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Introduction
Power factor corrected (PFC) preregulators are generally
used in offline ac/dc power converters with a power level
higher than 75 W or to meet line harmonic requirements
such as EN61000-3-2. PFC is typically done with a boost
converter ac/dc topology due to the continuous input 
current that can be manipulated through average current-
mode control to achieve a near-unity power factor (PF).
However, due to the high output voltage of a boost 
converter, a second dc/dc converter is generally needed to
step down the output to a usable voltage. In the past this
has been accomplished with two pulse-width modulators
(PWMs). One PWM controlled and regulated the PFC
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∆I Change in boost inductor current
η1 Output A efficiency
η2 Output B efficiency
CDIODE Boost diode capacitance
Comp Dynamic range of the multiplier comp pin
COSS FET drain-to-source capacitance
fc Voltage-loop crossover frequency
fline Input line frequency
fp Single-pole filter frequency
fR Ripple frequency
fS Minimum switching frequency
fSA Output A switching frequency
fSB Output B switching frequency
GID(s) Power stage gain
GCA Current amplifier gain
Gc(s) Control transfer function
Gco(s) Control to output transfer function
gm Transconductance amplifier gain
Gvea Voltage amplifier gain
H(s) Voltage divider gain
IIAC Multiplier input current
IMOUT Multiplier output
IPK Peak inductor current, peak diode current, peak 

switch current
IRMS RMS device current
ISS UCC28517 soft-start current of 10 µA
K Constant typically equal to 1/V
PCOND Device conduction losses
PCOSS Power dissipated by the FET’s drain-to-source 

capacitance
PDIODE Total loss in the boost diode
PDIODE_CAP Loss due to boost diode capacitance
PFET_TR FET transition losses
PGATE Power dissipated by the FET gate
POUTA Output A maximum power

POUTB Output B maximum power
PQ1 Total FET losses
P_semi Power dissipated by a semiconductor device
QGATE FET gate charge
Rθcs Thermal impedance case-to-sink
Rθjc Thermal impedance junction-to-case
Rθsa Thermal impedance sink-to-air
RDS(on) On resistance of the FET
RIAC Multiplier input resistance
RSENSE Current sense resistor
s(f) Frequency domain (2πf)
Tamb Ambient temperature
tblank Amount of leading-edge blanking time
tf FET fall time
tholdup Boost capacitor hold-up time
Tjmax Maximum semiconductor temperature
ton Boost inductor energizing on time
tr FET rise time
Ts(f) Voltage loop frequency response
Vc Control voltage
VCSENSE Maximum current sense voltage
Vdrop Amount of voltage the boost capacitor has to hold up
Vdynamic Current sense voltage range
Vea Voltage amplifier output
Vf Forward voltage of a diode
VGATE Gate-drive voltage
VIN RMS input voltage
VOUTA Boost output voltage
VOUTB Auxiliary output voltage
VP Oscillator ramp voltage
Vpp Output peak-to-peak ripple voltage
Vripple Output B ripple voltage
VREF UCC28517 internal reference
VVFF Multiplier feed-forward voltage
ZOUT Compensation impedance

power stage, while the second was used to control the
step-down converter. The UCC28517 controller reduces
the need for two PWMs and combines both of these func-
tions into one control-integrated circuit. The UCC28517
operates the second converter at twice the switching 
frequency of the PFC stage, which reduces the size of the
boost magnetics and the ripple current in the boost 
capacitor. For more information on this device, please see
Reference 7. This article reviews the design of a 100-W
ac/dc power stage with power factor correction. A review
of the second stage can be found in a future issue of TI’s
Analog Applications Journal.

Variable definitions

UCC28517 100-W PFC power converter 
with 12-V, 8-W bias supply, Part 1
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The following design example was generated using 
typical parameters rather than worst-case values. Please
refer to Table 1 and Figures 1–3 for design specifications
and component placement. All variables are defined in 
the sidebar on page 13.

PFC boost ac/dc regulator design (OUTA)
Inductor selection
The boost inductor is selected based on the maximum 
ripple current at the peak of minimum line voltage. The
following equations can be used to calculate the required
inductor for the boost power stage, assuming that the
boost inductor ripple current is 25% of the maximum
input current.

MAXIMUM TYPICAL MINIMUM
VIN 265 Vrms 85 Vrms
Output A (VOUTA) 410 V 390 V 370 V
Output B (VOUTB) 12.6 V 12 V 11.4 V
Output A efficiency (η1) 85%
Output B efficiency (η2) 50%
POUTA 100 W 10 W
POUTB 8 W 4 W
Output ripple A (Vpp) 12 V
Output ripple B (Vripple) 750 mV
Output A THD (% THD) 10%
PF 1
Output A switching frequency (fSA) 100 kHz
Output B switching frequency (fSB) 200 kHz

Table 1. Design specifications
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Figure 1. PFC power stage schematic
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Figure 2. dc/dc power stage schematic

Q4

VERR

VREF

1 2 4 5

76

C27
1 µF

C23
1.5 µF

C28
2.2 µF

C25
150 nF

C10
330 pF

PWRGND

GT1

SS2

PKLMT

CAOUT

ISENSE1

MOUT

IAC

VFF

VREF

GT2

VCC

ISENSE2

VERR

GND

CT

VSCLAMP

VSENSE

RT

VAOUT

1TP4

1

TP5

1

1

R34

1.18 kΩ
R28

48.7 kΩ

R21

1 kΩ

R30

30.1 kΩ

U1

R19

3.92 kΩ

R6

10 Ω

D10 D9

R17

7.5 kΩ

R7

10 Ω

R11

1 kΩ

R8

9.09 kΩ

R42

100 Ω

R40

1 kΩ

R10

10 Ω

R25
133 kΩ

UCC38517DW

C22
390 pF

C19
2.2 nF

TP3

11

12

13

14

15

16

17

18

19

20

10

9

8

7

6

5

4

3

2

1

D_CLAMP

D_CLAMP

GT2

GT2

VCC

C24
100 pF

1
IAC

C24
100 pF

1
IAC

C16
10 nF

C6
47 µF

C18
0.1 µF

C17
100 pF

C13
56 pF

1

1

TP10

1

D12

1

PKLMT
D16

1

Figure 3. Controller schematic
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The calculated inductance for this design was roughly 
1.7 mH. To make the design process easier, Cooper
Electronics designed the inductor (part number 
CTX08-14730).

Boost switch (Q1) and boost diode (D3) selection
To select Q1 and D3 properly, a power budget is generally
set for these devices to maintain the desired efficiency goal.
To meet the power budget for this design, an IRFP450
HEX FET and an HFA08TB60 fast-recovery diode from
International Rectifier were chosen.

Equations used to calculate the loss in Q1 were:

P P PDIODE COND DIODE DIODE CAP= +_ _
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Heat sinks
The following equation can be used to calculate the mini-
mum required thermal impedance of the heat sinks (Rθsa)
for this design for Q1 and D3.

The heat sink was designed to ensure that the junction
temperature would not go above 75% of these devices’
rated maximum with convection cooling, assuming a maxi-
mum ambient temperature of 60°C. The heat sink required
for Q1 was an AVVID, part number 513201 B 0 25 00.

Output hold-up capacitor (C3) selection
The following equations were used to estimate the minimum
hold-up capacitor (C3) size and the maximum allowable
RMS current through the boost capacitor (IRMS_C3).

The hold-up capacitor was designed for 16.7 ms of hold-up
time (tholdup), allowing an output voltage drop (Vdrop) of
85 V.

Peak-current limit for the boost power stage
Resistor dividers R14 and R29, along with current sense
resistor R5, set up the peak-limit comparator of the
UCC28517 that is used to protect the boost switch Q1
from excessive currents. This comparator should be set 
up so that it does not interfere with the boost converter’s
power limit or with the pulse-by-pulse current limiting of
the step-down converters. For this design example, the
flyback converter was designed to go into pulse-by-pulse
current limiting at roughly 130% of maximum output
power, and the power limit of the boost converter was set
at 140% of the maximum output power. The peak-current
limit for the boost stage was selected to engage at 150% of
the maximum output power to ensure circuit stability.

The current sense resistor R5 was selected to operate
over a 1-V dynamic range (Vdynamic) with the following
equation.

The following equation can be used to size resistor R14
properly if R29 is first selected as a standard resistance value.
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Multiplier
The multiplier output of the UCC28517 is a signal represent-
ing the desired input line current. It is an input to the 
current amplifier, which programs the current loop to 
control the input current to give high-PF operation. As
such, the proper functioning of the multiplier is key to the
success of the design. The output of the multiplier, IMOUT,
can be expressed as

where K is a constant typically equal to 1/V.
The IIAC signal is obtained through a high-value resistor

(RIAC = R18 + R24) connected between the rectified ac
line and the IAC pin of the UCC28517. This resistor is
sized to give the maximum IIAC current at the highest
expected line voltage. For the UCC28517 the maximum
IIAC current is about 500 µA. A higher current than this
can drive the multiplier out of its linear range. A smaller
current level is functional; but noise can become an issue,
especially during low line voltages, assuming a universal line
operation of 85 to 265 Vac gives an RIAC value of 750 kΩ.
Because of voltage-rating constraints of standard ¼-W
resistors, two or more lower-value resistors connected in
series are needed to give roughly a 750-kΩ value and to
distribute the high voltage across them.

The current through RIAC is mirrored internally to the
VFF pin, where it is filtered to produce a voltage feed-
forward signal proportional to line voltage that is free of
the 120-Hz ripple component. This second harmonic ripple
component at the VFF pin is one of the major contributors
to harmonic distortion in the system, so adequate filtering
is crucial (see Reference 4). Assuming that an allocation
of 1.5% total harmonic distortion from this input is
allowed, and that the second harmonic ripple is 66% of
the input ac line voltage, the amount of attenuation
required by this filter is

A ripple frequency (fR) of 120 Hz and an attenuation of
0.022 gives us a single-pole filter with

fp = 120 Hz × 0.022 = 2.6 Hz.

The voltage at the VFF pin not only supplies a voltage
feed-forward signal but also activates input current fold-
back when the VVFF drops below 1.5 V. Please see
Reference 2 for a detailed explanation of how these con-
trol ICs provide power limiting. The following equations
were used to size resistor R30 and filter capacitor C20.

R30
1.5 V

0.9

(R18 R24)

= ×
+ ×
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2

1 5

66
0 022

. %

%
.≈  (see Reference 5).

I I
K V
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=
−

×

Vea(max) 1
2

,

This results in a single-pole filter, which adequately atten-
uates the harmonic distortion and provides power limiting.

The multiplier’s output resistor R19 is sized to match
the maximum current through the sense resistor (R5) to
the maximum multiplier current. R15 is sized to balance
the offset current in the current amplifier and needs to be
set to the same value as R19. The following equations
were used to size R15 and R19.

Current loop compensation for the boost converter
The following equation defines the gain of the power
stage, where VP is the maximum voltage swing of the
UCC28517 oscillator ramp, roughly 5 V.

To have a good dynamic response, the crossover fre-
quency of the current loop was set to 1/10 the switching
frequency. This can be achieved by setting the gain of the
current amplifier (GCA) to the inverse of the current loop
power-stage gain at the crossover frequency. For this
design the current amplifier required a gain of 2.581 at 
10 kHz. The following equations were used to compensate
the current amplifier of the boost power stage.
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Voltage loop compensation for the boost converter
Figure 4 shows the small-signal-control block diagram 
for this application. The following equations describe
small-signal gain as well as the voltage loop frequency
response, Ts(f).

To reduce third-harmonic distortion, the voltage loop
typically crosses over at roughly 10 to 12 Hz. For this
design, the voltage-loop crossover frequency (fc) was
selected to be roughly 10 Hz. The following equations
were used to select the components to compensate the
voltage loop, Ts(f), to cross over at the desired fc with 
45 degrees of phase margin.

C25 was selected to attenuate the 120-Hz output ripple
voltage (Vpp) to 1.5% (% THD) of the voltage amplifier’s
dynamic output range.
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After the design was complete, the frequency response
of the voltage loop, Ts(f), was measured with a network
analyzer; and the results are shown in Figure 5. It can be
observed that fc was roughly 8 Hz with a phase margin of
roughly 50 degrees.
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Summary
This article reviewed the design of a 100-W PFC ac/dc 
preregulator, which is the first stage in a two-stage power
converter. The UCC2851X family of combination PWM
controllers is perfect for offline applications that require
PFC and auxiliary power supplies to meet different system
requirements. The performance of this two-stage power
converter is shown in Figures 6–9.
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France +33 (0) 1 30 70 11 64 Spain +34 902 35 40 28
Germany +49 (0) 8161 80 33 11 Sweden (English) +46 (0) 8587 555 22
Israel (English) 1800 949 0107 United Kingdom +44 (0) 1604 66 33 99
Italy 800 79 11 37

Fax +(49) (0) 8161 80 2045
Internet support.ti.com/sc/pic/euro.htm

Japan
Fax

International +81-3-3344-5317 Domestic 0120-81-0036
Internet/Email

International support.ti.com/sc/pic/japan.htm
Domestic www.tij.co.jp/pic

Asia
Phone

International +886-2-23786800
Domestic Toll-Free Number Toll-Free Number

Australia 1-800-999-084 New Zealand 0800-446-934
China 800-820-8682 Philippines 1-800-765-7404
Hong Kong 800-96-5941 Singapore 800-886-1028
Indonesia 001-803-8861-1006 Taiwan 0800-006800
Korea 080-551-2804 Thailand 001-800-886-0010
Malaysia 1-800-80-3973

Fax 886-2-2378-6808 Email tiasia@ti.com
Internet support.ti.com/sc/pic/asia.htm ti-china@ti.com
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Safe Harbor Statement: This publication may contain forward-
looking statements that involve a number of risks and
uncertainties. These “forward-looking statements” are intended
to qualify for the safe harbor from liability established by the
Private Securities Litigation Reform Act of 1995. These forward-
looking statements generally can be identified by phrases such
as TI or its management “believes,” “expects,” “anticipates,”
“foresees,” “forecasts,” “estimates” or other words or phrases
of similar import. Similarly, such statements herein that describe
the company's products, business strategy, outlook, objectives,
plans, intentions or goals also are forward-looking statements.
All such forward-looking statements are subject to certain risks
and uncertainties that could cause actual results to differ
materially from those in forward-looking statements. Please
refer to TI's most recent Form 10-K for more information on the
risks and uncertainties that could materially affect future results
of operations. We disclaim any intention or obligation to update
any forward-looking statements as a result of developments
occurring after the date of this publication.

Trademarks: All trademarks are the property of their
respective owners.
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Products

Amplifiers amplifier.ti.com

Data Converters dataconverter.ti.com

DSP dsp.ti.com

Interface interface.ti.com

Logic logic.ti.com 

Power Mgmt power.ti.com 

Microcontrollers microcontroller.ti.com

Applications

Audio www.ti.com/audio

Automotive www.ti.com/automotive

Broadband www.ti.com/broadband

Digital control www.ti.com/digitalcontrol

Military www.ti.com/military

Optical Networking www.ti.com/opticalnetwork

Security www.ti.com/security

Telephony www.ti.com/telephony 

Video & Imaging www.ti.com/video

Wireless www.ti.com/wireless
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