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ARAHAN KEPADA CALON:

Sila pastikan bahawa kertas peperiksaan ini mengandungi SEMBILAN (9) muka surat
berserta Lampiran (6 mukasurat) bercetak dan ENAM (6) soalan sebelum anda
memulakan peperiksaan ini.

Jawab LIMA (5) soalan.

Agihan markah bagi soalan diberikan disut sebelah kanan soalan berkenaan.

Jawab semua soalan di dalam Bahasa Malaysia.
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Lakarkan simbol dan ciri v-i bagi peranti berikut:
(iy GTO (iy TRIAC (i) SIT (iv) LASCR
(30%)

Jelaskan kawasan pengendalian selamat bagi suatu peranti
semikonduktor kuasa (SOA).
(20%)

Satu suis mempunyai ciri pensuisan seperti ditunjukkan oleh Rajah 1.
Jika purata kehilangan kuasa dihadkan ke nilai 600W, apakah kadar
maksimum pensuisan yang boleh dicapai?

4 4
150V
TUTUP(OFF) BUKA(ON)
§ 100A .
| \BUKA TUTUP
Ny — >
0 400 60u 0 300 40p
Voltan Arus
Rajah 1
(50%)
.3
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Jelaskan dengan ringkas kepentingan di/dt dan dv/dt sebagai pelindung
dalam rekabentuk litar tiristor .
(20%)

Huraikan kepentingan penyejukan dalam peranti semikonduktor kuasa.
(20%)

Suatu peranti 2N6547 beroperasi dalam denyut berkala berfrekuensi

2 kHz. Untuk setiap tempoh 50us berkala iaitu masa hidup, peranti
mengalami kelesapan 80W, manakala untuk tempoh selain dari masa
tersebut kehilangan adalah sifar. Gunakan data dari Lampiran 1. Jika
Ta=75"C, Res=0.4°C/W, Rey=1.2°C/W dan T,=150°C maksimum, kirakan:

(i) Nilai maksimum T¢ yang dibenarkan
(i) Nilai Rga yang diperlukan.
(30%)

Thiristor seperti ditunjukkan oleh Rajah 2a di HIDUPkan dan bentuk

gelombang keluaran arus dan voltan ditunjukkan oleh Rajah 2b.

Jika v(0) = 180 V, L= 120 uH dan C = 6uF hitung
(i) arus puncak thiristor dan

(il tentukan berapa lama thiristor akan diHIDUPkan?

(30%)
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Rajah 2a

Rajah 2b

S3. (@) Jelaskan prinsip litar rektifier satu fasa terkawal gelombang penuh beban

R dan L.
(30%)

...5/-
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Apakah kepentingan diod meroda bebas D,, dalam litar rektifier.
(20%)

Litar rektifier seperti ditunjukkan oleh Rajah S3 dikendalikan dari punca 3
fasa sambungan Y, 208V, 60 Hz, mempunyai perintang R=20Q. Jika

voltan keluaran purata yang diperlukan ialah 60% dari voitan keluaran

maksimum, kira:

(1) Sudut lengah o
(i) Arus rms dan arus purata beban
(iii) Arus rms dan arus purata thiristor
(iv) Faktor kuasa, PF.
(50%)

Va_"._/—\l T : * Lo T .o X o

—— o RN N/ S Vg _,[VZ._‘;/_‘_ lve 1 .
- i Lr. |: _"r\_} CouER L ‘,'T\,L), T . -'{m\r . -,L_ . 7 . %

. e R T = S 5 5 5
i . b T 2] ‘3/ : AN < ;
Vb, s, e — o . . 13| T z i

= H i
=< Lt 3 - Dmi B o
’ o o o . o S o CRizo
| Ve~ o o T _,L o . .
"'—":’_"— D17 "Dz A ;
. . . . . . . . - - . . . . : ¢
. T . | . T o i &
. ‘ - . . ;
Rajah S3
...6/-
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S4. (@)  Huraikan operasi litar pengawal ac satu fasa gabungan diod dan tiristor?
(20%)

(b) Pengawal voltan ac satu fasa ditunjukkan oleh Rajah S4(a). Voltan
V=240V rms, 50 Hz dan R=10Q. Plotkan perubahan faktor kuasa lawan

sudut lengah thiristor.
(40%)

V§

Rajah S4(a)

(©) Litar pengawal ac 3 fasa ditunjukkan oleh Rajah S4(b). Lakarkan

bentukgelombang voltan keluaran untuk sudut picuan 60°

.7l
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van __D‘Z_
Von ___Hz__
—O 1y

T

;

/

73

.

/
VL
_Tim__

/

ven

Rajah S4b
(40%)
Jelaskan dengan ringkas parameter prestasi bagi inverter.
(20%)
Jelaskan operasi litar seperti ditunjukkan oleh Rajah S5.
(30%)
Vs/2— < D1 D3 Q3
T X o
Beban
a
‘ j
Q
Vs/2—— DZA‘S e ng’_
Rajah S5
...8/-
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(c) Inverter dalam Rajah S5 mempunyai beban R=5Q, C=100uF dan
L=20mH. Frekuensi operasi inverter jalah f,=60Hz dan V =220V.
Terbitkan hubungan voltan talian seketika Vap(t) dan arus ia(1) dalam

sebutan siri Fourier. Tentukan.

(i) Faktor harmonic THD
(i) Jumlah herotan harmonik THD
(iif) Faktor herotan DF
(50%)

s6.  (a) Jelaskan prinsip operasi pemenggal seperti ditunjukkan oleh Rajah S6é(a).

(30%)
L D
_ N\ N
Dr—

3

Rajah S6(a)

(b) Bagi pemenggal Buck-Boost seperti ditunjukkan oleh Rajah S6(b)
terbitkan hubungan voltan dan arus untuk analisis arus berterusan.
(30%)

.9/
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Pemenggal dalam Rajah S6(b) membekalkan 200W, 60V ke perintang R
dari punca voltan 20V. Jika T=150us dan L=500uH tentukan:

(i) Nilai kitar tugas K
(“) |m'm dan lma(
(iii) Purata arus suis

(iv) Purata arus diod
(40%)

Suis

Rajah S6(b)

0000000
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LAMPIRAN

B.5 2N6546

MOTOROLA
m SEMICONDUCTOR susnsasnsssssnams
TECHNICAL DATA

Designers Data Sheet

SWITCHMODE SERIES
NPN SILICON POWER TRANSISTORS

The 2NE546 and 2N6547 transistors are designed for high-voltage
high speed. power switching in inductive circuits where fal e s
critical They are particularly suited for 115 and 220 volt line op-
erated switch-mode applications such as

® Switching Regulators
PWM {nverters and Motor Controls
Sotenoid and Relay Drivers

Deflection Circuits

“woe e @

pectfication Features —
High Temperature Pesformance Specified for

Reversed Biased SOA with Inductive Loads

[JEE 541]

2N6546
2N6547

15 AMPERE

NPN SILICON
POWER TRANSISTORS

200 3nd 400 VOLTS
175 WATTS

Designer’s Data for
“Worst Case” Conditions

The Designers Data Sheet per
mits the design of most circuits
entirely from the information pre.
sented. Limit data ~ representing
device charactenstics boundaries —
are given to facditate ‘worst case
design

| Switching Times with Inductive Loads |
Saturation Vo!tages |
A
Leakage Currents = pe—8
| -
1 I S e
( T, |
— 1
T <
(eieonrum STV alo®@)
*MAXIMUM RATINGS S
[ -
f Rating [ symboi [ 2N6546 [ 2N6547 | Unit
Cotiector Emitier Voitage T VeEO s | 300 400 vac
Collector-Emitter Voltage VCE Xisus) 350 456G Vdc
Coliector Emitter Voitage VCEV 650 850 Ve
Emitter Base V ottage | Vesg 30 Vdc
Collector Curren: -. Continuous 1 1 Adc ~
— Peak (1) icm 30 Hleanpos ®1y@!
8ase Current — Continyous g 10 Age worts
~P )
s R '8m 20 | DIMENSIONING AND TOLEAANCING PER ANSI
Emitter Current — Continuous te 25 Adc Y14 5M, 1982 )
~ Peak (1) 'Em 50 2 CONTROULLING DIMENSION INCH |
v = = 3 ALL RULES AND NOTES ASSOCIATED WaTH i
Total Power Dissipation @ Tc = 25°C Po 178 Watts REFERENCED TO- 20444 QUTLINE SHALL APPLY j
@ Te~100°C 100 a
20~ /0 i MLUMETERS INCHES
Derate above 23°C 1.0 wW/%C Ost e | wax " —“u—{
Operating ana Storage Junction T3Tag -85 to +200 ge A - 37) ~ 1550 SIviE s
Temperaiure Range 1] = 0] - oo | PN BASE
€ 635 ;. 4 10256 | 025 | » EMITTER
THERMAL CHARACTERISTICS O O | 108 | 038 | oud3 | . s
Y £ | 14 | 10 1 ooss | oore CH R
Characteristic Symbc! Ma3ax Unit ¥ 2 15 85 1187 8SC
Theemal Resistance, Junction 1o Case Rg o 1.0 ocw | [ 1032 BSC 04X 8SC_ _
= K <46 BSC 9275 BSC
Maximum Lead Temperature tor Soldering Ty 275 oc ) Teas 8sC 1 0ses Bsc
Purposes /8" from Case 10 S Seconds X_| 18 ] 12135 | ose | gd&c |
o 286 0 419 T 015 | 018 |
‘Indicates JEDEC Registered Data ‘ h — i 667 | 1050 |
{1 Pulse Test Puise Width =« 5.C mis, Duty Cycls € 10% U] asy i 533 | 0% 02ic !
Y L 3B § 413 ] 0381 | 0168 ;
CASE 1-06
TO-204A4
| {(Y0-3) |

Copyright of Motorola, Inc. Used by permission.
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B.5 2N6546 cont'd

*ELECTRICAL CHARACTERISTICS (Yo = 259C untess othznwvise noted )

[ Cheracteristic | Symbor I Min ! Max 1 e
OFF CHARACTERISTICS (1)
Coilector Emitter Sustaining Voltage VCEO (sus) r - Vac
He=100mA. 1g =0} 2NG546 300 -
2NESA7 400 .
Coliector-Emitier Sustaiming Voltage VCE X isus! Vdc
(e = BO0A Viamp = Rated Veex. Te = 100°CH 2NB548 350 e
2NB547 450 -
¢ =15 & Veigmp = Rated Vegg — 100 v 2N6546 200 -
Te = 100°C) 2N6547 300 -
Coliector Cutoft Cusrent ‘Cev mAdc
(Vcgy = Rated Value Vgzoery = 15 Vdct! = 10
{Vcgy = Rated Value, Vgg (off) = 15 Vde T = 100°C) - 40
Collector Cutoff Cursent icER - 50 mAdc
{Veg = Rated Vegy, Rge = 5041, T = 100°C)
Emitter Cutotf Current g0 - 10 mAdc
(Vgg = 20 Vdc, ¢ = O}
SECOND BREAKDOWN
Second Breakdown Cotiector Current with base forward biased 15/ 02 - Adc
t=1.0s {non.repetitive) {Veg = 100 Vde)

ON CHARACTERISTICS (1}

OC Current Gain nEE -
(I =50 Agc. Vgg = 2.9 Voc) 12 60
{lc =10 Adc. Veg = 20 Vo) 50 30

Coliector-Emitter Saturation Voitage VCE (sat) Vde
lic =10 Adc. ig = 2.0 Adc! - 15
(1¢ = 1€ Age. tg = 3.0 Adc) = 50
(Ic = 10 Adc. ig = 2.0 Adc, T = 100°C) - 25

Base Emitter Saturation Voltage VBE (sat) Vdc
(lg = 10 Ade, ig = 2.0 Adc!} = 16
11c = 10 Adc. Ig = 20 Age. T¢ = 100°C = 16

DYNAMIC CHARACTERISTICS ’

Current-Gain ~ Bandwidth Product fr 6.0 28 Mz
{ic = 500 mAdc. Vg = 10 Vdc, figgr = 1.0 MH2!

Qutput Capacitance Cob 128 500 pF
{Veg = 10 Vde. tg = O freqr = 1.0 MR2}

SWITCHING CHARACTERISTICS

Resistive Load

EE (Voo = 250V, g = 10 A, A - 00 S
Rise Time IB1=182 20 A, t5= 100 us, T - 1.0 M
Storage Time Duty Cycie < 2 0%} s - 4.0 s
Fat Time ty - 0.7 us
Inductive Load, Clamped

Storage Time lic = 10 Alpk], Vejamp = Rated Veex. igy = 2.0 A ts - 5.0 (X
Fat Time VBE(cff) = 50 Vdc, T =~ 100°C ty - 18 e

Typical

Storage Time {tc = 10 Alpk). Veiamp = Rated Vepx.igy =2.0 A, g 20 '
Fail Time VBE{off) = 5.0 Vdc, T¢ = 269C) U 0.09 us

‘Indicates JEDEC Regisiered Cata
(1} Puse Test: Pulse Width = 300 us, Duty Cycle = 2%.

Copyright of Motorola, Inc. Used by permission.
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476 APPENDIX B SEMICONDUCTOR DATA

B.5 2N6546 coni'd

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 1 - DC CURSENT GAIN FIGURE 2 - COLLECTOR SATURATION REGION
100 T— Z 20 P17
* ~ - - (]
70 Ty=1509C 2 Tyr 2% 4
= p— - “ 16
o <] <
; -
a o N s
= 30 25°C < = 2 12t4fic-204 50A 104 15 A
z -
= ~3 SR >“-' l
=
3 » pN = ‘ \
a = o8 k
o -559C ° \ \
= =+ = L = il W
+ Ao Z o4 \ \]
———ee V(2 20V -
7.0 —_——— e V(- m\, \‘ :
5.0 [ B T ~ B
92 03 03 18 70 30 50 70 10 20 cor 01 07 01 05 07 10 70 10 50 10
i¢. COLLECTOR CURRENT [AMP} IC. COLLECTOR CURRENT (AMP)
FEIGURE 3 — "ON" VOLTAGE FIGURE 4 — TEMPERATURE COEFFICIENTS
14] NSRRI il | g 5 T v oV I
7= 28°C j B 1 -+ ;% 1 4 S J0} *APPUES FOR icng o hRE @ Ve = 20V L
0 i il | ‘
[ IE ' [ // | s et 7
H i i PP =
g e VJYVII § T A 1 S0 — 259C 10 150°C
! b (=3 -
3 [ Veelan@icig =50 e 1 S ggleC tor VEELmY L
= 08 i S —1 1 | ++T
e T 1 V1T b 0 859C 1o 259C
= 06— VEBE{on ® VCE* 20V 1 ‘YL = el el ol
ol ol I RO 2 8 1 1 rd
Z oeb—t— T 1 AR g 40 25°¢ 10 150°c | L)
. [0
T L AT
{ Pt . o €0 o
bz Veewn @ ici -5 s S — 550€ 10 25°¢
] Loy Tl ! ! [ i 25 J{”[
02 03 05§ 10 20 30 s0 70 19 20 02 03 ©£5 07 10 26 36 50 16 10 20
1c. COLLECTOR CLURRENT (AMP) Jc. COLLECTOR CURRENT [AMP)
FIGURE 5 —~ TUAN-ON TIME FIGURE € — TURN-OFF TIME
30k I T T TRy ] 0k 3 f Vee = 250 v
TR ‘ ! vec-zsov] | ros o 20V 3
20— ‘ : i = 5.0 : i¢/lg =50 3
] te 4L Ty = 250¢ 4 50k : = 18] =gz -
v + 3 ’ o p
{ N X i , Ty 259C
10k — ~ — 30k
— o, : S S
10— > 7 20k .
500 N /- - ~
2 5 N
S a0 A, S0
2w N ¢ Z Nt
< N0 ! = 500 AN
1001t @ VBEQIN =SOV | | 1IN | |
, =+ S— f N {
0 -
50 eim TN p— Rl I ™ Sat
30 , | % \ i S — ol | e 1 | ]
0.0? 6 61 02 85 10 10 S8 10 1¢ 0.02 go5s 01 012 05 10 10 50 i 2
ic COLLECTOR CURRENT {AMP) 10 COLLECTOR CURRENT (AMP)
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B.5 2N&6546 cont’'d

MAXIMUM RATED SAFE OPERATING AREAS

FIGURE 7 — FORWARD BiAS SAFE OPERATING AREA

FIGURE B ~ REVERSE BIAS SAFE
OPERATING AREA

SO T
iL ‘} ; = iﬂ“ I TRN 0F 7 LOAD LINE
20 — s BOUNDARY FOR 2NG54) |
T 10 ] 50 me Lo _ FOR 2N§585 VCEQ AND |
H 2 = = 100 s S g} Veex ARE 100 VOLTS LESS
< 50 4= — T4 f ‘;Lr\ < L +
ST ] 1T e I T 1 = !
o R ¢ ~+ ~ H H = 0 H e
€ £ i VCEXGun |
2 ps ———+ Tc = 25°C T s — = - +
s P BONDING WIRE LIMIT — 3 P R :
F o — D N L i 1
G DIL e — — THERMAL LIMIT : BE— G e : z t— 804
= 0IE (SINGLE PULSE} = ; ; -
S 0.05F ———————— SECOND BREAKDOWN LIMIT e s B S V8figit T 5V T |
- C r Loy - $9b——1, - 1000 [ VCEQUuw T T
£ gop T T N S ; ~ s Te 7 0mee T i ! !
s +—+ 1 INE546 == ! L VCEXlswstp —— B
0-“; CURVES APPLY BELOW RATED VeEQ 2NB547 =3 i i i J ] i
5 008 et —~+ 1 —r—tt — ¢ . . H L |
50 70 W0 P 50 10 100 200 300 400 o 136 200 300 490 500
Ve, COLLECTOR EMITTER VOLTAGE (VOLTS) VeE CCLLECTOR EMITTER VOLTAGE (VOLTS!
There are two limitations on the power hangling ability
FIGURE 9 — POWER DERATING of a transistor: average junction temperature and second
100 S " T I H T H ) breakdown. Safe operating area curves indicate IC-VCE
— | | | I ; imits of the transistor that must be observed for rehable
_ i SECOND 3"‘“‘"-31‘3““ c operation; i.e.. the transistor must not be subjected to
s ————DERATING —— . .
E LY \ J i OEL : greater dissipation than the curves indicate.
2 i ' The data of Figure 7 is based on T¢ = 259C; Tj(pk )
{ M AL | K .
I & < DERATING T is variable depending on power level. Second breakdown
z J 1l ‘ pulse limits are valid for duty cycles to 10% but must be
< E | i derated when T = 25°C. Second breakdown jimitations
G ] T T do not derate the same as thermal limitations. Allowable
; —+ o current at the volitages shown on Figure 7 may be found
e 2 . at any case temperature by using the appropriate curve on
| Figure G
s i ; Tipk) mav be catculated from the data in Figure 10.
0 a0 0 120 150 200 At high case ternperatures; thermal fimitations will reduce
Te CASE TEMPERATURE (0C) the power that can be handied to values less than the
limitations 1mposed by second breakdown
_ FIGURE 10 — THERMAL RESPONSE
<
=10 T z —— s . : r e S o 7
o -+ T : e i T S : 1 ﬁ
= 07 T + r t 1
E3 (0=05 1 ol a i e W M + D G =8
= 05 \ = $ . ! = Lt ftopr -
=] b T gt . + . it s
= 03 3 ++ + - Il i FRES S < " e NS
5 ool L UL et L it i
= th ! 11 B o RS e e t - +
@ [ 01 H e N 1 Pipws “l
2 o : T i = S 2500 * 10 Ry g B
= 3 = — ¥ Rayc * ! 00 CAW Max
- J
%7 29 - e — 4 D CURVES APPLY FOR POWER E
= 00% + t o T + H t T L PULSE TRAIN SHOWN {
= F-—1002 ™ ot SRSl e ; READ TIME AT 1y "
= 303 T e . - + (. .
- 4 : i | manit i 1 B CERITIVE S ) I
= L 1 i ) spw) = TC = Pigns ZaaCin I
S 0=t —F / ' : -+ SRS X DUTY LYCLE D' ny o y
i }/r*éd‘/S‘NGL: PYLSE st . 4 I
T . . N ! . . , |
YT s S S N N S 81 ‘ . I S i i
G 00 s 0! 2z 35 9 2 59 i W 5¢ 100 200 509 10k
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