ECE 124A Lab #2 Fall, 2002

Lab #2

4X4 Unsigned Array Multiplier

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

Design guidelines

» Refer towolf 6.6 for the structure of an unsigned array multiplier;

» Always \erify the logic functions of your design before doingtaimg else;

* Measure and minimize the critical path delaypi’E before doingMAX layout;

* Use only poly and metal 1 for routing within the multiplier;

* Use metal 2 for pmer and ground rails; width for each rail should be 1.5um wide;

* If you need to connect the array multiplier to othericks, use metal 1 forevtical intercon-
nect and metal 2 for horizontal interconnect. Do not use poly;

* Your grade will be gien mainly based on the size of the multiplietidid by its perfor-
mance, i.e(area)*(propagtion delay) smaller the number better the grade.

Using SUE Design Manager
Use the folleving command to bring ugUE:

sue
Go to Help->SUETutorial andrun throughthe tutorial for informationon how to useSUE. Pay
attentionon simulationpart: you canverify your designlogic by usingoneof the SUE simulators.
Have your designlogic function verified beforedoing anything elsewill save you a lot of time.
Thereare differentlogic simulationprogramsyou canusein SUE andyou arewelcometo use
your favorite one.

Project procedures

1. Design arpne-bit full adder icomn SUE and \erify its logic functions;

2. Setuptestervironment,ncludingbuilding modelsfor driversandloads(referto thefollowing
section for more information);

3. Construct the multiplier iSUE with theadder icoryou huilt and test its logic functions;

4. Identify thecritical pathanduseSUE spicesimulatorto measurehe multiplier’s propagtion
delay;

5. Do all you canbut changingthe structureof the multiplier to minimize the propagtiondelay
Someof theideasmay includechangingthe sizeof the addercell, usingmorethanonekind
of adder cells, re-ganizing the order of cells, etc.;

6. Onceyou aresatisfiedwith your designuseMAX Layout Generator to corverttheaddersnto

MAX layout;

Build the multiplier with your cells; use information you collected fi8dE as a guideline;

Extract the design, test and simulate it with HSpice;

Collect data.
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Modeling driver and load

In reality, your multiplier will be part of somechip designs.Therefore,while simulatingthe
design,you have to considerthe quality of the signalthatgoesin the multiplier andtheload cir-
cuitsthe multiplier connectgo. As you may have alreadyknown, in high speedcircuit, a digital
signalis nolongera perfectsquarevave: it hasriseandfall time delays. An easyway to generate
thiskind of signalsis to usethe outputsignalof aninverter(why). However, it is notsosimpleto
modelthemultiplier load. Thisis becauseave have to take interconnectvire resistancendcapac-
itanceinto account Differentshapeof interconnecwire hasdifferentresistancendcapacitance
values,which greatlyaffect the performancef the multiplier. Pleasaeferto Reader pg. 115 for
moreinformationoninterconnectvire modeling.Thefollowing figureis thedriver andload mod-
elsyou shoulduseon your design.It alsoindicatesthe locationthat you shouldacquiresample
data from.
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Noticethatthereis aninverterontheendof theinterconnectvire. It is to simulatetheloaddevice
capacitencehat the wire is connectingto. Assuminginterconnectwire is 0.9umwide, 100um
long, referto tsmc025.pdf for interconnectvire R/C valuesto use.You candownloadtsmcO15. pdf
from classweb pagehttp://bears.ece.ucgulu/class/ecel24a/tsmc025.gdetr the driver andload
inverters, use P/N ratio = 10/4.

Data collecting

* Worst casalelay for 4x4 multiplier;
» Critical path delay for 4x4 multiplier;
» Area of the design layout;

Design work toturnin

» Schematic for one-bit adder cell and the multiplier with highlighted critical path;
* The setup of your test @nonment (schematic and layout);

» Layout plot for one-bit adder cell and multiplier;

* Yourown test codes (hspicegkilog, etc.);

* Printout of the wveforms with measurements;

» Proof of functionality of your multiplier (schematio/kd and layout leel);

» Technical report to analyze the results obtained.

* Result of (propagtion delay)*(layout area), unit inns um?)

Due day
In two weeks (N@ember 4/6).
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