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Engineering Test & Characterization Report

FAN6961+FSFR2100 200W Street Lighting
Converter

Featured FSC Products: FAN6961, FSFR2100,
FDPF20N50,FFPFO08H60S,FFPF12UP20DN,
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Disclaimer

Fairchild Semiconductor Limited (“Fairchild”) provides these design services as a benefit to our
customers. Fairchild has made a good faith attempt to build for the specifications provided or
needed by the customer. Fairchild provides this product “as is” and without “recourse” and
MAKES NO WARRANTY, EXPRESSED, IMPLIED OR OTHERWISE, INCLUDING ANY
WARRANTY OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

Customer agrees to do its own testing of any Fairchild design in order to ensure design meets the
customer needs. Neither Fairchild nor Customer shall be liable for incidental or consequential

damages, including but not limited to, the cost of labor, re-qualifications, rework charges, delay,
lost profits, or loss of goodwill arising out of the sale, installation or use of any Fairchild product.

Fairchild will defend any suit or proceeding brought against Customer if it is based on a claim
that any of its products infringes any U.S., Canadian, Japanese, EU or EFTA member country
intellectual property right. Fairchild must be notified promptly in writing and given full and
complete authority, information and assistance (at Fairchild’s expense) for defense of the suit.
Fairchild will pay damages and costs therein awarded against Customer but shall not be
responsible for any compromise made without its consent. In no event shall Fairchild’s liability
for such damages and costs (including legal costs) exceed the contractual value of the goods or
services that are the subject of the lawsuit. In providing such defense, or in the event that such
product is held to constitute infringement and the use of the product is enjoined, Fairchild, in its
discretion, shall procure the right to continue using such product, or modify it so that it becomes
non-infringing, or remove it and grant Customer a credit for the depreciated value thereof.
Fairchild’s indemnity does not extend to claims of infringement arising from Fairchild’s
compliance with Buyer’s design, specifications and/or instructions, or use of any product in
combination with other products or in connection with a manufacturing or other process. The
foregoing remedy is exclusive and constitutes Fairchild’s sole obligation for any claim of
intellectual property infringement.

All solutions, designs, schematics, drawings, boards or other information provided by Fairchild

to Customer are confidential and provided for Customer’s own use. Customer may not share
any Fairchild materials with other semiconductor suppliers.
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1. Introduction

1.1. Product Description

This document describes the performances of a 200W reference board, with wide-range operation and power-factor-
correction (PFC). High efficiency is achieved by using the soft-switching technology of ZVS, and also has a good
EMI result. Its electrical specification is mainly applied to the Street Lighting.

The main feature of this design solution is including with the PFC stage, the main PFM converter . The Power Supply
mainly utilizes the semiconductor components of Fairchild, for example: FAN6961 — An advanced CRM PFC
controller, FSFR2100 — A high-efficiency half-bridge resonant converter control IC. The single output 52.5V-4A.

This document contains some important information (e.g. Schematic, Bill of Materials, Transformer documentation,
Printed circuit layout and electrical performance data). Additional soft copy of the above item could also be obtained
from the related sales channels of Fairchild (or visit http://www.fairchildsemi.com).

1.2. Finished Assembly

180 SN[

1G0-102e304
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2. Electrical Requirements

2.1 Input Requirements

Voltage range: 90 to 264 Vac
Frequency: 47 to 63 Hz

2.2 Output Requirements

Voltage (V) . Ripple Voltage Current (A)
Output | Min Nom Max Regulation (mV) Min Max
525V | 49.875 52.5 55.125 5% 300 0.1 4

@2007 Fairchild Semiconductor Page 5 of 25 Rev 1.0 6/13/2008
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3. Solution
3.1 Schematic
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3.2 Circuit description

The circuit consists of two main blocks; the first is a Boost converter whose control is implemented through the
Fairchild’s FAN6961 controller, whose function is correcting the PF value and decreasing the pollution to the power
net. This second block is a half-bridge resonant converter, utilizing the FSFR2100 controller which is a highly
integrated power switch, easy designing and high efficiency.
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3.3 Magnetic components specification

3.3.1 PFC Inductor specification
Sketch chart

White point
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Winding diagram
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Electrical performance:
1. Inductance: L(12—10)=200uH=10%

Winding request:
1.Winding should be tight, no crossing and should fill in the whole window averagely;
2. Three layer insulating tape should be placed at the external layer after finishing
winding the wire;
3.Pinl should be highlighted with white point on the bobbin;

Material:
1. Magnetic Core: TDK PC40 PQ3225
2. Bobbin: PQ3235, 12pin, Pin distance 5mm, Row distance 30mm

@2007 Fairchild Semiconductor Page 9 of 25 Rev 1.0 6/13/2008
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3.3.2 Main transformer specification

Sketch chart

[White point

[

IRERARRA

5.0+0. 2
Main view
1 8
e iIRRREEEIRE
L o/ JolR
16 9
Bottom view
O Np2 O
OO ONIOOOO
GIGXOIOXSISISI®)
OOO000000

HfjJﬁIH
Side view
|
7 2 |l
®0.1X100 34Ts Npl %I . 15
5 | ®0.1X100 8Ts Nsl
I| & 12, 13
1 2 Il @0 1x100 8Ts Ns2
®0.3X1 3Ts Np2 %l 14
; |

Theory diagram

OO Nsl//Ns2 OO

@2007 Fairchild Semiconductor

Winding diagram

Page 10 of 25 Rev 1.0 6/13/2008



FAIRCHILD

]
SEMICONDUCTOR www .fairchildsemi.com

Material :

1. Magnetic core: TDK PC40 EER3542
2. Bobbin: EER3542 Horizontal 16Pin

winding request:
1. No margin tape, The gap be gotten through rubbing the center pole;
2. Pinl should be highlighted with white point on the bobbin;

Electrical request:
Inductance : Lp(7-——5) = 550uH+10% @ 100KHz, 1V
Lr(7-—5) = 110uH%+10% @ 100KHz, 1V, short the winding NsI,Ns2
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3.4 Bill Of Material

C12,C21, C22, C25,R12,R32, R4 7 NC
RT2 1 Jumper
C1,C4 2 102/250VAC
Cl6 1 102/250VAC Ceramic Capacitor
Cl1 1 22P/1KV
C2 1 474/275VAC
C3 1 104/275VAC . .
C6 1| 684/630VDC Film Capacitor
Cl14 1 223/1600VDC
C27 1 33uF/16V
C7, C8, C9 3 10uF/25V
C10 1 22uF/25V
C13 1 33uF/25V Electric
C15 1 22uF/50V Capacitor
C17, C18 2 470uF/63V
C19 1 1000uF/63V
C5 1 | 220uF/450V
C20 1 471/50V
gi? 1 igg/SOV SMD Capacitor
(24, C26, C28, C29, C30 2 104/50V
BRG1 1 GBU806 Rectifier Bridge
D8, D14 2 BAV99 SMD Diode
D1 1 1N5408
D3 1 UF4007
D4, D5 2 1N4937 .
Diode
D10, D11, D12,D13 4 LS4148
D6, D7 2 FFPF12UP20DN
D2 1 FFPFOSH60S
71,73,75,76,77,78,79, 2710 8 18V
72 1 18V/2K Zener Diode
74 1 6V2
Q1 1 FQPF2N60C
Q2 1 | FDPF20N50 Mostet
Q4 1 MMBT4401
Q5, Q6 2 MMBT4403 Transistor
Q3 1 MJE182
U11 1 FSFR2100 Main IC

@2007 Fairchild Semiconductor
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U2, U3, U4 3 KA431SMF Reference shunt

U6 1 FAN6961 PFC IC

0T1 1 FOD817C Opto—couple

MOV1 1 10D471 MOV

F1 1 3A/250VAC Fuse

CON1 1 Input terminal 2PIN

CONZ2 1 Output terminal 4PIN

14 | Deferential L0mil
Inductor

L1, L2 2 Common Inductor 15mH

T1 1 EER3542 Main Transformer

R44 1 10R 1w

R1, R2 2 OR15

R3 1 2K 3w

R5, R6, R7 3 330K

R23, R24, R25 3 820K SMD 1206

R40 1 100R

R8 1 330R

R9 1 68K

R10 1 NC

R11 1 20K

R22, R26, R48, R50, R51 6 10K

R13,R14, R15 3 620K

R16, R20, R21 3 12K

R17,R18, R19 3 560K

R27 1 47R

R28 1 150K

R29, R30, R36, R38, R45 5 10R S 0805

R43, R47 2 5K1

R31, R33 2 3K

R34, R35 1 3K6

R37 1 2K

R39 1 510R

R41 1 2K2

R42 1 5K6

R46, R49 2 1K

R52 1 100K

RT1 1 SCK105 NTC

@2007 Fairchild Semiconductor
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3.5 PCB layout
The PCB is a single sided board made of FR4 with 20z copper.

Top Silkscreen/component placement of pcb layout.
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Top routing of pcb layout
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4. Test Results

4.1 Line and load Regulation

. 52.5Voutput(V)
Input Voltage Load condition
49.875-55.125
4A 52.3
90Vac
0.1A 52.3
4A 52.3
110Vac
0.1A 52.3
4A 52.3
220Vac
0.1A 52.3
4A 52.3
264Vac
0.1A 52.3
4.2 Efficiency
Input Load Output Input Power(w) Efficiency (%) Power Factor
Voltage condition Power(w)
90Vac 52.5V/4A 209.46 238.7 87.75 0.9916
110Vac 52.5V/4A 209.46 234.2 89.44 0.9982
220Vac 52.5V/4A 209.46 226.2 92.60 0.9867
264Vac 52.5V/4A 209.46 225.0 93.09 0.9783
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4.3 Operation Waveform

90Vac input, fullload, normal, Vin VS lin

Tek Stop_| = ]
Ch4 RMS
3.48 A
Ch1 RMS
90.2V
chu' 100 v ”|' r ' 'M\4.'00r}151 Al Chl'f”—z'.bo'vg
5.00A 7Jun 2008
Wi[10.00 % 10:38:43
220Vac input, fullload, normal, Vin VS lin
TekStop | ' 1
= S :
u
Ch4 RMS
1.36 A
Ch1 RMS
216V
chﬂ' 700 v ”|' r ’ 'M\4.'00rhsi Al ém'f”—z'.bo'v;
2.00 A 7 Jun 2008
10.00 % 10:45:27

110Vac input, normal, PFC mosfet driver (Dmax)

Tek stop | k ¥ |
. i SR
: @ 14.6V
Ch1 +Duty
85.18 %
f O f i i ch1 RMS
13.3V
&
G ST e
W S0V “UUMT6.0us| | width  Chi |
7Jun 2008
151.00% 10:49:55
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110Vac input, fullload, normal, Vin VS li

TekStop_| = ]
Chd RMS
2.814A
Ch1 RMS
108 V
ch'1|'1o'ov \' i ettt M|4.00'm5i' A\ Ch1 7 =3.00 v
5.00A 7Jun 2008
[1[10.00 % 10:43:29
264Vac input, fullload, normal, Vin VS lin
Tek Stop | 1 ]
e :
Ch4 RMS
T.0:38
PP LTI WA, ™ P WPy .S W | PR Y 1 ch1 RMS
o : f : W 260V
ci11|'10'0v \' T M|4.00m§i A] chi 7 ¥2.60v;
2.00 A 7Jun 2008
W[10.00% 10:44:57

110Vac input, normal, Voltage of the sense resistor

]
1

Tekstop | E

Al 924mVy
@: 616my

i

Ch1 Max
608mvy

Ch1 RMS
219my

Wl 200mv Md4.00ms A Ch1 £ 480mV|

7Jun 2008

i151.00 % 10:57:117
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110Vac input ,normal, Vds of PFC mosfet

Tek Stop | =

448 V
448 V

e g e
ap

Ch1 Max
448 V

Ch1 RMS
207V

®E 100V | M10.0ps| Al Ch1 £ 244V

7Jun 2008

151.00% 10:55:10

110Vac input ,normal, Vak of PFC diode

Tek Stop | [
g Ta: 130V
@ 172V

e g e

Ch1 Max
14.0¥

Ch1 RMS
363V

Ch1 Pk—Pk
418 V

Sl 100V & M10.0ps| A Ch1 £ —192V]

7Jun 2008

151.00% 11:05:42

110Vac input, startup, current of PFC inductor

1
1

Tek Stop | =

=1 =

Ch4 Max
10.7 A

WA =

M40.0ps| Al Chd £ 10.4 A
5.00 A Q¥ 7 Jun 2008
++[0.00000s | 11:25:33

i
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110Vac input, normal, Id of PFC mosfet

Tek Prevu | — fi—] Trig?
; T T T

92.0mv
592my

120us
-15.4ms

Ch1 Max
724my

Ch1 RMS
319my

200mv <) M2.00ms A Ch1 4 §56mV]
20 Dec 2007

W[85.80% 11:57:34

110Vac input, normal, current of PFC inductor

Tekstop | L i ]
4
:
Ch4 Max
7.90 A
Ch4 RMS
3.25 A
M4.00ms A Chd 7 6.30 A
5.00 A Q8 7Jun_2008
0+ [0.000005 | 11:22:59
110Vac input, fullload, Icr vs Vds(low side mosfet)
TeksStop | E { ]
- e
Ch4 Max
2.04 A
Chd RMS
1.32 A
Ch1 Freq
105.8kHz
Ch IR TE! Md-00ps] A Chi # 170V,
cha[ 2.00 A< 7)un 2008
0+~ [0.000005 | 11/58:08
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110Vac input, lightload, Icr vs Vds(low side mosfet)

Tek Stop |

=

PN

M[4.00ps] A Ch1 7 170V
ch4[ 2.00 A 28]
0++[0.00000 5

Ch 1 LT

110Vac input,startup, Icr(CH4) Vcon(CH2) V_Rt(CH3)

Tekstop | E

iy =i

Cha[ 2.00 v 6/M4.00Ms| A Chd J—80.0mA
MEE[ Z.00V %Chd] 2.00 A

++[0.00000 s

Output short circuit, Icr VS Vcon

Tek Run | 5 — ] Trig?

“TCha| T0.0V aMA40.0ps A Cha o 12.04
5.00 A Q8
11+~ [52.8000ps
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abk 8k

Ch4 RMS
338mA

Ch1 Freq
149.9kHz

7 Jun 2008
11:59:44

Ch4 RMS
1.40 A

Ch2 RMS
1.53V

Ch3 RMS
1.88V

7)Jun 2008
12:15:22

Ch4 Max

13.2A

Ch2 Max

16.8V

7Jun 2008
12:49:00
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110Vac input,startup, Icr(CH4) Vcon(CH2) V_Rt(CH3)

TeksStop | [ T — ]
e R
@ 1.80V
[ 1 WAL RN )11, TN, . I -
Ch4 Max
2.72A
Ch4 RMS
1.20 A
W 200V SM20.0ms A Chd & 1.20A
Ch3[ 2,00V ®&Ch4] 2.00 A 5] 7 Jun 2008
i+ [34.0000ms 12:12:25
110Vac input, start-up, lcr
Tekstep | —i = - ]
E =
Ch4 Max
2.68 A
Chd RMS
1.24 A
M40.0ms A Chd S 1.92 A
2.00 AGH 7 Jun 2008
Wi+ (123.600ms 12:05:57
Output short circuit, Icr VS Vds
Tek Prevu | E — ] Trig?
) = ) ;
Ch4 Max
13.2 A
i I
o
4.
Chil 700V & M40.0ps] A Chd & 12.6 A
10.0 A R 7 Jun 2008
W+~ [52.8000/5 12:51:06
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Current and voltage stress of rectifier diode

Tekstop | [

M2.00us A[ Chd 5 7.24 A

2.00 A 6

chil 500V &

1+~ [0.000005 |
Output short circuit, current of rectifier dio
TekStop | — £ .
O .

TRFETRCE WY,
5.00 A %
1+ [302.400ps |

4.4 Protection

4.4.1 Output Short Test

Al BROmMA
@: 7.56 A

Ch1 Max
112v

Chd Max
7.44 A

Ch4 RMS
4.84 A

7Jun 2008
13:02:34

de

7Jun 2008
13:19:09

Output ripple and noise

TekStop | ; f

i =

4.00mv
—40.0mv

120 Hz
96.9 Hz

a8k 8k

Ch1 Max

Ch1 Pk-Pk

132mv

Wl 200my A5

§++[0.00000s |

If output is short, the control IC can auto-restart, and the protection mode is hiccup.
When output is overvoltage or open loop, the output voltage will be clamped a constant value.

@2007 Fairchild Semiconductor
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5. Featured Products

5.1 FANG961

5.1.1 Product Description

The FANG6961 is an 8-pin, boundary-mode, PFC controller I1C intended for controlling PFC pre-regulators. The
FANG6961 provides a controlled on-time to regulate the output DC voltage and achieve natural power factor
correction. The maximum on-time of the external switch is programmable to ensure safe operation during AC
brownouts. An innovative multi-vector error amplifier is built in to provide rapid transient response and precise
output voltage clamping. A built-in circuit disables the controller if the output feedback loop is opened. The start-up
current is lower than 20pA and the operating current has been reduced to under 6mA. The supply voltage can be up
to 25V, maximizing application .

5.1.2 Feature

* Boundary Mode PFC Controller

* Low Input Current THD

* Controlled On-Time PWM

 Zero-Current Detection

* Cycle-by-Cycle Current Limiting
 Leading-Edge Blanking instead of RC Filtering
 Low Start-up Current: 10pA Typical

* Low Operating Current: 4.5mA Typical

* Feedback Open-Loop Protection

* Programmable Maximum On-Time (MOT)
* Output Over-Voltage Clamping Protection
* Clamped Gate Output Voltage 16.5V

@2007 Fairchild Semiconductor Page 21 of 25 Rev 1.0 6/13/2008
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5.1.3 Internal Block Diagram
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5.2 FSFR2100

5.2.1 Product Description

The growing demand for higher power density and low profile in power converter designs has forced designers to
increase switching frequencies. Operation at higher frequencies considerably reduces the size of passive components
such as transformers and filters. However, switching losses have been an obstacle to high frequency operation. In
order to reduce switching losses, allowing high frequency operation, resonant switching and PWM soft-switching
techniques have been developed. These techniques allow the switching devices to be softly commutated. Therefore,
the switching losses and noise can be dramatically reduced. FSFR2100 is an integrated Pulse Width Modulation
(PWM)/Pulse Frequency Modulation (PFM) controller and Super FETS specifically designed for Zero Voltage
Switching (ZVS) half-bridge converters with minimal external components. The internal controller includes an
oscillator, under voltage lockout, leading edge blanking (LEB), optimized high side / low side gate driver, internal
soft start, temperature compensated precise current sources for a loop compensation and self protection circuitry.
Compared with discrete MOSFET and PWM controller solution, FSFR2100 can reduce total cost, component count,
size and weight, while simultaneously increasing efficiency, productivity, and system reliability.

5.2.2 Feature

®  According to the feedback circuit configuration, it can be used for PWM (Pulse-Width-Modulation) control or PFM
(Pulse-Frequency-Modulation) control.

® Can be applied to various topologies : Asymmetric PWM half bridge converter, LLC resonant Half-bridge converter,
Asymmetric PWM flyback converter, Active clamp flyback converter

®  High efficiency through zero voltage switching (ZVS)

® Internal soft-start (Duty cycle controlled soft-start for PWM operation and Frequency controlled soft-start for PFM

operation

Internal SuperFET with Fast Recovery Type Body Diode (trr=120ns)

Pulse-by-Pulse Current Limit

Various Protection functions: Over Load Protection (OLP), Over Voltage Protection (OVP), Over Current Protection

(OCP), Abnormal Over Current Protection (AOCP), Internal Thermal Shutdown (TSD)
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5.2.3

Internal Block Diagram
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6. Warning and Disclaimer

WARNING AND DISCLAIMER

Fairchild and Buyer, or if no contract exists Fairchild’s Stand Terms and Conditions on

This Evaluation Board may employ high voltages so appropriate safety precautions should be used when operating this board.
Replace components on the Evaluation Board only with those parts shown on the parts list in the User's Guide. Contact an
authorized Fairchild representative with any questions. The Evaluation board is for demonstration purposes only and neither
the Board nor this User’'s Guide constitute a sales contract or create any kind of warranty, whether express of implied, as to the
applications or products involved. Fairchild warranties that its products will meet Fairchild’s published specifications but does
not guarantee that its products will work in any specific application. Fairchild reserves the right to makes changes without notice
to any products described herein to improve reliability, function, or design. Either the applicable sales contract signed by

LIFE SUPPORTPOLICY

As used herein:

user.

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or {b) support or sustain life, or {c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expecled to result in significant injury to the

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES ORSYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

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

effectiveness.

TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST® IntelliMAX™ POP™ SPM™
ActiveArray™  FASTr™ ISOPLANAR ™ Power247™ Stealth™
Bottomless™  FpgT™ LittleFET™ PowerEdge™ SuperFET™
CoolFET™ FRFET™ MICROCOUPLER™ PowerSaver™ SuperSOT™-3
CROSSVOLT™ GlobalOptoisolator™ MicroFET™ PowerTrench® SuperSOT™-6
DOME™ GTO™ MicroPak™ QFET® SuperSOT™-8
EcoSPARK™  HiSeC™ MICROWIRE™ Qs™ SyncFET™
E2CMOS™ [pCT™ MSX™ QT Optoelectronics™  TinylLogic®
EnSigna™ o™ MSXPro™ Quiet Series™ TINYOPTO™
FACT™ ImpliedDisconnect™ OCX™ RapidConfigure™ TruTranslation™
FACT Quiet Series™ OCXPro™ RapidConnect™ UHC™
Across the board. Around the world. ™ OPTOLOGIC® HSerDes™ UltraFET®
The Power Franchise® OPTOPLANAR™  SILENT SWITCHER® UniFET™
Programmable Active Droop™ PACMAN™ SMART START™ VEX™
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