EEIZIB ~ Principles of Semiconductor Device Design
Winter 2020

Student nunthe =
- you are allowed 1 puges (A4 size) of notes (front + back). You are allowed 1o
use a caleulator. You are NOT allowed to use other eleetronic devices such as laptops and cell phones.

Check to make sure your test booklet has all of its pages ~ both when you receive it and when you turn it in,

Remember — there are several questions, with varying levels of difficulty, be careful not to spend too much
time on any one question to the exclusion of all others.

This is a closed book exam

Exam grading: When grading, we focus on evaluating your level of understanding, based on what you have
written out for each problem. For that reason, you should make your work clear, and provide any necessary
explanation. In many cases, a correct numerical answer with no explanation will not receive full credit, and a

clearly explained solution with an incorrect numerical answer will receive close to full credit. CIRCLE
YOUR FINAL ANSWER.

If an answer to a question depends on a result from a previous section that you are unsure of, be sure to write
out as much of the solution as you can use symbols before plugging in any numbers, that way at you will still
receive the majority of credit for the problem, even if your previous answer was numerically incorrect.

Please be neat — we cannot grade what we cannot decipher.

Max Points Your points
Problem 1 10 A
Problem 2 30 23
Problem 3 30 }é
Problem 4 30 >3
Problem 5 10 (o
Total 110 \ 00




Physical constants

E’rfppcrtuc‘s of silicon (Si at 300K). o [ Symbol Value
Description Symbol Value - Descf" harge q 1.6 x 10719 C
Band gap energy E. 1.12e¢V Electronic charg T 0,026 V
Intrinsic carrier concentration n, 10'°cm™3 Thermal voltage
Electron affinity X 4.05 ¢V
Permittivity Es 10712 F/cm
Ty . 3 . -3
Effective density of states N, [3.2x10"cem
____inconduction band
Effective density of states N, 1.8x10"cm™
in valence band
Carrier mobility in silicon
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Question 1) {10pts] To the right is a plot of the electron and hole distributions within the conduction and valence
bands, respectively, for a lightly doped (LN, ~N4-10"7 cm™?) silicon sample maintained at T =300 K.
a) |5 pts] Is this material n-fype 0\/;:3;[7} (Circle one.) Briefly justify vour answer.
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Question 2) [30 pts]

The energy band diagram for a non-compensated and uniformly-doped Si sample maintained at T =300 K is

shown below.
a) [2 pts] Is this sampl @ or p-yype? (Circle one.) E
<
2
E, .22V
b) (8 pts] Calculate the mobile charge carrier concentration, n and p. 0.36 eV
(Remember kTin(10) = 0.06 eV at 300K) E,
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c) [8 pts] Roughly estimate the resistivity of this sample. o Z
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d) [4 pts] If this sample were to be subjected to an electric field of strength 400 V/cm, what would be the
electrop drift velocity?
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e) [8 pts] Qualitatively, how would your answer to (c) and (d) change if this sample were to be additionally
doped with Boron atoms (Group III) to a concentration of 10'¢ cm™3. Briefly, justify your answer.
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Question 3) {30 pts]

Please refer to the metal-semiconductor (NiSi-Si) device below, and assume: O, = 0.65 eV, @5y = 0.47 eV. For
each of the following cases (a, b, ¢):

e Calculate the width of the depletion region (W)

e Sketch and annotate the energy-band diagrams indicating the Schottky barrier height (®5), the width of
the depletion region (W), and Vi~V (Where Vi is the built-in voltage and ¥ is the applied voltage across
the metal-semiconductor device).
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a) [10 pts] A contact between NiSi and uniformly doped n-tyfpe silicon with Np=10"7cm™, Va=-1V
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b) [10 pts] A contact between NiSi and uniformly doped n-type silicon with Np= 10" cm™, V=02V
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¢) 10 pts] A contact between NiSi and uniformly doped p-type silicon with Np= 107 em”, Va=0V
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Question &) {30 pty)
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Consider a PIN junction (where 7 stands for intrinsic Si, Fig. a) with the doping protile shown :

Hint: the profile of the net charge density is shown in Fig. ¢.
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b) [10 pts] Draw the equilibrium energy band diagram for the device and identify the Jocation of £, with
respect to Er at the two ends of the junction.
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c) [10 pts] Derive an expression for the built-in voltage (V) that exists across the junction under equilibrium
conditions. =
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Question 5) [10pts)

A uni - ili
n.nfor.ml)./ doped n-type silicon sample has N, = 10'® cm™. Use y, = 1200 cm*/V's, p, = 400 gk /8% 1e
carrier lifetimes are 1, = 1, = 107 5. (T = 300 K) B

Let a fi . .
. t1:(ed lexcess hole concentration 4p, = &p, (x = 0) be injected and maintained at one edge of the sample, at X
. Then the excess hole concentration profile throughout the sample will be given by:
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Find the dpy level required to maintain a hole diffusion current density Jp.diy =

10 A/em? = 10 pA/cm’ ét the edge
x = 0 at room temperature. 2 2
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