EECS40 - Summer 2006
University of California Berkeley
Midterm Exam # 2
August 8%, 2006
Instructor: Octavian Florescu
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1. This is a closed book exam. However you may use one page of handwritten
double sided notes.

Non programmable calculators are allowed only.

3. Make sure to write down your name on every page.
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Problem 1, Op-Amps [25 points]
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a. Find the transfer function v/ V.
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b. Find the transfer funclion v/ vy
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¢. Find the transfer function Vorr/ Vv and draw a bode plot
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Problem 2, Semiconductors [25 points]

Consider the p-type silicon substrate below in figures 1 and 2. The p background
concentration 110 cm™ ., A N-region is implanted on top of the n background, with an
acceptor concentration of 107 em™ .

Assume n; = 10" e
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Figure 1: Top view of resistor
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Figure 2: Cross section of resistor



a. Find the majority carrier concentration for the # and p regions.
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b. Find the thickness of the depletion region. How much of that depletion region
cxtends into the N region.
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¢. Find the resistance of this device considering the depletion region effects.
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4. What is the total surface area of the pr junction? Using this result, find the
junction capacitance from the resistor to the substrate. Assume 0 bias conditions,
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c. Assuming this capacitance can be lumped into two equal capacitances at each
terminal of this device, what’s the maximum frequency at which this device can
operate like a resistor?
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Problem 3. Diodes |20 points]
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The diode has a built-in potential of 0.7 V. Use the large-signal model.
a. Dor what values of vy is the diode on?

Ve 2.7V

b. What is the transfer function vor7/ Vry when the diode is on?
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¢. What is the transfer function Ygpr/ Vv when the diode is uff:?’
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d. Plot ip(¥) and vory (%) for the given vp(t). Make sure to label your dependent

axes with units.
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Name  Good Student

Problem 4. MOSFET [30 points]

Vop
Igias
R 1 I, Your
Ve I M,
. R C l

Parameters:

VDD = 9V
Igias = 2mA

R1 = 3kQ
R2 = 6kQ
Rg=500Q

Vi(M;) = 0.5V
AMM,) =0.5V"
1.Cox(M}) = 100 uA/V?
W/L(M,) =2



a. The voltage V¢ considering Ijy= 1mA. Note that iy = i;, + Iy [Spts]

Ve =Vop =1, - R,
I =iy + —
2

T
V, =9V (i +i).3k

%VG =9V —i, -3kQ

%VG =9V — (i, +1md)-3kQ)

Ve =4V -2k i,
Vs =4V if iy, is 0 for DC analysis
Mistake 1: Ignoring Iy = ImA, and just do a voltage divide. (-0.5 point)

Mistake 2: Plug in the wrong values for unknown reasons. (-0.5 point)
Mistake 3: Wrong sign when setting up the equation(+ or -) (-0.5 point)

b. Find the source voltage of M. [Spts]
Vi = lpus Ry =1V

c. Find Vpg using the values from a. and b. What region is M1 operating in? [5pts]
Assume M1 is in saturation region.

Mistake 1:Wrong Vds (-0.5)
Mistake 2:No Vds but otherwise
correct (-1)

Ips = :UCOX%(VGS —Vt) (14 AV 55)

2mA = (100,uA/V2)§(3V —0.5V)* (1+0.5V 7" V,5)

Vs =44V, Vo =3V, Vt =0.5V
Vg >Veg =Vt and Vo >Vt
Assumption was correct, and M1 is in Saturation Region.

d. Find the transfer function vg/ I;,. Note that i;, is a small signal without a DC
component. [Spts]

Vg = -iin (R1/Ro// Z(Cis))
v, 1
iin

1 1
(—+—+jwCg)
R, R,
Common Mistake 1:Forgetting the negative sign (-0.5 point)
Common Mistake 2: Inverting the answer Vg/iin because the student forgot how to calculate impedance in
parallel (-0.5 point)
Common Mistake 3: Both Mistake 1 and Mistake 2. (-1 point)



e. Sketch the small signal model of this configuration and find the transfer function
Vour/ Uin. [10 pts: Spts for the small signal model, 5 pts for the calculations]

Step 1. Replace the circuit with all small circuit elements. That is eliminate all the DC
(constant voltage or constant current) elements.

T
p—() Vour

lin

Step 2. which gives a small signal model of:

ro

Vout

® Notice, the small signal circuit is a new circuit, the “big” signal Vg, Vs, and Vour
are not here. Only small signal elements exist in a small signal model.
® (s is a misnomer. It is not the capacitor between the gate and source of M1.
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gm Vgs ro
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[[=0.5m (Vg—Vs)
Vs — Vout
[ =——"
1k
vout=(1,—-1,)-1k+1,-500
Vs
[ =——
S 500

Vout=-1.375Vg

Vout _

: 1.375 (Ri//Ra// Z(Cgs))
l.

n

Common Mistake 1: The circuit said vour, but this question asked for vout/vin. So the
vout is supposed to be small signal output only, without the DC

bias.
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( I, = gmVgs

Vs —Vout

1

1
ro

Vout =1, —1,)ro+1, - R;
Vs

I, =—
Rs

2

w
gm = lun Cox (f)(VGSQ - I/t) = 05m
1

Common Mistake 2: Wrong small signal circuit. Some assumed Cgs is infinite and
shorted Cgs in the small signal circuit.

BONUS [2 points]: Find the output impedance of this configuration.

Rout = L// ro+ Rs
gm

Rout =ro+Rs+gm-Rs-ro



