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1.1 Flyback Converter #§~ Technologies
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M1 LC filter stage

»  This figure shows the basic configuration of the converter ( Flyback + LCR load ).
 The switch M1 ON and OFF events are separated to see how the devices work.
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1.1 Flyback Converter i~ ﬁe.gees

During the M1 ON time

Vin

/ T1 D21

Reverse

Bias

M1 LC filter stage

» This figure shows the current path during the ON time, D21 is reverse biased, and the
output capacitor (C21) supplies the LC filter stage on its own.
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During the M1 OFF time

1 XLS =N -Vin L21 Vour
D21 _—
> T ’l — MYV ___¢
L o
3 - C21 —-— C22 § RL
°)
Vin
3 ): S
= Vos = Vi Vour
M1 / ps =VIN+
l_
PWIVI_OUT<<4| afll OFF

* During the OFF time, D21 is forward biased , Lg starts conducting and charges
C21 ,the secondary winding of the flyback transformer starts transferring energy to the
power supply output.
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1.2 Current Waveforms e Bhegees
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*  The current waveforms of Zin and 1;,;,,, in CCM and DCM mode.
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1.3 Equations 1% Technalogiee
* The relationship between the V,,; and V,, for the CCM and DCM mode are defined as equations
below.
Ns D .
Vour,com = —- Vin (1)
Ne \1-D
: RL
Vour, bem = D xVIn x (2)
2% Lpx fow

* The primary side inductance value L, for the DCM mode is calculated as equation below.

2
1-D)’R (N
Lp, bcm < ( ) S (3)
2 fs Ns
* [, is the inductance of primary winding.

© D=TyyT
* N, is the turns number of primary winding.
* Ny is the turns number of secondary winding.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 8



2. Specifications
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Vac
FREQ = 50Hz
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R5
220

K1
K_Linear
COUPLING = {K}
L1=Lp
L2=Ls
L3 = LsubD21
Rs_Lp SF6L20U L21
N ~ OouT
0.15 N cn 1 c22 1 8RHB
o 022u 890uF 890uF
33k
ESR21 ESR22 2.2k + 12
3 Ls 33m 33m R23 = RL
R1 150p {Lp) {Nsp*Nsp*Lp} 1 1 C23
SMH200VN270-22A 22k RJJ-35V221ME5-T20
IC=0 D 2 ESL21 ESL22 Iq =
MURlGO 6.3nH 6.3nH
M1
2SK3869
G ERA91-02
D2 p s
PARAMETERS: |
2| Np=125 pe1_AK— ?szl g
Ns =24 R26
Nsub = 14 2.2k
R4 - -
290 Lp = 650uH PC1_KLK- ] R22§
c4 Nsp = {Ns/Np} 1.9k
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2 3 4
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<« =
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Output voltage ripple < 0.06V,_p
%Efficiency = 85.6
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2.1 Output Voltage

30V

20V

10V

400ms 450ms

Time

500ms

2z Bee

i\ Technologies

Analysis

Time Domain (Transient)
Run to time: 500ms
Start saving data after: 0
Maximum step size: 10us

.Options

RELTOL: 0.01
VNTOL: 1.0m
ABSTOL: 100.0n
CHGTOL: 1p
GMIN: 1.0E-12
ITL: 500
ITL2: 200
ITL4: 20

The output voltage is regulated at 24V(RL=12Q) ,voltage overshoot at startup is less than 1.2V.
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2.2 Output Current

3.0A
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i\ Technologies

Analysis

Time Domain (Transient)
Run to time: 500ms
Start saving data after: 0
Maximum step size: 10us

.Options

RELTOL: 0.01
VNTOL: 1.0m
ABSTOL: 100.0n
CHGTOL: 1p
GMIN: 1.0E-12
ITL: 500
ITL2: 200
ITL4: 20

The output current is 2A (RL=12Q) ,current overshoot at startup is less than 100mA.
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Vac
FREQ = 50Hz
PHASE = 30

i

Bee

i P - J) o
2.3 Steady State Initial Conditions #§% Technologies
K1
K_Linear
COUPLING = {K}
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D2SBA6( c1 R1 150p {Lp} {Nsp*Nsp*Lp} |1 1
SMH200VN270-22A 22k -35V221ME5-T20
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MUR160 3nH 3nH
w1 &30 ¢ B3 =23.9V
25K3869
G ERA91-02
D2 z 7
PARAMETERS: |
2| Np=125 pC1_AK— R21 2
R7 Ns =24 R26
Mrza2gB | 2.2 Nsub = 14 2.2k
R4 _ -
590 Lp = 650uH PC1_KK- ] R22
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Dz1 T 1 Nsubp = {Nsub/Np} GRSZ(?
03 o4 Tsup K =0.996055 |
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0.22u R9 IC = 1622 K R25 c24
IC =242 100 - 330k 0.22u
IC(C8) = c7 g /‘ IC(C4) = IC2 ‘gn Rer
1500p NJIM431
2 42V _J' 15000 IC(C7) 16.524V
| =2.9v ’ 200 %
RS e '
220 8 7 6

FA53llBP -

2
| | cs5 L
220 0.047u PPPCLA
IC =3.37,
R6
R10. = R1%: -
-JE 6 57 |— SHPC1_K
PC1
5.6k 6800p TLP281

0

Initial condition are set ,so the
simulation starts near the steady

State.
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2.4 Output Ripple Voltage ral ﬁelg

e .

23.96V |
Output ripple voltage Analysis
R TR Time Domain (Transient)
. 1) Run to time: 60ms
23.94V : .
Start saving data after: 40ms
""""" Maximum step size: 100ns
...... j ] ] . - _Options
23.92v : RELTOL: 0.01
..... . I .. VNTOL: 1.0m
ABSTOL: 100.0n
.............. : 1.4 5. LKL
! = CHGTOL: 0.1p
! R GMIN: 1.0E-12
43507 ITL1: 500
i ITL2: 200
ITL4: 20
23.88V
40ms 45ms 50ms 5oms 60ms
o V(OUT)

Time

«  The output ripple voltage is less than 60 mVp .
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2.5 Efficiency rFa Bhe.gees

S

e e

X Tracing the %Efficiency of the power supply ,add trace: 100* AVG(W(RL))/ AVG(V(Vin_dc)*I(Vin_dc))

5. 00— — — — —
- Ploss(M1)= 4.64[W] 1
- . Analysis
Time Domain (Transient)
SEL»>[ Ploss(D21)= 1.92[W] Run to time: 60ms
0w Start saving data after: 40ms
o AVGIW(ML)) o AVG(W(D21)) . o
60w Maximum step size: 100ns
;n- B - 3. o - -3 =
i Pin=55.7[W] l .Options
oo RELTOL: 0.01
I Pout= 47.68[W] 1 VNTOL: 1.0m
40w ABSTOL: 100.0n
o AVG(V (Vin_dc) *T (Vin_dc) } o BAVG(W(RL)) CHGTOL Olp
100
- %Efficiency = 85.6 GMIN: L1.0E-12
9p ITLL: 500
P & B B B 7 ITL2: 200
80 ITL4: 20
70 T T T T
5oms Loems 57ms SBms 59ms 60ms

o 100% AVG(W(RL))/ AVG(V(Vin dc)*I(Vin dc))

Time X Tracing the %Efficiency of the power supply ,add trace: 100*
AVG(W(RL))/ AVG(V(Vin_dc)*I(Vin_dc))

* The simulation result shows that the efficiency of the power supply is 85.6%.
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3. Design Considerations
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IN,DC (2= Ls V()UT
/ - L3 = LsubD21
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33k
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FREQ = 50Hz - S 2| Np=125 ] R21 g
Q A NP o PC1_AKL ok
R7 S = R26
PHASE = 30 Mrzige | 22 Nsub = 14 2.2k
R4 _ -
590 Lp = 650uH PC1_KK- ] R22§
Nsp = {Ns/Np} 1.8k
Dz1 T 1 Nsubp = {Nsub/Np} GRSZ(?
T 03 1 Tsup K =0.996055 |
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0 0.22u R9 IC = 16.524 R25 c24
IC =2.42 1oo§ 330k 0.22u
c7 Ic2 S
1500p _ TL431
TT Lp =650uH
R27
| . . — . . 22k
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8 7 6 5
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O o
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All Rights Reserved Copyright (C) Bee Technologies Corporation 2010

15



e
3.1 DC Link Voltage V| pc i~ =155

S e e

160V .
Maximum V,y o= 154V
fﬂ\ {F\ /‘\\\ {rﬁ’\ r/‘\\ Analysis
E\u\ ,f \!\ ™ \f \ II' \ J[ Time Domain (Transient)
140V 4——= -.,_______________-i!____ ___________ o o P——— . Sr—— Run to time: 500ms
Minimum... Vgt e =. 139V Start saving data after: 0
Maximum step size: 10us
1207 .Options
o V(Cl:l) .
200y RELTOL: 0.01
Ve = 110Vac VNTOL: 1.0m
ABSTOL: 100.0n
CHGTOL: 1p
o GMIN: 1.0E-12
ITLL: 500
ITL2: 200
ITLA: 20
SEL>>
~200V
450ms 460ms 47 0ms 480ms 4530ms 500ms

o Vi{Vac:+,Vac:i—)
Time

«  The simulation result shows the peak values of the ripple of DC link voltage V y pc.
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3.2 Reflected Voltage Vg i~ Bee

e .

400V
Vps(M1) = Vpe iy + Vgo = 283V Zoomed )
_________________ & I RREEIETEEELEEEEEEEEEEEES Analysis
_ Time Domain (Transient
200V IVRO = 153.71V : ( )
Vbcn L ) Run to time: 60ms
U \F/ \/ Start saving data after: 40ms
Maximum step size: 100ns
SEL>>
ov T 1 1 t
53.436ms 53.444ms 53.452ms 53.460ms 53.468ms 53.476ms j)pﬁons
B VRS e WiElh) | RELTOL: 0.01
Time
VNTOL.: 1.0m
ABSTOL.: 100.0n
CHGTOL: 0.1p
GMIN: 1.0E-12
ITL1: 500
ITL2: 200
ITLA: 20

T T T
40ms 45ms 50ms 5oms 60ms
o V(D,8) o V(C1:1)

Time

«  This figure shows the waveform of the drain voltage of flyback converter compared to the Vpc .
*  When M1 is turned off ,Vpg = Vpe v + Vro

* Vgols the voltage reflected to the primary, the value is approximately Vg1 / N ,which N=Ng/Np
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3.3 Transformer Primary Side Inductance L,

4.0A+

DA
SEL>>

e

—

2z Bee

i\ Technologies

Analysis

Time Domain (Transient)
Run to time: 60ms
Start saving data after: 40ms
Maximum step size: 100ns

20V
OVﬂhf : .m}\upij\e - W
¢ » i |
Tov : |
« — T >
: : : V(PWM_OUT)
20V : : L
gl V(IC1:5) ! !
204 ; L

DA+

| Aoy = Voeun “Ton ILy= 2.34A

Discontinuous
current

59.9000ms

T T T
59.9160ms 59.9320ms 59.9480ms

o I(M1:D) v I(D21:1)

Time

T
59.9640ms

T
59.9800ms 59.9998ms

.Options

RELTOL: 0.01
VNTOL: 1.0m
ABSTOL: 100.0n
CHGTOL: 0.1p
GMIN: 1.0E-12
ITL: 500
ITL2: 200
ITL4: 20

«  This figure shows the waveforms of I,y and Igp,; ) in the DCM mode. The peak currents are obtained.
. The primary-side inductance (L) of the transformer determines the converter operation mode.
. Once the duty ratio is determined by the equation (1), L, is obtained as the equation (3)

*  Which the maximum load is 2A (Vo=24V, R =12Q). At V| 4.=141V and f;=30kHz ,this equation calls for L, pcy <
1.52mH.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010
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3.4 Transformer Turn Ratio e Bhe.gee,

The turn ratio between the primary side and the secondary side is obtained as:

Ns  Vour +VF(p2y
Np Vro

(4)

The turn ratio between the primary side and the auxiliary side is obtained as:

N Vece +VF(Dbsu
suB _ Vcc + VF(Dsub) 5)

Ns  Vour +VF(D2y

Which the maximum load current is 2A (V5=24V, R, =12Q).
* At Vgp)=0.6V and V=129V this equation calls for Np:Ng = 125:24.

* At Vipeu=0.6V and V=14V (more than V¢ o 0f FAS311BP) ,this equation calls for
Ng:Ngyg = 24:14.
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3.4 Transformer Turn Ratio

VSUB

=275V

-40v

A uf ﬁw T
RN L

W(Ls:1,Ls:2)
ZOV

- = 30 8V

W Mﬂ

it

SEL>>
-20V

Sl

,

o
uwu i

.

52.44ms

52.48ms

p V{Lsub:Z, Lsub:1)

52. 52

52, 5héms

Time

52.60ms 52 . 64ms

_%Ad; Bee

Technologies

Analysis

Time Domain (Transient)

Run to time: 60ms
Start saving data after: 40ms
Maximum step size: 100ns

.Options
RELTOL:
VNTOL:
ABSTOL:

CHGTOL:

GMIN:
ITL1:
ITL2:
ITL4:

This figure shows the waveforms of the voltages at each side of the transformer.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010

0.01
1.0m
100.0n
0.1p
1.0E-12
500
200

20

20



e
3.5 Transformer leakage inductance i~ Bhe.gees

i e

* To model the transformer (or coupled inductors), we can use the SPICE primitive 4 ,which
describes the coupling ratio between a primary and a secondary.

e The kvalue is obtained as:

(- 11 Lp, Lss 6)

L p Lso

* £ isthe SPICE primitive which describes the coupling ratio between a primary and a
secondary.

* Lp; ¢ isthe Inductance value of primary winding when the secondary winding is shorted.
* Ly, isthe Inductance value of primary winding when the secondary winding is opened.

* The leakage inductance of the transformer ., is describe as equation:

Lieak = Lp- (1— kz) (7)
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3.5 Transformer leakage inductance

D1

D2SBA6Q

- N ™ <

(T < N

| K_Linear

\ L3 =LsubD21

i

- J) o

Ig\

Bee

Technologies

Fan {K’ﬁ SPICE primitive & ]
1 S )

FREQ = 50Hz

VAMPL = {110*1.4142}
PHASE =30
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Rs Lp = = = —sFer20u L21
N IaTavavay ouT
0.15 N co1 1L co2 8RHB
0 022u 890uF 890uF
33k
+ g ESR21 ESR22 5-22; + F%E
= Ls 33m 33m =
c1 R1 3 150p {Lp} {Nsp*Nsp*Lp} 1 1 c13
SMH200VN270-22A 22k RJJ-35V221ME5-T20
IC = 154 D 2 ESL21 ESL22 Ic|=23.9
MUR160 6.3nH 6.3nH
M1
25K3869
G ERA91-02
D2
PARAMETERS: |
2| Np=125 pC1_AK— R21 2
Ns =24 R26
Nsub = 14 2.2k
R4 _ -
590 Lp = 650uH PC1_KK- ] R22§
Nsp = {Ns/Np} 1.8k
1 Nsubp = {Nsub/Np} R24
e 03 Tsb K =0.996055 680 |
=9 ERA91-0; {Nsubp*Nsubp*Lp}
0 c8 R9 MTZJ24B K R25 c24
0.2 100§ 330k 0.22u
IC =[2.42) IC2 ‘ga  REF
1500p NIM431
c7
—‘7 —‘7 |c|= 2b A R27 T
2.2k
R5 el
220 8 7 6 5| dies11mp
O o
2 3 4 R
| | C5 _L |_ _>>p01 A . . .
220 004y }14_{ ) Which £,is 650uH , L, , is
b
R6
R10 % Tc R11L L Syeci K 5.1184uH for £=0.996055 and
2.2 |_ -
PC1
St S 25.74uH for £=0.98.
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3.5 Transformer leakage inductance e oo
1501 Vpss=450V /AVDS,peak =418V (for Ljg,=25.74uH)

e EaUECCEEEEEEE R R - AX

31V (for L u,=5.1184uH)

Analysis
Time Domain (Transient)
Run to time: 1000us
Start saving data after: 0
Maximum step size: 80ns
Sweep variable
® Global parameter: k
® Value list: 0.996055, 0.98

.Options
RELTOL: 0.01
VNTOL: 1.0m
ABSTOL: 100.0n
CHGTOL: 0.1p
GMIN: 1.0E-12
ITLD: 500
ITL2: 200
ITLA: 20

0V == T ; t 1 t t 1 t

3léus 317us 318us 31%us 3Z20us 3Z21lus 3Z22us 3Z3us 3Z24us 3Z5us 3Z6us

o ¢ V(I
Time

«  Simulation result shows that the smaller Z,., gets lower V5 peak voltage ,that means better
design margin from the MOSFET Vpgq
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3.6 RCD Clamping network

e
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i\ Technologies

e

. PARAMETERS: K1
RCD Clamping |ccip =0.022u K_Linear
COUPLING = {K}
Network C L1=Lp
CIP L2 =Ls
: L3 = LsubD21
e/ Rslp SF6L20U L21
N ouT
i 1* 4 15 N 8RHB
X c2 T 1 c21 c22
|R2 {Celp} 1 890uF 890uF
33k 1
D1 + ! | ESR21 < ESR22 2.2k + 12
= Ipg c3 | Lp Ls 33m 33m R23 - RL
D2SBA6( c1 r1 <! 150p | {Lp} {Nsp*Nsp*Lp} 1 1 c13
SMH200VN270-22A 22k | ! . RJJ-35V221M(5-T20
J N @ IC = 154 D 1 | ; 2 ESL21 ESL22 Ic|=23.9
N _MURI160_ _ 6.3nH 6.3nH
M1
25K3869
G ERA91-02
D2 z 7
PARAMETERS: |
Vac 2| Np=125 | R21 g
FREQ = 50Hz Np o4 PCLAK 18Kk
VAMPL = {110*1.4142} R7 s = R26
PHASE = 30 d 2.2 Nsub = 14 2.2k
R4 _ -
590 Lp = 650uH PC1_KK- ] R22§
c4 Nsp = {Ns/Np} 1.8k
T 47u 1 Nsubp = {Nsub/Np} R24
IcC=22 K = 680
e 03 Tsub = 0.996055 |
=9 ERA91-0; {Nsubp*Nsubp*Lp}
0 cs R9 MTZJ24B K R25 c24
0.2 100§ 330k 0.22u
IC =[2.42) Ic2 REF
1500p NJIM431 y <
c7
|c| =2p A R27
2.2k
R5 Ic1
7 6 5
220 HA5311BP
O o
2 3 4
| | c5 L |_ L
220 0.047u PPPCLA
IC =3.37 =
R6
R10 =cC R1Z
T 27 |— SHPC1_K
PC1
5.6k  6800p TLP281
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3.6 RCD Clamping network rFa Bhe.gees

S e e

2 ML: Vpss=450V

Analysis
__________________________________ AVps peak = 374V (for Ccp = 1000pF) | Time Domain (Transient)
Run to time: 500us

Start saving data after: 0

Maximum step size: 40ns
Sweep variable

@® Global parameter: Cclp

@ Value list: 0.022u, 1000p

_________________________

M1: Vps(t)

.Options
RELTOL: 0.01
VNTOL.: 1.0m
ABSTOL.: 100.0n
CHGTOL: 0.1p
GMIN: 1.0E-12
ITLL: 500
ITL2: 200
ITL4: 20
0 = T t T
418.0us 424 .0us 42Z26.0us
o ¢ V(D)
Time

«  Simulation result shows V4 peak voltages for the C., (C2) = 0.022uF and 1000pF.

+ Alarger C pvalue gets lower Vg peak voltage ,that means better design margin from the
MOSFET Vpss
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4. MOSFET Switching Device M, i Technologies
K1
K_Linear
COUPLING = {K}
L1=Lp
L2=Ls
) L3 = LsubD21
""'l—““ Rs_Lp SF6L20U L21
Vin_dc 1 aaaal ouT
'll h 1 0.15 N 8RHB
c2 1 c21 c22
R2 0.022u 890uF 890uF
33k
D1 + ESR21 ESR22 2.2k + 12
= 3 D4 c3 Lp Ls 33m 33m R23 = RL
D2SBA6( c1 R1L < 150p  {Lp} {Nsp*Nsp*Lp} 1 1 c13
SMH200VN270-22A 22k RJJ-35V221ME5-T20
J N @ IC = 141.4 D | 2 ESL21 ESL22 Ic|=23.9
& MUR160 6.3nH 6.3nH
M1
25K3869
Ve G ERA91-02
DS D2 7 7
Vac PARAMETERS: |
FREQ = 50Hz - 2| Np=125 ] R21 g
Q A NP o PC1_AKL ok
R7 S = R26
PHASE = 30 Mrzige | 22 Nsub = 14 2.2k
R4 _ -
590 Lp = 650uH PC1_KK- ] R22§
R8 Nsp = {Ns/Np} 1.9k
0.22 Dz1 T 1 Nsubp = {Nsub/Np} GRBZ(?
— 03 ¥ Tsb K =0.996055 |
c8 ERA91-0: 47u {Nsubp*Nsubp*Lp}
0.22u R9 IC = 16.524 K R25 c24
IC =2.42 1oo§ 330k 0.22u
Cc7 IC2 REF
1500p NIM431 y <
IC=2.
| A R27
2.2k
R5 el
8 7 6
220 HA5311BP
O o
2 3
| | c5 L |_ L
220 0.047u PPPCLA
IC =3.37 =
R6
R10 —
-JE o ; 21 |— —>pc1_K
PC1
5.6k 6800p TLP281
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4.1 M, Voltage and Current Stresses §N Technologies
200V
SEL>> Vin_dc(t) Analysis
oV Time Domain (Transient)
V(Cl:1) : :
Seoy g _ Voeax = 333V Run to tlme 500ms
[ Start saving data after: 0
~ Maximum step size: 10us
Vs (t) _
o .Options
N RELTOL: 0.01
' i VNTOL: 1.0m
ABSTOL: 100.0n
o (0) CHGTOL:  0.1p
o I(ML:D) GMIN: 1.0E-12
Savy ITL1: 500
4 BT, - B R B e - e )
Levl - ITL2: 200
vl . ITL4: 20
oV , . Vout 2avac(t)
350ms 400ms 450ms 500ms
a V(OUT)

Time

Simulation result shows the Vg, peak voltage and the Iy, peak current.

* The voltage and current should not exceed the maximum rating of the device M, (2SK3869:
Vpss=450V , |5 1ax=10A).
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4.2 Losses in M,
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==Bee

i\ Technologies

0. 7KW .o . 5 :
[ o 1
.. | Switching ! ross_mn(0) | |
/1 1 loss (turn-off) | Analysis
/ \3zo--mTTTs o Time Domain (Transient)
5. 0W+ ," “. .‘ Switching | ~==-=--femmoomoes . Run to time: 60ms
: : 1 loss (turn-on) : ' Conduction loss | Start saving data after: 40ms
' : i T (Vos X Ip) ! Maximum step size: 100ns
. \ | LoSSpye) = 4.64[W] RO e P
SEL>> = D LA = < . ]&
-0.1KW- 4.0uw S~ =t .Options
o W(ML) v AV (W(ML)) RELTOL: 0.01
400V 4.0 : :
z VNTOL: 1.0m
ABSTOL: 100.0n
CHGTOL: 0.1p
GMIN: 1.0E-12
ITLL: 500
ITL2: 200
OV A D2
ITL4: 20
s
59.I91m5 59.I92m5 59.éBmS 59.é4m5 59.I95m5
o V(D,5) o I(ML:D)
Time

*  Simulation results shows waveforms of |5 and Vyq of MOSFET M,. Switching power loss and
average power loss are also shown.
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4.3 MOSFET Model =:eBEeS

S e e

* This figure shows the verification of the MOSFET model with measured fall time
characteristics ,that is the key to accurate P os5 1) Simulation.

| 1avg 2oy
Ves(t)
10V 200V
5 e et e e e e P
ov ov ; ; - : ; : T — ;
0s 0.2us 0.4us 0.6us 0.8us 1.0us 1.2us 1.4us "1y 6us 1.8us 2.0us
o V(M1:G) o V(M1:D)
Time
Measured Simulated %Error
Fall time (tf) 40(ns) 38.976(ns) -2.56
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5. Output Rectifier Diode D,, #§ Technologies
K1
K_Linear
COUPLING = {K}
L1=Lp
L2=Ls
. L3 = LsubD21 IF
""'l—““ Rs_Lp E6L20U L21
Vin_dc 1 - + > aaaal ouT
'll h 1 0.15 N 1 8RHB
c2 I V4 c21 c22
R2 0.022u KA 890uF 890uF
33k .
D1 + ESR21 ESR22 2.2k + 12
— 3 D4 c3 Lp Ls 33m 33m R23 = RL
D2SBA6( c1 > 150p  {Lp} {Nsp*Nsp*Lp} 1 1 c?
SMH200VN270-22A RJJ-35V221ME5-T20
oo @ IC = 141.4 D | 2 ESL21 ESL22 Ic|=23.9
MUR160 6.3nH 6.3nH
M1
25K3869
G ERA91-02
D2 7 7
Vac PARAMETERS: |
FREQ = 50Hz 2| Np=125 a R21 g
Q A NP o PC1_AKL ok
R7 S = R26
PHASE = 30 Mrzige | 22 Nsub = 14 2.2k
Lp = 650uH PC 17K<<—_ R22 §
R8 Nsp = {Ns/Np} 1.9k
0.22 Dz1 T 1 Nsubp = {Nsub/Np} GRBZ(?
e 03 ¥ Tsb K =0.996055 |
c8 ERA91-0: 47u {Nsubp*Nsubp*Lp}
0.22u R9 IC = 16.524 K R25 c24
IC =2.42 1oo§ 330k 0.22u
Cc7 IC2 REF
1500p NIM431 y <
IC=2.
| A R27
2.2k
R5
8 7 6
220 A5311BP
O o
2 3
| | c5 L |_ L
220 0.047u PPPCLA
IC =3.37 S
R6
R10 —
-JE o A |— —>bpci K
PC1
5.6k 6800p TLP281
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5.1 D,, Voltage and Current Stresses i~ Bee

e S —

100v Vocac = 99.0V

Analysis

] Time Domain (Transient)

Viapzn(®) Run to time: 500ms
Start saving data after: 0

Maximum step size: 10us

o V(DZ21:2,D21:1)

208 lpeak = 18A
.Options
RELTOL.: 0.01
onde |F(D21)(t) VNTOL.: 1.0m
ABSTOL: 100.0n
o Lb2l) CHGTOL: 0.1p
24v4 a & GMIN: 1.0E-12
Loy i 7 ITL1: 500
- Vour_zavec(t) ITL2: 200
VT . ITL4: 20
OV T T
350ms 400ms 450ms 500ms

o V(OUT)
Time

Simulation result shows the Vi, p,1) peak voltage and the I,y peak current.

* The voltage and current should not exceed the maximum rating of the device D,; (SF6L20U :
V=200V ,15=6A ,and |55 =80A).
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5.2 Losses in D,,;

15w

>
,1W-

90V -

0V +

2. 0w

SEL>>

—2A

—

)
<
J
>
~
X
i
N—r

- ) P

Loss e = 1.92[W]

PLoss (021 )

= v =

o W(D21) v AVG(W(D21))

Viall)

59.880ms 59.890ms

5%.900ms

o v(Db21l:2,D21:1) ¢ 1(D21)

Time

59.910ms

59.920ms

2z Bee

v 4 i\ Technologies

Analysis

Time Domain (Transient)
Run to time: 60ms
Start saving data after: 40ms
Maximum step size: 100ns

.Options
RELTOL:
VNTOL:
ABSTOL:
CHGTOL:
GMIN:
ITL:
ITL2:
ITL4:

0.01
1.0m
100.0n
0.1p
1.0E-12
500
200

Simulation results shows waveforms of |- and V,, of diode D,,. Switching power loss and
average power loss are also shown.
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6. Output Capacitor C,, and C,,

e S —

K1
K_Linear
COUPLING = {K}
L1=Lp
L2=Ls
. L3 = LsubD21 IF,“_“‘\\{VCZJ_
ViU Rs_Lp SF6L20U ',’ L21
Vin_dc || | N ~N out
1N 1 o1 1, 8RHB
c2 1 /ca1 Cc22 \
R2 0.022u / 890uF 890UF \
33k I \
D1 + ESR21 ESR22 2.2k + 12
- 3 D4 c3 Ls " 33m 33m R23 = RL
D2SBA60 c1 RL < 150p (NspNsiLpy o IC21 1 IC2 D C1s
SMH200VN270-22A 22k ! is RJJ-35V221M5-T20
o N e - IC =141.4 D | 2 kst2r € EsL22 K ic|=23.9
MUR160 6.3nH 6.3nH !
M1 ‘\ 1
25SK3869 N ’
G ERA91-02 \ )
D2 N z7
Vac PARAMETERS: ~. - |
FREQ = 50Hz 2| Np=125 " Teer a4l g ?82kl g
= R7 Ns =24 R26
PHASE = 30 Mrzizge | 2.2 Nsub = 14 2.2k
R4 - a 4
590 Lp = 650uH PC1_KK- y R22 §
Nsp = {Ns/Np} 1.9k
Dz1 T 1 Nsubp = {Nsub/Np} GRBZ(?
T 03 1 Tsup K =0.996055 |
=9 Cc8 ERA91-0: 47u {Nsubp*Nsubp*Lp}
0 0.22u R9 IC = 16.524 K R25 c24
IC =2.42 1oo§ 330k 0.22u
Cc7 IC2 REF
1500p NJIM431 T
IC =2
[ A
2.2k
R5 c1
8 7 6 5
220 HA5311BP
O o
2 3 4
| | cs |_ I
220 0.047u PPPCLA
IC =3.37
VIiNe
R10. Ré e R11: B
-JE 6 57 |— —>>PC1 K
PC1
5.6k 6800p TLP281
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6. Output Capacitor C,, and C,,

24 .4V
Vea(t)
24 .0V J’ ~ - ~——
SEL>>
23.6V
v V(C22:1)
20A
______ D21)
N IF(D21)(t)
oA de Allear Hlezz) _ \\
= = | ~ bl ! e
v
lc21 () +1co2(t)
72013* T T T T
59 30ms 59 B2ms 59, %4ms 59.%6ms 5%9.%8ms 60 . 00ms

o I(D21) o I(CZ21Yy+I(C22)
Time

Simulation results shows waveforms of Igpyqy s leoitleze @nd Vo rippie-
VriepLe IS Mostly caused by ESR ,that the value is 33mQ for C,; and C,,. If the Vzpp (240mV)

2z Bee

i\ Technologies

Analysis

Time Domain (Transient)
Run to time: 60ms
Start saving data after: 40ms
Maximum step size: 100ns

.Options

RELTOL: 0.01
VNTOL: 1.0m
ABSTOL: 100.0n
CHGTOL: 0.1p
GMIN: 1.0E-12
ITL: 500
ITL2: 200
ITL4: 20

doesn’'t meet the ripple specification ,additional LC filter stages can be used.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010

34



6. Output Capacitor C,, and C,,

24 .4V

! Spike Voltage I

24,0V

S e e

SEL>>
23.6V
v V(C22:1)
208
______ D21)
r IF(D21)(t)
oA de Allear Hlezz) _ \\
= l = | ~ bl ! A
v
lc21 () +1co2(t)
—Z203 T T T T
59 30ms 59 B2ms 59, %4ms 59.%6ms 5%9.%8ms 60 . 00ms
o I(D21)y o I(C21l)+I(C22)
Time

2z Bee

i\ Technologies

Analysis

Time Domain (Transient)
Run to time: 60ms
Start saving data after: 40ms
Maximum step size: 100ns

.Options

RELTOL: 0.01
VNTOL: 1.0m
ABSTOL: 100.0n
CHGTOL: 0.1p
GMIN: 1.0E-12
ITL: 500
ITL2: 200
ITL4: 20

«  Simulation results shows the spike voltage ,that caused by ESL effect of C,; and C,,.

* In case the manufacturer doesn’t provide this data ,ESR and ESL are measured by Precision
Impedance Analyzer.
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7. Photocoupler PC,

e
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i\ Technologies

D1

D2SBAG0

- N ™ <

Vac
FREQ = 50Hz

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010

K1
K_Linear
COUPLING = {K}
L1=Lp
L2=Ls
L3 = LsubD21
Rs_Lp SF6L20U L21
Y ~ ouTt
0.15 " co1 1 c22 1 8RHB
o 022u 890UF 890uF
33k
+ ESR21 ESR22 2.2k + 12
- 3 Ls 33m 33m R23 et RL
c1 R1 150p {Lp) {Nsp*Nsp*Lp} 1 c13
SMH200VN270-22A 22k RJJ-35V221M{5-T20
IC=0 D 2 ESL21 ESL22 Iq =
MURlGO 6.3nH 6.3nH
M1
25K3869
G ERA91-02
D2 —
PARAMETERS: . N
2| Np=125 Speiak—  p R2LZ
- 1
R7 Ns =24 | R26
2.2 Nsub = 14 N 2.2k
R4 = \ —
290 Lp = 650uH E\Cl_K(( ] p R22 §
c4 Nsp = {Ns/Np} ~-__J- 1.9k
T 47u 1| Nsubp = {Nsub/Np} 582(;1
03 b K =0.996055
ERA91-02 {Nsubp*Nsubp*Lp}
c8 R9 MTZJ24B
2 1oo§
IC =0 Ic2
c7 NJM431
1500p
| A R27
2.2k
R5 [1o51
8 7 6 5
220 RA5311BP
O "o
2 3 4
220
R10. R% T C4
5.6k 6800p
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7. Photocoupler PC, #§ Technologies
0. BmA sN—
5 S
------------------------ y . Analysis
‘ v Time Domain (Transient)
. VFB(ICl)(t) Run to t||T1e: 500ms
0A OV-l ] y . ) Start saving data after: 0
o I(PCl:iC y V(PCl:C,PCl:iE . .
2.0mA ( : ( : Maximum step size: 10us
.Options
____________________ RELTOL: 0.01
Then the currentis | lepey(D) VNTOL: 1.0m
0nd __Coupled o lgpcy). | ABSTOL: 100.0n
o I(PCl:A) .
. A CHGTOL: 0.1p
GMIN: 1.0E-12
ITLL: 500
24V H B = B @ VOUT_24Vdc(t) - ITL2: 200
............................ \ ITL4: 20
SEZL&? . When Vg, reaches 24V !
390ms 4otljm5 4151‘1\ _____ ’_IE(E(_Zl_)_S_t"_i[t_S_flqul_n_g_' _____ :‘5 4651{15 47(31‘[15 4851‘[15
o V(OUT)

* When the power supply output reach the spec voltage (24V), a shunt regulator draws current
through photorcouple (Igpcy))-

« Then the current I pc;) is coupled to the collector current of the photocoupler Igpcyy. This causes
FB pin voltage to decreases ,So the IC can control the output voltage of the power supply.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 37



e
Simulation Index (1/2) =cBee

1. Background

1.1 Flyback CONVEIEN..........iiiiiiiie e 4-6
1.2 Current WaveformMS..........oo e 7
L3 EQUALIONS.....ccoiiiiieeeee e 8
2. SPECIHICALION. ....ciiiiii e 9
2.1 OULPUL VOIAGE. ... i 10 TRANS
2.2 OULPUL CUIMENT. ..ttt e e eennees 11 TRANS
2.3 Steady State Initial Conditions.............ccoviiiiiiiiiiiiieee e, 12
2.4 Output Ripple Voltage..........cooeeveiiiiieieiiie e 13 STEADY
2.5 EffICIBNCY. ..o 14 STEADY
3. Design ConsSIderation..........ccccieuiieieeiiiiie e e 15
3.1 DC Link VOltage Ve neeesreeesreeiieeiiieiiiciiecsie i, 16 TRANS
3.2 Reflected Voltage Vigo.....vvveeiiiiiiiiiiiiicic 17 STEADY
3.3 Transformer Primary Side Inductance Lp...........cccoeoiiiiiiiiiinnnns 18 STEADY
3.4 Transformer TUrN RatIO.........uiiiieeieiiiiiiiiee e 19-20 STEADY
3.5 Transformer Leakage Inductance Lig ... .ccoovvvvvirieiiiiiinenininnnn. 21-23 LEAK
3.6 RCD Clamping NetWOrK.........ccovuuiiiiiiiiiiieeeeiiie e eeevin e 24-25 CLAMP
4. MOSFET Switching DeviCe M......ccooiiiiiiiiieii e 26
4.1 M, Voltage and Current StreSSesS..........coovvvviirrrireiieeeenninnnnen 27 TRANS
4.2 LOSSES IN Moo 28 STEADY
4.3 MOSFET MOGEL.....ciiiiiiiiiiiiiicie e 29

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 38



Simulation Index (2/2)

2z Bee

i\ Technologies

Slide # Folder
5. Output Rectifier DIOde Dyj..coooeveiiiiiiiiiie e 30
5.1 D,; Voltage and Current StreSSeS..........ccevvvveiiiiieiiieiiiiiieeeeeeene. 31 TRANS
5.2 LOSSES IN Dpgurrrrrrrnnriiniiiiiiiiiiiiiiiii s e e e e e e 32 STEADY
6. Output Capacitor Cy; and Cop..vvvnieiiiiiiiiiee et 33-35 STEADY
7. PROtOCOUPIEN PC ittt 36-37 TRANS

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010

39



	Design Kit
	Contents (1/2)
	Contents (2/2)
	1.1 Flyback Converter
	1.1 Flyback Converter
	1.1 Flyback Converter
	1.2 Current Waveforms
	1.3 Equations
	2. Specifications
	2.1 Output Voltage
	2.2 Output Current
	2.3 Steady State Initial Conditions
	2.4 Output Ripple Voltage
	2.5 Efficiency
	3. Design Considerations
	3.1 DC Link Voltage VIN,DC
	3.2 Reflected Voltage VRO
	3.3 Transformer Primary Side Inductance LP
	3.4 Transformer Turn Ratio
	3.4 Transformer Turn Ratio
	3.5 Transformer leakage inductance
	3.5 Transformer leakage inductance
	3.5 Transformer leakage inductance
	3.6 RCD Clamping network
	3.6 RCD Clamping network
	4. MOSFET Switching Device M1 
	4.1 M1 Voltage and Current Stresses
	4.2 Losses in M1
	4.3 MOSFET Model
	5. Output Rectifier Diode D21
	5.1 D21 Voltage and Current Stresses
	5.2 Losses in D21
	6. Output Capacitor C21 and C22
	6. Output Capacitor C21 and C22
	6. Output Capacitor C21 and C22
	7. Photocoupler PC1
	7. Photocoupler PC1
	Simulation Index (1/2)
	Simulation Index (2/2)

