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Lab1
Transistors

1 Motivation

In this lab youwill getto build a logic gateanda latchfrom actualtransistors.Additionally lab exercisewill reorient
youwith respectto thelab instruments. We assumethatyouhavehadbasicelectronicslabexperiencein thepast,and
thatin particular youhave usedpower supplies,meters,anddonesimplewiring with protoboards. If not,seeyouTA
for extra assistance.

2 Introduction

Nearly all digital logic circuits thesedaysarebuilt from CMOS transistors.However, this is easyto forget, given
that mostdesignerswork at a at the gatelevel or higher. But the transistorsthemselveshave a strongeffect on the
performance,cost,andpower consumption of thesecircuits. Likewise in EECS150,although themainemphasisof
this courseis not transistorlevel design,it is important to have a firm graspof at leastthebasicsof transistorcircuits
to bea betterdigital designer.

Nearlyall digital logic circuitsthesedaysarebuilt from CMOStransistors.However, this is easyto forget,given
that mostdesignerswork at a at the gatelevel or higher. But the transistorsthemselveshave a strongeffect on the
performance,cost,andpower consumption of thesecircuits. Likewise in EECS150,although themainemphasisof
this courseis not transistorlevel design,it is important to have a firm graspof at leastthebasicsof transistorcircuits
to bea betterdigital designer.

Thetransistorswe will beusingcomein small plasticpackageswith threewire leads(seefigure4). Theactual
transistoris enclosedin plasticto protect it from the environment (andyour hands).The leadsmake connectionto
the source(S), gate(G), anddrain (D) terminals of the transistor. The body (or bulk) of the transistoris internally
connectedto thesourceterminal.This built-in connectionis convenientfor mostlogic circuits. However, aswe shall
seelater, it limits their use.The illustrationbelow shows you the transistorpinout. It is thesamefor boththenFET
andpFET. Rememberthat thesourceanddrainterminals aredifferentfrom oneanother with thesedevicesandyou
needto wire themupcorrectly for yourcircuitsto function.

Thefirst partof thelabexerciseusesthestandardnandgateconfigurationusing2nFETSand2 pFETS.Thesecond
partusesadatalatchcircuit similarto theonepresentedin class.It ismodifiedsomewhattoeliminatethe"transmission
gates",sincethesearenot possibleto implement with transistorswith built-in body to the sourceconnections.For
transmissiongateimplementationwewouldneedto connectthebody to groundin thenFETsandto V dd in thepFETs.
This latch,shown in figure2, usestwo tri-stateinvertersanda normal inverter. Thetri-stateinverter usedhereis the
functional equivalent to an inverter followed by a transmissiongate. The latch works as follows. Whenthe clock
signalis high, thefirst tri-stateactsasaninverter andtheinput D is passedto theoutput Q, simultaneously thesecond
tri-statefloatsit output andthushasno effect on thestateof the internal node X. Whentheclock is low, theinput is
disconnectedfrom theinternalnode.Meanwhile, thestateof theinternalnode X is invertedandpassedto theoutput
andanother level of inversionthroughthesecondtri-stateandbackto X. ThereforethelatchholdsQ atwhatever value
waslastseenat D while theclockwashigh.

Thetransistorsthatwe will beusingoperate over a wide rangeof voltages. For this lab, let V dd be3 volts. By
keepingthesupplyvoltagedown to this low level, we will limit thecurrentsin thecircuits, letting themstaycooler,
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Figure1: NAND gate- Transistor-level
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Figure2: D-type transparentlatch

slower, andconsequentlyeasierto measure.

3 Prelab

1. Readandunderstandtheentirelabhandout.

2. Review thecircuitsinvolvedin this lab. Makesurethatyouunderstandhow they aresupposedto work. Drawing
thecircuitsout for yourselfwill help.

3. Makesurethatyouunderstand(remember)how protoboards areinternallyconnected.If youdon’t askyouTA.
Planout how you will wire up your circuitson theboard.With carefulplanning you canminimizetheamount
of wiring thatyou will have to do in the lab, saving time andeliminating somechancesfor mistakes. Draw a
little sketchwith thetransistorsin theproperplacesto useasa guide in thelab.

4. Think throughtheexperimentsandwhatyouwill expectto seeateachstep.

4 Procedure

Part I - NAND Gate

1. Wire it up. Using thestandard 4 transistornand-gatecircuit discussedin class(figure 1) asa modelandyour
plannedlayoutfrom theprelab, wire upa two-input nand-gatewith thediscretetransistorsonyourprotoboard.
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Figure3: Tri-stateInvertingBuffer (a)Transistor-level (b) Symbol

P-CHANNEL ENHANCEMENT
MODE VERTICAL DMOS FET
ISSUE 2 – MARCH 94
FEATURES
* 60 Volt V DS
* RDS(on)=5Ω

ABSOLUTE MAXIMUM RATINGS.
PARAMETER SYMBOL VALUE UNIT

Drain-Source Voltage V DS
� -60 V

Continuous Drain Current at T am� b=25° C ID -280 mA

Pulsed Drain Current I DM -4 A

Gate Source Voltage V GS
� ± 20 V

Power Dissipation at T am� b=25°C Pto
�

t 700 mW

Operating and Storage Temperature Range T j
� :Tstg� -55 to +150 ° C

ELECTRICAL CHARACTERISTICS (at Tamb = 25° C unless othe rwise  sta ted).
PARAMETER SYMBOL MIN. MAX. UNIT CONDITIONS.

Drain-Source  Breakdown
Voltage

BVDSS -60 V ID=-1mA, V GS
� =0V

Gate-Source Threshold
Voltage

VG
�

S(th ) -1.5 -3.5 V ID=-1mA, V DS
� = VGS

�

Gate-Body Leakage I GS
�

S 20 nA VGS
� =± 20V, VDS=0V

Zero Gate Voltage Drain
Current

IDS
�

S -0.5
-100

µA
�

µA
VDS

� =-60 V, VGS
� =0

VDS
� =-48 V, VGS

� =0V, T=125° C(2)

On-State Drain Current(1) I D(
�

on) -1 A VDS
� =-18 V, VGS

� =-10V

Static Drain-Source On-State
Resistance (1)

RDS(on) 5 Ω VGS
� =-10V,ID=-500mA

Forward Transconductance
(1)(2)

g fs
� 150 mS V DS

� =-18V,ID� =-500mA

Input Capacitance (2) C iss 100 pF

Common Source Output
Capacitance (2)

Cos� s 60 pF VDS
� =-18V, VGS

� =0V, f=1MHz

Reverse Transfer
Capacitance (2)

Crss 20 pF

Turn-On Delay Time (2)(3) t d(
	

on) 7 ns

VDD 
� ≈-18V,  ID� =-500mARise Time (2)(3) t r
 15 ns

Turn-Off Delay Time (2)(3) t d(
	

of f) 12 ns

Fall Time (2)(3) t f 15 ns

(1) Measured under pulsed conditions. Width=300 µs. Duty cycle ≤2%
(2) Sample test.

(
3
)

Swi� tc
�

hin g t
�
im es measured wi t

�
h 50Ω source im pedance and <5ns rise t

�
im e on a pu lse generator
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PICAL CHARACTERISTICS

Output Ch aracteristics 
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Figure4: Pin out for pFETandnFETtransistors
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2. Static testof logic function. Connectingthe inputs to eitherV dd for logic ONE or ground for logic ZERO,
verify thatyour circuit correctlyimplementsthenandfunction by observing its output voltage with a voltmeter
or anoscilloscope.

3. MeasureVin versusVout. Holdingoneinput at a constant logic HIGH, measure andplot theV in versusVout
relationshipfor theotherinput, with inputvaluescovering therange from groundto V dd. Take at least15 data
points, focussingyoureffort at theregion of highslope.Plotyour resultswith MS excel.

4. Repeatfor theotherinput.

Part II - Latch Circuit

1. Wire it up. Basedon the circuit diagram shown above, andyour plannedlayout from the prelab, wire up the
transparentdata-latch.Implementoneextra inverterto useto generateclock-bar.

2. Verify tri-stateactionandmeasureD-Q delay.

(a) Setthepulsegenerateto output asquarewavewith afrequency of around 100KHzandamaximum voltage
closeto Vdd whendriving theD input to your latch.Settheclocksignalto put thelatchinto "transparent"
modeandverify thepresenceof thesquarewaveat its output Q.

(b) Disconnectthefeedbackwire andverify thesignalafterthesecondtri-state,thenreconnectthefeedback.

(c) Measureandrecordthe"D-to-Q" delay.

(d) Now, invert theclocksignal,andverify thatD (or its complement)arenotpresentatX andQ.

3. Testlatchfunctionwith "static" signals.

(a) Putthelatchin transparentmode.Deasserttheinput. Putthelatchin latchmode. Checktheoutput while
youchangetheinput. Whatdoyousee?

(b) Repeatwith a logic ONE at theinput. Is everything ok? Is it reallya latch?

4. Measureclk-Q delaywith high-freq clock signal. This testusestwo squarewavesof thesamefrequency, one
delayed relative to theother. Our signalgenerators only have oneoutput, but we canuse"trigger out" asone
output andthe normal output delayed asthe other. The first square wave we will useasthe D signal to our
circuit, andthe otherdelayed by 1/4 cycle asthe clock. (Perhaps you shouldsketchthis arrangement,to be
surethatyou understandit). Using theoscilloscope to monitor thesignals,setup thesignalgenerator with to
generatetwo squarewavesthenconnectthemto yourcircuit (oneto D andtheotherto clock). Youwill nothave
control over thelevel of thetriggerout signal,but aslong asit is around 3 volts (plusor minus1 or so),things
should befine. Adjust the level of theotherto closeto 3 volts. This arrangementis whatyou needto measure
theclock-to-Q delayfor latchinga logic ONE.Usetheoscilloscopeto make this measurement.Now repeatfor
latchinga logic ZERO. Youcanarrangethis by inverting oneof thenormal signalgeneratoroutput.

5 Acknowledgement

Original lab by J.Wawryznek.
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6 Checkoff

Name:

Name:

Section:

Part I - NAND Gate
1. YourNAND circuit. TA: (10%)
2. Yourplotsof Vin versusVout. Onefor Vin=ONEandanother for V in=ZERO. TA: (10%)

Part II - Latch Circuit
1. Your latchcircuit. TA: (30%)
2. ThemeasuredD-to-Qdelay TA: (10%)
3. Theclock-to-Q delayfor logic ONE TA: (10%)
4. Theclock-to-Q delayfor logic ZERO TA: (10%)
5. Yoursetup(includingscopewaveforms)for measuring theclock-to-Q delay. TA: (20%)

Total
50%off if thelab is handedin 1 weeklate TA: (-50%)

Total Score TA: (100%)
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