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Q1 (a) Given a silicon npn BJT with these parameters:
N = 10" on 2, Ne =10 em™, Dy = 15 an/s. Dy = 20 emj/e. T =300 K

Determine the range of %‘3 ratio so that the emitter injection efficiency (y) would be

E
within the range of 0.95 <y < 0.98.
(7 marks)

Analyse ONE (1) effect on emitter injection efficiency () in BJT when electron flow

(b)
to base region increases significantly.
(5 marks)

Calculate the density of 2D electron gas (n;) of a silicon HEMT with parameters as

(c)
follows:
Ve =12V, N; =107 em 3, d; =200 A, d, =50 4,44 =80 A,

do. =068V, 4B =TF2 %1072 ], ErcalGaas) = 12.3, T = 300K
(7 marks)

Using the same parameters given in QI(c), calculate the saturated drain voltage

(d)
(Vpsar) and saturated drain current (Ipsq.) of the transistor given % = 1B
(6 marks)

Given the parameter of a silicon n-type DG MOSFET operating in saturation region

Q2 (a)
at T = 300 K is as follows:
b =300 A, &= TO0A Vs =02V, V, =06V, V, =02V,
Cox =7 X i F/cm,% =2, Er(ox) = 3.9

Calculate both the drain current (Ip) and transconductance (g,,) of this transistor.
(7 marks)

(b) Analyse ONE (1) possible advantage of fin structure that contributes to improved
performance in FinFET compared to planar MOSFET.
(5 marks)

Consider a silicon BIT in emitter bandgap narrowing condition has the following

(c)

parameters:
Ny =10 o™, Np =5 %107 ti . By = 16 em/s. Dy = 25 cm/s;
xp=diy =2am, by =13 X103 em, Ly =16 X107 em, T = 300 K

Determine the emitter injection efficiency () for this device.
(7 marks)
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(d)

Vp = 1.25V, Vpege = 1.2V, Ny = 10%6 cm

Suppose a silicon JFET operates in channel length effect has parameters as follows:

B W=8L=05m.g="1m

Determine the pinch-off current (/) of this transistor.

Q3 (a)

W, = 0.25 um, N, =

10% o=, N = 10 o

(6 marks)

Consider a silicon varactor with the following parameters:

= B=10"%em>2.m=0

Calculate the reverse voltage (V) of this device.

(b)

(6 marks)

Based on the graph in Figure Q3(b). determine the breakdown voltage (V) and

depletion width (W) of a gallium arsenide one-sided IMPATT diode that has electric

field E,,, = 4 X 10° V/cm.
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Figure Q3(b)

(c)
Ny = 107 &R

(d)

3

N

TERBUEA |

-3 W, = 5b = 8 um. Ey,

(7 marks)

Calculate the voltage breakdown (V) and power density limit (£,) of a germanium
hi-lo diode that has the following parameters:

= 2% 105 V/em, v =10%cm/s

(7 marks)

Analyse TWO (2) possible effect of drift region on power density in IMPATT diodes.

(5 marks)
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Q4

(a)

(b)

(c)

(d)

Consider a silicon thyristor is in reverse blocking mode with the following parameters:
N = 10" em 2, W4 =12 jitn

Calculate the breakdown voltage when the depletion area covers half the n; region

and when the depletion area covers the whole n; region.

(6 marks)

Consider a silicon thyristor is in forward conduction mode with the following
parameters:

Np; = 6 x 10Y em™3, D, = 20 cm/s, D, = 24 cm/s,
Wy = 12 pm, Wy, = 4 um, Vg = 0.8V

Calculate the recombination current density (/,.) of this thyristor.
(7 marks)

A silicon power MOSFET at T = 300 K has the following parameters:

N, =3%10%em™= Ny =10 em™3,V, =03V.V; =0V, ¥; =027,
L=05uym,Z = 08um, Ky = 0.1,C, = 15nF

Determine the saturated drain current (I,,,) of this transistor.
(7 marks)

Analyse the feature in U-MOSFET structure that could improve carrier flow in its

channel.
(5 marks)

- END OF QUESTIONS -
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FINAL EXAMINATION
SEMESTER/SESSION  : SEM I1/2022/2023 PROGRAMME CODE :BEJ
COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES COURSE CODE : BEJ 43303
Table 1

Physical constants

Boltzmann's constant k=138x 107 J/K
=8.62x 107 eV/K

Electronic charge g=16x10"C
(magnitude)

Free electron rest mass me=9.11x 103 kg
Permeability of free space o =4m x 107 H/m
Permittivity of free space £0=8.85x 10" F/em

=8.85x 10" F/m

Planck's constant h=6.625x 10 J-s
=4.135x 10 eV-s

Modified Planck’s constant A=1.054x 107 J-s
Proton rest mass M=1.67x10"kg
Speed of light in vacuum c=2.98x10" cm/s
Thermal voltage (7= 300 K) Vi=kT/g =0.0259 V
Table 2
Work function of selected metals

Metal Work function (V)

Silver (Ag) 4.26

Aluminum (Al) 4.28

Gold (Au) 5.10

Titanium (Ti) 4.33

Tungsten (W) 4.55

5
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SEMESTER/SESSION  : SEM 11 /2022/2023 PROGRAMME CODE :BEJ
COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES  COURSE CODE : BEJ 43303
Table 3
Silicon, Gallium Arsenide and Germanium properties (7 =300 K)
Property Si GaAs Ge
Atoms (cm™) 50x10% 4.42x10% 442x102
Atomic weight 28.09 144.63 72.60
Density (g/cm™) 2.33 532 5.33
Lattice constant (A) 5.43 5.65 5.65
Melting point (°C) 1415 1238 937
Dielectric constant 1.7 3.4 16.0
Bandgap energy (eV) 1.12 1.42 0.66
Electron affinity, y (volts) 4.01 4.07 4.13
Effective density of states in conduction band, N, (cm™) 2.8 10" 47x10%" 1.04x1W0°
Effective density of states in valence band. N, (cm™) 1.04x 10" 7.0x10"® 6.0x10"
Intrinsic carrier concentration (cm™) 1.5% 10" 1.8 x 10° 24x10°
Mobility (em?/V-s)
Electron, p, 1350 8500 3900
Hole, p, 480 400 1900
Effective mass (density of states)
Electrons (22) 1.08 0.067 0.55
Mo
Holes (22) 0.56 0.48 037
Mg
6
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FINAL EXAMINATION
SEMESTER/SESSION  :SEM I1/2022/2023 PROGRAMME CODE :BEJ
COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES  COURSE CODE : BEJ 43303
Table 4
List of formula
BJT
. _ . _eDyApg QVge . qDpAge QVge
L bE = g = i “suexip( %T ) lga = " Peo€Xp (F)
. o qu i
3. le=lle ol = Isgexp( k;E) 4. i: @
n V,
5 dndadies ﬂ[[exp (-"—BE-) - 1] - x] 6. ol Yin B [exp (q Bf) - 1] T
xB kT Xg
; x“’
7 Spe(x") = —pgo + exp (—L—) 8. ng(x) = dng(x) + ng
[
9. pe(x") = 8pp(xX') + Pro 10. pc(x") = 8pc(x") + peo
11 a :]_Czjnc +JrG +jpc0 12 =a_J'C_-__ jnf:
' e Jne+Jr+os - e Ine +Jr +JpE
j |
JnE )(fnc) Jne +JpoE ) y = (s & Ly, %p € Lg)
13 a=|——||—||—————— | =yard 14. Na: Be x 2 Byt 5
(fns"*‘fps Jne/ \Ine +Jr + Jpe e 1"”70?“5?'}‘?
= ! ey < Ly) )
13. i " 16. " qVee
1+§(§) 1+Eexp(‘ 5E)
17 n,(0) = nyoexp (‘i’k;z") 18. Pp(0) = ppo = Ny
qVse 7 qVge
19. Pp (O)Hp(o) = PponpoexP( kT ) 20. np((l) = NMpp€Xxp (ﬁ)
JFET
a1 s 2&;(Vyi + Vps — Vgs) 2. V= Eln (Nﬂlzvd)
qu q ny
2 2
23, g 24, g o RalaBRT AP
2e. 655
» e —N" Voi =V,
R B e e T [1_3( ( [m )‘
P r P
27. Vpsar = Vp — (Vo — Vi) 28.
3].9 Vbi o VG VD 3]p
29. =— = ; e i |
Im v, J v = Fi=1 30 Gmsat v, 1
MESFET
31 L - v ¢ kTI (Nc)
3 = 32 [ = s
qunNaA TN g TN
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FINAL EXAMINATION
SEMESTER/SESSION  : SEM II/2022/2023 PROGRAMME CODE :BEJ
COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES COURSE CODE : BEJ 43303
Table 4
List of formula (Cont..)
MESFET
_ gNga® o [Vo 2Ve Ve + e\ 2 Vg + VP2
33. VDsat -Z—Q—Vbi _VG 34, In=1Ip -V_p--“i(—vp_) +§(T)
Vi 2p12 3 2
35. = =Sl Mg 36. A L
ZES 2&¢
1 Ve + 1 Ve + V)
37. Ipsar = lp [_ = ( s bl) ( e bl) ] 38. Vpsar = VP =V~ Vo
p
alD IPVQ IP VG * Vbi .
39. = i 40. =— —_— sat t
- 6VG A ZVP + Vzu (linear) T 7, 7 (saturation)
MODFET
qNyd3 AE,
41. = 4. Vo s, e
Ve 2, T =¢s q P
Eqigaas(Ve — Vi) Z
43. M B~ T 44. = O -
3 s q(d, + dy + 4d) I i unCiVp (Ve = Vi)
Zppe (Vg — Vr)z
45. V, =V. -V 46. =
Dsat G T Insat 2L(d1_+d0 i Ad)
DG MOSFET
kT N,N, w V,
47. o= (7) In (:fd) 48, Ip = 2unCox- (VG = —22) Vo (linear)
w BrkZT2
49 Ty =R0.Cs 7 {(VG — V)2 — edWe~ "'"“’VD)"‘T} (saturation)
W
50. I =t kTn;ts;e(@Ve/kT)[1 — e=aVD/KT)]  (subthreshold)
E.Sftﬂx SWES,:kT
51. =— 52 =, —
Bl Im = Un Lqts;
Varactor
1
53. N = Bx™ 54. —
m+ 2
1 ok
59 W, = [Es(m + 2) (Vg + ) |72 56, s is_[ gBerm+1 ]m+2
qB Wp [(m + 2) (Vg + i)
p-i-n Diode
57 et 58 =z
57 1= . ) -
qWn, qVe
59. Vep = EW 60. - (_)
B ) Jre = 50 \gp7
w w
61. RRF = = 62. _h_. = qWATL
qﬂn(#n i iup)A }'Ff(nu-n + Jup)‘q T
8
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FINAL EXAMINATION
SEMESTER/SESSION  : SEM 11 /2022/2023 PROGRAMME CODE :BEI]
COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES  COURSE CODE : BEJ 43303
Table 4
List of formula (Cont..)
IMPATT Diode
1 &E2 1 &E2
63. == = i — Si 64. = - - L 2 — si
Vg 5 E W, 2aN (1 — sided) Vg > E.Wp N (2 — sided)
N,b b E..b N W (W, — b
65. T, (WD——) (Read) 6.  vy=imd ANWoWp=b) . o
£ 2 2 2¢;
67. Vy=Eg,b+ (Em » %2 (Wp—b) (Lo—Hi—Lo) 68. Vi, = E W,
: E..e.0. 2
69. ]m = Tn 70. Pm = E.,.,,;E_,,-TJS
Thyristors
WZ
7. Vg = 6 X 1013(N,,)~075 72. Vpy = WnaW
2¢g,
. i _ w
3. Ver = Vg (1 —ay)n e 4 =gach (m)
VAK =
75. Wi, (1= [ 76. Iey = alg + I
Ver
77 IBI = (1 ot al)IA = ICOl 78. ]CZ = azf,‘- + [C'UZ
axly +lcor + Icoz
9. - ; =Va(1—a, — a,)/n
7 A 1= (e, +05) 80 Var = Vg(1 —a; — ay)
qnW;
8] VAK=V1_IV2|+V3 82. TS
Terf
1
- Wy + W
T = nil p2
83. erf 1 84. Vine =7
(24 +532) o+ Yeers
. D v
85 = 4qn; Do F; ;g?l‘é 86. Jrg = qnilg eq—zﬁl{
Wiy + Wy 2(Woy + Wps)
§ it P Vs 20,0,
87. 88. g ———
[Da(Tp + 1) Dy + Dy,
Power MOSFET
4 2
89. M _VE 90. - 2e,Vp
EshnE3 gNy
= Zpn Cox[(Vg = Vi )Vp ] ~ ZpnCox (Vg = Vrp)?
91, Iy = 92. 1 =
L Dsat T A
2¢&.V, N Al 2UnCox (Ve = V.
93. AL =K, / & D[ d ] 94. I £ 0D S ox (Vs h)
N 9 No(Ng + Ny) AVg LWeey
9
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FINAL EXAMINATION
SEMESTER/SESSION  : SEM 11 /2022/2023 PROGRAMME CODE :BEJ
COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES COURSE CODE : BEJ 43303
Table 4

List of formula (Cont..)

Power MOSFET
Weenbi/V, L z
95. chll = WG x Wpoly 96. Rﬂ = —c‘Ei____\/_D_Z(_ = VD)
.unCox(VG = VTh) b
LWeon 2e
97. Ren = 98. b iy [__]
= 21, Core (Vg — Vrn) No(N, + Ny)
Eox ZxPL'Sa:r WG Eox
99, Cox =— 100. Gy =
“ Lox w chutux chtltﬁ'ox
BJT (Nonideal Effects)
1
Y= X5
101. (%) 102. BooDoly  FEAR (E;)
N =nie 1.4 D.L. X =
Ngolsle  tanh (.._E_)
Lg
niz W (A8
]03 pEU:_A—;:‘TZEIEE( T) ]04. xdE:WB
2
105, W, = 26s(Voi +Vpe) Ne 1 - V= eWs Np(Np + Ne)
q Ny Ny + Ng ZE; N
JFET (Nonideal Effects)
‘un(qu)ZWQB _
107. Ip __T 108. AL = ZES (VD VDsur)
(P (L = 7) qNy
I L avp AV,
109. Ip=1 (—)=1 — 110. R et
i “(L_% =8, Al
111. Iésat = quvsat(a - hsat)w
10
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