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ABSTRACT
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SOMTHA
SIRIPONGDEE

This thesis presents the Electric Control with Electronics Laboratory Set which include

of a trigger circuit, a generator pulse circuit, a rectifier circuit. This laboratory set can be used as

an instructional media in the Power Electronics subject. It has 14 laboratories to increase the

efficiency of learnning. The results of these laboratories have a good range for application.
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4. Tnaaudu RL tagd Free-wheeling Diode
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2.6.4 Single-phase Full-wave Controlled Rectifier
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2.6.5 Full-wave Rectifier whit Center-tap Transformer
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4. 3993 Control Amplifier
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5. 3995 Feed Back Variable Amplifier
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PI-CONTROLLER (TRANSITION BEHAVIOUR)

[ J
Ingszasn
1. weadunsmnudnyme e PI-Controller wazmmmsmuguiniudadu uazmim
Proportional Gain Iael¥nsvnadnyas
2. W9TAIMIABUAUBY LAZHIATAIL 9 YOINTAIVAY
=)
nQug
msmuammuﬁﬂdau N30 Proportional Control (P-~Control)
lunsdinridavesmsmuguiiunuudadiy maiauves Controlling Element 139
Controller vziifu'lUIudnvavoedaday o Manipulating Variable 9¢ifu1nfasauni1u

WNT08984 Brror 139 Actuating Error (¢) No13640

e(t) m(t)
«— Kp >

gﬂﬁ 1 Block Diagram of P-Controller
WKy e (1)

Taoh  m= msGeunnnlasves Manipulating Variable (310 Ref Op. Condition)
K, = Gain H30MAVEI8UDY Proportional Controller
waz  e=m3suasuu/adves Error 130 Actuating Error (210 Ref. Op. Condition)

v W 4" o { g 5 1 g 3 =
wazeruanan ARSI IddgUR 2 Fezdtuiduduase Juunadisasen

Y

v
Controller ¥UATI Amplifier
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slope
<€— slope = Gaink , e
=Gaink ,

v
o
\ 4

N) Gain K, > 1 v) Gain K, =1

314 2 ANFuIUFIz1919 Output A Input V84 Proportional Controller

vad o w @ = yd
AuaulARd eI saIuquUUUTadIU 1T Proportional Control fiffABdIMIN

A =2

Input Y®4 Controller A® Actuating Error (e) ﬁﬂ'mm, Output U939 Controller i laun
Manipulating Variable (m) fivziisngaamludag Tumalfiiafae Srasildszuuniugui
sTUURBUA U IAI5H
NIAVUAVUVUTIY H3o Integral Control (I-Control)

Controller FANYAULMTNNIY (Control Action) UL Hae Integral Control A®
Controller #i1#nsudlvanunainmasn (m) Iudnyasidludadusy Time Integral UDY

Actuating Variable EL) Actuating Error (e)

e(t) m(t)
e KIJ.....dt —>

gﬂﬁ 3 Block Diagram of I-Controller

m OL_[ edt

Wi m = K, [ edt
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Taeh K, ABAIA9A1 %30 Constant of Proportionality (3871 Gain 130 fdauenoved

Y [l
Integral Controller ta¥®MARINNUTURUT T Ianauanalugii 4

A KI A

i /slope e

T T T =t T T T T gl

0 t t

1 1

U 4 ARwFRUT 819 Output U Input
3

gunsal

1. %9 DC-Amplifier

2. %a Control Amplifier

3. Pulse Generator

v
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RO1 100k
Rl I, DC-amplifier
RO 100k Vv =1
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o—  A— B dl = OSkt
e iy 13 e
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2. TAus9AUIBIANA U2 = U3 Y03 P-Controller fifuisafudunn U1 mumitg

U1(V)

-15 =12 -10 =5 0 +5
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U3(V)
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5. AU Porprotional Gain (V,) Taofn1sanann1ssnens

R
2
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Rl
2
e e b e
R

6. asuresiiuseeslugii6

P R3 , R2

7 100K 10K RSMENC 014
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Tmin

RO2
-15V
RI
RO 100K

[

7. JagUaduussiuendya UL Tavldooadalaalay deeil 1 anusedudi Ul=+2v Tag
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8. Magunduussiueiye U2 Taoldeoadalaalnugesii 2 Tuiingynduild
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A2v j
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ms

9. MIAGAN 9 Y4 Porprotional Gain (V,), Intergration Time {a% Reset Time 1AgWI15841910

Step Respone
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\ 4
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(AU, =4V Uy =+2V resp.U, =2 V)
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10. MU Porprotional Gain (V,), Intergration Time (8¢ Reset Time IngW15811910A550

N7
5
W
R4
5 W
T,=R,XC
T s mohtkke sy Dol on ms
T,=R,XC
e crsia i o PG s & i ms

11. 1Wlaeu R, = 20k Hu 10k ivpisnaaes

1
U
i
v
A
=t
2 4 6 8 10 12 14 16 18 20  ms
vineeagalaclnl  Vo=.............
i T eeeiiiiieiiiiiiei, ms
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311 2.4 2192995 RUNYB92995 Power Supply
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U7 2.5 9182995 ARV99937 Opto Diode

U 2.6 9182995 NUNRYBI2995 Phuse Generator
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HA741

FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUIT

GENERAL DESCRIPTION — The uA741 is a high performance monohihic Operational Ampllier
constructed using the Fairchiid Planar® epitaxial pcocess. It is intended 1or 3 wide tange ol analog

li High mode voltage range and absence of laich-up tendencies make the uA 741
ideal tor use as 2 voltage lollower. The high gain and wide range of 0peralng vollsge provsides superion
performance in inteyrator, summing amplilier, and general lecdback Apphications, Flactical chasuc:
teristics of the uA741A ond € sre 1danticsl 1o MIL-M-38510/10101,

NO FREQUENCY COMPENSATION REQUIRED

SHORT CIRCUIT PROTECTION d

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

NO LATCH.uP

ABSOLUTE MAXIMUM RATINGS
Supply Voliage

BATA1A, uATAL, UATAVE 22 2V

wA741C y 8V
Internal Power Dissipation (Note 1)

Metal Can { 500 mw

Molded and Hermetic DIP 670 mw

Mini DIP 310 mw

Flaipak 570 mw
Ditferential Input,Voliage 130 v
lnput Voltage (Note 2) R

Storage Temperature Range
Metal Can, Hermetic DIP, and Flaipak
Mini DIP, Molded DIP

Operating Temperature Range
Military (WAT41A, uAT41)

~-65"C 10 +150°C
-55"C 10 +125°C

~55"C10+125°'C

Commercial (WAT41E, uAT741C) 0“Cto +70°C.
Lead Temperature (Soldering)

Metal Can, Hermetic DIPs, and Flaipak (60 s) 300 C

Moldea OIPs (10 ) 260°C

Output Short Circuit Duration (Note 3) loddelinig

CONNECTION DIAGRAMS

B-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 5B

oFssit
~uet ()

Note: Pin 4 connecied 10 cate

ORDER INFORMATION

10-LEAD FLATPAK
(TOP VIEW)
PACKAGE OUTLINE 3F

8-LEAD MINIDIP
(TOP VIEW)
PACKAGE OUTLINES 6T 9T
PACKAGECODES T R

) 0
" e C——° —
OFFSET =
ve NULL :, .: NC
] — —v
A L) ’
ou - ] o
. s
orsser - ! oFfFsET
Qrest v- —

~ .

ORDER INFORMATION ORDER INFORMATION

TYPE PART NO.
BAZ41A uAT41AHM
uA741 HAZ41HM
HATAIE #AJT41EHC
sA741C »AT41HC
14-LEAD DIP
(TOP VIEW)

PACKAGE QUTLINE 6A, 9A

« ]
w O] [ ~
o [~
] mE
il ] ) our
n |-t

L)
NG :]Nt

ORDER INFORMATION

TYPE PART NO. TYPE PART NO.
uA741C MAT41TC BAT41A HATA1AFM
uA741C wAT41RC uA741 BATAIFM

TYPE PART NO.
uAT41A  LAT41ADM
uA281 LATA1DM
WATAIE uwAT41EDC
wA741C wA7410C
uA7a1C uAT41PC

Notes on tollowing pages.

*Plensr iv a petenten Fairchild process,
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FAIRCHILD LINEAR INTEGRATED CIRCUITS - uA741

UAT4 1A

ELECTRICAL CHARACTERISTICS (Vg = 115V, T4 = 25"C unless otherwise specifiog)

PARAMETERS (see delinitions) CONDITIONS MIN Typ MAX UNITS
Input Otfser Voltage Rg < 50N J 0.8 30 mVv
Average Input Oftset Voltage Drilt 15 uVieC
Input Olfser Current 3.0 30 nA
Aversge Input Olffset Current Dnilt 0.5 nA/C
Input B1as Current 30 80 nA
Power Supply Rejection Ratio Vg = +10, -=20: Vg = 420, =10V, Rg * 500 15 50 uVviv
Output Short Circunt Current 10 25 35 mA
Power Dissipation Vg ® + 20V 6o 150 mw
Inout Impedance Vg = :20V 1.0 6.0 M
Large Signal Voltage Gain Vg« 120V, R = 2k, Vour = =15V S0 Vimv
Traasient Response Rise Time 4 0.25 0.8 us
(Unity Gainl Qvershoot 6.0 20 %
Bandwidth (Note 4) 437 1.5 MH2z
Slew Rate (Unity Gan) Vin « £ 10V 0.3 0.7 Vius
The lollowing specifications applv for =55"C < T < +125°C
Input Offset Voltage 4.0 mV
Input Offset Current 70 nA
Input Bias Current 210 nA
Common Mode Rejection Rauo Vg = -20V, Vin ;,‘ 15V, Rg » 500 80 95 d8
Adijustment For Input Offset Volage Vg = :20V . 10 mVv
Output Short Circuit Current 10 40 mA
Power Dissipation Vg = : 20V s . .
+125°C 135 mw
Input Impedance Vg = 120V 0.5 mMa
Ry = 10k02 :16 v
Output Voltage Swing Vg = :20V, Ay - 2kn 15 v
Vs = :20V. Ay = 2k, Voyr = : 15V 32 Vimv

Large Signal Voltage Gain

Vg ® 1SV, R = 2kil, VouT * ‘2 V 0 : vimv

NOTES

1. Rating avohes to aminent temparatures ub 1o 70 C. Above 70°C smunent de
the OIP ond 7. 1mW/°C for the Fiatpak,

For 1upply voliages | then 2 15V, the aD30lUte Maximum «MEUT vollage +s equal 10 the wupoly voltege.

3. Short circust may be 10 ground o esther suoply. RAs1ing appires 10 123 C cose tempaersture or 75 C smbient temperature,

0.35
4. Calculatvd value Irom: BWIMM]) 3 ————e
. Rise Tune tus)

® ingarly at 6.3IMmW/’C 101 the metal con, B.IMW/C for

Lo
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SIEMENS

Phase Control IC

Features

@ Reliable recognition of zero passage

® Large application scope

® May be used as zero point switch

@ LSL compatible

® Three-phase operation possible (3 ICs)
@ Output current 250 mA

® Large ramp current range

® Wide temperature range

TCA 785
Bipolar IC

P-DIP-16-1

hevicgs £ Foe

Type Ordering Code | Package

TCA 785 | Q67000-A2321 | P-DIP-16-1

This phase control IC is intended to control thyristors, triacs, and transistors. The trigger pulses
can be shifted within a phase angle between 0 * and 180 °. Typical applications include

converter circuits, AC controllers and three-phase current controllers.

This IC replaces the previous types TCA 780 and TCA 780 D.

Pin Definitions and Functions

Pin { Symbol | Function
so[: M wu[Tw : 7
1 IGND Ground
62[]2 B[]c2 2 Q2 Output 2 inverted
\ 3 f Qu Output U
w[]s w[Jes 4 Q2 Output 1 inverted
] 3]t 5 A Vevne | Synchronous voltage
6 Ll Inhibit
Vowe []8 e 7 Q2 | Output Z
(s 1] v. 8 |V Rer | Stabilized voltage
9 {Re | Ramp resistance
0z |7 0[] (.. !
E Je 10 1 Co | Ramp capacitance
Yorr | |8 9] Rs 11 FVn ! Control voltage
i£po03sg 12 i Cre | Pulse extension
13 ‘L I Long pulse
14 Q1 { Output 1
Pin Configuration 15 Q2 | Output 2
(top view) 16 Vs | Supply voltage

Semiconductor Group

09.94
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SIEMENS TCA 785

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage Vs). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor Cio of which is charged
by a constant current (determined by Rs). If the ramp voltage Vio exceeds the control voltage
Vi1 (triggering angle ¢), a signal is processed to the logic. Dependent on the magnitude of the
control voltage Vi1, the triggering angle ¢ can be shifted within a phase angle of 0" to 180",
For every half wave, a positive pulse of approx. 30 us duration appears at the outputs Q 1 and
Q 2. The pulse duration can be prolonged up to 180" via a capacitor Cr. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180" will result. .

Outputs TT and U2 supply the inverse signals of Q 1 and Q 2.

A signal of ¢ +180" which can be used for controlling an external logic,is available at pin 3.

A signal which corresponds to the NOR link of Q 1 and Q 2 is available at output Q Z (pin 7).
The inhibit input can be used to disabie outputs Q1, Q2 and T , a2,

Pin 13 can be used to extend the outputs T and T2 to full pulse length (180" - o).

! | | 1EB003SE

: -
c _I Pulse
i T Extension
112
5
. i 4
'SYNC D Zero Synchron o 3 01
DefBasor Register [ > 20!
& s i | —> 01
o i T R
s RE Discharge Jtogic (2 | —
_' I IA_ ; 'Munlror 3 02
% - N A
— | | ' | s 0z
O3Sy | |
: . |
] Controt i !
; 1 I Compararor i
g GNG | | — '
? | ! T | i
| a0 ! ! K ‘ f ‘
! I Il i - Discharge | | |
i ls lg i0__1n_Tronsisior ‘6’13 ‘
| i Pl : ,
L ontrot Inhibit Long-Pulse !
| R«;D Vstao G.c—E Voltage Commuration {
‘ M '
] LT |
Block Diagram

Semiconductor Group
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SIEMENS e 785

e RS o N
: N : Y5  Synchronizaiion vollage

/) \/‘ | N
l I 3 ==
; L — V1o Romp peak voltage
[ | /\ ]/\ V1o Romp vollage
! ! N V11 Control voltage
it g
17 Lt | V1o Min. ramp voltage =V,

V15' Q2

Vi 01

1

I

|

n
J—L I Vys+ 02, Pin 1210 GND
4 : AN
u | l—] ! :
| - | | Vs Q 1, Pin 1210 GND
L § V2 Q2R 13tGND

|

I

| !

U..._J l: Ve - T1, Pin 1310 GND
! I

0 ¥ 180" IED00359

!
|
!
i

Pulse Diagram

Semiconductor Group
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SIEMENS TCA 785

Absolute Maximum Ratings

Parameter | Symbol Limit Values [ Unit

min. max. |

Supply voltage i Vs -0.5 18 |V

Output current at pin 14, 15 [ Io -10 400 | mA

Inhibit voltage | Vs -0.5 Vs

Control voltage | Vi -0.5 Vs \Y%

Voltage short-pulse circuit iVha -0.5 Vs \%

Synchronization input current , Vs — 200 + 200 ]uA

Output voltage at pin 14, 15 | Vo Vs \%

Output current at pin 2, 3, 4, 7 lo 10 mA

Output voltage at pin 2, 3, 4, 7 Va Vs \"

Junction temperature Tj 150 'C

Storage temperature Tsq -55 125 C

Thermal resistance

system - air | Rinsa 80 | KW

Operating Range

Supply voltage Vs 8 18 \Y

Operating frequency J 10 500 Hz

Ambient temperature | Ta -25 185 e

Characteristics

8<Vs<18V;-25'C<Tx< 85 C;f=50Hz

Parameter Symbol| Limit Values {Unit] Test
min. ityp. max, Gingui

Supply current consumption Is 4.5 16.5 10 [mA |1 -

S1... S6 open i

V=0V ;

Ciwo=47nF; Ro =100k !

Synchronization pin 5

Input current Isms 30 200 uA i1

R 2 varied i i

Offset voltage [aVs .30 75 imv (4

Control input pin 11 :’ ' | |

Control voltage range Vi 0.2 ! V10 peak vV o1

Input resistance Ru 15 ko |

Semiconductor Group
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SIEMENS TCA 785

Characteristics (cont'd)
8<Vs<18V,-25'C<7Ta<85"°C;f=50Hz

Parameter Symbol Limit Values Unit| Test
min. [typ. max. Circuit

Ramp generator

Charge current . ho 10 1000 nA

Max. ramp voltage Vio V22 \

Saturation voltage at capacitor | Vio 100 225 350 mV [ 1.6

Ramp resistance Re 3 300 ke |1

Sawtooth return time It 80 us |1

Inhibit pin 6

switch-over of pin 7

Outputs disabled VeL 3.3 2.5 V 7

Outputs enabled Ve 4 33 vV 1

Signal transition time [ 1 5 ps |1

Input current Ien 500 800 pA 1

Ve=8YV

Input current —lstL 80 150 200 pA 1

Ve=17V

Deviation of I lo ~'5 ) % 11

R = const.

Vs =12 V; Cio= 47 nF

Deviation of o ho =20 20 ;R

R = const.

Vs=8Vto18V

Deviation of the ramp voltage

between 2 following

half-waves, Vs = const. AViomax [ +1 g %

Long pulse switch-over

pin 13

switch-over of S8

Short pulse at output Vigu 3.5 2.5 NG |1

Long pulse at output Vaaw 25 2 \ 1

Input current liaw 10 pA 11

V=8V I

Input current - hav 45 65 100 A ‘ 1

Vie=17V |

Outputs pin 2, 3, 4,7 ’

Reverse current Iceo 10 pA 12.6

Vo= Vs ! |

Saturation voltage ! Viar 0.1 10.4 2 VARPY

lo=2mA ; , }

Semiconductor Group
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SIEMENS | TCA 785

Characteristics (cont'd)
8<Vs<18V;-25'C<Ta<85'C;f=50Hz

Parameter : - SymbolL Limit Values Unit| Test
| min. typ. max. C'rc,u't

Outputs pin 14, 15 ‘ | |

H-output voltage Viensw | Vs =3 Vs - 2.5 Vs=1.0 V |36

-1a=250mA

L-output voltage Vianse 0.3 0.8 2 vV |26

lo=2mA

Pulse width (short pulse) In 20 30 40 us |1

S9 open

Pulse width (short pulse) Ip 530 620 760 ps/ |1

with Ci2 “|nF

Internal voltage control

Reference voltage Vrer 2.8 8.1 3.4 Vo1

Parallel connection of

10 ICs possible

TC of reference voltage QREF 2x10-4 [5x10-4 |1/K |1

Semiconductor Group
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TCA 785

Application Hints for External Components

Ramp capacitance Cio

Triggering point e

Charge current ho=

Pulse Extension versus Temperature

min
500 pF

Vi1 x Re x Co
Vrer x K
Virer x K

Re

max
1uFY

are to be observed
2)
2) Ramp voltage

Viomax= Vs =2V Vo =

-—

[=2]
o

1

780,LI, ‘ { ! ’ , ' [ lwoossol
ps/nf ] TIL=T5V Mo P7 A4 ]
oo |- €T ' ;
s N R o LG
| ———

Q- O

| i

(3
IS

!
|
)
]
l

o
o

Pey
W § Facd
=]

D
o

e Exlension ———
(¥ F-. S
~N
| = ]

uls
NG
SO
= B o3

i
i
T
!
1
|

_T__

W NN

! Attention to flyback times
2K=1.10=20%

Semiconductor Group
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o

o
=
(ol
o
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S
o

The minimum and maximum values of /1o

Vrer x K x1 2

Rex Cio
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TCA 785

Output Vo'ltage measured to + Vs

1£000361

37

R

3.5

/

3.3

./ -25°C

¥/
2.9 |

Vs = Vaurs

250 C

27
| 25f----

| 23 —=

2.4

1.9 =

17 b

15

13

11

02

0
0

100

200

Supply Current versus Supply Voltage

85 1ED00362
WA\ W [T ]
\Y D %
79 T ~
i l BT
4 7
f 7.3 2N e :
D] N% 2l
Pl e N 795 ¢
VT A 0
P W
Pl Lo T
! ] ] ] v 1 ] H
;;%i el i ! [
L bt R
e ; 1 ]
£ i i X | i
T T
P d . ! i
LB[: N | i
EEEIE e
8 10 7 % 16 18V 20

Semiconductor Group
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SIEMENS TeA78S

Gz-—T-1nF
SS‘T
/s '
Zero 4'12
OHz 1k 250 kQ
S B : P D Tl ‘Syncnrcn s 6x10 kQ
8 Veus #4 | R, u : A4 g : < 1
s Imw&e T ‘i LBfe'S 2 2
: -o—o—{_}-+—o
b | [8 Discharge Logic |2 | S3 |
?100% = , A 1 Momtor‘ y 3 SO'—O—CL < I—T
7 = | b ’ — 7= &S S
| FNRS =,
@O
Control '
oo 1 Comparater
N 0 {—
_I" Discharge
9 |8 10l14 Transisior ol I3
NG e
Iy | 1 A0V ‘57 ‘55‘
AR LTI oo i P
LT (peak) ° 10 k&
f T ! | 10 kQL
=3 AT e i
0 VS VS VS (] VS
1£500363

It is necessary for all measurements to adjust the ramp with
the aid of Cio and R s in the way that 3V < Viampmax< Vs— 2 V
€.9.Co=47nF; 18 V: R9=47 kQ; 8 V: Re = 120 kO

1'
|

Test Circuit 1

Semiconductor Group
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SIEMENS

TCA 785

gy
| Heeo)
v
BirP7 3 udomll l
' _K 1,15 .
A
(VS::I
v
I
F {£500%6¢

The remaining pins are connected as in test circuit 1

Test Circuit 2

:

“_-Q /U
I Pint, 15 *_
,\

E £
E)
| =0 4-—= o——

1£520365

o

MC6

! The remaining pins are connected as in test circuit 1

Test Circuit 3

Semiconductor Group



216

SIEMENS Ko s

+ ———
! |
!

D D‘100k§2
’.

Pin S

|
N l B
i r D 22!5 =(10uFD1k§Z EVS
| L2 1 AT SR 0L

1E500366

Remaining pins are connected as in test circuit 1
The 10 uF capacitor at pin 5 serves only for test purposes |
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Fully Controlled AC Power Controller
Circuit for Two High-Power Thyristors

Shown is the possibility to trigger two antiparalleled thyristors with one IC TCA 785. The trigger
pulse can be shifted continuously within & phase angle between 0’ and 180" by means of a
potentiometer. During the negative line half-wave the trigger pulse of pin 14 is fed to the
relevant thyristor via a trigger pulse transtormer. During the positive line half-wave. the gate of
the second thyristor is triggered by a trigger pulse transiormer at pin 15.
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Application Examples
Triac Control for up to 50 mA Gate Trigger Current

A phase control with a directly controlled triac is shown in the figure. The triggering angle of
the triac can be adjusted continuously between 0° and 180" with the aid of an external
potentiometer. During the positive hali-wave of the line voltage, the triac receives a positive
gate pulse from the IC output pin 15. During the negative half-wave, it also receives a positive
trigger pulse from pin 14. The trigger puise width is approx. 100 ps.
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Half-Controlled Single-Phase Bridge Circuit with Two Trigger Pulse Transformers for

Low-Power Thyristors
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