs +Vy -Vg +Vg
_ Alarm Voluages . A .
+ALM -Vs -Vs+36 | -Vg ~Vg+36| -Vs h ~Vg+36 | -Vs M ~Vs +36 | Voln~
~ALM - . .: -V +Vs -V +Vg -Ys +Vy -vs +Vs . | Vohs
Openun;Temp:ﬂ(un Range ~55 +128 * [ -ss +125 -55 +12§ -5 +128 <
Qurpat Shoet Circuit to Common Indefinite Indefinite Indefinite IndeSinite’ e
. TEMPERATURE MEASUREMENT ‘
(Specified Tr.mpenmre Range . - ' . -
Oto +50°C) N . R .
Caibration Errocas + 25°C' ©o23 =1 £3 =1
Stadility vs. Temperacure’ B T =moes £0.025 =005 £0.025
Gain Erroc =15 =075 .zlS . =0.75
Nominal Transfes Funcdon 0 : 10 10 0, mVAC
AMPLIFTER CHARACTERISTICS
Closed Loop Gain® 193.4 193.4 2473 2473
Input Offse Voltage ° (Temperature in"C) x S1. 7DuVI'C (Temperatuze in *C) X 51.70pV/ C (Temperaturein 'C) x 40440 V/°C (Temperature in *C) % 40440 VPC :
oput Bias Current - 0.1 . 0.1 0.1 0.1
Differential Input Range . -10 +50° -10 +50 -10 -850 .
Comunon-Mode Range -V3 -0.15 +Vs -4 ~V3—-0.15 +Vs -4 —Vy -015 +Vs 4 -V¥s —0.15 +Vg~4 | Vobs
Cormmoo-Mode Semitivity-RTO 10 10 10 10 oV/vV
Power Supply Sensitivity-RTO- 10 10 10 10 ViV
Qutput Voltage Raoge .
Dual Suppiies -Vs+2.5 +Vg =2 -Vs+2.5 +Vs -2 ~Vs+2.5 +Vg -2 ~Vg+2.5 +Vg -2 Vols
Siagie Supply 0 - S¥s-2 | 0 +Vs-21 0 +Ver2 | O +Vs-2 | Vel
Usable Output Currenc® =53 =5 =5 =5 mA
3dB Bandwidth 15 1s 15 i ¥Hz
ALARM CHARACTERISTICS y
Vegsanat2mA 0.3 - 0.3 0.3 0.3 Voits ;
Leakage Current =1 =1 =1 =} RA mex
Operating Voltageat — ALM . +Vg—4 . +vg=4 |” +Vy—4 +Vs -4 | vau
Short Circurit Current 20 0 20 20 mA
POWER REQUIREMENTS -
Specified Performance +Vgm5, -Vs=0 +Vs=5,-Vs=0 FVgm$, -V5=0 +Vg =S, ~Vg=0
Operating® +Vgio - Vg =30 +Vsi0 - Vs s30 +Vgto ~Vs £30 +Vst0 - Vg 530
Quiescent Current (No Load)
+Vs 160 300 160 00 160 300 160 300 »A
-V 100 100 100 100 wA
PACKAGE OPTIONS*
TO-116(D-14) ADS94AD ADSMCD ADI9SAD ADs9sCD
Cerdip(Q-14) ADIMAQ AD3S94CQ ADS?SAQ L« AD3S9SCQ :
hOTES
Calibrated %or minimum erroc at +25°C using » thermuocouple xc'mnv“'[ of 51.7uV/C, *Current Sink Capsbility in single supply configurition i limuted to current dnvm [
Since 3 ] type thermocouple deviates from this sm:;hl line approximacion, the AD534 ground through a S0KE2 resistor at outpus voltages below 2.5V,
wilt voriasily read 3.1mV when the measuring juncton is a1 0°C. The ADS9S wilt 3 - ¥y must pot exceed ~ 16,5V, .
similarly resd 2.7mV st 0°C. $See Section 16 fuc pachage outline informacon.
1Defined-3s the slope of the line connecting the ADSIMVADSIS exrors od at N ificatons subject o change withou motice.
0°C and 50°C ambient iemperature.
’Pin 3 shorted o pin 9. Specifications xbdwn in boldface arc tested on all production units at fnal
elecurical et ts trom those ests are used 5o calculate outgoing quality
levels. All min max specifications are guarsnieed, aithough oniy those
shown i tol are tested on all production units.

ilay
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* Thermocouple Type] AD3%4 © TypeX ADS’QS' Thermocouple Type] AD5%4 TypeK . ADSs9%5
Temperature  Voluage Output Voltage Output Temperature  Voltage Output Voltage.. Qutput
*C mV mY mY mV *C mV mV .myY mV
- 200 - 7.8% - 1523 - 5.891 - 1454 500 27.383 5300 20.640 5107
- 180 ’ - 7.402 - 1428 - 5.550 -1370 . s20 28.511 5517 - 21.493 5318
- 160 - 6.821 - 1316 ~ 5.141 -1269 540 29.642 5736 22.346 5529
- 140 - 6.159 ~1188 - 4.669 ~ 1152 560 30.782 5956 23.198 5740
- 120 - 5426 - 1046 T- 4038 -1021 580 31.933 6179 24.050 5950
- 100 - 4.632 - 893 - 3.553 - 876 600 33.09% 6304 24.902 6161
- 80 -~ 378 .- 739 - 2.920 - 719 620 34.273 6632 25.751 6371
= 60 ~ 2892 7 - 5356 - 2.243 - 552 640" 35464 6862° 26.599 6581
- 0 - 1960+ ~ 376 - - 1.527 - 375 660 36.671 7095 27.445 6790
- 20 - .995 - 189 - 777 - 189 630 37.893 7332 28.288 6998
- 10 - 501 -~ 94 P () - % 700 39.130 570 s 28128 7206

0 . 0 - 3.1 0 2.7 720 40,382, 7813 7 29.965 7413

10 507 T 10t . 5397 101 740 41.647 8058 30.799 7619
20 1.019: 200 .. 798" 200 750 TT 42,283 T 8181 TT31.214 722
2 1.277 © 250 1.000 250 760 - - 31.629 7825
30 1.536 300 1.203 300 780 - - 32455 3029
40 2.058 {01 1.611 401 800 - - 33.2717 8232
50 2.585 503 2.022 503 820 - = 34.095" 8434
60 315 . 606 2,436 605 840 - - et 34909 8636
30 4.186 813 3.266 310 860 : - - 35.718 8836
100. 5.268 1022 4.095 015, - 880 - - 36.524 9035
120 6.359 1233 4.919 1219 900+ - Mt - 37325 9233
140 7.457 1445 5.733 1420° 920 - - 38.122 9430
160 8.560 1659 6.539 1620 940 - - 38.915 9626
180 9.667 1873 7.338 1817 960 - - 39.703 9821
200 10.777 2087 8.137 2015 980 - - 40.488 10015
220 11.887 2302 8.938 2213 1000 - - 41.269 10209
240 12,958 2517 9.745 2413 1020 - - 42,045 10400
260 14.108 2732 10.560 - 2614 1040 - - 42.817 10591
280 15.217 2946 11.331 2817 1060 - - 43.585 10781
300 16.325 3i60 12.207 3022 1080 - - 44.349 10970
320 17.432 3374 13.039 3327 1100 - - 45.108 11158
340 18.537 3588 13.874 3334 1120 - - 45.863 1345
360 19.640 3801 14.712 3641 1140 - - 46.612 11530
380 20.743 4015 15.552 3849 1160 - - 47.356 11714
400 21.846 4228 16.395 4057 1180 - - 48.095 11897
420 22.949 4441 17.241 4266 J200 - - 48.328 12073
440 24.054 4655 18.088 4476 1220 - - 49,555 12258
460 25.161 4869 18.938 4686 1240 - - 50,276 12436
430 26.272 5084 19.788 4896 1250 - - 50.633 12524

Table |. Output Yoltage vs. Thermocoug&e)a Temper-

ature (Ambient +25°C, Vs

INTERPRETING ADS94/AD595 OUTPUT VOLTAGES

To achieve a temperature proportional output of 10mV/°C and
accurately compensate for the reference junction over the rated
operating range of the circuit, the ADS94/ADS95 is gain trimmed
0 match the transfer characteristic of J and K type thermocouples
at 25°C. For a type ] output in this temperature range the TC is
51.70.V/°C, while for a type K it is 40.44.V/°C. The resulting
gain for the AD594 is 193.4 (10mV/°C divided by S1.7uV/°C)
and for the AD595 is 247.3 (10mV/°C divided by 40.44,.V/C).
In addition, an absolute accuracy trim induces an input offset to
the output amplifier characteristic of 16wV for the AD594 and
11V for the ADS95. This offset arises because the AD594/AD595
is trimmed for a 250mV output while applying a 25°C thermocouple
input.

Because a thermocouple output voltage is nonlinear with respect
to temperature, and the AD394/AD595 linearly amplifies the
compensated signal, the following transfer functions should be
used to determine the actual output voltages:

AD3594 output = (Type J Voltage + 16pV) x 193.4

-5V, +1

ADS595 output = (Type K Voltage + 11pnV) x 247.3
or conversely: -

Type ] voltage = (AD594 output / 193.4) — 16pV
Type K voltage = (AD595 output / 247.3) — 11pV

Table I above lists the ideal AD594/AD595 output voltages as 2
function of Celsius temperature for type J and K ANSI standard
thermocouples, with the package and reference junction at 25°C.
As is normally the case, these outputs are subject to calibration,
gain and temperature sensitivity errocs. Output values for inter-
mediate temperatures can be interpolated, or calculated using
the output equations and ANSI thermocouple voltage tables
referred to zero degrees Celsius. Due to a slight variation in
alloy content between ANSI type ] and DIN FE-CUNI ther-
mocouples Table I should not be used in conjunction with Euro-
pean standard thermocouples. Instcaq the transfer function .
given previously and a2 DIN thermocouple table should be used.
ANSI type K and DIN NICR-NI thermocoupies are composed
of identical alloys and exhibit similar behavior. The upper tem-
perature limits in Table [ are those recommended for type | and
type K thermocouples by the majority of vendors.



SINGLE AND DUAL SUPPLY CONNECTIONS

The AD594/AD595 is a completely self-contained thermocouple
conditioner. Usinga single + 5V'supply the interconnections
shown in Figure 1 will provide a direct output from a type J
thermocouple (AD594) or type K thermocouple (AD595) meas-

uring from 0 to-+ 300°C. e e - -
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COMMON
" Figure 1. Basic Connection, Single Supply Operation -

Any convenicnt supply voltage from +5V to +30V may be
used, with self-heating errors being minimized at Jower supply
levels. In the single supply configuration the + 5V supply connects
to pin 11 with the.V— connection at pin 7 strapped to power
and signal common at pin 4. The thermocouple wire inputs
connect to pins 1 and 14 either directly from the measuring
point or through intervening connections of similar thermocouple
wire type. When the alarm output at pin 13 is not used ir should
be coanected to common or — V. The precalibrated feedback
network at pin 8 is tied 1o the output at pin 9 to provide a
10mV/°C nominal temperature transfer charzeteristc.

By using 2 wider ranging dual supply, as shown in Figure 2, the
AD594/AD595 can be interfaced to thermocouples measuring
both negative and extended positive temperatures.

+5V 1O +30v
CONSTANTAN ) e
ALUMEL) 1 o rn )
iacon
ner
AD534/
o AD595!
\ .
SPAN OF
\} 5V 70 J0v
\
;mou . L-!Juu~L_“;xu
{CHROMEL) i
+
! COMMON
0TQ - 15V

Figure‘z. Dual Supply Operation

With a negative supply the output can indicate negative temper-
atures and drive grounded loads or loads rerurned to- positive
voltages. Increasing the positive supply from 5V to 15V extends
the output voltage range well beyond the 750°C temperature
limit recommended for type J thermocouples (AD594) and the
1250°C for tpe K thermocouples (AD595). .

Comreon-mode voltages on the thermocouple inputs must remain
within the common-mode range of the AD594/ADS595, with a
return path provided for the bias currents. If the thermocouple
is not remotely grounded, then the dotted line connections in
Figures 1'and 2 are recommended. A resistor may be needed in
this connection to assure that common mode voltages induced in
the thermocouple loop are not converted to normal mode.

- be kept at the same temiperature as the AD594/AD595 for

168

THERMOCOUPLE CONNECTIONS
The isothermal terminating connections of a pair of themocouple
wires forms an effective reference junction. This junction must.~
the °
internal cold junction compensation to be effective. o
"A method that provides for thermal equilibrium is the printed -.-
circuit board cornection layout illustrated in Figure 3.

COMSTANTAN
IALUMEL)

RON
{CHROMEL) {

Figure 3. PCB Connections

Here the AD594/AD595 package temperatuce and circuit board
are thermally contacted in the copper printed circuit board
tracks under pins 1 and 14. The reference junction is now composed

.ofa copper-constantan {or copper-aluniel) connection and copper-
iron (or copper-chromel) connection, both of which are at the
same temperature as the ADS94/AD595.

The priated circuit board layout shown also provides for placement
of optional alarm load resistors, recalibration resistors and a
compensation capacitor to limi: bandwid:h.

To ensure secure bonding the thermocouple wire should be
cleaned to remove oxidation prior to soldering. Noncorrosive
rosin flux is effective with iron, constdntan, chromel and alumel
and the following solders: 95% tin-3% antimony, 95% tin-5%
silver or 90% tin-10% lead.

FUNCTIONAL DESCRIPTION .
The ADS594 behaves like two differental amplifiers. The outputs
are summed -and used to control a high-gain amplifier, as shown
in Figure 4.

SIN  -ALM O ALM Ve COMP VO FB .
w] [w] (2] (W) [w] (3] &1
OVERLOAD

GETECT

&

AD594/AD535

POINT
COMP, | 1o
—
1
LIl Gy o 7 3] 2
+IN +C T CoM -T - V-

Figure 4. AD594/ADS95 Block Diagram

In normal operation the main amplifier output, at pin 9, is
connected to the feedback network, at pin 8. Thermocouple
signals applied to the floating input stage, at pins 1 and 14, are

-amplified by gain G of the differentiaj amplifier and are then

fusther amplified by gain A in the main amplifier. The output
of the main aniplifier is fed back to a second differential stage in
an inverting connection. The feedback signal is amplified by
this stage and is also applied to the main amglifier input through
a summing circuit, Because of the inversion, the amplifier causes



the feedback to be driven to reduce this difference signal to 2
small value. The two differential amplifiers are made to match

and have identical gains, G, As a result, the feedback signal that
o~~~

must be applied to the right-hand differential amplifier will
precisely match the thermocouple input signal when the difference
signal has been reduced to zero. The feedback xfé;work is trimmed
so that the effective gain to the output, at pins '8 and 9, results
in a voltage of 10mV/°C of thermocouple excitation.

In addition to the feedback signal, a cold junction compensation
voltage is applied to the right-hand differential amplifier. The
compensation is a differential voltage proportional to the Celsius
termperature of the AD594/AD595. This signal disturbs the
differential input so that the amplificr output must adjust to -
restore the input to equat the applied thermocouple voltage.

The compensation is applied through the gain scaling resistors
so that its effect on the main output is also 10mV/°C. As a result,
the compensation voltage adds to the effect of the thermocouple
voltage a signal direcdy proportional to the difference between
0°C and the ADS94/AD595 temperature. If the thermocouple
reference junction is maintained at the ADS94/AD595 tempera-
ture, the output of the ADS94/AD3595 will correspond to the
reading that would have been obtained from amplification of a
signal from a thermocouple referenced to an ice,bath.

The AD594/AD595 also includes an input open circuit detector
that switches on an alarm transistor. This transistor is actually a
current-limited output buffer, but can be used up to the limit as
a switch transistor for either pull-up or puil-down operation of
exiernal alarms.

The ice point compensation network has voltages available with
positive-and negative temperature coefficients. These voltages
may be used with external resistors to modify the ice point
compensation and recalibrate the ADS94/AD595 as described in
the next column.

The feedback resistor is separately pinned out so that its value
can be padded with-a series resistor, or replaced with an external
resistor between pins 5 and 9. External availability of the feedback
tesistor allows gain to be adjusted, and also permits the AD594/
AD595 to operate in a switching mode for set-point operation.

CAUTIONS:

The temperature compensation terminais (+C and —~C) at pins
2 and 6 are provided to supply small calibration currents only.
The AD594/AD5%5 may be permanently damaged if they are
grounded or connected to a low impedance.

The AD594/ADS95 is internally frequency compensated for
feedback ratios (corresponding to normal signal gain) of 75 or
more. If a lower gain is desired, additional frequency compensation
should be added in the form of 2 300pF capacitor from pin 10
10 the output 2t pin 9. As shown in Figure 5 an additicnal 0.C1pnF
capacitor between pins 10 and 11 is recommended.

ADS594/
AD59%

Figure 5. Low Gain Frequency Compensation
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RECALXBRATION PRINCIPLES AND LIMITATIONS
The,joe™point compensation network of the ADS94/ADN595

) pfocluces a diffecential signal which is zero at 0°C and corresponds

to the output of an ice referenced thermocouple at the temperature
of the chip. The positive TC output of the circuit is proportional
to Kelvin temperature and appears as a voltage at +T. Itis
possible to decrease this signal by loading it with a resistor from
+T to COM, or increase it with a pull-up resistor from +T to’
the larger positive TC voltage at +C. Note that adjustments to
+T should be made by measuring the voltage which tracks it at:
—T. To avoid destabilizing the feedback amplifier the measuring
instrument should be isolated by a few thousand ohms in series
with the lead connected to —T.

Figure 6. Decreased Sensitiyity Adjustment

Changing the positive TC half of the differential output of the
compensation scheme shifts"the zero point away from 0°C. The
zero can be restored by adjusting the current flow into &hc negative
input of the feedback amplifier, the —T pin. A current into this
terminal can be produced with a resistor between -Cand -T
to balance an increase in +T, or a tesistor from —T 1o COM to
offset a decrease in +T.

If the compensation is adjusted subs(ar\ually to accommodate a
different thermocouple type, its effect on the final output voltage
will increase or decrease in proporticn. To restore the nominal
output to 10mV/°C the gain may be adjusted to maich the new
compensation and thermocouple input characteristics: When
reducing the compensation the resistancs between —T and
COM automatically increases the gain to within 0.5% of the
correct value. If a smaller gain is required, however, the ncminal
47k} interral feedback resistor can be paraileled or replaced
with an external resistor. .

Fine caiibration adjustments will require temperature response
measurements of individual devices to assure accuracy. Major
reconfigurations for other thermocouple types can be achieved
without seriously compromising initial calibration acctracy, so
long as the procedure is done at a fixed temperature using the
factory calibration as a referefice. It should be noted that inter-
mediate recalibration conditions may require the use of a negative
supply. An example using a type E thermocouple and an AD594
is given or the next page.



outpul Of @ (ype Lk (CAOme1-constanian) thermocouple. 1 emper-
ature characteristics of type E thermocouples- differ less from
type J, than from type K, therefore the AD594 is preferred for
recalibration.

While maintaining the device at a constant [cmp'cra(ixrc follow
the recalibration steps given here. First, measure the device
temperature by tying both inputs to common (or a selected
common mode potential) and connecting FB to V. The AD5%4
is now in the stand alone Celsius thermometer mode. For this
cxampl‘c assume the ambient is 24°C and the initial output Vo is
240mV. Check the output at Vg to verify that it corrcsponds to
the temperature of the device:

Next, measure the voltage —T at pin S with a high impedance
DVM (capacitance should be isolated by a few thousand ochms
of resistance at the measured terminals). At 24°C the ~T voltage
will be about §.3mV. To ad)ust the compensation of an AD594
to'a type E thermocouple a resistor, R1, should be connected
between +7T and +C, pins 2 and 3, to raise the voltage at' =T
by the ratio of thermocouple sensitivities. The rauo for converting
. a type J device 10 a type E characteristic is:

r (ADS594) =(60.9uV/,PCY(S1.70.VFPC)= 1.18

Thus, multiply the inital voltage measured at —T by r and
experimentally determine the R1 value required to raise — T to
that level. For the example the new —T voltage should be
about 9.8mV. The resistance value should be approximately
1.8k

The zero differential point must now be shifted back to 0°C.
This is accomplished by multiplying the original output voltage
Vo by r and adjusting the measured output voltage to this value
by experimentally adding a resistor, R2, between -C and ~T,
pins 5 and 6. The target output value in this case should be
about 283mV. The resistance value of R2 should be approximately
240kY.

Finally, the gain must be recalibrated such that the output Vo
indicates the device’s temperature once again. Do this by adding
a third resistor, R3, between FB and — T, pins 8 and 5. Vo
should now be back to the initial 240mV reading. The resistance
vaite of R3 should be approximately 280k{2. The final connection
diagram is shown in Figure 7. An approximate verification of
the effectiveness of recalibration is to measure the differential
gain to the output. For type E it should be 164.2. -

AD594/

Figure 7. Type E Recalibration

v
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05UL2, 34Kk, Y3KiL ana 1.51, respectively. Power consumption..
will increase by about 50% when using the AD595 with type, E
inputs.

Note that during this proccdure it is crucial to maintain the . * .,
ADS594/AD595 at a stable temperature, because it is used as the -
temperature reference. Contact with fi ingers or’any tools not ate::
ambient temperature will quickly producc errors. Radiational .
heatmg from a change in lighting or approach of a soldering }
iron must also be guarded against. -

USING TYPE T THERMOCOUPLES WITH THE AD595
Because of the similarity-of thermal EMF5$ in the 0 to 50°C .
range between type K and type T thermocouples, the AD595 ...
can be directly used with both types of inputs. Within this -
ambient temperature range the-ADS95 should exhibit no more .
than an additional 0.2°C output calibration error when used .-,
with type T inputs. The error arises Because the ice point coms- ..
pensator is trimmed to type K characteristics at 25°C. To calculaté,
the ADS595 output values over the recommended - — 200 o0 :SO‘C
range for type T thermocouples, simply use the ANSI ther- =
mocouple voltages referred to 0°C and the outpur equation given’
on page 3 for the. AD595. Because of the relatively large non-
linearities associated with type T thermocouples the output will
deviate widely from the nominal 19mV/°C. However, cold j ;uncuon
compensation over the rated 0 to 50°C ambient will remain
accurate.

STABILITY OVER TEMPERATURE

Each AD594/AD595 is tested for error over temperature with

the measuring thcrmocouplc at 0°C. The combined effects of
cold junction compensation error, amplifier offset drift and gain .
error determine the stability of the AD554/AD595 output over "~
the rated ambient temperature range. Figure 8 shows an AD594/
ADS95 drift error eavelope. The slope of this figure has units of
°crC.

5

DIIFT ERROR
°

TEMPERATURE OF ADS54C/ADS95C

2

Figure 8. Qrift Error vs. Temperature

THERMAL ENVIRONMENT EFFECTS

The inherent low power dissipation of the AD594/AD595 and
the low thermal resistance of the package make self-heating
errors almost negligible. For example, in still air the chip to
ambient thermal resistance is about 80°C/watt (for the D package).
At the nominal dissipation of 80011% the self-heating in free air
is less than 0.065°C. Submerged in fluorinert liquid (unstirred)
the thermal resistance is about 40°C/watt, resulting in a self-heating
error of about 0.032°C.

-



SET-POINT CONTROLLER
The AD594/AD595 can-readily be connected as 2 set—poxnt
controller as shown in Figure 9.
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Figure 9. Set-Point Controiler

The thermocouple is used to sense the unknown temperature
and provide a thermal EMF to the input of the AD594/AD595.
The signal is cold junction compensated, amplified to 10mV/°C
and compared to an external set-point voltage applied by the
user to the feedback at pin 8. Table I lists the correspondence
between set-point voltage and temperature, accounting for the
nonlinearity of the measurement thermocouple. If the set-point
temperature range is within the operating range (—~55°C to
+125°C) of the AD594/AD595, the chip can be used as the
transducer for the circuit by shorting the inputs together and
utilizing the norhinal calibration of 10mV/°C. This is the centigrade
thermometer cqnfiguration as shown in Figure 13.

In operation if the set-point voltage is above the voltage corres-
ponding te the temperature being measured the output swings
low to approximately zera volts. Conversely, when the temperature
rises above the ‘.(‘iet-pomt voltage the output switches to the
positive imit.of dbout 4 volts with 2 + 5V supply. Figure 9
shows the setipoiht comparator configuration complete with a .
heater elcmenudnvcr cirtuit being controlled by the ADS94/
ADS595 toggled output. Hysteresis can be introduced by injecting
a current into the positive input of the feedback amplifier when
the output is toggled higﬂf With an AD594 about 200nA into
the + T terminal providest 1°C of hysteresis. When using a
single 5V supply with an' AD594, 2 20MQ resistor from Vo to

+ T will supply the 200nA of current when the output is forced
high (about 4V). To widen the hysteresis band decrease the
resistance connected from Vo to +T.

ALARM CIRCUIT

In all applications of the AD594/AD595 the — ALM coanection,
pin 13, shouid be constrained so that it is not more positive
than (V+) — 4V. This can be most easily achieved by connecting
pin 13 to cither common at pin 4 or V—at pin 7. For most
applications that use the alarm signal, pin 13 will be grounded
and the signal will be taken from +ALM on pin 12. A typical
application is shown in Figure 10.

In this configuration the alarm trassistor will be off in normal
operation and the 20k pull up will cause the + ALM output on
pin 12 to go high. If one or both of the thermocouple leads are
interrupted, the +ALM pin will be driven low, As shown in
Figure 10 this signal is compatible Wwith the i mpu: 63 TTL gate
which can be used as a buffer and/or inverter. °
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Figure 10. Using the Alarm to Drive a-TTL Gate-
(“Grounded” Emitter Configurgtion)

Since the alarm is a high level output it may be used to djrc}:dy
drive an LED or other indicator as shown in Figure 11.
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Figure 11, Alarm Directly Drives LED

A 270 series resistor will limit current in the LED to 10mA,
but may be omitteq since the alarm output transistor is.current
limited at about 20mA: The transistor, however, wil| pperate in
a high dissipatioa mode and=the temperature of the circuit will
rise well above ambient. Note that the cold j ;uncuon compensation
will be affected whenever the alarm cireuit is acnvatcd The
time required for the chip to rerumn to ambient- lcmperaturrwxll
depend on the power dissipation of the alarm circuit, the nature
of the thermal path o the environment and the ‘alarm duration.

The alarm can be used with both single and Jua.l supplies. It
can be operated above or below ground. The collector and emitter
of the outpur transistor can be used'in any normal switch con-
figuration. As an example a negative referenced load can be,
driver-from —ALM as shown in Figure 12.

The collector (+ALM) should not be aﬁowcd to become more
positive than (V—) +36V, however, it m..y be permitted to be
more positive than V+. The emitezr voltage (— ALM) should
be constrained so that it does not become more positive than 4
volts below the V + applied 1o the circuit.. .

Additionally, the ADS94/AD595 can be configured to produce
an extreme upscale or downscale output in applications where
an extra signal line for an alarm is inappropriate. By tying either
of the thermocouple inputs to common most runaway control
conditions can be automatically avoided: A +IN to common
congection creates a downscale ourtput if the thermocouple opens,
while connecting ~IN to common provides an upscale output.
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Figure 12; —ALM Driving A Negative Referenced Load

CELSIUS THERMOMETER
The AD594/AD595 may be configured as a stand-alone celsius
thermometer as shown in Figure 13.

+5V TO +18V
——— L
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L0 wmvre
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Figure 13. AD594/AD595 as a Stand-Alone Celsius
Thermometer

Simply omit the thermocouple and connect the inputs (pins 1
and 14) to common. The output now will reflect the compensation
voltage and hence will indicate the AD594/ADS95 temperature
with a scale factor of 10mV/°C. In this three terminal, voltage
output, temperature sensing mode; the ADS94/AD595 will
operate.over. thé full military —~55°C to +125°C temperature
range.

THERMOCOUPLE BASICS

Thermocouples are economical and rugged; they have reasonably”
good long-term stability. Because of their small size, they respond
quickly and are good choices where fast response is important.
They function over termperature ranges from cryogenics to jet-
engine exhaust and have reasonable linearity and accuracy.

Because the number of free electrons in a piece of metal depends
on both temperature and composition of the metal, two pieces
of dissimilar metal in isothermal contact will exhibit a potential
difference that is a repeatable function of temperature, as shown
in Figure 14. The resulting voltage depends on the temperatures,
T1 and T2, in a repeatable way.

Since the thermocouple is basically a differential rather than
absolute measuring device, a known reference temperature is
required for one of the junctions if the temperarture of the other
is to be inferred from the output voltage. Thermocouples made
of specially selected inaterials have been exhaustively characterized
in terms of voltage versus temperature compared to primary
temperature standards. Most notably the water-ice point of 0°C
is used for tables of standard thermocouple performance.
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Figure 14. Thermocouple Voltage with 0°C Reference

An alternative measurement technique, illustrated in Figure 15,

is used in most practical applications where accuracy requirements
do not warrant maintenance of primary standards. The reference
junction temperature is allowed to change with the environment
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Figure 15. Substitution of Measured Reference
Temperature for Ice Point Reference-

of the measurement system, but it is carefully measured by
some type of absolute thermometer. A measurement of the
thermocoupte voltage combined with a knowledge of the reference
temperature can be used to calculate the measurement junction
temperature. Usual practice, however, is to use a convenient
thermoelectric method te measure the reference temperature
and to arrange its output voltage so that it corresponds‘to 2
thermocouple referred to 0°C. This voltage is simply added to
the thermocouple voltage and the sum then corresponds to

the standard voltage tabulated for an ice-point referenced
thermocouple.

The temgerature sensitivity of silicon integrated citcuit transistors
is quite predictable and repeatable. This seasitivity is exploited
in the AD394/AD595 to produce a témperarure related voltage
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to compensate the reference or *“cold” junction of a thermocouple

as shown in Figure 16.
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Figure 16. Connecting Isothermal Junctions
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Since the compensation is at the reference junction temperature,
it is often convenient tc¢ form the reference *juncton” by con-
necting directly to the circnit wiring. So long as these connections
and the compensation are at the same temperature no error will
resuit. *
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iCL7T08

12-B’t Microprocessor Compaltible A/D Converter

Features

+ 12 Bit Blnary (Plus Polarlty and Ovairange) Dunl Slopo
Integrating Anatog-to- Digliul Converter

Byte-Organlzud TTL Compatible Tri-State Oulputs nnd
UART llandshake Mody for Shaplo Poratle] ¢t Sorlal
Intartacing to Micropracossor Systems

AUNAOLD nput snd STATUS Output Can Be Used lo
Monitor and Control Conversion Timing

True Dilterential Input and Dlfferentlsl Referonce

Louw Hotse - Typleatty 5V p

1pA Typleot Input Cucrent

Opetates At Up to 30 Convorsions/Soc

On-Chlp  Oscillator ’ Qparates  with  Inexpeansive
3.58Miz TV Crystal Glving 7.5 Converslons/Sec lor
60tz Refoction. May Also Ca Used whh An RC Het-
work Osciitator {or Othur Clock Fronuanciss

Description

The ICL71C9 Is a high padoanance, CMOS, low pov.ar inte-
giating A0 oonvonter dasigned to easlly intertaca v ith micio-
piccosssts

Tho outzant dita (12 tits, polacity and overange) may ta
diroctly accossod uncor control of bao byte enatta inputs and a
chip salect input lor a single parallol bus Intarface. A UANT
bandshave moda Is providod 10 allow tho ICL7103 10 work with
industry-standard UASTTS in providing sannl cata wansrmission.
The RUMATOLD gt and STATUS ouiplt aflove mcnitoring
o contrct of cenvorsion timing.

The MCL7109 provides the usor with the high accurucy, low
noise, low Jrilt versatility and economy of the dusl-stope
Intograting AMD convonter, Foatures liko trva diflarential input
and reforgnce, diilt of loss than 1pV/°C, maximum lnput bias
current of 10pA, and typical power consumplion ol 20mWv
maza the ICL 7102 an atactive per-channel altarnative to
analog multiplozing for many data acquisition applications.
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TEMPERATUNE
PART HUMDER NANGE PACKAGE
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ICLT 108100 257G 10 185°C | 40 Loag Sits €rarea
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ICLTI001L .25°C 10 +B5°C | 40 Load Coramic DIP

ICL7105CPY, FClo+79°C |40 Load Plastic OIP
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Corarni: OI°
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ftaferonce Vollage

s
The analog fnput required to gonorate a full scale output of
4098 counts I3 Vi, = 2Vpge - For normalized scilo, a rafor-
ence of 2.048V should ba used for a 4.096V lull sg#o, and
204.8mV shoulJ bo usod for a 0.4096V {ull scale. Howovor,
In many applications where the A/D Is sensing the output ol
» transducor, there will oxist a scale factor other than unity
betwoun tha absolule output voltage 10 bo measurod and &
dasirod digital output. For Instance?ln a woighing systern,
the dasigner might like to havo a {ull scala roading when the
vehizga from tha Wransducer Is 0.682V. Instead of driving the
input down lo 409.6mV, the input voltage should be mea-
sured directly and a relerence voltage of 0.341V should be
usad. Suitable values lor Intograling resistor and capacitor
ara 33%0 and 0.15uF This avoids a divider on the nput.
Ancther advantage ol this system occurs when a 2er0 road-
Ing 1s desired for non-z0ro Input. Temparalure and weight
_measwamants with an ofiset or tare aro examplos. The ofl-
set may bo introduced by connocling the vollage outpul ol
the transducer betwarn common and analog high, and the
offsst voltage beiween common and analog lovs, observing
polarities carelully. However, In processor-based systems
using the ICL7109, it may be more ellicient 10 parform this
type of scafing or tare sublraction digitally using soliware,

Reference Sources

The stability of the reference voltago Is a major factor In the
ovurall absolute accuracy of tha convertar. The rosolution of
tha tCL7109 at 12 bits Is one part in 4096, or Z44ppm. Thus
it the rolorence has a temporalure coolficient of 8Cppm/°C
{onboard referonce) a lemperalure Uitlerence of 3°C will
lnlroauco a one-bil absolute error.

For Ihis teason, it Is rocommended that an extarnal high-
quality rotorenca bo used whore tho amblent temparature is
not controllod or wharo high-accuracy absoluta moasuro-
ments are baing made.

)

The ICL7109 providas a REFeronce OUTput (pln 29) which
may bo usod willh 8 rosisiive dividor to gonorale & suitable
relaronco voltage. This oulput will sink up to about 20mA
without significant variation In output voltago, and Is providod
with o pullup bias davice which sourcas sbout 10uA The
output vollago Is nominally 2.8Y bulow V4, and has a tom-
perature coalficient of 280ppm/°C typ. When using lhe
onboard relorence, REF OUTY{pin 29; should be connected
to AEF- (pin 39), and REF+ shoyld bo connected lo the
wipar ol a.proclsion polonl!omot\a'g betweon REF OUT and
V4. The circult lor a 204.8mV releroqice is shown in the test
clrcuit. For a 2.048mV reloranca, the fhxod sesistor should ba
ramoved, and a 25k precision potent neler between REF
OUT &nd V+ should bo used. N

Note that If pins 29 and 39 are lied together and pins 39 and
40 accidentally shorted (e.g.. during testing), the reference
supply will sink snough curront to dastroy e dovice. This can
ba awidod by placing a 1kQ resistor I» serigs with pin 39,

Delglled Description
Dlghal Soction

The digitat saction Includes the clock oscillator and scaling cir-
cuit, a 12-bit binary countor with output latchas and TTL-com-
patidla irk-state output drivers, polarity, overrange and control
logle, and UART handshake loglc, as shown In Figure 4.

Throughout this description, loglc lovels will bo reletred to as
*low” or "high”. The actual logic lavels are calinod n the Eloc-
Irical Specifications Table. For minknum power consumption,
all hputs should swing rom GNO (low) 1o V4 (high). Inputs
drivon from TTL gates should have 3-5k2 pullup rasistors
added for maximum nolse immunity.
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MODE Input

Tha MODE input Is usod to conlrol the outpul mods of the
convortor. Whan tho MODE pln Is low or eft ogan (thls nput Is
provided with a pulidown resistor to ensura a low lovol whan
the pin Is et opan), the converter Is In"Rs “Diract™ outpent
modd, wharo the output daula is directly accessidle undor the
contro! of the chip and byte enable inputs. Y/hen tha MODE
Input Is pulsed high, the converier entars the UART hand-
shake mode and oulpuls the data in two brdes, then roturns to
“direct” modo. When the MODE Inpul is ‘el high, the con-
vorter will output data In the handshake mods at the snd of
evory conversion cyck. (Sece soction enlilled “Handshake
Mods™ lor lurther details).

HIGHONOER .\ f .. LOW OROE —
BYTE OUIPUTS BYIE DUIPU »1
a8 p b oo B D 8 P ¥ B
‘IES! FOL oR l! ll W . L 5 4 3 2

STATUS Output .-

Ourlng a convursion cyclo, the STATUS output goos high at
tho beglnnlng of Signal Integrato (Phase II), and s ']
ono-hall clock poriod aher now data from tho conversion has
baan stored In tho oulput latchns. Soo Figuro 3 for of this tim.

ing. This slgnal may bo used as a "dala valies’ lag {data never
changos whila STATUS Is tow) to drive Interrupts, of lor moni-

loring the status of the converiar,

NUNAIOLD Inpul
When the RUNHOLD lnput is high, or leh opén, the circuit will

continuously pariorm comersion cycles, updaling the output
latchas alter 2010 crossing during the Oelnlegale (Phaso It}

.
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Figure 8 shows an oulpul sequence whers the SEND Input is
used 10 detay portions of the soquenco, or handshake o
ensure coreect dala transtor. This liming diagrom shows the
relalionships that occur using an hdustry-standard IM6202/3
CMOS UART 10 intarface to sorial data channels. In this intor-
face, tha SEND Input lo tho ICL7109 Is driven by tho YORE
(Transmitter Dullor Roglster Empty) output of tha"#ART, and
tho CEAGAD tarminal of tho ICL7109 drives the TBAL
(Transeniier Buttor Ragistar Load) Input 1o the UAAIY, Tha
dala oulpuls aro paralialad into the oight Transmitier Buller
Ragister inputs.

Assuming the UART Transmitter Bufler Register is ompty, tho
SEHD Input will bo high whon the handshake mode s entered
aher now dala s siored. The CE/LOAD and HBEN lorminals
witl g0 lows 2har SEND Is sonsed, and the high ordor byte out-
puts bacome active. When CE/LOAD goas high at the end of
0na clock period, the high ordar byte data Is clocked Into the
UART Transminer Buller Ragister. Tho UART TBAE oulput
will now Go bow, which hahs the oulput ¢ycls wilh the HBEN
oulput low, and the high order byte oulpuls aclive. When the
UART has wanslerred that data to Ihe Transmitter Register
and clezred the Transmiltsr Bullor Roglster, the TBRE returns
high. On the next ICL7109 intarnal clock high 1o low edge, tha
high crdor byte outputs are disabled, and one-hall Internal
clock later, the HBEN output returns high. At the sama time,

T Ty
tho CEALOAD ars LBEN ouiputs go Jow, and tho fow ooy
byto outputs bacome aclive. Simitarly, whon tho CELGAD
reluras high at the end of ona cleck pariod, the low orlor data
Is clocked inlo the UAHT Tansmittor Bultor Registor, ang
TBAE again goos low, When TORE returms 10 2 high & will bg
sensod on the naat ICL7109 Internal chock high 10 low aclgn,
disabiing tho data outputs. Ono-hall ntanal clock Iater, the
handshako meda wit be cloared, npd the CE/LOAD, NOEH
and LBEN torminals return high and stay inaclivo (as long as
MODE stays high).

With the MODE nput romaining high as in theso examples,
the converier will output the rosults of evary conversion except
those comploted during e handshake oparation. By triggaring
the converiar hto handshake mode with a low to high edga en
tha MOODE Inpul, handshake output soequencos ray be por.
formed on demand. Figure 9 shows a handshake output
sequonce triggered by such an edge. In addition, the SEND
Input is shown as boing Jow when the converter enters hand.
shake moda. In this casa, the wholu output sequenca lor the
fiest (high ordor) byto is simitar 1o the sequence lor the socond
byte. This diagram also shows the oulput sequence taking
longer than a conversion cyclo, Notd that the converter still
makos conversions, with the STATUS output and RUMNHOLD
Input functioning normally. The only, diference is, hat now
data will not be taiched when in handshake node, and Is
thorelore bost,
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—
Osclliator

The ICL7109 Is providod with a versatita throe tormingl oscil-
fator to genorate the Imumal clock. Tho oscillator may be
overdriven, of iay ba oporatnd with an AC netwark of crystal,
The OSCILLATOR SELECT Input changas the lntornal contig-
uration of tho osciltator 10 optimizo # for RC of crystal opera-
tion.

yhen the OSCILLATOR SELECT input Is high or loft opan
{ho Input Is providud with a pullup resistor), the oscillator l?
conligured lor RC oporation, and the Intarnal clock will ba of
tha same lrequency and phase as the signal at the BUFF-
ERED OSCILLATOR OUTPUT. Tho resistor and capacitor
should bu connocted as i Figuro 10, The circuit will oschislo
a1 2 lrequency givon by §=0.45/RC. A 10CK0) resistor Is recom-
manded for uselut ranges of frequency. For optimum €01z
ting reiecticn, the capacitor value should be chosan such that
2048 clock poriods Is close to an integral muliiple of the 60Hz
period (bul should nct ba less than S0pF).

smen the OSCILLATOR SELECT lnput is low a leedback
daice 8nd output and Input capacitors are adkled 10 tho oscil-
fator, In this configuralion, as shovn In Figuro 11, the oscitator
will operate with most erystals in the 1MH2Z to SMHz range
wih no exernal components. Taking the OSCILLATOR
SELECT input low also insens a firod +58 divider circuit
batween the BUFFEREQD, OSCILLATOR OUTPUT and the
Internal clock. Using an ingxpensive 3.58MH2 TV crystal, this
division ratio provides an kitegration time glven by:

Tt = (2048 clock periods) x (Teozk) = 33.18ms whato

1 L5
CLOCK = 35814z

O?ITV§ THANSHION CAUSES
HIRY IHIO

This time is vory closa to two 60Hz porlods or 32ms Tho
orror 1s 1oss than ona porcont, which will give baltar than
404D 6011z rnjoction. The convorior will opsrate reliably ot
convorsion ratos of up to 30 por second, which cotresponds
10 u clock lrequuncy of 245.8kHz.

1! at any timo tho oscillator is to be ovardriven, the overdriv-
ing signal should be applied at the OSCILLATOR INPUT,
and the OSCILLATOR OUTPUT should be lelt open. The
intornal clock wilt bo of the same Irequency, duty cycte, snd
phase as tho Input signal when OSCILLAIOR SELECT is
loht open, Whon OSCILLATOR SELECT Is 4t GND, the clock
will bo a laclor of 58 below the inpul lraquency.

Whon using the ICL7109 with the IMB403 UART. It Is possi-
ble to use one 3.58M1 {z crystal lor both devices, Tho BUFF-
ENED OSCILLATOR OQUTPUT of the ICL7103 may be used
10 diivo the OSCILLATOR INPUT ol the UAAT, saving the
need lor a second crystal. Howevar, the BUFFERED OSCiL-
LATOR OUTPUT does nol have a great dea! ol drive capa-
bility, and when driving more than one slave gavice external
bulfuring should bo used.

Test Input

Whan the TEST Input is taken 1o a leve! hallwzy between Ve
and GND, the countor outpul laiches arb enabled, allowing
the countar conlents to be examined anytine.

When tho RUNHOLD is low and the TEST input Is con-
nectad 1o GND, the counler outpuls ere all fcrcad inlo 1he
high state, and tha lnternal clock Is disabled. Vmen the RUN/
FOLD raturns high and the TEST Input returns 10 the '/, (V+
- GND) vollage {or to V+) and one clock Is applied, all the
counter outputs vill ba clocked to the low stata. This 2liows
pasy testing ol tha counter and its outputs.
1£N00 c;\ossma

(3401
N0 COINING

WBEi dob e

VAR MODE eIECico
INTERNAL \
toer N LI | M I 1 \| |-
! LATCH PULSE INHIBI
mIEREAL ” 54l UART MOOE —»?”"; " .
oy NN e stafus outeur
2 T 5, [l |
UIFrY
oul Q‘ | PHASE B “\ . A2 0
MODE } 5
Ho%% U T 7 T T
uARY I 2 ——-2L1enumnates
INTERNAL i 2% 3
oo HonM /S ey sEND 3END UANY MooE
/swsen\ SENSED ™ SENSED
SEND IHPUT e e )
. 1 ( it
CEAOAC ouTPUY —J«-'L—}/ J { t J,,.l,.
23 j

L

Ve W

N
133

——
MIGHBYIE ooosmvsvaeroredlinses m-i( BATA VAU ;: ) O Cad Lo (P PP

[o.1] .J,__L_,!/ \x

Low JYTE

Py l
M - .o

2
&

AL sveosssssrsesonoeressoorssnssosossssasserse '“F DATA VAUD e >.+.,.”,.

% » DOHTCARE oo = TREITATE JIOH IMPEDANCE ,,l,, = TALSTATE WITH PULLUP
. FIGUNE 9. JIANOSHAKE TIIGGERED BY JAO0E

178



ICL7109

Typical Applications
blmcl Moda Interfacing

Flguio 12 shows somo of tho combinations of chip enable
and byto onablo contro! signals which may boe used vhion
intarfucing the 1ICL7109 to paraliol data linas. Tho CEAOAD
Input may ba tied low, allowing eithor byte 1o bo controlled by
lts own onable as In Figure 12A Figure 128 shows a config
vration whare the two byle enables are connectsd togather,
In this conﬁgulalion. l{l}_—(_f__%:\—ﬁ servos as a chip onabla,
and the HBEN and LBEEN may be connoctod 1o GMD or
- serve as a second chip enable. The 14 data cutpuls will a8
be ‘onadled simultaneously. Flgure 12C shows the HBEN
and LDEN as #ag lnputs, and CEAOAD as a mastor onable,
vihich coutd be the READ sirobe availabile from most micro-
processors. .

Figure 13 shows an approach 1o interlacing several
ICL7108s 10 a bus, connocting the FIBEN and [BEN signals
ol sevoral convertars togather, and using the CENOAD
Inputs {perhaps dacodo liom an addiess) to soloct the
dosired conventer,

Some practical citcuits uillizing he garallol wk-state output
capeoilitios of the ICL7 109 are shown In Figures 14 through
18. Figura 14 showss a straighiforward application to the Intal
B8048/80/85 nicroprocessors via an £255PPI, where tha
ICL7 109 data outputs are active at all timas. The VO pots of
an 8155 may bo used In the sama vaay. This Intodaco can be
usod Iy A r0ad-anytime moda, although a road porlormed
while the Jata latches are belng updatad will I2ad o scram-
bled data. This will ozcur very rarely, 1 the proportion of set-
up skew linos 1o conversicn time, Ono way to overcome this
Is 10 toad the STATUS oulput as well, and if it is high, read
the dara again alior a dolay of more than '/, convenar clock
poriod. I STATUS is now low, the second reading is comedt,
and it It Is still high, the first reading Is conrect. Alarnativoly,
Inis tining problam Is complately aveided by using n read-
alisr-update soquenca, as shown in Figure 15. Hareg tha high
lo Tow transition of the STATUS cutput drives an intorupt to

GNUD j

tho inlcroprocussor causing it to ncco;g_.dlo_da(a latchos,

This spplicallon aiso shows tho AUNAIOLD Tput belng
used lo nitiate conversions. under sofiwaro control,

A slmilar Intorlaco o Motorola MCEB00 or Flockwoll RESOX
systoms {s shown In Figure 16, Tha high o low transition of
tho STATUS oulput ganerates an Intarrupt via the Control
Regisler B CB1 lino. Note that CRB2 controls the AUNATOLD
pin through Controt Register B, al‘lowiné soltwaro-controllod
initiation of s I this systom as well,

The tri-stalo output capabifty of tho ICL7109 allows ditoct
Interfaclng to most mictoprocossor busshs, Exnmples ol this
are shown In Figuros 17 and 18. It is necossary to carafully
consider the systom in this type of intorface, 1o ba sure that
requiramants for setup and hold timos, and minimum pulse
widhhs ara met. Mots also the driva limitations on long busas.
Gonerally this lype of Interfaco is only favored if the memory
poripharal addisss density Is Jow so that shnple addrass
deceding can be used. Intarrupt handling can aleo roquite
many additicnal components, and using an Intorface davice
will usually simplily the systom In this case, -

Handshake Modw Intarincing

The handshake modo allows toady Intorface with a vido
varioty of extemal dovices, For instance, extornal tatches
may be clockod by the rlsing edys of CEALOAD, and the byla
onables may be used as byte identification hags or as load
onablos.

Figure 19 shows a handshake intaiface 1o Intel microproces-
sors agaln using an B255PPL. Tha hantshake oparation with
the 8255 Is controfled by invorting its Input Bulfer Fult (I8F)
flag 1o drivo the SEND input to, the ICL7109, and using the
CEALOAD 10 drive the 8255 stroba. THo Intornal control t0Q-
Istor of tho PPI should bo sent In MODE ) for Iho port useq,
i the ICL7109 is In handshake mode 4nd the 8255 IDF llag
Is low, the next word will ba strobed Into the port. The strobe
will cquse 1UF to go high (SGHD goas low), which witt kenp
the onablo byto oulputs active. Tha PP will ganorate an
Interrupt which whon axecuted will result In tho data being

1
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