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Summary of Report 

Specifications 85~264Vac, 5V/550mA 

Applications Cellphone charger or adapter 

Key features 

 Primary Side Regulation (PSR) solution without opto-coupler 
 Pass Energy Star EPS 2.0 efficiency criteria with 5% margin 
 ± 4% Constant Voltage (CV) regulation and ± 10% constant 

current regulation with 1.8m AWG26 cable  
 Less than 150mW no load input power for universal line 
 Pass EN55022 Class B with over 6dB margin 
 High reliability guaranteed by built-in multi-protection functions, 

e.g. soft-start, OVP, OCkP (Open Circuit Protection) and SCP (Short 
Circuit Protection) functions 

 Cost effective total charger solution, 24 components totally 
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5V/550mA Battery Charger Solution Using AP3703 

1. Introduction 
This report describes a 2.75W constant voltage/constant current universal input power 

supply for cellphone charger or similar applications. This design was based on BCD’s cost 

effective Primary Side Regulation (PSR) controller, AP3703. The mechanic dimensions are 

45mm in length, 33 mm in width and 16mm in height. 

  

Figure 1. Photo of 5V/550mA demo board (Top view and bottom view) 

The AP3703 is a general use AC/DC power supply controller for the cost effective 

battery charger and adapter application. It can achieve constant voltage and constant current 

(CV and CC) regulation without requiring an opto-coupler and secondary control circuitry. 

Meanwhile, it also eliminates the need of loop compensation circuitry while maintaining 

system stability. With the unique random frequency dithering technique, AP3703 system can 

get good EMI performance. 

Compared with the traditional Pulse Width Modulation control for CV and CC control 

technique, this device uses Pulse Frequency Modulation (PFM) technique to achieve tight CV 

and CC regulation, which guarantees high efficiency at light loading and makes the charger 

system built with AP3703 easily to pass the active mode efficiency criteria of Energy Star 

EPS 2.0. Designed to work in Discontinuous Current Mode (DCM), the power system using 

the AP3703 operates with constant primary peak current and the CV regulation is realized by 

modulating switching frequency. So the switching frequency presents a linear characteristic 

with the change of the loading. The CC regulation is implemented by a fixed ratio between 

the conduction time and off time of the secondary schottky rectifier. The detailed operation 

principle can refer to the datasheet of AP3703. 

The AP3703 consists of a 5V regulator, CV feedback and logic circuitry, constant peak 
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current setting circuit, leading edge blanking circuit, optimized BJT driver circuitry, over 

voltage/open circuit protection (OVP/OCkP) circuitry and a PFM controller for CV and CC 

frequency modulation. 

With the built-in soft-start, OVP, OCkP and SCP (Short Circuit Protection) functions, 

the AP3703 can achieve high reliability in abnormal conditions without additional 

components and cost.  

This document contains the power supply specification, schematic, BOM (bill of 

materials) including transformer architecture, PCB layout and key performance features with 

detailed test data and waveforms. 
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2. Specifications 

Description Min Typ Max Units Conditions 

Input 

Voltage 

Frequency 

No Load Input Power  

85 

47 

 

50/60 

264 

63 

200 

VAC 

Hz 

mW 

 

Output 

Output Voltage 

Output Ripple Voltage 

Output Current 

Output Power (Pno) 

Output Voltage rise Time 

4.75 

 

550 

 

 

 

2.75 

6.5 

150 

950 

 

20 

V 

mVpp 

mA 

W 

ms 

 

bandwidth 

Efficiency 

Average Efficiency at 

25,50,75 and 100 % of 
Pno (EPS 2.0) ---note 1

 

63.7 

     

% 

Tested with 
1.8m AWG 26 

cable 

EMI Pass EN55022 Class B with 6dB margin  

 

 

Note 1:  

     The active mode average efficiency criterion of Energy Star EPS 2.0 was 

calculated as follow: 

Table 1. EPS 2.0 Active Mode Efficiency Criteria 

Low voltage Model 
(Nameplate Vo< 6V and 
nameplate Io≥ 550mA) 

1< to <49W [0.075*Ln(Pno)]+0.561 

Standard Model 1< to <49W [0.0626*Ln(Pno)]+0.622 
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3. Schematic 
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Figure 2. Schematic of 5V/550mA charger solution 

4. Circuit Description 
The power supply use AP3703 to realize a primary side regulation flyback converter. 

4.1. AC input filter: 

The AC line voltage is rectified by D1 to D4 to a DC bus voltage. C1, L1, L2 and C2 

compose a Pi filter to achieve good EMI performance in attenuating the differential mode 

EMI noise, in which L1 are mainly to limit EMI noise in middle frequency (less than 1M). 

And R1 is used to limit the input surge current and also work as a fuse for ultimate protection 

in any catastrophic failure. 

4.2. Power converter: 

In the main power supply topology of a layback converter, the transformer T1 is 

magnetized and demagnetized by on/off control of the BJT transistor Q1. Thus the DC bus 

voltage in the primary side is converted to AC voltage on the secondary winding of T1. By an 

optimized driving circuitry within the AP3703, the maximum allowable peak voltage across 
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the collector of Q1 is Vces, which makes the use of popular BJT transistor with 400V Vceo 

and 700V Vces feasible.  

The output rectification circuitry is made up of a schottky diode D8 and an electrolytic 

capacitor C7. A dummy load R15 is used to control the output voltage in no load condition to 

an acceptable level.  

4.3. AP3703 related circuitry: 

A common auxiliary winding is adopted in this schematic for both CV feedback and 

bias supply. In the CV feedback network, R12 and R13 are required to use the resistors with 

5% precision. And D5 and C3 constitute the bias supply circuitry for the AP3703. In order to 

ensure good driving effect for Q1, C3 should be placed as close as possible to Vcc pin of the 

AP3703 

R2 and R4 compose the startup resistor and 1.5M ohm is recommended for the sum of 

these two resistors considering the tradeoff between a reasonable startup time and guaranteed 

reliable startup at low AC line. The primary peak current of the flyback converter is set by the 

current sense resistor R10 with 5% precision. 
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5. BOM and transformer specifications 

5.1. BOM 

Item Description QTY 

C1 4.7uF/400V, 85°C, 8*12 electrolytic 1 

C2 4.7uF/400V, 85°C, 8*12 electrolytic 1 

C3 4.7uF/50V,105°C, 5*11 electrolytic 1 

C6 1nF/100V, 0805,10%, ceramic  1 

C7 470uF/16V, 6*11 electrolytic 1 

D1,2,3,4 1N4007 DO-41 Rectifier Diode 4 

D5 FR107 DO-41 Fast Recovery Diode 1 

D8 SR260 DO-41 Schottky 1 

L1 1mH,Inductor 1 

L2 4.7uH,Inductor 1 

R1 12 ohm, 1/2 W, Fuse resistor 1 

R2 1M ohm, 5%,1206, resistor 1 

R4 470k ohm, 5%, 1206, resistor 1 

R10 1.8 ohm, 5%,1206, resistor 1 

R12 56k ohm, 5%,0805, resistor 1 

R13 36k ohm, 5%,0805, resistor 1 

R14 100 ohm, 5%,0805, resistor 1 

R15 2k ohm, 5%, 1206, resistor 1 

T1 EE13 8pin 1.8mH 8%,Transformer 1 

U1 AP3703, Sot23-5, BCD’s IC 1 

Q1 13003 TO-92, Power BJT 1 
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5.2. Transformer specifications 

5.2.1. Electrical Diagram 

 
Figure 3. Transformer electrical diagram 

 

5.2.2. Electrical Specifications 

Primary Inductance
Pin2-1, all other windings open, measured at 1kHz, 

0.4VRMS 
1.8mH,±8%

Primary Leakage 

Inductance 

Pin2-1,all other windings shorted, measured at 

10kHz, 0.4VRMS 
50uH (Max) 

Electrical Strength 60 seconds, 60HZ, from Pin 2-1 to Pin8-7 3000Vac

 

5.2.3. Materials 

Item Description 

[1] Core: EE13, PC40 or equivalent 

[2] Bobbin: EE13, Horizontal, 8 Pin, (4/4) 

[3] Wire: ø0.14mm, for Primary Winding and Auxiliary Winding 

[4] Triple Insulated Wire: ø0.35mm for Secondary Winding 

[5] Tape: 0.05mm thick, 7.0 mm wide 

[6] Tape: 0.2mm thick,1.0mm wide 
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[7] Copper film: 0.05mm thick, 6.5 mm wide 31mm longth 

[8] Glue: EPORITE 2095 

 

5.2.4. Transformer Build Diagram 

 
 

Figure 4. Transformer Build Diagram 

 

5.2.5. Transformer Construction 

Winding Sequence: Begin from the central column of the Bobbin. Primary side of the 

bobbin is placed on the left hand side, and secondary side of the bobbin is placed on the 

right hand side. 

WD 1 

Auxiliary 

winding 

Start at Pin 4. Wind 30 turns of ø0.14mm wire [3] from left to right.  

Wind tightly & spread evenly in the middle. 

Insulation 1 Layers of insulation tape [5], 0.05mm thick, 7.0mm wide. 

  WD 2 

Primary 

Winding 

Start at Pin 2. Wind 40 turns of ø0.14mm wire [3] from left to right. Wind 

the next 40 turns on the next layer from right to left. Wind the next 40 

turns from left to right Wind the last 10 turns from right to left on the side 

of primary. Finish on Pin 1. Wind tightly & spread evenly. 

Insulation 1 Layer of insulation tape [5], 0.05mm thick, 7.0mm wide. 
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Shield 
Copper shield [7], 6.5mm wide, 31mm long. Connected to Pin 1 on the 

side of primary. 

Insulation 3 Layers of insulation tape [5], 0.05mm thick, 7.0mm wide. 

Margin tape Wind 2mm margin tape [6] on the secondary side. 

WD 3 

Secondary 

winding 

Start at Pin 5. Wind 8 turns of ø0.35mm Triple Insulated Wire [5] from 

right to left (to the opposite direction). Wind the last 8 turns from left to 

right. Terminate on Pin 8. Wind tightly & spread evenly. 

Insulation 1 Layers of insulation tape [5], 0.05mm thick, 7.0mm wide. 

Glue Glue core and bobbin 

 

6. PCB layout 
The PCB layout rules are highlighted as follow: 

1. The loop area composed by the input capacitor, the primary winding of the 

transformer, power transistor Q1 and current sense resistor R10 should be 

minimized for better EMI performance 

2. The power ground and signal ground should be connected by one node. 

 
Figure 5. Printed circuit layout 
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7. Electrical performance 
All the test results were obtained at room temperature unless otherwise specified, with 

50 Hz line voltage and 1.8m AWG26 cable. 

7.1. Active mode efficiency 

The charger system passes active mode average efficiency criteria of Energy Star EPS 

2.0 final version. The active efficiency criteria follow the formula for low voltage mode and 

can be calculated as 63.7%. 

Table 2. Average active mode efficiency 

 

Efficiency (%) 
% of Full Load 

115Vac 230Vac 

25 73.1% 67.4% 

50 73.7% 69.2% 

75 72.9% 68.9%  

 100 72% 68.9% 

Average 72.9% 68.6% 

Energy Star EPS 2.0: 63.7% 

 

 

 

7.2. Output I-V and regulation  

All the measurements were obtained in the following conditions: 

1. The power supply was assembled closely into a cellphone charger case. 

2. The power supply with the case was placed into a carton, which was put into a full 

temperature chamber. The temperature inside the carton was monitored to keep a constant 

ambient temperature without the airflow for the testing.  

3. The readings of output voltage and current were recorded only after the power supply had 

worked for 30 minutes under no load condition. 
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Figure 6. Typical CV/CC Characteristic @25℃ 

 

7.3. No load input power 

The readings of input power were recorded only after the power supply had worked for 

5 minutes under no load condition. 

Table 3. No Load Input Power 

Input Voltage (V) Input Power(mW) 

85 38 

115 46.2 

145 57 

180 71 

230 99 

264 125 

 

 

Less than  

100mW @230Vac 
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8. Key Operating Waveforms 

8.1. Output ripple voltage 

All measurements were made with an oscilloscope with 20 MHz bandwidth and the 

output was bypassed at the connector with a 0.1 µF ceramic disk capacitor and a 10 µF 

electrolytic capacitor.                                          

 

Figure 7. Ripple, Worse case@85Vac, 2ms, 50mV/div, peak-peak: 136mV 

 

Figure 8. Ripple, Worse case@115Vac, 2ms, 50mV/div, peak-peak: 141mV 
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Figure 9. Ripple, Worse case@230Vac, 2ms, 50mV/div, peak-peak: 138mV 

 

Figure 10. Ripple, Worse case@264Vac, 2ms, 50mV/div, peak-peak: 145mV 
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8.2. Collector voltage of power transistor 

 

 Figure 11. Collector voltage, 85Vac, Full 

Load, 50V, 20us/div, peak voltage: 285Vdc 

 

Figure 12. Collector voltage 264Vac, Full      

Load, 100V, 20us/div, peak voltage: 602Vdc 

 

8.3. Startup characteristics 

  

 

 

Figure 13. Rise time, 115Vac, Full Load,       Figure 14. Rise time, 230Vac, Full Load,   

1V, 4ms/div                                   1V, 4ms/div 
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9. EMI test results 

9.1. Conducted EMI 

150 kHz 30 MHz

1 PK
CLRWR

2 AV
CLRWR

SGL

TDF

6DB

dBµV
 
dBµV
 

RBW  9 kHz

MT  1 s
PREAMP OFFAtt 10 dB

1 MHz 10 MHz

-20

-10

0

10

20

30

40

50

60

70

80

EN55022A

EN55022Q

Date: 11.JAN.2009  14:32:33

EDIT PEAK LIST (Final Measurement Results)

Trace1:          EN55022Q         

Trace2:          EN55022A         

Trace3:          ---              

      TRACE          FREQUENCY     LEVEL dBµV        DELTA LIMIT dB

 1  Quasi Peak   170 kHz            41.20            -23.76        

 2  Average      170 kHz            32.29            -22.66        

 2  Average      534 kHz            25.45            -20.54        

 1  Quasi Peak   870 kHz            31.70            -24.29        

 1  Quasi Peak   2.014 MHz          38.67            -17.32        

 2  Average      2.062 MHz          32.05            -13.94        

 1  Quasi Peak   2.382 MHz          43.27            -12.72        

 2  Average      2.382 MHz          35.31            -10.68        

 2  Average      5.426 MHz          29.20            -20.79        

 1  Quasi Peak   5.886 MHz          37.47            -22.52        

 1  Quasi Peak   13.97 MHz          30.05            -29.94        

 2  Average      14.082 MHz         20.88            -29.12        

                                                                   

                                                                   

                                                                   

                                                                   

                                                                   

                                                                   

                                                                   

                                                                   

 
Figure 15. Conducted EMI, 230VAC/50Hz, full load, Neutral 
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EN55022Q

Date: 11.JAN.2009  14:33:49

EDIT PEAK LIST (Final Measurement Results)
Trace1:          EN55022Q         

Trace2:          EN55022A         

Trace3:          ---              

      TRACE          FREQUENCY     LEVEL dBµV        DELTA LIMIT dB

 1  Quasi Peak   170 kHz            40.19            -24.76        

 2  Average      278 kHz            24.33            -26.54        

 1  Quasi Peak   562 kHz            31.96            -24.03        

 2  Average      562 kHz            25.19            -20.80        

 2  Average      2.062 MHz          32.75            -13.24        

 1  Quasi Peak   2.086 MHz          40.76            -15.23        

 2  Average      2.382 MHz          36.29             -9.70        

 1  Quasi Peak   2.406 MHz          44.32            -11.67        

 2  Average      5.494 MHz          30.04            -19.96        

 1  Quasi Peak   5.658 MHz          36.81            -23.18        

 2  Average      12.958 MHz         21.61            -28.39        

 1  Quasi Peak   13.482 MHz         30.42            -29.57        

                                                                   

                                                                   

                                                                   

                                                                   

                                                                   

                                                                   

                                                                   

                                                                   

 
Figure 16. Conducted EMI, 230VAC/50Hz, full load, Line 
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9.2. Radiated EMI 

Figure 17. Radiated EMI, 

230VAC/50Hz, full load, Vertical 

 

 

 

Figure 18. Radiated EMI, 

230VAC/50Hz, full load, Horizontal
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10. Summary of test results 
 

Description Min Typ Max Units Tested results

Input 

Voltage 

Frequency 

No Load Input Power  

85 

47 

 

50/60 

264 

63 

200 

VAC 

Hz 

mW 

 

 

<100mW@230
Vac 

Output 

Output Voltage 

Output Ripple Voltage 

Output Current 

Output Power (Pno) 

 

4.75 

 

300 

 

 

550 

2.75 

6.5 

150 

950 

 

 

V 

mVpp 

mA 

W 

 

Pass 

Pass 

Pass 

Pass 

Efficiency 

Average Efficiency at 

25,50,75 and 100 % of 
Pno (EPS 2.0) ---note 1

 

63.7 

     

% 

>72.9 at 115Vac; 

>68.6 at 230Vac

(26# cable) 

EMI Pass EN55022 Class B with 6dB margin Pass 
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11. Revision history 

Versions Date Author Description 
for changes Reviewed  

Version 1.0 01/19/2009 Sun Jian Initial release Charles Sun 

 

Version 1.0 20


	Introduction
	Specifications
	Schematic
	Circuit Description
	4.1. AC input filter:
	4.2. Power converter:
	4.3. AP3703 related circuitry:

	BOM and transformer specifications
	5.1. BOM
	5.2. Transformer specifications
	5.2.1. Electrical Diagram
	5.2.2. Electrical Specifications
	5.2.3. Materials
	5.2.4. Transformer Build Diagram
	5.2.5. Transformer Construction


	PCB layout
	Electrical performance
	7.1. Active mode efficiency
	7.2. Output I-V and regulation
	7.3. No load input power

	Key Operating Waveforms
	8.1. Output ripple voltage
	8.2. Collector voltage of power transistor
	8.3. Startup characteristics

	EMI test results
	9.1. Conducted EMI
	9.2. Radiated EMI

	Summary of test results
	Revision history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


