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Sila pastikan bahawa keftas peperiksaan ini mengandungi SEPULUH muka surat beserta
SATU muka surat (Lampiran) yang bercetak sebelum anda memulakan peperiksaan.

Kertas soalan ini mengandungiTUJUH soalan.

Jawab LIMA soalan. Jika calon menjawab lebih daripada lima soalan hanya lima soalan
pertama mengikut susunan dalam skrip jawapan akan diberi markah,

Mulakan jawapan anda untuk setiap soalan pada muka surat yang baru.

Jawab semua soalan dalam Bahasa Malaysia kecuali soalan 1 , 2, 3 dan 4 jawab dalam
Bahasa Inggeris.
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What are the requirements for the switching operations of a BJT?

(10 marks)

Derive the expression for the switching time during the turn-on state

and determine the conditions to minimize it.

(60 marks)

A BJT in common-emitter circuit has a collector saturation current of

200 mA, a base transit time of 0.5 ps and a base minority carrier life-

time of 30 ps. Find the switch on time t" for a base current step

increase from zero to (a)4 mA and (b) 10 mA.

(30 marks)

Apakah keperluan bagi operasi pensuisan bagi BJW

(1a markah)

Terbitkan ungkapan bagi masa pensuisan semasa keadaan merangsartg dan

tentukan syarat untuk meminimumkannya.

(60 markah)

BJT dalam litar umum-pemancar mempunyai arus tepu pengumpul ialah 200

mA, masa tapak singgah 0.5 p dan masa hayat pembawa majoriti tapak

iatah 30 trts, Kira masa pensuisan bagi langkah arus tapak meningkat dari

sifar ke (a) 4 mA dan (b) 10 mA.

(30 markah)
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Discuss the small signal ac models for a JFET before and after pinch-

off where los = Go[Vps + 2Vp/3 t(VcsA/p - VoJVo)t" - (VouA/o)t" ]l and

los(saq = loss (1 - VoWo)'

Where les = drain to source current

Go = channel conductance

Vos= drain to source voltage

Vp = pinch-off voltage

Vcs= gate to source voltage

Provide sketches of the corresponding equivalent circuits.

(70 marks)

Find the mutual conductance of a JFET in saturation with pinch-off

voltage of -8V, a gate to source voltage of 4V if loss is 20 mA' Find

the small signal voltage gain if the load resistance is 10000. Neglect

the variation of g' with Vcs.

(30 marks)

Bincangkan model isyarat ac kecil bagi JFET sebelum dan selepas iepitan di

nana Ip5 = Go[ VDS + 2Vp/3 {(Vo/Vp * Vr/Vr)t" - (Voy'Vof" }] dan

Ios(,og : Ioss (l - V.y'V)t

Di mana los = arus salir ke sumber

Go = kealiran saluran

Vps: voltan salir ke sumber

Vp =. voltanierPitan

I/cs = voltan get ke sumber

Sertakan lakaran litar yang sepadan.

(70 marlwh)

Cari kealiran saling bagi JFET tepu dengan voltan iepitan -8V, voltan get ke

sumber -4Y jika beban rintangan ialah 1000 o. Abaikan variasi g, dengan

Vr;s'

(30 markah)
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Describe a MOS (metal oxide semiconductor) capacitor and explain

the formation of accumulation and inversion layer for a n-type

substrate. Draw the corresponding energy band diagrams.

(60 marks)

Name the different basic MOSFET (metal oxide semiconductor field

effect transistor) devices and explain the difference between the

enhancement and depletion mode devices.

(40 marks)

Jelaskan kaitasitor MOS (metal oxide semiconductor) dan terangknn

pembentukan lapisan penumpukan dan lapisan songsangan bagi substrak

jenis-n. Lukiskan gambarajah jalur tenaga.

(60 marknh)

Namakan peranti asas MOSFET yang berbeza dan lerangkan perbezaan

antara peranti mod peningkatan dan mod susutan

(40 markah)
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4. Write short notes:

(a) The explanation of an increase in collector current with increase in the

base current of a BJT with the help of charge control model.

(50 marks)

(b) eualitative description of pinch-off and saturation conditions for a

n-channel JFET. Provide neat sketches of the depletion region and

the corresponding current-voltage curves.

(50 marks)

4. Tuliskan nota ringkas.

(a) DengaT bantuan model kav'alan cas, terangkan peningkatan dalam arus

penggumpul dengan peningkatan arus tapak BJT'

(50 markah)

(b) Berikan penjelasan kuantitatif keadaan iepitan dan tepu bagi JFET saluran-

n. Sertakan lakaran rantau susutan dan lengkungan (kurva) arus-voltan

yang sepadan.

(50 markah)
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S. tal (i) Why is the recomblnation process of indirect semiconductor

not possible?

(20 marks)

(ii) What is the required condition to achieve population inversion

in a semiconductor laser?

(20 marks)

(iii) What are LED and LASER application?

(10 marks)

lbl Explain two method can be taken to produced foton emission from

indirect semiconductor material.

(50 marks)

.t. tal 0 Mengapakah penggabungan semula sinaran tidak mungkin berlaku

dalam semikonduktor tak terus? 
(2a markah)

(it) Apakah syardt yang perlu dipatuhi untuk songsangan populasi

berlaku?

(20 markah)

(iiil Apakah kegunaan LED dan LASER?

(10 markah)

tbl Terangkan dua tangkah yang boleh diambil bagi menghasilkan pancaran

dari bahan semikonduktor tak terus.

(50 markah)
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lllustrate a typical LED structure and give the operation principle?

(40 marks)

An AlGaAs LED emitter for use in a local optical fiber network has the

output spectrum shown in Figure 1. lt is designed for peak emission

at 820 nm at 25oC,

(i) Vr/hat is the linewidth Al,yz at temperatures -40oC, 25oC and

85"C?

(A (hc) av 3keT)

What is the band gap of AlGaAs in this LED?

The bandgap, Es, of the ternary alloys Al;Ga1-,. as follow the

empirical expression,

En (eV) = 1.424 + 1.266x + 0.266x2

What is the composition of the AlGaAs in this LED?

(60 marks)

Rslttive $poctral oulput po.trtor

74$ 800 S40 880900

Wavelcngth(nm)

Figure 1. Output Spectrum for AlGaAs

(ii)

(iii)

-40c
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Lalrarkan binaan struktur LED dan terangkan prinsip operasinya?

(40 markah)

LED pemancar AtGaAs digunakan di dalam iaringan fiber optik

menghasilkan spektrum seperti dalam Raiah I. Ia telah direkabentuk supaya

pancaran puncak adalah 820 nm pada 25"C.

(t) Apakah nilai lebarialur AA,1p pada suhu -40"C, 25'C dan 85"C?

(A (hc) r 3keT)

Berapakahnilai jurangialur E, LED AlGaAs ini?

Jurang jalur, Er, aloi ternari ALGar',4s, diberikan oleh persamoan

empirikal berikut,

E, (eV) = 1.424 + 1.266x + 0.266f

Apakah komposisi LED AlGaAs ini?

(60 markah)

Relative spesfral olput Powcr

800 840 880900

lVavelery&{nm)

Rajah 1 : Spektrum Keluaran dari AlGaAs.

(i,

(ii,

0'r
740
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7. ta] what happen to an electron and hole that are photogenerated in

photodiode?

(30 marks)

Ibl Consider a silicon p-n junction solar cell of area 2 cm2.lf the doping of

the solar cellare

Nn = 1,7 x 1016 cm'3

No=5x101ecm-3

tn=10ps

to = 0.5 ps

Dn = 9.3 cm2/s

Dp = 2'5 cmz/s

lr- = 95 mA

FF = 0.75

(i) Calculate and plot the l-V characteristics of the solar cell.

(ii) Calculate the open-circuit voltage, Ves'

(iii) Determine the maximum output power of the solar cell, all at

room temperature.

(iv) What is the effect of temperature to the solar cell output.

(70 marks)

147

...1U-



IEBB 424E1

-10-

7. tal Apakah yang berlaku kepada elehron dan lohong yang teriana secarafoto di

dalamfotadtod?
(30 markah)

tbl pertimbangkan sel suria simpangan p-n berkeluasan 2 cmz. Jika pendop sel

saria ialah

N1= !'7 x 1016 cm'l

Np=5x10tecm'3

r, : I0 1ts

ro:0 5 1ts

D,:9.3 cm2h

Dp: 2'5 cmz/s

fi:95 mA

FF = 0.75

0 Kira dan plot ciri I-V bagi sel suria ini.

(iil Kirakan nilai voltan litar'terbuka.

(iii) Tentukan output kuasa maksimum sel suria, semua pada suhu bilik.

(iv) Apakah kesan suhu terhadap keluaran sel suria?

(70 markah)
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Physical constants

Properties of Si at 300 K
ni :1,5 x l0lo cm'3
E*= l.l2 eV
N"= t.O+ x lOrecm-3
N.= 2.8 x lOle cm'3

e,= ll.8

Equation

Einstein relation
DJpo: D/pn = kT/q
L: DtD r

Intrinsic carrier concenf ation
ni : ( N"N,)tnexp[-Erl2kT ]

Cunent density
J" = qD"no/L" [exp (qV/kT)-l]
Jo = qDon"/Lo [exp (qV/kT)-l]

Forward current of pn diode
I = Is{exp(qV"/kT)-l}
Ie = qA{Donn/Lo + Dnno/Ln)

PN junction without bias
V6= { kT/q } ln(t'toNo/nr2 }
W = [2eVui No/qNo(No + No)]

PN junction with bias
W=[2e VlNe/qNrNo+No)]t'
Vs=eE.ft.'/2qNp

Capacitance
C;:eAD(
C1=A [qeNlNp/2t(Nr+No)1 

r'
C.: { Aq'LoP""/kT} exp(qV"/kT)

Photogenerated current
Ipr, = g&r,A(W+Ln+Lp)

Constant Svmbol Value
Boltzmanns constant k 1.38 x l0-'" J/K

:8.62 x 10{ eV/K
Electronic charge q 1.6 x l0-'' C
Electron volt eV 1.6 x l0-" C
Plank's constant h 6.625x l0'" Js

Velocity of lieht c 3 x 10" m/s
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