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Prototype Report

European Input LED Ballast using
FAN7527BM, FAN4274IMU8 and FQPF6N70

QFET™

AC Input Voltage: 185Vrms — 265VRuMs
Total Output Power: 33.6W
One DC Output 700mAconstant current @ 48Vmax
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1 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.

For Fairchild Semiconductor Limited

\

2 Warning \

This Evaluation Board may employ high voltages so a ppropriate safety precautions
should be used when operating this board. Replace ¢ = omponents on the Evaluation
Board only with those parts shown on the BOM. Cont act an authorized Fairchild
representative with any questions.

©2008 Fairchild Semiconductor Page 4 Rev. 1 04/08/08
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3 Introduction

This document describes the proposed solution for an European input 33.6W LED ballast using the
FAN7527BM PFC controller, FAN4274IMU8 Dual RRIO CMOS Amplifier and the FQPF6N70 QFET .
The input voltage range is 185Vgrus — 265Vrys and there is one DC output with a constant current of
700mA @ 48V ax-

This document contains the power supply specification, schematic, bill of materials and the typical
operating characteristics.

4 PSU Specification

4.1 Electrical Specification

Minimum Line Voltage 185VRrus

Maximum Line Voltage 265VRrus

Line Frequency 50Hz

OUtpUt 700mAconstant current @ 48Vmax

4.2 Mechanical Specification

The board size is 126.5mm x 51.3mm x 28.0mm (L x W x H)

4.2.1 Photo - Top Side View

©2008 Fairchild Semiconductor Page 5 Rev. 1 04/08/08
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4.2.2 Photo - Bottom Side View

NB: Component D201 (RURD660S) was not available in the lab during the time of assembly. Therefore an electrically
identical part in different package (RURD660) was assembled.

4.2.3 Pin Assignment

CON201
CON101 + —>
1
— I gL;ut
—> 2
AC Input

©2008 Fairchild Semiconductor Page 6 Rev. 1 04/08/08
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5 Schematic Diagram and Circuit Description

5.1 Schematic Diagram

©2008 Fairchild Semiconductor Page 7 Rev. 1 04/08/08
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5.2 Circuit Description

The PSU is a constant current output flyback converter with high power factor using the FAN7527B
PFC Controller (IC1) and the FAN4274IMU8 Dual RRIO CMOS Amplifier (1C202).

The input voltage is rectified by the bridge rectifier consisting of D100...D103. Filtering is done by
C102 to generate a DC voltage for the input of the flyback converter. The X2-Cap C101, common
mode choke LF101 together with X1/Y1-Cap C108 act as EMI filter.

D105, R114 and C107 form a clamping network that limits the voltage spike due to the energy
trapped in the leakage inductance of the transformer.

The FAN7527B is a PFC Controller which works in boundary conduction mode. R101 and R102 are
for start-up. D107, R106 and C105 with winding W5 (pins 5/6) of the transformer form the Vcc voltage
supply network. R104, R105, R116 and the parallel circuit of R103 and C103 form a voltage divider
network for the multiplier input of the controller (pin3). R107, R108 and C104 form a compensation
network for the output of the E/A amplifier. Feedback signal from the optocoupler (IC101) output is fed
by a voltage divider R111/112 to the inverting input of the E/A amplifier (pinl). R110 is for Zero
Current Detection (ZCD) and is fed into the IDET pin5. Current sense signal is generated by R113
and fed into CS pin4. R109 is the gate resistor for the QFET™ (Q101). The R101/R102 and
R104/R105/R116 resistors were implemented as pairs to ensure that the maximum voltage rating is
not exceeded.

Constant voltage and constant current control are achieved by two circuits grouped around two
opamps which are combined in one IC (IC202). One opamp (IC202A) is for constant current control
and IC202B is for constant voltage control. Their outputs are ‘OR’ed together by D202 and D203.

The programmable shunt regulator KA431 (IC201) delivers a reference voltage (V) of 2.5V. 1C201
and 1C202 are supplied by a simple linear regulator consisting of Q201, R211 and D204. This
regulator gets its input voltage from winding W2 (pins 8/10) of T1 in combination with D200 and C200.
For constant voltage control 1C202B is used to compare V. with a fraction of V,,. This fraction is
created by dividing Vo, down to 2.5V with R206/210. The inverting input of IC202B is always at V. If
Vout IS below 48V the non-inverting input is below 2.5V and therefore the output is zero. If Vo is
above 48V the non-inverting input is above 2.5V and therefore the output increases. This positive
output then drives a current thru D203, R208 and the internal LED of IC101. R207 and R209
compensate the voltage control loop.

For the constant current control V¢ is divided by R204 and R201. The output current flows thru the
sensing resistor R200 and generates a voltage drop. As soon as this voltage drop exceeds the
voltage on R201 the inverting input is driven into the negative and the output of the opamp therefore
into the positive. That drives a current thru D202, R208 and the internal LED of 1C101. If the output
current falls below its nominal value the output of IC202A is zero and the constant voltage control on
IC202B kicks in (as described above). R203 and C204 compensate the voltage control loop.

Output voltage is rectified by D201 and held up by C202 and C203.

Comment:

This PSU is not short circuit protected in a way that shutsdown the controller in such a condition.
During a short circuit an output current of approx. 1.2A is flowing. Therefore additional circuitry might
be necessary for protection.

©2008 Fairchild Semiconductor Page 8 Rev. 1 04/08/08
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5.3 The FAN7527B PFC Controller

The FAN7527B provides simple and high performance active power factor correction. The FAN7527B
is optimized for electronic ballasts and low power and high density power supplies which require
minimum board size, reduced external components and low power dissipation. Because the R/C filter
is included in the current sense block, the external R/C filter is not necessary. Special circuitry has
also been added to prevent no load runaway conditions. Regardless of the supply voltage, the output
drive clamping circuit limits the overshoot of the power MOSFET gate drive. It greatly enhances the
system reliability.

5.4 The FAN4274 Dual RRIO CMOS Amplifier

The FAN4274 is an ultra-low cost, voltage feedback amplifiers with CMOS inputs that consume only
200pA of supply current per amplifier while providing £33mA of output short circuit current. These
amplifiers are designed to operate from 2.5V to 5V supplies. The common mode voltage range
extends beyond the negative and positive rails. The FAN4174 and FAN427 4 are desighed on a
CMOS process and provide 3.7MHz of bandwidth and 3V/us of slew rate at a supply voltage of 5V.
The combination of low power, rail-to-rail performance, low voltage operation, and tiny package
options make this amplifier family well suited for use in many general purpose and battery powered
applications.

©2008 Fairchild Semiconductor Page 9 Rev. 1 04/08/08
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6 PCB Layout
6.1 Top Side View

6.2 Bottom Side View

©2008 Fairchild Semiconductor Page 10 Rev. 1 04/08/08



7 Bill of Materials
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Item | Quantity Reference Part Comment
1 1 CONN101 GMKDS1,5/2 Phoenix Contact GMKDS 1,5
2 1 CONNZ201 MKDSN1,5/2 Phoenix Contact MKDSN1,5
3 1 C101 330nF/X2 Epcos B32922D
4 1 C102 220nF/450V Epcos B32522N
5 1 C103 2.2nF/25V any SMD 0805
6 1 C104 220nF/25V any SMD 0805
7 1 C105 22uF/50V any electrolytic cap
8 1 C106 47pF/50V any SMD 0805
9 1 Cc107 6.8nF/400V Wima FKS2
10 1 C108 2.2nF/X1Y1 Murata DE
11 1 C200 10uF/100V any electrolytic cap
12 2 C202,C203 470uF/100V any electrolytic cap
13 1 C204 1uF/25V any SMD 0805
14 1 C205 100nF/25V any SMD 0805
15 4 D100,D101,D102,D0103 S1M Fairchild Semiconductor
16 1 D105 RGP10K Fairchild Semiconductor
17 3 D107,D202,D203 FDLL4148 Fairchild Semiconductor
18 1 D200 ES1H Fairchild Semiconductor
19 1 D201 RURD660S Fairchild Semiconductor
20 1 D204 MM3Z5V6B Fairchild Semiconductor
21 1 FS1 230V/500mA Littlefuse TR5
22 1 HS1 FK243 MI 247V Fischer Elektronik FK243
23 1 IC1 FAN7527BM Fairchild Semiconductor
24 1 IC101 FOD817CW Fairchild Semiconductor
25 1 IC201 KA431LZ Fairchild Semiconductor
26 1 1C202 FAN4274IMU8 Fairchild Semiconductor
27 1 LF1 1x100mH/0.35A Epcos B82731M
28 1 Q101 FQPF6N70 Fairchild Semiconductor
29 1 Q201 KST43 Fairchild Semiconductor
30 2 R101,R102 220K/0.25W any
31 1 R103 24K/0.125W any SMD 0805
32 2 R104,R105 1M/0.125W any SMD 0805
33 1 R106 OR/0.125W any SMD 0805
34 1 R107 39K/0.125W any SMD 0805
35 1 R108 9.1K/0.125W any SMD 0805
36 1 R109 10R/0.25W any SMD 1206
37 1 R110 47K/0.25W any SMD 1206
38 1 R111 20K/0.125W any SMD 0805
39 1 R112 2.4K/0.125W any SMD 0805
40 1 R113 0.91R/0.6W any
41 1 R114 100K/2W any
42 1 R115 7.5K/0.6W any
43 1 R116 1M/0.6W any
44 1 R200 0.22R/0.6W any
45 1 R201 2.2K/0.6W any
46 1 R202 1K/0.125W any SMD 0805
47 1 R203 4,7K/0.125W any SMD 0805
48 1 R204 33K/0.6W any
49 1 R206 82K/0.125W any SMD 0805
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51
52
53
54
55

S

R207
R208
R209
R210
R211
T1

100K/0.125W
1.2K/0.6W
47K/0.125W
4.3K/0.125W
11K/0.6W

ETD29, horizontal

www.fairchildsemi.com

any SMD 0805
any

any SMD 0805
any SMD 0805
any

see specification

NB: Component D201 (RURD660S) was not available in the lab during the time of assembly. Therefore an electrically
identical part in different package (RURD660) was assembled.
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8 Transformer Specification

8.1 Winding Details
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Name | Pins (Start End) [# of Layers [Strands x Wireg  Turns Qonstructio n | Material
Wla 3 2 2 1x0.35mm 63 perfect solenoid | CulLL

w2 8 13 1 1x0.15mm 13 spaced winding CuL

W3 13 10 2 1 x 0.60mm 47 perfect solenoid | CuL

W1b 2 1 2 1x0.35mm 62 spaced winding CuLL

W4 4 6 1 1x0.15mm 18 spaced winding CuLL

W5 6 5 1 1x0.15mm 9 spaced winding CuLL

8.2 Electrical Characteristics

Parameter Pins Specification Conditions

Primary Inductance 1® 3 700uH +/- 5% 100kHz, 1000mV, all secondaries open
Leakage inductance 1® 3 20uH maximum 100kHz, 1000mV, all secondaries short

8.3 Core and Bobbin

Core:

Material:

Bobbin:

Gap in center leg:

8.4 Safety

High voltage test:

ETD29/16/10 (ETD29)

N87, f.e. Epcos B66358G0000X187 or equivalent

ETD29 horizontal / 13 pins, f.e. Epcos B66359A1013T001
approx. 4.3mm for A_ of 44.8nH/turns?

3000VRgys for 1 minute between primary (pins 1 to 6 ) and secondary
(pins 7 to 13)

©2008 Fairchild Semiconductor
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9 Electrical Performance

9.1 Test Equipment

Analyzer: Tektronix 2712

Oscilloscopes: Tektronix TDS784C

Multimeter: RMS MULTIMETER FLUKE 85 Il

Electronic Load: Prodigit 3000C Base unit using 3311C, 3314C and 2x 3332A
modules

Power Analyzer: LEM NORMA 5000

AC Source: Chroma Programmable AC Source Model 61502

Temperature Probe: Greisinger GMH3230 plus two NiCrNi (type K) thermocouples

The ambient temperature for all tests was 25 °C if not noted otherwise

©2008 Fairchild Semiconductor Page 14 Rev. 1 04/08/08



9.2 Self Consumption Power vs Input Voltage

9.2.1 Test Condition and Method

The input power for various input voltages was measured at no load and at minimum load (i.e. at
Voumimy)- The self consumption power was calculated as Psgr = Piv — Pour. At no load the output
voltage was measured. At minimum load the output current was measured and the minimum and

maximum deviation from the nominal output current calculated.

9.2.2 No load Self Consumption Power

www.fairchildsemi.com

Vin [VRus] 185 210 230 240 265
Psece [W] 2.13 1.97 2.25 2.30 1.65
250

=

&

g 225 |

c

i)

a

E 200 |

2

(@)

(@]

& 175 L

1.50
180 195 210 225 240 255 270
Input Voltage [V rmsl

9.2.3 Output Voltage at no Load
Vin [VRus] 185 210 230 240 265
Vour [V] 51.00 | 50.80 | 51.00 | 50.96 | 50.90
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9.2.4 Minimum Load Self Consumption Power
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Vin [Vrus] 185 210 230 240 265
Pseir [W] 2.00 2.04 2.01 1.95 1.99
2.50
2
)
g 225
o
c
g
a2
E 200t 0/_"\0\‘/_.
2
o
O
o]
O 175 ¢
1.50
180 195 210 225
9.2.5 Output Current at Minimum Load
Vin [Vrus] 185 | 210 | 230 | 240 | 265
Vour [V] 35| 35| 35| 35| 35| Min[%] | Max[%]
lout [MA] 708 | 708 | 708 | 708 | 708 1.1 1.1

240

255

270

Input Voltage [V sl
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9.3 Full Load Efficiency vs Input Voltage

9.3.1 Test Condition and Method

The power supply was set up with its output loaded at maximum load. The input voltage was swept
across the specified range. The output load was kept constant. The input power was measured and
efficiency calculated. Also the cos and the TDH of the input current was measured.

9.3.2 Result
Vin [VRus] 185 210 230 240 265
Pout [W] 33.4 33.4 33.4 33.4 334
Pin [W] 40.5 40.4 40.5 40.5 40.7
Efficiency [%] 82.52 82.66 82.56 82.48 82.19
CcOoS 0.98 0.96 0.95 0.94 0.91
| THD [%)] 16.13 18.84 21.24 22.28 24.66
— 83.0
é
2y
o
£ 825 |
i}
82.0 +
81.5 +
81.0 : i : i : 1 : 1 : 1
180 195 210 225 240 255 270
Input Voltage [V gyl
1.00
[2]
3
0.98 +
0.95 +
0.93 +
0.90

180 195 210 225 240 255 270
Input Voltage [V gyl

©2008 Fairchild Semiconductor Page 17 Rev. 1 04/08/08



9.4 Line Regulation

9.4.1 Test Condition and Method

The power supply was set up with its output loaded at maximum load. The input voltage was swept
across its specified range. Output current was measured for each input voltage and was displayed
relative to the nominal output current. The nominal current in this case is the current measured for the
Output atVi = 230VRMS-

9.4.2 Result

www.fairchildsemi.com

The minimum and maximum values in the table below are calculated as deviations from the output
current as specified in section 4.1.

Vin [VRus]

185

210

230

240

265 | Min [%]

Max [%0]

lout [mA]

710.0

710.0

710.0

710.0

710.0

14

1.4

Regulation [% of nominal]

101.0

100.5

100.0

99.5 -

99.0

*

*

L 4

*
L 2

180

195

210

225

240 255 270

Input Voltage [V sl
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9.5 Load Regulation

9.5.1 Test Condition and Method

The load voltage of the output is swept from 3.0V to 50.3V and the output current is being measured.
These measurements are done with 230Vgys input voltage.

9.5.2 Output characteristic

www.fairchildsemi.com

Vou [V] 3.0 5.3 75 98] 120] 143] 150] 165
lout [MA] 708.00 | 707.00 | 706.00 | 706.00 | 705.00 | 711.00 | 718.00 | 725.00
Vout [V] 18.8 21.0 23.3 25.5 27.8 30.0 32.3 34.5
lout [MA] 726.00 | 725.00 | 724.00 | 722.00 | 721.00 | 720.00 | 718.00 | 717.00
Vout [V] 36.8 39.0 41.3 43.5 45.8 48.0 49.1 50.3
lout [MA] 716.00 | 715.00 | 714.00 | 713.00 | 711.00 | 695.00 | 419.00 | 68.00
= 50.0 ¢ - .
5
(o]
= 420
34.0
26.0
18.0 -
10.0 -
2.0

0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0 550.0 600.0 650.0 700.0 750.0

lout [mA]
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9.6 Output Ripple & Noise

9.6.1 Test condition and Method for voltage ripple and noise

The output was loaded with the maximum load. The so-called PARD (periodic and random
disturbance) method was used to measure ripple and noise voltage in AC coupling mode. See for
example Celestica application note AN-1259-1-R2. IMPORTANT NOTE: Output voltage ripple
measurements cannot be made using a normal oscilloscope probe set-up. Magnetic field coupling
into the ground connection for the oscilloscope probe could cause noise voltages far greater than the
true ripple voltage. A V|y of 230Vrys Was used.

9.6.2 Result

Ch1: Vripple @ 200mV/div, time-base @ 400ms/div, V-Ripple p,: 860mV

©2008 Fairchild Semiconductor Page 20 Rev. 1 04/08/08
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9.6.3 Test condition and Method for current ripple

The output was loaded with the maximum load. Using a current probe the output current was traced.
AV of 230Vrus Was used.

9.6.4 Result

Chy: lripple @ 200mA/div, time-base @ 400ms/div, |-Ripple ,,: 1288mA

©2008 Fairchild Semiconductor Page 21 Rev. 1 04/08/08
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9.7 Typical Drain Waveforms

9.7.1 Test Condition and Method

The output was loaded with maximum load. The drain voltage and drain current of Q101 were
measured. A V)y of 230Vgus Was used.

9.7.2 Result

Chy: Vprin @ 200V/div, Ch 4: Ipin @ 1000mA/div, time-base @ 4ps/div, f qwien = 65.8kHz

©2008 Fairchild Semiconductor Page 22 Rev. 1 04/08/08
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10 Thermal Performance

10.1 Test Condition and Method

The temperatures of the transformer (T1), MOSFET (Q101), controller (IC1) and the secondary
rectifying diode (D201) were measured with a thermometer using thermocouples as mentioned in
section 9.1. The PSU was powered up and after a steady state was recognized the temperatures
were measured. The power supply was loaded with maximum load at V\y of 230Vrus. Tamp = 27.6 .

10.2 Result for IC1 and D201

80

J [T]

70 - ISR
60 | e

50 |
17
[

40
30 -
20 1 —ic1 |
10 —— D201 |
0 ‘ : : ‘ ‘ ‘ : —
0 5 10 15 20 25 30 35 40 45

t [min]

10.3 Result for Q101 and T1

. M
100 /

80 <

%0 T

40 -

J [C]
=
S

1 —— Q101
20 T |

0 5 10 15 20 25 30 35 40 45
t [min]
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11 EMI

11.1 Test Condition

The power supply was loaded with a resistor of 66.7 . The GND net of the output was connected to
the PE conductor. An input voltage of 230Vrus Was used. Measurements were taken on the

L1 and N conductor. The average level of the conducted EMI has been measured with the setup
given in 9.1 and is compared to the Quasi-Peak and Average limits given by CISPR 22 (EN55022).

11.2 Result measured on L1 conductor
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11.3 Result measured on N conductor
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