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ABSTRACT

This thesis presented an application of tempersture
control, in the project which the single ship microcontroller
spplicated for equipment of the measurement and automatic
temperature controller in the single loop process. By MCS-51
family integrated comed the tempersture process controller in 0-
999 ceicius degree of span with actioned to controled by

Proprotional(P), Integralo(l) and Derivative(D).
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7ﬂﬁ 5.4 Approximate calculation of the derivative from sampled

datsa

LTounuA1RNENNTIT(2) 4 (3) , (4 ae luaunnanc Dagle
Cln-1) = K _.e(n-1)+K X dt{sum+e(n-1)3+K K (eln-1)-e(n-2)}/dt...(5)
Foiuiiagen & = n axld

Cin) = Kne(n)+Kntht{sum+etn:1)+e(n)}+Kan{e(n)—e(n—1)}/dt...(6)
M smrlumafwnie SR, (&) TREAINNLANGD 199 %872 9a3
mMT1919¢ 1 daunn s
C(n)“C(n~1)=Kpfo(n)-o(n—1)}+K"Ktdb(e(n))+K"Kd[9(n)~29(n”l)+e(n-2)}/dh
ﬁa&un7wawuwsnaﬂzﬂannﬁ71ﬁﬁeﬁ

Ciyrim C(n=1) + A.(n) = B.utn-1) ¢ C.aln-2)

Ton A =K + X K dt + K K 7dt
» ) 8 ] a



5-7

B

K + 2K K /dt
n v d

c

K K /dt
2 d
o @ v v o
anaunwiﬂ(7>QzquaﬁL7w1nuﬂaaamn131wag1uzﬂuacwauan A e
v l:‘ﬂ u n‘a’ Py ﬂ [ (1] g » (
%15 uad  Anideaansodiaent it s I Tusunsad sl aTas Tuv 18 209
18 1H099nnTawannauni 13 ude s dvannts lun1saiwonuuy Floating
Point  eddululateoraii TouTusunsudiea i1  Assambly U3 INTENA MCS-51

o »v A nd hd d Lo o
QGHOG?SNQ?S?ﬂNWﬂ%%ﬂW?Qﬂ?ZUHﬂﬁ?lﬂUﬂﬂ%ﬂqu Internal Ram UQ¥NITAN

BINNDITL) 1L T29 LATDIRUIBUDINITVIN Al



FNIAKXNU I



I

WILSAS I LINGHOZOUOIN T*°DIS

o)

V)
Ll
laf

o>
—
\lll|l|||,lml
254
S
8bT bNT z o>
Tq £85I h_ll SPZSIbs
BLTUNT "y T
—H 206 b 5 Pip
rd -
> za N 5
-3a —~ 20 20}z g8 8 pbr 3
o, /.('w.:.. 36 sap= & 28 9 S 13
= —HE HE % o u
o~ ~—<,.
[~ £& £4 = £l va by PE T
Sl =8 8= H npE e
> < <o
by 0% 0arF - 54 18 TY [—wer—<
am>\m.w ’ S =
st ety m— 3
— TTY
e A
Oasa>- 22d 5
¥ 553 20 2 I 22208 )
%mj &34 (£ 50 s9 =1 axa £:7d ]| ————< I8
) £33 724 b S 1] Siw 233 <T3EIE
- 254 “ 24 <o £v g fa3d y'Td g
: - T3d % 20 zy $¥] M- ETd -g— =
Ty] 004 a0 T0 Ty J = m:.m Z°Td -
: 23d e 192 e ] toza E8id ~
4 a1 . iro”
93d 2°Zd Nz
..Um s34 125 ML 5:2d T nz' 8
£3d Ty 25 i a7 e 8 -3 1.NT bEL ‘S
& & ! 1€ S5, & AP
L -3 3 ) : . i nOT
c3d : 00 ppid 0°2d 4
g £3
13534
| 22aa 2a N 2% 24 2°0d &
s34 3q N8+ 50 8qf& 3°0d >3
= SRR i = ot
- F 3
1A - £q £ €4 “ £°0d =
Z9d za Zo zal@®— Z°0d X — —{ |-
g rud Ta ﬁ%ull TS TalE T-04 sF ==
e e ae e A L
it - 1
F2) 3

&0~-0d




LIADHIZ 20C HOler
PR T . .
. - A~ I = =
2Ty 4rT3r0 | ANT3°0
_ FTD == 2:2 L
— 25547 “ ;
e Z1ism  ZATLS 4i|||||L
SHTeNT BPTENT IS Ol a2 e— 2 Tx §
L REAN N H TS TAT10
g * g} 2100 = = =
= T1no = .
7
N S = > nges _
pOSIFPL \ ¥ 4ng-g AS 215~ HT
TS uwu “ wm 2] zoTa: ToIM: t n P0SIPL ety unT 0
' E)
3 T . 13338 - : i
Syl ZHSHL THSHL [ 23 = r p
3 3 =] ESSIG 125140 avIn =
oIt M AQQT 2 -3 4]
8%z 8Td S N3 '
_ H0LE . H09S
To= NN— ~ NN
= 3T = PN
HILUSANCD Iy
#00Z
N
SOTLTIDL ~
S L E s FEY e
—— snigis T 3doW Hrs— £ =9
- %] QUOT/IQNIDSO o5— : = -
] NZgH T 35559 Nvm( oTo
% 250304 ns2i3
: 1 T5X1 gjoH/NNA %
[Eqo > 1 148 aN3s i
[ =3 23 -~ &3
o3 2Pl S8 1no 43y B 2
7OT v ang &= ~ i ==
A S35 z9 13 ! T
293 73 e (o G [ o [ L= Wt
g EX 3 h.
< T, Ln o J . e M o
2} ove  +NIdJ3d[E3 e TTd
L &4 fra +gyd3i3n % 1
—%— zTa —dY233M ;
24 ¥o —NI33y |25 A
IBEE £ 3 04 +A Ilrj .
EA41) .
— T .-
AS A90T
354
\“l
\ A=~
~0at
£Td

b—<zxE1




OT

LIADHID ININIUNSYIR N LUAISHIL

£52471
NCZZ - ...
N —<_ _ =
TSN
vatTn
N00Z AST-
A%
ZEy o
H00S
"\
££d
—FH1
*
AST—
QT
NS TZy
MOOT 6xp
A —
zzy _ ~
¥
SEEWT
AOT
8uA 2
z oog ozt — 3TN
A~ AN~ AA~
6zy £Zyd »Zy STY HOT mu
WT :
A &' D
9z L4
AT xoas
AN AA—LHE 4
- Lz 8zy
NL P
czx

AST

£°0Id4




Hq3IWIL ISy

b o1d
4nT0°0 H — S59WT
92 =
_Ill'lm, T0MLNOD _
u:
SIul il
< QINI— ino Z _ > T
= QTHSYHL [ P
5 13s3d
_ 2HOSIA
ey
29A YT
008
NOS  SHA
N
W oty
25A
A0
cot SNINOTILIANSD TIUNDIS GNY ¥IIAIANOD b/a
Sy AT HS
A £
\/\w"lw =¥A a
" 4nt0°0 A oy P
Td1 dHOD Iy Y
A0 Y 4]
A v ) o
-9 %
T5€47 T __si- 2 5 £e
N am@ M llww‘ 255
T or 34 g
< —<owmsz=Fs 9 L9 O
N 7 1NoI 8Y Fee——goT p=1=1e1
{ =3 z0
otn
NEOT
=2A - . W
\)\K{ FxY)
w He b
ALz st .—— ZaA
Y
§ »
m —
A2
va




LIODMID AYIASIA S°DIXd

SPISIEL
-
o 2
€ds aq
s 2
db 8
vsm g
a1
-d o
NS0T O 5 1 H_‘ SNT u‘
-IU F e '|0
———r— ———r —
IJOH H 135 H 533 w
0 e ¥ —
— —mr ——
ZuMOoT
25A 5b2S1E
1A by
l A Al v_ 5 Z T ) > Py
_ A\ (/A A - i M E
4 » - - ] [ ) .
T N\ TN g === &
o»:«?'* R Il 12 LGl X ¢ -2 —_ A~A—2 L] va v
R4 % W . Y £9 g2
{__| IR\ M 1 Il I_IE=%=3H% &H
N P —_ - ~ s A —_ A Ta 9 b
¥ TS TYOA sa55083d FI801I86A INTIOd 13S 3907 M :




8%
JOMLINGD TUNId ANU DNINOILIANOD TUNSIS 9°91d
N0OT ooz
! 9by
AST
65y
M00Z
£38471 cesin
s 3
s i - AAMHHWWIIIa »00Z T+ voy
CAZ~T i AN
T T 30s
TN 4 300z  Sen
3 seTn { —
w HOOT vueTn
NN : £ty
8y €002
AN
. zvy
Ak
AD AD MOCT ¢ AO
HCZT
S5y
S82U21 mm
| STM M 433NN H
oA Y 2o <131
9+ -nop _-unNI T
1x3°d NASA 2
1 1 = o JO0YNT ZT00UNT
o1 33 2 sa 6a
Z6EENZ Tlmﬂiaa = & - noT
zo BT red
Jnose
> w 215 wl-
HzZ
SEY ¢
)Wﬂ - )Wd
A0 <A2S D]
———— - asTs
AO0S4NTO 0
0zd>
10°0 OTOSDOMW -
3] TZO == ozn N
¥3au3n oss ozz o0s
_ VNN I Va Vel
6oy 8by




~y

| - - Microprocessor Interfaces

‘

FEATURES

;12 bit binary (plus polarity and overrange) dual

. slope Integrating analog-tp-digital converter.
* Byte-organized TTL-compatible three-state outputs

and UART handshake mode for simple paralle} or

- serlal interfacing to microprocessor systems.

RUN/HOLD input and STATUS output can be used
to monitor and control conversion timing.

True differential input and differential reference.
Low nolse — typically 15V p-p.

1pA typical input current,

Operates al up to 30 converslons per s2cond,
On-chip osclllator operates with inexpensive
3.66MHz TV crystal giving 7.5 convers'ons j.-r
second for 60Hz rejection. May also be jperated as
RC osclllator for other clock frequencis,
Fabricated using MAX-CMOS™ techno! gy
combining analog and digital functions on a sir.gle
low power LS| CMOS chip. - .
All inputs tully protected against static discharge;
no special handling precautions necessary.

¢

A/D Converter foi

. (.:
g

&

" I
GENERAL DESCRIPTION ) s
"
The ICL7109 is a high performance, low power integratin§
A/D converter designed to easily interface with micro-
processors. . :

P A

The output data (12 bits, polarity and overrange) may be
directly accessed ‘under control of two byte-enable inputs
and a chip select input for a simple paraile! bus interface. A
UART handshake mode is provided to allow the ICL7109 .0,
work with industry-standard UARTSs in providing serial da'a’
transmission, ideal for remote dala logging upplications. The
RUN/HOLD input and STATUS outputallow monitoring and
control of conversion timing. |

The ICL7109 provides the user with the high accuracy, o
noise, low drift, versatility and economy of the dual-slof ¢
integrating A/D converter. Features like true differenti:
input and reference, drift of less than 1uV/°C, maximum
Input bias current of 10pA, and typical power consumption
of 20mW make the ICL7109 an attractive per-channel

alternative to analog multiplexing for many data acquisition
applications. ,

PIN CONFIGURATION AND TEST CIRCUIT:

(Swe Figure 1 for typical connection to a UART or Microcomputer)

§
3
‘s .o . TOP VIEW . 1’
| : o s R : |
'| ".' lN ] ‘M ‘
! 3 POL P s DIFFERENTIAL
"\ ohben |14 on REF CAP + 37 ;E“#’ REFERENCE j
syE—|Hs012 REF i+ 35 +
ouTPUTS ¢ a1 IN HI3s [ W INPUT HIGH I
' 150 comuon [ ang v — §
= = INT| . 3
Yooy, o Tape— , {1
LOW |.{]11 B8 . BUF 30 . )y
ORDEA | -{112 BS REF OUT 29{) REF IN - .
BYTE 13 B4 N v~ 28 [}—o-sv :
OuUTPUTS 14 83 N SEND 27}~ 1ki} Q=0 REF IN +
15 B2 RUN/HDLD 26 {1 .
: L-{] 16 A1 BUF OSC OUT 25 3 vt
L . 17 1E8T 05 BEL 24 [J— GND 2 vt
. BYTE 18 CBER 5. DSCOUT23 o
: * | CONTROL ~ (] 18 RBEN "' 7 psc N 22 3.5705 MHz
"' INPUTS 20 CEILOAD MOOE 21}~ TV CRYSTAL , . -
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+" | ORDERING INFORMATION - 1~ ¥,

"

Part| .Jemp. Rangs | ot " Package® .| *Order Numbe:

r

14 7109 "] -=20°C to +85°C- | 40-Pin'Ceramic DIP | 1CL71081DL *
“] 7100 | —20°C1o +85°C | 40-Pin CERDIP 1CL71001JL
7109 0°Cto 70°C 40-Pin Plastic DIP [ ICL7109CPL

7108 | ~55°C to +125°G | 40-Pin Ceramic DIP | -ICL7108MDL
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S A D B ‘. -

"wq, - Power Disslpation (Note 3) ">+ ~ . 35 o0 15 . SR : :
(2 Ceramic Package .......... ceerens ceevedig .. W@+85°C . | .
. *. Plastic Package' t.........lieeisie.anly) .. 500mW @ $70°C_ - |
et Opera!ing Temperature fi' i<~ ‘ - S - . A
. Ceramic Package (MOL) “.......... 5 - T85°C S TaA'S +125°

. e Cn R UDUL G L 2
. Plastic Package  (CPD)...........%... L 0°CSTAS+70°C i,
« i Storage Temperature .,.}...0 v ~55°C < Ta S+4125°Cy -
T Léad Temperature (soldering; 60.56C) <.l Tl el +300°C. "7

.

~25°C. S TaA's'+85°

cem el

. "‘COMMENT: Stresses above those listed under "Absolute Maximum Rallngs” may cause permanent damage to the devices. This is a stress
; *;.gatlng only and functional operation of the devices at these or any other conditions above those indicated in the operational sections of the
: specifications is not Implied. Exposure to absolute maximum rating conditlons tor extended periods may alfect duvice reliability.
[Py )

s
?
.

“L TABLE | OPERATING CHARACTERISTICS

¢, All parameters with V* = +5y, y- = -5V, GND = 0V, Ta = 25°C, unless otherwise indicated.
Test circuit as shown on page 1.

ANALOG SECTION

PARAMETER SYMBOL CONDITIONS 1 MIN TYP MAX UNITS

1
i
.| Zero Input Reading VIN=00V -0000s | 00008 | +0000 | Octal 4
, i Full Scale = 409.6mwW Reading :
.| Ratiometric Reading VIN = Vigr 37779 | ar7ve | 40005 | Octal t
Vigr = 204.8mV * 40008 Roading | | H
*, | Non-Linearity (Max deviation Full Scale = 409.6mV to 4,096V 4
' Trom bost stralght lino it Ovur tull aperating tumperature -1 +.2 +1 County !
. range. ;.
Roll-over Errcr (differe 1ce Full Scale = 403.6mV to 4,096V 1
‘in reading for equal pce. and Over full operating temperature -1 +2 +1 Counts ;
neg. inputs rear full scrle) range. ' i . {
- Common Mode Hajecti .n Ratio| CMRR Vem 1V ViN = OV 50 wrV/IV !
] 4 "] Full'Scale = 409.6mV
[ Input Common Mode R; nge VCMR | Input Hi, Input Lo, Common V-+1.5 R V=10 v
Noise (p-p value not €n ViN = 0V : 15 uv
exceeded 95% of time) Full Scale - 409.6mV |
Leakage current at Input ; Lk VIN = 0 All devices 25°C ' 1 10 ~ pA
ICL7109CPL 0°C < TA'S +70°C 20 100 pA i
0 ICL7109IDC -25°C < Ta < +85°C 100 250 pA '
ICL7109MDL ~55°C < Ta < +125°C 2 5 nA
Zero Reading Drift VIN =0V . 0.2 .1 uV/°C _ ]
Scale Factor Temperature VIN = 408.9mV = > 7770g * !
. Coefticient reading \
" Ext. Ref. 0 ppm/°C 1 ) ppm/°C :
‘1 Supply Current V* to r . : Cod
1} GND ' ViN = 0, Crystal Osc. 700 1500 pA 1
! 3.58MHz test circuit ! :
! Supply Current V* to V- "_lsupe | Pins 2-21, 25, 26, 27, 29, open 700 b 1500 uA '
7| Ref Out Voitage |, VREF Relerred to V*, 25k() = ' i
] betwean V* and REF QUT 2.4 2.0 =3,2 ' d
| | Hef Out Temp. Coslticient 25k() betwaen V* and REF OUT 80 ppm/°C j
g V+ ~05
Input Common Mode Range Vem IN HI, IN LO, COMMON V™= 415 v_lg 10 V+-10 v :
Ll e 427 4
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ICL7109
DIGITAL sEcTION

PARAMETER
Output High Voltage

Output Low Voltage
Output Leakage Current

Control 110 Puliup
Current

Contrgl I/ Loam’ng
Input High Voltage

Input Low Voltage

Input Pull-up Current
input Pull-up Current
Input Pull-down Current

Oscillatoy Outpul High
Current Low
Bufieig Oscillalor High
Oulpsa Cutrunt Low

[

N.te 1;
Note 2: p,

MODE Input Pylse Width
o‘*-v"\

IM6403
CMOS uaRT

Figure 14, Typical Conne,

CMOs ap CONVERTER
Figure 18; Typlcal Connection Diagram Paralig) tnlorfac

PuLLLP RESISTO

SYMBOL
Von

VoL

Vin

Vi

FOR Lowgst POwWER CONSUM"TION.
TBAY.TeRe INPUTE SHOuLD HAVE 1004)
RS TO »gv

Clion Diagram UART Interface - T¢ tran

Vour = 2.5V

CONDITIONS
1lour = 100uA
Pins 2-16, 18, 19, 20
loyr = 1.6mA
.| Pins 3-15 high impedance
Pins 18, 19, 29 Vour = v* 3y
MODE input a1 GND S
HBEN Pin 19 LBen Pin 18
Pins 18-21, 26, 27
relerred to GND
Pins 18-21, 26 o7
relerred 1o GND
Ping 26, 27 Vourt = v* ~3v

5
Pins 17, 24 Vour = v*

-3V
Pin 21 Vour » GND 13V

5
Vour = 2.5v

Vour = 2.5v
Vouy = 2.5v

2.5

-N- 2

50

mA
MA

mA
mA

e

ICL7109
CMOS a/p CONYVERTER

Smil latest resull, send an

4

5V —fgo yt .

i
T T pelcaad M e

Rint

Y word to UART

© -~ —GND
EXTEANAL .
REFERENCE .
O+

¥
N

204} 0.2v REF.
2001 2V REF

3.58 MMz
CRYSTAL

Sl et ===GND * . - ]
' YA + GND—fy gnp - "EXTERNAL. . ~
N . .o e = REFERENCE- !
B ~ . A PN L + B .
e an LN . IN Hi as
i A R ' . INLO 34 -=-'---o'=mm(. w
-a4) - st T . ; i . Comyy toe
7 EA el T INT 32
sWR PP AZS)
9 PEEN P13 30 N 26 RUN/ BUF 30 . .
1 ALE P12 29 \ 2 $TATUs REF OUT 29 RNt 20k0) 0.2v Rgp, . . o
25 PROG  pqy o4 \\h——\ 10 (beN V-2 200K1) 2v REF, 4
26 vOD P10 27 \\ . 19 RBER .
W TL . . ! . T
40 vee . . ' 3
12-19f °
DBO-DB? 3.50 My
CRYSTAL
ICL7109




TABLE 2- Pin Assignme,

o.';t and Fun

ction Description

RS

i DESCRIBTION . - .1 7

PIN

$YMBOL -

A

DESCRIPTION -- k

Digital Groung, OV, Ground return tor glt
digital logic™ "2, .-~ .. . £ T

"1 9rato undi data ia lgtcheg, "3 .

_{ Auto-Zera configuration.

Output High during Integrate and deinte~
e

Output Low when analog-'ae&tloﬁ;ls"ln

Polarity - Hl for Positive input,

Overrange - Hi it Overranged." |

S e

MOQODE:: T
IACT AR

Input. Low:~ Difact output mode where
CE/LOAD (Pin 20),- HBEN (PIn 19) and
{Pin 18) act as Inpyts directly
controliing byte outputs, . . ¢ .
-Input Pulsed High » Causes immediate
onlry Into handshake mode and outpyt of
data as In Figure 9. s
Input High - Enables CE/TOAD (Pin 20y,

.| Nota: This input is wised for tesi Rurposes’

Input Low - Forces a|I bit'outputs high, *

only, f .

Low Byta Ensbla - With Mods (Pin 21T aw,
and

- With Modp (Pin 21) high, this pin serves as
a low byte llag output used In handshake
made. $eo Figures 7, 8, 9. -

.| High Byte Enable - With Mode Pin 210 10w,

and CE/LOAD t#in 201 low, laking thia pin

- With Moda (Pin 21) high, this pin serves as

4 high byte flag output used in handshake
mode. Bee Figures 7, 8, 0.

ey

T

'| - With-Mode (Pin 21) high, this pin serves as

Chip Enable Load - With Mode (Pin 21) low,
CE/LOAQ serves as 3 master output enabie.
When high, B1-B12, POL, OR outputs are
disabled.

"1 a load strobe used in handshake mode.

Ses Flgures 7, 8, 9,

(Pin 200 low, taking this pin}- :
low activates low order byta Sutputs B1-B8.| *

. | low activates high order bytq outputs BY-[ -
T BRPOLOR T T

. _‘: < ' . . :
et o 1812 [Most Significanegio” 1 L | e |7 . | FIBER (PIri-19), and CBEN (Pin 16) as out-
TR11 5.0 BRIt e e ] s o 2 o AlL] puts; handshake moda wlll be entered and
T ) A BN g BN TS ST P/ output as in Figures.7 and 8 at con-
> 8101 " L Bit 1? A - L D version complgtion. .- 7. “ ¢
e et I LN ol e *. [0S I | Oscilatorinpat T~ 7+
RS TN § 23 _[GSCOUT | Oscillator Gutpat :
: Qﬁ 87'“:"' i Bit 7 el T 24 |OSCSEL Oscillator Select - Input high configures
ML’ 186 L : OSCIN, 0SC OUT, BUF OSC OUT as RC
(12 85t 7 Bus 4.0 . R S oscillator - clock will be same phase and
5 E OV Y R Bitd Jrot. T 3 .| duty gycle as BUF OSC. OUT:
B3 T Bit 3 u i = Input lpw contigures 080 IN, 08C QUT
Bl v Du g ;_____‘__L__?.:; . A for crystal oscillator - ciock {raquency will
N Y Bit 1 |{Least-Significant Biy N y ) ;] be 1/58 ot frequency at BUF OSC QUT.
. 1’531;: T Finput High - Narmai Opgration, =~ .1  [25. 8UF OSC QUT | Buttered Qaclilator Qutput

26

RUN/H

-
[

Input High - Canversions continuously
performed every 8192 clock puises.
input Low « Conversion in progress com-
pleted, converter will stop in Auto-Zero 7

A counts belora Integrate. .
27" |seno ™ Input - Used In handshake made toindicate
s ability of an external device to accept data.
28 v Anslog Negative Supply - Nomlinally -6V
N St with respect to GND (Pin 1). )
29 |AEF OUT Reference Voltage Output - Nominally 2.8V
duwn Tramn V(14 40y, .
30 BUFFER Bulter Ampilitier Qutput .
31 __JAUTO-ZERO [ Auto-Zoro Node - Inside foil of Caz
32 [INTEGRATOR Integrator Outpuf - Outside foil of Ciny
(33 COMMON Analog Common - System is Auto-Zerood
to COMMON
i [INPUT LG Dittersntlal Input Low Side
[ 35 TINPUT HI Ditferential Input High Side
36 [REFIN+ Differential Reference input Positive
37 |REF CAP + Relerence Capacitor Positive
33 |REF CAP- Reference Capacitor Negative
39 |REFIN- Ditferential Reference Input Negative
4 Jvr

Positive Supply Voltage - Nominally +5V

Nga%‘f\jl @gl%l"-']e\:fﬂ;'aro pé:ltqu‘in;."" t -
DETAILED DESCRIPTION ~

Aiiplog Section

8.2 shws tha equivalen; circyit af the Aralog Seation © g
ICLF109. When the RUN/HOTD input Is left open or'
led tq V', the tirguit will perform conversions atarale

-
’

1 f
; Ined by the clock trequency' {8192 ciock pariods per
4 'Cycle), Egch Mmeasurement cycle is divided into three phases

AAckloopls o

< 83 S_hQ,\m in Figure 3., They are (1} Auto-Zero (AZ).,-(2) Signal
Int jrate (INT) and (31 Deintegrate (DE). o

t},DU,dng_ auto-zero three things habpen. First, Input high
i3nd low are disconnected from their pins and.internally

: $horted to analog COMMON., Second, the raference ca-
Rsitor I charged to the feferenca yoltage. Third, 3 feed-
b losad araund the system tp charge tha ayto- :
3plor Caz 1 com
W sl

L)

naate.for offzet voltages in
T I T R

the butfer amplifier, Integrator,
the comparator is noludad In the logp, the AZ accuracy
.~ Islimited only by the nolise aof the system. In any case, the

.

with respect to GND (Pin 1),

and comparalor. Since

", - oftset reterred to-the Input s less than 104V,

2. Signal Integrate Rhi_u i

During signal |
Internal shoyt i
low are conn
then Integrat

¢ 0

oo T

ntegrate tha auto-zero loop is opened, the
$ removed and the internal Input high and
ected ta the external pins. The converter
08 the ditferentlal voltage between IN HI and
IN LO for a tixed time of 2048 clock periods. Nots that
this differential voitage can be within the common mode
range of the Inpits,
. olthe lpteqrqtqg slgnal |g detormined,,

RPAE 3N N

At the end of this phasae, the polarity




K/

PROPORTIONAL TO Viy

CONFIGURATION

- :FTH!W AT ey B
. §1CReF o it
—i -
REF CAP + § REF IN 4 REFIN-§ pec cap - BUFFER Az G
r"— £ €7) - Y ey e ———— - .
Az . P
| Az 70 2ERD CROSS ¢ ' g
| DETECTOR .-,r:?
. ST " oUFFER DIGITAL SECTION ' "
oo
INPUT HIGH ®—®—4 + I Bt
3 3 o R
! % DENT(H)| LA
l ¥
‘ | . .
| M N
I, P
!
| DEINT( ) . *
AZ - H
couuou{g;? pen N — fggxz comnm.. { ﬁ;
| Az N~ bicTaLsecrion %
| DEINT (-} =—
DEINT(1)
{ INT
INPUT LO @—{8%
I:M
|
i | ,
B et T N SN Ve J)‘g_.__ _________ ¢
v
. Figure 2: Analog Section
POLARITY ZERO CROSSING '
DECTECTED * OCCURS
INTEGRATORN | | ’/>\ \ ZEHO CHOBIING | .
i ouUTRUT | | ! ~DETECTED / !
J | B S : > B
'} - ; b—az PHASE |--+—m_rr PHASE I —sfo——j {575 DEINT PHASE i ~——to—az e s
: . INTERNAL CLOCK h I "] nn g nn mnn |
[ | | | ot
INTERNAL LATCH | d i :
. | ] [ i
4 STATUS OUTPUT | ; 1 | !
lamsaanns Bad i
| 2048 IXED ! i | )
. o COUNTS —ju_: onu ! ; 4096 COUNTS ___, [
) | MIN. | COUNTs g Max I !
- D2 I 7 l NAFTER ZERO CROSSING, i+
: NUMBER OF COUNTS TO ZERO CROSSING ANALOG SECTION wiLL i
_ BE IN AUTOZERO v
4

Figure 3: Conversion Ti
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 chip ensures that the capacitor will be connected
._ 7 With the correct polarity to cause the lntegrator_output to

" “"return 10 zero crossing (established In Auto Zero) with a
* ’-(l.lxed-"slopg,'fn}us the llme'?o__r the output
-%{represented’ by the number of clock
, Proportional to the Input signal.  *
Ditterential input, . .-

1

The input can accept differential voltage
. the common, moda _range, of the
* specifically_trom 1.0 yoits bslow the positive supply'to 1.5

. ¥plis aboye'the negative supply, In this rangae the systom has
.. 8CMRR qf 8648 typical, However, since’the integrator also
‘swings with- the .common “mode voltage, care.must be
exercised to assyfg the integrator oltput does not saturate.
A worst case condition would be & large positive common
modo voltago with a near {ull-scale nogative gifterential input
"voltage. The ,negative Input .signal drives the integrator

perlods counted) |s
U T

‘ .
. ;e
AN R T T

s anywhorg wllhln.
Input _amplitier; “or

iming (RUN/HOLD Pin High)

{o retirn tozero ;

.« Differgnlial Referénce Tt

)

e

positive when most of Its swing has been used up by the{
positive common mode voltage. For these critical applica-,
tions the integrator swing can be reduced to less than the’ = -
recommended 4V full scale with some loss of accuracy. The 2
integrator output can swing within 0.3 volts of either supply 3 3

‘without loss of linearity. et ’1.‘!
. Eatd] iyt
lon »i«”ﬁ'ﬂﬁ

. P VRN W e v
7. The ICL7109 has, however, been optimized for operation

..~ 'with analog .common near digital ground.Withpower;;
s supplies of +5Vand~5V,:this allows a 4V full scal,e'integ'ratd??_ﬁ o
" " swing positive ornegative maximizing the performance of j."* !

v

A

A

the analogsection, * + ' .

B werare ey
The reference vollage oan be gencrated anywhere within th‘e. ' {

" power supply voltage of the converter, T he main source of
common mode error is & roll-over voltage causod by the
reference capacitor’ losing or gaining ‘charge to stray
capacity ‘on its nodes. If there is a large ‘common mode °
voltage, the reference capacitor can gain charge (increase
voltage) when called up 1o deintegrale a positive signal but
loso chargo (ducreaso voltago) when callod up to duintegrato
A negative input signal, This difference In reference for 1+ or
(=) input volla';:' will give a roll-over arror, However, by

LB

- Rbshmynd

.

»

DN R SR
P o —




. “-‘.
large enough in
errorcanbeheldto

2y Voo e ey Tk, N .t it . N '
", The roll-over. error from these squrces [s minimized by
b having the reference commen Mode, vojtage-pear or, at

} i analog COMMON.

PRI TR S *
i’
Vi

Seoee L ' . *

(;qmponeql.V§:l:txe Selection

i . 2l "“ ‘ . - (AL

Fof, ‘optimum. performance of the a:'talog' ée,ctlon,'ca}e must,
#%1:bé taken in the selection ofvalues for_the'lgtegra;br'capgcito'r

i .%'!‘? resistor, aylo-zera. ‘capacitor, reference VOIIagg, and-

YConversion rate.. These values must be chosen to’suit the -
i £.53[}'9‘{'5" applicatian, .y« . Ae et g 2
Svk[e, most important corfsideration Is ‘that the integrator
(R oulpulswing 6y Tull-scale Thpuli b6 as large as possible. For
Maatexample, with +5v supplies and COMMON connected to
: ,~‘~GND. the nominal integrator output swing attull scaleis +4v,
..Since the integrator Qutput can go t0 0.3V from either supply
15 without significantly affecting linearity, a 4v integrator
. %}ék gutput swing allows 0.7V for variations in output swing due

-4 10 componant value and oscillator totorancoy, With L5V
+2 5 supplies and a common mode range-of t1V required, the
;‘%( gomponent values should be selected to provide +3v
L ,‘.d":qintegrator output swing. Noise and rollover orrors will be
f;nﬁw_.‘ slightly worse than in the +4V case. For larger common mode
L

x, valtage ranges, the Integrator output swing must be reduced

N
1

turther. This will increase both noise and rollover errors. To
improve the performancp, supplies of +6V may be used.
f’l'. .Integrating Resistor

3 Both the buffer amplitier and the integrator have a ciass A
; . oulput slage with 1004A of Hulegtant curient. May sup-
"’;',_,J Ply-20uA of drive current with negligible non-linearity,
.+ The integrating resistor should bo large onough toromain
/:"“;Jnﬁ this very linear region over the input voltage range, but
‘-&,‘., small enough that undue leakage requirements are not
I',.placed on the PC board, For 4.000 volt tull ncala, 200k{} in

) near optimum and similarly a 20k(1 for a 409.6mV scale.
i
[y ‘v :
e

For other values of full scale voltaqge,
choson by the relation

full scale voltage
—3Cae voltage
RINT = 20‘.A

RinT should be

% ' 2. Integrating Capacltor
s f The integrating capacitor CiNT should be selected to give
the maximum integrator output voltage swing without
%} saturating the integrator {approximately 0.3 volit from
o eith
j

er supply), For the ICL7108 with +5 volt supplies and

s analog common connected-to GND, a £3.5 to +4 voltinte-
* grator output swing is nominal. For 7-1/2 conversions per
page. 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-
. quencies are used, these values shouid be changed to

o, maintain the integrator output voltage swing. In general,

. the value of CinT is given by
. c (2048 x clock perlod) (20uA)
: CNT =
b integrator output voitage swing

%An“additional requirement of the integrating capacitor is
“Ihat it have low dielectric absorption to prevent roll-over
C types of capacitors are adequats for
his application, polypropylene capacitors give undetec-
8ble errors at reasonable Gostupto85°C, For the military
mgﬂeralwo range, Tellon® capacitors are faC0mmens

' . _-._'":'“T{Tl ?'l. F e u‘.}!“%ﬂr%

el IR

T MYy RNETRY oA
P Y T LN LI [N MR §
¢n( h ..:',Afv.‘:

ey 1t : o
o es - INTERSIL
ded. While their dielectric absorption characteristics vary

-, . Somewhat from unit to,unit; selected devices should give
. less than.0.5.count ot error due to dielectric absorption.

t . NSRS
T g R

A

[

e
A e

tob LN

"3 Aulo-Zero Capacitor “ """ . .
i The size 0f the auto-zerg capacitor has some influence on
, 1the poise of the system; g big capacitor, giving less noise.
+ - However, it cannot be Increased without limits since It, in

_parallel with the integrating capacitor forms an R-C.time

‘constant that detarmines the speed of recovery from over-

3y - ,

¥

- - loads and more important the error that exists at the end
-, 9f an auto-zero cycle. For 409.6mv full scale where noise’ ;-

/%1, 18, very important and. the, Integrating resistor- smali, a-+ .- -

i »value of Caz twice CinT is optimum. Similarly for. 4.096v

o Jull'scale whera recovery is more important than noise, a
value of Caz equal ta half of Cint Is’recommended.
For optimal rejection of stray pickup, the outer foil of Caz
should be cannected to the R-C summing junction and
the inner foil to pin-31. Similarly the outer foil of CinT
should be connected to pin 32and the inner oil to the R-C’
summing junction. Tefion®, or equivalent, capacitors arg .
recommended above 85°C for their low loakago
charactoristics. .

4. Reference Capacitor

A 1u4F capacitor gives good results in most applications. B
However, where a large common mode voltage exists (i.e. §
the reference low is not at analog common) and a 409.6mv §
scaleis used, alargervalueis required to prevent roll-aver
error. Generally 10uF will hold the roll-over error to 0.5
count in this instance. Again, .Teflon®, or equivalent
capacitors should be used for temperatures above 85°C
for their low loaknge churactorjstics,
S. Relerence Voilage

Tho analog input roquirod to genorato a full scule output
01 4096 counts is Vin = 2VRer. Thus tora normailized scale,
a relerence of 2.048V shouid be used for a 4.996V tun
sculo, und 204,6mV should be ugod for a 0.m06V 1yl
scale, However, in many appilcations where t-o A/D,Is
sensing the outputof a traneducer, thure will ux.t a scalg
factor othor than unity between the absolu.w output
voltage to be measured and a desired digital output, For
instance, ina welghing system, the de signer might like to
have a full scale reading when the voitage 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 0.15x4F. This avoids a divider on the input, Another
advantage of this system occurs when a zero reading is
desired for non-zero input. Temperature and weight
measurements with an offset or tare’are'examples. The
offset may be introduced by connecting the voltage
output-of the transducer between common and analog
high, and the offset voltage between common and analog
low, observing polarities carefully, 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. Reference Sources

The stability of the reference voltage is a major factor in
-~ the overall 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-
fictent of 80ppm/°G (anboard referencel a tempuarature
dilterence of 9°C will Introduce a one-bit absolute error.
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" The MODE Input Is used to control the output mode of the
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. V4 THREE- STATE OUTPUTS ‘
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IcL7109 -

For this reason, it Is recommended that an external high-
quality reference be used where the amblent temperature is
not conirolled or where high-accuracy absolute measure-
ments are belng made.

The ICL7109 provides a REFerence OUTput (pin 29) which
may be used with a reslstive divider 10 generate a sulluble
reference voltage. This output will sink up to about 20mA
without slgnificant varlation In oulput voltage, and e pro-
vided with a puljup blas device which sources about 104A.
The output voltage Is nominally 2.8V below V*, ‘and has &
temperature coetficient of x80ppm/°*C typ. When using the
onboard reference, REF OUT (Pin 28) should be connected
o REF - ‘pln 39), and REF 4+ should be connecled 1o the
wipor of & proclsion potentlometor bulwoon KEF OUT ang
V+. The circuit for a 204.8mV reference Iis shown in the {est
clrcult. For a 2.048mV reference, the fixed resistor should be
rernoved, and a 25k( preclsion potentiometer between REF
OUT and V* shouid be used.

Note that If pins 29 and 39 are'tied together and pins 39 and
40 accidentally ghorted (e.g., during testing), the reference
supply will sink enough current to destroy the device. This
can be avoided by placing a 1kQresistor in serles with pin 39.

DETAILED DESCRIPTION
Digltal Selection

The digital sectlon includes the clock oscillator and scaling
circult, a 12-bit blnary counter with output latches and TTL-
compatible three-state output drivers, polarity, over-range :
. and control loglc, and UART handshake Ioglc as ghown In
" the Block Diagram, Figure 4.

Throughout this description, logic levels wiil be referred to
as “low" or “high”. The actual logic levels are defined In
Table 1 “Operating Characteristics”. For minimum power

‘consumption, all Inputs-should swing from GND (low) to Y+

(high): Inputs driven from TTL'gates should have 3-5kQ pull-
. up resistors added for maximum noise Immunlty

o,

- MODE Input = -, &

+ 1

HIGH ORDER

"RUN/HOLD. See Figure 5 for detalls.

convarter. When the MODE pin s low or left open (thlslnpug \
Is provided with a pulldown resistor to ensure g low Ievel'
when the pin is left open), the converter Is in its "Dlrect"
output mode, where the output data is directly accessm]e';
under the control of the chip and byte enable Inputs, Wheri’? 13 “\
4he MODE input Is pulsed high, the convorter enters the 45"&
UART handshake mode and outputs the data in two bytes, - f"“
then relurns to “direct” mode. When the MODIE input ie left ' h g,
high, the converter will oulput data In the handshake mode at !
the end of every conversion cycle. {See sectiop enmled f'
“Handshake Mode" for further details), f,ﬁay
STATUS Output
During & converelon oyole, the STATUS vulput yoes high et ) {
the beginning of Signal Integrate (Phase Il), and goes low. f
one-hall clock period after new data from the conversion ,
has been storod in the outpyt latghes. See Figure 3 !or A :'
detalls of this timing. This signal may be used as a “data. ¢
vaild” flag (data never changes while STATUS Is iow) 1o drive’ "ff"'
Interrupts, or for monitoring the status of the converter. 'ﬂ
RUN/AOLD Input A
When the RUN/HOLD input Is high, or left open, the circuit :

.m’ >

will continuously perform conversion cycles, updating the »fs: A

output latches atter zero crossing during the Deintegrate '*g"
Phase 1) portion of the conversion cycle (See Figure 3). In "
this mode of operation, the conversion cycle will be
performead in 8192 clock periods, regardless of the resul(lng »;..,
value.

i
‘Iif RUN/HOLD goes fow at any time during Damtegratex
{Phase 1) atter the zero crassing has occurred, the circuit \,:w@
will immediately terminate Deintegraie and jump to Auto-- ’n} i
Zero. This feature can be used to eliminate the time spentin’ -3‘.3}‘5‘,
Deintegrate after the zero-crossing. if RUN/HOLD stays or :
goes low, the converter will ensure minimuym Auto-Zero
time, and then wait in Auto-Zero until the RUN/HOLD input-.
goes high. The converter will begin the Integrate (Phase ll) :
portion of the next conversion (and the STaTu$§ output will ff
go high) seven clock periods after the high level is detected at ','
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ert on demand" interface to be used.The converter may
"held ‘at idle ip auto-zero with RUN/HOLD) low. When'
UN/AOLD goes high the conversion Is started, and when

A 'mLﬂ'T?d to the UART - see Handshake Mode). RUN/HOLD may
) now go low terminating Delntegrate and ensuring a mummum

3 A ernataly. RUN/HOLD can be used to minimize conversion
i time by ensuring that it goes low during Deintegrate, after
zero crossing, and goes high after the hold point is reached.
The required activity on, the RUN/HOLD input can be
provnded by connecling it to the Buffered Oscillatpr Output.
ln this mode the conversion time is dependent on the input
*Yalue measured. Also refer to Intersil Application Bulletin
-A032 for a discussion of the effects this will have on Auto-
?{L,Zero performange. ’

Jq If the RUN/ADLD input goes low and slays low during Auto-
'} Zero (Phase 1), the convertar will simply stop at the end of
% Auto-Zero and walt,for RUN/HOLD to go high. As above,
lntegrate (Phase I} beglns seven clock periods after the high .
Igyel is detected.

'i

r

"'} e :
¢ Direct Mode

- When the MODE pin Is left at a low leve!, the data outputs
“ " (bits 1 through 8 low order byts, bits 9 through 12, polarity
»* "and over-range high order byte) are accessible under control
of the byte and chip enable terminals as inputs. These three
Inpute arg all autiva luw, and are prnvided with palhag
. resistors to ensure an inacllve high luvel when lelt open.
¢/} When the chip enable input is low, taking a byte enable input
3 low will allow the outpuls of that byte to become active
ﬁ;.(three-atated onl. This allows a variety of parallel data
. 86Gessing tochniquos to be uvod, us shown In the section
3. entitled “Intarfacing.” The timing requiromenty for these
outpuls are shown in Figure 6 and Table 3.

o 1
e

., ‘» Table 3 - Direct Mode Timing Requirements

-1 SYMBOL | DESCRIPTION MIN TYP MAX | UNITS
1BEA Byte Enable Width | 350 220 ns
Data Access Time
tDas from Byte Enable 210 350 ns
Data Hold Time
I tons from Byte Enable 150 300 ns
b - lcEA Chigp Enable Width{ 400 260 ns
Data Access Time
+ toac from Chip Enable 260 400 ns
» Data Hold Time
from Chip Enable 240

ng the RUN/FIGED Input In thls manner allows an easy . "

: b Flgun 5 Run/Hold Operatlon ;'/ .

Aslﬁmm—‘u_} ®§ &\\
A.SIEEEE /[222222222; e

{DAB—+ - toHn
HIGH BYTE DATA | DATA
0ATA ~= === vaLiD --—4 fmem o= VALID
‘ | wac—] e
LOWBYTE _ L e L {| DATA
DATA ™ %1 "" VALID ) .
A

o v v = H{GH IMPEDANGE
Figure 6: Direct Mode Qutput Timing  * .

It should be noted, {hat these control lnpuls are,
asynchronous with respect to the converter clock - the data
may ba accossed atany tima, Thus itis possible to accessthe
data while It is being updated, which could iead to scrambled
data. Synchronizing the access of data with the conversion
cycle by ironitoring the STATUS output will prevent this.
Data is never updated while STATUS is low.

Handshake Mode

The -hanr'shake output mode is provided as an alternative
means ol it fading e (LT 10 10 digital ayaleis, whete
the A/D converter becomes active in controlling the flow of
data instead of passively responding to chip and byteenable
inputs. This mode is specifically designed to aliow a direct .
interface between the ICL7108 and industry-standard
UARTu (such aa tho Intersll GMOB UAITe, IMU402/3) with e
external logic required. When triggered into the handshake
mode, the ICL7109 provides all the contro! and flag signals
necessary to sequence the two bytes of 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’
processor. .

Entry into the handshake mode is controlied by the MODE
pin. When the MODE terminal is held high, the ICL7109 will
enter the handshake mode after new data has been stored 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 to high transition of
a short pulse at the MODE input will cause immediate entry -
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] pulseoccurs while new datg -
Yis being stored, the entry into handshake mode is delayed
ata Is stable. While the converter Is in the hang-
E Input is ignoreq, and aithough
W conversions wilj stiy be performed; data updating wiy be
& Inhibited (See Figure 9) untii the Converter Completes the
" output Cycle and clears the handshake'mode. e

3 Which provide the control *
he output cycle (See_Flgures 7.8, and 9),

;... I handshake méa;a. the SEND input )
; 'ie .“/esan Indication of the ability of the e
-‘?4*2, ‘a,UART) 10 accept data,

"Figure 7 shows the sequence of the o
held high. The h

T AT I S
Jused by the Convertor
Celving device(such ag

utput cycle with SEND
andshake mods (in MODE nhigh) js

’ entered after the data Pulse (since MODE remains high
+  the CE/LOAD, N terminals are active as

Assumin
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. INTEES(L,

" into the handshake mode, if this

Figure 8 sﬁom{s an outpuf sequence w

gran's!er{"l,'pis timing diagram

g the UART Transmitter Buffer Register ;
O input will pg high wh

a byte' Identifi-

/herg the SENDinput is,
,sequencq. or hangshak?. t
shows tn¢ .
an induqtry-standarq' A

S empty,
en the handshake mode is

entered after new data is stored, The CE/LOAD and HBEN
Ow internal clock . to high terminals will go jow after SEND g Sensed. -and the high
edge, the and the outputs order byte outpyts bacome active, When CE/LOAD goes
" assume a'low level, and the high-order byte {bits 9 through high at the eng of one clock period, the high order byte data
%712, POL, and OR) Outputs arg enabled, The CE7LOAD Output is clocked inty the UART Tranemiltgr Buttor Ragister, The
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" or crystal operation.

"~ optimum, 60Hz line rejection, the capacitor value should be

Bur
:

ICL7109 INTERSIIL

internal clock high to low edge, the high order byte outputs vt —1————1—
are disabled, and one-half internal clock later, the HBEN

oulpul returns high. At the samo time, tho CE/LOAD and
[BEN outputs go low, and the low order byta oulpuls
become active. Simitarly, when the CE/LOAD returns high at
the end of one cloc period, the low order dalu is clockod into

the UART Transmitter Buffer Register, and TBRE again goes D A <A, e

low. Whon TBRE roturns to a high it will be sensed on the 08C |0SC BUFFERED

next ICL7108 intarnal clock high tu low vdyo, dinatling the oL ose

data outputs. One-hall internal clock later, tho handshake OND CAYETAL ! .
mode will ba cloured, and the CE/LOAD, HBEN, and LBEN \ .

terminals return high and stay active (as long as MODE slays Figure 11: Crystal Oscillator

high). . oscillator will operate with most crystals in the 1 to 6MH2

range with no external components. Taking the OSCILLATOR
SELECT input low also inserts a fixed +58 divider circuit
between the BUFFERED OSCILLATOR OUTPUT and the
internal clock. Using an inexpensive 3.58MHz TV crystal, this
division ratio proyides-an integration time given by:

With the MODE input remaining high as in these examples,
the converter will .output the results of every conversion
except those completed during a handshake operation. By
triggering the converter into handshake mode with a low to
high edge on the MODE input, handshake output sequences

58
may be performed on demand. Figure 9 shows a handshake T = (2048 clock periods) X (m) = 33.18ms
output sequence triggered by such an edge. In addition, the L ’
SEND input is shown as being low whenthe converter enters This time is very close to two 60Hz periods or 33.33ms. The
handshake mode. }n this case, the whole output sequence is errcr is less lpan‘ one percent, which will give better than
controlled by the SEND input, and the sequence for the first 40dB 60Hz rejection. The converter will operate reliably at
thigh orden byte is similar 1o the sequence for the second conversion rates of up 10 30 per second, which corresponds
byte. This diagram also shows the output sequence takiny to a clock frequency of 245.8kHz.
longer than a conversipn cycie. Note that the converter still If at any time the oscillator is to be overdriven, the over-

makes conyqrslioné.. with .the STATUS output ‘and drivingsignalshouldbeappliedaltheOSClLLATORINPUT,

RUN/HOLD input functigning normally. The only difference and the OSCILLATOR OUTPUT should be left open. The

is that new data will not be laiched 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 OSCILLATOR SELECT isleft

Osciilat ' . : open. When OSCILLATOR SELECT is at GND, the clock will
scillator

be a factor of 58 below the input frequency.

When using the ICL7109 with the IM6403 UART, itis possible
1o use one 3.58MHz crystal for both devices. The BUFFERED
OSCILLATOR OUTPUT of the ICL7108 may be used to drive
the OSCILLATOR INPUT of the UART, saving the need fora
socond crystal. However, the BUFFERED OSCILLATOR
OUTPUT does not have a great deal of drive, and when driv-
When the OSCILLATOR SELECT input lu high or luft open ing more than one slave device, external buffering should be

The ICL7109- is provided. with a versatile three terminal
oscillator to generate the internal clock. The oscillator may
be-overdriven; pr may be operated as an RC or crystal
oscillator, The OSCILLATOR SELECT input changes the
internal configuration of the oscillator to optimize It tor.RC

{the input is provided with a pullup resistor), the oscillator is used. \
configured for RC operation, and the internal clock will be Test Input, . i
ol the same frequency and phase as the signal at the when the TEST input is taken to a level haliway between 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. .

wiil oscillate at a trequency given by 1 = .45/RC. A 100kl When the TEST input.is connected to GND, the counter
reslgtor is recommondod for useful rangos of fruquency. For outputs are all forced into the high slate, and the internal

OHz | ( clock is disabled. When the input returns 10 the 1/2 V' -GND)
chosen such that 2048 clock periods is close to an integral voltage (or to V') and one clock is applied, all the counter + K
mulliple of mg' bOMZ parivd. K outputs will be clocked 1o the low state. This allows easy , /,
. L e : . oL , ,“.‘v - testing of the counter and its outputy, . " .«
= v e ecr AINTERFACING e o 37w o
w Direct Mode PN A oo
Figure 12 shows some of the combinations of chip enable
" and byle enabla counlrol signals which may be used when .

———==. . . Interfacing the ICL7108 1o paraiiel duta lines. The CE/LOAD
] I input may be tied fow, allowing either byte to. be controtied
... by its pwn enable as in Figure 12A. Figure 12B shows g
.. .configuration where the two byle enables are connectes
‘together.- In this configuration, the CE/LOAD serves asp
L chip enable, and the HBEN and CBEN may be connecter'to
Figure 10: RC Oscillator  ° : .GND or serve as a second chip enable. The 14 data ouputs - 7,
R ' LT will all be enabled simultancously. Figure 12C shovs the A

When the OSCILLATOR SELECT inputisiowafeedback de- FIBEN and [BEN as fiag inputs, and TE/LOAD as anaster ..
vice and output and input capacitors are added to the enable, which coulqbe\the READ strobe available{om most '1%

wadiliztor. in this conﬁguratii?. as shown in Fiauro ‘,}. the micronroessm st
-t - I ""_‘Jj v . M
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CHIP BRLECT ¢

-Fig'ure 13showsan approach to interfacing several ICL7109s

to a bus, ganging the HBEN and LBEN signals to several
*4: converters logether, and using the CE/LOAD inputs
" . tperhaps decoded !rom an address) to select the desired
converter.

Some practical circuits utilizing the parallel three-state

.
g@woutput capabilities of the ICLT109 are shown in Figures 14

¥ through 19, Figure 14 shows a straightforward application to

-85 systems via an 8255PP|, where
* Ihe ICL7109 data outputs are active at all times. The /O ports
s of an 08166 muy be used in the same way. This intertace can
1,‘"5;«!"’ used in a read-anytime mode, although a read performed
bk latches are being updated will lead to
yih, 8crambled data. This will occur very rarely, in the proportion
‘_;'of setup-skew times to conversion time. One way to
.overcome this is to read the STATUS output as well, and if it
¥ s high, read the data again after a delay of more than 1/2
L*;l gonverter clock period. If STATUS is now low, the second
‘%2 readir g is correct, and it it is still high, the first reading is
. correct. Alternatively, this timing problem is completely

i uvold by using a roud-aftor-updute suquonce, as shown in
figure 15. Here the high to low transition of the STATUS
output drives an interruptto the microprocososor causingitlo

i

Figure 12: Direct Mode Chip and Byte Enable Combinations
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access the data. This application also shows the RUN/HOLD

input being used to initiate

control,

. conversions under software

A similar interface to Motorola MC6800 or MOS Technology
MCS650X systems is 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
pin through Control Register B, allowing
soltware-controlled initiation of conversions in this systam

RUN/

also,

Figure 17 shows an interface to the Intersil IM6100 CMOS
microprocessor family using the IM6101 PIE to control the
data transters. Here the data Is read by the microprocessor in
an 8-bit and a 6-bit word, directly from the ICL7109 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/HOLD input to the ICL7109 is shown as
being under .'SOf“f/are control.

The three-s1 818 sutput ca
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ICL7109

carefully consider the system timing in this type of interface,
1o be sure that requirements for setup and hold times, and
minimum pulse widths are met. Note also the drive limita-
tions on long busses. Generally this type of interface is only this case.
lavored‘l the memory peripheral address density is low so

that simple address decoding can be used. Interrup
handling can also require many additional components, and W
using an interface device will usually simplify the system in £

v

) . ADDRESS BUS - L
T R
| [ Y
. L
) | CONTROL BUS 1 n
' ' | | L ! I )
4
< ) DATA BUS §. .
e 'LL @ U J\l @ U )
\ - — 1l
MODE  CE/LOAD RD WR 07-00 Ag1
be-B12| .
' POL, OR M A pasPao X
. . T
d RUN/HOLD p—— +5V e
ICLT108 8255 2038, 3080, p
B1-88 8 PB1-PBy (MODE 0) 8085, 8048 ETC
ANALOG
W STATUS |- o oo =1 PCs

HBEN = LBEN

GND
Figure 14: Full-time Parallel Interface to MCS-48, -80, -85-Microcomputer Systems )
] X
H . -
] . ’ ‘
. ! t
' ’ e
: I3
| ot
'
| 2 Ay ADDNESS BUY
| 1
1 o | | 11
| IS ’ - . CONTROL BUS
. B - ’
IR - % 1] | 1
A TN ] ) e 2 DATA BUS
— o Ul U g b
1 ! e v e 1d ’
‘ - B RN .,
. MODE CE/LGAD] AD WR p7-DO . DAL ' . : v Ty
! L . Be-014 . PAa-FAu o )
. =] . POL,OR .
AUN/HOLD - PCo N . '
¢ " - . v . . \
b 1CL7109 v, was . 8008, 8080,
W MRTENR 1L L ] A PB7-PBo . v , -, +] " 8085, 8048 ETC o
1 s, - ) ! : ' \ .
S ANAOS Y evatus—] W0 _lpc® . ) o O R
o ok . ' C o o e . { )
N a1 f v Al . ‘t'
. 1oni " K X - ' ¢
— . ‘ o peopttiihe wn !
HBEN LBEN 7 VN
o X . l ' * SEE TEXT _ L
A (GND = -y AN FRCIR PETNTSEN T oL a .
r"": 'T ; .v.\:' :"'r‘ 7 N : .. . e M, ' PR ‘: ' RETI A
o A "‘_'.:‘.'l."{«‘"'.:_‘:‘,,," AR £ N s s,
Vn X . e ., sFigure 1 : Full-time Paralle! interface 10 MCS-48,-80,'=85 Microcomputers With Interrupt " -
] 1o S RS 28 Vv , : et / . .
.t ST e Y, o N MY STt sl o 3 SR -
. W hee ® -4 “ - LAGRE [ AL T »




\u Ve v'v.

s 2‘*‘\'"5' X

lCL710§n

GND -—-l

’ fr"d

MO0E . .
\, N , ot
PO ER I L D (T3S
'.5 » . A .
g j 1cLT09
r .t ¢ ‘ )
! } s » y L%
. STATUS cm
. ‘i nunmm.u caz
A ; : "
R N +
OAS FBEN LO!N' Vo Tt

MCes20

! Aonness
, uus

DATA, CONTROL
aus’ BUS

Flguro 16: Full-time Paraltel taterface to MCB80X or MCSB50X Microprocessors

12.81T7 DATA BUS

GND——Tﬁ

- MODE  CE/LOAD - ’
¥
89-812 !
A roL.oR| ¢
. i M8101 IM6100
‘ icL7109 CMaSs CMOSs
—N PIE , ub,
81-88] o
R 4
NALCa STATUS SENSE 1
RUN/HOLD WRITE (OR FLAG)
LBEN HRE HEAD | NEAD ¢
" S CONTROL BUS ' é
. Figure 17:ICL7109-I1M6100 Interface Using IM6101 PIE
L ADDRESS BUS 3
Al AlS ﬁ
L CONTROL BUS 4
RO *
E DA’TA BUS
U :: ! - ‘
' ! HBEN (@EN
. . .
B | LI ‘:‘
pOL, OR
il 1cLT100 8008, 8080, BONS
at-0s o
.
ANALOG
N )
CELOAD
MODE__AUN/HOLD for S08EL28 Buntem

M GNO

+8V

AFigure 18: Direct Interface - ICL.7109 to 8080/8085




ReiEaiet TIPS

TR W e

e e B
—

[

i e o S

f e e ————

T e T —

FAEX A e s e M

ICL7109

OND—‘ l——-+5v
MODE  RUN/HOLD
B9-B12 6
POL, OR
T :>
ANALOG
IN —_—
HBEN A
—_— 74Ce2 A0-A2
LBEN
CE/LOAD .
' ./— A15-A10
74C30 ’
\——-< /W, VMA
ADDRESS DATA CONTROL
Bus BUS bUs

Figure 19: Direct ICL7109 - MC680X Bus Interface

Handshake Mode

The handshake mode aliows ready interface with a wide
varioly of exturnal devices, For instunce, oxternal lutchut
may be clocked by the rising edge of andtho byte
enables may be used as byte identification flags or as load
enables.

Flgure'20 shows a handshake interface to Inte! microproces-
sors again using an 8255PPI. The handshake operation with
the 8255 is controlied by inverting its Input Butfer Full {IBF)
flag to drive the SEND input to the ICL7109, and using the

+ CE/LOAD to- drive..the 8255 strobe. The internal control
register of the PP1 should be setin MODE 1 for the port used.

) the 7109 is in handshake mode and the 8255 IBF flag is low,
the next word will be strobed into the port. The strobe will
cause IBF to go high ISEND goes low), which will keep the

- enabled byte outputs active. The PPl will generate an
interrupt which when executed will resuit in the data being
-« read. When the byte is read, the IBF will be resetlow, which
causes the ICL7109 to.sequence into the next byte. This
figure shows the MODE input 1o the ICL7108 connected to a
.controf line on the PPI. If this output is left high, or tied high

supurately, tho duta from wvory convarsion (provided the
data access takes less time than a conversion) will be
suquunced in two bylus inlo tho systom.

If this output is made to go irom low to high, the outpu
sequence can ba obtained on demand, and the interrupt ma

be used 1o reset the MODE bit. Note that the RUN/H‘G[%
inputto the ICL7109 may also be driven by a bit 6f the 8255 sc
that conversions may be obtained on command ‘under
software control. Note that one port of the 8255 is not used,
and can service another peripheral device. The same
arrangement can also be used with the 8155.

Figure 21 shows a similar arrangement with the MC6800 or Y

MCS650X microprocessors, except that both MODE and
RUN/HOLD are tied high to save port outpults.

The handshake mode is particularly convenient for directly
interfacing to industry standard UARTSs (such as the Intersil
IM6402/6403 or Western Digital 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
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Figure 21: Handshake

t to go high. This drives the
ODEinputto the ICL7109 high, triggering the ICL7109 into

i,
’

; ﬁ;FUA.RT DR (Data Ready) outpu

st, and when the UART has transferred the data to the
 Transmitter Register, TBRE (SENDI goes high and the
“‘,&\ second byte is output. When TBRE (SEND) goes high again,
rr JT"‘" LBEN wilt go high, driving the UART DRR (Dala Ready Reset)
1kt Lwhich will signal the end of the transfer of data from the
‘, "!91_,7109 to the UART. i :

Wﬂgum 22 shows an extension of the one converter -
_',v}t."UART scheme of the Typical

1CL7109s with one UART. In this ¢
by the UART (available at the RBR

o

one
Connection to several
ircuit, the word received
Outputs when DR is high)

Interface

handshake mode. The high order byte is output to the UART

‘
Wy A Aatgle el

2 ﬁ 1

K R FARTI ‘“lvl‘f vy 5:“1:"?_7 "
ADDRESS  DATA CONTROL}. ..~'... |
BUS BUS BUS

- ICL7109 to MC8800, MCS650X *
is used to select which converter will handshake with the
UART. With no external components, this scheme will allow
up to eight ICL7109s to interface with one UART. Using afew
more components to decode the received word will allow up
to 256 converters to be accessed on one serial line.

The applicationa 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 useful systems, and to
show some of the variety of interfaces and uses of the
ICL7109. Many of the ideas suggested here may be used in
combination;” in  particutar the uses of the STATUS,
RUN/HOLD, and MODE signals mxbe mixed. "
o S

D g SERIAL OUTPUT f——eemen
" a IM§403 CMOS UART ’ A
¢ 17 GERIAL INPUY oo
TAHL  ORR  Tong  noni-nons 18111-18n8
i 4/\
L ARRES
) :
I ) 1
. | I ) I I I
v, 3 8-8IT DATA BUS ?
. .
'j Moor &/ seND MOLE CF/  atNu MOLE CE/ kN
s LOAD CoAo oo
TATAD 09-012 09-812 69-B12
% poL,on| § voLon| 0 roL | 8
i 1
' ICLY 10w ICL7109 B J 1CL7 109
81.88] » a1-08f @ ceres| 9.
‘ X ANALOG ANALOO
t N iN
AR AUN/HOLD foe e 4 5v RUN/HOLD }—————. 15y . RUN/HOLD e 45V
hoy HBEN  LBEN HBEN  LBEN HBEN  LBEN

'~
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N "APPLICATION NOTES

{#17,A018 “Selecting A/D Converters,” by David Fullagar
5 A017. “The Integrating A/D Converters,”" by Lee Evans
018 ' "Do's and Don'ts of Applying A/D Converters,”

Peter'Bradshaw and Skip Osgood

by

Figure 22: Multiplexing Converters with Mode tnput

.‘4,

N

A030 “The ICL7104 - A Binary Output A/D Converter for
Microprocessors,” by Peter Bradshaw
A032 “Understanding the Aute-Zero and Common Mode
.« Performance of the ICL7106 Family,” by Peter
: Bradshaw <
R00S “Interfacing Data Converters & Microprocessors," by

4 Peter Bradshaw et al, Electronics, Dac. 9, 1978,
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Phase control by thyristors is common practice when converting
single- and three-phase ac into dc and providing power control at

the same time.

.

To control high-power thyristors
[ 4

special devices. The TCA 785 monolithic integrated phase control
has been developed for this purpose.
Ry rhz selection and configuration of switching points with

cauternal access it allows a large
performed which would otherwise

variety of functions ‘to be
involve

discrete semizonductors in conventional circuitry.
The first parc of this arricle describes the TCA 785 and thyristor

contenl. In a second part to, follow, fine-commurated

rectifier

converter circuits and ac current controllers will be deaic .cith.

The TCA 785 integrated phase control
suits very well 1o a large number of
Jdrve circuits such as .

. _lincwmnmuutcd current converter .
hati and fully controlled”

cirouits, €. 8.
single-yphase and three-phase bridie
ciecuins a5 well as star and Jouble star

circuity. .

. :h‘::\~.’tnnmumlin;.; current conveiter 4 Dt‘pcndfng on e
single- or three-phase,

Circints, Cope
current controllers and switches.
Thase apphivations cequire differemt
cuine ol devices, e, 2e 3= 4= or
it conirol st

b
{urihiet requirements of integrated cir-
cone s conzrul power clements are:

o 1 o power Jectronics must by
copable of wrigpening 1wo thyristors
Siprected vidher i scries or hackeio-
Lot -

~

//

il b, IFH Weronr szllb?x, Siem.ans A4S,
O )
S cnduguteihink,

Manachan

« three-phase operation requirds parai-
eling of 1Cs to allow the Jdelay angle to
be adiusted in the three phases R, S, T
with only one potenuiometer. :

o Tripger pulsc shifting should be pos-
sible continously between dand 1£0° in

die o ay angle.

foad or cirenis
design different pualsss (leng, short,
continuous pulses) should be generred
10 trigger the thyrigor.

Other- TCA 785 applicztions are as
sere crmssing switch 10 fulle« ave con-
ol widh W ariac and 3 veltage nulse
widia con.vier wah spona) tised
' 23 Hy).

TCATES Bne

K .:g‘pli.‘.u]..u-.

frequency U = G o
Spcctal Jeatnres obf e
\.‘L".:\.' e h'i!'-"'i..lf_'_. A
. . o
ranpe [TINWRITEYY of eatenna .\-.'(c:.\xl.-l.ll).
;uilp:)' voltapgs W L W,
exrended emperates s range =25 10
55 C,
current
10ma,

conLue LA ouly 4.5 10

in power clectronics requires

high coals using’

LSL compatible, i.¢. controllable by
slow-speed, interference-free logic
with 15-V signal level,” .

two outputs for 250 mA trigger cur-

rent each,

WO addivional outputs with_inverted

signals,

inhibit function:
arc suppression,
crigger pulse extensipn by external ca-
p.\cuor, 1 . .
rcliable zero crossing recogniticn,
protective circuitry against intermittent
triggering, three circuifs only necessary
for six pulse operation, use 35 2¢f0
crossing switch and voltage pubse
width converter possible. .

wrigger pubse inhibig,

Functions of the TCA 785

The block and pulse diagrams Figs.

and 2 show the main funciiens of thi
integrated circuit. The major part #
the 1C is supplied by an internall’
controlied voltage Uet &= 3.0
the nain patameters arcindependent s
the de supply volaage U, ard 2 wic
=Ew sV

LW 2 ol P
Yo Sit%

supply voltage range U,
permitied. .
The positive pole 1> conaected 1o P
16 nd negative pole o pin ! {referen
poteztial ground). Curignt cunsuily

‘tion (wahout load) is up 20 10 mA.

Cutput o1 the controlicd vohage Uia
AV s provided pin:.§ via
i:ucrn:.l dee :ui'z;n; i't‘-.i\u'l. ‘;‘_
To cnhance nuise-inmnny & Lotdi
capacitor C8 - can be conaedted

pround hee (relerence pub wiad)
In cufrent converier arcuis requn
scversl TCA 785 devices (ypical
three-phase  current circuitr)

|
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PURPTENEE

Sync

160510

I/ € 10 dscharye

monlol

=11V,

ey

|4

- Conliot compatu.ol

Dis kot
(15 N

T
: a4 '—l—{%:)-o‘ +
. . [‘ loge 4
. R2

l L— Pulse ¢uts~s 20 Fr Q1 210 02
Long puise saddcnover for 01 aaa 2
; lnhbul & Puls2 wrbl

Conirol vc.:252

3

pmms have o be parzil. L.d to provide
control - conditions in all
passes and in controlled current con-
verter branchesas well. - e

Uc]lnn”n

I'hie syachronization signal U‘,,. 1s de-
ived from the line voli. ge via a high-
alue resmtor. U, has to be conneaied
o pin 5 and grawnd  pin 1.
\highly sensitive zera-crossing detec-
o peoviddes senchreniaton, The Jo
CLiOr st hl”u\u.l A
won - cegisier which conrols 3 ramp
chorator (sawtouih),
he Litrer mainly consisis of a coastant
nrvent sousce [, which charges ex-
el capaviior Cid oor Gy, linc.n'ly
L e viapia L. e camp capaci-
w6 o1 G showdd bebeoween S0 plF
w) adoale ays heaving in man that
oo Hh bach taanes oy AN )
soern s he G0 wabue (>vs Lig. 3y
Wb e inum ang nunimam val-

-

irent 4, 00 adpinnible b erias
') ‘gvr RY ur A’\‘" = ) tﬂ)‘{i.l via

boaf oo wii noc be vrcended.

The RC network RY, CI6 thus defines
the rise of off-state ramp voluge U,
Each ramp commences with a zero
‘crussing of the sync voltage and ends
with' the following by discharging
ramp capacitor CIJ via an internal
discharge transistor.
The lagic circuitry of the syne register
redenses the information at the zero
detector output o the following circait

by . synchroniza- -only afier the discharge monitor indi-

cates complete discharge of Cl0.

This is of major importance when
using the TCA 735 as a vero crossing
switch and pulse walih converter.
Leskage voltage at C10 does not alfect
the umuulhbnl.x) of the TCA 755 ard
the way in which the conirol voluage is
supplivd.

Iocwhis ease traalde Dree adapration of
op-cmps 1o the (2 i posable. 1
the dnstant when the conirol v--hlgc
reaches the leakagze viliape value maxi-
num phase conirol  F 143 is obuained
(Fig.4) and will be mamtained (fufl
wzve) even with control voltazes which

may be below the leakage voltages and

“approaching O V.

Dc control voliage Uy, has to be con-
nected 1o pin 11 (with ground 1o pin 1).
The control comparator compares con-
trol de voluage and ramp voliage U, If
the latter exceeds control voluage U,
appropriate output pulses start at con-
ol angle The subsequent logic
determunes the kind and widdh of (he
different outpur pulses (positive 10
ground) by muans of several links (sce
waveform in Fig. 2).

Main outputs QI (pin 14) and Q2
(pin 15) are given by an emiuer Tol-
lower capable of handling 2 maximum
250 mA.

They ate ailocaard o Latl-waees of i
same polarity.

Q1 delivers pudses only in the regative
Ladbewave and € e the positive vne of
thi synve vodiaye.

Pulse duration is zbour § = 30 ps
(short pulse withour conacction o pin
12). beis frecly eatendibie by exeernal
capacitor C12 or C, (see Tabile 1 for
p;:lsc oxtensien «alues).
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P oA
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1y 7T : Dutpul vcllage Uie fouput Q1. P 1) | Pnizarl
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1 160"¢
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0 80° .
a0 il i Svaichirg lieQuency -~ 3
— 50 ms —~|~— 50 ms 0 H2 ',\;..»(
~— N ms—~—0ms —~ S0 He 4l ] _ o
- A U 5y Sms == 00 He , b
— tms =~ 1ms == $00 Hz
Lig. 2 TCA TS5 wavelosm, % o
b 1ri e oot ai pun 12 0s short-
chvuited o ground, pulse widihs ol . .
= 183-u (long pulse) resuli .
Auniliary owpuis Q1 (pin 4) and Q2
h2) ) U.tUy .
pin 2) are open collectors capable of ] : U Th
handling 19t 3t maxinium, Yag [oemmmmemsg 17 i
. . . i Pave ot P W, 1}
A signal can only beawisched ageisher |y, . i ~ o
output when cullector resistors R+ and . -
K2 (= 15 h§Y) are externally connecied s iin ' ) g v
between cutput and positive pole. The —i- e Uu ” |
. . . . Ug,>Ug =~ 5} > Ty ‘ ! -t
signal delivered corresponds to the in-, . ! i P \
“verted signal of Q1 and Q2. Pube W= 2T 1 Va
' . : .. / o L ‘/
Jaration  oatpel towards | puative el s =
‘)\l!\.‘) s abou s= 30 13 S . i . . i
Al s cannoceed Fig.3 Sawtooth (lyback time. The sawtoarh
] H'l:ﬁ:.:tr i\u.lll. ..!.p... 3 s connedte l.O ”)lu:k Lisnie Jcpcnda abse on the valae of the R N
ground, pubse widths (output 1o posi-  rampresistor RY which, together with the
Gve pole) ol 180 (lony sulse cwitch.  famp capaciror C10 derermine: the ramp
€ poleyntl VPR pise voliage. Thus with farge camp voltages, flyback
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ing} occw here as well. Both auxiliary

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

jioes are alw 2ys long bicause mare eacrgy has

10 be discherged

i

Fig.4 Leakage voltage at cspacitar Ci0
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14 01 output
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switch over
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.5 Inwernal circuit of the TCA 785 output stage

A e
- o

wided 2s open colleciors and serve
- particutar appheations (e g, cantrol
external loge). .

obtain a signal collector resistors R3
! R7 are necessary, as above, be-
cen output and positive pole. The
nal uf vatput QU is similar to that
Q1 bur with.a widih g = 153" =
astant. The signal at outpmt Q2
responds gz__xhc_.'f_OR-link of QI
‘Q.’. e QU Q2

e following applicarion auxiliary
wts are neghvted

-

o enhance
wimanity hee it is o good ader

chr output QZ (pin 7) w

R

it (pin 6) can suppress pil-
neowly at all oupues (Q1,

-\\\2. QU). Trigger pomne 2:

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

Fig. 5 shows the internal circuit of the
TCA 785 1C vutput stages.

Thyristor trigger module .

Control of thyristors in Lne-commu-
tted  or  non-commutating  current
co wverters reqUires particular tnigger

modules. A thyristor is triggered by 2

pusitive cnrreni pulse betweer gate at

cathonde, The vanzrol pubse is rain-
tained wan! reaching the baching cur
rent.

The thyristor is switch- | olf by reduc-
e wan varrvat fowing boiween

Ity
gy

lg CuiTent.

4

, . ;
30,,.100 py SNH g

~ n =i .'
” :

' IIOOusJ ms Long puls2 * .
- J ! . . .

-—"

Contnuous puise

e o §

Chaa pulse
eq 1\H?

—"

Coniti pulse

il
1

|

e

60° Double putse
for conbnuous duty
-— ‘

:’!!

ancde and cathede wo below the hold-

Fig.6  Pubewavelonns lor xhyri’:wr
trigpering.

Short pubse f= 3010 120 ps, for resistive loals
in the cated current aange.  ° .
Long pulbse = 130 v 10 | s, for shightly
inductive loads oesmall resistive loads and
partial load range. .
Continuous pulic = 180° —u, for highly
inductive loads, no trigger pube tradsformer
with large voltage-time range is spquired.
Pulbsc train with 3 10 7 hHz clock frequency 2
allow operation with small trigger pube
sramformer, i e, small voltage time sangs
(mVs).

Combined pulse for high rates of srigger
current: Jii /i = 110 3 AJps o erigger setis:
connected thyristors.

Double pulse to control fully controllcd threv-

phase bridges

v

Depending on load and circuit design
various pulses of different duratives
are applicd 1o trigger the thyrisior.
These pulses are shown and annotated |
in Fig. 6.

AN arigger pubes, except the chain
pubse, can be generated by the
TCA 785. A CMOS device is required

fur the chain pulse.

Dircctly controlling low power
thyristor with line voltage

Fig. 7 shows a phase contrul usinyg the
TCA 785 for direcdy vontcolling a
51 C1040 low-power thyristor. Phase

t, M ] . N oeamn

PO IRIUN B .\sl]u.\n.lluv between § and 150
and puwer ar the Joad betveen 0 ad

400 M.
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IC supply volage (pin 16) is drawn
from the line direcdy via series resistor ' - . .- el
ki, rectificd by dinde D1 and regu- - .
Lted 1o 15 V by Z-diode D4, ' '
Electrolytic capacitor Cl smooths the R

r Je voltages produced by half-wave rec- 5\(220"-

| ' ' '

I

Ry

R R Rsbﬁ
tification.  © 4 '4-“919“’ 2062

"5 the casoof line.supply (e Gireuit has _ 5-‘:?,}4'005 o 174
"t be adapted 1o the specified .maxi- - -
muni value of power consumption

3 (without load) of 10 mA and the mini- ' 1.

munt supply voluage U, of 8V (must c.Los o
not fall below). . ‘rr 'L’ IW‘PQ
A O ) 1000 pF[B2
The synchronization anput (pin 5) s BV, |97
connected 1o phase Rvina series resiss CYy
wr of 220 K2 and 10 sround potential
via two back-to-back Jiodes (D2, D3). e
The diodes mit the voluage at thesyne : ! L—""‘ 2240

~npui o about £ 0.6 V. .

e ramp peaweraor frequency is deters : m:rq
mined by the vero adaprer, i.e.ateach
sero crossing ol the ling frequoncy the

b sawtooth voltage b re-started, Ramp ; . o

" aapacitor (Cu = 47 alf) and ramp resise v

wr (Ry = 1C0K02) adjust the rate of . ' -

i 213161

M, 0

o}

aif-state voltage. A\ . . .
: o™ L . Fig.7 Phas control with direct triggered BSt CITH0 thyristor
In the preseat circut the sawtooth ; 5,

aapliude is7 V. )

- — . o

Control voliage U » adjustable be- o, - .
“ pween 0 and 7 VY ']}Bl'uiliunwwr'l’l.’ """""""""

U, must not exceed the peak ramp

voltage Uz (see data book). ) . . A

Thus the angle of current flow at thg : 7

load ¢an be chusen berween 0 an 130°.

- ) . R o
In the hall-wave coatol described, 220V, ﬂks'" . o
anly onrput 2 [pin 155 has 1o be f L

conpectal o thie thygister gate A

-+

E>2‘?0-,;F . -3
punitive LHEReT pubse i routed 10 the {24 BAYE! _%‘Eﬁf: 118 28 1\35:5_35&3 e’
pate at 20-ms intervals during the posi-

tve hall-wave, Output Q1 (pin 1) ’ 0 T 5 i

seneranng positive iriguer pubw Jur-

-
hed
-l

—

Coe022 oF

IV

L J
—
[
. . - - 34
iy the nopative hall-wave semdin . s .
umm\‘. ||_‘u'._ wuiput p'.)lu' wilth ave r R [t
vends out capasitor G shown &, (Gate [ L__"“~ £l oy
. . . .y )
[able 1. Pube widihs ol the TCA 735 I w0l
! k. D
! . 1YL

{pulse w it capacitor € v 022 paled
- o—*‘-‘_—_—_‘_____’-————‘—-

typical, The thyristar b the viprind

Jhown i iy 7 i el by ag

vt 205 pus dhuraien ah 1o At

“¢,
. . o A TR
Switching vn anioff aith inhivat ngn.:[

|
'.
|

Positive trigper puhes for the thyrste
are Fv"‘“'"'“‘-"l during the line posstine b ‘L iy ristor phase contrul with transitos EFigRee pube amplifics and trigger pukic
L hadlwave only whin ihe volage at srawlones
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anibit input (pin 6)._is above +4 V..

Fhuas a4 13-K€Y resistor-is connecied to
the vperaing voltage (pin 16). If the

. voltage at the inhibit input falls below

+2.5V output pulses are blocked.
Open circuit at pin 6 to ground or Mp,
pombl) made by a switch S or a logic
circuit, switches GIf the load mdcpcnd-
enty” of the Signal suates of the
TCA 785.

These inhibir levels to duablc (U
<+25V) or enable ourpurs (Ugy
>+4 V) need s'pu:i'.\l atrention when
yenerating thyristor pulses. They re-
quire a l§rge amount of power.
Because of the luss in series resistor R1
most power supplies are insufficient,
which may switch off the 1C and thus
cause interference in the cirduitry,

Dircct triggering of high-power
thyristors at constant supply voltage

The TCA 785 integrated plmc control

2 with 230 mA output current is capable

ot directly contrulling high-rower thy-
' over the entre emperature
FAEC UP TO 3 aunimum (rigger current
ol 233 mA. .

A local power supply with transformer

risiars

and rectifier iv required here, De power -

at the Joad is controlicd by porenti-
ometer Pl L
“ o

Voh::;,c isolating control circuit for
thyristors

Linc-commutated curreat converters
mdltly have several thyristors in a
single or three-phase current arrange-
ment.

At the interface between trigger :md
main current circuits of a current con-

verter volaage isolation becomes a ma- |

jor problem. ~

Pulse transformers allow shorr, long,
combined or double pu:ses to be con-
veniently fed 1o the thyristor gate.
Fig. 8 shows a phase control with tran-
sistur and trigger pulse amplificr and

translormer. Trigger pu|scs are fed to

the BSt[35 rhynstor via atrigger trans-
former. :

Thus the ente conu'ul circuit i> clee-
wrically isolated from the line. Trigper
pul;u generated in the IC are amplificd
in the subsequent power stage by a
BSS 97 SIPMOS driver sransistor. The
TCA 735 produces an output curreat
pulse of 2 mA on pin 15 atintervals ot
20 ws. >N

T.\hlc 1 Ourput pulse widih depending un capacitors C.orCi2.
( .lp.hu anee C, Iuopuls. ¢ 15CpF  220pF  JXpF 680 pF 1200 pF
eveniion T N '
Toagger pubw widily e Twd 137 e ICH 432 )0 020 gy

Yy

A control current of 1 A is fed 10 the
primary anm;, ol the rigger trans-
former via the wigger pulse empidfier
stage (transistor T). ‘
The thyristor gate obuains & tringer
currgne of I'A with a pulse widih bf
550 ps and a gate cathode voltage of
2V from the sccondary windiag of
pulse transformer IT (ratio i = } .",I)
Though large thyristors have a minie
mum trigger current Joy of 250 mA
from value F (Jrav >25 A) zccerding
to the data book (atr worst conditions,
c.c. at lowest temperatures) 2 gate
current of 1 A is délivered from <hs -
cantrol unit to give fast and fow-loss .
thyristor switch-on. When swite.... ¢
off the pulsc it is necessary 1o ens?. 2
that the trigger pulse transformer’s
voltage is “discharged without produt
cing peaks which may be harmful w0
the driver transistors. To obviaze ilis
rish, a diode in the conwol cireuit is
connected in parallel to the transformer
winding n,. 4

i, for example, I current. flow s
+15V dhrough the transformer and
driver transistor is cut off to 0 V by the
transistor, the voltage rises at the zran-

“sistor's drain. At this instant cerrent

flows through the diode and thus pow-
cr is discharged.

The control unit is operated dt a coa-
stant supply voliage, ¢.g. +15 V fros
conventional  low-frequency  power
supphies.,




Applications of the B6HK circuit

DC wehiing |

One inzpoctant application of half-con-

trolled three-phase bridues 'is in de -

welding devices with special regard to

MIG/MAG welding. This is an inert-
i R shiclded arc welding technique
| wing 2 welding wire and a constaiit
voltage source.

Today's power elecuonics allows the
walling carcni i e adiniely vari-
| able by phase contid direcdly via he
p 1hyvistor, Thus the powersnage swit-
ches for e, 36 sdimstable positions
and the appropriate transformer tap-
P At e sewondany indings are un-
nedessary,

Fuerthermore,  he ohectronic control
unit s remorsly conirallable, The pu-

teniciadIer for adjusting the welding

carrent and peosjeoiag the wire can be

renlled i e welbory sk, MG
MAG vl cieesns Laoween 33 aond
. . -~
(30N tovws, the speratng de volage
ving adjusable between 22 and 46 V.
C:tike scrow-type chyristors, a signifi-
S ponier fneresse fan be obained

vith disk aype diveistors in Hac-pack
Soaim wanl heat sinhs on by sides.,
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Siemens offers low-blocking thyristors bridge circuits are included in the pro-
of the 6l-series (BSt Hél, RSt L61, duct range. Table 2 gives a selection of
B5¢ N61) capable of handling voliages  standard sct-ups. .
up 0 600 V for use in welding device . S
control.~ Furthcrmorc.:'1h)':iswr-diodc‘“‘"’The‘se’ di-thy-block columns are avail- |
systems for hall-controlled three-phase  able for a currens rangcof 245t0 875 A

[
!
IHAA
 em—
[T SRR 5 5
-o———\lhl 94
] ’y ‘T:'.'I ] L, <
"“‘%ﬁ“ 3 De
PJ Lrcnd [ L S
L{W —N.\‘,l. 5 D?
it a -
Lpemd L] l
P L

Fip 30 Circuit dizgram ofz Lalf covanntind Uiieeprliang
curve ol resistive laad with

b nan-inteemistent opersiion

S BNt operativn




[N

R

for welding devices” and ¢ me with
additional TSE circuitry on request.

' Opc'r.ation of Fig. 11 circuit

The hall-controlled three-phase cur-
rent bridge circuit comprises three thy-
ristors and three diodes. Hence a three-
nulse drive unit consisting of three
single-pulse control units is neéessary.
One thyristor is allocated 1o cach con-
trol unit. The drive unit is set up with
three TCA 785 1Cs in cach ol the
control units. - &

Nuorcover, a 15-V d¢ current s tequi-
red to operate the “drive unit with
16-mA power consumption.

The current drawn by the connected
“wigger pulse transformers has o be
considered separ itely. Pulse outputs of
the drive « . are capdble of handling
up 1o 1A, Pulse width is 623 ps.

Positive supply volage 'is fed to pin°

*5 and negative supply voltage to pin 1
to operate the TCA 785. )

Syncstage
The sync gate (pin 3) of the first
control unit is connected 1o phase R via

a 220-h{ series resistor and 1o groind

via two back-to-back diodes. The lauer

limit the voliage at the sync input to

approximately = C.6 V.

Pin 5 of the sccond TCA 785 is con-
nected 10 phase S via a 220-hQ2 resistor
and, Hlewise, pin 5 of  the third
TCA 7385 10 phaie . =
As the diagram Fig. 11 shows a half-
controlled  three-phase  bridge ~with
load-dependdent synchronization, the
syne voltage is drawn from the second-
ary side of the welding transformer.

Sawctuatl: peueration

The frequendy of the sawiooth gener-
ator is determined by the zero volage
Jetecior, ies the sawtoath volage is
sarted at vach zeco crassing” of line
irequency. ‘The risz of the sawtooth is
piven by the ranp capacitor (Cy =
47 aF) and the ramp resistor (R
=100 {1). ) ’

The sawiooth amplin.de in the circuit
liercis 3 V. : 3

Table 2 Di-Th.y block assemblics in Jow-valtage connection for MlGIMAb welkey devices '

Block eype Circuit BoH-circuit

. . ) conliguration " current at ¢ Caarentat F*e
BSt3H61/3K238 KK3-hDB... | -&t-Bt | 154 N34
ESt 3H61/3K28 KK34+-hDD.... JbHi-Btl |, 134 . 3BA
DS IH6IAK KKI2-hDB.., i+ 18t] 154 A
B5t JL61/IK2S KK34-hDB... I -DHA- 1 154 A
BS: 3L61/3K23 KK32-hDB... Iotl 1t 250 A XA
BSt IN61/3L28 KK3+hDB... |-t "205A Q3A
BSt IN61/3128 KK32-hDB... J-o41 1o 300 A £SA

*$ = natural air couling at.Jum, = 45°C '
* [ = forced aif cooling at 9, =35 °C and v,, = 35 Vs
, .

Coniparison stage

The conuol voluape Uy, i3 adjusable
berween 0 and '8 V by potentiometer
P1. If the positive going sawtooth
voliage reaches che control voltage val-
wes at pin 11 a trigger pulse is enabled
at 1C output pin 13,

. The more positive the Un valu, the

longer the sawtooth voltage takes to
reach the point at which the thyristor is
teiyered. Thus the pulse can be shifted
in time by U, and the conducrion
angle ts adjustable at the load.

Powrer stage
The follow-up power stages using

power gain of the trigger pulses gener-
ated in the TCA 783, Output current

pulses are taken from pin 15 of the

three integrated circuits ac 20-ms inter-
vals. / .

A control currenc of 1.2 A is fed to the
primary winding of the trigger pulse
cransformer via the trigger pulse ampli-
fier stage. The thyristor gate receives a
trigger current of 1A from the secon-
dary winding of the pulse wransformer
[T (ransformer ragio is i = 1:1) lora

period of 620 ps at a 2-V gate cathode

voluage.

.

Comtrol range
Synchronization of the three thyrisior
control units is provided by a three-
pliase star voliage and allows the pulse
to be shificd by more than 130 *el,
theoretically. As the acwal tngger
po-at (full control) of a three-phase
current circuit is 30° afier the suar
voltage’s zero crossing, 150 °¢l rémain
t0 be used as maximum control ran

It is therefore necessary © adjust the
phase angle « = 0°¢l at te Pl poten-
tiometer stop 10 avoid the carlicst pos-
sible pulse coming before the actual

- trigger point.

Pulse accuracy .

Pulse accuracy is the asymmetrical de-
viation of one pulse interval from the
other at a fixed value of Us. The
optimum distance for 3 three-pulse
drive unit is 120°%l To allow exact
adjusiment at this point trimming
potentiometer- Ry is inscried in each
phase. o

.BSS 97 SIPMOS wransistors leadem 3 Thyristor drive unit for fully

controlled three-phase bridge
circuit : -

The power unit of a B6C fully control-
led three-phase bridge drcuit consists
of a rectifier bridge with six silicon-
controlled rectiliers, i e six thyristors
which ‘are triggered 3t intervals ol
60 *cl. Three-phase current is fed {row
the line’via a rectifier converter trans:
former.
. While the transformer’s primary wind-
ing can be cither in delis or siar con
. nection, the secondary winding has «
be star-connected beiiese the st
point is the relercnce peint fos 1h
clecironic controi unit. o cach phas
(K, S, T) a thysisor Jove unit i
assigned whoch repriie gy prnduce
line-synchronons conirs. salees.
These pulbses srigger the thyristor 3
instants prese; Sy the &7 unit. Th
trigger poiatTs adjusizbi for all phase
focans of a potentameter. Th

6-odulation depth resu'sng from th
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qurmcrs are used in a

* devices.

pulse shifting is decisive for the cur-
rent, voltage and power values of the
rectifior converier,

Non-intermitient operation  requires
particalar aention in view of control
In intermitent  operation,
however, it has to be made sure that
cach electric valve will conduct the
current twice within one interval,
Otherwise, modu1:mon is only possi-
“ble up 10 60 ° andd ched interrupted.

Drive units .

A six-pubse deive wnit with six single-

"p'uhc control- units is rcquircd for a

lhrl.c-ph.ln bridge circuit with six lh)-
ristors. To cach comrul unira thyristor
15 allocared which has to deliver the

trigger pulse ac the right time in the

appropriate cuntri-d range,
The thyristoi, wsedf can be eriggered

_very rapidly (in abour 10 ps) with a

positive anode voltage, but the circuit
requires a much greacer pulie dusation,
As_expericnce has shown, the pulse
duration in a three-phase bridge eircuit
must be 3C0us to permit a stable
operation in the intermistent current
range.

operating and switching on the recuifier
converier two_thyristors have 1o be

tipaered muuluvunusly This &

achieved with a pulse width exceeding *

FaX

60 °¢h e.g. a4 long pulse of 3.9 ms
7€ %l with overlapping wrigger pulses.

The trigger curien 1o drivé the first:
thyristor is still flowing when the sec-
ond thyristor is triggered. The thyris-
tor gate pulse for the second thyristor
has 1o be maintained uanl the third one
triggers, oo, up o the sixth one and
then the sequence is repeated.

The ~bo~'c mentioned long puloe wole.

tan B ot ofien cmpmygd as produc-
ing a pulse of 3.9 ms requires a very
expensive,  large-size  trigger  trans-
lormer with a volage-time range of
=5 m\Vs,
signed to each lhyrmor. i.c. SixX trans-
a fully coatrolied
tliree-phase bridge circuit. Two thyris-
tors are controllable at a time in che
forward direction when using double

A trigger aranslonner iy as-

pulses at 60 °cl intervals with a2 mini-

U ] vy

] \*2 3 \y 5

" b /] . b 1 b U} {‘
Thyr . -
) ”
) - .
3 :
: —
4 t 'lhyu'smi ¢
5 a current
3 ]

4 e=~=¢° Puse cantrol cuttent
Fig. 12 Wavcforms of star voltage and double

pulsc control currents with time for sia thyris-
tors in a fully concrolled three-phase curgens
bridgc circuic

mum duration of 500 ps (Fig. 12). Each
thyristor receives an auxiliary pulse
60 °cl after the main pulse. The first

can be derived from the pulse arriving.

60°%! la.er.s Double pulses  of
2 % 0.5 ms, or say 2 X 9%, are used
1o control the B6C circuir,

Duc 10 the reduced pulic of 0.5 ms
sclative o the long pulse of 3.9 ms the
voltage-time range of the six trigger
pulse transformers is | mVs cach and
thus sllows a considerably less expen-
sive solution.

A six-pulse control circuit with double
pulses for fully controlled three-phase
bridge circuits is described now with
the sccond pulse being drawn [rom a
trigger pulsc tr:mformcr with two sece

::......r, w onuh.bs.

Operation of Fig. 13 circuit

The drive univis constructed with three
TCA 755 integratad circuits i cads
control unit. A 13-V de cinrent sapply
is necessary to operate the drivi uniz,

Syncstage

" The sync gate (pin S) of ske first Jrive

unit is connected o phase T.ovin a
220-1£2 resistor (secondary voitage of

- v

" of thé'réeiificr converter transiormer, a

the sectifier converier transformer) and -
to ground potential via two back-to-
back diodes,

Pin 5 of the second TCA 785 is con-
aected via a resistor to phase¢ S and
pin 5 of the third TCA 785 likewise 1o

phascl‘ T

Sa'w:oolb generation ;

A sawrooth amplitude of 8 V is decer-

mined by the ramp capacitor (Cy =
47 nF) and the ramp resistor (Ry
=100 kQ).

Comparison stage

The control voliage Ug, = 0.8108 V is
adjustable by potentiomerer P1.

Poucrsmge
Power stages usmh BSS 97. 9[[’\105
transistors allow a power gain of the
trigger pulses generated in the 1Cs. An

* output current pulse is taken from pins

15 and 14 of each of the three TCA 785

at 20-ms intervals, i

Control range

The three thyristor control units are
synchronized by the secondary voltage

theoretical pulse shift of more than

"180 %l being pomblc.

Asihc actual trigger point (full control)
of a B6C circuit lies about 30 ® alter the
star voltage zero crossing, a maximum
range of 120 %) renrains 10 wongrol 2
resistive Joad. "The oppusite applics 1o
inductive loads: Between 0 and 90 %l
rectifier  converter  operation  rakes
place and from 90 °cl ac coniroller op-_
cration, Thus it is necessary 10" adjust
the phase angle « = 0 °cl at the s1op of
potentiometer P! to avoid the carliest
pussible pulsc to heing chesea betore
the actual trigger point.

Interconncecting drive unitand

power stage

Fig. 13 shows e fully controlled

three-phase bridge with rectifier con-

verier  trarsformer,  lead-dependent

S)ncl’-ronu: ion and six-pulse drive

vait with double pulsc fa lriggcr
ath two secondary

,..-.sc transformer
vandings.
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‘ _n'clcarly be scen thar, with are-
‘;mq load. voltage and current wat c-
’” fomls are uniform and in ph:m..
An ac controller using two thyristors
! in W1, connection is preferred whea a
tridc,is not suitable, .
i As a general guide
i e a triag is suitabfle for use as a3 semi-
{ conductar switch for ac current if the-
| line voliage is
i rents below 23 A are being switched,
two back-to-back chyristors serve as
ac current switches if high line voluages
(2389 V) or high ac load curreats
'(>25 A) and/or inductive loads are
i being switched,

These thyristors used as load switches
- also require transient protection Cand
. R but compared 1o a triac, critical rates
" of voltage and current rises (e.g. du/
de, o €5 Vips) e < aeglected during

commutavon when switching induc-
tive Joads. Afier switching the positive
fmt half-wave the thyristor has a re-
1E’ovcry ume of a half period, i.c.
1D ms. Therefore, only switch-on rises
“of current and voliage have to be

' considered 1 this case. A pair ol back-

toshack thyristors yrm;dcs enhanced

mlu) against mmn-u-;rmb and better

Jynanic properties of the tnac.

.

{ Use of ac and three-phase current
' controllers

]

P n I

Ac controllers are used where continu-
ez adjuatment and contral uf voltages,
curreins and power is necessary. They
fhave proved highly successtul for a
variety of industrial rasks, such as

o welding,

« heating tevhnigue,

o stage lighting contral,

o rlectroplatiag.

One typical spplicauon s adjustment,
arid vontiol ol in the
plastics industnies:and in
witg e dizwing plans. Furnthermore,
dev e wniabie o \d.lpntmn ol
voltages taaioad supplied via atrans-
ortner. his srrangement has turned
wul 10 by (he mist ceonomical for use
in .‘zc:\"' surrent and high voloage fa-

RO PR ITS )

chennea! ar

cluiey whore a rectibior an"c i3 con-

fecied -t tenes sk the transformer.
'n heavy Surrent plants incxpensive, .

<220V and ac load cur- of. ©

hTh2

c 0
Myo— | .
-
" : :
e Line voltage
T a=])s5e
|
,-—180°-——l
|
3 |
]‘ ﬂ 1 Icamnt
iG-11 I
| |
N es |\
I |
. ]
I Il loaem2
iG h2 L '3
’ i Inrmp‘ ([
o Ny .y
—t
. 0-750 l_ Iw\._r ind
- T l
|
Iz |
{
|
L
!
]
o
N i
i
v
o

bz 14 Circuit disgram ol an 3¢ controller (a)
=nd (1) wavelornn of line vohage Up.s trigger
cnisent I 2nd thy ristor currents gy, Lagand
Radcurrent I with time

)
» .

v - . - : \
low—blockmg dnodcs can also bc em-
. ployed. - o
In high voltige facilities the rectifier

—vearticnm A,

bnduc may make use of highly b!oc.k- -

ing dnodcs 10 avoid scrics connection of
thyristors. Relative to currently’ used
power devices, such as variable-ratio,
.regulating and stepped tr:msformm. ac

f

-controllers offcr many adv:mtagcs. The ~

- devices are characicrized by
«e no moving parts (maintenapce-free
-and 'mar-proof), ) :
o fast, noiseless switching,
e no arcing when switching on and off,
e wide operating range,
o small size,
e fast adjustment,
e convenient remote control.

" Thyristor drive unit for phase
control (WI1C circuir) )
Fig. 15 is the block diagram of an ac
controller with power unit consisting
of ac load Ry and back-ro-back thyris-
tors Thl and Th2: To drive bort
thyristors the two-pulse dove uniz
shown in Fig.15 is used. This device
cu.a.priscs the TCA 785 thyristor con-
troi, two SIPMOS amplmcr stages and
two trigger pulse ransformers.
The Thl and Th2 gates have a current
level of 1 A and a pulse duration of

7620 ps. The operation of this device is

described above. The circuit here com-
prises two MTT40 AOSN compaci-
type thyriviors, The thyristor module

THYODUL is capable of Nandling an

ac load of 15 kW ar 220-V supply
voltage. Sicmens thyristor modules are
available in the current range fre a
2 X 48A,2 X 65A,2 X 75A

2 x 160 A,

The module comprises two thyristors
fuily olaicd on twad sinks in ene
packape. A voltape-isolated aluminum
bar provides thermal shiclding 2nd
guaranives a durable mnd trouble-free
surew assembly. In many cases the use
of muodules s peel auble 1w diserete
dev Zes, Space-saving srrangements are
possible as several puwea semi uc-
tors can Le maeunted gat6 the same
heat sink. Sicincas geGidules are distin-
guish=d by Ligh alernating load
strenpth. This is due 10 the proven

[
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