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" ' ZERO VOLTAGE SWITCH | = (509
Triac Temperature Control for Industrial and Domestic Purposes -

Technlogy: Bipolar

Features:
® U 263 B1 with ramp output ® Integrated temperature sensor
® U 263 B2 with static output. @ Negative output current pulse typ. 75 mA
@ Direct supply from the mains @ Internal generated ramp.for proportional
® Very fow external components 7 control (U 263B1)
@ Full wave drive—no d.c. current component ‘@ Zero voltage synchronised static output for
in the load circuit simple two point driver
@ Automatic pulse phase control
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Fig. 1 Block diagram with external circuit
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Description L

The monolithic bipolar Integrated circuit described below is.a triac-driver circuit warking on the principle
of zero-voltage-switching. Both versions available, the U 263B1 and the U 263B2 are like the already -

known types U 217B and U 106 BS designed predominantly for resistive loads.

Power supply and its limitations

The voltage limitation contained in the U 263 B allows it to be powered. from mains via series resistance
Ry and rectifying diode Dy between Pin 6 (+Pol/L) and Pin 4 (—V;). The capacitor C; smooths the supply
voltage (see Fig. 1). .

An internal temperature-compensated limiting circuit protects the module from random peaks of voitage
on the mains, and during the negative half-cycle delivers a defined. reference voltaga.
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Fig. 2 Trigger pulses U 263 B, output Pin & t

The logic function is synchronised by means of a separate resistance R, betwaen Pin 7 and phase (voltage-
synchronisation). The width of the pulses can be varied betwean wide limits by choice of value of R,. The
larger the value chosen, the wider is the output pulse on Pin 5. Automatic optimisation of the phase of the
pulse is necessary, since the latching current of the triac exceeds:the steady current by a factorof 3. The
phase of the pulse is chosen so that ca. 1/3 of the pulse width appears béfore the transition through null
and 2/3 after it (see electrical chracteristics and Fig. 2). ’

In order to avoid phase-clipping after the switch-on in the case of the first pulse, in the U 263 B the first
third of the initial pulse is automatically suppressed.

Full-wave logic

The full-wave logic ensures that only pairs of pulses can be released, and that these always begin with the
positive dv/dt. The load is thus switched on for a minimum of one complete mains cycle, which means that
the triac receives a minimum of 2 driving pulses, sa that the unwanted d.c. component.in the load circuit is
definitely eliminated.

Pulse-amplifier

The pulse amplifier connected to the output of the full-wave logic circuit, is- proof against continuous
short-circuit, and delivers to Pin 5, via an integrated limiting resistance, negative output pulses of typ.
76 mA., ’

Temperature sensor

A voltage proportional to the chip or case temperature, with a temperature coefficient typically
TK,yp= 10.7 mV/K is available at Pin 3. At 25 °C this voltage is Vp==3V.
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Comparator

The comparison of set value and measured value is carried out via the two comparator inputs Pin 1 and
Pin 2. Here Pin 2 is the inverting input and has a circuit protecting it against interference spikes. Fig. 3
shows the protective circuit of the comparator, Pin 1 is the non-inverting input.
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Fig. 3 Protective circuit of the comparator
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The only essential difference between the two versions B 1 and B 2 is in the function of Pin 8 (compare block
diagram). [n version B1 a ramp voltage (Fig. 4} derived from the mains frequency via a digital-analogue
converter Is provided at Pin 8. This ramp function, which is necessary for the realisation of proportional

control, is made available without additional external components The ramp, programmed. by the D/A--

converfer to a duration of 640 ms and having 16 steps, is suitable for a typlcal load of 760-W reeting the
Flicker Standard (EN 60555).
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Fig. 4 Ramp function of v, .
the U 263 B1 O PinB
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Fig. 5 Static output U 26382
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Instead of a ramp voltage, the U 263 B2 provides at Pin 8 a zero-synchronised static output pulse with two
defined states — Vg and high-resistance (open-collector), Fig.6. The signal appears at the time of the first
positive transition through zero after the switch-on command. Because of the full-wave logic, only in the
negative halif-cycle can the signal alter to the “off* condition. Using the U 263 B2 the simplest kind of two-
point control can be realised, which can switch either resistive or inductive loads.

Ramp generator, Fig. 6

Ramp voltage which is generated in the IC is available at reference Pin 8. Cutrent sink which is controlled by
D/A converter influences the internal reference voltage at Pin 8 specified by voitage divider.

The current sink is turned-off in the reset state of the D/A converterso that the voltage at Pin 8 is pnmarlly
specified via internal voltage divider (ramp starting voltage).

Inthe maximum state of the 4 stage D/A converter, current sink overtake the maximum current, wherebythe
ramp final (end) voltage has reached. ]

GND
~ 4 stage
E".Rx ripple counter
W
-— D/A converter T
A £
1R _IA 1 t S U N
by Y D 21 l
L d 53 ‘ Syne
-5 Current sink
906694 €
t ) t——
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3.8V i
T=640ms
e 16 stage ramp
90 8883 8

Fig. 6 Principle diagram
Generation and evaluation of ramp
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Design guide for mains supply (R o
The value of resistance A, shown in Fig. 1 depends on the total current {f,) consumption. which is as

follows:

hot = lmax* h + I Whereas, T- 65_ -09.

linax = Current consumption of the integrated circuit = 1.8 mA;

Iy = Current consumption of the external components. (nominal value voltage source), =500 pA.
N = Current component of the pulse output on Pin 6 which depends on the Triac and its load.

Curves shown In Figs. 10, 11, 14...16 are calculated for mains supply of 220 V~: Precautions should be
taken, if the dimensioning is for other than mentioned operating voltages..

a. Select the triacs according to the load, with the smallest possible gate— and dynamic holding current.
b. Evaluate the pulse width t, from Fig. 10, t,=f ([, P). ~ '

¢. Determine the synchronisation resistance R, from Fig. 11 Ry =f (t,).

d. If a gate-series resistor Rg is necessary to reduce the gate current /g see Fig. 12,

e. Determine the maximum pulse width g, from Fig. 20 ., = fR,). '

f. From pulse width tp,,, and gate current /g and with Fig. 13 you can determine the d.c. componentl to
evaluate the resistor Ry.

g. Evaluate R; =f () with the help of Fig. 14,
h. Determine the power dissipation of R; with Fig. 16 or Fig. 16.
i. Substitute smoothing condenser C, 247 yF/10 V.
(Because of the half wave supply the ripple on the supply voltage has no effect on the control.)

Design guide for control function U 263B1

8330008 ) 7

a) From Fig.17: ,
Vis =f (T,), evaluate the nominal-value for
the temperature voltage Vi, then detérmine
'R4 and RE'

) U263Bt
b) From Fig.18;

Li_l L"i.l Lal.l with the desired proportional term, -
) determine Rg and R,
Ry Ry + Ry =~ 150 kQ2-

R4 Ag

_Vs

Fig. 7 Component values for a proportional control with internal temperature sensor -
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Design guide for control function U 263B2 L e S
: “T7265-09

84 39718

a) From Fig. 17:
" Vpg =f(T,), determine the set-temperature
voltage Vyg, then By and Ry .

b) From Table 1 and the hysteresis desired,

) U263B2
evaluate Rg

T 2l [ . Ry + Ay~ 160 kQ
ol 7T

Ra As

—= —- —0-Vg T

Fig. 8 Component values for a 2-point controller with hysteresis and internal temperature sensor
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AT 023|047 |07 |09 |12 |14 {19 [23 |28 |37 | 47 | 58
Oc N
T AV ,
™ l25| 6 | 76|10 12515 [ 20 | 256 | 30 | 40| 50| &0
v
10| 316 |36 12 |62 |47 |30 ]27 18|15 |11 |082[062]051
25| 30 39 | 13 |62 |47 |30 |27 |18 |15 |12 |091 068|051

30 |- 296 39 |13 |62 |47 |33 (271]18]15 }12]091|068]|051
456 2.78 39 | 13 {68151 133|301} 1816 |13 )091|0.68])0.56
50 273 39 |18 |68 |51 [33 |30 |20 {16 13 |091|0.68 056
75 247 43 | 16 {75 [ 56 [ 36 |30 |20 (18|13 {10 |075 |0.62
100 2.2 47 | 15 | 7.6 |56 [ 39 (33|20 | 18|15 |14 0.82 | 0.62

Table 1: Determination of the hysteresis resistor Rg in MQ

84 3970 @
R,
| ) u263B2 a) asinFig.7
omomn b) From Table 2 and the desired hysteresis,
determine Ry and R; :
Ry + Ry =~50kQ :
Ry
" A4 - Rs
—y—h = o -vg
G K
NTC

Fig. 9 Component values for a 2-point controller with hysterssis and external temperature sensor
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Absolute maximum ratings.

' U263B1-U263B2
TELEFUNKEN ELECTRONIC

Reference point Pin 6 . S T-65-09
Supply voltage in operation with - ) .
DC voltage Pind Vg 6.5 \
Current consumption Pind —/g ’ 30 mA
t=10ps Pin 4 A "160 mA
Sync. current Pin7 lsyne ) 5 ’ mA
t=10ys Pin7 “lsyne 20 mA
Load capability, comparator input Pin2. =i -1 mA
Load capability, temperature sensor Pin3 —ho , 3 mA
: +1 ’ 10 . pA
Input voltages Pin1,4,58 -V =Vs Y
Pin5,8 - +V, 0.5 Vv
Power dissipation :
Tap= 45°C Pyoy 400 mW
Tamp=100°C Py . 125 - mw
Junction temperature T . 150 ‘o
Ambient temperature range Tomb ° -40..+125 °C
Storage temperature range Tstg "-40..+125 °C

Maximum thermal resistance
Junction ambient Rinua 200 CK/w

Electrical characteristics . Min. Typ. Max..

Supply voltage =Vg=6.5'V, Ty, =256 °C
Reference point Pin 6, unless otherwise specified

Supply voltage limitation ) . H
—ly=1mA Pin4d Vg 5.7 6.7 7.4 \Y i

Current consumption, d.c. Pin 4
positive half cycle . Iy : 1 mA i
zero transition (Pin 5 open) =l 1 mA
negative half cycle ’ —ly . 1.8 mA

Synchronisation

LA O

Voltage limitation . .
i =1mA Pin 7 +V 1.0 : -1.8 \)

Synchronisation current Pin7  &lgp. 0.5 mA

Zero cross dstection Pin7  ®lgyn, 25 pA
Comparator ’

Input zero voltage . Pin1,2 Vio 10 - mVvV

Input bias current Pin1,2 ho 1 pA

Common made input range Pin1,2 =V 1 T (Vg-168) -V
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Ramp generator
Period
Step number
Initial voltage
Final voltage

Internal reference
without externai circuitry U 263B1

Temperature coefficient of internal
reference

Temperature sensor
Sensor voltage at 25 °C, I =-1 mA
Temperature coefficient

Pulse amplifier .

Output pulse current
Ves18V
Output pulse width
Voyne =220V~ Ry =220kQ, Fig.2

Static logic
Output current U 263B2

52

.z

Pin 1
Pin 1
Pin 1
Pin 1
Pin 1

Pin 8

Pin 3
Pin 3

Pin5

Pinb

Pin 8

v

A
4@}-

T-65-09
_ Min. . "Typ. 'Max.
T 640 ms
n 16
-V 12 14 1.6 Y
-V, 33 36 3.9 v
(Vs) +2.5% \
41 -7.5%
TKypet +0.6 mV/K
—Vis. 276 3.0 3.26 \
7KVTS 10.7° mV/K -
=l 50 100 mA
to 33 us
tp1 65. ys
t 110 ps
-, 0.5 7 mA
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AVZ
mv b 10 20 30 40 50 60 70
v, Rg . .
Ts .

v \Me| 12 6.8 33 1.8 1.5 10 | 091 | 082
3.2 4.3 6.8 6.2 3.0 4.7 2.0 3.6 3.9
3.0 3.6 5.6 6.1 2.2 3.9 1.5 2.7 - 3.3
2.8 3.0 5.1 4.7 1.8 3.3 1.0 2.2 279
2.6 24 4.3 39 1.3 3.0 0.62 1.8 2.2 -
2.4 2.2 3.9 3.9 1.2 2.7 043 | 1.6 2.0
2.2 22 39 3.6 11 2.4 093 ) 1.5 1.8

Table 2: Determination of the resistors Rg in MQ and R; in kQ for a 2- polnt controller (U263 B2)

with hysteresis
Determination of component values

Fig.10:  t,=f{i, P)

I Vams A

33

tp anf - arcsin (

Fig. 11: =f{t,)
Vsm(w%-2)-054
3

R, = = -1.4kQ
25 pA

Fig. 12:  Rg=f{lg)

Vi - Vg - 13V
RG = Smin IG —~650Q
G

Rq _ 34V

-65Q
la

Fig. 13t  h=f(l, t)

IG‘tp
=2 "{0ms

Fig. 14: Ry =f(ly)

VMmin - VSmax

Ry = 0.85
! 2 I(ot
hot=Igmex + Ip +1y
lsmax=1.8 mA

I, from Fig. 13 and Fig. 20

I~ 0pA

P
3
3

[

] 000

L I

Pulse width

Latching current -

Power rating.

Effective value of mains voltage

Peak value of mains voltage

= Supply voltage, minimum

Gate voltage of Triac
Gate current of Triac

Average current value.of /s

w

erigs resistor
otal current across R,
Jains voltage, minimum

ONE o
B
<

urrent consumption of IC

verage current of trigger pulses

otal current of peripheral components
nominal value voltage source

= >
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Fig. 16 and Fig. 16:  Pgy = f () Pa; = Power dissipation in R, L
{Vitex — Vomin)® - Vsain= 857V - E
Pgy o —— :
2R, ' :
Fig. 17:  Vis=f(T) T, = Nominal temperature:
Vis = Nominal temperature voltage
Vig=Vrs + T, « AT AT = (T,—26.°C)
Fig. 18: - t
seeFig.7 Ry=f(AViorf(AT) Vs. = Supply voltage :
AT = Temperature hysteresis £

R; +32kQ V; ;
y me———— - q50kQ (1-—>) Vs =28V )
v 4 Vs Vs (symmatr. phasing of proportional term)
av ) Vor = 1.7-Vs
Vb = 3.9—Vig

- —r———r 1 A0t 2y 5

o - o
-] o
Ry = 4.7MQ
Fig. 19: Ry=f{Vyg + V5)

v
Ry = 7? 150 kQ Ry+Rs = 150kQ

Fig.20:  tone=F(Ry)

(1.4 KQ +R,) 83 pA + 0.64] o

fpm,x =5 oC sin « [ 7 -
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Ry [-vre=28vérsasc ’
L Rq=62kQ / AR =T - 71
4 4 )
| Ag=ot1kn . /
| fAg=47M0 4 ] /
400 / V=68V
KQ ' / 70 Ay +Aga1SOKA
4 kQ -
' /
4
300 T TV / :
" v I
4 60 -1 :
200 )4 / -
1, i /
yd 4
. /' 17T A / =
100 / : , 74
50 =
0 4 Flg.18
25 50 75 100 mV
AY —e
. 3 { | i - Flgig
T T T f 40 +—
2,5 50 75 10°C - 2.0 2.5 3.0V
T I 833062¢
ty T , i
:‘:"g | Vitalng =220 ¥~ /
4
1.5 /
/'
1.0 4
Vi
p4
o511
/V
4
i } | [Fig.20
Y 0.5 1.0 MQ
Ry —™
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. Application Example with U 263B1 e T e -
220 Ve
3
250 k2 1N 4007].
ial 7 |Js-| Is -|-
ﬁﬁg‘ ) U263B1 | T_lm;rg';?
TEFY | |

18 kQ 88 kQ

56k 25 kQ2
8439636

Fig. 21 Two point temperature controller with superimposed proportiénal behaviour and internal
temperature sensor for a temperature range of 10...30 °C and a hysteresis (dead zone) of =1 °C

" Application examples with U 263B2

Ry

- : 220 V~
250 kQ 1600 ! Xin4oOT

: 20 k2
I ) U263B2 E'?S&F ‘ 15w

g TR
o1k |25k0 120kQ

= r.’% = T K : 8430840

Fig. 22 Two-point temperature controller with internal temperature sensor for a temperature range of
10...30 °C and hysteresis of =1 °C ;
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worr ] 12] L2 L] :
Hi— LlJ I'I‘| : :
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l sk CN\ 1aoea ' i ;
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Fig. 23 Two-point room temperature controller with internal temperature sensor for a temperature range
of 15...30 °C hysteresis for resistive or inductive load
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Dimensions in mm
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