]
FAIRCHILD
]

SEMICONDUCTOR® September 2009

FANG6982
CCM Power Factor Correction Controller

Features Description

®  Continuous conduction mode. The FANG982 is a 14-pin, continue conduction mode
] o N PFC controller IC intended for controlling PFC pre-

" Innovative Switching-Charge® multiplier-divider. regulators. The FANG982 includes circuits for the

implementation of leading edge, average current,
“boost” type power factor correction and results in a
®  TriFault Detect™ prevent abnormal operation for power supply that fully complies with IEC1000-3-2
feedback loop. specification. TriFault Detect™ function help to reduce
external components and provides fully protection for
feedback loop such as open, short and over voltage. An
" Soft-start capability. over voltage comparator shuts down the PFC stage in
the event of a sudden load decreasing. The RDY signal
can be used for Power on sequence control. The EN
®  Cycle-by cycle Peak current limiting. function can choose to enable or disable the range
function. FAN6982 also includes PFC soft start, peak
current limiting and input voltage brownout protection.

®  Average-current-mode for input-current shaping.

®  Power on sequence control.
®  Brownout protection.

= Light load efficiency improvement.

®  Fulfills class D requirements of IEC 1000-3-2.
"  Programmable frequency 50kHz ~ 75 kHz.

®  Wide range universal AC input voltage.

"  Max duty cycle 97%.

® VDD under voltage lockout.

Applications

" Desktop PC Power Supply

" Internet Server Power Supply

=  LCD TV, Monitor Power Supply
®  DC Motor Power Supply

" Monitor Power Supply

Ordering Information

19]]043U09) UOI}D31I0) J0}oeH JdMOd INDD — Z869NV4

Operating Packing
Part Number Package
Temperature Range @ Eco Status 9 Method
FANG6982MY -40°C to +105°C Green 14-pin Small Out-Line Package (SOP) Tape & Reel
@ For Fairchild’s definition of Eco Status, please visit: http://www.fairchildsemi.com/company/qreen/rohs green.html.
© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Application Diagram

Range Enabled/Disabled: i
Ven = Vyrer : Enabled
Ven = GND : Disabled
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Figure 1. Typical Application
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Block Diagram
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Figure 2. Function Block Diagram
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Marking Information

14 F — Fairchild logo
(A rAararr )Z(_Iilzr_“_‘t:"de ;
— 1 digit year code
f Z X Y T T Y — 1 digit week code
D FANG6982 TT — 2 digits die run code
TPM T — Package type (M: SOP)
N I N ) P —Y: Green package
1 M — Manufacture flow code
Figure 3. Top Mark
Pin Configuration
/
1 | IEA VEA | 14
2 [ IAC FBPFC |13
3 | ISENSE VREF | 12
4 | VRMS vDD | 11
5 | RDY OPFC | 10
6 | EN PGND| 9
7 | RTICT SGND| 8

Figure 4. Pin Configuration

© 2009 Fairchild Semiconductor Corporation
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Pin Definitions

Pin # Name | Description

Output of Current Amplifier. This is the output of the PFC current amplifier. The signal from

1 IEA this pin will be compared with saw-tooth and hence determine the pulse width for PFC gate
drive.
5 IAC Input AC Current. For normal operation, this input is used to provide current reference for the

multiplier. The suggested maximum IAC is 100uA.

3 ISENSE Current Sense. The non-inverting input of the PFC current amplifier and also the output of
multiplier and PFC ILIMIT comparator.

4 VRMS Line-Voltage Detection. Line voltage detection. The pin is used for PFC multiplier

Ready Signal. This pin controls the power on sequence. Once the FAN6982 is turned on and
5 RDY the FBPFC voltage exceeds in 2.4V the RDY pin will pull low impedance. The FBPFC voltage
lower than 1.15V the RDY pin will pull high impedance.

6 EN Enable Range Function. The Range function is enabled, when EN is connected to VREF; The
Range function is disabled, when EN is connected to GND.

RT/CT Oscillator RC Timing Connection. Oscillator timing node; timing set by RT and CT.
SGND Signal Ground.
PGND Power Ground.

10 OPFC Gate Drive. The totem pole output drive for PFC MOSFET. This pin is internally clamped
under 15V to protect the MOSFET.
1 VDD Supply. The power supply pin. The threshold voltages for start-up and turn-off are 11V and

9.3V, respectively. The operating current is lower than 10mA.

12 VREF Reference Voltage. Buffered output for the internal 7.5V reference.

13 FBPFC Voltage Feedback Input. The feedback input for PFC voltage loop. The inverting input of PFC
error amp. This pin is connected to the PFC output through a divider network.

Output of Voltage Amplifier. The error-amp output for PFC voltage feedback loop. A
14 VEA . ) b
compensation network is connected between this pin and ground.

© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
FAN6982 « Rev. 1.0.0 5
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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
Vb DC Supply Voltage 30 \%
Vy OPFC, RDY, EN, VREF -0.3 30 \Y,
Vi IAC, VRMS, RT/CT, FBPFC, VEA -0.3 7 \Y,
Viga IEA 0 Vyrert0.3 \Y
Vn ISENSE -5 0.7 \Y
Iac Input AC Current mA
IRer VREF Output Current 5 mA

lpFc-ouT Peak PFC OUT Current, Source or Sink 0.5 A
Pp Power Dissipation T, < 50°C 800 mwW
Roja Thermal Resistance (Junction to Air) 104.10 °C/W
Rojc Thermal Resistance (Junction to Case) 40.61 °C/W

T, Operating Junction Temperature -40 125 °C

Tste Storage Temperature Range -55 150 °C

T Lead Temperature(Soldering) 260 °C

ESD ESD Capability, HBM Model 4.5 kV

ESD Capability, CDM Model 1000 \Y,

Notes:

1. All voltage 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.

Recommended Operating Conditions

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.

Symbol

Parameter

Condition
s

Min.

Typ. Max.

Unit

Ta

Operating Ambient Temperature

-40

+105

°C

© 2009 Fairchild Semiconductor Corporation
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Electrical

Vpp=15V, Ta= 25°C, Tp = T,, Rr=27kQ, C;= 1000pF unless noted operating specs.

Characteristics

Symbol Parameter Conditions Min. | Typ. | Max. | Units
VDD Section
Vpp.op Continuously Operating 22 Vv
Voltage
Ibp sT Start-Up Current Vpp=Vr1hon-0.1V; OPFC open 30 80 uA
Ibp-op Operating Current Vpp=13V; OPFC open 2 2.3 3 mA
V1H-0N Turn-on Threshold Voltage 10 1 12 \Y
AV1H Hysteresis 1.35 1.9 \%
Vpp-ovp VDD OVP 27 28 29 \Y,
AVpp.ovp | VDD OVP Hysteresis 1 \
Oscillator
Fosc PFC Frequency R1=27kQ, C+=1000pF 60 64 67 kHz
Fou® Voltage Stability 11V = Vpp = 22V %
For Temperature Stability -40°C ~ +105°C %
Frv Total Variation Line, Temp 58 70 kHz
Frv Ramp Voltage Valley to Peak 2.8 \Y,
losc.pis Discharge Current Veampr=0V, Vgr1/c1=2.5V 6.5 15 mA
FranGe Frequency Range 50 75 kHz
tprc.DEAD PFC Dead Time R=27kQ, Ct=1000pF 400 600 800 nS
VREF
VVREF Reference voltage Irer=0mA, Cregr=0.1uF 7.4 7.5 7.6 \%
e | Lot cadaion offorerce | G AT, 2O 0350 o [ s [ v
AW b:)”lgézgu'atb” of reference | o r=0.1uF, Vypp=11V to 22V 25 | mv
AVyreror®) Temperature Stability -40°C ~ +105°C 0.4 0.5 %
AVyrernv™® | Total Variation Line, Load, Temp 7.35 7.65 Y%
AVyreris®) | Long term Stability T, =125°C, 0 ~ 1000HRs 5 25 mV
IREF-MAX- Max. Current Vyrer > 7.35V 5 mA
Brown Out
VRrms-uvL VRMS Threshold Low When Vguys=1.05V @75Vrms 1.00 1.05 1.10 \Y
VRMs-UVH VRMS Threshold High When Vgus=1.9V @85*1.414 1.85 1.9 1.95 \Y
AVrus.uvp | Hysteresis 750 850 950 mV
tovp g(;\lcjjsgevct')ilrt:\se protection de- 340 410 480 ms
RDY Section
VesPrca0 | low mpedance with RDY pin. 23 | 24 | 25 | V
AVegpecrp | Hysteresis 1.15 1.25 1.35 Vv
s00 | oa
VRroyY-L RDY Low Voltage Isink=2mA 0.5 Vv

© 2009 Fairchild Semiconductor Corporation
FAN6982 « Rev. 1.0.0
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Electrical Characteristics
Vpp=15V, Ta= 25°C, Ta = T,, Rr= 27kQ, Cr= 1000pF unless noted operating specs.
Symbol Parameter Conditions Min. | Typ. | Max. | Units
Voltage Error Amplifier
VRer Reference Voltage 2.45 25 2.55 \%
AP Open-loop Gain at Ta = 25°C 35 42 dB
Gmy Transconductance Vionnv=Viny, Vvea=3.75V at T=25°C 50 70 90 umho
lFBPFC-L- Maximum Source Current Vegprc=2V, Vyga=1.5V 40 50 uA
lrBPFC-H- Maximum Sink Current Vegprc=3V, Vyea=6V -50 -40 uA
Iss Input Bias Current -1 1 uA
VVEA-H Output High Voltage on Vyga 58 6 \%
VvEaL Output Low Voltage on Vyga 0.1 04 \%
Current Error Amplifier
V\sense Input Voltage Range -1.5 0.7 \%
A® Open loop Gain at Ta = 25°C 40 50 dB
Gm, Transconductance Vinonnv=Viny, Viea = 3.75V 75 88 100 | umho
VoFFsET Input offset voltage Vyvea=0V, IAC Open -10 10 mV
ViEa-H Output High Voltage 6.8 74 8.0 \%
ViEaL Output Low Voltage 0.1 0.4 \%
I Source Current Visense= -0.6V, Viga=1.5V 35 50 uA
Iy Sink Current Visense= +0.6V, Viga=4.0V -50 -35 uA
PFC OVP Comparator
Veeprc.ovp | Over voltage protection 2.7 2.75 2.8 \%
AVegpec.ove | PFC OVP Hysteresis 200 250 300 mV
Low-Power Detect Comparator
Vieaorr | VEA Voltage OFF OPFC | 02 | 03 [ 04 [ Vv
PFC Soft Start
Viea cLave | PFC Soft Start | Vegerc < 2.4V 22 | 28 [ 33 [ Vv
EN Section
VEN-H High Voltage level of Vgy Ven=VvRrer 7.4 7.5 7.6 \
VENL Low Voltage level of Vgy Ven=GND 0 \%
Range
VyRMs-L RMS AC Voltage Low When Vyrus =1.95V @132Vrms 1.9 1.95 2 \Y
VVRMS-H RMS AC Voltage High When Vyrus =2.45V @150Vrms 24 2.45 2.5 \%
VveaL VEA Low When Vyea= 1.95V @ 30% Loading 1.9 1.95 2 \Y,
VyveaH VEA High When Vyega= 2.45V @ 40% Loading 2.4 2.45 25 \Y
ltc Source Current from FBPFC 18 20 22 uA

© 2009 Fairchild Semiconductor Corporation
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Electrical Characteristics
Vpp=15V, Ta= 25°C, Tp = T,, Rr=27kQ, C;= 1000pF unless noted operating specs.
Symbol Parameter Conditions Min. | Typ. | Max. | Units
Gain Modulator
Iac Input for AC Current Multiplier linear range 0 100 uA
IlAC =17.67uA, VVRMS =1.080V
Vemprc = 2.25V, at Tr = 25°C 7.500 | 9.000 | 10.50
IlAC = 20uA, VVRMS =1.224V
Vespro = 2.25V. at Ty = 25°C 6.367 | 7.004 | 7.704
(3)(4) IlAC = 2569UA, VVRMS =1.585V
GAIN GAIN Modulator Vempro = 2.25V, at Ta = 25°C 3.801 | 4.182 | 4.600
IlAC =51.62uA, VVRMS =3.169V
Vempro = 2.25V, at Ta = 25°C 0.950 | 1.045 | 1.149
IlAC = 6223UA, VVRMS = 3.803V
Vesprc = 2,25V, at Ty = 25°C 0.660 | 0.726 | 0.798
BW Bandwidth liac = 40UA 2 KHz
Output Voltage=5.7kQ x Inc=20uA, Vrus=1.224V
Vv o 0.710 | 0.798 | 0.885 Y
o (Isense-lorrseT) Vegprc=2.25V, at Ty = 25°C
PFC ILIMIT Comparator
Peak Current Limit Threshold
Vercumr | Voltage -1.25 | -1.15 | -1.05 \Y
Cycle-by-Cycle Limit
PFC ILIMIT-Gain Modulator | ljac = 17.67UA, Vygrus = 1.08V
AV | output Vegpre = 2.25V, at T = 25°C 200 v
PFC Output Driver
Gate Output CI i
VGATE.CLAVP Vc?lt:\geu put Llamping Vpp=22V 13 15 17 v
VGATE-L Gate Low Voltage Vpp=15V; lo = 100mA 1.5 \%
VGATEH Gate High Voltage Vpp=13V; lo = 100mA 8 \Y,
tr Gate Rising Time Vpp=15V; C =4.7nF; O/P= 2V to 9V 40 70 120 nS
te Gate Falling Time Vpp=15V; C,=4.7nF; O/P=9V to 2V 40 60 110 nS
Dprcvax Maximum Duty Cycle Viga<1.2V 94 97 %
DPFC—MIN Minimum DUty Cycle V|EA>4.5V 0 %
Tri-Fault Detect
; Vegprc = Vesprc.ovp to FBPFC
trgprc_open | Time to FBPFC Open OPEN, 470pF from FBPFC to GND. 2 4 | ms
PFC Feedback Under
Vercuve Voltage Protection e g5 0p 9
Notes:
3. This parameter, although guaranteed by design, is not 100% production tested.
4. This Gain is the maximum gain of modulation with a given VRMS voltage when VEA is saturated to high.

© 2009 Fairchild Semiconductor Corporation
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Typical Performance Characteristics
240 28.04
p—
235 2803 | / \
230
R _. 2802 |
< S
S 225 | < /
3 // : o |
4 220 | 2 /
[=}
- = 2800 |
215 | -/ /
2799 I,
210 r
]
2.05 L L L L L L 27.98
-40°C -25°C -10C 5C 20C 35C 50C 65C 80C 95C 110C 125C -40C -25C -10C 5C 20C 35C 50C 65C 80C 95C 110C 125C
Figure 5. Ipp.op Vs. Temperature Figure 6. Vpp.ovp Vs. Temperature
69.2 7.505
/
69.0 | 7500 |- L~
_. 688 I 7495 /
N —
T >
\!5 686 | L b 7400 | /
8 / =
- 68.4 7485 |-
682 | \// 7.480
68.0 . : ! ! 7475 . ! ! ! .
-40C -25C -10C  5C 20C 35C 50C 65C 80C 95C 110C 125C -40C -25C -10C 5C 20C 35C 50C 65C 80C 95C 110C 125C
Figure 7. Fosc vs. Temperature Figure 8. Vyger vs. Temperature
1.052 1.901
1.050 1900
1.048
,; />\ 1.900
‘g 1.046 \J>f
3 2 1.899
= 1.044 =
o o
> > 1899 |
1.042
1,040 1.898
1.038 s s s s 1.898 s s s s s
-40C -25C -10C 5C 20C 35C 50C 65C 80C 95C 110C 125C -40C -25C -10°C 5C 20 35C 50C 65C 80C 95C 110C 125C
Figure 9. Vgus.uvL VS. Temperature Figure 10. Vrys.uvu VS. Temperature
2.3925 300
23920
23915 250 1 \
23910
— —~ 200 r
< 23005 | <
o <
¢ 23900 |- o 150
[ =
S 23895 | ]
> o380 | = 100
23885 50
2.3880
23875 L L 0 ‘ ‘ ‘ L ‘ ‘
-40°C -25°C -10C 5C 20C 35C 50C 65C 80C 95C 110C 125TC -40 -25 -10 5 20 35 50 65 80 95 110 125|
Figure 11. Vegprc.rp VS. Temperature Figure 12. Irpy. ek VS- Temperature

© 2009 Fairchild Semiconductor Corporation

FANG982 « Rev.

1.0.0

10

www.fairchildsemi.com

19]]043U09) UOI}98110) J0}oe 4 J8MOd INDD — Z869NV4



Typical Performance Characteristics
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Typical Performance Characteristics
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Functional Description

Oscillator G

The internal oscillator frequency of FANG6982 s A
determined by the timing resistor and capacitor on
RT/CT pin. The frequency of the internal oscillator is
given by

Josc = 1 1

%€ 0.56-R, -C, +360C, M
The dead time for the PFC gate drive signal is
determined by

tppap =360C; (2) VRMS
The dead time should be smaller than 2% of switching >
period to minimize line current distortion around line Vrus.uve

zero crossing.
Figure 24. Modulation Gain Characteristics

Gain Modulator

Gain modulator is the key block for PFC stage since it
provides the reference to the current control error
amplifier for the input current shaping as shown in
Figure 23. The output current of gain modulator is a
function of Vga, lac and Vgys. The gain of the gain ~
modulator is given in the datasheet as a ratio between AV
Imo and lac with a given Vrus When Vg, is saturated to
high. The gain is inversely proportional to Vrms® as >
shown in Figure 24 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 as shown in Figure 25.

VIN

N\
-

VIN
Tz O_,OOO > Figure 25. Line Feed-forward operation
I
O H To sense RMS value of the line voltage, averaging
J'[: circuit with two poles is typically employed as shown in
O— Figure 23. It should be noticed that the input voltage of
X 2 "“"‘1 PFC is clamped at the peak of the line voltage once
AW PFC stops switching since the junction capacitance of
. IEA bridge diode is not discharged as shown in Figure 26.
Ru
SENSE £ Therefore, the voltage divider for VRMS should be
r‘ —Zw @3 6 designed considering the brown-out protection trip point
Raer S T i Cr R N and minimum operation line voltage.
Riac =lac '#
1 L ACq Vs (Ver ™ ~00) PFC runs ; PFC stops
:E Iac > =
CRMS1‘rE>L—|RRMS2 VRMS V|N
Crusz = Rewss VEA I: @
l Modulator
Figure 23. Gain Modulator Block »

>

Figure 26. Vrys according to the PFC operation

© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
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The rectified sinusoidal signal is obtained by the current
flowing into the IAC pin. The resistor Rjac should be
large enough to prevent saturation of the gain
modulator as

\/EVLINE.BO 'GMAX < 159/,!14 (3)
RIAC
Where VLINE.?AO is the line voltage that trips brown-out
protection, G "X is the maximum modulator gain when
Vrus is 1.08V, which can be found in the datasheet and
159uA is the maximum output current of the gain
modulator.

Current control of Boost stage

The FAN6982 employs two control loops for power
factor correction as shown in Figure 27: a current
control loop and a voltage control loop. The current
control loop shapes inductor current as shown in Figure
28 based on the reference signal obtained at IAC pin as

I -Re =1y Ry =1,c-G-Ry, (4)
Vin Vo
1> o
X z g
O —
R
O—
A 2 —N—Kq
AVAVA\IAV O

AM
W Rest ~
Re1

IEA

ISENSE Ru +@

H
H

= £ RIC:E

Rrwms1 S T Cr f 9

Rixc o Cez| ==

IAC - Cic1
pu—— I

Iac VREF A

Rews2  VRMS

Crus2

Drive| §
logic [ 5pFc
Reer 3
RT/CT

C
Ve Cuef 1 ~
l ) FBPFC
+ 28V Res2

Figure 27. Gain Modulation Block

Figure 28. Inductor current shaping

The current control feedback loop also has a pulse-by-
pulse current limit comparator that forces the PFC
switch to turn off if the ISENSE pin voltage drops below
-1.15V until the next switching cycle.

Voltage Control of Boost stage

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

To improve system efficiency at low AC line voltage and
light load condition, FAN6982 provides two-level PFC
output voltage. As shown in Figure 29, FAN6982
monitors VEA and VRMS voltages to adjust the PFC
output voltage. When VEA and VRMS are lower than
thresholds, internal current source of 20uA is enabled
which flows through Rgg, increasing the voltage of
FBPFC pin. This causes the PFC output voltage to
reduce when 20uA is enabled as

R R
Lo B (252044 R, y,) ®)

Vorres =

Figure 29. Block of two level PFC output

Brownout Protection

FANG6982 has a built-in internal brownout protection
comparator monitoring voltage of VRMS pin. Once
VRMS pin voltage is lower than 1.05V, the PFC stage is
shutdown to protect the system from over current.
FANG6982 starts up the boost stage once VRMS voltage
increases above 1.9V.

TriFault Detect™

To improve power supply reliability, reduce system
component count, and simplify compliance to UL 1950
safety standards, the FAN6982 includes TriFault Detect.
This feature monitors FBPFC for certain PFC fault
conditions.

In the case of a feedback path failure, the output of the
PFC could go out of safe operating limits. With such a
failure, FBPFC will go outside of its normal operating
area. Should FBPFC go too low, too high, or open,
TriFault Detect senses the error and terminates the
PFC output drive.

TriFault detect is an entirely internal circuit. It requires
no external components to serve its protective function.

© 2009 Fairchild Semiconductor Corporation
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PFC Soft Start Function

The FAN6982 has PFC Soft Start function as shown in
Figure 30. In PFC soft start function, when bulk voltage
under the 96% of setting voltage, Ve will clamps to
2.8V, the output current of multiplier will cut half, the
rectifier line current will be limited by current loop, the
PFC output rise time will increase.

When bulk voltage over the 96%, the clamping function
will be disabled, then the bulk voltage can be regulated
by voltage error amplifier.

There have two advantages with PFC soft start: one is
the MOSFET experiences current will reduce, that can
obtain more de-rating with MOSFET current level.

The other is reduce the PFC OVP at bulk voltage reach
the setting voltage, because the charge -current
becomes small, the bulk voltage can not exceed to
setting voltage easily.

VBulk ———— oo
96% Vpulk ——-----—-———————

PFC Start Up

PFC Soft Start

VEA_MAX

VEA‘ZIW

Figure 30. PFC Soft Start

RDY Function

The FAN6982 has RDY function as shown in Figure 31.
The RDY function is controlled by voltage of FBPFC, if
the voltage of FBPFC is over than 96% of 2.5V, the
RDY PIN will be connected to SGND, if the FBPFC is
under the 46% of 2.5V and the RDY will appear “open
drain situation”. Usually the capacitor is parallel with the
RDY pin to prevent the layout noise.

We can use the PNP transistor to control the AHB LLC
or Dual-forward controller on the same side or use the
“op-to” to control the LLC controller on the other side.

Vo

—0000" > O
L +
sz
fH*l VoD voD2
MW O

131l

Reon S RDY
FBPFC
|

15|
Reez 2 l
< 2.4/1.15 Sonb

Figure 31. RDY Application Circuit
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Physical Dimensions (Continued)
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Figure 32. 14-Pin Small Outline Package (SOIC)

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner
without notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or
obtain the most recent revision. Package specifications do not expand the terms of Fairchild’s woridwide terms and condlitions, specifically the
warranty therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
htto://www.fairchildsemi.com/packaging/
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