
ECE 124A Lab #2 Fall, 2002

1/2

Lab #2

4X4 Unsigned Array Multiplier

Objective
Use SUE to designand optimize a 4x4 unsignedarray multiplier and convert the designinto
MAX layout by using MAX Layout Generator. Then simulate the layout by using HSpice.

Design guidelines
• Refer toWolf 6.6 for the structure of an unsigned array multiplier;
• Always verify the logic functions of your design before doing anything else;
• Measure and minimize the critical path delay inSUE before doingMAX layout;
• Use only poly and metal 1 for routing within the multiplier;
• Use metal 2 for power and ground rails; width for each rail should be 1.5um wide;
• If you need to connect the array multiplier to other devices, use metal 1 for vertical intercon-

nect and metal 2 for horizontal interconnect. Do not use poly;
• Your grade will be given mainly based on the size of the multiplier divided by its perfor-

mance, i.e.(area)*(propagation delay), smaller the number better the grade.

Using SUE Design Manager
Use the following command to bring upSUE:

sue
Go to Help->SUETutorial andrun throughthe tutorial for informationon how to useSUE. Pay
attentiononsimulationpart:youcanverify yourdesignlogic by usingoneof theSUE simulators.
Have your designlogic function verified beforedoing anything elsewill save you a lot of time.
Therearedifferent logic simulationprogramsyou canusein SUE andyou arewelcometo use
your favorite one.

Project procedures
1. Design anone-bit full adder icon in SUE and verify its logic functions;
2. Setuptestenvironment,includingbuilding modelsfor driversandloads(referto thefollowing

section for more information);
3. Construct the multiplier inSUE with theadder icon you built and test its logic functions;
4. Identify thecritical pathanduseSUE spicesimulatorto measurethemultiplier’s propagation

delay;
5. Do all you canbut changingthestructureof themultiplier to minimizethepropagationdelay.

Someof the ideasmay includechangingthesizeof theaddercell, usingmorethanonekind
of adder cells, re-organizing the order of cells, etc.;

6. Onceyouaresatisfiedwith yourdesign,useMAX Layout Generator to convert theaddersinto
MAX layout;

7. Build the multiplier with your cells; use information you collected fromSUE as a guideline;
8. Extract the design, test and simulate it with HSpice;
9. Collect data.
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Modeling driver and load
In reality, your multiplier will be part of somechip designs.Therefore,while simulating the
design,you have to considerthequality of thesignalthatgoesin themultiplier andthe loadcir-
cuits themultiplier connectsto. As you mayhave alreadyknown, in high speedcircuit, a digital
signalis no longeraperfectsquarewave: it hasriseandfall timedelays.An easyway to generate
this kind of signalsis to usetheoutputsignalof aninverter(why). However, it is not sosimpleto
modelthemultiplier load.This is becausewehave to take interconnectwire resistanceandcapac-
itanceinto account.Differentshapeof interconnectwire hasdifferentresistanceandcapacitance
values,which greatlyaffect theperformanceof themultiplier. Pleasereferto Reader pg. 115 for
moreinformationon interconnectwire modeling.Thefollowing figureis thedriverandloadmod-
els you shoulduseon your design.It alsoindicatesthe locationthat you shouldacquiresample
data from.

Noticethatthereis aninverteron theendof theinterconnectwire. It is to simulatetheloaddevice
capacitencethat the wire is connectingto. Assuminginterconnectwire is 0.9umwide, 100um
long,referto tsmc025.pdf for interconnectwire R/Cvaluesto use.Youcandownloadtsmc015.pdf
from classwebpagehttp://bears.ece.ucsb.edu/class/ece124a/tsmc025.pdf. For thedriver andload
inverters, use P/N ratio = 10/4.

Data collecting
• Worst case delay for 4x4 multiplier;
• Critical path delay for 4x4 multiplier;
• Area of the design layout;

Design work to turn in
• Schematic for one-bit adder cell and the multiplier with highlighted critical path;
• The setup of your test environment (schematic and layout);
• Layout plot for one-bit adder cell and multiplier;
• Yourown test codes (hspice, verilog, etc.);
• Printout of the waveforms with measurements;
• Proof of functionality of your multiplier (schematic level and layout level);
• Technical report to analyze the results obtained.
• Result of (propagation delay)*(layout area), unit in

Due day
In two weeks (November 4/6).
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