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Satu sampel GaAs didop ringan dengan sejenis bendasinya bagi

meningkatkan keberintangan. Tentukan jenis dan aras pendopan yang

diperlukan bagi mencapai keberintangan maksimum bahan tersebut.

Apakah nilai keberintangan maksimum? GaAs pada 300oK mempunyai

p"= 8400 cmz/Y-s, po = 400 cm2/V-s dan ni = 2 x 105 cm'3.

(Nota: pada aras pendopan rendah, kepekatan bendasing * kepekatan

pembawa majoriti).

A GaAs sample is lightly doped with single Wpe of impurity to increase its

resistiaity. Detennine the type and the leael of doping required to achietse

maximum resistiaity of the rnaterial. IMat is the value of maximum resistivity?

GaAs at 300"K has 1t"= 8400 cnf/V-s, 1t, = 400 cmz/V-s and n; = 2 x 1A6 cm-3.

(Note: at law daping leael, impurity concentration * rnajority caties

concentration).

(60%\

Kebolehgerakan elektron dalarn satu bahan semikonduktor pada 300"K,

disebabkan oleh getaran kekisi dan serakan ion bendasing, adalah seperti

berikut:

The mobilities of electrons in a semiconductar material at 3Ao" K, due to lattice

aibration and impurity ion scattering, are obtained independently as follows:

Vt = '1..57 1 srz (srnz/v-s) dan

and

Vt = 4.157 x 1.07 T 'z/z (snnzf v-s)l

(a)'t.

(b)

,se)
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di mana, T ialah dalam "K.

keseluruhan pn ialah maksimum.
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Tentukan suhu apabila kebolehgerakan

Apakah nilai maksimum p"?

2.. Silikon didop secara tak seragam

Silicon is doped non-uniformly with

where, T is in " K Find the temperature at whiclt overall mobility St" is

maximum. IMat is tLte maximttm ualue of 7t"?

(40%)

No(x) = 10re exp(-107 x2;

Ne(x) = 1014 cm-3

bug 0<x<10-3 cm

fo,

dengan ciri pendopan berikut:

the follawing doping proftles:

cm-

Pada 300"K, bahan mempunyai

kuantiti-kuantiti berikut:

ni = l0lo cm-3 dan kT = 0.0259 eV. Tentukan

At 300" K, the waterialhas n,= l0r0 cm-3 and kT = A'A259 eV. Deterrrcine the fallowing

quantities:

Kepekatan bendasing terion Nil (x) dan Ni (x) pada 0" K.

Ionizedirnpurity concentrations Nf (x) and Ni(x) at o" K.

(20%)

(a)

...5/ -
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(b) Kepekatan pembawa bebas n(x) dan p(x) pada 300" K. Silikon berada pada

keseimbangan haba. Anggap keadaan adalah kuasi-neutral..

Free carrier concerntralions n(x) and p(x) at 300"K,

equilibrium, Assume quasi-neutrality candition holds.

Qa%)

(") Medan elektrik dalaman e (x) pada keseimbangan haba bagi 0 < x < l0-3 cm

dengan menganggap keadaan kuasi-neutral. Apakah e (0) dan e (10-3 cm)?

The electric field e (x) that de,aelops internally at thermal equilibrium, for

0 < x < l0-3 cn.r, assuming quasi-neutrality. What are et}) and e (10-3 cm) ?

(35%)

Keupayaan (voltan) dalaman yang terbina merintang panjang bahary

daripada x = 0 sehingga x = l-0-3 cm, pada keseimbangan haba, pada300'K.

The built-in potential (uoltage) that deaelops acrass the length of the material, from

x = 0 to x = L0-s cm, at thermal equilibrium, at 300" K .

t2s%)

(d)

Silicon is at thermal

535i.,

...6/ -
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3. Sebahagian daripada satu pupuk semikonduktor panjang dicahayakan. Cahaya

menjanakar G1= 101s EHP/(cms - sec) secara seragam sepanjang kawasan x < 0.

Gr. = 0 bagi x > 0. Keseluruhan pupuk didop seragam dengan frJe = lfirz/srnr.

Diberikan masa hayat pembawa minoriti, f,o = 10-6 saat, ni = l0r0 /cm3 dan kT =

0.0259 eV .

A portion of a long semiconductor slab is illuminated with light" The light generates, G7 =

l\tsEHP's/(cms-sec)uniformly throughoutthex<Aregion.Gr= 0 far x > 0. The

entire slab is doped uniformly with No = lQtt/srni . It is given that the minority carrier

lifetime, {p = 10*6 sec, ni = l0l0 /cm3 and kT = A.A259 eV .

\ II T\I

T

F,l
o

Tentukan kuantiti-kuantiti berikut pada keadaan mantap

Determine the fofiowing quantities at steady state -

(a) bagi x << 0 (i.e., jauh daripada sempadan x = 0) kepekatan pembawa

lebihary aras-aras kuasi Fermi (merujuk kepada Ef dan kepekatan pusat-

pusat R-G. (Cp = C" = 10-8 cm3/saat)

for x << 0 (i.e., far from the boundary at x = 0) the excess carrier concentrations,

quasi Fermi leaels (w.r,t, Ei) and the concentration of R-G centers. (Co = Cn = L0-8

cm3/sec.)

Ga%)

...7 / -
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(b) taburan kepekatan lubang sebagai fungsi x bagi semua x'

the distnbution o-f hole concentration as a function of x fot all x-

va%)

Pertimbangan satu sampel Germanium terdop seragam yang mempunyai masa

hayat pembawa minoriti 10-3 saat. Sampel dicahayakan oleh satu sumber cahaya

berkeamatan tetap yang menjanakan G1o pasangan elektron-lubang/("*' - saat)

secara seragam sepanjang isipadu. Pada keadaan mantap, sampel Ge yang

tercahaya mempunyai n = 5 x 1"016 cm-3, p - fQrs/srn3. Pada suhu bilik bagi Ge, p^

= 3900 cm2/V-saat, Fp = 1900 cm2/V-saat, ni = 2.4 x 1013 cm-3.

Consider a uniformly doped germanium sample lwaing minority carrier lifetime

L0'3 sec. The sample is illuminateilby a constant intensity light source which generates Grc

electron-hole pairs/(cm3-see) uniformly throughout the aalume, At steady-state, the

illuminated Ge samplehns n = 5 x 1016 g7n'3, P = lQrs/cm3. At room temperature for Ge,

Itn= 3900 em2/V-sec, p" = 1900 cmz/V-sec, n, = 2.4 x 1013 a'n-s,

(u) Kirakan kepekatan elektron dari lubang pada keseimbangan haba, no dan

po.

Calculate the thermal equilibrium electran and hole concertrations, no And po.

(20%)

Kirakan kepekatan pembawa lebihan pada keadaan mantap.

Calculate the excess carrier concentrations at steadv state,

(1,0%)

(") Kirakan keamatan penjanaan optik, Gr-o.

Cal culate op tical gener ation. intensity, G r"o.

(10%)

(b)

.3'I,#

9,1 -
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(d) Kirakan keberintangan sampel Ge.

Calculate tlrc resistiaity of the sample af Ge.

(10%)

{*) Setelah mencapai keadaan mantap dengan kadar penjanaan Gr,o

(EHP/cm3-saat), keamatan cahaya dikurangkan kepada satu pertiga

daripada nilai mulanya pada t = 0, iaitu

After reading steady-state condition with generatian rate GLo (EHP/cm3-sec), the

light intensity is reduced to one-third its initial aalue at t = A, i.e.,

(50%)

Gunakan anggaran susutan bagi rnenganalisa satu diod p-n simpang

mendadak pada pincang balikan dan tentukan ungkapan-ungkapan bagi

keupayaan terbina dalam serta lebar kawasan susutan.

Use depletion approximatian ta analyze an abrupt junction pn diode at reaerse bias

and find expressions for built-in potential and t]rc depletion region width.

t60%)

[Gt.t , t<ot""
Gr_(t)=jl^

["to t>o

Tentukan kepekatan lubang p(t) bagi t > o.

Find the hole concentration p(t) for t > o.

(a)5.

,,,9 / -
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Satu diod silikon p*n digunakan sebagai satu varaktor. Kepekatan

pendopan berkesan bagi sebelah p dan n adalah masing-masing Na = l[le

crn-3 dan ND = 1.01s cm-3. Tentukan kapasitan ,diod sebagai fungsi voltan

pincang balikan jika luas diod, A = 7 x 10-a cm2, ni = 1010 cm-3, pemalar

dielektrik K" = 1'1.7, eo = 8.854x l0-ra F/cm dan kT = 0.0259 eV. Kirakan

kapasitan diod pada Vn = 1 V dan 5V'

A p*n silican diode is used as a varactor. The effectizte doping concentrations of the

p aniln sides areNt= lA::: crn'3 and Np = lprs cm-s respectively. Find the diode

capacitance as a functian of reverse bias aoltage Vp if diode area, A = 7 x TA-a cmz,

ni = 7010 crn'3 , dielectric constant K = L1.,7, €o = 8.854x lO-ra Flcm and kT =

0.A259 eV. Compute the diode capacitance at Vn = L V and 5V.

(40%)

Tentukan ungkapan bagi arus ke depan bagi satu diod p-n simpang

mendadak tapak panjang. Anggapkan kawasan-kawasan di luar kawasan

susutan adalah kuasi-neutral dengan

Find a,n expression for the forward current in a long base, abrupt iunction p-n diode'

Assume tlte regions outside the depletion region are quasi-neutral with

Apn (xn) =-li-1"uo/v' -l) =Pn-Pnott?

A no (-xo) = ii- lsvo 
/vr - l) = no - npo

di mana Xn , -Xp adalah sernpadan-sempadan kawasan muatan dengan

pincang yang dikenakan vo [" = +l\ Y_/

with applied

(60%)

..fi/-

6. (u)

u)hete x, , -xp afe

/ r.r\
biasYo lvt= ^ I.'\ q)

reSxonthe boundaries of the depletion
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(b) Satu diod p-n silikon tapak panjang mempunyai spesifikasi-spesifikasi

berikut:

A long bases sitrican p-n diode has the following specificafions:

Na = 1016 cm-3, p,, = 1200 cm2 / n -s, tn = 10-8 saatf secbahagian p:
p-side

bahagian n:

n-side

Nn = 1018 cm-3, pp = 150 cm2 / u - s, rp = 10-s saatf sec

(a)n

ni =l0l0cm-3, Ks=11.7, €o =8.854x10-la F/cm, Q=l.6xlO-le coulomb

kT = .0259 eV. Luas diod, A = 10-4 cm2.

Tentukan arus ketepuan 10, kapasitans resapan Cn, kealiran resapan Go

bagi pincang ke depan Va = +0.5 V pada frekuensi rendah.

ni =1010cm-3, Ks=11.7, €o =8.854x10*la F/cm, g=1.6x10-le coulomb

kT = .A259 eV. Diode area, A = 1A'4 cmz.

Find the saturation current Io, the dffision capacitance Co, the dffision

conductance Go for a forward bias V e = +0.5 V at low frequencies.

ea%)

Tentukan jumlah cas yang disimpan dalam tapak sempit satu transistor

npn. Panjang kawasan tapak kuasi-neutral ialah Xr, luas ialah A dan niiai-

nilai sempadan pembawa minoriti dalam tapak ialah

Find the total charge stored in tlrc narraw base of a npn transistor. The length of

the quasi-neutral base region is Xn, area is A arcd the baundary aalues of minority

carriers in base are

dan rtooevec 
/vr

and

NFDC

;,f,SP
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|uga, kirakan arus gabungan semula pernbawa minoriti dalam kawasan

tapak bagi suntikan aras rendah dan pincang aktif. Anggap masa hayat

pembawa minoriti ialah rn dan Xu << .p;t" '

AIso, calculate the minority canier recombination currcnt in the base region for law

leaet injection and actiue bias. Assume rninority carrier lifetime is rn and

xB <<fi t".
(30%)

Tentukan kecekapan suntikan pemancar (r) dan faktor Pengangkutan

tapak (at) jika arus Pemancar diberikan oleh

Determine the emitler injection fficieney (r) and the bsse transport factor (0""r) if

the emitter current is giaen bY

(c)

rE =aqnl (* 
" " 

.fr?;, eVaervr

(30%)

Kirakan ao" (gandaan arus dc CB) dan po" (gandaan arus dc CE).

Calculate uo" (CB dc current gain) and Fo" (CE dc current gain).

(10%)

...12/ -
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Tentukan voltan tebuk-tembus, dengan VnE = 0 volt. Spesifikasi transistor

adalah

Find the punch through uolt*ge, witlt Vnr = A rtolt. The transistor syecifications

flre

Pemancar
emitter

tapak
base

pengumpul
collector

ni = 10lo cm-3, kT = 0.0259 ev,

A = l0-a cm2, Vsp = * 0.5 volt,

NnE = lole cm-3, XB = 1Pm, Po = ?o cm2 / o - s

Nns =1017 cm-3, Xs =0.7pm, Fn =350cmz/v-s

Noc = 1016 cm-3, Lo" = 50Lrm, Fo = 450 " 
2 l, -"

rn = lo-a saat/sec

Ks = 11.?, €u = 8.854 x 10-la F/crn

8. ]awab mana-mana dua daripa,Ja yang berikut:

Answer anv two:

(a) Terangkan dengan ringkas, dengan

penjanaan-gabungan semula yang

semikonduktor.

Explain briefly, with the help of sketches,

which m6y occur in a semiconductor.

(30%)

bantuan lakaran-lakaran, proses

mungkin berlaku dalam satu

the generatian-re cornbinatian processes

(50%)

S3*f,

...13/ -
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Apakah pemodulatan lebar tapak? Bincangkan dengan ringkas kesan-kesan

fenomena berikut ke atas prestasi keseiuruhan transistor dwikutub:

tNhat is base-width modulation? Discuss briefly the fficts of the following

phenomena on the oaerall performance of a bipalar transistor:

(i) Pemodulatan lebar taPak,

B as e -w i dth m o dul ation,

Penjanaan-gabungan semula dalam kawasan tapak,

Generation-recambination in the base region,

Rintangan tapak, dan

Base resistance, and

Suntikan aras tinggi.

High leael injection.

(50%)

Apakah lubang?

Apakah cas dan jisim lubang? Terangkan jawapan anda menggunakan

gambar rajah E-k. Bagaimanakah lubang bergerak, di bawah pengaruh

medan elektrik yang dikenakan,

lMat are holes?

lMat charge and mass are assigned to holes? Explain the deductions using E-k

diagram. How does a hole move-under an applied electric field,

(ii)

(iii)

(iv)

(c)

ss$
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dalam satu hablur sempurna

in a perfect crystal

dalam satu hablur semikonduktor sebenar.

in a real semiconductor cnlstal?

ooo0ooo
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