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

EE 105: Microelectronic Devices and Circuits Fall 2010

MIDTERM EXAMINATION #1
Time allotted: 60 minutes

NAME: Solutisms

STUDENT ID#:

INSTRUCTIONS:

1. 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.

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

3. Specify the units on answers whenever appropriate,

SCORE:1 /14
2 /16
3 /15

Total /45



PHYSICAL CONSTANTS

Description Symbol  Value

Electronic charge q 1.6x10° C

Boltzmann’s constant k 8.62x107
eV/K

Thermal voltage at Vr= 0.026V

300K kTlq

USEFUL NUMBERS

V1In(10) = 0.060 V at 7=300K
exp(30) ~ 107

PROPERTIES OF SILICON AT 300K

Description Symbol Value

Band gap energy Eg 1.12 eV

Intrinsic carrier y 10 em™

concentration

Dielectric permittivity e LOx10"?
F/em
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Prob 1. [14 pts]

(a) Assume that a Si sample has been doped with Ga (which is a group ill element).

(i} Will the electron density increase or decrease if one increases temperature?
Why? [2pt]

{ii) Will the hole density increase or decrease if one increases temperature? Why?
{2pt]
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(b} Assume that a Si sample has a hole concentration which increases linearly over a distance of 1.6
um from an inftial value at x=0 to a final value of 10" em™ at x=1.6 um. itis known that the
absolute value of maximum current density in this sample is 10.4 Afcm® and the average
mobility of holes throughout this sample can be approximated to be 400 cm?/V-sec. Find out the

hote concentration at x=0. Can you think of a situation {e.g. for a practical device} where such a
profile of hole concentration may appear? {4 pt)
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(c} Assume that a Si sample’of length 500pm at T=300°K is uniformiy doped with acceptors ata
concentration of 2.5 x 10}6\cm'3. Foltowing that, the semiconductor is compensated such that the carrier
mobility comes out to be 400 cm?/v-sec. If 5V is applied across this sample, find out the current density.

[6pt]
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Prob 2. [16 pts]

{a) [10 pts] Consider that a Si sample has been doped as shown below:

Np=1016 ¢m3

{i) Briefly state how depletion reglon is created at the junction. {2 pt)
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{ii} Find out the built in potential at T=300K. [2 pt]
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{iii) If the two sides of the sample is how shorted, do you expect a current to flow due to the builtin
potential? Justify your answer. (2 pt]

\u-rm ,1\
NO . because OiThout an Opplied votlage diffueim

UAYY bvds Lo { tdg b b d.,f‘a‘l\j"‘l Ly ’\J ﬁ'(jw\ v,

} Lo
The bullt-in polential  hnild wp I oppose e Avifne

enyren]  Mat wsuld Otheyws el du to differentes

v

St n T
WM. tavvivy  cpneentialwins ouwvrss the  Jundien



(iV) Draw the charge density and electric profile for this junction. i2 pt]
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{V) Qualitatively explain what happens to charge density and electric field when a reverse bias is
applied as opposed to equilibrium condition, Justify your answer. [2 pt]
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(b) A p-n junction diode will be designed such that: (i) the p side is much more heavily doped than

the n side (i} it has a built in potential of 0.72 V and (ifi) at Vappies=-0.88Y (reverse bias), it gives a
capacitance of 50fF/{um)? (1 femto= 10"}, Find out the doping concentration for acceptors and

donors. Clearly state all the approximations. {6 pt]
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Prob 3. {14 pts]
(a) I8 pt]

{i) For a BT biased in the active mode, what are the mechanisms of carrier transport at the
Base-Emitter and Base-Coliector junction? [2 pt]
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{if) What are the two major mechanisms that can contribute to the base current? What
steps are taken to minimize their effects? 2 pt]
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(iii) How is collector doped with respect to the base (more heavily or more lightly)? Why?

[2 pt}

Cotllestoy 1S move Wght Wy oim,ou(_ to minimier {{ﬁvug Afenl



{iv} What happens to the early voltage if base doping is reduced? Why? {2 pt}
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(b) {7 pt]

{i} Assume that for the transistor shown above, Vg=0.8 V, §=2 and Re=1 k(1. If to make sure I =1 mA, Vg
must be at least 0.4 V, Find out the minimum V. that is required to get i=1 mA. [5 pt}
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{if} Draw the small signal model for the above transistor including Rg and assuming that there is an
independent small signal source in series with the DC source Vge. [2 pt]
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