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Explain the effect of base voltage towards the output current formation in BJT.

(3 marks)
An npn BJT has the parameters of D, = 25 cm?/s, ngy = 3.2 x 10* cm™>, and
vgg = 0.6 V. Determine the ratio A—:—E to ensure the BJT produces /o = 34 mA.
B
(5 marks)

Analyse the appropriate method to minimise current crowding effect in BJT. Use a
related diagram to support your analysis.
(6 marks)

Explain the purpose of semi-insulating substrate in a MODFET.
(3 marks)

Suppose a silicon JFET at T = 300 K has the following parameters:
N, =107 cm™3, Ny = 10" cm™3,V,0 =010V, Ve =02V, [, = 45x%x107% A.

Determine the Ipg,¢ for this JFET.
(5 marks)

Using the appropriate formula, analyse the effect on the saturation drain current in
MODFET if the substrate is changed from gallium arsenide to germanium.
(6 marks)

Explain ONE (1) advantage of planar double gate MOSFET to improve the transistor
performance.
(3 marks)

Consider a silicon DG MOSFET with the following parameters:

Ny =3 %108 cm™3, N, =4 x 103 cm™3, Cppe = 2.5 uF, t; = 16 um,
T =300K.

(i)  Calculate the potential coefficients ¢s and m;.
(6 marks)

(i)  Estimate maximum and minimum values of m,; given 12 ym < tg; < 20 um.
(4 marks)

Analyse the effect of oxide layer thickness towards the strength of electric field in DG
MOSFET.
(5 marks)

Analyse the reason symmetric gate FInFET produces higher on-current compared to
independent-gate FInFET. Use the appropriate diagram to support your analysis.
(6 marks)
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(d)

Explain the importance of depletion region during the operation of a varactor.
(3 marks)

A silicon p-i-n diode has the following parameters:
An=4x10%cm3, W =6um, A =24x10"%cm? v; = 10 cm/s.

(1) Calculate the Rgp and Jr of this diode.
(6 marks)

(i1) Estimate the required An in a germanium p-i-n diode to produce Rgp 10%
higher than the silicon p-i-n diode, assuming other parameters are similar.
(4 marks)

Analyse the reason carrier ionisation normally reaches its maximum value near p-n
junction in IMPATT diode.
(6 marks)

Using the appropriate formula, analyse the reason a germanium Read diode has much
higher breakdown voltage than a silicon Read diode.
(5 marks)

Explain ONE (1) feature of a thyristor that makes it suitable for high power
applications.
(3 marks)

Consider a germanium thyristor in reverse blocking mode with these parameters:
W, = 25um, Lyy =14 um, Ve = 10V, Npy = 4 X 10 cm™3.

(1) Calculate the Vpr, W, and a;.
(7 marks)

(i)  Estimate W,; needed in silicon thyristor to obtain similar Vpr as in the
germanium thyristor. Assume all other parameters are unchanged.
(3 marks)

Using the two-transistor model, analyse the importance of gate voltage in enabling the

thyristor to conduct current.
(6 marks)

Using the related formula, analyse the appropriate method to turn thyristors into
forward conduction mode without applying the gate voltage.
(5 marks)
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FINAL EXAMINATION
SEMESTER/SESSION :SEM1/2019/2020 PROGRAMME : BEJ
COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES COURSE CODE : BED 41003
Table 1

Physical constants

Boltzmann's constant k=138x102J/K
=8.62x10°eV/K

Electronic charge g=16x10"C
(magnitude)

Free electron rest mass my=9.11 x 103" kg
Permeability of free space o = 41 x 107 H/m
Permittivity of free space g0 =8.85x 10 F/em

=8.85x 10" F/m

Planck's constant h=6.625x 10 ]-s
=4.135x 105 eV-s

Modified Planck’s constant h=1.054x103%]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/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 (Ti) 4.33

Tungsten (W) 4.55
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FINAL EXAMINATION
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COURSE NAME : ADVANCED SEMICONDUCTOR DEVICES  COURSE CODE : BED 41003
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™) 233 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  1.04x 107
Effective density of states in valence band. N, (cm™) 1.04x10°  70x10®  6.0x10®
Intrinsic carrier concentration (cm™) 1.5 x 10" 1.8x10°  24x107

Mobility (cm?/V-s)

Electron, p, 1350 8500 3900
Hole, p, 480 400 1900
Effective mass (density of states)
Electrons (Z2) 1.08 0.067 0.55
0
Holes (2) 0.56 0.48 0.37
mo
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Table 4
List of formula
Bipolar Transistors
1 I e (vﬂ) 2 ip = Isex (VBE)
. ¢ X5 BOEXP v, Z. ¢ = Isexp v,
Vg VBE
3. lga = Iszexp (—V_) 4. ig = ig1 +ig = Ispexp ( v )
t
L [
5. L=a 6. L=p
g lp
7 =]_C:]nc+][; +]pco 8 QZ%: ]nC
) " Je Juetlr + Jog ) 0)g  Jng +Jr+ e
1
9. a=yars 10. LY P
Ng Dp xg
1 5 1
i _
1. LA e B 12. Iro eVpe
1+2(Z“) 17 P (-2)
2e5(Vpi +Vea) | (Ne kT (NCNB)
3. = — 14. Vi = —1
5| - () g ) = (]
1s. 1o (©) = myoexp (S5 16. Pp(0) = ppo = Ny
JFET
7. B = 28(Vpi + Vps — Vgs) 18, I =1, [3 (ﬁ) ~§ (Vp + Vbi + Vr,>3/z P (Vm - VG>3/2]
qNp Vpo Vo Voo
2 2 3
qa“Ng Ha(gNg)*Wa
19. =— 20. [ =——
. Voo 2e, ? 6¢,L
Vi — Ve 2 WV — Ve
21 VDSCLt = VpO — (Vbi g VG) 22 ’DSac = Ip [1 —3( L Vpu G) <1 —-§ %)]
MESFET
23 sl 24 v, LALLM
L —qﬂnNDA LT Dsat — 285 bi» V6 =
_ qNpa® Vo 2Vt VetV 2 (Vg + Vi
2s. Vosar = 5o — Vo = Vo 26. I =1y [V;" §(-—Vi) Sl ]
Z 2N2 3 N a2
27 b = Z2Hnq Np@~ 8. Vp = %
2&L 2&
1 (Ve+ Ve 2 (Ve + V2
2. toae = 1 [~ () + 2 (P 2) | 30. Vasat = Vo = Ve = Vo
51D IPVD Vp " [P VG °F Vbi
31. = — l 32. o sat
Im = Gy v 20 (Vo + T (lin) gm =3 7 (sat)
i A ——
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Table 4
List of formula (Cont..)
MODFET
qNpd? = AE;
33. A =%51 34. VT:qSBn——q-—VP
Z
35. e ZunCiVD(VG - V) 36. Vpsar = Ve = Vr
Z lin€s
37. I = Ve —Vp)? 38.
- psat = 1@ v dp Ay 0 /™)
DG MOSFET
Eox Vg1 — Vegr — P
39. Y(x,y) = Y () +a@)y + By 40. e
Si 0x1
Eox Vo2 — Vega — P Vo1 —Vegr — ¥
41. E2 :ﬂ G2 FB2 52 42. @ = = G1 FB1 S1
Esi ton Vtox
43, g Vo2 = Ve —¥s1 5 (Ytox + tsi) a4, y = ox
(2ytox + tsidtsi (2ytox + tsidts; Esi
) R(x W kT qVp
45. | ¥4 (x) = Ciexp(myx) + Crexp(—myx) — - 46. Ip = uT? [1 —exp (— F)]
KT\ (N4Ngp 2o
47. = (—) In (————) 48. m = |—
¥s q n;? ! Esitsi
Varactor
1
49. N = Bx™ 50. §=—
m+2 ;
1 ., T
51, _ [es(m +2) (Vg + ) |72 5. C, =55 [ qBe™t l’"“
qB Wp |(m + 2)(Ve + ¥pi)
p-i-n Diode
53 e, 54 ==
i T = = ; =W
qWn, (qu)
; =E 56. = —_—
55 VBD mW ]re 27 exp 2kT
w w qWin
57. Rap = fi 5 =g 58. =
| qan(u, + py)A Jr T
7
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Table 4
List of formula (Cont..)
IMPATT Diode
Wp Wp
59. () = aexp —j (an — ap)dx 60. f {aydx =1
X x
1 &En, : . 1 A :
61. Vg = EEmWD = 2N (1 —sided) 62. Vg = EEmWD = ol (2 — sided)
N;b b E..b N,W,(Wp — b
63. Wy = Bl = — 2 (WD——) (Read) | 64. = Emb AN WoWp =) (s
s 2 2 28
XA
65. | Vg =E b+ (Em - i—Q) (Wp —b) (Lo —Hi— Lo) | 66. f {a)dx = 0.95
S
Q
N:b + N,(Wp, —b
67. g =g, M ;( b= b)] 68. U, = B, W,
S
E;i€al
69. L 5 ’"T;S 70. Po=Eem
Thyristors
Ny W2
71. Vs = 6 X 1013(N,,)~075 72. T
2&;
L L
435 Vi = Vi (1=, )0 74. a; = sec <L_n:)
_ Vak _
75 W = WTll 1 = ey 76. lCl = CZ]E + ICOI
Vpr
Al 131 = (1 = al)IA - [COI 78. ICZ = ale + ICOZ
axly + Icor + Icoz
79. = lg_ T 80. Vor = Vg(1 — a; — )"
qnw;
81. VAK:V1_|V2[+V3 82. =
Terf
1
83. terr = : 1 84.
(ZArn = Tpo T+ Tno>
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