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12% TDA 4814
Michael Herfurth

TDA 4814 —
Integrated Circuit
for Sinusoidal
Line Current
Consumption

Components at present available from semiconductur manufacturers
allow to built more powerful switched-mode power supplies and
motor controls run from line supply. So far the piece-wise method of
rectifying line voltage by means of pulse-width modulation at higher
requencies has been widely used, as it offers high efficiency and a
reduction in the size of inductive components.

Many appllqﬁm for TDA 48WA the major concern when harmonic con-
integrated control circuit ' tent is considered, the power fagtor is_a

Switched-mode devices cuuse interfer- mﬁ?ﬁﬁ%f&l!,\ﬂ?;’: '!Q%d-a—nq-j‘;g'
¢ence which should not exceed the limits P—J—-‘-*ﬁ"&"#a"”' § IR SERa
liid down in oS LVDE 03RG ORI LT TCh o g Sy e supplics for
the frequency range above 10 kHz. As a input ac voltages of 90 to 250 V (without
result of  rectification and subscquent cliofgeRsER) prodices X Srong "."d i
capacitor smoothing. harmonics are pro- fie% APOIOHED 10 ExIsnug Cefm o
duced by a pulsc;i capacitor’s charge GG Mindilic sollhpns leus 1n the
currents. As these harmonics may affect |-5M¢ e s i

wher loads. limit values are prescribed Against  this  background  the
QEhEr JEIas, 1OBI8 MCENS A oA TDA 4814 IC has been developed. This -
for certain devices. Here. for example.

: : i 1C utilizes an efficient control method 1o
houschold appliances (VDE 0838) and : i
: operate a boost converter in i way that
ballasts for fluorcscent lamps e ; g
(VDE 0712) are relevant. Apart from .allows an almost sinusoidal curtent W e
stich r'"u-l'uiuns ﬁu\'cmi‘hu p'.\'lrnmn'i ’ drawn from the single-phase line supply
it nlktlh‘ 0'“ ® Bitarh ho:v.un’:in-“ and & stabilized de voltage to be provile
wontent. the power factor s bee g A
m srk import E’m in the assessment (;‘E at the output. Hence the hapmte Sin.
gl s i S tent as well as the apparent power van
devices. *The power factor indicates the | : 4 e
: ; o sumption are kept fairly small
ratio of active and apparent  power
drawn. While electrical interferences are )
. Sufficient sinusoidal current drawn
from the line requires an appropriatg

control method
Papl. Ing. Michind Herfurth, i :
¥ : BRCEHE e . AaninuONA|y
Siemems AG, Bereich Bauclemente, A converter C.lp:}hk of !"'_, " ~M\
Anwendunzsechnib. Munchen transforming the input veltie SR8

oy



wide range is nccessary for the job.
Then, only a flvback converter or related
boost and boost/buck converters arc re-
quircd (Fig. 1). For the npphcauon de-
scribed here the boost converter is idcal

as a switching transistor of only 500 V|

off-state voltage is nceded while a
minimum diclectric strcngth of 800 V is
- required for the rcmaining converter
types. Losscs due to loose coupling of
turns or stray inductances are elimi-
nated. Only a choke is nccessary with
one lead connccted to the output voltage
by a frec-wheel diode. The output vol-
tage is cqu.xl to the off-state voltage load
of the transistor. In the demagnetization
_phase the choke is fed from the input
ltage. Thus a large amount of the input
.urrent bypasses the switching transistor

and flows directly to the output via the

free-wheel diode. For all these reasons
the_boost _convencr is Ts the system best
suued 1o obtain high efficiency (Fig.2).
The operational mode is the next step to
be defined. If the transistor switches on
again before the free-wheel diode ceases
conduction. approxxmately trapczmdal
currents occur” in the -semiconductors.
Reverse diode current resulting from
delays in the blocking ability of the free-
wheel diode might cause trouble. A
much more convenient operational mode
allows the diode current to reach zero
before the transistor is switched on
again. Hence triangular currents are pro-
duced in the semxconductor devices with-
ut any inverse "diode currents. Relative
‘o fixed- -frequency operation, free oscil-
lation utilizing the inherent dynamics of
the system obviates dead times and
"accompanying transients, finally. result-
ing in- a reduced current load of the
component (Fig.d). The physical rela-
tionship of current and voltage charac-
teristics occurring at the boost converter
(Table und Fig.3) form the groundwork
of the control method described here.
Thc mean input current per cycle is exact
half the peak value of the choke current.
With these peak values lying on a curve
whichs is proportional to the input volt-
age. the input converter acts like a resist-

ance 10 the line after smoothing, Tor

provide optimum control of the boost
converter the current through the semi-
conductor switch is’ sensed by a shunt
resistor, The measured current is cqual
to the peak choke current at the turn-off
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Flyback converter

lj T];

Boost/buck converter with

reversed output voltage polarity
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Boost converter

ot
bt

1

Boost/buck converter with the
same output voltage polarity

Fig.1 Converter types for wide-range transformation

™
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: Fig.' 2 Boost converter used as active harmonic filter
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Fig.3 Operation of active harmonic filter shown as corrent and voltage characteristics over a

half-wave of line requency
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point of the SIPMOS transistor. A com-

parator blocks the transistor at the cxact
instant when the peak choke current
reaches a given nominal value. A multi-
plicr delivers the nominal value from the
waveform of the input voltage and the
amplitude of the controller output volt-
age (Fig.5). The transistor is blocked
until the current through the choke and
the boost converter diode have dropped
to zero. We now have to make clear how
the zero crossing of the-diode current is
detected. Monitoring the voltage u_ at
the boost converter choke has proved to
be an interference-free .and low-cost
method. The voltage at the choke
change’s polarity depending on the
operating state: The charge period with
the transistor switched on is charac-
terized by negative polarity on the out-
put terminal of the choke, while the
discharge .period with the transistor
blocked. gives positive polarity at the
same terminal. After the discharge
period is finished the voltage across the
choke returns to zero or overshoots may
generate negative polarity on the output
side. again. This chunge of polarity is
picked up by induction in an auxiliary
winding on the choke and processed in
the control logic circuit (Figs.2 and 4))/

'TDA A8 performance

This device has a conditioning circuit for
the internal power supply. It allows
standby operation with very low current
- consumption, a hysteresis between en-
able and switch-off levels. an input volt-
-age limiter and internal voltage stabiliza-
tion. '
These facilities cnsure reliable starting
and allow supply from a current source.
The output driver is intended to drive a
SIPMOS transistor directly. Both the
capacitive input impedance and kecping
the gate level at zero potential in standby
operation by an internal 10-kQ-resistor
are taken into account. Possible cffects
on the output driver by line inductances
or capacitive couplings via SIPMOS
_transistor Miller capacitance are limited
by diodes connected to ground and sup-

Pply voltage. SIPMOS transistors " are .

ideal as power switches in active har-
monic filters because of features such as
low driver power. no sccond breakdown
and controllability even of extremely

Sweesers Comgmanents NN v N 3
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Fig.5 Control principle of the active harmonic filter

Basic equations

Symbols

1
(l)iL"”‘i "L—’o-

i|_' L -
Uo = Uin
(3) T=tog + ton

U

T

‘(-
lan

Input voltage

Output voltage

Mean input current,
time-dependent,

Peak choke current,
time-dependent,

Choke inductance

Cycle time (variable)

On time
Off time

Table Physical interrelations with the control method
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Remark: Kindly note that the Siemens AG bolds patcnts on electronic ballast for fluorescent lamps described in the article »New

electronic control gear« by A Kmmng, P Kmmmcl pubhshed in »Slcmens Encrgy

. 1985 page 102t0104
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Fig.6 Circuit of an electronic ballast for fluorescent lamps nslng active lumomc filter and TDA 43814

short switching times — all of which are

most useful in this application. The out-
put driver is controlled by detector input
"4 current comparator. The detector
wput highly resistive in the operating
state reacts on hysteresis-determined
voltage levels. To keep down the amount
of circuitry required. clamping diodes
are provided which allow control by a
current source:

The operaiing state of the boost conver-
ter choke is scnsed via the detector
input. H-level means that the choke
discharges and the output driver is inhi-
bited. Furthermore. H-level scts a {lip-
flop which stores the switch-off instruc-
tion of the current comparator to reduce
susceptibility to interference. On dis-
charge the choke voltage reverses and
the detector input is set to L-level. thus
cnabling the output driver. With transis-
tor switched on thc voltage drop mcas-
urcd at the shunt resistor is equal to the
actual choke current. The current com-
parator blocks the output driver when

106
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the nominal peak value of the choke
current given by the multiplier output is
reached. This state is maintained in the
flipflop until H-level appears at the
detector input which takes over the hold
function and resets the flipflop. Operat-
ing states might occur without any useful
detector signal. This is the case with
magnetic saturation of the choke and
when the input voltage approaches or
excceds the output voltage as. for exam-
ple, during switch-on. The driver re-
mains inhibited for the ﬂlpﬂop due to the
absent sct signal. So it is a good idea to
couple an additional trigger signal to the
detector input. The trigger sugnal can be
derived -from the \subscquent lamp
gencrator.-a SMPS control device or, if
neither is available. from the start circuit
designed as a pulsc generator in the
TDA 4814. The trigger signal level
should be so low that with standard
operation the signal from the detector
winding dominates. The multiplicr deliv-
ers the prescttable nominal value for the

and Automatione, Vol V11, No. 2, March/April

@ ate R aTem

current comparator. This is done by

multiplying the input voltage, which de-
termines the nominal voltage wavcform
sensed at the resistance divider, and the
output voltage of the control amplifier,
which affects the nominal amplitude
rather than its waveform. The task of the
control amplificr is to stabilize the output
dc voltage of the active harmonic filter in
the event of load and input voltage
changes. To this purposc a 2-V reference
voltage is provided in the IC. The way
the input current is fed to the output
capacitor superimposes a ripple voltage
at twice line frequency onto the output
voltage with linc operation. The ripple
voltage cannot be compensated without
altering the current drawn from the de-
sircd waveform. The ripple voltage am-
plitude is only reduced by increasing the
smoothing capacitance. An appropriate
filter keeps the ripple content of the
output voltage from the control amplificr
input 1o avoid unintended modulation

On the other hand. a change of state has

Stomeczis Compunents NN N, 3



to be recognized carly which is in sharp
contrast to the ripple voltage suppres-
sion. Filter circuits with selectable ripple
IrCQueney suppression have TTN\C\iSUlU

e, Howeser saes SLmes reguire

CnCICS
am-
S lngC
ess of
xiglaton
1 this
“l vy to
Diro LRI FRVERAE S "R Fasan
abed
mte-
5 tostop
aons operaie indepen-
dently of the harmonic control but with
the same ground, potential.
The start circuit -acts externally like a
diac. A  highly resistive, charged
capacitor connected to the start input is
discharged via the start output when a
threshold voltage of about 20V is
reached. This function starts, for exam-
ple. the lamp generator of an electronic
ballast or generates auxiliary trigger sig-
nals for the detector input. To avoid a
negative potential at the start input
which may cause failure, it is a good idea
to place a diode in the line to the gate

arcuit. Both func

when using the TDA 4814 in an elec-

tronic ballast for fluorescent lamps.
The stop circuit_acts_externally. like a
thvristor. If the voltage at the stop input
exceeds a threshold of about 27V a
thyristor is triggered and this connects
" stop input and stop output via a resistor.
Furthermore, start input and stop output
are connected via a diode. This function

is utilized in an electronic ballast to

charge in a delayed manner a capacitor
connected to the stop input from a volt-
age proportional to the lamp voltage. If
the fluorescent lamp docs not trigger
within a prcscuablc time the capacitor is
discharged via the stop output. A small-
-signal transistor switches off the lamp

generator by short-circuiting gate and

ground. As with the start output. a diode
should be placed in the collector path of
the small signal transistor 1o prevent
negative potential at the stop output by
the transistor’s base-collector diode.

The start input is likewisc short-circuited .

via an internal link. Only when falling
below the hold current (e, g. interruption
of supply voltage) the thyristor is stop-

Smeeis ampvnnts N\ el N 8
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Quiputdevoliage 100 V/dis
.of the active harmonic Glter
o mlbsupmmpmcdnpple
; uuhhgllu:npliude ﬁ.e
- ultage 100 Vidiv

4 f.-nwmanpmm:su

‘current dawa 0.2 Vdiv
Time scale 2 mvidiv

Fig.7 Line voltage and line carrent drawn with an electronic ballast for a 50-W florescent lamp

ped and the stop function is released. In
other applications this stop function may
also be used as overvoltage protection.
Here the stop input is fed directly from a
resistance divider.

A wpical application  of
TDA 4814 IC is in elcctronic ballasts for

he .

fluorescent lamps (Fig. 6). The schematic

" diagram shows the IC functions and their

connections in an electronic ballast. Sup-

ply voltage and supply current of a

ballast for a 50-W fluorescent lamp using
an active harmonic filter controlled by a

" TDA 4814 are shown in Fig.7.

> -
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Michael Herfurth. TDA 4814-Integrated Circuit for Sinusoidal Line
Current Consumption. Siemens Component XX! (1986) No.3.
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