UNIVERSITY OF CALIFORNIA
College of Engineering

Department of Electrical Engineering and Computer Sciences
Last modified on November 27, 2001 by Hanching Fuh (hfuh@eecs.berkel ey.edu)

Borivoje Nikolic Homework #9 EECS 141
Due Thursday December 6, 2001at 5:00 PM in drop-box outside of 275 Cory

Thisisyour LAST homework... Hurray!
Problem 1 —-Timing & Race Conditions

Thefollowing circuit consists of a source portion, which adds the outputs of two registersR1 & R2 and a
destination portion, which stores the sum in R3. The connections between the source and the destination
are made by an automatic router, which creates wires with an average length of 1mm and containing an
average of 10 contact holesin series. Thisleadsto aresistance of about 200 W and capacitance of about
100 fF for each wire.

A clock driver buffersthe clock signal at the source and is routed by the same tool to the destination, where
it connectsto R3 and two other registers (R4 & R5) which happen to be close by. Each register presents a
load of 300 fF to the clock driver.
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Assume the following timing values for thelogic: tcary = 250 ps, tsum= 300 ps (including the wire load),
teyp = 150 ps, thog = 100 ps, teko = 50 ps.

a) Doesthiscircuit have arace problem? What is the minimum clock period?

b) What if you removed R4 and R5? Would there be arace problem? What would the new minimum
clock period be?

c) What if thedriver were placed at the destination (with R3,R4 & R5)? Would there be arace problem?
What would the new minimum clock period be?



Problem 2 — Timing and Clock Skew

# Timing and Clock Skew
3. (4pts) Logic Information. Assume all latches (1-4) are on the same clock and that the

logic-blocks are static.

Toen = 0308
Block A: Tain = 108 Tpe=2.1n8
Block B: Tez = 1.718 Ty =2.3m03
Block C: Tain = 0.508 Ty =1.4m3
Block D: T = 2.208 Tre =2.908
Block E: Trin = 1.508 Tagy =3.1ns

"

a.) Determine TON Max , the maximum time that the clock pulse can be hlgh (1 e. longest
.time the latches can | be .open for.) Assume there 1s NO clOck skew REESEERLS :

b.) Determine Tyin, the minimum clocklng__ penod. Once again, assume NO clock skew.

c.) Now assume that the clock is routed from latch 1 (L1) to latch 4 (L4) in ascending
order. Assume that the clock skew between subsequent latches is the same (i.e. the skew
from L1 to L2 is the same as the skew from L2 to L3). Find the MINIMUM clock skew
needed to safely run the clock with a 4.5ns period. Ignoring the duty cycle of the clock
for now, what is the MAXIMUM (if any) clock skew allowed such that we can still run
the clock with a 4.5ns period?

d.) Ifthe clock period is Sns, what value of clock skew will safely allow the clock to be
run at its maximum duty cycle? What is the maximum duty cycle under this condition?

e.) Now, assume that the there is a latch (L5) added to the circuit between logic blocks A
& B. Also assume that the clock is now routed to the latches in the following order: L1,
L5,L2,L4, L3. Ifthe latches are edge triggered, what are the constraints on the clock
skew? (Assume no constraints on the clocking period and that the skew between latches
is the same.) What is the minimum clock period that can be achieved? - - '



Problem 3— Memory Cédlls

The 2-T memory cell uses 2 identical transistors with W/L = 0.3/0.2. Separate lines are
provided for the read select (RS) and write select (WS), which both switch between 0 and
1.5V. The Bit Lineis precharged to Vdd/2 prior to aread. A write is done by pulling the
Bit Line either to Vdd or to GND. Ignore body effect and channel-length modulation.
(g=0; | =0). Assume for this problem (for ease of calculation) that kn' = 110 mA/V?
Vdd=2.4,Vt=04.

a) Explain the operation of the memory. Draw waveforms for BL, WS, and RS and Vx
for reads and writes of both ‘1’'sand ‘O'’s.

b) Determine maximum current through transistors during a read operation.

c) The hit line is connected to a single-ended sense-amp, which would has a switching
threshold of 200mV in either direction from Vdd/2. Compute the time required to
read a data bit. Assume C.=10fF and C,=2pF.
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Problem 4 —- DRAM Memory Cdll

A single-transistor DRAM cell is represented by the following circuit diagram. The bit
line can be precharged to Vpp/2 by using a clocked precharge circuit. Alsothe WRITE
circuit is assumed here to bring the potentia of the bit line to Vpp or OV during the
WRITE operation with word line at Vpp. Using the parameters given:

V1o=10V

g=0.3Vv¥2

|2f /| = 0.6V

a) Find the maximum voltage across the storage capacitor Cs after aWRITE-1
operation, i.e., when the bit line is driven to Vpp =5V.

b) Assuming zero leakage current in the circuit, find the voltage at the bit line during
READ-1 operation after the bit line isfirst precharged to Vpp/2.
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