UNIVERSITY OF CALIFORNIA, BERKELEY
. Colege of Engineering
Department of Electrical Engineering and Computer Sciences

FINAL EXAMINATION

EE 130/230M: IC Devices, Fall 2012
Time allotted: 75 minutes

NAME:

STUDENT ID#:

INSTRUCTIONS:

1. Unless otherwise stated, assume
a. temperatureis 300 K
b. material is Si

2. SHOW YOUR WORK. (Make your methods clear to the grader!)
Specially, while using chart, make sure that you indicate how you
have got your numbers. For example, if reading off mobility, clearly
write down what doping density that corresponds to.

3. Clearly mark (underline or box) your answers.

4. Specify the units on answers whenever appropriate.

SCORE:1 /20
2 /20
3 /20

Total /60




PHYSICAL CONSTANTS

Description Symbol Value

Electronic charge g 16x10”C

Boltzmann’s constant k 8.62x10°
eV/K

Thermal voltage at V= 0.026 VvV

300K kTlg

USEFUL NUMBERS

YrIn(10) = 0,060 V at T=300K.
exp(0.6/0.26)~10"°

PROPERTIES OF SILICON AT 300K

Description Symbol Value

Band gap energy Eg L12eV

Intrinsic carrier Hi 10" cm™

concentration

Dielectric permittivity £g; 1.0x10™"?
Flem

2ef 1
Depletion region Width: W = \/_E(F $—

q

a

Law of the Junction: np = n?‘(eq"n ”‘T)

N=2.8x10""/cm?
Ny=1.04x10" /em®

Vbi - VAppIied)




Rervercse biag,

Prob 1. [20 pts]
(a) {4 pts] Answer the following

(i} [2 pts] What are the main physical mechanisms for drift and diffusion?

Drieff > accelevation due lo electrie fold

Diffusion —» [
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(i) [2 pts] Between two diodes, one more heavily doped than the other, which one will have a smaller
reverse breakdown voltage? Why?
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(b) [5 pts] Drawing an |-V plot show how increasing temperature from 300°K will change the current
voltage characteristic of a diede. You should show three different -Vs each for a different temperature.
In the plots carefully show if there is any difference in the extent of change in current for forward and
reverse bias. Briefly justify reasons for any such difference.
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{c) [5 pts] Consider a pn junction diode doped such that Nx=10%7/cm? and Np=10%3/cm3. A bias is applied
such that at the edge of the depletion region on the p-side the number of electrons is found to be 108/
cm?, Is the diode forward or reverse biased? Justify your answer. Also find out the amplitude of the bias
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{d){6 pts] Consider a pn junction diode is biased such that the n-side has a higher doping than the p-side.
Qualitatively draw:

{i} The charge density profile
{ii) The electric field profile

{iii) The current density profile in the forward bias
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Prob 2 {20 pts)

{a) [5 pts] Consider a short base N*PN junction. Draw the current density profile due to electrons in
the various regions of the junction in the forward active mode, Comment on how it will change if the
base width Is increased. In both cases, assume that emitter and collector regions are much longer than
diffuston lengths,
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(b} [9 pts] Two pnp BJTs are designed such that:

T1: Ngp>Npi>Neg

T2: Neo»Nga>Nes

fn both cases, the base doping is the same Ngy=Np,. Also, Ngj=Nc;.

(a) Which transistor is expected to have greater emitter efficiency? Explain.

{b) Which transistor will exhibit greater sensitivity to base width modulation under active mode biasing?
Explain.

(c) Which transistor will breakdown at smalter voltages? Explain.
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(c)(6 pts]

{i) [3 pts]) How will changing the base width affect the speed of a bipolar transistor?
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{li) {3 pts] B=Ic/1; falls down at very high and low levels of collector current. What are the reasons for
that?
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Prob 3[20 pts}

{a} [8 pts] Consider a MOS capacitor with N+ polysilicon gate that has a doping of Ng=2.8 x 10%/cm?,
Assume the applied gate voltage is 0.5 V and a body doping of Na= 10Y7/cm?®. Find out the voltage drop
across the gate oxide if it is known that, at this gate voltage, the depletion region width in the body 1s
110 nm. What will be the voltage drop across oxide if the gate voltage isincreased to 0.7V ?
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(b) [6 pts] Consider a N+NPNN+ Junction made on a p-type substrate. The N+ reglons are connected to
metal as source and drain. This structure is topped with a thin Si0; and a metal gate. Draw the energy
band diagram at the interface between semiconductor and the SiQ, going from source to drain at the

OFF condition. How do you think the inclusion of extra NTegions will affect the MOSFET performance?
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(c} {6 pts]

{i) [3 pts] Briefly explain DIBL.
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{it) {3 pts] Si has bandgap of 1.1 eV while inAs has a bandgap of ~0.3 eV . For an ultra scaled transistor,
which material will give the most leakage current? Why? Assume that the current due to direct
tunneling through gate insulator is the same for both,
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