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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. General Introduction 
FSDH321 Fairchild Power Switch (FPS) which is utilized in DVB power supply. 
FSDH321 is also used in adapter, charger applications. In order to minimize the 
power consumption in standby mode, the burst operation was applied. This demo 
board operates over an AC input range of 85VAC to 265VAC. 
 

1.1 Features of Fairchild Products 
FSDH321                 http://www.fairchildsemi.com/pf/FS/FSDH321.html
Fairchild Power Switch (FPS) 

 Internal avalanche rugged sense FET 
 Consumes only 0.65W at 240VAC & 0.3W load with Advanced Burst-Mode 

Operation 
 Frequency Modulation for EMI Reduction 
 Precision Fixed Operating Frequency 
 Internal Start-up Circuit 
 Pulse-by-Pulse current limiting 
 Abnormal over current protection (AOCP) 
 Over voltage protection (OVP) 
 Over load protection (OLP) 
 Internal thermal shutdown function (TSD) 
 Auto-restart mode 
 Under voltage lockout (UVLO) 
 Low operating current (max 3mA) 
 Adjustable peak current limit 
 Built-in soft start 

KA431A 
 Programmable output voltage to 36V 
 2.5V reference voltage, 50ppm/℃ typical temperature coefficient 
 Sink current capability of 1.0mA to 100mA 

   FOD817 
 4-DIP optotransistor output opto-coupler 
 5300 Vrms isolation 

1.2 Electrical specification Requirement 

Description Min Typ Max Units 
Input Voltage (Vin) 85   265 Vac 

Output Voltage (Vout1) 3.25 3.3 3.35 Vdc 
Output Current (Iout1)     1.0 Adc 
Output Voltage (Vout2) 20.50 21 21.50 Vdc 
Output Current (Iout2)    0.15 Adc 

Table 1. Power Supply Spec. 

http://www.fairchildsemi.com/pf/FS/FSDH321.html
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2.  Circuit Description 

    2.1 Demo Board Photo 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 1. Photograph of Demo Board 
 
 

2.2 Schematic 

 
 

- Page 5 of 17 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2D1
1N4007

2D2
1N4007

2D3
1N4007

2D4
1N4007

2C6

222/630V

2R3
47K

2D5

UF4007

2C5
47u/50V

2U2

FOD817

2C7

473/50V

2R8
3.3K

2C17
0.1u/50V

Figure 2. Flyback Converter Schematic 
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  2.2.1 Circuit Description 
        The demo board was based on flyback topology design. Flyback topology is 
poplar in power conversion because of the small relative components, the output 
power can be up to 100W. The detail design guides can be found in FSC application 
notes AN-4137 and AN-4140. 
 

   2.2.2 Start Up 
        The input of demo board is 85Vac to 265Vac. 
        When power on, the internal high voltage current source charge the Vcc 
capacitor C5 through 2R2. The internal switch will shut off when Vcc is above 12V 
and the operation voltage of Vcc will come from the source turn of transformer. The 
2R2 is no use during FPS is normal operation until next start up process, so it can 
reduce the power consumption.  

 

 

3. PCB Layout 

  3.1 Components Placement 

 
Figure 3. Top PCB Image 
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  3.2 Bottom PCB layout 

 
Figure 4. Bottom PCB Image 

4. Bill of Material 

4.1 Transformer Design 
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Figure 5. Transformer Specification 
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  Pin Wire Turn Winding Method 
Na/2 1-2 ф0.35*1 30 Center Solenoid Winding 

Insulation: Polyester Tape t=0.050mil, 2Layers 
Nb 5-4 ф0.23*1 12 Center Solenoid Winding 

Insulation: Polyester Tape t=0.050mil, 2Layers 
Nc 8-6 ф0.35*3 3 Center Solenoid Winding 

Insulation: Polyester Tape t=0.050mil, 2Layers 
Nd 8-10 ф0.35*1 18 Center Solenoid Winding 

Insulation: Polyester Tape t=0.050mil, 2Layers 
Na/2 2-3 ф0.35*1 38 Center Solenoid Winding 

Insulation: Polyester Tape t=0.050mil, 2Layers 
Table 3. Winding Specification 

 
Core: EE25 (Ae=44.3 mm2) 

 
  Pin Spec. Remark 

Inductance 1-3 1.0mH +/-10% @100KHz 
Leakage 1-3 10uH Short all other pins 

Table 4. Electrical Characteristics 
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4.2 Part List 

Part Value Comment Part Value Comment 
Resistor Capacitor 

2R2 150K 1/4W 2C2 100p/1KV Open 
2R3 47K 1W 2C3 33u/400V Electrolytic 
2R4 39 1/4W 2C5 47u/50V Electrolytic 
2R5 10K 1/4W 2C6 222/630V Polyester 
2R6 1K 1/4W 2C7 473/50V Ceramic 
2R7 100 1/4W 2C11 100u/35V Electrolytic 
2R8 3.3K 1/4W 2C13 100u/35V Electrolytic 
2R9 24K 1/2W 2C14 1000u/10V Electrolytic 
2R10   Open 2C16 1000u/10V Electrolytic 
2R11   Open 2C17 0.1u/50V Ceramic 
2R12 4.7K 1/4W 2C19 102/2KV Ceramic 
2VR1 14K471 Open Diode 

Inductor 2D1 1N4007   
2L3 22uH 0.5A 2D2 1N4007   
2L4 56uH 1.5A 2D3 1N4007   

IC 2D4 1N4007   
2U1 FSDH321 FPS 2D5 UF4007   
2U2 FOD817 Opto-Coupler 2D6 UF4004   
2U3 KA431A Ref Voltage 2D9 UF4007   

Fuse 2D10 SB360   
F1 1.5A 250VAC NTC 

Transformer Key 5D-11   
2T1 EE25         

 
Table 2. Part List 
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5. Test Result 

5.1 Start Up 
 Vin (AC) Time (S) 

85V 1.04 
265V 0.604 

 
 
 
 

Table 5. Start-up Time 
 

85Vac input and full load condition 
Blue---Vcc, Azury---Vfb, Purple---Vds, Green---Ids 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Start-up waveform at 85Vac input and full load          Figure 7. Start-up waveform at 85Vac input and full load (Zoom in) 

 

265Vac input and full load condition 
   Blue---Vcc, Azury---Vfb, Purple---Vds, Green---Ids 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 8. Start-up waveform at 265Vac input and full load      Figure 9. Start-up waveform at 265Vac input and full load (Zoom in) 
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5.2 Normal Operation 
85Vac input and full load condition            265Vac input and full load condition 

Purple---Vds, Green---Ids 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Normal operation waveform at 85Vac input and full load    Figure 11. Normal operation waveform at 265Vac input and full load 

 

 

5.3 Power Off Waveform 
85Vac input and full load condition          265Vac input and full load condition 
 

Purple---Vds, Green---Ids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Power off waveform at 85Vac input and full load             Figure 13. Power off waveform at 265Vac input and full load 
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5.4 Output Short Protection 

Vin (AC) 3.3V/2A 21V/1A 

85V Pass Pass 
265V Pass Pass 

 

 
 

Table 6. Output Short Test 
 

3.3V output short at 85Vac input voltage condition 
Blue---Vcc, Azury---Vfb, Purple---Vds, Green---Ids 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 14. 3.3V output short at 85Vac input voltage condition    Figure 15. 3.3V output short at 85Vac input voltage condition (Zoom in) 

 
21V output short at 85Vac input voltage condition 

Blue---Vcc, Azury---Vfb, Purple---Vds, Green---Ids 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 16. 21V output short at 85Vac input voltage condition     Figure 17. 21V output short at 85Vac input voltage condition (Zoom in) 
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3.3V output short at 265Vac input voltage condition 

Blue---Vcc, Azury---Vfb, Purple---Vds, Green---Ids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18. 3.3V output short at 265Vac input voltage condition  Figure 19. 3.3V output short at 265Vac input voltage condition (Zoom in) 

 
 
21V output short at 265Vac input voltage condition 

Blue---Vcc, Azury---Vfb, Purple---Vds, Green---Ids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20. 21V output short at 265Vac input voltage condition   Figure 21. 21V output short at 265Vac input voltage condition (Zoom in) 

 

 
 

- Page 13 of 17 



                                                 www.fairchildsemi.com 

5.5 Feed Back Circuit Open 
Feed back open at 85Vac input voltage condition 

Blue---Vcc, Azury---Vfb, Purple---Vds, Green---Ids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22. Feed back open at 85Vac input voltage condition     Figure 23. Feed back open at 85Vac input voltage condition (Zoom in) 

 

 

Feed back open at 265Vac input voltage condition 
Blue---Vcc, Azury---Vfb, Purple---Vds, Green---Ids 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24. Feed back open at 265Vac input voltage condition     Figure 25. Feed back open at 265Vac input voltage condition (Zoom in) 
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5.6 Burst Operation 
Burst Operation at 85Vac Input Voltage condition 

Blue---Vcc, Azury---Vfb, Purple---Vds, Green---Ids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 26. Burst Operation at 85Vac Input Voltage condition            Figure 27. Burst Operation at 265Vac Input Voltage condition 
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6. Efficiency and Output Voltage Test Result 
 

3.3V Output 21V Output 
Vin Vout 

(V) 
Iout 
(A) 

Tolerance 
Vout 
(V) 

Iout 
(A) 

Tolerance
Pout 
(W) 

Pin 
(W) Efficicency

3.33  0.20  0.91% 20.65 0.10 -1.67% 2.73  3.70  73.81% 
3.30  0.60  0.00% 21.26 0.10 1.24% 4.11  5.50  74.65% 85Vac 
3.27  1.00  -0.91% 21.46 0.15 2.19% 6.49  8.70  74.59% 

  

3.33  0.20  0.91% 20.62 0.10 -1.81% 2.73  3.80  71.79% 
3.30  0.60  0.00% 21.26 0.10 1.24% 4.11  5.60  73.32% 110Vac 
3.27  1.00  -0.91% 21.43 0.15 2.05% 6.48  8.70  74.53% 

  
3.33  0.20  0.91% 20.61 0.10 -1.86% 2.73  3.90  69.92% 
3.30  0.60  0.00% 21.27 0.10 1.29% 4.11  5.70  72.05% 150Vac 
3.27  1.00  -0.91% 21.41 0.15 1.95% 6.48  8.70  74.50% 

  
3.33  0.20  0.91% 20.59 0.10 -1.95% 2.73  4.00  68.13% 
3.30  0.60  0.00% 21.27 0.10 1.29% 4.11  5.80  70.81% 180Vac 
3.27  1.00  -0.91% 21.41 0.15 1.95% 6.48  8.80  73.65% 

  
3.33  0.20  0.91% 20.59 0.10 -1.95% 2.73  4.10  66.46% 
3.30  0.60  0.00% 21.28 0.10 1.33% 4.11  6.00  68.47% 220Vac 
3.27  1.00  -0.91% 21.40 0.15 1.90% 6.48  8.90  72.81% 

  
3.33  0.20  0.91% 20.59 0.10 -1.95% 2.73  4.20  64.88% 
3.30  0.60  0.00% 21.29 0.10 1.38% 4.11  6.10  67.36% 240Vac 
3.27  1.00  -0.91% 21.39 0.15 1.86% 6.48  9.00  71.98% 

  
3.33  0.20  0.91% 20.67 0.10 -1.57% 2.73  4.30  63.56% 
3.30  0.60  0.00% 21.31 0.10 1.48% 4.11  6.30  65.25% 265Vac 
3.27  1.00  -0.91% 21.39 0.15 1.86% 6.48  9.20  70.42% 

  
Table 7. Output Voltage and Efficiency Test 

7. Reference and Resource 

7.1  Application Notes 
Application note:  
Flyback: AN-4137, AN-4141, AN-4147

http://www.fairchildsemi.com/an/AN/AN-4137.pdf#page=1
http://www.fairchildsemi.com/an/AN/AN-4141.pdf#page=9
http://www.fairchildsemi.com/an/AN/AN-4147.pdf#page=1
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8  Warning and Disclaimer 
 
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 or 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 make changes without notice to any 
products described herein to improve reliability, function or design.  Either the applicable sales contract signed by 
Fairchild and Buyer, or if no contract exists Fairchild's Standard Terms and Conditions on the back of Fairchild invoices, 
govern the terms of sale of the products described herein. 
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