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( a) Gate signal

( b)) Drain-Source voltage
Various voltage waveforms of the
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O 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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O From the above figure, we can obtain the following
equations:
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Various current waveforms of the

(e) Freewheel diode carrent Flyback converter operated in D.C.M
.] JI\\ '\\ \ l\_
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Output voltage ripple of the flyback
converter operated in C.C.M.
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O The Figure helps to determine the output voltage

ripple as follows:
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[0 Selection of Components :

AV, = AC_Q _ Iocﬂ switch:  Vigsoimey 2V +1V,  (22)
_noor Loy =1, =200 (23)
o (20) o1m) = S =1y
O Thus, output voltage ripple is : Diode:  ima 2%+ Vo (24)
Iy =1y =252 25)
AVT:O _ lesO x100% (21 o Lo o
Ol(avg) n(l—D)
Ly =10 27)
18 19
itk (1/2) QA& (1/2)
»Input Voltage 36 VDC to 56VDC > Start up
»Output Voltage 12VDC _ _
»Output Current 0.2Ato 2.5A Rise Time 100m S
»Output Ripple Voltage 50mV Overshoot 250 mV
»Load Regulation +-1% Delay Time 1S
»Line Regulation +/- 1% »Short-Circuit Protection Auto-recovery
» Transient Response 1.5Ato 2.5A, 0.1A/uS >Efficiency > 85%
»Overshoot / Undershoot 200mV P10V . O/P : 4A
» Setting Time 5mS
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N, @0.2x1, 6T

N; @0.6x2, 14T é
@

1. Core:

2. Bobbin :

3. Inductance :
4. CUTPIN :

©0.6x4, 6T N,

Tape 2 tums x 5 layers

67 Ny #2#%3 06x2 7T
N, #4-#5 0.2x1 6T
Nyg  #7#10 90.6x2 6T
bx) Nia #6589 @0.6x2 6T

N, #1#2 @06x2 7T

El-28 (PC40 OR Equivalent)
EI-28 10 PIN VERTICAL

90 UH +/- 5UH (#1 TO #3)
#2 & #8 AFTER WINDING

22 23
- \ -
Q4% 7t/ 1/3
p— AK PCBRE | MY %¥

© © 1 R1 RES OR3 +/-5% 1W 1
y . o 2 R2 RES 27K +/-5% 1W 1
) 31%: coA '—ﬁ_{i“:l_ 3 R3 RES 7.5K +/-5% "W 1
e _|:|_ @ & AN p— " 5 out - 4 R4 RES 5R1 +/-5% %W 1
TPS o C'@ X ‘: 5 R5 RES 62K +/-5% W 1
z ij E; % 5 6 R6 RES 510 +/-5% YW 1
= o @ 3 7 R7 RES OR3 +/-5% 1W 1
D Lo o " o} 8 RS RES 20K +/-5% VW 1
V'”+ pSfhr i Vou + 9 RO RES 20K +/-5% %W 1
‘;j:{f,_ EQH TTT _— 10 R10 RES 3K +/-5% 1W 1
QoI o 1 R11 RES 33 +/-5% VW 1
FLYBACK 2.5A-48-12 MatiiTek® Inc.  (O) R12Z | RES33+-5% VW 1
R13 RES 240 +/-5% 1W 1

24 25




QuaRex (2/3)

RR PCB# & | AARA BE
15 R15 RES 2K +/-5% "/sW 1
16 R16 RES 180K +/-5% "iW 1
17 R17 RES 7K5 +/-5% sW 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 Cc7 MLCC 101 50V 1
25 Cc8 MLCC 471 50V 1
26 C9 MLCC 472 50V 1
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QusRegr (3/3)

AR PCBR & | HA#R#A BE
27 C10 MLCC 102 50V 1
28 c1 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 T TRANSFORMER EI-28 1
FLYBACK
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Qa g pHuEEFR (1/5)

> T B

(1) BIEEXBE 30V ERsE
(2) 124540.60 ~ 1.0D
(3) MLt
(4) REse
(5) 4o

28

QR SHBETFR (2/5)

> 2 RE
(1) ZRER 60V /3A
(2) €F 4 # 60V /60A/300W (DYNAMIC Function)
(3) 100MHZ 2z b #4457 X5~ % £DSO (*THard Copy £ &)
(4) 100KHZ X L LCR Meter
(5) Digital Multimeter
(6) & M #FE#Current Probe (Optional)
(7) Gain-Phase Analyzer (Optional)
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Qe X FRBEEEFR (3/5)

> K —BEEFR

(1) #Eekk > FHHb o 2285TH RLC meter #3R
g
R-EXHLEMHE -

(2 MREXAXHTH BB LETAY (JoshR L Ep
#
R EE) BRESSEBIETHERRIFHERE -

C) B HEXEE =ZHRAR" RR @ETR - AREF
% 0 R B4 5 RIC)E AR -
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Qéa X HRMBEEFR (4/5)

g 857

(1) @ 3MOSFET Q1 $2SBD D1 st #h - 2 &84 A&
BEGART -

(2) B 4% BksrI1 ~ J2 22I3 > $IFBMNPCB L -

(3) 4k & ey E4 > Zener D3 318 BB K% A (MLCC) »
##PCB L -

(4) ZARA1AW th T > £11 8] -

(5) £ D1 &D2 -

(6) ##22 IC (U1) 5 X EIC MpALART o
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Qa5 EFR (5/5)

(7) SmIWEm -

(8) #2411 % Test Pin -

(9) RABFMAEEHRES  TRAFERIEITELE -
(10) ARZFHHER HQ1 D1 &2 b -

(1) REZHRFTCLRLEAEPCB L -

(12) #Z A S8 H 9Pin (% Connector)
(13) E#BMAESE > ZmPCB % -
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QeefsmER (1/3)

PEREFR
(1) MATRBBBARAE B ERARTA2ZALL »
WREREBWE > CELELETR -

(2) 1+tmE £ EHE > Ak HTest Pin FF—5 -

HEPET T TE LTS
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Qe ER (2/3) QeefEmER (3/3)

1. Conversion Efficienc
y 7. Start-up ( Pin 8 to Pin 9) (DSO)

2. Load Regulation i ]
8. Current Sensing Voltage (U1 Pin3)

3. Line Regulation

4. Output Ripple & Noise (DSO)

5. Dynamic Response (DSO)

6. Gate Signal And MOSFET Voltage (DSO)

9. Secondary Diode Current
(OPTIONAL) (DSO +CURRENT PROBE)
10. Others

34

Qs sERR sk (12) Q% 8RR &8k (2/2)
AT E = 36V
#sER | 05A | 1A | 15A | 2A | 25A | BOUNDARY >R E
|Y° MAEREE : HDMM &Pin1to Pin2 -
WANEE = 48V WATHAEME  TABENETRHEEBSAFEER -
TR 0.5A 1A 1.5A 2A 2.5A BOUNDARY #ﬁ'ﬂ '@E%ﬁﬁ . ﬂaDMM ﬁPln 10 tO Pln 11 .
Vo
lin WHEREA TAENE FEHLAER -
MIATE = 56V
o ER 0.5A 1A 1.5A 2A 2.5A BOUNDARY
Vo
lin
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Q&= A (1/5)

1. Conversion Efficiency :
RAERGEH  stHEHME - $UEXCEL 48 -

( _Vo-Io
i Vin - lin

% & : Load Regulation = |Vomin foad V. o fullload | ¢ 100%
Vo, min load |

2. Load Regulation :

AERAEN > S ALHBANERTHARBRE -

38

Q&:=RA (2/5)

3. Line Regulation :

‘VO, min input — Vo, max input‘

% # : Line Regulation = | Vo.min input | X 100%

AERE TR > 5303t A% 5 TR A0.5A,1.5A,2.5A
HHTTORERRRE -

4. Output Ripple And Noise :
% # %R (2.5A)
BMIAER =36V 48V 56V
BB AEATE BHRER L ER(AC Coupling) -
BRI TE - LR ERRT  UELER
oI o
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Q&:=RA (3/5)

5. Dynamic Response :
AR B RER

| 10mS | 10ms ——]
254

J\ /
1250 0.1AuS

A ER =36V > 48V > 56V

BENk: AR TRERENLTRGEER
(AC Coupling) > 3% & ek f74% -
AEERR T REFBB/EEA -
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QA=A (4/5)

6. Gate Signal (Duty Control) 1 5 2#MOSFET Voltage
#4 . & $3% % =0.2A » Boundary Current » 1.5A , 2.5A

AT R =48V

BETHK AR TEBSBREPINS #Pind TR -
EHE sk -  EFEBREEFAR
1% %) CCM/DCM Fig - &£ £ % : Duty
A RBILEIB 14 -
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Q&:=RA (5/5)

QiwE (1/10)

ey
7. Start-up : - N |
RS 3 o= 1 \J v v V r "l i
BERBATRENIBEERBEIHA R -
= > N
Dual Channel A28 i & » L & Soft Start
A E!
T o
ﬁ RE MOSFET Voltage fiecrey MOSFET Voltage
Vin=36V , l0=0.2A Vin=36V,lo=1.5A
H : 2us/div. V : 50V/div I y Y H : 2us/div. V : 50V/div
" i
OSFET Voltage
Vin=36V , lo=1.0A(Boundary)
N P EEEE ... oo "
7 2/10 LR 3/10
Yy 7 ) /,
QRBE ( BRI
[=Eroy fiscray fcray facrey
L . 1 i - IRV, VA’V S5 AV, V)
- . i r k ' l_J r
° MOSFET Voltage [rcrey MOSFET Voltage
ey MOSFET Voltage g
MOSFET Voltage 9 .
) Vin=48V,lo=1.5A Vin=56V,lo=0.2A
Vin=36V,lo=2.5A Vin=48V,lo=1.3A . ) ’
' - - . v ) H : 2us/div. V : 50V/div H : 2us/div. V : 50V/div
H : 2us/div. V : 50V/div _\U N A Al H : 2us/div. V : 50V/div | ‘
| | \
MOSFET Voltage MOSFET Voltage
Vin=48V,l0=0.2A Vin=48V,lo=2.5A
N - 2usidv, V - SOVidlw " N

H : 2us/div. V : 50V/div
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kAR (4/10)

QigmE (5/10)

== LeCroy| fLeCroy
|
l u 1 - t ™ J‘ t "
MOSFET Voltage ey MOSFET Voltage DIODE Current ey DIODE Current
Vin=56V,lo=1.4A ) Vin=56V,l0=2.5A Vin=36V,l0=0.2A - Vin=36V,lo=1.5A
H : 2us/div. V : 50V/div J H : 2us/div. V : 50V/div H : 2us/div. V: 2A/div H : 2us/div. V : 2A/div
El - r
MOSFET Voltage DIODE Current
_ Vin=56V,lo=1.5A Vin=36V,lo=1.0A(Boundary)
' 2usidiv. ¥ - SOVIdIv " @ xo2 "
V4 »,
WP 37 6/10 QEAE (7/10
LeCroy paCroy feCroyf [teCroy
) ) ! LN ™~
Cro feCroy
DIODE Current DIODE Current DIODE Current DIODE Current
Vin=36V,l0=2.5A Vin=48V,l0=1.3A(Boundary) Vin=48V.lo=1.5A Vin=56V,l0=0.2A
. o ) . A : H : 2us/div. V : 2A/div H : 2us/div. V : 2A/div
H : 2us/div. V : 2A/div N ] | H : 2us/div. V : 2A/div .

DIODE Current
Vin=48V,l0=0.2A

H : 2us/div. V : 2A/div 48

DIODE Current
Vin=48V,lo=2.5A

H : 2us/div. V : 2A/div
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Q:%BE (8/10) Qx%#E (9/10)

[EeCroy

feCray] [ieCroy
¥

i b L i 4 ; 3 " 4

DIODE C ey DIODE C =
urrent urrent Output Voltage Ripple Output Voltage Ripple
Vin=56V,10=1.4A Vin=56V,10=2.5A Vin=36V,l0=2.5A Vin=56V,l0=2.5A
H : 2us/div. V : 2A/div H : 2us/div. V : 2A/div H : 2us/div. V : 20mV/div H : 2us/div. V : 20mV/div
o ¥ - ]

DIODE Current Output Voltage Ripple

Vin=56V,lo=1.5A Vin=48V,lo=2.5A

H : 2us/div. V : 2A/div 50 H : 2us/div. V : 20mV/div

Qi#mE (10/10) WP

fietray] ooy
FLYBACK 2.5A-48-12
A N T 1IN ig 90
] he|
4__——-"—_-—_
85
~ " VIN=38V
£ 80
> / VIN=48V
= c 75 —
Output Voltage Ripple Output Voltage Ripple ,g / VIN=56V
Vin=36V,lo=1.5A~2.5A Vin=56V,lo=1.5A~2.5A E 70 /
H : 2us/div. V : 100mV/div N , H:2us/div. V:100mV/div 65
- /
BO 'l A A L
0 05 1 15 2 25
Load Current (A)
Output Voltage Ripple

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

H : 2us/div. V : 100mV/div 52




