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Automotive/Transportation/Industrial Electronics

Power Factor Controller TDA 4862

Applications

M. Herfurth
Applications:

Power Factor Preconverter

for lamp ballasts and switched
mode power supplies with wide
input voltage range.

Major features:

- Undervoltage lockout

- One quadrant multiplier

- Zero current detector

- Cycle-by-cycle current limiting
- Internal start-up timer

- 1% bandgap reference

- overvoltage protection

- operating temperature

--40°C < Ty < 150°C
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Description:

The TDA 4862 integrated circuit
controls a boost converter in a way
that sinusoidal current is taken from
the single-phase line supply and
stabilized DC voltage is available at
the output.This active harmonic filter
limits the harmonic currents resulting
from the capacitor pulsed charge
currents during rectification. The
power factor which describes the
ratio between active and apparent
power is almost 1. Line voltage
fluctuations can be compensated
very efficiently.
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Technical Description TDA 4862
Qg’nirgl Method

The control method of the harmonic filter is based on the physical relationship between
current and voltage at the boost converter choke. The transistor does not switch on until
the current in the boost converter diode turns zero. This creates triangular currents at a
high frequency in the choke, avoiding high-loss reverse recovery currents of the diode. If
triangular currents flow through the boost converter choke uninterruptedly the mean input
current calculated over a high-frequency period is exactly half as high as the peak value
of the high-frequency choke current. If the peak values of the choke current are on an
envelope which is proportional to a sinusoidal low-frequency input voltage, a sinusoidal
input current will be created after smoothing by means of an RFI| suppression filter. The
RF1 suppression filter is to be designed in a way that the valid limits at the inputs are not
exceeded. Using this control method, the operating frequency of the actlve harmonic filter
changes with the input voltage and the load.

Characteristics

Power ly an If-

An undervoltage lockout with a turn-on threshold of typically 11 V and a turn-off threshold
of typically 8.5 V is responsible to make the IC fully functional before the driver output is
enabled. In the standby state prior to enabling the driver the IC consumes a current of
less than 0.2 mA. A startup timer generates set pulses for the turn-off flip-flop if the driver
output takes up L-levels for longer than 150 ps. In order to guarantee safe supply from a
current source the supply voltage pin 8 is internally limited to 17 V to ground. Thus, the IC
has all functions necessary for low-loss self-start.

Driver Qutput

The driver output has been designed to control power MOSFETSs with a current handling
capability of £ 500 mA. In order to avoid reverse currents the driver output is equipped
with clamping diodes connected to ground and supply voltage with a current handling
capability of 100 mA. In the standby state the driver ouput actively controls L-levels using
a residual voltage of 1.5 V and 5 mA dissipation current.

Control Amplifier

The control amplifier compares the divided output voltage at its inverting input with a
highly accurate reference voltage of 2.5 V, with a maximum deviation of less than + 2 %
over the total temperature range (-40°C < Tj < 150°C), at its non-inverting input. For the
purpose of frequency response compensation a feedback network is inserted between the
output (pin 2) and the inverting input (pin 1) of the control amplifier. A feedback design
using only one capacitor as an I-controller causes oscillating transient response, because
the boost converter, as a controlled current source, with the storage capacitor at its output
delays the phase by almost 90° in no-load and in low-load operation. There is favorable
transient response if the control amplifier is designed as a PIT1 controller (see design
steps).

The output voltage of the control amplifier ranges from 0.9 V to 4.3 V and can be loaded
with a current of 1 mA (source) and 2 mA (sink), respectively. The output voltage of the
control amplifier is monitored by a comparator. If the output voltage drops 0.3 V below the



reference level (2.5 V reference voltage) of the M2 multiplier input the driver output will be
blocked directly via the turn-off flip-flop. This measure guarantees the stability of the
output voltage in complete no-load operation, without interferences from offset voltages at
the multiplier output or at the comparator input.

The output DC voltage of the boost converter is superimposed by a double mains-
frequency AC voltage. The amplitude of the superimposed AC voltage depends on the
capacity of the storage capacitor and the load. This superimposed AC voltage, via the
control amplifier, causes an undesired modulation of the line current drawn. Therefore a
bandwidth of the control amplifier is chosen which is considerably lower than the double
mains-frequency. However, this causes the controller to react more slowly to sudden load
changes which results in temporary excess voltages and output voltage breakdowns.

vervol ntrol

If at the boost converter output a higher voltage than the stabilized voltage is generated
as a result of voltage transients or load rejection, a current flows from the output voltage
divider to the operational amplifier output via the feedback network. This current is
measured and in case a threshold of 30 pA is exceeded the multiplier output is controlled
to zero potential via a third input. This measure causes the input current to be continously
compensated back, thus avoiding uncontrolled oscillations of the line current drawn, as
they usually appear with digital measures.

The switch-off level of the overvoltage control can be adjusted via the internal resistance
of the output voltage divider. In the normal operation state the voltage at the tap of the
divider is 2.5 V (= reference voltage). In case of higher than rated output voltage the
excess divider current flows from the tap to the operational amplifier output via the
feedback network. The overvoltage control is also guaranteed in the operational phases
when the output voltage of the control amplifier reaches the upper limit threshold,
because the dissipation current is measured as well. As soon as the output voltage of the
control amplifier tends towards the minimum level, the comparator turns off at a level of
2.2 V to guarantee safe no-load operation.

Multiplier

The multiplier generates the turn-off threshold of the current comparator giving
consideration to the curve form of the feed voltage. In a typical application the rectified
and divided supply voltage is applied at the input M1 (pin 3). The output voltage of the
control ‘amplifier is applied at the input M2 which, under constant load and ideal
conditions, appears as DC voltage without superimposed AC shares. At the output of the
multiplier a signal in the curve form of the rectified voltage corresponding to input M1 is
generated which can be modified in its amplitude via the DC voltage at input M2.
Superimposed AC voltage shares at the input M2 cause an undesired modulation of the
line current drawn, unless they are part of dynamic control processes. The level control
range of the input M1 is O V to 4.0 V, the reference level being 0 V. The level control
range of the input M2 is 2.5 V to 4.5 V, the reference level being 2.5 V. For multiplication
a further, constant factor Cyy = 0.65 V-1 - an internal amplification factor of the multiplier -
is effective, which has the dimension V-1 to comply with the following equation. In this way
the output voltage of the multiplier V) which corresponds to the turn-off threshold of the
current comparator can be calculated using the following formula:

Vam = Cm (Vpinz - VReF) Vpin3



The output voltage of the multiplier is limited to 1.3 V. This measure causes a defined
turn-off threshold for current limitation. In this way, dangerous excess currents are
avoided which can arise in particular in the case of an expanded input voltage range
because the multiplier supplies a higher output voltage at higher supply volitages, until the
control amplifier with its restricted dynamics re-stabilized the current consumption.

rrent Comparator
The current comparator via its inverting input (pin 4) detects the voltage decline at the
shunt which is in the source path of the power MOSFET and should have as low an
intrinsic inductance as possible. When switching on the transistor voltage spikes are
generated at the shunt as a result of the intrinsic inductance of the shunt with power on
and the registration of the driver currents. An integrated low-pass filter suppresses these
voltage spikes. As soon as the voltage decline at the shunt reaches the turn-off threshold
defined by the multiplier, the turn-off flip-flop is reset and the driver switches off. The turn-
off flip-flop prevents multiple pulses during the switching waveform of the power MOSFET.
The turn-off delay time between comparator input and driver output is below 250 ns.

Detector

The detector finds the time when the current in the boost converter choke turned zero and
then enables the control of a new working cycle. After the current comparator triggered
the turn-off process and the power MOSFET blocks, the boost converter diode takes over
the current. In this case the polarity of the voltage at the choke winding changes in a way
that now a higher voltage level (Voyr) is available at the drain side terminal of the choke
compared with the mains rectifier side terminal (level V|y) of the choke. As soon as the
choke current reaches zero and the boost converter diode blocks, the voltage reverses at
the drain side terminal of the choke. The voltage at the choke winding turns zero or
changes polarity. A second winding (detector winding) on the choke, which has
approximately 1:5 of the number of turns compared with the main winding, permits the
change of polarity of the choke voltage to be registrated without detrimental influences.
Evaluation is effected by the detector function (pin 5) of the IC, with the drain-side polarity
of the detector winding being measured by means of a hysteresis-determined comparator.

The level for the accpetance of the "MOSFET blocks" command from the turn-off flip-flop
and for setting the flip-flop is 2.5 V (reference voltage) with rising voltage. In case of a
voltage decline, which signals the zero crossing of the current, the switching level
enabling the driver stage is 1.9 V. The voltage of the detector winding is applied to pin 5
via a high-ohmic resistance (10 K to 47 K). Clamping structures are available in the IC
which limit the voltage at the detector input to + 5 V and + 0.6 V, respectively, at 10 mA
maximum.

There are cases in which there is no significant detector signal to set the turn-off flip-flop.
This may be the case when the supply voltage is switched on, in case of line overvoltage
exceeding the output voltage and in no-load and low-load operation, when the voltage
controller specifies intermittant operation. In that case a startup generator is activated
which supplies a set pulse to the turn-off flip-flop if the driver output stays on L-level
longer than 150 ps.
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SIEMENS

Applications of the TDA 4862

The following applications demonstrate the good performance of TDA 4862
controlling a power factor preconverter. The design steps indicate the way to
calculate the components values. For example there are three lamp ballast designs
and two designs for switched mode mode power supplies (SMPS). Circuit diagrams
and measurement results under different operating conditions establish a good basis

for evalution.

Beside efficiency, total harmonic distortion (THD) and superimposed output voltage
ripple (Voutac) there is also a column called Iz. This is the surplus current of the
auxiliary power supply for the IC bypassed through a 15V zener diode. A zeﬁer
current indicates sufficient power for the IC during the different operating conditions,
but it should be low enough to avoid useless losses. There are operating conditions
when the zener current reaches zero. Then the actual supply voltage Vcc of the TDA

4862 is figured.

Usually a single stage RFI-filter does not accomplish the RFI standards. Therefore
multiple stage RFI-filters are designed into these applications as an example how to
suppress resonant oscillations of these filters.

A high efficiency is the result of the discontinuous operation mode avoiding reverse
recovery losses of the boost converter diode. A high power factor, low harmonics, a
wide input voltage range and a feedback controlled output voltage are the most
important features of a power factor preconverter. The TDA 4862 includes the

control and monitoring functions.

PFC94080
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SIEMENS |
Design steps for a power factor preconverter using TDA4862

Output voltage error amplifier

Vout =230V vout =230V
REF
2.5V 910k 910k
“|4|7 10k 10k

»

I-controller
+20dB +20dB —~— - -
+10dB — , +10dB —
0 ] o° —
1Q0Hz 1.6Hz 3.3Hz
-10dB — ] 40dB = - - - - - - = = - - R
closed loop gain of the I-controller closed loop gain of the PIT1-controller

i s 10mv SOV

Transient response of the output voltage durihg startup at 20% of nominal load
PFC94091.DRW
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SIEM ENS Power Factor Controller TDA 4862

Operational behaviour of a 75W Power Factor Preconverter
for 2x35W lamp ballast with 120V AC input

nominal load

VIN =120VAC
<ouT IVin| = 50V/Div
N =0.66A
In
< = 0.5A/Div
o Vour =229V DC
= 50V/Div
, Ivm l ' T = 2ms/Div
THD (1) =38.2%
- PF = 0.999
20% of nominal load
Viy =120V AC
V,
2T Vil = 50V/Div
\ Iy = 66mA
< IN
= 0.5A/Div
-0 Vgur =229V DC
= 50V/Div
<! T = 2ms/Div
POUT =15W
- —0,
THD (I;y) = 6.8%
PF = 0.965
self start
under no load conditions
V'N =120V AC
Iy = 0.5A/Div
Ve = 5V/Div
T = 200ms/Div
PFC94092 ' H L AV' AT 2
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SIEMENS

Power Factor Controller TDA 4862

Operational behaviour of a 150W Power Factor Preconverter
for SMPS with universal input 90V to 270 V AC

Vi = 90V AC
[VIN{ = 100V/Div
In =1.84A
= 1A/Div
Vour =410V DC
= 100V/Div
T = 5ms/Div
Pour = 150W
THD (I)y) = 2.8%
PF = 0.998

Viy =270V AC
[Vinl = 100V/Div
 Vour Iy = 0.59A
- = 1A/Div
VouT =409V DC
= 100V/Div
T = 5ms/Div
<ﬂ’m ' Poyr = 150W
THD (1)) = 9.5%
PF =0.973

V) =180VAC
Iy = 1A/DivV
Vout = 100V/Div
T = 50ms/Div
Poyr = 30W
TDA 4862 power supplied
before input voltage is turned on
—» input current is limited at 3.5A
—» output voltage is limited at 460V

PFC94093

HL AVI AT 2
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SIEM ENS Power Factor Controller TDA 4862

Operational behaviour of a 150W Power Factor Preconverter
for SMPS with universal input 90V to 270 V AC

nominal load

Vi =180VAC
IVin] = 100V/Div
Iy =0.876A

= 0.5A/Div
T =5ms/Div -
V oyt =409V DC
Pout = 150W
“THD (I1y) = 4.9%
PF = 0.996

20% of nominal load
Viy =180V AC

[Vinl = 100V/Div
Iy = 0.209A
= 0.5A/Div
T = 5ms/Div
Vour =408V DC
Pout = 30w
THD (I ) = 9.8%
PF =0.911

10% of nominal load
Viy =180VAC
|Vin | = 100V/Div
Iy =0.119A
= 0.5A/Div
T = 5ms/Div

Vour= 409V DC
POUT= 15W
THD (1) = 24.5%

PF = 0.66

Comv. | t00vi |

PFC94092 ' HL AVI AT 2
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