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Features

®  Interleaved PFC/PWM Switching

®  Green Mode PWM Operation

®  Low Startup and Operating Current

®  |nnovative Switching-Charge Multiplier-Divider

®  Average-Current-Mode Control for PFC

®  PFC Over-Voltage and Under-Voltage Protections
" PFC Remote On/Off Control

®  PFC and PWM Feedback Open-Loop Protection
®  Cycle-by-Cycle Current Limiting for PFC/PWM

®  Slope Compensation for PWM

"  Constant Power Limit for PWM

®  Power-On Sequence Control

®  Brownout Protection

®  Qver-Temperature Protection

Applications

®  Switching Power Suppliers with Active PFC
®  High-Power Adaptors
=  LCD TV Applications
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Green Mode PFC/Flyback-PWM Controller

Description

The highly integrated SG6905 is specially designed for
power supplies consisting of boost PFC and flyback
PWM. It requires very few external components to
achieve  green-mode operation and versatile
protections. It is available in 20-pin SOP 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.

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 SG6905 shuts off PFC to
prevent extra-high voltage on output.

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 constant output-
power limit. Hiccup operation during output overloading
is also guaranteed.

During startup, the RDY (ready) is pulled low until the
PFC output voltage reaches the setting level. This
signal can be used to control the second power stage
for proper power-on sequence.

In addition, SG6905 provides complete protection
functions, such as brownout protection and RI pin
open/short.

Ordering Information

Operating Packing
Part Numbeg Temperature Range p2ckase @ Eco status Method
SG6905SY -40°C to +105°C 20-pin Small Outline Package (SOP) Green 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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Application Diagram
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Figure 1. Typical Application
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Block Diagram
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Marking Information

F- Fairchild Logo

i Z- Plant Code
Q0000000 | X Year Code
Y- Week Code
fFzxyrr TT: Die-Run Code
D o T: Package Type (S=SOP)
P: Y: Green Package

guooogogoooa M: Manufacture Flow Code

Figure 3. Marking Information

Pin Configuration

vRMS[ | = iac
R[] Jvea
ote[] JFBPFC
iEA[] Uerc_on
rrc[] IrOY
imp[] Jvop
ISENSE[] Joprc
FePwM[] [enp
iPwm[] Copwm
acnp[] [ss

Figure 4. Pin Configuration (Top View)
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Pin Definitions

Pin #

Name

Description

VRMS

Line Voltage Detection. The pin is used for PFC multiplier, brownout protection. For brownout
protection, the controller is disabled after a delay time when the VRMS voltage drops below a
threshold.

RI

Reference Setting. One resistor connected between Rl and ground determines the switching
frequency. The switching frequency is equal to [1560 / R]JKHz, where R| is in kQ. For example,
if R is equal to 24kQ, then the switching frequency is 65KHz.

oTP

Over-Temperature Protection. This pin supplies an over-temperature-protection signal. A
constant current is output from this pin. An external NTC 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 SG6905 is
disabled.

IEA

Output for PFC Current Amplifier. This is the output of the PFC current amplifier. The signal
from this pin is compared with an internal saw-tooth and hence determines the pulse width for
PFC gate drive.

IPFC

Inverting Input for PFC Current Amplifier. The inverting input of the PFC current amplifier.
Proper external compensation circuits result in excellent input power factor via average-
current-mode control.

IMP

Non-Inverting Input for PFC Current Amplifier. The non-inverting input of the PFC current
amplifier and also the output of multiplier. Proper external compensation circuits result in
excellent input power factor via average-current-mode control.

ISENSE

Peak Current Limit Setting for PFC.

FBPWM

PWM Feedback Input. The control input for voltage-loop feedback of PWM stage. It is
internally pulled high through a 6.5kQ resistance. Usually an external opto-coupler from
secondary feedback circuit is connected to this pin.

IPWM

PWM Current Sense. The current-sense input for the flyback PWM. Via a current-sense
resistor, this pin provides the control input for peak-current-mode control and cycle-by-cycle
current limiting.

10

AGND

Ground. Signal ground.

11

SS

PWM Soft-Start. During startup, the SS pin charges an external capacitor with a 50uA
(Ri=24kQ) 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 is
quickly discharged.

12

OPWM

PWM Gate Drive. The totem-pole output drive for the flypack PWM MOSFET. This pin is
internally clamped under 17V to protect the MOSFET.

13

GND

Ground. Power ground.

14

OPFC

PFC Gate Drive. The totem-pole output drive for the PFC MOSFET. This pin is internally
clamped under 17V to protect the MOSFET.

15

VDD

Supply. The power-supply pin.

16

RDY

Ready-Signal Output. This pin outputs a ready signal to control the power-on sequence. Once
the SG6905 is turned on and the FBPFC (PFC feedback input) voltage is higher than 2.7V, the
pin locks to HIGH impedance. Disabling the SG6905 resets this pin to LOW.

17

PFC_ON

Remote On/Off. The PFC stage disables whenever the voltage at this pin exceeds 2.45V.

18

FBPFC

Voltage Feedback Input for PFC. 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.

19

VEA

Error-Amp Output for PFC Voltage Feedback Loop. The error-amp output for PFC voltage
feedback loop. A compensation network (usually a capacitor) is connected between this pin
and ground. A large capacitor value results in a narrow bandwidth and hence improves the
power factor.

20

IAC

Input AC Current. Before startup, this input is used to provide startup current for Vpp. For
normal operation, this input is used to provide current reference for the multiplier.
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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. All voltage values, except differential voltage, are
given with respect to GND pin. 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.
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Symbol Parameter Min. Max. Unit 8_
Vob DC Supply Voltage 25 \% )
lac Input AC Current 2 mA %
VhigH OPWM, OPFC, IAC Pin -0.3 25.0 \Y EIQ'I
Viow Others Pin -0.3 7.0 \Y <
Po Power Dissipation At Ta < 50°C 800 mwW 8—
o

Ty Operating Junction Temperature -40 +105 °C =~
B.c Thermal Resistance (Junction-to-Case) 23.64 °C/W g
Tste Storage Temperature Range -55 +150 °C Z
TL Lead Temperature (Wave soldering, or IR 10 seconds) +260 °C 8
ESD Human Body Model, JESD22-A114 3.5 KV =
Charged Device Model, JESD22-C101 1250 \Y §

)

Symbol

Parameter

Min.

Typ.

Max.

Unit

Ta

Operating Ambient Temperature

-40

+105

°C
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Electrical Characteristics

Vbop=15V, Ta=25°C, unless otherwise noted.

13[1013U0D IWMd-X9edA|4/04d 9PON US3ID9—SG0699DS

Symbol Parameter Conditions ‘ Min. ‘ Typ. ‘ Max. Units
Vpp Section

Vop.or | Continuous Operation Voltage 20 Vv
Vop-on | Turn-On Threshold Voltage 15 16 17 \%
Vpp-orr | Turn-Off Threshold Voltage 9 10 11 Vv

Ibp-sT Startup Current Vopo=Vpp-on — 0.16V 10 25 MA

. Vpp=15V; OFC,

Ipp-op Operating Supply Current OPWM open 6 10 mA
Vop-ove | Vop Over-Voltage Protection Level 23.5 245 25.5 Vv
to-vooove | Vbop Over-Voltage Protection Debounce | R=24kQ 8 25 us

RI Section
VR RI Voltage 1.17 1.20 1.23 \Y
RI RI Pin Resistance Range 15.6 47.0 kQ
RI Pin Open Protection If R;> Rlgpen, _
Rloren | 566905 turns OFF Ri=24kQ 200 kQ
RI Pin Short Protection If R, < Rlshort, _
RlsrorT | 556905 turns OFF R=24kQ 2 kQ
VRM Section
RMS AC-Voltage Under-Voltage
VRMS-UVP-1 | Brotection Threshold (with Tuve Delay) 0.75 0.80 0.85 v
VRms-uvp- | VRus-uvp- | VRMs-UVP-
Vrus-uvp-2 | Recovery Level on VRMS 4017V | 4019V | +0.21V \Y,
Under-Voltage-Protection Delay Time _
tuve (No Delay for Startup) Ri=24kQ 150 195 240 ms
— thJ)V;V\?I\jl:COU;fS the Interval from PFC Off Ri=24kQ tovp a9 tovpaint14 ms
Continued on the following page...
© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Characteristics

Vbop=15V, Ta=25°C, unless otherwise noted.

Symbol Parameter Conditions Min. | Typ. ‘ Max. | Units
PFC Stage
Voltage Error Amplifier Section
VRer Reference Voltage 2.95 3.00 3.05 Vv
Av Open-Loop Gain 60 db
OVPesprc | PFC Over-Voltage-Protection on FBPFC \gRﬁF; \{)RZF; \{)REFJ V
AOVPprc Egs(,ieFrZ:ii back-Voltage-Protection 60 90 120 mv
tove-PFC Debounce Time of PFC OVP 40 70 120 us
UVPesrrc | PFC Feedback Under Voltage Protection 0.35 0.40 0.45 Vv
tuve-pFc Debounce Time of PFC UVP 40 70 120 us
GM Trans-Conductor 35 50 65 mho
IFBPFC-L Maximum Source Current 28 34 MA
IFBPFC-H Maximum Sink Current 28 34 MA
VEBHIGH FB Open Voltage 6.0 6.3 6.6 Vv
Current Error Amplifier Section
VoFFsET Input Offset Voltage ((-) > (+)) 8 mV
Al Open-Loop Gain 60 dB
BW Unit Gain Bandwidth 1.5 MHz
CMRR Common-Mode Rejection Ratio Vem=0 to +1.5V 70 dB
VoutHich | Output High Voltage 3.2 Vv
Vout-Low | Output Low Voltage 0.2 \%
Ivr1, IMr2 | Reference Current Source (Ff“';i%elm*o.s) 50 70 A
I Maximum Source Current 3 mA
IH Maximum Sink Current 0.15 0.25 0.30 mA
Peak Current Limit Section
Ip Constant Current Output Ri=24KQ 90 100 110 A
Ve cP:eak Current Limit Threshold Voltage Vrus=1.05V 0.15 0.20 0.25 \4
ycle-by-Cycle Limit (Vsense < Vex) Vrus=3V 0.35 0.40 0.45 \%
tro-PFC Propagation Delay 200 ns
tLes-PFC Leading-Edge Blanking Time 70 120 170 ns

Continued on the following page...
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Electrical Characteristics

Vbop=15V, Ta=25°C, unless otherwise noted.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
PFC Stage
Multiplier Section
Iac Input AC Current Multiplier Range 0 360 MA
IMo—max | Maximum Multiplier Current Output Ri=24kQ 230 250 MA
Vrms=1.05V;

Multiplier Current Output IAc=90pA: 200 250 280 uA

13[1013U0D IWMd-X9edA|4/04d 9PON US3ID9—SG0699DS

Ivo-1 (Low-Line, High-Power) ViersBV: Ri=24kQ
oz | (lighLine, High-Pover) VooV Rezaca” | 65 | 8 A
Vive Voltage of IMP Open 3.4 3.9 4.4 \%
PFC Oscillator Section
fosc PFC Frequency Ri=24kQ 62 65 68 KHz
fov Frequency Variation vs. Vpp Deviation Vpp=11 to 20V 2 %
The201085°C 2 |
PFC Output Driver Section
Vz Output-Voltage Maximum (Clamp) Vpp=20V 16 18 \Y,
Vourrc | Output-Voltage Low Vpp=15V; 1o=100mA 1.5 Vv
Von-prc | Output-Voltage High 8 \%

The interval of OPFC Lags behind OPWM

trrc at Startup Vpp=13V; lo=100mA 8.0 11.0 13.5 ms

VDD=1 5V; C|_=5nF;

tr-PFC Rising Time 40 70 120 ns

O/P=2V to 9V
. ) Vpp=1 5V; C|_=5nF;
te-PEC Falling Time OIP=9V to 2V 40 60 110 ns
DCYwuax | Maximum Duty Cycle 93 98 %
PFC On/Off Section
loniorr | Constant Current Output for PFC_ON Pin Ri=24kQ 44 50 56 MA
Vorr Turn-Off Threshold Voltage 2.00 2.45 2.90 \%
trrc_on | Debounce Time of PFC_On/Off Ri=24kQ 40 70 120 us
Continued on the following page...
© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Characteristics

Vbop=15V, Ta=25°C, unless otherwise noted.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
PWM Stage
FBPWM Section
Avpwm | FB to Current Comparator Attenuation 25 3.1 3.5 VIV
Zrg Input Impedance 4 5 7 kQ
IFs Maximum Source Current 0.8 1.2 1.5 mA
F?SSEN' PWM Open-Loop Protection Voltage 4.2 4.5 4.8 V
toren-pwm | PWM Open-Loop Protection Delay Time Ri=24kQ 45 56 70 ms
tOPE;‘:WM' PWM Off to Turn On Delay Time 450 600 750 ms
Se Green-Mode Modulation Slope PFC_ON > VOFF 80 100 120 Hz/V
VEB-N Frequency Reduction Threshold on FBPWM | PFC_ON > VOFF 1.8 2.0 2.2 \%
VeB-G Voltage on FBPWM at fs = 20KHz PFC_ON > VOFF 1.35 1.60 1.75 \Y
Vozne | Voltage of FBPWM < Voz Gate Turn Off PFC_ON < VOFF 0.6 \%
PWM-Current Sense Section
. VDD=1 5V
teo-pwm | Propagation Delay to Output OPWM < 9V 50 120 ns
Vimir Peak Current Limit Threshold Voltage1 0.85 0.90 0.95 \%
ties-rwm | Leading-Edge Blanking Time 170 250 350 ns
Slope Compensation AVs = DVsiLope X (Ton/T)
AVsLore | AVs: Compensation Voltage Added to Current 0.30 0.33 0.36 Vv
Sense
PWM Oscillator Section
fosc PWM Frequency Ri=24kQ 62 65 68 \%
Ri=24kQ;
foscmin | Minimum Frequency FBPWM=Vg; 19.0 21.0 23.5 \%
PFC_ON > VOFF
fov Frequency Variation vs. Vpp Deviation Vpp=11 to 20V 2 %
for Frequgncy Variation vs. Temperature Ta=-20 to 85°C 2 %
Deviation
PWM Output Driver Section
Vzpwm Output-Voltage Maximum (Clamp) Vpp=20V 16 18 \Y
VoLpwm | Output-Voltage Low Vpp=15V; 1o=100mA 1.5 Vv
Vou-pwm | Output-Voltage High Vop=13V; [0=100mA 8 \%
.. . VDD=15V; C|_=5nF;
tr-pwm Rising Time O/P=2V to 9V 30 60 120 ns
. . Vop=15V; C.=5nF;
t.pwm Falling Time O/P=9V to 2V 30 50 110 ns
DCYuaxeww | Maximum Duty Cycle 73 78 83 %

Continued on the following page...
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Electrical Characteristics

Vbop=15V, Ta=25°C, unless otherwise noted.

Symbol Parameter Conditions ‘ Min. ‘ Typ. ‘ Max. | Units
RDY Section
Vesrov- | RDY is a High Impedance at the Voltage of 26 27 28 v
HIGH FBPFC>Vrg.rpy-HigH and PFC_ON Low
e e e | FarFC=2y o |
VoL Output-Voltage Low for RDY is Failed Isink=1TmA 0.5 \%
OTP Section
loTe OTP Pin Output Current Ri=24kQ 90 100 110 MA
Votr.on | Recovery Level on OTP 1.35 1.40 1.45 \Y,
Vorp.orr | OTP Threshold Voltage 1.15 1.20 1.25 \%
totp OTP Debounce Time Ri=24kQ 8 25 us
Soft-Start Section
Iss Constant Current Output for Soft-Start RT=24kQ 44 50 56 MA
Rp Discharge Rpson FBPWM=FBopen-Loor 470 Q

Frequency
A

65KHz

20KHz

PFC_ON > VOFF

PFC_ON < VOFF

FB

A 4

Figure 5.

Vrs_a VreN

PWM Frequency
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Function Protection Table
ltem PWM GATE PFC GATE RDY Pin
PFC_ON exceed Vorr No change OFF Short to ground
OTP OFF OFF Short to ground
Brownout OFF OFF Short to ground
OVP(PFC) No change OFF Open drain
UVP(PFC) No change OFF Short to ground
IMP open No change OFF Short to ground
PWM open loop OFF OFF Short to ground
SS Pin pull low(=0V) OFF OFF Short to ground
RI Pin open OFF OFF Short to ground
Note:
1. The PFC stage is disabled, whenever the voltage at PFC_ON pin exceeds Vorr.
2. The RDY Pin is reset, whenever the voltage at PFC_ON pin exceeds Vorr or UVPesprc, OVPrsrrc, Vive, VRMs-uve
occur, IC Vpp reaches Vpp-min.
Green Mode Function
Item PWM PFC
PFC_ON X X
PFC_OFF ©) X
© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Typical Performance Characteristics
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Typical Performance Characteristics (Continued)
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Typical Performance Characteristics (Continued)
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Functional Description

The highly integrated SG6905 is specially designed for
power supplies consisting of boost PFC and flyback
PWM. It requires very few external components to
achieve green-mode operation and versatile
protections. It is available in a 20-pin SOP 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.

For the 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 SG6905 shuts off PFC to
prevent extra-high voltage on output.

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 constant output-
power limit. Hiccup operation during output overloading
is also guaranteed.

During startup, the RDY pin is pulled low until the PFC
output voltage reaches the setting levels. This signal
can be used to control the second power stage for
proper power-on sequence.

In addition, SG6905 provides complete protection
functions, such as brownout protection and RI pin
open/short.

PFC ON/OFF Control and RDY Signal for
Power-ON Sequence Control

A PFC on/off control function is built in to control the
power on and power off of the PFC controller. Once the
voltage on this pin is pulled below 2.45V, the OPFC is
enabled. Once the OPFC is enabled, the output voltage
of the PFC converter gradually increases to the
regulated voltage. To provide a proper power-on-
sequence control, a RDY pin is pulled high after the
PFC voltage reaches 90% (FBPFC>VFg.rpy-HicH) Of its
regulated voltage.

Startup

Figure 24 shows the startup circuit of the SG6905. A
resistor Rac is utilized to charge the Vpp capacitor
through S1. The turn-on and turn-off threshold of
SG6905 are fixed internally at 16V/10V. During startup,
the hold-up capacitor must be charged to 16V through
the startup resistor so that SG6905 is enabled. The
hold-up capacitor continues to supply Vpp before the
energy can be delivered from auxiliary winding of the
main transformer flyback converter. Vpp must not drop
below 10V during this startup process. This UVLO
hysteresis window ensures that the hold-up capacitor is
adequate to supply Vpp during startup. Since SG6905
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 the PFC multiplier. This

helps reduce circuit complexity and power
consumption.
L—-s
> ana? b
N —
_H_l Rac
Ly m_EE: _________
EERRMS' X
Vrus : . 81: Voo 81
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! 1
v : !
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SG6Y05
Figure 24. Startup Circuit of the SG6905

Switching Frequency and Current Sources

The switching frequency of SG6905 can be
programmed by the resistor R, connected between the
RI and GND pins. The relationship is:
1560

fose = =————(KHz

=R (kQ)( ) (1)
For example, a 24kQ resistor R, results in a 65KHz
switching frequency. Accordingly, a constant current It
flows through R;.

1.2V
Iy = W(mA) (2)

It is used to generate internal current reference.

Line Voltage Detection (VRMS)

Figure 25 shows a resistive divider with low-pass
filtering for line-voltage detection on the VRMS pin. The
Vrus Vvoltage is used for the PFC multiplier and
brownout protection.

For brownout protection, the SG6905 is disabled with
195ms delay time if the voltage Vrus drops below 0.8V.

For PFC multiplier, please refer to below section for
more details.

Ct

470nF~4700nF

Figure 25. Line Voltage Detection Circuit
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Interleave Switching

The SG6905 uses interleaved switching to synchronize
the PFC and flyback stages. This reduces switching
noise and spreads the EMI emissions. Figure 26 shows
that an off-time torr is inserted between the turn-off of
the PFC gate drive and the turn-on of the PWM.

e
Il

OPWM

—_— -t

OFF

Figure 26. Line-Voltage Detection Circuit

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 follows that of
the input voltage. Using SG6905, 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 27 shows the
total control loop for the average-current-mode control
circuit of SG6905.

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

Iac « VEA
o =Ke——=———"(uA

MO V- (WA) 3)
Refer to Figure 27, the current output from IMP pin, lvp,
is the summation of Iwo and Iur1. lvr1 and lyr2 are
identical fixed current sources. 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 Ivr1 and Iur2

are typically 60pA.

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

Imo *R2 =Is *Rs (4)

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

There are two major concerns when compensating the
voltage-loop error amplifier (Veao): stability and
transient response. Optimizing interaction between
stability and transient response requires that the error
amplifier's open-loop crossover frequency be half that
of the line frequency, or 23Hz for a 47Hz line (lowest
anticipated international power frequency). The gain vs.
input voltage of the SG6905’'s voltage error amplifier
(Veao) has a specially shaped non-linearity, so that
under  steady-state  operating conditions  the
transconductance of the error amplifier is at a local
minimum. Rapid perturbation in line or load conditions
causes the input to the voltage error amplifier (Vrg) to
deviate from its 3V (nominal) value. If this happens, the
transconductance of the voltage error amplifier
increases significantly. This raises the gain-bandwidth
product of the voltage loop, resulting in a much more
rapid voltage loop response to such perturbations than

would occur with conventional linear gain
characteristics.
The voltage loop gain(s) is given by:

AV AV_ AV
— ouT . FB ° EAC

AV_ AV AV

EAO ouT FB
P o3

~— N, 'GMv'zc (5)

VOUTDC * AVEAO .S .CDC
where:
Zc: Compensation network for the voltage loop.

GMy:  Transconductance of VEAO.
Pin: Average PFC input power.

V2outpe: PFC boost output voltage
(typical designed value is 380V).

Coc: PFC boost output capacitor.

The average total input power can be expressed as:

Py = Vin(rms) x 1 (rms)

I V
< Veus X lyo ¢ Veus X&ZEA
Virus (6)
V
R IN X VEA V
o Vigys X Aciz =2 x_EA
RMS AC

From equation 6, Vea, the output of the voltage error
amplifier, actually controls the total input power and
hence the power delivered to the load.

IEA OFFC

Figure 27. Average Current Mode Control Loop
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Cycle-by-Cycle Current Limiting

SG6905 provides cycle-by-cycle current limiting for
both PFC and PWM stages. Figure 28 shows the peak
current limit for the PFC stage. The PFC gate drive is
terminated once the voltage on ISENSE pin goes below
VPK.

The voltage of Vrus determines the voltage of Vpk. The
relationship between Vpk and VRMS is also shown in
Figure 28.

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

(I, R, )-0.2V

SENSE_peak =~ R (7)
S

therefore the peak current of the lsense is given by
(VRMS<1 .05V)

| 566905

<@
i |

- VRMS

| '
1.05V 3V

Figure 28. Vrus Controlled Current Limiting

Flyback PWM and Slope Compensation

As shown in Figure 29, peak-current-mode control is
utilized for flyback PWM. The SG6905 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.

0.33V, ] || =

FBPW M ]

| ' .

1

! . o

| + "\

! & T %

: a

: —— i

: —o 0.9V < :

1

1

1

1

SG6905 |

Figure 29. Peak Current Control Loop

When the IPWM voltage across the sense resistor
reaches the threshold voltage (0.9V), the OPWM is
turned off after a small propagation delay tpp-pwwm.

To improve stability or prevent sub-harmonic
oscillation, a synchronized positive-going ramp is
inserted at every switching cycle.

Limited Power Control

When the output power supply is shorted or over
loaded, the FBPWM voltage increases. If the FBPWM
voltage is higher than a designed threshold, FBopen-
Loor (4.5V), for longer than topen-pwm (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, Vpp-orr
(10V), SG6905 is totally shut down. Due to the startup
resistor, Vpp is charged up to the turn-on threshold
voltage, Vpp-on (16V), until SG6905 is enabled again. If
the overloading condition still exists, the protection
takes place repeatedly. This prevents the power supply
from being overheated under overloading conditions.

Over-Temperature Protection (OTP)

SG6905 provides an OTP pin for over-temperature
protection. A constant current is output from this pin. If
R is equal to 24kQ, the magnitude of the constant
current is 100pA. An external NTC thermistor must be
connected from this pin to ground as shown in Figure
30. When the OTP voltage drops below Vortp-orr (1.2V),
SG6905 is disabled, and does not recover until OTP
voltage exceeds Vorp-on (1.4V).

SG6905

LD W
ON/OFF
1.4VM1.2V Z

Figure 30. OTP Function

o
J

Soft-Start

During startup of the 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 protected condition
occurring and/or PWM being disabled, the SS pin is
quickly discharged.

Gate Drivers

The SG6905 output stage is a fast totem-pole gate
driver. The output driver is clamped by an internal 18V
Zener diode in order to protect the external power
MOSFET.
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Physical Dimensions
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the warranty therein, which covers Fairchild products.

http:/Anwww.fairchildsemi.com/packading/.
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NOTES: UNLESS OTHERWISE SPECIFIED

A) THIS PACKAGE CONFORMS TO JEDEC
MS-013, VARIATION AC, ISSUE E
B) ALL DIMENSIONS ARE IN MILLIMETERS.
C) DIMENSIONS DO NOT INCLUDE MOLD
FLASH OR BURRS.
D) CONFORMS TO ASME Y14.5M-1994
E) LANDPATTERN STANDARD: SOIC127P1030X265-20L

F) DRAWING FILENAME: MKT-M20BREV3

Figure 31. 20-Pin Small Outline Package (SOP)

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

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

© 2007 Fairchild Semiconductor Corporation
SG6905 * Rev. 1.1.2

13[1013U0D IWMd-X9edA|4/04d 9PON US3ID9—SG0699DS

www.fairchildsemi.com

19



]
FAIRCHILD
]

SEMICONDUCTOR"

TRADEMARKS

The folowing indudes registered and unregistered tradermarks and service marks, owned by Fairchild Semiconductor and/or its global subsidianes, and is not
intended to be an exhaustve ligt of all such trademarks

Build it Mowm™ FRFET® Programmable Active Droop™ the
CorePLUS™ Glahal Pawer Resaurce”™ CFET® pfranl:whls?r
CorePCWERT™ Green FRS™ Qs™ TinyBo ost
CROSSVOLT™ Green FPST™ g-Serigs™ Cuiet Serigs™ TinyBuck™
CTL™ GTO™ RapidConfigure™ i nyLugiC®
Current Transfer Logic™ Intellib AT :) TINYOPTO™
EcoSPARKS® ISOPLAMAR™ ™ TinyPower™
Efficenthlax™ MegaBuck™ Saving ourworld, TrvWANKW at a tirme™ Ti ™
EZSWATCH™ * ™ ' iy Py
MICROCOUPLER Smarthd ™ Tirirem™
M MicroFET™ SMART START™ pSerDes™
® WicraPakm 5P
MillerDrive™ STEALTH™ -
L Mationhdax™ SuperFET™ &
Fairchild® R Mation-SPM ™ SuSerSOTW-S -
Fairchild Semicanductor OPTOLOGIC® SuDErSGT™E Ultra FRFET™
FACT CQuiet Series™ OPTOPLANAR® R UniFET™
FACT® 5 Supers0T™ 8 YO
FAST® UG Yisualaxm
FastvCore™ SRS HETM
by POP SPh™ SYSTEM =
Flashiriter PowerSPh™ GENERAL
EF'PE";__T;TM PowerTrench® The Power Franchize®
B Powe s

* EZSWITCH™ and Flashriter® are trademarks of Systerm General Corporation, used under license by Fairchild Semiconductar.

DISCLAIMER

FAIRCHILD SEMICONDUCTCR RESERVES THE RIGHT TOMAKE CHANGES WTHOUT FURTHER MOTICE TG ANY PRCOUCT S HEREIM TO IMPRCVE
RELUABILTY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME AMNY LIABIUTY ARISING QUT OF THE APPLICATION OR USE OF ANY PRCODUCT OR
CIRCUIT DESCREED HEREIN, NEITHER DOES IT CONYVEY ANY UCENSE UNDER TS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERMS CF FAIRCHILD'S WORLCWWDE TERM S AND CONDITIONS, SFECIFICALLY THE WARRANTY THEREIN,
WHICH CCWERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPOMNENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHCOUT THE
EXPRESSWRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION

As used herein:

1. Life support devices or systems are devices or systems which, (a)are 2. A critical component in any component of a life support, device, or
intended for surgical implant into the body or (b) support or sustain life, systermn whose failure to perform can be reasonably expected to
and (c) whose failure to perform when properly used in accordance cause the failure of the life support device ar system, or to affect its
with instructions for use provided in the labeling, can be reasonably safety or effectiveness.
expected to result in a significant injury of the user.

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Corporation's Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our external website, wiwiw fairchildsemi com,
under Sales Suppoart.

Counterfeting of semicondudar parts is a growang problem in the industry. All manufacturers of semiconductor products are experiendng counterfeiting of their pars
Customerswho inadvertently purchase counterfeit parts experience mary problems such asloss of brand reputation, substandard performance, failed applications,
and increased cost of produdion and manufactunng delays. Fairchild is taking strong measures to protect ourselves and our custormers from the proliferation of
counterfeit parts. Fairchild strongly encourages custormers to purchase Fairchild parts either directly from Fairchild or from Authonized Fairchild Distributors who are
listed by country on ourweb page cited above. Products customers buy either from Fairchild directly or from Authorized Fairchild Cistributors are genuine parts, have
full traceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical and product infarmation.
Fairchid and our Authonized Distributors will stand behind all wamanties and will appropriately address any warranty issues that may anse. Fairchild will not provide
any waranty coverage or other assistance for parts hought from Unauthorized Sources. Fairchild is committed to corrbat this global problem and encourage our
cugtamers to do their part in stopping this practice by buying direct or from authorized distributars.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet [dentification | Product Status Definition

Datasheet contains the design specifications for product development. Specifications may change in

Advance Information . .
any mannerwithout notice.

Formative / In Design

Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild

HEED i ccien Semiconductor 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

No ldentification Needed | Full Production at any time with out notice to improve the design.

Datasheet contains specifications on a product that is discontinued by Fairchild Sermiconductar.

Ohsolete MNat In Production The datasheet is for reference information only.

Rev. 137

© 2007 Fairchild Semiconductor Corporation
SG6905 * Rev. 1.1.2 20

www.fairchildsemi.com

19]]013U0D INMd-%9edA|4/04d dPOIN US3ID—G0699S



