
www.ednmag.com March 1, 2001 | edn 99

techtrends By Bill Travis, Senior Technical Editor

At a glance........................100

For more information ....104 

Devices clean up power
factor in ac/dc supplies

Switching power supplies have become the norm in almost all

electronic systems. The switchers’ excellent line and load regu-

lation, high conversion efficiency, and compactness all contribute to

their popularity. Low-loss power MOSFETs and IGBTs (insulated-

gate bipolar transistors), coupled with low-drop rectifiers, are at the

heart of these switching supplies. A potential problem with some of

POWER-FACTOR CORRECTION IS A

MAJOR ISSUE IN SWITCHING POWER

SUPPLIES. REGULATOR ICS EFFECT

THE CORRECTION AND SUPPLY MANY

OTHER FUNCTIONS TO BOOT.

these supplies is power factor, a measure
of the effect the supply and the load have
on the ac line. Some of you might re-
member from engineering school that
the term “power factor” applied to the
out-of-phase line current accruing from
reactive loads. But the term also applies
to harmonics injected back into the line.
Stringent norms, especially in Europe,
govern how much a system and its pow-
er supply are allowed to mess up the ac
line with harmonics and out-of-phase
signals. A variety of preregulator ICs and
other products helps keep the line clean
by providing power-factor correction.

Consider the definition for power fac-
tor. It’s the quotient of the real power in
the load in kilowatts and the total kilo-
volt-amps in the load. “Real power”
means the in-phase volts and amps prod-
uct. “Total kilovolt-amps” means the
product of volts and amps, regardless of

phase, plus any power contributed by
harmonics. The term “kVAR” in Figure
1 applies to reactive power, the product
of out-of-phase volts and amps (Refer-
ence 1). Distortion is the result of har-
monics. The diagonal line in the paral-
lelepiped represents the total kilovolt-
amps in the load, including harmonics.
The accurate way to measure power fac-
tor is to use true-root-mean-square me-
ters to measure the voltage and current
and multiply the readings to obtain the
total kilovolt-amps in the above quotient.
The objective of power-factor correction
is to make the input of a power supply
look resistive. A power-factor corrector
performs this task by controlling the in-
put current in response to the input volt-
age. With a constant voltage/current ra-
tio, the input appears resistive, and the
power factor is 1.0. When the ratio devi-
ates from a constant, it means that the in-

The NET1 power-supply series
from Power-One uses active
power-factor correction.
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put contains phase displacement, har-
monic distortion, or both.

BOOST PREREGULATOR PROVIDES ACTIVE PFC

A cleverly designed IC from Texas In-
struments’Unitrode division uses a boost
topology to provide power-factor correc-
tion. The UC3854 (Figure 2) contains a
voltage amplifier, an analog multiplier/di-
vider, a current amplifier, and a fixed-fre-
quency pulse-width modulator. In addi-
tion, the device contains a power-
MOSFET gate driver, a 7.5V reference, a
line anticipator, a load-enable compara-
tor, a low-supply detector, and an over-
current comparator. The UC1854 uses
average-current-mode control to provide
fixed-frequency current control. The
block diagram in Figure 3 shows the prin-
ciples involved in active power-factor cor-

rection (Reference 2). In the average-cur-
rent-mode-control method, an amplifi-
er in the feedback loop around the boost
power stage makes the input current track
the input voltage with little error.

Note that an active power-factor cor-
rector must control both the input cur-
rent and the output voltage. In Figure 3,
the rectified line voltage programs the
current loop so that the input to the
boost converter appears to be resistive.
The UC3854 controls the output
voltage by changing the ampli-
tude of the current-programming signal.
An analog multiplier creates the current-
programming signal by multiplying the
rectified line voltage by the output of the
voltage-error amplifier, such that the cur-
rent-programming signal has the wave-
shape of the input voltage and an average
amplitude that controls the output volt-
age. IMO in Figure 2 is the current-pro-
gramming signal. Figure 2 shows a
squarer and a divider as well as a multi-
plier in the loop. The circuit divides the
output of the voltage-error amplifier by
the square of the average input voltage
before multiplying it by the rectified in-
put voltage. This extra circuitry keeps the
gain of the voltage loop constant; with-
out it, the gain of the voltage loop would

change as the square of the average in-
put voltage.

The circuits that keep the loop gain
constant make the output of the voltage-
error amplifier a power controller; this
output actually controls the power deliv-
ered to the load. An example proves this
premise. If the output of the voltage-er-
ror amplifier is constant and you double
the input voltage, the programming sig-
nal doubles but the multiplier/divider di-
vides it by the square of the feedforward
voltage (four times the input). The result
is an input current that’s reduced to half

AT A GLANCE

ee Stringent specs, specially in Europe, 
govern power factor.

ee Boost regulators are amenable to 
IC-based PFC

ee Soft-recovery diodes greatly reduce EMI.
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This parallelepiped shows the factors that con-
tribute to the power factor of an ac line.
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The UC3854 from Texas Instruments uses a clever multiplier/divider arrangement to correct power factor.
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its original value. Twice the input voltage
times half the input current results in the
same total power as before. The
output of the voltage-error am-
plifier, then, controls the input-power
level of the power-factor corrector.

A boost-regulator topology is a good
choice for the power stage of an active
power-factor corrector, because the in-
put current is continuous. Continuous
current produces low levels of conduct-
ed noise and the best input-current
waveform. However, the disadvantage of
the boost architecture is the high output
voltage. The output voltage must be
greater than the highest expected peak
input voltage. Texas Instruments uses
this boosted voltage to drive a dc/dc con-
verter in another PFC circuit, the
UCC38500 (Figure 4). This IC provides
all the control functions necessary for an
active PFC preregulator and a second-
stage dc/dc converter. The PFC stage is
much like that of the UC3854, except that
the gate-drive output stages in the
UCC38500 use MOSFET instead of
bipolar totem poles. The UCC38500 uses
leading-edge modulation for the PFC
stage and trailing-edge modulation for
the dc/dc-converter stage. This feature
reduces ripple current in the output ca-

pacitor by reducing the overlap in con-
duction time of the PFC and dc/dc-con-
verter switches.

The dc/dc-converter section of the
UCC38500 relies on an error signal gen-
erated on the secondary side of the con-
verter’s step-down transformer. The IC
processes the error signal using peak-cur-
rent-mode control. The dc/dc section
also includes current limiting, a con-

trolled soft start, a selectable operating
range, and 50% maximum duty cycle.
One of the main challenges in designing
systems with a PFC front end is coordi-
nating the turn-on and turn-off of the
dc/dc converter. If the dc/dc converter
turns on before the boost converter is op-
erational, the dc/dc converter must op-
erate at a greatly reduced voltage and,
therefore, can present a large current
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A feedback loop enables power-factor correction in TI’s UC3854.
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The UCC38500 combines power-factor correction with a PWM-based dc/dc converter.
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draw to the boost converter. The
UCC38500 monitors the output
voltage of the PFC converter and
holds the dc/dc converter off un-
til the voltage is within 10% of
its regulation point. Once the
output of the boost converter
reaches this point, the dc/dc
converter goes through a soft-
start sequence for a con-
trolled, low-stress start-
up. Similarly, if the output
voltage drops too low, the dc/dc
converter shuts down.

PFC CIRCUIT IN MULTIPLE MODES

Another boost preregulator
that offers active PFC is available
from On Semiconductor. The
MC33260, designed to drive a
free-running-frequency regula-
tor in discontinuous mode, is
also capable of synchronous op-
eration. Figure 5 shows a typical appli-
cation circuit. This configuration is a
“follower-boost” circuit. In this topolo-
gy, the voltage output from the PFC pre-
converter doesn’t stay at a constant reg-
ulation level but rather assumes a value
dependent on the ac-line amplitude. The
company claims that the use of this mode
significantly reduces the size of the in-
ductor and the conduction losses of the
power MOSFET. Discontinuous mode,
also called “critical-conduction mode,”
presents two major advantages in PFC
applications (Reference 3). First, the in-
ductor current must fall to zero before
the start of the next cycle. This feature re-
sults in high efficiency and eliminates
boost-rectifier reverse-recovery loss, be-
cause the MOSFET cannot turn on until
the inductor current reaches zero. Sec-
ond, because no dead-time gaps exist be-
tween cycles, the ac-line current is con-
tinuous, thus limiting the peak switch

current to twice the average input cur-
rent. Safety features in the MC33260 in-
clude overvoltage and undervoltage pro-
tection, as well as overcurrent protection.
Each pin has ESD protection. The IC in-
corporates a totem-pole output for
MOSFET gate drive.

As stated, the MC33260 can operate
synchronously, or bimodally. In free-run-
ning, discontinuous mode, the power
switch turns on as soon as the current in
the inductor drops to zero. Synchroniza-
tion mode ensues when a feedback signal
from the load to Pin 5 (shown grounded
in Figure 5) crosses a 1V threshold. In
this mode, free-running operation can
resume only after a new circuit start-up.
The power switch needs two conditions
to turn-on: It must detect zero current in
the inductor, and the preceding turnon
must have been followed by a synchro-
nization rising edge (on Pin 5) that
crossed the 1V threshold. In other words,

the synchronization acts to prolong the
power switch’s off-time.

An application note from Intersil
shows how to configure a 360W, power-
factor-corrected off-line power supply,
using the company’s HIP5500 MOSFET
driver (Reference 4). Figure 6 shows a
block diagram of the supply. You can use
one of several available boost-preregula-
tor ICs for the “power-factor-correction”
block. Reference 4 uses an MC34262 PFC
device from On Semiconductor. The
supply generates an intermediate voltage
of 36V for use with distributed dc/dc
converters throughout a system. In driv-
ing the MOSFETs, the HIP5500 derives
its voltage from the well-regulated boost-
converter output. The 36V output de-
rives its regulation simply by its duty cy-
cle and the transformer turns ratio. As a
result, the HIP5500 driver runs open-
loop with no need for loop compensa-
tion, thereby reducing the expense and

FOR MORE INFORMATION...
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The MC33260 power-factor corrector from On Semiconductor operates in either free-running or synchronized
mode.
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complexity of crossing the isola-
tion boundary twice.

The heart of the pow-
er supply in Figure 6 is the
HIP5500 MOSFET driver. It in-
cludes a user-programmable on-
chip oscillator, dead-time con-
trol, a user-programmable
soft-start function, and a
buffered oscillator output. The
IC specs a blocking voltage of
500V, a 2A output-drive capabil-
ity, and a set of complementary
gate-drive outputs. Reference 4
gives a detailed schematic dia-
gram of the supply. Measure-
ments show that, at 50% load, the
power supply exhibits a 0.990
power factor at 60-Hz line fre-
quency and 84.8% conversion ef-
ficiency.

DIODE, IGBT HELP KEEP AC LINES CLEAN

A recent European CENELEC (Co-
mité Européen de Normalisation Elec-
trotechnique) directive,Amendment A14

to the EN 610002 standard, specifies lim-
its for harmonic-current emissions. In-
tersil offers a switching device and a rec-
tifier that make it easier to comply with
the directive. According to the company,

the switch-mode-power-supply IGBT
and the Stealth diode yield a low-cost, ef-
ficient way to meet the new testing re-
quirements. The IGBT improves power
factor by enabling high-speed switching
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A 360W power-factor-corrected supply uses Intersil’s gate driver to switch the MOSFETs.
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with minimal power loss. The device can
operate at five times the current density
of a standard power MOSFET. The
Stealth diode combines high speed and
soft-recovery characteristics with result-
ing low EMI (electromagnetic interfer-
ence). Power circuits can generate severe
EMI if a diode’s recovery characteristic is
too sudden or abrupt. The Stealth diode’s
“softens” the reverse-recovery response,
greatly reducing EMI. International Rec-
tifier also offers controlled-recovery
diodes, dubbed QuietIR, that feature low
forward-conduction losses and a soft re-
covery-current shape.

Intersil offers several mated
IGBT/Stealth-diode pairs, opti-
mized for switch-mode power
supplies with power outputs
from less than 500W to greater
than 1500W. The company is
promoting IGBTs as alternatives
to MOSFETs in switch-mode
power supplies. Newer, faster
IGBTs have raised practical
switching frequencies to greater

than 100 kHz in switching supplies. At
these frequencies, the IGBTs use much
less silicon and exhibit greater conversion
efficiency than comparably rated MOS-
FETs. Once plagued with latch-up prob-
lems, the new generation of IGBTs yields
trouble-free and safe operation.

Two examples of ready-made power
supplies incorporating active power-fac-
tor correction are Vicor’s PFC Mini series
and Power-One’s NET1 supply. The PFC
Mini is a low-profile supply that can ac-
cept ac input voltages of 85 to 380V and
provide output power to 1500W. The
family specs a power factor of 0.99 at a

115V ac, 800W load and 0.95 at
a 230V ac, 1200W load. The PFC
Mini can provide as many as six
isolated outputs. The NET1 se-
ries from Power-One uses active
power-factor correction that
complies with the European
line-harmonics standard EN-
61000-3-2 and specs 0.95 power
factor at full load. The NET1
family provides current outputs

exceeding 100A in a 1U-size chassis.
For those contemplating building their

own ac/dc power supplies, power factor
is a major consideration. To disregard
this aspect is to invite disaster in the form
of phase displacements and harmonic
distortion introduced in the ac line.
Thankfully, a number of ICs and switch-
ing devices are available to make the de-
sign task easier.j
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