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Q1 (3

(b)

(©)

(d)

Q2 (a)

(b)

(©

(d

Determine the strength of specific contact resistance, Rc, of X-Y junction at room
temperature. Given that X is a metal, Y is a semiconductor, the effective
Richardson constant is 114 Acm'zK'?‘, ¢m=6.1V,9;=6.7V, %= ¢

(4 marks)

A rectifying contact is normally formed at a metal-semiconductor junction when
metal work function, ¢, is greater than semiconductor work function, ¢;. Analyse
how a non-rectifying contact can be formed using the same condition (Pm > &s).
Use an appropriate diagram to support your analysis.

(8 marks)

(i) Suppose a heterojunction is formed between n-type Si and p-type GaAs.
Formulate Nga4s in term of Ng; if the maximum size of depletion region in n-
type Si , Ws;, is 70 pm. Assume thermal equilibrium condition and the built-
in potential is 1 V.

(7 marks)

(i) Based on formulation in Q1(¢)(i), predict the minimum value of Ng; that will
yield NGaus > Ns; .
(3 marks)

Based on prediction in Q1(c)(ii), deduce that the n-type Si must be highly doped
to ensure the maximum of Ws; can be maintained.
(3 marks)

A Si p-i-n diode as shown in Figure Q2(a) operates as a rectifier at low frequency.
Calculate the rectifying current density, J., when applied forward bias, Vg, 1s 2.5
V. Given the effective carrier lifetime is 90 ps and the intrinsic region size is

quadruple of doped-region at both ends.
(4 marks)

Analyse how a Si p-i-n diode acts as a current-controlled RF resistor at high
frequency. Show the related resistance-current characteristic in your analysis.
: (8 marks)

Figure Q2(¢)(i) shows the device structure, doping profile, electric field
distribution and ionisation integrand of a hi-lo IMPATT diode. Suppose the device
structure is modified as shown in Figure Q2(c)(ii). Predict the doping profile,
electric field distribution and ionisation integrand of the modified device. Draw all
required device characteristics in Figure Q2(c)(ii).

(10 marks)

Deduce a type of IMPATT diode that has similar characteristics predicted in

Q2(¢).
(3 marks)
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Q3 (@

(b)

(©)

(d)

Q4 (3

(b)

(©

Referring to Figure Q3(a), determine the change of breakdown voltage in SCR
due to avalanche mechanism, in percentage, when the n-layer width changes from
10 um to 40 pm. All required values must be marked clearly in Figure Q3(a).

(4 marks)

Resonant tunnelling diode operates on the concept of tunnelling probability and
creation of tunnelling current. Analyse how the tunnelling current is made
possible in the perspective of device structure. Show appropriate diagram to

support your analysis.
(8 marks)

An SCR can be modelled as a series of pnp and npn transistors in forward
blocking and forward breakover modes.

(i) Formulate the holding current, J;, in term of gate current, /g, at the point of
breakover mode given the following data:
o 20%x1073<p, <45%x10734
e 15%x1073 <0, <25%x10724
o 0.8a(min) < @1 < 0.64
e 04<a; < 0.25a1(max)
(6 marks)

(i) Using formulation in Q3(c)(i), predict the required g if the SCR turns into
conduction mode only if both 7, and I, equals.
(4 marks)

Deduce ONE (1) factor that enables DMOS to sustain high breakdown voltage.
(3 marks)

Determine the resistance imposed by a Ge n-type MESFET of L = 100 pm and its
width is five times of its length. Given the doping concentration is 10" cm™.

(4 marks)

Analyse THREE (3) conditions that contribute to ballistic motion in hot electron

mechanism. Show appropriate diagram to support your analysis.
(8 marks)

Consider the normal operation of an n-type Si JFET with Vgs=0 and Vp>Vs.

(i) Formulate the maximum pinch-off current in term of its doping
concentration, Np, given that the metallurgical thickness is kept to be not
more than 15 pm. Assume the device width is quadruple of its length.

(6 marks)

(i) Based on relationship formulated in Q4gc)(i), predict the range of maximum
pinch-off current if 10" <Np<10"7 em™.
(4 marks)
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(d) In saturation region operation, the pinch off area separates the n-channel between
source and drain terminals. Deduce the reason the electron still able to flow
through pinch off region in this operation.

(3 marks)

- END OF QUESTION -
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FINAL EXAMINATION
SEMESTER/SESSION  : SEM 11 /2014/2015 PROGRAMME : 4 BEJ
COURSE NAME - ADVANCED SEMICONDUCTOR DEVICES ~ COURSE CODE : BED41003
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Table 1 Physical constants

Avogadro's number
Boltzmann's constant
Electronic charge
(magnitude)

Free electron rest mass
Permeability of free space

Permittivity of free space

Planck's constant

Modified Planck’s constant
Proton rest mass
Speed of light in vacuum

Thermal voltage (7T = 300 K)

N4 =6.02 x 10* atoms per gram molecular weight

k=138x 102 /K
=8.62x 107 eV/K

g=1.6x10"C

mo=9.11x10""kg
po =4m x 10" H/m

g0 =8.85x 10"*F/cm
=8.85x 102 F/m

h=6.625x10>*J-s
=4.135x 10 eV-s

h=1.054%x10>*J-s
M=1.67x10"kg
c=2.98x 10" cm/s

V,= kT/q=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) 433
Tungsten (W) 4.55
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Table 3 Silicon, Gallium Arsenide and Germanium properties (7= 300 K)

Property Si GaAs Ge
Atoms (cm™) 5.0 x 10% 4.42 x 10* 4.42 x 10
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, ¥ (volts) 4.01 4.07 4.13
Effective denglty of states in conduction 2810 47x 10" 1.04 x 10
band, N, (cm™)
Effective density of states in 19 18 18
valence band. N, (cm™) 1.04x 10 7.0x 10 6.0x 10
Intrinsic carrier concentration (cm™) 1.5 x 10" 1.8 x 10° 2.4x 10"
Mobility (cm?/V-s)

Electron, p, 1350 8500 3900

Hole, p, 480 400 1900
Effective mass (density of states)

Electrons (=) 1.08 0.067 0.55

mo
Holes () 0.56 0.48 0.37
mo
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£.

Table 4 List of formula
Schottky barrier
L qbs0=4(@, - %) 2. 48y =E,—q(4, - 1)
3. vy, =q(ds0—4,) 4. Q,=qN,W, = 2qe Ny,
5. |Emax' _ gN,x, 6. x = /285V/bi
gs qND
. ed eV, eV,
J=1A4"T? Z7Bn0 LN | o J=J F =1
7 [ exp( T H[exp( T ) ] 8 o {exp( T ) }
g, st = _qut (Eg - q¢0 - q¢Bn0 ) 10. QM = _(st + Qsc)
kT
11 —_j 12. A=¢m—(Z+¢BnO):_§M—
q

Q.. = \/2qgsND(¢Bn0 =,

13. ¢, =0,
N
15. Eoozfé d*
2 \em,
E exp q¢Bn
17. q kT
CTTTAT?
19. w,, =|¢m1 _¢m2|
) _\/ 2N15s15s2(‘//b1 _V)
1. Wy, =
qNZ(gslNl +852N2)
D . n?
22. J” :g__"_zll.’_z. exp(gzj__l
L,N, kT
Jn ‘Nl AEg
25. ~—Lexp| -
Jp N, kT

1

Ohmic contact

14. J,ocexp(—%)
00
k q9;
16. R, =—pf—ex i
© 4 Tg p( kT
15, p=Xe
A
Heterojunction
20. W, =\/2N25s15s2(‘//bi "V)
qu(gslNl +8s2N2)
2. CD:\/ gN N, €,
2(5s1N1 +5s2N2XWb¢ _V)
D n?
24. J _ 37" exp v _
» " L,N, kT
- kT ¥ V) _ o[ 2900
26, Aoy P ( % )[ex"( kT) e""( KT H
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Table 4 List of formula (Cont..)
Varactor and p-i-n diodes
27. N=Bx" 28. ylx=0)=0; y(x=W,)=V, +y,
1 1
29 o |5 (m+2)V, +w,, )| 0. ¢ £, gBe"! m+2
i gB WD (m+2XV 'H//bz)
1 w
31. s= 32, Ty~
m+2 Vg
£
33. == 34. Vg =E W
% BD
Wn, w w
35. Jre = hidic €Xp qVF 36. RRF :pjz
27 2kT qAn(lu,, +u p) A
IMPATT diodes
Wp
37. (@)=« exp[ J.an ~apdx] (a >a,) 38 I(a,)dx:l
1 g E2 1 &E,
39. Vy==E W, = 1 — sided 40. Vy==—E W, = 2 — sided
=B =S (1= sided) LB, =5 (0 sidea)
N,b E,b gN,W,(W,—-b
41, V=B, -1\, —-—J---(read) 42, Vy=—2,4 i ) - (hi - lo)
g, 2 2 2¢,
43. 7, =Emb+(Em —Q—Q-](WD —~b)--(nil) 44, [(a)dx=0.95
gs 0
Nb+ N, W, -b
45. E,, =E, - a[Nb + N, (%), - b)] 46. I=Aghnv
gS
Ix (7, —x )2
. AElx 48. AV, =]-L2 "4
7 ( Ag vy 8 ? 24 v,
Wy —x,)
49. Ry =—F2 "4 50. V,=E,W,
5 24¢g v b
E
51, J, =—m 52. P,=V,J,=Eleyv,
WD
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Table 4 List of formula (Cont..)
Thyristors
N, Wi
53. ¥, ~6.0x10°(N, )°” 54. Vy =-q—zﬂ;—"—‘
1 _ W Vi
55. VBR = VB (l -, )n 56. VBR = SeCh(fn;—(l — Z
o, + 1., +1 1
57, fy =—E 58. 1= [ (1)1 + e, (1)1 + 1,
1- (e, +,) o T,
59. VBF:VB(I-al "az)l/n 60. Vi =Vi+V,+V;
1
_anw, For =
o1 J= 62. (2A,n2 L1 )
T+ T
Resonant tunneling devices
2_2 272
63. E -E, =" 64, E —E, +" 5
8m'W?* 2m
212 h2k2 2k2 2 En _ E
65. E=EC+-’3—",—=EC+ £ i s 66. V,pz—(-——£2
2m © 2m 2m q
Hot electron devices
mv* 3 1 2
~ ———m(v)ev | /kT, = - T ]
67. Flo)= e [ 2 }/ 68. (E) = kT, + A m(v)", T,>>E,
3 1 2 3o H
69. (E)=3Ep+5mly), Ey >4, 70. E,=(7?) 5-’;1413/2
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FINAL EXAMINATION
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Table 4 List of formula (Cont..)

JFET
— 3/2 3/2
71 h _ \/Egs (Vbi +AI;DS VGS) 72. [D =1p[3(lli_ll’g“J“2(VDS +::bi ‘Vcsj +2(beV_VGS) :l
q D o PO P0
2 2 rrr 3
ga"N, 1, (gN, )’ Wa
L V= 74, I, =
73 po 28s P 6gsL
V=V 2 ,Vi -V
75. VDsaI = Vp() - (Vbi - VGS) 76. ]Dsat :]P l:l —‘3[_1’——1;:0&}[1 '_—3‘ L&;Oﬂ}}
MESFET
L V
. e — 78. I, =—%
77 q:unNDA P
Vo _2(Vp VetV 3/2 2( Vs + Vs 3/2 _ qNDa2
79. I —Ipl:;:‘g( - ) S5 80. V, = e
32
Zu,q’N)a’ 1 (Vo+Vu), 2(Ve+Vy
=1 I, =Il|——|————— |+ ——
81 L 2¢,L 82. fom =1r|3 v, 3L v,
N, a’
83. VDsat = e —-Vbi _’VG 84. VB =VD + IVGI
2¢,;
I V. +V,,
85. &, = IPV;) Ve lin 86. g,=—|1- -5—"14‘—} sat
W2\ Vs +V, v, \} v,
MODFET
N ,d; AE
87. Vp B 88. Vp=0p £~V;
2g, q
Z
89. I== 1,C,Ve =V Wy 90. Vpu =V —V7
VAT )
I = Lt Ve ~V;
M L =91, +d, + Ad)( o ="
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