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Explain the importance of electron diffusion process during BJT operation.
(3 marks)

Determine the emitter injection efficiency, y, given emitter concentration, Ng, is 1000

times higher than base concentration, Np, emitter diffusion, Dg, is quadruple

compared to base diffusion, Dg, and emitter width, xg, is double than base width, xs.
(5 marks)

Analyse how the recombination process affect the output current of BJT.
(3 marks)

Analyse the change in collector current, i, if the base width, xp, is halved and base-
emitter junction area, Agg, is increased by 20%. Express the change in percentage and
assume all other parameters are unchanged.

(4 marks)

Explain the main factor that causes space-charge effect in an IMPATT diode.
(3 marks)

Referring to Figure Q2(b), calculate the maximum electric field, E;,,, and breakdown
voltage, Vg, for a Si 2-sided IMPATT diode for concentration N = 2 x 10*cm™3.
(5 marks)

Analyse the reason carrier ionisation occurs close to p-n junction in IMPATT diode
(4 marks)

Analyse main factors that cause the depletion region covers the whole middle layers
in an IMPATT diode.
(4 marks)

Explain the change in energy band diagram of semiconductor material forming
Schottky barrier when being applied with reverse bias.
(3 marks)

Suppose a Schottky barrier is formed between Ge and Ti. Calculate the depletion

region width, x,,, created in the Ge layer doped to Ny = 10'® cm™3 at T = 300 K.

Next, determine the maximum electric field in the Ge layer. Assume y;, = 4.13 V.
(10 marks)

Suppose a Schottky barrier is formed between a metal and a semiconductor with the
condition of ¢, > ¢,. Analyse a solution to change this Schottky barrier to become
an ohmic contact without changing the semiconductor material.

(5 marks)

Analyse the appropriate expression of relative change in the contact resistance, R, if
the semiconductor layer in an ohmic contact is changed from Ge to Si. Assume the
doping concentration is similar for both semiconductor materials.

(5 marks)
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Explain the usefulness of forming ohmic contact at gate terminal in a MESFET.
(3 marks)

Suppose a Si JFET at T = 300 K has the following parameters:

N, =10 em™3,N; =10 cm™3,a = 1.25 um, L = 15 um, W = 60 um, and
cm?
Unp = 1000 ;‘;

Determine the internal pinch off voltage, V,, built-in potential, V4;, and pinch off

current, I, for this transistor.
(10 marks)

Analyse the importance of n* contact layer coincides with the undoped GaAs layer in
MODFET structure as shown in Figure Q4(c).
(5 marks)

Using the appropriate formula, analyse the effect of metal work function, ¢,,, to the
saturation drain voltage, Vpgqs, in MESFET.
(5 marks)

Explain ONE (1) purpose of having low doping concentration of »; layer in a thyristor.
(3 marks)

Calculate the anode current, I, cathode current, I, and internal base current, Iz, when
a thyristor is in forward blocking mode given the following parameters:

@y = 0.455, a; = 0.403, Igoy = 54 pA, Icpp = 90 pA, and I, = 1 mA

Next, determine gate current, I,, and Iz; needed to maintain I, if Icp; and I¢o
increases 20% and 30% respectively. Assume both current gains are unchanged.
(10 marks)

Analyse the essential parameter that determines which breakdown mechanism that

occur in the thyristor.
(4 marks)

Analyse the required condition to prevent the thyristor entering forward conduction
mode using the two-transistor model.
(6 marks)

- END OF QUESTIONS -
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Table 1

Physical constants

Boltzmann's constant : k=138x 102 J/K
=8.62x 107 eV/K

Electronic charge g=16x10"C
(magnitude)

Free electron rest mass nmo=9.11x10% kg
Permeability of free space o = 41 x 107 H/m
Permittivity of free space g = 8.85 x 10 F/cm

=8.85x 10" F/m

Planck's constant h=6.625x10>*]J-s
=4.135x 105 eV-s

Modified Planck’s constant h=1.054x103*]-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 (Ti) 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™) 50x 102 4.42x102% 4.42x10%
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 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 density of states in conduction band, N (cm™) 2.810" 4.7x 107  1.04x10"
Effective density of states in valence band. N, (cm™) 1.04x 10"  7.0x10" 6.0x10'
Intrinsic carrier concentration (cm™) 1.5x 10" 1.8x 105 24x10"

Mobility (cm?/V-s)

Electron, p, 1350 8500 3900
Hole, p, 480 400 1900
Effective mass (density of states)
Electrons (=2 1.08 0.067 0.55
* mo
Holes (Z2) 0.56 0.48 0.37
my
6
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Table 4
List of formula

Bipolar Transistors

dnx _eD,A v, %
1. ic =eD,Agg —— %= 5 B, Npgoexp (—%ﬁ) 2. ic= Isexp( ‘ZE>
v v
3. iEZ = Iszexp (—BE) 4. lE = "El + lEZ = ISEexp( BE)
Vt Vt
ic _ ic _
5. L= a 6. o B
7. Vee=IcRc+Vep + Vg =Vp +Veg 8.  Veg=Vec—IcRe
Jo  JnctJe tpco d¢ Inc
9. Qg == 10, ga=—=——rtee
Je Jne+Jr e g Jng+Jr+ e
1
1. a=yars 12. VE N Dp %
Nz Dp xg
1 5 1
iR, W= 1/xp 14. °7 " T eVpg
1+2(LB) 1+j;ex?’(‘ o)
15. I¢ = go(Veg +Va) 16. pp(0) =ppo = Ny
V BE eVBE
17, 1y(0) = rpoexp (S2%) 18, pp(0)np(0) = pporpoesp ()
Microwave Diodes
1 & E? 1 ¢ E?
19. Vy=—E, W, ==2""...(1- sided) 20. V,=—E W, ="2""...(2 - sided)
2 © 2qN 2 gN
N,b E b N.W W, —b
21. Vy=E, W, —q—(th_]"'("'ead) 22. Vy=—"F +q = ”( - )---(hi——lo)
&, T2 ) 2¢,
22. V,=E b+ [E = QJ(W,, —b)---(Inil)  24. j (a)dx=0.95
8s 0
Nb+N,\W,-b
25 Emin = Em q[ I —( : )] 26. 1 = AqAnV\'
£, ‘
27 Ry _W,-x,) AN
: 24g v, w,
29. I/m E W 30 Pm = Vm‘]m = Elzng.vv.v
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Table 4
List of formula (Cont..)
Schottky barrier
£} B q¢BnO . q(¢m _Z) 32 q¢Bp0 = E - (¢m - )
33 ql)Ubi == q(¢i)‘no == ¢n) 34 qN W \/ “’qg ND(//[)I
N, x 28y,
98 1Emu - q D%n 36 x" = g.& Wbl
g.s' qNL)
* 2 €@ eV, eV,
37. J=| AT expl ———— ||l ex 1 38. J=J_|ex -1
> [ p( kT H{ p( kTJ } > ‘{ p( kT
39 Q.sxv == -qul (Eg - q¢0 - q¢”l70 ) 40. QM = _(Qs.v i Qsc)
kT 0
41 * Q.\'c = \/zqg.\'Nl) [¢BHO - ¢n - 7] 42 A = ¢m - (Z + ¢Hn0 ) = M

Ohmic contact

43. ¢Bn :¢n 44, Jr oC exp[— q—%ij
EO()
h | N k
85, By L 46. R.=— p 945,
2\em, AT kT
47 [H] eXp( q/f; ] 8. Rt
" Bemadl ' A
AT~
Heterojunction
2N B 8 Ny =
49. l//bi = ¢ml —¢m2 50. W])l \/ ( b )
gN, (g.\'lN} +5.vaz)
51‘ ;V“_’ s 2N|gx|g'\2((//hl _V) 52‘ . QNINZEHEA_Z
2 \gN,(e,N, +&,N,) 2(e, N, +&,N, \w, —V)
D it V gD n;
8 J” :—'—‘q n2'li2 €Xp| 4 -1 54. ———[ pLa exp ﬂ =]
LN, kT i Lp,N] kT
Jn N| - AE.u z kT qy/ y, qV, -qV,
TN, ""p(‘ % 0 S p(T)[p[/‘—T]I{TH
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Table 4
List of formula (Cont..)
JFET
_ " N . L\ 5 Lo\
57. h= 285(Vbi +VDS VGS) 58. Ly=l; 3(@]_2[;05'*'@. _las] +2[l'm Tlr;sj
qNu Voo Vio Voo
alN N 2 Wa3
59. V,,o = q d 60. e /un (q 11)
28, 6¢c, L
V.. =V 2 |V, =V
61. Vpu= VpO _(an = VGS) 62. Ip =11 _3(MJ o % -
po 3 / PO
MESFET
L V
63. = 64. [, =-2
q/‘lnNDA 5 R
32 32 2
v, 2(v,+v,+v,\* 2(v.+V, ga'N,
e L b £l7¢ bi -
65. b S I:V/- 3 [ v, ) + 3 [ v, ] :l 66. VpO zgy
Zu g*N3a’® A AT YT
a1, I, =Tl st 6. I, =1, _[ Vo + Vi J 2 [n, +Vy ]
2& L 3 Vss 3L W
N, a’
69. Vi q,)]) ~Vu—¥, 70. V=V, + Vs
2¢e,
1.V v, s V.+V,
Tl 8y =—s B__ lin 2. g,=—2|1- ’———(' b\, sat
2o NV +Vy, Vo Vo
MODFET
a’N AE..
73. V,,u -4 . 4. Vp =@y, ——- Vio
2g, q
- Z
73' ] = Z/’lncl (I/(: - VT )I/[) 76- V[,)‘\'ul = I/(y‘ - V7
Zy E. 2
77. Iy= = Ve =Vi )
i 2L(d1+d(,+Ad)(( 2
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Table 4
List of formula (Cont..)
Thyristors
N W2
79. ¥, ~6.0x10%(W,, )" 80, V=178
28A\'
1
81. y,. =V, (1—a,)n 82. «, = SeCh(L—J
nl
3. W=w,1 Ve
83. = nl = V 84 lCl = CIIE + [C01
PT
85. IBl = (1 = al)IA = 1C01 86. Icz = ale + ]COZ
a"[ 4 i I("()l A [('()"
87. =—= - 88. V. .=V.(l-a, —a,)"
4 1-(a, +a,) w =Vs(l-2 a-)
nWw.
89. Vyu=V,-V,+V, 90, J=T"1
T
_ 1
o, 7 I
’ 24,n" +-
7"p() g3 Tn()
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