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Instructor: Sam Palermo

e Please write your name in the space provided below
o Please verify that there are 6 pages in your exam

* You may use one double-sided page of notes and equations for the exam
e Good Luck!

Problem | Score | Max Score
1 30
2 20
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4 30
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Prof. Sam Palermo ECEN 720 Exam #1 March 9, 2017

Problem 1 (30 points)
a) A 1V step is launched onto the channel below at t=Ons. (20 points)
i.  Calculate the reflection coefficient at the source, k:s, and at the end termination, ke
ii. Fill in the lattice diagram below until the source voltage, Vs, has reached to within
100mV of its final value.
Also plot the source voltage, Vs, and make sure to label the voltage '}alues in the transient

plot. Open Termiaceion == Fal Vs Should ée

iii.

250 Vs Zy=50Q, t;=1ns vV, k"T_= /
-0.661 W ) ¢ ]
l .
vSn l ¢
li”l ) 07‘3 t
J01%7 [3 ‘ l
¢ . ‘
Tt
- D - s-¢o
TEE D] knrE e
st2 T 75ws0 T 3 2o - o ¢

b) Anideal TDR (t~0) yields the following response with a channel consisting of a 50Q trace, a
1 inch trace with Zx impedance, and ends in an open termination. Calculate Zx and the
equivalent L/in and C/in of the 1 inch trace. Assume all traces are loss-less. (15 points)
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Problem 2 (20 points)

A channel has the pulse response, ¥V, below for a “1” bit.

a. Find the channel’s worst-case eye height at this bit rate.

b. Give the channel’s worst-case bit pattern at this bit rate. Make sure to label the cursor in the
bit pattern.
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Problem 3 (20 points)
For the circuit below, use the following NMOS parameters
KPN=llnCox=600pA/V2, VTN=O.35V, A'N=OV'1

and the following PMOS parameters
KPp=pyCox=150pA/V?2, V1p=-0.35V, Ap=0V"!

For the current-mode driver below
i.  Calculate the tail current Lo to generate a peak-to-peak differential voltage output swing
of 700mVppq.
ii. Give the common-mode value of the output voltage with the 700mV y output swing,
ili. ~ Give the PMOS termination transistors aspect ratios for proper termination. Include Vsp

effects and optimize the termination at the output common-mode level.
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Problem 4 (30 points)

This problem involves analyzing the maximum performance of the comparator below. Assume

that the Sample Time=25ps and the Sample Gain=2.

i. If the regeneration time constant Tr=15ps and it is required to amplify a 10mV differential
input voltage to S00mV for a reliable decision, what is the minimum time required to make a
decision (t2 — tp)?

ii. Given the effective total regeneration transconductance gm=500nA/V, what is the maximum
total output capacitance that the comparator can drive and maintain the 15ps Tr?
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Key MOS Equations & Scratch Paper
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Saturation: NMOS IDS = EKPNT(VGS - VTN)Z
_ 1w
Saturation: PMOS ISD = EKPPT(VSG - IVTPDZ

w 7
Triode: NMOS I, = KPNT(VGS — Vi — %) Vos

w V.
Triode: PMOS ISD = KPPT(VSG - IVTPI —%) VSD
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