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&
e F =+ (Proton) : Positive Charge
e ¢ <+ (Neutron) : Neutral
e 7 =+ (Electron) : Negative Charge
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1-3 R F %k

%@ ¥ % & (Electric Field Intensity):
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Def:

P
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@ - (Potential)
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g
Where X,, X: Frgki= ¥
E . 3" BEX 207 B 5% & e~ ]
Wi d Xo ZE# D X ATiT2

. H
Qraims



1-5 &

@ m(Current)

PR pad8rE 852

Def: | =dQ / dt
Where Q: %% /=& (coul)

i 8 =pF R (sec)
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¥ & (Power)
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1-7 4 5

#7 & (Frequency)

FHHAA > B HE R IR iF
Def: f=1/T (&% > #%)
Where T. :x# (coul)
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o 2.1 7 re(Resistance)
e 2.2 w 7% (Capacitance)

* 2.3 & j (Inductor)



2-1 = e (Resistance)

T2 AARIT
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2.3 = R (Inductor)
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a. & "% 7 g (thin film)
b. & & % & (multilayer)
c. M T R (wire wound)
- . . -6
~35 ;i Bl (choke coil) : 107 (H)
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= =44 (Diode)

i e T HHM(EBIT)

&35 X H¥»q L W (MOSFET)
IGBT



= & 48 (Diode) % P-type£2 N-type f& L 48 & = 1

L % o

Diode 5 > ﬁzg\:; CRLEE

¥ 2 ePower Diode+ : Standard diode - Fast-
recovery diode ~ Schottky diode ~ Zener diode % #f.

B P HuAe T Aron

K}



17 2 Diode N
—+ V

* ? l"DIOde s 4\:_ir‘3» ]/57@ D ﬁDlOdem%,,, ;_; 'j'g ’ %1_
ﬂé\‘i(CUtOff)
|
—
° ° o o V<O—>i:O

+ v -

° %é’.DlOdeﬁ@" e 'g:/;fl ’ EIJD|Ode__[. @K{}: :‘% 'jg , %a_
% 3 (turned on) -

° om0 o 1 >0 —-v=0



P-N Junction

o %A B ;wT +9P-N Junction :

|0Pnifjs acceptor Electrical Field E IoSized donor
-type -type
\\1A < /
©00® 0 @
N Qo0 ®® M
é@@@ ® DD

; |
I
Koo / Xno

Space charge region W,



DiodedF [+ & 4

* The I-v characteristic of a silicon junction diode

IAK
Reverse | Forward
region region
: K : I Ak
Reverse -Vep Vi, l+
breakdown ————————1- e —Va PV
: o : )

-1,=Reverse-saturation current
V=Threshold voltage( Cut-in voltage)
-Vgp=Reverse breakdown voltage



1
2
3
4
5

Applications of Diode

. Rectifiers

. Free-wheeling

. Snubber circult

. Isolation(photo-diode)
. Voltage regulator



BJT = i
Bipolar Junction Transistors & F3% =+ & o = & 48
i 4BIT -

FER 8= s it i

& o ARl o rﬂ

‘-\-- L_)
Lu| ﬂd\

B2y ¢ g LA e R ud
,:5
@ e T8 o

s}

I

BIT & & il ~ 2 o
BIT# 4~ % NPNZ| 2 PNPA| /& #F o



* NPN3| * 5 dft+ 5 2+

Collector C
N C
Base |7 B—K
B P e
v npn BJT
I .
Emitter E Circuit Symbols

= & Eyre w) L sk (emitter,E) £ 4&(base,B)
Fv & 4% (collector,C)



* PNPA| @ 5 Bt =+ 5 T F

Collector C

Aﬁ_

C
P
Base _ B —I;
B — N E
P pnp BJT

| Circuit Symbols
Emitter E

PNP§ B 1 88 chidE 4 1 & » 22 NPNAp &



BJT1 ie4

o BITerdf (b A B4 A% ~ F o B ~ 4 h ~

é\‘i?\? ©

REEEERE s

A ® 16 B (Jes)

BIT I £ & &

I 16 4 B W 1546 R B
R o) i B i 18) 4 1B REE
i (i) 16 & WA 1) 15 R : [
Emla i% 15 16 /B B L E
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10 48 BJT 4+

* The I-vg characteristic of a ideal BJT

le



BIT44 4 & 4

ic+
(< 1 ] ¢ -
o 7’ 05 0.7 g (V)



BITH 1+ o 4

o NPNF & #i.-v 4o 4

ice . - . .
154”183~ 152”1B1

Saturation

Region |

Active Region

Cut off Region



BJTea & 5 %

o FHBITH L %A B > 7 UK iThi
T ﬁé’rﬁi;f]%gm%;:;:«' 0

¢ ERBITHLBEMREY » ¥ Uk (E &R
(ON)% # i+ % (OFF) -



SOA of Power BJT

« Forward bias safe operating area of a power BJT
: i

/c,max JmaX(MaX|mum power

B\/CEO



SOA of Power BJT

* Reverse bias safe operating area of a power BJT

c

XIVge; <Vaer<ViesX

ICM

VeEs
Ve
Ve =0 | Veer | —Vaeemn<0

.V

ce

BVceo BVego
BV ceosus)
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Summary of Power BJTS

Minority carrier devices.

Current-controlled devices. ( Current drive devices)

High current density.

_ow conduction loss ( low on-state voltage drop).

_ow switching speed ( 20 kHz-100 kHz).

( Long switching off time )

High voltage blocking capability. ( 1200 V , 200A )

Complex gate drive circuit design. ( Low current

gain).

- Large base current is required to cause the BJTs
operated at saturation region.




MOSFET ~ i#

« Metal Oxide Semiconductor Field Effect Transistor =
&% ZH T H il | HMOSFET -

e MOSFET =z & Bi##4]vE o

« MOSFET* 4 % NMOSA| 2 PMOSA| & #g o



MOSFET 4 #f %
e N-Channel#] :

Source Drain D
IT is’ Gate G

P- Substrate (Body)

w &R ure W) G Jhie(Source,E)
+ i & (Gate,G)¥2 A %8 (Bady)

G

NMOS
Circuit Symbols

» & 1&(Drain,D)

lio

o



MOSFET %~ #g 2 7 B 4 85

e P-Channeld] :
Source Drain D
B Gate G
] | :
=/ G — G
| | ] ] ] l_} \
P P ]
S
N- Substrate PMOS
(Body)

Circuit Symbols

PMOS T i ¢ 5L B8 > w 22 NMOS#p &



MQOS In Linear region

*When Vs >0 and Vg > V4,
5 Sgurce ate G Drain D
[
[ I ] IT__I
SICICSIS]
AN ICCCSSIIR
SCCCS

P- Substrate (Body‘)\

Inversion layer
(N-channel)

*\When vDS > vGS - Vth ,MOS operates in the saturation region.



MQOS In saturation region

 WhenVps>0and Vg >V,
Source

Drain D
T e
I 1 ! B@@@@ | I
N @O0 | N

P- Substrate (Body)

* When vps> Vg —Vy, , MOS Is operated in the saturation
region.



2 EMOSFET H#&

* The I14-Vps characteristic of a ideal MOSFET

Ids



MOS4# 1+ & &

e NMOS=® & %QID-VGSJF‘ ez
Igs A

(¢ 1 | [
27

0 1 3 Vas(V)

When Vg >V, , MOS#-:2 - #/i, >0 -



MOSFET 4 1+ ' %

e |-V Characteristics of MOSFETS

Ohmic Region Saturation Region
(Linear Region) (Channel is saturated)

; : V64~ Ve3~ Ve~ Vel
Pinch off
i~
w Vesa
Vi3
Ve
Vi1
Vps

Cut off Region



\

MOSFET 3% |+ =3 48 5\

(Vgs
(Ves

th

V)’

1

)Vds

Vi <V,

Vo, >V, and V. <V,

V. >V, and V. >V,

Cutoff

Linear

Saturation



SOA of MOSFET

Ids

T

Jj,max

(Maximum power Limit)

" _Nbc

10 sec

104 sec

1073 sec




©ONOU AWM

Summary of Power MOSFETS

. Majority carrier devices.

. Voltage-controlled devices (\VVoltage drive devices).
_ow high current density.

High conduction loss (High on-state voltage drop).
High switching speed (100 kHz- MHz).

_ow Vvoltage blocking capability (600 V , 20A).

. Easy gate drive circuit design.

. Good performance for parallel-connected applications.
[Positive temperature coefficient Rds(on)]




IGBT ~ i=

 Insulated Gate Bipolar Transistor z [ &% % 1%+
©ee 8 0 A IGBT -

T
(o]

* IGBT & & B 4] ~

« BJT + MOSFET



IGBTA £ 2 T &

e N-channel#)| :

Engritter (E)
<_fGate (G)'
n* n*
P J3 J3 P

4 Body region

n- (Drain drift region)

J2

n* (Buffer layer)

p* (Injecting layer)

J1

5

Collector(C)

s
B

=

N-channel IGBT
Circuit
Symbols



T EIGBTH#1%
The 1.-v¢ characteristic of a ideal MOSFET

lc

On

\ Off




IGBT# M %

* The I-vge characteristic of a IGBT

] 30 VGE
Vee(th)




SOA of n-channel IGBTSs

* Forward bias safe operating area of n-channel IGBTs

T

) Jj,max
Ic (Maximum power Limit)




SOA of n-channel IGBTSs

* Reverse bias safe operating area of n-channel IGBTs

o 3000 V/sec _

2000 V/sec ~

_ Reapplied dVg/dt

BV es Ve



Summary of Power IGBTS

1. Minority carrier devices.

2. Voltage-controlled devices ( Voltage drive devices).
3. Very high current density.

4. Medium conduction loss ( High on-state voltage drop).
5. Medium switching speed ( 20khz- 50khz).

6. High voltage blocking capability ( 1200 VV , 600A ).
/. Easy gate drive circuit design.



AC to DC Converter

e AC to DC converters
— Diode Rectifiers

 Circuit Topologies of Diode Rectifiers
— Half-wave rectifier
— Full-wave rectifier



Half-wave Diode Rectifiers

e Diode circuit with R load

V.=V sinat

+

0

5

time/mSecs

Vac& iR
L /N AN
“ NN
AN S
w |\
w |\ /
150 \/ Y




Half-wave Diode Rectifiers

e Diode circuit with R-L load

i iR vi Vac& iR
=N = Pra\ A
e ANA
qo g N
T
| N \/

. 0 5 10 15 20 25
V.=V, Sinat

time/mSecs



Half-wave Diode Rectifiers

 Diode circuit with R-L load adding a flywheeling diode Dy

i i V, & iR
&Dl L 150: /‘\ /’\
M w AT
¥ W INC N T
N /A N\ S /ARRLNEY,
AR S AR VT
R ] 1/
' 1505 5 10\/15 20 25 \f%{ 35
V=V, sinat



Full-wave Diode Rectifier

 Full-Bridge Rectifier with High-Inductive Load

i Y1 Vac& iac
o et | 4 N /)

Y, — i — W

Cié A B AR Y e m——
Vao S e N A [ A B
R % \1 I/ \1 I[

Z28D4  28D2 - — 1 \\ /!
-15c;0 5 10\/15 20 25 \ég 35

V.=V, sinat

time/mSecs 5mSecs/div



Full-wave Diode Rectifier

 Full-Bridge Rectifier with C-R Load

i)
Ap, [AD, '

@ | w ¢
ZIYD4 2|S'D2 B

V, & V,

/"‘\

N/

N

\

/

\

/

/

V

=V Sinat




Chopper

Ji% ;% i 3% B (step-down, buck converter)

Fi; & ¢ % (step-up, boost converter)

=1 & 3% 48 3% = (step-down/up, buck-boost converter)
7V 8 4 % (c’uk converter)

75% ;¢ 4 3% = (full-bridge converter)

‘q‘!



Vdc Vo,ave

on

;U‘
[ J
|O<+
o
_l
_|

1.7 1 Ton T
Vo, ave =— ?J‘O VO (t)dt — ?[IO Vdcdt + -‘-Ton Odt]

TOﬂ
— —Vdc = DVdC

T

Where D = Ton
=

=Duty ratio f =

% Operating frequency



Ok W R

R g R 2 (PWM, Pulse-Width-Modulation)

V, (%)

Yeontrol ] B
V. (R e — (IR
(a)
V.= 5% B I8 TN

Voot UK 32 358 72)

/
L

|
I
[
f
l

| [
l — | ,
I i | : ; D= Ion _ VY eontrol
| Veontrol = Vst }
_— _I. | On | | DHM Y—; I of
R D: Duty ratio
e Oft Oﬂ‘x
m—+_—|tw Ucantral = Vg 0 . _47%151 /ﬂ% l'l’g'
—7,— (k=) Vi

(b)



Buck DC-DC# & =

1.Buck (step down)

+ — o 4
D l_ Load

Vir C_: Vo

e Assume large output filter C — Vo = constant



100f, 1,

10/,

SRR

fal

Vi

A

ton—=|

|

i

! fon :
}.__‘_ T‘ i 'F-_
L

-

fe)

“ _Vz,
T - . 3y,
| sl TR

vl AR




1B SRR T i

e Continuous Conduction (i, > 0)

1
(b) ® B off



X3 i (1)

e Slon:Vi=Vdc

V, =Vdc-Vo (i, >0) — i, increased
e Sloff:Don : Vi=0

V, =-Vo — (i, decreased)

1.7 1  Ton 1.7
Vi,ave :?J‘O Vldt — ?J‘O VdCdt :?-“0 (VL+VO)dt

1.7 1 Ton 1.7
o Vo, ave = ?J.O VO (t)dt = ?-[O VdCdt _?J‘O V.o dt = DVdC



o3 E(2)

Inductor current

0=t=DT:V =(Vdc-Vo)
I (t=0) =1,

sl = ( Evo)t+i,_o

. Vg, V .
At t=DT i, =( ch 2)DT +i,,



o 34423 (3)

 The average inductor current :
1 .

.. iL,ave — ? 0 |Ldt
1 .T. 1 .T.
:?J'O ICdt+?J‘o |L0addt

1 (7.
— ?-"O |Loaddt
_ Vo,ave
R

_ l[vdc — Vo, ave
2 L

DT +1i,,]



o3 E(4)

e Assume : No power loss

o Pin=Pour

e Qutput ripple current and ripple voltage

Vdc B Vo DT

S

Ripple current Ai.=

- %(1— D)T,



A5 Bl(L)

v

......................

v

v

Vdc-Vo

v




Ai =Ai,

v ~—




Ripple Voltage

e Ripple voltage : Assuming that all of the ripple component in i, flows
through the capacitor and its average components flows through the
load resistor .

1 Al Ts
R Y
0/%%\/\\//\\

0 DTs Ts
. v




0 DTs TS

™ pam P
NUBZ DN VA

AQ Al.-Ts Vo T Vo
©AVo="% = Al =~ (1-D)Ts = 2(1-D)T
AVo 8C [ A-D)Ts =g ~(=D)
AVO 1A-D nz f
=D 27 q_p)feye
VO 8 LC 2 fs

where : fs= 1 fc = = corner freq. of low pass filter

1
Ts  27JLC

e Minimized output ripple : fc <<fs» ¥ i % gt



v Y

(=Vo
—- Fian I-l-—l,nq-—-r—
I- T, -
1. 1. 1(V, -V, 1V,
'3 ILB :EIL(peak)ZEID :E( d : )DTS ZET(]-_D)TS
elo=—Yo (1_D)T.

LB



¢ With agivenvalue T V4, Vo, L,and D, if the average
output less than I, 5, then i, will become discontinuous .

o If lo> 1 g = Continuous conduction
e If lo<I g = Discontinuous conduction

olf L>L; = Continuous conduction



[

i3 BTN S

e (I) Son: V =VdeVo
e () Soffand iy>0: V, =-Vo (Don)
e () Soffand iy =0: V =0 (D off)




o PV dEE(1)
The steady — state condition of inductor

DT+A1T

_Ith—o—jDT(vdc V,)dt+ [0 —vodt+ [ odt

DT+A1T
~DT(V,, —V,)+AT(-V,) =0

V—D

=—V
° D+A1L ¢

c

DT A1 T

i|_,peak = T(Vdc —V,) = V,

o




o 33 (2)
e Average output current lo

L,peak

o=~ (DT + AT
T2

Ve =Vo)
2L

V, T
2L

(D + A1)A1= Voo T
2L

DA1



Vdc'Vo

A5 Bl(1)

...................

Ts

v

\ 4

v

v







boundary  pa-py-—le

v

Vd = T_E

47

LE max

Vp 1 Iﬂ’rr‘ILBmax
DCM 5 = 2p\v, 77, -1

boundary

: L (e DCM
0 0.25 0.50 0.75 1.0 1.25 Iig, max
T,V

'rl'.b'. mar ;?-.f

1.5

I
;.ﬂ " (f L.';.EI'I'EI )

T.l vd
{8, mex = 31




Boost DC-DC# 3% %

“‘E\%‘;

#E\ﬁ&rﬁ i LR T E TR
# 4 4% (regenerative braking) 2 = %] o

R
=h
;9



() l T/E'},%! BA IL ID
L D
vi(C S C= R|| %
(O oyt o]
Switch on, inductor charging Switch off, inductor discharging
On-State Off-State

O

-] O |




0 SRR T e

- Continuous mode (& g & /i3 )

On-State
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« Continuous mode
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- Continuous mode
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- Continuous mode
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- Discontinuous mode
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- Discontinuous mode
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- Discontinuous mode
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e L and C = low pass filter

e Two switches in one leg can not be turn on simultaneously

to avoid short circuiting on the dc input.

= They are both off for a short time interval, known as the

blacking time (Dead time)

¢ Switching condition and output voltage

T1(D1) and T4(D4)on:
T2(D2) and T3(D3)on:
T1(D1) and T3(D3)on:
T2(D2) and T4 (D4)on:

Vinv = Vdc
Vinv =-Vdc
Vinv =0
Vinv=0
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DC/DC converter comparison
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— DC-AC converter
— Half-bridge inverter
— Full-bridge inverter
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Half-bridge inverter
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PWM switching scheme(1/4)
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PWM switching scheme(2/4)
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PWM switching scheme(3/4)
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PWM switching scheme(4/4)
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