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�Flyback converter (1/16)

Flyback converter
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Various voltage waveforms of the 
Flyback converter operated in C.C.M

C.C.M :
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Various current waveforms of the flyback converter operated in C.C.M

Various current waveforms of the 
Flyback converter operated in C.C.M
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�Analysis of the Flyback converter in boundary 
mode (C.C.M/D.C.M.)
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The waveform of the flyback converter 
in C.C.M./D.C.M. boundary
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�From the above figure, we can obtain the following 
equations:

�And:
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� Analysis for the Flyback converter in Discontinuous 
Conduction Mode (D.C.M.) :

�Flyback converter (9/16)
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perated in C.C.M

Various voltage waveforms of the 
Flyback converter operated in D.C.M

�Flyback converter (10/16)
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Various current waveforms of the 
Flyback converter operated in D.C.M

�Flyback converter (11/16)
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�Output voltage ripple:

�Flyback converter (14/16)
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�The Figure helps to determine the output voltage 
ripple as follows: 

�Thus, output voltage ripple is :
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�Selection of Components : 
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�Input Voltage                             36 VDC to 56VDC

�Output Voltage                                 12VDC

�Output Current                               0.2 A to 2.5A

�Output Ripple Voltage                        50mV

�Load Regulation                                +/- 1%

�Line Regulation                                 +/- 1%

�Transient Response               1.5A to 2.5A,  0.1A/uS

�Overshoot / Undershoot                  200mV

�Setting Time                                       5mS

� 1/2
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�Start up

Rise Time                                    100 m S

Overshoot                                    250 m V

Delay Time                                     1 S

�Short-Circuit Protection             Auto-recovery

�Efficiency  > 85% 

I/P : 10V , O/P : 4A

� 1/2
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1. Core :                  EI-28 (PC40 OR Equivalent)

2. Bobbin :              EI-28 10 PIN VERTICAL

3. Inductance :        90 UH +/- 5UH   (#1 TO #3)

4. CUT PIN :           #2 & #8 AFTER WINDING
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� 1/3
PCB

1 R1 RES 0R3 +/-5%  1W 1
2 R2 RES 27K +/-5%  1W 1
3 R3 RES 7.5K +/-5%  ¼W 1
4 R4 RES 5R1 +/-5%  ¼W 1
5 R5 RES 62K +/-5%  ¼W 1
6 R6 RES 510 +/-5%  ¼W 1
7 R7 RES 0R3 +/-5%  1W 1
8 R8 RES 20K +/-5%  ¼W 1
9 R9 RES 20K +/-5%  ¼W 1
10 R10 RES 3K +/-5%  1W 1
11 R11 RES 33 +/-5%  ¼W 1
12 R12 RES 33 +/-5%  ¼W 1
13 R13 RES 240 +/-5%  1W 1



26

PCB
15 R15 RES 2K +/-5%  ¼W 1
16 R16 RES 180K +/-5%  ¼W 1
17 R17 RES 7K5 +/-5% ¼W 1
18 C1 EC 100U 100V 13X20 1
19 C2 EC 47U 25V 6X11 1
20 C3 MLCC 104 50V 1
21 C4 MLCC 222 50V 1
22 C5 MLCC 223 50V 1
24 C7 MLCC 101 50V 1
25 C8 MLCC 471 50V 1
26 C9 MLCC 472 50V 1

� 2/3
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PCB
27 C10 MLCC 102 50V 1
28 C11 EC 680U 25V 10X20 1
29 C12 EC 680U 25V 10X20 1
30 C13 EC 680U 25V 10X20 1
31 C14 MCLL 104 50V 1
32 T1 TRANSFORMER EI-28

FLYBACK
1

� 3/3
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(1) 60V / 3A

(2) 60V / 60A / 300W (DYNAMIC Function)

(3) 100MHZ DSO ( Hard Copy )

(4) 100KHZ LCR Meter

(5) Digital Multimeter

(6) Current Probe (Optional)

(7) Gain-Phase Analyzer (Optional)

� 2/5
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(1) RLC meter

(2) (

)

(3)
( IC)

� 3/5
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(1)  MOSFET Q1 SBD D1 

(2) J1 J2 J3 PCB 

(3) Zener D3 8 (MLCC)

PCB 

(4) 1/4W 11 

(5) D1 D2

(6) IC  (U1) IC 

� 4/5

32

(7)    5 1W 

(8)    11 Test Pin

(9)    

(10)  Q1 D1 

(11)  PCB 

(12)  Pin ( Connector)

(13)  PCB 

� 5/5
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� 1/3
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(1) 2A

(2) Test Pin 

(3)
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1. Conversion Efficiency

2. Load Regulation

3. Line Regulation

4. Output Ripple & Noise (DSO)

5. Dynamic Response  (DSO)

6. Gate Signal And MOSFET Voltage  (DSO)

� 2/3
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7. Start-up ( Pin 8 to Pin 9) (DSO)

8. Current Sensing Voltage (U1 Pin3)

9. Secondary Diode Current 

(OPTIONAL)  (DSO +CURRENT PROBE)

10. Others

� 3/3
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� 1/2

0.5A 1A 1.5A 2A 2.5A BOUNDARY

Vo

Iin

0.5A 1A 1.5A 2A 2.5A BOUNDARY

Vo

Iin

0.5A 1A 1.5A 2A 2.5A BOUNDARY

Vo

Iin
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�

DMM Pin 1 to Pin 2

DMM Pin 10 to Pin 11

� 2/2
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1. Conversion Efficiency :

EXCEL 
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IinVin
IoVo�

2. Load Regulation :

Load Regulation =                                        100% 
loadVo
fullloadVoloadVo

min,
,min, �
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3. Line Regulation :

Line Regulation =                                         100%  

0.5A,1.5A,2.5A  

4. Output Ripple And Noise :
(2.5A)

= 36V 48V 56V
(AC  Coupling)

inputVo
inputVoinputVo

min,
max,min, �

� 2/5
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5. Dynamic Response :

= 36V 48V 56V

(AC Coupling)

� 3/5
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6. Gate Signal (Duty Control) MOSFET  Voltage
= 0.2A Boundary Current 1.5A , 2.5A

= 48V

Pin 5 Pin 4 

CCM/DCM Duty

� 4/5
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7. Start-up :

Dual Channel Soft Start 

� 5/5
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� 1/10

MOSFET Voltage

Vin=36V , Io=0.2A

H 2us/div.  V 50V/div

MOSFET Voltage

Vin=36V , Io=1.0A(Boundary)

H 2us/div.  V 50V/div

MOSFET Voltage

Vin=36V,Io=1.5A

H 2us/div.  V 50V/div
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MOSFET Voltage

Vin=36V,Io=2.5A

H 2us/div.  V 50V/div

MOSFET Voltage

Vin=48V,Io=0.2A

H 2us/div.  V 50V/div

MOSFET Voltage

Vin=48V,Io=1.3A

H 2us/div.  V 50V/div

� 2/10
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MOSFET Voltage

Vin=48V,Io=1.5A

H 2us/div.  V 50V/div

MOSFET Voltage

Vin=48V,Io=2.5A

H 2us/div.  V 50V/div

MOSFET Voltage

Vin=56V,Io=0.2A

H 2us/div.  V 50V/div

� 3/10
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MOSFET Voltage

Vin=56V,Io=1.4A

H 2us/div.  V 50V/div

MOSFET Voltage

Vin=56V,Io=1.5A

H 2us/div.  V 50V/div

MOSFET Voltage

Vin=56V,Io=2.5A

H 2us/div.  V 50V/div

� 4/10
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DIODE Current

Vin=36V,Io=0.2A

H 2us/div.  V 2A/div

DIODE Current

Vin=36V,Io=1.0A(Boundary)

H 2us/div.  V 2A/div

DIODE Current

Vin=36V,Io=1.5A

H 2us/div.  V 2A/div

� 5/10
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DIODE Current

Vin=36V,Io=2.5A

H 2us/div.  V 2A/div

DIODE Current

Vin=48V,Io=0.2A

H 2us/div.  V 2A/div

DIODE Current

Vin=48V,Io=1.3A(Boundary)

H 2us/div.  V 2A/div

� 6/10

49

DIODE Current

Vin=48V,Io=1.5A

H 2us/div.  V 2A/div

DIODE Current

Vin=48V,Io=2.5A

H 2us/div.  V 2A/div

DIODE Current

Vin=56V,Io=0.2A

H 2us/div.  V 2A/div

� 7/10
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DIODE Current

Vin=56V,Io=1.4A

H 2us/div.  V 2A/div

DIODE Current

Vin=56V,Io=1.5A

H 2us/div.  V 2A/div

DIODE Current

Vin=56V,Io=2.5A

H 2us/div.  V 2A/div

� 8/10
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Output Voltage Ripple

Vin=36V,Io=2.5A

H 2us/div.  V 20mV/div

Output Voltage Ripple

Vin=48V,Io=2.5A

H 2us/div.  V 20mV/div

Output Voltage Ripple

Vin=56V,Io=2.5A

H 2us/div.  V 20mV/div

� 9/10
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Output Voltage Ripple

Vin=36V,Io=1.5A~2.5A

H 2us/div.  V 100mV/div

Output Voltage Ripple

Vin=48V,Io=1.5A~2.5A

H 2us/div.  V 100mV/div

Output Voltage Ripple

Vin=56V,Io=1.5A~2.5A

H 2us/div.  V 100mV/div

� 10/10
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