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Q1

Q2

(a)

(b)

(c)

(d)

(a)

(b)

(c)

(d)

Consider a silicon npn BJT with the following parameters:
Vee = 0.1V, Agg = 5% 1075 cm?, nge = 10* em™3, x5 = 0.2 um, T = 300 K

Determine the total minority carrier in base region at x = 0.05 um.
(7 marks)

Analyse ONE (1) significant effect of holes injection from base to emitter region on

common-base current gain in BJT.
(5 marks)

Calculate the pinch-off current (/) and pinch-off voltage (Vp) of a silicon MESFET
with given parameters:

No=3x10% cm™, Ny =5x 10 cm™,a =2x10° A, 2= 15,T = 300 K
(6 marks)

Using the answer obtained in part Q1(c), calculate saturated drain current (Ipgqe) of

the transistor. Given ¢, = 045V and V; =0 V.
(7 marks)

Given the parameters of a silicon n-type DG MOSFET operating in sub-threshold
region at T = 300 K as follows:

tsi =750 A, Vp =08V, V; =04V,7=18

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

Analyse ONE (1) possible factor that contributes to higher on-current in shorted gate
FinFET compared to independent gate FinFET.

(5 marks)
Consider a silicon BJT which has the following parameters:

Ng = 10%6 cm™3, %45 = 0.5 pum, Vyp = 25, T = 300 K

Determine the required doping concentration for collector region (N¢) for this device.
(7 marks)

Suppose a silicon JFET operates due to velocity saturation effect has the following
parameters:

Vggr =3 X 105 cm/s, Ny =2%x 10 cm™3, W = 9.2 ym, a = 6hyy, = 18 um

Determine the drain current (Is,.) of this transistor.
(6 marks)
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Q3

Q4

(a)

(b)

(c)

(d)

(a)

(b)

Consider a silicon pin diode with the following parameters:

Vip = 25V, B, = 2.5 % 10°V fom, An = 1075 gin ™3,
A=l om®, 5 =10 cm/s

Determine the RF resistance (Rgr) and forward current density (/) of this diode.
(6 marks)

Calculate the doping concentration in n-layer (N;) and maximum current density
(J,n) of a silicon Read diode that has the following parameters:

Vg = 102V, Wy = 8b = 7.2 um, E,, = 10° V /em, v, = 10% cm/s
(7 marks)

Calculate the voltage breakdown (V) and maximum current density (/,,) of a
germanium lo-hi-lo diode that has the following parameters:

Q =10 ¢m=2, W = 10b = 15 um, E,, = 3 x 10° V /cm, v; = 10* cm/s
(7 marks)

Analyse the possible factors that produce high noise in IMPATT diodes.
(5 marks)

Consider a silicon thyristor with the following parameters:
N, =4x10%cm™3,a, = 0.678,a, = 0.285,n =6

Calculate the avalanche breakdown voltage (Vg), breakover voltage (Vpr) and
voltage ratio (:—B) of this thyristor.
BF
(6 marks)

Consider a gallium arsenide thyristor in forward conduction mode with the following
parameters:

Npy =4 %10 em™3, 21,0 = 19 = 1073 5, Wy = 12 um,
Woo =5 gm. A, = 2 ¥ 10 em®/s

Calculate the internal voltage drop (V) and output current density (J) of this

thyristor.
(7 marks)
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(c) Given a silicon power MOSFET at T = 300 K has the following parameters:

Wyory = 1.2 um, Wy = 1.8 um, N, = 10** em™3, N; = 101° em™3,
L=02pm K =10, V=18V, V. =0V, % =02V. 6 = 320F

Determine the output resistance (Ry) of this transistor.
(7 marks)

(d) Analyse the function of trench structure in U-MOSFET for reducing the internal

resistance of transistor.
(5 marks)

- END OF QUESTIONS -
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FINAL EXAMINATION

SEMESTER/SESSION  : SEM1/2022/2023 PROGRAMME CODE: BEJ
COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES  COURSE CODE : BEJ 43303

Table 1
Physical constants

Boltzmann's constant k=138x10%J/K
=8.62x 107 eV/K

Electronic charge g=16x10"C
(magnitude)

Free electron rest mass mo=9.11 x 107 kg
Permeability of free space o =4 x 107 H/m
Permittivity of free space g0 =28.85x 10" F/cm

=8.85x 10" F/m

Planck's constant h=6.625x10*J-s
=4.135x10"eV-s
Modified Planck’s constant h=1.054x%10"]-s
Proton rest mass M=1.67x10"kg
Speed of light in vacuum c=298x 10" 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 (T1) 4.33

Tungsten (W) 4.55
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FINAL EXAMINATION
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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™) 50x 102  442x102 4.42x10%
Atomic weight 28.09 144.63 72.60
Density (g/cm™) 2.33 5.32 5.33
Lattice constant (A) 5.43 5.65 5.65
Melting point (°C) 1415 1238 937
Dielectric constant 11.7 13.1 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" 47x107  1.04x10"
Effective density of states in valence band. N, (cm™) 1.04x10° 7.0x10"® 6.0x10"
Intrinsic carrier concentration (cm™) 1.5 x 10" 1.8x 10° 2.4 x10%

Mobility (cm*/V-s)

Electron, p, 1350 8500 3900
Hole, p, 480 400 1900
Effective mass (density of states)
Electrons (ﬁ) 1.08 0.067 0.55
Mo
Holes (=2} 0.56 0.48 037
Mg
ALK DURNA
6
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FINAL EXAMINATION
SEMESTER/SESSION :SEM 1/2022/2023 PROGRAMME CODE: BEJ
COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES COURSE CODE : BEJ 43303
Table 4
List of formula
BJT
. . eDpA qu qD,A qv
1. le=1lg1 = —BBE . ﬂsoexp( k;g) 2. lga = L Peo€Xp (—‘ﬁ%ﬁ
S qu ir
3 g =l tig = lsgexp( kTB"E) 4. E =qa

n Vv, %
5 Sng(x) = ﬂ[[exp (q BE) - 1] (xg—x) — x} 6. Spe(x") = i [exp (qﬁ) - 1] (xg—x")
Xp kT Xg
x'l
T 6pc(x') = —peo - exp (— I;) 8. ng(x) = dng(x) + ngo
9. pe(x") = 6pe(x’) + pro 10. pc(x') = 8pc(x") + peo
1 a =]_C:jnc +fG +jpc0 12 Z%z ]nC
’ 0 jE an +fR +]pE . ajE an +JrR +JpE
1
* -
3. we (j Jne )(LC) J’rf f:E ) =ya;d 14, 1 N N; D: 1z (x5 K Lg, xg < Lg)
nk +jp£ nE nE JR jpE.‘ NE DB Xg
e (x5 <« Lg) = !
15. =TT e BB 16. - o qVae
1+2(L3) joe"p( o)
qVae — =
17. n,(0) = nyoexp T 18. Pp(0) = ppo = Ny
qVae ; qVae
e o1 (® = ppargnesp (1) e ) = rymexp ()
JFET
; = kT NN,
a1 h = 2&¢(Vyi + Vps — Vis) o) W = —ln( az d)
qu q ni
qNpa* Hn(qNg)*Wa’
23. = 24, . L L e
2 2g, o 6&,L
V, Vb Vi b BN W=y Vi — Ve 2 Vo = Ve
> = L) (N el L 2 Sl 5 = — . S I i S
25. s :,,[3(%) 2( - ) +2( - ) ] 26.  Ipsa [,,[1 3( BT
27, Vpsat = Vo — (Vo — Vi) 28.
3lp [Voi = Vg Vb 3lp Vi — Vg
29. =— 1—1 0. =—|1l= |———
Im Vp % [\]Vbi _ VG + 3 Imsat Vp Vp
MESFET
31 : 32 ¢ 4, (NC)
: = , = ——In|{—
qinNaA T VT

a8 J
e o
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FINAL EXAMINATION
SEMESTER/SESSION  :SEM1/2022/2023 PROGRAMME CODE: BEJ
COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES COURSE CODE : BEJ 43303
Table 4

List of formula (Cont..)

MESFET
_ quaZ _ . _ VD 2 VD + VG + Vbi 3/2 2 VG 2 be 312
R e xS i e
Z#nqudzaa _ gNga*
35: o T 36. Vp= -~
1 Vo + Ve 2 (Ve + V) ¥?
3. lpsac = 1p [5— ()5 () | s Vosae = Vo = Ve = Vo
P P
al 1Y, v Ip Ve + Vi :
39. =—2 =£2 3 - 40. =—(1- |—— t
Im v, 5 2VZ |Vo+ (linear) Im = A 7 (saturation)
MODFET
N,d? AE,
41. V_.,:% a2. ¢Bn—T"—VP
5
Eatcans Ve — V1) Z
43, ng = m 44. l= E#HCiVD(VG = VT)
Z#HES(VG — VT)z
45, Vosat = Ve — V. 46. =
Dsat G T leat 2L(d1 i dﬂ +Ad)
DG MOSFET
kT NN w Vp
47. Ps = (';) in( :_zd) 48. Is =20 Co— I ( -V, — —) Vo (linear)
L
w Brk*r?
49, I=2m.0. L {(VG —Vp)?— - 5 EQ(VG‘VU“VD)/"T} (saturation)
50. I, = yn-L—anitsle(“"’G/kT)[l —e(=aVp/kT)]  (subthreshold)
Esilox 8Weg kT
5. r=— 52. =y, ——
Eoxlsi 9m = Hn thSi
Varactor
53, N = Bx™ 54. § = ;
m+2
_1_ _1_
ss. W, = |t 2D Ua + Yy 72 56. Cp = fs_[ L il
? qB P Wo|(m+ 2)(Va + i)
p-i-n Diode
57 = 58 =5
! U= ™ ; =
qWn; (qVF)
59. Vegp = E W 60. =
o , Jre =57 \gkr
w w
61. RRF = = 62. ]F - qWﬂT]'.
qdn(ﬂn i #p)A jFT(“n £a oup)A T
8
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FINAL EXAMINATION
SEMESTER/SESSION :SEM 1/2022/2023 PROGRAMME CODE: BEJ
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Table 4

List of formula (Cont..)

IMPATT Diode

1 e E2 , 1 &E; )
63. Vs =5 EmWp = zsq; (1 — sided) 64. Ve = 5EnWp = ;N’“ (2 — sided)
Ny b b E,.b N, Wp(W, — b
B VB W= (WD ——) (Read) 66. v, = mb ANWWp=b) o
s 2 2 2¢;
67. Ve=E.b+ (Em - ‘i—Q) (W, —b) (Lo—Hi—Lo) 68. V., = E, W,
5
| o)
69. fi= ""T;S 70. B =ksem,
Thyristors
N W2
71. Vy = 6 % 1083(N,;) 075 7. P st
2g;
1 cspmibl
13, Ver =V (1 —a))m 74. @, = sec (‘E)
75 W=w, 1 [ 76 L = aly 41
; =W, = W’r . c1 = alg +lcox
77. Isy = (1 —a))ly — Icos 78. ez = @zl + Icoz
_0ylg + 1oy + o2 _ -
79. IA = 1 = (al + az) 80. VBF s VB(I = a-j az)
qni;
81. Vag = Vi — Vol + V3 82. =
Terf
1
- W + W,
83 Teff = Ay 1 84. P e L
PN+ Too T Tno (Jun + Flp)reff
. v D v
85. ]:Meiﬁs 86. s :-qni—aequt
Wnl + sz Z(Wﬂl + sz)
. F = Wi + W2 . b 20,D,
’ #Da(rp + Tn) ’ £ Pyt Dy,
Power MOSFET
2
89. Rcm = i 90. p = _ZES_VB
‘E:.s‘.l"‘-':l"-;"3 qu
91. T Z#ncox[(VG i VT.’:)VD] 02. I _- Zluncox(VG o VTh)2
D L Dsat L e AL
Al 2, Core (Ve = V.
03, o ZESVD[ Ny ] 94 . HrCox (Ve = Vrn)
Na(Na < Nd) AVG LchH
9 .
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Table 4
List of formula (Cont..)
Power MOSFET
Weeh/Vo (L #
95. Wien = W + W 96. ” celDy 'p (__V)
o " s RD J“nCox(VG - VTI'i,)2 b 5
Lchu 253 Nd
07. R, = 98. b =K, —[——]
" 2 Cox (Vg = V) J g [Na(Ng + No)
Eox 2xPLon WG Eox
99. Co =— 100. Ciy =
o tox i ch[l tox ch[! tEa:c
BJT (Nonideal Effects)
1
= X
AE; 5 tanh (£
lOl TtlE = T],l e(kT) 10 . 1 % pEﬂgEiB ~ (is)
TeolBYE  tanh (L—E)
E
2 2 (AE kT 1 dN,
_ti_ 1 (%F) 4 E=———2=
103. Do = N, NEE 104. 7 N, o
JFET (Nonideal Effects)
. un(gNg)*wa? =,
105. e 106. AL = 2&5(Vp — Visa)
6e; (L — ) aNa
s % _ L _aVp AV
2
109. l:)sat = quvsat(a ¥ hsac)w
—— ,,]0 -
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