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Abstract

This thesis presents design and construction of a control circuit for a single-phase
semiconverier, which is a phase-controlled rectifier that converts AC voltage into variable DC
voltage. This type of controlled rectifier uses two thyristors and two diodes as power switches for
confrolling energy flow from AC sources to DC loads. In this project, switch control signals for
driving thyristors are generated by a TCA785 IC. Variable valucs of the output voltage of the
semiconverter is obtained via adjusting a firing angle, which dictates the conduction timing of the
thyristors. Firing-angle adjustment is carried out by comparison between a reference signal
(Sawtooth waveform) and a control signal. In this project, a model is used for presenting the
controllable rectification by using the single-phase semiconverter, which is supplied by 12-V AC
source. The obtained output voltage is tested with a resistive load and is used to vary the speed of

a DC motor.
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Phase Control IC
Pb-free lead plating; RoHS compliant

Features

® Reliable recognition of zero passage

® Large application scope

@ May be used as zero point switch

® LSL compalible

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

TCA 785
Bipolar IC

e Large ramp current range
& Wide temperature range

PG-DIP-16-1

Type Ordering Code Package

TCA 785 QB7000-A2321 PG-DiP-16-1

This phase control IC is intended to control thyristors, triacs, and lransistors. 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.

ain [
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2 = & 7=

[EFDO356

Pin Configuration
{top view)

Pin Definitions and Functions

Pin Symbol | Function

1 GND Ground

2 Q2 Oulput 2 inverted
3 Qu Output U

4 Q2 Output 1 inverted
5 Famc Synchronous voltage
6 I Inhibit

7 QZ Cutput Z

8 V ReF Stabilized voltage
9 Re Ramp resistance
10 Cio Ramp capacitance
11 I714 Control voltage

12 Ci Pulse extension
13 L Long pulse

14 Q1 Cutput 1

15 Q2 Output 2

16 Fs Supply voltage
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SIEMENS TCA 785

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage I5). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor Cro of which is charged
by a constant current (determined by Re). If the ramp voltage V10 exceeds the control voltage
In (triggering angle ¢), a signal is processed to the logic. Dependent on the magnitude of the
control voltage 711, the friggering 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 Ciz2. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180° will resuit.

Outputs UT and @2 supply the inverse signals of @ 1 and Q 2.

A signal of o +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 outpul Q Z {pin 7).
The inhibit input can be used to disable cutputs Q1, Q2 and @71, @2 |

Pin 13 can be used to extend the outputs @1 and @2 to full puise length (180° — ).

‘. ;Pulse
2 Exfension
417
5
Yeyue ¥ D i Synchron, . LN P
Detector Register ¥ L
16 F 3 - 15
Ve 4 i Lagic 1=
P ischarge gic |2
___T A o |Monifor . 3 02
= . b v 1 QU
= DWJ —MN 7 a7
- 4@ v
oto]
Control
GND 1 Comparaior
:]_ \lT 68
Discharge
g |g 10 {19 Trensistor |g (43
g Control Tnhibit L Put
L /—Confrol Tnhibit Long-Pulse
Rl ] Ve Go== (= Voltage Commutaiion
L 1EBOOISE

Block Diagram
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TCA 785

Synchronizalion voltage

Ramp peok vollage
Ramp vollage

Conire! voltage

S i e

|

b\

I

L
S

180° ICCODS59

. i
Mim—rampvoltoge =¥

Q2

- Q1
- Q2,Pin1210GND

* @1, PIn 12 te GND

2, Pin 13 to GND

1, Pin 13 fo GND

- 0L

Pulse Diagram
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TCA 785

Absolute Maximum Ratings

Parameter

Symbol

Limit Values

Unit

min.

max.

Supply voltage

Vs

-05

18

OQutput current at pin 14, 15

Ia

-10

400

mA

Inhibit voltage
Control voltage
Voltage short-pulse circuit

Fa
i
Fis

-05
-0.5
-0.b

Vs
I’s
Vs

Synchronization input current

s

=200

+ 200

OQutput voltage at pin 14, 15

Fa

Vs

Output current at pin 2, 3,4, 7

Ia

10

Qutput voltage atpin 2, 3, 4,7

Vo

Vs

Junction temperature
Storage temperature

5
Tsig

=55

150
125

sa|<|z|<|B[<<<

Thermal resistance
system - air

R sa

80

E

Operating Range

Supply voltage

Vs

18

Operating frequency

10

500

Ambient temperature

Ta

-25

85

Characteristics
B<Vs<18V;~25'C<Ta<85°C; f=50Hz

Parameter Symbol

Limit Values

Unit

min.

typ.

max.

Test
Circuit

Supply current consumption Is 45
S1...86 open

Fu=0V

Cuwo=47nF; Ro=100 ko

65

10

mA

1

Synchronization pin 5
Input current T5ums 30
R 2 varied
Offset voltage Al

30

200

75

nA

mV

Control input pin 11
Control voltage range iy 0.2
Input resistance R

15

10 peak
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TCA 785

Characteristics {cont'd)

8<15<18V,;-25°C<Ta<85°C; /=50 Hz

Parameter

Symbol

Limit Values

min.

typ.

max.

Unit

Test
Circuit

Ramp generator

Charge current

Max. ramp vaoltage

Saturalion voltage at capacitor
Ramp resistance

Sawtooth return time

ho
10
V1o
Ra
fi

10

100

225

80

1000
Va—2
350
300

pA
mv

HS

B . A e ¥

Inhibit pin 6
switch-over of pin 7
Qutputs disabled
Outputs enabled
Signal transition time
Input current
Ffe=8Y

Input current
=17V

P
o it
Ir

fon

— L

33
33

500

150

25

300

200

1S
HA

A

[V S AL N Y

Deviation of 1o

R e = const.

Vs=12V, Clo=47 nF
Deviation of I

R =consl.

Fs=8Vioi8V

Deviation of the ramp voltage
between 2 following
half-waves, I’s = const.

T

T

Ao max

~ 20

20

%

%

%

Long pulse switch-over
pin 13

switch-over of S8
Short pulse at output
Long pulse at output
Input current

Fa=8V

Input current
V=17V

¥1an
FisL
D3y

—fiaL

3.5

45

2.5
25

65

100

LA

A

Outputs pin 2, 3,4, 7
Reverse current
Fa=V¥s

Saturation voltage
JTa=2mA

Iceo

Vsat

0.1

04

10

HA

2.6

26
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Characteristics (cont'd)

8<¥s<18V;-25'C<Tah<85°C;f=5b0Hz

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

Outputs pin 14, 15

H-oulput voltage Vunsu |15 —3 ’'s—2.5 s-10 Vv |36

—fa=250 mA

L-output voltage s |03 0.8 2 V |26

=2 mA

Pulse width (short pulse) tp 20 30 40 ps |1

S9 open

Pulse width (short pulse) tp 530 620 760 psf |14

with Ci2 nF

Internal voltage control

Reference vollage VRer 2.8 3.1 34 Vo1

Parallel conneclion of

10 ICs possible

T of reference voltage UREF 2x10-4 |5x10-4 [1/K |1




MANYIN U

S1EAZPYAVD DTV NS HMD I HIENay BT151



Philips Semiconductars

Thyristors

Product specification

BT151 series
L.

GENERAL DESCRIPTION QUICK REFERENCE DATA
Passivated thyristors in a plastic SYMBOL | PARAMETER MAX. | MAX. | MAX. |UNIT
envelope, intended {or use in
applications requiring high BT151- | 600R { 650R | 800R
bidirectional blocking voltage Ve Repetitive peak off-state 500 | 650 | 800 v
capability and high thermal cycling AR voltages
performance. Typical applications Ty Average on-state current 7.5 7.5 7.5 A
include motor control, industrial and brirmas) RMS on-state current 12 i2 12 A
domestic lighting, heating and static ran Non-repetitive peak on-state 100 100 100 A
switching. current
PINNING - TO220AB PIN CONFIGURATION SYMBOL
PIN DESCRIPTION 3 -
wf O 9 N
T [calhods a __@I\) Tk
2 |anode T A
1
3 |gate _ﬂ i” l
tab |anode 1% d
LIMITING VALUES
Limiting values in accerdance with the Absclute Maximum System (IEC 134),
SYMBOL |PARAMETER CONDITIONS MIN, MAX. UNIT
-500R | -650R | -B00R
Vorm: Vran | Repetitive peak off-state - 500" | 650° | 800 v
voltages
lroavs Average on-state current | half sine wave; T, < 109 © - 7.5 A
I rassy RMS on-state current all conduction angles - 12 A
st Non-repetitive peak half sine wave; T, = 25 'C prior to
on-stale currant surge
t=10ms - 100 A
t=83ms - 110 A
It 1%t for fusing t=10ms - 50 Als
dl;/dt Repelitive rate of rise of |l = 20 A; |5 = 50 mA; - 50 Alus
an-stale current after dig/dt = 50 mAs
triggering
Lo Peak gate current - 2 A
Van Peak gate voltage - 5 v
Vrau Peak reverse gate voltage - 5 \
P Peak gate power - 3 w
Pajavy Average gale power over any 20 ms period - 0.5 W
T Storage temperature -40 150 ‘C
T Cperating junclion - 125 G
temperature
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Producl specification

Thyristors

BT151 series

THERMAL RESISTANCES

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Rpjmo Thermal resislance - 1.3 | KW
Jjunclion to mounting base |
Raa Themal resistance in free air 60 - KW
juniction to ambient
STATIC CHARACTERISTICS
T; = 25 'C unless otherwise slated
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lay Gale lrigger current Vp=12V;I;=0.1A - 2 15 mA
N Latching current Vo=12V g =01 A - 10 40 mA
1 Holding current Vo=12V, 1z =0.1A - 7 20 mA
Vi On-slale vollage T =27A - 14 1.75 N
Vor Gale Irigger voltage Vp=12V;I1;=01A - 0.6 156 N
Vo = Vorwma; k=01 A; 1= 125°C 025 | 04 - A
I, la Olff-stale leakage current  |Vp = Virgmoy YA = Veaweay T, 126 °C - 0.1 0.5 mA
DYNAMIC CHARACTERISTICS
T, =25 °C unless olherwise staled
SYMBOL }PARAMETER CONDITIONS MIN. | TYP. | MAX, | UNIT
dVp/dl Critical rate of rise of Vou = 67% Voawma, T, = 125 °G;
off-stale voltage exponential wavelonn,
Gate open circuil 50 130 - Vijis
R = 1000 | 200 | 1000 - Vins
Gale conlrolled turn-on o = 40 AV = Veamman la =%K_1 A; - 2 - ps
ime dlg/dt = 5 Afpus
ty Circuit commutated Vo = 67% Vprumag 1; = 125 °C; - 70 - ns
turn-off ime lhy=20A; Vg = Zé V; dinpydt = 30 Afus;
dVp/dt = 50 Vius; Rge = 100 02




Philips Semiconductors

Product specification

Thytristors BT151 series
15 P2 Tl Cios 5 120 MR |1
B g4=157 . T E’i'”s" |
a | 19 L~ Tl
woH & 1= 2247 2 e - Tjivid = 25 man |
¥ |:7 28 V/ I i I
yZd o —H i
5 / // 1185 N
Z A "
// . . 41|
A \_/
%% 2 3 4 o T £ o 10 100 (09
AV TA Number of ha? cycles at SQHz

Fig.I. Maximum on-state dissipation, P,,, versus
average on-slale current, Iy, where
a = form factor = Iyzy 5} Iriavy

Fig.4. Maximum permissible non-repelitive peak
on-slate currenl I;.,, versus number of cycles, for
sinusoidf"ﬁ cumrents, = 50 Hz.

1000 TEMIA
N T
7 [
T~
A dl st Emi ]
100
iy -rsm
T+ tme
Tj initial = 26% max
PP M i 5 W & 601
1Dus 100us s 10ms
Tis

Fig.2. Maximum permissible non-repelitive peak
on-stale current lysy, versus pulse widih {,, for
sinusoidal currents, £, < 10ms.

L
o5 (TRMSHEA

B,OI 1A 1 10
surge duration ) s
Fig.6. Maximum permissible repelitive rms on-slale

currenl Iy pus), versus surge duration, for sinusoidal
currents, f = 50 Hz; To, < 109°C.

TTBMS) A

15

100'c

%0 ] 50 168 150
Trb/C
Fig.3. Maximum permissible rms current lyays, ,
versus mounting base temperature T,

)
16 YETLLSC)

08

=

08

%45 [ ) 100 150
Hic
Fig.6. Normalised gale trigger voltage
Ver(T¥ Vsr{25°C), versus junclion temperalure T,
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Product specification

Thyristors BT151 series
AGTn IT1A
5 BTz b T - 7 ///
=256 —— ; 4
25
25 Ve=1D5V !
Re = 00X ohT D / max
20
2 aay
\ A/
15 '5 / I
/ //
1 10 A
/
0s I 5 A L /
T ' il
0 ) el
-50 1] Tﬁpc 10 150 1] 0.5 \.‘T‘IV 1.6 2

Fig.7. Normalised gale frigger current
lar{TY 1,4(25°C}, versus junclion temperalure T

Fig. 10. Typical and maximum on-siale characleristic.

CRLT)
i=C)

15 \

-5 0 100 1543
i

Fig.8. Normafised falching current [( 77]}/ k(25°C),
versus junclion femperature T,

wZIh'-mb
miiii
) |
L = =
£
[ ] |
ot =
= H 1)
o =%
001 =]
& .
11kl
4 It
DQB\J! 0.ims 1 10ms 0.5 15 10s

tpis

Fig 11 Transienl thermal impedance Zy s versus
pulse widih 1,

\—"\_‘_
} —
o
50 ) 50 100 150
Tic

versus junclion lemperature 7T,

Fig.8. Nonmnalised holding current I{ 7}_)/ 1{25°C),
I

10000 B

[t fYIus )

=== E T ===
\_‘_
1000 f— b= =
== s o e o i
. h™ RGK = 100 Ohrs _|
= Fe].
—~{_|
100 )=t = 372 open brxd -
10
0 100 150
TiC

Fig 12. Typical, crilical rale of rise of off-stale voltage,
Vip/d! versus junction temperalure T;
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Philips Semiconduclors Product specification

Thyristors BT151 series

MECHANICAL DATA

Dimensions in mm

45
Net Mass: 2 g max
- [————
1.3 -t ot l
u 59 ‘
m min
i ‘ 15,8
i max
: Y
3,0 max i
not tihned MRS 30
e 13,5
""IE i min
1.3 4
max 1203
(2x) :-:I:Il-d— 0.9 max (3x) 06
2,54 2,54 ;l r— 24

.\

Fig 13. SOT78 (TO220AB). pin 2 connected lo mounting base.

Notes
1. Refer to mounting instructions for SOT78 (TO220) envelopes.
2. Epoxy meets UL94 V0 at 1/8".
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1000 Series

Pulse Transformers

FEATURES

B RotS compliant

B UL 94V-0 Package Material

= |solatien 1o 4kVrms

8 Compact Foolprint

m PCB Meunting

® Backward compalible vith
Sn/Pb soldering syslems

DESCRIPTION

applications where space is al a premium.

—— s | %ﬁ
o B3 B2 Bt 5
.. Ralo s ¥ 188
m'tﬁiﬁ’d : fSi"ﬂ'
R e 18 25
IR R R £ &8
000 k130 |20 2 | 2w 12 10 T R
1002 144 | 30 L 200, 9 | 28 14 13 17 12000 B | 1
10030 280 ¢ 12 | 400 | % | 30 40 18 24 lzo00{ B! 1
T . 1 ..
1007C f44 74 {30, W ;56 29 0 25 | 34 G200 B i 1
10006 td 2 | 50 | 65 | 18 | 168 A9 . 122 | 2000 B | f
10136 140 080 1 200 4 3 280 t3 0 13 13 lso0we| B | 1
166" 11 30 ;o200 | 22 D23 12 40 . |30 A 2
117 11 . 08 | 130 | 4 | 20 0 0d | 03 R S
10240 12CTAST. BB | 340 | 60 ! 25 © 25 0 25 ¢ . 2000} €| 1
0250 201 24 | 80 | 70 G 20 75 . 35 45 | 7000l B | 4
| ! ; . P
10266 #4060 | 25 | 30} 0 40 40 0 40 j2000) B |
Tha 1000 series ergilfnded for wideind and 10826 1001 . 61 [ 0 | - | & . 067 o1 . - j200] AL 2
pulse operations. They are akso suilable for signal = L A N [ -Sa) T . 1 !
isolation and use in small isolated power supplies. x L
Tha compact feofprint makes them ideal for ABSOLUTE MAXIMUM RAVINGS
Operaling free air femperaturarange . - © . : ’EDTIoTQ"C N
Storags temperature range ) (60 i%e
| SOLDERING INFORMATION ]
Peak wava soider leémperaturs - - 1 F - © o 300T(or MO geconds
Pin Eash - . Mate t
1 For kurther information please visit wiwir maiicala -ps comiohs
AN spcifizalions hypical at ,=25°C.
| TUBE DIMENSIONS - I
0602015 (0.024 £0.008) '
-
74
—I—L77
tyéggl 800{0315)
_ 700 _,]
M droersions i rovm [rches) [ 10276)
Tube kgt ZE022mem (19 000 08) 24,00 (0.945) ad
Tobe oty 30
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1000 Series

Pulse Transformers
PINCORNECTIONS(oeviey I MECHANICAL DIMENSIONS
N I
, . 1 f—swesy—| P sops—
e oot [P
A —_—— g Prrarpt Briedign 1506 Mear by Pivae b 1508
YY YY) P (05
= 1003¢ 1001C g
8 ° b YYww | Yvww |
—ee R SN S
2 1
Lod
& 15 75:0.50 1575:650
B 4 [o oy |3 25 06202002 206 0620:009
() 0 {0.607) (3807
Rl | |
-] O 5 H ”
— 1 AR BOH=065
—_— (2002840 062) {00 028:0.007)
2 i \
[) »
Sec pr .
cC ¢ 3 ! i 1016040
5041020
6 5 .
A - oy
o il 0.6 0.4 — 10.76.00.4% ]
Al darersios inmm [nches) Package weight 809 Typ.
1SCLATION VOLTAGE REPEATED HIGH-VOLTAGE ISOLATION TESTING
th Pat Test', ‘Flash Tesled', "Withstand Vohage', ‘Frocl Voltage', 'Diglectric Withstand Voltage' & ‘lsola-  h ig well known that repeated high-vohage isolation lesting of a barrier
tion Test Yoltage' are afl terms thal relale to tha same thing, a test voltage, appled for 3 specified tme,  tomponent can achually degrada Jsofation capability, o a fesser or reat-
aurpss a component designed lo provids elteckical alalion, Lo verify the imtegrity of that ksalation. er degree depending on materials, construction and emdronment. While
All products in this seriea are 100% productian tested at their staled isolalion vokiage. i@wmﬁob" e’ﬂ;‘;‘;; mﬂmﬁ mx stated ‘“‘m“:'d‘ﬂg*’-
. A = . . ation ca perd on malenials
Aque:m wﬁ;ﬁy asked is, “Whal is the contnucus votaga thal can be applied acrass the part in Stech malerils are susceptibla fo chemical degradation when subject
noma] apératon ) i ) . lo very high appfied vollages. We therefore slrongly advise against
For a parl holding no specific agency approvals both inpul and eutput should nommally Be maintained - repeated high voltage isclation testing, but f 2 i absohrely required,
within SELV limits i e. less than 42.4Y peak, o BOVDC. The isolation lest votlage tepresents a measura . that the voltage be reduced by 20% from specified test voltage, !
of immunity o transient veltages and the part should never ba used as an efement of a safely isolation . A ] ;
system. The part could be expected o hnction correctly with several hundred volls offset applied This corsideration equally applies to agency recognized parts raled for |
continuousty across tha isolation barrier; bt then tha cireuitry on both sides of the harrier must b~ Detler than functional isolaticn where wire enamel insulation is always
regarded as operating al an wnsafe voltage and fether isclation/insulation systems mustform a barder  Supplemented by a further insulation system of physical spacing or
between these circuits and any user-accessible circuilry according lo safely standard requirements. barriers.



MANUIN

‘i'lEI'Qﬁa’lﬁﬂﬂﬂlﬂﬂﬂﬂuéﬁﬁMQ‘gHN'Iﬂm‘U MPSA14



MPSA13, MPSA14

MPSAT4 is a Prefarred Device .

Darlington Transistors

53

NFPN Stlicon

Features

® Pb-Free Packages are Available*

ON Semliconductor®

http:fionseml.com

COLLECTOR 3
MAXIMUM RATINGS BASE
Rating Symbol Value Unit 2
Collector - Emiller Vollage Vees 30 Vde
Collector - Base Vollage Vi a0 Vdc
= EMNTER |
Emitler - Base Vollage VEBO 10 Vde
Colleclor Cumreni - Continuous e 500 mAde ! !
Tolal Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 30 mwyc
Total Device Dissipalion @ Tg = 25°C Po 15 w TO-92
Darate ahova 25°C 12 mwWrEC CASE 29
STYLEA1
Cperating and Slorage Junclion Ty Tetg | -5510 #150 °C
Tomperalurs Range h
1
THERMAL CHARACTERISTICS 23 2 3
- . STRAIGHT LEAD BENT LEAD
Characterlstic Symbol Max Unit BULK PACK TAPE & REEL
Themnal Ressslonce, Junclion-te-Ambien! | Rpgp 200 “Cimw AMMO PACK
Thermal Resislance, Junction~to-Case Rine 83.3 “CmwW i ‘AN ¥ BRI '
Slresses exceeding Moximum Ratings may damage the device. haximum MARKING DIAGRAM
Ratings are stress ratings onty. Functional operation above the Recommended
Operaling Condilions is not implied. Exlended exposure to slresses above lhe
Recommended Operating Conditions may affect davice reliability.
=
4 y
KPS
Alx
AYWW
X =3or4
A = Assembly Localion
Y = Year
WW = Work Week
] = Pb-Free Package

“For additional information on our Pb-Free stralegy and soldening details, please
downfoad the ON Semiconduclor Soldering ond Mounling Techniques

Reference Manval, SOLDERRAWD.

Preferred devices are recommended choices for future use

(Note: Microdol may be in eilher location)

ORDERING INFORMATION

See delailed ordening and shipping mformation in the package

dimensions section on page 2 of this data sheel.

and besl overall value.

:
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