4

"\ ?:jﬂig

O S
L

boALE SN 8k il
w . - ow
..li‘i O

e
0w e

o et e I
B
.
.

:iqi!
o —

3

S :d
L.

L]
it e

&
b

S —

!
X

5
v

s L

E
e

L

5UUOIO J

JaLIBAUOD 0P Jp JueIpenb-inoy

i
[

9

‘

-

inoJo e

]

e
o Al
O -
| o
P el
" [ oL L




o mnrop—o lectrotechnoleg)

-
- - - -
-

= - - - -
- - - L e 1
- - mi e o
- — - - - - - -
- - = o & S . - - - -
"
- - - g -
- - = - g =) - —
—_ - - ad & - & -
= -— - - - - -
- - - — - = -
—_ - - - - - - -

H

- - = - - - -
S * S .
- - - P—— — = —
- ™
—— - . - - -
=" - - - - o - - -
N - - - - - - - - . - = == - - -
- [ = aw . n - - - - - - - - T - - - -
— - - = . - - - - - - - - - - - -
" — - - - - - - - - - -
L - - - = - - - - -
— - - - - - . - - -
- - - - - - = - — -
- - @ - ow -
= - - - - - — - - - - - - - -
- - -
- i - I_--.. L -
- - P - -
. (n®
- E - - - -— - -
e -
- — - - - -
L L z .
- e = - - - - - p—_— =
- - - - - - - - - '
- - - - - - ah - - - - -
- e - - - = - - - - - i - - - =
. = Mo aTi .
- - - - - - = - - - - -
- - - - -— — - - - - - - - i - -
R i - - o - - v - - “@ - - .- -
. i i -
- L - U - - W Il.-..rl L - - rl.al... LL
lillll...fl.lll_.i.lll.-l.
lllllllltl‘.ll_l_l_l.l_l.l-ll"_l_.l__l_l.l__I_ll_l_.ll_l..ll.-_l_l_..l_l_ll..l._l_.l_ll_.lll_i_l_l__l_.lt_-_..l._I_I.lI._Il.l_.l.l__ll__I.l_l_I_.I.lll_.‘._l.i.l.l!.l..'l.l.i.l.l.rll‘..llllll.lllll
- e =
. - v -
- - - - -
- g L -
- - L B3
- - am = (. - =
- - -
= . - .
- - - s -
"
[ - v - -
- - . - - - -
- . e = Sl ot - -
- - - i« o 9 =)
ﬁ ._.
- -
e N - - -
& - -
- - .
a il B - = i -~ -
" - - - - - - =
- - - -
- e - -
—.-.‘. -
- -, o ow PR -
s & == . — - e = - & oyt B - Ill!.ll.;i.-.l.lllll...lli.il- 3
- = e - - - - - |l|Ii_I.l..l..ll.l_.ll_.l -
I_r.-_.l.._..-..l_..l.-l.t_lll...__-_..-_Il.l.il_l....._it..l.l__l.i.llln..!ll.l.l...!lli,.l.ll._rll.lllli.:llilla-lll.ﬂ-_-.li. - - - 5 - - =
o - - - - - - ey - - -
- L -
e =i o aw - - ¥ - - a- & a0 N N | . -
= - g & - g S - - = =1 ._.-..-_-4.-..:.!-
=, : . = I B L v - X - o e | w - :
- [ - - i - ._..._-J-_l-dd.-..f__._-__.__..._._-la " . - e e o L
- - e - T - oW o B’ = w W w0
- - 8 .. - wom B e W b
- - TRl ot T Ll
- - - i -
= - ) - -
r - - - - - s - - g o _-._l
! ] - . & - . - -
L - LB - - _ L [™
] Ll | N " - -
- B L = - Y -
- et -
2 - - - - - . =
_— ;- Y 3 + = (1
" - - o - L
; W - - - -m I—.
» P -
L B
L - - - - LA a5 - = -
i 2 e * i . a *u
-
=
L]
L]
-
L]
.
-
L]
-
¥
-
-
-
-
LY
- i .‘.I
. - - - .
o . = LY
- ] - -
= v
o .
a
= . v - v »
- - ¥ =%
- - . - ad -
- ') -n - X
B o - e ] i -
ot a - o - -
.l_.‘_._ - 1I'.-.-_ &
- - - - o e L]
] [ Sam PO 2 -
i - a - Y u
Y - a
- P |l
am W &

" For E.Hﬂn.rnm_gwo%mou on this modu
_ contact Jim Hafford, (02) 217 3620, Bld-K. Ultimo, m..H.H.

.
- il -

p— [ = -“._d.



e Cusrrent Product Rangs
cmmmnmens Futse Devel Pan

TABLE 1.2 RATINGS OF POWER SEMICONDUCTOR DEVICES

Figure 1-6 Applications of power devices. (Courtesy of Powerex, Inc.)
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Upper On-state
Voltage/current frequency  Switching resistance
Type rating (Hz) time (us) (£2)
Diodes General purpose 5000 V/5000 A Ik 100 0.16m
High speed 3000 V/1000 A 10k 2-5 Im
Schottky 40 V/60 A 20k 0.23 [0m
Forced-tumed-off  Reverse blocking 5000 V/5000 A Ik 200 0.25m
thynstors High speed 1200 V/1500 A 10k 20 0.47m
Reverse blocking 2500 V/400 A Sk 40 2.16m
Reverse conducting 2500 V/1000 A 5k 40 2.1m
GATT _ 1200 V/400 A 20k 8 2.24m
Light triggered 6000 V/1500 A 400 200-400 0.53m
1200 V/300 A 400 200-400 3.57m
4500 V/3000 A |0k 15 2.5m
4000 V/2200 A 20k 6.5 5.75m
400 V/250 A 20k 9 4m
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Figure 1-3 Various general-
purpose diode configurations.
(Courtesy of Powerex, Inc.)
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ples only. The switching action

device. The choice of a particular device will de
speed requirements of the converter.

pend on the voltage, current, and

Rectifiers. A diode rectifie
voltage and is shown in Fig. |

single-phase or three-phase.

I Circuit converts ac voltage into a fixed dc
-8. The input voltage to the rectifier could be either

-+

' Load resistance /
ac - 3
supply :
Diode D, " |
(a) Circuit diagram (b) Voltage waveforms |
Figure 1-8 Single-phase rectifier circuit. s
i |
e
E
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o —L} with two naturg| Compm,,.
5 q0e va]ug of the oulput VOltage o

o e gvel _ an Dc-ac converters. A dc-ac converter is also known as an inverter. A
& - time of thyristors or firing delay ang|e single-phase transistor inverter is shown in Fig. 1-12. If transistors M; and M,
_— "?f___":.__._r _nhase source. These converters Are 5 conduct for one-half period and M; and M, conduct for the other half, the output

voltage is of alternating form. The output voltage can be controlled by varying the
conduction time of transistors.

Vo, Vg2 :
< i
- g
0 v
T T
Vs Vou 7 My
1 M
| l : ’
—
9 A T Vﬂ\ -
Vo - 2 dc Vis
Vs e e e e O s supply -~ | _ =
Vs M,
0} + T iT > { M. |
_:_;__ I i -V. — ————— — — — — — — — — _— o
: a) Circuit diagram
- (b)Voltage waveforms (b) Voltage waveforms (@) g _

Figure 1-12 Single-phase dc—ac converter.

hase ac-dc converter.
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These canven?rs are used éznovbéilgrdWTi::I::l?ll‘tl 4C oy, The operations of the power converters are based mainly on the switching of
| a fixed ac source mdaSlnﬂle'Phasde B rir the i _“A(: 5| power sclnicundl.lt‘[t‘}_l' tl{;viccs; and as a result the converters introduce current
put W"m;fmm' Th omput 'Vﬂltuﬁ 18 -contmllc y ying t " "-““t[llt‘[u-,” and vnll:l_g‘(‘.'- harmonics into the supply system and on the output of the con-
shown in Fig. 1-10. The delay angle, a. These types of converters gy alyy  verters. These can cause problems of distortion of the output voltage, harmonic
time of a TRIAC or firing llers Ht-utﬂ";‘“m]‘mmf the Supply system, and Interference wigh the L‘llr'lllI’Illl‘ﬂi‘L‘..'-iI.I'(Hl Hnd
known as ac voltage controlers. xigmllmgL‘-H‘L‘uﬂ& LC1s normall O Introduce filters on the i |
% outpul uf i (‘()ll\'t.;fl'ltfl' system to reduce the harmonic level to an
V"'I- tude. Figure 1-13 shows the block diagram of a ge
application of power electronics (o supply th
challenge on the power quality issues and ralSes problems and concerns 1o be
resolved b}’ researchers, The il'lfilll and Output quantities of conv
.o be either ac or de. Factors such a5 total harmonic distortion (TH]
ment factor (HF), and INput power tactor (IPF) are measures of the quality of a
waveform. To determine these factors, it is required (o find the h
tent of the waveforms. To evaluate the performance of a conve
and output voltages/currents of a converter are expre
quality of a power converter 15 judged by the qu
waveforms,

y necessary input and
dcceptable magni-

Ve = Vi Sinwl neralized powe converter, The

€ sensitive electronic loads POses a

erters could
J), displace-

Armonic con-:
rter, the input
ssed in Fourier series The
ality of its voltage and current

Powaer In Powar
pul Qutpul
“source | fter TN converter e SRIC Ll 6o
HJ m— )

(&) Circutt diagram (b) Voltage wavetorms - il |

: ;| Swilching
Hm l.m Slﬂ_glﬂ‘Phﬂe ac-ac C.OI"I\"BI'ICI‘. control signal _ D

ganerator

s m————

Figure 1-13  Generalized power converter system

TI'he control strategy for the power converters plays an important parl
on the harmonic generation and output waveform distortion. and can be aimed
0 minimize or reduce these problems. The power converters can cause radio-
I'rt:quc:ncy Interference due to electromagnetic radiation and the gating circuits

May generate erroneous signals. This interference can be avoided by grounded
Shie lding .

Mmmm
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0.4 POWER DIODES

There are a number of diodes designed specifically to handle «

high-temperature demands of some Jppm_&“m“‘ Thn”- fa_s_ndl_c the high-power and
diodes occurs in the rectification process. in \\ﬁuch ;‘ t.h:m l_rc‘Qu::m use of power
value) are converted to ones has N an Averape o Iqll_.ﬁlt;:_z_lllul; (hay ar.-::; :.:“1‘:* average
when used tn this capacity, diodes are nor”‘-jih r dc leve \S nm-—:-:,i in Chapter 2.

The majori[}' of the power diodes are -:t.“iﬂ\':l_r

higher current, temperature, and PIV ratings. The hioher cumrent demande

the junction area be larger, 10 ensure that there is 4 low :_I'“_lr‘“*-’_‘ﬁﬂ;"'niiﬂuﬁ require that
the forward resistance were too l&rgc. the 12R ossec “. ﬁu{;} ,lr:._::uquiﬁ_“.\\jc_x resistance. i
capability of power diodes can be increased by P!:iC'.nt‘- fu': ¥, m:ln Th\. :U:‘;I’Etr‘.?
PIV rating can be increased by stacking the diodes i Vot HOIC In paraliel and the

u-f-cx |
\.u_rrff{] r,:\ _1.,; o ‘f.". Ja)

UCted using silicon because of its

UGS H SCTIES
Various types of power diodes and their current ratine have h E
| L A S 1A ve DEENn provided in Fi
20.12a. The high temperatures resulting from the hes rent L 5 .
gl : = TR A Aikavy CdITENnt require. in many
cases, that heat sinks be used to draw the hear awa: from the element A f r' :
Y LIOMail i) 1.:-..1:|-' ] r,':";k ) Ir:.\:

various types of heat sinks available are shown in Fie 30 ‘3
employed, stud diodes are designed to be attached directly ‘
turn will act as the heat sink. -

EF hinne 6l b e s
L Lal MRS AN NOL

'r-l !'_""" ~ | 3N i - -
W NE Chassis. which N

e ——

FORWARD CURRENT

FORWARD VOLT tee
DROP

_T "ﬂ_

Qrr REVERSE VO
APPLIED TOL IR FAST RECOVERY RECTIFIERS

g DIODE OFF 401 PDL (LEFT), 400 AMP.

e 251 UL (CENTER). 250 AMP.

\/ ! 101 KL & KLR (RIGHT), 100 AMP
— VRAM

(a) (b)

Figure 20.12 Power diodes and heat sinks. (Courtesy Internationi Reculier

Corporation.)

2 Switching ch
wilching characren'sncs of a diode
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204 POWER DIODES

There are 2 number of diode:

hj_gh—lcmperati{rﬁ fi&rr-.-ar;fiz of ;*,_ws_f;__::‘ ;
diodes occurs in the rectification rnreee.. -
yalue) are converied o ONES Navine =r — ;
when used in this capacity. diode< 2o .. -
Ihe majonty of the power dindes ...
Righer cumrent, temperature, and PIV rarinoc
the Junction area be lareer. 10 encire rhny 0
e forward resistance were (00 larce the 120 ;.
capability of power diodes can pe .s:.:..‘"'::-*:.-* s =
PINraling can be increzsed by stackine rn
Vanious LYpes of POWEr diodes and s f :-

222" The high temperziures reciivine r.

Tharli e il ls ]

gases, that heat sinks be uced to dravs 1
vanious types of heat sinks zvz: -
employed. stud diodes are desioned 1 b ..
o will act as the heat sink .
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IR FAST RECOVERY RECTIFIERS
401 PDL (LEFT), 400 AMP.

251 UL (CENTER), 250 AMP

101 KL & KLR (RIGHT), 100 AMP

(a)

Power diodes and
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uick response time

noise figure (a quanuty of r'eal
however, 1t Is appeanng
and ac-to-dc converters.
ns. Schottky TTL logic for

fon equipment, instrumentation. and

fferent from the conventional p-n junction in that a
created such as shown in Fig. 20.1. The semicon-

Figuee 20.1 Passiared hot-

v et sﬂm{ﬁ ugh p-type silicon is sometimes used), v
g Eueh ﬁjﬂﬂlybmum platinum, chrome, or tungst:

mmﬂﬂuﬂﬁ willresult in a different set of character
=d freq neyrange, lower forward bias. and «
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The application of a forward bias as shown in the first quadrant of Fig. 20.2 will

: IS a recurn to the heavy f]
electrons across the boundary, the magnitude of which is controlled by the iezel g?ﬂ?;

applied bias potential. Thﬁ_ barrier at the junction for a Schottky diode is less than that

of the p-n junction device in both the d reverse-bias regions. The result |
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CONTINUOUS COLLECTOR POWER DISSIPATION

-0 £ E
=
[+ A\ i -]
| 3 A el N
11 NPN transistor, a structure; b circuit symbol with s |
' current directions. 5 ! A
= e W o s o e o s S i
3 |
Q
i
'r-———— —— — —---'--'JI
SATURATION \ I — AT FIXED VALUES OF Is
VOLTAGE —= \ [
u
.f'l
|
|
}.I-
|
|
LEAKAGE CURRENT 2 el
" COLLECTOR EMITTER VOLTAGE Vce FORWARD BREAKDOWN
REVERSE VOLTAGE
BREAKDOWN
..... = 1uv — == ol
UNEAR REGION
SATURATED REGION

12 Output characteristic [commaon emitter) for NPN transistor

TABLE 2 Calculation of Switching and Conduction

= Losses for a Bipolar Transistor -
13 Three-stage Darlinat: ' r transistor. Energy dissipated during 7
dge Darlington arrangement of powe i W = ke xeatla
Energy dissipated dunng s
tum-off Wor = %lie xVee Xle
Energy dissipated during _
conduction period Weona = VegsatX o Xt cong |
Switching loss (watts) f(Woa + War)
Conduction loss (watts) X Weaaa
TOTAL AVERAGE LA e o VR
POWER LOSS Switching loss + Conductionloss |
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Inefficient power transfer. Fiqure 21-41 | | p——— 0 n
Energy Is dissipated in the arc. Note the polarity of , t] [ T __J :
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- ST, Continuous
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Figure 21-42 avemy. . (-
Energy transterred without loss. e st gy L
;/JJPJ"# v ,-:f -.,' E"’_.g',r"
A 6’ni~ﬁ)}"]"f”fr . Discontinuous
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CURRENT

VoC = DC SUPPLY VOLTAGE
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Ls = ARMATURE INDUCTANCE

Basic dc dc converter, or chopper: @ circurt,
b low output voltage; ¢ high output voltage.

&0k B
...-..1|-._-..-r-__.l.-.!‘u.ﬂ.-!"“f.-_- 5 1™
..-_._...-.-_i._....r._-l;u.nuu .v..{q_-. aa iy pa e
i < e
e dM Tw e e TR

Che 2 I

r-...h._.n.-.._.--_-q-. .lﬂnl-”l_”.”..h
Bl e r-H ey o gtk g e AW

v unu e 15 s e wFa Wy

RS o 1 34 4 3 s i VA B3 A 0 8




L

L

-

Voc

Voc

RNt R R EVESTRERSEREIIEEHE

.".'---'l.ip
LN
LR

L

~ TR
- e
e ..iiljl.an_.__l.-.._l

& T T L,
- tllii-lllliliiiluot
._ N UL

-
- e .
L
L
- -
- mom =
-

e
LI
»
l‘.-ll
U |
L]

om weow

- . .
e =
lll!lllul._.

'II.!IIIIIIIII-I_I. L
L e L L - .
- X
e .

T10ON

D2 ON

D10ON

L]
el e M i

- =
Ty e
T L
e B LT

- ..
O L
e @ w.ow @8R

- MR L
a & » & 6
a e NN E O . : !

-t.-_ AT AP ™ -i -_l_....-..-. -
§ = 8- - s, W L] a n : 2

0% & a8 &8 - d e

i S - m B - % S

e = - W . . : PR
& o e auy WL T a : St

e o s ‘ i

a & .= . =_- - - - . o W o
e & .08 u_ @ - = = o

- w = ot R - - ; ’ s

. - . e : ot
I.- o & B & v = L] 3 : R
], R e - = a_ B x e

o o, -e R - @ m_w ® ™ . e gl bl 1
aom m d m & & 8 - : e
S - & & B ; % e

4. .m W B BB oo @ W & B p e
Pl N IS, - m = e " e
- mw g . - » SRR
P L e R & - i . : e
2T W @ e - W _- e
2 i - @ 5 8 A - - - - & .
Pata e e a_m m BN e t o
DA T ad .lil.III.l..I - - - B B B &
& -

g l!tllll.l .-.-..I e e L i E Ill - l!llll_-_i. &
_.__u..._-._!.-_._-_a_-._-__-,ll.__-_.__-i.-_-.___-_l_.__._._1r - = " -
P e il L - W . e a e w8 N w_ = - i N L Bt
P el e Ry Bt e el e sasi el

e .-.I atatee - ow e - B o oA B B F W - .
- ....-_ & e u &= . L L & - . w8 - VOB P
- e R e L B RES

- .. & " 8 AW =8 e e 8w 8 - I Fateta"at
a¥s'm .l_ii..!. W o - . - o e - = @m % ® [T L - [ B 1 3N B

- _-_-.lll..- o @ B = W = ol e NI - .-.-__.__ _-_.1._-_.-_ _.__._I._,.._......hu . Tenemy
S L - o S

ll_-_i.!-.l-.-_._._Il-_li.ll._-.l.lll!ll._..-_ & w8 B B_E o tldll-_l!lfi aa ” wiaeners

- a B = iAa%e

li.-._-.l...lllillll...ll.._lt..-_ttll‘l_....._!lllllihlllnlll!tliiﬁ

. s m B e e W Pt o il I B L P S B TN T o e FL

- i II. - - . .. P W N - B B - - o @ W o & W B e =

- - I.I e R e N - W @ s == - om oW & F 8w - E E A E . =

- . " i - B .- @ - - - = = - oW & @ . T RN O N

C T P e i T B TP Py Sl B T i P
- Illllllillnltlllii.—lllr.__.._l_-__.-ll_l._-_l__.__-_
I_..-_lrtllllnlli!.lilllilll#lll

-

'."l.".‘

e | oEEs O e

A o & -
.-_..Ii_-_.lli_._ill__.-_
e wn e bsas

' -
li_..l_l....l..-_l_-_l.!_-l._-l.-_...ll-l.-.

.

\

- -

.l..lll..l "MEEE R EERE N N e
- o @ @ W@ e W =W L L

C L - -

L
. -_-.-_!.-.
FL M
-i.l.
p g
i.i_r.i.t.-
-
el -
LI
]
I' l..i.l- E
S
" E
S
. au
- .y
LN ™
L
P
T
-
lltli. -
*I.l .l.ll_l
L ll.-_l..r
& i =
L
)
-
.I..l.‘..i-_.l_
Illll

wila
3 -

T1

T2

vVoC




