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CCM PFC/Flyback PWM Combination Controller

Features

®  Green-Mode PFC and PWM Operation

®  No Switching of PFC at Light Loads Saves Power
" Low Startup and Operating Current

" Innovative Switching-Charge Multiplier-Divider

®  Multi-Vector Control for Improved PFC Output
Transient Response

®  |Interleaved PFC/PWM Switching

®"  Programmable Two-Level PFC Output Voltage

®  Average-Current-Mode Control for PFC

®  Cycle-by-Cycle Current Limiting for PFC/PWM

®  PFC Over-Voltage and Under-Voltage Protections
®  PFC and PWM Feedback Open-Loop Protection
"  Brownout Protection

®  Qver-Temperature Protection

Applications

®  Switching Power Supplies with Active PFC and
Standby Power

®  High-Power Adaptors

Description

The highly integrated SG6902 is designed for power
supplies with boost PFC and flyback PWM. It requires
few external components to achieve green mode
operation and versatile protections. It is available in a
20-pin SOIC package.

The proprietary interleave-switching feature
synchronizes the PFC and PWM stages and reduces
switching noise. At light loads, the switching frequency
is continuously decreased to reduce power
consumption. If output loading is further reduced, the
PFC stage is turned off to reduce power consumption.

For PFC stage, the proprietary multi-vector control
scheme provides a fast transient response in a low-
bandwidth PFC loop, in which the overshoot and
undershoot of the PFC voltage are clamped. If the
feedback loop is broken, the SG6902 shuts off PFC to
prevent extra-high voltage on output. Programmable
two-level output voltage control reduces the PFC output
voltage at low line input to increase the efficiency of the
power supply.

For the flyback PWM, the synchronized slope
compensation ensures the stability of the current loop
under continuous-conduction-mode operation. Built-in
line-voltage compensation maintains a constant output
power limit. Hiccup operation during output overloading
is also guaranteed.

In addition, SG6902 provides protection functions, such
as brownout and RI pin open/short protections.

Ordering Information

Operating

Part Number Temperature Range

@ Eco Status

Package Packing Method

SG6902SZ -30°C to +85°C RoHS

20-Lead, Small Outline Integrated
Circuit (SOIC), JEDEC
MS013, .300 inch, Wide Bod

Tape & Reel

@ For Fairchild’s definition of “green” Eco Status, please visit: http://www.fairchildsemi.com/company/green/rohs_green.html.
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Figure 1. Typical Application
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Marking Information

anaammrrr T- S=S0P
P- Z=Lead Free
Null=Regular Package
SGE902TP XXXXXXXX- Wafer Lot
XOOOXXXXYWWV Y: Year; WW: Week
o V: Assembly Location

ooy

Figure 3. Top Mark

Pin Configuration
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Figure 4. Pin Configuration
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Pin Definitions
Pin # | Name | Description

Line Voltage Detection. The pin is used for PFC multiplier, RANGE control of PFC output

1 VRMS voltage, and brownout protection. For brownout protection, the controller is disabled after a
delay time when the Vrus voltage drops below a threshold.
Reference Setting. One resistor connected between Rl and ground determines the switching

2 RI frequency. The switching frequency is equal to [1560 / R|]] KHz, where R is in KQ. For example,
if Riis equal to 24KQ, the switching frequency is 65KHz.
Over-Temperature Protection. A constant current is output from this pin. An external NTC

3 OTP thermistor must be connected from this pin to ground. The impedance of the NTC thermistor
decreases whenever the temperature increases. Once the voltage of the OTP pin drops below
the OTP threshold, the SG6902 is disabled.

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

5 IPEC Inverting Input of the PFC Current Amplifier. Proper external compensation circuits result in
excellent input power factor via average-current-mode control.
Non-Inverting Input of the PFC Current Amplifier and the Output of Multiplier. Proper

6 IMP external compensation circuits results in excellent input power factor via average-current-mode
control.

7 ISENSE | Current Limit. A resistor from this pin to GND sets the current limit.
Control Input for Voltage-Loop Feedback of PWM Stage. It is internally pulled high through a

8 FBPWM | 6.5kQ resistance. Usually an external opto-coupler from secondary feedback circuit is
connected to this pin.
Current-Sense Input for the flyback PWM. Via a current sense resistor, this pin provides the

9 IPWM . -
control input for peak-current-mode control and cycle-by-cycle current limiting.

10 AGND | Signal Ground.
Soft-Start. During startup, the SS pin charges an external capacitor with a 50uA (Ri=24KQ)

11 SS constant current source. The voltage on FBPWM is clamped by SS during startup. In the event
of a protection condition occurring and/or PWM being disabled, the SS pin quickly discharges.

12 OPWM Totem-Pole Output Drive for the Flyback PWM MOSFET. This pin is internally clamped under
17V to protect the MOSFET.

13 GND Power Ground.

14 OPFC Totem-Pole Output Drive for the PFC MOSFET. This pin is internally clamped under 17V to
protect the MOSFET.

15 VDD Power Supply Pin.

16 RANGE | RANGE Pin. High impedance whenever the Vrus voltage is lower than a threshold.
PFC Stage Over-Voltage Input. The comparator disables the PFC output driver if the voltage

17 OVP at this input exceeds a threshold. This pin can be connected to FBPFC or it can be connected
to the PFC boost output through a divider network.

18 FBPFC 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.
Error Amplifier Output for PFC Voltage Feedback Loop. A compensation network (usually a

19 VEA capacitor) is connected between this pin and ground. A large capacitor value results in a narrow
bandwidth and improves the power factor.

20 IAC Input used to Provide Current Reference for the Multiplier.

© 2008 Fairchild Semiconductor Corporation
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Absolute Maximum Ratings

reliability. The absolute maximum ratings are stress ratings only.

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

Symbol Parameter Min. Max. Unit
Vvbb DC Supply Voltage 25 \%
lac Input AC Current 2 mA
VHicH OPWM, OPFC, IAC -0.3 25.0 \Y,
Viow Others -0.3 7.0
Po Power Dissipation at Ta< 50°C (SOP) 1.15 w
Ty Operating Junction Temperature -40 +125 °C
Tste Storage Temperature Range -55 +150 °C
Ouc Thermal Resistance (Junction-to-case) 23.64 °C/W
TL Lead Temperature (Soldering) +260 °C
ESD Electrostatic Discharge Capability Machine Model, JESD22-A113 4.5 KV
HBM Model, JESD22-A114 250 \Y,

Notes:

Recommended Operating Conditions

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.

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.

<
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Symbol Parameter

Min.

Max.

Unit

Ta Operating Ambient Temperature

-30

+85

°C

© 2008 Fairchild Semiconductor Corporation
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Electrical Characteristics

Vpp=15V and Ta=25°C unless otherwise specified.
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Symbol Parameter Conditions Min. Typ. Max. Units
Vpp SECTION
Continuously Operating
Voo-op Voltage 20 v
Ibp-sT Startup Current 0V < Vpp < Vbp-on 10 25 MA
. Vpp=15V; OPFC, OPWM
Ibp-opP Operating Current Open; R=24KQ 6 10 mA
Vpp-oN Start Threshold Voltage 15 16 17 \Y,
Minimum Operating
Vbp-oFF Voltage 9 10 11 V
Vpp-ove Vpp OVP Threshold 23.5 245 25.5 \Y,
Debounce Time of Vpp B
to-vopove OVP Ri=24KQ 8 25 us
Vpp Low-Threshold V. V. v,
VDD-TH-G Voltage to Exit Green-off DD- DD- bp- V
orr+0.9 | orr+1.5 | oFet2.1
Mode
OSCILLATOR SECTION
fosc PWM Frequency Ri=24KQ 62 65 68 KHz
fosc-minrrea | PWM Frequency Ri=24KQ 18.0 20.0 22.5 KHz
R RI Pin Resistance Range 15.6 47.0 KQ
VR RI Voltage 1.176 1.200 1.224 \Y,
. . If R>R.open, SG6902
R-opeN RI Pin Open Protection Turns off 200 KQ
. . If Ri<R\.sHorT, SG6902
Ri-sHoRT RI Pin Short Protection Turns off 2 KQ

Continued on following page...
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Electrical Characteristics
Vpp=15V and Ta=25°C unless otherwise specified.
Symbol Parameter Conditions Min. Typ. Max. Units
Vrus SECTION (for UVP and RANGE)
RMS AC Voltage Under-
VRMS-UVP-1 Voltage Protection 0.75 0.80 0.85 \Y,
Threshold (with tyve Delay)
VRums-Uvp- | VRMs-UvP- | VRMs-uvP-1
VRMs-UVP-2 Recovery Level on Vrus L +016V|1+018V | +0.2V Vv
When UVP Occurs, t
to-pwm Interval from PFC Off to Ri=24KQ tuvp-mint9 U_\‘_”,jl-“_ ms
PWM Off Min
Under-Voltage Protection _
tuve Delay Time( Ri=24KQ 150 195 240 ms
High Vrus Threshold for
Low Vrus Threshold for
trANGE Range-Enable Delay Time |Ri=24KQ 140 170 200 ms
Output Low Voltage of _
VoL RANGE Pin lb,=1TmA 0.5 \Y,
Output High Leakage _
e Current of RANGE Pin e 50 ")
PFC STAGE
Voltage Error Amplifier
VRer Reference Voltage 2.95 3.00 3.05 \Y,
Av Open-Loop Gain 60 dB
Zo Output Impedance 110 KQ
PFC Over-Voltage
OVPerc | protection (OVP Pin) 320 1 325 3.30 y
PFC Feedback Voltage
AOVPerc Protection Hysteresis 60 90 12y v
tovp-prc Debounce Time of PFC Ri=24KQ 40 70 120 us
OVP
Clamp-High Feedback
VEBPFC-H Voltage 3.10 3.15 3.20 \Y,
GrBPFC-H Clamp-High Gain 0.5 WA/mV
Clamp-Low Feedback
VEBPFC-L Voltage 2.75 2.85 2.90 \Y,
Graprc-L Clamp-Low Gain 6.5 mA/mV
IFBPFC-L Maximum Source Current 1.5 2.0 mA
IFBPFC-H Maximum Sink Current 70 110 MA
PFC Feedback Under-
UVPraerc Voltage Protection 0.35 0.40 0.4 v
VEBHIGH FB Open Voltage 6 7 8 \%
tovprBPEC Debounce Time of PFC Ri=24KQ 40 70 120 us
UVP
Note:
3. No delay time at startup.
Continued on following page...
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Electrical Characteristics
Vpp=15V and Ta=25°C unless otherwise specified.
Symbol Parameter Conditions Min. Typ. Max. Units
CURRENT ERROR AMPLIFIER
VoFFseT Input Offset Voltage 8 mV
A Open-Loop Gain 60 dB
BW Unit Gain Bandwidth 1.5 MHz
CMRR | Common Mode Rejection |y, g t5 +1.5v 70 dB
Ratio
VouT-HIGH Output High Voltage 3.2 \%
VouT-Low Output Low Voltage 0.2 \%
IMr1, IMR2 Reference Current Source | R=24KQ (Iur=20+Iri*0.8) 50 70 MA
I Maximum Source Current 3 mA
In Maximum Sink Current 0.25 mA
PEAK CURRENT LIMIT
Ip Constant Current Output | R=24KQ 90 100 110 MA
Peak Current Limit Vrus=1.05V 0.15 0.20 0.25 \Y,
VoK Threshold Voltage Cycle-
by-Cycle Limit (Vsense < |Vrus=3V 0.35 0.40 0.45 \
Vek)
tep-pFC Propagation Delay 200 ns
Leading-Edge Blanking
tLes-PFC Time 270 350 450 ns
MULTIPLIER
Iac Input AC Current Multiplier Linear Range 0 360 MA
Maximum Multiplier .
Io-max Current Output R 250 KA
Multiplier Current Output | VrRms=1.05V; |ac=90yA;
Imo-1 (Low-Line, High-power) | Vea=7.5V; R=24KQ 200 250 280 WA
Multiplier Current Output | Vrms=3V; lac=264pA;
Iwo-2 (High-Line, High-power) | Vga=7.5V: R=24KQ 65 85 WA
Vimp Voltage of IMP Open 3.4 3.9 4.4 \Y,
PFC OUTPUT DRIVER
Output Voltage Maximum _
Vzprc (Clamp) Vpp=20V 16 18 \Y,
VoL-prc Output Voltage Low Vpp=15V; lo=100mA 1.5 \Y,
Interval OPFC Lags
terc Behind OPWM at Startup 9.0 1.5 14.0 g
Vou-prc Output Voltage High Vop=13V; lo=100mA 8 \%
.. . VDD=15V; C|_=5T'IF;
tr-PFC Rising Time OPFC=2V to 9V 40 70 120 ns
. . VDD=15V; C|_=5nF;
trPFc Falling Time OPFC=9V to 2V 40 60 110 ns
DCYwmax Maximum Duty Cycle 93 98 %
Continued on following page...
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Electrical Characteristics %
Vpp=15V and Ta=25°C unless otherwise specified. 8
Symbol Parameter Conditions | Min. | Typ. | Max. | Units |
PWM STAGE 8
FBPWM %
FB to Current Comparator T
Av-pwm Attenuation 2.5 3.1 3.5 VIV '®)
~~
ZrB Input Impedance(‘” 4 5 7 KQ T
Irs Maximum Source Current 0.8 1.2 1.5 mA §
PWM Open-Loop %
FBoren-Loor Protection Voltage 4.2 4.5 4.8 \Y; QL
T
PWM Open-Loop
toPEN-PWM | protection Delay Time 45 gE 70 ms é
VpFC-OFF1 PFC Off Voltage at FBPWM | RANGE=Ground Ve+0.2V Y, 0
Vprc-oFF2 PFC Off Voltage at FBPWM | RANGE=0Open Ve+0.2V \% %
tPrc-OFE PFC Off Delay Time Ri=24kQ 500 650 800 ms g
Verconts | PFC On Voltage at FBPWM SQ‘MESEZS’W“" V+0.35V v 0
]
RANGE=Ground =
Vprc-on2ss | PFC On Voltage at FBPWM Veys=2.85V Vs+0.35V \% §
Verconos | PFC On Voltage at FBPWM | RANGE=Open V+0.85V Y, L
Vrms=0.8V
Verc.on1ss | PFC On Voltage at FBPWM SRAM':SE;?\?‘*” Ve+0.5V v
v, Frequency Reduction RANGE=Ground 1.9 2.1 23 Y,
N Threshold on FBPWM : : :
Se Green(4l)\/|ode Modulation 60 75 20 Hz/V
Slope
Voltage on FBPWM at
Ve fs=20KHz 1.35 1.60 1.75 Y
PWM CURRENT SENSE
— gﬁ’tgﬁ?am“ Delay to Vop=15V, OPWM<=9V | 60 120 ns
Peak Current Limit _
VimiT-1 Threshold Voltage RANGE=0pen 0.65 0.70 0.75 Vv
Peak Current Limit _
Vimir-2 Threshold Voltage2 RANGE=Ground 0.60 0.65 0.70 Vv
teNk-PWM IT__.eading-Edge STy 270 350 450 ns
ime
AVs=AVsLoprE X (ton/t)
AVsiope Slope Compensation AVs: Compensation 0.45 0.50 0.55 \Y
Voltage Added to
Current Sense
Note:
4. Guaranteed by design.
Continued on following page...
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Electrical Characteristics

Vpp=15V and Ta=25°C unless otherwise specified.
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Symbol Parameter Conditions Min. Typ. Max. Units
PWM OUTOUT DRIVER
Output Voltage Maximum _
Vzpwm (Clamp) Vpp=20V 16 18 \Y,
Vor-pwm Output Voltage Low Vop=15V; lo=100mA 1.5 \%
VoH-PwmM Output Voltage High Vpp=13V; lo=100mA 8 \Y,
- ) Vpp=15V; C =5nF;
tr-PWM Rising Time OPWM=2V to 9V 30 60 120 ns
. . VDD=15V; CL=5nF;
tr-Pwm Falling Time OPWM=9V to 2V 30 50 110 ns
DCYmaxpwm | Maximum Duty Cycle 73 78 83 %
OTP SECTION
lotp OTP Pin Output Current | R=24KQ 90 100 110 MA
Vortp-oN Recovery Level on OTP 1.35 1.40 1.45 \%
Vorp-oFF OTP Threshold Voltage 1.15 1.20 1.25 \Y,
torp OTP Debounce Time 8 25 V&
SOFT-START SECTION
Constant Current Output _
Iss for Soft-Start R1=24KQ 44 50 56 MA
Rp Discharge Rpson 470 Q

© 2008 Fairchild Semiconductor Corporation
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Typical Performance Characteristics

Startup Current (Ipp_g7) Vs. Temperature

Ibp-sT (HA)
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VDDAMIN (V)

Minimum OperationVoltage (V) VS. Temperature
110
108
106

102 ~
100
98

~
94 ™
92
90

N

-4°C -25°C -1°C  5°C 20°C 35°C 50°C 65°C 80°C 95°C 110°C 125°C

Temperature (°C)

Figure 5. Startup Current

Figure 6. Vpp.min Threshold Voltage

Startup Current vs. Vpp Voltage

Frequency vs. Voltage
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Figure 7. Startup Current vs. Vpp Voltage Figure 8. PWM Frequency vs. FB Voltage
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Figure 9. Vru.on Threshold Voltage

Figure 10. Duty Cycle vs. FB Voltage
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Typical Performance Characteristics (Continued)
High V, Threshold for RANGE Comparator (V s. Temperature
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Typical Performance Characteristics (Continued)

PFC Over-Voltage Protection (OVP pr() vs. Temperature
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Figure 17. PFC Over-Voltage Protection

Figure 18. Maximum Duty Cycle (OPFC)

Rising Time (tg) vs. Temperature PWM Open-Loop Protection Voltage (FBopgn. oop) VS Temperature
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Figure 19. Rising Time (OPFC) Figure 20. PWM Open-Loop Protection
Falling Time (tr) vs. Temperature PWM Open-Loop Protection Delay Time (topgn.pywm) VS- Temperature
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Figure 21. Falling Time (OPFC) Figure 22. PWM Open-Loop Protection Delay Time
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Typical Performance Characteristics (Continued)
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Figure 23. Peak Current Limit Threshold Voltage Figure 24. Falling Time (OPWM)
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Figure 25. Peak Current Limit-2 Threshold Voltage Figure 26. Maximum Duty Cycle (OPWM)
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Figure 27. Rising Time (OPWM) Figure 28. OTP Threshold Voltage
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Functional Description

The highly integrated SG6902 is designed for power
supplies with boost PFC and flyback PWM. It requires
very few external components to achieve green-mode
operation and versatile protections / compensation.

The proprietary interleave-switching feature
synchronizes the PFC and PWM stages and reduces
switching noise. At light loads, the switching frequency
is continuously decreased to reduce power
consumption. If output loading is reduced, the PFC
stage is turned off to reduce power consumption.

The PFC function is implemented by average-current-
mode control. The proprietary switching charge
multiplier-divider provides a high-degree noise immunity
for the PFC circuit. The proprietary multi-vector output
voltage control scheme provides a fast transient
response in a low-bandwidth PFC loop, in which the
overshoot and undershoot of the PFC voltage are
clamped. If the feedback loop is broken, the SG6902
shuts off PFC to prevent extra-high voltage on output.
Programmable two-level output voltage control reduces
the PFC output voltage at low line input to increase the
efficiency of the power supply.

For the flypack PWM, the synchronized slope
compensation ensures the stability of the current loop
under continuous-mode operation. Built-in line-voltage
compensation maintains constant output power limit.
Hiccup operation during output overloading is also
guaranteed. To prevent the power supply from drawing
large current during startup, the startup for PFC stage is
delayed 11.5ms after the operation of PWM stage.

In addition, SG6902 provides complete protection
functions, such as brownout, over-voltage, and RI pin
open/short protections.

Startup

Figure 29 shows the startup circuit. A resistor Rac is
utilized to charge Vpp capacitor through S1. The turn-on
and turn-off thresholds are fixed internally at 16V and
10V. During startup, the hold-up capacitor must be
charged to 16V through the startup resistor to enable
SG6902. The hold-up capacitor continues to supply Vpp
before the energy can be delivered from auxiliary
winding of the main transformer. Vpp must not drop
below 10V during this startup process. This UVLO
hysteresis window ensures that hold-up capacitor is
adequate to supply Vpp during startup. Since SG6902
consumes less than 25pA startup current, the value of
Rac can be large to reduce power consumption. One
10uF capacitor should hold enough energy for
successful startup. After startup, S1 switches so that
the current Iac is the input for PFC multiplier. This helps
reduce circuit complexity and power consumption.

L —s
> 20 <
N -
—h P
_H_I IAC;E' ______
ZRrus |
VRS X o
]
C1l EE R : L
I
< 1 lacxVea
: K V-em!‘f
SG6902
Figure 29. Startup Circuit

Switching Frequency and Current Sources

The switching frequency can be programmed by the
resistor RI connected between RI pin and GND. The
relationship is:

¢ __1560
OSC RI (kQ)
For example, a 24KQ resistor R results in a 65KHz

switching frequency. Accordingly, a constant current, Ir,
flows through R;:

1.2V
e =—“<Y (mA
TR (kQ)(m ) 2)

It is used to generate internal current reference.

(kHz) (1)

Line Voltage Detection (VRMS)

Figure 30 shows a resistive divider with low-pass
filtering for line-voltage detection on the VRMS pin. The
Vrms Voltage is used for the PFC multiplier, brownout
protection, and range control.

For brownout protection, the SG6902 is disabled with a
195ms delay time if the voltage Vrus drops below 0.8V.

For PFC multiplier and range control, refer to the PFC
Operation section below for details.

SG6902

lacxVea

z
Virms

o
O.4?u-—4.?uFl

Figure 30. Line-Voltage Detection Circuit
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Interleave Switching and Green Mode

The SG6902 uses interleaved switching to synchronize
the PFC and flyback stages, which reduces switching
noise and spreads the EMI emissions. Figure 31 shows
off-time, torr, inserted between the turn-off of the PFC
gate drive and the turn-on of the PWM.

The off-time torr is increased in response to the
decreasing of the voltage level of FBPWM. Therefore,
the PWM switching frequency is continuously
decreased to reduce switching losses. To further
reduce power losses under extra light-load conditions,
the PFC stage is turned off with a 650ms delay time.

I
11

Interleaved Switching Pattern

OPWM

Figure 31.

PFC Operation

The purpose of a boost active power factor corrector
(PFC) is to shape the input current of a power supply.
The input current waveform and phase follow that of the
input voltage. Average-current-mode control is utilized
for continuous-current-mode operation for the PFC
booster. With the innovative multi-vector control for
voltage loop and switching charge multiplier-divider for
current reference, excellent input power factor is
achieved with good noise immunity and transient
response. Figure 32 shows the total control loop for the
average-current-mode control circuit.

The current source output from the switching charge
multiplier-divider can be expressed as:

I, xV

o =K XAC—EA(UA) (4)
RMS

limp, the current output from the IMP pin, is the
summation of IMO and IMR1. IMR1 and IMR2 are
identical fixed-current sources. R, and Rs; are also
identical. They are used to pull high the operating point
of the IMP and IPFC pins since the voltage across Rs
goes negative with respect to ground. The constant
current sources IMR1 and IMR2 are typically 60pA.

Through the differential amplification of the signal
across Rs, better noise immunity is achieved. The
output of Iga is compared with an internal sawtooth and
the pulse width for PFC is determined. Through the
average current-mode control loop, the input current, Is,
is proportional to Ivo:

Ivo xRz =ls xRs ®)

According to Equation 5, the minimum value of R, and
maximum of Rs can be determined, because IMO
should not exceed the specified maximum value.

There are different concerns in determining the value of
the sense resistor Rs. The value of Rs should be small
enough to reduce power consumption, but large enough
to maintain the resolution. A current transformer (CT)
can improve the efficiency of high-power converters.

To achieve good power factor, the voltage for Vrus and
Vea should be kept as DC as possible, according to
Equation 6. Good RC filtering for Vrus and narrow
bandwidth (lower than the line frequency) for voltage
loop are suggested for better input current shaping. The
transconductance error amplifier has output impedance
Zo (>90kQ) and a capacitor Cea (1pF ~ 10uF) that
should be connected to ground (as shown in Figure 32).
This establishes a dominant pole f1 for the voltage loop:
1

fl= ——M
27xZqxCgp ©

The average total input power can be expressed as:
Pin = VlN(rms) X IIN(rms)

o Vrus * Imo

Vin @)

AC

VEea, the output of the voltage error amplifier, controls
the total input power and the power delivered to the
load.
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Figure 32. Average-Current-Mode Control Loop

Multi-Vector Error Amplifier

The voltage-loop error amplifier is transconductance,
which has high output impedance (> 90kQ). A capacitor
Cea (1p ~ 10uF) connected from Vga to ground provides
a dominant pole for the voltage loop. Although the PFC
stage has a low bandwidth voltage loop for better input
power factor, the innovative multi-vector error amplifier
provides a fast transient response to clamp the
overshoot and undershoot of the PFC output voltage.

Figure 33 shows the block diagram of the multi-vector
error amplifier. When the variation of the feedback
voltage exceeds 5% of the reference voltage, the
transconductance error amplifier adjusts its output
impedance to increase the loop response. If Ra is
opened, SG6902 shuts off immediately to prevent extra-
high voltage on the output capacitor.

l 5G6902
| 3.15V “;
| .
|
|
I 2.85V: +
|
| |-
|
I
Ra |
FBPFC &
W - K I.'\CXVI';.'\
Rﬂi : L\ + Viuts
|
I
VEA |
b
CEA'L !

Figure 33. Multi-Vector Error Amplifier

PFC Over-Voltage Protection

When the OVP feedback voltage exceeds the over-
voltage threshold, the SG6902 inhibits the PFC
switching signal. This protection also prevents the PFC
power converter from operating abnormally while the
FBPFC pin is open.

Cycle-by-Cycle Current Limiting

SG6902 provides cycle-by-cycle current limiting for both
PFC and PWM stages. Figure 34 shows the peak
current limit for the PFC stage. The PFC gate drive is
terminated once the voltage on the ISENSE pin goes
below Vpk.

The voltage of Vrus determines the voltage of Vek. The
relationship between Vpx and Vrus is shown in Figure
34.

The amplitude of the constant current, Ip, is determined
by the internal current reference, Ir, according to the
following equation:

1.2V

IP:2><IT:2>< (8)

- /RIS

Rs

Figure 34.Vrus Controlled Current Limiting

The peak current of the ISENSE

(Vrms<1.05V):
(IP XRP)-O.2V
R

S

is given by

9)

|S_peak =

Flyback PWM and Slope Compensation

As shown in Figure 35, peak-current-mode control is
utilized for flypback PWM. The SG6902 inserts a
synchronized 0.5V ramp at the beginning of each
switching cycle. This built-in slope compensation
ensures stable operation for continuous-current-mode
operation.
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When the IPWM voltage across the sense resistor,
reaches the threshold voltage, 0.65V or 0.7V selected
by RANGE, the OPWM is turned off after a small
propagation delay, tep-pwm. This propagation delay
introduces additional current, proportional to tpp.
pwmeVperc/Lp, wWhere Vprc is the output voltage of Prc
and Lp is the magnetized inductance of the flyback
transformer. Since the propagation delay is nearly
constant, higher Vprc results in a larger additional
current and the output power limit is higher than under
low Vprc. To compensate for this variation, the peak
current threshold is modulated by the RANGE output.
When RANGE is shorted to GND, the PFC output
voltage is high and the corresponding threshold is
0.65V. When RANGE is opened, the PFC output
voltage is low and the corresponding threshold is 0.7V.

{1

SG6902

Figure 35. Peak Current Control Loop

Limited Power Control

Every time the output of power supply is shorted or
overloaded, the FBPWM voltage increases. If the FB
voltage is higher than a designed threshold, 4.5V, for
longer than 56ms, the OPWM is turned off. As OPWM
is turned off, the supply voltage Vpp begins decreasing.

When Vpp is lower than the turn-off threshold, such as
10V, SG6902 is totally shut down. Due to the startup
resistor, Vpp is charged up to the turn-on threshold
voltage, 16V, until enabled again. If the overloading
condition persists, the protection occurs repeatedly to
prevent the power supply from being overheated during
overload condition.

Over-Temperature Protection

An OTP pin provides over-temperature protection. A
constant current is output from this pin. If R, is equal to
24kQ, the magnitude of the constant current is 100uA.
An external NTC thermistor must be connected from
this pin to ground, as shown as Figure 36. When the
OTP voltage drops below 1.2V, SG6902 is disabled
until the OTP voltage exceeds 1.4V.

SG6902

OTP PN _
. ON/OFF
2 1.4VM1.2V —

Soft-Start

Ky

Figure 36. OTP Function

During startup of PWM stage, the SS pin charges an
external capacitor with a constant current source. The
voltage on FBPWM is clamped by SS voltage during
startup. In the event of a protection condition and/or
PWM being disabled, the SS pin quickly discharges.

Gate Driver

SG6902 output stage is a fast totem-pole gate driver.
The output driver is clamped by an internal 18V Zener
diode to protect the power MOSFET.
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PCB Layout

SG6902 has two ground pins. Good high-frequency or
RF layout practices should be followed. Avoid long PCB
traces and component leads. Locate decoupling
capacitors near the SG6902. A resistor (56 ~ 20Q) is
recommended, connected in series from the OPFC and
OPWM, to the gate of the MOSFET.

Isolating the interference between the PFC and PWM
stages is also important. Figure 37 shows an example
of the PCB layout. The ground trace connected from
the AGND pin to the decoupling capacitor should be
low impedance and as short as possible. The ground
trace 1 provides a signal ground and should be
connected directly to the decoupling capacitor Vpp
and/or to the AGND pin. The ground trace 2 shows that
the AGND pins should connect to the PFC output
capacitor Co independently. The ground trace 3 is
independently tied from the PGND to the PFC output
capacitor Co. The ground in the output capacitor Co is
the major ground reference for power switching. To

provide a good ground reference and reduce switching
noise of both the PFC and PWM stages, the ground
traces 6 and 7 should be located very near and be low
impedance.

The IPFC pin is connected directly to Rs through R3 to
improve noise immunity (do not incorrectly connect to
ground trace 2). The IMP and ISENSE pins should be
connected directly via the resistors R, and Rp to
another terminal of Rs. Because ground traces 4 and 5
are PFC and PWM stages of the current loop, they
should be as short as possible.

Ric ISENSE IMP IEA IPFCOPFC OPWM PGND VDDH
AL IAC AGND
o SG6902 FBPFC
ovP
R VRMS FBPWM VEA OTP RI SS IPWM RANGE —Wv ®
RMS

ANA

I

I
1

AN
Yy

Figure 37. Layout Considerations
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Physical Dimensions
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Figure 38. 20-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 warranty therein, which covers Fairchild products.

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