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Design Guideline for
3=-Channel Interleaved CCM
PFC Using the FAN9673

5 kW CCM PFC Controller

AN4165/D

INTRODUCTION

The interleaved boost Power Factor Correction (PFC) power factor correction, the FAN9673 enables the design of
converter has become the topology of choice for a power supply that fully complies with the IEC61000-3-2
high—power applications due to the improved efficiency that specification. The FAN9673 also features an innovative
can be achieved through load current sharing. By sharing the channel management function, which allows the power
load current in more than one balanced phase, the RMS level of the slave channels to be loaded/unloaded smoothly
current stress, current ripple, and boost inductor size per according to the voltage on CM pin, thereby improving the
phase can be significantly reduced. Therefore, the heavy PFC converter’s load transient response.
load efficiency can be significantly improved, which allows This application note presents practical design
for the selection of cost effective power MOSFET and boost considerations for a 3—channel interleaved CCM boost PFC
diode as well as improved longevity of the power supply. employing the FAN9673. It includes the procedure for

The FAN9673 advanced PFC controller is an optimal designing the boost inductor and output filter, selecting
solution for implementing high—power PFC (above several components, and implementing average current mode
kilowatts). The FAN9673 is a Continuous Conduction Mode control. The design procedure is then verified through an
(CCM) PFC controller for a three—channel interleaved experimental 5 kW prototype converter. Figure 1 shows the
boost-type pre-regulator. typical application circuit of the PFC converter.

Incorporating circuits for the implementation of
leading—edge modulation, average current mode, boost—type
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Figure 1. Typical Application Circuit of FAN9673
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DESIGN PROCEDURE

In this section, a design procedure is presented using the
schematic of Figure 1 as the reference. A 5 kW rated output
power, three—channel CCM interleaved PFC with European
input range (high-line single range) is selected as a design
example. The design specifications are as follows:

Table 1. DESIGN SPECIFICATIONS

Line Voltage Range 180 ~ 264 Vg
Line Frequency 50 Hz
Nominal PFC Output Voltage Vppc =393V
Minimum PFC Output Voltage Vpgg2 = 350 V
Output Power Po =5 kW
Number of Channel 3
PFC Output Voltage Ripple 5%
Switching Frequency fsw = 40 kHz
PFC Efficiency n>0.95
Brownout Line Voltage 160 Vac
Brown-in Line Voltage 170 Vac
Channel Management Method External Signal from MCU

[STEP -1] Estimate Input Rated Power and Output
Current

The overall system is comprised of three parallel boost
PFC stages, as shown in Figure 2, so the input power of the
PFC stage is given as:

POUT—TOT
Py = = (eq. 1)
where 1) is combined efficiency of the PFC stages.
The output current of PFC stage is given by:
Pour-Tor
lour—ToT = TFC (eq.2)

The output current of each boost stage is given by:

Pour-Tot
- eq. 3
lour Vpec X Channel Number (ea.3)
lour lout-TOT

Pn o } ek 2 -0

el Pour-tor
[ -->
| V
—] Boost PFC Fre
o 0

Figure 2. PFC Stage Configuration

Design Example
P = M = 3000 _ 5063w (eq.4)
Pout = Gramatminser = 30 = 1657 @9
lout—ToOT = PO%;;OT = % =1227A (eq.6)
lour = IOUTTJOT = % =424 A (eq.7)

[STEP -2] Frequency Setting

The internal oscillator frequency of the FAN9673 is
determined by the external resistor RRI on the RI pin. The
switching frequency is determined by the timing resistor
RRI, calculated as:

8 x 108
fow = TR (eq. 8)
The guaranteed switching frequency ranges are

18 kHz ~40 kHz and 55 kHz ~75 kHz.

Design Example
RRy of 20 k< is selected to obtain 40 kHz switching
frequency.

_8x108 _ 8 x 108

Ry = = eq. 9
Rl fow 40 x 108 (¢a-9)

= 20k

[STEP -3] V|y Range & Rjac Setting

The FAN9673 senses the peak value of line voltage using
the IAC pin, as shown in Figure 3. The peak value of the line
voltage is obtained by a peak detect circuit using a
sample—and-hold method. Meanwhile, the instantaneous
line voltage information is obtained by sensing the current
that flows into the IAC pin through Rjac.

Ryac should be selected according to the input voltage
range. For universal AC input (85 V ~ 264 V), Vy1r should
be set < 1.5 V and Rypc should chosen as 6 MQ. If the input
is high—voltage single-range AC input (180 V ~ 264 V),
Vyir should be set > 3.5 V (maximum is 5 V) and Riac
should be chosen as 12 MQ. Vyir should be determined
based on the AC input range. The setting of Vyr influences
gain of the gain modulator, RDY-pin hysteresis, and the
brown—in/out hysteresis.

Vpc = 85V ~ 265V = Rjyc = 6MQ, Vg < 15V
Vpc = 180V ~ 265V = Rjpc = 12MQ, Vyg > 35V
(eq. 10)
The Vyir can be set according to the equation below:

Vvir = lvir X Ry (eq. 11)
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Figure 3. Line Sensing Circuits

Design Example
The PFC is designed for high-voltage single-range AC
input (180 V ~ 264 V). Rjac should be chosen as 12 MQ and
Ryir is:
Vyr = lug X Ryg = 10 1A X 470kQ = 47V > 35V
(eq. 12)

470 kQ is selected for RVIR for the AC input range of
180 V~264 V.

[STEP-4] PFC Inductor Design
The duty cycle of the boost switch at the peak of line
voltage is given as:

Vpeg — V2V

D|_ - PFC LINE (eq 13)
Verc

Then, the maximum current ripple of the boost inductor at

the peak of minimum AC line voltage is given as:

= —
Y2ViNE-min % Verc — V2Vine-min «
L \

Al = @
(eq. 14)

PFC PFC

The average of boost inductor current over one switching
cycle at the peak of the line voltage for minimum AC input
is given by:

/2Pour
IL-ave = Vv

EEE— T (eq. 15)
LINE-MIN X M

Figure 4. Inductor Current

For a given current ripple factor (Kgp=DI} /I avG), the
boost inductor value can be obtained as:

VPFC _ ‘/EVLINE— MIN

—
Y2ViNE-miIN %
\

=
PFC K
RF x IL*AVG

1
X —
fSW

(eq. 16)

PFC

The maximum current of boost inductor is:

2P
__PPor s
ViNE-MIN X T

KRF

K
IL—F’K = IL*AVG X (1 + T) ﬁ)

2
(eq. 17)

Design Example

The average of the boost inductor current over one
switching cycle at the peak of the minimum AC line (assume
it’s brownout of PFC) is obtained as:

| __2XPoyr _ /2 x 1667
L-AVE = Ve XN 160 x 0.95

= 155A
(eq. 18)
The boost inductor is obtained as:

2V iNe— i % Verc — /2Vie iy 1

PFC ™ Kee X IL_ave Verc fsw
_ _/2x160 398 -/2x160 1 _ .00
155 x 1565 393 40 x 103 "
(eq. 19)
The maximum current of the boost inductor is given as:
PPy Kar
EPK Ving-min X M 2
/2 x 1667 1.55
j— v - =
=160 x 095 < (1 +75 ) = 2751 A
(eq. 20)

lout—ToT

, PFC-RIPPLE on fLINE COUT

AN :

Figure 5. PFC Output Voltage Ripple
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The output voltage ripple should be considered when
selecting the PFC output capacitor. Figure 5 shows the line
frequency ripple on the output voltage. With a given
specification of output ripple, the value for the output
capacitor can be obtained from:

lout—ToT
21 \ne Verc-RiPPLE

Cout > (eqg. 21)
where Ioyt_ToT is nominal output current of the boost PFC
stage and Vppc-rIppLE is the peak—to—peak output voltage
ripple.
The hold—up time should also be considered when
determining the output capacitor value:
2 X Poyr—_to1 * thowo

Cour > Vo 2_vy 2
PFC — YPFC-MIN

(eq. 22)

where Poyr-ToT is nominal output power of boost PFC
stage; tgorp is the required holdup time, and Vprc_min is
the allowable minimum PFC output voltage during the
hold—up time.

Design Example
With peak—to—peak voltage ripple specification of 5% of
Vprc, the capacitor should be:

IOUT*TOT
LINE VPFC —RIPPLE

Cour > ot

_ 12.72
2n X 50 X (393 X 5%)

= 2060 uF
(eq. 23)
Assuming the minimum allowable output voltage during
one cycle (15 ms) drop—out is 300 V, the capacitor value
should be:

2 X Poyr_vot X tholp
2 2

Cour >

Verc™ = Verc-min

_ 2x5000x 15 x 10-8
3932 — 3002

= 2327 uF
(eq. 24)

In this case, three parallel connected capacitors of 680 mF
are selected for the PFC output capacitor. In this design
example, the target application for the three—channel PFC is
a home appliance power supply, so there is no hold—up time
requirement.

[STEP-6] Output Sensing & PVO Setting

To improve system efficiency, the FAN9673 incorporates
the programmable PFC output voltage function (PVO). As
shown in Figure 6, when the PFC output voltage is much
higher than the peak voltage of the AC input, the user can
send a DC signal from the MCU to the PVO pin to decrease
the PFC output voltage.

It is recommended that the PFC output voltage is set at
least 25 V higher than the peak voltage of AC input.
Moreover, it is necessary to consider other factors closely
related to the PFC output voltage regulation, such as
hold—up time, PF, and THD standard of input current.

The relationship between Vpy and the feedback voltage
target for regulating the PFC output voltage is:

Vv
Vespre = VRer — _ZVO (eq. 25)
Once the desired PFC output voltage, Vprc2, for low AC
input is determined; the required DC voltage level Vpyq is

given by:

Voo = 4 X (V Vel Reas )
PVO — REF — VYPFC2 /
Rest * Reso + Reas
(eq. 26)
V
> PFC
— Vo
. A
— 4 393V '
zz !
)
Res 354V ' '
o 1 1
v External
Signal
MCU) <
( ) SR
PVO
3 Rrez
P Veserc
FBPFC 4
3 Reres
Voltage Protection
v

Figure 6. Two-Level PFC Output Block

Design Example
Set the PFC output level at 393 V, Rgp3 = 23.7 k€2:

Resa(Verc — VRer)

Reg1 + Rege = T Veer

_ 23.7 x 103(393 — 2.5)

55 = 3.7 MQ

(eq. 27)
Set Vppcz = 350V for low input AC 200 V, the required
VPVO is:

Regs )
)
Rrgr + Reg2 + Reas

Vevo = 4 % (Veer — Vprcal

23.7 x 108
3.7 x 106 + 23.7 x 103

=4 x (2.5 — 350( ) = 1.09V

(eq. 28)

The PVO function is used to change the output voltage of
PFC, Vppc, which should be kept at least 25 V higher than
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[STEP-7] Current-Sensing & Current-Limit

Vin Verc
A0 bt
—_
X 2 I I
O +|
Rcs zzz
o—
X 2
O
IEA
RIACE Rn
9 Cr
| I Cn
OPFC
]% RFB1+FEZ:E
S
Cv2
Cv1 J—
FBPFC &
>
s

Figure 7. PFC Control Circuits

Figure 7 shows the PFC control circuits. The first step in
control-circuit design is to select the current—sensing
resistor of the PFC converter, considering the control
window of voltage loop. Since line feed—forward is used in
FAN9673, input-voltage term in control signal is eliminated
and the output power is proportional to the output of
voltage—control error amplifier, Vyga, as:

Vyga — 0.6

Pour(Vvea) = Pour-max X i/ (eq. 29)

vea-sat ~ 0.6

The Pour-max term should be calculated from maximum
current command generated by the gain modulator at
VvEea-sar. It is simplified as below:

2
Vine-mn~ X Gyax X Ry
Riac X Res

Pour-max = (9. 30)

The Ry is the output resistor of for multiplier to transfer
the current command to a voltage type signal. Gpax, which
is 2, is derived from coefficients of the internal control loop
and pre—assumed Vyga level around 4~5V at the
Pour-max condition.

Design Example

Setting the maximum power limit of each PFC stage as
2.167kW (130% of full load per channel), the current
sensing resistor is obtained from:

2
_ Vine—min~ X Guax X Ry
Riac X Pout—max

RCS

1602 x 2 x 7.5 x 103

= = 0.0147 Q
12 x 108 x 1.3 x 1667

(eq. 31)

A 15 mQ resistor is selected.

Viumirz = Saturation Protection
> v

Non-Saturation

\Z
PFC cs
Command
Gmi+

Casefl: Case2: Case3:

Max. Power (Normal), > Max. Power (Abnormal), > Max. Power (Abnormal),

VVEA-MAX =6V VyEA-MAX ‘B" =6V AC cycle drop, as left case,
AC cycle drop but user uses wrong choke
VyEA = 6V, but peak detector which can not afford current at
in transition, current command Max. current command.
clamped by Vimim

Right design, Right design at Wrong design at
max power abnormal test,
s abnormal test, but
limited by command from rotect by V
Vyea Multiplier clamp P YV iLmirz

by Viumir

Figure 8. ILIMIT and |L|M|T2 Function

The FAN9673 has three factors of current limit to protect
from output over—current and inductor saturation: VEa,
ViLvit, and Viuimit2. VEA controls average delivered power.
Vvt clamps maximum current command generated by the
gain modulator. ViLimit2 set pulse-by—pulse current limit.
We had dealt with Vea with designing Rcs. ILIMIT and
ILIMIT?2 pins sourcing mirrored current from RI pin. The
user can program the current limit thresholds ViLmvir: and
ViLivir2 by connecting resistors, Rummvir and Riuivir2 on those
two pins.

lg * 1.2V

| RI
5 —ww——oIn
T
]
3 ILIMIT |
L
< PR T Riumr
5= i Vy ‘ 4 I
Gain Modulator ~ ~ — I

Figure 9. Internal Block of Iy it

Generally, Vi vrT should be triggered before Vi v
during increasing of output power, because I viT2 is used
to prevent saturation of the inductor from damaging
switches.

It is typical to set the maximum power limit of the PFC
stage to around 120% ~ 150% of full load, such that the
VvEa is around 4 ~ 4.5 V.

Resistor Ry imiT can be calculated from:

F’IN

homr X Biumr
4 X VNE-MIN

=18x2x3 X Rgg
(eq. 32)

where “3” is channel number of FAN9673, and 1.8 is
a chosen clamping ratio.
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Regarding the choice for ILmvir2 level, the user can use
150% of maximum power as the setting. It’s used to protect
the switching devices. User can also use the maximum
current rating of the semiconductor device with 10% to 20%
de-rating as the limit level. ILivir2 setting is obtained as:

humr X Riumr = 150% X Vg _py (eq. 33)
Design Example
Ves_pk = Rgs X I _px = 0.015 x 27.51 = 0.413V
(eq. 34)

fow = 40 kHz is selected. Mirrored Iy ivrro2 and Iy v are:
1.225

1.2 x 1.0208 _ _ s

oy = 278 = S L2~ 613 x 10704
(eq. 35)

1.2 x1.03125 _ 1.2375 _ s

e = TE R = 52 = 619 X 1079 A

(eq. 36)
150% X Vos_pk _ 1.5 x 0.413
R - = 15x0418 _ 4540
HMIT2 L 619 x 105

(eq. 37)

A 10 kQ resistor is selected for setting VipimiT2-
The setting of Vi vy is obtained as:
1.8 x (Pn/3) X V2 X Rgg 4

X

VLINE*MIN

Riumr = ]
ILmIT

_ 1.8 x 1754 x /2 x 0.015 4

160 613 x 105 2/ 3k

(eq. 38)
A 30 kQ resistor is selected for Ry vt

[STEP-8] LS & GC Design

I

| |
| |
ﬂ e

ton torr

Figure 10. LPT Function for Inductor Current at torg

The Linear Predict (LPT) function, shown in Figure 10, is
used to anticipate the behavior of inductor current in the
switch turn—off region. The Gain Change (GC) pin and LS
pin are used to adjust the parameters of LPT function. LS
sets emulated inductance value, and GC aligns sensed input
and output voltages, from IAC and FBPFC pins. The LS
resistance can be determined by following equation. Note
the Ris value need to be within 12 ~ 87 kQ.

Lpec
(Reg1 + Rego+ Regs)

R (eq. 39)

Ris =

1.5 x 1079 x Rgg X
FB3

Gain change is to use to adjust the output of the gain
modulation. The resistor value is given by:

6 x 106
(RFB1 +Rego+ Regs

RGC -

(eq. 40)
Ress
Design Example

Inductance of 100 uH is selected. Rig and Rgc are
obtained as:

100 x 10-6

R = = 23.8 kQ

_ 3.7x106+23.7x 103

9 \

1.5 x 1079 x 0.015 X ( 53.7 x 108
(eq. 41)
6 x 106
R = = 38.19 kQ
GC ,3.7><106+23.7><103)

23.7 X 103 (eq 42)

Ris and Rgc are 28.4 k€2 and 38.2 kQ2 used.

[STEP-9] PFC Current Loop Design
The transfer function that relates the duty cycle to the
inductor current of boost power stage is given as:

Verc

=X L Lo (eq. 43)

N

The transfer function relating the output of the current
control error amplifier to the inductor current—sensing
voltage is obtained by:

Rosn X Verc

- _—CSn” PRC (eq. 44)
Veamp X 8 X Lpgc

Vesn
Viea

where Vrawmris the peak-to—peak voltage of the ramp signal
for the current—control PWM comparator, which is 5 V. Rcsn
is current—sensing resistor of each channel.

The transfer function of the compensation circuit is given
as:

s
Viea a 2nf, T+ 2nf ,
Vesn S 14— (6. 49)
" 2nf|P
where
G 1 1
= 22C,0; 12 = 2 x R x gy 4 P = 2a xR x Croy

(eq. 46)

Gwi is transconductance of current-loop error amplifiers
in FAN9673. The procedure to design the feedback loop is
as follows:

1. Determine the crossover frequency (fic) around
1/10th ~ 1/6th of the switching frequency. Then
calculate the gain of the transfer function of
Equation (46) at crossover frequency as:

_ Ros X Verc
@i=fc  Veamp X 27fic X Lpgc

‘VCSn
Viea

(eq. 47)
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2. Calculate Ric such that it makes the closed loop
gain unity at crossover frequency:

1
Vcs

R = ‘
VIEAl@f=1,g

(eq. 48)

M X

3. Since the control-to—output transfer function of
the power stage should have —20 dB/decade slope
and —900 phase at the crossover frequency of 0 dB
as shown in Figure 11, it is necessary to place the
zero of the compensation network (fiz) around one
third (1/3) of the crossover frequency so that more
than 45° phase margin is obtained. So, the
capacitance Cici is determined as:

1

C =s——F5 (eq. 49)
IC1 .
Ric x 2nf; /3
60dB [Control-td-outpu_
~ Closed Lpop Gain
40dB ——
Compefsation\| \
20dB R
D fip
0dB >
fizl  fic \\
-20d . \
—~40dH -
10Hz 100Hz 1kHz 10kHz 100kHz  1MHz

Figure 11. Current Loop Compensation

4. Place high—frequency pole (fir) 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

Cice = 57 % fo X Rg (eq. 50)
Design Example
Set crossover frequency as 4kHz:
Vosn| _ 0.015 x 393 _ 0469
NIEA'@f:flC 5 X 2w X 4000 x 100 x 106 ( ' 51)
eq.
1 1
R = = = 24.2kQ
1c ‘Vﬁ‘ 88 x 10-6 x 0.469
Mi VIEA (eq 52)
_ 1 _ 1 _
Ciet = Ric X 2nfc /8~ 24.2 x 108 x 21 x 4 x 103/3 498 nf
(eq. 53)
_ 1 _ 1 _
Cicz = r x fp X R~ 21 x 4 x 104 x 24.2 x 103 0-16 nF
(eq. 54)

Use 24.3 k2 for Ryc, 4.7 nF for Cjc1, and 150 pF for Cic.

[STEP-10] PFC Voltage Loop Design

Since FAN9673 employs line feed—forward control, 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:

<

PFC

VEA

lout—Tor X Kuax 1
5 *sC
SLout

n

(eq. 55)

<>

where Kyax = Pout™AX/Pout and 5 V is window of error
amplifier’s linear range (5.6 V-0.6 V=5 V)

60dB
Closed-Lpop Gain

40dB \

T . Confrol-to-Outpu

20dB

A
fye -~
5 \{ o

-20dB;

fvz \'\
Compengation

1Hz 10Hz

Figure 12. Voltage Loop Compensation

-40dB

100Hz 1kHz 10kHz

Proportional and integration (PI) control with
high—frequency pole 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 12.

The transfer function of the compensation network is
obtained:

s

) 145

Vooup _ 2y, 2nty, 5

Verc - s 1+ 5> (6a. 56)
2rfyp

where:

fo= 2.5 % Gy fo= 1
VI Vou © 21Cygy " V2 21 X Ryg X Cyy

_ 1
e = 20 % Ryc X Cyco

(eq. 57)
Gy is transconductance of voltage—loop error amplifier.
The procedure to design the feedback loop is as follows:
1. Determine the crossover frequency (fvc) around
1/10~1/5 of the line frequency. Since the
control-to—output transfer function of power stage
should have —20 dB/decade slope and —90° phase
at the crossover frequency, as shown in Figure 12,
it is necessary to place the zero of the
compensation network (fvz) around the crossover
frequency so that 45° phase margin is obtained.
Then, the capacitance Cvci is determined as:
Gy X lour-Tor X Kuax . 255

= X eq. 58
5 x Cour X @nfy0)2  ~ Vere (6a. 59

CVC1

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

1

Rve = 2n X fye X Cyeq (ea. 59)
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2. Place compensator high—frequency pole (fyp) at
least a decade higher than fyc 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 Cycz
is determined as:

1

Cvez = zrx fup X Ryg (eq. 60)
Design Example
Set the crossover frequency as 20 Hz:
100 X 1076 x 12.72 x 1.3 25 _
Cver = 5 % 2040 x 10-6 (@n x 20)2 393 65.35 nF
(eq. 61)
Ry = ! = 121kQ
V€ ™ 27 x 20 x 65.35 x 109
(eq. 62)
Cyco = 1 = ! = 6.58 nF
VG2 7 2m x fye X Ry~ 21 x 20 x 10 x 121 x 108
(eq. 63)

Use 118 k2 for Ry, 68 nF for Cy 1, and 6.8 nF for Cyc).

[STEP-11] Channel Management Control

Figure 13 shows the CM pin control with an external
voltage signal. The Vvea control voltage is generated by
voltage—loop error amplifier and is proportional to average
of input power. When Vewm is pulled LOW to 0V, the PFC
channel is enabled. When the Vewmis pulled HIGH and over
4V, the channel is disabled. Figure 14 shows that channel 3
is disabled by an external signal when the system is
operating at half-load condition.

V (V)
5 A

VovM-LIMIT @V) f—m — — e ——— — e — — — —
Vewm

Vvea

o
v

100

v

Figure 13. Channel Management by MCU

Full load, all channel operation

1
s /\/\
i U 4’
» /\/\
0 . >
' [
[ ' f
[ ' '
[ ' 1+ Mid. load, disable channel 3 by external signal
] ' [ - -
Is ' PR RS
' oo —>
It () _/\ 120° > 180°
BN
L1 .Z:/\ >
0° 120°  240°

Figure 14. Phase Change of External Signal Control

Figure 15 shows an external circuitry used to change the
slope of Vemzs. When Vemzsis between 4 V ~ 0V, changing
the slope of Vemzss can affect the overshoot/undershoot of
the PFC output voltage during increase/decrease the
loading, as shown in Figure 16. This method significantly
improves the dynamic load performance of the PFC
converter.

CM2/3

R=5k~10kQ

i

C=470pF_

' '
—\:_:/_chz 3
' '

Figure 15. Circuity for Channel Management by MCU

Direct

Vewm /‘ﬁ\

Vac

Indirect

It

e ANVWIAA. AN

Vo vﬁvﬁvﬁmw*‘&—vﬁ%
Figure 16. Channel Management by MCU
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[STEP-12] Soft Start

Figure 17 shows the soft start (SS) waveform. FAN9673
uses soft-start voltage, Vss, to clamp the PFC power
command of voltage loop, Vvea. To increase the soft—start
time, the value of the soft—start capacitance Css can be
increased.

Cow = lss X tsg
ss =
Vss

(eq. 64)
Design Example

Assuming that Vyga is out of clamping by Vgs at 5V,
design soft—start time tgg as 100 ms. Since Igg is 20 uA, the
required soft—start capacitor value is:

lss X tss _ 20 x 10-6 x 100 x 10-3
Vs 5

CSS -

= 0.4 uF
(eq. 65)

0.47 uF is selected for Cgs.
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Figure 17. Soft-Start Waveform

[STEP-13] R_pk Setting
The relationship between input voltage and Vipkis shown
in Figure 18. The peak—detection circuits identify the ViN
information from the Iac current and represent it on Viek
through a ratio. Note that the maximum Vvrpk can’t be over
3.8 V when system operation at maximum AC input.
VIN.F'K RRLPK
100 12.4k
As with the below design example, assume the maximum
Vinpk at 373 V (264 V AC). The relationship of
VINPK/VLPK is 100, then the Vi pg =3.73 V<38 V.

Vipk = (eq. 66)

17

Peak
Detector

Figure 18. Soft-Start Waveform

Design Example
Assuming the Vipgk is 3.73 V when Vnpk is 373 V,
(AC264V):

100

o = 124 kQ
Vin.pK

Rpipk = 12.4k X V| pk X (eq. 67)

[STEP-14] Line Sensing for Brown-In/Out

The FAN9673 has an internal AC UVP comparator that
monitors the AC input voltage and disables PFC stage when
the Vigo is less than 1.05 V for 450 ms. If the Vgigo
voltage is over 1.9 V/1.75 V, the PFC stage will be enabled.
The VIR pin is used to set the AC input range, as shown in
Table 2.
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Figure 19. Brown-In/Out Circuits
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Table 2. AC INPUT RANGE WITH CONTROLLER
SETTING

Input Rvir Riac Brown-In/

Range AC (V) | Setting | Setting Out Level
Full-Range | 85~264 | 10kQ | 6 MQ AC 85V/75V
HV-Single | 180 ~264 | 470kQ | 12MQ | AC 170 V/160 V

The FAN9673 senses average value of the input voltage
using the BIBO pin as shown in Figure 19. The average
value of the input voltage is obtained by an averaging circuit
using a low—pass filter with two poles.

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

_
V2 X Ry 2
VeisoL = VuNeMIN % Rprip + Rgs + Ry 1
(eq. 68)
/2 x Rga

\% + AV <V X
BIBO.L BIBO LINE.BI
Rgi+o + Rgg + Rg,

(eq. 69)

where VN MmN and Vi Ng.Br are specified brownout/in
threshold in r.m.s. value.

When Vac is full range input (universal input), the
brown-out/in thresholds VeiBo-rL and VBiBo-FL + AVBIBO-F
are 1.05 V and 1.9 V. But if the Vac is high—voltage
single-range input (180 ~ 264 V AC), the brown—out/in
thresholds of VeiBo-uL and VaiBo-HL + AVBIBo-H become
1.05Vand 1.75 V.

It is typical to set Re3 as 10% of Rsi+2. The poles of the
low—pass filter are given as:

1

2x X Cgy X Rpj (eq. 70)

fpy =

1

2n X Cg, X R, (eq. 71)

fpo =

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

Design Example

The brownout protection thresholds are 1.05 V
(VBBo-HL) and 1.75 V (Vpo-HL + AVBIBO-H)
respectively. The scaling down factor of the voltage divider
is:

Res _ VeiBo-HL y T

Rgir2+ Res T Rea  Vinewn 2 x /2
=105 T — 7289m
160 5 « /o (eq. 72)

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

_
/
V2 X Vi neg X Ry

=170 x /2 x 7.289 m = 1.752 > 1.75V
Rgi1» + Rgz + Rpy

(eq. 73)
The resistors of the voltage divider network are selected
as RBl = RBZ =1 MQ, RB3 =200 kQ, RB4 =16.2kQ. To place
the poles of the low—pass filter at 15 Hz and 22 Hz, the
capacitors are obtained as:

1 1

Co1 = 5 X fpy X Rgg _ 27 x 15 x 200 x 103~ 2 "F

(eq. 74)

Cop = 1 - 1 = 447 nF
B2 = 21 X fpp X Rgs 21 x 22 x 162 x 100

(eq. 75)
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DESIGN SUMMARY

Output Input Output Voltage/ ® Switch—Charge Technique of Gain Modulator for Better
Application Power Voltage Output Current PF and Lower THD
Single-Stage | 5000 W | 85~264 Vac | 393 V/12.72A ® 40 kHz Low Switching Frequency Operation with
Three-Channel IGBT
PFC ) .
® Protections: Over—Voltage Protection (OVP),
Features gnder—.VoltaIlge Pro;e;tlon (USVP), apd ?)ver—C.urrent
. rotection (ILmit), Inductor Saturation Protection
® 180V ~264 V AC, Three—Channel PFC Using a ) ( ),
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Figure 20. Final Schematic of Design Example
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APPENDIX
Table 3. PARAMETERS OF FAN9673 EVALUATION
BOARD

Vpp Maximum Rating 20V

Vpp OVP 24V

Voo UVLO 10.3V/128V

PVO ovV~1V

PFC Soft-Start 106 ms

Brown-In/Out 170 V/160 V

Vggprc for RDY 2.4V/1.55V (96% / 62%)

Table 4. MOSFET AND DIODE REFERENCE

SPECIFICATION

IGBTs
Voltage Rating
600 V (IGBT) FGH40N60SMDF
Boost Diodes
600 V FFH30S60STU

System Design Precautions

Pay attention to the inrush current when AC input is first
connected to the boost PFC convertor. It is recommended
to use NTC and a parallel connected relay circuit to reduce
inrush current.

Add bypass diode Dsrto provide a path for inrush current
when PFC starts up.

The PFC stage is normally used to provide power to a
downstream DC-DC or inverter. It’s recommend that
downstream power stage is enabled to operate at full load
once the PFC output voltage has reaches a level close to
the specified steady—state value.

The PVO function is used to change the output voltage of
PFC, Vrrc. The Vercshould be kept at least 25 V higher
than VIn.

www.onsemi.com

12


http://www.onsemi.com/

AN4165/D

LAYOUT GUIDE

® The current—sense resistor and current—sense filter

(Cr1, Cr2) should be as close to the CS+/CS— pins as
possible. (1)
Similar to other power management devices, when

laying out the PCB, it is important to use star grounding

techniques and to keep the filter capacitor and control
components to the controller IC and its GND pin as
close as possible. (2, 3)

Keep high—current power ground paths separate from

the signal ground path. Make a single—point connection

from signal ground to the power ground. The
single—point connection is preferable to be close to
FAN9673’s GND and the power ground close to the
current—sensing resistors. (4, 5)

Keep the routing of the current-sense signals and the
routing of the single—point ground connection as close
as possible.

Place the external gate drivers close to the power
switches. Keep the PCB tracks for the power switches’
gate drive short and wide to handle the peak value of
gate drive current.

With non-isolated gate driver, the return path for the
OPFC gate drive currents go through the power ground.
Minimize the loops between the OPFC driver outputs,
external gate—driver buffer transistors, current—sensing
resistor, and power ground to avoid inducing noise.
That is, keep the controller to the switching devices as
close as possible. (6)

To minimize the possibility of interference caused by
magnetic coupling from the boost inductor, the device
should be located at least 2.5 cm (1 inch) away from the
boost inductor. It is also recommended that the device
not to be placed underneath the magnetic components.
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RELATED PRODUCT INFORMATION

® FAN9673 - Three Channels Interleaved CCM PFC
Controller

® FANG6982 — CCM Power Factor Correction Controller

® AN-8027 — FAN480X PFC+PWM Combo Controller
Application
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