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and exam failure for the second.)

There are 10 problems: please look over the exam to make sure that you have 10
different problems. Do _any eight (8) problems! Draw a large X through the two
problems that you do not want to be graded. If you do not indicate which problems you
want to leave out, the first 8 problems will be graded.

Do all work for each problem only on the page supplied for that problem (you may
use both sides). DO NOT, for instance, continue Problem #3 on the back of Problem #2.
Extra blank paper will be supplied if needed. If extra paper is used, show the additional
work for each problem on a separate sheet and staple the extra sheet(s) to the appropriate
problems.
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(a) [5 points] For intrinsic semiconductors at equilibrium, the electron concentration (number of
electrons per unit volume) at room temperature is ??? Circle the one correct choice.

Equal to 1.0 x 10*? cm™

Equal to the hole concentration

Equal to 4 electron per atom times the number of atoms per cm®
None of the above are true

(b) [5 points] Because the energy-gap Eg of crystalline silicon is bigger than that of crystalline
germanium, the electron concentration of intrinsic silicon has what relationship to the electron
concentration of intrinsic germanium at room temperature? Circle the one correct choice.

No,si > No,Ge No,si < No,Ge Undetermined for given information

(¢) [5 points] In a pn step junction diode, the electric field inside the depletion region points in
which direction (i.e. is positive for which direction)?

From the n region to the p region
From the p region to the n region
Direction depends on bias voltage

(d) [10 points] Sketch the energy band diagram for a step pn junction for forward bias conditions.
Label the edge of the conduction band and the valence band, the Fermi level in both n and p
regions, the difference qVa.
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/25
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(2)

(b)

(©)

(d)

An abrupt silicon p-n junction has an acceptor concentration 10'° cm™ (no donors) in the p-side
and a donor concentration 10'® cm™ (no acceptors) in the n-side, respectively. The intrinsic
carrier concentration of silicon is 1.50 x 10'° ¢cm™ at room temperature (300 K). Answer the
following questions assuming all dopants are ionized at room temperature.

[7 points] Calculate the potential difference across the junction at equilibrium (i.e. contact
potential V).

Vo =

[6 points] Calculate the ratio of p-side depletion width x,, versus n-side depletion width x,, at
equilibrium, i.e. Xpo/Xno.

xpa/ Xno =

[6 points] Calculate the total potential difference in eV across the junction when a forward bias
voltage of V, = + 0.30 V is applied, i.e. determine the difference between the band edge energy
on the p-side of the junction with respect to the n-side.

[6 points] Calculate the ratio of total depletion width at equilibrium versus total depletion width
with a forward bias of V= +0.20 V, i.e. W,/W.

WoW =
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Consider an idealized diode with a reverse
saturation current 0.01 mA and an abrupt turn-on

Riimiting

voltage of 0.70 V (assume no breakdown and N é R N
operation away from the knee of the diode curve). Iy I )
For the circuit shown, both resistors are 100 Q, the Vs Ve \
constant source is Ve = 5.0 V, and the time- T +

dependent source is Vs = 20 sin(wt) V.

(a) [12 Points] State the bias condition of the diode. Calculate the peak positive voltage V and the
associated current I4 through the diode. Calculate the answers to at least four decimal points
(X.XXXX).

V= Id=

(b) [13 Points] State the bias condition of the diode. Calculate the peak negative voltage V and the
associated current I4 through the diode.
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Consider the npn-transistor Darlington
amplifier circuit shown with three npn BJTs.
The transistors are identical with a nominal
beta = i = [ = =10, a turn-on voltage
Ve = 0.70 V, and a saturation emitter-
collector voltage Vecsay = 0.20 V. The
circuit values are Vee =100V, Vg =7.1V,
Rp;=10.0 kQ, and Rc =10 Q.

(a) [18 points] Calculate the currents ic;, ic2, and ics.

icr = ic2= lcs =

(b) [7 points] Calculate the total current through the resistor Rc and the voltage across Re,
i.e. iCTo[a[ and Vo.

iCTotal = V,=
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Consider the pnp BJT circuit shown with i ¥
B=99, V=07V,
Vee=50V, Vece=12.0V,
Rp=12.00 kQ, Rg =100 Q,
and Rc =100 Q.
Assume that the circuit is operating in the
active region.

Rc Vo

(a) [12 points] Calculate the transistor currents iz and i.

iB= iE=

(b) [13 points] Calculate the operating point ic and vec.

ic= VEC =
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(a) [5 points] For the inverter MOSFET circuit shown, the
enhancement-mode p-channel MOSFET has parameters V.,
and K and the depletion-mode p-channel MOSFET has
parameters V,, and Isps. For the upper or load MOSFET,
sketch the IV characteristic isp> vs. vsp2. State the control
voltage vsg2 value and label the axes and any key voltage or
current values.

T isp2

VSD2

Vbbb

T isp1 -

VSDI
Vo

(b) [5 points] For the inverter MOSFET circuit shown in part a, the enhancement-mode p-channel
MOSFET has parameters V,, and K and the depletion-mode p-channel MOSFET has parameters
V» and Isps. Sketch the load line for the lower or driver transistor isp; vs. vsp;. Label the axes

and important intercept values.

(c) [9 points] Consider an n-channel MOSFET circuit
with V,, =3.00 V, K =1.00 mA/V?, R;= 1.00 kQ,
Vop = 20.0 V, and V; = 5.0 V. Calculate the
operating point or Q-point, i.e. ips and vps.

Vps = ips =

(d) [6 points] For the MOSFET circuit in part b with V,, = 3.00 V, K = 1.00 mA/V?, Vpp =20.0 V,
and V;= 5.0V, calculate the range of R, for which the transistor operation stays in saturation.

Range of R;:
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(a) [5 points] Consider a p-channel JFET with specifications V), and Isps. Sketch the saturation
curve isp vs. vsg 1.e. the curve for saturation conditions. Label all intercepts.

(b) [20 points] Consider the p-channel JFET circuit
shown. The transistor parameters/specifications are _\/\/\l’_
Vpo = 4.00 V and Isps = 10.0 mA. The circuit values fiso Ra
are R; = 1.70 kQ and Vpp = 20.0 V. Calculate the
input voltage vsg; the operating point or Q-point, i.e.
isp and vsp; and the load-line intercepts for current
and voltage. Sketch the current-voltage characteristic
and the load-line on the same graph. Label the
operating point (Q-point) and the load-line intercepts.

VvsD
Vob

VsG = Vsp = isp =

Voltage-axis intercept = ( .0A) Current-axis intercept = (0_V, )
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(b)

(©

(d)

[8 points] The OpAmp shown has ideal
resistances Rin and Rou and has a finite open-
loop gain A =20,000. For the circuit shown,
calculate Vo/Vs. Express the answer to at
least 5 decimal points (X.XXXXX).

Vo/Vs =

[7 points] For the OpAmp circuit shown, =~ = = = =

sketch the equivalent circuit in which the U e VAVAS SAVAVA AVAYA
OpAmp is replaced with appropriate circuit Rru I R R;
elements. Assume non-ideal OpAmp ! <+ Vv I Av +
parameters. | ™,
I I Vo
: I- -
ia—

[3 points] What type of OpAmp circuit is shown in part b? (Circle the best choice.)
Inverting (Vo / Vru neg.) Non-Inverting (Vo / Vru pos.)

[7 points] Use the OpAmp circuit shown in part b and assume ideal parameters. Consider the
OpAmp circuit shown. The OpAmp is ideal. The Thevenin circuit values are
VTH =5.00 V and RTH =1.00 kQ.
The feedback resistor R, = 20.00 kQ. Calculate the value of resistor R; such that
the magnitude of the output voltage to the Thevenin voltage is [Vo/Vru| = 5.
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(a) [8 points] Identify the two OpAmp circuits shown. (Select the best answers.)

1

Circuit A: Circuit B:
Circuit is a Differentiating circuit (V, = - RC d(V,)/dt)
Circuit is a Integrating (V, = (-1/RC) f(V))dr

(b) [8 points] Consider the OpAmp circuit shown. Ri R>

Assume an ideal OpAmp. The resistance values + W\’
are

;

R; =1.00 kQ, R>=5.00 kQ,
R;=2.00 kQ, and R,=2.00 kQ.

Operation is in the linear range.
—MA—AN—

Calculate the output Vo as a function of vi when V2 R3

v, =0. Hint: Use superposition. i

>
<

V1

Vo |va=o = Vor= ( ) vi

(c) [9 points] Consider the same OpAmp circuit. R>

R1
Assume an ideal OpAmp. The resistance values + W\’ M_

are the same as in (b) and are
R; =1.00 kQ, R>=5.00 kQ,
R;=2.00 kQ, and R;=2.00 kQ.
Operation is in the linear range.

V1

—MAAN—

Calculate the output Vo as a function of v» when V2 R3

vi =0. Hint: Use superposition. i

Vo [vi=o= Vo= ( ) v2
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Consider the Si pin photodiode circuit shown with

source voltage Vs and resistance R = 6000 Ohms. The I

bandgap energy for Si is Ec = 1.12 eV. The reverse

saturation current (for “dark” conditions) is 0.10 mA. +

Light of wavelength A = 0.900 um is incident; the Vs R

efficiency is 0.90. Assume the photodiode voltage
|[V|>> kT/q and room temperature. -

(a) [5 points] For photoconductive operation as described
in the lecture notes, what is the correct bias condition for the photodiode? Choose (circle) the
correct choice.

Forward bias No Bias Reverse Bias

(b) [5 points] Calculate the photon energy Ep for this wavelength. Express the photon energy in eV.

EP=

(¢) [10 points] For an absorbed optical power P at this wavelength A = 0.900 um, the photo-induced
current is Liigne = 1.0 mA. Calculate the absorbed optical power in W.

P=

(d) [5 points] For the photo-induced current of Ijien = 1.0 mA, the operating voltage is V. =-7.50 V.
Calculate the needed source voltage V.

VS =
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EE 2200 Equation Sheet

Boltzmann's constant: k=1381x 102 J/K=28.618x 10 eV/K

Planck’s constant h=4.136 x 101 eV-sec = 6.626 x 104 J-sec

Electronic charge: q=1.602x 10" C

kT at 300 K kT =0.0259 eV

eV-J conversion 1eV=1.602x10"]

Free-space permittivity €= 8.854 x 10™* F/cm

Speed of Light c=2.998 x 10" cm/s

Relative permittivity Si: 11.9 Ge: 16.0 GaAs: 13.1

Bandgap energies Si: 1.12 eV Ge: 0.67 eV GaAs: 1.42 eV
] Periodic Table

v

He

mB IVvB VB VIB VIIB

B |C [N (O [F |Ne

Al (Si [P [S [Cl|Ar

1B

Zn|Ga|Ge|As [Se |Br|(Kr

Cd|/In |Sn|(Sb|Te(l [Xe

Hg|Tl |Pb|Bi |[Po[At [Rn

P(T) = p2o[l + oo (T — 20)] (Er —E) =KkTIn (r:l_(:)
no + N7 =po + N§ (Er — E)) = —KTIn ()

) (EF-Ey)
Ngpg = Ny = nje kT




dp —(EF—E;)

]=andX_q de poznle kT
kT,  |(Nap=Ngp)(Ndn—Nan)
] = q(noun + poup)E = oE VO — ?ln [( p dp).2 d
D, kT
E = ? qVp = (EF in) - (EF - E:ip)
D KT _
”_z = q (Nap)Eff Xpo = (N:i—n)Eff Xno
_ /2
2606,V [(Nap) g (Nénger] ) (@)
W={0r0 Eff Eff} I=I[ekT—1]
° q (N';p)Eff(Ngn)Eff 0
_ 1/2
B {Zaoar(Vo —Vy) (Nap)Eff + (Nzirn)Eff]}
q (N;p)Eff(N(-;n)Eff

B]T Relationships

I =—1 Ig =1g +1 Ay = —
B B C E B C 0 B+1
i ic i g
a0 =-2 or oap =-—=2 y=—2— or y=—2=
1En 1Ep lEntlEp lEntlEp

Saturation Conditions

VpG = Vps — Vgs = Vpo Vb = Vsp — Vsg = Vpo
Vbs = Vs = ~Von Vsp — VsG = —Von
FET Relationshins

ips = Ipss |2 (1 + VGS)

27 2
() - (=) ios =loss (1432
Voo po/ | Vpo
v ] v 2
() - (=) s = loos (14 %)
Voo po/ | Vpo

isp = Isps |2 (1 + VSG)

ips = KVon? [2 (\Vlﬂ - 1) (‘Vlﬂ) - (‘Vlﬂ)z] ips = KV, 2 (§ _ 1)2
isp = KVyn? [2 (\Vlﬁ - 1) (‘Vf—D) - (‘Vf—D)Z] isp = KV, 2 (“;S_G _ 1)2
f=; Ep=hf="1
[ =Ie” %X Vp :E

d



