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For all problems, you can assume the following transistor parameters (unless
other wise mentioned):

NMOS:

V=04, K = 115 JAVZ, Vpgat = 0.6V, A =0, y = 0.4 VY2, 20 = -0.6V
PMOS:

V1p=-04V, K p=-30 JA/VZ, Vpgar = -1V, A =0,y = -0.4 V2, 200 = 0.6V
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PROBLEM 1: Inductance
Consider the simple cir-
Vpp cuit of FIG. 1, where the
T inverter is implemented

using  complimentary

> : | Vout CMOS. Assume that the

Vin an l transistorsin theinverter

GND —— can be modeled as con-

— stant linear resistors

(whenon). Vpp =25V.
C_ =25pF..

a. Assuming a 1->0 transition at the input, determine the transistor resistances that will

resultina0to 90% transition on the output of 5 nsec..

FIG. 1 Large Capacitance Driver

Rnmos =
Rpvos =

b. Draw the current drawn from the supply as a function of time during this low-to-high
transition, and derive the appropriate equations that describe that behavior. Assume that
the input signal has avery steep slope, and that the transistors switch instantaneously.
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c. The supply rails of the driver (Vpp and GND) are connected to an external off-chip
supply with a value of 2.5 V through bonding pads and wires with a total inductance of
7.5 nH. Draw the Vpp and GND signals as a function of time for the transition
described above, and annotate some meaningful values. You may assume that the intro-
duced inductances do NOT impact the results of part b.
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d. Faced with the emerging problem, rank-order the following remediesin order of poten-
tial effectiveness. 1 being the most effective, 4 the least

- Introduce a capacitance of 25 pF between Vpp and GND. |:|

- Increase the 0-90% risef/fall times at the output with afactor of 2 by reducing the transis-
tor sizes.

- Slow down the input signal to afall time of 1 nsec. |:|
- Use copper instead of aluminum for the supply distribution network. |:|
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Problem 2: Logic and Energy

Jari Tukkola, acellular phone designer at Nokia, has come up with abus-driving approach
that he believes is going to both decrease energy consumption and increase performance.
To deliver the high performance, he has started from a dynamic bus approach as shown in
FIG. 2for biti. Vpp issetat 25V.

Ini j_
| >: | C . |
_—Tr_ - ; FIG. 2 Dynamic bus

architecture (bit i)
(P—| >

a Draw atiming diagram explaining the operation of the circuit (for the clock and input
signals shown below).
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b. The switching threshold of the bus fanout inverters INV has been optimized for optimal
performance. Explain what Jari did to achieve this, and why.
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c. For abuswidth of N=4, determine the average energy dissipated per clock cycle for the
whole bus, assuming that each input bit has a 50% chance of being a zero or aone. You
may assume that the capacitive load of the buswire C;; = 10 pF dominates all other capac-
itances (including the clock capacitance, and the driver inverter).

Eave™

d. Jari believes that he could reduce the average energy dissipation of the busif he would
modify the circuit along the lines of FIG. 3, which replaces the driving inverter by a
NEXOR. The logic block F outputs a “1” if the number of “0’ bits in the input word is
larger than the number of “1” bits. For instance, F =1, if In=0010; F =0, if In=0011 or
In = 1110. Explain why thisidea of Jari might not be abad one after al.

FIG. 3 Modified

dynamic bus
architecture (bit i)
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e. Design the gate that implements the logic block F. Derive first the required logic func-
tion, and consequently implement the gate in static complimentary CMOS. Make sure to

size the transistors appropriately (thisis, take into account the 3 times lower driving capa-

bility of the PMOS devices compared to NMOS, and assume that the gate has to have a
driving capability equal to a minimum-sized NMOS inverter).

e. Still assuming that each input bit has a 50% chance of being either a zero or a one,
determine again the average energy dissipated per clock cycle. (WARNING - THIS
MIGHT TAKETIME TO FIGURE OUT. RESERVE THISFOR DESSERT).

Eave™
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PROBLEM 3: Dynamic Logic

Consider a conventional 4-stage Domino logic circuit as shown in Figure 6 in which
all precharge and evaluate devices are clocked using a common clock ¢. For this entire
problem, assume that the pulldown network is simply a single NMOS device (i.e., each
Domino stage consists of a dynamic inverter followed by a static inverter). Assume that
each gate has apropagation delay of T/2 (with T atime unit). Hence, the precharge time of
the dynamic gate is T/2, the evauate time of the dynamic gate is T/2 and the inverter low-
to-high and high-to-low transitions are each T/2. Assume that the transitions are ideal

(zero rise/fall times).

—

IN — Pulldown
» Network

—

Domino Stage

4

1

Outy

Pulldown
Network

—

oUtz

4

Pulldown

Network

—C

oUt3

4

Pulldown
Network

o—|

Outy

FIG. 4 Conventional Domino Dynamic Logic. Assume the pulldown network is a single NM OS device (i.e.,
each Domino stage consists of a dynamicinverter followed by a staticinverter)

(a) Complete the timing diagram for signals Out,, Out,, Outz and Out,.
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Now consider thefollowing variation of thecircuit wherethe evaluate switch of the later stages have
been removed.

——4Ll> 1_—4 4 S

IN - Pulldown Pulldown Pulldown Pulldown
Network Out, Network Out, L_Network Outy |_Network Out,
*—

Domino Gate

FIG.5 Conventional Domino Dynamic L ogic with the evaluate switches removed in the later stages.

(b) Assume that the clock @isinitially in the precharge state (¢=0 with all nodes settled to
the correct precharge states), and the block enters the evaluate period (¢=1). Does the
removal of the evaluate switches help or hurt the evaluation. Explain.

(c)Assume that the clock @isinitially in the evaluate state (¢=1), and the block enters the
precharge state (¢ = 0) Does the removal of the evaluate switches help or hurt the pre-
charge. Explain.
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