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FAN480X PFC+PWM Combination Controller Application

FAN4800AU / FAN4800AS / FAN4800C / FAN4800CS / FAN4801S / FAN4802S

Introduction

This application note describes step-by-step design
considerations for a power supply using the FAN480X
controller. The FAN480X combines a PFC controller and
a PWM controller. The PFC controller employs average
current mode control for Continuous Conduction Mode
(CCM) boost converter in the front end. The PWM
controller can be used in either current mode or voltage
mode for the downstream converter. In voltage mode,
feed-forward from the PFC output bus can be used to
improve the line transient response of PWM stage. In
either mode, the PWM stage uses conventional trailing-
edge duty cycle modulation, while the PFC uses leading-
edge modulation. This proprietary leading/trailing-edge
modulation technique can significantly reduce the ripple
current of the PFC output capacitor.
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The synchronization of the PWM with the PFC simplifies
the PWM compensation due to the controlled ripple on the
PFC output capacitor (the PWM input capacitor). In
addition to power factor correction, a number of protection
features have been built in to the FAN480X. These
include programmable soft-start, PFC over-voltage
protection, pulse-by-pulse current limiting, brownout
protection, and under-voltage lockout.

FAN480X feature programmable two-level PFC output to
improve efficiency at light-load and low-line conditions.

FAN480X is pin-to-pin compatible with FAN4800 and
ML4800, only requiring adjustment of some peripheral
components. The FAN480X series comparison is

summarized in the Appendix A.
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Figure 1. Typical Application Circuit of FAN480X
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Functional Description

Gain Modulator

The gain modulator is the key block for PFC stage because
it provides the reference to the current control error
amplifier for the input current shaping, as shown in Figure
2. The output current of gain modulator is a function of
VEea, lac, and Vgus. The gain of the gain modulator is
given in the datasheet as a ratio between Iy and lac with a
given Vgms When Ve, is saturated to HIGH. The gain is
inversely proportional to Vs, as shown in Figure 3, to
implement line feed-forward. This automatically adjusts
the reference of current control error amplifier according
to the line voltage such that the input power of PFC
converter is not changed with line voltage.
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Figure 2. Gain Modulator Block
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Figure 3. Modulation Gain Characteristics

To sense the RMS value of the line voltage, an averaging
circuit with two poles is typically employed, as shown in
Figure 2. The voltage of VRMS pin in normal PFC
operation is given as:

V2Rgyss 2

Rews: + Reusz2 + Rewss 7

Vews =Vine 1)

where V| \e IS RMS value of line voltage.

However, once PFC stops switching operation, the
junction capacitance of bridge diode is not discharged and
V) of Figure 2 is clamped at the peak of the line voltage.
Then, the voltage of VRMS pin is given by:

\/ERRMS3

V.. NSy
RMS LINE
RRMS]. RRMSZ RRMS3

O]

Therefore, the voltage divider for VRMS should be
designed considering the brownout protection trip point
and minimum operation line voltage.

PFC runs PFC stops

-
Lot |

>

Figure 4. Vgus According to the PFC Operation

The rectified sinusoidal signal is obtained by the current
flowing into the IAC pin. The resistor R;ac should be large
enough to prevent saturation of the gain modulator as:

\/EVLINEABO . GMAX <159uA A3)
RIAC

where V| nego IS the line voltage that trips brownout

protection, GM** is the maximum modulator gain when

Vrws is 1.08 V (which can be found in the datasheet), and

159 pA is the maximum output current of the gain

modulator.

Current and Voltage Control of Boost Stage

As shown in Figure 5, the FAN480X 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 6, based on the
reference signal obtained at the IAC pin as:

I Resi = lyo "Ry =14 -G+ Ry 4)
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Figure 5. Gain Modulation Block
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Figure 6.

Inductor Current Shaping

The voltage control loop regulates PFC output voltage
using internal error amplifier such that the FBPFC voltage
is same as internal reference of 2.5 V.

Brownout Protection

FAN480X has a built-in internal brownout protection
comparator monitoring the voltage of the VRMS pin. Once
the VRMS pin voltage is lower than 1.05V (0.9V for
FAN4802S), the PFC stage is shutdown to protect the
system from over current. The FAN480X starts up the
boost stage once the Vgys Vvoltage increases above 1.9 V
(1.65 V for FAN4802S).

Two-Level PFC Output

To improve system efficiency at low AC line voltage and
light load condition, FAN480X provides two-level PFC
output voltage. As shown in Figure 7, FAN480X monitors
Vea and Vgys Voltages to adjust the PFC output voltage.
When Vega and Vgus are lower than the thresholds, an
internal current source of 20 pA is enabled that flows
through Reg,, increasing the voltage of the FBPFC pin.
This causes the PFC output voltage to reduce when 20 pA
is enabled, calculated as:

V _ RFBl + RFBZ
OPFC2 —

x (2.5-20uAx Reg,) ()

FB2

It is typical to set the second boost output voltage as
340 V~300 V.

VRMS
VBOUT
IQFBI §
FBPFC
| VEA
! —]
25Vt

Res2 i
For FAN4801S, Vg, threshold is 2.8/3.35V

Figure 7. Block of Two-Level PFC Output

Oscillator

The internal oscillator frequency of FAN480X is
determined by the timing resistor and capacitor on the
RT/CT pin. The frequency of the internal oscillator is
given by:

1
f =
% 0.56-R, -C, +360C, ©)

Because the PWM stage of FAN480X generally uses a
forward converter, it is required to limit the maximum duty
cycle at 50%. To have a small tolerance of the maximum
duty cycle, a frequency divider with toggle flip-flops is
used, as illustrated in Figure 8. The operation frequency of
PFC and PWM stage is one quarter (1/4) of the oscillator
frequency. (For FAN4800CU, FANA4800CS, and
FAN4802S, the operation frequencies for PFC and PWM
stages are one quarter (1/4) and one half (1/2) of the
oscillator frequency, respectively).

The dead time for the PFC gate drive signal is determined
by the equation:

toenn =360C; ("

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

T-FF T-FF
VREF[ RN PO NN gy
RT/

v osc OPFC, OPWM

I OPWM (FAN4800CX, FAN4802S)

Figure 8. Oscillator Configuration
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Figure 9. FAN480X Timing Diagram

PWM Stage

The PWM stage is capable of current-mode or voltage-
mode operation. In current-mode applications, the PWM
ramp (RAMP) is usually derived directly from a current
sensing resistor or current transformer in the primary of the
output stage and is thereby representative of the current
flowing in the converter’s output stage. Il w1, Which
provides cycle-by-cycle current limiting, is typically
connected to RAMP in such applications.

\

~

\

For voltage-mode operation, RAMP can be connected to a
separate RC timing network to generate a voltage ramp
against which FBPWM voltage is compared. Under these
conditions, the use of voltage feed-forward from the PFC
bus can be used for better line transient response.

No voltage error amplifier is included in the PWM stage,
as this function is generally performed by a programmable
shunt regulator, such as KA431, in the secondary-side. To
facilitate the design of opto-coupler feedback circuitry, an
offset voltage is built into the inverting input of PWM
comparator that allows FBPWM to command a zero
percent duty cycle when its pin voltage is below 1.5 V.

VBOUT
REF
R
. RAM 1.5V PWM
7777 Ii
C:RAMPE E RAMP
T ! Juut
;44
A4
FBPWM

Figure 10. PWM Ramp Generation Circuit

PWM Current Limit

The ILIMIT pin is a direct input to the cycle-by-cycle
current limiter for the PWM section. If the input voltage at
this pin exceeds 1V, the output of the PWM is disabled
until the start of the next PWM clock cycle.

Vin OK Comparator

The V,y OK comparator monitors the output of the PFC
stage and inhibits the PWM stage if this voltage is less
than 2.4V (96% of its nominal value). Once this voltage
goes above 2.4 V, the PWM stage begins to soft-start.

PWM Soft-Start (SS)

PWM startup is controlled by the soft-start capacitor. A
10 pA current source supplies the charging current for the
soft-start capacitor. Startup of the PWM is prohibited until
the soft-start capacitor voltage reaches 1.5 V.

© 2009 Fairchild Semiconductor Corporation
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Design Considerations

In this section, a design procedure is presented using the
schematic in Figure 11 as reference. A 300 W PC power
supply application with universal input range is selected as

Design Specifications

a design example.

The design

specifications

are

summarized in the table below. The two-switch forward
converter is used for DC-DC converter stage.

Rated Voltage of Output 1 Vout1=5V PWM Stage Efficiency nNewm = 0.86

Rated Current of Output 1 lout1=9A Hold-up Time tuo = 20 ms

Rated Voltage of Output 2 Vour =12V Minimum PFC Output Voltage 310V

Rated Current of Output 2 lout2=16.5 A Nominal PFC output voltage Vo_prc=387V

Rated Voltage of Output 3 Voutz=-12V PFC Output Voltage Ripple 12 Vpp

Rated Current of Output 3 louts= 0.8 A PFC Inductor Ripple Current dl = 40%

Rated Voltage of Output 4 Vouta=3.3V AC Input Voltage Frequency fine = 50 ~ 60 Hz

Rated Current of Output 4 louta= 135 A Switching Frequency fs =65 kHz

Rated Output Power Po=300 W Total Harmonic Distortion a=4%

Line Voltage Range 85~264 Vac Magnetic Flux Density AB=0.27T

Line Frequency 50 Hz Current Density Dcma = 400 C-m/A

Brownout Protection Line Voltage 72 Vac PWM Maximum Duty Cycle Dmax = 0.35

Overall Stage Efficiency n=0.82 5-V Output Current Ripple lLo1 = 44%
12-V Output Current Ripple lLo2 = 10%
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Figure 11. Reference Circuit for Design Example
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[STEP-1] Define System Specifications

Since the overall system is comprised of two stages (PFC
and DC-DC), as shown in Figure 12, the input power and
output power of the boost stage are given as:

P, === (8)
n
P
PBOUT = ot (9)
Tpwm

where m is the overall efficiency and Mpww is the forward
converter efficiency.

The nominal output current of boost PFC stage is given as:

P
IBOUT = % (10)
Tpwm VBoUT
I:,BOUT
PIN |BOUT POUT
- —
o— —o
Boost +| Vool  Forward v
PFC DC/DC
o— . —o

Figure 12. Two-Stage Configuration

(Design Example)

P 300
P =-r — 2 _ 366W
n 082

P 300
MowmVeour  0-86-387

I BOUT —

[STEP-2] Frequency Setting

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

N S
0.56-R; -C;

I

(1)

1
SwW Z
It is typical to use a 470 pF~1 nF capacitor for 50~75 kHz
switching frequency operation since the timing capacitor
value determines the maximum duty cycle of PFC gate
drive signal as:

MIN

1— Torr. =1-360-C, - fy, (12)

DMAX PFC —
sw

(Design Example) Since the switching frequency is
65 kHz, Cr is selected as 1 nF. Then the maximum duty
cycle of PFC gate drive signal is obtained as:

Dyax pec =1—360-C; - f,, =0.98
The timing resistor is determined as:

1 1

R ==—>  =6.9kQ
4 056f,C,

[STEP-3] Line Sensing Circuit Design

FANA480X senses the RMS value and instantaneous value of
line voltage using the VRMS and IAC pins, respectively, as
shown in Figure 13. 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 Rjac.

V,

- D000 —1—+—
x % g |
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X iz 1_"_"_1

VWY
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IAC apn M 1A
WV ¢

= ’\/RMS ‘
RRMSl :: M
N
<
Crust P

Cones L_Eé—'» VRMS
T AAA
l R

120/100Hz

RMS3

Figure 13. Line Sensing Circuits

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

V2R 2
vV =V RMS3 .= 13
RMS-UVL LINE.BO RRM81 + RRMSZ + RRMS3 T ( )
V2R
V B <V RMS3 (14)
RMS-UVH LINE.MIN RRMSl + RRMSZ + RRMS3

where VRMs-UvL and VRMms.uvH are the brown OUT/IN
thresholds of Vgys.

It is typical to set Rrmsz as 10% of Rgmsi- The poles of the
low pass filter are given as:
1

fop2———— (15)
. 277 - Crys1 * Rews2

1

fo&0— (16)
" 277 - Cgusz * Rrusa

To properly attenuate the twice line frequency ripple in

© 2009 Fairchild Semiconductor Corporation
Rev. 1.0.2 + 6/21/13

www.fairchildsemi.com



AN-8027

Vs, it is typical to set the poles around 10~20 Hz.

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

\/EVLINEABO _GMAX <159/,IA (17)
RIAC

where Vnego IS the brownout protection line voltage,

GM*is the maximum modulator gain when Vgys is 1.08 V

(which can be found in the datasheet), and 159 YA is the

maximum output current of the gain modulator.

(Design Example) The brownout protection threshold is
1.05V (VRMS—UVL) and 1.9V (VRMS—UVH)s respectively.
Then, the scaling down factor of the voltage divider is:

Reuss _ Vewms-uv 7
Rews: + Rawsz T Rewss Vimeso 22
105 7 o162
72 22

Then the startup of the PFC stage at the minimum line
voltage is checked as:

VLINE.MIN ’\ﬁRRmsa

=85-42-0.0162=1.95>1.9V
RRMSl + RRMSZ + RRMS3

The resistors of the voltage divider network are selected
as RRM51=2 MQ, RRMSIZZOO kQ, and RRM51:36 kQ.

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

Crvs: = ! = L 5 =953nF
27 To, - Rays,  27-15-200x10
Crusz = L = ! 5 = 200nF
27ty Royss  27-22-36x10
The condition for Resistor Ryac is:
‘/EVUNE.BO .GMAX _ ’\/5'72'9 =5.8MQ

R,. > =
e 150%10°° 159x10°°

Therefore, 6 MQ resistor is selected for Riac.

[STEP-4] PFC Inductor Design

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

— VBOUT — \/EVLINE

VBOUT

Dep (18)

Then, the maximum current ripple of the boost inductor at
the peak of line voltage for low line is given as:

'\/EVLINE.MIN .VBOUT _\/EVLlNE i

LBOOST

Al =

(19)

VBOUT fSW

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

J2P
I ave = — (20)
Vinemin 77
Therefore, with a given current ripple factor
(Krp=AIl /I avg), the boost inductor value is obtained as:
_ VLINE.MIN2 n VBOUT — \EVLINE 1
Leoost = ’ e (21)
KRB ' POUT VBOUT fsw
The maximum current of boost inductor is given as:
ILPK _ IL_AVG . (1+ KRB ) — ’\EPOUT . (1+ KRB) (22)
2 Vinemin 77 2

(Design Example) With the ripple current specification
(40%), the boost inductor is obtained as:

— VLINE.MIN2 ‘n .VBOUT _‘/EVUNE i

L =
POt Kee - Pour Veour fow
2 _ . -3
_85°-0.82 387285 10 524 ,H
04-300 387 65

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

2P, 2300

| - = =6.09A
-G Vinewmn -7 85-0.82

The maximum current of the boost inductor is given as:

| PK ﬁpom 1 Kre
L= —(+—7)
Vinemin 7 2
_~2:300

= @+ 2% _7.31A
85.0.82 2

[STEP-5] PFC Output Capacitor Selection

The output voltage ripple should be considered when
selecting the PFC output capacitor. Figure 14 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:

I BOUT

Ceour >

27 - fLINE ’VBOUT,RIPPLE (23)
where lgoyr is nominal output current of boost PFC stage
and VgoutriprLe 1S the peak-to-peak output voltage ripple
specification.

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

C N PBOUT 'tHOLD
BOUT

(24)

2 2
VBOUT _VBOUT ,MIN

where Pgoyr is nominal output power of boost PFC stage,

thop IS the required holdup time, and Vpourmin IS the
allowable minimum PFC output voltage during hold-up time.

© 2009 Fairchild Semiconductor Corporation
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Figure 14. PFC Output Voltage Ripple

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

Isour 0.9
T 275012

Crour > =239uF

27 - fLINE VBOUT RIPPLE

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

Poour ‘thoo  _ 2-349-20x10°°
VOUT2 _VOUT,MINZ 3872 _3102

Caour > = 260uF

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

[STEP-6] PFC Output Sensing Circuit

To improve system efficiency at low line and light load
condition, FAN480X provides two-level PFC output
voltage. As shown in Figure 15, FAN480X monitors Vga
and Vrws Voltages to adjust the PFC output voltage.

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

Veourz =Vaour X @- T (25)

It is typical second boost output voltage as 340 V~300 V.

VRMS

VBOUT

Res1 §

FBPFC
:
L

VEA

25—t ' :I

Reg2 i
For FAN4801S, Vga threshold is 2.8/3.35V.

Figure 15. Two-Level PFC Output Block

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:

RFBZ

V. R - L
RFBl + RFBZ

gout X

=25V (26)

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

V
R]:Bz _ (1_ BOUTZ) 2 5 -
Veour ~ 20x107

347 2.5

- ——=12.9kQ
387" 20x10°

=@

13 kQ is selected for Reg,.

\Y
RFBl = ( BZ(IDET _1)’ RFBZ

387

= (5 ¢ ~1)13x10° 19990

2 MQ is selected for Reg;.

[STEP-7] PFC Current-Sensing Circuit Design

Figure 16 shows the PFC compensation circuits. The first
step in compensation network design is to select the current-
sensing resistor of PFC converter considering the control
window of voltage loop. Since line feed-forward is used in
FAN480X, the output power is proportional to the voltage
control error amplifier voltage as:

V., —0.6
BOUT (VEA) PBOUT m (27)
where Vg™ is 5.6 V and the maximum power limit of
PFC is:
Ve oo’ -G R
P MAX — LINE.BO M 28
BOUT RIAC RCSl ( )

© 2009 Fairchild Semiconductor Corporation
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It is typical to set the maximum power limit of PFC stage
around 1.2~1.5 of its nominal power such that the Vg, is
around 4~4.5 V at nominal output power. By adjusting the
current-sensing resistor for PFC stage, the maximum
power limit of PFC stage can be programmed.

To filter out the current ripple of switching frequency, an
RC filter is typically used for ISENSE pin. R r; should not
be larger than 100 Q and the cut-off frequency of filter
should be 1/2~1/6 of the switching frequency.

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

Vin Vo O
I_ +
77
O
IEA
H
.
Ry
c
Cicz
Cic1
Iac Drive VREF
VRMS i
Rruss VEA OPFC
Ry RFBlEE
¢ L FBPFC
Rvca
R L
;|; l ve Rpazig

Figure 16. Gain Modulation Block

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

VLINE.BOZ GM. Ry _ 722.9.5.7x10°

=0.098Q2
R Paour ™ 6x10° - 450

Resi =

Thus, 0.1-Q 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
L= (29)
d S LBOOST

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

<)

cs1 _ RCSl 'VBOUT (30)

<

IEA VRAMP ’ SLBOOST

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

The transfer function of the compensation circuit is given as:

_ 1+ 5
Viga _ 27 fu 27 31)
Vest S 1+ S
27 fp
where:
" _2”th:I C T o R1 c..
“vict "Ric "“ict
: (32)

fo=— =
"2z Rc - Cic,
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 (30) at
crossover frequency as:

Cs1

<

_ R051 'VBOUT (33)

Veawe * 27 fic - Looost

VIEA

@f=fc

(b) Calculate R\ that makes the closed loop gain unity at
crossover frequency:

1
cs1 (34)

IEA |@ f=fic

R =

<)

GMI :

<)

(c) Since the control-to-output transfer function of power
stage has -20 dB/dec slope and -90° phase at the
crossover frequency is 0 dB, as shown in Figure 17; it
is necessary to place the zero of the compensation
network (f,z) around 1/3 of the crossover frequency so
that more than 45° phase margin is obtained. Then the
capacitor Cc; is determined as:

1

Cor=m—
‘' R -27f. 13 (39)

(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
C - —
PRI (36)
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\
60dB N Closed Loop Gain
Control-fo-oufput

40dB ER \
Compensation .

20dB o3

0dB
-20dB
-40dB R

10Hz 100Hz 1kHz 10kHz 100kHz  1MHz

Figure 17. Current Loop Compensation

(Design Example) Setting the crossover frequency
as 7 kHz:
& _ R051 .VBOUT
\7|EA @f=fc VRAMP -2z f|c : LBOOST
_ 0.1~3§7 _-066
2.55-27-7x10°-524x10
Rc = — ! = %6 =17kQ
G |Vest 88x107°-0.66
M —
VIEA @f="fc
1 1
Ic1 = = 3 35 4nk
Rec-27f. /3 17x10°-27-7x10°/3
Setting the pole of the compensator at 70kHz,
Cico = L = 13 - =0.13nF
2 fp-Re  27-70x10°-17x10

[STEP-9] PFC Voltage Loop Design

Since FAN480X 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:

VBOUT ~ Igour - Kuax . 1 (37)
Vea 5 SCeour

where:

VBOUT ~ Igour - Kuax . 1 (38)
Vea 5 SCeour

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 18.

60dB
Closed-Loop Gain

40dB \ <
\‘.‘ Control-to-Output

20dB A<

0dB “as

-20dB NG
N \ .
Compensation \

1kHz

-40dB

1Hz 10Hz 100Hz 10kHz

Figure 18. Voltage Loop Compensation

The transfer function of the compensation network is
obtained as:

S
. 1+
Veomp _ 2r . 2y, (39)
v S S
ouT l+
27 fp
where:
. 25 G ¢ 1 and
\ ! \'74
Veour 27-Cyey 27-Ryc -Gy (40)
B 1
* 2 Ric - Cuez

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 -20 dB/dec
slope and -90° phase at the crossover frequency, as
shown in Figure 18 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:

Cv _ GMV ‘IBOUT 'KMAx . 2.5
C1 ™~

5-Cpour - (27 fvc)2 Veour
To place the compensation zero at the crossover
frequency, the compensation resistor is obtained as:

1
Re =5
¢ 2 fue ' Cuer

(41)

(42)

(b)  Place compensator high-frequency pole (fyp) at least
a decade higher than fc 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

Crez = 27 o -Ryc

(43)

© 2009 Fairchild Semiconductor Corporation
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(Design Example) Setting the crossover frequency
as 22 Hz:

Cv _ GMV i IBOUT 'KMAx . 2.5
c1 =
5-Cgour (27 fvc)z Veour
6
_ 70x10 760.9 1.27 : ~£:20nF
5.270x107 - (27 -22)° 387
S L — 362k

27ty Cyey  27-22-20x10°°
Setting the pole of the compensator at 120 Hz:

1 1

= =3.7nF
27 fp-Re  27-120-362x10°

Cec2 =

[STEP-10] Transformer Design for PWM
Stage

Figure 19 shows the typical secondary-side circuit of
forward converter for multi-output of PC power
application.

A common technique for winding multiple outputs with
the same polarity sharing a common ground is to stack the
secondary windings instead of winding each output
winding separately. This approach improves the load
regulation of the stacked outputs. The winding Ns; in
Figure 19 must be sized to accommaodate its output current,
plus the current of the output (+12 V) stacked on top of it.
To get tight regulation of 3.3 V output, magnetic amplifier
(MAG-AMP) is used. The saturable core of MAG-AMP
prevents the diode Dgrec from fully conducting by
introducing high impedance until it is saturated. This
allows the effective duty cycle of Vrec to be controlled to
be regulated the output voltage.

Additiona
I LC filter

+12V

Additiona
| LC filter

Additiona
| LC filter zZ

Additiona
I LC filter

Figure 19. Typical Secondary-Side Circuit

Once the core for the transformer is determined, the
minimum number of turns for the transformer primary-side
to avoid saturation is given by:

VBOUTMIN DMAX
A fg, AB
where A, is the cross sectional area of the core in m?, fsy is
the switching frequency, and AB is the maximum flux
density swing in Tesla for normal operation. AB is
typically 0.2-0.3 T for most power ferrite cores in the case

of a forward converter.

MIN _
Np =

(44)

The turn ratio between the primary-side and secondary-
side winding for the first output is determined by:

n= & _ Veour M Dwiax (45)
Ng; (Vo1 +Ve1)

where Vi is the diode forward-voltage drop.

Next, determine the proper integer for Ng; resulting in N,
larger than N,™". Once the number of turns of the first
output is determined, the number of turns of other output
(n-th output) can be determined by:

Vow Ve

N =
o0 Vor +Vey

Ng, (46)

The golden ratio between the secondary-side windings for
the best regulation of 3.3V, 5V, and 12V is known as
2:3:7.

(Design Example) The minimum PFC output voltage
is 310V and the maximum duty cycle of PWM
controller is 50%. By adding 5% margin to the
maximum duty cycle, Dyax=0.45 is used for
transformer design. Assuming ERL35 (Ae=107 mm?)
core is used and AB=0.28, the minimum turns for the
transformer primary side is obtained as:

VBOUTMIN Dwax _
A Ty AB

The turns ratio for 5 V output is obtained as:

310.0.45 ~
107x10°-65x10°-0.28

MIN _
N, =

MIN
N P VBOUT DMAX

N Vo +Ve)

The number of turns for the primary-side winding is
determined as:

_310-0.45 _
(5+0.45)

N, =n-Ng, =2x25.6=51.2 < N,""

N, =n-Ng =3x25.6=76.8>N,"" . Ny, =3
Then, the turns ratio for 12-V output is obtained as:

_ Voo +Ves
27y v
o1 TVe

12407

g =—"--3=699=7
5+0.45

Therefore, the number of turns for each winding is
obtained as:

Np=78, Ns;1=3, Ng,=7 (3+4 stack) and Ng;=7.

© 2009 Fairchild Semiconductor Corporation
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[STEP-11] Coupled Inductor Design for the
PWM Stage

When the forward converter has more than one output, as
shown in Figure 20, coupled inductors are usually employed
to improve the cross regulation and to reduce the ripple.
They are implemented by winding their separate coils on a
single, common core. The turns ratio should be the same as
the transformer turns ratio of the two outputs as:

NSZ — NL2 (47)
NSl NLl

T Ze

02

o1

N, -
Normalized
| N _ NSZ |
02 =7y lo2
s1
lsuuy —> Ly Ly D1 Vou
+ o000 +
IOZ
VPOUT 'NSI +
Np
0
— O @ o —
N
D2 VOZN
L >
LK 02
+
® O —

Figure 21. Normalized Coupled Inductor Circuit

One way to understand the operation of coupled inductor is
to normalize the outputs to one output. Figure 21 shows
how to normalize the second output (Vo) to the first
output (Vo). The transformer and inductor turns are
divided by Ns»/Nsy, the voltage and current are adjusted by
Nsa/Ns;. It is assumed that the leakage inductances of the
coupled inductor are much smaller than the magnetizing
inductance and evenly distributed for each winding.

The inductor value of the first output can be obtained by:

L = Vor Vor +Ve1) -(1=Dy)
AISUM MIN (48)
fow (Pos + Fo2)
ISUM
where:
MIN
Duin = Duax V:;)UT
P P BOUT (49)
= ot + o,
VOl
Then, the ripple current for each output is given as:
Alg,  Alg,, 1
IOl - 2 IOl (50)
Alo, _ Algyy . N, i (51)
IOZ 2 NSZ |02

(Design Example) The minimum duty cycle of
PWM stage at nominal input (PFC output) voltage is:

Veour " 310

D, = =0.45——=0.36
MIN 389

DMAX
BOUT

The sum of two normalize output current is:

P t+PRy, 243

| = =48.6A
SUM Ve, 5

Assuming 16% p-p ripple current in Lgym, the inductor
for the first output is obtained as:

VOl (\/Ol +VF1)

Al
fsw (Por + Foz) | SUM
SUM

~ 5(5+0.45)
65x10°(5x9+12x16.5)-0.16

L = (1-Dyn)

-(1-0.36) = 6.9uH

Then, the ripple current for each output is given as:

A|01 _ AISUM ‘i: 48.6<0.16 .3243%

|01 2 I01 2 °

AIoz AISUM .N51,LZM.§.L:10%
lo, 2 Ng, o, 2 7 16.5

© 2009 Fairchild Semiconductor Corporation
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[STEP-12] PWM Ramp Circuit Design

For voltage-mode operation, the RAMP pin can be
connected to a DC voltage through a resistor. When it is
connected to the input of forward converter, ramp signal
slope is automatically adjusted according to the input
voltage providing line feed-forward operation. However, it
can cause more power dissipation in the resistor. For better
efficiency and lower standby power consumption, it is
recommended to connect the RAMP pin to the VREF pin.

VREF[

<
>

= Rrawp 15v

RAMP —+
CRAMPi4[ nnn

PWM

||
N
L]

Figure 22. Ramp Generation Circuit for PWM

It is typical to use 470 pF~1 nF capacitor on the RAMP
pin and to have the peak of the ramp signal around 2~3 V.

The peak of the ram voltage is given as:

PK _ 1 _VREF_ 1

(52)

VRAMP

CRAMP RRAMP 2 fSW

(Design Example) Selecting Crampe and Rgramp as 1 NF
and 22 kQ, the PWM ramp voltage is obtained as:

PK 1 .VREF. 1

VRAMP
CRAMP RRAMP 2fSW

_ 1 715 1
1x10° 22x10° 2-65x10°

[STEP-13] Feedback Compensation Design
for PWM Stage

Figure 21 shows the typical cross-regulation compensation
circuit configuration for multi-output converters. The
small-signal characteristics of the compensation network is
given as:

Vespwm
Rg 1+slag, - 1+Slon,, - (53)
== : o1 Voz)
1+s/ag  Ros;RpCes Ros2RpCrs

where:
Y 1

cr (RBl // RBZ)CB

1

Dcz1 = R.C, (54)
Y 1

ce (Re +Ros,)Cr

Vo2 Vo1
Ros1

Cr

KA431 3
i Ross

Figure 23. Feedback Compensation Circuit for
PWM Stage

The small signal equivalent circuit for control-to-output
transfer function of the PWM power stage can be simplified
as shown in Figure 24. The transfer function is fourth-order
system because additional LC filters are used to meet the
output voltage ripple specification. Therefore, it is
recommended to use engineering software, such as PSPICE
or Mathlab®, to design the feedback loop.

N
Veour NiSI L
s2

VRAMP

VFBPWM

Figure 24. Simplified Small Signal Equivalent Circuit for
Control-to-Output Transfer Function
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Design Summary

Application Output Power Input Voltage Output Voltage / Output Current
ATX Power 300w 85~264 Vac 12V/165A;5V/9A;-12V/0.8A; 3.3V/135A
Features

B Meets 80+ specification

B FANA480X is fully pin-to-pin compatible with ML4800 and FAN4800 (needs a few parts modified)
W Switch-charge technique of gain modulator can provide better PF and lower THD

B Leading and trailing modulation technique for reduce output ripple

[ |

Protections: OVP (Over-Voltage Protection), UVP (Under-Voltage Protection), OLP (Open-Loop Protection), and
maximum current limit

L Boost Dgoost
BYC10600
FDA18N50 c
BOOST
Q1 b Dp,
5 270uF FR157 T
RCSl R2
* < P, >t vV, 5V
0.1 =* L2 @ C
1 o > i 1 021 022
DI D2 + 100|nF ® FCP11N60 = Dr. TZZOOUFT 1000uF
Y
. . | STPS60LATCW L
FR157 (=
R 10 k Qs A (=
RAMP Dk, & |SF34DG
~ v, -12v
22k | L3
—AW—e 1C03 220uF
1
RLFZ I
0.13nF C,q, Res) = = Les 33V
1 L0 WYO\T%WTM v,
17k 4nF L4 o
oM R Iz ':AC }C—" 1 'y L ; Con
Reus1 R Ric Ic1 Dr, T Cox
T
53nF 69 A _/ vEA . T Py °
Crwms1| 200 R IAC FBPFC FR157 10
Reus2 B[7.5k
ISENSE VREF Vo 362k
VD
200n VRMS b ) R
F LSG ks Cim Css ss OPFC ve 3.7nF
Crusz Ravss L FBPWM OPWM T
I RT/CT onp — 10 20nF Coer
CT
T &—| RAMP ILIMIT . Cyer
inF T FAN480X l
jénF < 12.9k
4 RAMP *— R
0.47nF — 1L L L™
CBI < jé Ceg
CLFZ CDD CPEF
Figure 25. Final Schematic of Design Example
© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
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10,11,12

N4
14

Pin 1 «—

Figure 26. Forward Converter Transformer Structure

Winding Specification

Margin Tape Margin Tape
3mm 3mm
— «

[

Ns

N3

|
N, |
|
|

N2

N |

BOBBIN-ERL35

Mylar Tape 3T

Mylar Tape 1T
Mylar Tape 1T
Mylar Tape 1T

Mylar Tape 3T

No Pin (s-f) Wire Turns Winding Method
N1 3-2 0.60 37Ts Solenoid Winding
Insulation: Mylar Tape t = 0.03 mm, 3 Layers
N2 8,9-10,11,12 Copper-Foil 10 mil 3Ts Coppir-FoH Width
8 mm
Insulation: Mylar Tape t = 0.03 mm, 1 Layers
N3 | 13-8,9 | 1.00%4 | 4Ts Solenoid Winding
Insulation: Mylar Tape t = 0.03 mm, 1 Layers
N4 | 10,11,12-14 | 0.40 | 6Ts Solenoid Winding
Insulation: Mylar Tape t = 0.03 mm, 1 Layers
Ns | 2-6,7 | 0.6 | 37 Ts Solenoid Winding
Insulation: Mylar Tape t = 0.03 mm, 3 Layers
Core-ERL35
Insulation: Mylar Tape t = 0.03 mm, 3 Layers
Insulation: Copper-Foil Tape t = 0.05 mm-pinl Open Loop
Insulation: Mylar Tape t = 0.03 mm, 3 Layers
Core: ERL35 (Ae=107 mm?)
Bobbin: ERL35
Inductance: 13 mH
© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
Rev. 1.0.2 « 6/21/13 15
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Appendix A

FAN480X Series Comparison Table of Relevant Parameters

New Generation | New Generation | New Generation

New Generation

FAN4800
FAN4800AX FAN4800CX FAN4801S FAN4802S
Vpp Maximum Rating 20V 30V
Vpp OVP 17.9 V/ Clamp 28 / Auto-Recover
Vee UVLO 10V/13V 9.3/11V
TWO'C')-S;’:JtPFC NO NO YES
PFC Soft-Start NO YES
Brownout NO YES
PFC - PWM 1:1 1:1 1:2 1:1 1:2
Frequency
Frequency Range 68 kHz~81 kHz 50 kHz~75 kHz
Gate Clamp NO 16V
PFC Multiplier Traditional Switching Charge
ViNOK 225V /1.1V 240V /1.15V
PWM Maximum Duty 42%~49% 49.5%~50%
Startup Current 100 pA 30 pA
Soft-Start Current 20 pA 10 pA
PWM Comparator
Level S%ift Lov L5V
Rac 1-2 MQ 5~8 MQ

MOSFET and Diode Reference Specification

PFC MOSFETs

Voltage Rating Part Number

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

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

Boost Diodes
600 V | FFPO8H60S, FFPF10H60S, FFP08S60S, FPFO8S60SN, BYC10600
PWM MOSFETs

500 V FQP/PFON50C, FQPFIN50C, FQP13N50C, FQPF13N50C, FQA13N50C, FDP18N50, FDPF18N50,
FDP20N50(T), FDPF20N50(T)

600 V FCP11N60, FCPF11N60, FCP16N60, FCPF16N60, FCA16N60, FCP20N60S, FCPF20N60S,
FCA20N60S, FCP20N60, FCPF20N60, FCA20N60

© 2009 Fairchild Semiconductor Corporation
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