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FANG6206

Features

®  Highly Integrated Dual-Channel SR Controller

" Receives Synchronized Driving Signal from the
Primary Side

® |Internal Linear-Predict Timing Control for DCM
Operation

" Ultra-Low Vpp Operating Voltage for Different
Output Voltage of PC Power

®  Vpp Over-Voltage Protection
® 14V Gate Driver Clamp

Applications
= PC Power

" Server Power
®  Open-Frame SMPS

April 2010

Highly Integrated Dual-Channel Synchronous
Rectification Controller for Dual-Forward Converter

Description

The highly integrated FANG6206 is a dual-channel
synchronous rectification (SR) controller. FAN6206
allows design of a cost-effective power supply with
fewer external components, especially suited for dual-
forward topology used to obtain higher efficiency for
ATX power supplies.

The primary-side control method provides synchronous
rectification control for dual-forward converters that
operate in continuous conduction mode (CCM).
FAN6206 includes a proprietary linear-predict timing
control mechanism for dual-forward converters that
operate in discontinuous conduction mode (DCM) at
fixed or variable frequency. PWM frequency tracking
with secondary-side winding detection is provided by
adding dividing resistors. The primary-side signals are
generated from Fairchild's FAN6210 (Primary-Side
Synchronous Rectifier Signal Trigger for Dual-Forward
Converter). The primary-side signals are transferred
through a pulse transformer to the secondary-side. The
benefits of this technique include simple control method
and improved power system reliability.

FANG6206 is available in 8-pin SOP package.

Ordering Information

Operating Packing
Part REREE Temperature Range Package Method
FAN6206MY -40°C to +105°C 8-Pin Small Outline Package (SOP) Tape & Reel

© 2010 Fairchild Semiconductor Corporation
FAN6206 + Rev. 1.0.2
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Application Diagram
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Marking Information

ﬁ ] :l H F. Fairchild Logo
Z: Plant Code
X: Year Code
F2xyTT ¥ Wk Code
TT: Package Type
6206 T: M=SOP
TPM P: Y: Green Package
@) M: Manufacture Flow Code

L

7000

Pin Definitions

Figure 3. Top Mark

Pin Configuration
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Figure 4. Pin Configuration

Pin# | Name Description
LPC1 Winding detection. This pin is used to detect the voltage on the winding during the on-time
1,2 ' | period of the primary GATE. An internal current source, IcHg, is determined according to the
LPC2 .
voltage on the DET pin.
Synchronized signal to turn on SR. This pin is used to receive the “XN” signal from the primary
3 SN .
side to turn off the SR gate.
Synchronized signal to turn on SR. This pin is used to receive the “XP” signal from the primary-
4 SP g
side to turn-on the SR gate.
5 VDD Power supply pin. The threshold voltages for startup and turn-off are 8.5V and 7.5V,
respectively.
GATE2 |Driver output for freewheeling synchronous rectifier MOSFET.
GND Ground
GATE1 | Driver output for rectifying synchronous rectifier MOSFET.

© 2010 Fairchild Semiconductor Corporation

FANG206 - Rev. 1.0.2
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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 \Y,
Vv SP, SN 30 Vv
Vi LPC -0.3 7.0 \Y
Pp Power Dissipation at Ta < 50°C 400 mwW
Oua Junction to Ambient Thermal Resistance 130 °C/W
Wit Junction to Top Thermal Characteristics 46 °C/W

Ty Operating Junction Temperature -40 +125 °C
Tste Storage Temperature Range -55 +150 °C
TL Lead Temperature, (Soldering 10 Seconds) +260 °C
Human Body Model, JESD22-A114 4.00
ESD kV
Charged Device Model, JESD22-C101 1.25
Notes:

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

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
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Electrical Characteristics

Vpp=20V, Ta=25°C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
Vpp Section
Vop Continuously Operating Voltage 25 \%
VTH-0N1 Turn-On Threshold Voltage 8.0 8.5 9.0 \Y,
VTH-0N2 Turn-On Threshold Voltage 8.0 8.5 9.0 \Y,
VTH-OFF1 Turn-Off Threshold Voltage 7.0 7.5 8.0 \Y,
VTH-OFF2 Turn-Off Threshold Voltage 7.0 7.5 8.0 \%
Ibp-op Operating Current Vpp=15V, DET=50KHz 3 5 mA
Ibp-sT Startup Current Vpp = 7.5V 340 500 MA
Vbp-ovpP1 Vpp Over-Voltage Protection 1 20 21 22 \%
Vpp-ovr2 Vpp Over-Voltage Protection 2 20 21 22 V
VDD-0OVP-HYS1 Hysteresis Voltage for Vpp OVP 1 1.2 1.7 2.2 \%
Vpp-ovP-HYs2 Hysteresis Voltage for Vpp OVP 2 1.2 1.7 2.2 \%
tove1 Vpp OVP Debounce Time 1 40 60 100 us
tovez Voo OVP Debounce Time 2 40 60 100 us
Output Drive for SR MOSFET Section
Vz1 Output Voltage Maximum (Clamp) 1 | Vpp = 20V 12 14 \Y,
Vzo Output Voltage Maximum (Clamp) 2 | Vpp = 20V 12 14 \Y,
VoL1 Output Voltage LOW 1 Vpp=12V, 10=50mA 0.5 \Y
VoL Output Voltage LOW 2 Vpp=12V, 10=50mA 0.5 \Y,
VoH1 Output Voltage HIGH 1 Vop=12V, l0=50mA \%
Vomz Output Voltage HIGH 2 Vop=12V, l0=50mA \%
- Rising Time 1 gl CLo70F 30 | 70 | 120 | s
o Rising Time 2 Uopo 12V, SLTnF, 30 | 70 | 120 | ns
te+ Falling Time1 Uopo12V, SuLsTnF, 20 | 50 | 100 | ns
te Falling Time 2 Uopo12V, SuLTnF, 20 | 50 | 100 | ns
Vz1 Output Voltage Maximum (Clamp) Vop = 20V 12 14 \%
tPD-HIGH-SP1 tr+trp, 280 350 450
Propagation Delay to OUT HIGH (Trigger by SP), ns
tpD-HIGH-sP2 |SP-SN|=5V 280 350 450
tPD-Low-sN1 tr+trp, 180 250 350
Propagation Delay to OUT LOW (Trigger by SN), ns
tpp-Low-sN2 |SP-SN|=5V 180 250 350
teoLowLpor Propagation Delay to OUT LOW tr*+teo, 100 150 | 200 ns
teo-Low-LPC2 (Trigger by LPC) 100 150 | 200
ton-max1 . . 12 13 14 us
P Maximum On Time 1 P 12 oS

Continued on the following page...
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Electrical Characteristics Z
(22}
Vpp=20V, Ta=25°C, unless otherwise specified. B
»

Symbol Parameter Conditions Min. Typ. Max. | Units |
SP/SN Section I
«Q
Threshold Voltage of Sweep Vn.p- from LOW =
Vieman 1| v/ e to Tum-Off SR MOS 1 to HIGH 3 4 ° v =
Threshold Voltage of 5
VNP o2 |\ Vo to Turn-Off SR MOS 2 3 4 ° v =
v, Threshold Voltage of Sweep Vpn. from LOW 3 4 5 Vv "9‘
PNtmom 1| v/ to Turn-On SR MOS 1 to HIGH %
v, Threshold Voltage of Sweep Vpn. from LOW 3 4 5 Vv Qo
P-N(tumom 21 \/p-\/y to Turn-On SR MOS 2 to HIGH o
c
. Voltage Difference between | Vsp-Vsn | / o O
Ratio_sp-sN | sp and SN MIN(Vsp,Vsn) ° % &
LPC Section n:,'
Connect a Diode §
. Charge Divide Discharge Current | 1N4148 and Divider o
Ratio_Lpc-res Transfer Ratio vs. Input Voltage | (Ratio 12) to LPC, 218 3.00 3.21 ‘(<D
Vper = 3V, Vipc = 3V g
VLPc-EN1 LPC Enable Threshold Voltage 1 1.8 2.0 2.2 \Y E
Vipc-En2 LPC Enable Threshold Voltage 2 1.8 2.0 2.2 \% g
o

Vipc-ciave1 | Lower Clamp Voltage 1 ILpc = -5pA 0.10 0.25 0.40 \% g
Vipcciavpz | Lower Clamp Voltage 2 ILpc = -5pA 0.10 0.25 0.40 \Y o
(1)
ILpc-source1 | Maximum Source Current 1 Vipc=-0.3V 250 300 A Q
ILpc-source2 | Maximum Source Current 2 Vipc =-0.3V 250 300 MA ¢=;
Q
Threshold Voltage for Disable =4

Vipc-Low1 LPC Function 1.3 1.5 1.7 \Y g
Threshold Voltage for Disable (@)

Vipc-Low?2 LPC Function 1.3 1.5 1.7 \Y g
=t

Debounce Time for Disable LPC o
tectows ok Vipc < VipcLow 70 100 130 s %
unction )

4
Debounce Time for Disable LPC =h

tLpc-Lowz Functi Viec < VipcLow 70 100 130 us o
unction =
O

c
-~

1
T

o

-

S

Q

=
o
o

o

=

<

(1)
-

(1)

-
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Typical Performance Characteristics

These characteristic graphs are normalized at Ta = 25°C.
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Figure 8. Turn-Off Threshold Voltage 2
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Typical Performance Characteristics
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These characteristic graphs are normalized at Ta = 25°C.
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Typical Performance Characteristics

These characteristic graphs are normalized at Ta = 25°C.
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Figure 27.Maximum Source Current 1
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Function Description

Figure 29 and Figure 30 show the simplified circuit
diagram of a dual-forward converter and its key
waveforms. Switches Q1 and Q2 are turned on and off
together. Once Q1 and Qg are turned on, input voltage is
applied across the transformer primary side and power
is delivered to the secondary side through the
transformer, powering Di. During this time, the
magnetizing current linearly increases. When Q4 and Q2
are turned off, the magnetizing current of the
transformer forces the reset diodes (Dr1 and Dgr2) and
negative input voltage is applied across the transformer
primary side. During this time, magnetizing current
linearly decreases to zero and the secondary-side
inductor current freewheels through diode D,. When
synchronous rectifier SR1 and SR, are used instead of
diodes D1 and Do, it is important to have proper timing
between drive signals for SR1 and SR..

Q _| K—j JS Drz

H L Lo Vo
<+> Im
_ + @ l
V,
Vi N
Vo ZN Dg, <
_||—
Qz q

Figure 29.Simplified Circuit Diagram of
Dual-Forward Converter

Ves
Q1,Q2

V,
* T y
VIN v

Vb
T y
V
Ny -

L

v

-

Figure 30.Key Waveforms of Dual-Forward
Converter

Figure 31 shows a typical application circuit. When a
dual-forward converter operates in continuous
conduction mode, the SR gate signals (GATE1 and
GATEZ2) are mainly controlled by SP and SN signals. SP
and SN signals are transferred through a pulse
transformer from XP and XN signals, which are
generated by FAN6210 (Primary-Side Synchronous
Rectifier Signal Trigger for Dual Forward Converter).

Freewheeling SR Lo

Vin |
L 2R, Lo .
| ] ]V°

o1 [ !

Rectifying SR

W
Rz
FAN6206

LPC1 GATEA[E
7

L4
L—Zlipc2  anop—p
XN from FAN6210 HsN  eaTES
XP from FAN6210 :?I Ié----"[sp VDD

T

Figure 31.Typical Application Circuit

Figure 32 shows the timing diagram for continuous
conduction mode (CCM). Figure 33 shows the timing
diagram for discontinuous conduction mode (DCM).

The switching operation of SR MOSFETs Q3 and Qq is
determined by the SN and SP signals. FAN6206 turns
on SR MOSFETs at the rising edge of the SP signal,
while it turns off the SR MOSFETSs at the rising edge of
the SN signal. Within one switching cycle, SP and SN
are obtained two times.

With a voltage divider Ry and R, connected from LPC1
to secondary winding, Rz and R4 connected from LPC2
to secondary winding, the PWM timing sequences and
frequency can be tracked precisely. The SR MOSFET is
turned on by SP signal only when the voltage level on
LPC1 or LPC2 pin is pulled LOW to GND.

During PWM-on period, the rectifying SR Qs is turned on
by the rising edge of the SP signal after a propagation
delay (trp-HicH-sp1) and Qg is turned off by the rising edge
of the SN signal after a propagation delay (tpp-Low-sn1)-
During PWM-off period, the freewheeling SR Q4 is
turned on by the rising edge of the SP signal after a
propagation delay (tpp-nich-sp2) and Q4 is turned off by
the rising edge of the SN signal after a propagation
delay (tep-Low-sn2) in CCM operation.

In DCM operation, the proprietary Linear-Predict Timing
Control (LPC) technique can provide synchronous
rectification control mechanism for freewheeling SR
MOSFET. Since SN signal is sent following with PWM
signal, the freewheeling SR MOSFET cannot be turned
off in time by SN signal before I, linearly decreases to
zero. Therefore, the LPC mechanism is applied to turn
off Q3 in DCM mode.

© 2010 Fairchild Semiconductor Corporation
FAN6206 + Rev. 1.0.2
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Linear-Predict Timing Control

When a dual-forward converter operates in CCM or
DCM; in PWM ton period, the Vi voltage is applied to
the primary winding and the secondary inductor starts to
rise linearly and store energy. The across voltage on
secondary winding is coupled from primary winding and
proportional to Vin. The SR controller can detect this
winding voltage through a voltage divider and acquire
the Vv level. According to this detected V| level during
PWM turn-on period, SR controller produces a charge
current Icne to charge internal capacitor, CT, of the SR
controller. On the other hand, at PWM turn-off period,
the energy stored in the secondary inductor is
discharged. The SR controller also detects the output
voltage level to modulate discharge current IpiscHe Of
internal capacitor, CT. Once the internal capacitor
voltage reaches zero, SR controller turns off SR MOS
immediately.

R4 is connected between the LPC2 pin and the drain
terminal of Q4. During PWM turn-on period, voltage on
the LPC2 pin is pulled HIGH due to the secondary
winding coupled from primary winding. At this moment,
SR MOS is turned off and the internal body diode of SR
MOS is reverse-biased. During PWM turn-off period, the
potential on the primary winding reverses and the
internal body diode starts to conduct output current. The
voltage on the LPC2 pin is also pulled LOW to GND. Rz
is recommended as 10kQ and the divided voltage level
on the LPC1 pin is suggested between 3V~5V. If the
voltage level of Vo is 12V, the resistor values are

recommended as 105kQ for R; and 10kQ for R4. The

turn-off timing of Q4 is determined by the ratio R4

3+tRy

as Figure 34 shows. If L decreases, Qq is turned
3+Ry

off earlier.

Rs 1, SR is turned off ealier

i/vRa |, SR is turned off later

Gate drive of
Freewheeling SR

ILc;)

R3 is changed while R, is fixed

Figure 34.Turn-Off Timing of Freewheeling SR

Under-Voltage Lockout (UVLO)

The power-on and off thresholds are fixed at 8.5V and
7.5V. The VDD pin is connected to a 12V output voltage
terminal.

VDD Pin Over-Voltage Protection

The over-voltage conditions are usually caused by open
feedback loops. Vpp over-voltage protection is built in to
prevent damage if over voltage occurs. When the
voltage on the VDD pin exceeds 21V, the SR controller
turns off all of SR MOS operations.

© 2010 Fairchild Semiconductor Corporation
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Typical Application Circuit (Dual-Forward Converter with SR)

Application Fairchild Devices Input Voltage Range Output
FAN4801

PC Power FANG6210 90~264Vac 12V/25A
FAN6206

. PFC stage v,
"\ Vac | (controlled by FAN4801) 2700F
O_
FCP20N60 |k‘:
Py 4] & uF1007 — Laur V=12V
(primary 300pH) |10k Y'Y . m °
11.2
1N4148
100nF g 66:6 2105k
* ¢ * i 1
by 3300uF 3300uF 7~
i = £10k
1:1.2 1N4148
Frior | & FEEL . o
EUF1007 [
|k_ FCP20NG0 Sesk
— 10k
- WY
IPWM =10k
B oo ol FAN6206
I [1]LPC1GATE1[ 8]
(2]LPc2 GND[7
015 % [3]sN caTE2[6}— ==100nF
3k 2
OPWM 5 __ S
(From FAN4801) l -
JUL 4Ns148 82k e ey | FromvoD
T of FAN4801
1N4148* X1N4148 10
W TL431 g
10 §| |§ £ 2k :
i

Wy

1N4148 & % 1N4148 (160pH)

Figure 35. Application Circuit
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Physical Dimensions
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NOTES: UNLESS OTHERWISE SPECIFIED

\

0.90 SEATING PLANE B) ALL DIMENSIONS ARE IN MILLIMETERS.
0.406 —— (1 04) C) DIMENSIONS DO NOT INCLUDE MOLD
. . FLASH OR BURRS.
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htto//www.fairchildsemi.comvpackaging/.

Figure 36. 8-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 the
warranty therein, which covers Fairchild products.

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

A) THIS PACKAGE CONFORMS TO JEDEC
MS-012, VARIATION AA, ISSUE C,

f

E) DRAWING FILENAME: MOSBAREV13
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FAIRCHILD
SEMICONDUCTOR®

TRADEMARKS

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

AccuPower™ F-PFs™ Fower-SPm SYSTEM
Ato-SPM™ FRFET® PowerTrench® = GPENER'T:L hise®
Build it Mowm™ Global Power Resource™ Power{sm™ .me piz sl
CorePLUS™ Green FPS™ Programmable Active Droop™ p wer
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CROSSYOLT™ Gmax™ Qs TinyBoost™
CTL™ STO™ CQiet Series™ TinyBuck™
Current Transfer Lagic™ IntelliMax™ RapidConfigure™ TinyCalc™
DEUXPEED® ISOPLANART™ f)“‘ TimLogic®
™
Dual Cool 3 MegaBuck™ Saving our warld, TrmvWANKW at a time™ DGR
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Efficienttdax™ MicroFET™ Srriarth 2™ TinyPin
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Fairchild® MR STEALTH™ e bR
Fairchild Sermiconductor® U SuperFET™ b
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" Trademarks of Systern General Corporation, used under license by Fairchild Semiconductor.

DISCLAIMER

FAIRCHILD SEMICCHDUCTOR RESERVES THE RIGHT TO MAKE CHANGES YWTHOUT FURTHER NCTICE TO ANY PRODUCTS HEREIN TO IMPROVE
RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APFUCATION OR USE OF ANY PRODUCT OR
CIRCUIT DESCRIBED HEREIN; NEITHER DCES [T CONVEY ANY LICENSE UNDERITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
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LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPCNENTS IN LIFE SUPPCRT DEVICES OR SYSTEMS VWITHOUT THE
E{PRESS WRITTEN APFROVAL OF FAIRCHILD SEMICCNDUCT OR CORPCRATION,

As used herein:

1. Life support devices or systems are devices or systemswhich, (a) are 2. A critical companent in any component of a life support, device, or
intended for surgical implant into the body or (b) support or sustain life, systern 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 or 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 Comaration's Ant-Counterfeiing Policy. Fairchild's Ant-Counterfeiting Palicy 1S also stated on our extemal website, waay fairchildse mi.com,
under Sales Support.

Counterfeiting of semiconductor parts is a growing problemnin the industry. All manufacturers of semiconductor products are experiendng counterfeiting of their parts
Customerswho 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 measuresto protect ourselves and our customers from the proliferation of
counterfeit parts. Fairchild strongly encourages custormers to purchase Fairchild parts either directly from Fairchild or from Authorized Fairchild Distributors who are
listed by courtry on ourweb page cted above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors are genuine parts, have
full traceshility, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical and product information.
Fairchild and our Authorized Distributorswil stand behind allwarranties and will appropriately address any warranty issue s that may anse. Fairchild will not provide
ary warranty coverage or ather assistance for parts bought from Unauthonzed Sources. Fairchild is commited to combat this global prablermn and encourage our
cugomersto do their part in stopping this practice by buying direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Identification | Product Status Definition

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

Adance frmation any manner without notice.

Formative / In Design

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

Firstraductian Semiconductor reserves the right to make changes at any time without notice to improve design

Preliminary

Datasheet contains final spedifications. Fairchild Semiconductor reserves the right to make changes

Naldentmicannn Nesdes | Full Reodustn at any time without notice to improve the design

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

(osalete Mot In Production The datasheet is for reference information only.
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