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Zero Voltage Switch Power Controller
SILICON MONOLITHIC INTEGRATED CIRCUIT

The UAA2016 is designed to drive triacs with the Zero Voltage technique which
allows RF1-free power regulation of resistive loads. Operating directly on the AC
power line, its main application is the precision regulation of electrical heating
systems (panel heaters, irons, etc...).

A built4n digital sawtooth signal permits proportional temperature regulation
action over a 1‘C band around the set point. For energy saving there is a
programmable temperature reduction function and forsecuri~ a sensor failsafe
that inhibits output pulses when the sensor connection is broken. Preset
temperature (i.e. defrost) application is also possible. In applications where hig~t{.

UAA2016

hysteresis is needed, its value can be adjusted up to 5°C around set point$~~~

these features come with a very low external component count. $$; ,, “tI>y
*’,.\ .:’.,$,’,,,,,,, ‘..~},>.$,,:%.,:..’

0 Zero voltage switch for Triacs, up to 2 kW (MAC212A8).
.)..’,,>> *::*,,~,,,\..,,,~~~.....,

a Direct AC line operation. .>:$’>:W,*;,‘~’:.\;,.,~$~ *+,
● Proportional regulation of temperature over a 1‘C band,w~,~~y.:{~‘. ‘::,.,\~’.*:,..,,
o Programmable temperature reduction.

~.$,;8,
\;.s..,,

0 Preset temperature (i.e. defrost). ..,(,~,i
.. +,,,.‘~’.’~t~;;y,,,,.
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MAXIMUM RATINGS Woltages referred tp pin 7)

Rating Symbol Value Unit

Supply Current (1pin 5) ICc 15 mA

NOTES ON ELECTRICALCHARACTERISTl~$~ee ~able on facing page)
.y$,,~.,<;*

“~?,
:?*.!$,I.:>+~,,.

1. Output pulses are centered with req@~~t&zero 5.
crossing point. Pulse width is a@~~~&#t’by the
value of RsYnC.Refer to applic~~h~@Nes.

\$,ieX.$l,‘4:> 6.
2, The actual sawtooth peri~~$~~nds on the AC

power line frequency. ~$&~~w~tly 2048 times the
corresponding peri,~~~:~~~ the 50 Hz case it is
40.96s, For the 6@~a$ase it is 34. 13s. This is to 7.
comply with the Eur&flean standard, namely that
2 kW loadst*~&t be connected or removed
from theJ~~~@&re than once every 30s,

‘:~>.:l,,,.,’’,l$::.;,,,,
3. 35Q,@~~c&rresponds to 5°C temperature reduc-

~~f~i$T@ISistestedat probe using internal test pad.
&$Wlfer temperature reduction can be obtained

$$~y~& adding an external resistor between Pin 4 and
“~$~’’~cc. Refer to application curves.

4, 350 mV corresponds to a hysteresis of 5*C. This
is tested at probe using internal test pad. Smaller

additional hysteresis can be obtained by adding
an external resistor between Pin 2 and Vcc. Refer
to application curves.

Parameter guaranteed but not tested, Worst case
10 mV corresponds to 0.1 5*C shift on set point.

Measured at probe by internal test pad. 70 mV
corresponds to 1‘C. Note that the proportional
band is independent of the NTC value.

At very Iowtemperature the NTC resistor increases
quickly .This can cause the sensor input voltage to
reach the failsafe threshold, thus inhibiting output
pulses: refer to application schematics. The
corresponding temperature is the limit at which
the circuit works in the typical application. By
setting this threshold at 0.05 VRef, the NTC value
can increase up to 20 times its nominal value, thus
the application works below -20°C,
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ELECTRICAL CHARACTERISTICS (TA= 25°C, VEE = -7V, Voltages referred to pin 7 unless otherwise noted)

7Symbol Min

Icc

Charaderistics

Supply Current (Pins 6 and 8 not wnnected)
;TA= -20 to +85°C)

Typ

0.9

Max

1.5

Unit

mA

Stabilized Supply Voltage (Pin 5) (Icc = 2 mA)

Reference Voltage (Pin 1)

-9

-5.5

-8

4,5

volts

volts‘Ref I -6.5

IOutput Pulse Current (Fig. 1)
[Rout = 60 W VEE= –8 V)
[TA= -20 to +85°C)

lout I 90 100 130

Output Leakage Current NOut= OV)

*Output Pulse Width (Note 1) TA = -20 to +85°C

[Mains = 220 ‘RMS$ ‘Sync = 220 ‘Q) TP I 50

Voff I –1oComparator Offset (Note 5) +10 mV

0.1Sensor Input Bias Current

40.96Sawtooth Period (Note 2)

Sawtooth Amplitude (Note 6)

Temperature Reduction Voltage (Note 3)
(Pin 4 connected to Vcc) ,,:$::.:..,-~i.

70 90 mV

,$ VTR I 280 350

10

420 mV

mV‘IH I
VH 280 350 420 mV

vFSth I 180 300 mV
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figure 2. Application schematic
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APPLICATION NOTES (For simplicity, the LED in series with Rout is omitted in the following calculations)

1. Triac choice and Rout determination

Depending on the power in the load, choose the

Triac that has the lowest peak gate trigger cur-

rent. This will limit the output current of the

UAA2016 and thus its power consumption, Use

Figure 5 to determine Rout according to the triac

max gate current Igt and the application low tem-

perature limit. Fora 2 kW iOadat220VRMs, a good

triac choice is the Motorola MAC2 12A8. Its maxi-

mum peak gate trigger current at 25°C is 50 mA.

For an application to work down to -20°C,

Rout should be 60 Q.

It is assumed that

lgl(T) = lgt(250C) x exp (-T/l 251 with T in ‘C,

which applies to the MAC212A8.

2. Output pulse width, RSY”C

e The load current is then:

lLOad= (VRMs X 42 X Sin(2~ft) - VTM) / RL

where VTM is the maximum on state volta~e of

the triac, f is the line frequency.
.>,.,,:,k.,.i.,.,,..,~,,,~\’.):J,.,:;,.,.;,!:,..~.>>\,

>* ..,.,*.,~,,f*?,l
.>,.,

e Set !LOad= ILatChfOr t = T~2 tO Ca~k~$~@l:~P.
. .’,.’, ,..,..,-:+~~, ‘?*;xw’,.,,.1

Figures 7 and 8 give the valu~~~;~~which corre-

sponds to the higher of t$~~~~es of lHOldand

lLatCh,assuming that V?&, = %$6V. Figure 9 gives

the RsYnc that Prody&$~& Corresponding Tp.
.,.,>.,.;.~~.., 1.,

“~.’.:,l.,,\~~:$,{,.~.>

3 RSUPPIY and filt$~~~%citor,, $$:~~<$
‘.!:p

With th@~@,@ut current and the pulse width

deter@lW@as above, use Figures 10 and 11 to

de~:fti RSUPPIY,assuming that the sinking cur-
,,$en~@tVRef pin (including NTC bridge current) is

,::~~~ss than 0.5 mA. Then use Figures 12 and 13 to

‘“% determine the filter capacitor CF according to the~::,,\
.*F*~. *::..i.,,,$,.:: .

The pulse width TP is determined by the Triac ‘~~$$+
\’J,:.\~ ripple desired on supply voltage. The maximum

lHOld, lLatCh together with the load value and .k ‘$:>
ripple allowed is IV.

working conditions (frequency and voltagej~~}, “$
,.“ IL:~>\>::?. ,, 4. The temperature reduction is determined by R,

(see Figures 14 and 15),
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CIRCU!T FUNCTIONAL DESCRIPTION

POWER SUPPLY - PIN 5 AND PIN 7

The application uses a current source supplied by a
single high voltage rectifier in series with a power
dropping resistor. An integrated shunt regulator delivers
a VEE voltage of =.6 V with respect to Pin 7. The
current used by the total regulating system can be
shared in four functional blocks: IC supply, sensing
bridge, Triac gate firing pulses and zener current. The
integrated zener, as in any shunt regulator, absorbs
the excess supply current. The 50 Hz pulsed supply
current is smoothed by the large value capacitor
connected between Pins 5 and 7.

TEMPERATURE SENSING - PIN 3

The actual temperature is sensed by a negative tem-
perature coeticent element connected in a resistor
divider fashion, This 2 element network is con-
nected between the ground terminal Pin 7 and the
reference voltage -5.5 Vavailable on Pin 1. The result-
ing voltage - a function of the measured temperature
- isappliedto Pin 3 and internally compared to a control
voltage whose value depends on several elements:
Sawtooth, Temperature Reduction and Hysteresis
Adjust. (See Application Notes.) ,,.

COMPARATOR

..: ‘*$

When the positive input (Pin 3) receiy~$~$,woltage
greater than the internal refere~~~~j~afue, the
comparator allows the triggering lo.~l?~~tiver pulses
to the Triac gate. To improve t~nw immuni~ the
comparator has an adjustabl,$,Q,@@?esis. The external
resistor R3 connected to Rin Z sets the hysteresis

SAWTOOTH GENERATOR

In order to comply with European norms the ON/OFF
period on the load must exceed 30 seconds. This is
achieved by an internal digital sawtooth which pe~ogrns
the proportional regulation without any add~~~q~j
component. The sawtooth signal is adde~’~~:,%he
reference applied to the comparator nega{~.#put.
Figure 3 shows the regulation imp:,O~%~t usin9
the proportional band action. ~ .} .*\!!?”,,tiy

~\,TJ;:”’“*?..\.,,,...;L.i’.”’’$i:j,,?,:?,*.\
NOISE lMMUNl~ <~$,, >)

‘~.:?~‘\\~,,...
}~ \<~j:\,

The noisy environment r*$~Sgood immunity. Both
the voltage reference$q~~~~e comparator hysteresis

minimize the noise ~~~%ton the comparator input. In
addition the eff~~gve’%$iac triggering is enabled every

FAIL S~”~Q$’X:’t:
.,,.,‘,$v.

Ou~tf,pulses are inhibited by the “fail safe” circuit if
~~e$otiparator input voltage exceeds the specified

‘J!,~h~~holdvoltage. This would occur if the temperature
‘$;$$~$~nsorcircuit is open.~.

.,><:,

SAMPLING FULL WAVE LOGIC

Two consecutive zero-crossing trigger pulses are

generated at every positive mains half-cycle, This
ensures that the number of delivered pulses is even in
every case. The pulse length is selectable by RsYnC
connected on Pin 8, The pulse is centered on the zero-
crossing mains waveform.

.>.*Th., ~$k..,.~:.”
level. Setting Pin 2 opq, qkes a 10 mV hysteresis PULSE AMPLIFIER
level, correspondin$lo &~5°C. Maximum hysteresis
is obtained by co~+wti~g Pin 2 to Vcc. In that case the The pulse amplifier circuit sinks current pulses from
level is set at 5,Q&,$~~’configuration can be useful for Pin 6 to VEE. The minimum amplitude is 70 mA. The
low tempera~tdt~brtia systems. Triac is then triggered in quadrants II and Ill. The

,+:j’.~$}y‘?:$:.,.7~.<,~ , effective output current amplitude is given by the
TEMP~fA~&RE REDUCTION external resistor Rout. Eventually LED can be inserted

~!~.:>.$.,.,,,:ti?~i,..?>.$? in series with the Triac gate (see Figure 2).f,~>:\~\;:.l\$~\},*
~,~{$,~~rgy saving, a remotely programmable tem-
p’@tire reduction is available on Pin 4. The choice of
re~stor R 1 connected between Pin 4 and Vcc sets the
temperature reduction level.
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Figure 5. Output Resistor versus
Triac Gate Current
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Figure 7. Output Pulse Width versus
Maximum Triac Latch Current
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Figure 6. Minimum Output Current versus
Output Resistor
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Figure 10. Maximum Supply Resistor
versus Output Current
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Figure 11. MaximumSupply Resistor
versus Output Current

Figure 12. Minimum Filter Capacitor
versus Output Current

30 I

~
V-1 10V RMS

1 I I 1 1 F=50HZ

25

~ Tp=50pS

15 TP=150LS \
~

10
Tp=200@

0 25 50 75 100

IOUT, OUTPUT CURRENT (mA)

Figure 13. Minimum Filter Capacitor
versus Output Current
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Figure 16. RDEFversus Preset Temperature
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Figure 17. R~ + R2 versus Preset Setpoint
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Figure 18. Comparator Hysteresis versus R3
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ASIA PACIFIC: Motorola Semiconductors (H. K.) Ltd.j Silicon Harbour Center, No. 2, Dai King Street, Tai Po lndustri~l Estate, Tai Po, NT., Hong Kong,
JAPAN: Nippon Motorola Ltd.; 432-1, Nishi-Gotanda, Shinagawa-ku, Tokvo 141, Japan.
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