RUTGERS UNIVERSITY
Department of Electrical and Computer Engineering
16:332:574 CAD Digital VLSI Design
Assignment II
Assigned: September 17, 2007
Due September 26, 2007

Reading Assignment: Chapter 2, Chapter 3 (Sections 3.1-3.3), and Section 10.2 up to the end
of Section 10.2.2.2 of Weste and Eshraghian.

No collaboration is permitted on this assignment. Your work must be your own.

Some signals in this assignment are active low (negative logic), while others are positive logic,
so be very careful about this..

1. (CMOS Arithmetic Circuit Wiring by Abutment.) You are to design a carry-lookahead
(CLA) adder module that adds two input n-bit unsigned binary numbers A and B and
a CARRY _IN signal and produces an output n-bit sum S, and n-bit GENFERATE and
PROPAGATE signals. S = A+ B. You are to design a one-bit adder, and then you should
replicate an array of these one-bit adders to realize an n-bit adder. Thus, we only need to do
a sticks layout for one cell, as follows. Each cell has three inputs (corresponding bits of A, B
and CARRY _IN) and three outputs (a SUM bit (S), GENERATE, and PROPAGATE
signals). The cells are designed to be rectangular and designed to fit conveniently next to
one another. We wire the cells by making sure that the outputs of one cell touch the inputs
of the next cell, and are routed on the same wiring layer. This allows us to build a adder of
arbitrary size (any n) by simply juxtaposing a sufficient number of cells. You only have to
design a single bit of the adder cell. The signals A and B should be on the bottom of the cell,
and the output signals S, GENERATE, and PROPAGATE should be on the top of the
cell, Also, the input CARRY _I N signal should be on the top of the cell. S should be directly
across from input A. Turn in a logic schematic, a transistor schematic, and a sticks diagram
for a single cell. Concentrate on making the cell rectangular and very compact. Don’t forget
to minimize your cell logic, using Karnaugh maps. For extra credit, explain what simple
additions are needed to turn this adder circuit into a subtracter circuit.

You should make the adder unit as narrow as possible, by making it double the normal height,
so that it has two rows of transistors. This is helpful because the Carry Lookahead Unit from
Problem 2 is triangular and uses a huge amount of space. It is more space efficient to make
the adder taller and less wide, as that saves a huge amount of space in the Carry Lookahead
Unit, and makes it easier to draw.

2. (CMOS Arithmetic Circuit Carry Lookahead Unit.) For the adder cell that you
designed in Problem 1, design a 4-bit carry lookahead unit. The unit should wire by abutment
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on top of four of the cells from Problem 1, so that the Carry Lookahead (CLA) Unit routes
the four S (sum) signals directly through to its outputs. The Carry Lookahead Unit should
take the input signals CARRY _IN (least significant carry input), GO, P0, G1, P1, G2, P2,
G3, and P3 from its bottom side and produce all carrys C0, C1, C2, C3, and CARRY _OUT
(the carry out of bit 4). The S bits should appear on the top of the CLA unit, and the C
bits should all appear on the bottom of the CLA unit. Note that you must design the CLA
unit so that the C' bits line up with the CARRY IN bits of the four adder cells, and so that
the G7 and Pi bits line up with the GENERATE and PROPAGATE bits of the four adder

cells. Please turn in a logic schematic, and transistor schematic, and a sticks diagram for the

CLA Unit cell.

Save both of your designs, as you will be extending them in a later homework assignment.



