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ECE 643 — Exam #1

Due: noon EDT, Wednesday 2 October 2002
20 points

\l\ Assume a silicon substrate is uniformly doped with a dopant concen-
tration of 10'® ecm™3. What is the average distance between doping
atoms?

\2\ Consider an abrupt Si p*t—n diode. Will the built-in potential increase
or decrease as the temperature is raised from 20 to 100°C?

. Consider a n™—p diode, with the n™ emitter side being wide compared
with its hole diffusion length and the p base side being narrow compared
with its electron diffusion length. Let Cp, be the diffusion capacitance
due to electrons stored in the base and Cp, be the diffusion capacitance
associated with holes stored in the emitter. If the emitter has a doping
concentration of 102 em™2 and the base has a doping concentration of
10%7 ecm~3. The base width is 100nm.

(‘aQ Ignoring the heavy-doping effect, evaluate
Cpn _ Ny Whg
&2 Np2lys
for the nt—p diode. Cﬂp
(m When the heavy—doping effect can not be ignored, the intrinsic
carrier concentration n; can be approximated by:

AFE,
2 2 g
T, = T eXp ( % )

where AE, is the apparent bandgap narrowing and is plotted in
Figure 6.3 in FMD. Show that when the heavy—doping effect is
included, the capacitance ratio becomes:

Con _ (ﬁg@) (NE) Wg

Cbp nm Ns 2Lpe

where B denotes the base and F the emitter



Evaluate %ﬁj for the above nt—p diode when heavy-doping effects
can not be ignored,

4. Near the surface of a MOS capacitor, only the term

qy
exp (ﬁ)

needs to be considered when evaluating the electric field under strong

inversion.
dy | 2KTN, (g NP g
i \J es: (kT+NgexP KT

{a) Solve for ¢(z} under this condition with the boundary conditions
't,b(O) = '@bs
(b) Express the inversion electron concentration n(z) in terms of the
surface concentration
(q%)
kT

n(0) = 2 exp
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ECE 643 — Exam #3

Due: Wednesday 18 December 2002

100 points

Assume the temperature is 25°C for all calculations. The base transport factor (the fraction
of electrons traversing the base) for an n—p-n transistor is given by:

or= B @

and the emitter injection efficiency «y is defined as:

Jn(0)

= T + 5 0) 2)

where the intrinsic base layer is located between z = 0 and 2 = Wp. The common emitter
B is defined as: .
) ‘
p=1 3)

1. Consider a Si n—p-n transistor biased in the forward active mode with Vgg = 0.5V.
The emitter-base electron—diffusion current is found to be 2mA, the base recombi-
nation current is 0.017mA, the space—charge recombination current is 0.0256mA, the
emitter-base hole—diffusion current is 0.072mA.

(a) What is ar? (5 pts)
(b) What is 47 (5 pts)
(c) What is 7 (5 pts)

If Vg is increased to 0.6V

{d) What is ar? (5 pts)
(e) What is 4? (5 pts)
(f) What is 87 (5 pts)

Explain your answers.



2. A Si n-p-n transistor has Wy = 200nm and the base region is uniformly doped
with Ng = 3 x 1017 ¢cm~3. Assume the electron current in the base is due to
diffusion currents only.

(a) Derive an expression for oy in terms of Wp and Lyp (the minority carrier diffu-

sion length) (20 pts)
(b) Calculate ar for the transistor (5 pts)
(c) Calculate the Base Gummel number G g for the transistor (5 pts)

5 5 (ﬂ.c fi’d{

{(d) Under these conditions, is it safe to ignore recombination in the intrinsic base
region? (5 pts)

3. For the Si n—p-n transistor in problem 2, suppose the bagse doping concentration is
linearly graded across the base region. CGn ¥ e oot ausent

nb (a) Plot the total built—in electric field as a function of = between z = 0 and = = Wp
if Np(0) = 1 x 10'® and Np(Wg) = 1 x 10*” cm™3. Are heavy-doping effects
important under these conditions? (10 pts)
(b) Estimate cp for the transistor (10 pts) fga,., 3s@7 5 hoold tell £ i

i wp e A B yomoncly obse

4. Consider two Si n—p-n transistors, one with a very-heavily doped emitter. Which of
the following is true regarding the emitter injection efficiency -« for the transistor with
the very-heavily doped emitter (15 pts):

(a) -y decreases due to increased current injected from the base into the emitter
(b) 7 increases due to decreased current injected from the base into the emitter
(¢) -y decreases due to decreased current injected from the emitter to the base

(d) -y increases due to increased current injected from the emitter to the base

Justify your answer.
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ECE 643 — Final Exam

Due: Wednesday 18 December 2002

100 points

Assume the temperature is 25°C for all calculations.

qh -47

. (30 pts) Consider & n-MOS transistor. Over time, electrons will be injected from the

silicon into the SiOg gate dielectric causing reliability problems. If the total electron

trap charge density is Nop = 1 x 10%® cm™2 and the capture cross—section of traps

o =5 x 1071 c¢m?, the density of trapped electrons er(t), at any give time, can be

described by: '
dey(t)

at
where Jg(t) is the current density through the gate. If ex(0) = 0 and

= .‘quG(t) (N — ep(t)) ‘ (1)

Jo(t) = 1078 sin®(2n ft) Afem™2, (2)

plot er(t) as a function of time for f = IMHz and f =1GHz. How long does it take
to fill 1% of the trapped states when f = 1MHz and f =1G'er?m
' 5w s S ¥oT

. Consider a nt-p diode with an emitter doping concentration of 102 cm~3 and a base

doping concentration of 10'7 cm™3. Assume both the emitter and the base to be wide
compared to the minority—carrier diffusion lengths.

(a) Calculate the electron and hole saturation current densities ignoring heavy-
doping effects (5 pts)

(b) Calculate the electron and hole saturation current densities including heavy-
doping effects (5 pts)

If the quasineutral n™ region is only 0.1pm

(¢) Calculate the electron and hole saturation current densities ignoring heavy-doping
effects (5 pts)

(d) Calculate the electron and hole saturation current densities including heavy-
doping effects (5 pts)

e) Calculate the capacitance ratio 2= ignoring heavy-doping effects (5 pts
o g g p

(£f) Calculate the capacitance ratio %%f: including heavy—doping effects (5 pts)

1
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Figure 1: Charge sharing model — Figure 3.19 in FMD

3. (20 pts) Use the charge sharing model for short channel MOSFETSs illustrated in the

figure above. Assume that the source and drain depletion depths are equal to the gate
depletion width Wy, and the junction curvatures under the gate edges are cylindrical.

Show that
=121 -1 )
oL L ( b= 3)

Tn the linear regime,V; is largely determined by the total integrated depletion charge
under the gate. Show that the short—channel threshold roll-off is given by:

Av(S0E) = Letin (1/1+2—V2’ﬂ-1) % (4)
or




Figure 2: MOSFET Equivalent Circuit — Figure 4.20 in FMD

4. (20 pts) Consider the equivalent circuit shown above. The source—drain current can

be considered either as a function of the internal voltages: Iys(Vy, V) or as a function

Wb of the external voltages: I4s(Vy, Vgs). The internal voltages are related to the external
voltages by:

Vés = Vgs — (Bs + Ra)las (5)
and
T[g{ = Vg — Relys (6)
Show that the transconductance of the intrinsic MOSFET can be expressed as:
" GVJ W 1 — gmRs — gas(Rs + Ra)
where ,
Ids)
Om = ( (8)
a‘[/g Vis
and oI
ds
- 9
Jds (ans) Vg ( )

5. (10 pts) Optional Extra Credit: FMD 3.10



