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Forward converter
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Analysis for the switch turn-on. (C.C.M.) :

follows:

=

=

)

+O

D_EE O The VN2 can be derived as
;.

Equivalent for Q1 ON

RS :

di
t vy, =V, +V, =1L, dltv +V, (1)
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Thus :
(0<t < DTs)
dlLo — VN2 — VO (2)
dt L,
when =1, = DT,
Aty =22 =terpr, )

QForward Converter 4\~ £3(4/19)

Analysis for the switch turn-off. (C.C.M.)

O From the Fig. we have the

following equations :
Vie+Vo =0 (4)

di
L5 1y, =0 (5)
+ dt
+ 7% O Thus
= ) (DT, <t <Ts)
= di v
Lo _ _ " O (6)
dt L,
O When 7 =155 =(1-D)T
Equivalent for Q1 OFF Al =i*(1-D)Ts @)
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Because the ir, is C.C.M., thus :
VwVo, pr.-Yora-pyr, 3
LO LO

where V), = % xV,

1

And

N
V0=ijV,D 9)
Yo _Np_pim (10)

~
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Various voltage waveforms of the
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B forward converter operated in C.C.M
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Various current waveforms of the
forward converter operated in C.C.M
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» Analysis of the forward converter in boundary mode
(C.C.M/D.C.M.)

v, N.
o

AN AL AL

>t
The waveform of the forward converter
in C.C.M./D.C.M. boundary

1"
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From the above figure, we can obtain the following equations:

1
ILoB:IOB:EAI (11)

since
Al :&x(l—D)TS :ixﬁxD(l-D)TS (12)
LO Nl LO

And

NV, .
1,>1,,,=1,, =————D(1-D)T; for C.C.M. condition (13)
2N,L,
L,>L,,= %(l -D)T, for C.C.M. condition (14)
OB
[ o2 2 B0
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» Analysis for the forward converter in Discontinuous
Conduction Mode (D.C.M.)

+

Ny

+ imJ L, v v
r = B

g E
| + = | =

(a) Equivalent for Q1 ON, D1 ON, (b) Equivalent for Q1 OFF, D1
D2 OFF OFF, D2 ON.

_ Equivalent circuit for forward converter in D.C.M

13
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( ¢ ) Equivalent for Q1 OFF, D1
T OFF, D2 OFF.

Equivalent circuit for forward converter in

QForward Converter 9~£3(12/19)

Ve b DATK_ |_ |_ Ves L [%I]V,l_l |— |—
‘ LT LI

(a)

v,
- (d)
v, I Viz
N,
2|y,
t

Various voltage waveforms of the

D.C.M forward converter operated in D.C.M
14 15
QForward Converter 4)-£3(13/19) QForward Converter 4)~£3(14/19)
From the above figure, we can obtain the following equations:
O& (e) t {[I]\Iv_fjl/l_Vo}DlTs =V,D,Ty  (15)
And
(16)
AT
(f)
Various current waveforms of the
forward converter operated in D.C.M
(d)
16 7
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From the last Fig. we have the following equations :

IL0=IO=%XAI><(D1+D2) (19)
Yo _ 1, VoDTs x(D,+D,) (20)
R, 2 I,
And
-D +.D}+(8L,/R,T,
D,=— le( o! A5) @1)
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> O%put voltage ripple

>t

Lo

————————————————————————————————————————

o #t Output voltage ripple of the forward
(b) <onverter operated in C.C.M.

‘e)

QForward Converter 9)-£3(17/19)

From the above figure, we can obtain the following equations:

- 2%s (22)

Thus, output voltage ripple is

.,
AV,=—5-09(1-D) (23
OSCL( ) ()

20
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» Selection of Components

Switch:
VDS,Ql(max) 2 2V1 (24)
N Al DTV,
L =| == (1 +—J+¢ (25)
Ql(max) (Nlj o 2 Ll
Diode:
N. v,
V. > (=2, =2 26
D1(max) (Nl ) I D ( )

Al
IDl(max) = ]0 +? 27

21
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And
N DI
Loiave) = (Vj] DI, = no (28)
]Dl(avg) = Dlo (29)
And
N v,
IDZ(max) = [sz v, = Eo (30)
1
Al
IDZ(max) =10+7 (€29)
155 v =(I_D)Io (32)
FEZ N 2

Q44 (1/2)

»Input Voltage 36 VDC to 56VDC
»Output Voltage 12VvDC
»Output Current 0.2 Ato 3.6A
»Output Ripple Voltage 100mV
»Load Regulation +/- 1%
»Line Regulation +/-1%
»Transient Response 1.25A to 2.5A, 0.1A/uS
» Overshoot / Undershoot 200mVv
»Setting Time 2mS

[y XA 2

QAR (2/2)

»Start up
Rise Time 100 mS
Overshoot 250 mV
Delay Time 1S

»Short-Circuit Protection
»>Efficiency > 83%
>1IP : 48V, O/P : 3.6A

Auto-recovery

RS0 24

™1 P10
T Rl
Wy 65 Lo s vour
g . K
w T cioa G B8 | cu 1avimea
Pire S8l 25v w0
W T.(eom
GND - -
3 P11
™

4R14
:5512 FNC

4C15
TNC

7
COMy

U
30K 4m 5| ves

8 | REFRy
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Q2RISR

Tape 2 tums x 6 layers

N, @0.4x4, 10T

Nyy #1#2  04x2

0.5x2, 8T N,
¢ * N;  #7—>#10 @0.5x2

Ny @0.2x1, 9T N, #3-5#4 @02xi 9T
N;  #2#5 @04x1 10T
@0.5x2, 8T N;
. N, #6#9 @05x2 87|
Ny @0.4x1, 10T Ny, #1#2  @04x2 10T)

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

2. Bobbin : EI-28 10 Pin Vertical

3. Inductance : Without GAP, 2mH Reference
4. Cut Pin #8 After Winding

DERB4R

O
U

N, @1.0x1, 40T

(2

7S
=

TIN COATING

1. Core
2. Wire
3. Inductance : 75 uH REFREENCE (#1 TO #2)
4.40 TURNS

: T90-52 (Micrometals or Equivalent)
:w1.0x1

26 27
beﬁ"/\'ﬁi Dﬁ‘*ﬁ*@% (1/5)
@ PCE 1.0 @ AR PCBfx & RAERA ®E
1 R1 RES 0R3 +/-5% 1W 1
c2
H1 — = — — 2 R2 RES 27K +/-5% 1W 1
. e
T8 S S R
- @|:|_TP©_| e ::lﬁ o - au 3 R3 RES NC +/-5% 1W 1
in b Eol s 1 %ﬂe Vout + 4 R4 RES 30K +/-5% ViW 1
I:L:m ﬁﬁ:ﬂjﬂ ! “‘am I: 5 RS RES 7.5K +/-5% YW 1
E= o crst . 1 5 6 R6 RES 5R1 +-5% %W 1
S L i g
W O+ T 3 7 R7 RES 20K +/-5% YW 1
@m 2(®) galiay CEQ EJEJ ©® 8 RS RES 510 +/-5% %W 1
CE TP11
Vin T8 1 D o Ridl Tris Vou - 9 RY RES 0R22 +/-5% 1W 1
C3 — — I c15
S OT Thou o Lz e 10 R10 RES 33 +/-5% Y%W 1
Pl NN IR 1 R11 RES 33 +/-5% YW 1
_®
© FORWARD 3.6A-48-12 MatriTek Inc.  (O) 2 |Rp RES 7KS +-5% YW 1
13 R13 RES 2K +/-5% %W 1
FEZ N 2 FEZ 2




Qaf k% (2/5) Q& (3/5)

AR PCBiL & HEBRA #E

BR PCB# B MRAERA #F
15 RI15 RES 180K+/-5% YW 1

27 C10 MLCC 102 50V 1
16 R16 RES 240 +/-5% YW 1

28 c11 MLCC 102 50V 1
18 C1 EC 100U 100V13X20 1

29 c12 EC 680U 25V 10X20 1
19 C2 MLCC NC 50V 0

30 C13 EC 680U 25V 10X20 1
20 Cc3 EC 47U 25V 6X11 1

31 C14 MLCC 104 50V 1
21 Cc4 MLCC NC 50V 0

33 C16 MLCC 681 50V 1
22 c5 MLCC 472 50V 1

35 T1 TRANSFORMER EI-28 FORWARD | 1
23 C6 MLCC 104 50V 1

36 L1 CHOKE T90-52 75U 3.6A 1
24 Cc7 MLCC 222 50V 1

37 L2 CHOKE R5X7 2.2mH 1
25 cs MLCC 221 50V 1

38 Q1 NMOS IRF640N 220V/18A 1
26 ) MLCC 471 50V 1

30 31
Qa#RbEi (415) Qu#R#&E%& (5/5)
AR PCB{L & RAER A E:$
40 D2 FRD SF10DG 1 ER PCB#iL & HAEH A #E
41 D3 FRD SF10DG 1 53 COPPER STAND 1
42 D4 FRD SF10DG 1 54 PCB PCB 3X5 IN SS FORWARD 1
43 D5 DIODE 1N4148 1 3.6A-48-12
44 D6 SBD SBL1660 16A/60V TO220 1
45 Ul IC PWN CONTROLLER UC3842BN | 1
46 H1,H2 HEATSINK 20X30X1 1
47 SCREW SCREW PAN HEAD M3X7 1
48 NUT NUT M3 1
49 INSULATOR TO-220 1
50 INSULATOR SILICON TO-220 1
51 TP1~11 TEST PIN 0.8D 10mm 1
52 IN/OUT CONNECTOR 1
32




QX FREEEFR (1/5)

K TR

(1) B3 B 1545 30W > [B K sE
(2) 247 40.60~1.00

(3) M itAF

(4) k544

(5) 4+ o 44

34

Qe SR EEFR (215)

> BRI
(1) AR ER60V/3A
(2) &+ & # 60V / 60A / 300W (Dynamic Function)
(3) 100MHZ & + #Au 547 X~ % £DSO (FTHard Cpoy £ &)
(4) 100KHZ X . LCR Meter
(5) Digital Multimeter
(6) & ##FE#Current Probe (Optional)
(7) Gain-Phase Analyzer (Optional)

35

Qe g SRBEEFR (3/5)

Pk —REEFR

(1) #EH& > FEAH - 2E85T ARLC Meter
HRRER - EFREHAME -

RAMHEN BE) BREMFBAGEMBK
RIFEH B -

B) B4 EE” Zw%RR" RA > BEER A
BEA > BB RIC)EEIFEIE -

36

Qe g SRBEEFR (45)

rERT B

(1) 44 :MOSFET Q1 $2SBD D1 it # i - 2 ERKH R
GHRT

(2) # F skt E4+ > Zener D5 28 R M % EX(MLCC) >
#7»PCB E -

(3) £k A1/AW t5 & » #10 %5 -

(4) #£% D2 -~ D3 $2D4

(5) 32 2IC (U1) » ;2 EIC Bpfss s« o

(6) 4 1W &2 -

37




Qe X SHREEEFR (5/5)

(7) 411 % Test Pin -

@) A EREE - ERABREFL -
(9) AR ABHAR HQ1 7D6 &4 -

(10) EFHRF LR EAPCB L -

(11) B 23 A 88 1 e9Pin (& Connector)
(12) & mAgsArE 8 > TAPCB ¥ -

38

Qe mEn (1/3)

> EE

(1) HATRERBHNRAMEERNAERRE
2A L4 WwREREBEL - AL
BRER -

(2) 17t Z ERE > AR A Test Pin £
— g

(3) By AR LEy di B AR R ARAM -

39

Qv mEnl (23)

Conversion Efficiency

Load Regulation

Line Regulation

Output Ripple & Noise (DSO)

Dynamic Response (DSO)

Gate Signal And MOSFET Voltage (DSO)

© g kWD =

40

Qe g (313)

7. Start-up (Pin 10 to Pin 11) (DSO)

8. Current Sensing Voltage (U1 PIN3)

9. Secondary Diode Current (Optional)
(DSO + Current Probe)

10. Others

41




Q# & RR&sk (1/2)

BMANTR =36V

#HEHR| 05A | 1A | 1.5A | 2A | 25A | 3A | 3.6A
Vo
lin
MNTR = 48V
#MBEHR| 05A | 1A | 15A | 24 | 25A | 3A | 3.6A
Vo

Iin

MANER = 56V
#HEH| 05A | 1A | 1.5A | 2A | 25A | 3A | 3.6A
Vo

Iin

RS0 @

Q# &Rk esk (2/2)

PAEE
AT REE : ADMM &Pin1toPin2 -
NEREE  TAENTRMEE S RAFER -
o ER3EE - ADMM &Pin 10 to Pin 11 -
M EAGEME  TAZENET T aREAAEFER -

RS o

Q&3 A (1/5)
1. Conversion Efficiency :
Vo-lo
(77 - Vin -Iin]

AERGER HE LR 3 UEXCEL4H -

2. Load Regulation :

% & : Load Regulation = |2 load ~Vo.fulbad| 409
|

Vo, min load ‘

RERGEH A EEZMARATETH A RRES -
I9y 2 2N “

Q&= (2/5)

3. Line Regulation :

‘ Vo, min input —Vo, max input ‘

& % : Line Regulation = | ‘x 100 %

Vo, min input

AERATH > 23 AR ERA05A, 2A, 4A 4
HFFHRERBEE -
4. Output Ripple And Noise :

Ak AR (3.6A)
BHAER =36V 48V > 56V
BEH% A3 TR BHEEH T E&(AC Coupling) -

3 AT - R RART 0 RO -
I ez RN s




Q.z3:[mHA (3/5)

5. Dynamic Response :

R AR

e ms +— 2ms »

364
J:_i: ____1_
18A 0.14uS
WAER =36V 48V > 56V

BELHK: AR TEBRELNLERGERE
(AC Coupling) » # kWA - EEETRAHK
35 A RFERES M
N "

Qz::E A (4/5)

6. Gate Signal (Duty Control) 1z 5t 2 MOSFET
Voltage

- ERFZE =0.2A 2A - 3.8A
WNER =48V

BERLH: A TEZSHREPInNnS #Pin8 #HER -
3 AR RERAAE o

RS o

Q&3[R (5/5)

7. Start-up

BEKRACRENIGHERBEARLK -

Dual Channel #8138 E& > X & Soft Start
RE °

QEME (1/9)

[ecroy Lecroy
I - : R
i \—‘ J il
facroy
MOSFET Voltage MOSFET Voltage
Vin=36V,l0=0.2A | Vin=36V,lo=2A
H:2us/div. V:50V/div | Sk H:2usidiv. v:50vidiv
MOSFET Voltage

Vin=36V,l0=0.26A(Boundary)
H:2us/div. V:50V/div 49




QA E (2/9) Q&R (3/9)

MOSFET Voltage = MOSFET Voltage MOSFET Voltage = MOSFET Voltage
Vin=36V,l0=3.6A : Vin=48V,10=0.3A (Boundary) Vin=48V,10=2.0A 1 Ll vin=56V10=0.2A
H:2us/div. V:50V/div < ]' H:2us/div. V:50V/div H:2us/div. V:50V/div r H:2us/div. V:50V/div
J A )
MOSFET Voltage MOSFET Voltage
Vin=48V,10=0.2A Vin=48V,0=3.6A
_ H:2us/div. V:50V/div 50 _ H:2us/div. V:50V/div 51

Qi E (4/9) Q&M E (5/9)

fleCroy == g fecroy
-
o I , T 1 ‘ i s i B I
MOSFET Voltage MOSFET Voltage nd c
Vin=56V,10=0.33A (Boundary) . e . Vin=56V,l0=3.6A C;vuctc;;vu:rer:ZA Inductor Current
. . ) in= , lo=0. Vin=36V , lo=2.0A
H:2us/div. V:50V/div \-'-—- { H:2us/div. V:50V/div . .
N i | I,E H:2us/div. V:1A/div [ [ H:2us/div. V:1A/div
—t
MOSFET Voltage
9 Inductor Current
Vin=56V,l0=2.0A

in= = )

H:2us/div. V:1A/div 53




QEME (6/9)

R E

(7/9)

LeCroy = keCroy keCroy
—— F=—p—"] T
| J i T T e e 1 1 "“‘-'-—""_'*[ - "
ey ==
Inductor Current Inductor Current ) .
i i Output Transient Response Output Transient Response
Vin=36V , lo=3.6A Vin=48V , l0o=0.3A(Boundary) Vin=36V , lo=3.6A Vin=56V , l0=3.6A
H:2us/div. V:2A/div ] o~ [ || H:2usidiv. VAAdiv H:2us/div. V:50mV/div T | Ha2usfdiv. v:50mVidiv
Inductor Current Output Transient Response
Vin=48V , lo=0.2A Vin=48V , lo=3.6A
_ H:2us/div. V:1A/div 54 _ H:2us/div. V:50mV/div 55
B 8/9 L& 9/9)
) 7 Yy /)
QB E ( J
fecroy Lecroy fieCray flaCroy
" i ' i N i | [ ] o L F\ ]__ s
Output Transient Response | Output Transient Response Reset Current fee Reset Current
Vin=36V , 10=2.0A~3.6A Vin=56 , 10=2.0A~3.6A Vin=48V , l10=0.2A Vin=48V , l0=3.6A
H:2us/div. V:200mV/div ] \ H:2us/div. V:200mV/div H:2us/div. V:0.5A/div EmN T H:2us/div. V:0.5A/div
e T - ', -
Output Transient Response Reset Current
Vin=48V , lo=2.0A~3.6A Vin=48V , lo=2.0A
[ o2 2 B0 H2usiclv V-200mVdi s RN

H:2us/div. V:0.5A/div

57




xR dhig

FORWARD 3.6A-48-12
90
. .
£ 80 VIN=36V
> // VIN=48V
c 75 7/
s / VIN=56Y
57 /
65
60 . . . . . : .
0 05 1 15 2 25 3 35
Load Current (A)
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