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Problem 1:

Consider an N-channel MOSFET. You may assume that this MOSF& hdaxide
charge. Fill in the blank cells in the table, using the follgnsgmbols:t for increase,

for decrease, ané> for no change. If the cell has already been provided with an X it
means that you are not responsible for filling that cell out. Whenngalong a row
consider only the change brought on due to the parameter spécifies first cell of that

row. (Each cell is worth 3 points)

Vt VFB us Ids Omsat
Tox 1 Assume \{ Is | Assume ps
unchanged remains
unchanged
. No decrease | decrease
increase | change increase
NsubT
increase | increase | decrease decrease | decrease
Temperaturq Assume Assume \{
X phonon is constant X
scattering and phonon
dominates scattering
dominates
decrease decrease

decrease




Problem 2:
Assume an N-channel MOSFET with afi pbly gate and a substrate with an idealized
retrograde substrate doping profile as shown in the figure below.

Nsub
A
Gate Oxide Substrate
P+
Very light P type
— > X
TOX Xrg

a. Draw the energy band diagram of the MOSFET alomgxthdirection from the gate through the oxide
and the substrate, when the gate is biased athtlicesoltage. (Hint: Since the P region is venyhtig
doped you may assume that the field in this regiaonstant or @dx = 0). Assume that the Fermi level in
the P region coincides with Ev and the Fermi level ie td" gate coincides with Ec. Remember to label
Ec, Ev and Ef.

‘A 3.1eV

3.1eV




b. Find an expression for; f this ideal retrograde device in terms qf VAssume ¥x
is known. (Hint: use the diagram from part (a) and remember that tfie difference
between the Fermi levels in the gate and in the substrate. eshtiid, at the Si-SiO
interface, Ec of Si coincides with the Fermi level). (10)

From the figure above it can be seen that Vt = Vox.

Note — You need to apply a positive gate bias to reach inversion. Thus the Fermi level o
the poly gate is below the Fermi level of the substrate and the difference is V.

c. Now write an expression for;¥h terms of Xy, Tox, €ox, &i and any other common
parameters you see fit, but not in terms gf V11)

EoxCox = EsiCsi
Soxvo)(/ TOX = Ssl*(Eg)/q*X rg

Vt = 85|*(Eg)/q*x rg*C ox

Problem 3:

Any errors made in the earlier parts of the problem will rot be penalized as the
error propagates through the problem.

Consider a AN diode where the neutral region on the N side has a graded guwpfilg,
which creates an electric field because-EE decreases with increasing doping
concentration. Assume that the neutral region on the N side extends fr 0, to X =o.

You are given that the E-fielelis a known constant.

N
P+
Ec
e e £
-_—
“ > E,

x=0 X= 00



a. Write a general expression fg(x) in the neutral N region, including the drift and
diffusion current. You may leave the answer in termsHiR p(x) ande. (6)

The total current is the sum of hole drift and diffusion currents.

Jp(X) = guep(x) —pukTdp(x)/dx

b. It can be shown that the presence of an electric field gisesaia new continuity
equation q[,gdzp/dx2 + qupedp/dx = qpt,. Assume that the electric field, is a constant
from O to infinity. The general solution to this new differential eiguais p(x) = A&*™,
Find h in terms ofy,, Dy, € andr, (6)

We need to plug in p(x) = A& into the differential equation and solve for h:
- -x/h 2 -x/h
p(x) = Ae" ang P ="AC T ngd f = Ae2
dx h dx h

Then substituting this into the differential equation we obtain:
Ae—x/h Ae—x/h

e, —1 T
quen(e™)(" L)+ MKT (Ae T,
h q h T
- 1 1
— D ==
e h1>+ ()=
—,u&h+Dp:%h2

Simplifying further we obtain the second ordereatiéhtial equation:

h? + peht - D1

. —,uer+\/(,uer)2 +4D, 1
2

The negative sign is not included because h <rdtsa physical solution.



From here on, for all other subsections, you may #e expressions in

terms of h.

c. You may assume that the current in this diodejisal to hole current at x = 0 on the N
side. Now that you know the general form for pi)d J as a function of V (the applied
bias). The boundary condition at x = 0 is stillg)’€ n¥ Ng(0)(e" — 1). You may also
assume, p(x) = p’'(x) (i.e.) the equilibrium holencentration (p) of the N side can be
neglected for mathematical simplicity. (6)

We know that two boundary conditions (1) p'(0):% Ng(0)(€V*"— 1) and (2) p'e) = 0

2
are satisfied withp(x) = —— N (VT —1e™"

N, (0)

Therefore the sum of the total current as a fumcd V is still expressed as drift and
diffusion.

2

J ( ) qﬂg 2 (qu/kT _1)e—x/h _ qu r-]i (qu/kT _1)e—x/h
N, 0 h N, ©

Then the current total current ig(0)

2

2
(o] D)
J =3 (0 £ eV —y - P gdV/kT —1
ot = Jp (0) = qis N (0)( ) T (0)( )

d. Find the total stored charge Q in the neutrak@ion. (6)

The total charge Q is the injected excess holegsar

Q= jp(x)dx an(O) (eV/KT —1)e"dx

2

av/kT _
Q= N (0) ——(e Dh




e. Find the storage tinmg for the stored charge in part ((hlint: ©s = Q/ J). (6)
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