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Solution 1

-t
R =100 V=15V f=400-KHz VE=VI— (V1= V0) e”

1.1

Draw Vgs(t): XC :=E-nF 1:=ICR

Vgs

B+ ———————= - W
f | 100
15V=— =
syl — : 3/5nF
|

Time period 0-t1:

|10
t1 .--1n\E T t1 = 2.433-107 s



Time period t1-t2:

AQ=ALL2 AQ:=14n-C - 3nC AQ=1.1-10"% C
A =ﬂ AL :=M AM=1A
Rg R,
2 ::A_Q ©2=1110"s
Al
1.2
Ploss=E=ﬂ Ploss :=20n-C-V £
tot Ploss = 0.12 W
1.3

Cgs+Cgd = =C = E-nF
5

14

In favor of small Rg values:

a) Ability of fast switching

In favor of large Rg values:

a) High drive currents
b) Hige gate currents
c) Voltage change rate is decreased - moderate turn-off diode current.
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Solution 2
L :=200-uH Vin:=5V fow '=100KHz K :=2:0

21

The DC value of Ve equals to the inductor peak current value times K.
Output voltage equals to to Vref.
Output current equals to the average inductor current

Ve _53V .
[=— Vout=Vref=5V loi=— Vout =5V

L'k 5.0



2.2

I,y :=lo I{av=1A
7
D = D =
on"" off 2
Vv -D
AL = out ™~ off
L -fsw
o Al
Ve =K I v+ —
2
k:=10°

Al =0.146 A

Ve=2.146 V

iLpk = iLav means that there are small changes in the inductor current, thus it can be
described as a current source. The output small signal equivalent circuit is:

Vo

-
I ColR

load

R

VouSiLZo  Z¢= Ve=Kig

\ 1

out_R

V. K

7.95dB

)/




B
Take p of the form: [3=? <1 +sT O>
Take crossover at: fc :=5-KHz
Vout 5 1
B value at 5KHz: (f=5 KHz)=—: =0.318
(S 2 2 2
17+ (215 K-50 u-5)
I/p value at 5KHz 1 =3145
B(f=5 KHz)
B zero frequency, take one decade before crossover f bz = 500-Hz T = !
2nfg,
p =214 B =9.8810° To=3.183107"s
Ty
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Solution 3
fsw:: 100-KHz Vout =5V Vin =300V Pout =10-W
. . . _ 1
D,,=04 D ,:=0.6 1:=0.8 Ty =—



\Y /n2 D

out_ on

Vin |01/ Dofr

N :=0.025

Output current equals to the secondary average

current
I — P out
out’ 'y out I 2av = lout
The secondary current:
A 1
2lav I =9 L2av
TP L2pk '~
Doff D otr
2A —
taking efficiency into account
VvV _.D
py=_ouoff L,-4510°H  or3.6uH
IL2pk'fsw
12 3
Li{:=L,|— L,;=7210"H or 5.76mH
1 2 N 1
V=12V R4 =100 Don
D™+ dson T on =
Output cirrent equals the diode anerage current fow
I Dav ‘= [ out
PD::IDaVVD PD:2.4W
P P
. out . 1In 1.,-T
Pin'= IinaV'_V_ 1. =l. pk on
n in nav " 2
2.1
o mnav _
ka.—f T ka—0.208A
Sw & on
2
P -:/ka\ D R P, =0058W
A= on ™ dson sw - U
W3
The capacitor current:
2lav - D off
-2 off =
DOff tX fSW
< < >

Toff

Ts
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Solution 4

fow =50-KHz D =08 Vout -=500-V P oyt :=500-W
L :=4-mH
v =0p 2l s N- 4167
2 nl 150-D )
Transistor's current:
Output current equals to the average inductor current
P _
I - out I1av= 1A
Lav I
out A
1-D vV T 1Q
- on _ Vout " off 1
T off '~ Al s Al s =025 A |pav iAI
z'fsw L
1Q >
2
Ipav JAr
Alp:=AIS~N Alp: 1.042 A (
-
Ipay =1 Lay'N Lpay = 4167 A
4.3

Inductor average voltage must be zero, thus the voltage Vc is equal to the DC

voltage at the drain2-source1 connection point.

When both switches are in cutoff (dead time) the voltage Vx equals to Vc.

Don = 0.8 -—- related to half switching cycle

A

Vcc

2V =04V  +04V  +04V, v

ve=28 v =150V
1.6



4.4

Primary and secondary Voltage:

Vce/2

-Vcc/2 |_|
Vee/2 X n2 |—| |—|
n1
>

-Vce/2 X

n
n1
4.5

Diodes D1 and D2 currents, approximated waveforms - neglecting magnetizing

inductance A
Vgs1
|
Vgs2
IL
I, N, NN P N VN
av N N N N v
|D1
ILav IAI I
N 1Al N
|
ID2
ILav $AI
N§ 14l wa ~
8us 10us 18us 20us tim;

Out of question 4.2;
AL=AL

I v=1A Al=025A



V..l

. cc’ rms
Ap equation for a square wave transformer A p=

2~fSW-AB-J-K
Take common values of J, K and AB
J :=4~i K:=0.5 AB:=02-T

mm2

Ve =300V g 1=50-KHz

The Irms current of the transformer current can be determined out of the transistors
current waveform of 4.2

D Al
on 2 p _
ms = [ Lpay + [ s = 2:642 A
243
V..l
. cc rms 8 4
AP' AP:1.982-10 m
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