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1.

{21%) Semiconductor physics

(@) (1%} In a p-type bulk semiconductor at room temperature, since hole concentration
is NOT equal to electron concentration, the entire material is NOT neutral. True or
false?

(b} (3%) Assume in intrinsic Si, the bandgap is 1.1 eV at room temperature, N, = 3 X
10%° cm3,and N, = 1.5 X 10%°cm3, what’s the intrinsic carrier concentration?

{c) {4%]) At room temperature, what are n (electron density, cm3) and E; — Er (eV) if
the semiconductor is doped uniformly with donors of Np = 10*7 cm3? Use
N, = 3 x 10*°cm® for your calculation.

(d) (4%) Please plot the carrier concentration (with Np = 10%7 cm3) vs. temperature
(20 K~ 800 K).

{e) {1%) What’s the dominant mechanism for current conduction in a semiconductor
with non-zero carrier gradient without any external electric field?

{f) (1%} What’s the dominant mechanism for current conduction in a semiconductor
with a uniform carrier concentration under non-zero electric field?

{g) (7%) What are the two major scattering mechanisms for carrier transport in
semiconductors? Please make a plot of mobility vs. temperature and explain why.

(36%) P/N junction-and BIT _

(a) (5%) Please draw the band diagram of a Si pn junction with non-degenerate doping
levels for both p and n regions. Note it's in equilibrium. Label Ec, Ev, Ei, Ff, and
depletion region.

(b) (1%] If you replace Si with Ge for your diode, what do you expect for your turn-on
voltage (Si~ 1.12 eV and Ge ~ 0.66 eV), increase or decrease compared to Si?

{c} (5%) For an npn BIT (bipolar junction transistor), there exist two “pn junctions”
connected via base region. Isn’t the same as two “diodes” back-to-back connected?
Please argue your answers.

{(d) (8%) Please draw the minority carrier concentration vs. distance (from emitter to
base then to collector) for an npn BJT of Ng > Nz > N¢ in forward-active mode (i.e. Vet
> 0 and Vec < 0). Please also label the depletion regions and the equilibrium
minority carrier levels in all regions. Note: [t’s important to consider the effect of
different doping concentrations in the emitter, base, and collector regions.

(e) (8%) A common-emitter amplifier of a BIT is shown in Fig. 2-1 (p. 2), please draw the

small-signal circuit by assuming C¢q = 0, Cpz — 0, and Cp — oo,

(f) (9%) Find Rin, Ro, and Ay if V. = Vgg =10V, Vp =0.025V, V, =100V, I =
1mA, f =100, R, =8KkQ, Rg =7, =100kQ, R, = Rs, =5kQ, and R, =
223 Q.
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Fig. 2-1

3. (43%) MOSFET
For a conventional n-type MOSFET, the source and drain are n-type and the substrate is
p-type bulk material (Fig. 3-1). Assume no work function difference between metal and
substrate (i.e. Vg = 0)

Vgs
T Vds
Metal (gate)
Oxide T
! n+ source l l n+drain
p- substrate
Fig. 3-1

{a) (3%) Please draw the boundary of depletion regions for n-type MOSFET and iabel
the regions if Vg > Vi and Vs > 0. Note: Re-plot the figure in your answer sheet.

{b) {(4%) if we apply a positive gate bias (< Vu), the device is OFF and NO current
conduction occurs, meaning no carriers (electrons) inthe channel. However, based
on charge conservation and Gauss’ law, where are the missing negative charges and
what are they?

(c) (4%) If we replace the substrate type with n-type Si, which is the same as source and
drain, but less doping (Fig. 3-2), when the device is OFF (Vgs < Vi), the device has
huge leakage current between source and drain.  Whereisitfrom? Please re-plot
the device and label the leakage current path on your answer sheet.
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n+ source I n+drain = sioz2
n- substrate Si substrate
Fig. 3-2 Fig. 3-3

(d) (4%) Following (c), if we use a SOI (silicon on insulator, see Fig. 3-3) as substrate
materials with an ultrathin Si layer (~ 5 nm) on top of the oxide, we can reduce the
leakage current.  Please explain.

(e) (8%) See Fig. 3-4, assume kj, = 4k, = 400 pA/V? and Vi, = Vi =04 V. As
terminals A and B are grounded and the overdrive voltage is 0.2 V, please specify
W/L for Qs, Qz, Qs, and Qs conducting a drain current of 200 pA.  Write down your
equations and fill in the values of W/L for different transistors in Table 3-1. Re-

make your Table in your answer sheet.
Vpp=+1V

038 :ji—-—“‘——"l 0y

i
Gf Irer = 200p.A 2

o | i e

~Vg== 1V
Fig. 3-4

Table 3-1
Q1/Q2/Qs Q3/Qa Qs/Qz7 Qs

w/L

{f) (6%) Find the common-mode range of input voltage at terminals A and B.
(8) (4%) Find the allowable range of the output voltage (v,).

(h) (10%)With vy = 3;—‘1- = —vp, find the voltage gain 5:’;. Assume Early voltageis 5 V.
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