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CONFIDENTIAL BED4l003

Q1 (a) Explain the concept of wave nature
operation of tunnelling diodes.

of carriers that results in fundamental

(2 marks)

(b) Suppose an anisotype heterojunction is formed between n-type Si with Na : 10la
cm'3 and p-type Ge with Ne:3 x 1017 cm'3. Determine the built-in potential and
the depletion width of this heterojunction.

(8 marks)

(c) Analyse how built-in potential of Schottky barrier, ltar, 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)

(d) Referring to Figure Ql(d), analyse the reason that the electron tunnelling could
occnr at the n-n isotype heterojunction.

(6 marks)

xn, when the built-in

(3 marks)

(e) Predict the change in depletion region of a Schottky barrier,
potential, tlt a, is tripled.

Q2 (a) Explain the purpose of having undoped spacer next to
tunnelling diode.

(b) A GaAs hi-lo IMPATT diode has the following parameters:

(d) Analyse how the quantum well design in
caffier movement during device operation.
support your analysis.

barrier in resonant

(2 marks)

N2: l0l4 cm-3,Wp:20 pm, Er:3 x 107 V/cm andb:4 pm.

Calculate the doping concentration of n-layer, N1, and the breakdown voltage, Va.

(8 marks)

(c) Analyse the correlation of depletion width size, W26 and sensitivity, s, with the
capacitance of a varactor. Show the related formulas to support your analysis.

(8 marks)

resonant tunnelling diode enable the
You may use appropriate diagram to

(4 marks)

(e) 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 (l) advantage of hot electron in semiconductor device application.
(2 marks)

(b) Determine the current gaino a,y natural region of nl layer, W, of a Ge SCR when it
is in the reverse blocking mode. Given the intrinsic layer width, Wn,is 80 pm and
the length, Lr1, is 100 pm. Assume that the anode-to'cathode voltage, Var, ishalf
of the punchthrough voltage, Yprin this mode.

(8 marks)

(c) Referring to Figure Q3(c)(i), analyse the factor that cause the reduction of Vm
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)

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

(4 marks)

(e) Refening to DMOS structure in Figure Q3(e), predict the changes of depletion
region when doping concentration of n layer is reduced.

(3 marks)

Q4 (a) Explain the main factor of quasi-thermal phenomenon in semiconductor device.
(2 marks)

(b) 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, Vo: 200 mA, gate voltage, tr/c is 50 mV
higher than the threshold voltage, Vr, and the capacitance density , Ci:50 pF/cm2.
Assume that the Adis one-tenth of the doped region.

(8 marks)

(c) Analyse the importance of having Vc 3 0 and Vp > 0 in normal operation of a

depletion mode n-type MESFET.
(6 marks)

(d) 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 /os
continues to flow in this condition.

(6 marks)

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

(3 marks)
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Table I Physical constants

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 (T = 300 K)

k- 1.38 x 10'23 JIK
: 8 .62 x 10-5 eVA(

q : 1.6 x lO-le C

tno:9.11x 10'3tkg

po : 4n x 10-7 FVm

ro : 8.85 x 10-14 F/cm
- 8.85 x l0-12 F/m

lx: 6.625 x 10-34 J-s

- 4. 135 x l0-15 eV-s

h - 1.054 x 10-34 J-s

M: 1.67 x 10-27 kg

c:2.98 x 10lo cm/s

Vt: kT/q - 0.0259V

Table 2 \ilork function of selected metals

Metal Work function 0r)

Silver (Ag)

Aluminum (Al)

Gold (Au)

Titanium (Ti)

Tungsten (W)

4.26

4.28

5.10

4.33

4.55
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Table 3 Silicon, Gallium Arsenide and Germanium properties (T= 300 K)

Property Si GaAs Ge

Atoms (cm-3)

Atomic weight

Density (elcm-3)

Lattice cons tanttAl

Melting point ('C)

Dielectric constant

Bandgap energy (eV)

Electron affinity, X (volts)

Effective density of states in conduction
band, //" (cm-3;

Effective density of states in
valence band. l/u (r*-')

Intrinsic carrier concentration (cm-3)

Mobility (cmzlV-s)
Electror, pr
Hole, po

Effective mass (density of states)

Electrons (e\
\ms/' 

Holes e\\ms/

5.0 x 1022

28.09

2.33

5.43

r4t5

TT,7

l.l2

4.01

4.42 x 1022

144.63

5.32

5.65

r238

13. I

1.42

4.07

4.7 x l0l7

7 .0 x 1018

1.8 x 106

8500
400

0.067

0.48

4.42 x 1022

72.60

5.33

5.65

937

16.0

0.66

4.13

1 .04 x lOle

6.0 x l0l8

2.4 x l0l3

3900
1 900

0.55

0.37

2.9 1Ole

1.04 x 1Ole

1.5 x 10lo

1350
480

1.08

0.56
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Table 4 List of formula

Schottky barrier

L

3.

QQ a,o

QWti

lr"'*l

- q(Q^ - r)
- q(Qano - O,)

QN nxn

2.

4.

6.

QLuro = Er - q(O- - r)
Q,r=QIr{oWD-W

5. v*n
ts

7. g. J =.r | ^-^( 'vr\- ll,,'L.tol.t 
o, ) _l

lo, Q, - -(Q,, + Q,,)

Iz. L=Q^-Q*Quno)=- 
?

9.

11.

13. Lun = Q,

D -eJuoo -;

Ohmic contact

*o( _qLu,\^[ Eoo )

t6. Rc:- k (M)

18 

"*'r 

{"*Plfr)
A

Heterojunction

15.

t7.
Rc=

A- T2

19. Vti -lQ*, - Q*rl

_V
21 . wr,=

QN z(",,1/, * t .,2N, )

zz r.:#[*( #)-']
25. 

J ' = 
N' 

,*o( -ou' )Jp IV2 '( kT )
*,(#))

2t,v u,

QNn

Vni
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Table 4 List of formula (Cont..)

27.

29.

37.

39.

41 .

43.

45.

47.

49.

.A/ - Bx*

Varactor an

I

m+2

d p-i-r diodes

zB. wG- o) - o;

r
30. CD=+:l

WDL

32. tr* -Wvr

34. vur-E*w

36. R&' - pT=

wQ=wo)=vo

qBe!*t

Vri
I

m+2

+

)l
wD=[

e,(*+z\v*
qB

m+2
ts

W

-8w'' ,*o( 
qn)

2r '\2kf )

+W u,)

31. g:

33. C -

J,,

(**2Y(^*wu

W
35.

qLn(tt, + pr) A

14/D

[(",)dx 
-t

vB:+ E^wD -t''--? -..(2- sided)rr2"'IrqI{\

vB --ry + ql'{rwo-(wo - b) ...(hi - ro)I) 2 2t,
xA

I@)a* - Q .ss
0

I - AqLrw,

^ 17 .(w, - *o)'LVU_IW

v* -E *w,

P*=V^J*-E?nt,r,

(")

VB=

VB =

VB =

Erin

l-wp I,
=dn.*pl - [o,-aod*'l (o,>u

LXJ
I t,E'*

=;E*[ryD =ffi...(l - sided)

- E *w, -QN'b ( r^- q) ...(read)
ts f"D z) 

I

- E *b *[u, 
*)W, - 

b)... Qrrtt)

_ E qlI,{ rb + I{ z(w, - bI
n -nm- t

IMPATT diodes

40.

42.

44.

46.

48.

50.

52.

,) 38'

51.

AE(x) - 
I*

\ / Atrv,

D -(wo - 
*u)'

^L\',/ L'\-. zAt,rv,

r E r6rv"
J m = 

,ro
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Table 4 List of formula (Cont..)

53. V B x 6.0 x l0r3 (1r,, )-0 
75

Thyristors

54. vo, - aN 
^w]'

2e,

56. a't: sech(+)
\L^ )

55.

57.

59.

6r.

Vu* =Vn0 - o):
(,-W)
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I
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t2
\.
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r)+ 
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62.
2
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Arfl'

Resonant tunneling devi

63. tr F - 
h'n'
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64. E*=En.ry
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q
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66.

Hot electron devices
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Table 4 List of formula (Cont..)

7l h-
I QNo

r/ - 
qq' I'{ o

' po - ,r,

Voro, =V po - Vu, -Vor)

JFET

72. ID =rrl'(+)-'('^.r,:-'"')"

_ tt,(qlv o)'Wa'73 74. I P

75 7 6. f o,o,

MESFET

,r 
[,

6e rL

'(T)?

77 R -Lqlp,N rtr

- r,lf, -?(vo 
+vo +vo,)"' 

* ?(vo *r'u,lt'I-rPlrj-t\ v, )-Jlh )j
Zlt,q' Ir{'rot

78.

80.

82.

84.

86.

rD=+

Vpo:*

r,,.,=r,[+ (+] .{+)"]
79 ID

IP81

83 v r,o, VB =V, *lV"l

I, (s 11-om 
Vrol.

85 8* sat

MODFET

87 v -qo'No'po 2e,

I -lr,c,(vo -vr)v,

88 vr = Qun - 
LE' 

-vro
q

Voro, =Vo -I/r89 90

Zlt,t 
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