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1.Quasi-Resonant Switching Power Supply 19V/5A
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1.1 Output voltage
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»  Simulation result confirming that the output voltage would be 19 Volt at 5-A load. The

result also shows that the circuit need 60ms to reach steady state.
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1.2 Output current
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*  Simulation result confirming that the output current would be 5 Amp. The result also
shows that the circuit need 60ms to reach steady state.
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1.3 Output ripple voltage
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Simulation results shows the output ripple voltage at maximum current load
(approximately 17.5mVp_p).
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1.4 Step-load response ral Bhe.gees
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*  Simulation results shows waveform of the output voltage responding to stepping
current 3/5A.
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2.Basic operation of switching power supply using FA5541 #§ = Technologies
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*  Power supply using FA5541 is switching using self-excited oscillation.

*  When IC turns the MOSFET ON ,drain current Id (primary current of T1) begins to rise
from zero.

* V(IS pin) is voltage-converted from the Id current.
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2.Basic operation of switching power supply using FA5541 Z4N Technologies
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VG 2 M1 turns ON ] | M1 turns OFF I
SEL>>
1y B w S EE—————————————.——.
o V(ICL:0UT) /
0.6KV

VDS and winding voltage
have step change

Vs \
OV 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1
o V(M1:1,M1:3)
BAT—r———t —— ——t — —— ——t
3 s FEC
Id begins risin 4
9 9 - Id reaches
reference level

It{ on vﬂv L/\f\f\/nf &=
—_— N P —_— M
3.580ms 3.584ms 3.588ms 3.5%2ms 3.5%6ms 3.600ms 3.604ms 3.608ms 3.61Z2ms
a —I(Lp)
Time

« When Id reaches the reference level, FA5541 will turn M1 OFF
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2.Basic operation of switching power supply using FA5541 #§ = Technologies
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*  When M1 turns OFF ,and the winding voltage of the transformers has step change
and IF(D1) is provided from the transformer into secondary side.
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2.Basic operation of switching power supply using FA5541 ‘i~
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IF(D]) IF(D1) is provided
from the transformer
into secondary side | IF(D1) gets zero I
A e vt
o —-I(Ls) N
30V :
v ﬁ[\f\/\/‘\/\»v—av i i Vsub drops
SsUB g : / rapidly
0V [ |\
SEL>> B - :
-30V I
a (Lsub:1) |
4.0v :
-------- ! V(ZCD) < Vth,
VZCD) q begins rising I /WV_—_Q \\ M1 turns ON
o V rll_: S W
12 .8us 16.I0u5 ZD.IDus 24.I0u5 28.I0u5 32.I0u5 36.l0u5 4D.l0u5 44.0115'
a V(IC1:ZCD)
Time

When IF(D1) gets zero, Vds drops rapidly due to resonance of transformers
inductance and Cd. At the same time Vsub also drops rapidly.

When V(ZCD) < Vth(of valley detection) ,FA5541 turns M1 ON again
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3.Start-up sequence simulation

b

==Bee

i'\ Technologies

K1
K_Linear C14
COUPLING = 1
L=Ls 4700pF
L2=1Lp
L3 = Lsub
cm
] 21
2200pF Bk YG865C15R
4 19V / 0 to 5A
L1
4.7uH
VO 19v
™ N2
c2 2| [ __|>|J
R2 =
c1 == 56k 2200pF Ls D22
220uF Lp {Nsp*NgpLp}  YG865CI15R é RL
Vi DBRIL {Lp} —=ca > 384
D3SB80 9900uF = ¢7
D1 3300uFx3 1000u
VAMPL = 141.42 DERA38-06|1 [ [2
FREQ = 50
100V/50Hz
2SK3681-01S 1
= cd =
e T 220pF | PARAMETERS: 0
D3 [ Np =57 L R7
A 4 D1NL20U_Si£ 10 s Ns = 10 2% a1 3 o1
R10 4.7k Nsub =8 Fdé 200k é 0.0[LuF
‘ Lp = 360uH R6
- 10k
é R1 100 Rsns Nsp = {Ns/Np} e
7.5k 0.22 Nsubp = {Nsub/N cs R3
3 o4 R11 P={ P 2200pF §13k
R14 = PC1 11
100 DINLPOU_S 0 TLP281 ™o
R13 AAA R5 0.01uF
100k IS AN Il
A 17
VWA cT 10k
A5541 R12 D2 REF |
ZCD N || 4.7 SR1
ZCD VH T TA76432F R4
. \/W‘—K— | A 15k
FB o NG [ I I
L DERA22-0,
T o s lvee :
22pF FB - o - - bl;iug | -
GND 00T — Msubprnsuboried DI Auxiliary
SsIC =0 - A N = : :
= c1z2 £ cu I == c3 | Wlndlng
1000pF 4700pF v :|7_33l J
me Cvee
% No parasitic elements and no initial condition is set
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3.Start-up sequence simulation rFa ﬁn?,ee,

16V, t 1 t t t t t 1 t
VCC , 1
Vsrtorr ) ] //Y"/_\n\—q:—_
12+ X v f
Vecon ' VstrsT / w :
1 .' Auxiliary supply takes over
I : ' VCC pin stop charging current
4v- | | | |
o i 1 1 1 E 1 EI : 1 1 1 1 E
B V{IC1:VOC) o 10.2 v 12.4 ! ' X i
167 : — :
our ¥ 5 -
8V
FA5541 turn off
47
SEL>>
O } } }
Qs 10ms 20ms 3Cms
o V(IC1:0UT)

t1

TTATT T TR

Total start-up time
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3.Start-up sequence simulation i Bhe.gee,
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FA5541 under voltage lockout (UVLO) characteristics (VCC pin)

=  ON threshold voltage: V ¢y = 10.2V
= Startup circuit shutdown: Vgrope = 12.4V
= Startup circuit reset voltage: Vgrrst; = 10.2V

IC1
FA5541
—/
— | ZCD VH [
—{ B NG — fﬁz D2 I(Aux)
—I1s  vcc YW K] !
Cc2
GND OUT 33y DERA22-02
SSIC =0 Lsub
{Nsubp*Nsubp*Lp}
2
"0

t1,t2: V¢ < Vgrorr sStartup circuit turns on ,VCC pin charges capacitor C,,¢ (C2).
t2: Ve reaches Vcoy ,FAS541 is turned on

t3: after V. reaches Vgorr ,Startup circuit turns off , V. decreases until Auxiliary supply takes over.
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3.Start-up sequence simulation rFa ﬁe.gees
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Design margin (Ccc=33uF)

VsrrsT1 . e S ST TS s m e

Design margin (Cycc=22uF)

12V

8+

—
U [

V] vee (Cyec=22uUF)

- Total start-up time (C =3§IuF‘
SEL>>_‘_////"I/ | . . . . . . p (Ivcc : )]

IR .

v

T2V e

(SR 72 S

A7 o

0V

05 100ms
o o V(IC1l:0UT)
Time

» the simulation result shows the tradeoff between Total start-up time and Design margin,
which is the difference of V(VCC) and VSTRST1 when the auxiliary winding takes
over from the IC startup circuit.

 33uF-CVCC is selected for higher Design margin although total start-up time is high.
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4.Bridge diode peak current at start-up 7~ Beg
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K1
K_Linear C14
COUPLING =1
L1=Ls 4700pfF
L2=Lp
L3 = Lsub
c_TL
m 21
1T
2200pF D YG865C15R
4 19V / 0 to 5A
L1
4.7uH
-_—-—— 3 A2 VO 19v
( T 1%
R2 1 __|>|J
I ZE‘?F : 56k
i | c1 = Ls D22
220uF Nsp*Ngp*L YG865C15R RL
Vi | DBRL | {Nsp™N3peLP} - C4 g 3.84
D3SB80 9900uF = ¢7
1 3300uFx3 1000u
VAMPL =141.42 P 2
FREQ =50 ——
100V/50Hz "
2SK3681-01S
= cd =
e == 220pF | PARAMETERS: 0
D3 H Np =57 R7
V¥ binteou > 2k
=R R8 Ns =10 R15 ‘é c1
R10 i Nsub =8 FBdé—]| w6 200k 0.01luF
| Lp = 360uH - 10k
é R1 100 Rshs Nsp = {Ns/Np} -«
< 75k 0.22 Nsubp = {Nsub/N cs R3
D4 R11 P » L 2200pF §13k
R14 = PC1 11
100 DINLPOU_S 0 TLP281 ™o
R13 AAA RS 0.01uF
100k IS AN Il
W K l‘(’ L
Y IC1 10l
AS5541 R12 b2 REF |
ZcD =4 a7 sR1
ZCD VH [— ' 1 TA76432F % R4
T — Lsub A 15k
FB NC " "
- cC13 DERA22-02 Nsubp*Nsubp*Lp}
IS vce
22pF FB
GND OUT
SsIC =0
= c12 F cu = c2
1000pF 4700pF {Cvcc} PARAMETERS:
cvce =33u
~o

% No parasitic elements and no initial condition is set
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4.Bridge diode peak current at start-up #§% Technologies
IZLVZSQHZ
T
S

o I{(DBR1:2)
Time

*  Simulation result of the current through bridge rectifier diode DBR1 when the power
supply is plug to the wall outlet. the peak current is approximately 9.8 which is less
than Absolute maximum value IFSM from the datasheet.
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5.Transformer Z1% Technotogies
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K1
K_Linear C14
COUPLING =1
L1=Ls
o0 4700pF
L3 = Lsub
c_T1
0; 2L
2200pF P YG865C15R
——t L 19v /7 0 to 5A
4.7uH
,——— = 2 VO_19V
y i N ‘222!
R2 c3 1 |2 | 1 L
56k T 2200pF | A |
c1 = Lp S D22
220uF {Lp}] (Nsphdpripy  YG865C1SR RL
Vi DBRIL IC =139 I —=c4 384
D3Sp80 o1 | 9900uF c7 =«
o 3300UFx3 1000u
VAMPL = 141.42 [ IC =147
FREQ = 50 { l
100V/50Hz . L]
23K3681-013< | I 1
¢ =
1': - Z;JpF pARAMETERS: 0
D3 — Np =51 R7
I p
¥ bine2ou s_,J _ 2
- 10 R8 | Ns =1§ R15 E—J‘ c1
R10 4.7k Nsub =8 FBé— 200k 0.0[LuF
, I Lp = 3dou R6
-— 10k
§ R1 100 > Rsns || Nsp=INsiNp} -
7.5k 3 0.22 Nsubp [ {Nsub/Np} cs R3
ba R11 % | F 2200pF 13k
R14 [ | =y PC1 1L
100 DINLPOU_S I 0 TLP281 1M Co
R13 RS 0.01uF
100k 1S WA I AN 11
[ | K 1l
W Ic1 10k
A5541 R12 b2 | 1 REF
ZCD N 4.7 | SR1
ZCD  VH A K | TA76432F R4
FB NC|[— 1 Qysee | A 15k
L o3 DERA22:02 (74P Nsubp*Lp}
IS vce
22pF B |
GND OUT
ssic=1 VA __I
—=c12 = cn —=c2
1000pF 4700pF 33u
IC=4.2 IC =10.199
~o

% No parasitic elements
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5.Transformer
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5.Transformer N Technotogics
IE K1
K_Linear
COUPLING = 0.98
L1=L
2=15 * Lieax = Lp(1-k?)
L3 =Lsub
w e Lg/Lp=N2
®
Lp Ls
o (NspNsprLP} N : winding ratio of the transformer
® ik
—_ *
| Vs = Vp*(Ng/Np)
PARAMETERS: _ *
P« Np = 57 Vsug = Vp (NSUB/NP)
{Nsubp*Nsubp*Lp} Ns =10
Nsub =8
2 Lp = 360uH
Nsp = {Ns/Np}

Nsubp = {Nsub/Np}

e  Transformer is modeled by using SPICE primitive & ,the transformer spec is Lp=360uH and

Np:Ns:Nsub=57

:10:8
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6.Transformer leakage inductance

b

==Bee

i\ Technologies

S - R
Parametric
[13 pELl \
sweep “k (m
| K Linear |
COUPLING = {k} I cia
L1=Ls
PARAMETERS: 15e Lp ) —
k =0.98 \L3=1Lsub__ __ " 4700pF
Cclp = 2200pF “C— 21
T
2200pF mEd YG865C15R
= L RSLL 19V / O to 5A
4.7uH 150m
N NONN_2_ANA, VO_19v
L
R2 1 ——|>|J ca cs c6 c7
56k E PY 3300uF | 3300uF | 3300uF
c1 = D22 IC = 19.6 1000uF L
220uF Ls Y G865C15R IC=18.8 5Ad<>
Vi DBR{L IC =139 {Nsp*Nsp*Lp} ESR4 ESR5 ESR6
D3sB80 D1 1 40m 1 40m 1 40m ESR7 |1
DERA38-06 50m
VAMPL = 141.42 2
FREQ = 50Hz LESL7
LESL4 ) LESL5 ) LESL6 12nH
100V/50Hz 15nH 15nH 15nH
M1
2SK3681-01S Z Z Z Z 1
e cd =
& = 220pF | PARAMETERS: 0
D3 H Np =57 R7
WV pantzou _ 2
1R°10 RS Ns =10 R15 z—‘l‘ c1
4.7k Nsub =8 B— 200k 0.0[LuF
= )
Lp = 360uH R6
-« 10k
§ R1 d 10 Rsns Nsp = {Ns/Np} e
7.5k 0.22 Nsubp = {Nsub/Np} cs8 R3
R14 D4 é b = PC1 ZI?ODpF 13k
100 DINLPOU_S "0 TLP281 LT
R13 R5 0.01uF
100k IS w AN ”
VA C1 10k
A5541 R12 b2 REF
ZCD N 4.7 SR1
ZCDh  VH 1 TA76432F R4
VWA A
t FB NC [— 15k
L DERA22-02
T 221;: L{ IS vce Lsub
FB . "
GND OUT {Nsubp*Nsubp*Lp}
c12 ssiIc=1 2
= - cu 1C=0/1 —=c3
1000pF 4700pF 33uF
IC=4.2 IC =10.199
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6.Transformer leakage inductance #§% Technologies
ooy ML Vpss=600V 11
_________ A______ _TI_Design margin (L., =14.256uH) M1: VDS(t) (Zoom)
40074 A £ : : |
r f |DeS|gn margin (Ljeq=7.164uH)
ZOOV-}MM B R 2 OO - Xt
SEL>>E J J
0w i t t t t t
12.8us 15.0us 20.0us 25 0us 30.0us 35.0us 40.0us 44 .8us
oo V(MI:1)
Time
600V
400V_1m‘ . . | .
ZOOV-}MM s R : R & TN eett | | | | S SIS o SRttt
Ov i T ’ \1I T m T ﬂq T
10us 20us 40us 60us 30us 100us 110us
oo V(MI:1)
Time

»  Transformer model using SPICE primitive k& ,leakage inductance: L, = Lp(1-k?)
. L,=360uH ,leakage inductance is14.256uH for k=0.98 and 7.164uH for k=0.99
 Check the VDS overshoot voltage versus the transformer leakage inductance.
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7.RCD Clamping network

S - R
i K] K1
Parametric L
“ ” COUPLING = {k} c14
sweep “Cclp L1=Ls
PARAMETERS: L2=Lp
k = 0.98 L3 = Lsub “ 4700pF
Cclp = 2200 “C— 21
T
2200pF mEd Y G865C15R
= L RSLL 19V / O to 5A
4.7uH 150m
N NONN_2_ANA, VO_19v
{ L
| 1 ——|>|J ca cs L c6 c7
PY 3300uF | 3300uF | 3300uF
c1 =l D22 IC = 19.6 1000uF L
220uF Ls Y G865C15R IC=18.8 5Ad<>
Vi DBR| ic=139 |l {Nsp*Nsp*Lp} ESR4 ESR5 ESR6
D3SB80 D1 1 40m 1 40m 1 40m ESR7 |1
!)ERAss»oe 50m
VAMPL = 141.42 \ 2
FREQ = 50Hz _—— LESL7
LESL4 ) LESL5 ) LESL6 12nH
100V/50Hz 15nH 15nH 15nH
M1
2SK3681-01S Z Z Z Z 1
e cd =
& = 220pF | PARAMETERS: 0
D3 H Np =57 R7
¥ oinezou _ 2
10 RS Ns =10 R15 z c1
R10 4.7k Nsub =8 Fed—]| 200k 0.0[LuF
_ R6
Lp = 360uH - ok
R1 d 10 Rsns Nsp = {Ns/Np} e
7.5k 0.22 Nsubp = {Nsub/N cs8 R3
D4 é R11 p={ 2 [ 2200pF 13k
R14 =y PC1 11
100 DINLPOU_S 0 TLP281 LT
R13 R5 0.01uF
100k w A it
VA C1 10k
A5541 R12 b2 REF
ZCD N 4.7 SR1
ZCDh  VH A K 1 TA76432F R4
A
t FB NC [— [ ] 15k
L DERA22-02
B 221;: L{ IS vce Lsub
FB . "
GND OUT {Nsubp*Nsubp*Lp}
c12 ssiIc=1 2
= - cu 1C=0/1 —=c3
1000pF 4700pF 33uF
IC=4.2 IC =10.199
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7.RCD Clamping network 4§ Technologies
coov M1: Vpgs=600V _ _____________l___{__
[ _ﬁ _____________ T— D_e-%:é;] margin [C¢ p=C2=220pF) M1: Vos(t) (Zoom) ]
400V

IDesign mafgin (C¢ p=C2=2200pF)

SELs>[ Q

ov
15.5us 20.0us 25 0us 30.0us 35.0us 40.0us 45.0us
6 o V(MIL:1)
Time
600 A - AR
T T T Tk
M1:V \k - i \L -, Y ]
r . Df(t) \ 4 \ y; W /
- N - ad - N4
400V
l
200V A _ i 3
05 20us 40us 60us 30us 100us
oo V(M1:1)
Time

*  Compare VDS overshoot of the circuit with C, 5(C2) = 220pF and 2200pF ,larger C. p
value get better design margin for MOSFET Vg

*  C, . p=2200uF is selected for the better M1: V5 design margin.
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8.Power MOSFET switching device
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K_Linear
COUPLING =0.98 ci4
L1=Ls
L2=1lp
L3 = Lsub 4700pF
c_T
m 21
T
2200pF > YG865C15R
Rp_TL = L RSLL 19V / O to 5A
0.150 4.7uH 150m
N NNNN_2 AAN, VO 10V
A
R2 c2 2| |1 L ca cs cé c7
56k == 2200pF PY 3300uF | 3300uF | 3300uF
c1 = D22 IC = 19.6 1000uF L
220uF Lp Ls Y G865C15R IC =18.8 C) 5Adc
Vi DBR{L IC =139 {Lp} {Nsp*Nisp*Lp} ESR4 ESR5 ESR6
D3sB80 D1 ° 1 40m 1 40m 1 40m ESR7 |1
DERA38-06 5 50m
VAMPL = 141.42
EREQ = 50Hz ) LESL7
LESL4 J LESL5 J LESL6 12nH
100V/50Hz P ; —_— i 15nH 15nH 15nH
|2SK3681-01S N
w5 1] cd S
| T 2200F | PARAMETERS: 0
D3 Np =57 R7
¥ oinezou | _ > 2k
- 10 Sren [/ Ns =10 R15 ‘é ci
> R10 4.7k Nsub =8 Fedé R6 200k 0.0LuF
Lp = 360uH - ok
é R1 100 Rsns Nsp = {Ns/Np} -
< 7.5k 0.22 Nsubp = {Nsub/N cs R3
ba S R11 P={ 2 2200pF § 13k
R14 = PC1 I
100 DINL20U_S 0 TLP281 1M ¢o
R13 AAA RS 0.01uF
100k Is d AMA |
K
VWA — T 10k
A5541 R12 D2 REF
ZCD 7 4.7 SR1
ZCD  VH AA 1 TA76432F R4
v A 15k
1 FB NC [—
B DERA22-02
c1s IS vcc b
22pF EB Lsu
GND OUT {Nsubp*Nsubp*Lp}
c12 ssic =1
= - cCi1 1C=0/1 = c3
1000pF 4700pF 33uF
IC =42 IC =10.199
=0
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8.Power MOSFET switching device #§% Technologies
500V 6.04A
2 Peak
value
400V 404
VDS(t) | |
200V 2 0RA M\/}\\ff\\/t\ N Mvn\/nvh
v o - ‘\./ \/

SEL>>

-z200v- -2.04
113.90ms 119.92ms 119.94ms 113.36ms 119.938ms 120.00ms
o V(Ml:1) o I(M1:1) .
Time 10usec. / Div.
25R ‘ - - - - - - ‘ - - ~ Peak |
1 2 ; ; : i 1 '
500V : ‘ g
250V+
0V
> |
-15A8 1
Os 20ms 40ms 60ms 30ms 100ms 120ms

o V(M1:1) o I(M1:1) .
= = Time 20msec. / Div.

»  Simulation results shows the peak value of M1: VDS and ID .

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009 26



e
8.Power MOSFET switching device i~ Beg

S W R e

| L BEIT L0 OW e
L M1 Power Loss J
1. 0KW 7.5%
i M1 Power Loss,,,
0. 5K 5. 0w-f 1 _
0w - 2.5Wde Drbaaren s H‘M
. 10usec. / Div.
~0.5KW OW-' PR PR R MR L P PR |
o W(ML) o AVG (W (M1))
| B0V 60ROV
400V+ 4. 02 //d' VARG 0 //1'“
DS D
20074 2 DR // ‘WM'MN\\/A\],\\/A )0’ /
0V 02 5 ~ /:
-200vV -2.0A / /
/VGS(t /
— 4 O OV_ Ov IV“. A Jn\/nvh‘d
SEL>>
,600\]_ ,6_013&_ 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1%.5%7ms 1%9.58ms 19%.5%ms 1%.60ms 19.61ms 1%.62ms 1%.63ms 12.64dms 19.65ms 12.66ms
o V(M1:1) o T(M1:1) v V(M1:2)

Time

e  Simulation results shows the peak value of MOSFET VDS and ID . Calculated
switching power loss and average power loss are also shown
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9.Schottky barrier diode D21 and D22 waveforms Technologies
— — I
K_Linear
COUPLING = 0.98 c14
L1=Ls
L2=1Lp
L3 =Lsub 4700pF
Cc_TL P §
m /| p21
1 14 |
2200pF > | Y EsSCISR
14
Rp_TL = I L RSLL 19V / O to 5A
0.150 | 4.7uH 150m
N 1 WL’VV\I VO 19V
1 L ] _L
R2 c2 2| |1 L | T4 c5 c6 c7
56k = 2200pF PY 1 3300uF | 3300uF | 3300uF
c1 = | D22 ] Lic=1949 1000uF L
220uF Lp Ls __YGB65C15R IC =18.8 C) 5Adc
Vi DBR{L IC =139 {Lp} {Nsp*Nsp*Lpy— = = ESR4 ESR5 ESR6
D3SB80 . 1 40m 1 40m 1 40m ESR7 |1
DERA38- 06 50m
VAMPL = 141.42 2
FREQ = 50Hz ) LESL?
LESL4 ) LESLS LESL6 12nH
100V/50Hz 15nH 15nH 15nH
M1
2SK3681- 01s N
cd =
= 220pF | PARAMETERS: 0
D3 Np =57 R7
L
¥ bintzou _ 2%
| 10 Ns = 10 R15 ‘é [o31
> R10 4 7k Nsub =8 Fedé R6 200k 0.0LuF
Lp = 360uH - ok
é R1 100 Rsns Nsp = {Ns/Np} -
< 7.5k 0.22 Nsubp = {Nsub/N cs R3
pa < RU p=i m L 2200pF § 13k
R14 = PC1 I
100 DINL20U_S 0 TLP281 1M ¢o
R13 AAA R5 0.01uF
100k IS d AMA 4
K
VW— cT 10k
AB541 R12 D2 REF
ZCD 7 4.7 SR1
ZCD  VH AA K 1 TA76432F R4
v A
1 FB NC [— 15k
= DERA22-02
c1s IS vcc b
22pF EB Lsu
GND OUT {Nsubp*Nsubp*Lp}
c12 ssic =1
- = cu 1C=0/1 - cs3
1000pF 4700pF 33uF
IC=42 IC =10.199
=0
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9.Schottky barrier diode D21 and D22 waveforms 1% Technalogiee

e " ————

502+ 507 £ Peak

1 2 Peak +~ "W | value
- - 27 value ! )
\ \ ;
N /
i ' - Viea(®)
(1)
Ovrﬁl\\\\ /. _ .
>
-10A-
11%.%2ms 11%.93ms 11%.%4dms 11%.25ms 11%.26ms 11%.%7ms 11%.98ms 119.9%ms :
o -I(Ls) o V(D22:2,D22:3) 10usec. / Div.
Time
40A
1 2
20R4
SEL>> H i i i i H i i i i
e | i H i | i i ; | i i i | i ! ; |

i : | i i ;
0s 20ms 40ms 60ms 8 0ms 100ms 120ms
o -I(Ls) o V{D22:2,D22:3)

Time 20msec. / Div.

«  Simulation results shows the peak value of SBD: V¢, and I.
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9.Schottky barrier diode D21 and D22 waveforms 1% Technotogies
1 40W 5 5.0wW
MMNLQD Power Loss MW\SBD Power Loss,,q PMW
. 10usec. / Div.
-40w- R B T T e

o W(D21)+ W(D22) o AVG(W(D21)+ W(D22)) _ Peak
20— — "Ay Peak T~ Tt A Tt — I’ -\\-k_yaMe
I
I value J ,J“ g'l /
25 A [\ A [\ N 7

(ST il

-25

SEL>>
750 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12.57ms  19.58ms  1%.5%ms  12.60ms  12.61ms  1%.62ms  192.63ms  1%.64ms  1%9.60ms  1%9.66ms

o —IT(LS) o V{DZA2:2,D22:3)

Time

*  Simulation results shows the peak value of SBD V,, and I-. Calculated power loss
and average power loss are also shown
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10.Photocoupler
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b

Bee

i'\ Technologies

% No parasitic elements: Lleak and ESL ,to aid simulation convergence
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— — c—
K1
K_Linear
COUPLING =1 ci4
L1=Ls
L2=1lp
L3 = Lsub 4700pF
c_T
m 21
1T
2200pF TD'—| YG865C15R
Rp_TL bt L1 RSLL 19V / O to 5A
0.150 3300UFXx3 4.7uH 150m
N NNNN_2 AAN, VO 10V
A
ZE‘E‘F R2 c2 2| |1 L L ca c7
56k == 2200pF 9900uF
c1 = ® D22 IC = 19.665 1000uF L
220uF Lp Ls Y G865C15R IC =18.9 C) 5Adc
Vi DBRL IC =139 {Lp} {Nsp*Nsp*Lp} ESR4
D3sB80 D1 PS 13.3m ESR7
DERA38-06 A 50m
VAMPL = 141.42
FREQ = 50Hz
100V/50Hz ” _
25K368L-01S | L
cd =
~ L = 2200 | PARAMETERS: 0
D3 Np =57 R7
L
A 4 D1NL20U_S££ 10 ws Ns = 10 — 2 s 1 .
> R10 4.7k Nsub = 8 E . 200k é 0.0LuF
| - R
Lp = 360uH I - 1 S5
é R1 100 Rsns Nsp = {Ns/Np} - |
< 7.5k 0.22 Nsubp = {Nsub/Np} ce é R3
ba S R11 | 2200pF < 13k
R14 = | PC1 1
100 DINLPOU_S U TLP28Y/ mrery
R13 AAA - R5 0.01uF
100k s  A— |
K
VW— cT 10k
A5541 R12 REF |
zcD N=4 47 b2 SR1
ZCD  VH 1 TA76432F R4
W\ ¢ A iy
1 FB NC —
L 5 DERA22-02
T 88 1 IS vcc Lsub
22pF FB sul
GND OUT {Nsubp*Nsubp*Lp}
c12 ssic =1
= = ci 1C=0/1 = c3
1000pF 4700pF 33uF
IC =42 IC =10.199
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10.Photocoupler FY Bhegees

S W R e

1 380uA 5 5.0V ——————————
IC (photocoupler) -
2.5V V(FB pin)
MIlﬂul LTI -mu-mwﬂ e
> )
-12uA 0V 1 e —r——r———r—r—
2ms dms OIS 8ms 10ms 12ms ldms léms 18ms 20ms
o I(PC1:C) V (FB)

{ VAK turns on the ] Time 2msec. / Div.
photocoupler

SEL>>
ov
S V,, stable at 19V
e Vo 19v(t)
L T — 4
19V — 5 =
18V
05 2ms ams oms 83ms 10ms 12ms T4ms 16ms 18ms 20ms
o V(VO _19V) .
Time 2msec. / Div.

*  When power supply output reaches spec voltage (19V) ,a shunt regulator draws
current through resistor (R6) and VAK of photocoupler increases.

When VAK turns on photocoupler, collector current Ic increases. This causes FB pin
voltage to decreases before power supply output voltage go to the stable state.
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Simulations index Pi Technotogies
Simulations Folder name
1. Start-up sequence simulation...........cccoeeeeiiiiiiiiiiie e Startup
2. Quasi-Resonant Switching Power Supply Waveforms................... Waveforms
3. Step-10ad reSPONSE........covviiii i e Stepload
4. Power switch devices (M1 and SBD I0SSES) .......ccuvvveeeeeeveiivinnnnnnn. Losses
5. Variable design parameters (Ll and C2) ..., Params
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