1. What is the logic function of the following gate?
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2.  Consider the following stick diagram. Draw the electrically equivalent
transistor-level Schematic. What logic equation does the circuit implement?
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3. Consider the logical expression
out- ~( (a+b) « (c+d))
. Convert this to a schematic diagram for static CMOS logic, then convert it to a

stick-diagram layout (as in question 1).



4.

below. Be sure to label each of the strata. Label

Provide a side-view diagram for each of the cuts X and Y through the layout

clear which end is which.
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5. Determine the Elmore delay from Node a to Node b in the following

circuit.

rab = RI(C14+C2+ C3+C4+C5) + R2(C2+ O3+ C4+4 C5) + RA(C4+C5)

6. What is the output function of the following circuit?
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7. Consider the CMOS circuit shown below In the figure, the W/L ratios for
each gate apply to both NMOS and PMOS transistors. We want to determine the
delay from a rising transition (0 — 1) ......

A. Assuming that the rise and fall times are good approximations of the
propagation delay, determine the delay from X to Z, in terms of t, when Y = 0.

B. Now, assume that Y = 1. What is the new value for the propagation delay from

X to Z7? Can you comment on this?
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8. The circuit shown below uses two identical rising edge triggered Flip-Flops.
Assume that for both Flip-Flops, ......
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A.Complete the following timing diagram for the circuit. Assume the initial states
of Q1 and Q2 are O, and have remained at O for a long time (but no clock edge
has come along yet to latch the 1 value at D1).
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B. What is the minimum clock period of this circuit that will assure that it works? Describe the
critical path. T >4
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B. What is the minimum clock period of this circuit that will assure that it works?
Describe the critical path.
Above

9. Consider the circuit below, left. Modules A and B have a delay of 20nsec and
65nsec at 5V and switch 30pF and 112pF, .....

h
in

pd
O
(=
—
Normalized Delay
~anbhwha

p
Vpp (volts)
: o
Lins *—LNF b'é
QL)
A M
1
| tane | |___;.
—“—‘A = WiZpF |
i
l _
7= evif
S'r_r!\’],\-f‘-|1ﬂ 1 .
max freq. T H Y20t LS 2 5 5V M2z (&)
r= ____ 7
Crawiten = N2 130 *. 2 = 142.2pF %9




. s
Scemario 2 Al r‘ﬂ“—b/&:} s
= & 4D o4 & 5/

Lotk e il skl be

i P“"’l i i Cunmpre (2 _,';qﬁ
- )
P Se Woltege cau clian
Cowb, =12 + 30+ .2+ .2 7 42 4eF 4 B
'F = [4‘2,_,'—} (Vz) N 69
—— . v E S
%9 a9

2 :
9{,@.1}. BV b _
— =4 -
Secenevie L -

' e Pu-a.:@-—- i,g:d'./',_."‘/‘-\
i)

10.  The serial NMOS transistors in the logic section of the CPL gate shown below
are clearly on the critical path. We have extracted that critical path in the figure

shown below. .....

R/S R/S R/S
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The RC network under worst case input pattern can be modeled as above.

L

Ty = 0.69%( (R/S)*(25C) + (2R/S)*(28C) + (3R/S)*(SC+Cy) )
=0.69 * (9RC + IRCL/S)

Size the transistors large to reduce delay.




11.  Design a 4 input multiplexer (see the truth-table below for its fuction) in

the complementary pass-transistor logic style using a minimum number of

transistors.
S0 S1 Qutput A
0 0 A B —
0 1 B c — F
] 0 C D
1 1 D
$1
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SO MUX4
A & (CPL)
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I)  You have a carry-bypass adder with 4 bits per stage but you find that it is
too slow

for large total number of bits. Being lazy to go for a different design, you pipeline
the

adder. A 12-bit section of your circuit is shown in Fig. 4. Answer the questions
(@)-(b)

in terms of the total number of bits, N and the following one-bit delays:.

tppg delay through the propagate/generate block = 0.6ns

tpcarry delay of a single carry bit = 1ns

tpsum delay of a single sum bit = 2ns

tpmux delay of the multiplexer = 0.4ns

tpreg delay of the register = 0.5ns
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a) (4 pts) What is the minimum clock period you can use for your N-bit adder?
(ie.
The worst-case scenario occurs in the first block, where input carry is not
available and needs to be generated.

The worst-case carry propagation delay is:
tp(carry) = tpreg + tppg + 4tpearry + tPpmux = 5.5ns

The worst-case sum propagation delay is:
tp(sum) = tpreg + tppz + ItPearry + Psum = 6.1ns

The minimum clock period is therefore:
Ty " = max {tp(carry), tp(sum)} = 6.1ns

The clock period does not depend on the number of bits

b) (3 pts) How many clock cycles does it take for the first N-bit addition to
complete?
There are total of Bwe = (N4 — 1) blocks needed for an N-bit addition. Each

block computes with inputs of the preceding blocks. Therefore, it takes N4 -1
clock cveles to complete N-bit addition.

The latency is linearly dependent on the number of bits,

11.16 Consider a ring oscillator consisting of five invert-
ers, each having 75, = 60 ns and #py;, = 40 ns. Sketch one of
the output waveforms, and specify its frequency and the per-

centage of the cycle during which the output is high.
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11.17 A ring-of-eleven oscillator is found to oscillate at
20 MHz. Find the propagation delay of the inverter.

For 11 inverters, +here are 2(11)= 22 trar <itions

whose averoge length  is A
zeP:[}':;;oﬁ (?5) = 2.2%ns





