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Power Factor Correction Converter Design with FAN6982

Introduction

The FAN6982 is a 14-pin, Continuous Conduction Mode
(CCM) Power Factor Correction (PFC) controller IC, that
employs leading-edge modulation for average current
control and has a number of advanced features for better
performance and reliability. The variable output voltage
function (range function) reduces PFC output voltage at
light-load and low-line conditions to improve light-load
efficiency, but can be also easily disabled using EN pin.
The RDY signal can be used for power-on sequence
control of the downstream DC/DC converter. A TriFault
Detect™ function helps reduce external components and
provides full protection for feedback loops such as open,
short, and over voltage. FAN6982 also includes PFC soft-

start, peak current limiting, line feed-forward, and input
voltage brownout protection.

This application note describes the theory of operation and
step-by-step design considerations for a power factor
correction power supply using the FAN6982 controller. A
typical application circuit is shown in Figure 1, where the
supply voltage, Vpp, is supplied from a standby auxiliary
power supply and the supply voltage for the downstream
converter is controlled by the RDY pin.
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Figure 1. Typical FAN6982 Application Circuit
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Functional Description

Widely used operation modes for the boost converter are
continuous conduction mode (CCM) and boundary
conduction mode (BCM). These two descriptive names
refer to the current flowing through the energy storage
inductor of the boost converter, as depicted in Figure 2.
The inductor current in CCM is continuous; while in BCM,
the new switching period is initiated when the inductor
current returns to zero, which is at the boundary of
continuous conduction and discontinuous conduction
operations. CCM PFC is commonly used for high-power
applications above 300W since the inductor current has a
small ripple and higher power factor can be obtained than
BCM operation. Due to the reverse-recovery current of the
output diode, using a high-speed diode with a small reverse
recovery current is crucial to achieve high efficiency and
low EMI.
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Figure 2. CCM vs. BCM Control

Current and Voltage Control of PFC

As shown in Figure 3, the FAN6982 employs two control
loops for power factor correction: a current-control loop
and a voltage-control loop. The current-control loop shapes
inductor current, as shown in Figure 4, such that voltage
drop across the internal resistor Ry, should be same as the
averaged voltage drop across the sensing resistor, Rcs,
during one switching cycle:

1 Ts
FI(]L'RCS)dt:]MO'RM (D

S0

APPLICATION NOTE

where the internal resistor Ry is typically 5.7kQ; the
output current of gain modulator, Iyo, is given as a
function of input current of IAC pin; and voltages of the
VRMS and VEA pins are calculated as:

10.5x (V5 -0.7)
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Figure 3. Current and Voltage Control
Feedback Circuit

Al

— RM
Average of I =1, ——
RCS

IR

Figure 4. Operation Waveforms of CCM PFC

The voltage-control loop regulates PFC output voltage
using an internal error amplifier such that the FBPFC
voltage is same as the internal reference of 2.5V. Note that,
from Equation (2), the voltages of Vg, should be almost
constant to obtain pure sinusoidal reference for the input
current shaping. Because there is always twice the line
frequency ripple in the PFC output voltage, a narrow
bandwidth should be used for the output voltage-control
loop to minimize the line frequency ripple. Otherwise, the
control loop tries to remove the output voltage ripple,
changing the error amplifier output voltage as shown in
Figure 5, which causes distortion of the input current.
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Figure 5. Control Bandwidth and Inductor Current

Line Feed-Forward

Since rectified line voltage provides the sinusoidal
reference for the input current shaping of the current-
control loop, the increase of the line voltage causes
increase of input current. However, from an input and
output power balance point of view, input current should
be reduced when input voltage increases to keep input
power same. When the error amplifier has adequate
bandwidth, as in most DC-DC applications, it is able to
maintain regulation within a tolerable output voltage range
during input voltage changes. However, for PFC
applications, some severe output voltage
overshoot/undershoot is unavoidable during line transient
due to the narrow bandwidth of output regulation control
loop.

One measure to address this issue is line feed-forward,
which changes the gain of the gain modulator as inversely
proportional to the RMS value of line voltage, as shown in
Figure 6. This negates the effect of input voltage variations
on the output voltage and eliminates the need for any
correction by the error amplifier, as shown in Figure 7.

The second benefit of line feed-forward is that the output
of the error amplifier becomes directly proportional to the
input power of the converter, independently of line voltage
variation. This makes the control-to-output transfer
function independent of line voltage and simplifies control
loop design.

APPLICATION NOTE

RMS

VRMS-UVP

Figure 6. Modulation Gain Characteristics
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Figure 7. Effect of Line Feed-Forward

Line Voltage Sensing

Since FAN6982 uses line voltage information for line feed-
forward and brownout protection, the RMS value of line
voltage should be sensed. To sense the RMS value of the
line voltage, an averaging circuit with two poles is
typically employed, as shown in Figure 3. The voltage of
VRMS pin in normal PFC operation is given as:

V. — V \/ERRMS 3 . z ( 3)
e e RRMS 1 + RRMS 2 + RRMS 3 T

where Vng is RMS value of line voltage.

Once PFC stops switching operation, the junction
capacitance of bridge diode and input bypass capacitor are
not discharged and Vy of Figure 3 is clamped at the peak
of the line voltage as illustrated in Figure 8. Then, the
voltage of VRMS pin is given by:

\/ERRMS 3

+R +R

“4)

NS _p
rRMS  — VLINE
R

RMS1 RMS?2 RMS3

Therefore, the voltage divider for VRMS should be
designed considering the brownout protection trip point
and PFC startup threshold (1.05V/1.9V).
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Figure 8. Vgrms According to the PFC Operation

Range Function

To improve system efficiency at low AC line voltage and
light load condition, FAN6982 provides two-level PFC
output voltage. As shown in Figure 9, FAN6982 monitors
VEia and Vyrys voltages to adjust the PFC output voltage.
When Vgs and Vgys are lower than the thresholds, an
internal current source of 20[LA is enabled and flows
through Rgp,, increasing the voltage of the FBPFC pin.
This causes the PFC output voltage to reduce when 20pLA
is enabled, calculated as:

V. _ RFBI + RFBZ
OPFC2 —

X(2.5-20/1AXR1:32) (5)

FB2

It is typical to set the second boost output voltage as
340V~300V.
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Figure 9. Two-Level PFC Output Block

APPLICATION NOTE

Oscillator

The internal oscillator frequency is determined by the
timing resistor and capacitor on the RT/CT pin. The
frequency of the internal oscillator is given by:

1

Jose =556 R, -C, +360C, ©

Dead time for the PFC gate drive signal is determined by:

Ippap =360C; @)

Dead time should be smaller than 2% of the switching
period to minimize line current distortion around the line
Zero crossing.

The duty cycle is determined by comparing I, voltage
with the sawtooth waveform on the RT/CT pin. Note that
FAN6982 employs leading-edge modulation and the duty
cycle reduces as Iga voltage increases.
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Figure 10. Timing Diagram

RDY Function

The RDY function shown in Figure 11 is controlled by the
voltage of FBPFC. When the voltage of FBPFC is over
than 96% of 2.5V, the RDY pin is be connected to SGND.
Meanwhile, the internal MOSFET is turned off and the
RDY pin is floated when FBPFC pin voltage is lower than
46% of 2.5V. This is typically used to control the startup
and shutdown of downstream converter by connecting and
disconnecting supply voltage of the downstream converter
as shown in Figure 11. Typically, a bypass capacitor is
connected across the RDY pin and ground to minimize
noise interference.
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Figure 11. RDY Application Circuit
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Soft-Start Function

The soft-start is combined with RDY pin operation. During
startup, the RDY pin remains floating until the PFC output
voltage reaches 96% of its nominal value. When the supply
voltage of the downstream converter is controlled by the
RDY pin, the PFC stage starts with no load since the
downstream converter does not operate until the PFC
output voltage is built to a certain level.

Usually the error amplifier output Vg, is saturated to
HIGH during the startup since the actual output voltage is
less than the target value. Vg, remains saturated to HIGH
until the PFC output voltage reaches its target value. Once
the PFC output reaches its target value, the error amplifier
comes out of saturation. However, it takes several line
cycles for Vga to drop to its proper value for the output
regulation, which delivers more power to the load than
required, causing output voltage overshoot.

To prevent output voltage overshoot during startup caused
by the saturation of error amplifier; FAN6982 clamps the
error amplifier output voltage (Vga) at 2.8V, which is half
of its maximum value, until PFC output reaches 96% of its
nominal value. Once the PFC output voltage reaches 96%
of its nominal value, the clamping function of Vg, is
disabled. Then the voltage of PFC output is regulated by
voltage control loop.

APPLICATION NOTE
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Figure 12. PFC Soft-Start
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Design Considerations

In this section, a design procedure is presented using the design example. The design specifications are summarized in
schematic in Figure 13 as reference. A 350W PFC power Table 1.
supply application with universal input range is selected as a

Table 1. Design Specifications

Brownout Protection Line Voltage 72V ac
Line Voltage Range 85~264Vac
AC Input Voltage Frequency fiine = 50 ~ 60Hz
Nominal PFC output voltage Vgout = 387V
Minimum PFC Output Voltage During Holdup Time 310V
Hold-up Time tho = 20ms
Rated Output Power Pout = 350W
Efficiency n=0.94
Switching Frequency fsw = 65KHz
. . o
PFC Inductor Ripple Current Maximum Al is 50% of Average Inductor Current at
Full Load
PFC Output Voltage Ripple 12Vep
Fi L%C_()XOX;S‘T DB(;.CI)ST Veour N ] ] Vour
AC Input |
| 4 -
CraT T RD'EE.\\'/ & | Ceoost= :l """" >
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© Recs PlY DC/DC Converter [ >
D; D, v
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Figure 13. Reference Circuit for Design Example
© 2010 Fairchild Semiconductor Corporation www.fairchildsemi.com

Rev. 1.0.0 « 6/8/10 6




AN-6982
[STEP-1] Frequency Setting

The switching frequency is determined by the timing
resistor and capacitor (Rt and Cr) as:

. 1
Ssw

T 056-R,-C, ®

The timing capacitor value determines the maximum duty
cycle of PFC gate drive signal as:

1-loew _y_360.c, . f,, ©)
tSW

It is typical to use a 470pF~InF capacitor for 50~75kHz

switching frequency operation, such that maximum duty

cycle of 99~98% is obtained.

D

MAX PFC —

(Design Example) Since the switching frequency is
65kHz, Cr is selected as InF to obtain maximum duty
cycle as:

D,y pre =1-360-C;. - fg, =0.98
Then, the timing resistor is determined as:

1

R =————— =27kQ
0.56 £, C,

[STEP-2] Line Sensing Circuit Design

FANG6982 senses the RMS value and instantaneous value of
line voltage using the VRMS and TAC pins, respectively, as
shown in Figure 14. The RMS value of the line voltage is
obtained by an averaging circuit using low-pass filter with
two poles. Meanwhile, the instantaneous line voltage
information is obtained by sensing the current flowing into

the IAC pin through Rixc.
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=
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Figure 14. Line-Sensing Circuits

RMS sensing circuit should be designed considering the
nominal operation range of line voltage and brownout
protection trip point as:

APPLICATION NOTE

Vews—om =Vimeso \/ERRM“ : E (10)
Revisi + Rppgsy + Repss 70
V2R
Vesss—ovir < Vi s R (11)
Reusi + Rpagsy + Rpuss

where Vpmsuve and Vemsuva are the brownout/in
thresholds of VRMS'

It is typical to set Rrymsy as 10% of Rgys;. The poles of the
low-pass filter are given as:

1
Jn 2 ——— (12)
27 - Crusr * Rpussa
1

2z CRMSZ ! RRMS3

I

Jrn (13)

To properly attenuate the twice line frequency ripple in
Vrus, it 1s typical to set the poles around 10~20Hz.

The resistor Rjac should be large enough to prevent
saturation of the gain modulator as:

NGYZ

LINE.BO 'GMAX < 159#14 (14)
RIAC

where Vinepo i1s the brownout protection line voltage,
GM* s the maximum modulator gain when Vyys is 1.08V
(which is typically 9 as can be found in the datasheet), and
159pA is the maximum output current of the gain
modulator.

(Design Example) The brownout protection thresholds
are 1.05V (Vrums.uvr) and 1.9V (Vrus.uvn), respectively.
Then, the scaling down factor of the voltage divider is:

Riss _ Vis-uvn T
R + Rossa ¥ Ress Vineso 242
105 =

=————==0.0162

72 22

The startup of the PFC controller at the minimum line
voltage is checked as:

Y LINE.MIN '\/ERRMSS
Riyst + Rpagsy + Ry

=85-4/2-0.0162=1.95>1.9¥

The resistors of the voltage divider network are selected
as RRM51:2MQ, RRMSQZZOOkQ, and RRM53:361(Q.

To place the poles of the low-pass filter at 15Hz and
22Hz, the capacitors are obtained as:
1 1

Com1 =5 R 2ras200x100
Cous: = 27z-fP21 Rygs 2722 -136x10~‘ = 200nF
The condition for Resistor R is:

R VW ino GM _y2729 5.8MQ

159%10°° T 159%10°

Therefore, 6MQ resistor is selected for Rysc.
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[STEP-3] PFC Inductor Design

The duty cycle of boost switch at the peak of line voltage is
given as:

4 BOUT — \/EV LINE
V,

BOUT

D, =

(15)

Then the current ripple of the boost inductor at the peak of
line voltage is given as:

Al = \/EVUNE . Viour _\/EVLINE L (16)

LBO()ST VBOUT f:S'W

The average of boost inductor current over one switching
cycle at the peak of the line voltage is given as:

2P
I, 4y :% (17)

e 77

The ripple factor (Krg), the ratio between the inductor
current ripple and average inductor current at the peak of
line voltage load is given as:

Al Vime Viour =NV 1
Ky = L __MVuwne  YVeour 2 LNe L (18)

POUT ' LBOOST VBOUT -f:S‘W

As depicted in Figure 15, the ripple factor has the
maximum value when the line voltage is:

N2V
Vimeure = 36 . (19)

264Vac

85Vac V2V, 13

Figure 15. Ripple Factor with Different Line Voltages

Therefore, with a given current ripple factor
(Krr=AI/I; pvG), the boost inductor value is obtained as:

ZVBOUTZ . 1

L -
KR[-' ’ R)UT 27.fsw

BOOST —

(20

APPLICATION NOTE
(Design Example) The largest ripple factor is
obtained at a line voltage as:

v ‘/EVBOUT \/E -387

LINE = 3 3

=182V,

With the ripple current specification (50%), the boost
inductor is obtained as:

Wt 123877094 1
BOOST
K Fovr 27 fsw 0.5-350  27-65x10°
=916uH

The inductor current ripple at low line is obtained as:

Al = ‘/EVUNE . VBOUT _‘/EVLINE L
=

LBOOST VBOUT fSW
285 387-285 1

T916x10° 387 65x10°

=1.394

The average inductor current at the peak of the line
voltage for low line is obtained as:
1

- \/EPOUT — \/5'350
“ Vinvesan-m 85:0.94

=6.194

The maximum of the inductor current at low line is
obtained as:

L =1, 6+, 12=619+1.39/2=6.894

[STEP-4] PFC Output Capacitor Selection

The output voltage ripple should be considered when
selecting the PFC output capacitor. Figure 16 shows the
twice line frequency ripple on the output voltage. With a
given specification of output ripple, the condition for the
output capacitor is obtained as:

1

BOUT

Coour >

ot 27 fu/w;' 'VBOUT,RIPPLE (21)
where Ipoyr is nominal output current of boost PFC stage
and VpourripeLg 1S the peak-to-peak output voltage ripple
specification.

The hold-up time also should be considered when
determining the output capacitor as:

2F, our “tuowp
v, -7, 2

2
BOUT BOUT ,MIN

Crour > (22)
where Poyr is nominal output power of boost PFC stage,
tyorp 1S the required hold-up time, and Vpoyrmm is the
allowable minimum PFC output voltage during hold-up time.
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Figure 16. PFC Output Voltage Ripple

(Design Example) With the ripple specification of
12Vpp, the capacitor should be:

> Tsour __ 09
27 fune Vaour rippre  276-50-12

Crour =239uF

Since minimum allowable output voltage during one
cycle line (20ms) drop-outs is 310V, the capacitor
should be:

2Pyour “thop  _ 2:349-20x107°
387* -310°

Coour > = 260uF

2 2
VOUT - VOUT,MIN

Thus, 270uF capacitor is selected for the PFC output
capacitor.

[STEP-5] PFC Output Sensing Circuit

To improve system efficiency at low-line and light-load
condition, FAN6982 provides two-level PFC output
voltage. As shown in Figure 17, the range function can be
enabled or disabled through a resistor connected to ground
or VREF. FAN6982 monitors Vgs and Vyyg voltages to
adjust the PFC output voltage and enables a 20pA current
source.

The PFC output voltage when 20 A is enabled is given as:

20uAX R,

—_— 23
35 ) (23)

It is typical to set the second boost output voltage as

340V~300V. It should be checked if the output voltage is

higher than the peak of the line voltage

Viours =Viour X (A=

Ry + Revsy + R
rust T Bruso T Rpusss .%.2.45 <V ours (24)

RRMS 3

APPLICATION NOTE

[ ] VRMS
VREF
VBOUT
1.95/2.45‘&
R L]
FB1 1.95/2 45
FBPFC : —l
: ] VEA
Ree

Figure 17. Block of Range Function

The voltage divider network for the PFC output voltage
sensing should be designed such that FBPFC voltage is
2.5V at nominal PFC output voltage:

R
Vour Xﬁ =25V (25)

FB1 FB2

(Design Example) Assuming the second level of
PFC output voltage is 347V:

4 2.5
RFBZ — (1 _ _Bour2 ) . ~
Veour . 20x10
347 2.5

387 20107
13kQ2 is selected for Rep,.

= =12.9kQ

It is checked if the output voltage is higher than the
peak of the line voltage:

R +R

s + R 7 4

"RMS 2
RRMSS

6 3 3
_ 2x10 +200><103 +36x10 .£'2'45
36x10 2

=239V <347V

RMS1

Then, to obtain 387V for nominal PFC output,

V,
Rppy = (;LKS/T =1 Rpp,

= (ﬁ—l)-lsxlm =1999kQ
25
2MQ is selected for Reg;.
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[STEP-6] PFC Current-Sensing Circuit
Design

Figure 18 shows the PFC compensation circuits for the
input current shaping and output voltage regulation. The
first step in compensation network design is to select the
current-sensing resistor of PFC converter considering the
maximum power limit. Since line feed-forward is used, the
output power is proportional to the voltage control error
amplifier voltage as:

V. —0.6
Foyr Viy) = PoUTMAX .m (26)
where Vi 34T is 5.6V and the maximum power limit of

PFC given by the maximum Vg, voltage is:

P MAY _ VLINE,B()Z -G" 'RM 27
our = R R (27)
1actcs

where Ry is internal modulator resistor whose typical value
is 5.7kQ, Riac is a resistor connected between [AC pin, and
PFC input and Gyax is the maximum of ratio of IAC pin
current and modulator output current (Iyio/Iac). The typical
value of GM*™* is 9 when VRMS pin voltage is 1.05V,
which is related to the brownout protection threshold of
line voltage (Viing.RO)-

It is typical to set the maximum power limit of the PFC
stage around 1.2~1.5 of its nominal output power, such that
the Vga is around 4~4.5V at nominal output power. By
adjusting the current-sensing resistor for the PFC converter,
the maximum power limit of the PFC stage can be
programmed.

To filter out the current ripple of switching frequency, an
RC filter is typically used for the ISENSE pin. Ry should
not be larger than 100Q and the time constant of the filter
should be 300~500ns to properly remove the leading-edge
current spike caused by reverse recovery of output diode.

Diodes D; and D, are required to prevent over-voltage on
the ISENSE pin due to the inrush current that might
damage FANG6982. A fast recovery diode or ultra-fast
recovery diode is recommended.

APPLICATION NOTE

Vin Veour
i
>t
—
Y S I
O
O
X 2
O
AN
VVVV
Re
ISENSE]
Iy <
= = 1 Y 3
Rewst = = T Cr T
Riac
L IAC 1
Crusi EZ lac S
JReus2 VRMS =
CRMSZ <; [
S Rewss  VEA
l l R RFB1 EZ
VC 9
C
Ve Cuef I avd
l © FBPFC L
+ 2.5v Res2 :;

Figure 18. Gain Modulation Block

(Design Example) Setting the maximum power limit
of the PFC stage as 450W (around 130% of nominal
output power), the current sensing resistor is obtained
as:

VLINE.302 -G ‘R, _ 72%.9.5.7x10°

=0.098Q
Max 6x10°-450

CS

R[AC &OUT

Thus, 0.1Q resistor is selected.

[STEP-8] PFC Current Loop Design

The transfer function from duty cycle to the inductor
current of boost power stage is given as:

— VBOUT (28)

SLyoosr

Q|

The transfer function from the output of the current control
error amplifier to the inductor current-sensing voltage is
obtained as:

_ Rcs i VBOUT (29)

Vease *SLgoosr

Ves
Ve

where Vrawp s the peak to peak voltage of ramp signal for
current control PWM comparator, which is 2.55V.

The transfer function of the compensation circuit is given as:

1+
Viea _ 27 Sy 27 fie
= e (30)
Ves R r—
27 fp
© 2010 Fairchild Semiconductor Corporation www.fairchildsemi.com
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where:
G 1
fy = M f, = and
" 27-Cye v 27 Ryie - Ciey
1 (31
fom g
7 Rie - Cpey

where Gy is the gain of transconductance error amplifier.

The procedure to design the feedback loop is as follows:

(a) Determine the crossover frequency (fic) around
1/10~1/6 of the switching frequency. Then calculate
the gain of the transfer function of Equation (29) at
crossover frequency as:

Ves Res Viour

(32)

Vieala r-, Vear 27 fic * Lyoosr

(b) Calculate Ryc that makes the closed-loop gain unity at
crossover frequency:

R 1

c =

G- (33)

Ves

Viea

@f=fic

(c) Since the control-to-output transfer function of power
stage has -20dB/dec slope and -90° phase at the
crossover frequency is 0dB, as shown in Figure 19, it
is necessary to place the zero of the compensation
network (fiz) around 1/3 of the crossover frequency so
that more than 45° phase margin is obtained. Then the
capacitor Cyc; is determined as:

1

"R 27/, /3 34

IC1

(d) Place compensator high-frequency pole (fcp) at least a
decade higher than fic to ensure that it does not
interfere with the phase margin of the current loop at

its crossover frequency.

1
Crer =5 ————— (33)
1C2
27 fip Rpe

60dB . Closed-Loop Gain

Control-to-Output
40dB s

Compensation \
20dB ]
0dB
-20dB \
-40dB ™
10Hz 100Hz 1kHz 10kHz 100kHz 1MHz

Figure 19. Current Loop Compensation

APPLICATION NOTE

(Design Example) Setting the crossover frequency as
6kHz (around 1/10 of switching frequency):

h — Res - Viour
Viea @f=fi Vear 27 fie * Lyoosr
_ 0.l~3§7 - 0.44
2.55-27-6x10°-916x10
R.= ! = L =26kQ
Ves 88x107-0.44
G,, |-
Vieala r-1,
Cier = 1 = 3 ! —— =3.1nF
R -27f. /3 26x10°-27-6x10°/3
Setting the pole of the compensator at 60kHz,
Cec, = ! ! =0.10nF

27 fp Ry 27-60x10° -26x10°

The actual components are a little changed for the off-
the-shelf components as:

RIC:27kQ, CIC1:3.31']F, and C1c2=100pF.

[STEP-9] PFC Voltage Loop Design

Since FAN6982 employs line feed-forward, the power-
stage transfer function becomes independent of the line
voltage. Then the low-frequency, small-signal, control-to-
output transfer function is obtained as:

v I -K 1
BOUT o ZBOUT " hax (36)
VEa 5 SChour

where K, = Poy;""* / P, and 5V is the control window
of error amplifier (5.6V-0.6V=5V).

Proportional and integration (PI) control with high-
frequency pole is typically used for compensation. The
compensation zero (fyz) introduces phase boost, while the
high-frequency compensation pole (fyp) attenuates the
switching ripple, as shown in Figure 20.

60dB
Closed-Loop Gain

40dB g

\\ Control-to-Output
20dB A

f. "
0dB ¢ S
-20dB \\ P
N \ s
Compensation \

-40dB

1Hz 10Hz 100Hz 1kHz 10kHz

Figure 20. Voltage Loop Compensation
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AN-6982

The transfer function of the compensation network is
obtained as:

. 1+-°
Veomp _ 27 fy ) 27 fy 37)
Your Sy S
27 frp
where:
2.5 G 1
U e roroa e vy wereanlid
BOUT rc1 44 Vci (38)

1

For = 27 Rye - Cye,

The procedure to design the feedback loop is as follows:

(a) Determine the crossover frequency (fyc) around
1/10~1/5 of the line frequency. Since the control-to-
output transfer function of power stage has -20dB/dec
slope and -90° phase at the crossover frequency, as
shown in Figure 20 as 0dB; it is necessary to place the
zero of the compensation network (fyz) around the
crossover frequency so that 45° phase margin is
obtained. Then, the capacitor Cyc; is determined as:

— Gy Lsour .KMAXZ . 25 (39)
5 Cyour *Cxfre)” Vaour

where Gyy is the gain of the transconductance error

amplifier for the output voltage regulation.

rc

To place the compensation zero at the crossover
frequency, the compensation resistor is obtained as:
1

R =———— 40
" 27 fye - Cren (40)

(b)

APPLICATION NOTE

Place compensator high-frequency pole (fyp) at least
a decade higher than f- to ensure that it does not
interfere with the phase margin of the voltage
regulation loop at its crossover frequency. It should
also be sufficiently lower than the switching
frequency of the converter so noise can be effectively
attenuated. Then, the capacitor Cy; is determined as:

1

Cpy=—""-——"—+
e 27 fop Ryc

(41)

(Design Example) Setting the crossover frequency
as 22Hz:

— Gy Lsour * Kyux . 25
5-Cpour (27vac)2 Vour

Vel

—6
_70x10 _60.9 1.27 2 25 _o0e
5.270x10° - (27-22)° 387
! ! =362kQ

R . = =
2w f Cry 27-22-20%x107°
Setting the pole of the compensator at 120Hz:

1 1

- = =3.7nF
27 fip Rye  2m-120-362x10°

CVC 2
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AN-6982 APPLICATION NOTE
1. Design Summary

Application Output Power | Input Voltage Output Voltage / Output Current

PFC Power Supply 350w 85~264Vc 387V/0.9A
Features
B Switch-charge technique of gain modulator provides better PF and lower THD
B Over-Voltage Protection (OVP), Under-Voltage (UVP), Open-Loop (OLP), and maximum current limit Protections
B Range function improves system efficiency at low AC line voltage and light load condition
B Ready pin function provides power-on sequence for the downstream converter

F1 916uH FFPO8S60SN VBOUT
T bt >
AC Input 8A/600V. [P Dsoost
Cirr= A4 FCA16N60N
IF27T - Q1 |5
c >
1”":1 430 2700F ==
© b ' Cooosr
Res
0.1Q
D, D, L
LL4148 LL4148 v
220
100pF
510¢ I
Rir § C &
™z Lemp | 27KQ B2 S3nF Reo1 2
R 3 b3 i| 2MQ
RUS1 Riac Ric Cici
>
53nF
Crus1 L] iea v VEA [}
1 QOROKQ b3 L——{liac FBPFC [} L Rue
Rmez ¢ T|ISENSE  VREF [Je—| 2a60K0
f vrws VoD [} IR 470pF L 3.7nF
S s T Cve2
200nF | 36kq b100nF| —{] roY OPFC [I—" | [100nF| T 13KQ T¢., | 20nF
Crus2 Rruss 3 Cur T @ o——|EN PGND h Cop Towr
1 I —| RTiCT SGND [} %
v vl 2
FAN6982 4 v v v 10Q MMBT2907A
Rext £ TN
) 1 1nF 27KQ Ry 1 100nF 3
Range Enabled/Disabled T cr T cCrer 30KQ
VEN = VVREF : Enabled L EE 4.7KQ
Ven = GND : Disabled v
Crov == 100pF
v
Figure 21. Final Schematic of Design Example
© 2010 Fairchild Semiconductor Corporation www.fairchildsemi.com
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AN-6982 APPLICATION NOTE

Appendix A

MOSFET and Diode Reference Specification

PFC MOSFETSs

Voltage Rating Part Number

500V FQP13N50C, FQPF13N50C, FDP18N50, FDPF18N50, FDA18N50, FDP20N50(T),
FDPF20N50(T)

600V FCP11N60, FCPF11N60, FCP16N60, FCPF16N60, FCP20N60S, FCPF20N60S, FCA20N60S,
FCP20N60, FCPF20N60

Boost Diodes
600V FFPO8H60S, FFPF10H60S, FFP08S60S, FPFO8S60SN, BYC10600
© 2010 Fairchild Semiconductor Corporation www.fairchildsemi.com
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AN-6982 APPLICATION NOTE
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