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ABSTRACT
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applicated for equipment of" the measurement and automatic
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OIL el{tldt = net area = (area of e(t)>0)-(area of e(t)<0)
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LHAENUINITIUN L ATNL AU ﬁauaﬂoTuzﬂﬁ 5.3
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N Z
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n 1Q n 1
(99 sum = HARTIAUSINITAILINNANAIAIINARIALARDUIINATL 1A
sample time ﬁﬁﬂ%uﬁ

- lﬂauﬂaﬁﬂﬁﬁﬂﬁﬂﬂﬂuﬂﬁ Propertional+derivative ﬁlﬁ&ﬁ Lt = n-1
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#19A8LIRY T

de(t) = ae/T
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K.Kd(de(LB/db} = K,Kd fen-1)-e(n-2)3/Tuecieceass. ()
Approximate derjvative
N 4 Actual derivative
&
rd
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0 1
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Derivative of this sample wanted

5UYn 5.4 Approximate calculetion of the derivative from sampled
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6a&ut7waﬁmwsnaﬂzﬂannw11ﬁﬁei
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INTERSIL

.+ FEATURES
® .12 bit binary (plus polarity and overrange) dual
. slope Integrating analog-tp-digital converter,
i * Byte-organized TTL-compatible three-state outputs
and UART handshake mode for simple paralle! or
- serlal Interfacing to microprocessor systems,

' -+ * RUN/ROLD Input and STATUS output can be used

' to monitor and control conversion timing.

* True differentlal Input and differential reference.

¢ Low noise — typlically 15uV p-p.

¢ 1pA typical input current.

¢ Operates at up to 30 conversions per s2cond.

* On-chip oscillator operates with inexpensive
3.58MHz TV crystal giving 7.5 conversons f.-r
second for 60Hz rejection. May also be sperated as

g RC oscillator for other clock frequencit s,

* Fabricated using MAX-CMOS™ techno! gy
combining analog and digital functions on a sir.
low power LSI CMOS chip. .

® Ali inputs fully protected agalnst static discharge;

e

'GENERAL DESCRIPTION

The ICL7109 is a high performance, low power integ'rat'ind

A/D converter designed to easily interface with micro- 1}

processors. :

e
The output data (12 bits, polarity and overrange) may be.,
directly accessed under control of two byte-enable inputs {3

and a chip select fnput for a simple parallel bus interface. A
UART handshake mode is provided to allow the ICL7109 .y
work with industry-standard UARTSs in providing serial da'a

transmission, ideal for remote data logging applications. Tha *

RUN/HOLD input and STATUS output allow monitoring and
control of conversion timing. '
The ICL7109 provides the user with the high accuracy, lo '
noise, low drift, versatility and economy of the dual-siof ¢

integrating A/D converter. Features like true differentiiy -

input and reference, drift of less than 1uV/°C, maximum (¥

input bias current of 10pA, and typical power consumpticn :-.'
of 20mW make the ICL7109 an attractive per-channe| -

. P I T ;con::;: ‘st MHs
W ' | CONPUTE - TVoRYeTAL . ¢
) - P e / “ woooage
Cla LT e U D o, ST <o’ monn O 0.0V e
LRI BN S ; AL Y s+0 + = 300K POR 2,0V REF
4 q Y . R : I R AT M T O R .
I el veyn L, " . [ ! P : .
PR SN ARV R B “'v(OUTLINE DWGS DL, JL, PL)  ©.%c %
Twe s s TR TN s AN \"f _y b A S - D t
L e e PR

. allernative to analog multiplexing for many data acquisition -
rf; no specia! handling precautions necessary. applications. 1
H
’ PIN CONFIGURATION AND TEST CIRCUIT:
! (See Figure 1 for typical connection 10 @ UART or Miciouomputern) .
. h
e 1 I \. ) TOP VIEW !
, ! GND 1 GND N viao +5V {
7 ' ‘ N e DIFFERENTIAL .
) y HIGH ( }—= W REFERENCE
- T —
BYTE IM{L
TiT_W\’q. INPUT HIGH
?u‘r?u'rl INPUT LOW * é :
INT GND f ’.
LOow
ORDER _|
BYTE
OUTPUTS

% | ORDERING INFORMATION 7~ 7" "

Jemp. Range -

Part 2| package Order Number
. ] 7108 | ~-85°Cto 4125 °C | 40-Pin Ceramic DIP | ICL7108MDL .
"4 7109 | 2220°C to +85°C! 40-Pin'Ceramic DIP ICL7108IDL - * ¢
“| 7109 | -20°Co +85°C | 40-Pin CERDIP ICL71081JL
7108 0°C to 70°C 40:?1!! Piastic DIP ICL71090.P§.

< - ¥

e

~



ICL7109 - 0 vyt T  IMTERSIL ﬂ

v . 1 - 2 é - I8 - o
ABSQLUTE MAXIMUM RATINGS . . - " e, RS
! *  Positive Supply Voltage (GND t0 V™) +.evveervnionsnernennennnnn, v 62V k
Negative Supply Voltage (GND to V) .......... . B L A e
- ~Analog [npyt Yoltage (Lo or HI} (NOIE 1) 1.0y uuebuienta'ieenin i, VOV ¢ L A
Yvy Raferonca Input Vollage (Lo or Hil (Nole 1) Vrseerarpenntersriieseaides VO VA . . K j
"7 7.7 Digital Input Voltage 224 0t A e LT V03V L
e T (PINg 22N MNOte 2 vl f s T s oo GND = 0.3V Lol
iV Uil Power Dissipation (Nate 3) * . AR ' I ;
S Ceramic Package ............. Setrtnitetegrtetaienieeans cievee. W@ +85°C N
K Wt . .. Plastic Package ......veiyiolveininingyan, verbeeeee.. 500mMW @ +70°C, , .
{ Sl - Operating Temperature '+~ "« =L : e e ;
dn Ceramic'Package (MDD "...............00000 000l 00, -85°C S TAS +125°C° 7 . K
\, c s TR MDD G L e, ~25°C STASHBSC L L L )
TR Plastic Package {CPL) .....uvvuvvinnnnnnis. ceniliens 0°CSTASH70°C ¢+ L
R - Co Storage Temperature ..).\ . . .oiveiirenanin. cenes B5°C S Ta S +125°C . .
: (‘ v Léad Temperature (soldering, 60 $6C.) .......:........... eerieeeen wvee.. F300°C 0 0 T
vy ¢ B
ot

, ’:COMMENT: Slressoy above those listed under "Absolute Maximum Ratings"” may cause permanent dwrfage 1o the devices. This is a stress
, tating only and functional operation of the devices at these or any other conditions above those indicated In the operational sections of the
% ,_'\speciﬂcalions is not implied. Exposure to absolute maximum rating conditions for extended periods may allect devige rellabilit

.¥{ TABLE | OPERATING GHARACTERISTICS

/

{ ¢ JAN ';')arameters with V* = +5V, V- = -5V, GND = 0V, Ta = 25°C, unless otherwise Indicated.
y \ATeat circuit as shown on pags 1.
B
. ANALOG SECTION
g

N PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS ‘
"+ | zero Input Reading ViN=00V -0000g | +0000s | +0000g | Octal g
kA Full Scale = 409.6mW, Reading :
. ,| Ratiometric Reading VIN = VREF 3777g | 37778 | 4000s | Octal ;
o ) | Vagr = 204.8mv - 40008 Reading !
Pr .| Non-Linearity (Max deviation Full Scale = 409.6mV to 4.096V "
if " from best straight line fit) 4 Over tull qperating tempearature -1 +.2 +1 Counts '
L . . range. . i
Roli-over Errcr (differesce Full Scale = 409.6mV to 4.096V !
: ‘in reading for equal pcs. and Over {ull operating temperature -1 +2 +1 Counts !
f. neg. inputs rear full scsle) range. & '
¥ ' Common Mode tzjecti.n Ratio| CMRR VoM 1V Vin = 0V 50 VIV !
4 i Full Scale = 409.6mV
: " input Common hode Ri nge VCMR Input Hi, input Lo, Common V-+1.5 V*-1.0 \

é - Noise (p-p value not : en Vin =0V ; 15 uVv i
"._-_ axceeded 95% of time} Full Scale - 409.6mV
g Leakage current at Input LK Vin = 0 All devices 25°C ' 1 10 pA
" ICL7109CPL 0°C S TA S +70°C 20 100 pA i
. ICL710910C -25°C < Ta < +85°C 100 250 pA ’
: ICL7109MDL ~85°C < Ta < +125°C 2 ] nA .
2ar0 Roading Onint Vin = 0V 0.2 1 uV/ec _ i
Scale Factor Temperature ViN = 408.9mV = > 7770g * !
Coaelficient reading ‘
Ext. Ref. 0 ppm/°C 1 5 ppm/°C
Supply Current V* to [ : o
GND Vin = 0, Crystal Osc. 700 1500 uA i
J3.58MHz test circuit -
Supply Current V* to V™ Isupp Pins 2-21, 25, 26, 27, 29, open 700 } 1500 uA
Ref Out Voitage , VREF Referred to V*, 25k(} :
hutwoan V' and REF OUT -2.4 -2.4 ~-3.2 \' .
Ref Out Temp. Coetlicient 25k() between V* and REF OUT 80 ppm/°C !
Input Common Mode Range Veum IN Hi, IN LO, COMMON V= +15 zttg?g Vt-10 v .

427




ICL7109

DIGITAL SECTION

PARAMETER
Output High Voitage

Output Low Voltage
Output Leakage Current

Control 170 Puitup
Curront

Control /0 Loading
input High Voituge

Input Low Voltage

lour = 1.6mA

Pins 3-16 high impedance
Ping 18, 19, 20 voyr = v*

Pins 2.16, 18, 19, 20

SYMBOL CONDITIONS
" —— ]
Vo loyr = 1004A

~3v

referred to GND

MODE Input at GND
HDEN Pin 1g LUEN pin 14

Vi Pins 18-21, 26, 27
referred to GND 2.5
Vi Pins 18-21, 26, 27

e
Input Pull-yp Curront

Input Puli-up Current
Input Pull-down Current

Fing 26, 27 Vour = v* -3v
Pins 17, 24 Vour =

Pin 21

Oou

MODE Input Pylse Width
b e H

114

L1 | —

Oscillator Output High
Current Low
Buffe;ed Oscillator High
Output Current Low

Oot

BOox
BOot

tw

Vour =25y

N.te 1; NPt voltages Mmay exceed the sU|
Note 2: pDue 3 the SCR strucyy

3reater than V* or Jess

the SUpply 1o the ICL7109 be acti
Nofe 3: Thjs limit

V' -3y

Vour = GND +3v

Vour = 2.5y ‘

Vour = 2.5y

Vouy = 2 5v

JoUT = BT 4

1GND
2 STATUS
19 HBEN

3-8

Pply voltages Provided the Input current is 1i1 ited tc 210up

re inherent in the process used to fabricate these devices, tonnecting an

han GND may cause destructive device latchup, For this reas

other than the same Powersupply bg appliedtothe ICL7109 beforeits Power sup,
vated lirst,

relers 10 that of the Puackage and wij) N0t be obtaingd duu‘rig norm,

25 BUF osc our

BQ-BIZ,POL.OR

50

y digital inputs Oroutputs {o voltage:

£

onitis fecommended that noinputs from 80urces

plyls established, ang thatin multiple Supply systems

al operation,

v* 40

. REFIN- 39
REF CAP - 38
REF CAP + 37
REFIN + 36

EX

Y inpur

Rt 20k0) 0.2v REF,

vy STANBOGY

TERNAL .
REFERENCE
+

= ~—==GND

K

\

it

v -5v 200k(} 2y REF
— 21 MODE RUN/HOLD 26 [ +5y OR OPE
SERIAL TBAL 23 20 CE/LOAD 085G SEL 24 (-~
INPUT TBRE 22 27 §END
SERIAL 25 1RO MR 2 3.58 MMy
QUTRYY POR LOWEST POWER CONSUMPTION, CRYSTAL
1M8403 TURI-TBAS INpyTS SHOULD HAvE yopx(; ICLT109
CMOS UART © PULLUP ResisTORS TO +sv CMOs A/D CONVERTER
Figure 1A, Typical Connuction Diugram yaRT Intertace - To transmit latest result, send any worg to UART
’ rd - .
2 3 o asv—fao vt REF IN- 37 - —o=~—GND
XTALY XTAL2 o GND ~{ 1 gnp REF CAP - 33 W EXTERNAL
+5Y 170 . e o~ {97 TEST | - +REFCAP + 37 DR AEPENGNCE ¢
< REsET ‘2124 > PN el . . REFIN 4 20 foomne, Mi '
s 8s 35.38 = o, IN 1 30 m*""’“’( -
. s iNT -P20-P27 OTHER ' , INLO 34 f—. T AR
2134 ve no ‘ e " Cargp 168
°"°:: T viapir e NS __TM .,
—{8 PSEN P13 20 \.‘\_ 26 RUN/HOLD BUF 30 o
={11 ALE P12 29 -\‘_‘_\ 2 8TATUS REF OUT 26| Rint 20k01 0.2v REF,: -
18V 125 PHOG  pyy 35 \\hﬁ. 1 V=28 b gy 200K1) 2V REF,
+5v —26 vop P10 27 3 S 19 ABER ‘ SEND 27 | - e L
+8V —{ 39 TL . - U 2 S8 v+ BUFOsCouras)_ . B
+8¥ 40 vce ;! . s B9-812,p0L,08 05C ¥eL 34 L g0 o toanath
;o ' ' Loty \ .4 Oscoursa — DR
o DMP.D"; ;' e (’ 31-'1- 08¢ IN 22 D 3.58 MHz
"1<GND ~{ 20 anp . 0%B07 - (] MODE 21 [ l
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, é' Vi . . TABLE 2 - Pin Assignment and Function Description ‘ ¢ ’ "
e BymaoL T T ogacg:;laou — oo el symaoL T VT DEGCAIPTION . [ B
ity | Olaital Ground, OV, dround retum for el | [ 2T THMODE v, | Input Low,~ Direct gutput mode wherg
Aty dlqlm Io‘gland A .‘q " NESRLH I A ?1 -‘F‘" v G&L’O’KD'(PIPI 20), R'BEN (Pin 10)hlnd \ '
‘ 1Py} High during ntegrate and dejnte~]. P, «} | CBER (Pin. 18); act as Inpyts, directly | R
" | grate until dpta s latched, "2 i arieet B o I 2 el | cantralling byte outquta. v .t . 1
Oulput Low when ma’o@ section (8 In Rl B ' * |-lnput Puised High » Causes immediate. N
h - | Auto-Zera configuration. K : . . | entry into handshake m‘oqe. and outpyt of o
. JPOL U, - Potarity - HI for Positive Input, . R data as in Figure 8. PR o
h ﬂh QR . - 2 Overrange - Hi it Overranged.~ .| . e et " | Input High'- Engbles CE/LOAD (Pin 20), H ,.E
Rle12 k- - 18112 [iMost Significant B~ ] o~ |-, | HBEN (Pin.19), and CBEN (Pin 18)‘as out- o
IB1V Y e CTBINIR [ g apacarppty A : | puts, handshake moda yylll be entered and| - ', 4
T80t - Bitio]. - N AT data.output as-In Figures-7 and 8 at con- o
e — . N I A version-complgtion: ... - % s .
; BQ"% R TAC g9 f o v 22 JOSCIN . Oscillator Input ... i * - . : :
fi% g;"'”,,i - :::2,‘ ‘ ot foueut] | IB3TTOSC OUT | Oscillator Gutput
L i Tens data 24 |OSCSEL . [ Osciliator.Selsct = Input high configures
: Bitg oy v bita - OSC IN, OSC OUT, BUF 0SC OUT as RC .
8it § . RS It R oscillator - clock will be’samg phase and i
L R U F N T .| duty.gycla as BUF OSC, OUT. .
B3 | . ¢ SRR RN DEENN P DO T low canfigures Q8C IN, OSC OUT ’
itz et e e EENEI AN I Sd e |Horerystal oscillator - clogk (raquincy will !
B EDE {Least-Significant Bit . o " " |be 1/58 of frequengy at BUF OSC OUT.
'Y input High - Normal Operation. "*  *."1 . |25-° |BUF OSC OUT [ Buffered Qscillator Qutput ) “
Input Low, - Forces all bit'outputs high, - 26 |RUN/EQLG [ input High - Conversions continucusly. |
Nota: This input is used for test purposes o+ e - P ) performed every 8182 clock pulses. -
only, . 7 . xAJ\Y L 7 Input Low - Conversion in‘progress com-
Low Byte Enabla - With Mode (Pin 21iiaw,| - | .. | . = - 2 | Pleted, converter will stop, n Auto-Zero 7
i+, | and CETLOAB tPin 20) 1ow, taing his pin- T AN I mer].COUNts Bafore Integrate.) . " " 7
.| low activates low order byta outputs 81-88.|* & [ 27 SEND """~ [Input-Used In handshake mods ta indicate
. + ] abifity of an axternal device tv accopt dala,
= Wilh MumﬁPm A high, 0w pln sgeves da CETETTT AnalZg Negalive Supply - Nomlnall‘y’ prys
4 low bytallag autput used In handshake . . |with respect lo GND (Pin 1), -
made. Soe Figures 7.8, 9. - ] 29 |REF OUT Reforonge Voitage Output - Nominally 2.8V
High Byte Enabie - With Made (Pin 21) low, i down from V* (Pin 40) \ \ .
and CE/COAD (Pin 20) low, taking this pin| © > — - - -
"+ | tow activates high order byts outputs B9- - 30 _|BUEFER Buﬂg_r Amplifier (?utput . i
S B2 POL, ORy - Las Lo - 131 " JAUTO-ZERO [ Auto-Zero Node < Inside (ol of Caz
N . T . 4 " 132 [INTEGRATOR [ integrator Output - Outside foil of Ciyt :
- With Modae (Pin 21} high, this pinserves as| [33 . | COMMON Analog Common - System Is Auto-Zeroed
- a high byte ftag output used in handshake lo COMMON
e N made. See Figures 7, 8, 9. 34 [INPUT LO Dfforontial nput Low Side
0. [CETOAE .- Chip Enabie Load - With Made (Pin 21) 1ow, 3 INPUT HI Dilferential Input High Sids
WA s CE/LOAD 2
SR . s0rves 23 & master output enable. 36 |REFIN+ Ditferential Refarance Input Posltive
- . When high, B1-812, POL, OR oulputs are 37 | NEF GAP ¥ Ilelorance Cepaciiar Positiva i
’ divablod. . 33 [REF CAP - Relerance Capacitor Negative !
- With-Mode (Pin 21 high, this pin serves as 39 |REFIN- Ditlerential Refarence Input Negative
2 ..+ |aload swobe used In handshake mode. 49 [V’ Positive Supply Voltage - Nominally +5V
et i | Se0 Figures 7,8, 9, — o * | with respect to GND (Pin 1), |
yo ¥ L N r e e T L \ s W " 4 T & v
N) digitel Jayslp sre pp!lqu“ir'u..' V' o S | . ' o ! '

i f .
' o Ly 0 o "

h | i , . A ' . o B
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jog Sec vr ... v tha'bulter amplifier, Infegrator, and comparator, Since

! the Ar Section’: .. the camparator I8 included In the loop, the AZ accuracy
e’ ICLT109. 'When the RUN/ROLD input is left open.or "~ Is limited only by the nalse qf tha system. In any case, the ,

fcgnpig:teg ta V", the cirguit will pertorm conversiansatarate ' offset reterred to-the input Is lgss than, 10av. 7, R

ﬁdqlermlned by the clock frequenay.(Q.wz clock psrlods per -~ . .. e . .

¢ycle), Each measurement Cycle isdivided into three phases 2. Signai Integrate Phase '

23 shown in Figyre 3. They are (1} Auto<Zero (A2),.(2) Signal

Intagrate UNT) and (3) Deintegrate (DE). Interrial short Is removed,and the Internal input high and
.'?3’.“! Ph“,‘, . . ) . low are connected to the external pins. ‘The converter
uring auto zero three things ha'ppen. First, Input hlgh' then Integrates the ditferential voltage between IN HI and

Durlng signal Integrate the auto-zero loop Is bpened, the

) IN LQ for a fixed time 0f.2048 clock periods. Note that
. !;:-::mt:"ggc&::gxrg:g;: dpl:;‘s. "r';?"r::g:‘:::’f  this differential voitage can be within the common mode
'liw in.charged lo the "-‘ o;'onco \{oI;lgo- Th i1, 8 taggh X range of the Inputs, At the end of thls phg_ae. lf\e ;?olarlt){

9pad araund the systen to charge the auto:
Caz ta; mpanaate-for offset voltages, In’

N e

algnal |3 qetgrmlnqg{,

(Y
]

Hagiicop (s ) : 9! the Intagrateg
i ] ot “w o v
) { ’ t.

A

el
<
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{“”‘ B A CREEE € TR ¢ . -
)
| AZ AZ 70 ZERO CROSS '’
| DETECTOR
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OIGITAL BECTION
— e ,

Figure 3 Conversion Tim

i
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3. De-integrate Phase - .

The final phase is de-Integrate, or reference integrate. In-
put low Is internally connected to analog COMMON and
input high is connected across the previously charged
(during auto-zero) reference capacitor. Circultry within
.the chlp ensures that the capacitor will be connected
, With the correct polarity to.cause the integrator output to )

" feturn 16'zero0 crossing (established In Auto Zei) with a *
*»{ixedslope,”

+
“{raprosontoed

[

by the ‘number of clock p
proportional to the input signal.” -

{¢v ¢ Differential Input, 't Sy

It

gurn'teld) Ip

erlods G
P
" oot ! ." ‘ ,
[P (RN T | J-.'.-t‘v,l":.- 8 .‘

SRt . The Input can gccept differeptial voltages anywhere within

.NUMBER OF COUNTS TO ZERO CROSS!
PROPORTIONAL TO Vi
b \A2

7. The ICL7109 has, however,

‘Thun the time 'for the butput to rellrn to zoro

-

e

o

(' . The reference voltage oan be aerieraled unywh'ero within tﬁ; o

[
| &
I ,
[ [
I | DEINT( )
COMMON ' e
N INTo— T A
. | Az DEINT () =
[ 4 ) o )
. [ ! T DEINT(1) DEINT () v
\ .
INPUT Loo—(g}
|M
-
| a0
I_._....._.._..__._..._..._._.__—_.__.__—_._—._._.———.—___—- -0—.-—-—.-——..—...—.—-—-.
) REF OUT vt
Figure 2: Analog Section
POLARITY ZERO CROSSING '
DETECTED " OCCURS .
INTEGRATOR | { ')\, % ZERO CROSSING |
o ‘L OUTPUT i | ST ! \k /DETECTED P .
¥ . t e . St . .. -~
TRt & - EEN 2 !-—AZ PHASE |—=le—INT PHASE u—-—[-—_—-+—7405m7 PHASE Ill —ote—az —
' ' " NTEANAL CLOCK el ., Jun L, N nr
o to 3 1 1 - |
INTERNAL LATCH | N A - i
. 2 .l ! ]
’ - STATUS OUTPUT | s ; 1L |
' .. . | 04 XED I** | |
¢ }-—-'ccfun"rﬂ D F;ouo Jo— : ““:2;’“75._.4_
'. | MIN. | - COUNTS v { \ fant | ,
- i AFTER ZERO CROSSING,
NG "

, ANALOG SECTION WiLL
BE IN AUTOZERO
CONFIGURATION

ing (RUN/TOLD Pin High

o

i
il'.
{

Ipositive when most of its swing has been used up by the
positive common mode voltage. For these critical applica-i
tions the integrator swing can be reduced to less than the".
recommended 4V full scale with some loss of accuracy. The_
integrator output can swing within 0.3 volts of either suppl
without loss of linearity, - ’ )

- LA

TS TeNE s SR EARY

] _ been optimized for 6p9ratlgif§3%.
."\with analog .common .near .digital ground.r With” powo'_n_‘-'f'ﬁHE
", supplios of +6Vand =6V, this allows 6 4V tull soalp lnlcgrulo&‘.“. "
?.swing positive or‘negative maximizing the pe 2l
the analogsection. » i’ ., b

Differential Refergnce "=~

’

rforman
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A M LA BTN A
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ok

K

, » «. 4ho ‘common, meds,,range. of the input,.ampliflor: “or 1%, pawer sugiply yoliage of the converter, The main soutca of . if

1 e ppecifigally.from 1.0 yolts below the positive supply to 1.5 "' common mode error Is a roll-over voltage gaysed by ghe 1y o

by = volis aboye'the ngggﬁygoquly. inthis range the system has "y, referpnce capacitor- losing - or -galping “charge to ﬂg’ay;‘ "J\i

13 .4 78 CMRR qf 86¢P typlcal, However, since the Iptograor also 1., ‘capacity.'on its nodes.:lf there ‘is a large common mode _,"3,'\,{&.

! g'J"';g.’ t"swings with the"-commpnf:rbod‘ev yoltage, care.must be '.-:'voltage, the reference capacitor can gain charge (increase '3 }-‘b;f

UM exercised to assure the Integrator output does not saturate. voltage) when called up 1o deintegrate a positive signal but ;’» A

.7 A'worst case.'conditid{_i‘\vqu!d be a large positive common . | lose charge idecrease voltage) when called uptodel.ntegrate_vm;ﬁﬁ’

! g¥.o0, mode voltage wlma‘nqarfull;ﬁcalﬂpgga!iye differeritialinput.* , & negative input signal. This difference in reference for{+ or e
P “/.yoltage. \The negative”Input’signa| ‘drives 'the Integrator "1 (<) input’ voltary will ‘give &' roll-over error. However, by. }f3
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Al : o
"the " reférence capacitor large

* selecting enough in

‘i

X . -

s;:‘i:fl‘compan'ison to'lhle stray capacitance, this error can be held to

{ ’}J_‘e,gs than' 0.5 count fqr. the worst casg,

:Component Values Selection belows, *, **
I S B O T P Y Y I S

.y rFor optimum, 'b_ér!omianceé( _qh,e'aﬁalég"septior}, care must
3 be taken in the selection of values far the integrator capacitor

And resistor, auto-zero ‘capacitor, reference voltage, and

?E[&!EP'?’ a_PP.l‘i.‘?ﬂ"io?-. W5 s e ey omiad
Poylfie. mgst important corisideration is ‘that the integrator
}9.9 put swing {for tull-scale inpufibe as large as possible. For
i gxample, with-*5V supplies and COMMON connected to
% GND, the nominal integrator output swing at full scale is +4V.
. Since the integrator output can go to 0.3V from either supply
“{ ‘witheut significantly alfecting linearity, a 4v integralor
‘Q’ outpul swing allows 0.7V (or varlations In output swing due

" to component value and oscillator tolerances. With 15V
.+~ supplies and a common mode range-of £1V required, the
»f;;component values should be selected to provide +3V
l1’,;:*1'_r‘lt_q@)grator output swing. Noise ‘and rollover errors will be
ws: slightly worse thaninthe +4V case. For targer common mode

'm‘.voltage ranges, the integrator output swing mustbe reduced

v further. This will increase both noise and rollover errorg. To
"§ Improve the perlormanc.e. supplies of £6V may be used.
‘:«:s-, 1,.Integrating Reslistor
4+, Both the bulter amplitier and the integrator have aclass A
o+ Output stage with 100uA of quiescent current. Thay sup-
o RlY-20uA of drive currenl with noyligible non-tineanty,
g.k.‘Jhe integrating resistor should be large enough to remain
%ﬁ(ﬂﬁg‘,in this very linear region over the input voltage range, but
74 7, small enough that undue leakage requirements are not
yg‘fjplaced on the PC board. For 4,096 volt full scale, 200k{1 ia
<, near optimum and similarly a ROk(? lor u 400,6inV scalv,
c .For other values of full scale voltage, RinT should be

+'"1- chosen by the relation
-5ty

ANt = full scale voltage
INT 20, A

‘2. Integrating Capacltor

. The integrating capacitor Cint'should be selected to give
the maximum integrator output voltage swing without
saturating the integrator {approximately 0.3 volt from
. either supply), For the ICL7109 with +5 voit supplies and

:';‘ff, analog common connected to GND, a +3.510 +4 voit inte-

@. grator output swing is nominal. For 7-1/2 conversions per
;:,u,r second (61.72KHz clock frequency) as provided by the

. . Crystal oscillator, nominal values for Cint and Caz are

% 0.154F and 0.33uF, respectively. If different clock fre-

'?iﬁ quencies are used, these values should be changed to

é',{'malntain the integrator output voltage swing. In general,
.the value of Cinr is given by

(2048 x clock period) (204A)
. integrator output voltage swing

ey

¥ .
o ,'-_An additional requirement of the integrating capacitor is
s w;!lhat it have low dielectric absorption to prevent roll-over
i 8rrors, While other types of capacitors are adequate for
@i Iia apptication, polypropylene capacitors give undetec-
tab!p."errors atreasonable costup to 85°C. For the military
: mgl?r‘ature range, Feflon® capacitorg are recommen-
,'3

pqversloﬁ_raxe.— These values must be. chosen to”suit the -

ded. While their dielectric absorption characteristics vary

somewhat from unit to unit; selected deviges should give

-, less than 0.5.count ot error due to dlelectric apsbrptidp.‘

3. Aulo-Zero Capacitor, * *~ "7, v, g .

The size of the auto-zerq capacitor has someinfluence on

.the noise o, ths system; g big capacitor, giving less noise.

* - However, it cannot be.increased without limits since it, in

parallel with the integrating capacitor torms an R-C.time

« constant that determines the speed ot recovery from over-

: - loads and more important the error that exists at the end

371, of an aufo-zero cycle. Far 409.6mv full scalewhere noise

) n' - is, very important and, the Integrating resistor small, a

& value of Caz jwice CinT is optimum, Similarly for. 4.096V

.+ full scale whera recovery is more important than noise, a

. value of Caz equal ta haif of CinT. is‘recommended.

For optimal rejection of stray pickup, the outer foil of Caz

should be connected to the R-C summing junction and

the inner foil to pin 31. Similarly the outer foil of CinT

should be cannected ta pin 32 and the inner feil to the R-G

summing Junction. Tellons, or equivatant, capacitors arg

recommended above 85°C for their low leakage
characteristics.

4. Relerence Capacitor A

e
- '

A 1uF capacitor gives good resuits in most applications. |§§

However, where a large common mode voltage exists fi.e.
the reference low Is not at analog commonl and a 409.6mV
scale is used, alarger value is required to preventroll-over
error. Generally 10uF will hold the roll-over error 10 0.5
count in this instance. Again, Teflon®, or oquivalent
capacitors should be used for temperatures above 85°C
for their low teakage characterjstics.
6. Holorence Vollage

The analog input required to generate a full scale output

of 4096 counts is Vin = 2VREer. Thus for a normalized scale,
a reference of 2.048V should be used for a 4.996V full
scale, and 204.6mV should be used for a 0.4906V full
scato. Howuvur, In many upplications whure tg A/D i3
sensing the output of a transducer, there will ex :it a scale
factor other than unity between the absoluw output
voltage tg be measured and a desired digital output. For
instance, in a weighing system, the designer mignt like to
have a full scale reading when the voltage from the trans-
ducer is 0.682V. Instead of dividing the input down to
409.6mV, the input voltage should be measured directly
and a reference voltage of 0.341V should be used. Suit-
able values for integrating resistor and capacitor are 34k
and 0.154F. This avoids a divider on the input. Anather
advantage of this system occurs when a zero reading is
desired for non-zero input. Temperature and weight
measurements with an offset or tare aru examples. The
oftset may be introduced by connecling the voltage
output ‘of the transducer between common and analog
high, and the olfset voltage between common and analog
low, observing polarities carefulty, However, in proces-
-sor-based systems using the ICL7109, it may be more
efficient to perform this type of scaling or tare subtraction
digitally using software.
6. Relerence Sources

The stability of the reference voltage is a major factor in
. the overali absolute accuracy of the converter. The reso-
lution of the ICL7109 at 12 bits is one part in 4096, or
244ppm. Thus if the reference has a temperature coef-

ficlent of 80ppm/°C (onboard reference) a temperature

difference of 3°C will introduce a ane-bit absolute error,

e s a5 g e s et vy m o smae s
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For this reason, it Is recommended that an external high-
quality reference be used where the amblent temperaturs is

. nhot controlled or where high-accuracy absolute measure-
ments are belng made.

The ICL7109 provldes a REFerence OUTput {pin 28) which
may be used with a resistive dlvlder to generate a suitable
reference voltage. Thig output will sink up to about 20mA
without signlficant variation in output voltage, and Is pro-
vided with a pullup blas device which sources about 104A.
The output voltage Is nominally 2.8V below V*,and has a
temperature coetficient of x 80ppm/°C typ. When using the
onboard reference, REF OUT (Pin 29) should be connected
to REF - (pin 38), and REF + should be connected to the
wiper of a precision potentiometer between REF OUT and
V+*. The circuit for a 204.8mV reference s shown In the test
clroult. For a 2.048mV relerence, the fixed reslstor should be
rernoved, and a 25k precision potentiometer between REF
OUT and V* should be used.

Note that If pins 28 and 39 are tied together and pins 39 and
40 accidentally ghoried (e.g., during testing), the reference
supply will sink enough current to destroy the dovice. This

can be avolded by placing a 1kf2 resistor In serles with pin 39.-

DETAILED DESCRIPTION
Digltal Selection

The digltal section includes the clock osclllator and scaling
circuit, a 12-bit blnary counter with output latches and TTL-
compatible thico-slato oulpul drivars, polatily, ovoi-fango
. and control logic, and UART handshake logic, as shown in
the Biock Diagram, Flgure 4.

Throughout this description, logic levels will be referred to
as “low” or "high”. The actual logic lavels are defined In
Table ¥ "Operating Cheracioriatios”: For minimum power
'consumption, all Inputs-should swing from GND (low)to V+
{high): Inputs driven {rom TTL gates should have 3-5kQ pull-
. up resistors added for maxlmum nolse lmmunhy

- MODE Input ~
" The MODE Input is used to control the output mode of the
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converter. When the MODE pin is low or left open (lhislnpp(f ﬁ‘
Is provided with a pulidown resistor to ensure a low level p‘ 3
when the pin is left open), the converter Is in its "plrect"i é
output mode, where the output data Is directly accessibfe’H
under the control of the chip and byte enable inputs, When“)'
the MODE input is pulsed high, the converter enters tha, i
UART handshake mode and outputs the data in two bytes. oy
then returns to “direct” mode. When the MODE input is left g‘é‘
high, the converter will output datain the handshake-mode at &5
the end of every conversion cycle. (See sectiop entltled ".,( ;
“Handshake Mode" for further detalls), ‘ ﬁ}‘&

STATUS Output : ' L AR

During a converslon cycle, the STATUS output goes hlgh at
the beginning of Signal Integrate (Phase ll), and goes low. % A
M

PP

one-hall clook period after new dela from the conversion
has been stored in the output latghes. See Figure 3 for .
detalls of this timing. This signal may be used as a “data. ?’\

interrupte, or for monltoring the status of the converter.
RUN/HOLD Input . .,
When the RUN/HOLD input Is high, or left open,the circuit .
witl continuously perform conversion cycles, updating the -+
output latches after zero crossing during the Deintegrate
-(Phiase 1)) portion of the conversion cycle (See Figure 3). In 3
this mode of operation, the conversion cycle will be ‘
performed in 8192 clock periods, regardless of the resuiting s
value. '
1 RUN/HOLD goes low at any time during Delnlegrala_""’
(Phase ilI) after the zero crossing has occurred, the circult 7y
will immediately terminate Deintegrate and jump to Auto- 1|
Zero. This feature can be used to eliminate the time spent in w«’
Deintegrate after the zero-crossing. If RUN/FITLD stays or th
goes low, the converier will envure minimum Aulo-2ero .. i
time, and then wait in Auto-Zero until the RUN/HOLD input . xg'
goes high. The converter will begin the Integrate (Phase I} *

portion of the next conversion (and the STaTu$ output will "‘;él
go high) seven clock perlodsaflenhahlgh level is detected at . %
-‘RUN/HOLD. See Figure 5 for details. >
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q art on demand"” Interface 10 be used. Thu convartar may

B feld at Idle In auto-zero with RUN/HOLT) low. When'
1 R N/FI'GED goes high the conversion is started, and when
’é‘ “Iile STATUS output goes low the new data is valid (or trans-
\ ferred to the UART - see Handshake Mode). RUN/AOLD may
"\0“' go low terminating Deintegrate and ensuring a minimum
Ath-Zero time before stoppmg to wait for the next conversion.

,Alternately. RUN/HOLD can be used to minimize conversion
: .time by ensuring that it goes low during Deintegrate, after
zoro crossing, and goos high aftar the hold point is reachad,
""’r The required activity on the RUN/HOLD Input can be
’!‘prowded by connecting it to the Butfered Oscillatpr Output.
L In this mode the converalon time Is dependent on the input

! " valua measured. Also refer to Intersil Application Bulletin
’. * A032 for a discussion of the elfacts this will have on Auto-
’ Zero performance.

vif the RUN/ATLD input goos low and stays low during Auto-
Zero (Phase 1), the convertar will simply stop at the ond of
' Auto-Zero and wait, for RUN/AOLD to go high. As above,
b integrate (Phase 11) begins seven clock perlods after the high
; ?‘ Ieyel is detected.

Tkl

'-,When the MODE pin is left at a low level, the data outputs
: (bits 1 through 8 low order byte, bits 9 through 12, polarity
.,+ “andover-range high order byte) are accessible under control
of the byte and chip enable terminals as inputs. These three
inputs are all active low, and are provided with pullup
resistors to ensure an inactive high level when left open.
When the chip enable input is low, taking abyte enable input
low will allow the outputs of that byte to become active
;(mree-stated on). This allows a variety of parallel data
accessing techniques to be used, as shown in the section
entitied “Interfacing.” The timing requirements for these
utputs are shown in Figure 6 and Table 3.

. Tabie 3 - Direct Mode Timing Requirements *

x| SYMBOL | OESCRIPTION MIN TYP MAX | UNITS
tBEA Byte Enable Width | 350 220 ns
Data Access Time
DA from Byle Enable 21U 300 ns
A, Data Hold Time
¥ tons | from Byte Enable 150 | 300 ns
- 1CEA Chipn Enable Width | 400 260 ns
. Data Access Time
from Chip Enablo 260 400 ns
B Data Hold Time
‘. from Chip Enable 240 400 ns

Flgun 5 Run/HoId Oporatlon .
g the RUN/FIUED lnput ih this manner allows an easy . " 4

b
lnv«.’-ﬂlk/,

i g
AS INPUT = \

-

10AD~= —= tove
HIGH BYTE L foaraf\ _L_foara
DATA =7 T T T T T\ VALID -1 VALID
; AT . ‘DAC* Ranllis o
LOW BYTE _ . _ o o - DATA
(15 7t it il VALID

= s e 0 @ HIGH mr:nm'cu
Flnuu 6: Direct Modo Quiput Timing  * ‘

It should ba noted. ghal thase control lnputs are.
asynchronous with respect to the converter clock - the data
may be accessed atany time. Thusitis possible to agcessthe
data while it is being updated, which could lead to scrambled
data. Synchronizing the access of data with the conversion
cycle by rronitoring the STATUS output will prevent this.
Data is never updated while STATUS is low.

Handshake Mode

The handshake output moda is provided as an alternative
means of mler(aci?\g the ICL7109 to digital systems, where
the A/D converter becomes active in controlling the flow of
data instead of passively respondmg to chip and byteenable
inputs. This mode is specifically designed to allow a direct .
interface between the ICL7109 and industry-standard
UART s (such as the Intersil CMOS UARTSs, IM6402/3) with no
external logic required! When triggered into the handshake
mode, the ICL7109 provides all the control and flag signals
necessary to sequence the two bytes ot data into the UART
and initiate their transmission in serial form. This greatly
eases the task and reduces the cost of designing remote data
acquisition stations using serial data transmission to
minimize the number of lines to the central controlling’
procassar,

Entry Into the handshake mode Js conirplled by the MODE
pin. When the MODE terminal is held high, the ICL7109 will
enter the handshake mode after now data has boon storod in
the output latches at the end of every conversion performed
(See Figures 7 and 8). The MODE terminal may also be used
to trigger entry into the handshake mode on demand. Atany
time during the conversion cycle, the low o high transition of
a short pulse at the MODE input will cause immediate entry

=1t T T COUNTE ————o] vt
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be performed, datg updating will be
% inhibited (Sge Figure 9 unty the converter Completes the sent.
: output cycle and Clears the handshake mode, -,

¢ Figuro s shows an output sequence where the SEND input is,
When the convurtor entors the handshake mode, orwhen the  Used tq delay portiong of the(sgguencg. or handshake, 8]
, MODE Input s high, the ¢hip and byte enabie termina|s ensure correct data t‘ransfer"‘Tlh,ls timing diagram shows thig X
-4 become TTL-compatible outputg Wwhich'provide the controy * relationshipa: « that ‘o eur @ an industry-standarq
"L?-.-‘.'slgnals for the output cycie (See Figures 7,8, and 9), IM8402/3 cMmOSs UARI lo interface to serigl data uhanngels,
ey L Lt et Vot T L In this Intertada, Ihe YEND pui to the 1CL 109 18 driven by
w{ Inhandshake mode, the ?END Input In usad by the outiverlgr the TBRE (Transmitter Buller Register Empty) output of the
‘ + 48 an Indicalign of 1)1g abiiity of the reselving device tsuch as d the terminal of the ICL7109 drives the
% 'mUART) 10,accept data, R Reglster Load)input to the UART.,
ralleled into the eight Transmitter )
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The data outputs are pa

Butfer Register inputs. .
entered after the data latch pulse (since MODE remains high Assumlng the UART Transmitter
the CE/LOAD, LBEN and terminals are active as the SEND input wii be high whe,
_'outpuls). The high Jevel at the SEND input is sensed on the

Buffer Register is empty,

N the handshake mode Is
entered after new data Is stored. The CE/LOAD ang HBEN
same high to low internal clock edge. On the next low to high terminals wij| go low alter SEND Is sensed:-a
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internal clock high 1o low edge, the high order byte outputs v'-—I—————r-
are disabled, and one-hall internal clock later, the ABEN
output returns high. At the same time, the CE/LOAD and
[BEN outputs go low, and the low order byte outputs
pecome active. Similarly, when the CEJLOAD returns high at
the end of one cloci period, the low order data is clocked into
the UART Transmitter Buffer Register,and TBRE againgoes
low. When TBRE returns to a high it will be sensed on the osc |osc BUFFERED
next ICL7109 internal clock high to low edge, disabling the SEL o

data outputs. One-hall internal clock later. the handshake GNO CRYSTAL . .
mode will be cleared, and the CE/LOAD, HBEN, and LBEN )

. X . e Figure 11: Crystal Oscillator
theirg?;nals return high and stay active as long as MODE stays oscillator will operate with most crystals in the 1 to 5MHz

X i " . . range with noexlernalcomponems.TakingtheOSCILLATOR
With the MODE input remaining high as in these exampies, SELECT input low also inserts a fixed +58 divider circuit
! the converter will output the results of every conversion petween the BUFFERED OSCILLATOR OUTPUT and the

except those completed during a handshake operation. By internal clock. Using an inexpensive 3.58MHz TV crystal, this
y triggering the converter into handshake mode with a low 1o division ratio provides-an integration time given by:

high edge on the MODE input, handshake output sequences 58

may be performed on demand. Figure 9shows a handshake T = (2048 clock periods! X (S—W—_H_z) = 33.18ms

output sequence triggered by such an edge. ln addition, the i :

SEND input is shown as being low when the converter anters. . | Thistimeis very close lotwo 60Hz periods or 33.33ms. The

handshake mode. In this case, the whole output sequence . error is less than one percent, which will give better than

controlied by the SEND input, and the sequence for the first 4008 SQHz rejection. The converter will opAerate reliably at

(high orden byle Is similat 1 lhe sayuunce for the secord . conversion rales of up 10 30 per second, which corresponds

byte. This diagram also shows the outpul sequence takiny 10 & clock frequency of 246.0kHL.

longer than a conversion gycle. Note that the converter still If at any time the oscillator is o be overdriven, the over-

makes__conyarslons, with |, the STATUS oulput "und driving slignal should be appliedatihe OSCILLATOR INPUT,
RUN/AOLD inpuHunctigning' normally. The only ditterence and the OSCILLATOR OUTPUT should be left open. The
is that new data wili not be fatched when in handshake mode, internal clock will be of the same frequency, duty cycle, and
and is therefore lost. phase as the input signal when OSCILLATORSELECT s feft

open. When OSCILLATOR SELECT is at GND, the clock will
Oscillator

be a factor of 58 below the input frequency-
The ICL7109 Is provided with & versatile three terminal  \hen using the ICL7108 wiih e IM6403 UART, itIs possible
oscliiator 10 generate the intornal clock. Tho oscillator may

. d AC A 10 uso one 3.58MHz crystal for both devices. The BUFFERED
be-overdriven, or may be operated as an RC or crys@ OSCILLATOR OUTPUT of the ICL7109 may be used to drive
osclilator. The OSCILLATOR SELECT input changes the - ihe OSCILLATOR INPUT of the UART, saving the need fora
internal cuntiguration of the woulliatur 1o wptimiza it fur HG sacond ciyslal; Huwaver, the LUFFLILD OUGILLATOH
or crystal operation. OUTPUT does not have a great deal of drive, and when drlv-

When the’ OSCILLATOR SELECT input is high or left open ing more than one slave device, external butfering shouldbe
{the input is provided with 8 pullup resistor), the oscillator is used. - 4
configured tor RC operation, und the internal clock will bo Test Input . |
of the same froquoncy und phabe ab tho slgnul Bl W Whon the TEGT input is taken to o tgvol haliwny botwoon v’
BUFFERED OSCILLATOR OUTPUT. The resistor and and GND, the counter output laiches are enabled, allowing
capacitor should be connected as In Figure 10. The circuit the counter contents to be examined anytime. ) .
. will osciilate at a frequency given by 1 = .45/RC. A 100k0} Wwhen the TEST input.s connected 1o GND, the counter
vie|wiy o pesigtoris recommended for useful ranges of frequency. For - ....outputs are all forced into the high siate, and the internal
‘§. "+ optimum, 60Hz Jine rejection. the capacitor value shoutd be _ clockis disabjed. When the input returns tothe 1/2 (V*-GND)
) “ chosen such that 2048 clock periods is close 10 an integral . voltage (or to V) and one clock is applied, all the counter
7 ey multiple of the §9Hz 'periqd,. P . outputs.wiil be clocked 1o the jow state. This allows easy
L M e ‘."’_‘“—:,W;:' o 4 testing of the counter and its oulputs.,;;;,m;g“ BTSN ’.-.;\‘_

... : .INTERFACING Sl e e
- . Direct Mode : '

intertacing the ICL7108 10 paraliel data lines. The CE/
osc

. configuration where the two byle enables are connected

Ve Ame P

t “7. 7 "together. In this configuration, the CE/LOAD serves as@

Figure 10: AC Oscmator" R "'__ ’ .GND or serve as a second chip enable. The 14 data ouputs
i § o will all'be enabled simultaneously. Figure 12C shovs the

be available{vm most
vy

o
3

" {
F2

vice and output and input capacitors dre added to the enable, which co lqbe\the
::oni:gu.'u:ior;, 25 shown i SigJre 1¢ } the MiGIoorocessors: . ”
et L8 e | 2N* B R I L. C

READ stro
‘\'\:

Figure 12 shows some of the combinations of chip'enable [
26 and byte enable control signals which may be used when Ry
&

r
SR input may be tied low, allowing either byte to be controlled f
our - ot oY its,own enable a9 In Figure 12A. Figure 128 shows 8

Josc = AS/RC . chip enable, and the HBEN and {BEN may be connecterto §

'.'."Whe.!:l the OSCILLATdR SELECT input islowateedback de- HBER and LBEN as fiag inputs.-and CE/LOAD as anaster ;.
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CHIP SELECT 1

0 & bus, ganging the and signals to several
converters together, and using the 5%L5AB inputs
{perhaps decoded from an address) to select the desired
convener

- Some practical clrcu:ts utilizing the parallel three-state
S autput capabilities of the ICL7109 are shown in Figures 14
through 19. Figure 14 shows a straightforward applicationto
', the Intel MCS-48, -80 and -85 systems via an 8255PPI, where
the ICL.7109 data outputs are active at all times. The 170 ports
zt\; \‘a of an 81585 may be used in the same way. This interface can
\ lg.,); “be used ina read-anytime mode, although a read performed
Tk fwhule the data latcHes are being updated will lead to
it \ scrambled data. This will occur very rarely, in the proportion
.ot setup-skew times to conversion time. One way to
overcome this is to read the STATUS output as well, and if it
i :‘kr is-high, read the data again after a delay of more than 1/2
{k converter clock period. (f STATUS is now low, the second
2* readir.g is correct, and if it is still high, the lirst reading is
. correct, Alternatively, this timing problem is completely

A

Figure 15. Here the high to low transition of tha STATUS
output drivas an interrupt ta the microprugensor causing itto

" '\' avoid. «J by using a read-alter-update sequence, as shown in-

T 8. 3%
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access the data Thls application also shows the RUN/HOLD
input baing used to lnltlpte converslons under software

control.

A similar interface to Motorola MC6800 or MOS Technology
MCS650X systems ig shown in Figure 16. The high to low
transition of the STATuS output generates an interrupt via
the Control Register B CB1 line. Note that CB2 controls the
RUN/HOLD pin through Control Register B, allowing
‘software-« coqtrolled initiation of conversions in _thls system

also.

Figure 17 shows an interface to the Intersil IM6100 CMOS
microprocessor family using the IM6101 PIE to control the
data transfers. Here the data is read by the microprocessor in
an 8-bit and a 6-bit word, directly from the 1CL7109 to the
microprocessor data bus. Again, the high to low transition of
the STATUS output generates an. interrupt leading to a
.software routine controlling the two read operations. As
before, the RUN/ATOLD input to the ICL7109 is shown as

being under SO'W/ara control.

The three-siate output capability of the ICL7109 allows
direct interfac’i"9 g most microprocessar busses, Examplas
of this are sk ?™Mn Elgures 1, 18 and 19. It is necessary to

|
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carefully consider the system
to be sure that requirements
minimum pulse widths are m
tions on long busses. Generally thi

tavored if the memory

ummg in this type of interface,
for setup and hold times, and
ot. Note also the drive limita-

that simple addres
handling can also require m
using an interface device w
s type of interface is only this case.
peripheral address density is low s0 .

s decoding can be used. Interrupt

any additional components, and B

itt usually simplity the system in “,{g‘,
RS
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ICL7109

QGND —'-l I—- 1BV
MODE RUN/HOLD
i B89-B12 6
POL, OR
I :>
1
ANALOG .
IN —
HBEN |
74C82 A0-A2 AT
LBEN N———— prl
, e
CE/LOAD . , . 2
l ./__ A15-A10 v
74C30 > .

YMA

\—-—<ﬁ AW,

Figure 19: Direct ICL7109 - MCEBOX Bus Intertace

Handshake Mode

The handshake mode allows ready interface with'a wide
variety of external devices. For instance, external latches
may be clocked by the rising edge of CE/LOAD andthebyte
enables may be used as byte identification flags or as load
enables.

Figure 20 shows & handshuaku Inturface o Intul microprocuon-
sors again using an 8255PPI. The handshake operation with
the 8255 Is controlied by inverting its Input Bufler Full {IBF)
flng 10 drive the BEND Inpul 10 the ICL7100, and using tho

- EE/LOAD to drive the 8255 strobe. The internal control
register of the PPl should be set in MODE.1 for the port used.

1 the 7109.ds in handshake mode and the 8255 IBF flag is low,
the noxt word will be strobed into the port. The strobe will
cousy 1BF 10 go high (SEND gous lowl, which will huop the

- enabled byte outputs active. The PPl will generate an
interrupt which when executed will resull in the data being

. read. When the byte is read, the I1BF will be resel low, which
causes the ICL7109 to.sequence into the next byte. This
figure shows the MODE input to the ICL7109 connectedtoa
.control line on the PPI. If this output is left high, or tied high

AODAEUS

DATA  GONTHOL Wt
BUS

BUS Bus

separately, the data from every conversion (provided the
data access takes less time than a conversion) will be
sequenced in two bytes into the systom.

If this output is made to go from low to high, the outpu:
sequence can be obtained on demand, and the interrupt may
be used to reset the MODE bit. Note that the RUN/HOLC
input 10 the ICL7109 muy siso be driven by u bit of tho 8255 8¢
that conversions may be oblained on command under
software control. Note that one port of the 8255 Is not used,
und can sovice anuthar poliphotal duvice. Tho samo
arrangement can also be used with the 8155.

Figure 21 shows a similar arrangement with the MC6800 or A
MCS650X microprocessors, except that both MODE and
RUN/HOLD aro tiod high to save port outputs.

The handshake mode Is particularly convenient for directly
interfacing to industry standard UARTS (such as the Intersil
IMB6402/6403 or Western Digltal TR1602) providing a
minimum component count means of serially transmitting
converted data. A typical UART connection is shown on
page 3. In this circuit, any word received by the UART causes

ADDRESS BUS

|

o i

CONTROL BUS ( ‘
¢ ] . DATA BUS ; o
e T AT L e I AT T

) L .. ] R0 w D7-00 YT O "

Do « B9-812 § T bt e (<1 P I I O . R A :

i ~ POL,OR PAI-PAD 1 " ”, i .l '
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'8END ——aql"—- pcs ., ) .
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Figure 20: Handshake Interface - ICL7108 to MCS-48,-80, 85
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o i
IcL7109

R I

IQ&'/-

. f-.;

MODE RUNJ'HOLD

FEDTRN

ICL7108

to the UART. r

PR

PAO-PAT **

o

MCo820 °,

hp UART DH (Data Ready) output to go high. This drives the
ODE input to the ICL7109 high, triggering the ICL7109 inta
“handshake mode. The high ordor bylo I3 output o tho UART
[! s, and when the UART has transterred the data to the
g Traqsmmer Register, TBRE (SEND) goes high and the
,second byte is output. When TBRE (SEND) goes high again,
. [BEN willgo high, driving the UART DRR (Data Ready Reset)
‘!which will signal the end of the transfer of data from the

P,;!ﬂnﬂgure 22 shows an extonsion of the onu converter - ony
W UART scheme of the Typical Connection to several
:1CL71098 with one UART, In this circuit, the word raceived
by the UART (avullablo at the RUM outputs whon OH i3 high)

Flnum F1H Handahake Intart«co = ICL7109 to MGCU000, MCSB50X

Is used to select which converter will handshake with the
UART. With no external companents, this scheme will allow
up Lo uight ICL7 1098 1o interlacu with one UART. Using a few
more components to decode the received word will allow up
to 256 converters to be accessed on one serial line.

The applications of the ICL7109 are not limited to those
shown here. The purpose of these examples is to provide a
starting point for users to develop usefu! systems, and to
show some of the variety ol interfaces and uses ol the
ICL7109. Many of the idoas suggested here may be used in
combination;
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Flgure 22: Multiplexing Converters with Mode Input

2 AD‘IB “Selecting A/D Converters," by David Fullagar
W"'The Integrating A/D Converters," by Loy Evans
U1 l “Do u and Don'ts of Applying A/D Convertera." by

A030 “The ICL7104 - A Binary Output A/D Converter for

R0O0§ “Interfacing Data Converlors & Microprocessors,” by
Peter Bradshaw et al, Electronics, Dec. 9, 1976.

Microprocessors,” by Peter Bradshaw

Bradshaw K

A032 “Underatanding the Auto-Zero and Common Mode
Parlormance ot tha ICL7106 Famlly," by Peter
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o Tayristors and the
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Phase control by thyristors s common practice when converting

dinzle- and three-phase ac into
the same time.
To control high-power

dcand providing power control at

thyristors in poWer clectronics requires

snecial devices. The TCA 785 monolithic integrated phase control
hhas been developed for this purpose.

2.
“J

external access

v

performed which would otherwisc

seiection and configuration of switching points with
iU allows a large varicty of functions 1o

be

involve high co»ts using

discrete semizonductors in conventional circuitry.

The first parc of this article describes
control. In a sccond part to, follow,
converier circuils and ac curr#nt controllers will be deaic

. The TCA 783 integrated phase control

suits very well o
drive cirouits such as
. ]inc—cmumuuwd current converier
cireuits, ©.g. hall and fully controlled”
single-phase and threerphase  bridie
a5 well o3 star and Jouble star

a large number of

ciruits
circuit.
o NonecHIMBULALNG cufrent convenes
circats, Eoe single- or three-phase,
current controllers and switches. o
Thuse different

cuineal devices, e - 3 4-0r

applications require

e e conirol sets.

urher requirements of integrated cir-
Cohs s control puwer clementgares

o 1y Dnr powsr cectronivs must e
capable ol Lrppering  We thyristors
dprected ciiher i oaCTies Br back-10-

N
l'ﬁ.‘ Vo
~

e e i e i, SNBSS o

[l g, [FHG Weaoos Sehot, Siemens A3,
JHereith dauelemeld, Arw.cndunb-.w;hmk,

Aiashan

the TCA 785 and thyristor
hine-commutated rectifier

<ith.

o three-phase operation requirds parai-

‘Ieling of 1Cs 10 alfow the Jdelay angle to
be adjusted in the three phases R, S, T
with only one potentiometcr. ‘

o Tripger pulsc shifting should be pos-"

bad
sible continously bevween Oand

e o tay angle.

1807 in

« Depending on De toad orocireuis
design different palszs (leng, ‘short,
continuous pulses) Jhauld be generared

o trigger the thyrtor.

Othiee- TCA 785 apolicstions are a3
zere CTOSSING gwitch in fullecave cons
rol with w08 opd 3 voliage pulse
widia con.ever wath sptional liaed
. 16 e o He).

TCETTES e

- applicaton

frequency b=
Spectal teires RUNHE
e the voibsn e, VO

H f e ll .
e DUsdlay b Chteiiial USRS THIS
l:t "'l

suppiy voltags » W
ranye =25 10

eneended  temperanet e,
+85°C,
cutrent
10 ma,

conane puun only 4.5 10

LSL compatible, i.c. controllable by
slow-speed, intecference-free  logic
with 15-V signal level,” '
wo outputs for 250 mA trigger cur-
rent cach,

.

IWO additional ourputs with inverted

signals,

inhibit function:
arc suppression,
trigper pubse extensipn by external ca-
p.\citor, i -
reliable zero crossing recogniticn,
protective circuitry against intermittent
triggering, three circuils only necessary
(or six pubse operation, use as zero
crossing  switch and  volage pubse
width copverter pussible.

wnigger pulse inhubit,

Functions of the TCA 785
The block and pulse diag.rams Figs.
and 2 show the main functions of thi
integrated circuit. The major part 4
the 1C is supplied by an internalt
controlicd voltage Vg = 30V The
the rmain parameters are ind:pund’cnt .
the de supply voltage- U4, and 2 Wit
supply voltage range U, =twlisV
permitted. L. .
The positive poie is connested to P
16 2nd negative pole 2 gin ! (referen
sround). Curignt cunsuits
mA.

porestial
‘ion (wihout load) is up 2 1o
Quiput oi the controtied vohage Ui
AV is provided at pin:.g Yia,
arernal dee s hing veanen T
To cnhance poise-inmnny 2 fotd]

capavitor C8 can be conarcied

ground here (reference poteatiad).

{n cutrent converier circuiis Tl
several TCA 785 devices
three-phase  current circuit)

(repical
3%



pomts have to be parsilided o provide
unionm  control  conditions in all
padses and in coprrolled currene con-

verwr branchestas well. -
The sym‘l)roni/..uiun signal U,,,, is de-
rived from the line voluge via a high-
value reamtor, U, has 1o be connected
1o pin 5 anzd ground o pin 1.

A hishly sensitive zero-crossing deee-
tor provides senchrentzation, The Jo
tevior it followed By wosynchroniza-
ion register which conmrols a ramp
geherator (sawtouih).

.
The Litter maialy comniy of aconstan
current source £, which changes ex-
winsl capacior Cid or Cy linearly
b e via pin 1. Tae ramp capaci-
rrave o1 C1 shoeid bebeoween 502 plf

it oale
EHET

avs bearing in mind thae

of ™

i R - . . N g .-
Vin K S 5y crease i

M eee Lig. 3

W W .,

p:.:_»-‘-nx.:. b Ll
abbor pavnum ane manimum val-

Gies o) £ wil not be escesded.

Clivent 4, 1% n.,.m shle by evternsl

cesbiter RY or R = 3w 326 8 via

uh.¥.

T

\

The RC newwork RY, CIC thus defines
the rise of off-state ramp volage U,
Each ramp commences with a zero

—crossing of the syne volrage and ends

with the following by discharging
ramp_tapacitor C19 via an internal
discharge transistor. P .
The logic circuitry of the syne register
relenses the infarmation at the zevo
detector output to the following circuit
-only after the discharge monitor indi-
cates complete discharge of C10.
This is of major importance when
“wsing the TCA 735 as 2 vero crossing
switch and pulse widih converter.
Leakage voltage at C10 does not affect
the controllability of the TCA 785 ard
the way in which the conirol vohage is
supplicd.
Lo dhis case trooblefiee adapration af
opeLmin 1l \t
the dstant when the comrol v--lu};c
reaches the leakagze welape value maxi-
s obtained

to e 1 |‘u)s~-hlc.

num phase corarol o 18
¥ .5.-.) and w:ll be maintained (full
wave) even with contrul volages which

/
E . .
/ x pRRPEERLY o
3 SRR AN I 5 '\
Uip ™ ( l/ b - ual ('SIZ’
C 10 discharge fegser by
© . monitor ——915°02 (ﬁZ)
ooty 1 r .
Ut o1
s — 4 01 <+
s l =31V . Loge T
- =1 V4 — 6_2-"( 1o+
o -,{_) .o Conird »unpau.ux 2 i
eunn v 03 QU _Jo+
ks
o 3— ——07 0230+
3 Gy 1 R
)'_l Disrame
N B (& LN
, ;
@ ) W/// 6 u R
ol O
! I [:] i’: Yo \
Cé k3 CO Uy T cnfe)]
' : [ [C4) I L— Pulse cxts=s.2n i Q1 240 Q2
] . tu 2 it ! e l Long puise sadchnel 11 O o OF}
.t Hor g lacalitet - nhtal & Pulse wibil
g N . o Conuol ve.1258 °
Fig 1 Black diagram of the TCA 785 integratzd phase control
A

may be below the leakage voliages and
“approaching 0 V.

Dc control voltage Uy, has to be con-
nected 1o pin 1 (with ground to pin 1),
The control comparator compares con-
trol de voltage and ramp voliage Ui If
the lawer exceeds control voluge Uy,
appropriate output pulses start at con-
vol angle The subsequent logie
determiaes the kind and widdh of che
different outpur pubses (positive 1o
ground) by means nf several links (see
wavelorm in TFig. 2).

Main outputs QI (pin 14) and Q2
(pin 15) are given by an eonner ful-
Jower capable of handling a masimum
25C mA.

They ate ailovawd 1o hail-waves of tie
same polarity.

Q1 delivers polses anly i the regative
Ladb-waves andd €2 the ponitive one of
S syac vologe

Pulse duration i sbout 4 = 30 us
(short pulse withiour connection o pin
12). leis frecly eatendible hy external
;\,)J...lur CI12 or C, b Tatle 1 for
pulse extensien ‘I.u.s)



1 . .
i~ 1 [ . | {
I R R R :
p ! [) )
[ 1 ' .
0 : \‘,\/A\ $,rc vollage U, =L, srpud.Pnd)
’ ) A HER .
P b ;
[ . [}
P4 oA :
: / ! H Un Ramgp voliage Ui {t:gqer point, Pin 10)
0+ . L < Conurol voitage Uy firput, #4011}
- . . E Y . .
l | ' : ﬂ Output voitage Vs  loutput 02, Pin 15} l
—igl— 1] Pl .
’ ' .“ : ’J‘:I— f - Output scily;é U fowput Q1, Pn WL .'-.ho  pulse
— C = - 30ps
l l o U 5 Output voltsge U {output 02, P 2) r ¥
. R i . .
: s 1 . Output vollage U {output O1, Pnd) .
' L .
' B ] : A R
l Output vollage- Uss {output Q2, P 15) Long pulse
. c 160*¢
. : ) : Output vohiage Ui (ouipat Q1. P 1) | Poi2and
' ‘ . .
— )
r—] l g .I ¥ J-‘ Output voilage Uy, {cutpo1 G2, Pin 2) Long puise ”
Y & . * _ 160"«
i 4 I i Outpnit vollasze U, foupui 01, P d) Pa1danl
f_l l | . ,l l Outgul voliaye U, '~ % fourput QU, Pin 31 .
. ' i e ¢
B i { © Oulput voilage U {1+ 02 = 0L Pal) .
i b ! 1 oo
. o v [ L ¢ !
. -—nu ~— = 4 b= frsplpy . [‘ .
B0 . 360° / Svesahirg frequurty - \,\, ..
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“l)ms———ﬂ)t'hs" SOH‘ n.., I.. @ e s e ..; -
=} G S| T 00K o 4
— lms === 1ms -~ 500 Hz

lig. 2 TCA 785 wavelormn
’

othe i ges daprot i pan 12 05 shorc
circnited ta ground, pulse widths of
/= 183-a (long pulbswe) result .
Auxiliary autpus Q1 (pin 4) and Q2
(pin 2) are open collectors capable of
handling 13 mA atmavimum,

A signal can onfy be switchied at cither
autput when cullectorresistors R4 and
K2 (= 15 h2) wie externally conagcted
berween cutput and positive pole. The
sianal dolivered corresponds 16 the in2,

. : 3
verted signal of Q1 and Q2 ulse

\

.

Jaration towands | padtne
pode) i about 5= 30 ps. >

il trigger poant 2t pin 13 s connecwed to
pround, pube widths (output 1o posi-

Goe pole) of (1807 (long pulse switch-

PRI

ing) oo here as well Both auailiary

'\ outputs QU (pin 3), QZ (pin 7) are

1
}

. (Thyeisiod

; e

Pu've ol Pin W, 18

Ul.':,f'u'-&}‘"’ ') > !,

v ."—-—)

e i
=,

a°

:

Dy

Fig.3 Sawtooth flyback time. The sawtvath

1yhach Gine depends abo on the value of the
ramp sositor RY which, togethier with the
samp capacitor €230 darermine: theramp

voltage. Thus with large ranp voltages, Nyback
i ats alwaya dong bddause morcinar gy foas

1o be discharged

Figed  Lushage valtage at capacitor Cio
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Fig.5 Inwernal circuit of sthe TCA 785 output stage

.

procided 2s open collecions 3ad serve
for particular apphcations (e g. control
of external fogic). '
To obtain a signal collector resistars R3
"and R7 are necessary, as above, be-
e een ourput and positive pole. The
*yignal of oatput QU is similar 1o that
g;\‘)l' Q1 but with.a widih g = 180° =
“Nustant. The signal at outpur Q2
So\rresponds w the NOR-link of QI
Qn e Q1 QL

he following application auxiliary

aty e neglecteds o enhance

ity here it is 4 good uder
wecr output QZ (pin 7) 1w

¢bir (pin 6) can suppress pul-
neously at Al ourputs (QF,
N2, QU). Tripger puint a:

" positive cnrrent pulse between

pin 6 has to be connected 1o ground by
a switch, a rely contact or a npn-
transistor.

Fig. 5 shows the intern il circuit of the
TCA 285 1C output stages.

Thyristor trigger module .

Countrol of thyristors in line-commu-
ted  or non-commutating - current
cC verters roquires particular trigper
modules. A thyrisior is teipgered by 3
: nate and

cathode, i vontrol pubse RIS

tained wati! reaching the laching cur-
ent. '

The
ing the s
are de and cathode w below e hold-

by reduc-

thyistor is switch- | ofi

{‘2‘.‘ s ATt “d'v'v'li‘ll.;'. Loiween

ing current.

4

theeh =
Y6 L—ﬂﬂ-w ;”ﬂ-sm

Fig. 6 Pube wavefonms for thyristor
trigpering.

Short pube f= 3010 120 ps, for resistive loads
in abe rated curreat range. .
Long pulse J = 100 jvto | ms, foraslightly
inductive loads orsmall resistive loads and
pastial load range. .
Continuous pulsc f = 189° —u, for highly
inductive loads, no trigger pube tradsformer
with Larpe voltage-time range is rpquired.
Pube train with 3 10 7 hHz clock frequency, to
allow operativa with small wigiee pube
sramfornicr, i v small voltage time range

(mVs).

Double pu'se
Ita contnuui doty
- |

- Combined pubse for high rates of trigyer

currents JiJdt m 110 3 A/ps to trigger serics
connevted thyristors.

Double pubse to control fully controlled threee

.~ phase bridger

Depending on foad and circuit design
various pubes of different durations
are applicd 10 trigger the thyrisior.
These pulses are shown and annotated
in Fig. 6.

Al trigner pubses, except the chain
pulse, ¢an be penerated by the
FCA 785. A CMOS device is required

for the chain pulse.

Dircetly controlling low power
thyristor with fine voltage

Fig. 7 shows 3 phase control wing the
TCA 785 for direcily controlling a_
11 C1040 low-power thyristor. Phase
auipgle s adjusiable beaween 0 amd 1307
and power at the laad between 0 aud
450 W. ’
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IC supply volage (pin 16) is drawn

g . + 0 12 .
L From the line divectly via series resistor

k1, rectified by diode D1 and regu-
Lated 10 i5 V by Z-diode D4,
Elcctrolytic capacitor Cl smooths the
Je voliages produced by half-wave rec-
uficauon. 7 4
A the caseof ling supply the circuit has
"to be adapted 1o the specified .maxi-
muni value of puwer consumption
(without load) of 10 mA and the mini-
mum supply voluaze U, of 8V (must
not fall below). | .

The synchronization input (pin 5) is
connected 1o phase R viaa series resis-
tor of 220 k€2 and to ground potential
viz two back-to-back diodes (D2, D3).
“The diodes limit the voltage at the syne
inpui t about = 0.6 V.

The ramp gendrator frequency,is deter-
mined by the zero adapier, e, at cach
et crussing of the line frequancy the
sawtouth volage 1 re-started. Ramp
“capacitor (Cy = 47 nF) and ramp resis-
tor (Rx = 1C0KQ) adjust the rawe of
off-state voluage.

In the present circuit the sawtooth
aaplitude WAL

Control voliage Ui 15 adjustable be-

tween 0 and 7V by potentiometer P [

U,, must ot exceed the puak ramp
voltage Uz (bee data book).

Thus the angle of current flow ac the
load van be chusen between O an 150",
In the hall-wave control desaribed,
anly ouiput ()2 (pin 15) has w be
\'ulllh'\'!s‘-'
pusitive tHgaer pulse is routed 10 the
pate at 2000 intervals during the posi-
tive balf-wave, Ougpur Q1 (pin 14)
senerating 3 pusitive trgeeT pubw Jur-
g the negative [ralf-wave  Temaing
unsed. The_output palbs vadtiy de-
pcn-.!s (11} C.ll).l:‘;lul C; RE) ;;Im\vn ;u
Tabile 1. Pulse widihis of the TCA 735
{pulse w rlth capacizor € s LI psied
wypwal, The thyristor i the garee
Jhown in Fige 7 i angaen J by apulse
wath KL agaer

ot 205 s st

current. o
’

Cog AN 4 g

Switching vn aniboff with inhibt signal
Positive trigper pubes tur thie shyristet
ate generated dunng the Line posiine
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.aibit input {pin 6).‘is,.abovc +4 V..

Fhus 2 12-K€Y cesistor-is connected 1o
the operatng volage (pin 16). If the
_ voluge at the inhibit input falls below
+2.5 V output pulses are blocked.
Open circuit at pin 6 1o ground or Mp,
[m.'.il My wade by aawieh § or g logic
circuit, switches uH the load independ-
ently of the Signal states of the
TCA 785, J
These inhibic levels 1o disable (U
~<+25V) or cnable outputs (U
>+4V) need \pum.\l attention when
genvrating thynstor pulses. They re-
guire a l{rge amount of power.
Because of the loss in series resistor R1
most power supplies are insulficient,
which may switwch off the 1C and thus
cause interference in the circuiry.,

Dircct triggering of high-power
thyristors at constant supply voltage
The TCA 785 integrated phase control
with 230 mA output current is capable
ol directly controlling high-rower thy-
ristars over  the
FARZC UP 10 2 Minimum trigger current
of 250 mA.

A local power supply with wransformer

entire  tamperature

cand reaifier is required here, Depower =

Table 1

at the load is comrollui by potenti-
ometer PLL

'—"‘

Voltagc isolating control circuit for
thyristors

Lnu'-t.ulml\ut.ucd culient cunveiters
moMtly have several thyristors in a
single or three-phase current arrange-
ment, oo
At the interface berween wrigger and
main current circuits of a current con-

verier voliage isolation becomes a ma-,

jor problem. :

Pulse transformers allow short, Jong,
combincd ur double puays 10 be con-
veniently fed 1o the shyristor gate.
Fig. 8 shows a phase control with tran-
sistor and trigger pulse amplifier and

transformer. Trigper pul;u are fed 10

the BStF35 :hynstor Vil atrigger trans-
former.

Thus the caure comrol cireuit is elec-
wrically isolated from the line. Trigger
pulsa.\ generated in the IC are amplificd
in the sub>cqucnt power stage by a
BSS 97 SIPMOS driver transistor. The
TCA 735 produc;s an oufput current
pulse uf mr\ on pm 15 at murmh of
20 ms.

Output pulse wilih depending un capacitors C, or C12.

Capacitanee Cluppulse € 15CpF  220pF I pF 68IpF 1200 pF
RIVTS Ay e
lu_',.,u pubse w il RISTH 93 s 137 ps 205 s 422 ps 620 pis

A control current of 1 A is fed 1o the
primary winJin;, ol the trigger trans-
former via the trigger pulse ampllfn.r
stage (transistor T).

The thyristor gatwe obtains a trigger
currgnt of 'A with a pulse width of
450 s wnd 4 gare cathode voliage of
2V from the sccondary winding of
pulse sransformer IT (ratio @i = 1 l)
Though large thyristors have a mini-

mum trigger current Joy of 250 mA
from value F (Jrav >25 A) according

to the data book (at worst conditions,
c.c. at .lowest temperatures) a gate
current of 1 A is délivered from the

cantrol unit to give fast and low-loss ..

thyristor switch-on, When switching
off the pulse it is necessary o ensure
that the trigger pulse transformer’s
voltage is discharged without produ-
cing peaks which may be harmful to
the driver transistors. To obviate this
risk, a diode in the control circuit is
connected in parallel to the transforer
winding n,. i

If, for example, tl's current: flow at
+15V through the transformer and
driver transistor is cut off to 0 V by the

transistor, the voltage rises at the tran-
“aistor's drain. At this instant current

flows through the diode and thus pow-
er is discharged. o
The control unit is opcraud at a con-
stant supply voltage, e.g. +15V from
conventional  low-frequency  power
supplics..
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Parc 2: Rectilier converter circuit designs ... S

-

*

1_\1’1 line-commutated ‘rectifier converter circuits are supplied
frém an ac ‘source to utilize normal commutation of the ac
electricity supply system. Multi-pole. (three and six) circuits are
only operated from a three-phase supply. Compared to two-pole
ac civeuits they are characterized by higher frequencies and lower
amplitudes of ac ripple on the dc side and lower amplitude
harmonics on the ac side as well as lower power pulsation.
These are the reasons for preferring three- or six-pulse circuits to
convert high powers (from 10 kW) wheréver a threc-phase
" electricity supply can be used. But che technique does require a
Lirser number of power semiconductors and control device..

Fully controlled B2C
accurrent bpidge

Fig. 9 shows a control unit using the —

TCA 785 integrared circuit in a line-
conumutated rcclit'_icr converter ¢me-
ployed hiere ina fully controlled bridge
rectificr. '

The control unit has to deliver control
pufcs of sufficientamplitude (/g = 17)

and appropriate phase angle (1o 182 BE

to drive the thyristor and has to ensure
a relizhle working of the vectifier con-
verter under all operating conditions.

A Tully controlled single-phase Lridyge
ciceuit, requires four line-synchronous
control pulses perac eyele. Phase posi-

tion and phase angle are determined by

potentiometer P1. Current, voltage

. -
.\l\kl l\;)\VL'r in (lll.' rectihier converter are

ccontrolled by the pube displacemenis.

The power it vomsists ol a bridge

rectibier with four silicop-contralied

coctitiers, ioo, thyeistors Thi, Th2, Th
-

Cipl.-ing. (FH) Werner Schoit, Siemens AG,
Burcich Bouclen.ente, Amwvendungstechnik,

P Y

and Th4. The comn.;l unit is formed by
a TCA 785 and trigger pulse amplilicr

driver  wansistors in T0-202 plastic
packages. The wransisiors boost the 1C
output currentat pin 150r 1410 1.2 A,
feeding the primary windings », of
trigger transformers IT1 and IT2. .o
The circuit here requires trigger transs

_ formers with two secondary windings.

10 allow two thyristors o be parall-
cled. During the positive ac half-waves
thyristors Th and Th3 are triggered
simultancouwsly  via  the  secondary
windings ny and ny of trigger transfor-
mer ITL. Thyristors Th2 and Th are
triggered simultaneously via IT2 du-

stages wsing two 1SS 97 SIPMOSY

festifizr Converter Ysing Thysistorsanel  ©
e TEA 783 Integraied Ph |

-

ring the nege ive hali-waves: The con- .

srol unit supplies a trigger current of
¢ A w shyristors Thi and Thi.

"The rrigper pulse width is 629 ps. 13-V

de voliage b fod ahe 16

Control unit for the BéHK
half-controlled three-phase
current bridge

The cirzuit diagram in Fig. 102 shows 1

Walbicn rroled  tlirce-phase  current

ase Confrol

brdge (B6HK) with the thyristors on
the positive side and a common cath-
ode. In cach arm of che half-controlled
bridze an uncontrolled rectifier and a
thyristor are connected in serics. For
each R, $ and T phase a thyristor drive
unit is used to generate periodically
line synchronous control pulses. These

‘pulses trigger the thyristors at an in-

o

stant determined by the control unit.
The wigger point can be shifted in a
synchionous manner Tor all three pha-
ses by porentiometer P'L '

The phase angle « is measured in
electrival degrees %l One period of

360 *cl u otarts with-the actual trigger

point of the thyristor, This s the
instant when, in a diode circuit, the
subsequens rectifier assumes current
conuol, in other words, at the zero-
crossing point of che positive voltage:
half-waves. A control pulse ar this
point provides the highest possible de
voltage at the rectifier converter out-
put. This is called ~full rectifier con-
trol and the appropriate phase angle &
is 0%l

The veltage curve of a resistive load in
non-intermitteat aperation is shown in
Fig. 12b and in intermittent operation
in Fig.1Cc.

The thyristor trigger pubse is a lung
pulse with a duration of 620 ps. The
pulse widih can be extended by in-
creasing capaciance Ci. The trigger,
pulse at the thyristof gate has to ensuce
that the load circuit provides sufficient
anode current (latching current? 10 al-
tow the thyristor to be fully operated at
the end uf the pulsc.
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Applications of the DoHK circuit
DC relding

One in:pocant application of half-con-
trolled three-phase brdyges is in de
wolding devices with special regard 1o
MIG/MAG welling. This is an inert-
aas shielded are welding technique
using 4 welding wire and a constait
voluage source,

Today's power electranies allows the

welding Canicai v aaiiately van-
able by phase contred dircady via the
thyristor., Tlms llu: power-stage swit-
ches for e 36 adisusble positons

and the :xp;n.\punu trunlormer tap-

parg e secoidarny wandings are un-

Hedessary.

he clecteonic concrol

The po-

Furthermare,
it vrellable.

teniiciacter for adpating the welding

oremedl b ¢

crnvent and pegetaag the wire can be
watadted i ine weelder's mask, MIGY
St weldie vty orwcen 52 andd
G N v, e 'h.l‘llm' de ;'uil.l.;c
beng adjusable Between 22 and 46 V

Ldike seraw-type thyristors,

er nersase can be obained

-sngmh-
DRI SN LA
with disk type dheristons in tlacpack
Josigns with heat sinks o badh sides.

Siemens offers low-blocking thyristors
of the 61-scries (BSt Hel, BSc Lét,
BSt N61) capable of handling voltages
up 1o 620 V for use in welding; device

- control~ Furthermore; thy rutor-dnod;
systems for hall-controlled three-phase

é
bridge circuits are included in the pro-
duct range. Table 2 gives a selection of
standard sct-ups.

“These di-thy-block uo]umns are avail-
able for a current range of 245t0 875 A

of o & o

Fiy. 10 Circun dizgrzmefz hsl
curve ol reristive fnad with
b nun-intermittent operation

¢ intermittent operativn

U coinisatind Uhivepliane current bridye circuit (a) and vols .p




for’ welding devices’ and come with
additional TSE circuitry on request.

' Opc'r.arion of Fig. 11 circuit

The half-controlled three-phase cur-
rent bridge circuit comprises three thy-
ristors dnd three diodus. Hence a three-
nulse drive unit consisting of threc
single-pulse control units is necessary.
One thyristor is allocated 10 cach con-
trol unit. The drive unit is set up with

% hree TCA 785 1Cs in cach of the

control unigs, ",

Morcover, a 15-V d¢ current is requi-
red 10 operatc the “drive unit with
16-mA power consumption.

The current drawn by the connected
“trigger pulse transformers has 1o be
considered separ itely. Pulse outputs of
the drive « . are capible of handling
up to 1A, Pulse width s 620 ps.
Pusitive supply voltage is fed to pin”
*4 and negative supply voltage to pin |
10 operate the TCA 785, )
Syncstage l

The sync gate (pin 3) of the first
control unit is connected to phase R via
5 229-h42 series resistor and 1o grotind ~
via two back-1o-back diodes. The lauer
limit the voltage at the sync input 10
appreximawly CoV. :
Pin 5 of the sccond TCA 785 is con-
nccted 10 phase S viaa 220-hQ 1o ior
and, Bbewise, pin 5 of - the third
TCA 735 o phase T ;

As the diagram Fig. 11 shows 2 half-
controlled  threc-phase bridge “with
load-dependent synfhror\izaliun, the
syne voltage is drawn from the sccond-
ary side of the veelling transtormer.
Sawooth peneration
The frequendy of the sawtooth gener-
ator s determined Ly the zero voltage
detecior, does the sawtooth volage is
sarted at vach zeeo crassing ol linc
trequency. The risz of the sawtooth is
given by the ramp capacitor (Cr =
47 aF) and the ramp resistor (Rx
=100 :53). . ’
The sawiooth amplinde in the circuit
here is 8 V. : .

. The more pcnilivc the Uw

Table 2 Di-TI{y block assemblics in low-voltage connection for MlClM:\b wddc g devices

Block evpe Circuit HéH-circuic
] ) coaliguration " current at 8¢ Carrent at F+*
B8t JHOI/IR2S KK3-hDD.... | bt |0l | 13 A HA
St 3H61/3K28 KK)4-hDB... | DHIBEY . 1A 5 A
DSt 3H6IARIS KKI2-hDB... 1o+ 18t A 38A
B30 JL6IAKIS KKI4-hDH... | -pH8t 1 175A HIA 7
BS: 3L61/3K23 KK32-hDB.... [H1 1t 250 A 6T A
BSt 3N61/3L25 KKI+-hDB... [ ptlot+1 “205A - §13A
DSt IN6I/L2E KK32-hDB.... 1ol il 300 A S A
*§ = patural air couling 3t G = 145°*C

e fow fureed i cooling at Juma

- 35Candu,, =I5V

Coniparison stage

The control voltage Us, is adjustable
berween 0 and 8 V by potentiometer
D). If the positive going sawtooth
voltage reaches the control volrage val-
ues at pin 11 2 trigger pulse is ¢nabled

at 1C output pin 15. -
value, the

longer the sawtooth voltage. takes to
ceach the point ag which the thyristor is
triguered. Thus the pulse can be shifted
in ume by Us and the conduction
angle is adjustable at the load.

Powrer stage

The iollow-up power stages using

BSS 97 SIPMOS transistors leadew a__Thyristo

ower gain of the trigger pulses gencr-
2ced in the TCA 785, Output current
pulses are taken from pin 15 of the’
dhree integrated viceuits at 20-ms inter-
vals.

It is therefore necessary @ adjust the
phase angle « = 0 °| at the Pl poten-
tiometer stop to avoid the earliest pos-
sible pulse coming belore the actual

. trigger point.

-~

Pulse accuracy
Pulse accuracy is the asymmmetrical de-
viation of one pulse interval from the
other at a fixed value of Us. The
optimum _distance for a threc-pulse
drive unit is 120 %l To allow exact

~adjustment at this poict 3 trimming
potentiometer Rg is inscrted in each
phase. -

controlled three-phase bridge
circuit
The power unit of a B6C flly control

fed three-phaso bridge dreuit consist

A control curreng of 1.2 A1 fed to the of a rectificr bridge with six silicon

primary winding of the wrigger pulse
cranslormer via the trigger pulse amphi-
fier stage. The thyristor gate receives a
trigger current of 1 A from the secon-
dary winding of the pulse transformer
IT (rransformer fatio s i = 1:1) fora
period of 620 jis at 2-V pate cathode

voltage.

Conrol range

Sy nchronization of the threg thyrivor
control units is provided by a three-
phase star voltage and allows the pulse
o be shified by more than 130 e,
cheoretically. As the acwual  frigger
po ar (full conwrol) of a three-phase
current circuwit is 30° afics the star
voltage's zero crossing, 150 °cl fEmain
1o be used as maximum control range.

i ¢ »ix thyristor
intervals ¢
is [ed fror

controlled rectifiers,
which are triggered 3
00 °cl. Three-phase currest
the linc'via a rectifier converter tran:
former.

_While the transformer’s
ing can be cither in delaz
aection, the secondary vinding has

crimary win
Or $1aF CV!

be star-connested beszeoe the st
puint is the relerence paint for ¢
7o cach pha
unic

cecironic contiol unit,
(K, §, ) 3 thy ristor Lave
assigned which pepraitih ly produ
,'l:.cs._

s

line-synchronons comiis ¢
These pulses tnigger the thyristor
instants prese: oy the &-ve unit. T
trigper puint is adjustebic for all pha
by means of 3 POLLIIMETET. ]
e-odulation depth ress’tng front |
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pulse shifting i decisive for the cur-
rent, voluge and power values of the
rectifier
Non-intermitiens operation  requires
partivilar atention in view of control
,“devices. In intermitient  operation,
however, it has g0 be made sure thas
cach eleceric valve will conduct the
current twice within one interval,
Otherwise, moduhnon is only possi-
" ble up 1o 60 ° anid thed interrupted.

CONveries,

Dnvc units .

A six-pulse drive unit with six single-

Pubse control-unizs is rcqu:rcd for a
three-phase bridge circuit with six thy-
ristors. To cach control univa thyristor

is allocated which has to deliver the .

trigger pulse at the right time in the
appropriate contri-l range.

The thyristoi, aself can be triggered
very rapidly (in about 10 ps) with a
“positive anode voltage, but the circuir
cequires a much grearer pulse dusanion,
As_ experience has shown, the pulse
duration in a (hrcc-phnsc bridgc gircuit
must be 3530 ps to pcrmu a stable
operation in the intermigtent current
range.

. To provide current {low-when starting -
1)

operating and switching on the rectifier
converter two thyristors have 1o be

trippered simultancously.  This s

achieved with a pulse widih exceeding °

N

60°l, ¢.g. a long pulse of 39 ms &
el with averlapping trigger pulses.
" The rigger curiene 10 drivé the first
thyristor is still flowing when the see-
ond thyristor is triggered. The thyris-
tor gate pulse for the second thyristor
has 10 be maintained until the third one
triggess, cie. up 1o the sixth one and
then the s scquence is repeated.
The 2bove mentioned leng -pulss colu-
tan s not ofien cmpmygd as produc-
& a pulse of 3.9 ms requires a very
expensive,  large-size triggc trans-
former with a voliage-time range of
A trigger cransfonner v as-

=5 mVs,
sigacd to cach (lnynslor. 1.€. SIX trans-
furmers are used in a fu“y controlied
thirce-phase bridge circuit. Two thyris-
tors are controllable at a time in the
forward direction when using double

pulses at 60 %l intervals with a mini-

Thytistor °
cutient

'l

1

Pyise conurol cuent

‘2

{ e—0°

Fig. 12 Wavcforms of star voltage and douhle
pube control currents with time for six shyris-
tors in 3 fully controlled three-phase current
bridge ciccuic :

mum duration of 500 ps (Fig. 12). Each
thyristor receives an auxiliary pulse
69 °cl after the main pulse. The first
can be derived from the pulse arriving.
60°%!-  la.cr; Double pulses  of -
2 X 0.5 ms, or say 2 X 9°l, ar¢ used
to control the B6C circuit.

Duc 10 the reduced pulic of 0.5 ms
relative to the Jong pulse of 3.9 ms the
voltage-sime range of the six trigper
pulse sransformers 15 1 mVs cach and
thus allows a considerably less eapen-
sive solution.

A six-pulse control circuit with double
pulses for fully controlled three-phase
bridge circuits is described now with
the sccond pulse beirg drown from 2
trigger pulse transformer with two see-
RES. ’

sidary windis

Operation of Fig. 13 circuit

The drive unicis constructed it three
TCA 735 dategrated circints i cad
control unit. A 13-V de cinrent sapply
is necessary to operate the drivi usiz,

Syncstage

“The sync gate (pin 5) of ke firss Jdeive

uait is connected 1o plisse Toovin a
220-1£2 resistor (secondary volrage of

-

the rectilicr converter transformer) and -

to ground putential via two back-m-
back diodes.

Pin 5 of the, sccond TCA 785 'is con-
nected via a resistor to phasq S and
pin 5 of the third TCA 785 likewise 10
phase L. .. 3

o , ;

Sa'wmolb generation

‘A sawiooth amplitude of 8 V is deter-

mined by the ramp capacitor (Cy
47nF) and the ramp resistor (Ry .

=100 k().

Comparison stage

The control voltage Ug, = 0.8 108V is
adjustable by potentiometer PI.

Poucr:mge
Power stages usm}, BSS 97. QIP\IOS
transistors allow a power gain of the
trigger pulses bcncrarcd in the ICs. An
output current pulse is taken from pins

15 and 14 of cach of the theee TCA 785

at 20-ms intervals. i

Control range

The three thyristor control units are
synchronized by the sccondary voltage

of thérécrificr tonverter transformer, a
theoretical pulse shift of more than

"180 °cl being possible.

As the actual trigger point (full control)
of aB6C circuit lics about 30 ® after the
star voltage zero crossing, a maximum
range of 120 %l revnains 1o gorrol a
resistive foad. “he oppuosite applivs 1o
inductive loads: Beeween 0 and 90 %l
rectifier  converter  operation  takes
place and from 90 °cl ac coniroller op-
cration. Thus it is necessary ' adjust
the phase angle « = 0 ¢l at the s10p of
potentiometer P to avoid the carliest
pu»iblc pulsc 10 being chosen betore
the acwal trigger point.

Interconnccting drive unitand

powcr stage

Fig.13 shows the fully controlled
three-phase bridge with rectificr con-
verser  trarsformer,  lead-dependent
synchronization and six-pulse Jrive
uaic with double pulses via lri;,bu'
puise transformer with two secondary

Bandings.
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“Three control units drive six thyristors. ~ Supply of de machine drives ot - -
As shown in Figs. 12 and 13, together gy (he broad field of speed-controlled

with the trigger pulse for thyristor ThI™ Yrives de motors are prelerred. This is®
"circuit with 2 X 380 V supply voli

(output '3_G and 15K of the-upper  pecause ‘the speed can be controlled

trigger device), thyristor Thé is driven simply by changing the armature volt-

.. via the secondary winding of trigger  aucor the exciting current.

. Pl_‘ls" .xran.sff)rmcr IT2 of the upper ™ For a motor power of 10kW (5 kW)

TAngyer device  (output 15G* and " ynly chree-phase rectifier converters
15 K*). Then Th2 receives a gate trigger  are pcfmixfcd;,_ i.e. fully controlled
pulse (‘“‘“P"t 14 G and 14 K) from ‘.}.‘.‘.'.t"'xhrcc-phasc bridge circuits, as Jaid
IU“"'_" tripyer ‘j‘-"”“".‘“"' the ‘-‘"‘,‘-‘.‘_i“‘t'____down in the regulatons of local*power
thyristor Thi obuains -the auxiliary  gypply wtilities. Field current is sup-

pulse from the same trigger unit (out-
put 14 G* and 14 K').- This gategpulse
sequence is sent 1o thyristor Theé.,

Dircct linc operation |

The transiormer of a fully controlled
three-phase bridze circuit can be com-,
pletely eliminated with a suitable ratio

of de and line voluage. Thus, for ex--

ample, a no-load ac voliage of 310V
results for a B6C circuis directly oper-
ated with 380-V supply Valtage (con-
nected).
Considering voltage drops and control
requirements motors can be fed with
440V rated dc voliage via controlled
B6C circuits. Nontheless, a three-
phase sync transformer is required to
“synchronize the thyristor trigger e

de-

vICes.

Applications of fully controlled B6C ...

three-phase bridge circuit N

Main applications are dc current ma-
chines, supply of dc current networks
and sroduction plants in the chemical
industry. The highest de current power
rates are accessary in the basic indu-

«tries for clectrolysis and similar pro-’
.

cusses,

‘The number of elecirolysis facilities for
producing chloring, aluminivm and
copper is particularly on the increase,
furdhenmore, sectifier converters “are
wsed in electro-chemistry to charge ard
{orm accumulators. A rather new app-
lication lor 'lhrcc-p!l.\sc bridue circaits
is in vlectrophorais laguening plints
cequiring de velages of 200 1o 600 V
(depending on the layer thickness) and
Jde currents of 3000 1o 5000 A.

Tive sange of application of BLC cir-
cuity will now be deseribed in more

Jderasl,

The

plied to ¢he dc motor via an uncon-
trolled rectifier. Depending on the dri-
ve’ mode, motors have to operate in
one, two or four quadrants:

« conc-quadrant drive: one dircction of
rotation, torque only in rotating direc-
uon (drive),

o two-quadrant drive: one direction of
rotation, torque in sotating direction
(drive) and againse (brake),

e four-quadrant drivec two directions
of rotation, torque in both directions
(drive) and against (brake).

A fully controlled bridge circuit allows

onc-quadrant drive. Driving and brak-

+ 2 % 160 A and sepetitive peak rev:

volages berween 600 and 1660 V,
In Table 3 dc currene values in a §

as a function of the thermal resista
of - the -heat sinks :are given

MTT40..., MTTS0..., MTTé!
fully controlled .thynistor modules

. pressure contact technique. Three s

dules are necessary for a fully conu
led three-phase bridge circuit,

AC controller

‘Phase control is provided for ¢

positive and negative half-wave of a1
controller in a_fully controlled al
nating circuit with trigger pulse ¢
trol. With' the same phase angle
both polarities output voltage and ¢
put curent do not contain any
componcms. L

Fic.14a is a block diagram of an
controller. The power unit compr.
the ac Joad Ry and two back-to-b
thyristors Th1 and Th2 which may’
conductive in both directions. Wick
current supply half-waves of one
larity pass through thyristor Thl

half-waves. of the other pola:

ing in both irections require a switch-— through Th2.-—-———m—

ing circuit with conuactor for armature
circuit switch-over after a dead time of

10'ms, or field circuit switch-over after |

1000 ms. The circuits have 10 be swir-
ched over in a momentum- and cur-
rentfree transition period.

Where rapid changes of speed and
direction of rotaton are essenfal, twvo
theee-phase bridge circuits have to op-
crate from opposite directions on the
drive. .
Depending on the required adjustment
specd  circulating-current free, an-
parallel reatifier converter circuits or a
drive of circulating-current carrying

four-wire conncctions can be used.

Both circuits permit four-quadrant
operation, To provide de current mo-
tor deives i all fickds of industry new
compact devices for fully controlled
sectifier converter circuits have been
«lt.'vclupl:d. -

rectifier converter module
THYODUL®Y from Sicmiens is availa-
ble for currents of 2 X 48 A 10

As long as ac current flows, thyrist
Th1 and Th2 alternately have to rec
a pusitive control pulse from the ds
unit at the beginning of every h
wave. This phase is adjustable by
tentiomerer P, Nontheless, cheir
tervals are kept constantly at 1i
independent of the phase angle. X
the phase angle shifted from a = €
to « = 180 °¢l the'ac voltage at the
resistance Ry is adjusted from peak
zero. The phase angle @ correspond:
the period of time by which the rig
point shift lags compared to fully c.
trolled rectifier operation.

When trigger current is switched
the curreat in the conducting thyris
flows until the forward curient !
below: a minimum value, the so-ca

.»holding currents Jyy, and then

thyrisior blocks.

Fig.14b shows voltage and curr
curves of Thl and Th2 and the k
current through a resistive load wit
phase angle of @ = 75 “cl.

v
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R N e . .
e clearly be seen thar, with a re-

Lgsive load, volage and current wave-

> forms are uniform and in phase.
“An ac controller using two thyristors
in W1_connection is preferred whea a
trifc is not suitable.
As a general guide
o a tniac is suitabfle for use av 2 semi-
conductar switch for ac current if the -

= Jine voltage is 220 V and ac load cur- o
“rents below 23 A are being switched,

'9“.‘;\»'0 back-to-back chyristors seeve as
ae current switches if high line voltages

T (2380 V) or high ac load currents
(>25 A) and/or inductive loads are
beinyg switched.
These thyristors used as load switches
also require transient protection C and
R but compared o a triac, critival rates

. of vohage and current rises (e du/
dr g <5 Vipsye. © < neglected during
commutation when switching induc-
tive Ioads. After switching the positive

prine half-wave the thyristor has a re-
overy time of a half period, i.e.
1D ms. Therclore, only switch-on riscs

of current and voliage have to be
consideced in this case. A pair of back-
to-back _thyristors_provides enhanced
safety against mistriggering and bewer

Jynamic propertics of the mac.

Use of ac and three-phase current
controllers

Ac controllers are used where continu-
”~”
: ”en ayp con b oo cane
. SUTNICHT Sites e

ro! of voltages,

ST
I.\D,U
curreits aud power i necessary. They
huve proved Inghly successful for 4
. ety of industrial 1asks, such as

. y

LY
-’

-

/

i)

« welding,

« heating techonjue,

o stape lighting control,

o electroplatiag. :
Dne typival apphication is adjgstmens
and control Wl e seroures in the
chemival anat plastics industries and in

y vire e denwing slants Furthesmore,

¥ hew are suiiabie tor adapration of
coltages to o faad supplicd via atrans
lormer. This serangement has turned

% oot to by the mast ceonomical for use

} high voliage fa-
cities wlere a rectiiiog brich is con-

T heayse o rronmT an
et tovh DA SRR

fecied-nr senizs widh the transfurmier.
n fweavy Turrent plants INCXPUnSIvE, .

a
R .
Ry
Thl ¥ X Th2
0-—-—0-/ -
o >
. @
G .
My . 1J

v . _ .
I /\ |
na Y= Line voltage

N7 \Y
Q== 750 |
|
— 1so°——-—:
|
. |
I H 1 Joasmnt
i |
1IG-11 .
i3 : l
|
N &\ QRS 1 2 d
: ]
I | Igaemnz
iG-12 ! €
! I lu-)..y- s
< [ |
—_ — i
; G- 15° I Joinar 102
NS
|
ha |
{ i |
I ]
| p— lBO"——l
(| |
] | L Cebrnthal
.| ]
i | |
o
[ ]
B

— v te s smmeens

\

low-blocking diodes can also be em~
. ployed. REE
In high voluage facilities the rectifier
bridge may make use of highly block- '
ing diodes 1o avoid serics connection of
thyristors. Relative to currently’ used
power devices, such as variable-ratio,
_regulating and stepped transformers, ac
-controllers offer many advanages, The
- devices are characierized by
. no moving parts (maintenance-free
.and wear-proof), A ‘
o fast, noiseless switching, .
o no arcing when switching on and off,
« wide operating range,
o small size,
o fast adjustment,
e convenicnt remote control.

-

“ Thyristor drive unit for phase
control (W1C circuir)

Fig. 15 is the block diagram of an ac
controller with power unit consisting
of ac load Ry and back-to-back thyris-
tors Thi and Th2: To drive botl
thyristors the two-pulse dave unit
shown in Fig. 15 is used. This device
co.uprises the TCA 785 thyristor con-
trol, two SIPMOS amplifier stages and
two trigger pulse wansformers.”
The Thi and Th2 gates have a current
Tevel of 1A and a pulse duration of
" 620 ps. The operation of this device is
described above. The circuit here com-
priscs two MTT40 AOSN compaci-
type thyricioes. The thyrisior module
THYODUL is capable of handling an
ac load of 153kW at 220-V supply
vohage. Sicniens thyristor modules are
Svailable in the current range fre o
2 X 4BA, 2 X G5A, 2 X 75A w
2 X 160 A,

The module comprses two thyristors
fuily boiaed on hea sinks in one
package, A voliageisolated aluminum
bar provides thormal shiclding and
guarantves a durable 1nd troublefree
screw assembly, In mancy cases the use
of mudules is pref bl w discrete.
devZes, Space-saving srrengements are
possible as several powea semiconduc-

tors can be meunted oato the same

Fig. 14 Circuit diagram ol an ac contsoller ()

and (8} wavefornn of ling voliage Uppaes $6IREST
cutrens Iy and thy rastor cuersonty lag L and
Joad current I with time

heat sink. Sicineas modules are distin-
guished by Figh al ernating  load
streageh. This is due 1o the proven
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Fig.t

5 Circuit diagramof 2 fully cuntrolls

dace

antroller (W1C) with two-pubsc drive unit

- -

Asnsembly gy pe

Constant 3¢ current L3 av e
asturzl artooling Jew = $5°C

Theemal reaivtance of
the heat sinks Ruca

noble metal pressuce contacting tech
nique applizd 10 .the cntire range ©

IXNMTI4SARN %A PRER GO large Sicmens thyristors. i’
) : :3‘; g-zg }h\j/\xﬁ The followiag advantages recomment
S B 00 : et 3 LSl 2 R the use of THYODUL: e
-3 . - ' o | i e,
3% NTT30A 12N 1374 0.07 K/W o good Pevalues,
1C6A 0.15 K/W o capable ol haudling high volaages:
77A 00 K/W o high alernaring load streagth. e -
S0A 0.69 KIW ’y " SR -
Table 4 gives rms ac current limit va
s - TN -
> M 6 AN :;s,:: g.t.;.h ;‘JXIJ lues of. fully controlled line module ]I
125A 0.15 KAV MTTA0 A..., MTT50A... ~am
KA .30 wW MTTLE AL in 2 W C-circuit {single
k connection ©

Fatebe )

T OBLUL 3semblivs on 3 heat yinh ina Bo

C circuit for 3 X 356V supply voltage

back-to-bac
220-V. ac line voltag
huat vinks’ therma

phase
thyristors) with
as a function of the
resistance,

Asynbly iype Liw Upant " *fhermal Limitcwees it 4y ean Maximean
aan  TODLIRGC O in 3 circuit with cuntrullable ac
. heat sink natural air cuohng  curreat power
. - Koia Dorw = 350 s, =45°C
Az Az N 2nasA IV 05 RIW oA 23 hW ’
) 0.39 K/W UVA 20hW
C..I KW WA AW
e 15 KW ) A LAWY
LR AL N INelAS [SE YN A 15 A 25 kW k
. 039 K/W 162 4 226N . :
. e iuw 75 A 16 kW o o,
MITWs AN - iAWV 0 K Y NN Ao hW N
0.15 /W 1M A 340
€.30 K/W 123A _2_? A

Taide 4 THAYODLUL Zasembl,

i WiC~ircuit for

-

210,

A\ ac binevaliage -
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