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Abstract

Power system utilities are facing many technical problems caused by increasing loads.
limited transmission network and insufficient generations.

Capacitor bank are the most common elements used in power systems to control system
voltages at various buses corresponding to the load demands. In this project, capacitor bank will
generate more reactive current for load balancing.

We use thyristor to control reactive current emitting of capacitor to give the
appropriate value and determine the minimum current phase as reference, but for the other 2
phases, reactive current will be put in for current compensation, then line current of 3 phases
will equal to each other and equal to minimum value of line current. With this approach, it can

reduce power charge and production cost either.
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Phase Control '

N1

TCA 785

Type ] QOrdering code

! Package

TCA 735 ' Q67000-42321

This phase ¢ontrol IC is intended to contrcl thyristors,

| P-oiP 16

Bipelar IC

triacs, and transistors. The triager

puises can be shifted within a phase angle between 0° and 180°. Typical applications
includa converter circuits, AC contrcilers and thres-ghase current controllers.

This IC replaces the previous types TCA 730 and TCA 780 D

Features

Large application scope

LSL compatible

Three-phase cperzation possible
Cutput current 250 mA

Large ramp current ranca
Large temperature range

0806600

Pin configuration
toc view

Vs 81 81 Ly Va La 8
i

May be used as zero point switch

T S T T T o ——
12 3 & S § 7 8
0 G2 QU Q1 Vepue 1 02 Vg

age

@ Reliable recognition of zero passa

eI PPy
503)

Pin description

Pin Symbol Function
1 Os Ground
7 G2 Qutput 2 inverted
3 Qu Cutput U
4 Q1 Output 1 inverted
S Vsyne Synchronous voitage
6 I inhibit
7 QZ Qutput Z
8 Vaer Stabilized vcitage ..
L Rq Ramp resistance
10 - Cio Ramp capacitance
11 X Control voitage
12 Ci2 Puise extension
i3 L Long pulse
14 Q1 Output 1 .
1S Q2 Qutput 2
1€ Vs Supply voitage
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TCA 785

Eictional description

Thqe synchronization signal is abtatned via a high-ohmic resistance from the line voitage
woltage Vs). A zero voltege delecter wvalyates the zero passages and transiers them to
the synchronization register. .

This synchronization register Cohtroly 3 ramp generator, the capacitor C,, of which is
charged by a constaf\t cqrrent (de'fennined by Rg). It the ramp voitage Vyo exceeds the
control voltage ¥y, (lriggenng angle ), 3 signal is processed to the logic. Dependent on
the magnitude of the controf voltaga v,,, the triggering angle ¢ can be shifted within a
phase angle of 0° to 180°. )
For every half wave, a positive pylge uf approx. 30 is duration appears at the outputs Q1
and Q2. The pulse duration can pg mrolonged up to 180° via a capacitor Cyp. If pin_12 is
connecte_c_i to groind, puises With 8 duation between ® and 180° will result. o
Outputs Q1.and Q2 supply the inverse signals of Q1and Q2.

A signal of ¢ +130° which can be used 1o controlling an external logic, is available at pin 3.
A signal which corresponds (0 the NOR fink of Q1 and Q2 is available at output QZ {pin 7).
The inhibit input can be used to digabla outputs Q1. Q2. &1, 2. QU. .

Pin 13 can be used fo extend the outputs G1 and Q2 to full pulse lengih (180° - o).
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TCAT7ES

Block diagram

C .l. Pulse
27177 extension

Zero
Yorne 5 detect ' .,
- Sync.register "
L — 1 L
— Discharce . 1S
monitor Logic
——3 z
4 ‘. 3
) ~ - =i 1
GNO 1 y IC//—_-\?
ccmoareror
Té8 l_——
d 6(' “Oiscnerge
i 1 transisror
I ! 1
9 3 10 Vi1 6 13
R.U DAY ) = Centrol Inhibit tzhg-pulse
; | yorface commutarion
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TCA 785

F‘n’: se diagram

- o E 7
f LI t
g Ud 1

i NP :
1 I i
1
Y ey X/
: o T
] ¥Vt 1/
1 !
1 1

Ny
RRN
s

326

Vg Synchromzation voitace

V,, Ramp peck voltece

Vi Ramp voltage
V., Control voltcge

Vig Min.comp voitcge =¥,
v

vy-02

Vi -Q1

.

Vi +02
v, 0%
v, 82
v, Ti

vy QU

V,- 062

Pin 12 1o GNO
Pin 12 to GHOD
Pin 13 12 GNC

?in 13toGND
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Ambient temoerature

TCA 785
Maximum ratings Lower Upper
o limit 8 limit A
Suppiy voitage Vs -0.5 18 v
Output current at pin 14, 15 Is —-10 400 mA
Inhibit voltage Vs —0.5 Vs v
Conrrot voitage Vi —0.5 Vs v
Voltage snort-pulse circuit Viz -0.5 Vs \'
Synchrdmization input current Is —200 =200 pA
Qumilvoitagedi uin 14718 Vs Vs v
Outputcurrent atpin 2,3, 4,7 Is 10 mA
Cutput voitage at pin 2, 3. 2,7 Va . Vs \
Junction temperature T . 125 °C
Slorage temperature Tug —=35 125 °C
Thermat resistance {system-air) Rinsa E0 Krw
Operating range
Supoly voitage Vs I |18 v
- Operaung irequency ! 10 l 800 Hz
Ta —-25 | 88 °C
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TCA 785

Characteristics

8<V. <18 V; ~25°C<T, <85°C; f =50 Hz

Supply current consumption,
S1...o §open

Vy =0V

Cyo = 47 nF; Ry =100 xQ

_ Synchronization pin 5
Input current
R, varied .
Oftset voltage

Controi input pin 11
Contro! voltace range
Input resistance

Ramp generator

Load current

Max.ramo voitage
Saturauon voit. at capaciter
Ramp resistance

Sawtooth return time

Inhibit pin 6
switch-over of pin 7
Outputs disaobled
Qutputs enabled
Signal transition time
Input current

V; -3V &
input.current
Ve=17V

Baviaticn of [ig
Rq = coast.
Vy=12V; Cyo =47 aF -

Deviation of lig

Rq == const.

Vg=8to 18V

Deviation of the ramp voltage
between 2 following
hatf-waves, Vg = const.

328

Test
circuit

Lower
fimit 8

f=50Hz
Vg =15V
typ

Upper
limit A

Is

Is mms

avs

I‘o

‘JV!O maz

1

-t s ah s

4.5

30

100

8g

-5

6.5

225

80

10

200

~
wm

V!O oeax

10C0

V=2

320

acd

N
n

800

200

[3}]

20

mA

s

A

mV

]
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Application hints for external components

max
1

Vi XAgxCio 2

Ramp capacitance Cyq

Triggering point tre ™=

Charging current L=

1) Attention to tlyback tmes
2) K=1.10 £ 20%

]

T Viemae=Vg=2V Vyo=

TCA 785
Characteristics f=350Hz
8<V<18 V: -25°C<T,<85°C; f=50Hz | Test Lower Vs =15V | Upper
circuit | limit 8 typ limit A
Long pulse swilch-over
pin 13 —
switch-over of S 8
Shont puise at output Visu 1 35 2.5 v
Long puise at autput ViaL 1 2.5 2 v
Input current= Lian 1 . 10 uA
Vi3 =38V
lnput current =l 1 45 85 100 pA
Vi =17V
Outputs pin 2, 3,4, 7
Reverse current Icep 2.6 10 pA
Vo=Vs
Saturation voltage Vsac 2.6 0.1 0.4 2 v
IQ —2 MA
_ Outputs pin 14, 15
H outout voltage Viansn 3.8 Vs-3 Vg-2.5 Ve~1.0 v
_IQ =250 mA
L output voitage Visnse 2.6 a3 0.8 2 v
IQ =2 mA
Puise width (short pulse) t 1 20 30 40 us
S9open !
Pulse width (short pulse) 1 1 £30 | 820 760 ps/niF
with C,,
internal voltage control
Reference voitage Wrer 1 2.8 3.1 3.4 v
Paraflet connection of ’
10 ICs possible
TC of reference voltage et 1 2x10™ |5x10-* | /K

The minimum and maximum vatues of [;g are
to be observed

Ramp voltage VigxKxt 2
RexCyy’

329
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" TCA 785

Pulse extension versus temperature

Ib:lnF

— — TP S
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“w

>3
o o © o o o o o
-GZUWML.GZ Q o o
~ ~ 2 h 3 TR K F 0 e

UoIsUIIX3 asny

Lo 60 80 00 °C

20

=29

Qutput voitage measured to + Vs

g _/..L
!
~&Zl_ N=1l= =[] -18
1y -
! \
el N Y
-l“lw,/-f- -
HRAVAN 1
nxnunuunuunuuuuo
3

V.-
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TCA 785

Supply cumrent versus supply voitage
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TCA 785

-

o8t and measurement circuit 1
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TCA 785

Test and measurement circuits

Measurement circuit 2

Pin

s
°
]

]
n .
Ei Al

’ ;’ ko)

v’
t .35

The residual pins are connecied as in measurement circuit 1

2307 'y

;(‘;zau’
2
}
i

Measurement circuit 2

I

Fin

MCS

=

The residual pins are ccnnected as in measurement circuit 1

s L.JJRL
b

ox

MC$§
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. TCA 785
Measurement Circyit 4
VsimV
-
I |
ViV ] 1
! !
! 1
e 8 -\ = ¢
v
(]
f ,51001(0
Pin S !
I b I
o
! 1Y
a AR U‘.kQ -
i WpF = -
| i
Aesidual pins are onectod as in measurement circuit 1
The 10 uF canacitay 11 5 serves only for test purposes
MeashEqePinigt *, Measurement circuit 6
Pin 3 ‘ Osc.

XTI

oSy

o t
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TCA 785

Inhitit §

.

Outours

Pulse extension i2

. l——]
—]
o

Long pulse 13

[ o

9
3

Reference voltage 8

-7 —

J

338



N 14

TCA 785
Additional circuit description
Application examples
Triac control for up to £0 mA gate trigger current
R L
© S—-
L7
9w Asyne
[ : 22942
W 1m0 | :
_L - ®Load
QLT pF ==
10k \
U &¢ 1 16 . ”L.'«'kQ
2 1€ E,:\:ﬂ
K o 7l
TXCioM50 /7N
bt 3 A 1500 DAY
AN A BAL S
SAY [BAY en
2V~ | o0 = s fet | o 13
s TeAdss Aol
N : == 2.2pF{ MKH)
16% S b .2y
1.
6 1
Q2207 S— ‘HIORQ
X 2.2kQ
250w 1 10
: T il 9
| l |
: -zzm['] e e
i QpF == F——1
! [ [ 27 [ise
1 100k N L
I i
1
O
Ha

A phase control with a diretly controlted 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 half wave of the line voltage, the triac receives a positive
gate puise from the IC output pin 15. During the negative hall wave, it also receives a
positive trigger pulse from pin 142 Trigger pulse width is approx. 100 ps.
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TCA 785

Fuily controlled AC power controller
Circuitfortwo tiigh-power thyristors

- zo
22
- I Q
o/

1o =18 — 1=\ \
| —_ h
1 N\ _] 1
! e - ll
! armm 5 oS 3
' B STy, '
! = e I'
! ,—: gE. Iy \r’ g !
; b e (P = |

W = C o l
H E ) = !
T N = = ;
o | e (Y] i
1’ ) §xelz :[; = !
p L wEPTE-T% | % i
N = ] |
1 z g XS |
i & l 1= W '
I ~ [ S wn’s 1
1 T L i i i
1 1" JU— 4 [
i NALG L8 [ =TE] |
1 w =t I - B A I - = *3 |
~ == o~ =)
! s !
| TCA 785 |
] 3
i ! [~ ™ =1 ) = ~f = :
! '
| ot} :
[ s 523 1
- ~
! 2 I
1= !
L L ]
S pray plbor = =
— N
[=] c . s
= x <
; 5 @ -
. - *

Shown is the possibility to trigger two antiparalleled thyristors with one IC TCA 785. The
trigger pulses can be shifted continuously within a 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 refevant thyristor.via a trigger pulse transformer. Curing the positive line haif wave,
the gate of the second thyristor is triggered by a trigger puise transformer at pin 15.
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TCA 785

Hait-controiled single-phase bridge circuit with trigger pulse transformer and direct

control for low-power thyristors
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Thyristor MCR 265 - 10



Y1

‘ MCR265-2
Thyristors thru
Siiicon Controlled Rectifiers MCR26=-10

.. . designed for inverse parallel SCR output devices for solid state relays, welders,
battery chargers, motor controls or applications requiring high surge operation.

4 SCR
® Photo Glass Passivated Blocking Junctions for High Temperature Stability, 55 AMPERES RMS
Center Gate for Uniform Parameters 50 thru 800 VOLTS

® 550 Amperes Surge Capability
¢ Blocking Volitage to 800 Voiis

CASE 221A-04

(TO-220AB)
STYLE 3
MAXIMUM RATINGS
Rating Symbol i Value Unit
Peak Reverse Blocking Voltzge, Ncte 1 VRRM Voits
MCR2ES-2 50
MCRZ65-3 100
MCR265-4 200
MCR265-6 -400
MCR265-8 600
MCR265-10 800
Forward Current {T¢ = 70°C) IT(RMS) 55 Amps
{All Conduction Angles! ITav) 35
Pezk Neonrepetitive Surge Current — 8.3 ms Tsm 550 Amps
{12 Cycle, Sine Wave)} :
Forward Peak Gate Power PGMm 20 Wartts
Forward Average Gate Power PGiav) 0.5 Watt
Forward Peak Gate Current Igm 2 Amps
(300 us, 120 PPS)
Operating Junction Temperziure Rznge Ty ~d0to - 125 C
Storage Temperature Range Tsig -4a01to +150 °C

Note 1. VRRM for ail types carn be appiiec on a contnuous dc basis without incurring c¢amage. Ratings apply for zero or negative voltage. Devices
shouid not be tesiec {s- biociung capsdiliny in 3 manner such that the voltage supplied exceeds the rated biocking voitage.

O T L.

PRI R PR

3-276
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MCR265-2 thru MCR265-10

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rajc 0.9 ‘CwW
Thermal Resistance, Junction to Ambient Rgsa 60 ‘CwW
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max i Unit
Peak Forward Biocking Voltage VDRM ! Volts
(Ty = 125°C) MCR265-2 S0 —_ —_—
MCR265-3 100 - -
MCR265-4 200 —_ —
MCR265-6 400 - -
MCR265-8 600 -_ —_
MCR265-10 800 — -
Pezk Forward or Reverse Blocking Current IDRM. IRARM f
(Rated VpDRMm or VRRMmI Ty = 25°C - - 10 kA
Ty = 125°C - — 2 i mA
Forward “On" Voltage, Note 1 VTm, - 1.5 1.9 1 Voits
It = 110 A} H
Gate Trigger Current (Continuous dc) IGT . mA
{Anode Voitage = 12 Vdc, R = 100 Ohms) = 20 50
(Tg = -40°C) —_ 40 90
Gate Trigger Voltage (Continuous dc) VGT — 1 1.5 '! Voits
{Anode Voltage = 12 Vdc, R = 100 Ohms;) '
Gste Non-Trigger Voltage VGD 0.2 —_ — i Volts
{Anode Voltage = Rated Vppm. R = 100 Ohms, Ty = 125°C) |
Holding Current 9] - 20 7% ! mA
(Anode Voltage = 12 Vdc) ;
Turn-On Time tgt - 1.5 — : 3
MM = E5 AL IgT = 200 mAdc)
Critical Rate of Rise of OH-State Voitage dvrdt — 50 - i Vas |
(Gate Open, Rated Vprm. Exponentiai Waveform) . !

Note 1. Puise Test: Fulse Width w 300 us. Duty Cycle % 2%.

FIGURE 1 — AVERAGE CURRENT DERATING

Tg. MAXIMUM CASE TEMPERATURE (°C)

125 -3 : R
;f; N ' : 1/% |
102 IO N < Caxou (GLE —
05 i \\\\ ‘\ ‘ o = CINDUCTION ANGLE
w— N\ X :

e oz 20°X N \ \ N

03 NN ~.

g5 AVAN NN e

8s AN AN >

H RN

i1 ; l 60=y50° TN

3 T
(1] ! ! ! 1

0 40 30 12 16 200 24 2 32 36 a0
i1{av). AVERAGE ON-STATE FORWARD CURRENT (AMPS)®

Piay). AVERAGE POWIR (WATTS)

FIGURE 2 — MAXIMUM ON-STATE POWER DISSIPATION
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/ e %
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Meavy. AVERAGE ON STATE FORWARD CURRENT (2t2§.

* This device 1s raied for use in apphcations subject 1o high surge conditions Care
must be taken 10 insure proper heat sinking when the device 1s 10 be used at high

sustained currents.

MOTOROLA THYRISTOR DEVICE DATA
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MCR265-2 thru MCR265-10

FIGURE 4 — GATE TRIGGER VOLTAGE

FIGURE 3 — GATE TRIGGER CURRENT
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FIGURE 6 — ON-STATE CHARACTERISTICS

FIGURE 5 — HOLDING CURRENT
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