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Q1 (a) Explain the concept of wave nature of carriers that results in fundamental

Q2

(b)

©

(d)

(e)

(b)

(©)

(d)

(e)

operation of tunnelling diodes.
(2 marks)

Suppose an anisotype heterojunction is formed between n-type Si with Np = 10'4
cm™ and p-type Ge with N4 = 3 x 10'7 cm?. Determine the built-in potential and
the depletion width of this heterojunction.

(8 marks)

Analyse how built-in potential of Schottky barrier, 1,,;, is affected when forward
bias and reverse bias are applied on a metal-semiconductor junction. You may use
the appropriate diagram to support your analysis.

(6 marks)

Referring to Figure Q1(d), analyse the reason that the electron tunnelling could

occur at the n-n isotype heterojunction.
(6 marks)

Predict the change in depletion region of a Schottky barrier, x,, when the built-in
potential, ¥;, is tripled.
(3 marks)

Explain the purpose of having undoped spacer next to barrier in resonant
tunnelling diode.
(2 marks)

A GaAs hi-lo IMPATT diode has the following parameters:
N2=10"em?, Wp=20 um, E, =3 x 10’ V/cm and b = 4 pum.

Calculate the doping concentration of n-layer, N;, and the breakdown voltage, V5.
(8 marks)

Analyse the correlation of depletion width size, Wp, and sensitivity, s, with the
capacitance of a varactor. Show the related formulas to support your analysis.
(8 marks)

Analyse how the quantum well design in resonant tunnelling diode enable the
carrier movement during device operation. You may use appropriate diagram to
support your analysis.

(4 marks)

Predict the change on current conduction in a p-i-n diode when the external bias is
doubled, assuming other parameters are unchanged.

(3 marks)
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Q3 (a) Explain ONE (1) advantage of hot electron in semiconductor device application.

Q4

(b)

(©

(d)

(e)

(b)

(©

(d)

(2 marks)

Determine the current gain, a, natural region of #n; layer, ¥, of a Ge SCR when it
is in the reverse blocking mode. Given the intrinsic layer width, ,;, is 80 um and
the length, L,s, is 100 um. Assume that the anode-to-cathode voltage, Vi, is half
of the punchthrough voltage, Vpr in this mode.

(8 marks)

Referring to Figure Q3(c)(i), analyse the factor that cause the reduction of Vik
when SCR turns from forward breakover mode into conduction mode. Draw the
energy-band diagram in Figure Q3(c)(ii) as part of your analysis.

(8 marks)

Analyse TWO (2) conditions that promote carriers movement into ballistic
motion in semiconductor.
(4 marks)

Referring to DMOS structure in Figure Q3(e), predict the changes of depletion
region when doping concentration of » layer is reduced.
(3 marks)

Explain the main factor of quasi-thermal phenomenon in semiconductor device.
(2 marks)

Determine the current and saturation current of a square n-type MODFET, given
the thickness of undoped and doped regions are 5 pm and 1 pm respectively. The
device operates with drain voltage, V'p = 200 mA, gate voltage, Vs is 50 mV
higher than the threshold voltage, V7, and the capacitance density, C; = 50 uF/cm?.
Assume that the Ad is one-tenth of the doped region.

(8 marks)

Analyse the importance of having V; < 0 and Vp > 0 in normal operation of a
depletion mode n-type MESFET.
(6 marks)

Analyse the main contributing factor that causes depletion region in n-type JFET
grows uneven as shown in Figure Q4(d). In addition, analyse the reason Ips

continues to flow in this condition.
(6 marks)

Predict the changes in depletion charge width, 4, when the doping concentration
of substrate, Np, is increased by 100 times.
(3 marks)

- END OF QUESTIONS - CONFID ENTIAL
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**Draw the band diagram in this sheet**
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Figure Q3(c)(ii)
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Table 1 Physical constants

Boltzmann's constant k=1.38x 102 J/JK
=8.62x 107 eV/K

Electronic charge g=16x10"C
(magnitude)

Free electron rest mass mo=9.11 x 10°' kg
Permeability of free space wo = 4mx 107 H/m
Permittivity of free space €0 = 8.85x 10 F/cm

=8.85x 10 F/m

Planck's constant h=6.625x 107 ]-s
=4.135x 10 eV-s
Modified Planck’s constant h=1.054x10%]-s
Proton rest mass M=1.67x10?"kg
Speed of light in vacuum c=2.98x 10" cm/s
Thermal voltage (7' = 300 K) Vi=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) 4.33
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 102
Atomic weight 28.09 144.63 72.60
Density (g/cm™) 2.33 5.32 5.33
Lattice constant (A) 543 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

19 17 19

band, N, (cm?) 2.810 4.7x 10 1.04 x 10
Effective density of states in 19 18 18
valence band! Mo (cm) 1.04 x 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
% q¢Bn0 = q(¢m - Z) 2; q¢3p0 = Eg - q(¢m - Z)
3. qy, = Q(¢Bn0 - ¢n) 4. Q. =qN W, =42qe Ny,
N f2 v
5 lEmax’ — q Dxn 6. x,, — 8S‘Wbl
&, aN,
. ed eV, eV,
7. J=| A T?exp| - 22 ||l ex El-1] 8 J=J_|ex £ -1
{ p( i )| TPk 7| P kr
9. Q“ = _an (Eg - q¢0 - q¢Bn0) 10. QM = _(Q.vx + Qsc)
kT 0
11 Qsc =\/2q8sN])£¢b‘nO _¢n _7j 12 A=¢m _(Z+¢Bn0):_ gM
Ohmic contact
13. ¢y, =9, 4. J, exp(— W—”"]
00
eh | N k q¢s
15. Eyp=— L 16. R, =——ex "
) em, © A"Tq p[ kT
17. q kT 18. R=-%
R = = A
AT
Heterojunction
2N. &8, (w , —V)
19 — _ 20 W — 295152 bi
Vi ‘¢ml ¢m2| Dl \/qu (gslNl > 83.2N2)
2N, € €. =V NN, g &
20, W, =\/ 15.s15.s2(‘//b; ) 2. C, =\/ GIV IV, E €
qNZ(gxlNl +5A-2N2) 2(8s1N1 +5.v2N2)(‘//bi 'V)
D, n’ D, n;
22. J, I et 7 LTS exp(ﬂj—l TR i ot e exp(ﬂ]—l
L.N, kT # L,N, kT
Jn Nl AEX _ kT Vs qv, -qV,
25. Jp ~N—zexp(— T 26. J=gN,, }—27”11; exp(—kr )[exp( o ]—exp( = )]
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Table 4 List of formula (Cont..)

27.

29.

31.

33.

35.

37.

39.

41.

43.

45.

47.

49.

51.

Varactor and p-i-n diodes

N = Bx" 28. wlx=0)=0; wlx=w,)=V, +v,
. .
W, :[SS (m + 2)(VR +y¥,, )}mu 30, C, = &, :{ qBe"! ]ﬁz
qB Wy (m + 2)(VR + '//bi)
1 w
s = 32, tw=—
m+2 Vv,
C=%‘/"— 34. V,,=EW
w w
Jre = an,' eXp qu) 36 RRI" = p-———:
27 2kT A qAn(,un + up) A
IMPATT diodes
Wy Wp
(a)=a, exp{— Ian —apdx} (an >ap) 38 I(an>dx=1
1 e E? ) 1 ¢ E2 .
v, =5EmW,) = 2qN (1= sided) 40. V, :EEmWD =—q}—v—---(2—szded)
V,=E, W, - gnv,b [WD ——gj---(read) 42. V,= Egb + qNZW;(WD _b)---(hi—lo)
85‘ 8‘\'

V,=E, b+ (Em ~ S—J(WD —~b)--(nil) 44, [(a)dx=095

s

q[N1b+N2(WD _b)]

Emin =Em - 46. I=AQA}’ZV§
g\‘
Ix w, -x )2
AE X)= = ] D A
( ) Ag v, 8. 4V 24gv,
(W/) _xA)2
Ry = 50. V,=E_W,
24¢ v,
E,&,v,
= 52. P =V, J =E¢gv,
w, o
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Table 4 List of formula (Cont..)
Thyristors
N, W,
53. 7, ~6.0x10°(N, )™ 54, V,, =i#
g&'
1 w
3. Vir = VB(l _al); 36. o =sech _1
57, W=w,|1- Vi 58, A=a21g+1(r01+1(.'()2
Ver = (al + az)
59. VBF:VB(I"ax_az)]/n 60. V=V -V, +V;
1
gnWw, T =
J=
61. . 62. [2A,n2 Lo j
! Too +Tho
Resonant tunneling devices
2 2 h2 2
63. E -E, =" = 64. E =E + KL
&m W 2m
272 h2k2 272 2 En - FE.
65. E=E, h k* = E, g i k} 66. V, = AE, - Ec)
2m 2m 2m q
Hot electron devices
= ﬂxz‘—m V)ev T, 3 l 2
67. F(v)= et ( 2 "k ]/kl 68. <E>=EkTe +§m<v> , I,>E,
3 1
69. (E)=JEp +om(v)', Ep>> AT, 70. E, =(3z*)" Eh—n”2
m
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Table 4 List of formula (Cont..)

JFET
— 32 32
e eV V) S {LJ{VVVJ +2[Vb,-m]
QND Vpo Vp() Vpo
2 2rrr3
qa’N, #,(gN, )’ Wa
73. V= 74. I, ="
PO 285 : 68.&'L
75. VDsat :VpO _(Vbi _VGS) 76. Ipu =1p|1-3 M 1—‘2‘ M
Vp0 3 Vp0
MESFET
il V
77. = 78. I, =-%2
qu,NpA "R
32 3/2 2
| Vo 2(Vp Vs 4V, 2( Vs +Vy _qa'N,
e Rk I
7 2N2 43 . 3/2
81, 1, ="Fd "o% 82. I, =1, l{M},Z(M]
2¢,L 3 Vo 3 Fog
N, a’
83. Vo =2~V =V 84. Vy =V, +[V;|
L,V V i V.+V,
85. g, = PZD f B lin 86. g, =-—>" (1— } 6T b’j, sat
2I/I’O V(}' + Vb/ VPO VPO
MODFET
2
a"N AE
87. VPO ng ‘ 88. Vi :¢Bn_——~(;_VPO
V4
89. Iz'zﬂnci (VG -V )VD 90. Vi =Vs—V;
Zu,.¢& 2
91. I, = — V.-V,
" 2L(d, +d, +Ad)( o Vr)
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