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Lab #3

Latch, Flip-Flop, and Prescaler

Objective
Build a latchandamaster-slaveD-typeflip-flop. Thendesignandbuild ahighspeeddivide-by-fiveprescalerwith the
DFF you made.

Design guidelines
• For any measurementyoumake, thedevicehasto haveproperdriveandloadmodels;use60psfor bothriseand

fall time on initial input signals.
• Refer toWolf 5.2 for information on latches and flip-flops;
• Use latch and DFF designs given in this handout;
• The prescaler shall have a 40% duty cycle;
• Size isNOT important in this lab, but power consumption is;
• Follow the second lab’s design guidelines;
• You will be graded against the rest of the class for the result of prescaler’s (power consumption * Clk-to-Q

delay), smaller the value 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.

Latch D-type master-slave flip-flop

Notice the difference between these designs and the ones shown in Wolf. The DFF is built from two latches and
thereforecalledmaster-slaveFF. In thelatch’sstructure,inverter#4 is thedriver to boostupoutputsignal’spower for
external circuit. Since the DFF is considered as a single circuit, you do not need to use inv#4 in the master latch.
However, you still need to include the driver for the slave latch to drive the external circuit. (Hint: to maximize the
performance of the DFF, you may want to use different size of latches.)

Testing latches and FFs
Two thingsaffecta latch’sperformance:D-to-Qdelaywhenit is transparentandclocksetupandhold timewhenit is
not transparent.It is straightforwardto measuretheD-to-Qdelay. However, sinceclk setupandhold timedependon
both inputs,it is not so easyto measurethemin traditionalway. What we cando is feedin two inputswith square
waves that have slightly different frequencies,i.e. one is 1GHz and anotheris 1.01GHz.How much differenceit
needsdependson theresolutionyou want(normallyres.of 100to 200is goodenough).Theideabehindthis is after
every clock cycle, onesignalwill slightly drift away from theotherandtherefore,simulatestwo input signalswith
differentswitchtime.Theexamplegivenbefore(1GHzvs.1.01GHz)cancoversignalsdifferencefrom 0 to 1GHzin
10MHz increment(0, 10MHz,20MHz,30MHz...). Oncesetuptheinput signals,we canmonitortheoutputuntil the
latchfails.Thevalueright beforethat is whatwe want(why?).Thefollowing figureis anexampleon measuringthe
setup time delay:
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In thisexample,theclk setuptimedelayis 153.35ps.This is theshortesttimeD-inputsignalhasto wait until thelatch
considersit asvalid signal.Measurementof clk hold time is similar to thisone,exceptfor measuringright beforethe
rising edge of the clk signal.

Performancemeasurementof a FF is comparableto a latch.However, D-to-Q delayis meaninglessto a FF. What is
importantis clk-to-Qdelay, besidestheclk setup/holdtime.Youcanapplysimilar techniquesyouusedon latchmea-
surement to measure these values.

To measurethepowerconsumptionof adevice,wejustneedto measurethesupplyvoltageandcurrentfor thedevice:
Power = Voltage X Current

High-speed prescaler
Whenwe want to samplean extremelyhigh frequency clock signal,higherthantraditionalcountercanhandle,we
needto useprescalerto scaledown theclock frequency first. Logically, a prescaleris no morethana counter. If you
still remember, theBCD counteryoubuilt in ECE152Alab is anexamplefor adivide-by-10prescaler. A divide-by-5
prescaleroutputa signalwith the frequency five timeslower thanthe input one.The following figureshows two of
thepossibleoutputsfor divide-by-5prescalers.Out1 is theprescalerthathasa 60%duty cycle andOut2 is theone
that has a 40% duty cycle
:

Onekey aspectof a prescaleris that it mustbeself resetting.Whenthecircuit powersup, theregisterswill fall into
randomstates.It hasto beresetto oneof thecountingstatesbeforetheprescalercanfunctionproperly. Thiscouldbe
donewith externalresetlogic. However, addingextragatescanslow down thecircuit. Anothersolutionis to carefully
designa statemachinesothatall unusedstatesarepointingto oneof thecountingstates.You needto usethesecond
solution for your high-speed prescaler design.
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Thedivide-by-5prescalercanbebuilt with only threeDFFsandonelogic gate.Bearin mind thatperformanceand
power arethegreatestfactorsfor this lab. To maximizethespeed,theDFF’s andlogic gatesamongthesynchronous
counterhave to beoptimizedtogether. Also, to operateat high speed,it is importantto reducetheeffective capaci-
tanceof internalandexternalnodes,which leadsto thereductionof powerconsumptionaswell asof thepropagation
delay.

Project procedures
1. Build aquasi-staticlatchandtestit in thetestenvironmentyouusedonlab#2(sameasfollow-

ing);
2. Use the latch to build a D-type master-slave flip-flop and test it;
3. Design a 40% duty cycle, divide-by-5 prescaler with the DFF you made;
4. Test the prescaler and measure the maximum frequency the prescaler can take;
5. Convert the latch, DFF, and prescalerdesignsinto MAX layouts;useinformation you col-

lected fromSUE as reference;
6. Extract the designs; test and simulate them with HSpice and take measurements;

Data collecting
• Tsetup and Thold for latch, DFF (SUE, MAX);
• Propagation delay for latch (D-Q), DFF (clk-Q), and prescaler (SUE, MAX);
• Maximum input frequency the prescaler can handle (SUE, MAX);
• Power consumption for latch, DFF, and prescaler (SUE, MAX);
• Area of the prescaler layout (boundary box inMAX).

Design work to turn in
• Schematic for latch, DFF, and prescaler (SUE);
• Prescaler state diagram;
• Layout plot for the latch, DFF, and prescaler (MAX);
• The setup of your test environment (SUE, MAX);
• Yourown test codes (hspice, verilog, etc., if you have any);
• Proof of measurements (SUE, MAX);
• Technicalreportwith theexplanationof yourobservation;alsoexplainwhy thevaluesaredif-

ferent betweenSUE measurement andMAX’s;
• Result of prescaler’s power consumption * propagation delay, unit in Watts*Seconds and

maximum frequency the prescaler can handle, unit in MHz (SUE, MAX)

Due day
In two weeks (November 18/20)

Note

Due to low resolution, screen-capture layout printouts are no longer accepted. Go to http://
bears.ece.ucsb.edu/class/ece124a/newlabfaq.html for information on how to print out your
layout designs.
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