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High Speed Electronics 2019 — Exercise 1 Solutions

1. a) Effective conduction band density of states of Ings3Gag47As Nc= 2.1*10*" /cm?
n = Ng (Doner doping concentration)

For Ng= 10%/cm?,
n < 0.05N. and the Maxwell-Boltzmann statistics holds.
Therefore,

n
E;—E, = kTln (V)

=-0.08 eV

For Ng = 10%%/cm?,
n > 0.05N. and so usingJoyce-Dixon approximation,

E; —E. = kTJl <n)+ ! (") 0.00495 (")2]

fa— = n{— _ — fR— . R

roTe N,/ " V8 \N, N,
=0.08 eV

For Ng = 10"%/cm?,

n > 0.05N. and so usingJoyce-Dixon approximation,

b~ fe = n (l) + o <£> — 0.00495 (i)z]

Ne/ 8 \N, Nc
=0.24 eV
b) Ec
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Number of holes

Ey—Ef
p = Nye kT
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Effective conduction band density of states of Ings3Gag7As Ny=7.7%10*%/cm?
Bandgap of Ings3Gag47As Eg= 0.74 eV

n (/cm®) Es— E. (eV) Ev—Es (eV) p (/cm®)
106 -0.08 -0.66 5.9%10’
108 0.08 -0.82 1.2*10°
10%° 0.24 -0.98 245

By mass action law,

B2
n? = (,/NCNv en—ﬁ>

=5.65%10%2%/cm®

n (/cm?) p (/cm?) np (/cm®)
10 5.9*10’ 5.9*10%
108 1.2*10° 1.2*10%
10%° 245 245%10%°

Thus the massaction law is valid only when the Maxwell-Boltzmann approximationis valid.

The Fermi-Diracintegral can be calculated by substitutingj=-0.5, 0, 0.5 for 1D, 2D and 3D
systems. Taking GaAs (m* = 0.067m;) as an example and assumingEs— E.=0.1 eV, the
carrier concentrations can be calculated usingthe following equations:

F(p) =0l /r|+2)

V2m*kT
hvr

=28 cm™

m*kT
Nzp = (W) Fo(mr)

=7*10% cm’

Nyp = F-1(nF)
2

2mm*kT\"®
Nzp = 2 (7}12 ) Fl(’?F)
2

= 4*10"% ¢cm’
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3. nS = fEl DZDfO(E’ Ef)dE

For low temperature, the effective density of states reduces and hence Maxwell-Boltzmann
condition (n < 0.05 N.) is not valid. Hence considering degeneracy,

= g, Dap(1 — 0(E)dE

Ey
s f DZDdE

Ey

m*
= —5(Er — E1)

E E_Trh2
f 1—mns

*

m"(mo) Es—E; (eV)

InAs 0.026 0.28

GaAs 0.067 0.11
INp53Gap.47AS 0.041 0.18
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4. To avoid short channel effects,

Lg>2A
Lg > 2*(tqw+ 2tox) [since the dielectricconstants are assumed to be equal]
tQW < (Lg - 4tox)/2

Thus the thickest possible quantum well to avoid short channel effects with the given tox =
2nmand Lg = 10nm is tqw = 1nm.

5. a)Oxide capacitance Cox = @ =0.089 F/m?
0X
2

g-m’
—=0.027 F/m’

b) Quantum capacitance Cq = —

c) Charge centroid capacitance C. = % =0.068 F/m?
-50*twe

1
Cox+Cqt+cct

Total gate capacitance Cg = =0.016 F/m?

6. a)lgnore C.

C.= 1 _ Eox€o
€7 Co4cst T toxt At
0oX q 0X 0X
€oxEomh?
Atox = 2
q*m

1

b-d) C¢/Cox= HAL—X)
tox

Larger Cg/Cox signifies Cq > Cox. From the plots, GaN with larger m” than InAs has higher Cg/Cox
even for thinnerto.cand so the gate stack is more scalable for GaN.
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