Philips Semiconductors

FEATURES

Adjustable width of proportional
range

Adjustable hysteresis
Adjustable width of trigger pulse

Adjustable repetition timing of
firing burst

Control range translation facility
Fail safe operation
Supplied from the mains

Provides supply for external
temperature bridge

APPLICATIONS

Panel heaters
Temperature controt

GENERAL DESCRIPTION

Proportional-control triac
triggering circuit

QUICK REFERENCE DATA

Product specification

TDA1023/T

SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
v supply voltage (derived from ) 137 |- Vv
ce mains voltage) '
v stabilized supply voltage for 8 ) v
z temperature bridge
HB(AV) supply current (average value) 10 mA
tw trigger pulse width - 200 |- us
T f;ngg::rst repetitiontime atCr | 41 A s
low® output current - - 150 mA
Turs ?;)r:agrztmg ambient temperature _20 A +75 o
Note

*Negative current is defined as conventional current flow out of a device. A
negative output current is suited for positive triac triggering.

ORDERING INFORMATION

The TDA1023 is a bipolar integrated
circuit for controiling triacs in a
proportional time or burst firing
mode. Permitting precise
temperature control of heating
equipment it is especially suited to
the controt of panel heaters. It
generates positive-going trigger
pulses but complies with reguiations

regarding mains waveform distortion

and RF interference.
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EXTENDED PACKAGE
TYPE NUMBER | piNS | PIN POSITION | MATERIAL CODE
TDA1023 16 DIL plastic SOT38
TDA1023T 16 mini-pack plastic S0O16; SOT109A
1457



Philips Semiconductors

Product specification

Proportional-control triac triggering

. TDA1023/T
circuit
Vee  RX PW
14 16 10
{ | TDA1023 i
v " POWER FAIL SAFE ZERO CROSSING
z SUPPLY COMPARATOR DETECTOR
— l
o 6 INPUT COMPARATOR CONTROL
7|  BUFFER1 ] gig - GATE
aR 9 > INPUT || TRANSLATION TIMING ouTPUT 3 a
BUFFER 2 CIRCUIT GENERATOR AMPLIFIER
1
é—‘ rgC“_‘_}——-F*pd
13 8 |7 |a 5 12
Vee L 72717153
ke QR UR  HYS PR T8
Fig.1 Block diagram.
PINNING
SYMBOL PIN DESCRIPTION
Red 1 internal pull-down resistor
Rog E U 78] Ax gc. 2 not connected
3 output
ne. [2] 5] ne. put ,
HYS 4 hysteresis control input
Q3 E Vee . .
PR 5 proportional range control input
HYS | 4 13| VEE .
[ TDA1023 [13] Cl 6 control input
PR [5] 12] T8 UR 7 unbuffered reference input
ci[s] [17] vy QR 8 output of reference buffer
ur (7] [10] Pw BR 9 buffered reference input
ar[E] BEi PW 10 pulse width control input
— Vz 11 reference supply output
B 12 firing burst repetition time control input
Ve 13 ground
Vee 14 positive supply
n.c. 15 not connected
Fig.2 Pin configuration. ) )
RX 16 external resistor connection
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Philips Semiconductors

Product specification

Proportional-control triac triggering

circuit

TDA1023/T

FUNCTIONAL DESCRIPTION

The TDA1023 generates pulses to
trigger a triac. These pulses coincide
with the zero excursions of the
mains voltage, thus minimizing RF
interference and mains supply
transients. In order to gate the load
on and off, the trigger pulses occur
in bursts thus further reducing mains
supply pollution. The average power
in the load is varied by moditying the
duration of the trigger pulse burst in
accordance with the voitage
difference between the control input
Cl and the reference input, either
UR or BR.

Power supply: Vo, RXand V,
(pins 14, 16 and 11)

The TDA1023 is supplied from the
AC mains via a resistor Ry to the RX
connection (pin 16); the V¢
connection (pin 13) is linked to the
neutral line (see Fig.4a). A
smoothing capacitor C4 should be
coupled between the V.. and V¢
connections.

A rectifier diode is included between
the RX and V¢ connections whilst
the DC supply voltage is limited by a
chain of stabilizer diodes between
the RX and Ve connections (see
Fig.3).

A stabilized reference voltage (V;) is
available at pin 11 to power an
external temperature sensing bridge.

Supply operation

During the positive mains half-cycles
the current through the external
voltage dropping resistor Ry charges
the external smoothing capacitor Cg
until RX attains the stabilizing
potential of the internal stabilizing
diodes. Ry should be selected to be
capable of supplying the current I
for the TDA1023, the average output
current Iy, recharge the
smoothing capacitor Cq and provide
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the supply for an external
temperature bridge. (see Figs 9 to
12). Any excess current is
by-passed by the internal stabilizer
diodes. The maximum rated supply
current, however, must not be
exceeded.

During the negative mains
half-cycles external smoothing
capacitor Cg supplies the sum of the
current demand described above. its
capacitance must be sufficiently high
to maintain the supply voltage above
the specified minimum.

Dissipation in resistor R, is halved
by connecting a diode in series (see
Fig.4b and 9 to 12). A further
reduction in dissipation is possibie
by using a high quality dropping
capacitor Cy, in series with a resistor
Rgp (see Figs 4c and 14). Protection
of the TDA1023 and the triac
against mains-borne transients can
be provided by connecting a suitable
VDR across the mains input.

Control and reference inputs Cl,
BR and UR (pins 6,9 and 7)

For the control of room temperature
(5 °C to 30 °C) optimum
performance is obtained by using
the translation circuit. The buffered
reference input BR (pin 9) is used as
a reference input whilst the output
reference buffer QR (pin 8) is
connected to the unbuffered
reference input UR (pin 7). This
ensures that the range of room
temperature is encompassed in
most of the rotation of the
potentiometer to give a linear
temperature scale with accurate
setting.

Should the translation circuit not be
required, the unbuffered reference
input UR (pin 7) is used as a
reference input. The buffered
reference input BR (pin 9) must then
be connected to the reference
supply output V, (pin 11).
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For proportional power control the
unbuffered reference input UR (pin
7) must be connected to the firing
burst repetition time control input TB
(pin 12).The buffered reference
input BR (pin 9), which is in this
instance inactive, must then be
connected to the reference supply
output V, (pin 11).

Proportional range control input
PR (pin 5)

The output duty factor changes from
0% to 100% by a variation of 80 mV
at the control input CI (pin &) with
the proportional range control input
PR open. For temperature controf
this corresponds to a temperature
difference of 1 K.

By connecting the proportional
range control input PR (pin 5) to
ground the range may be increased
to 400 mV, i.e. 5 K. Intermediate
values may be obtained by
connecting the PR input to ground
via a resistor RS (see Table 1).

Hysteresis control input HYS (pin
4)

With the hysteresis control input
HYS (pin 4) open, the device has a
built-in hysteresis of 20 mV. For
temperature control this
corresponds with 0.25 K.

Hysteresis is increased to 320 mV,
corresponding to 4 K, by grounding
HYS (pin 4). Intermediate values are
obtained by connecting pin 4 via
resistor R4 to ground. Table 1
provides a set of vaiues for R4 and
RS giving a fixed ratio between
hysteresis and proportional range.

Trigger pulse width control input
PW (pin 10)

The width of the trigger pulse may
be adjusted to the value required for
the triac by choosing the value of
the external synchronization resistor



Philips Semiconductors

Product specification

Proportional-control triac triggering

circuit

TDA1023/T

Rs between the trigger pulse width
control input PW (pin 10) and the AC
mains. The puise width is inversely
proportional to the input current (see
Fig.13).

Output Q (pin 3)

Since the circuit has an open-emitter
output it is capable of sourcing
current. It is thus suited for

generating positive-going trigger
puises. The output is current-limited
and short-circuit protected. The
maximum output current is 150 mA
and the output pulses are stabilized
at 10 V for output currents up to that
value.

To minimize the total supply current
and power dissipation, a gate
resistor Rg must be connected

LIMITING VALUES

In accordance with the Absolute Maximum System (IEC 134)

between the output Q and the triac
gate to limit the output current to the
minimum required by the triac (see
Figs 5 to 8).

Pull-down resistor R4 (pin 1)

The TDA1023 includes a 1.75 kQ
puil-down resistor R 4 between pins
1 and 13 (Vg¢, ground connection)
intended for use with sensitive triacs.

SYMBOL PARAMETER MIN. MAX. UNIT
Vee DC supply voltage 16 \'
Supply current
lsecav) average - 30 mA
l161aM) repetitive peak - 100 | mA
l1e(sm) non-repetitive peak (tp < 50 us) - 2 A
Vi input voltage, all inputs - 16 \%
ls. 7. 9. 10 input current 10 mA
Vs voltage on R connection 16 v
Vi e n output voltage, Q, QR, V; 16 \
Qutput current
-lomgavy average - 30 mA
-lomm peak max. 300 us - 700 mA
Prot total power dissipation 500 mw
Tag storage temperature range ~-55 +150 °C
Tamo operating ambient temperature range -20 +75 °C
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Philips Semiconductors Product specification

Proportionai-control triac triggering

e TDA1023/T
circuit
CHARACTERISTICS
Vee= 111016 V; T, = -20 to +75 °C unless otherwise specified
SYMBOL PARAMETER CONDITIONS I MIN. [ TYP. L MAX. ] UNIT
Supply
Vee izrut:e(;nma:y stabilized supply voltage at ¢ 12 137 15 v
AVco/alie | variation with 1e - 30 mv/mA
N e DA L Rl [T PR E R N N RN PR o
pins 4 and 5 grounded |- - 71 mA
Reference supply output V, (pin 11) for external temperature bridge
Viria output voltage - 8 - \
-1 output current - - 1 mA
Control and reference inputs Cl, BR and UR (pins 6,9 and 7)
Ve1a input voltage to inhibit the output - 7.6 - \
ls 7.9 input current Vi=4V - - 2 A
Hysteresis control input HYS (pin 4)
AVs hysteresis pin 4 open 9 20 40 mV
AVs hysteresis pin 4 grounded - 320 - mv
Proportional control range input PR (pin 5)
AV proportional range pin 5 open 50 80 130 mV
AVg proportional range pin 5 grounded - 400 - mV

Pulse width control input PW (pin 10)
tu pulse width [howus = TmA; f= 50 Hz [100 [200 300  [us
Firing burst repetition time control input TB (pin 12)

firing burst repetition time, ratio to

TeCr capacitor Cr

320 600 960 ms/uF

Output of reference buffer QR (pin 8)

output voitage at input voltage:

Vi3 Voaiz=16V - 3.2 - \
Vg3 Vgia=48V - 4.8 \Y
Va3 Vgia=8V - 6.4 - A
Output Q (pin 3)

Vou output voitage HIGH -lon = 150 mA 10 - - v
~low output current HIGH - - 150 mA

Internal pull-down resistor R4 (pin 1)
Red resistance to Vee [1 I 1.75 [ 3 ikQ
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Proportional-control triac triggering

o TDA1023/T
C|rcu|t

Table 1 Adjustment of proportional range and hysteresis. Combinations of resistor values giving hysteresis > '/,
proportional range.

Proportional range Proportional range resistor Minimum hysteresis Maximum hysteresis resistor
RS R4

mv kQ mV kQ

80 open 20 open

160 3.3 40 9.1

240 1.1 60 4.3

320 0.43 80 2.7

400 0 100 1.8
Table 2 Timing capacitor values C;

Effective DC value Marked AC specification Catalogue number®

nF uF \

68 47 25 2222 016 90129
47 ~ 33 40 -- 390131
33 22 25 - 01580102
22 15 40 -- 590101
15 10 25 - - 90099
10 6.8 40 - - 90098

Note

*Special electrolytic capacitors recommended for use with the TDA1023.

RX

y ©
®
GD STABILIZER V7

13 MBA483

Fig.3 Internal supply connections.
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Product specification

Proportional-control triac triggering
circuit

TDA1023/T

[Jrs0

AX

IVEE

-+ ) BAWE2
GD 02

D1
Rp
Vee  IRX
14 16
+
=Cg TDA1023
13
VEE
Rsp
=Cp
& ) BAWE2
T/ ot
Vee RX
14 16
+
=Cg TDA1023 3
13
[VEE

o 2o @

E {heater)

lcad

/Hiu

Fig.4 Alternative supply arrangements.

AC mains
voltage
Vs

MBA470

AC mains
voltage

Vs

MBA482

AC mains
voltage

Vs

MBA4E9
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Proportional-control triac triggering

e TDA1023/T
circuit
300 72717011 100 72717021
%‘\\\Y\\\ Vg =110V, 50 Hz \“\ \ \ Vg =220V, 50 Hz
Rg || \ R LIRNRIAT AN
() TR (o [T
[ARANAY IR
YAV LHIRD \
I11AY \ HALAN Y
\\ \\ \\ l ‘\\ a \\ \
e MR ATAYA A SR LAY (0
\ - VLVVVIVEN
VNN \| rg - \ \
LTAYAY NI ! AN W AN
\ N TOVANNNINL NN Rs=
TR R \ A Re:
X :*Z’Of ‘@\\ \\ AR v %%Q .
30 N0 AR WY \‘?y)o,{. N N
100 }@0\%}4}‘@ \\ \\\ 100 \ \\ ::"oojﬁ@% TS
%,,:f@ N N ™~ ‘3‘_‘)«01" A ™. \\
N2ANAND AR ANANE LN
N ™~ [~ /‘% &% ™ .
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L T s N - N~
~ I~ _ N P~ T
73 Sy S TS S S W SN N M O e A S (g Mg S T Py Vi S s W S S E S0 [ e S T It
% ) 20 % 0 20
13(AV) max {MA) 3{AV) max (MA)
Fig.5 Vg=110V, 50 Hz. Fig.6 Vg=220V, 50 Hz.
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Proportional-control triac triggering

. TDA1023/T
circuit
72717031 300 — 72717041
0 ﬂ% \\\\ \ Vg =240V, 50 Hz ” “‘ ‘\ Vg =380V,50Hz
] \‘ 1A . \\ \\\ \\
R
o @ [TH
VAL TN
HIRTLWAYAVAY RANY
HITRAVEAUAN A A\
2001 \\\\\ . 20 \\\\\\\\
LAY AL | AV
W YVAVN Y N \ \ \
INAYLY Y \ VIWANN
LN NAVA WA NVAAVA'E VAN
TN e Yo NN R
ANAVAW 7)%&0 \ \\\J‘%o_’?\'
100 \\ \ e@:‘%@:? BN 100 \\ N %0‘904;0\ N
\\\ \-’}\f‘e S < ~; 04_ = <
\\\,&j’o{z’o\ CRCTRCTSS A h,j@o:%oi\: N
R NE NSNS Pogte NS ~=Lr
) < = ~<J - 40:\ : e =
N I~ ot N I~ T~
i i Ny s et R e " Pt
2F o4 = 4+ J N N S N S S S B e M By —:Eﬁ: 7 i el i il el i e i iy e sl et el ol o I e R N e
0 0 \
o 0 13(AV)max (MA) 2 ° 0 13(AV)max (mA} 2
Fig.7 Vg =240V, 50Hz. Fig.8 Vg =380V, 50 Hz.
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Proportional-control triac triggering

circuit
7Z71707.2 7271708.2
9 Vg=110V 8 =
Pro W) /1 S~ Prp (W) 1 Vg =220V
Rp (k%) Rp (kQ) t
8 Y, 16 1
l‘ / o P without D1
{fo 7 Rp
7 14 \
P without D1 “ /
1Y y
6 \ / 12
\
/
5 10 A
P with D14
P with D1—
\
4 8
/ A \
3 6 4
/ ~N
b tla Lo L ____A__‘_;\_:_____‘_______B_D_rpur ESREFaR bbbt [ [RD, _i__j
7
y
1 HHA 24
0 0
0 5 10 15 20 26 30 0 5 10 15 20 25 30
116 (AV) min (MA) 16(AV) min (MA)
Fig.9 Vg=110 V. Fig.10 Vg =220 V.
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Proportional-control triac triggering TDA1023/T
circuit
18 — 7271709.2 7271710.2
45
Vg =240V =380V
PrD W) y S Pro W) s
Rp (k) Rp (k)
16 40 i
{
‘RD ‘RD
14 15
: /P without D1
\
12 30 +
Y P ’ P without D1
Ji ,/ y
10 a 25 |
/P with D1 y,
8 / 20 \ y.
\ Vi
A y pd
A 7
6 . 15
7 /( \\\ B a p” P with D1
10 HEEER 1L L L RO min] . '
4 10 4 1
A o e .._{/._..__. i o s o g e oy ._.B_QT"I‘
A -
v
2 I ‘,l 5 9 | A
FiD4 -
Y 7 4
4
9% 5 10 15 20 25 30 0 : 5 i % 5 30
116 (AV) min (MA) 116 (AV) min (MA)
Fig.11 Vg =240 V. Fig.12 Vg =380 V.
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Proportional-control triac triggering

L TDA1023/T
circuit
7Z271691.1
* 0
Rg Vg = 380V 24OV/L 220V
(kQ)
/
500 7
/
A/
[ /
0 1117/ /]
/4 |/
7 // //110v —
9
w EE A
£/ A
/1 1/] ) d
// pd
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AV, 4 )4
/| V
y 4 //
100 4
/
%9 100 200 300 400
ty (us)
of required trigger pulse width t, with a mains
voltage V¢ as a parameter.
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Proportional-control triac triggering

circuit

TDA1023/T

600

Cp
(nF)

500

400

300

200

7Z271711.2 1200
/ j Prsp
7 /Il (mw)
£ 1000
/
1/
/ /
7oA
A / 800
Cp
5= 2zov/ / 7
/ [ 600
4 PrsD
‘o ——/Rso =390Q
vg=_L A
A/ 2a0v_1/
A
/ 4%
/ /
/
/
200
/
7
5 10 15 200
l1g(av) (MA)

Fig.14 Nominal value of voitage dropping capacitor Cp and power Pqq, dissipated in a voltage dropping
resistor Rgp as a function of average supply current | (o, With the mains supply voltage Vg as a parameter.
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Proportional-control triac triggering

circuit
D1
load
{heater}
Rp Rg line
Vee RX PW triac AC mains
R v, -U voitage
R1 v 14 16 10 G 9 /H/
Z1, 3 g(:—Q Vs
+ 1
= CS < 6 TDA1023 R neutral
F } . BR 9 1 »—pd
Iy J 13 8 7 4 5 12
-0 Wanre Veg |QR | UR [HYS ‘PR .|
Rp cr
T MBAS513

Conditions:- Mains supply; Vg = 220 V; Temperature range = 5 to 30 °C.
BT139dataat T;=25°C; V,, < 1.5 V; I > 70 mA; |, < 60 mA

Fig.15 The TDA1023/T used in a 1200 to 2000 W heater with triac BT139. For component vaiues see Table 3.
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Product specification

Proportional-control triac triggering

circuit TDA1023/T
Table 3 Temperature controlier component values (see Fig. 15).
SYMBOL PARAMETER REMARKS VALUE

tw trigger pulse width see BT139 data sheet 75 us

Rs synchronization resistor see Fig. 13 180 kQ

Ra gate resistor see Fig. 6 110 Q

laany max. average gate current see Fig.8 4.1 mA

R4 hysteresis resistor see Table 1 n.c.

R5 proportional band resistor see Table 1 n.c.

l15(av) min. required supply current 11.1 mA

Ro mains dropping resistor see Fig. 10 6.2 kQ

Pro power dissipated in Rp see Fig.10 46W

Cr timing capacitor (eff. value) see Table 2 68 uF

VDR voltage dependent resistor cat. no. 2322 593 62512 250V AC

D1 rectifier diode BYW56

R1 resistor to pin 11 1% tolerance 18.7 kQ
Rnte NTC thermistor (at 25 °C) B = 4200 K cat no. 2322 642 12223 |22 kQ

Rp potentiometer 22 kQ

C1 capacitor between pins 6 and 9 47 nF

Cs smoothing capacitor 220 uF; 16V
If Rp and D1 are replaced by C; and Ry,

Co mains dropping capacitor 470 nF

Rso series dropping resistor 390 Q

Prso power dissipated in Rsp see Fig.14 06W

VDR voltage dependent resistor cat. no. 2322 594 62512 250V AC
Notes

1. ON/OFF control: pin 12 connected to pin 13.

2. If translation circuit is not required: slider of R to pin 7; pin 8 open; pin 9 connected to pin 11.
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