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TEMPERATURE CALIBRATOR

Pichet Krataithong

Anan Siruntavineti
Prapakorn Suwupna Advisor
1996

ABSTRACT

This paper describes the design temperature calibrator is which a special equipment
for verification the accuracy and repeatability sensor in production process. It can control
steady standard temperature by comparing with temperature sensor. It uses a calibrate interval
atmosphere temperature seasor. It uses for calibration in the interval atmosphere temperature
to 200°C by proportion control of electrical energy input and heat energy from heater.
Temperature calibrator shows measured temperature in centigrade or fahrenheit according to
the option which was selected to show the result. This project can be applied to other

measurement system in industrial plants as well.
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25.45 Vi (3.11)

wmlann Ve

vV,

bc
J v & d
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3.5 §nfAa (a (Heating Well)
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3.6 J1HaIPIANIIMHIUIWINITNU

qseadaa ‘Cc i’ F

R1
1eak

R®
48. 7k
P3

2k o

6.9 U
UVin -
R4 =
Blk R2 p1
180k ! | 18k

YngAs F = (95°C +32)
=('C+1777) 18
91R 600 C=6V
1112 °F = 11.12 V (600 )
W Vin = 3.5 V St Gain vearensn1ls
1112V = (6 +3.5) Gain
Gain = 1.17 11
fimual RS =487K ,P3=2K ,R4 =5l K s s uanas ey

RT

1l

101.7K

It 69V/I017K =006 ma

VR5= ItxR5=3304 V
VR4 = Itx R4 =34578 V
YR3= ItxP3 =0.356V
&ufu Vin awnsadiusi1dszning 34578 V - 35937 V
N915Y1 Gain YBINII
Vo = ( 1+ RRg )( V1+V2)

Amuald Rf=110 K , Rg = 100 K
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Gain = ( 1+ (110K /100K ) =2.1 M
Set Potentiometer
AN 6 V ANAION. Variable | K
fimuali PLIO=100 ,R6=100 PI=1K

RT=12K

6.9 U
010 It = 6.9V / 1200 = 5.75 ma
to0R VP10 = 100 x 5.75 ma = 0.575 V
VR6 =100x1t =0575V
T:orz VPl =1000xIt=575V
e P10 dqa (Y 0) \
® RT =11K
_j___ It = 69V/1100 =0627V

VR6=Itx 100  =0.627V
VR IK = Itx 100 - =0627V
aaviu vPL musalSuldegisnin 575 V- 627 V

tK L1:B
L3368

5 4
6 %
R11
22K

fmmua P2=1K RIl =22K

Y

RT =23K
It=627V/23K =0272ma
VP2 =1t x-P2=0272V
VRIl =It x R11 =5.984 V

,
fariu P2 amnsoliumegIsnin 5984 V - 627 V



qi RTD

Different Amp ( Error Amp )

RS
18K
El e——n
R9
B2 19K
—AAS—
6.9 U
R?
1K
¥ Ps
10K
‘ 095351 Off Set
RT=RT+R5=1K + 10K

=11K

It =69 V/1100K =6.27 ma
VR7 = 1000
dntu ps awisoufumld o 627 v
Gain Y8997

x 627Tma=627V

Vo =m El- mE2 = m (E1-E2)
9397 Sensor ( Constat Current )

[l 1 4 + ' .

1{19991NHAVBY Off Set AMTUITINABAUNY Vref 197747 + Y83 Op-Amp Tunsdif
A ' o o

ELE2 = 0 V 915308 Vref 7 + 57150050 Vour=0 v

i}
—i—

R19 p?
2. 37K ‘ E89R +15Y
01
Ln368
+
1880 ct
18UF 38V

Nt
Z1

g R20

BCE47
4. 64K

LH3292-2.5

1QUF 2350

f—-12V

33
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Zener Diode ADATONYT O/P (tagy1 I/P au useduln -12 v szduszdufnain
Fygraud iiluaugazisanl¥ vo dhuwn aszua e #lnarunsudaaeiesmla
911 '

“ = 12V/446 K =0258 ma
ﬂ5zuﬁn:'lnavhumm%mﬂai'mfj'lﬂamzﬁd’muﬁmvﬂ'lnadm RTD a9 Group 1184910
nswSamesisudeniia B = 100 ns:uﬂ'lﬁaeandﬁfzﬁqumaanum OpAmp EUAUM
ffy 1/200 voensTUA vaA gunvmnszuagegaiios lnasenninndyg assniiy s
ma 2W9592810nsEua lAMINY 5 ma x 100
({18970 Ed sevinndugiaauuasiinmiiiu 0 Fuiussiiussduanason R19.PT n1fy
25 V Susidufinnnson R19,p7 sxiild [ filadu RTD asfi

3997 Linear Amp

Ris6

fmuald R14 = 143 K P9 =500 ,RI15=143K
NO1IBUT Vref
RT = 6.9°V/ 14800 = 0.466 ma
VR14 =TIt x R14 =666 V
VRIS = It x RI5=6.66 V
VP4 =Itx P9 =02331V
drarhu Vieet BYIZNIN 6.66 V - 6.8931 V
VINYAT

Vo = El ( | + Rf/R1) - E2 (Rf/R])
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Gain= 1+ 102K /143K =L71m
Gain= 10K /82K =129
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uni 4
nInAasIlarHa
Y a °
4.1 MNNANIMAUUH
or - o A 1 ot -
mrUfugumnaiilasnisfy “ set” Potentiometer ¥a1vfin Voltage 1uTugangil
é o av o 1 1 * 119 L k2] 4' o - [ o d’
Fasagutesdanty 101 mwnadift “usadu Read” 1 gunglideaiu usaduil sxtloy
by [} [] [ A
gea”s” TuaeesvenenuUANAN Differential Amplifier ) HAZHIUNITUIS (1/K ) 49
v | 4 ]
AMWITOOTUAIUU NIAUAAIND 1D Switch AINRWNUL “Set”
b d
Frasandugamgies Mussdudludadiudugaugiioselu Heating Well 159Aul
o - ' '.’l 3 1 v - ]
vhgeesBudurinudiges “R” veenesvnsanuuand N Agamall aunsosmuunn

s 2 ;
UQAIHD IIBA Switch N “Read”

\d LY \ A M 1 L.
AILLTIRY Output YBINITUUWANUUANAN FIMUIWAT ATIUUANANTEUINUTIAY
Set point AULTIFUNYININGUMYTITIUD1 Heating Well 9ilordh “Optocoupler” Faoy

Hhun13u0n 299505 9AUA 191N HTIAU

159U Output 483 “Optocoupler” IIUFAAIUAVUIIAY Outpur YBINIITVIWAIN

: 4 o
uanA uarilowdn Voltage Regulator ¥anuauus AU U Heating element.

ASNNHYBS Proportional band Regulator ta@alugy 3 “P meam” fin Mdsun

Houdh Heating elements

¢ ginsaiflesiunimiou (Safety Thermal Protector) ﬁﬂﬁgmuudum?\nag:szwhnqwﬁ
@nsoind 1Az UMAIAIYTBU (Thermal mass) a3a% Main Breaker 92 “Off” lﬁaqmnqﬁ
Tundeauinnii 60 °C
4.2 minagewlsydniam

ax v o ¥ o e

TasvasuaNugnded v ldamduaeti

117 Precsion Thermometer 1814 Heating Well Idufannudouss i Snudoufideinis
tazTaIATeNguHglaegaRines sugungiinadt (Stabilize) gAIUUANGTENTIAT “Set”
uaz “Read” QUAAA1 Eror ; 11;@‘?7‘1170 “Calibration Procedure
4.8 ymuazmsuiifa
pilot lamg laierd
- Voltage flovdn Unit n5o 1 7

- U@ Switch “on” n30 2
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-1} Voltage flouidn Unit n3elai 2

- (1@ Switch “on” n7eld 2

-

N T Tv.
- Fuse 11An381 2 :
- Thermal Protector 1N 150 Unit sunseiadunicung
- Pilot lamp Y18 ndou
' ° b.d
. M % E) o . w, ”

- Switch m'hJ Ext A3 Switch Tyl “Int
- “Read” uo@Ifiqe w/asu Internal RTD PT - 1000
- “Heat Lamp” ai1ud 15301 #3798V Heating elements
- i Voltage UM Terminal 39 iy ATIVABLNIT Power board

U3 (Excitation Voltage )
- &1 Voltage UM Terminal 39 ifiu R379€1DL1993 Process board

AU (Excitation Voltage)
I . {' (R n v (G »

: . ° 1< ” ., w9 ¢
- 1 Switch Tudumis “Ext” Unit 8330UBY A3729%81 Power board
- Unit $ou “f1 Set” Tioond1 A1 Read” uaz Switch  AII9OU Temperature Sensor, 1
v
A% “Int” 1N8E19NARTINADUNIT Process

board
w' 1 v
- Pilot Lamp 97R ulaou
- Test Wire V1 ' wlfou
- ' oe q
- 37988y Voltage 411 nasunaay
[y =) ' ] 3

- {@omgn LED nl@ou Display vanuu
- (@ove Integrated Circuit wdou IC
- (oM 10A Printed  Circuit nldou PCB
gunsalfidedld

{. Resistance Decade Box yiuf1l& 1000.0 Ohms , 1385.00 Ohms WAz 1758.00 Ohms
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fifAanarisendi 05 ohm mifuLsEINe 0.143 °C 0257 F
30
19y 3 fdiddhedy
2. Digital Voltmeter 4-12 wanfinnuaz®en 0.1 mv 061961 uazAIGNALY +/- (0.05%
rdg;. +2 dg) .
3. Traceable Precision Thermometer 0 £14 600 'C / 32-1112 °F ﬂ‘)TllQﬂﬁBQQM‘J"I 0.1
°c/0.18 °F
4.5.1 “Heat” adjustment
452 PT-1000 N5y “offset”
453 PT -1000 11315y “Gain”
454 “Set” 1AL Read” UANANAUT Low Temperatures.
456 miliuuaaziooa
45.7 m3USuuss °F Conversion

4 ] 3 v
1. #1a switch 11 “Ext” 1§y P12 sunseiianasa “Hea” liadnudmyuiiodn 1 sau

/A ”

1. 08aU&n" M 220 Vac 0oA@ M Terminal 43 12D Resistance. Decade 35171447
43 ua 35 AT 1385.00 ohm

2. JAUTIAUTENTN Terminal 43 uag 35 U5y P9 WlAisadu 1.38500 v

3. JAUSIRUTENIIN Terminal 41 waz 35 151 P7 Wldlisedy 1.38500 V

¥
4. Wnmtuasu B2 uaz B3 dusaduligades

My e W

L 4 ] ]
I. 94 Decade Box 11 1758.4 ohm AD# Terminal 43 - 35 uaz JANTIAUIENIN Terminal
, .
41 uaz 35, Uy p6 1R 2.000 v
2. 1§y P13 yu “Display Board” ¥ Display g 1u'l4 200 °C

3 v

[ < w
¥
@ ¥ o a
1. 14 Decade Box iU 1000 Ohm uazuyu “Set” Potentiometer AMITLUIRNILA

» ] 1 ]
2. 914 Switch i “Im” USu P5 nzviavase “Heat Lamp” suudmyudiudn | sou

!Eiusn U“B l”l 11 Ii.lI
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. %1 Decade Box (i1 1758.4 ohm 1z My “Set” Potentiometer MudinnfintougA
2. &1 Switeh “Int” 1511 P10 32118t 50 % A9 “Hear lamp
3. 1 Switch “Set” 11 P2 9" Display” 81wfi1 200 °C
4. 089 Decade Box 1A% AOT0T Terminal 43.
5. 399U Unit famudaud 200 °C 7392 °F wunsii (1% Thermometer 811gamail ) &
Switch “Read” 151 P2 sufi1 Display iy 200 °C
-
£. W Unit vamudaunuien Setpoint i 200 °C /392 °F Tavg1ufi Thermometer finn
9';{%114 Heating Well § Thermal Contact $TUIN Heating Well {{@¥ Thermometer 1ABIUY
o
2. Vil Switch ‘71 “Read” Su P13 gum “Display” finumidu ']';'hennomete;r
SR B C , X
. &0 Switch 7 “Set” mayutuda “set point” Aduouidiu 0 °c
&4 switch @ °F 1151 P3 9 Display s1usi1 32 °F
3. &4 Switch 1 °C. ayutju “Setpoint” N21ufuow Display 1fiu 200 °C
&4 switch & °F 11311 P3 wu Display 81usi1 392 °F

» v
3. A wdunou Gi iay G2 i ldgnaes
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i o - l d
v ~ -
21auy TaaTioaa

2. Switch "C/°F, Set / Read , 1- Pole goldplated.
l,3. Thermostat Test Lamp, 12 V
4. On/Off Pilot Lamp LED
S. Heat Pilot Lamp LED
6. Din Socket ,3-Pole
7. Power Switch, 2-Pole
8. - Fuse holder
9. Switch, Ext/Int ,2-Pole goldplated
10. Dis - Socket , 4 Pole.
1. Int - RTD Sensor, PT- 1000
12 Heating Well _
13. Heating Element , 600 Watt 220 Vac
14. Fan, 220Vac , 7 Watt
15. Thermal Overload Protector, 10 A , 60 C
Process Board
Resistor ’I]ﬂﬁ") 1/4 Watt~ 1% .
R1,R2R3 100 K
R4 51K
RS 48.7K
R6 100R
R7 1K

Fuse 1-1/4, 6.3 A fast action

R8R9,R17,R18 10K

R10
R11
RI2,R16

464K
22K
8.2K

RI3,RI4R15 143K



RI9 23.7K

R20 4.64K

Capacitor

c1,c2 I0UF25V dannielad
c3 I0UF35V oannselad
C4 IOUF25V  sdmmselad
1C

Ll LM324

12 LM358 .

Z1 LM336Z-2.5

Transistor

N1 BCS47B

lSiode

D1.D2 IN4006

Variable Resistor (Trimpot 25 781)

P1,pP5 10K

P2 IK

P3,P6 2K

P7,P9 500R

P10 100R

Power supply (Processhoard)

IC

Ll LM320-12

L2 LM7815CK

Diode

D1.D2 1N4006

Capacitor

G1.C2 0UF25 vV  Sidnnselan
C3.C4 20 UF 40V Biannsolad

41

247
187
2 d2

28

2 4

247



Powerboard
Resistor 'I]ﬂﬁ"lﬂ"l 1/4 Watt 1 %
RI 10K
R2 100R
R3 100K
R4 827K
RS 487K
Capacitor
c1 470 UF 40 V- Biannselad
2 0.1UF63V  8dnnselad
c3 22UF 63V drannsolad
C4 0.01 UF 400 V MKS
Cs 0.1 UF 400 V. MKS
C6 LUE 400V MKP
IC
QI " 4N26
Q2 UAAIO16B
Diode
DI 1IN4007
D2 IN4148
Triac
Tl T2513 MH

Variable Resistor

P12 10 K ( Trimpot )

Heating Element 600 Watt 220 V
Power snpply ( Powerhoard )
Tranformer

0-18 V,9V-0-9V 500 ma

42



Diode
Bl-B4

Dl

IC

L1

L2
Capacitor
cl,c2
C3,C4

43

1N4002
IN4006

LM2931-5KC

LM7805CK

a d U L4
1000 UF 35 V. diannsolan
0UF 35v Biannselad



4.7 MUNHIM
S = T — I e T = N —— B =] ::s::me
Seous @ R ¥ R 0P T =270 7
(V- b
, c
a - [ i |
i ! ) i
? x
NG
Inn UD
| = ’
' = = |
- — - Y
' i N
O D G N :
doooggog%
L&l&\gg}N(\ag\

gﬂ‘ﬁ 4.1 ugas Powerboard

ni TeRTY Negazidua ginsl

[+10 220 Vac power supply linesocket

2+7 220 Vac power supply heat-element 1

4+9 220 Vac power supply heat-element 2

5+6 220 Vac heat-on pilot light

{24—13 220 Vac power supply fan

14+16 220 Vac power on pilot light

18 0-1 Vde optocoupler excitation  ext./int. switch

20 common supply voltage thermostat test socket
21 commom supply voltage processboard pin 46
22 -7 Vde power supply thermosiat iest light
23 . 18 Vac power supply processboard pin 48
24 + 5 Vde powre supply displayboard pin 52
25 commomn supply voliage araloyg socket



Potentiometer :

P1+P3
p2

P5

P6:

pP7

P9
P10

=
-y
~4n.

[+ O
: C/ F conversion

: set adjustment to read

45

: RTD, PT-1000 zero adjusment

: RTD, PT-1000 gain adjusment

: RTD, PT-1000 off-set adjusment
: RTD, PT-1000 off-set adjusment

: mean thermial power adjusment

E:]D Ve Lar

O

& [ #le

f 2. 7Q = o TR

(2 1| 4046/:—:'

i
gl | ANE s R
R A

R Tiar=ille

d
P9
0 Po D(%

3UN 4.2 uaraq Processboadr

TEALaI]
common
common

7
0 t0 6 Vde

commen

seazdun
grounding electronics
supply voltage
set/read voliage

supply voltage

<
gunie
set-potentiometer
«© " .
set/read  switch

exi. probe+anal.sce

[
A

<

3
t
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48

I PREEAGED
common supply voltage
0 to 6.06 Vde set voltage supply
0 to 6 Vdc set voltage

Otol Vde excitation voltage

032 to 11.12 Vdc F voltage

0to 6 Vde read voltage
1.10 Vde at 30 C/ 86 F
1.77 Vde at 200 "C/ 392°F

appr. 6.1 Vdc supply voltage
common low signal
common supply voltage

18 Vac power supply

e
gunaal
int. RTD-sensor
sef potentiometer
[13 n . o .
set switch, C switch
“ext/’mt” switch
“of” switch,display
13 ” .
read switch
3 » ..
extfint switch
“ext/'mt" switch
set potentiometer
displayboard pin 51
powerboard pin 21
powerboard pin 23
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=4

t . t’l < der =
4.8 swindhvsunissdeganfaugniainnamigl
My Nuuinuswanisisaswsugnsa Taguugi lasnisdszaey

insaeiiouasqunsalamgli 43

Thermocouple

(Type-K)

N
Temperature |
Indicator | y

il =l

| Temperature
Calibrator

d

U 43 irRanansRe rnmANIBhh s unesfere fagUnisiTagungd

9

mm.uuln Switch 912 11 vuuﬂsmuaﬁaumumqamnnu'nﬂs,ﬂywum 2lon

u

Switch ** Set/Read” uu Panel Téininuia “Set” udnlsudoamgll ausmauuiauaama

‘151?!11 30 “C 1iiuTen Switch Ui © Read” FRIUNTTHIRBLAAINAD LA IAIAY
L e

*q-:.: i Sec 13 Fufiamd Iactumsedufinranisnaneed 41 a1

“ro
L

neqaunomesr

<

Wenfoufouuassuinmgungive I umnaiufiasanmaaed .1 namss

Fapauy nnaunsda datufina i g lua s uiuiinsanisnaaaa

AMAATAIN = 719N Thermometer - ’ﬂiﬂﬂl”l.x?NlJ'rJﬁOUl 12 U'Jﬂ'?f.u rmll (rUNI4])
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A1INNANTINAABI
fliguunil ( oC) fgumapifisldnn fIRANDIA
# set 13 in3eaiioaoufion {Thermometer
Ambiant 25 25.4 0.4
30 30 31 1
40 40 40.4 0.4
50 50 50.6 0.6
60 60 60.7 0.7
70 70 7 ’ 1
80 80} 81 1
90 901 90.2! 02
100 100| 9.6 04
110 1 lOl 109.7 0.3
120 120 121 1
130 130 129 -1
140} 140} 138.8 -1.2
150 150| 151 |
160 16(“ 1585 -1.5
170 170 169 -1
180] 180 1802 0.2
19’6L 190 189.7 03
200] 200 201 1

4 ° 1 s
T 4.1 nawamInaasImmAluiuiivsunIssilsasuifisugy niariagungil
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§

E

-
¢ £
& =
-
Z 5
]

250 T

150 +
100 +

190

170

.

( SpRBHUS ) atferedwdy peoy

Setpoint Temperature ( Centigrade )

4
n3osliomeutiinugnsal agamagil

MG 1e

U7 42 pamlumras
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T -9 1 s a
4.9 mmanuaanaialunielaamaiaguvai
' rY ] o a A -~
. anmmanuRanaa lunsulamuigiaguugi laenisdsenounisalenas

gunsalawmgli 4.4

Thermocouple

(Type-K)
—
Lt - /]
[ _<Frll i Fl}l
Temperature | Temperature | |
Calibrator i [fldlcnttir l/)

U 4.4 uzasmmanssmmanufanaralumsulasniis Tngamgd
c:’ = 0 v Y Ai -} a o aa a /J Y ~
vinduitla Switch 11l uATDINBRB MU Tngung N sz uuaa lon
Switch * Set/Read” Uu Panel lusiuninia “Set” ud/Sumquugl susuriuuIsITAIND
lyﬂ ° < . e < It o ' A
lAiTu 30 °c vaimiuTon Switch WA Read” 589UNSTNITBUARIHAB LAY [AIIAY |
o Wy Y o R °o_ o a 0 & ‘ q v o o A 1 Ay gy
guungiif Set 13 udaTon Swicch *¢/°F ut “Ftegiumhanize 'F uaziunindifiswla
Tumisiuiinwanisnaaeadi 4.2 81uA1guUylA Thermometer HanfSouiounazuiin
mgunnifiswld lumisnfunaxanisnaasaii 4.2
£ 4 ¥y
Aavduaguiuy nq Mmuaisaiuindan1snaasd
- > > . e
AUIUMIAIANIUAANAIA 1INNITEIUANNABUULTINALMIA AN tdITuin
¢ A o -
A 1A Tums RTUfinHamsnaaed

- ’ ~

AAAYDIA = AN Thermomater - AITAMTAIUBTILIReLIARNNT  ( GURIT 4.2)
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MINHANMINABGS
fgangl (°C) aqangll (°F yiew'ldnn | dRanaia (°F)
f set 13 in3osiioaouifion| Thermometer
Ambiant 77 71.7 0.7
30 86 86.5 0.5
40 104 104.7 0.7
50 124 125 1
60 141 141.3 03
70[ 159 159.6 0.6
80r : 176 176.8 0.8
90 195 194.4 06
100 213 211.7 -1.3
110 230 231 1
120 248 249 1
130 266 2642 18
140} 284 282.4 -16
150 302 301 -1
160 320 322 2
170 338 336.3 -1.7
180 356 356.4 04
190 374 375 1
200 392 393 !

M1ed 4.2 uaswamImaresmmaNRAananlumsuamia ingamgll



Read Temperature ( Fahrenheit )

52

350 +

100 +

e &Y HiIUAV/\ey 4RH 3

170

190

& o ldnn

Temparature

] gﬁm&’nn

Thermometer

Setpoint Temperature ( Centigrade )

117 41 navlimastnangadedumsmlasmieYagamgil




unn 5

unayl

1§189910N75 Calibrate 137 15e 1170719817 Praceable Precision Thermometer NHA1
enfeandi 0.1 °c TainteldinTeiinfifinnugndes + 03 % vesrmnswldildrnigm

(] b ar [ Y o " :: : b &) a a b d
183 ligndsanminuasinnugndssiseg uveuniinaaline +1 % dafilavans
neapusznuIAsesile iagunpiindaziesinnu llumsasyauesi i on
areg1usu mes lufimesuuuudl, Thermocouple NYUIRYDY Probe Nl Inajiaz

da 3 aa a a 1w ' R v o
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THE YEW Type 3793 DECADE RESISTANCE BOX
is most reliable instrument developed by YEW's latest
techniques and long experience. To operate your Type
2793 at its full capability for a longer life, please read
carefully the instructions contained in this manual.
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GENERAL

..

The Types 279301 and -03 Resistance Boxes are
- high-accuracy variable resistors with 6 dials. Setting of
these instruments is easy over wide resistance r'ange.
~ Type 279301 has resistance range of 0.1 to
1111.210Q in 1mQ steps and accuracy of £0.01%. Itis
best suited for calibration of resistance thermometers.
Type 2793-03 has resistance range of 0 to 111.1110
MQ in 1009 steps and accuracy of £0.05%. It is best
suited for calibration of insulation resistance testers.
These Decade Resistance Boxes employ in-line
display system, and rack-mounting is possible.
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SPECIFICATIONS

Type 2793-01

Resimnc.t, ﬁange:
Maximum Resistance : 1111.210 ohms’
Minimum Resistance : 0.100chms - )
Decade : 6 .
Resolution 0.001 ohms

Accuracyy : £{0.01% + 2 milliohms}

Calibration Condition:
Temperature
Humidity
Measurement Power

: 23°C £2°C
: 45~75%
: Max. 0.1 watts

Temperature Coefficient:

Dial {100 chms | 10 chms 1 ohms | 0.1 chms ,
{unit)
T.C. step step step step
Top E o~ e 1 Approx.*| Approx.*® 70
10 5 ~+10 | -5 ~ +20 90 ~ 20 | 900 ~ 90 x10-¢°C
B8 —0.3~-0.7 - - %10~ C*

Rt=Rjq {1+ (t—-20) +§ (t—20)%}

Rt Resistance Value at t°C

Rzo : Resistance Value at 20°C

* Including T.C. of wiring and switches resistance

(60uS2/°C)

Power Limitation:
Maximum
Maximum
Tempetature Raise

: 0.25 watts per step.

: 1 watt total.

: Less than 30°C at maximum
power rating.

Maximum Current:

100 ohms step 50 millitamperes
10 ohms step : 150 milliamperes
1 ohms step : 500 milliamperes

0.1 ohms step 1.5 amperes

Insulation Resistance:
More than 500 MS2 {DC 500 volts)
between panet and circuit

Dielectric Voltage:
AC 1,000 volts, 1 min

Dimensions:
Width :491mm
Height : 110mm, approx. 128mm including handle
and feet.
: 140mm, approx. 172mm including knobs
and feet.
Weight : Approx. 4.8kg {net.} {(10.6 ibs)

between panei and circuit

Depth

76

Type 2793-03 .

Resistancarange : 0~ 111.1110MQ

Dial Composition : 100Q x 10 + 1k$2 x 10 +10kQ2x 10 _
+100kQ x 10 +1MQ x 10+ 10MQ

x 10

Accuracy : 10082, 1k82, 10k82 and 100k steps
... ¥{0.05% + 0.05%2)
1M, and 10MSQ steps . .. .. $0.2%

{At temperature 23°C £2°C
humidity below 75%, including re-
sidual resistance approx. 0.0552.)

Maximum allowable voitage or current:

1002step .. ........ 100 mA

1kSistep .......... 30 mA

10kQstep . ......... 10 mA

100kSistep ... .vvvnn 3mA

(100k2 ~ 600%2)

2,000V

(700k$2 ~ 1000kQ2)

MQstep .......... 2,000V

IOMQ2step . ......... 2,000V
Temperature coefficient: (0~ 40°C)

10062, 1k2step .. oo v it neens

Qa9 = (_—2~+20') X 10‘6/°C
=—(0.3~0.7} x 107%°C?
10k, 100k€2, 1MS2, 10MS2 step
£30x10°%°C -
Variation of resistance according to temperature
change is hsown in the following equation:
Rt=Raq { 1+a0 (t—20) +8 (t —20)*}
where Rt: Resistance value at t°C
Rag: Resistance value at 20°C

Insulation resistance : More than 10' '8 at 1,000 V DC
between panel and circuit

: 2800 v DC for 1 minute between
panel and circuit

Dielectric voltage

Dimensions:

Width :481Tmm
Height : 110mm, approx. 125mm including
handle and feet.
Depth : 172mm, approx. including knobs
and feet.
Weight : Approx. 5.3 kg (net) (11.7 Ibs)
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3. PLATINUM RESISTANCE BULB

3.1 Platinum RTD Temperature/Resistance Data based on JIS C 1609-1981

These tablé show the value of resistance of RTD {Resistance Temperature Detector) at ;!_ifferent terﬁperatures from
—200 to 630°C._ Sensors are Rt/Ro platinum resistance bulbs based on JIS (Japanese Industrial Standard) C
1604-1981, in which the resistance values are shown down to 4th decimal in 10°C step.

In the table, the resistance values are shown down to 6th decimal. The JIS data can be obtained from the table by
rounding off the 5th decimal.

Table 3.1-1

c o°c —1 -2 -3 -4 -5 -6 -7 -8 -9

~200 | 0.171362
—190 | 0214619 | 0.210280 | 0205942 | 0.201606{ 0.197273 | 0.182943| 0.1 88616 | 0.184295 | 0.179978 | 0.175667
—180 | 0.258016 | 0.253681 | 0.249344 | 0.245005 | 0.240666 0.236325| 0231984 | 0227642 | 0.223301 | 02183958
—170 | 0301247 { 0296936 | 0292622 | 0.288305 | 0.283986 | 0.279663 0.275339} 0271011 | 0266682 | 0.262350
—160 | 0.344186 | 0.2339207 | 0.335624 | 0.331338 | 0.327049 | 0.322757 0.318461 | 0.314162 | 0.309860 | 0.305555
—150 | 0.385800 | 0.382554 | 0.378304 | 0.374050 | 0.369794 | 0.365534] 0361277 0357005 | 0.352735 | 0.348463
140 | 0.420009 | 0.424882 | 0.420663 | 0.416441 | 0.412216 | 0.407988 0.403756 | 0.3998522 | 0.395285 | 0.391044
—130 | 0.471106 } 0.466918 | 0.462727 | 0.458533 | 0.454336 | 0.450137 0.445935 | 0.441730 | 0.437522 | 0.433312
—120 | 0512854 0.5086390 | 0.504524 | 0.500355 | 0.496184 | 0.492011 | 0.487835 | 0.483657 0.479476 | 0.475292
—110 | 0.554368 | 0.550226 | 0.546083 | 0.541937 | 0.537789 | 0.533638 0.529486 | 0.525331 | 0.521174 | 0517015

-100° | 0.595673 | 0.581552 | 0.587428 | 0.583303 | 0.579175 | 0.57 5046 | 0.750914 | 0.566781 | 0.562645 | 0.558508
— 80 | 0.636789 | 0.632685 | 0.628580 | 0.624473 0.620364 | 0.616254 | 0.612141 | 0.608027 | 0.603311 0599793
— 80 | 0.677729 | 0.673642 | 0.66953% | 0.665464 | 0.661373 | 0.657280 0.653185 | 0.649088 | 0.6445950 0.6540390 7
— 70 | 0.718506 | 0.714435 | 0.710363 | 0.706289 | 0.702214 0.698137 | 0.694058 | 0.683978 | 0.685897 | 0.681 814
— 60 | 0.759129 | 0.755073 {.0.751 01& 0.746957 | 0.742897 { 0.738836 | 0.734773 | 0.730708 | 0.726642 0.722576-
— 50 | 0.799606 | 0.795564 | 0.791522 ' 0.787478 | 0.783432 | 0.779385 | 0.775337 | 0.771287 | 0.767238 0.763183
— 40 | 0.839944 | 0.835916 | 0.831887 | 0.827857 | 0.823825 | 0.819792| 0.815757 0.811721 | 0.807684 | 0.803646
_ 30 | 0.880148 | 0.876133 | 0.872117| 0.868100 | 0.864082 | 0.860062 | 0.856041 0.852019 | 0.847995 | 0.843970
— 20 | 0920223 | 0.916221 | 0912218 | 0.908214 | 0.904208 | 0.900201 0.896193 | 0.892184 | 0.888173 | 0.884161
— 10 | 0960173 | 0.956183 | 0.952193 | 0.948201 | 0.944208 0.940213 | 0936218 | 0.932221 | 0928223 | 0.924224

— 0 | 1.000000 | 0.996022 | 0.992044 0.988064 | 0.984084 | 0.980101 | 0.976118 | 0.972134 | 0.968148 0964161

B

°c W] 1 2 3 4 S 6 7 8 g

H

o | 1.000000 | 1.003976 | 1.007951 | 1.011924 | 1.015897 | 1.019868 | 1 023838 | 1.027807 | 1.031774 | .1035751
10 | 1.029706 | 1.043670 | 1.047632| 1.051534 | 1.055554 |-1.059513 { 1 063471 | 1.067427 | 1.071382 | 1.075336
20 | 1.079283 | 1.083241 | 1.087191 | 1.091141 | 1.095089 | 1.089035 | 1.102981 1.106925 | 1.110868 | 1.114810
30 | 1.118751 | 1.122690 | 1.126629 | 1.130566 | 1.134501 | 1.138436 1.142369 | 1.146302 | 1.150233 | 1.154162
40 | 1.158091 | 1.162018 { 1.165944 | 1.169869 | '1.173793 | 1.177715 1.181637 | 1.185557 | 1.189475 | 1.193383
50 | 1.197310 | 1.201225 | 1.205139. 1.209052 | 1.212963 | 1.216874 | 1 220783 | 1.224691 | 1.228598 | 1.2325C3
60 | 1.236403 | 1.240311 | 1.264213 | 1.248113.{ 1.252013 | 1.255911 | 1.258809 | 1.263705 |1 267589 | 1.271483
70 | 1.275385 { 1.279276 | 1.283166 | 1.287055 | 1.290943 | 1.234829 | 1.298714 |1 .302598 | 1.306481 | 1.310362
80 | 1314243 | 1.318122 | 1.322000| 1.325877 | 1.329752 | 1.333627 | 1.337500 1.341372 | 1.345243 | 1.349112
S0 | 1.352981 1.356848 | 1.360714 | 1.364579 | 1.368443 | 1.372305 | 1.376166 1.380026 1.383885 | 1.387743

100 | 1.391800 | 1.395455 | 1.399309 | 1.403162 | 1.40701¢ | 1.410864 1.414714 | 1.418562 1.4224019 1.426255
110 | 1.430099 | 1.433943 | 1.437785 | 1.441626 | 1.445466 | 1.449305 1.453142 | 1.456978 | 1.460813 | 1.464647
120 | 1.468480 | 1.472312 | 1.476142| 1.479971 | 1.483799 | 1.487626 1.491452 | 1.495276 | 1.499100 { 1.502822
130 | 1.506743 | 1.510563 | 1.514381 | 1.518199 | 1.522015 | 1.525830 1.529644 | 1.533456 | 1.537268 | 1.541078 !
140 44887 | 1.548695 | 1.552502 | 1.556308 | 1.560112 } 1.563915 | 1.567717 1.571518 | 1.575318 | 1.579116
150 .332914 | 1.586710 | 1.850505 1.594259 | 1.598G31 | 1.€01833 | 1.605572 : 1.5609462 [ 1.613250 | 1.617027

-

-
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‘c

2

5

8

160
70,
180
190

1.620823
1.658614
1.696288

. 1733845

1.624607
1.662387

1.700049°

1.737594

1.628390
1.666158
1.703809
1.741342

1.632172
1.669928
1.7075867
1.745089

1.635953
1.673698
1.711328
1.748835

1.639733
1.677466
1.715081
1.752579

1.643511
1.681232
1,718836
1.756323

1.647289
1.684898
1.722590
1.760065

1.651065
1688763
1.726343
1.763806

1.654840
1.692528
1.730034
1.767546

200
210

230
240
250
260
270

1.771285
1.808508
1,845814
1.882904
1919877
1.956733
1.993473
2,030097
2.066604
2.102995

1.775022
1.812334
1.849528
1.886606
1.923567
1.960412
1897141
2.033753
2.070248
2.106628

1.778758
1.816058
1.853241
1.890307
1.927257
1.964080
2.000807
2.037408
2.073892
2.110259

1.782494
1.819782
1.856953
1.894008
1.930846
1.867767
2.004473
2.041061
2.077534
2.113830

1.786228
1.823504
1.860664
1.897707
1.934633
1971443
2.008137
2044714
2081175
2.117519

1.789961
1.827225
1.864373
1.901405
1.938319
1.975118
2.011800
2.048365
2.084814
2.121147

1.793692
1.830945
1.868082
1.805101
1.942004
1.978791
2.015461
2.052015
2.088453
2124774

1.797423
1.834664
1.871789
1.908797
1.945688
1.982463
2.019122
2.055664
2.092050
2.128399

1.801152
1.838382
1.875485
1.912481
1.949371
1.986135
2.022781
2,059312
2.095726
2.132024

1.804881
1.842039
1.879200
1.816185
1.9530583
1.989804
2.026440
2.062359
2.099361
2.135847

300
310
320
330

350
360
370
3so
380

2.139270
2.175428
2.211489
2247394
2283203
2.318835
2354470
2.3g9928
2425269
2.460493

2.142891
2.179037
2.215067
2250980
2.286777
2322457
2358021
2.393467
2.428797
2.4640039

2.148511
2.18264S5
2218664
2.254565
2.230350
2.326019
2361571
2.397005
2.432323
2.467524

- 2.150129
2.186252
2.222259
2.258149
2.293923
2.329579
2.365119
2.400542
2.435848
2471037

2.153747
2.189858
2225853
2261732
2297494
2.333139
2.368667
2.404078
2.439373
2.474550

2.157363
2.193463
2.229446
2265313
2301063
2336637
2372213
2.407613
2.442896
2.478061

2.160978
2.197067
2.233038
2.268893
2.304632
2.340254
2.375759
2411147
2.446417
2.481571

2.164592
2.200669
2.236629
2272472
2.308199
2343809
2379303
2.414679
2.449938

| 2.485080

2.168205
2.204270
2.240219
2.276050
2311768
2.347364
2.382845
2418210
2.453457
2.488588

2171817
2207870
2.243807
2279627
2.318331
2350917
2.386387
2421740
2.456576
2.492034

410
420
430
440
450

470

490

2.495600
2530589
2.585461
2.600214
2.634850
2.669368
2.703767
2.738048

2.772209

2.806252

2.499104
2.534081
2.568941
2.603683
2.638307
2.672813
2.70720Q
2.741469
2.773619
2.809649

2.502607
2537573

2572421

2.607151
2.641763
2.676257
2.710633
2.744889
2.779027
2.813046

2.506109
2541063
"2.57%899
2610618
2.645218
2.679700
2.714064
2.748309
2.782434
2.816441

2.509609
2.544552
2.579376
2.614083
2.648671
2.683142
2.717483
2.751726
2.785840
2.819835

2513109
2513103
2.582852 4
2.617547
2.652124
2.686582
2.720922
2.755143
2.789245
2.823228

2.516607
2.516607

-2.586327

2.621010
2.655575
2.680022
2.7243%0
2.758559
2.792649
2.826620

2.520104
2.520104
2.589801
2.624472
2.653025
2.693460
2.727776
2.761973
2.796051
2.830010

2.523600
2.523600
2.593273
2.627932
2.662474
2.696897
2.731201
2.765386
2.799453
2.833400

2527095
2.577095
2556744
2631392
2.665921
2.700332
2.734625
2768798
2.802853
2.836788

510
520
530
540
550
560
570
580
5390

2.840175
2.873978
2.807661
2.941225
2974667
3.0079839
3.041189
3.074268
3.107226
3.140061

2.843560
2.877352
2911023
2.944574
2.978008
3.011314
3.044503
3.077570
3.110515
3.143337

2.846945
2.8380724
2914384
2947923
2981341
3.0143338
3.047815
3.080870
3.113802
3.146613

2.850328
2.884096
2.917743
2.951270
2.284676
3.017962
3.051126
3.084168
3.117088
3.149887

2.853710
2.887466
2921101
2954616
2.988010
3.021284
3.054436
3.087466
3.120374
3.153160

2.857081
2.890835
2824458
2.957961
2.991343
3.024604
3.057744
3.090762
3.123658
3.156432

2.860471
2.894202
2927814
2.861305
29948675
3.027924
3.061051
3.094057
3.126941
3.183703

2.863850
2.897569
2831168
2.964647
2.998005
3.031242
3.064357
3.097351
3.130223
3.162972

2.867227
2.900934
2.934522
2.967988
3.001334
3.034559
3.067662
3.100644
3.133803
3.166240

2.870603
2.804298
2937874
2971328
3.004€62
3.037875
3.070568
3.103935
3.136783
3.168507

600
610
620
630

3.172773
3.205363
3237829
3.270172

3.176037
3.208615
3.241069
3.273399

3.179301
3.211866
3.244307
3.276625

3.182583
3.215115
3.247545
3.279850

3.185824
3.218364
3.250781
3.283074

3.189083
3.221611
3.254016
3.286297

3.192342
3.224857
3.257248
3.289518

3.195599
3.228102
3.260482
3.292738

3.198854
3.231346
3.263713
3.295957

3.202109
3.234588
3266843
3.289174
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RESISTANCE/TEMPERATURE TABLES

ntact Minco for complete tables in 1*C or 1°F increments.

atinum Elements

lement Code +pJ PA PB PD. PE PK PN PL PH PP PG PF
eslstance at 0°C | 25.5 () 100 {2 100 (2 100 (2 200 {1 200 {1 470 {2 500 (1 500 {} 500 {1} 1000 2
CRUVY(/'Q) | .003926 | .003926 | .00391 | .00385 | .003926 | .00385 | .003926 | .003926 | 00391 00385 | .00385
linco R/T Table™ 1-25 1-100 11-100 5-100 1-200 5-200 1-470 1-500 11-500 5-500 5-1000

empecature (*C) ) ’ Resistance (Ohms) .
b

~200 4.33 17.00 17.26 18.49 33.99 36.99 79.88 84.98 86.30 92.47 184.93
-180 6.56 25.72 25.97 27.08 51.44 54.16 120.88 128.59 129.84 135.39 270.78
-160 8.75 3431 34.54 35.53 68.63 71.06 161.28 171.57 172,72 177.66 355.31
-1450 %0.9[ 42.50 43.01 43.87 85.60 87.74 201.15 21399 215.03 219.35 438.69
~120 3.0 51.19 51.37 52.11 102.37 104.21 240.57 255,93 256.83 260.53 521.06
-100 15.17 59.49 59.64 60.25 118.97 120.51 279.58 297.43 298,19 301.27 602.54
-30 17.27 67.71 67.83 68.33 135.42 136.65 318.23 338.55 339.17 J41.83 683.25
—60 19.35 75.37 75.96 76.33 151.73 152.66 356.57 379.33 379.80 381.64 763.28
—3i0 21.41 83195 84.03 84.27 167.93 168.54 394.63 419.82 420.13 421.36 842,71
-20 23.46 92.01 92.04 92.16 184.01 184.32 432,43 460.03 460.19 460.80 921.60
0 25.50 100.cO 100.60 100.00 200.00 200.00 470.00 500.00 500.00 500.00 1000.00
20 27.53 107.65 107.92 107.79 215.89 215.59 507.35 539.73 539.58 538.96 1077.93
0 29.54 11535 115.78 115.54 231.69 231.08 544,47 579.23 578.92 577.70 1155.39
o0 31.54 123.70 123.60 123.24 247.39 246.48 581.38 618.49 618.02 616.20 1232.39
R {] '33.53 131.30 131.38 130.89 263.01 261.79 618.06 657.51 656.90 654.46 1308.93
100 35.51 139 25 139.11 138.50 278.52 277.00 654.53 69631 695.54 692.50 1385.00
120 37.48 146.97 146.79 146.08 29394 292.12 §90.77 734.86 733.94 730.30 1460.61
=0 ! 39.43 154 63 154.42 153.58 309.27 307.15 726.79 773.18 7211 767.88 1535.75
0 41.37 162.25 162.01 161.04 324.51 322.09 76259 811.27 310.05 805.22 1610.43
180 43.31 169.32 169.55 168.46 339.65 336.93 798.18 849.12 847.75 842.32 1684.65
20 45.22 177.35 17704 175.84 354.70 351.68 83354 886.74 885.22 879.20 1758.40
20 . 47.13 184 82 184.49 183.17 369.65 366.34 868.68 924.12 922.46 915.84 1831.68
230 49.02 192,28 191.89 190.45 384.51 380.90 90359 |° 961.27 959.46 952.25 1904.51
288 50.91 199.6+ 199.23 197.69 399.27 395.37 938.29 998.18 996 22 988.43 1976.86
230 52.78 206 97 206.55 204.88 413.94 409.75 972.77 1034.36 103276 1024.38 2048.76
L] S4 64 214 26 213.81 212.02 428.52 424.04 100703 1071.31 1069.06 1060.09 2120.19
20 56.48 221.5%0 221.02 219.12 443.01 438.23 1041.06 1107.51 1105 12 1095.58 2191.15
=0 58.32 228.70 228.19 226.17 457.39 452.33 1074.88 1143.49 1140.95 1130.83 2261.66
ntd 60.13 235.85 235.31 233.17 471.69 466.34 1108.47 1179.23 1176.55 1165.85 2331.69
~O 61.95 242.95 242.38 240.13 435.89 480.25 1141.85 1214.73 121191 1200.63 2401.27
T 63.75 250.00 239.41 247.04 500.00 494.08 1175.00 1250.00 124704 1235.19 247038
Sl 65 54 257.0: 256.29 253.90 514.01 507.80 1207.93 1285.03 1281.94 1269.51 2539.02
<=0 67 31 26397 263.32 260.72 527.93 521.44 1240.64 1319.83 1316.60 1303.60 2607.20
st 69 07 270.88 270.21 267.49 541.76 534.98 1273.14 1354.40 1351.03 1337.46 2674.92
S 7083 277.75 277.04 274.22 555.49 548.43 1305.41 1388.73 1385 22 1371.09 274217
Fady 72 56 284 57 283.84 280.90 569.13 561.79 1337.56 1422.83 141918 1404.58 2808.96
Lo 7329 291 34 290 38 287.53 582.67 575.06 1369.28 1456.69 135291 1437.6% 287529
3 O H 298.06 297 28 294.11 596.12 588.23 1400.89 1490.31 1386.50 1470 57 2941.15
et 77T 308 74 30393 300.65 609.48 601.31 1332.28 1523.70 1519 68 1503.27 3006.54
gl 7940 31137 310.54 07.15 622.74 614 29 1463.45 1556.86 1552 63 1535.74 3071.47
cree ; H1.08 31796 . 317.09 313.59 635.91 627.19 1494 39 1589.78 158347 1567.97 3135.93
o e ' 8275 324 49 323.60 319.99 648.99 639.99 1525.12 1622.47 1618.02 1599.97 3199.95
B i N4 30 33093 330.07. 326.35 661.97 652.70 1555.62 1654.92 1630 35 1631.74 3263.48
e f S6 04 337 33 336.49 332.66 674 85 665.31 1585.91 1657.14 1632.43 1663 28 3326.56
- ! 3767 343.92 342.86 338.92 687.65 677.83 1615.97 1719.12 1714 29 1694.59 3389.17
: 39 29 350.17 349 18 345.13 700.35 §90.26 1€45.81 1730 87 173591 1725.66 3451.32
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- TELEDYNE:
SEMICONDUCTOR

TSC7106 (LCD Drive)
TSC7107 (LED Drive)

3 1/2 Digit A/D Converter
e Direct Display Drive

o Automatic Zero Correction

General Description
mxe TSCT106 and TSCT107 3-1/2 cigit CMOS analcg-to-ci-
13! converniers contain 2l iNe 2ciive cTmoonents necessary

P
(4]
"
B

s: ruc: a 0.05%% resoiuticn measurement sysiem. Seven
men! cecoaers, pClanty ana Zicit crivers, vaoitage refer-
nee ;nd clock circust are integrated on chip. The TSCY106
e iguid C'ys zl cistiays (LCDY encinciuces 3 bacxotane
saver. The TSCTIO7 crives czmmcen ancce licht emitiing
mace ILED) cispiays cirectly wilh an 8 mA crive current per
wrment. ’

i

o
.

Alew 225t hign rescisiicn incic2
. lour resisiere. anc !

5ing meter recuires cnly a
surcaoiciiers, The TSCTiGS icw

g2y

Features :

¢ Drives LCO or LED Disotays Cirec:ly

® Guaranteed Zera Reacing witn Zero laput

® Lcw Naise tar Stadle Disotay
-2.000 V ar 200.0 mV Full-Scaie Range

s Aute-Zero Cycte Sliminzies Nead lor Zero Acjusiment
Potentiometer ,

® True Folanty Incication er Frecision Null Apglications

® Conventent @ V Satiery Ceeration (TST71C8)

® Hicn lmpecance CMOS. Citterential Inputs ..... 1052

e Dillerential Eelerence Incuis Simgitly Ratiometnc
Measurements

=i ¢ ¢ Low Power Cceration ... PP 1« Kt 414
;ewer Srain ang § V tanery coerztion maxe itceal for por- o
2512 ZooNEItOGS. ~
e TSCTICE/TSTTICT recuces lineanty errce toless than 1 integration ume s set 10 a muiticle ol ine interterence signa
- . - '3
s=une. Sellever 2:rer.— he ciflerence in reacings {cr ecual senca. Thus is essecially use'u in incustnal measurement
. . . r + — g = o s= 1t :
sizmnuce Dyl eooesite SGlEiily insut signals —is beiow = 1 eavironments wnere 0. €0 2ng X0 Hiline lrequency ignais
Hicn imzecznce Cifferentalincuts ciler 1 £A leaxage are present
:35@ 2 0T Nunout umsesinge. The citlerenuai retere The TITTILATETTICT sre svasiacle in 2 small S0-cis fat
o ]
inzut allows r2liometnc measurements for cnms ¢r s2cxage lor cormoacs Sesicns. Siingarss cevica: are onteres
B iranscucer measurements. The (S aVo-p noite S 20 INCUSITNIAL IOMTerdture fange 20C Wil Burn-n lasung
s :ance Qustantees 3 “icex SCHG” reading. The auto- tor 3€3 Jours at -8 T, .
2oz ovcie guarantess 3 I2¢C SisSI2y f@3sing Mith 2 220 vett &
AR | x iy For ICTUCIUCNS JEQLINAC  TISrE 12rACerAtLTe stasle Internat
ve= seference veiiage retee i the TECTIISASTI0T A gata sneets.
e TETUIC6MTSTTIST zuat uigce conversicn tectmcue A c:::my roic lcature i1t iviuasie ¢a e TICTIEA anc
~erence wugnats il he converters TSCTI11TA conveners,
. N
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CCmwaslm
i ‘ - .a:"ﬂl
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TsC7106 (LCD Drive)
¥sc7107 (LED Drive)

31/2 Digit A/D Convene,
) * Direct Display Driva

+ Automatic Zero Corre:;ﬁ(,n :
——Clion

pin Description (Cont.)

\
10-Pin OIP 60-Pin n
£in Number Fiat Pacrage
Noanal (Reverze) Pin Number Name  Description
36 (S) 1 Vaer The analog ingut requiired to generate 3 {ull-scale outout (1,999
- caunts), Place 1C3 MY Setwesn pins 25 and 33 lor 193.9 mv fult-scate
Place 1.00 voits Setwveen pins 25 and 3§ lor 2 volts tull-scale, See garz-
" graph on REFESENCE VOLTAGE.
37 (4} 3 Test Lamp test. When puiled hgn (to v .) atl segments will be turned on ang
tne gisptay snculd read -1888. 1t May 3Iso e used as 2 negative SUCpy Igp
. externally generatec Geamal paints, See paragragnunder TEST for 2aditigny
intarmation,, .-
38 {3} 4 QOSC3  See omn 40, .
i} {2) [ QSC2  See gin 40,
40 (1} 10 OSCi  Pins 20, 29, 28 maxe uo the oscilaor section, For a 48 kHz cloek

(3 readings cer secuca) connec:zin <0 1o the juncticn af 2 100 %0 £23i3t0¢ 10

- 4. - . ~ W = 3 1G0 pF caoac:tor. The 1COkN res:sicris ned to £in 29 and the 100 9F capacy
1S tied to oin 28,

Analog Section

Figure 3 shows the Block Oiagram of the Analog Section lor
the TSC7106 and TSCT107. Each measurement cycle is
divided into three phases. They are (1) auto-zero (A-Z), (2}
signal integrate (INT) ana (3) reference (REF).

Auto-Zero Phase .

Input high and low are disconnecied {rom the pins and inter-
natly shored (o analog common. The reference capacitor is
charged to the raference valtage. A fBedtack loog is closed
2round the system to charge the auto-zero caoacitor Cazta
cdmpensate for offset veltages in the buffer amplifier, inte-
gfator, and cemparater. Since the comparator is included in
he loop, the A-Z accuracy is limitad aniy by the noise of the

'sy'stem.'The otfset referrec tg the inpuyt is less than 10 xV,

Signal Integrate Phase — - :

The auto-zero loop is ooened. the internal snertis remcved,
2ng the internat input high and fow are csnnecied (0 the
external pins. The Canverter then integrates the dilferential
voliage betwean Vinane Viy lor afixed time. This ditlerennal
voltace can te within 2 wide cammacn-mace range: wilhin
one voit af either suoply. If, onr-the other nana, the input sig-
A3l has no retum with rescecs to the canverer sower sucply,
Vin €an be tied to analog cemmon to esiaolisn the carrec:
cdmmon-moge voitage. At the end of this gnase, the polanty
of the integrateq signal is ¢etermined,

Reference Integrate Phase

The linal phase is reference ntegrate or de-integrate. Input
lew is intemaily ccnnectea (o analog commen and input hign
is czaneciac across the sreviously crarged relerence capa-
cucr. Circuitry within the cnic ensures thas he capac:tor will
te connecied with the correct polanty to cause the tniegratar
SUISW {0 return 1o z270. The time required for the outou: tc
r8tuen 1o zerg i preganicnal to the ingut sigral, The cigual

—

reacing cisplayed is;

v
1000 X —n
Z VRe= ‘

Ditferential Reference
The reference voltage can be generated anywhere within ths
pawer sucply voltage of the ¢converter, The main source of
caounon-mode error is a roll-over voitage ciused by the
refecence capacitor !osing or Gaining crarge 10 siray caga-
iance cnits nodes. i tRereisa large ccmmon-moce voitace,
the reference cagacior can gain charce (increzse voitacs}
when called up to ce-intagrate a pasitive signatbutlcse charge
(Cecrease voltage} when catled up to cemntegrate 2 negatve
Incut signal. This citlerence in referenca lee (+) or (=} inow
voltzge will give a rcll-over errer. 8y selecung the refarence
cdzacier large enduca in camearisan o the siray cecac-
tance. tis error can 5e new to fess than 0.€ coyntferine worse
czs2 coaditian, (See Camocnent Values Selection.)

Cifferential Input

The inout can zczest cifferenaal voltages anywnere wiilua
the commen-moage raace si the incut amatilier or scecifi-
cally from 1.9 voits below the positive succly (o 1.0 veit aoave
the negative supgly. In this range the sysiem has a CMRR ¢!
86 dS lypical. However, since the integratoralsg swings wit
the ccmmon-moce voitage, care must Se exercised 1o agsuee
e integrator quiout dees not saturate. A wGrse case csacis
tion wauld te a large cesiuve common-mece voltage with 2
near full-scate negative zil'erential input voitsge. The nec2:
live input sianal drives the 1tegrater Sositive wnen mast of
its swing has teen yces uo Jy ‘he pesitive cammon-mece
votlage. For tnese citicat aogticztions the integratcr swind
C3a re reduced !0 legs than tne recsmmenced 2V fuil-scie
swing wiln litle fess of aczuracy. The integratar cuiTul €20
swing withia Q.3 volts ¢! euner sucgly wiihoutloss ot lineanty-
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¥

1 Inout voitsges may exceed tia suppty voitagea groveded Neinsul Current sz
Cmatad {0 = 100 pA
.18t ratng 1

snatee Croult doana,

dence is wtn sl lesas sotderea to

s 'Automatic.Zero Correction . -~ . _ - : TSC7107 (LED Drive) .
Electrical Characteristics (Note 3) (Cantinued) -
"CHARACTERISTICS CONDITIONS MiN TYP MAX UNIT
TSCT10T ONLY . | . PVt asgy y
“Sagmant Sinking Current - . - - 5 80" . A
.(Sgcwt Pin 19) Segment Vollage = 3’V A
<YSCT107 ONLY V' ssay
tf H 3 3 s _ i
mn;;néi:;mg Carrent Segment Voltage =3 v a ! mA
- NOTES:

Figure 1. TSCTI07 is tested in tre arcuit of Figure 2

4. Refer to ~Tittervntat Inpu(” cizcyszeon,

5. Bacxplane astve rin ghase with segment Cm e lor et segment, 180* cutot
phass lor ‘en’ segmant, Frecuency 13 20 bmes corvernon rata. Average

1 Unleas otier wize nated. speclicadcas aooly to both the TSCT 106 ana < cTmpcaent s lezs Lizn 50 MV, 4
TISTIAT 4t Ta = 24°CL lccox ™ 48 kM2 TSCT106 is teated in the crrewat of .
' Pln Configuration .
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pin Configuration (Continued)

* Automatic Zero Correcﬁq‘
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Ordering Information :

kY

Pin Temp. Otsotay Flin Temp. Otsctar
Part No. Package Leyout Range Ocive Pint No. Picxage Layout Range  Ocre
= o~ » . N -28°C ¢ N
TSCTI06CAL prasue oio  Normat  9€30 o5 rscriama e Nommat TEECR (e
P, <3-Pin - ¢°C o £5-Fin -

-] .~ .
T3CT108RCPL Plasac Dio Reverse -70°C Lca TscriaTese Flasuc Siat ::;r::d -75"8 =
P DFin > ZEC0 .on Rgtrage "
TSCTI061P, B .. Mormal sacesr C3 =

Plasac Oio ) 25°C &-7in Urtermed  0°C 19
- O-Fin “Cio TECTOTCST Flasne Flat Le;c: _75.‘,. =
T3CTI08ToL CaeOlP Norraat _;B’.c [Rete] Ficxage e
- = Oences witk Eurn-in (160 Hours at -122*Cy
———— 10-Pin -e5*C o -
FSCTiIceIIL Nommat LC3 =
CerOtP -35°C PP, 3~ G*Cwo
o 3 TSCTiSCAUAL LR oy Nommat  SRME oo
TSCT106C2Q Flasae Flat Ly g B g, oy S-in - C -
Pacxage g % PSCUIGERCPUEL ol ie Oio neverse  iigeC -
&-Fin . e —mmmaezin = <0-Fia = -ECi3 -
TEST106CSQ Flasuc €ia  pieTee 0810 (oo PSCUIGLLEL oo Nemat  T_ggeg Y-
Pickage R 5= Noermal C =
—— . . 0-Pin 2°Cio ‘= SeareeUTl Pas3c Cio o =70 C
“3CTI0TCAL Prasuc Oio Normat Zrgem =3
. d OFn - [rpdoft-] Ve
. o .t TECTOTRCA B Siygoe A nevera -7c°C s
TSCTI07RCAL ;?;:&'; ia Aeverse 273.\:0: ) d Fasze Oig o C
_ = Lo -X'C s =
= . TECTgTIUL S A Nerma = -
TscTiamey i oie | Normal TSR e ST Ceoip ‘ 8¢
P -Fin 0°C 1o
TITTIOICL CerCiP Normat -0 ¢ .
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TSCT‘IOS (LCD Drive)
TSC7107 (LED Drive)

3 1/2 Digit A/D Convertg,
* Direct Display ppy,

Absolute Maximum Ratings

* Automatic Zero Carrection
——=Clion

TSC7107

TSC7106 Supply Voltage
v*
Supply Vottage AT R R 15 V_ V- :
Analog Input Voltage (either input) (Note 1) vee. VIO VTV tmeteerssesscestiiciiiiiiiietettiietiiaaaL, Al
°e'«'§ncepln9u' Vogltz e (either input) .......... Viigv-  Analog input Voltage (either input} (Note 1) ..., V gy
:a::k lnput ) Testto V* -Reterence Input Volitage (either input) .......... Vi vy
fock Input c.vviinniianaan. cecescsccnnanass N lov,
Power Dissipation (Note 2) Cleek ln'OU(. DT R PR PP PR PP TP PPPPPPs GND1igy
CerDIP Package .....cccvveieennnnnecnanenns 1000 mw Power Dissipation (Not2 1)
Plastic.Package .......ccoiiiiveiiineninnnnnn 800 mw glear?'f:acc:;zge """"""""""""""
Operating Temperature S ‘ acrage ...
“C" DRVICES wemeennennaennnn. -0*C to #70°Cc  Cperating Temgerature
1" DEVICES evruuereriinnnnninnnans -25°C to +85°C _T_' coe’."“’ """""""""""""" 238 A
Storage Temgerature .......ccveeuue.. -85°C to +160°C S.l ev;ces t """""""""""" c1 "3‘ _C
Lead Temperature (Soldering, 60 SEC) ...vuevueenn e [ehg o arage } empadiBae.ceveueeancaanns 2 Q +18°C
Le2ad Temperature (Solcering, 60 SEC) teiicinnnan. Xa'c
Sresses a0ove those lsted undar Absotute Mazimum Ratings may cause in the coeranonat s at tne i1 nat Eroostre w
permanentaamage 10 tne dewce. These ace stress ragngs oaty, and funcanal Absolute Maxamum Raong C lor Ser Iy et Coney
Qceranon Qf the dewca at tNese OF 11y Other CONSILONS A00YE LNOse mdiCated l!mmﬁry.
Electrical Characteristics (Note 3) -
CHARACTERISTICS CONODITIONS MIN TYe MAX uNiT
Zero Input Aeading ‘Fl:zl-sgﬁev- ol ©000 =000 +0C0.0 Digital Reading
Ratiometric Readin Vin = Vagr ‘593 s9310ca 1000 Digitat Reading
9 Vagr = 100 mV
Aotlover Error (Dlfference in
Reading for Equat Fasitive and -Vin @ +Viy = 200.0 mV -1 2 +1 Caun's
Negitive RAeading Near Full-Scate) K
Lineanty (Max. Deviation Frem t Full-Scale = 200 mV e -1 -3 1 Cauma
Sest Straignt Line Fit) ¢ or Full-Scale = 2.00Q V e j
Cemmon-Mode Vem =zt V ViN=0 V, . 3 - I
Rerecdon Ratlo (Note &) Full-Scale = 20G.0 mV
Noise (Pk - Pk Value Not Viez=QV =Y 15 — 2%
Erzeeded 95% of Time) Fuil-Scate = 200.0 mV b
Leakage Current @ tnout Vin=QV — 1 10 cA
: Vin=QV
. *C™ Device = 0°T 10 70°C - 62 1 e
Zaro Reaaing Onit Vgm0V »
“i" Device = -28°C 10 ~85°C - 1.9 2
Vin = 189.0 mV, e
. =T~ Qavice = 0°C 1a IG°C 1 s gt
gi?r:t;aafvﬁ: Coetficient {Ext. Ret = 0.0cav" Cj [Tod
R Vi = 199.0 mV — - s FELLAR
"17 Device: -25°C to +35°C
Sucoly Current (Qoes Not - _ mA
Inc:dae LED Current tor 7107) Vin =0 0.8 18
Analog Comman Voltage (With 25 k] Between Camman 2.1 23 32 7/
Resoect to Pos. Suoply) ana Pss. Sucely -
Temo. Caert. ot Analog csmmon 25 k{} Eetween Common _ 20 _ gomv' S
(V/itn Resaect 10 Pos. Sucaly) and Pos. Suogly =
TSCT106 ONLY Pk - Pk YTV = 5 5 v
ment Onve Valtage {Nete § Vitev v * ? . °
TSTTI06 CNLY Py - Py Viev =gy v

Zacxolane Orive Yottage (Note 5)
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Figure 3: Analog Sectlon of TSC7106/TSC7107

Aralog Common p
This pin is included primarily ta s&t the common-mode volt-
agelor battery aperation (TSC7108) orforanysystem where
Leinput signals are tloating with respecs to the power sup-
Hy. The cammon pin sets a voltage that is approximately 2.8

" volts maore negative than the positive supply. This is selected
b give a minimum end-ol-lile battery vcitage of about 6 V.,
However, the ar.ilog cSmman has some of the attributes of
1 reference voltage. When the tota( supply voltage is large
tough to cause the zener to regulata (>7 V), the comman
vlage will have a low voltage coefficient (0.001%/%), low
Mputimpedance (=15 ). and 2 temperature coefficient of
8 pomr* C typically.
An exiamat reference may be added to improve temgperature -
140ty o the TSCT106A/TSCT107A Cevices with lower

indlog common temoerature dritt may Se used. The circuitis
=own in Figyre 4.

v v
r\r —
Vies crvoer v % wuna
Iten e
Vits iz
=S I A . S L AP
XTer, H r=chi07a Vaes f A rcaane
zv
YRer ‘——l' al(unu-c:

i\. Comore

-~

Palire . 03
_"'i"e 4 Using an External Referenca

Analog comman is also used 25 the Viy return during auto-
2ero and deintegrate. I Vivisdifferent from ana!ég common,
3 common-mode voltage exists in the System and is taken
care of by the excalle_nt CMRR of the canverier, However, in
some applications Vin will be set at 2 fixec kncwn voltage
(powgr supply commos for instance). In this zoplication,
analog common skould be tied to the same paint, thus
removing the common-mode veitzge [rom the canverter.
The same holds true (or the referenca veltage. If reference
can te conveniently referenced to 2nalagccmmen, it sheuie
be since this removes the comman-rmcde veitaca from the
relerence systerm.

Yailhin the IC, analog common is tieq 19 an N—cnzanel.FEv
that c2n sink 20 mA or more’cf currar: to held e voltage
2.8 voits below the pasitive supply (when z fcac is trying to
pull the common line pcsitive). However, there is calty 10 A
of sourca current. s6 cammon may easiiy be tiec to z more
negative voltzge thus aver-ricing tha internai refesence,

Test

The TE3T gin serves two {uncuions. Cn ine TSCT107 it is
cdupled to the internaily generated cigital suzpry tirough
a3 £00 0 resistor. Thus it can te uses 15 the negsiuve sucely
lar extarnatty Ggenerated segment crivers sucn zs cecimal
points ¢r any oiher presentation the user may want !0 in-
clude aon the LCO cisclay. Figures : anc § snow suen an
apglicaiicn, No more than 3 | mA lcaa saculd he acgliec,
The secsnd functica is 3 Tiamp tesy” “Whea TE3Tis pulleg
hign (to V') alt segments will be turnec on zad (e cisotay
snould reza +1238. The TZST pin will sink azsaueliCmAauncer
inese csncitions.

Cautten: On 1na TECTI05, in the lzmo tas mcce ite seg-
ments nzve 2 ceonslanice voltage (nao SCusre-wave) zag Jay
turn e LED Sisgtay i leftin s moge for s2verst minutes.
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figure 3: Analog Section of TSC7108/TSC710?

Analog Common

This gin is inciuded srimarily to set the cammon-mcce veit-
ige for bantery coeration (TSC7106) or farany systemwrere
e incut signais are floating with respec: 1o the sower suc-
sty. The ccmmon pin sets a voltage that is approximatety 2.8
vel's more negative than the positive supply. Thisis seiec:za
b cive 3 munimum end-of-lile battery voltage of accut §V,
However, te analag commen has some of the atinbutes or
i reference voitage. When the total sugcly valtage 1s larce
¥cugn (o cause the zener (o regulate (>7 V), the cammen
Yotage wiil have a low voltage coelficient {0.001%/%), low
Cutout imoezznce (=15 1), and a termnperature coellicient of
9 coms* C typically.

Anexternal reference may te acded tc imerove (emcerature
3oty or the TSCTIGEA/TSCTIOTA aevicas ‘with lcwer
Laicg commen temcerature crift T3y Se usaa. The circug:s
fiewn in Ficure &,

e v
’ v ‘r—‘ . | S —
M T | v* i
er y LsvoLT wuna
| itmeR =a ?
va ';
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Thions | S TS P
TEhan T T=coTa Yaer 1Semes
. [
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k g Vaer f——a ACFERENCE
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T“'E 3 Using an Externat Reference

Analcg common is a1so used 2s the Vix teturn during auto-
127 and ceintegrate. If Vinis dilferent from analog cammon,
a ccmmcen-mcde vonage exisis in the sysiem and is taken
cace ol by the excellent CMAR aof the canverter, However, in
same aoplicatians Vin will be set at a lixed known voltace
{cower sucply cammon for instance). In this apglication,
analog common shculd te tied to the same paint, thus
remaving the commen-made voltage frem the converter.,
The same hotds true er e reference vottage. If relerence
can te ccnveniently referencec to analcg ccmmon, it shauld
te since this removes e commen-mcde voitage rem the
relerence system.

‘ithin the IC, analog czmmen is tied o an N-chaznel FST
that can sink 20 mA or riore cf cucrent o heid the vaitage
2.5 volts belaw the pesitive sucgty (when 2 lcad is trying to
gutl the csmmen line zcsitive). Mowever, there is anly 1Q A
6! scurce current. s0 czmmon may easily be tiec to a3 more
regative veltage tnus cver-ading the internat referance.

Test

The TE3T gin sarves twe lunciions. Cn the TSCT107 itis
Cucted ia ne internaily generatad digutal sudoly througn

"2 £30 0 restsior. Thus it can Se useq as ibe negative sucply

‘er extesnatly generatea segment drivers suca as decimal
Feints or any other preseatalicn the user may wang {0 in-
c:zce on the LCC disciay, Figures S and § snow suca an
acclicsiion. No mare an a 1 mA lead should te acgpliez.

The secznd funcuicn is & mamp test.” ‘“When TeS7 is pullec
fugn (fo V) ait segmen:is will te turnec on ana :ne cisgtay
snculc reza 41888, The TEST pinwiil sink acout 16 mA unager
inesce ccrcitions.

Cautlen: On tne TECTICE. ir ne famo test moge the sec-
feniznave 2 cSasianiec vollige (RO square-wave) and May
curn ine LCT cisciay i faitin this moce tor severzt minutes.
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Figure 7: Clock Clrcuits

Digital Section

Figures 8 and 9 show the digitzl section for wse TSCT106 and
TSCT10%7, resoectively, In the TSC710§ (Figure 8), zn intes-
nal digital ground is generated from a § volt Zener giode and
2large P channel source follower. This suzplyismace stift o
absorb the large capacitive currents wnen tne back plane
(8P) vortage is switched. The 2 fraquency is the clock
Irequency divided Sy 800. Cor ihres r2zgings/second this is
3 60 Hz scuare wave with 2 nominal arotitugce ¢! Svotts, The
sagments ara driven at the same frequensy and amotituge
ang are i pnase with BP wnan CFF, hut cuz of phasa wnen
ON. in all cases, aegligible cc volitage exists acrass the
sagments.

* Automatic Zero Correctigq
L —

fFigure 9 is the Digitat Secton of the TSC7107. It is identicy
10 the TSC71C6 excapt that the regulated supply and bacx
plane drive have been eliminated and the segment drive i
typicaily 8 mA. The 1000 output (pin 19) sinks current {rom
two LED segments, and has 3 16 mA drive capaaility, Th,

TSC7107 is cesigned to drive comman ancae LEDs, :

In both devices, the palarity indication is “on™ lor negative |,
2nalog inputs. If Vin and Vin are reversed, this indicationcan
be reversed also, if desired." oo n T

System Timing .

Figure 9 shows the ciccking method used in the TECTi05
and TSC7107. Three clecking methiods may oe used:

1. An external oscillatce connected to pin <0,

2. A crystal between gins 39 and 40.

3. An RC oscillator using all three pins.

The osciilator tfrequency is divided by four befare it clocks
the decade counters. It is then [urther divided to {orm 113
thres convert-cycle phases. These are signal integrate (1000
counts), reference de-integratz‘ (G lo 20C0 counts} “ang
auto-zero (10CQ to 3000 counts). For signals less than ful-
scale auto-zero gers the unused pcrtion of reference
de-integrate. This makes 3 complete measuce cycle of 4,000
(16.00G clock pulses) independent ol input voltage. For thres
readings/second. 2n oscillator frequency of 48 kMz would be
used.

To achieve maximum rejeciion of 60 Hz pickug, the signal
integrate cycle should te 2 munigle of 60 Hz. Oscillator tra-
quencies of 240 kHz, 120%Hz, 80 kHz, 60 kHZ. 48 kHz. 40kHz.
I-1/3 kHz, ete. should be selecied. For S0 Mz rejection,
oscillatce frequencies of 200 kHz\ 100 kH: 63-2/3 -kHz,
50 kHz, 40 kHz, etc. would ba suitzdte. Note that 40 kHz (25
readings/second) will reject bguf'30 and €3 Hz (alsa <00 ind

Companent Vzlue Selection

Auto-Zero Capacitor

The size of the auto:zero cicacilcr has some influsnce cn
the noise of the sysiam, For 200 mV full-scate wnare ncize
is'v'ery-ir'ncor'.am. 2 0.47 u7 c3oaciior is recommences. Cn
the 2 voit scale. a 0.057 z~ capacitor increzse the spesn
recavery irom overicad 2nd is sdequate for ncise on s
scale.

Reterence Capaciior
A 0.1 »F cacacstor is aczecizole in most applicztisns. Hew-
ever, wnere 2 large common-mace voltage 2xisis (i.e. e YN
pin is not at analeg czmman) and a 200 mV scate is veed. 1
large vaiue is required 0 greven: ia roli-aver errar. Ganesaily
1.0 pF will hold the rotl-aver error 10 0.S ecunt in s insiance.
Integrating Capacitor

The integrating easaciter snould be selesiad i cive ine
maximum voltzga swing tnat ensures talerance suilc-ug wil
Aot saturata the integraicr swing (20prax. 0.2 volt from esher
suppty). In the TSCTICS ¢r ine TSECTIQT. wnen (he znzisg
Common is Ls2a 25 3 retarence, 3 ncmunal =2 vett fhul-scate
ntegrator s':ving isaczozizsle. Forthe TSCT107 wat
suoglies anc an3Ice Cammen eC L SUSE!Y GroLns.
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£4 volt swing is nominal, For'three readings/second (48 kHz
clock) nominal values for Ciny are 0.22 1F and 0.10 7,
respectively. If dilferent oscillatgr frequencies are used,
these values should be changed in Inverse proportion ta
maintain the output swing. -

The integrating capacitor must have low dielectric absorp-
tion ta prevent roil-overerrors. Polypropylene capacitors are
recommended faor this application,

Integrating Resistor

Sath the butfer amplitier and the integrator have a class A
output stage with 100 #A of quiescent current. They can
supply 20 pA of drive current with negligible non-finearity.
The integrating resistar should be large enough to remain
in this very finear region over the input valtage range, but

placed on the PC board. For 2 volt tull-scale, 470 k0 is near
oplimum and similarly a 47 k0 for 2 200.0 mV scale.
Oscillator Components
For all ranges of frequency a 100" k02" resistor s ‘reeom=
mended and the capacitar Is selected from the equation
"1 =245 For 48 kHz clock (3 readings/second), C = 100 pF.,
RC STl :

Reference Voltage N O .

The analog Input required to g'eneratp full-scale output
(200 counts) is: Viy =2 Veer. Thus, forthe 200.0 mV and 2.000
volt scale, Veer should equal 100.0 mV and 1.00 volt respec-
‘tively. However, in many applications where the AD s
connected 10 a transducer, there will exista scale factor other

200.0 mV, the designer should use the input voltage direcdy
and gelect VRer = 0,341 V. Suitable values for Integrating
fasistor and czpacitor wauld be 120 k(2 and 022 #F. This

aczept input signais up to +4 V, Angther advantage of this . .

Systefn o&ctrs when a digital rezding of 2erois desired lor Viy
# 0. Temperzture and weighing systems with a variable tare
are examples. This offset reading can be convenienty
generhted by connecting the voltage transducer between
Vin and cammon and the variable (or fixed) oftset voltage
between common and Vin.e:- .

TSC7107 Power Supplies

The T3CT107 is designed to wark from 25 v Supplies. How-

ever, if 3 negative suoply is not available, it can begenerated

fram the clock output with two diodes, two capacitors and an

inex;:e'nsive IC. Figure 10 shows this application.

In selected appiications ng fegative supply is required. The

cancitions to use a single +5 Vv supply are:

? The input signal can be referenced 10 tne center of the
cammon-rmode range of the ccaventer,

® The signal is less than =1.5 voits.

* An extaernal relerence is used.
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Figure 10: Generaling Megalive Sunply From + 5y

Typical Applications

T ygrt

Figure 11: TSC7108 Using the Intermnal Reference. (220

mV Full-Scale, 3 APS).
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Figure }2: TSCT107 Intemal Reference (280 mV Fuil

Scsle, 3 RPS, VinTied to
ndad lnputs),
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figure 13: Clrcuil for Developlng Underrange and
. Qverrange Signals from TSC7106 Qutputs,

Figure 15: TSCTT06/TSCT107: Recommended Com-
" panent Values for 200 V Full-Scala. |
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Fgute 14: TSC7107 With a 1.2 V External Band-Gap
Reference. Vin Tied to Common).

Applications Information

™ TSC7107 sinks the LED disolay current and this causes
¥t 1a Build up in the IC package. If the intemal voltage
:‘-:nce is used. the changing chip temperzature can cause
9isplay to cnange reacing. By reducing package power
‘:"ﬁalicn such variations can be recduced. By reducing the
wmmmon anode voltage the TSCT107 package pawer
C2tian is reduced.
Foura7ig
T~ rmiatign

a ghotograph of a curve-iracer display showing
2 tvoi _Siipﬁb_etween output current and output veltage
7PIC3 TSCT107TCAL Since a typics! LED has 1.8 voits

-‘.; u:tea;.f "_"‘ and its common anoce is connected to
. SC7107 sutput is at 3.2 VY (point A an Fig. 17).

« U cower gissioancn is 8.1 mA X 2.2V X 24 segments
fov) mwW,
-

Fiaure 16: TST7107 Operated {ram Single +5 Y Supply.
An Extemal Reference Must Be Used In This
Appgtication. . :

Nctice, however, (nat once the TSC7107 autput voltage is
acave two volis. the LED current is essentially canstant as
outdut voliage incraases. Reducing the outsut voltage by
0.7 V {point € cf Figure 17) resulls in 7.7 mA of LED currenz,
only a § percent reguction. Maximum gower dissigation is
now only 7.7 mA X 2.5V X 24 =462 m\V, 2 reduction of 25%.
An autout voltage reduction of 1 volt (zoint C} reduces LED
current by 16% (7.2 mA) Sut sower cissipation by 33%! (7.3
mA X 22V X 24 =385 mW).

Reducea power cissigation is very easy to obtzin. Fig. 1€
snows two ways: either 3 5.1 onm, 1/4 wattresistcr 073 1AMC
diode placed in series with the display (but nctin senes with
the TSCT1i07). Tre resisior will reduce the TSC71907 outzut
valiage, when ail 24 segments are "ON.™ i3 goint “C” of Fic.
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