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ECE 305 - Fall 2015
Final Exam (Exam 5) - Wednesday, December 16, 2015

This is a closed book exam. You may use a calculator and the formula sheet at the end of
this exam. Following the ECE policy, the calculator must be a Texas Instruments TI---30X
[IS scientific calculator.

To receive full credit, you must show your work (scratch paper is attached).

The exam is designed to be taken in 50 minutes (or less). However, the full two hours will
be allowed, if you need them. Be sure to fill in your name and Purdue student ID at the top
of the page. DO NOT open the exam until told to do so, and stop working immediately when
time is called. The last 2 pages are equation sheets, which you may remove, if you want.

100 points possible,
[) 40 points (8 points per question)
II) 30 points
[1T) 30 points

Course policy

If [ am caught cheating, I will earn an F in the course & be reported to the Dean of Students.

[ repeat:

Signature:
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Part I: Answer the 5 multiple choice questions below by entering them on your IDP-15 Scantron.

1 (8 points). Which of the following would increase the collector breakdown voltage in a BJT?

Increasing the emitter doping
Increasing the base doping
Increasing the collector doping
Decreasing the collector width

™ o 0 T o

Decreasing the collector doping

2 (8 points). How are the PN junctions biased in the forward active region of an NPN BJT?

a. Base-collector: forward biased Emitter-base: forward biased
b. Base-collector: forward biased Emitter-base: reverse biased
c. Base-collector: reverse biased Emitter-base: forward biased
d. Base-collector: reverse biased Emitter-base: reverse biased
e. Base-collector: forward biased Emitter-base: biased in breakdown

3 (8 points). What would be considered good values for a4 and 4., respectively, in a BJT?

a. 0.1 and 0.11

b. 0.5 and 1

c. 0.99 and 99

d. 3 and 1.5
e. 20 and 1.052
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4 (8 points). For large gain in a bipolar transistor, the emitter doping must be .... ?

Larger than the base doping only

Smaller than the base doping only

Larger than the collector doping only
Larger than both base and collector doping

® o 0 T o

It does not matter
5 (8 points). How can a heterojunction bipolar transistor be designed to improve 4.7

Low bandgap material in the base region

Low bandgap material in the emitter region

High electron affinity material in the base region

Low breakdown voltage material in the collector region

® o 0 T o

High bandgap material in the base region
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Part Il (Free Response, 30 points)

Consider the NPN BJT made of silicon, depicted below. Assume that it is in the forward active region,
with I = 10 uA, doping concentrations Npe=10'8/cm?, Nag=10%"/cm?3, and Npc= 10'® /cm3; thicknesses
We=0.5 um, W;p=0.25 um, and Wc=2 um; and diffusion constants D, =2 cm?/s, D, =20 cm?/s, and D, =12
cm?/s, and L,=1 um. The cross-sectional area A=1 um?. Assume that recombination within the BJT is
small (i.e., diffusion lengths are much larger than the thicknesses of each layer).
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a. What is the emitter injection efficiency yg?

b. What is the base transport factor a;?

c. What is the common base current gain ap.?

d. What is the emitter gain S (aka B4.)?

e. What is the forward saturation current density Ipy?
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Part Ill (Free Response, 30 points)

Consider the crystalline silicon-based bipolar junction transistor (BJT) depicted below. The shaded
regions represent the depletion regions, while white regions may be treated as having zero electric field
(in the depletion approximation). Assume that the doping concentrations Npg=10%/cm?3, Napg=10Y/cm?,
and Np,c= 10% /ecm3. Assume Ly > Wy and Ly > W,.

a. Sketch the excess minority carrier concentrations (in all white regions) in forward active

mode biasing.

Emitter Base Collector

Ap,(x') An,(x) Ap.(x”)

| I

= x —+—

0/ 0 Wu 0” xll e m —l

«—W, —x

b. Sketch the excess minority carrier concentrations (in all white regions) in inverted mode

biasing.
T A A ‘r
Emitter Base Collector
Ap,(x') An, () Ap(x”)
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c. Sketch the excess minority carrier concentrations (in all white regions) in cutoff mode

biasing.
T A A T
Emitter Base Collector
Ap,(x') An,(x) Ap(x”)
} x } >
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(Questions d and e are based on the following information) The minority carrier concentrations in the
quasineutral regions of a pnp BJT are given in the diagram below.
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Figure P11.8

d. Estimate the sign of the collector-base and emitter-base biases, and deduce the
operating mode of this BJT.

e. Calculate the magnitude of the collector-base bias Vcs.
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ECE 305 Exam 5 Formula Sheet (Fall 2015)

You may remove these pages from the exam packet, and take them with you.

Physical Constants Silicon parameters (T = 300 K)
h/2m = h = 1.055 x 1073*J's N, =3.23x10 cm™3
my = 9.109 x 10731 kg Ny = 1.83 x 1019 cm™3
kp =1.38x 10723 ]/K n; =1.1x10° cm™3
qg=1602x10"1°C K, =11.8
€0 = 8.854 x 10712 F/m E; =112eV; y=4.03eV
: : . (mp)3/22(E-E¢)
Miller Indices: (hkl) {hkl} [hkl] <hkI> Density of states g.(E) = = =03 £
Fermi function f(E) = m Intrinsic carrier concentration n; = \/N.N, e Fa/2kT
I . o1 (2mpkT)3/? 1 f2mykr\3/2
Equilibrium carrier densities: N = Z(W) Ny = Z( —2 )
ny = Nce(EF—EC)/kT — nie(EF—Ei)/kT Do = Nve(EV_EF)/kT = nie(EF_Ei)/kT
Space charge neutrality: p —n+ Nj — N; =0 Law of Mass Action: nyp, = niz

Non-equilibrium carriers: n = NoePNE/KT 1y = N, e Bv=FPI/KT  ppy = 2 (FN=FP)/KT

Conductivity/resistivity: o = 0,, + 0, = q(nu, + ppp) = 1/p

e Ef . d d k
Drift-diffusion current equations: |, = nqu,&, + qD, T =n n n Do M
dx dx Un
_ dp _ dFp Dp kT
Jo =Pqip€x — qDp -~ = Plip — - W q
. . . a
Carrier conservation equations: 6—7; =+V- (%") + G, — R,
o _ _y. (f_p) _
Pl \Y . +G, — R,
Poisson’s equation: V-(e€)=p
SRH carrier recombination: R =An/t, or R =Ap/t,
. . . . . . dAn 0%An  An
Minority carrier diffusion equation: vl D, PR + G, Lpyn =+ Dnty
. . . K de
PN homojunction electrostatics: Vyi = “in (%) £ _
q n; dx Ks€o

2K.€oVpi (Na+N N N 2qVyi { NgN
W= SObL(I:ND) xnz(N A )W xpz( D )W g(o)z qbl.( AD)
q ANp A*TNp Na+Np Ksep \Npg+Np
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PN diode current: An(0) = - (quA/kT 1) Ap(O)— (quA/kT 1)
Ng

Jo =Jo(ea/ = 1) J,=q (223 + 220 long)  J, = q(R2aE+ 2ER) (short

Ly Ny Wy Ny Wn Np
Non-ideal diodes: I = [,(ed(Va~IR)/KT _ 1) Jgen = —qZ"T"OW
Photovoltaics: Voo = nTlen (]]STC) Jov = Jo(e®Va/kT —1) — ]
. . Ip+I, _ KSEOA _ qKseoNA _
Small signal model: G, = . C;(Vp) = \/m 2, Cp = GyTypy
qN4
MS diOde properties: qui = ICDM _(D_gl CDBP :X-I_EG _(DM (DBN = (DM - X
— qVa/kT _ p*p2,—-®g/kT o _ Amqm'kg A
Jp =Jo(e®4/KT — 1) Jo=AT"e™™" A =5 mom
2K, 2qN \Y
MOS capacitors: W= [scobs E = ’q_,wﬁs —
qNa Kse, cm
C
Qp = _qNAW(d)s) = T 2qKs€,Nys m
Qs(obs)
Ve = Vig + s + Aoy = Vpp + s — SC .
ox
Cox = Ko€0/%, Vig = ®ms/q — Qr/Cox
KoW (s
€= Co/ |1 +72022 Vr=—Qs(265)/Cox + 205 Qn=—Cox(Vg — V1)
MOSFETSs: Ip = =WQn(y = 0){vy(y = 0))
w
Ip = TﬂnCox(Vas — Vr)Vps Ip = WCoxVsqt Vs — Vr)

w
T.uncox[(VGS — Vr)Vps = Vis/2], 0 < Vps < Vs —Vr

Square Law (for Voo = Vr): Ip =4 ,
Z.uncox(VGS — V)%, Vps 2 Vs = Vr
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Bipolar transistors: (assuming NPN, short emitter, base, and collector)

Ebers-Moll Equations:

/ & (VBE ’VBC ) = aFI FO ("QVBE"%BT o 1) —1 RO ("WM’%T o 1)

I (Vi Ve ) = Lo (€557 —1) = 0t 0 g (/7 1)

I.,=qA| 22—+

Ipo = qA| — i
L Wy Ny W Ny

O =7V rOr

Or =7rYr

aF[FO - aR]RO

y. = Ig, 1
! 1En+1Ep 1+DI’EWBNAB
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