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1 Motivation

In thislab youwill getto build alogic gateanda latchfrom actualtransistors Additionally lab exercisewill reoient
youwith respecto thelabinstrumets. We assumehatyou have hadbasicelectronicdab expeiencein thepast,and
thatin particdar you have usedpower suppliesmetersanddonesimplewiring with pratoboard. If not, seeyou TA
for extraassistance.

2 Introduction

Nearly all digital logic circuits thesedaysare built from CMOS transistors.However, this is easyto forget, given
thatmostdesigrerswork at a at the gatelevel or higher But the transistorshemseleshave a strongeffect on the
perfamance cost,and power consunption of thesecircuts. Likewisein EECS150althowgh the main emptasisof
this courseis nottransistodevel designit is importart to have a firm graspof atleastthe basicsof transistorcircuits
to beabetterdigital designe
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Thetransistorave will be usingcomein small plasticpacka@swith threewire leads(seefigure4). The actual
transistoris enclosedn plasticto proted it from the ervironment (andyour hands). The leadsmake comectionto
the source(S), gate(G), anddrain (D) termirals of the transistor The body (or bulk) of the transistoris interrally
conrectedto the sourceterminal. This built-in conrectionis convenientfor mostlogic circuits. However, aswe shall
seelater, it limits their use. Theillustrationbelonr shavs you the transistoipinou. It is the samefor boththe nFET
andpFET Remembethatthe souce anddrainterminds aredifferentfrom oneanotter with thesedevicesandyou
needto wire themup correctly for your circuitsto function.

Thefirst partof thelab exerciseuseshestandardandgateconfiguationusing2 nFETSand2 pFETS.Thesecond
partusesadatalatchcircuit similarto theonepresenteth class.It is modifiedsomeavhatto eliminatethe"transmission
gates",sincetheseare not possibleto implenment with transistorswith built-in body to the sourcecomections. For
transmissiomgateimplemertationwe would needo conrectthebody to groundin thenFETsandto V yqin thepFETSs.
This latch,shavn in figure 2, usestwo tri-stateinvertersanda nomal inverter. Thetri-stateinverter usedhereis the
functional equivaent to aninverter followed by a transmissiorgate. The latch works asfollows. Whenthe clock
signalis high, thefirst tri-stateactsasaninverte andtheinput D is passedo theoutpu Q, simultaneosly thesecond
tri-statefloatsit outpu andthushasno effect on the stateof theintermal node X. Whenthe clockis low, the inputis
disconrectedfrom the internalnode.Meanwtlile, the stateof theinternalnode X is invertedandpassedo the output
andanothe level of inversionthroughthe secondri-stateandbackto X. Thereforethelatchholds Q atwhatever value
waslastseenat D while theclock washigh.

Thetransistorghatwe will be usingoperde over a wide rangeof voltages. For this lab, let V 44 be 3 volts. By
keepingthe supplyvoltagedown to this low level, we will limit the currentsin the circuits, letting themstaycooler,
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Figurel: NAND gate- Transistoslevel
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Figure2: D-type transpagntlatch

slower, andconsegently easieito measue.

3 Prelab

1. Readanduncerstandheentirelab hanaut.

2. Review thecircuitsinvolvedin thislab. Make surethatyouunderstanchow they aresupmsedio work. Drawing
thecircuitsoutfor yourselfwill help.

3. Make surethatyou undestand(rementoer) how protdoard areinternallyconrected.If youdorit askyou TA.
Planouthow youwill wire up your circuitsontheboard.With carefulplannirg you canminimizethe amount
of wiring thatyou will have to doin thelab, saving time andeliminating somechancegor mistales. Draw a
little sketchwith thetransistorsn theproperplaceso useasaguide in thelab.

4. Think throughthe experimentsandwhatyouwill expectto seeateachstep.

4 Procedure
Part | - NAND Gate

1. Wire it up. Usingthe standad 4 transistomandgatecircuit discussedn class(figure 1) asa modelandyour
planredlayoutfrom the prelah wire up atwo-inpu nandgatewith thediscretetransistorsonyour protoloard.
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Figure3: Tri-statelnverting Buffer (a) Trarsistorlevel (b) Symbad

Figure4: Pinoutfor pFETandnFETtransistors
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2. Statictestof logic function. Connectingthe inputsto eitherV yq for logic ONE or grourd for logic ZERO,
velify thatyour circuit correctlyimplementsthe nandfunction by obsering its outpu voltage with avoltmeter
or anoscilloscop.

3. MeasureV, versusVgyt. Holding oneinputata constanlogic HIGH, measue andplot theV ;, versusV gyt
relatiorshipfor the otherinput, with inputvaluescovering therang from groundto V yq. Take atleast15 data
poirts, focussingyour effort attheregion of high slope.Plotyourresultswith MS excel.

4. Repeafor theotherinput.

Part Il - Latch Circuit

1. Wire it up. Basedon the circuit diagiam shavn above, andyour plannedayout from the prelabh wire up the
trans@rentdata-latchlmplementoneextrainverterto useto geneateclock-tar.

2. Verify tri-stateactionandmeasurd-Q delay

(a) Setthepulsegeneateto outpu asquarevave with afrequeng of arourd 100KHzandamaximum voltage
closeto V 4q whendriving the D inputto yourlatch. Settheclock signalto putthelatchinto "transparett
modeandverify the presencef the squarevave at its output Q.

(b) Disconnecthefeedtackwire andverify thesignalafterthe secondri-state, thenreconrectthefeedtack.
(c) Measureandrecordthe"D-to-Q" delay
(d) Now, inverttheclocksignal,andverify thatD (or its complenent)arenotpresenait X andQ.

3. Testlatchfunctionwith "static” signals.

(a) Putthelatchin transpagntmode.Deassertheinput. Putthelatchin latchmode. Checkthe outpu while
youchangeheinput. Whatdoyousee?

(b) Repeatwvith alogic ONE attheinput. Is everything ok?Is it really alatch?

4. Measureclk-Q delaywith high-freq clock signal. This testusestwo squarevavesof the samefrequengy, one
delayedrelative to the other Our signalgeneratos only have oneoutput, but we canuse"trigger out" asone
output andthe normd output delayel asthe other The first squae wave we will useasthe D signalto our
circuit, andthe otherdelayed by 1/4 cycle asthe clock. (Perhap you shouldsketchthis arrangment,to be
surethatyou uncerstandt). Usingthe oscilloscoj to moritor the signals,setup the signalgeneratowith to
gereratetwo squarevavesthenconnecthemto your circuit (oneto D andtheotherto clock). Youwill nothave
cortrol overthelevel of thetriggerout signal,but aslong asit is arourd 3 volts (plusor minus1 or so),things
shoud befine. Adjustthe level of the otherto closeto 3 volts. This arrargementis whatyou needto measure
theclock-to-Q delayfor latchingalogic ONE. Usethe oscilloscopao make this measuremnt. Now repeator
latchingalogic ZERO. You canarrargethis by inverting oneof the nomal signalgeneatoroutpu.
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6 Checkoff

Name:

Name:

Section:

Part | - NAND Gate

1. YourNAND circuit. TA: (10%)
2. Yourplotsof V;, versusVgyt. Onefor V;,=ONE andanotter for V;,=ZERO. TA: (10%)
Part Il - Latch Circuit
1. Yourlatchcircuit. TA: (30%)
2. Themeasured-to-Qdelay TA: (10%)
3. Theclock-toQ delayfor logic ONE TA: (10%)
4. Theclock-to-Q delayfor logic ZERO TA: (10%)
5. Yoursetup(including scopewavefarms)for measuing the clock-to-Q delay TA: (20%)
Total
50%off if thelabis hanadin 1 weeklate TA: (-50%)
Total Score TA: (100%)
uCB 5 20@



