ECE 124A Lab #3 Fall, 2002

Lab #3

Latch, Flip-Flop, and Prescaler

Objective

Build alatchanda masterslave D-typeflip-flop. Thendesignandbuild a high speedlivide-by-five prescalexith the
DFF you made.

Design guidelines

»  For ary measurementou make, thedevice hasto have properdrive andload models;use60psfor bothriseand
fall time on initial input signals.

» Refer towWolf 5.2 for information on latches and flip-flops;

* Uselatch and DFF designswgin in this handout;

* The prescaler shall ia a 40% dutyycle;

* Size isNOT important in this lab, lt pover consumption is;

» Follow the second lab’design guidelines;

* You will be graded ajnst the rest of the class for the result of pressalpaver consumption * Clk-to-Q
delay), smaller thealue better the grade.

Structur e of latches and flip-flops
The following figure is the structures of a latch and DFF you need to use for this lab
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Latch D-type masteslave flip-flop

Notice the diference between these designs and the onemsh&olf. The DFF is hilt from two latches and
thereforecalledmasterslave FF. In thelatch’s structurejnverter#4 is thedriverto boostup outputsignal’s powver for
external circuit. Since the DFF is considered as a single circuit, you do not need t@#dsie ithe master latch.
However, you still need to include the der for the slae latch to drre the &ternal circuit. (Hint: to maximize the
performance of the DFou may vant to use dferent size of latches.)

Testing latches and FFs

Two thingsaffectalatch’s performanceD-to-Q delaywhenit is transparenandclock setupandhold time whenit is
nottransparentt is straightforwardto measurehe D-to-Q delay However, sinceclk setupandholdtime depencbn
bothinputs,it is not so easyto measurghemin traditionalway. Whatwe cando is feedin two inputswith square
waves that have slightly differentfrequenciesj.e. oneis 1GHz and anotheris 1.01GHz.How much differenceit
needsdependn the resolutionyou want(normally res.of 100to 200is goodenough).Theideabehindthis is after
every clock cycle, onesignalwill slightly drift away from the otherandtherefore simulatestwo input signalswith
differentswitchtime. The examplegivenbefore(1GHzvs. 1.01GHz)cancover signalsdifferencefrom 0 to 1GHzin
10MHzincrement(0, 10MHz,20MHz, 30MHz...). Oncesetuptheinput signals,we canmonitorthe outputuntil the
latchfails. The valueright beforethatis whatwe want (why?). The following figureis an exampleon measuringhe
setup time delay:
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153 341pS

Voltage

Voltage

In thisexample theclk setuptime delayis 153.35psThisis theshortestime D-input signalhasto wait until thelatch
considerst asvalid signal.Measuremenof clk hold time is similar to this one,exceptfor measuringight beforethe
rising edge of the clk signal.

Performanceneasurementf a FF is comparablego a latch. However, D-to-Q delayis meaningles$o a FF. Whatis
importantis clk-to-Q delay besidegheclk setup/holdime. You canapply similar techniquesou usedon latchmea-
surement to measure thesdues.

To measuréhe power consumptiorof adevice, we justneedto measureéhe supplyvoltageandcurrentfor thedevice:
Pawver = \bltage X Current

High-speed prescaler

Whenwe wantto samplean extremely high frequeng clock signal, higherthantraditionalcountercanhandle ,we
needto useprescaleto scaledown the clock frequeng first. Logically, a prescaleiis no morethana counter If you
still rememberthe BCD counteryou built in ECE152Alab is anexamplefor adivide-by-10prescalerA divide-by-5
prescaleoutputa signalwith the frequeng five timeslower thanthe input one. The following figure shavs two of
the possibleoutputsfor divide-by-5prescalersQutl is the prescalethathasa 60% duty cycle andOQut2 is the one
that has a 40% dutycle
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Onekey aspecbof a prescaleis thatit mustbe self resetting Whenthe circuit powersup, the registerswill fall into

randomstateslt hasto beresetto oneof the countingstatesbeforethe prescalecanfunctionproperly This couldbe

donewith externalresetfiogic. However, addingextra gatescanslow down thecircuit. Anothersolutionis to carefully
designa statemachinesothatall unusedstatesarepointingto oneof the countingstates.You needto usethe second
solution for your high-speed prescaler design.
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The divide-by-5prescalercanbe built with only threeDFFsandonelogic gate.Bearin mind that performanceand
power arethe greatestactorsfor this lab. To maximizethe speedthe DFF's andlogic gatesamongthe synchronous
counterhave to be optimizedtogether Also, to operateat high speedit is importantto reducethe effective capaci-
tanceof internalandexternalnodeswhich leadsto thereductionof power consumptioraswell asof the propagtion
delay

Project procedures

1. Build aquasi-statidatchandtestit in thetesternvironmentyou usedon lab#2(sameasfollow-
ing);

Use the latch tould a D-type masteslave flip-flop and test it;

Design a 40% dutyycle, dvide-by-5 prescaler with the DFF you made;

Test the prescaler and measure the maximum fregukagrescaler can tak

Corvert the latch, DFF, and prescalerdesignsinto MAX layouts; useinformation you col-
lected fromSUE as reference;

6. Extract the designs; test and simulate them with HSpice aadrtaisurements;

abkwn

Data collecting

*  Tsetup@nd Thoiq for latch, DFF SUE, MAX);

* Propagtion delay for latch (D-Q), DFF (clk-Q), and presca®Ji, MAX);
* Maximum input frequencthe prescaler can handBJE, MAX);

* Power consumption for latch, DEFBnd prescaleiSUE, MAX);
» Area of the prescaler layout (boundary boMAX).

Design work toturnin

» Schematic for latch, DERnd prescaleiSUE);

» Prescaler state diagram;

» Layout plot for the latch, DERand prescaleMAX);

* The setup of your test @nonment SUE, MAX);

* Yourown test codes (hspiceekilog, etc., if you hee ary);

* Proof of measurementSYE, MAX);

» Technicalreportwith the explanationof your obsenation;alsoexplain why the valuesaredif-
ferent betwee®UE measurement andAX's;

* Result of prescales’paver consumption * propagion delayunit in Watts*Seconds and
maximum frequencthe prescaler can handle, unit in MERJE, MAX)

Due day
In two weeks (N@ember 18/20)

Note

Due to low resolution, screen-capture layout printouts are no longer accepted. Go to http://
bear s.ece.ucsh.edu/class/ecel?4a/newlabfag.html for information on how to print out your
layout designs.
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