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[6] You purchased a power NMOSFET and want to verify
the DC parameters on the datasheet: Vy, nCox(W/L), and
. Using two voltage sources and a current meter explain
exactly what circuit setup you would use, what
measurements you would take, and what calculations you
would do. Assume that the device is quadratic.
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[4] Later you bias a similar device withe gate at 5V .amd the drain at 120V, and the
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source grounded, 444 measure a drain current of 1A. fncreasing the gate vol‘t’age to
6V increases the current to 2A. With the gate still at 6V, you have to decrease the
drain voltage to 20V in order to get the current to drop back to 1A. Near these bias

oints,
P 1A

a. What is the transconductance gm? rj =51 = ‘5
- !

3 . /opV
b. What is the output resistance 1,? £ = L2 Joo L2
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¢. What is the channel length modulation parameter A.? Az F‘J—I_ =/ //00 174
o Lo
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d. What is the intrinsic gain” OO




3. [12] At t=0, the input voltage V; below transitions from 0 to 2V. The capacitor starts
with an initial voltage of 5V. pnCox=200uA/V = V=1V, W/L=10. Assume A=0.

a. [1] What is the initial current in the MOSFET immediately after t=0?
7z - 2ocuf 1O (N)—k: [ A

P 2 vv
b. [1] What is the initial rate of change of the capacitor voltage?

AL <705

¢. [1] How long does it take the capacitor voltage to decrease to 1V?
#ns
d. [1] What is Ry, for the MOSFET in the triode region?
L = Soo

Aoy X
e. [2] How long does it take the charge on the capacitor to decrease from 0.1V to

0.1mV? Sl K L o W
0:.' 2 - HS
¥ =Rz = 0.5n5 .

f. [2] If Cgq of the MOSFET is 0.1 pF, and at t=t; that is long compared to the times
above the input voltage slowly transitions back to 0, what is the charge injected

and the final voltage on the capacitor? . A
g p Con V2 @»’PF)(’J‘ OudpC

Ay 3 C-1PC/ipF = 0.1V
g. [4] Carefully sketch th@oltage versus time, labeling each axis.
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4. [10] In the circuit below, assume that Vem =0, and the

sided 2V supply. Assume that ®,and ®, are non- -(

a. [1] during ®@,, which sw1tc es shguld be closed
the capacitors, and the op-z

Y l/ﬁg £ <1 ~56
. [2] in @, what is the feedback factor if switches
3, and 5 remain open)? What is the gain?
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mmlmum DC gain necessary for the op-amp?
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[2] With this settling accuracy requirement, and

the minimum open-loop unity gain bandwidth o
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f. [2] What op-amp topologies would work for this
combinations of simple single stage, two stage, |
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PMOS input)
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e. [2] List all possible gains, if different switch setti

A= 6,3

op-amp is running from a single-
yverlapping clocks.
to ensure that there is no charge on

1§ working normally in unity gain feedback?

S1, S4, and S6 are closed (and 2,

[1] If a settling accuracy of 0.1% is required with this switch setting, what is the
q

®@, phase duration of 1pus, what is
f the op-amp?
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5. [11] For the amplifier in the figure to the right
a. [2] Draw the small signal model labeling the sm
variables vj, v, 1o, Vs
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b. [1] Write an expression for Gy, as the ratio of tw
third is held equal to zero.
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c. [1] Given the conditions above for the calculatic

Vs <, Ry

d. [2] Given the conditions above for the calculatic
solve for Gy,.
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e. [3] Find the approximate value for Gy, for each of three different values of Rg:

much less than 1/gp,, equal to 1/gy,, and much gn
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eater than 1/gy,.

f. [1] Write the full expression for R,. (you don’t need to derive it)

R& =R, I (r'a (H- S )25\1»)2;\
g. [1] If Rg is much greater than 1/g,, and Rp=2Rg

= L

, roughly what is the gain?




6. [13] You have designed a two stage Miller-compensated op-amp with a phase margin of
45 degrees in unity gain feedback. The load capacitance is more than 10 times bigger
than any other capacitor in the circuit. You have removed the RHP zero from the
compensation capacitor.

a. [5] Carefully sketch a Bode plot of the open-logp gain. Assume that the DC gain
is roughly 1000.

b. [2] If you increase the load capacitance by a factor of 10, what happens to the
phase margin? Unity gain frequency?

Trm 2 O
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¢. [2] If instead you increase the compensation capacitor by 10x, what happens to the
phase margin and unity gain frequency?

Pm =50

L’l/w &@Mﬂ% ly e,

d. [2] If you increase both the load capacitance and the compensation capacitor by
10x, what happens to the phase margin and unity gain frequency?

e. [2] If you have a single-stage folded cascode op-amp with a unity-gain phase
margin of 45 degrees and you increase the load capacitance by 10x, what happens
to the phase margin and unity gain frequency?
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= 7. [12] In your project, you are having some trouble with leakage on th
switch. You decide that the best solution is to generate another régulated volfage, this
one at 1.5V, to use for the gate and body of that PMOS switch.

a. [4] Using your bandgap reference of 1.2V, sketch the complete regulator circuit.
Start at a high level, with an op-amp symbol, some resistors, etc.

b. [4] Show the schematic for your op-amp, includ ing what overdrive voltages you
would pick. You may assume that op-amp internal bias voltages are generated
elsewhere.

¢. [2] Discuss the stability of the loop, and how you would guarantee it.

d. [2] Also show the circuit that you would use to convert the original LD signal
running off of 1.2 V to the new LD; s signal at 1.5V.
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10uf = Hnies X Vo = 1% (0:1Y)

8. [12] Design an NMOS-input folded cascode op-amp W

a. 20uA tail current
b. able to source or sink 20uA to/from the

vith the following specs:

load when slewing

¢. output swing to within 200mV of the rails

d. minimum channel length
Process specs UnCox=200u AL
VDD—2V me 0. lum C
design.

A=Lmin/(1V*L), -V,=V,=0.5V,

—SfF/um C’OI—O SfF/ Am. You may use 1 resistor in your

Draw the schematic including bias circuits, label the device size of each transistor or

transistor pair and the bias current flowing in each
capacitance, and the bandwidth when driving a

leg. Calculate the gain, the input
100fF capacitance.
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9. [12] In the following 2 bit ADC circuit, LD and CMP
Assume that the RC time constants are fast compa
a. [10] Assuming V;,=0.2V, carefully sketch the

graph provided below. V,=1V. bl and b0 are

b. [1] What binary value should the SAR report w
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are non-overlapping clocks.
red to the time scale below.

waveforms on Vx and LOW on the
either O or 1V.

hen V;,=0.2?

¢. [1]If the comparator is implemented as an op-amp running from a supply voltage

of Vi, what topologies can be used?

/\/Wp s l,’vfw F C «

LD Vref +
LOW
vref & VX -
220G R 3 G
CMP CMP
by = bo —_& == CMP"I
LD>Z LD>Z LD>Z
Vin
LD
CMP \
b / \
by f \
2V
1v 17 2. 8,
Vx
ov
= o
&
LOW ) j




