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FAIRCHILD.

FAN967/3

Features

"  Continuous Conduction Mode Control

®  Three-Channel PFC Control (Maximum)

®  Average Current-Mode Control

"  PFC Slave Channel Management Function

®  Programmable Operation Frequency Range:
18 kHz~40 kHz or 55 kHz~75 kHz

®  Programmable PFC Output Voltage
®  Two Current Limit Functions

®  TriFault Detect™ Protects Against Feedback
Loop Failure

®  Sag Protection

®  Programmable Soft-Start

"  Under-Voltage Lockout (UVLO)

® Differential Current Sensing

®  Available in 32-Pin LQFP Package

Applications

®  High Power AC-DC Power Supply

®  DC Motor Power Supply

®  White Goods; e.g. Air Conditioner Power Supply
®  Server and Telecom Power Supply

= UPS

®  Industrial Welding and Power Supply

June 2016

Three-Channel Interleaved CCM PFC Controller

Description

The FAN9673 is an interleaved three-channel
Continuous Conduction Mode (CCM) Power Factor
Correction (PFC) controller IC intended for PFC pre-
regulators. Incorporating circuits for the implementation
of leading edge, average current, and “boost’-type
power factor correction; the FAN9673 enables the
design of a power supply that fully complies with the
IEC1000-3-2 specification. Interleaved operation
provides substantial reduction in the input and output
ripple currents and the conducted EMI filtering becomes
easier and cost effective.

An innovative channel management function allows the
power level of the slave channels to be loaded and
unloaded smoothly according to the setting voltage on
the CM pin, improving the PFC converter's load
transient response.

The FAN9673 also incorporates a variety of protection
functions, including: peak current limiting, input voltage
brown out protection, and TriFault Detect™ function.

Ordering Information

Part Number Oueiei Package Packing Method
Temperature Range
FAN9673 ] - Tra
Q -40°C 10 105°C 32LD, LQFP, JEDEC MS-026, Variation BBA, y
FAN9673QX 7 mm Square Tape & Reel

© 2013 Fairchild Semiconductor Corporation
FAN9673 « Rev. 1.4 1
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Typical Application
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Figure 1.

Typical Application Diagram for Three-Channel PFC Converter
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Block Diagram
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Figure 2.

Functional Block Diagram
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Pin Configuration / Marking Information
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F — Fairchild Logo

Z — Plant Code

X — 1-Digit Year Code

Y — 1-Digit Week Code

TT — 2-Digit Die Run Code
T — Package Type (Q:LQFP)
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Figure 3. Pin Layout (Top View)

Pin Definitions

Pin #| Name Description

1 BIBO |Brown In /Out Level Setting. This pin is used for brown in /out setting.

Programmable Output Voltage. DC voltage from a microcontroller (MCU) can be applied to this
2 PVO | pin to program the output voltage level. The operation range is 3.5V ~ 0.5 V. If Vpyo < 0.5V, the
PVO function is disabled.

Current Command Clamp Setting. Average current mode is to control average value of inductor
3 ILIMIT | current by a current command. Connecting a resistor and a capacitor to this pin can determine a
limit value of the current command.

Setting of Gain Modulator. A resistor, connected from this pin to ground, is used to adjust the
4 GC |output level of the gain modulator. A small capacitor connected from this pin to GND is
recommended for noise filtering.

Oscillator Setting. There are two oscillator frequency ranges: 18 k~40 kHz and 50 k~75 kHz.
5 RI A resistor connected from RI to ground determines the switching frequency. A resistor value
between 10.6 k ~ 44.4 kQ is recommended.

Ratio of Vi pk and Vin. Connect a resistor and a capacitor to this pin to adjust the ratio of Vv peak
6 RLPK |to Vipk. Typical value is 12.4 kQ (1:100 of Vi pk and Viy peak). The accuracy of Vipk is primarily
determined by the tolerance of Rrepk at this pin.

Peak Current Limit Setting. Connect a resistor and a capacitor to this pin to set the over-current
7 ILIMIT2 |limit threshold and to protect power devices from damage due to inductor saturation. This pin sets
the over-current threshold for cycle-by-cycle current limit.

Peak of Line Voltage. This pin can be used to provide information about the peak amplitude of the
line voltage to an MCU.

Output Ready Signal. When the feedback voltage on FBPFC reaches 2.4 V, the RDY pin outputs
9 RDY |a high Vrpy signal to inform the MCU that the downstream power stage can start normal operation.
If AC brownout is detected, the Vgrpy signal is LOW to signal to the MCU it is not ready.

8 LPK

Continued on the following page...
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Pin Definitions (Continued)
Pin #| Name Description

10 IEAL Output 1 of PFC Current Amplifier. The signal from this pin is compared with an internal sawtooth
to determine the pulse width for PFC gate drive 1.

1 IEA2 Output 2 of PFC Current Amplifier. The signal from this pin is compared with an internal sawtooth
to determine the pulse width for PFC gate drive 2.

12 IEA3 Output 3 of PFC Current Amplifier. The signal from this pin is compared with an internal sawtooth
to determine the pulse width for PFC gate drive 3.
Channel 1 Management Setting. This pin is used to configure the characteristic of PFC enable /

13 CM1 |disable. “PFC Enabling” pull voltage on this pin is LOW (=0 V) to enable and HIGH (>4 V) to disable
the whole PFC system.
Channel 2 Management Setting. There are two control methods for channel 2. The first uses an

14 CM2 | external signal to enable / disable channel 2 (Vcumz =0 V / Vemz >4 V). The second is linear increase
/ decrease loading of channel 2 when power level, Vyea, triggers the setting level of Vcwmz.
Channel 3 Management Setting. There are two control methods for channel 3. The first uses an

15 CM3 | external signal to enable / disable channel 3 (Vemz =0 V / Vemz >4 V). The second is linear increase
/ decrease loading of channel 3 when power level, Vyea, triggers the setting level of Vcms.
Input Voltage Range Setting. A capacitor and a resistor are connected in parallel from this pin to

16 VIR GND. When Vyr > 3.5V, the PFC controller only works for the high-voltage input range (180 Vac ~
264 Vac) and Riac must be 12 MQ. When Vyir < 1.5 V, the PFC controller works for the full line
voltage range (90 Vac ~ 264 Vac) and Riac must be 6 MQ. Voltage 1.5 V to 3.5 V is not allowed.
Setting for Current Predict Function. A resistor, connected from this pin to ground, is used to

17 LS adjust the compensation of the linear predict function (LPT). A small capacitor connected from this
pin to GND is recommended for noise filtering.

18 CS3- |Negative PFC Current Sense3 Input

19 CS3+ |Positive PFC Current Sense3 Input

20 CS2- |Negative PFC Current Sense2 Input

21 CS2+ |Positive PFC Current Sense2 Input

22 CS1- |Negative PFC Current Sensel Input

23 CS1+ |Positive PFC Current Sensel Input

24 GND |Ground
PFC Gate Drive 3. The totem-pole output drive for the PWM MOSFET or IGBT. This pin has an

25 | OPFC3 |. .
internal 15 V clamp to protect the external power switch.
PFC Gate Drive 2. The totem-pole output drive for the PWM MOSFET or IGBT. This pin has an

26 | OPFC2 |. .
internal 15 V clamp to protect the external power switch.
PFC Gate Drive 1. The totem-pole output drive for the PWM MOSFET or IGBT. This pin has an

27 | OPFC1 |. .
internal 15 V clamp to protect the external power switch.
External Bias Supply for the IC. The typical turn-on and turn-off threshold voltages are 12.8 V and

28 VDD :
10.8 V, respectively.

29 | FBPEC Voltage Feedback Input for PFC. Inverting input of the PFC error amplifier. This pin is connected
to the PFC output through a resistor divider network.
Output of PFC Voltage Amplifier. The error amplifier output for the PFC voltage feedback loop. A

30 VEA - - L
compensation network is connected between this pin and ground.

31 ss Soft-Start. Connect a capacitor to this pin to set the soft-start time. Pull this pin to ground to disable
the gate drive outputs OPFC1, OPFC2, and OPFC3.

32 IAC Input AC Current. During normal operation, this input provides a current reference for the
multiplier. The recommended maximum current on IAC, lac, is 100 pA.

© 2013 Fairchild Semiconductor Corporation
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Min. Max. Unit
Vob DC Supply Voltage 30 \%
Vorec | Voltage on OPFC1, OPFC2, OPFC3 Pins -0.3 | Vppt+0.3V \%
A Voltage on IAC, BIBO, LPK, RLPK, FBPFC, VEA, CS1+, CS2+, CS3+, _CSl-, 03 70 v
CS2-, CS3-, CM1, CM2, CM3, ILIMIT, ILIMIT2, RI, PVO, GC, LS, VIR Pins
Viea Voltage on IEAL, IEA2, IEA3, SS Pins 0 \Y
liac Input AC Current mA
lprc-opec | Peak PFC OPFC Current, Source or Sink 0.5 A
Po Power Dissipation, Ta < 50°C 1640 mw
Reja |Thermal Resistance (Junction-to-Air) 77 °C/W
T, Operating Junction Temperature -40 150 °C
Tste | Storage Temperature Range -55 150 °C
TL Lead temperature (Soldering) 260 °C
Human Body Model, 4
ESD |Electrostatic Discharge Capability |ANS/ESDA/JEDEC JS-001-2012 kv
Charged Device Model, JESD22-C101 2

Recommended Operating Conditions

19]|013U0D D4d INDD paAes|lslu] [suueyd-aalyl — €L96NV

The recommended operating conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to absolute maximum ratings.

1. Allvoltage values, except differential voltage, are given with respect to GND pin.
2. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.

Symbol Parameter Min. Typ. Max. Unit
Vbp-op Operating Voltage 15 \%
Lmismatch | Boost Inductor Mismatch -5 +5 %
Notes:

© 2013 Fairchild Semiconductor Corporation
FAN9673 « Rev. 1.4
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Electrical Characteristics
Unless otherwise noted, Vpp = 15 V and T;=-40~105°C.
Symbol Parameter Condition Min. | Typ. |Max.| Unit
VDD Section
lbp st Startup Current Vob = Vrhon - 0.1V 30 80 MA
looop  |Operating Current \Fgﬁ?::2154k\(/); Output Not Switching, 4 6 7 | mA
Vthon | Turn-On Threshold Voltage Voo Rising 12.8 \%
AVTH UVLO Hysteresis 2 3 \%
Vooove | Voo OVP Threshold oprol 8 Disabled, [EAL=3 and [ 53 24 | 25 | v
AVpp-ove | Vobo OVP Hysteresis 1 \Y
to-ovp Voo OVP Debounce Time 80 us
Oscillator®
Vri Voltage on RI Rri=25kQ 1.15 1.20 125 | V
fosc1 PFC Frequency of Rgy is 25 kQ Rri=25kQ 30 32 34 | kHz
foscz PFC Frequency of Rgy is 62 kQ Rri=12.5 kQ 58 62 66 | kHz
fov Voltage Stability 13V = Vpp = 22V 2 %
for Temperature Stability 2 %
AViea-saw3z2 | Viea-saw Of PFC Frequency 32 kHz |Rg;= 25 kQ 5 \V;
AViea-sawss | Viea-saw Of PFC Frequency 64 kHz |Rg = 12.5 kQ 5.15 \Y
Dprc.max  |Maximum Duty Cycle ViEa>7V 94 97 %
Derc-min - |Minimum Duty Cycle ViEa<1lV 0 %
francer  |Frequency Range 168 18 40 kHz
france2  |Frequency Range 209 55 75 kHz
toeap-min - |Minimum Dead Time Rri = 10.7 kQ 600 ns
VIR
Voirs ﬁ]%tltjltng;fggl for High Voltage Ruir = 500 kQ (Vi = 5 V) 35 v
Setting Level for Low Voltage
Vvir-L Input Range or Full Voltage Input |Vyr=0V 15 \%
Range
Ivir Source Current of VIR Pin 7 10 13 WA
PFC Soft-Start
lss gtc:;tstant Current Output for Soft- System Brown-in 29 UA
Vss Maximum Voltage on SS 6.8 \%
Iss- pischarge | Discharge Current of SS Pin grs)g\rl]n/ogtﬁosrﬁg,ﬂ%Ml>4 V. Rr 60 PA
Low-Power Detect Comparator
Vueaorr | VEA Voltage Off e e < 0 rres 03 v
Continued on the following page...
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Electrica

| Characteristics

Unless otherwise noted, Vpp = 15 V and T; = -40~105°C.

Symbol Parameter Condition Min. Typ. |Max.| Unit
Voltage Error Amplifier
VREF Reference Voltage PVO = GND, T; = 25°C 2.45 2.50 2.55 \%
Ay Open-Loop Gain® 42 65 dB
Gmy Transconductance Vnoninv - Viny = 0.5V, T; = 25°C 100 umho
IFBPFC-L Maximum Source Current Vesprc=2 V, Vvea= 3V 40 50 HA
lEBPEC-H Maximum Sink Current VEegprc = 3 V, Vvea= 3V -50 -40 |JA
Igs Input Bias Current Range -1 1 HA
lrgprc-re | Pull HIGH Current for FBPFC FBPFC Floating 500 nA
VVEA-H Output High Voltage on Vvea Vegpec =2 V 5.7 6.0 \%
VVEA-L Output Low Voltage on Vvea Vegpec=3 V 0 0.15 Vv
NEADLS Discharge Current Brownout, Rg; Open /Short, OTP, 10 uA
SAG
Current Error Amplifier 1~3
_ Vnoniny = Viny, Viea =4V,
G Transconductance Viowrr 0.6V, T = 25°C 88 umho
Vvea= 0.45V, Riac=12 MQ,
Vorrser | Input Offset Voltage Viac= 311V, Vegprc =2V, 0 mv
Vv|R: 5 V, TJ =25°C
VigA-H Output High Voltage 6.8 7.0 \Y,
Viga-L Output Low Voltage 0 0.4 \Y,
Vnoniny - Viny, = +0.6 V,
I Source Current Viea= 1 V. Vi >0.6 VV 35 50 WA
: Vionin - Viny, =-0.6 V, ) )
In Sink Current Viea = 6.5 V. Vs 0.6 V 50 35 WA
A Open-Loop Gain® 40 50 dB
IEA Pin Pull LOW Capability _
heatow | protection Viea>=5V 500 WA
Brown In /Out
Low Threshold of B Full
Veror | pange AG Ig;'u? OatFu Vuir < 1.5V, Riac = 6 MQ 1.00 | 1.05 |110| V
] VBigo > VBiBo-FL+AVEiBo-F, System
AVgigo-r |Hysteresis Brown-in, Start SS 850 mV
Low Threshold of BO at High >
VBIBO-HL Voltage Single Range AC Input Vvir > 3.5V, Riac =12 MQ 1.00 1.05 1.10 Y,
; Veigo > Veigo-HH +AVeigo-H, System
AVeigo+  Hysteresis Brown-in, Start SS 700 Y
tuve Under-Voltage Protection Delay 450 ms
TriFault Detect™
Veec.uvp | PFC Feedback Under-Voltage Protection 0.4 0.5 0.6 \%
Verc.ovp | Over-Voltage Protection 2.70 2.75 2.80 \Y
AVprcove |PFC OVP Hysteresis 200 250 300 mV
®) Veeprc = Vercuve to FBPFC Open,
trsprc-open | FBPFC Open Delay 470 pF from FBPFC to GND 2 ms
teeprc-uve | Under-Voltage Protection Debounce Time 50 us

Continued on the following page...

© 2013 Fairchild Semiconductor Corporation
FAN9673 « Rev. 1.4

www.fairchildsemi.com

19]]1011U0D D4d INDD paAes|isiu] [suueyd-aaiyl — €L96NV



Electrical Characteristics
Unless otherwise noted, Vpp = 15 V and T; = -40~105°C.

Symbol Parameter Condition Min. | Typ. |Max.| Unit
PFC lumir2 (CS1/CS2 /CS3)
CS1> Viumite, OPFC1 Disables
Viumrz-cs1 |Peak Current Limit Voltage Cycle by Cycle Limit, Vieal~3 Pull 1.48 \Y
LOW, Riumitz = 30 kQ, Rri= 25 kQ
CS2 > Viumit2, OPFC2 Disables
Viumime-cs2 | Peak Current Limit Voltage Cycle by Cycle Limit, Vieal~3 Pull 1.48 \%
LOW, Riumit2 = 30 kQ, Rri= 25 kQ
CS3 > Vw2, OPFC3 Disables
Viumime-csz | Peak Current Limit Voltage Cycle by Cycle Limit, Vieal~3 Pull 1.48 \%
LOW, Riumit2 = 30 kQ, Rri= 25 kQ
Output C t for Peak C t
humirz Li%ﬁlgettlijr:rgen =SS Rri=25kQ, Vri/RRri, T3=25°C 49.5 MA
Leading-Edge Blanking Time of _
tPFc-Bnk1 ILIMIT of Channel 1 Vpp = 15V, OPFC Drops to 9 V 250 ns
Leading-Edge Blanking Time of _
tPrc-Bnk2 ILIMIT of Channel 2 Vpp = 15V, OPFC Drops to 9 V 250 ns
Leading-Edge Blanking Time of _
tPrc-Bnk3 ILIMIT of Channel 3 Vpp = 15V, OPFC Drops to 9 V 250 ns
Propagation Delay to Output of
o1 | channel 1 200 | 400 | ns
Propagation Delay to Output of
02 | Channel 2 200 | 400 | ns
Propagation Delay to Output of
teps Channel 3 200 400 ns
OPFC1~3 Disabled and IEA1~3
Vumit-oren |LIMIT Open Voltage Pull LOW 3.8 4.0 4.2 \Y
luimir (Command Limit)
VIiLIMIT-R Input Range 0.2 0.8 \Y
Viumr  |Over-Power Limit Voltage Riumir = :12 KQ, Rei = 25 kQ, Viewir 0.504 Y
= Ruumir * humr/4
humi Source Current of ILIMIT Pin Rri= 25 kQ, Vri/Rri 49 pA
SAG Protection Section
1.Veiso < Vsag & Vrpy HIGH
Vsac SAG Voltage of BIBO 33 ms, or 2-VBIBO < VSAG & VrpY 0.85 \Y
Low, Brownout,
tsac-DT SAG Debounce Time Veigo < Vsag & Vrpoy HIGH 33 ms
Gain Compensation Section
Mirror Current of Iac at Full Range [Vvir=0V, Viac=127.28 V,
loc-a AC Input Riac = 6 MQ, 20.71 UA
Mirror Current of Iac at Full Range [Vvir=0V, Viac=311.13 V,
loc-2 AC Input Riac = 6 MQ, 51.86 UA
Mirror Current of Iac at High Vvir=5V, Viac=311.13 V,
loc-rv Voltage Single AC Input Riac = 12 MQ. 51.86 WA
lcc-open | Pull HIGH Current for GC Open 100 nA
Vec.open |GC Open Voltage Vec > Vec-open Viea, 2.85 | 300 |315]| V

OPFC1, 2, 3 Blanking

Continued on the following page...
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Electrical Characteristics
Unless otherwise noted, Vpp = 15 V and T;= -40~105°C.
Symbol Parameter Condition Min. | Typ. |Max.| Unit
LPK®
. Viac= 311V, Riac = 1 2MQ, VyRr >
ViekH1  |ViekOn High Voltage Input Range 35V, Ripk = 12.4 KQ, Ty = 25°C 3.168 \%
. Viac= 373V, Riac=12 MQ, VyRr >
Virk+Hz  |VipkOn High Voltage Input Range 35V, Ripk = 12.4kQ, Ty = 25°C 3.80 \%
Viac= 127 V, Riac = 6 MQ, Vyr <
VipKk-L1 Vipk on Full Range AC Input 15V, Rk = 12.4KQ, Ty = 25°C 1.29 Vv
Viac= 373V, Riac = 6 MQ, Vyr <
VipK-L2 Vipk on Full Range AC Input 1.5V, Ripk = 12.4 KQ, Ts = 25°C 3.80 \Y
Riac = 12 MQ, Vyir > 3.5V,
Vac-orr  |AC OFF Threshold Voltage After tac.ore Viea PUll LOW 32 \%
Vac-on  |AC ON Threshold Voltage Riac = 12 MQ, Vyr > 3.5 V V,:CZ-%FF Vv
RLPK
IrLpk-oren  |Pull HIGH Current for RLPK Open 100 nA
Vrerk-oren |RLPK Open Voltage RLPK Open 2.28 2.40 2.52 \%
PVO
Vevo Input Range 0.3 3.5 \%
Vpvo pis PVO Disable Voltage PVO< Vpvo pis Disable 0.2 \Y
Vpvo-cLavpe |PVO Limit Voltage FBPF_C Connected to VEA, 1.6 \Y
Vevo =4V
FBPFC Connected to VEA,
VEBPECL FBPFC Voltage 1 Vevo = 0.3 V 2.425 \Y
FBPFC Connected to VEA,
VEBPEC2 FBPFC Voltage 2 Vpvo = 3.5V 1.625 \Y
Ipvo-pischarge |PVO Discharge Current PVO Open 1 MA
OTP
Torron  |Over-Temperature Protection® 140 °C
ATotp Hysteresis(s) 30 °C
CM1 Section
lcm1 CM1 Output Current 55 MA
OPFC1~3 Disabled and IEA1~3
Vewmi-disale |PFC Disable Voltage Pull LOW and SS Pull LOW; 4 V
lcm1«Rem1 >4V
01 Phase of OPFC1 When lcwmi «Remi < 4 V or Short 0 °
02 Phase of OPFC2 When lcvi*Remi < 4 V or Short 110 120 130 %
03 Phase of OPFC3 When lcvi*Remi < 4 V or Short 230 240 250 °
CM2 Section
lomz2 CM2 Output Current 55 MA
OPFC2 Disables and IEA2 Pulls
Vemez-disable | Channel2 Disable Voltage LOW; lcm2 * Remz > 4 V or CM2 4 \%
Floating
Vewmzrange | Set VEA Unload Voltage 0 3.8 \Y,
01 Phase of OPFC1 lcm2 * Rem2 > 4V or CM2 Floating 0 °
63 Phase of OPFC3 lem2 * Rem2 >4 Vor CM2 Floating 170 180 190 °
Continued on the following page...
© 2013 Fairchild Semiconductor Corporation www.fairchildsemi.com

FAN9673 + Rev. 1.4 10

19]|013U0D D4d INDD paAes|lslu] [suueyd-aalyl — €L96NV



Electrical Characteristics
Unless otherwise noted, Vpp = 15 V and T;=-40~105°C.
Symbol Parameter Condition Min. | Typ. |Max.| Unit
CM3 Section
lcms CM3 Output Current 55 MA
OPFC3 Disables and IEA3 Pulls
Vewms-disanle | Channel3 Disable Voltage LOW when Icms * Rems > 4 Vor 4 \%
CM3 Floating
Vewmsrange | Set VEA Unload Voltage 0 3.8 \Y
*
61  |Phase of OPFCL When lcws * Rews > 4 Vor CM3 0 °
Floating
When lcmws * Remz > 4 Vor CM3 °
02 Phase of OPFC2 Floating 170 180 190
RDY Section
Vesro  |Level of Vegprc to Pull RDY HIGH ¥E§i§ OV, Brown-in, Veserc > 23 | 24 |25]| v
AVEB-RD-L Hysteresis Vepvo=0V,VRr<15V 1.15
AVrgro-w  |Hysteresis Vpvo=0V,VRr>35V 0.85
ZrpY Pull High Input Impedance T; =25°C 100 kQ
Vroy-High  |HIGH Voltage of RDY 4.8 5.0 Vv
Vrov-Low |LOW Voltage of RDY Pull High Current =1 mA 0.5 \%
PFC Output Driver1~3
Veate-cLamp |Gate Output Clamping Voltage Vpp=22V 13 15 17 \Y
VGATEL Gate Low Voltage Vpp=15V; lo = 100 mA 1.5 V
Veate-n  |Gate High Voltage Vpp=13V; lo = 100 mA 8 \%
t; Gate Rising Time Voo =15V, C.=4.7nF; O/P =2V 70 ns
to9V
tr Gate Falling Time Vop=15V; C.=4.7nF; O/P =9 V 60 ns
to2V
LPT Section
Ris Range of Inductance Setting 12 87 kQ
Voltage Difference between Vegprc _ -
VismiN and Vacp on LS Pin Vesprc — Vaco =0 V 50 mV
Gain Modulator
lac Input for AC Current®® Multiplier Linear Range 0 65 MA
BW Bandwidth®® Iac = 40 A 2 kHz
Continued on the following page...
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Electrical Characteristics
Unless otherwise noted, Vpp = 15 V and T; = -40~105°C.

Symbol

Parameter

Condition

Min.

Typ.

Max. | Unit

VRMm

Voltage of Ry (Output Current of
Gain Modulator * Ry)

Viac = 106.07 V, Riac = 6 MQ,

Vegpec=2.25V, Vego=2 V, VCM2,

Vems> 4.5V (VAC =75 V), T, =
25°C

0.490

V|Ac: 120.21 V, R|Ac =6 MQ,

Vespec = 2.25 'V, VeisBo =2V, Vewmz,

Vemz> 4.5V (Vac =85 V),
T; =25°C

0.430

V|Ac: 155.56 V, R|Ac =6 MQ,

Vespec = 2.25 V, VeisBo =2V, Vewmz,

Vemz> 4.5V (Vac =110 V),
T;=25°C

0.327

V|Ac =311.13 V, R|Ac =12 MQ,

Vegprc = 2.25 'V, VeisBo =2V, Vewme,

Vemz > 4.5 V, Vvr>3.5V (VAC =
220 V), Ty = 25°C

0.320

V|Ac =373.35 V, R|Ac =12 MQ,

Vegprc = 2.25V, VeBo =2V, Veme,

Vemz > 4.5 V, Vvr>3.5V (VAC =
264 V), Ty= 25°C

0.260

Rwm

Resistor of Gain Modulator Output

Rm = Vrm/Imo

7.5

kQ

Notes:

3. This parameter, although guaranteed by design, is not 100% production tested.

4. The setting range of resistance at the RI pin is between 53.3 kQ and 10.7 kQ.

5. The R.s and Rgc setting suggestion follows the calculation result from Fairchild documents: AN-4164, AN-4165,
FEBFAN9673_B01H1500A, FEBFAN9673_B01H2500A, and design tools.

6. Frequency of AC input should be <75 Hz.

7. LPK specification is guaranteed at state of PFC working.

8. Pull the CM pin low to ground to enable an individual channel for voltage of CM pin less than 0.2 V.
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Theory of Operation

1. Continuous Conduction Mode (CCM)

The boost converter, shown in Figure 4, is the most
popular topology for power factor correction in AC-DC
power supplies. This popularity can be attributed to the
continuous input current waveform provided by the
boost inductor and the boost converter’s input voltage
range including OV. These fundamental properties
make close-to-unity power factor easier to achieve.

L

o

Figure 4. Basic PFC Boost Converter

The boost converter can operate in Continuous
Conduction Mode (CCM) or in Boundary Conduction
Mode (BCM). These two descriptive names refer to the
current flowing in the energy storage inductor of the
boost power stage.

0A ‘ » t

Typical Inductor Current Waveform In Continuous Conduction Mode

0A f >t

Typical Inductor Current Waveform In Boundary Conduction Mode
Figure 5. CCM vs. BCM Control

As the names indicate, the current in Continuous
Conduction Mode (CCM) is continuous in the inductor.
In Boundary Conduction Mode (BCM), the new
switching period is initiated when the inductor current
returns to zero. There are many fundamental
differences in CCM and BCM operations and the
respective designs of the boost converter. The
FAN9673 is design for CCM control, as Figure 5 shows,
this method reduces inductor current ripple because the
start current of each cycle is not 0 A typically. The ripple
is controlled by the operation frequency and inductance
design. This characteristic can decrease the maximum
peak current of the power semiconductor device.

2. Gain Modulator (IAC, LPK, VEA)

The FAN9673 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, through a current
command, lvo, from the gain modulator.

RM
Average of I, = lyo =
RCS

HTTET

Figure 6. CCM PFC Operation Waveforms

The gain modulator is the block that provides the
reference to control PFC output power. The current of
the gain modulator, I, is a function of Vyea, liac, and
LPK; as shown in the Figure 7.

These are the three inputs to the gain modulator:

A current representing the instantaneous input
voltage (amplitude and wave shape) to the PFC.
The rectified AC input sine wave is converted to
a proportional current via a resistor and is fed
into the gain modulator on lac. Sampling current
liac minimizes ground noise, important in high-
power, switching-power conversion
environment. The gain modulator responds
linearly to this current.

liac

Voltage proportional to the peak voltage of the
bridge rectifier when the PFC is working. The
signal is the output of peak-detect circuit and its
input is from the IAC pin. This factor of the gain
modulator is input-voltage feed-forward control.
This voltage information is not valid when the
PFC is not working.

Vipk

The output of the voltage error amplifier, Vvga.
The gain modulator responds linearly to
variations in this voltage.

VvEa

The output of the gain modulator is a current signal, Ivo,
calculated by Equation (1):

=K x 'lA\c/ X\/ZVEA )
LPK

Ivo

The current signal, Ivo, is in the form of a full-wave
rectified sinusoid at twice the line frequency. The gain
modulator forms the reference for the current error loop
and ultimately controls the instantaneous current drawn
from the power line.

© 2013 Fairchild Semiconductor Corporation
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Input of Gain Modulation

3. Current Balance

Current matching of different channel is important topic
of interleaved control. There have several main point is
need to careful at FAN9673 of this topic.

The current control of each channel is based on sense
signal Vcs to track the current command of the
multiplier, as Figure 8 shows.

AVG
-
| I, High Inductance/Frequency
I, Low Inductance/Frequency
Figure 8. Average Current Mode Control

The main factors to system balance are layout and
device tolerance. The tolerance of the shunt resistor for
the current sense is especially important. If the feedback
signal, Vcs, has large deviation due to the tolerance of
the sense resistor; the current of the channels is
unbalanced. A high precision resistor is necessary.

High-power applications require the system current be
large, so the distance of layout trace between the
current sense resistors and the controller or power
ground (negative of output capacitor) to IC ground is
important, as Figure 9 shows. The longer trace and
large current make the offset voltage and ground
bounce differ significantly for different channels.
Decreasing the deviation can balance the different
channels. Follow the layout guidance of application
notes AN-4164 and AN-4165.

T o T

g
Gatel — LJV Gate2 —| I:

cs1 Vcs2

Rest Resz
<|—r—/\/\/\,—0 <|—T—/\/\/\,—0
Differential Differential
Sense Filter Sense Filter

I .

lclose

CS1+ Cs2-

Cs1- CS2+

FAN9673 GND

— Filter Ground
— IC GND to Power ground

Figure 9. Current Balance Factors

4. Interleaving

The FAN9673 controller is used to control three-channel
boost converters connected in parallel. The controller
operates in average-current mode and Continuous
Conduction Mode (CCM). Each channel affords one-
third the power when the system operates close to full
load or when channel management is disabled.

Parallel power processing increases the number of
power components, but the current rating of
independent channels is reduced, allowing power
semiconductors with lower current ratings to be applied.
With interleaved control, the output current ripple is
evenly distributed on channels and sequentially rippled
on the output capacitor. Output current ripple is average
share to difference sequence to output capacitor, which
can extend the life of the capacitor.

The switches of the three boost converters can operate
at three-channel / 120° out-of-phase or two-channel /
180° out-of-phase (one channel disable at light load).
The interleaving controller can reduce the total ripple
current of input. The FAN9673 offers two types of
channel management method selectable by the user.

© 2013 Fairchild Semiconductor Corporation
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5. Channel Management 2/3: CM Control

The CM pin is used for channel management. The
relationship of CM and the gain of the slave channel is
shown in Figure 10. The level of CM determines the
power level (Vvea) for reducing the output power for the
slave PFC. The FAN9673 starts to reduce the current
command (IMO*RM) for channel 2/3 by Gain2/3 when
the Vvea level is lower than its CM level, as Figure 11
and Figure 12 show. The output power of the slave
channel is reduced in response to the reduction in
current command. Typical Ganzsz is 1~0. Example: when
CM2 is set at 3 V and Vyea is less than the CM2 voltage,
the channel management block reduces the command
for channel 2 as:

Vgmi2+= 1y, -Ry, -G,y (2

Gatel—

Isenser l

CCulrEntd Current
C omman Loop 1

Generator Gainl
100%

o ! »| Current
Vo —w| Voltage ! Loop2 [ ™ Gate2
Loop | | Vien | Gain2
L

| 0~100%

—m Gatel

A

Vem

Channel Management / Gain Slave
Channel Relationship

Figure 10.

Vyea
Vew

Gain2=1 |
Gain to I, |

Channel Management
Area, Gain2 <1

4

|
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Figure 12.  Vyea and Veum Relationship in
Channel Management Operation

Table 1 explains the phase and gain change of each
channel when the PFC operates at various loads. The
loading decreases the gain to the slave until it is
disabled. The phase of Channel Management (CM)
mode doesn’t change when channel 3 is disabled. The
behavior is shown in Figure 13.

Full load, all channel operation

I3 /\/\ »
" //\/\ -
h —1 T~—— T~

\

Mid. load ~ light load, linear decrease gain of
channel 2 & 3, final only left Channel 1 at light load

Po .

\/

Y

N

0 120"  240°

Figure 13. Phase and Gain Change of CM Control
Vac : f
I iy ‘\v‘ H‘“I \
4—7><—><—7>

Figure 11. Vyvea and Gain2 Relationship

Table 1. Phase and Gain Change of CM Control
CM (Channel Management) Phase
Channel 1 Channel 2 Channel 3

Heavy Load (All Channel 100% Works) 0° (Gainl=1) 120° (Gain2=1) 240° (0<Gain3<1)
Mid. Load (Channel3 Disable) 0° (Gainl=1) 120° (0<Gain2<1) Disable (Gain3=0)
Light Load (Only Channell Left) 0° (Gainl=1) Disable (Gain2=0) Disable (Gain3=0)

© 2013 Fairchild Semiconductor Corporation
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6. Channel Management 2: External Control

To disable the Channel Management (CM) function and
control the channels with an external signal from the
MCU, the configuration is shown in Figure 14. If ¢y >
4V, the channel is disabled. To enable the channel,
make Vem = 0V, as Figure 15 shows.

The CM pin of the slave should be connected with a
switch S, to ground. When Vyea < Vpo.opr, the slave
PFC turns off. If Vvea > Vez-orrH, the slave PFC turns
on. One pin of MCU must read the Vvea signal to
determine when to turn on / off the slave. (Vpz-orr-L and
Vp2orr-w  are hysteresis levels required in MCU
software.) When S; turns on, CM disables and the slave
works normally, as shown in F