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Features

Pin-to-Pin Compatible with ML4800 and FAN4800
and CM6800 and CM6800A

PWM Configurable for Current-Mode or
Feed-forward Voltage-Mode Operation

Internally Synchronized Leading-Edge PFC and
Trailing-Edge PWM in one IC

Low Operating Current

Innovative Switching-Charge Multiplier Divider
Average-Current-Mode for Input-Current Shaping
PFC Over-Voltage and Under-Voltage Protections
PFC Feedback Open-Loop Protection

Peak Current Limiting for PFC

Cycle-by-Cycle Current Limiting for PWM
Power-On Sequence Control and Soft-Start
Brownout Protection

Interleaved PFC/PWM Switching
FAN4801/02/02L Improve Efficiency at Light Load
frrcr=4fprc=4*fpyym for FAN4800A and FAN4801

fRTCT=4'fPFC=2.fPWM for FAN4800C and
FAN4802/02L

Applications

Desktop PC Power Supply
Internet Server Power Supply
LCD TV, Monitor Power Supply
uPs

Battery Charger

DC Motor Power Supply
Monitor Power Supply
Telecom System Power Supply

Distributed Power

January 2011

FAN4800A/C, FAN4801/02/02L
PFC/PWM Controller Combination

Description

The highly integrated FAN4800A/C and FAN4801/02/2L
are specially designed for power supplies that consist of
boost PFC and PWM. They require very few external
components to achieve versatile protections /
compensation. They are available in 16-pin DIP and
SOP packages.

The PWM can be used in either current or voltage
mode. In voltage mode, feed-forward from the PFC
output bus can reduce the secondary output ripple.

Compared with older productions, ML4800 and
FAN4800, FAN4800A/C and FAN4801/02/02L have
lower operation current that save power consumption in
external devices. FAN4800A/C and FAN4801/1S/2/2L
have accurate 49.9% maximum duty of PWM that
makes the hold-up time longer. Brownout protection and
PFC soft-start functions are not in ML4800 and
FAN4800.

To evaluate FAN4800A/C, FAN4801/02/2L for replacing
existing FAN4800 and ML4800 boards, five things must
be completed before the fine-tuning procedure:

1. Change Ryc resister from the old value to a higher
resister: between 6MQ to 8MQ.

2. Change RT/CT pin from the existing values to
R1=6.8KQ and C;=1000pF to have fprc=64KHz,
prM=64KHZ.

3. VRMS pin needs to be 1.224V at V|y=85 V,¢ for
universal input application from line input from
85Vac to 270 Vac. Both poles for the Vi, of
FAN4801/02/02L don’t need to substantially slower
than FAN4800; about 5 to 10 times.

4. Atfull load, the average Vg needs to ~4.5V and the
ripple on the Vga needs to be less than 400mV.

5. Soft-Start pin, the soft-start current has been
reduced to half from the FAN4800 capacitor.

Related Resources

= AN-8027 - FAN480X PFC+PWM Combination
Controller Application

© 2008 Fairchild Semiconductor Corporation
FAN4800A/C, FAN4801/02/02L * Rev. 1.0.3
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Ordering Information

Operating

Part Number Temperature Range Package Packing Method
FAN4800ANY -40°C to +105°C 16-Pin Dual In-Line Package (DIP) Tube
FAN4800CNY -40°C to +105°C 16-Pin Dual In-Line Package (DIP) Tube
FAN4800AMY -40°C to +105°C 16-Pin Small Outline Package (SOP) Tape & Reel
FAN4800CMY -40°C to +105°C 16-Pin Small Outline Package (SOP) Tape & Reel
FAN4801NY -40°C to +105°C 16-Pin Dual In-Line Package (DIP) Tube
FAN4802NY -40°C to +105°C 16-Pin Dual In-Line Package (DIP)) Tube
FAN4802LNY -40°C to +105°C 16-Pin Dual In-Line Package (DIP)) Tube
FAN4801MY -40°C to +105°C 16-Pin Small Outline Package (SOP) Tape & Reel
FAN4802MY -40°C to +105°C 16-Pin Small Outline Package (SOP) Tape & Reel
FAN4802LMY -40°C to +105°C 16-Pin Small Outline Package (SOP) Tape & Reel

Part Number PFC:PWM Frequency Ratio Brownout / In Range In / Out
FAN4800ANY 1:1 1.05V/ 1.9V N.A
FAN4800AMY 11 1.05V / 1.9V N.A
FAN4800CNY 1:2 1.05V / 1.9V N.A
FAN4800CMY 1:2 1.05V/ 1.9V N.A
FAN4801NY 1:1 1.05V/ 1.9V 1.95V [ 2.45V
FAN4802NY 1:2 1.05V / 1.9V 1.95V / 2.45V
FAN4802LNY 1:2 0.9V /1.65V 1.95V [/ 2.45V
FAN4801MY 1:1 1.05V/ 1.9V 1.95V [ 2.45V
FAN4802MY 1:2 1.05V/ 1.9V 1.95V [ 2.45V
FAN4802LMY 1:2 0.9V /1.65V 1.95V [ 2.45V

© 2008 Fairchild Semiconductor Corporation
FAN4800A/C, FAN4801/02/02L * Rev. 1.0.3
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Application Diagram
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Typical Application Current Mode
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Application Diagram
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Block Diagram
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Figure 3. FAN4800A/C Function Block Diagram
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Figure 4. FAN4801/02/02L Function Block Diagram
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Marking Information
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F — Fairchild Logo

Z — Plant Code

X —1-Digit Year Code

Y — 2-Digit Week Code

TT — 2-Digit Die-Run Code
T — Package Type (M:SOP)
P —Y: Green Package

M — Manufacture Flow Code
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Figure 5. DIP Top Mark

16
o N O e Y I o e Y s N o |

£ ZXYTT
D FAN4800OA
TPM

£ ZXYTT
D FAN4800C
TPM

ITII_II_II_II_II_II_II_I

16
| I i e e o o i

|T||_||_1|_||_|u|_||_|

16
| I i e e o o i

£ ZXYTT
D FAN480 1
TTPM

£ ZXYTT
D FAN4802
TTPM

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 (M:SOP)
P —Y: Green Package

M — Manufacture Flow Code

|T||_||_||_|u|_|u|_|

16
| e e e 6 N |

FfZXYTT
D FAN4802L
TPM

ITII_II_II_II_II_H_II_I

|T||_||_||_|u|_|u|_|

Figure 6. SOP Top Mark

© 2008 Fairchild Semiconductor Corporation
FAN4800A/C, FAN4801/02/02L * Rev. 1.0.3

www.fairchildsemi.com

uolnjeuiquo9 19]101u0) WMd/J4d — 120/20/L08YNV ‘“O/V008YNVH



Pin Configuration

VEA FBPFC VREF VDD OPFC OPWM GND ILIMIT
(161 [15] 114 ] [13] [12] [11] [10] [ 9 |

D

L] L2 s Led s Led Lz Lsl

IEA IAC ISENSE VRMS SS FBPWM RT/CT RAMP

Figure 7. Pin Configuration (Top View)

Pin Definitions

Pin# | Name Description

1 IEA Output 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 IAC Input AC Current. For normal operation, this input provides current reference for the multiplier.
The suggested maximum IAC is 100uA.

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

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

PWM Soft-Start. During startup, the SS pin charges an external capacitor with a 10uA constant
5 SS current source. The voltage on FBPWM is clamped by SS during startup. In the event of a
protection condition occurring and/or PWM disabled, the SS pin is quickly discharged.

FBPWM | PWM Feedback Input. The control input for voltage-loop feedback of PWM stage.
RT/CT |Oscillator RC Timing Connection. Oscillator timing node; timing set by Ry and Cy.

8 RAMP PWM RAMP Input. In current mode, this pin functions as the current sense input; when in
voltage mode, it is the feed forward sense input from PFC output 380V (feedforward ramp).

ILIMIT | Peak Current Limit Setting for PWM. The peak current limits setting for PWM.
10 GND Ground.

PWM Gate Drive. The totem-pole output drive for PWM MOSFET. This pin is internally
clamped under 15V to protect the MOSFET.

PFC Gate Drive. The totem pole output drive for PWM MOSFET. This pin is internally clamped
under 15V to protect the MOSFET.

13 VDD Supply. The power supply pin. The threshold voltages for startup and turn-off are 11V and
9.3V, respectively. The operating current is lower than 10mA.

11 OPWM

12 OPFC

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

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

Output of PFC Voltage Amplifier. The error amplifier output for PFC voltage feedback loop.
16 VEA . . o
A compensation network is connected between this pin and ground.

© 2008 Fairchild Semiconductor Corporation www.fairchildsemi.com
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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
Vop DC Supply Voltage 30 \%
Vy SS, FBPWM, RAMP, OPWM, OPFC -0.3 30.0 \Y
vV, IAC, VRMS, RT/CT, ILIMIT, FBPFC, VEA -0.3 7.0 \Y

VvRer VREF 7.5 \
Viga IEA 0 Vyrert0.3 \Y,
Vy ISENSE -5.0 0.7 \Y,
Iac Input AC Current 1 mA
IRer VREF Output Current 5 mA

lpec.outr | Peak PFC OUT Current, Source or Sink 0.5 A

lpwm-our | Peak PWM OUT Current, Source or Sink 0.5 A

Pp Power Dissipation T, < 50°C 800 mwW
DIP 80.80 °C/W
Oya Thermal Resistance (Junction-to-Air)
SOP 104.10 °C/W
T, Operating Junction Temperature -40 +125 °C
Tsta Storage Temperature Range -55 +150 °C
TL Lead Temperature (Soldering) +260 °C
Human Body Model,
ESD Electrostatic Discharge Capability JSEi aal 1% * f
Charged Device Model, 1000 Vv
JESD22-C101

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 Min. Max. Unit
Ta Operating Ambient Temperature -40 +105 °C
© 2008 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Characteristics
Vpp=15V, Tx=25°C, R=6.8kQ, Ct=1000pF unless noted operating specifications.
Symbol Parameter Conditions Min. | Typ. | Max. | Units
Vpp Section
Ibp sT Startup Current Vpp=V1h-on-0.1V; OPFC OPWM Open 30 80 MA
Ibp-op Operating Current Vpp=13V; OPFC OPWM Open 2.0 2.6 5.0 mA
Vrron ;I'/Lcj)lrtr;-;n Threshold 10 1 12 Vv
AV1y Hysteresis 1.5 1.9 \Y
Vobove | Vop OVP 27 28 29 Y,
AVpp.ove | Voo OVP Hysteresis 1 \Y,
Oscillator
foscrrcr | RT/CT Frequency R=6.8kQ, C+=1000pF 240 256 268 kHz
PFC & PWM Frequency 60 64 67
f R=6.8kQ, C+=1000pF kHz
osc ECVNJE::gqu&Zﬁ?;SOZ/OZL T i p 120 128 134
fov Voltage Stability 11V = Vpp = 22V %
for Temperature Stability -40°C ~ +105°C %
frv I;;acl; \;i:jia;i\cl)\?M)(a) Line, Temperature 58 70 kHz
frv Ramp Voltage(3) Valley to Peak 2.8 V
Ipischarge Discharge Current Vravpr=0V, Vgr1/c1=2.5V 6.5 15 mA
frRANGE Frequency Range(s) 50 75 kHz
tercp PFC Dead Time R=6.8kQ, C+=1000pF 400 600 800 ns
VREF
VVREE Reference Voltage IrRer=0mA, Crer=0.1pF 7.4 7.5 7.6 \%
Mo | Referonce Volage | Vesg=14V. Rsgreal Time > 20 D | @ |
AVrera E'gfee rif}%‘;"'{‘/tgl’t“a gfe Crer=0.1uF, Vypp=11V to 22V 25 | mv
AVyreror | Temperature Stability®  |-40°C ~ +105°C 0.4 0.5 %
AVyrer.ty | Total Variation® Line, Load, Temperature 7.35 7.65 \%
AVyreris | Long-Term Stability® T,=125°C, 0 ~ 1000HRs 5 25 mV
IREF-MAX- Maximum Current Vyrer > 7.35V 5 mA
los Output Short Circuit® 25 mA
PFC OVP Comparator
VpEc-ove Over-Voltage Protection 2.70 2.75 2.80 \
AVprc.ovp | PFC OVP Hysteresis 200 250 300 mV
Low-Power Detect Comparator
Veaorr | Vea Voltage OFF OPFC | 02 | 03 [ 04 | v
Vin OK Comparator
Voltage Level on FBPFC
Vrpreprc | 1o Enable OPWM During 2.3 24 2.5 \%
Startup
AVrp.reprc | Hysteresis 1.15 1.25 1.35 Vv

© 2008 Fairchild Semiconductor Corporation
FAN4800A/C, FAN4801/02/02L * Rev. 1.0.3

uolnjeuiquo9 19]101u0) WMd/J4d — 120/20/L08YNV ‘“O/V008YNVH

www.fairchildsemi.com



Electrical Characteristics (Continued)
Vpp=15V, Tx=25°C, Rr=6.8kQ, Ct=1000pF unless noted operating specifications.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
Voltage Error Amplifier
FBPFC |Input Voltage Range®™ 0 6 v
Vet Reference Voltage at T=25°C 2.45 2.50 2.55 \%
Ay Open-Loop Gain® 35 42 dB
Gm, Transconductance Vionnwv=Viny, Vvea=3.75V at T=25°C 50 70 90 umho
lFBPFC-L Maximum Source Current | Vegprc=2V, Vyea=1.5V 40 50 A
lFBPFC-H Maximum Sink Current VFBPFC=3Vs V\/EA=6V -50 -40 UA
Izs Input Bias Current -1 1 MA
Voens Output High Voltage on 58 6 Vv
VVEA
. Output Low Voltage on 0.1 0.4 Vv
VVEA
Current Error Amplifier
Input Voltage Range )
Visense | (ISENSE Pin)® = AV
Gm, Transconductance Vionnw=Viny, Viea=3.75V 78 88 100 | pmho
VoFFSET Input Offset Voltage Vyea=0V, IAC Open -10 10 mV
VIiEAH Output High Voltage 6.8 7.4 8.0 \Y
ViEaL Output Low Voltage 0.1 0.4 \%
||_ Source Current VISENSE='0-6V1 VIEA=1 .5V 35 50 HA
|H Sink Current VISENSE=+O-6V1 V|EA=4.0V -50 -35 IJA
A Open-Loop Gain® 40 50 dB
Tri-Fault Detect
: @) Vesprc=Vprc-uvp to FBPFC OPEN,
tFBPFCfOPEN Time to FBPFC Open 470pF from FBPEC to GND 2 4 ms
PFC Feedback Under-
Vercuve Voltage Protection 04 0.5 0.6 v
Gain Modulator
Iac Input for AC Current® Multiplier Linear Range 0 100 A
IAC=1 767|JA, VRMS=1 .080V
Vreprc=2.25V, at T=25°C 7.50 9.00 | 10.50
IAC=20“A1 VRMS=1 .224V VFBPFC=2'25V1
at T=25°C 6.30 7.00 7.70
) Iac=25.69pA, Vrus=1.585V
GAIN GAIN Modulator Vrepro=2.25V, at T=25°C 3.80 | 420 | 4.60
IAC=51 62“A, VRMS=3'169V
VFBPFC=2'25Vv at T=25°C 0.95 1.05 11§
IAC=62-23“A1 VRMS=3.803V
VFBPFC=2'25Vv at T=25°C 0.66 0.73 0.80
BW Bandwidth® [Ac=40pA 2 kHz
Vo(gm) OUtpUt VoItage=57kQ X IAC=20pA1 VRMS=1 224V VFBPFC=2-25V1 0.74 0.82 0.90 vV

3
(Isense-lorrser)®

at T=25°C

© 2008 Fairchild Semiconductor Corporation
FAN4800A/C, FAN4801/02/02L * Rev. 1.0.3
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Electrical Characteristics (Continued)
Vpp=15V, Tx=25°C, Rr=6.8kQ, Ct=1000pF unless noted operating specifications.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
PFC Iyt Comparator
Peak Current Limit
Veecaumit | Threshold Voltage, -1.25 | -1.15 | -1.05 V
Cycle-by-Cycle Limit
AV (P)l:?p lIJLtIMIT'Gain Modulator {?E:pl Z=6275?VV§tM'T'Z12 .50088/ 200 iy
PFC Output Driver
V ATE.CLAMP Sgltt‘;;“tp“t Clamping |\, _2ov 13 | 15 | 17 | v
VGATE-L Gate Low Voltage Vpp=15V; lo=100mA 1.5 \%
VGATE-H Gate High Voltage Vpp=13V; Io0=100mA 8 V
t. Gate Rising Time Vpp=15V; C =4.7nF; O/P=2V to 9V 40 70 120 ns
t Gate Falling Time Vpp=15V; C =4.7nF; O/P=9V to 2V 40 60 110 ns
Dprcmax | Maximum Duty Cycle Viea<1.2V 94 97 %
Dprc-min Minimum Duty Cycle Viea>4.5V 0 %
Brownout
Ve Ves Threshold Low FAN4800A/C, FAN4801/02 1.00 | 1.05 1.10 \Y,
FAN4802L 0.85 | 0.90 | 0.95 \Y,
Ve Ve Threshold High FAN4800A/C, FAN4801/02 1.85 | 1.90 1.95 \Y,
FAN4802L 1.60 | 1.65 1.70 \Y,
) FAN4800A/C, FAN4801/02 750 850 950 mV
AVRums-uvp Hysteresis
FAN4802L 650 750 850 mV
toyp gzgi/r-_l\_ﬁlgage Protection 340 410 480 bs
Soft-Start
Vss.max Maximum Voltage Vpp=15V 9.5 10.0 10.5 \%
Iss Soft-Start Current 10 MA
PWM I,y Comparator
VeWM-ILIMIT Threshold Voltage 0.95 1.00 1.05 \
tep Delay to Output 250 ns
towmenk | mooand-=dge Blanking 170 | 250 | 350 | ns
Range (FAN4801/02/02L)
VRus-L RMS AC Voltage Low When Vgrus=1.95V at132Vgus 1.90 1.95 | 2.00 \Y
VRMms-H RMS AC Voltage High When Vrus=2.45V at150Vrus 240 | 245 | 2.50 Y
Veat VEA Low m:: a;:;zgx ZI 28;‘: tgzg::g 190 | 195 | 200 | Vv
oy aieioais a0 2 250 | v
lic Two-Level Current FBPFC Two-Level Current 18 20 22 MA

© 2008 Fairchild Semiconductor Corporation
FAN4800A/C, FAN4801/02/02L * Rev. 1.0.3
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Electrical Characteristics (Continued)
Vpp=15V, Tx=25°C, Rr=6.8kQ, Ct=1000pF unless noted operating specifications.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
PWM Output Driver
Veateciamp | Gate Output Clamping Voltage | Vpp=22V 13 15 17 \
VGATE-L Gate Low Voltage Vpp=15V; Io=100mA 1.5 \%
VGATE-H Gate High Voltage Vpp=13V; lo=100mA 8 \%
t Gate Rising Time Vpp=15V; C =4.7nF 30 60 120 ns
t Gate Falling Time Vpp=15V; C =4.7nF 30 50 110 ns
Dpwm-MAX Maximum Duty Cycle 49.0 49.5 50.0 %
Vewm-Ls PWM Comparator Level Shift 1.3 1.5 1.8 \%
Notes:

3. This parameter, although guaranteed by design, is not 100% production tested.
4. Gain=K x 5.3 x (VRMSZ)'1; K=(Isense — lorrser) * [lac X (Vea — 0.7V)]-1; Veamax)=5.6V.

© 2008 Fairchild Semiconductor Corporation www.fairchildsemi.com
FAN4800A/C, FAN4801/02/02L * Rev. 1.0.3 12

uolnjeuiquo9 19]101u0) WMd/J4d — 120/20/L08YNV ‘“O/V008YNVH



Typical Characteristics
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Typical Characteristics
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Typical Characteristics
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Typical Characteristics
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Typical Characteristics
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Functional Description

The FAN4800A/C and FAN4801/02/02L consist of an
average current controlled, continuous boost Power
Factor Correction (PFC) front-end and a synchronized
Pulse Width Modulator (PWM) back-end. The PWM can
be used in current or voltage mode. In voltage mode,
feed forward from the PFC output bus can be used to
improve the line regulation of PWM. In either mode, the
PWM stage uses conventional trailing-edge, duty-cycle
modulation. This  propriety leading/trailing edge
modulation results in a higher usable PFC error
amplifier bandwidth and can significantly reduce the
size of the PFC DC bus capacitor.

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).
The PWM section of the FAN4800A, FAN4801/1S
operates at the same frequency as the PFC; and
FAN4800C, FAN4802/2L operates at double with PFC.

In addition to power factor correction, a number of
protection features are built into this series. They
include soft-start, PFC over-voltage protection, peak
current limiting, brownout protection, duty cycle limiting,
and under-voltage lockout (UVLO).

Gain Modulator

The gain modulator is the heart of the PFC, as the
circuit block controls the response of the current loop to
line voltage waveform and frequency, RMS line voltage,
and PFC output voltages. There are three inputs to the
gain modulator:

1. 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 at IAC. Sampling current in this way
minimizes ground noise, required in high-power,
switching-power conversion environments. The gain
modulator responds linearly to this current.

2. A voltage proportional to the long-term RMS AC line
voltage, derived from the rectified line voltage after
scaling and filtering. This signal is presented to the
gain modulator at VRMS. The output of the gain
modulator is inversely proportional to VRMS (except
at unusually low values of VRMS, where special gain
contouring takes over to limit power dissipation of the
circuit components under brownout conditions).

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

The output of the gain modulator is a current signal, in
the form of a full wave rectified sinusoid at twice the line
frequency. This current is applied to the virtual ground
(negative) input of the current error amplifier. In this way,
the gain modulator forms the reference for the current
error loop and ultimately controls the instantaneous
current draw of the PFC from the power line. The
general form of the output of the gain modulator is:

IACx(VEA-0.7)
lgainmop = TMSQX (1)

Note that the output current of the gain modulator is
limited around 159uA and the maximum output voltage

of the gain modulator is limited to 159pA x 5.7K=0.906V.

This 0.906V also determines the maximum input power.

However, lganvop cannot be measured directly from
ISENSE. lSENSE:IGAINMOD_ lOFFSET and lOFFSET can only
be measured when VEA is less than 0.5V and lganmop
is OA. Typical IOFFSET is around 31pA ~ 48pA.

Selecting Rac for IAC Pin

The IAC pin is the input of the gain modulator and also
a current mirror input and requires current input.
Selecting a proper resistor Rac provides a good sine
wave current derived from the line voltage and helps
program the maximum input power and minimum input
line voltage. Rac=V|y peak x 56KQ. For example, if the
minimum line voltage is 75Vac, the Rac=75 x 1.414 x
56KQ=6MQ.

Current Amplifier Error, IEA

The current error amplifier's output controls the PFC
duty cycle to keep the average current through the
boost inductor a linear function of the line voltage. At
the inverting input to the current error amplifier, the
output current of the gain modulator is summed with a
current, which results in a negative voltage being
impressed upon the ISENSE pin.

The negative voltage on ISENSE represents the sum of
all currents flowing in the PFC circuit and is typically
derived from a current sense resistor in series with the
negative terminal of the input bridge rectifier.

The inverting input of the current error amplifier is a
virtual ground. Given this fact, and the arrangement of
the duty cycle modulator polarities internal to the PFC,
an increase in positive current from the gain modulator
causes the output stage to increase its duty cycle until
the voltage on ISENSE is adequately negative to cancel
this increased current. Similarly, if the gain modulator’s
output decreases, the output duty cycle decreases to
achieve a less negative voltage on the ISENSE pin.

PFC Cycle-By-Cycle Current Limiter

As well as being a part of the current feedback loop, the
ISENSE pin is a direct input to the cycle-by-cycle
current limiter for the PFC section. If the input voltage at
this pin is less than -1.15V, the output of the PFC is
disabled until the protection flip-flop is reset by the clock
pulse at the start of the next PFC power cycle.
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TriFault Detect™

To improve power supply reliability, reduce system
component count, and simplify compliance to UL 1950
safety standards, the FAN4800A/C, FAN4801/02/02L
includes TriFault Detect. This feature monitors FBPFC
for certain PFC fault conditions.

In a feedback path failure, the output of the PFC could
exceed safe operating limits. With such a failure,
FBPFC exceeds 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.

PFC Over-Voltage Protection

In the FAN4800A/C, FAN4801/02/02L, the PFC OVP
comparator serves to protect the power circuit from
being subjected to excessive voltages if the load
changes suddenly. A resistor divider from the high-
voltage DC output of the PFC is fed to FBPFC. When
the voltage on FBPFC exceeds 2.75V, the PFC output
driver is shut down. The PWM section continues to
operate. The OVP comparator has 250mV of hysteresis
and the PFC does not restart until the voltage at FBPFC
drops below 2.50V. Vpp OVP can also serve as a
redundant PFC OVP protection. Vpp OVP threshold is
28V with 1V hysteresis.

Selecting PFC Rsense

Rsense is the sensing resistor of the PFC boost
converter. During the steady state, line input current x
RSENSE equals lGAINMOD x 5.7KQ.

At full load, the average Vea needs to around 4.5V and
ripple on the VEA needs to be less than 400mV.
Choose the resistance of the sensing resistor:
(4.5-0.7)x5.7KQx IAC x Gainx Vi x N2

2x(5.6-0.7)x Line input Power
where 5.6 is Vga maximum output.

(2)

sense =

PFC Soft-Start

PFC startup is controlled by Vga level. Before FBPFC
voltage reaches 2.4V, the Vga level is around 2.8V. At
90V ¢, the PFC soft-start time is 90ms.

PFC Brownout

The AC UVP comparator monitors the AC input voltage.
The FAN4800A/C, FAN4801/02 disables PFC as lower
AC input such that the VRMS is less than 1.05V. The
brownout voltage of FAN4802L is lower than
FAN4801/1S/2, such that the VRMS is less than 0.9V.

Error Amplifier Compensation

The PWM loading of the PFC can be modeled as a
negative resistor because an increase in the input
voltage to the PWM causes a decrease in the input
current. This response dictates the proper
compensation of the two transconductance error
amplifiers. Figure 46 shows the types of compensation
networks most commonly used for the voltage and
current error amplifiers, along with their respective
return points. The current-loop compensation is
returned to VREF to produce a soft-start characteristic
on the PFC: As the reference voltage increases from
0V, it creates a differentiated voltage on IEA, which
prevents the PFC from immediately demanding a full
duty cycle on its boost converter. Complete design is
referred in application note AN-6078SC.

There is an RC filter between Rgense and ISENSE pin.
There are two reasons to add a filter at the ISENSE pin:

1. Protection: During startup or inrush current
conditions, there is a large voltage across Rsgnse,
which is the sensing resistor of the PFC boost
converter. It requires the ISENSE filter to attenuate
the energy.

2. To reduce L, the boost inductor: The ISENSE filter
also can reduce the boost inductor value since the
ISENSE filter behaves like an integrator before the
ISENSE pin, which is the input of the current error
amplifier, IEA.

The ISENSE filter is an RC filter. The resistor value of
the ISENSE filter is between 100Q and 50Q because
lorrser X RrLTER €Can generate a negative offset voltage
of IEA. Selecting an Rgter equal to 50Q keeps the
offset of the IEA less than 3mV. Design the pole of
ISENSE filter at fprc/6, one sixth of the PFC switching
frequency, so the boost inductor can be reduced six
times without disturbing the stability. The capacitor of
the ISENSE filter, Cr 1er, is approximately 100nF.

VREF

PFC Output

CI1

Figure 46. Compensation Network Connection for the

Voltage and Current Error Amplifiers
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Two-Level PFC Function

To improve the efficiency, the system can reduce PFC
switching loss at low line and light load by reducing the
PFC output voltage. The two-level PFC output of
FAN4801/02/02L can be programmable.

As Figure 47 shows, FAN4801/02/02L detect VEA pin
and VRMS pin to determine the system operates low
line and light load or not. At the second-level PFC, there
is a current of 20pA through Rg, from FBPFC pin. So
the second-level PFC output voltage can be calculated
as.

Output = Be1+Rea (2.5V —20uAx RE5) 3)
F2

For example, if the second-level PFC output voltage is

expected as 300V and normal voltage is 387V,

according to the equation, Rg; is 28kQ R4 is 4.3MQ.

The programmable range of second level PFC output
voltage is 340V ~ 300V.

PFC Output

Figure 47. Two-Level PFC Scheme

Oscillator (R1/Cy)

The oscillator frequency is determined by the values of
Rt and C1, which determine the ramp and off-time of
the oscillator output clock:

1
f, S
'Y trT/cT T IDEAD @

The dead time of the oscillator is derived from the
following equation:

VREF -1
J ®)

t =Cr xRy xIn| —
RT/CT = LT X AT X (VF{EF—S.S
at VREF=7-5V and tRT/CT=CT x RT x 0.56.
The dead time of the oscillator is determined using:

2.8V

7.78mA
The dead time is so small (trrct™>>tpeap) that the
operating frequency can typically be approximated by:

1
tRiCT

tDEAD = X CT = 360 X CT (6)

)

faricT =

Pulse Width Modulator (PWM)

The operation of the PWM section is straightforward,
but there are several points that should be noted.
Foremost among these is the inherent synchronization
of PWM with the PFC section of the device, from which
it also derives its basic timing. The PWM 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. It
is thereby representative of the current flowing in the
converter’s output stage. I i, which provides cycle-by-
cycle current limiting, is typically connected to RAMP in
such applications. For voltage-mode operation and
certain specialized applications, RAMP can be
connected to a separate RC timing network to generate
a voltage ramp against which FBPWM is compared.
Under these conditions, the use of voltage feed-forward
from the PFC bus can assist in line regulation accuracy
and response. As in current-mode operation, the I ur
input is used for output stage over-current protection.
No voltage error amplifier is included in the PWM stage,
as this function is generally performed on the output
side of the PWM'’s isolation boundary. To facilitate the
design of opto-coupler feedback circuitry, an offset has
been built into the PWM’'s RAMP input that allows
FBPWM to command a 0% duty cycle for input voltages
below typical 1.5V.

PWM Cycle-By-Cycle Current Limiter

The ILIMIT pin is a direct input to the cycle-by-cycle
current limiter for the PWM section. Should the input
voltage at this pin ever exceed 1V, the output flip-flop is
reset by the clock pulse at the start of the next PWM
power cycle. When the Iy triggers the cycle-by-cycle
bi-cycle current, it limits the PWM duty cycle mode and
the power dissipation is reduced during the dead-short
condition.

Vin OK Comparator

The V|y OK comparator monitors the DC output of the
PFC and inhibits the PWM if the voltage on FBPFC is
less than its nominal 2.4V. Once the voltage reaches
2.4V, which corresponds to the PFC output capacitor
being charged to its rated boost voltage, the soft-start
begins.

PWM Soft-Start (SS)

PWM startup is controlled by selection of the external
capacitor at soft-start. A current source of 10pA
supplies the charging current for the capacitor and
startup of the PWM begins at 1.5V.
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PWM Control (RAMP)

When the PWM section is used in current mode, RAMP
is generally used as the sampling point for a voltage,
representing the current in the primary of the PWM's
output transformer. The voltage is derived either from a
current sensing resistor or a current transformer. In
voltage mode, RAMP is the input for a ramp voltage
generated by a second set of timing components (Rrawp,
Crawp) that have a minimum value of OV and a peak
value of approximately 6V. In voltage mode, feed
forward from the PFC output bus is an excellent way to
derive the timing ramp for the PWM stage.

Generating Vpp

After turning on the FAN4800A/C, FAN4801/02/02L at
11V, the operating voltage can vary from 9.3V to 28V.
The threshold voltage of the Vpp OVP comparator is
28V and its hysteresis is 1V. When Vpp reaches 28V,
OPFC is LOW, and the PWM section is not disturbed.
There are two ways to generate Vpp: use auxiliary
power supply around 15V or use bootstrap winding to
self-bias the FAN4800A/C, FAN4801/02/02L system.
The bootstrap winding can be taped from the PFC boost
choke or the transformer of the DC-to-DC stage.

Leading/Trailing Modulation

Conventional PWM techniques employ trailing-edge
modulation, in which the switch turns on right after the
trailing edge of the system clock. The error amplifier
output is then compared with the modulating ramp up.
The effective duty cycle of the trailing edge modulation
is determined during the on-time of the switch.

In the case of leading-edge modulation, the switch is
turned off exactly at the leading edge of the system
clock. When the modulating ramp reaches the level of
the error amplifier output voltage, the switch is turned
on. The effective duty-cycle of the leading-edge
modulation is determined during off-time of the switch.

© 2008 Fairchild Semiconductor Corporation
FAN4800A/C, FAN4801/02/02L * Rev. 1.0.3
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Physical Dimensions
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NOTES: UNLESS OTHERWISE SPECIFIED

THIS PACKAGE CONFORMS TO
JEDEC MS-001 VARIATION BB
B) ALL DIMENSIONS ARE IN MILLIMETERS.
C) DIMENSIONS ARE EXCLUSIVE OF BURRS,
MOLD FLASH, AND TIE BAR PROTRUSIONS
D) CONFORMS TO ASME Y14.5M-1994

E) DRAWING FILE NAME: N16EREV1

Figure 48. 16-Pin Dual In-Line Package (DIP)

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 worldwide terms and conditions, 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.comv/packaging/.
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Physical Dimensions (Continued)
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Figure 49. 16-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 worldwide terms and conditions, specifically the

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:

D) CONFORMS TO ASME Y14.5M-1994
E) LANDPATTERN STANDARD: SCIC127P600X175-16AM
F) DRAWING FILE NAME: M1BAREV12.

© 2008 Fairchild Semiconductor Corporation

FAN4800A/C, FAN4801/02/02L * Rev. 1.0.3 23

www.fairchildsemi.com

uolnjeuiquo9 19]101u0) WMd/J4d — 120/20/L08YNV ‘“O/V008YNVH



[ |
FAIRCHILD
SEMICONDUGTOR®

TRADEMARKS

* Trademarks of System General Corporation, used under license hy Fairchild Semiconductor.

The following includes registered and unregistered tradermarks and sendce marks, owned by Fairchild Semiconductor andfor its global subsidianes, and is not
intended to be an exhaustive list of all such radermarks.

AccuPower™ F-PFs™ Power-SPwW™ The Power Franchise®
Auto-SPR™ FRFET® PowerTrench” The Right Technolagy for Your Success™
AM-CARTE Global Power Resource™ Powe ST the
Build it M ow™™ Green FPS™ Programmable Active Droop™ phnm”
CarePLIS™ Green FPS™ e-Serigs™ QFET® TinyBoost™
CorePCWWER™ Gmaxm™ Qg™ TinyBuck™
CROSSVOLT™ GTCm™ CQuiet Series™ TinyCalcm
CTL™ IntellitAXT™ RapidConfigure™ T\nyLogic'a
Current Trang.fer Logic™ |SOPLANART r:)TM TINYORTCm
BE;‘:XCF;EEE MFESE%SHPLERTM Saving ourwarld, TmyWANEYY at a time™ TinyPower™

& : Signalviise™ TinyFyh™
EcoSPARK MicroFET™ & TirArers
Efficienthdaxm™ MicroPak™ Simailay " M eIE 2
ESEC™ MicrmPakam SMA@RT STARTT TriFault Detect =

& Mill orDrive™ SPM TRUECURRENT™
Y e STEALTHT™ pwSerDes™

Fairchild® i i SuperFET® '&
Fairchild Semiconductar® e Super30T™-3 diDes
FACT Cuiet Series™ CptoH T SuperSOT™B UHC
FACT® OPTOLOGIC® SupersQTTLg Ultra FRFET™
FAST® SETERL ANAR SupreMOs URiFET™
FastvCore™ o SyncFET™ TR
FETEench™ Sync-Lock™ WisualMa™
Flashiriter™ POP SEM™ ;gﬁg;m_% HSTM
EES™

DISCLAIMER

FAIRCHILD SEMICCHNDUCTOR RESERVES THE RIGHT TOMAKE CHAMNGES WITHOUT FURTHER NOTICE TQ ANY PRODUCTS HEREIN TO IMPROVE
RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES MOT ASSUME ANY LIABILITY ARISING OUT OF THEAPPUCATION ORUSE OF ANY FRODUCT OR
CIRCUIT DESCRIBED HEREIN, NEITHER DCES [T CONVEY ANY LICENSE UNDER TS PATENT RIGHTS, MOR THE RIGHTS CF OTHERS. THESE
SPECIFICATIONS DG NOT EXPAND THE TERMS OF FAIRCHILD'S WORLDWIDE TERMS AMD CCMDITIONS, SPECIFICALLY THE WARRAMTY THEREIM,
WHICH COVERS THESE PRODUCTS

LIFE SUPPORT POLICY

As used herein

1. Life support devices or systems are devices or systemswhich, (a) are
intended for surgical implant into the body ar (b} support or sustain life,
and (c) whose failure to perform when properly used in accordance

FAIRCHILD'S PRODUCT S ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WTHOUT THE
EXPRESS WRITTEN AFPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION

2. A chitical component in any component of a life support, device, or
systemn whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its

uolnjeuiquo9 19]101u0) WMd/J4d — 120/20/L08YNV ‘“O/V008YNVH

with instructions for use provided in the lakeling, can be reasonably
expected to result in a significant injury of the user.

safety or effectiveness.

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Comaration's Ant-Counterfeiing Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our extemal website, v fairchildsemi.com,
under Sales Support.

Counterfeiing of semiconductar parts is a grawing problemnin the industry. All manufacturers of semiconductor products are expenencdng counterfeiting of their parts.
Custormers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation, substandard performance, failed applications,
and increased cost of produdtion and manufacturing delays. Fairchild is taking strong measures to protect oursekves and our customers from the proliferation of
counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directhy from Fairchild or from Authonzed Fairchild Distributors who are
listed by country on ourweh page dted above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors are genuine parts, have
full traceabilty, meet Fairchild's guality standards for handing and storage and provide accessto Fairchild's full range of up-to-date technical and product infanmation.
Fairchild and our Authorized Distributors wil stand behind all warranties andwill appropnately address any warranty issues that may anse. Fairchild wall nat provide
amywarranty coverage or other assistance for parts bought from Unauthonzed Sources. Fairchild is committed to combat this global problem and encourage our
customers to do their part in stopping this practice by buving direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification

Product Status Definitien

Datasheet contains the design specifications for product development. Specifications may change in
any manner without notice

Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild
Semiconductar reserves the right to make changes at any time without notice to improve design
Datasheet contains final specifications. Fairchild Semiconductar reserves the right to make changes
at any time without notice to improve the design

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductar,
The datasheet is for reference information only

Advance Information Farmative / In Design

Prelirminary First Production

Mo ldentification Needed | Full Production

Obsolete Mot In Production
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