
Laboratorg Explorations to AccompanU

Microelectronic
Circuits
Seventh Edition
Bg Adel S. Sedra and Kenneth C. Smith

Vincent C. Gaudet
Universitg of Woterloo

Kenneth C. Smith
Universitg of Toronto

\ew York Oxlbrd
OXTIORD LJNIVERSITY PRTJSS



()rlord Ijnivrrsil\ [)rcss is r] rir'plrrtrnr,rrt ()l lhe []t)ivrrsily ol Orlirrd
It llfthtfs lhc I irrivcrsitr's objcctile r)l e\ccllelree in rcscirrch. scltolltrship
irnti crluclrlior br publishini: urrrlthvidc.

()rlorrl Neri lirrk
,\trckl;rrcl ( apc lirn'l l)irr cs Slrlllrnt llorre Korrg Krrr:ichr
Kulllr l.rrrnprrr Mlrrlrid Nlclltoulte l\{crico ('ilv Nrit{)hi
Ncu I)elhi Shrrrrl:hiti Irripci lirronrtr

\\ith oliiccs irr

Algfrlinir \Lrstlirr llrrrzil ('lrik ( zcch I{eptrblic }rltlcc ( irecce
(;urrtUrlirlil Ilurri:lrrl ltrrlr, .lltlliu I\rllrrrrl I)ortrrlrrl Sinllrl,ore
Sou{h K()rcll S$ ilzcr llrIil l ltrilantl Ilrkev I JkLrine Victlltnt

( oP!rir:ht ( l0|5. i()1.1. ll)l I. l00ti br ()xlirrrl tlrrirt,r.sitv I)rcss

Ii)r lillcs corcretl bv Scclion I ll ol tltc t S llighcr lrLllc;rlrol ()PltortLrrritr
Acl. plclsc i'isit ri*,u !rul).c(Jnt/rts/hc liJr tltf lirlc\l irrlirTrnrrlitrn lrltout
prierrrg antl irllcfllltle lonDit{5.

l)ublisltcd [l ( )rlirrrl I Ilircrsilv I,rcss
It)l l\4ltlrsLrrr ,,\rcrrrc. Ncu \irrk. N\ l0{tl6
\\ \\ \t.oup c()It

()rlirrd is lr rcgistcrcil llrrlcnrrrrL rrl ()xlirrd I Jr)i\crsil\ I)rcr\.

,\ll rirhts rrsrrretl No l)itn ()l this ltuhliclrtiol ltlLl ttr rcpriitltrccrl.
sl()rc(l ill lr rclrretirl slslctn. {}r tfilIsntiilc(1. in lrrtr litrrn ()f l)v ilil\ tilcllll:.
.lrtll',rrit 1r,\'lr:l1tL,tl 1r11,.1,.1,,1r1i11. t,(,rf,l1r,..,r,,rlrrrur.,r
\!ttl)()!rl thc Ir ior IcIrrri.si0rr irl ( )rlirrd l lrrivcrsilr' l,rcss.

lsltN.,)7ti 0 l9 err9ls I



List of Experiments

All leferences arc to illit'roalcttronit'(irLuit,;, Seventh F.dition^ bv Seclra & Srnith

cHAPTER Z 0perational Amplif iers
Lab 2.1 [nverting Op-Anrp Conligurltiou
Ltrb 2.2 Non-lnvertin-u Op-Amp ('orrfiguration
Lab 2.3 Diff'ererrce Anrplifier
I-ab2.,1 InstrumentatiorrAntplilier
l,ab 2.5 Lossy lntegnrtor'
t-ab 2.6 Lossy Diff'elentiator

CHAPTER C Diodes
Lab 4.1 Diocle I-V Tl'ansfbr ('Lrr-vc.

l-ab 11.2 Frru with Diodes l: Rcctifier-s
I-ab 4.1 lruu rvith Diocle s I l: [-irniting rrnd C'lantping (iircuits

cHAPTER s M0S Field-Effect Transistors IM0SFETs)
Lub 5.1 NMOS l-V Charaeteristics
Litb 5.2 PMOS l-V ('harirctelistics
Lub -5.1 N MOS at D('
Llb -5.i1 I)MOS at IX'

CHAPTER s Bipolar Junction Transistors IBJTs)
Lab (r.l Nl)N I-V Chalacter-istics
Lab 6.2 l'N P l-V ('hanrcterisl ics
l-ab (r.3 NPN lt D('
Lab (r.4 l'}N P at I)C

cHAPTER 7 Transistor Amplifiers
Lab 7. l NMOS Conrnton-Sorrrcre Arnl-rlifier
I-ub 7.2 I'}MOS Conrnton-Sorrrce Arnplificl'
Lab 7.3 NMOS Comttron-Sor-rrce Anrplifier with soulce l)egerrcnrLiorr
Ltrb1.4 PMOS ('ottrnrt'rn-Source Amplifiel with Source l)egenelutittn
Lab 7.5 N MOS ('onrnron-(iate Arnplilier'
t.ab 7.6 PMOS ('ontnron-(iate Amplificr
Labl.l NMOS Source Follower
Lub 7.8 PMOS Srlurce Follower
Lab 7.9 N PN ('ontnton-t::mitter Anrplil'icr
Lab 7. l0 PNP Conrrnon-lrmitter Antplifier
Lab 7. ll NPN ('onrnron-llmitter Anrplillel u'ith [".ntitter [)L'gel]erittiolt
Lab 7. l2 PNP Conrnron-Entitter Amplifiel rvith [:nritter I)egelrcrltitrn

1.5

tt
t9

I

4

6

U

ll
t)

1l
't ,1

2/
3l

-1:)

.)l

;10
Lt+4

4tl
s'l

51

60

o-l

66

69

12

75

7u

rJl



List of Experiments

I-ab 7.13 NPN (lonrntou-Ilase Anrplifier
I-ab 7. l,l PN P Conrmorr-Ilase Artrplifier
Lab 7.l-s NPN Emitter Follower.
Lab 7.16 PNP Emitter Follower
Lab l.l7 NMOS vs. NPN: Conrnron-Source/Col.nnton-Hntitrer

(-ornplrristrrr

84

87

90
93

Anrplifrer
96



PREFACE

OUTLINE OF THIS MANUAL

Luhortrtttr)' [i.rplorution,s acconrpanics the text h[it roclcctrttniL ('irtuit,s, Sevcnth

trclition, bi, Adel S. Sedra and Kcnneth C. Smith. attd inclr-rcles atr extetrsive list o1'

laborat<lry erxperintcllts to conrplement Part I of the textbook. l,-.ach expe rintent

can bc rur.r ir.r A conventioulrl rnicroelectronic circr,rits laboratory setting or lllil)
usc ntyD.z\Q. an instlumentation board by National lnstrunteltts. t<l assist Lttrder-

graduate stucleuts iu their electlonics cclucatitrtt.
A cour-se that covers Plrrt I of thc textbook usually IISSr.rntes u plcrcqtrisitc

coufse in linear circuit analysis, as wcll as lunriliarity with diff-crential atrd irTte-

gral calculus. Sonrc students (but ttot all) will havc had exposurc to diff'crential
equations. bLrt f'er.v will be lanriliar with I'r-ecluency-donrain analy'sis. Devicc cotr-

ccpts auci scnticonductol physics ure oficn taught itr a se parttte uotllse.-['hc micro-
clcctrorrics coursc pror,,idcs studeuts witlr thcir first exposule to trotrlineat'citcttits
(diocle and single-transistor circuits). lt is also one of thc first courscs iu an elcctri-
cal/contpute r'lclcctronics curliculunr that containvI \tr()ltg dc,sigrr colllpollcnt.

-[ he goals ol'these laboratory cxpcrinrcuts ltre t<t develttp "practical" skills

a1d to rcinfitrce tt'rltics (inclucling clcsign practices) thlrt arc cor"ercd itt the cotrrsc;

thc expclintents havc trecn choseu to contplentcnt the lectul'c mlttcrial. Most

cxperintcnts hlve sttnrc contponcnt o1'design. c.g.. rvhere a stttclcut has to clrt)t)se

;csist1rr valucs s() as to nrcet sor.nc dcsign sllccification. Althotrgh specificlttions

ale statecl as absolutcs. \ e cuuol.llitsc ilt.tt'uctors to rcntincl thcit'studcnts that. itt
nticroclectlr'rnic cilcuit design. thc targct is usLrally a faltge of values itttcl tltat the

rcalunclcl'lyingexpcctation is t<'r lncet a sl.lccilicatirltr withirt a ccrlain tolclauc:c. Itl

sonte labs, grridance has bcen given ou httw to sclect eontpoucnt values. llowcvcr.
ilstruct<tls shttLrld t'enreurber that the re arc ullrty clill'crent wirys o1'tneetitlg tlcsigtt

specificatitlns, ancl it bit of ct'eativitl'can lcitd ttl lil-clong learning!
'l'hc sugge stecl experiniental setrrlr ir.r the laboratory incluclcs atr oscillttsc<t1lc,

Ir I'unction geucrator. a p()wsr supply. and a cligital nrtrltinteter'. At thc atrtltors'

honrc universitics. lab !lroups sigrr out u kit that inclucles a bleadboarcl fbr plo-
totyping, sevelal l')1, tolelance lcsistot's atrcl cupacitors (stltncittld vltlttcs irlcltrcle

l(X) O. I kO. l0 kO. uncl l(X) kO). rt sct of'.iLrttctitrn cliodes. a clLracl 7;ll 11p-anp
(LM348). and a I'ew MOSI-'tr'l'and ll.l'l transislors. lt is untazing ht>w trtr"rch catr

be elolc with so littlc! Studcnts al'c rccprirerl to plototypc the maitr circuit to be

testecl, ctn their breaclbtlat'd. pritlt'ttl thc lab scssitrtt.

t.J ltimately. the leal goal is fbr this manual to serve as a conlplentent to the

nraiu textbook; as srrch. mtrch of the expositc'rl'1' tlratcrial has bcen onlittecl l.rcre.

irnd re{blences are ntacle to speci{ic sectiotrs of tlte book.
Micloelectronics is an cxeiting iind constantly changing flelcl. We hope that

str,rclents will eniov this rtlateriitl!



Preface

LABORATORY STRUCTURE

-['he laboratory erpelintents in this manual have be'en selected to conrplenrerrt the
ntaterial covered in Pitrt l of illitrot'lt'(troni('Cirt'uit,s, Sel'euth Edition. bi; Scclra
trnd Snrith. lixperimertts are selectecl fronr among the circtrits presenlerl in the
te.rtbook and thc end-of'-chapter problenr sets.

We begiu with six labs (clenotecl Labs 2.1 to 2.6) oll op-amp based circuits
(S&S Chapter 2). Diocles Are coverecl in Labs 4.1 to 4.3 (S&S Chapter 4). MOS-
basecl circuits at DC are covered in Labs -5.1 to 5.4 (S&S chapter 5). and bipo-
lar trarrsistors at D('are covelecl in [-abs 6. I to 6.4 (S&S Chapter (r). N{OSFF]-f
runcl bipolar transistor umplifiers are covered in Labs 7. I to 7. 1(r. Finally. (o make
things intcresting. Lt$1.11 trlrkc-s iutcrcrltangeable use of'a MOS and a bipoltrr
tnrusistor in an anrpli{ier circuit.

I-he experinrents in this nranual lrave vurying levels of'clil-ficulty. We huve
desigrted tttost ol'thetn st'l that they cltn tre conrpletecl in approxirnately 3 hours.
'T'ltis rvoLrld typically be broken rrp us lilllows: (l) 45 nrintrtes r>f circuit desigrr and
sirntrlution. (2) 30 nrinutes lbr prototyping, (3) (r0 rninutes to rur.r thc experinter.rt
lut'td lecorcl r-csults in lhe stuclent's lab borlk. arrcl (.tr) 4.5 ntinutcs lirr lrost-erPerirrrenl
anitlysis itnd sinttrlatiotts. All e-xperitnettts in tlris nranLlal havc beeu tested by arr
trnclergradtrittc studctrt, Pral llh<!ak. frtl clr-rratiorr irrrtl euse of Lrnclclstancliltg.

Ncxt. rve strggcst sever-ul potential secluellces of cxlrelinrents. accomntocllrt-
ittg ct'rttt'ses with (r labs urrd l2 lubs. Fiitch secluence begins with u l-erv op-arnp
artd diode-busecl litbs ancl is firlloivecl lry sevelal trarrsis{or-bnsecl lirbs. We pr-o-
pose se(luellccs tltitl rtre llcirvy on IVIOSFI'l'f expcrinrents. othet's that ure hcavy
ott B.f'l'exl"rerittrents, arrcl finally seclucnccfi tlrrrt irrc:lude both MOSFI:'l'ancl tl.lT'
cxlrerirnents.

l2-lab sequence with a lircus on MOSF[:l-s:

l.l. l.+.1.5.1.1.4.1.1.1. .\.t. 5.1^ 5.1, 7.t.1.1.1.7

l2-lab scclucncc with il lbcus on lJ.l'l s:

l.l.l.l. 1.5.l.l. +.1. +.1. () l. 7.1.5

l2-lab seqrrence witlr a ntixecl fircus on both MOSFT: Is antl [].1-ls:

2.1, 2.4. 1.5. 4. 1.,1.2",1.1. 5. l. 7. I . 1.1 ^ 6.1. 1.9. 1.11

(r-lab secluetrce rvilh a lbcrrs on MOSIr[r'l's:

rf Jl sl 5i -7t -tr

6-lab sequcrrcc rvith u lbcLrs on lJ.l l s:

2.1.1.2" 6.r. 6.3. 1.9.1.15

6-lab sequence with a ntixecl focus on

2.t, 1.2. 5.1, 7.1. 6.1. 1.9

both MOSF [-]l s ancl I].lTs:
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MYDAO VS. IN.LAB MEASUREMENT

National Instruments' nyDAQ systenr includes + l5-V power- srrpplie s, analog l/O
(arralog signal generatiorr and an oscilloscope. both running at 200 kS/s). digital
l/O. and a digital nrultinreter. all of which cau be intertirced to a student's owl.)

breadboald. In other u'ords. it enconrpasses most if not all the cquipmeut that
would be used in a lab fbl a typical first course in lorv-frequettcy t.trict'oelectron-
ics. e.g.. one that co!ers Part I of Sedra atrcl Smith: more advunced topics. such
lus lreqrrerrcy response of device s. recluire ntore sophisticated lab eqLripment that
n-nls at highcr ti'eciuencies. and these are therelore trot tlte fbcus of'the present
nlrr.runl. myDAQ connects to a conrpLrter via a LISB counectiotr itncl is cotttrollecl
by sof'tware. [:ach experinrent iu this manual can be cotnpleted with a conlputcf.
a rnyl)AQ hoard. and a lab kit sinilar to the orre.just described, i.e.. containing a

rel at i vely rest r ictecl sct ol' conrl-ron ct.t ts.
'l'he introductiou of nryl)AQ begs the lirllowing rlucstion: Shoulcl we changc

our allproach to nricroelec:trt'nics petiagogy'l Let r,rs first look at several ways in
whiclr myDAQ coLrld be iucorpontted into l e oursL'.

Using mgDAQ as a complement to regularlg scheduled laboratorg sessions

ln this model. str.rderrts are encoLlragccl to protr.rtype the circuit ltrr au erpelinrent
in aclvunce of u lab scssion. With nryDAQ. they can ve rif'v the circuit's furrctional-
ity ancl take sonrc plelinrinaly meAsuremcllts. e.g.. IX'bias pt'lints. IJrrcler-these
cilcrrnrstanccs. the lab scssion nuty bc run qrritc dil'f'erently than it is now. Lutr
instructors and teaching irssistatrts catr becottre nrorc efl-ective by focrrsing ou cou-
ccpts arrcl on cxpclinrentatit'rr.r (ittrd cxpkrlatiorrl) rather than on liguring out how
lu circtrit lras bcc'n incollcctly wired. It also hclps with thc lab availability issrrc.

sincc nrost ol-tlrc "teclious" lub work cltn rtor'v irc donc- outsiclc nolnral latr honls.

Using mgDAO as a replacement for laboratorg sessions

In snrallel universities ancl colleges. r'unning u I'ully cqtrippcd laboratory fircil-
ity can bc un erperrsi'"e plrlpt'rsition. As ot'201,1. National lrrstrrrnrerrts sells
nyDAQ fbr under lb2(X) (.\o/c: all pr-ices in Ll.S. r.lollars): it protoboitrd thltt irtter-
llc:es dircctly to myl)AQ sells lbr $-52, a palts kit sells lirr'!i77. ancl a basic breacl-
bcluld with.junrpcr cables sclls lilr lill. (iivcn the low cost of prrrchasitrg atr cntirc
nryDAQ-bascd systcn.r. nricroelectrouics c<lurses can now lre introcluced to r-rtri-
velsities lrnd collcges lvhere no suclt course cxistecl bcfirre. especially if the cost ol'
thc boald is amortizecl ovcr sevcrAl c()Lrrscs (e.g.. the prerequisite linear circuits
coursc. a Sedra & Snrith I)art I coulse, itncl lr clesign plo.ject corrrse).

Using mgDAO in supplementarg experiments to complement lectures/tutorials

With nyl)AQ. it beconres rcasonable to expcct students to prototypc rr circuit
under study. e.g., from a problent set. during their-self'-study timc. MLrch of the
cabling nornrally asst'rciufed with lab expe riments in microelcctlonics is intc-
gratecl onto myDAQ. and hence: the prototyping tinre is shortened. Al'ter design
ancl sinrulation using MultiSinr, a cir-cuit fionr a ploblenr assignmerrt can be rap-
idlv prototypcd and rneasurccl in a matter of minutes. Flence. it nray nrake sense

firr an instrue tor to assign nryl)AQ-basc'd cxerciscs in class of as part ol-a problenr
set. I srrggest Lrsing rnyDAQ for a f-ew tutot'ials.

vrl
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STUOENT LOGBOOK STRUCTURE

-fltere 
is debate Amons faculty and lab instrrrctors about what students should

write irt their logbooks. Should lab reports be long and clescriptive or short and
tabular'l Shoulcl studeltts describe their methodology or fbcus on recorcling nreas-
urentellt re snlts'l Siroulcl lab repolts be written Lrlr clur itr-{ the lab sessiolt or ufier'-
w'ards'l Which resttlts shotrld stLrdents enter into theil lo-llbook'l Should we qLriz
stucleuts on their lab results'l How can itrstructors provide useful gr-ridarrce ancl
l'eedback'l

1-here rtray be ntt sirtgle best arrswel to the forc'going questions. ancl the prin-
ciple ol'acadentic freedonr denrancls that all instructot's use their best "judgment
based olt studellt backgror.rnd prcpalation. perscxral pref'erence. and local consid-
erations. But wc'will at least ol'l-er our owu opiniorr: Less is Mottre!

The scientific ntethod has it tenclcrtcy to wolk well when hypotheses are kept
simple: Sttrcly the eff'ect ol'one variablc at a tinre! E,xperintents in nricroelectron-
ics are rttt clifl'ercnt. Str"rcly one cilcrril. Fixamine one ltrinciple. Fol this reason thc-
expcrintettts in this nlttttral havc been kept short and to the poirrt. and they refbr
to sllecific principles tlral urc clr'rss-r'el-erettced in the nrain text. Students shoulcl
lbctts otr recording key lesrrlts that relate clirectly to that principle: What were
the olteratiug cortditiorrs (e.g.. voltages at the D('opelrrtiug point on a clearly
atttrotated circtrit diagrant), key wavefirrnrs (c.g.. inpLrt ancl output signals). arrd
intp<tltattt ntcasurenteltts thirt lelirte dilcctly to the cire r-rit (e.g., droop voltage in a
peak lectifier" or gain und .i-clB poiut in au unrplilie r).'lo allolv c'xperinrentitl concepls to "sink in." it nriry also be usefirl to quiz
students on whal tltey leitrued irr an experinrcnt.'['here are. lltlu] ()pporttrnitir-s
dtrring it tcrttt: durittg lub sessiotrs, tutorills. rnidlernts" unci linul exants. Pqteutial
qttestit'ltts catt be cll'awtt fl'orn the "Pttst-Meltsulernerrt I-.xercises" sectiolt ip eacI
llrb. I'his type ol'testirtg rcirtlbrccs the ttotiorr thut erlrerinrentution is ir criticul
pitrt ol'tlte lcltrrtirtg process that clocs not encl with the conipletion of the experi-
tttcltt attcl harrditrg irt of a lub rcport lirl ulrtcling. [rrrt inc:lurles urr understancling of-
u'hlrt wirs actulrlly dttnc.

Finally, wc eltc()urilge all strrclcnts to inclucle a shor( concltrcling stiltemellt
in :rlllabs, irtdicating thc ntain points thut wele lc'arnccl. As edLrcators. wc like tc)
thirrk that oul'stttdertts ure leirrrting to lhirrk: usking lbl such conclu<1ing stirte-
nlents provicles cltch stttde nl all opportunity to puuse ancl t'ellect on whlt has bee rr
lea r necl.

DEVICE CHARACTERIZATION

Wc leconrnrcncl that sltrdents clo lirbs -5.1 (NMOS) irnd 5.2 (PMOS) prior to the
other MC)SIrFr-l'labs and labs (r.l (NPN) ancl 6.2 (PNP) prior to the other. Il.l-r
llbs. ln these littrs, stLtclents characterize thcir tnrnsislors and extract paranieters
tltat catr be trsecl itr ltrrther hitncl unalysis antl sinrrrlittions. Basecl ou rneasure-
mellts. we ltave extractecl the fitllowing palanrctel's lbr srtme ol'the diocles ancl
tnulsist()rs rrsed in ()ut ()wlt crperirttcrrt::



PRE FACE

1 N4003 diode: 1r = 0.315 mA in, l'r.' = 0.70V

MC14007 NMOS: /i,, = 1.113 nrA/Vr. tr",u= l.45Y,I/t-- (r8.5 V

MCll4007 PMOS: li,,= 1.56 rnA/Vr. l',,,= 1.5 V. ,'.1 = l2.l V
N'f F.2321 NPN: P = 18.46, l'.r = l6'2 V
N'f 1,2322 PNP: $ = l0(r.8. l't= 4.82V

I)atasheets lbl these clevices are all easily available online. Instructors rnav w'islt

to collecl sonte ilt thc begiuuing of the term to hancl them out to the class. Several

erperintents rcquire lalge coupling capitcitols. [.]sually. yoLr will need electrolytic
capacitols that lecluile appropriate polarization. Other expe'rintertts leeluirc lt
currcltt nteasurcnrcrrt Lrsing l po\\'cr supply's internal digital current meter'. lf this
is not available. you nray need lo indircctly mcasule current thrttuglr a voltage
nreasurcnreltt acl-oss a srtritll serics rcsi5tor.

KEY FEATURES

'l'his ccliticrrr of'the labonrtory nrarrrral acconrlranies trlitroL'lcrlronic ('irLuil,s.

Seventh lidition. bv Sedrl and Sntith.

t'.xpe rinrcnts arc writte n in a cottcise rvay. with clcar stcps.
('overu-{e iucluclcs both MOSt'rl:l and bipolar devices. inclLrcling PMOS.
N MOS. N PN. ancl l)N l) transistot's.
lrxperinrents sturt 1l'onr eoncepts attd hartcl itnitlysis and iltclude
nrcasu rcntcnt. ancl post-nleasurentcttt d i scLtssiot) ctrttt l'rottcttts.
[rxperinrcnts are designccl to be conrpletccl eithel in a traditionul
sctting or usin-u tlrc National Ittstrtttttettts rnyDAQ boalcl.

sirnuIirtiolt.
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LAB 2.1

Inverting
[See Section

0p-Amp Configuration
2.2, p. 64 of Sedra/SmithJ

O BJ ECTIVES:

-to study an operatiotltl lrnrl;liliel' alld ittt itrvertittg anrplilier by:

. C'ontpleting the analysis clf the circrrit at.rcl selecting resistors that sittisly
clcsign specif'rcatiorts lbr twtl valttcs ol-voltage gain.

. SinrLrlating the circuits to cou.rpalc the results with the paper ltnalysis.

. Inrplerlenting the circtrits in urr experinrental se tting. takirtg nteasttrenrettts.

irnd comparirrg circuit pellirrnrrtrce to tlreoretical arrcl siltrtrllrted results.

MATERIALS:

Labonttory setup. incltrding breadboirrd
I 7'll-typc openttionltl anrplilier (obtitin its datashcet)

Scverll wires ltucl t-esistors ol- varyitrg sizes

PART 1: DESIGN AND ANALYSIS

Cortsider thc cilctrit shown in lrigurc L2.l

1
\l

FIGURE 12.1: Inverting amplifier
circuit. See Fi1.2.5, p.65 5&5.

De sign two versit'rtts o{'the circtrit
and one that achieves l, = l(X)

iu Figure 1.2.1: one that achieves 1,, = l0 V/V.
V/V. AssLrme a l-kllz inpLrt witvelirril t'.1u of'



LAB 2.1 INVERTING OP.AMP CONFIGURATION

50 nrVnr. pk. Your circuit ntay ollly clraw r-rp to -50 7rA of current f}om r."i" (it will
draw more fronr Z* and l'). tlsc supplies of l.'* = L' = l-5 V.

Hand calculations

Sketch the circuit in yoLrr lab book. clearly labeling the op-amp ternrinals.
What valtres of R1 nrust yolt use to satisf y the culrent constlaiut'l What is the
iuput resistance of the circuit'/
What values of R, clo vr'lu rreecl to usc
the problenr cont pletclv spcci fiecl'/

Sim u lation

to nreet the two gain specifications'l Is

Sinrtrlatc both cilcuits using a transient simulation with a -50-nrVnr pr, l-kllz
input sine wave l'ri". In yor-rr sinrtrlations. Assunre that your inpul voltage
soulce r'.;" has an ()Lltput resistancs of'50 o. IJse values o1'R1 and R. basccl
()n voul pt'eceding calculations.
['lot the input anci output wavefornrs. what is the DC r,oltage at the irrvcrtirrg
tclnrinal of the op-urrrp'?
What arc thc sinrulutccl voltugc gains of yctrrr circtrit'l

PART 2: PROTOTYPING AND MEASUREMENT

Asserrrblc thc circuit n'ith .,1,. = l0 v/v ()nto a breadboalcl. l)o rrot irrcllcle
thc -50-() output rcsistance ttf r'.1u.

I lsing lr cl igital ttt u lt itttetcr. lncasu re t hc lX' voltagcs irt thc in put. oLrttrtut. a lrcl
inverting ternrinal. r,r'lrile leuviltg thc input ticcl to -rtr-ound.
[)sing u fLrnction generator, provicic u l-kllz -50-nrv,,1 ,,1 sine r.vavc to tlrc
input. IJsing lrn oscillttscol're-" obsg'vc the outprrt roltlruc \,\il\,'L-ti)nn.
[.lsirrg a powe r supplv. plovide it [X' irrput 1o thc cilcrrit irr increnrcnts of'0.1
V. llonr I V to +l V. Il.ccord the values of r.,, and plot voLrr r-esults.
Ile;leat tlte tneasulerncuts litr thc gain;1, = l(X) V/V. but this tintc sr,vcep-
ing thc l)('input to tlrc circLrit in incr-enrcnrs ol'0.01 v. fl-onr 0.1 v
to +0.1 V.

lJsirlg it digital tttLrltinrctct'. nrcilsure irll resistols to tlrree significant cligits.

PART 3: P0ST-MEASUREMENT EXERCISE

l:or bcttlt cilcuits, calculatc thc voltlrge uains yoLr obtainccl irr rneasurcnrelt.
[:xplain arty cliscrepatrcies betwc'cu thc erper-inrents. sirnulations^ ancl hapcl
a tra lys is.

Rec:alctrlate the thcoretical gains of thc circrrit using the nreusured rcsistor val-
tucs. Are the recllculatecl valLrcs closel trt yorlr nleasul-ed gains'?

'J
tl

:i,



LAB 2.1 INVERTING OP-AMPCONFIGURATION

PART 4 [0PTl0NAL!: EXTRA EXPLORATI0N

In your measurement setup, gradually increase the liecluency of the input
sine wave r-rntil the output's amplitucle is about 70')1, of rvhat it was rt lorver
I'r'eqr"rencies. At rvhat lrequency docs this happen'l 1'his represerrts the 3-dB
1'r-ecluency ol' the circuit.
Iu your measllrement setup. gradually increase the anrplitude of the irtpLrt

sine rvave until the ontput becomes distorted. At rvhat amplitLrtle does this
begin to happeu'? C'an yclu explain this phenourenon'.)



LAB 2.2

Non-Inverting
ISee Section 2.3, p.

0p-Amp Configuration
73 of Sedra/SmithJ

O BJECTIVES:

To study an ope rational untplilic.r arrd u non-inverting anrplifier by:

' Contpleting the anitlysis of'the circuit rrnd selecting resistors thut satisfy
design specifications lor villtage guirr.

. Sinrrrlutirtg the circuits to compare the resrrlts witlr the palter analysis.

' Inrplenrenting the circuits in itn expelinreutal selting. tirking lneasrrrentents,
lund contpaliug perlirlrnance witlr theclretic:al and sinrrrlatecl restrlts.

MATERIALS:

Llrboru to11, set u p. i ncl ucl i n-u brea tlboa t'cl

I 7;1 | -ty pc opcrationul unrpl i licr' lobta i n its clutasheet)
Scvcrll l,"ires aucl resistors ol'valying sizes

PART 1: DESIGN AND ANALYSIS

('onsider thc circLrit sholvn in I 
jisurc L2.l:

-'_---{)
t

?
I-+ FIcURE 12.2: Non-inverting amplifier

circuit. See Fi1.2.12, p.7a S&S.

V.q6

t-""1 ,

f)esigtt thc cit'cuit irr F-igLrre L2.2 sLrch that 1,, = ll V/V. Assuute alt inprrt uurc-
fbt'tn r..1* ol'-50 rlVnr pl. [Jse supplies of' t i = l/ = l5 V.

_t_



LAB 2.? NON.INVERTING OP.AMP CONFIGURATION

Hand calculations
. Skctch the circLrit ir"r your lab book. clearly labeling the op-anrp ternrinals.
' What values of R1 and R2 clo you need to use to meet the gain specification'l

ls the problenr completely specified'l lf not. rvhat needs to be specified'l

Simulation
. Sinrulate your circr-rit r-rsing a 50-nlVnr pr. l-klIz input sine wtve r).,". In your

sinrr-rlation. assunre vour iupLrt voltage soLlrcc r',1" hls un output lesistanc:e of
.50 Q. tJse values ol'R1 ancl R2 based on voLlr precc'tliug calculations.

. Plot the inpLrt ancl output witveforms. What is the D(' voltagc at the inverting
telnrinal of thc <.rp-anrp'/

. What is thc gain of your circuit'?

PART 2: PROTOTYPING AND MEASUREMENT

Assentble the'circuit ()nto a bleaclboard. I)o rrot inclLrde thc -50-O oLrtput
resistance r)f' r'*;*.

[.Jsirrg r cligital rnr-rltimcter', mcAsurc the DC voltages at the inprrt. output, and
invcrtittg tcrnrirtal. whilc lcaving the iuput tied to ground.
lJsiug a l'unction genenrtof. plovidc a l-kllz 50-nrV,,r pl sinc wave to the
inprrt. Usirtg an r'rscilloscc'r1-rcr. obset'r,'c the output voltagc wavclbrnt.
[)sing a powcr supply. proviclc l D('irr;lut trl the circuit in increments ot'0. I

V. ll'onr I V tt'r I V. Recolrl thc values of r'1, lncl ltlot y<tur results.
tJsing a digital rnultirncter. nlcast-rre lll resistors to thrce signilicarrt digits.

PART 3: P0ST-MEASUREMENT ExERCISE

('alculute thc voltage gaiu )'ou obtained irr your nleasurelncut. Irxplirin arry
d iscrcparrcics bct wccn thc- cxpcri llrcrrts. si nr ul ations. itncl hancl ar.ralysis.
Recalculate thc theorctical gaiu of thc cilcrrit using tlre nreusLrrecl resistor
valucs. Is 1hc le calc:ulatcd value close r to thc nteusule'd suin'l

PART 4 [0PTl0NAL]: EXTRA ExPLORATI0N

Itt youl nreasurcmelrt setup. gratltrally iucrcase tltc f'r'ecluency of tlre inllut
sinc wave until thc output anrl-llitLrclc is about J0')/,, ol'what it was at lowcr'
li'ccprcttcie s. At rvhat t)'ecluency cloe s this happen'l'l'his leprcsents the 3-cl lJ
frccluency of the circuit.
In youl nreirsufemclrt setup. gracluullv increase the amplitLrcle of the input
sinc wave Lrntil thc output becomes clistorted. At wlrat anrplitrrde docs this
bcgirr to haplren'? ('an yor.r explain this phcuonrenon'/



LAB 2.3

Difference Amplifier
[See Section 2.4,p.7? of

O BJ ECTIVES:

To stirdy an operational untplifier arrcl a clifl-erence antplifrer circuit by:

' Conrpleting the analysis ot'the cir-cLrit. and selecting resistors that satisl'v
clesign specilic:at iou s.

' Sinrulating the circrrit to conrpurc the resulls with thc pitper anull,sis.
' Itnltlctttc-ntirtg thc circuit in an crpcrinrcntal setting" takiltg rneasurernents.

attcl conrparing its perlor-nriurce with thcoreticul ancl simulatecl results.

MATERIALS:

. Labolatory sctup" irrcluding breadboirrd

. I 741-type operaticllrl antplifier (rtbtuin its rlltushcct)
' Scvclal wires and resistors ol'varvinrl sizes

PART 1: DESIGN AND ANALYSIS

('onsiclel the circLrit shorvn in IrisLrrc L].3

o
+

t'.,

?
-.'f- FTGURE 12.3: Difference amplifier

circuit. See Fig. 2.16, p.79 S&5.

I)csign tltecircLrit in l':igrrle L2.J such thirt.4,1 = l0 V/V irnd ,4,,,, = (.). Select r.esistot.
valites such that the clil'l'erential input resistancc- Rui = Rr 1 Rr = 2 kQ. Assunre
itrput w'aveforlllS r71 ullcl r'1, of'50 rnV,,1 nr. Ilse strpplies of'1,'* - . I.' = l5 V.

Sedra/Smith)

J'-'"
I

L).'*+



LAB 2.3 OIFFERENCE AMPLIFIER

Hand calculations
. Sketch the circuit in your lab book. clearly labeling the op-anrp termiuals.
. What values of R1. R.. R1" arrd R1 do you need to use to meet the gain ancl

ittput re sistitnce spec,ifications'J ls the problent completell' specificcl'l

Simulation
. [.]se x ,50-nrVn1 p1 l-kllz input sine wave applied to r'71 ancl another 50-niVpr 

1,t

l-kHz input sine i,l,ave applied to r'72 that is 180'out of phase with r'r,. lu yoLrr

sinrulatirln. assutrle your input vrtltage sources har''e an output resistance ttl-

50 O. What are Li ,,, trnd l/,,.,,,'! Wliat are L''1,,1 Ltnd I/,.,,,,,')
. Pkrt the input ancl output wavelbrnrs.
. Report the DC'voltage at the inverting terrrrinal and the output ol- the

op-anlp.
. Whlt is thc simtrlitted 'n'alue of the ciilferential gain'l

PART 2: PROTOTYPING AND MEASUREMENT

. Assemble the circuit onto a bleaclboald. [)o not iuclude the 50-O outltut
resistauce of yrlur signal sourccs.

. [Jsing a digital nrultinrcter', ureAsure the DC voltagcs at each telrlinal. Leave

bo1h iuputs grorrnclecl.
. While lcuving r'7" grountled. plor.'ide a LX'input to r'71 iu ittcre'ntettts of 0.2 V.

I'ronr 2 V to 2 V. ltecorcl the vulues of'r'.'rand 1'rltlt your results.
. While leaving r'71 gluunded. provide a DC input to r'7r iu iucrentents ol'0.2 V.

fl'clm 2 V to 2 V. I{ccolcl the vitlLres t>l'r'.rancl plot yotrr resttlts.
. Itsirrg lr lirrrction gcncrilt()r'" pltrritle rr l-kllz 50-rrrV,,r ,,1 sittr'rvrtrc ttr ittPttt

r'r, ancl grouncl inltut r'7.. Ijsing art oscilloscope. captttre the output voltltgs
wavelbrnt.

. I lsirrg lr liuretiorr gcl)e rirt()r'. pltrr itlc lr l-kHz 5(t-rrrV,,r 1,r :iltc wltvc to ittpttt
l'7r illd grrlr,rnd input r'71. Llsing ltn oscilloscope. critpturc the outprrt vt-rltltge

rvavelblnt.
. tlsing ir cligitul multinrcter. nrcusure all resistors to thrce significuut cligits.

PART 3: P0ST-MEASUREMENT EXERCISE

. (-alcr-rlate the virlues ol- 1,7 uncl 1,,,, obtainecl itr yclirl nteasulcmelrt. Whitt
is the'comrnon-mode rc'jection ratio (('NlltR) of the circLrit'J llxpr-ess the
CMRR in units of'dccibels. F.xpllrin any cliscrcl-runcies lretlveen the cxperi-
mellts, sintulations. ltrtd httncl lrnllysis.

. lJ.ecalculate the theorctical gains ol'the circrrit. using the nreasulccl resistor
valrres. Are the recalculatecl vtrlLres ckrser lo,\()Llr nrcasure'cl gains'l

PART 4 [0PT|ONAL]: EXTRA EXPL0RATI0N

In your rneusurenreut setup. replac:e R. with a resistor that is l0"rl, snralle-r irt

valr-re and renreasure .4,1 and 1,.,,,. How dtl their values change'l What clo you
cot'tclude'l



m

LAB 2.4

I nstrumentation Am plifier
[See Section 2.4.2, p. 82 of Sedra/Smith)

O BJECTIVES:

fo study ar.r instrumentution antplifiel'circuit by:

. C'onrpleting the analysis o1'the circuit ancl selecting resistol's that satisfy
dcsign spccificu tion s.

. Sinrulating the circuit to conrpure the results i,lith the paper analysis.

. lrrrpleurenting thc circrrit in an expelinrentul setting. taking nreustrrernertts.
ancl conrpuling its pellirrmauce u,ith theoreticul arrcl simulitted resLrlts.

MATERIALS:

Luborattlry setupr. ittcluding breadboald
'I'h ree 74I-type opcral ionaI unrplifiers
Scvcral wires and t'csistors t)f'vitrvitts sizcs

PART 1: DESIGN AND ANALYSIS

('onsiclcl thc circuit shorvn in lrirrure [-].4

t,rF
()

-{)

a
T

FIGURE 12.4:
I nstrumentation amplifi er.

Based on Fig.2.20(b),
p.83 5&S.

I



LAB 2,4 INSTRUMENTATION AMPLIFIER

l)esign the circuit in lrigure L2.4 such tha.t A,1 = ll0 V/V. Select resistor
values such that the lirst stage provicles a gain of 1l V/V (magrritucle) and R, =
I kQ and the seconcl stage provicles a gaitr ol--10 V/V. Llse strpplies of I'i =

-L' = 15 V.

Hand calculations
. Sketch the circuit in your lab book. clearly labeling the op-antp terminttls.
. What values of R1. R2. Rr. ancl Ra do irorr need to usc to lneet llte gititt and

inpr.rt resistance speciliclttions'l ls the problent contpletely specified'i

Sim u lation
. t lsc 1 -50-mV,.r pr.. l-k llz input sine rvave applied tr) r'71 iutcl auother

50-rnV'r pr l-ktJz input sirte wave appliecl to v72 that is 180" i'rut ol'phase
with l/r,. In ytlur sinrulation. i.lssr.lnlc 1'trur irtprrt voltage sources lutve
att output resistanec o1'-50 O. What arc L',,1 tlnd tr"i,,,,,'? Whltt are 1",y,1 arlcl
L' ',l
' (\r'utI

. l)lot the input and or,rtput wltvslirrtt.ls lbl itll simLrlations.

. fior all sinrrrlutions. report the lX] r.'oltage at the inverting terminal and out-
put rll'each op-antp.

. What are the sin'rulatecl villues of'dif'l'ercntiitl itud coutntotr-nrode gain'l

PART 2: PR0T0TYPING AN0 MEASUREMENT

Assenrble the circuit outo a breitclbourtl. Do trot irtclrrtle the 5()-l) output
rcsistltnce ol' your sigt.trtl sourccs.
While leaving r',, grorrnded. provicle a IX'itrput t() r'/l ilr ittcrctuetrts ol'0.01 V.

ll'on.r 0. I V to +0.1 V. li.ecord thc vlrlr"res tlf' r',, urcl plot your restrlts.

While leaving l'rl grounded. prttr,'ide a [)C inptrt lo r'/. in ine t'cnte'ttts of 0.01 V.

ll'ortr 0.1 V tc'r +0. 1 V. l{ecclrcl the valucs ol- r',;, untl plot your results.
lJsing a f'utrctiou gcncrator, proviclc l l-kllz 50-ntV,,1 n1 sitte 11,11vc [1r ittpLtt

1,71 ililrl grour.rcl input r'7.. LJsing utr oscilloscopc. capture tlte outpul voltage
wavefirrnr.
Using a l'unction gencrirtor. provitle lr l-kllz 50-rnVnr pk sine wuvc to itrptrt
r'7r arld sl'orrncl ittpLrt r'r1. tJsing an oscilloscolte. capture the outptrt voltage
wilvelof m.
IJsing a cligital rnultinreter'. melsrlrc all resistors trt three significant cligits.

PART 3: P0ST-MEASUREMENT EXERCISE

Clrlcrrlate the values of' '4,y ancl 1,.,,, obtititted in yotrr measurenteltt. What
is the common-nroclc rc'jectiorr ratio (('MRR) ol'tlte circuit'l ljxpress the
CMI{R in Lrnits of clccibels. [:.xplain any cliscrepartcies between thc cxpcri-
nreuts. sinulations. itncl hattcl artalvsis.



LAB 2.4 INSTRUMENTATION AMPLIFIER

Recalculate the thcc'rleticrl gains of the circLrit. usirtg the nretrsured rcsistor
values. Are the recalculatecl valttes closer to yotlr measul'ed gains'l

PART 4 [0PTl0NAL]: EXTRA EXPL0RATI0N

In your measuretnent setup. replace R,t with a rcsistor that is l0'|'i, suraller in
vafrre and remcitsure ,1,1 Lrtld 1,.,,,. lltlw dtl theil valLlcs changc'l What dtl yor-r

conclucle'l



LAB 2.5

Sedra/SmithJ

Lossg Integrator
[See Section 2.5.t-2.5.2 ,p.87of

O BJECTIVES:

'Ib stLrdy a loss1, integrator ancl its tinre-clotnain and ileqtrency-donrain behaviol by:

. ('onrpleting the analysis o1'tlre circtrit ancl selectins resistors and c,apacitors
thirt satisf y clesign specilicirtions.

. Simulating the circrrits to compare tlte rc'sults with the paper analysis.

. lrnplenrenting the circr-rit in an experirnental setting, takiug nreasurernents,
runcl cornparing its pcrlirmriurce witlr theoreticll rrtrcl sinruluted results.

MATERIALS:

. Labolatory setup, inclLrding bleatlbtlltrd

. I 741-typc ope rational antpliticr (obtuirt its clatasheet)

. Sev'eral wiles

. ltesistors antl cltpacitols of'varyitrg sizcs

PART

'- l'

FIGURE 12.5: Lossy integrator.
See Fig.2.25, p. 92 S&5.

1: DESIGN AND ANA

('onsiclct' the circuit sh



LAB 2.5 LOSSY INTEGRATOR

Design rhe circuit in Figure L2.5 such that its gain at DC'is -10 V/V and its 3-cju

frequency is I kllz. Select resistor values sr-rch that the input resistance is I kO.

[Jse sr"rPPlies of I/+ = - l" = l5 V.

Hand calculations
. Sketch the circuit itr yttur lab book, clearly labeling tlrc op-arttp telrninals.
. What values of R" R1, ancl ('do you ueed to use to nteet the gain, -l-dB

l'r'ecluerrcy. and input resistance spec,ificatit'rns'l ls the problent conrpletely

specificcl'l

Simulation
. Sintulutip1 l. Pertbrrn a trarrsie nt sintulation of your circ,ttit. IJse a 50-nlV,,1 ,,t

irrptrt sine wave. ln youl sinrulatiott. assutne voLtr iuptrt voltage sottt'ces ltitve

alt output t'esistance o1'-50 O. Sirtrulate youl circuit ltt fleqtrencies ol'l(X) Ilz.
500 Ilz. I ktlz. 2 ktlz. and 5 kllz. What clo you ol'rserv'e'l Plot thc inpr-rt attcl

output witveli)t'ttls fbr a I I si ntu Illtiolls.
. Sitnultrtir.rl J.' I)cr'firrrn utr A('sirtrulltiort ot'youl circuit. ltr yottt'sinrtrlatitln,

ilssunrc your input voltagc s()ru'ces ltavc lttt or,rtptrt resistaucc of -5() O. I)lclt llte
nraguitucle ancl lthasc fcsponse of 1'oul circuit itr a Bode plot. Basccl ort tlris

sinrulation. what is the r,oltlgc gain at lolv ft'eclueucies. and what is the 3-cl ll
l're cl ue rrcv'l

PART 2: PROTOTYPING AND MEASUREMENT

Asscntblc the cilcuit onto a breudtroar-r1. I)o rtot inclLrcle the -50-O otttptrt

resistaucc rtl' yottr signaI sotrt'ces.

LJsing u digital nrultintctcr', nrcusLu'e the l)C voltagcs at the ittpLrt. ot-ltllut. ancl

invelting tcrntinal. whilc lcavirlg thc input grotrndcd.
Llsing a f'uuctiou geltel'iltor, provide a -i()-ttlV,,l nl zcro-l)('sitlc rvavc to Ihe

inltut. LJsing an oscilktscr.rpe. captufe the ttutput voltage rvltvefilrnl lbr inpLrt

frequcncics ol' l0 Ilz. 100 Ilz. -5(X) Ilz. I ktlz. I klIz" ancl 5 kIlz'
Vary tlre input l'r'ccprcncy urrtil the output rcaehcs approritttatcly 70')1, ol'its
Iorv-l'r'ccluency tnitgnittrde. Rectlrcl this lrs thc 3-dB ft'ecltrcttcy.

tlsing a digitul ntultintetcr, measrrre all rcsistors to thlce sigttificant digits.

PART 3: P0ST-MEASUREMENT EXERCISE

(-alcrrlatc the ntcrtstrreil voltagc gltin ltt low f't-ctlttcncie s.

lleculcglute the theoreticll gairr uncl 3-dB point of thc cit'ctrit. trsitrg tlte
nreirsurecl resistol values. Are the rccitlcrrlated r ulues clttsel tct yt'rttt' ntcitsul'ecl

vrtltres'l

PART 4 [0PTl0NAL]: EXTRA EXPLORATION

Apply a l()-llz l-Vn1 ,,0 zcro-l)C sclttill'c wave ltt tltc input attd plot r',,,. Whal
is tlte maxitluttt rate ttf chatrge in lr.,'l

t?
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LAB 2.6

Lossg Differentiator
ISee Section 2.5.3, p. 94 of Sedra/Smith]

OBJECTIVES:

To study a lossy diff'erentiatol arrcl its time-donrain and tiequency-dontain
beliavitlr by:

. C'ornpleting the analysis rll-the circuit ancl selectittg resistors aud capitcitors
that satisfy design specilicatiorts.

. Sirnulating thc circuits t() conrpare the results with the papel artalysis.

. lntplenrentirrg the circuit irr an experinterttal settitrg. taking nteasurements.
ancl conrparing its perfornrillrce witlt theoretical arrd sinrulatecl t csults.

MATERIALS:

. Laboratory setup. inclucling breadboltrd

' I 7'11-typc opcrationitl ltntplilier (obtirin its tlatasheet)
. Severitl wires

' Rcsistols lttrd capacittlrs of'vitryirlg sizcs

PART 1: DESIGN ANO ANALYSIS

(lortsicler the circuit showtr irt ljigule Ll.6:

FIGURE 12.6: Lossy

differentiator. Based on
Fig.2.27(a\ on p.95 S&5.

Design the cilcuit in Figule L2.6 such that its high-fieclueucy gain is l0 V/V. uncl

its,:i-dB frequency is 100 Hz. Selecl resistor r,itlues such thut the inptrt resistlrnce

{

IJ



LAB 2.6 LOSSY DIFFERENTIATOR

at high fiecltrencies (i.e.. where the capacitor acts like a short cirouit) is I kQ. tJse

suPPlies of 11 = -t,, = 15 V.

Hand calculations
. Sketch the circr-rit itr your lab book" clearll'labeling thc op-antp ternliuals.
. What values of R. R7,. artd ('do yotr neecl to use to meet the gain, l-dll

frequencl,, ar.rd inpr-rt rcsistance specificatious'l Is the problertt conrpletely
snecified'l

Sim u lation
. Sintttlutioa 1.' Perfirntr a tllnsient sinrulation of'yr'rul c:it'crrit. IJse a -50-ntVn1 nr.

inpr-rt sine wave. ln yttur sirrrulatir'lrr. usstrnrc lorrl ittptrt vt>ltage s<'r.tt'ces have

an output rcsistancc of -50 O. Sinrulate your circuit at fi'ccltrencies of 100 llz.
5(X) llz, I kllz. 2kllz, ancl -5 l<[Jz. What clo you obsclve'] Plot the input attd

outpLlt wavetirrttt s fbr ltl I si nt trlittiotls.
. Simulution J. Pcrlblrtr an A(' simulution of your circuit. In your sintr-rlatic'ttt.

lussult'rc your input voltage soLllccs lttve itn ttutpLrt resistatrce of 50 O. Plot the

rnagnitucle ancl phasc I'csponsc c'rf'y'our circuit. Bitsed on this simulatiorr. rvhat

is thc voltitge gain at high frequcncics^ and what is the 3-dB frequorcy'l

PART 2: PROTOTYPING AND MEASUREMENT

Asscntble the cilcuit orrto u breadbtxrltl. I)o rtot include the 50-() otttpttt
re:sistance o1' youl signul soLtlccs.
l..lsing a digital ntultinreter. llrcasule the DC voltascs ut tltc input. output" atttl
invclting terminal. lvlrilc lclrving thc irtprrt grottttclccl.
L lsing a f'unction gcueratof. providc it -50-tttV'r p1 sittc wltvc to thc input. I lsittg
Irn ctscilloscope. cilptulc thc output voltage wavefbrnr lor inpLrt fi-ecltretrcies of'

l(X) llz. -5(X)llz, I ktlz. 2ktlz.5 kllz. ancl l(X) kllz.
Vary thc input I'requcncy until thc output relrches apploxinrutely 70'ltl, tll'its
high-fleclrencl- nragnituclc. Ilccorcl this irs f lie l-dl] l'l-ecluency.

LJsing a cligital nrultinretcr'. lneAsure all rcsistors 1o three signilicarrt cligits.

PART 3: POST-MEASUREMENT EXERCISE

('irlctrlatc the rtrcnsrrlecl vtlltage gltin at ltigh frecltrcttcics.
Recalculatc thc tltcolctical gain arrd 3-dl) point ol'thc circtrit. Lrsittg thc
rneasurccl resistor valucs. Are the reealculatecl vulues closet'to vottr tneas-

rurccl values'l

PART 4 [oprlOnlU: EXTRA EXPLORATI0N

Apply a l0-tlz l-Vnr pr zcro-[X'sc]uale wave ut the input ancl plot r',,. What
does the output look like'l What is the rttaxintttnt fate of chatlge in r',;?

l4



LAB 4.1t
it

Diode l-V
[See Section

OBJECTIVES:

lb study junction diocle terntirlal chitracteristics by:

Analyzing. sitnulating, lrnd btrilding a cliode-based cilctrit.
'Ltking nteasurenlents lrrrd lrpplying translbrnratic)ns to obtain the cliode l-V
cu fve.

MATERIALS:

' Labonttory sctup" irreltrcling breadboard
. Onc.junction cliode (e.g.. lN4(X)3)

' Several wires attcl a resistot'

PART 1: SIMULATI0N

Transfer Curve
4.2,p. 1.84 of Sedra/Smith)

-#vt 
1

I t f',, I I

zt-. ^'<-( \ --,,\ *) i-_-,,-l,r ri

I - =+
irI.,t-

I:

Ff GURE L4.1: Circuit used to characterize junction diode terminal characteristics. Based on Fig. a.23

p.209 5&S.

C'onsicler thri cilcuit slrown in f:igure L;1.1. Sinrulute the circtrit by varyirtg r'7 fiont
I V to +l V in increnrents of 0.1 \t. (lenelate lt plot of ill VS. Ir1 ancl t'1; vs. t'r. [)t'r

you see a resemblattce betrveen tlre two grttphs'?

I5



LAB 4.1 DIODE I-VTRANSFER CURVE

PART 2: MEASUREMENTS

Asserttble the circuit onto a breirclboard. lJsing a power supply. vary tlte input
voltage fi'orn -3 V tcl +3 V in increments of 0.25 V. For each point. measure tlte
oLltllttt vttltage t,1y using a digital ntultimeter. und report the crrrrent cousumption
i, indicatecl by the power supply. Meesure the value of the resistor.

PART 3: P0ST-MEASUREMENT EXERCISE

Cietrerate a plot of l'() vs. r'/ and a plot of ip r,'s. r'r. Since i 1, = t.1rl R, rlo the twc'r
plots generally agree'l
Since the diocle volta-uc is r'r, = r', r'(). {L'lterate a new plctt o1'17; vs. r.r. Is it
whaf vou exnect'l

PART 4 [0PTl0NAL]: EXTRA EXPL0RATION

ll'voLr have ltccess to it senriconclLrctor pllrarneter analvzer, gencrate the i7, r,,s.

l'1) ctlrvc rrsing the allalyzet'. llo\v dttcs it conrpare to the crrrvc 1'ou gertcnrted
in Part l'l

lo



LAB 4.2

Fun with
[See Section

OBJ ECTIVES:

Tc> study diode-basecl rectifier cilctrits by:

. Aualyzing. sirnulating. and builcling several rectilier cirutrits.

. Noting that rnany cliocle-based circuits are easy to asscrnble. ln this lub. yorr

will builcl several circlrits lhut requile only a I'ew sinrplc componcnts.

MATERIALS:

. Laboratoly sctup. incluclittg brcadl'lttltrcl

. Several.junction dioclcs (c.g.. 1N4003;

' ()ne Trll-typc operatiortitl anrplifier
. Scveral wires. rcsistors. ancl capucitors of varying sizes

FIGURE 14.2: (a)

Half-wave rectifier,
(b) peak rectifier. and
(c) precision rectifier.
Circuits are based on
Fiq.4.23 p. 209, Fig.

4.27 p.215, and Fig.

4.29 p. 220 S&S.

Diodes l: Rectif iers
4.5, p. 2O7 of Sedra/Smith)

:<
J ---)>-I



LAB 4.2 FUN WITH DI0DES l:RECTIFIERS

PART 1: SIMULATION

Half-wave rectifier
Cor.rsicler the half-wave rectifier shown in Figure L4.2(tt). Simulate the circuit trsing
a l0-Vnr nl l-kl.lz sinr-rsoid and a 1N4003 diode. Provide a plot of r'7 ilnd i'11 vS. l.

Peak rectifier
Consiclet'the peak detector shorvu in Figure L:l.2(b). Sintulate the circuit Lrsing a

l0-Vnr pr l-k Hz input sinusoid fbr the two lbllowing se ts of parameters. For botlt
sinrLrlations. plovicle a plot ol'l'7 aud l'1y vs. /. ancl feport the pelk voltage (Lr) and
the ripple voltage (1,',).

Peak detector I: []se R 1.= | kO. (' = 17 pl. l N.l(X)-l cliocle

Peak detectt'rr II: This title use 1{, = 1111, O. ('= 47 pF. lN4(X)-1 cliocle

Precision rectifier
Consider the precision rectilier shown in l'igure L4.2(c). Sintulate the cit'cuit using
a l0-V,r1 ,,' l-kllz sinusoiclal input. a 7r1l op-anrp. ancl a lN4(X)3 cliodc. Provide a

plot tlf'l'1 ittld t'i1 r's. /. LJse 11, = 111 Ot,

PART 2: MEASUREMENTS

[:irr each circLrit. assctrble the circuit, apply the recluired rvavefbrnr trsing lt

I'unctit'rn gencrutor, ancl capture thc input atrd orrtprrt voltage lvavefirrms ott
au oscilloscope.
lror tlrc peak lectifier. recorcl the values of t,, ancl 1,.

t.lsing a cligital n-rultinrctcr. lncAsule all resistor-s to threc sigriificant cligits.

PART 3: P0ST-MEASUREMENT EXERCISE

Using your r.r.rcusurecl rcsistor vltlue's. r'esinrulate vour circuits. Flclw do thc
lupclatccl results conrparc rvith l,oul sinttrllltiotts. und experirncttts'l l:xplain
lny discrepuncies.
What conclusit:rrts do yorr clntw ll'onr thc tno clil'l'ercrtt peitk fectille rs'l

PART 4 [0PTl0NAL]: EXTRA ExPLORATI0N

Catt vou turn the nrecisiotr hall'-rvlrvc rectilie r into a precision peak rectilier'J



LAB 4.3

Fun with Diodes ll: Limiting and
Clamping Circuits
[See Section 4.6, p. 221. of Sedra/Smith]

O BJECTIVES:

lb study diode-basecl limiting arld clamping circtrits by:

MATERIALS:

Anirlirzing, simulatirt-u, artd building sevet al circr"rits, irrcluclitlg peak detec-

tors. clanp circuits. und linriter circuits.
Nrtting that ntany dioder-basccl circtrits llre etlsy to assenlble, irr this lab yotr

lvill builcl several circr-rits that reqtrire only a f'ew sirnple conrponeltts.
tJsing an oscilloscope's X-Y nttlde to plot otttptrt vs. inptrt vtlltage.

. L.aboratorysctup, inclLrclingbrcaclboirrd

. Several.junction diodes (e.g.. lN:l(X)3) and Zener diodes (c.g.. lN4733A)

. Several rvit'cs. t'esistors, ltttd callltcitors tlf'varying sizes

FIGURE 14.3: (a)

Limiter, (b) Zener
diode limiter, (c)

clamping circuit,
and (d) voltage
doubler. Circuits
are based on
Figures 4.33 p.

223,Fig. a35 p.

225, and Fig. 4.36
p. 226 5&5.



LAB 4.3 FUN WITH DI0DES ll: LIMIIING AND CLAMPING CIRCUITS

PART 1: SIMULATION

Cousider the circuits showu in Figure I-4.l(a)-(d). Simulate each cilcuit with the
paralreters indicated next. For each simuliition. provicle a plot of r,, ard r,,; vs. L

Diode limiter (Figure L4.3(a)):
o [Jse 1( = I kQ ancl lN4(X)J diocles.
o SimLrlate using a -5-Vnr. or. 100-tlz input sinusoicl rvith no DC contponel)t.
o lJse your sirnrrlator"s X-Y mocle to plot r',, vs. r',

Zener diode linriter (Figure L4.3(b)):
o IJse 1l = I kQ ancl lN4733A Zcner cliocles.

o Sinrulate usillg a l5-V,,1 ,,1 l(X)-tlz input sinLrsoid with lto D('
conrpolrent.

o Use your simrrlator"s X-Y nrocle' to pkrt r', vs. r,,

Clarnpecl caprtcitor (Irigule L4.l(c)):
c'r LJse Rr = l0 kQ. C = 4l !F. ancl a lN4(X)l diocle.
o Sirnulltte trsirg a 2-V'r pr, l(X)-Hz itrput sqrrirre wirve with no D('

conrll()nent.
o Whal afe the lrighcst and lowest voltage vulues'l
Voltuge doLrbler' ( Irigtrle L4.3(d)):
tr I lse /lr = 1111, kO acloss the otrtput ('t = (': = 17 pF. trnd lN4(X)l tlictcles.
o Sintrrlitte using a .5-Vnk ,.k l()0-l lz inprrt sinusoicl u'ith no D('colnponent.

PART 2: MEASUREMENTS

. Ijor each eircuit" builcl the circuit. upply thc'inpu1 ivuvelirmr specifiecl abovc
tusiug it I'rrnctiorr gcllerator. aucl captrrrc the output voltagc u'irvclbrn on arr
oscilloscopc. Firr circLrits (a) (c). whut ure the highest arrd krwest outptrt r,'olt-

lugc valucs'l

' Iior thc linritel circuits" use the: oscilloscope's X-Y nrocle to plot r'11 VS. r'7.

. ilsing a cligitirl rnultinreter. ureasure ull rcsistors to tlrree signiticant cligits.

. []'urthcr cx1'rkrration l: (-arr yotr change thc linritiug voltages for the flrsl cir-
cuit to u;rproxinrately +1.,tr V and l.;1 V'l

' [rLrr-tltel exlrlorittion ll: ('an yotr tttt'tt thc clltmped c,apaeitrtr intt'r lr rrcgltir,c
clarnn'l

PART 3: POST-MEASUREMENT EXERCISE

[)o utty of'yor-rr uleasurcrnent resrrlts cliflel significantly I'ronr wlrat yolr expect
and ll-om the sinrr,rlations'l [ixnlain.

PART 4 [0PTl0NAL]: EXTRA EXPLORATI0N

20

(-an yoLr nrodil-v the voltage cllrrbler so it prodtrces a positive olrtput voltage'l



LAB 5.1

NM0S l-V Characteristics
[See Sections 5.1-5 .?, p.248 of Sedra/Smith)

O BJECTIVES:

lb study NMOS tratrsistol l-V curvcs by:

' Sintulatin-rt a tt'ltttsistr)r t() illvL'stiglrte thc dt'ain cLtrl-etlt vs'

"trlta 
ge a rtcl d lai n-ttt-sotlrce vtll tage.

. Itnpletnenting a cil'cr.rit and taking nleitstlrelrents tll'the /p vs.

I'7,.5 e ttrves.
. Ilxtracting valrtes of-/i,,, 1 ,,,. llrlcl tr,,.

MATERIALS:

gate-to-sou rce

1"1;l atlcl /711 vs.

' Luboratoly setLrp. irtcltrding bleaclbtlltrcl

' I cnhanccntcllt-t)i pe NMOS transistor (c.g.. M('l:l(X)7)

' Ser,cral wires

PART 1: SIMULATION

FIGURE L5.1: Transistor measurement circuit. Related to Table 5.1 in 5&5.

Consider the circu it in l-'igu le L-5.l. l:nter tlte circuit into you r sinr ulator's scherrratic

eclitor, applying DC vclltage sr,rpplies to the gate and clrain of the trattsistor.

.I
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LAB 5,1 NMOS I-V CHARACTERISTICS

/o vs. V*
While setting lr'r.5. tr'r a cc'rnstaut value of -5 V.

.5 V in incremeltts of 0. I V. Plot a curve of //)
the culrent turn on'l

srveep the gate voltagc fronr 0 V tcr

vs. I/,r"t. At what valr-re of l''6;.,does

lrvs. V^
For three values of I,'1;s(2.-5 V..1.0 V. and 3.-5 V). sweep
V to 5 V irr incrcments of 0. I V. Plot the curves lbr'/,. vs

clear"ly indicating the value of l",t,t next to each curve.

PART 2: MEASUREMENTS

( 1J Threshold voltoge, V,n

[]ront the nreasurccl /p vs. l1,tt crrrve. ltt
on'l Set this as thc thresholcl voltage l/,,,.

the dlain voltage fionr 0

l,'7;,1 onto a single graph.

wltat vultrc ol' l/r-s cloes tlre NMOS tunt
Of yorrr tritnsistor.

Assenrble the circLrit tionr Irigure'L-5.1. using a lrower supply to gencl'lte thc D('
voltages.

/, vs. Vn,

While settirru /p,e to a constant valr,re ol'-5 V. srvcep the gute voltage ll'ont l.0 V trl
1..5 V in incretrtents of'0.2.5 V (note. we have lcclucecl the n[rn]bel'of cllta points
with respect to the sinrulatior.rs). artcl nrcasurc thc drairr current using the power'
su;lply. (Nolc: Ntlt itll power supplies itlloiv vou t() nrcasulc culr-crrt accurately: if'
tltis is tlrc case ti)r'ytlLrr lub setup. voLl nlry placc lr snrall resistor-irr selics with thc
dritittatrcl measuretltcvoltagedropucrossthclcsistor.)l)lotacurveol-/7,r's. l/1;..
nt what vulrrc ol 1,,,.',ckrcs thc NMOS ttrnr on'l

lo vs. V^
[:or tltree vulucs of I/,,e (].-5 V. 3.0 V. lrncl 3.-5 V). sweep thc drain voltuge fionr 0
V to l.-5 V iu ittc:rente uts ol'0.5 V and nrcusLrrc the drlin curreut usiug thc p()wcr
stritltlv. I)lot tlte crrrvc-s li>r'l11 vs. l'7;..ottto ir singlc graph. clearly indicating thc
vitltre o1- L1;r next to citch cLtlve .

PART 3: P0ST-MEASUREMENT EXERCISE

Simulation vs. measurement

Wlrrt are thc ttutin clil'f"ercnces bctwccrr vt'rul sir.rrulatecl lncl rneasurecl curves'l
('un yotr cxpluin the dil'l'ere nce s'.'

Parameter extraction

(2J M0SF€T tronsconductance porometeL kn

flased on the value ol'clrain currenl I p ttt L'r,* = 3.0 V" and trsing the saturatiou
moclel fbr the transistor. i.e.. 11, = (ll2\k,,\L'(i\ l',,,)r. cxtract thc valr"re of k,, =
F,,(',,*( W/L). Ilsing your cxtlllcted virlues of' l,',,, and k,,. plot i.t culvc ol'/2 vs. lr;r,

22



LAB 5.1 NMOS I.V CHARACTERISTICS

Llsiug the saturation n.rodel, and conrpare with your sinlulated and nreasured
curves. Are there any dillelences'l Catr you explain the dif-ferenoes'l

(3J €orly voltoge, Va

Ilitsed on your rreasured 1p vs. l,"rr,rcurves for a satulated transistor', extract the
llarly vtlltage I,;,. Doe s I,', change sigrrificantly fbr each value of tr,.;*'l What is the
avelage value of I'',,'? tsased on your r\/era-qe value of I''.,. calculate )r,,= llL',t.

Repeat Steps I to 3 fbr your nreasul'ed results.
Sr"rmmarize your results in the fbllowing table.

MEASURED

L'"' lY I

/.,, [mA/V:]
1,, [V 'l

PART 4 [0PTl0NAL]: EXTRA EXPLORATI0N

ll'yon have acccss to a scnricortdrrctor palumcter unalvzcr'. gcneratc thc /7, vs. 1j,.,.

cllrves using thc analvzer'. How do they coruparc to the curvcs yoLr gencratecl in
Part 3'l Rc-ertract valrrcs ol-11,,. /i,,. aucl 1",,.

23
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LAB 5.2

PM0S l-V Characteristics
[See Sections 5.1-5.2,p.248 of Sedra/Smith)

O BJECTIVES:

-Ib 
study PMOS transistor l-V cr,rrves by:

' Sinrtrlating u triLtrsistrrr to irrvc:tigatc the clrain current vs.
voltagc antl cllaiu-to-sor.rrce voltage .

. Inrple nrerrting u circr"rit antl tahing nreAsulerncuts of'the 1p vs.

l'", cttll'cs.
. Extracting valLres o|k,,, l,'t1,. antl \,.

MATERIALS:

gate-to-soU rce

l'5,; atld il'7, vs.

' Labonttory sctrrp. ineludittg bleaclbourcl
. I enhancenrerlt-typc l'MOS trausislor (c.g.. M('l4tX)7)
. Severtrl lvires

PART 1: SIMULATION

FIGURE L5.2: Transistor measurement circuit. Related to Table 5.1 in S&S.

('onsider the circtrit in [jigLrre L5.2. lrnter tlrc circtrit j11[1r 1oul sintulatttr's sche-
nrittic etlitor. applying DC l'oltage supplies to thc gate ancl dlain of the transistor.
In the diagritnr. the source is indicatecl us the refereuec nrlde (gloLrnd). What volt-
ages rvould you treed to apply i1'anothet'ltocle. e.g., the drain. were litbeled as the
refblence'l



LAB 5.2 PMOS I-V CHARACTERISTICS

lo vs. V.n

While setting L'sp to a eonstant
-5 V in increnreuts of 0.1 V. Plot
the PMOS tunr on'l

lo vs. V'
Fol three valLres of L',r,, (2.5 V. -1.0 V. antl 1.5 V). srvcep the draitt voltage frorn 0 V

to ,5 V in incrcrlents of 0.l V. Plot thc curves for 12 vs. I,'ep onto ri single glaph.
clearly inclicrittiug the value ttf 1.1.; ltext to cach cttrve.

PART 2: MEASUREMENTS

Assenrblc the circuit fronr Irigure L--5.2. rrsing a powef supply to gcncrate the DC'

voltages. Note thc polarities ol'the voltagc sources. You ntay rteed tt'r be creative
to get the correct polaritiesl Rcmenrbe r that fbr a PMOS tratrsistttr that is otr. I" .,r"

l/1p, ancl 1p will bc positivc cprantitics.

l, vs. V*
Whilc settirrg I,'5p to a coustultt valLrc ol- -5 V. srvcep the glrte voltage fi'orn 1.0 V tcr

3..5 V in irrcrcnrcnts of'0.2-5 V (note, we have reclucecl tltc trunrber of clltta pt'rittts

with lcspcct 1o tlre sintr"rlatirlns). ulrd nreusLrrc the clraitr cun'ent using the powcr
supltly. (.,Vr.rlc: Not allpoivel supplies allow yor-r t() I)leasLlre curreltt acctrratcly: il'
this is thc casc lirr yrlur lab setul). you rnuy plac:e u srnall resistol in serics with thc
clrlinarrclntcilsrlrsthevoltagcclropacrosstheresistor.)I)lotltcurve'of/1;vs. l''9,;.

At what r,'aluc o1' l''1.,, clocs thc cttrt'cttt tttrtt on'l

lo vs. V'
lfor thl'ee valucs ol- l,',,,,. (2.5 V..1.0 V. ancl ].5 V). sweep thc drain voltage ll-ont 0.0

V trt 3.5 V in inclcntents o1'0.5 V. ancl nlerrsure thc clruin currcllt Lrsing thc power'

supply. Plot thc curves Ior /7, vs. l''17, onto a singlc graph. clcarly intlicatittg the
yltlue 9f' l,'r,, t.tcxt ttt clrcl.t crrt vc.

PART 3: P0ST-MEASUREMENT EXERCISE

Simulation vs. measurement

Whlt are the n.rain clil'f'erences betwecn yorrr sirntrlatccl anci tncasurecl curves'l
('an yclr explain the dil'tbrences'l

Parameter extraction

(1J Threshold voltoge, V*
Fronr the nteasurcd 17, vs. l/.,u cut'vc. at what vitltre ttf 1",5,, clocs thc PMOS tLrrn

on'l Set this as thc threshold r'oltage l'1,, of vour tlausistor. but exprcss it us u tteglt-

tive nunrbcr to be cousistent with practice.

valuc of 5 V. sweep the gate voltage liom 0 V to
ir cl,rrve of 11; vs. VsG. At what valr.re of I/5,1; does

2S



LAB 5.2 PMOS I.V CHARACTERISTICS

[2J M0SF€T tronsconductonce porometer, ke

Basecl rrn the value of drain current IpLrt V'r,,, = Lt,r* | V. atrcl using the satuta-
tion rrrodel lor the transistor. i.e.. Ip = (112)k,JL's,, lV,rl)t^ extract the value of-
A',, =1r,,C,,,(W/L) L.tsing your extlacted values of [i/, alrd /i,,. plot A cllrve of 1p vs.
It ..,., usirrg the sltturation mt-rclel, atrd conrpare with your simrrlatec'l and nteasurecl
curves. Are there an1, cliff'erences'l Can you explain the clil-f'erences'i

(3J €orlg voltoge, Vo

Bltscd ot.t your nreasured ^/p vs. l''r, curvcs fbr a saturated transistor. extract the
Early voltage [.,. Does l/., change significantly fbr each value ol' l'.,j? What is the
avefage valr,re of L,''l Basecl ol.l y()ur itverage valrre of l'1. calculate 7",,= llV,,.

Repeat Steps I to 3 fbr youf llreirsul'ecl results.
Sumnralize your lesrrlts in the follcllving table.

M EAS U RED

L',,,lYl

/i,, [nrA/Vrl
L/, [v ']

PART 4 [0PTl0NAL]: EXTRA ExPLORATI0N

Il-yttu havc uccess tr'r it scttticttncluclor paranretef lrnalyzct'. generirtc the 17; r,'s. l/171

cut'vcs using the altalyzcr. Hoiv clo they cottrpar-e to the curves you ueueratecl in
l'}nlt 3'] lle-extract valtres o1' l',r. /i,,, lrnd ]",,.

(o



LAB 5.3

NMOS at DC

[See Section 5.3 , p.276 of Sedra/Smith]

OBJECTIVES:

lir stucly DC biasing ot'an N MOS transistor by:

. Cionrpleting tlre DC anllysis of three circuits: (l) an NMOS biasecl in the

satulntion region. (l) an NMOS biasecl irr tlte triode legion, artd (-l) a diode-
conncctcd N MOS transistor.
Sirnuluting tlte cit'cr-rits to compitre the lcsLrlts with the paper analysis.
lmplententing the circLrits in an cxperinrentll settin-u, taking rncasuretlteltts,

irncl complLring thc.ir ;lerfornance to tlreoreticitl ancl sirrtulittecl re strlts.

Quulitatively seeing the inrl-lirct of tlansistorto-tntnsistr'rt' vuriutiotts.

MATERIALS:

Laboratory sctup. incltrcling brcadboltlt1
I cuhanccnrcnt-typc NMOS trausistctr (e.g.. MCI4007)
Seycral wir.e s ulcl r.csistpt-s 9f var"ying sizCs

PART 1: NM0S lN SATURATI0N M0DE

('onsider the cilcuit sltowtt itr [:igtrre t--5.].1:

i{
/\1,

Ilr

/lt

FIGURE L5.3.1: NMO5-based circuit for saturation- and triode-mode operation. Related to Fig. 5.24 in

s&s.
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LAB 5.3 NIt/OS AT DC

Desigrr the circuit in lrigure L5.-].1 such that /p = I mA. t,t; = 0 V. and f/, = *-5 V
tJse supplies of Ii = l' = 15 V.

Hand calculations

' Sketch the circttit iu vour lab book. clcarly labeling the transistt)r's three
ternr i nals.

. Based ou the spcciticirtious, calculate lt,y.
' Ffoln the datasheet. find the thresholci volta-ge l,',,, clf the transist<tr (,,Votc: -I'|e

datasheet ltlztv tlse a cliff'erent svmbol, e.g.. 11.' . . . )or alternlrtell,use your
valrre tl-onr LAB .5.2. What is li1;:t! lNota: 'I'he datasheet indicrrtcs a range ol'
values of V,,, that you will fir.rcl amortg the butch of transistors. Llse the "ut'1rri-
nal" value itr yoLrr cale:Lrlations. but remenrber: Your actual Iransisttl'Ilts a
valuc of'L/,,, IltirI fltlls somewhere in that rarrge. which lvill sliglrtly uf'fect your
llteilsLll'entsut results!) What is l',,,'l

' YtlLt ttow have ertoLrgh intblnraliott to calculute /t.. Is the calcLrlatecl valuc
availlblc itt y<tur kit'l ('an 

-vor-r achievc this valLre by conrbining several lesis-
tclrs'l ('ontnrcnt.

' You alscl hltvc etrough irtlbrtnatiort to calc:ulate Rrr. Is the c:alc:uialed valrrc
availablc irt yottr kit'.'Can you achieve this valLre by contbining sevel'al lesis-
tors'l Conrrtretrt.

' What valrres ol' R, ancl R. cltl
specifiecl'l

yctr need to rrsc'.) ls thc problcr-n conrlrlctcly

Sim u lation

' Sinrtrlate yottr cilcuit usittg the t'ulucs ol'Rr. /{/), Rr. and R, based on yqur.
prc-cccl i ng calcu lutions.

' Report the vulucs of- li. tr"rt, L'r;. itt'td 11,. Ilow closcly clo they nratch yoLrr'
crltlculations'/ (Rcrtrcntbcr: I'he sinrLrlutol hls its orvn. nrorc corlplex ntttclel ol-
thc lelrl tnrnsistrtr. stt there shoulcl bc sonte srnall l,ariations.)

Prototgping and Measurement
. Assentble the circuit onto a breudboarcl.
. IJsing a cligital rnr.rltinrctcr', lneasurc l',;. l's- uncl l/7,.

' LIsing a digital ntultinetcr'. nreitsLll'c all r.esistors tt) thrcc signiflcant cligits.

Post-Measurement Exercise
. What alc lhe nrcasurc-cl values of l',;., lrrrd I tr.,rl llow cltl lhel' collparc tq y1lLrr

pre-lab ea lcu lat ions'l lrxplai n any cl i screllr ncics.
' IJltsecl ott the ttteasut'ccl valuss oi'l'1, and I'.eancl vour melsurcd resisttlr vul-

ttes. what is the ntelrsrrlccl valuc ol'17; blrsccl ou VOt.lr lub nteitsurcnrc.nts'l

PART ?: NM0S lN TRI0DE M0DE

Reclesigrr the cilcuit in Figure
l/r.,,, = ().-5 V. Llse supplies of li
nr oclel.

sLrclr tlrltt I D = | rnA. l'1, = +2 V. and
= l5 \'. Notc that you llust use the triocle

t<ll
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LAB 5.3 NMOS AT DC

Hand calculations
. Sketch the circuit in your lab book. clearly labeling the tlatrsistor's three

ternr inals.
. Based on the specifications. calctrlate l/,r, aucl tr",,.t. What is lz,r?

. You rrow have enouglr infbrmatiott to calculate R,e. ls the calctrlated value

available itr your kit'l (l{rn you achievc this value by conrbinin-q several resis-

tors'l C'onrnrent.
. You also have enough infbrnration to calculate Rp. ls the calculated vlrltre

available irr your kit'l Can you achieve this valtre bl,contbining seleral rcsis-

tclrs'l (lxrnrent.
. What values of 111 ancl R, do you nescl to use'l ls the problem complctcly

speciticd'l

Simulation
. Sintulate your clrcult

cu lcu la t iotr -.
. Il.eport thc values ttf'

calcrr latiotts'l

Prototgping and Measurement
. Assenrble the circtrit ottt() tt brcitclboarcl.
. L)sing a cligital ntultimeter'. nleasure Vr,, l's. urtcl l,'7.,. Rcltort thent itr yottr

ltrb book.
. Llsing a cligitill trultinteter. nreilsr.rrc all rcsistors to three significant digits.

Post-Measurement Exercise
. What urc the utcasured values tlf l,itt uncl l'71.r'l llorv dtt thcy conrpale to yottt'

ple-lab calculatir>ns'l lrrplairr any rliscre puttcie s. Is the transistol in thcr triode
()l)cl irt illg t cg i()tl'.'

. lJirsed on the nreasulecl values of 1,71 and l'1 ltrtcl vour Incitsul'ed resistor val-
ues. what is the nteasurecl valLrc of- 17; b:tscd ()n your lub Irteasurctttcnts'l

PART 3: Dl00E-CONNECTED NMOS

(-orrsiclel the circ:uit showtr in lrigtlre' l.-5.3.l

FIGURE 15.3.2: Circuit with diode-connected
NMOS transistor.

rusing thc vulues clf'11,t. Rrr. Rr, attcl R" bascd clu yottr

l.'.s. l.'n, 1",;. aucl 1p. How closely do they ntatch your

i
? t'

2S



LAB 5.3 NMOS AT DC

Design the circuit in Fi-eule L-5.-1.2 sr-rch that /2 = I rnA and R.t = l5 kO. Use sup-

Plies of l''* = l' = 15 V'

Hand calculations
. Skctch the circuit in your lab book, olearly labeling the tt'ansistor's three

telntinaIs.
. What is the opcritting region of the trarsistor'l Ilased ou the specilicatiorts.

calculate If,1. Whttt ttre tr/. ancl f"yrl
. You uow hrrve enough infirrnratiou to calculate R7r. Is the calctrlated value

availat'lle in your kit'l Can you achicve tltis valtre by combirting several resis-

tors'l ('onrment.

Simulation
. Sinrrrlate youl circuit using the value Rp bltsed on yottr cale ullttiotrs.
. Report the values ttf l/5. l',r. arld /7;. ['low cltlsely cltl they nratclr yotrt

calculatiotts'l

Prototgping and Measurement
. Assetnble the circtrit ottto a lrleaclboltrd.

' LJsing a digital nrtrltittretcr. llleastll'c l'.,, itltd I'1,.

btltlk.
' [.lsing a tligital rtltrltinreter. tllcllsllre all t'esistors to

Report thent in yotrr lub

tltrcc sigrriliert ttt tlir:itr.

Post-Measurement Exercise
. llow do tlre ntelrstrlecl v'trlrrcs colnpirrc to your prc-lab cltlcttlatitttts'? I:xpltrin

lr rt1 tl isereprt lteics.
. Bascd ou the nrcasul'erl values o1' l'1, ancl I''5 ancl yoLlf nteilsttt"ed resistor val-

rues, whut is thc ntcasulecl valuc of /7', basccl oll y()ul lab ttteasttlernettts'l

PART 4 [OprtOnnl]: EXTRA EXPLORATI0N

ln this exploration. reusc lhc circrrit tl'onl l)art I as wcll its the vitlttes ol'Rt
Iutci R7, that you calcrrlute firr thlt circuit. llowclcr. r'eltlltce tlte 111-R, voltage

{ivicler with u l()-kO 20-tul'n potcntionretcr'. with the centlal pitt conttcctccl

to thc trausistor gilte.'I'his willallow yoir to acl.just thc l)('voltagc ilt thc gatc.
(ilrrdurrlly iuct'eitsc thc gatc vttltagc. lttltl tltltke lecorciings of- ll1'. l'y,, ancl I"1

as you sivccp the gate voltuge. Whirt clo yorr obscrve'l Ale thc trcttcls rvhat yotr

expect them to bc'l ('atr vou inclicate tlte trutrsititlrt points bctweelt the tlifl'er-
ertt tlu tisistol operlting rcgic'rtt s'l
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LAB 5.4

[See Section 5.3, p. 276 of Sedra/Smith)

O BJECTIVES:

Tb stucly DC biirsing ol'a PMOS tntnsistor by:

Conrpleting the DC analysis ol'three circuits: (l) a PMOS biasecl in the
saturation region. (2) a PMOS biitsecl in tlre triode legion. and (3) a cliode-
connectcd PM()S transistor.
Sirrrulating the circuits 1c) conrpare the results with the paper anulysis.
lmplenreutirrg the circLrits in lLr.r expc-r'inrcntul setting, taking measuretnents"
ir ncl contltarin g tlrei r" l:rertbrnra nce to t heorcticitl ancl si nr u lutecl lesu l ts.

Qualitatively see ing the inrpitcl ol'tt'ansistor-ttr-tnrnsistol vurilrtitrti:.

MATERIALS:

PMOS at DC

PART 1:

Laboratory setup. including breadboarcl
I enhancenrent-t)'pe PMOS tratrsistrtr' (e.g.. M('14(X)7)
Sevc-ral rvires ltnd lcsistors o1'vltt'vitrg sizes

PMOS IN SATURATION MODE

Consicler the circuit showu ir.r lrisurc L5.:1.1:

/{'

FIGURE 15.4.1: PMOS-based
Ilr circuit for saturation- and

. triode-modeoperation.' 
Related to Fig. 5.24 in S&S.

I)esign the circLrit in Figure L5.,1.1 sLrch tltat 1r, = I

llse sr-rpplies ttf l/n = lz = l-5 V.

rtrA. |,,=0\'. lttttl l',= 5V.

,.\
ri:<5
l-j
r--t Ir. --l
-\ ./

t\

J\
I

1(:

t'

31



LAB 5.4 PMOS AT DC

Hand calculations
. Sketch the circr-rit in your lab book. clearly labelirrg the trarrsistor's three

terminals.
' Basecl on the specifications. ctalculate f'rr.
. Frorn the datasheet. tind the threshold voltage I,',,, of thc trltllsistor (N()/c:

T6e clatasheet ntiry use I rlifferent synrbol. e.8.. l'rrr . . ). or altemately trse

ygur value frorn LA B 5.1. What is l,'.,;'l (Notc: 'f lte datitshcet irldicates L\ rutlgc

rtf valLres of 1.,,, that you will find anrong thc batch of tratrsistot's. IJse thc
"norninal" value in 1,our calculations" but rente mber: Yottt' acrtual tratlsisttlt'

hits a value ol I,',,, that thlls sonrewherc in that ratrge. whicli will af'fect ytlur

lneAsLtremelrt results slightly!) What is I's'l
. Yor; trrtw havc clgugh infbn.natiotr to calctrllttc Rr. ls thc calculatecl valtre

availablc i1 y6ur kit'l Can you achicve this valrre by conrbining sevelal lesis-

tctt's'l ('t'rttt tltent.
. You also have enorrgh inlortnutiotr to citlculatc Rrr. Is the calcr.rlated valrrc

available in ygur kit'l Can yor-r achieve tltis r,uluc by conrbinirrg scvcral lesis-

tttrs'.) ('om nle trt.
. What valrres of R1 uncl R2 clo 1,rlu need to rrse'l ls thc prt'rblenr conlplctely

st-rcciltccl'l

Simulation
. Siptulate yqur cilcuit Lrsing thc valttes ttl'R5, R/). 1il, arld Ii. basecl ott yout'

prececl i Itg ca lcttla tiotrs.
. Rep<tr.t the valrrcs of l/.e. I't,. 1'r,. and /2. Ilow closely do they nratch ytlttr

calcr-rlati91s'l (Rententber: 'I'lrc sintullrlor hlrs its owtr. more cotrtl'ller tnoclel Ol-

the rcal tluusistttr, so there should bc sotnc srllall variations.)

Prototgping and Measurement

' Asscnrble thc cilc:uit ()llto it brelrdtrtlarcl.

' t)sing lr digital ttlultittretcr. lllcastlrc l,;. t's, atttl l''r'
. Llsipg a cligital rnultimctcr, nreasLrrc lll rcsistors ttt tltrce sigrrilicarrt digits'

Post-Measurement Exercise
. What ule the ntcasurcd valucs ol' l"5,,lrrtcl l/,,,ril llor,v dtl thcy ctlnlpare to ytlLtr

prc-llrb calcltlittitlns'? I ;xpla i rl anv di scrrepltttcics.
. IJasecl on thc ntcasured valucs o1' Il., ittrd l,',,. lttrcl yot-tt' nreilstll-ecl resistor val-

tues. what is tlre nreasurecl valLrc o1'1p bitsccl ol.l y()ttr lab trlcltsttt'enrents'l

PART 2: PM0S lN TRI0DE M0DE

l{eclesign thc circLrit iu lrigLrre L5.r1.l strch that ^/7; = I mA. L', = 2 V. arld l'51; =

0.5 V. l.Ise supplies of l'n = l' = l-5 V. Note that ytlu must usc the triode rlltldel.

Hand calculations
. Sketch the circuit in your lab book, clearly'labeling thc trttnsistor's tht'ee

tet'nt inals.

' l]ased on thc specificatitlns" clrlcrtlitte V,,,1 uttrJ l".t,t What is l',i]
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Simulation

LAB 5.4 PMOS AT DC

You now have enough infbrnration to caiculirte R,5. Is tlre calculatecl value
available in youl kit'l Can you lchieve this value by combining several resis-
tors'l Conrment.
You also have enough infbrnration to calculatc Rp. ls the calculated value
available in 1'our kit'l Can you achieve this value by conrbirring several resis-
tors'.) (-ommerrt.

What values of R1 and /t. do you nec'd to use'l Is the problern completely
specilied'l

Sinrulate youl'cilcuit using the vrrlues of'R,r. /iD, Rr. and 1t, basecl ou your
calcula tions.
Re port thc valucs of l,'5.. L'n. L't,.and /r. llorv c,loscly do they nratch your'
ca lcr"rlation s'l

,,fl

Prototgping and Measurement
. Assenrblc tlte c:ilcLrit ont() a brcltdboat'cl.
. l.Jsiug a cligital mtrltinrctcr, nreasrrre L'c;. L's.and l"r. Report tltern in vttur

lab book.
. IJsing a digital multinrctcr'. nreasure ull resistors to three significant digits.

Post-Measurement Exercise
. Wlrat are the r.rrcasurccl values of' l/t,,ancl l"p'l llolv do thcy conrpat'e [o y()ur

pre-lab calcLrlaticlns'l [:x;llaiu at.ry clisclcpitncics. Is the transistol in the triode
opcrating lcgion'?

. llasedonthcnreasulecl valuesof'l'7,ancl l"tancl yournreilsurcdresistorval-
rucs. what is the rneasured valuc of'17, bascd on your lab measurcnrcnts'l

PART 3: DI0DE-C0NNECTED PM0S

('orrsidcr the e ircuit shou'r'r irr F-isule L5.4.2:

l(r,

FIGURE L5.4.2: Circuit with diode-connected PMOS transistor.
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LAB 5-4 PMOS AT DC

Design the circuit iu Figurc L5.4.2 such Ihat Ip = I ntA u1d R.,. = l5 kQ. [,Jse sup-
Plies of l'; = lz = 15 V.

Hand calculations

' Sketch the circuit in yottr lab book. clearly labeling thc transistor's three
terminals.

' What is the operating region of the transistor? Ilasecl on the specificrations,
calculate l.ir,, What ilre l,''' and l'r,'l

' \irr-r ttow have enough infitrmation to calculatc- R7y. ls the calcr"rlatecl valr-re
available itt yottr kit'l Can you tlchicve this value by contbining several resis-
t<trs'l (lom mcnt.

Simulation

' Sinltrlate vttLtr circuil using the valuc R7, trlrsecl on vor-rr calculations.. Report the values ol- l'r. 1.r,, ancl /rr. llou, closely do they mutclr youl
ca ic Lr Iat ion s'J

Prototgping and Measurement
. Assenrtrle the circrrit onto l ble aclbould.
' IJsing a digital ntultinreter. n]eusure l,'* ancl 1"r,. Ilepttlt tlrenr in your lab

book.
' [ )sirrg a digitlrl ttrultinreter. l.neilsurc ull rcsistors to th'ee significant cliuits.

Post-Measurement Exercise

' llor,l'clo thc nteasurecl vuluos conrpare to yorrr-pre-lab calcLrlations'l l:xplain
lllt) (lisurepirrrt ics.

' Illtsed otr the Itteastrred valucs of l,l, ltnd f,'r,ancl yorrr nrcilsured resistor vlrl-
ucs. what is the ntcltstrrecl vltluc o1'/y, blrsctl on voul'lab nteasr,rrentcnts'J

PART 4 [0PTl0NAL]: EXTRA EXPLORATI0N

Irl this cxplorati<'rtt. rcLtsc the circuit fhrnr Parl I as well us the virlrrcs pt'1{.
luncl R1, that you calculute tirr that circuit. I lou'cverr. r'cplace thc R,-11, voltage
clivicler with lt l0-k() l0-tur-n potentionrctcr, ivith the central pirr c:onrrectccl
ttl tltc transistor gate. l'his will ullorv yorr to ircl.just the I)('r,oltagc at tlre
gatc.
(iraclually inclcase thc gatc voltuge. and rnakc lecorcliugs of li(;. L'r)" and l,'..
as yor.r swcep thc gutc voltage. WIliII do yorr obscrvc'l Ar-e the lrends what you
cxpect theni tt'r bc'l ('itn ytlu indicute the tlansition points between thc cliff'cr.-
eut tr.ansistol opcluting regions'l



LAB 6.1

NPN l-V Characteristics
[See Sections 6.1- 6.2,P.306 of Sedra/SmithJ

OBJECTIVES:

'Io stucly N PN trartsistor l-V cr.trves by:

. Sinrulating a tlansistor to investigatte tlte collectc)r ctlrrellt vs.

vol ta ge a rtd col lecttlr-tcl-enr i t ter volta ge.

' lmplerncrtting a circtrit arld ttrking nreastlrelllents of-tl.re 'f, vs

l , 1 ctrlrc:.
' [:xtractittg value s ol'P ancl l'1.

MATERIALS:

base-to-ern it ter

. 1"37r ancl 11,vs.

' l,aboratory setup. irrcltrclitlg brcadbtlard

' I N l)N transistor (e.g.. N-I'F.2321)
. Severlt I rv ires

PART 1: SIMULATI0N

FIGURE L6.1: Transistor measurement circuit. Related to

Fig.6.13 in 5&5.

('opsidel thc circuit in [rigu re L(r.1. Lntcr the circLr it into your sinr ulatol"s schetnatic

editgr. applying DC r'oltuge sLrpplies to the basc and collcctor ol'thc trrtttsistot .

Irvs. Vt,

While setting l/, 1, to a constant value of 5 V, srveep the base voltage frotn 0 V t<r

0.sVinincrenrentsof 0. I V.Plotacurveol'1,'vs. Vlll,.Atwhatvalue of l'l;7'does
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LAB 6.1 NPN I-V CHARACTERISTICS

culrent begin to couclr.rct'l What are the values ol ./; and -/,.ivhen I"Br. = 0.7 Y')
Based on these nutrbers. what is yottr estimate of B'l

/. vs. V.,

For three values ol V6p (0.6 V. 0.7 V, and 0.8 V), srveep the collector voltage fl'onr
0 V to 2 V in incleruents of 0.I V. Plot the culves for 1.-.vs. I!-7, or.rto a single graph.
clcarly indicating the valne of' l'1;s uext to each cttrve.

PART 2: MEASUREMENTS

Asscmble the circuit from [:igure L6.1. using il powel supply to getterate the D('
voltages.

lrvs. V*
While setting l',.r.to a corrstarrt value ol-5 V. swcep thc base voltage fronr 0 V to
0.8 V in increments ol'().1 V. and rncasrrle thc collectol cufrent usirrg the power
sLrpply. (Note: not lrll power sLrpplies allou'you to accurately lreasurc curlent; il'
this is the case fol your lab setrrp. ycru nray placc a small rcsistor itr sclies rvith thc
collcctor und nrcasure thc voltlge drop act'oss the rcsistor) I)lot a cr-rrvc ol'/, vs.

l/,t,. At what valtrc ol'V,,,.clocs tltc curren( tuln ort'l IJsine snrall lcsistors placed
irrsclieswitlrthcbaseanclcollcctorterrtrinals, lncasLlre,/3ancl IlforL/111. =0.7V'l
ll:rsccl on thesc rrunrbcrs, rvhrt is yotrr estinratc ol- [3'l

lrvs.V*
['ol thrce values ol'l's1' (0.6 V,0.7 V. and 0.8 V). sweep the l,,.7.frorn 0 V to I V
in iuct'enrents ol-0. I V. ancl measure tlte collector culrcnt using thc powel supply.
Plol the cut'vcs firr ,/,' vs. 1, r.,onto a single graph. clcar'ly inclicating the l'alLre ol'
l,"37r llcxt to each curve.

PART 3: P0ST-MEASUREMENT EXERCISE

Simulation vs. measurement

Whlrt are the nrain dil'l-ercncc-s betrveen vour sintulrttccl ancl tneasurc'cl curves'l
('llr vt:ru exnluin thc dil'f'ercnces'l

Earlg voltage, V,

lluscd on your sinrrrlittecl
[:arly voltage f,',. Does l,',
ave rage value ()1' l/.1'?

Ir. vs. L'r'1, curvcs lor an lrctive transistclr. cxtract thc
change significuntly firr each value ol'1,7r1.'l WIrat is tlre

PART 4 [0PTl0NAL]: EXTRA EXPL0RATI0N

lf'yoLrhaveacccsstoasemiconductorparanreteruuall'zcr.gencratethe/,.vs. l/,.7.

curves trsing the analyzer. F{ow clo tliel'conrprtre to the curves yc'ru getrelatecl in
Part J'l Re-extlact values ol'B and 1".'.

36



LAB 6.2

sti
306

PNP

ISee S

l-V Characteri
ections 6.1*6 .2, p.

CS

of Sedra/Smith)

OBJ ECTIVES:

-lb strrdy PNP transistor l-V cr,rrr"es by:

Sirrrr.rlating a tlansistor to irrvestigate the collector current vs. base-trl-enritter
vol tage uncl col lector'-to-ern it ter vttl tage.
Implcnrenting a circr.rit ancl taking nleasurenreuts ol'thc Iq.vs. l/ yp and /,,vs.
I'l., cur-ves.

f:.xtlactittg valucs ol'$ und I ,1.

MATERIALS:

Labolutory set up, inclucliug breaclbtxtlcl
I PN l'} trausistor (e.g.. N'l't-2-122)
Several wires

PART 1: SIMULATION

--tj

FIGURE 16.2: Transistor measurement circuit. Related to Fig.6.13 in S&S.

Cousider thc circuit ir.r F:igurr- L6.2. [:ntel the e ircuit 11111.r 1'trttr sintulatot''s sche-

nratic editor, applying [)C voltage supplies to the basc and collector of the tratrsis-
tor'. In the cliagram. the cnritter is indicutecl as tlte ref'erence nodc (groLrnd). What
r,'oltagcs woLrld you neccl to apply if anothel' uocle. e.g.. the collector'" \\,erc labeled
as the rcference'l
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LAB 6.2 PNP I.V CHARACIERISTICS

I,vs, V*
While settiug l/r.,.to a constant value of 5 V. sweep the base voltage front 0 V to

0.8 V in increnrents of 0. I V. Plot a curve of l,- r"s. r/r,B. Al what vllr-re of y'66does

crrfrellt begin to conduct'l What are the values of 1,6 and 1,.r'nhetl l/rr= 0.J Y'!

Based on these trtrmbers. what is yc'rur estirnate of p'?

lrvs. V*
tittr thlee valucs ol'L''y6(0.(r V.0.7 V. and 0.8 V). sweep thc collector voltagc f lonr
0 V ttt 2 V in ilcrements of 0. 1 V. Plot the clrrves fbr' 1,.vs. L"r.(' ollto a single

graph. clearly indicatirtg thc valtre tlf' l'r.r, llext to each crtlve'

PART 2: MEASUREMENTS

Assenrble the circuit t'r'onr frigLrle L6.2. usittg il power strpply to gellerate the I)('
voltages. Yttu nuty rrecd to lrc creative to get the cot'rect pollrritiesl llententbel that

Ipl'aPNPtransistorthatison. 1r,..r,, l'7,...and1,,will bepositivcqultntities,sothc
base aucl collector voltltgcs will bc negtttirc.

/, vs. Vuu

Whilc setting [.1,,.to a collstant vuluc of 5 V, sweep thc base vttltage 1l-onr () V tcl

0.8 V in irrclerne'nts ol-0.,| V. uucl rrreasure tlte collectol currellt using the powel'

sLrpply. l)l<tt u curve of /,, r's. L'1.e. (Notc Not all p()\\,er supplies allora' yott to metts-

turc e ulrcnt accurately: il'this is the casc lirl youl lab scttrp. you ilay placc a srlrall

resistor in series u'ith the collectol uttcl tttcitsrtrc the vrtltitgc cirop ltcross thc r-esis-

tor.) At whut value c>f l/111r-loes the curl-cnt turrt ott'l tJsittg srttall fesistors placccl

irr selies with the basc lud collcctor telrttinals. nleilsure /7;lttrcl Ir.for l/y6 = 0.7 V.

IJused ttn these tttttttbe t s. what is ytlLtr e stinrate ol'p'l

lrvs. V*
lirr three valucs {tt'L';11(0.(r V.0.7 V. ancl 0.tl V). su,eep l'7., fl'onr 0 V to I V in
ilcrcnreuts o1'0.1 V, and nteasurc thc collcctol cut'rettt trsing tlte p()wer sLrpply.

l)ltlt the curves lirr'/,,vs. l''1.,.onto a singlc glaph" clcltlly irtclicatittg tltc vltluc,.rl'
l'1.3 ttext ttl e ltclt ctlr\'0.

PART 3: P0ST-MEASUREMENT EXERCISE

Simulation vs. measurement

What are tlrc ntain clif-f-erences betweert yorrr sittrrrlltterl ancl meltsttrecl cttrvcs'l
Cut.t you explain the clifll'rence s'l

Earlg voltage, Vn

Basccl rtrt your sintrrlltted Ia,vs. l/1.,, cur\cs lirr ltn uctive trltusistttr. extl'act the

[:.ully voltage I".,. Does l'.1 chatlge significantly lbreach valtre ol'I'/7,3'l What is the

irve rage value ol' I'1'l
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LAB 6.2 PNP I"V CHARACTERISTICS

PART 4 [0PTl0NAL]: EXTRA EXPL0RATI0N

l1'youhaveaccesstoasenticror.rdrrctorparanteteranalyzer"generalethe/(.,vs. /.,,
curves using the altalyzer. I-low do they conrpare to the cLlrves you generatecl in
Part 3'l Re-extrurct values of [J and lz".



LAB 6.3

NPN at D

[See Section

C

6.3,p. 333 of Sedra/Smith)

O BJ ECTIVES:

To study D('biasing of art NPN bipolar tt'urrsistor by:

(-ontpleting the DC analysis of tltree circuits: (l) an NPN lnrnsistor thut is

biusecl in thc activc region. (2) urr NPN trarrsistor that is biased in the satura-
tion region. and (-3.1 a cliode-eonnecte(l NPN tluusistor'.
Simulating the cilcrrits to c:onrpare the results wrth the paper unalysis.
Inrplenrenting thc circt.rits in an expelinrentul sc'tting. taking nleasrlrelleuts,
luncl cornpaling thcir pertirrnrance with theoretical ancl sinrulatecl lesults.

Qualitatively seeiug thc inrpirct o1'trartsistorto-tt'ansistor variatiorrs.

MATERIALS:

Luboratory setup. including bleaclbould
I Nl'>N tlansistor (c.g., N't [:]l2l)
Scr,'eral wilcs ancl lcsistors ol'valvins sizcs

PART 1: NPN lN ACTIVE M0DE

('onsicler thc circuil sholvn in []iL{urc l-(r.3.1:

lr

/ii

FIGURE 16.3.1: NPN-based circuit. Related to Fig.6.29(a) in 5&S.

Design thecilcuit in Figure L6.-l.l strch thal ./.. = I nrA. I,'n=0 V. ancl /r,= +5 V.

LJse supplies t.ll'l'n = -/ = l5 V. t.lse P = I(X).
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LAB 6.3 NPN AT DC

Hand calculations
. Sketch the circuit in yclur ltb book. clearly labeling the trausistor's three

te rminals.
. What are /B ru)d 17.? llased on these truntbers, wlrat is ['sl
. You now ltave enough inforntation fo calculate R6 atrd Ra,. Are the calcu-

lated values available in your kit'l Can yor-r erchieve these values by cornbining
several resi stors'l Conr tncut.

. Derive tlte -fhevenin equivalent of R1 and R.. What values of R1 and R2 dtl
y<rr,r necd to use to achieve l"n= (l V'l Rementber that /, + 0. ls the problem
completely specified'l lf not. what needs to be speciliecl'l

Simulation
. Sirnulute your circLrit using valtres of Rr... R(.. 1ll. ancl R2 bascd on yout'

ca lculalions.
. Report the values of L'y, I''r. L',,. 11.. 1,.. and 13. llow closely clo they trratch

yclrrr calctrlations'l (Renrenrber: 'J-he siurrrlator has its orvn, ttrore comltlex
moclcl of'the real transistclr. so there shoLrld be sonre sntall variations.)

Prototgping and Measurement

' Assenrble the circuit otrto a bretrclbtlarcl.

' [Jsirtg a digital nrrrltimeter, nterlstrr-c L'r, I"r'. and l"lr.
. tlsing a cligital nrrrltimetc'r, nreusurc all resistols to three signihcant cligits.

Post-Measurement Exercise
. Whutar-cthenreasurecl valuesol'L''e1.lnd I.,,'lllowdotheycotrtltat-etoyour

ple-l ub ca lcrrlat iotts'l Irpla i n any tliscleplt ttcics.
. lJasccl on the nreasurecl vrrlues of'l', and ['1, ancl y()ur rtteilsured lcsistor

r,,alucs" what irre the nrelrsulecl vttlues t->l'Is^ I,' itnd /7, bitsed tltt yrlur lal'r

tnclt rtt t ctttcttI :'.'

PART 2: NPN lN SATURATI0N M0DE

llcclcsign the cilcuit iu Figurc L(r.3.1 strclt tltat 1, = I ntA. I,;= l.) ntA. 1", = +2 V,

and l,',,1, = 0.2 V. L)sc supplies ol'l'o = l/ = 15 V. Notc that you tttust use tlte
satrrlation ntttdel.

Hand calculations
. Sketch the circirit in youl lab book. clearly labeling the transistrtr's thlee

telnrinaIs.
. llased on the specifications. calculate l'' y lrnd L'' s.
. You now have enough infirrnration to calctrlttte 1{,

lated valr"res ar"ailable in ,"''our kit'l Can 1,ou achieve
several resistols'l Conr nrent.

. What is 81.,,,.r.,1'l. What values o1'R' itnd R. cltl vou need to tlse'l Is
speciliecl'/

ancl R7.. Are tlte calcu-
this value by combining

the problern completely
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LAB 6.3 NPN AT DC

Sim u lation

' Sintulate your circr-rit r"rsing values of R,. Ri,.Rt. and R. basecl on your
calculatiorrs.

. Report the values of l/r. L'r.. L"n. 17.1,,. and /13. Httrv closely do they nrateh
yor-rr calculations'l

Prototgping and Measurement
. Assemble the circuit onto a breadboard.
. Using a digitlil ntultinteter. ntcasrrrc- L'r:, l',. and I,'r. Report thenr in vorrr-

lab book.
' I Jsing a digrtal nrultiruete r, measurc all resistors to threc significant tlicits.

Post-Measurement Exercise

' Whitt ale the measttt'ecl valLtcs of Lt111, and l''(,/'l Ilon'do they contparc t() y()ul'
pre-lab calc ulat ittns'l [:,xpla i n a ny cl i screpuncies.

' Basccl ttn the rtteasut'ed voltages and resistor values. what arc the nrcasurccl
values ot'I[. I(^ atld 1/ibasccl ou your lab rrsasurslltellts'] What is p11,,...,1'l

PART 3: DIODE-C0NNECTED NPN

Consicler the circtrit shon n iu lrisul'e l-(r.1.2:

FIGURE L6.3.2: Circuit with diode-connected NPN transistor.

l)csignthccircuitinf'igrrre[-6.3.2strchthat/, =IntAanclR1.=l-5kO.tlsesrrp-
plies ot'l'n = L' = I.5 V. tjsc ll = l(X).

Hand calculations

' Sketch the circLrit in yt.rul lab book. elerrlly labeling the transistor''s thlee
te r n.r ina ls.

. What is the operating region of tlre trirnsistor.l ('alculate I,,, .
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LAB 5.3 NPN AT DC

You norv have etrough intbrntation to calculate R,.. Is the calculated value

available in l,oul kit'l Can you ac,hie've this value by conrbining several resis-

tors'l C'orrntent.

Sim ulation

' Sintulate your circuit using the valtte R..

' Report the valtres of tr', . l'',:, I n^1,'. and

calctr liltions'l

based on youl calculattc'rt.ts.
1r.. Ilow closely do they ntatch your

Prototgping and Measurement

' Assenrble the cilcuit onto a breadboard.
. LJsilg a digital nrultinreter. nleasure l,','lrnd l/r,. Report thent in yotrr lat'r

book.
. t)sing a cligital ntultinrcter. rneaslrre all resistors to three significant cligits.

Post-Measurement Exercise
. llow clo the r.neusuled valrres conlpare to your pre-lab calcLrlations') [:xplairt

atry discrePanc:tes.
. Bascd on the measrrrecl valtres of l',,and l'7. attci your lllellsLlrecl rcsistor

vllues. rvhat are tlre rncusured values of 1,.^ Ir-. ancl /a basecl otr your lltl-r

tttclt stt t cttten I s'.t

PART 4 [ORrlOnnl]: EXTRA EXPLORATI0N

. In this exploratir'rrr. rcuse tlrc circLrit from Part I as well as the valLrcs ol'R7.

a1d 1l,.that you calculate firr that cilcLrit. llowever. replace the R1-111 r'tlltltge

clivicler u,ith I l0-kO 20-tLrrn poteutionretcr'" with tlrc ccntral pitt cotlnectecl

t9 the tlansistgr base. I'his will allow ytltr to acltrst thc D('\'oltage ilt the

bltse.
. (iradually iucrease thc bitsc voltage. ltttcl tlrake recorclings of L'1t. l',,. ittrd 111.

as you sweep the basc'",oltagc. What clo vou obse t'r,c'l Are the tlcnds wltat y'orr

expect thenr to be'? ('an yor-r indicrte the tratrsition points between thc diffcr-
ent transistor opelatittg regions')
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LAB 6.4

PNP at DC

[See Section 6.3, p. 333 of

OBJECTIVES:

To study D(l biasing of a PN P bipolar tr-ausistor bv:

. (ionrplcting tlre D(- anall,sis of three circrrits: (l) a lrNP trarrsistor thal. is
bilrsed in the itctive r-cgiclt. (2) a PNP transistor that is biasecl in the satr.rra-
tion regit'1.r, itrrd (l) a cliocle-connectecl PN P trunsistor.

' Sinttrlating the e ircLrits to c()nlpare the results with the puper analysis.
' lntplententing thc circuits in art experinrentulsetliug. tirking nleilst.lretlieuts.

Itncl conrpuring their perlclrnlrrrce with therlre(ical and sinrulated results.
' Qtralitatively seeing the impuct of tntnsistor.to-lransistor r aliirtitlns.

MATERIALS:

["it bola torl' set rrp. i ncl ucl i rr g bre'a cl bou rcl

I PNP tntnsistor (e'.g.. N'fF.2122)
Sev'cral wire s aucl re sistols ol'varvilrg sizes

PART 1: PNP lN ACTIVE M0DE

('onsider the cilcLrit slrown in Fisufe' 1.,(r.4.I

FIGURE 16.4.1: PNP-based circuit. Related to Fig.6.29(a) in S&5.

Design thecircuit in Figure L6.4.1 such that /,.= I ntA, L'n=0 V, arrd 1,,.= -.S V.
Use supplies ot'1,* = -ll = 1,5 V. Llse 0 = l(X)

Sedra/SmithJ

.t \.,

A]t',1 !!<

tl,.i1-ltr't-__jI ,.-l

"'3 t,.,\<-t:vl vL,
{u
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LAB 6.4 PNPAT DC

Hand calculations
. Sketch the circr-rit ir.r your lab book. clearly labeling the transistor''s three

terrn inals.
. What are /a and ./7.-'? Based on these uuntbers. what is l/r.l
' You ttorv have enouglr inlornration to caloulate R1, itr.rcl R,.. Are the calc:u-

lated values available in your kit'l Can 1,ou achieve these values by conrbining
several resi stors'l (-om nrent.

. Derive the -fh6venirr equivalent of R, and R2. What values of R1 and R, dct
yrru rreecl to use to achievc l,'n= 0 V'l Renrember that /r, + 0 ls the problenr
conrpletely specifi ccl'l

Simu lation

' Sitnulate yor"rr cilcr-rit using valucs o1'Rr.. R(. 1lr. ancl R2 based tx your'
citlculiltion).

. Rcport the vulrres ctl ll,,. L'r, V3- 1r.. /.... and /p. lJclrv closely clo they rlatch
your cltlcttlations'l (Rcmenrber: 'l'he sitnulator has its own, mrtre contplex
nrttdel o1'the real transistor, so there shoulcl be sorrre snrall variatiot.rs.)

Prototgping and Measurement
. Assenrble the circLrit or.rto u breaclboalcl.
. Using a digital nrultinteter, nteusure l" r:. l.'<", ancl [4.
' Llsing a digital nrrrltinreter. nreasure ull rcsistors to thlee significant digits.

Post-Measurement Exercise

' Wlrat itre the nre asured l'alues of Lt y6 and l./j.(.'l I low do they compal-e to your
pre-llb ca lcLr lat ious'l trxplai n u ny cl i screpu ncics.

' llased on the nteusurecl vitlues ol' l',. rutd ll. and your nreilsul'ed rcsistor
vltlucs" what are tlte nrclrsurecl v'ltlues o| 1,,. I,.irntl /7, lrased on your lab
nt ett: r r rc tt I ctt t s'.'

PART 2: PNP lN SATURATI0N M0DE

Ileclesign thecircuit in F'igule L(r.4.1 such thlrt 1,.= | ntA. 1,,.= 1.2 ntA. ,1 = 2 V.
attci l'r.,, = 0.2 V. [)se supplies ol'lri = L" = 15 V. Notc'thut yorr nrust usc the
suturatiorr ntoclel.

Hand calculations

' Sketch the circ:Llit in your lltb bottk. cleully labeling the transistttr's three
ternrinaIs.

' []ased on thc specifrcutions, calculatc l'1. und, L's.

' You lt(lw I'lilve cuough inlblrnatiotr to calculate R,.ancl rRr,.. Are thc calcLr-
lated values available in your kit'l ('an yoLr achieve this value by contbirring
scveral rcsisf ols'l C'orn urent.

' What is 8y.,,,..",1'?. What values of R1 and R' do yor-r necd to use'l ls the ploblenr completely
spcciliecl'?
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LAB 6.4 PNPAT DC

Sim u lation
. Simr-rlate youl circuit using valLres of R.,,. Rr, Rt, altd Rr basecl on vour

calculations.
. Report tl.re valr-res of l'y, L',', L'n. 17. /,.. and 1y1. Ilorv closely do they match

your calculatious'?

PrototUping and Measurement
. Assc-mble tlre circuit ()nto a breaclboard,
. tJsing a digital multinretcr. lrelrsLrre l'r.. l/,,. ancl

lab book.
. tlsing a cligital rnultinreter. nrelsure all resistors to

I"rr. Report thenr in your

three sigrrificant cligits

Post-Measurement Exercise

' What al'e the nreasurecl valLlcs <'tl- L'1:11irnd L',.,:! llorv do they contpat'e to your
pre-lab ca lc ulations'l frxplui n a ny cl iscrepanr;ies.

' Based ctn the nreasulcd voltagcs and lesistor r. lrlucs, what ale the lucasurc-d
I'itlttes ol I[. [(.. atrcl 17, lrased on your lab lncasulcnlcrrts'] What is $,1,,...,1'l

PART 3: DI0DE-C0NNECTED PNP

(''t.nsiclel the circtrit shown iu Irisure L6.1.2:

,l:--1

t'
3,.,

l< u,

J,
FIGURE L6.4.2: Circuit with diode-connected PNP transistor.

Design thecircuit in [:-igulc L(r.4.2 such that /,.= I niA ancl /{7 = l5 kO. Usc sup-

Plies o1' l'n = V = 15 V. Llse 0 = l(X).

Hand calculations
. Sketclr the circuit in

terrrr iuals.
. Wltrt ir tlte opellt ing

yorr' lub book. clearly labeling the tralsistr)r's three

regiotr ol' the t ran sistor'l ('a lc Lrlate l/,..



You lrow har.'e enough infbrnation to calculate
available in youl kit'l Can you achieve this value
tors'l Comment.

LAB 5.4 PNPAT DC

R,.. ls the calculated r,'alue

br conrhiuing :c\ L'ral le\i\-

Sim ulation
. Sinrulate your circr.rit

' Report the values of'
calculations'l

using tlre valire of R, basecl on yoLrr calculations.
l',.. Vr:, 1n. /.-.. aucl 11,. llow closely clo they matc:h ),our

Prototgping and Measurement
. Asscnrble the cilcLrit onto u breadboard.
. tJsing a digital nrultinreter. nreasure li' ancl I/r.. Report thenr in your lab

book.
. IJsing a cligital multimcter. measure all resistors to threc signifrcant digits.

Post-Measurement Exercise
. llow do tlre nreasulcd values compale to y'our pre-lab citlculations') trxplain

rr tt1 tl isct'cprrttcics.
. Basecl on the nreasurecl values of l'., and l'r, attd your rreasLlrc:cl rssistt)r

valLres. ivhat ale the measulcd values of I;. l1'. unci /r, busecl otr youl lub
tttcit r tr lct ttc tt t s.'

PART 4 [0PTl0NAL]: EXTRA EXPLORATI0N

lrr this crpkrlation, r'cuse tltc cilcuit fl'onr l)alt I as well as thc values ol Rr.

ancl /l,,that yor"r calculatc firr that circuit. I lrlwe ver. rcplace the R1-11. vttltagc
clivicler with a l0-k() 20-trrrn potcntionreter'. with tlrc centlal pin counectccl
to thc tnrnsistol base. l'lris will allow yrln t<l acljrrst the IX'voltagc at tlte
buse.
(iraclLrally incleasc thc basc vttltitge. attcl tnakc recordittgs ,tf l'6" L',.. atrd I',
ls yoLl sweep the buse voltagc. Whlt do vt'ru obscrve'l Alc thc tr-cuds what you
expcct thc:m to l-lc'l Carr yoLr indicale thc transititln points lretrveen thc difl-er-
ent transistor opelating rcgions'l



LAB 2.1

NM0S Common-Source Amplifier
[See Section 7.5.L, p. 467 of Sedra/Smith]

O BJ ECTIVES:

Tcr study an N MOS-based conrntol'l-source (CS) ampliller by:

. Conrpleting the DC ltrrcl srnall-signal aualysis baserl on its theoretical
behavior'.

. Sinruluting it to comprtrc thc results rvith the puper analysis.

. lnrplemcnting it irt lrrr crPclirttentitl sc'tting. takirrg nrelsLrrenreuts, ancl corn-
paring its pelltrlr.r-rauce rvitl.r theoretical and sinrrrlated lesults.

' Mclrsrrling its orrtprrt lcsistrrttcc.

' Quulitatively seeiug tlrc intpitct of tlansistor.to-tlansislor r ar-ilrtit'rrrs.

MATERIALS:

Labolatorl' scttrp. including breuciboitrcl
I enhancerlrcnt-ty1re NMOS truusislor (e.g.. MCl4(X)7)
I l:u gc (c.g.. J71rl ) e ltplrcitols
Scrcrirl lcsistrtrs ol'rlr11 irrg sizcs
Wilcs

PART 1: DESIGN AND SIMULATION

Consicler s[.towtt in Figule t..7. I

FIGURE L7.1 : Common-source
amplifier circuit, with coupling
capacitors, and resistor R6 for
DC-biasing purposes. Based on
Fig.7.55 p. a68 S&5.
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LAB 2.1 Nl',,|0S C0MM0N-S0URCEAMPLIFIER

Design the arnplifier to achieve a sntall-sigual gain of at least A, = -5 V/V. LJse

supplies of L/* - *V = 15\. Rsis = 50O. Rr = l0kQ. R(;= l0kQ, and design thc

cilcuit to havc /o = I rnA. Obtain the dataslteet fbr the N N4OS trtrusistor that will
be used. ltr your lab book, perfbrm the fclllorving:

DC 0perating Point Analgsis
. Sketch a DC nrodel of the circuit ir.r your lab book. r'eplacing the three

"large-valuecl" coupling capacitols ( r,r. (i.:, (-. by open circuits (lbr simplicity
you may also otrtit t'.;". R.;,.. attcl Rr-1. What is the DC'ctlrrent through R,ll

. Based ou the ir.rlorntation just given. you hrtve enougl.t in{brn.ratiou ttr

calcglate l',sr.= L'r;.s 11,,,. What is its value'l What is the value ctf g,,,'l Whitt is

l.',;s'? Renrember: Your lrctull Irlnsistor lvill have a valtte of l/,,, that will valy
l'ro1t its nontinal value. which rvill alter yc)rlr nterlsur-ement results slightly!

. Calculate r.,.

. You now have enorrgh inlolnration to culculate R.1. Shttw yout'calcttlatiotls.
ls thc value you calculate 1br 1{,,. itvailable in yout'kit'l Clan you achieve this

value by contbirliug severilI re'sistors'l Conlnretit.

' No/c: At this stage we kllow neithe r l/7,.t ttor It7r'

AC Analgsis
. Skctch u snrall-signal nrodc-l of thc circuit itt your lab book. replacing the

transistor with its sntall-siguitl nrodcl. r'e;llacing thc capltcitors rvith sholt
circ1rits (what happcns to /1,5'l). ancl r-cplacing l,* with urr A('ul'trtr nd. Whitt
halrpcusto 1."'lLabel thegateolthetlansistoritsr',.i.e.,thesntall-sigrlltl volt-

lrtc rtt thc ittpttt.
. What is thc ratio of r';/r'.1"'l llorv wor,rld you apploxinrate it in lirrther

culcr-rlat ions'l

' Derivc au cxpressiott filr' ,1, = t',,1v,. What is the valtre tlf 117; that prtltlttccs a

snrall-signal voltagc gain of ut h'u.sl ,4,.= -5 V/V'l Is ths valtle yotl cillctlliltcd
tor R2 availablc in l,rtLrr kit'l C'an yoLr uchicve this value by contbining sevcral

resistttls'l ( 'oltt tncllt.
. What is the DC voltage at thc drain'l [)oes this satisfy the assutrtption thlrt

the transistor shoulcl be opcnrting in thc satrrnttion t'egiotr'? I:xplain.
. Wlrat is tlie or.rtptrt t'esistatlce, /t,,'?

Simulation
. Sinrrrlatc y<tur circuit. Llse capacitol t'illucs (',.r = (,,,t - C's = "t7trrI:, ltrtci thc

values ol'R.,, ancl R, based on your pl'crcccling calculatittns. [ ]se a l0-rtrVnr pr,

l-k Hz sinusoid with ntt D(' conlpolle Ilt rtppliccl at r'.;.
. [-'ronl your sinrulution. report thc D('valtrcs of li,.r. Il,s. and /r,. llow closely

drt thcy ntatch your calculations'l (Rerttsntbcr': -l'he 
sinitrlatot'hits its tlrvtl ntore-

cornplcx ntodel of the rcal transistor. so thclc slrould bc sot-ne sntall varilttit'rt.ts.)
. Flont your simulation, repolt ,4,.. How closcly dttes it ntatch ,v-tlttt'calculatitlns'l

PART 2: PROTOTYPING

Assemble the circuit onto yotlr breitdboard trsin-u the specified colllpo-
nc'nt values and those itrst calculated. Note that R.i" represents the otrtptrt
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LAB 2.1 NMOS COMMON-SOURCE AMPLIFIER

resistance of the furtction generator, and therefore you should rior inclucle it
in loru circrrit.

PART 3: MEASUREMENTS

DC hiu,s poinl utt,u.ttrrctncttl'. IJsing a ciigital multimeter, measure thc I)C
volta-{es (-}f your c:ircuit at llte gate (1.,,), soLrrce (1,'.). ancl drain (17,) of your
t riur slst()r.
AC nreu,trrrerrrcnl: LIsing a function generator" apply to your ciluLrit ir

l0-mV,,r pr. l-kllz sirrusoicl with tro DC'conrponent. (No/c: Sorne lirnctiorr
gertelators allow only inputs as small as -50 mV.r ,r1. Il'this is the case. use
tltrrt vltltre irtsterrcl.)
L Ising an oscillosctlpe. gencrate plots of r',, uncl r', vs. 1.

Oulltrrl rr',si,stttnt't'R,,: Replace R7 with lL l-Mf) resistor ancl repeut the
A(' nreasurenrent. Whirt is the amplilucle c)f'the otrtput war.'efirrnr'l Acljust

^117 until you lincl lr vulue such that the lrntplitrrcle of the output wavc-
lilrnt is approxinrittely -50')'i, of'what it was lirr the l-MQ load. J-his ner,r'

value of'117 is {he oLrtput resistance 11,,. }{orv cloes it cor'npilre to the vulr.re
yorr cirlculalecl earlier in Step 2'! Ilitrt: lt cunnot be greuter than the valuc
of'^112.

F-rtrtltcr c.rploruliou: What llrppens to tlre shirpe of the outltut signal as
you ittcreuse the anrplilrrclc ol'the inpLrt sigrlrl. e.g.. t() I V,,1 ,,1'l At rvhat
input antplitude ckr you begirr to 5gg signifieirnt distrrrtiorr'.'('trr.r vou
expluin tltis'l
Using u cligitlrl nrultin.reter'. rneasure rtll resistors to thlee significant digits.

PART 4: P0ST-MEASUREMENT EXERCISE

('alculatc thc valuc's ol' l',t,t ancl l,''2,t that .vou obtained in thc llb. llou,clo
they comparc to your plc-lab calculutious'? lrxpluin uny di:icrspurrcics.
Ilusecl ort the nreasurecl valtrcs ol'Il., ancl l.''. ancl your ntcAsur-ccl resistol
valLtes. whltt is the rcal villut: ()f'17, lritsed ()n y()ur lab rneasur-snre nts']
What is the ttreitsuled vltlrre ot'.,1,.'l llow clocs it eonrpurr t() )()ur ple-latr
calcrrlations'? Lxplaiu any cliscrepuucies.
IIirtt'.'l'he single biggcst s()urcLr of vuliutions tl'om l,orrr pre-lab sinrtrlu-
tion rcsults rvill bc duc to variations in tlte tluusistol thlcshold voltage l'1,,.

Renrcnrbcr': lts valLre rvill bc sornewherc u,ithin the langc indicatcd rtn the
tlansistor clatashect.

PART s [0PTl0NAL]: EXTRA EXPLORATI0N

Instc'ad ol-tying 1t,, to groLrnd.lry tying it to thc cllain tern.rinulof'the tlirnsis-
tor. Itepeat the D(' bils point nreasuremcut and the smull-signul gaiu meits-
rurelnent. What has changed'l [)o Rp ancl R^' neecl to be. altered to ntcet clesign
snec itica tion s'l
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LAB 2.2

PM 0S Common-Source Amplifier
[See Section 7.5.1, p. 467 of Sedra/Smith)

O BJECTIVES:

lb study u PMOS-based cornlttot.t-sotlrce (CS) antplifier by:

. Contpleting the DC and snrirll-signal at.ralysis basecl on its theclretical beltavior.

' Simulating it to colllpltre tlre results with the paper lrtralysis.
. Irlplen.rcnting it in an experirnental setting. taking tneasurenlettts. ttttd c<ltlt-

puring its perttrrntirnce w ilh tlteoletical ancl simulatecl restrlts.

' Me asuring its oLrtl-ruI re sistauce.
. Qualitlrtively seeing the irnpact of'trattsistot-to-tt-at.tsistol' vitt'itttiotls.

MATERIALS:

' Labttrittory setrlp, irtclrrding l-rreadboltrd

' I enhanccnlent-type PMOS tratlsistt'rt' (e'g.. MCl4(X)7)

' 3 lar-ge (e.g.. 471tfi) caprtcilors
' Severitl resistors c)f varvinu sizes
. Wircs

PART 1: DESIGN AND SIMULATI0N

Consicler the' cilcuit showtr in Figure l-7.2:

FIGURE L7.2: Common-source amplifier
circuit, with coupling capacitors, and
resistor Rc for DC-biasing purposes. Based

on Fig. 7.55 p. a6B 5&5.



LAB 7.2 PMOS COMMON.SOURCE AMPLIFIER

Design the amplilier to achicve a small-sigrral gain of at least 11,. = 5 V/V. tlse
supplies of ,r+ = 11 = 15 V. R,ic = ,50 O, Rr = l0 kO. and R,, = l0 kO. ancl design
the circuit to have /n = I mA. Obtain the datasheet for the PMOS transistor that
w'ill be usecl. ltr your lab book. perfbrm the follorving.

DC 0perating Point Analgsis

' Sketch a DC nrociel ol'tlte circuit in your lab book. replacing the thr-ee "large-
valued" coLrpliug capacitors (,.1. (',.:. C'1 by open circuits (fbr sirnplicity you
nray also orlit r'.i,,. R.;*, and Rr). What is the D('cLln'eltt through R,,l

' Based on the inlbrnration just given. you have enough inlorntatior.r to cirlcu-
lale V,,, = Ilsr; - ll,',u1. What is its value'l What is thc value clf .q,,,'l What is l'5....,,

Renrettrber: Youl uctual transistor will have a value of l;/, thirt will vary front
its tronrinal vitlr-re. which will alfect yot-rr lrcasLllement results slightlyl

' (-alculate r'.-.

' You nor,r' h:tve enough intblnration to calculate 1lr. Show your calculatiqns.
ls the valr-re you calcrrlate lbr R. available in your kit'l Can yorr achiel,e this
r"uIue by contlrirring sevenrI rcsistors'] Contment.

. ,Votr,: At this stuge wc krrow ncither l,'r, nor /?r.

AC Analgsis

' Sketch a smull-signal moclcl of the circuit iu yolrr' lab book. rcplacing the
trallslstol with its srnall-sigriul nroclel, replacing thc callrcitors with short
circLrits (wh.rt hlppens to 1l.e')), ancl replacing l/ with an A(l grouud. What
hitppcns to li'l Lubcl thc gate cl1'thc transistof uS l,i, i.e.. the small-signul
voltage at the inprrt.

' Whitt is tlte latio clf' r';/r'r;r'l Iloiv rvoulcl yr)u upl)roximute it ilt lirltl're:r
ca lc u la t ion s'l

' [)eril'e arr cxpressiorr lirr'y',. = l',,/r'i. What is the vuluc ol- R7, that procluccs a

stttall-signal vrtltagc guiu ol'ut l(u,\l A\.= 5 V/V'l Is the value you calculutccl
fbr R7, lrvailable itt 1,our kit'l C'an you ltchievc this valLrc bl,cornbinins several
rcsistors'l ('ont nteut.

' What is the t)C'voltage at thc clrain'l Does this salisfy the assuntption thut
tltc transistol should be opcrutin-r: in thc satunrtiort region'l L:xplirirr.

. What is the oLrtput rcsistauce, 1{,,'l

Sim u lation

' Simulate thc pcrtclrnrartcc ol-your cilcrrit. IJse clrpacitor vlrlucs (',.r = ('r.: -
('.s.= 4J /tl: and the vulues ol-R.ancl 1{r, tlrserl ()n your-prcceclingcllculatiolts.
Llse a l0-rttVpl pl. l-kllz sittLrsoicl vvith no lX'conrponent upplied ut r',1".

' F:t'ott.t yor,tl sintullttiotr. report thc IX'rllucs of 1,s,,. l'.ro, and /1.,. llr>r,v closely
clo thcy ntatclt vour calculations'l (l{crncrnbcr": 'l he sinrula{or hlrs its <-lrvrr, mor'c
cttntplex ntodcl rtf tlte rcal tratrsistor. so therc shoukl be st:rnte small vitliations.)

' Fronr your sintulution, r'eport 1,.. Ilou closely clocs it nratch yoLrrcalculatior.rs'l

PART 2: PR0TOTYPING

Assernble the circuit outo your bl'eudboald using the specitted colnlto-
rtent values and those.jLrst calcLtlutecl. Nrtte that R.,,, represents the outprrt
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TAB 7.2 PMOS COMMON-SOURCE AMPLIFIER

rcsistance of the functiou -qerlerator. and thelefore you should rrot include il
irr ltrrrr cilcrrit.

PART 3: MEASUREMENTS

D('' hiu.t ltoittt nteusrrrctncul'. LJsing a digital multimetc-r. lreasure the DC
voltages of your circuit at the gate (f,'6;). source (l''.1). ancl drain (l/r,) of yor-u'

t ran si stor.
A(- tncu,surt'nrcll: tJsing a functi()ll generator. apply to vour ciruLrit a

l0-nrV,r1 ,,1. l-kliz siur.rsoid with no [)(] comporrent. (,,Vrrt?: st-lrne function
geueratofs only allow ir.rputs as sniull as -i0 rlV,,u ,,*. ll this is the case, use
tlrtrl llrltrc irrstclrd.)
IJsing an oscilloscope. senerate plots of-r',, aud r', vs. l.
Otrtlttrt rc,si,sturrt't'R,,: Rcplace R, lvith a l-MQ resistol ancl repcat the AC
nreasurernent. What is the artrplitrrde of'the output waveform'l Aclf ust R, urrtil
you find a valuc srrch that the amplitucle ot'the outpLrt wavefbrnr is lrpplrrxi-
nrately 50'2, of'what it was fbl the l-MO resistor'. 

-l-his 
new value of R, is the

outpr-lt resistance 11,,. Ilowdoes it conrpitre to the value you culculatccl e'arlicr'
irr Step 2'! Ilint: lt cannot bc grcuter thatr tlre valuc of Rp.
P-urthtr c.rltlortrliorr'. What happcus to the shupc ol-thc output signal as you
increase the arnplitrrde of the input sigrral. e.!1.. to I V'k ,,k'l At what inpLrt
irnrplitude clo you begin to sec signilrcanl clistortion'? (-an you explairr this'?

Llsing lr digital nrultirrreter. nreasure all resistols to threc siguificaut digits.

PART 4: P0ST-MEASUREMENT EXERCISE

('alculute tlre valucs ()1' l",s(; ancl l,'rp that you obtainccl in the lab. ilow clo

tltcy compare to your pre-lub calculations'/ lrxplain uny cliscrepauclc's.
[]ascd ou thc ntcasurerl vulucs ol- I 7, ancl l'', lnd your nrsasul'etl lcsistor-val-
ues. what is thc rcal value o1-/, bltscd ()n your lab nteasLrrcrncnts'l
What is the nreasut'ed value oi',4,,'? Ilorv docs it ct-rnrl.rrrrt' [o ytrtrr pre-lab cal-
crrlations'l l:xplai n any cliscrcpuucies.
IIittt:'I'ltc singlc biggest source of vur-iations tl'onr 1,our pre*lab sintLrlution
rcsr"rlts u,ill be duc to variiltions in thc transistor's threshclld voltage I,',,,.

Renrenrbcr: lts value will bc sontcrvltere rvithin the lange indicatccl on thc
tlansistor"s datashect.

PART 5 [0PTl0NAL]: EXTRA ExPL0RATI0N

lnstead ol'tying R,, to grouucl. try tying it to the dlain telnrinul of thc tnrnsis-
t()r. Rcpcilt thc l)('hilrr poirrt nlcirsulcnrcl)t rrnd thc srnir ll-sigrlrl glin nrcls-
ruremcrlt. What has changecl'/ l)o 11, ancl /1,'. need to be alterecl to meet clesign
s 1-lcc ificat iou s')
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LAB 2.3

NM0S Common-Source Amplifier
with Source Degeneration
[See Section ?.3.4, p.431 ofSedra/Smith)

OBJ ECTIVES:

-[o stucly an NMOS-busecl conrmon-source (('S) amplifrel with it sottrcs-
degencratiotr resistor by:

. Cttn'tpleting tlre D('and small-sigual unalysis basccl ott its theoleticlrl beltavior.

. Sinrulating it to conrpllrc tltc restrlts witlr the pltpe r attitlvsis.

. Inrplenrenting it irr iur ex1'rerinrental setting. takiug lnei.lsLrretltcltts. und conr-

1-lari ng its ;lcr'lblnrarrce w il h tlteor ct ica l ir rtd si nr u litl ed restr lts.
. Qrralitatively seeing the inrpact ol'transistor-to-tratrsistot' r'ltt'iutitrtts.

MATERIALS:

Litbonrtory set up. i ncI ucl ing breaclbcta rcl

I eulrirncerncnt-typc NMOS truttrsistor (e.g.. MCl4(X)7)

-1 lalge (e.g., 47-1rlr) citl-rtoitot's
Scr elrrl le sisloli o1'r rrt'1 ittg :izcs
Wiles

PART 1: DESIGN AND SIMULATI0N

(lonsidr'r the cilctrit slrorvn itt ['istn'c L7.3

FIGURE L7.3: Common-source amplifier cir-
cuit, with source-degeneration resistor Rsl,

coupling capacitors, and resistor R6 for DC-

biasing purposes. Based on Fig.7.37
p.432 S&S.
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LAB 2.3 NMOS COMMON-SOURCE AMPLIFIER WITH SOURCE DEGENERATION

Design the amplifier to itchieve a snrall-signal gain of at least A, = - 1VlV. rvith
R., =220Q. l.lsesr-rppliesof I,i - -L' =15 y. Rsis= 50(). Rr = l0k().and R.r=
l0 kQ, and design the circrlit to lrave 1p = I nA. Obtain the clatasheet fbr the
NMOS transistor that will be Lrsed. In your lab book. perfbrm the fblloiving.

DC 0perating Point Analgsis
. Sketch a DC nrodel of the circr-rit in i,oLrr lab book, r'eplacing the tht'ee

large-valued coupling capacitors C',',. (',':. ('t by open circuits (fbr sint-
plicity yoll may also ontit r'.ig.R.ig.and R7-). What is the DC'cttrrent
th rough R,,'?

. Based rtn the infbrmation just given. you have euough infbrnratiort to calcu-
late L',,1.= V,,, l/,,,. What is its valr-re'l What is the value of g,,,'l What is li;1'?
Rcnrembcr: Your actLral transistor will huve a valuc ol' l'1,, that will va11, l'r'onr

its uonrir.ral value. which will sliglrtly alter your lncasurenrent results!

' ( irlculrtlc r'..
. You now havc cnough inlblnratit'rtt to calculate R.sr + R.s:. Shttw yttur calctr-

lations. What is R5.'l
. Ale the valucs t'rf'Rr1 lrnd Rr. available in your kit'l Cirn you achieve the val-

rues by crtmbittitrg sevc-ritl rcsistors'l ( t.rnrnlent.
. Nott,-. At this stagc wc knou' ncither l'r,^, ttor Rr,.

AC Analgsis
. Sl<etch a sntall-signal nroclel of tlrc cilcuit itr your lab book. rcplacing thc

tlausistor rvitlr its sntall-signal nrodcl. replacing the capacitors wilh short
circuits (rvhat happens to Rr.,'l). rtnd rcplacing l'n witlr an A('grourtd. What
happens to l/'l Label the gale of tltc tntrtsistol as l'i. i.e.. the snrall-signal volt-
agc at the inpLrt.

. What is the ratio of- r',/r'.,"'l llow wotrkl you appl'oxinratc i1 itr f'urthcr
ca lc u lat ir.rlts'l

. Derive an exprcssion tirr y',, = I,,,/r'i.What is the valLre clf R,, thal produccs a

srnall-signirl voltage gaiu of al lL'u,sl .,1 , = zl \'/V'l ls tlte value you calculatecl
tbr' 11, available in your kit'l ('arr you uchic'vc tltis valrre by combining scvcl'al
lcsi stors'l ( brn mettt.

. Wltat is the I)C voltage irt the tlrairt'l l)oes this satisl-v tlre ussuuptittn thltt
thc tlausistor should be olre'rating itt tlrc slrt ulatiou r-egion'l Ixplain.

Simulation
. Sintulate the pcrlbrnrancc ol'your circLrit. I Jse capacitc-lr values ( r'r = ('< : -

Cs = 47 ;"rF. and the valucs of R.51. R,r.. ancl 1tp bitscd on youf preceditrg cal-
culations. Llsc a l0-nrVrrl pl. l-kllz sinusoid with no IX'cturpoucnt rrppliccl
at l'.i".

. []rom your-sinrulation, r'cport the IX'valucs ttl' l',;.5. l';1.e. and 1r. IIoiv closcly
clo they match your calculations'l (llemenrber: 'l'hc simtrlator has ils orvn.

n.rore conrDlex ntodel of the real trartsistor'. so thcre shoLrld be stlnte small
va riations.)
ftronr vour sintullttion. report A,

cir lc ulatit'rtt s'.)

Flt>w close ly does it ntatclt your
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LAB 2,3 NMOS COMMON.SOURCE AMPLIFIER WITH SOURCE DEGENERATION

PART 2: PR0TOTYPING

.V

ffi

tr

$

iiirAssernble the circuit onto yorrr breadboard using the speciliecl contponent
values arrcl those.just calculated. Note that R.;" represents the output resist-
ance of the functiou generator, and therefbre yor-r should riot include it itr 1,6111

circ rr it.

PART 3: MEASUREMENTS

D('ltiu,t ltoitrl nrt'u.sut'cni(ttr'. IJsing it cligital ntultirleter. nteAsure the DC
voltages of youl circuit at the gate (1,'.1,). source (l'.s). and clrain (1./r,) ol-yoLrr
t ran si stor.
A() rrrctt,;urulcnt: [.Jsing a functiolt gcnerator.apply to youl cirer-rit I
l0-rtrV,,l pt. l*kFlz sinLrsoid with no IX'conrponent. (,Votc: Sorle lirnction
generatols only ullow inputs us sntall x5 -5() ntV,,1 ,,r. lf this is the c:ase. use
tllrl r rtltre irrstclrd.)
Using an oscilloscope. generitte plots of r,,, uucl r,, vs. t.
l'-urllrcr c.t'plorution 1: What lrappens to the'slurpe of thc output signul lrs y()u
itrcrerse thc arnplitude o1'the input signal. e.g.. to I Vnk nk'l At rvhat inprLt
amplitLrcle ckr yoLr begin to sec signilicant clistortion'? (-an 1,orr expluin this'/
I"trrtltcr c.t'ltlrtruliott 2: What hitppcus if'yorr clc.creirsc /l'l to 200 f) but kccp
R.r't + Rs: cotlstattt'?
IJsing a cligrtitl nrultintetcr. nrcasure all resistors to three siglrificurrt digits.

PART 4: P0ST-MEASUREMENT EXERCISE

('irlcrrllte the value's of l',,,e ancl l'r,.'. tliat you obtirinecl in the lub. Ilorv do
they' conrpule to your pre-lab citlculutions'l l:rplain uny cliscrepuncies.
llrtsed orr tltc nteasured vllucs ol- [''7, irnd l''.ancl youl- measLlrecl lesistor vtrl-
tues. what is the real valuc ol'/7, basecl olt your llrb nteusulenrents'l
Whlrt is the nteusut'ccl v'aluc ol'1,'.)fJoil'clocs it conrpare to )'our plc-lab clrl-
c Lr la t ic'rn s'l llxpla in a ny cl i sc rc llarr cies.
lIirtt: -l'he sirrgle biggcst source ol- variutions liorrr your ple-lirb sirntrlation
I'csults will be clue to vat'iatiotts in the tlurrsistor's thresholcl vrlltage l',,,.
Rsmenrbel-: lts value will bc sonreu'lrere rvithin thc range incliclrted on the
tt'an sistor's cluta sheet.

PART 5 [0PTl0NAL]: EXTRA EXPLORATI0N

Irt ytlur circuit. switch R1.1 uncl Rr.. Measure your new DC'bias point and
small-signal voltage gain. What has c:hunged'l What renrains the strnre'l ('an
vou exnlain this'l
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LAB 7.4

PM0S Common-Source Amplifier
with Source Degeneration
[See Section 7.3.4, p. 431 of Sedra/SmithJ

O BJ ECTIVES:

-lo 
st udy a PMOS-ba secl conr lnol.l-s()u rce (('S) attrplifier wit h a soLr rce-clegeneratirx

resistor by:

' Cont;llcting the DC and snlrll-signal irnrtlysis based on its theoleticirl behavior.
. Simrrlating it ttl conrpare thc resrrlts with the paper analysis.
' Irnplemcnting it in utt experinrentul setting. takirrg nreasurenreuts. ancl com-

;laliug its pellblnrancc with theoretical rrucl sinrLrlatccl resrrlts.

' Qualitatively sce'ing thc inrpact of'tluttsistor-to-transistol vuliutions.

MATERIALS:

l.-aboratory sct up. inclrrdiug breaclboa rd
I erthuncenrcnt-type PMOS trarrsistor (c.g., MCl4(X)7)
.3 large (e.g.. 47 pF) cuptcitols
Ser cl'ir I t csirlols ol' r lt t') inr.t sizcs
Wires

PART 1: DESIGN AND SIMULATION

('onsider the cilcuit shown in ljisurc l-7.4:

-fi FIGURE 17.4: Common-source amplifier circuit,
u, i t' with source-degeneration resistor R51, coupling

]_ capacitors, and resistor Rofor DC-biasing purposes.
= Based on Fig.7 .37 p. a32 S&S.



LAB 7.4 PMOS COMMON-SOURCE AMPLIFIER WITH SOURCE DEGENERATION

Design the antplifier to aclrieve a snrall-signal gain of ut least .4, =-2.-i V/V. rvith

Rsr = 900 Q. I,Jse supplies of l'* = l' = 15 y. R,is = -50 O. Rr. = l0 kO. /t,- = 111

kQ, and design the circuit to have /r., = I rrA. Obtain the datasheet ftrr the PMOS

trausistor that will be Lrsed. ln your lab book, perfbrnt the fbllolvirrg.

DC 0perating Point Analgsis
. Sketch a DC'nrodcl ol'the circuit in your lab book. replacing the three

large-valued coupling capacitors (-. r, C,,:. ('r by open cilc,uits (for sim-
plicity you ntay also omit l',ie.R,ig.ancl Rr). Whaf is tlre DC cttrrent
throtrgh R,j)

. [Jased on tlre inlblnratiou.just given. you havc cnot-tgh intornratiort ttt cal-
culate V.t = tr',t,; ll;,,1. What is its valuc'l What is the valuc of g,,,'l What
is I,".,.,;l ll.enrenrber: Your actual transistor rvill have a value of' l',,, that will
vary fron its nominal value. ivhich rvill alter your measurel)teltt results
slight ly !

. (-irletrlirte r'.,.

. You nclw har.'e cnorrgh in[blnratiotr trl calculatc Rsr + Its:. Shorv yoLtr cltlcrt-
lations. Wlrat is R.1.'?

. Arc the valr-res ol'R.q ancl R.. itvailablc itr your kit'l (lan you itchier"e the val-
ues by conrbitiittg scverttl lcsisttlt's'l Conrnletrt.

. rVotci At this stirge we ktrolv neither l,'r7,l t.tctt' R7;.

AC Analgsis
. Skctcli u srtutll-sigltirl ntodel o1'

trausistor rvith its srnall-sigtral
circuits (what halrpclts to R'.'l),
happcns to l'*'l Labcl thc gate

the cilcuit iu yor-rl lab book. rcplacing thc
ntoclcl. replrcirtg the capacitt'rrs witlr short
irrrd rcplacing l' n'ith an A('glourrcl. What
o1' the transistor as v;. i.e.. tlte sntall-signitl

voltlge at thc itrput.
. What is the l'atio of r',/r',;"'l llow,'voulcl y()r.l itpproxitnute it irr fLrrthel'

culcullttions'l
. l)erive an exprcssitln lirr.4, = ]',,/r'i. Whlt is tlte valuc of R7, tlltt pt'ocluces lt

srnall-signal voltage guin of rrl lctr,:l A, = 2.-5 V/V'l ls the vulue you calculatecl
Ibr /{7, availuble in yotrl l<it'l ('itn yorr achieve this vltlue by contbining several

resistors'l ('t.rttr ttrcttt.
. What is thc I)("",oltage at thc dlain'l l)ocs this sirtisfy the itssuttrptiott that

the transistor shoulcl be opclating in thc sitturlttiort rcgittrt'l lirplain.

Sim u lation
. Sintulate the;lcltirrrnitncc ol'your circtrit. tlse citplrcilol values ('r'r = ('r.: *

('s = 47 ;,rlr und the vulrrcs ol'R11. ^R,r.. und /t, based on your preceding cal-
culations. llsc u l0-rnVpk pk, l-kllz sinusoicl with rro IX'conrpotrent applied
llI l,\i".

. Irronr your sinrulation. report the D('valrrcs ol'11,,,1;. l/1p. ltltd /p. llclw'closely
do they rratch your calculutions'l (l{e'nrcmber: 'l'he sinrulator hits its own.
nrorc conplex nrcldel o1'the l'eul tfansistor. so thcre shoulcl be some snutll
variat ions.)
F-ronr 1,our sinrulation, repc'rlt ,1,

calcr-rlations'J
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LAB ?.4 PMOS COMMON-SOURCE AMPLIFIER WITH SOURCE DEGENERATION

PART 2: PR0T0TYPING

Assenrble the circuit onto your breadboirrd using the specilied conlponertt
values and thoseiust calculated. Note thal R.;. represents the otrtptrt resist-

auce of the fr-rnction generator, and therefbre yor-r should nol include it iu your
circ u it.

PART 3: MEASUREMENTS

PART 4:

DC hiu.t ltoirtt ttrau,tur(m(nt'. [.Jsing a digital ntultirleter. meAsure the DC
voltages ol'your circuit at the gate (l/,r), sourcc (l't). ancl clrain (l/r,) of yotrr
transistor'.
A() mtu,rurt,rrt,nt: IJsing a funcrtion genefator.apply t() your eilcrrit a

l0-nrV,,l pk, l-ktlz sintrsoicl with no D('conrponent. (Note: some l'unctiort
genenrtors only allow inptrts as small as 50 nrV,,; ,,*. lf this is the case. use

Lhat value instead.)
[Jsiug an oscilloscope. gellerate plots of r',, al]cl 1,, vs. l.
l'trrtltL,r e.tltlrtrutiott 1: What happens to the shape of the output signrtl its you
inclease the unplitLrde ol'the input signal. c.g.. to I V,,l pl'? At lvhut inprrt
lunrplitudc cio ycru begin to sec signi{icant distortion'? ('an you explain this'l
I'-urtltcr L,rplorution J: What hitppens if you tlecreuse 1l'' to 2(X) Q but keep

/{st + Rsl cclltstanl'l
LJsing a cligital nrultimeter. nreasrrre all resistols to thlee signiliclnt digits.

POST.MEASUREMENT EXERCISE

('llcLrlitte the values of l'.',, nttcl l'.7, thitt vou otrtained in the lab. Ilow dcr

tlrey courpur-e to your pre-lirb calcrrllttious'l [:xplain any discrepitncies.
llased on thc nreasurecl vulues of l"p and l"t and y()rlr nteasured resistor val-
ucs. rvlrat is thc rcal valrre of /,, bitsed ()rt yorlr litb nieltsuremettts'l
Whal is the merrsrrred vtrlue olr1,.'? IIow tlocs it ct)tnprrle to y()ur pre-lab c,itl-

crrlations'l [:.xplain auy discrepittrcies.
IIirrt'.'I'he single biggcst sourcc ol'variations 1-r'onr your pre-lab sirnr-rlirtion

results will bc clrrc- to valiutir-rns iu the trartsistor's thresltold voltuge 1,,,,.

Itentember': its vlrluc will be sontcwherc lvithin the nruge indicated ott the
t ratrsistor's clatasheet.

PART 5 [0PTl0NAL]: EXTRA EXPLORATI0N

ln yr'rur circuit. switch R.r' und Rt.. Meuslrrc your new DC bias point ancl

snrall-signal voltage gain. What has chunged'l What renrains the sitnre'l ('an
you explain this'l
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LAB 2.5

NM0S Common-Gate Amplifier
[See Section 7.3.5 ,p.439 of Sedra/Smith)

O BJ ECTIVES:

'[cr stucly an N MOS-bersed cont ntoll-gate (CC]) amplilier by:

' ('ontpleting thc [X- ancl small-signal unitlysis buse'cl on its theoreticirl lrehavior.
. Sinruluting it to contpure the results u,ith the paper analysis.
' Implenrenting it in un erperinrcntul setting. taking ntcasurcments, ancl conr-

pitring its pcrlblmunce with theclretical ancl sinrulatecl t'esults.

' Qualitatively seeing the inrpact ol'transistor.to-transistor vrrrilLtions.

MATERIALS:

Laboratrlry' settrp. inc:luding breadb<xrrd
I enhrncerrrent-type NMOS tlansistor (c.g., MCl4()07)
I llrlgc {c.g., 2tr7-,rrli) e itltite ilrrl s

Se r cnrl lesistols ol- vlt r'1 irrg size :
Wircs

PART 1: DESIGN AND SIMULATION

('onsider thc circrrit shrtwr.r in frigure L7.5

FIGURE L7.5: Common-gate amplifier
circuit, with coupling capacitors. Based on
Fig.7 .39 p. 439 5&S.
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LAB 2.5 NMOS COMMON-GATE AMPLIFIER

Desigrr the amplifier to achieve a small-signal gain of at least 1,, = -5 V/V. [Jse sup-
plies of L'r= ^1,' = 15 y, R.is = 50 O" and R7- = l0 kO. ancl design thecircrttit ttl
have /p = I rnA. Obtain the datasheet lbr the NN,{OS trarrsistor that will be usecl.

ln your lab book, perfbrtn the ibllowing.

DC 0perating Point Analgsis
. Sketc:lr a D(' nrodel of the c,ircr-rit in your lab book. replacing the "large-

valued" coupling capacitors (i,', ancl (',: by open circuits (tbr simplicity yor-r

nray also onrit r'.;". /l-;u. uttd R7.).
. Ilasccl on the inlirrmation.jr-rst .uiven. you have enough infbrmation to culcu-

late l',,, = l/,,,s. tr/,,,. What is its valuc'l What is the value of .g,,,'? What is l'1;s'l

Renrcrlber: Yorrr actual trarrsistor will have a value of lj,, that will vary from
its norninal value. wlrich nillaltcl yorrr measul'enlcnt results sliglttlyl

. (''alculate r.,,.

. YoLr now havs enough inlbrnration to clrlctrlate R.. Show yout'calcullttions.
ls the valuc you calculate filr R. available in youl kit'l ('an yoLr achicve this
valuc by conrbining several resistors'l ('ontntettt.

' Notc'. At this stage we knorv treithcr l'r,,t nor /lr.

AC Analgsis
. Skctch a srnall-sigual nrodel of tlte circuit in your lab book. r'eplacing thc

tlansistrtl with its snrall-signll rrrodel. r'cplucing the capacitors with sholt
circuits. ancl replacing I'l ancl l' lvith arr A('grouncl. Labcl the source ol'thc
transistor us r',. i.e.. tlte sntall-signal vttltagc at tlte irtput.

. What is the latio of r'1/r'.;*'/ Ikru,woulcl y()r"l lpproxinritte it in lirrther
ca loulations'l

. Dcrive an erpressiorr lirr;1,. = r',,/l'1. What is the valuc of R, that ploduces a

srnall-signal voltugc guin ol-al lL'u,st '1,. = 5 V/V'l ls thc valuc yorr culcLrlate firr
R7, uvuilable in your kit'l ('an you aclticvc this valuc by combirting several
lcsistors'J ('orn nrent.

. What is the I)C voltuge at the drain'l Does this satisfy the ussLrmption that
the tlansistor shor.rlcl be o;lcrating itr tlte saturation rcgion'l [:xpluirt.

Sim u lation
. Sinrulatc the perfirrrrancc ol'yoLrr circuit. I Jsc capacitor vitlt-rcs ('t.t = ('<': -

477rIrancltlrevalLrcsof Rrand R71 busctl ouy()ulplccedingcltlculatiorts. IJsc

lr l0-nrV,,r pl. l-kllz sinusoicl with no [)('comPonent uPplied itt r'*1".

. Irlom your simtrlation. rcport thc IX'values of' 1",;,s,. L"'n.s. and /r. llow closely
do they rnatch your calculatiotts'l (lle'nrember: l'hc sinrulatol has its owrt. lltore
complex model o1'the leal tlurtsistor. so thele shotrld be sonre sntall variations.)

. I:-ronr youl simulatit-rrr" repolt ,,1 ,.. Ilow closely does it nrittch yoLrr

ca lculati<xrs'l

PART 2: PROTOTYPING

Assemble the circuit outo youl breadboitld Lrsing the specifiecl sontpo-
nent valLres ancl those jLrst calculated. Note that Rr1" represettts the or,rtput
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LAB 2.5 NMOS COMMON.GATE AMPLIFIER

resistauce of the function generator, arrcl thelefore you shoLrld rrol inclLrcle it
in yotrl cilcrrit.

PART 3: MEASUREMENTS

DC ltiu,r poitt! ntcu,s'Lrrctn(n/: IJsing a digital nrultinrcter, n]ellsule the DC'

voltages of your circuit at the gate (l',r), sor,rlce (l/,1), ancl drain (1,'1,) of yoLrr

t ra n sistor.
A() ntt,tt,rurt,irt,nl: LJsing a fr-rnctiorr generator. apply ir l0-nrVur pr.. l-kllz
sinusoid with no D('coniponent to )'our circuit. (,\o/c: Sotne l'unctit'rn gen-

enrtols only allow iuputs as snrall as 50 nrV,.l nr. lf this is the case. use that
valLre instead.)
( )sing an oscilloscope. sencrate plots of'r',, ancl r', vs. l.
f'-urtlrer c.rplorutiotr'. What lrappens to the slrape of-the output sisnal as vou
increase thc anrplitude ol- thc input si-unal. e.g.. to 2 Vnk ,,k'l At what inptrt
rrmplitucle do yoLr bcgin to see signif tcant clistclrtion'l
Using a cligital nrultinretcr'. nreasure all lcsistors to three signi{rcant digits.

PART 4: P0ST-MEASUREMENT EXERCISE

('ulculate the valucs ot' l'1;r atrd l,'r,t that you obtained in the Iab. llow do
thcy conrpale to your pre-lab citlcLtlations'l Irrplain arry clisclepilncles.
llased on the nreasurecl l'altres of l./r, atrd 1," and your nreiisulecl rcsistor r"al-

rucs. what is the real valuc ol'/2 basecl on yoLlr lab nrcasurenrents'l
What is tlrc nrcasurecl valLre ol'11,i? Ilow does it eontpirrc'to y()ur'1.rre-littr cll-
ctrIirtiorrs'l lrxplain any cl i sclc1-luncies.
Hint:'l'ltc singlc biggest s()ufce of'r'ariatit'lrrs flonr youl pr"c-lab simLrlation
resrrlts will bc duc to r.'ariutiotts in Ihe tlunsistor"s thrcsltold voltugc l',,,.

I{cnrcn.rber: lts vulue will be st'lnrewlterc within the nrugc indicutecl on the
transistor's datashect.

PART s [0PTl0NAL]: EXTRA EXPL0RATI0N

tlsing the lirnction gencnltor. aclcl lr l-V [)('compt'rttent to the iupLrt lr;" atrcl

repcat the nreasurenrcnts. I)o yi'ru still get thc same l)('operatinu poirrt itnd
voltage gain 1,.'? Why or rvlty rtot'?
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LAB 2.6

PM0S Common-Gate Amplifier
[See Section 7.3.5 ,p.439 of Sedra/Smith]

OBJECTIVES:

'fo str-rcly a PMOS-based conrmon-gate (('(l) arnplitier by:

. Conrpleting the l)C and snrall-sigual analysis based orr its theoreticirl behirvior.

. Simulating it to comparc the rcsults with the paper analy'sis.

. Irnplenrenting it in an cxpelimrental settitrg, takirrg measufemelrts, aucl conr-
pitling its peltbrnrance ivith theoretical and sinrulatecl rcsults.

. Qullitatively seeing the inpact ot'transistorrto-1r'arrsistol vur-irrtions.

MATERIALS:

PART 1:

Labolatory sctup. including blcaclboarcl
I enhancenrent-type PMOS tnrnsistor (e.g., M('14(X)7)
2 lalgc (e.g.. 47-7rF) capucitols
Se tct'ltl t'c:irttlls ol- vltt'r ittrr sizes

Wires

DESIGN ANO SIMULATION

('ousicler thc cilcrrit shown in Fisure I-7.6

, l';r,

,--^* il J(l rr''' 
rrltl- t' t I L- (.{ 

-.=' = f=ll-_---.
J *,, ^,:: r|, l

FIGURELT.6: Common-gateamplifiercircuit,withcouplingcapacitors.BasedonFig.T.39 p.439S&5.
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LAB 7.6 PMOS COMMON.GATE AMPLIFIER

Design the arrrplifier to achieve a small-signal gain of at lcast 1,. = 5 V/V. LJse

strpplies of ['* = --l'' = l-5 y. Rsir = 50 Q, Rr = l0 kQ. a'd dcsig' the cil'c'it t<r

have 1r, = I n"rA. Obtain the datilsheet ftrr the PMOS trausistor that rvill be used.
lrt y'otrl lab book. perform tlre following.

DC 0perating Point Analgsis
. Sketclr a f)C model ol' the circuit iu your lab book. replaciug the "large-

valueci" coLrpling capacitors C,'1 and (-.,.: by open circuits (fur simplicity yorr
may alsc'r onrit r'.i.. 11.;". lrnd R1.).

. Bused ou the inlirrnration.jtrst given. you have enough inlormation to culcu-
late /p1 = V.sr; - 14,,1. What is its vulue? What is the valr.re of g,,,'l What is l/..,il
Renrember: Your acrtual transistol lvillhave u vitlrre of 12,,, that lvill vary fronr
its norrinal valuc, which will alter your neasur-enrent resrrlts slightlyl

' ( lrlcullrtc r',,.

. You norv lrave enor-rgh inlirrnratittrt to calculate 1lr. Show your-calcrrlaticlns.
Is the valtrc yt'ru calculate fbr R,1 available in your kit'l ('an 1'ou achieve this
vaIue by cornbiIring scvcntI resisttlrs'l ('ontnrent.

. Nott,'. At this stage we k ntliv neither l'.rp ttor Rr.

AC Analgsis
. Skctch :r snrall-signal nroclel of the circrrit in your lab hook, rcplacing the

transistor with its snrall-signal rroclel. replaciug thc capacitors with short
circuits. antl replacing l.* ancl l,' with en A('groLrnci. Labol thesoulceof tlrc
tnrnsistor irs r',. i.e.. thc small-signal r"oltagc at the input.

. Whrrt is thc ratio of'r',/r'.ir'? Ilow'u,otrlcl you u1'r1.lr'<'rxirnatc it irr ftrrtlrer'
calculaIiorts'l

' [)crivc att cxlrt'cssiol't lbr.4,. = t',,/l'i.What is tlrc vltlue ol- R1, that ltrttclrtcres lt
sttlall-sigllal voltagc gain ol-rrl lcu,tl ,1,. = 5 V/V'l ls thc valtre ytltr calctrlatc litr'
/t7,1 availablc in youl'kit'l ('an vorr achicvc this valLre by conrbininu scveral
rcsistols'l ('orrr mcnt.

. What is thc I)('r,oltalie ut thc dlain'l [)ocs tlris satisfy thc ussLrnrption that
thc transistor shoLrkl bc opelating in thc satru"ution region'l t:rxplain.

Sim u lation
. Sinrulutc thc pcllbrnrancc of'yrlur cilcLrit. IJsc caprrcitol vulues ( r.r = ('t,: -

.17 ptlr uncl thc lulue s o1'Itr ancl 1171 trasctl on y()rrr prececling culcullrtions. []se
lu l0-urV,,r ,,r, l-kHz sinusoicl with no [)('conrponcnt applietl at r'.,".

. Ir'ronr yotrl simulirtion, r'cport thc I)('r'altres o1'l.s,,. l.rr,, ancl /,rr. How cltlsely
clo thel' Inalch yout'calculations'l (Rctue nrber': 'l'hc sinrulutor lras its c'rwr.r. r.nore

ctlntpler rrtcltlel of'the leal tnrnsistrtr. so tlrere shoLrld be sonre snrall variatinns.)
. [iront your sinrulittiort. repolt 1,.. I low" closely cloes it rnatch y()r.rr

cule ulations'l

PART 2: PROTOTYPING
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LAB 2.6 PMOS COMMON-GATE AMPLIFIER

Assernble the cilcuit outo your breadboard using thc conlponeltt values spec-

ifieci ancl calculated earlicr. Note that R.;" represents the outptrt resistance of
thc furrctit-xr generator. and theretbre vor,r should nol include it iu your circuit.

PART 3: MEASUREMENTS

D(' ltiu,s ltoint tncu,ruretttent'. tJsing a digital multintetcr. measLlre the D(l
voltagcs of your cilcruit at the gate (l',,). source (1,'5). ancl clrain (l''rr) of your
tla rr sistor.
AC) nt,u,surL,nrcll: IJsiug u function gelrerat()r, apply a l0-nrV,,r pr. l-kl-lz
:irrrrsoid r.ritlt no I)('conrportcnt t() )()ur circtrit. (V/,/(': S()rlle l'uttctiott gett-

erators orrly allow inputs its snrall 1s -50 tnV,rl pr. lf this is tlre case. use that
value insteacl.)
lJsing an oscillosc<lpe, genelate plttts of t,, attd t', vs. /.
lt'ttrthcr e.rltlortrliorr'. Wltat happetts to thc sh:tpe o1-the otrtpr"rt sigttal as yotr

increase tlre irmplitLrclc of lhe in1tu1 signal. c.9.. to I Vnk 0k'.) At what inptrt
anrplitrrile tlo you begin to sec sigrtiltcltnt distortion'l
lJsing a digital ntultimetcr. nrcasure all rcsistol's to three significunt digits.

PART 4: P0ST-MEASUREMENT EXERCISE

C'alcrrlate tlrc valLres of' l/.r,; lttrcl l',r7, tltat ytttr ot'rtltirrecl in the lab. Ilow dtr
they conrparc t() vour prc-lub cirlcLrllttions'l lrxplairr arty clisclcpancics.
Ilasccl ou thc rneusuled vlrlue s ol' l'1, attcl l"t ancl your rneasut'cd lesistttr val-
rrcs. what is tlre reul value ol-1, bused on yoLu'lab nrcltsurenreuts'l
Wlrirt is tlrc nreasured vulue of y',.') Ilow tloes it e()nrl)ur!'to v()ur pre-litb cal-
culations'J I:xpluin uny discrel"rltucics.
[]int.'l'Itc singlc biggest soLrlcs of vuliatic'rus fl-ont your pre-lab sin.rulati<lt
lcsults will be due to valiations irt thc traltsistttr"s threshold vttltage l/,,,.

Ilcntcmbcr': lts value will be sornewhelc withirr the t'uttgc inclicatc'tl on thc
tlansistor's datasheet.

PART 5 [0PTl0NAL]: EXTRA EXPL0RATI0N

IJsins the lirnctiort gcuerat()r'. itdd a l-V I)('conrpottent ttt the it't1:tttt t'*1"

r'clleat the nteastrrsnrclrts. [)o yttLr still gct thc sanre D('operatirtg ptlittt
voltage gitin .'1,.'? Why or rvh1, not'?



LAB 7.7

NM0S Source Follower
[See Section 7.3.6 , p.442 of Sedra/SmithJ

O BJ ECTIVES:

Tb study an NMOS-bascd sorrrce fblkrwer by:

' Contpleting thc D('arrd small-sigttal analysis basecl on its theoleticrul belravirlr.
. Sintullrting it to cc)ntpare tlre lc'sults with the papcl analysis.
' Intplernenting it in atr experirneutltl scttirtg. taking llreasLlrelneuIs, ur.rd conr-

paring its pcrfbrurance with theoretical ancl sirnr-rlated resr-rlts.

' Qulrlitltivcly seeirtg tlrc inrpuct ol'1r'rtusistor.to-transistor lalilrtirtns.

MATERIALS:

Latlolatory setrrp. inclucling breaclboalcl
I euhaucenrcnt-type NMOS lransistor'(e.g.. MCl4(X)7 1

.1 lul gc (c.g.. -17-7rl ) e lprrcitort
Sercnrl resistors tll' r lrlvirtg sizcs
Wiles

PART 1: DESIGN AND SIMULATI0N

('onsidcr thc e ircuit shown in |isulc L7.7:

FIGURE L7.7: Source follower circuit, with coupling capacitors, and resistor Ro for DC-biasing purposes.
Based on Fig.7 .42 p. 444 S&S.
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LAB 7.7 NMOS SOURCE FOLLOWER

' Desigrr the amplifier such that /p = I mA aud 1,. = 0.8 V/V. Ilse sLrpplies of
L'* = -tr' = l5 V. R.," = 50 Q. and R,t = 10 kQ. What is the minimunr value of
R1 that satisfies the requiremcrrts'? Obtain the datasheet fbr the N MOS tran-
sistor that will be used. ln 1,or-rr lab trook. perlbrnr the fbllowing.

DC 0perating Point Analgsis
. Sketch a DC- nrodel of the circuit in your lab book. replacing the large-valued

cou;lling cap:rcitors C,.1 aud (..: hy open circuits (lor sinrplicity you may alscr

omit r'.,r. R.;". and R1). Whlt is the D(l ourrent throLrgh R,i?

' Based oll the required valtte ttf /p. r,r,hat is L',r, = l/,,1 l'',,,'/ What value ol R,5.

ttttrrl ltrtt tr:e'.)

AC Analgsis
. Sketoh a small-signal nroclel of the cilcuit in y<'rur lab book, replacing thc

transistor with its small-signal rnoclel (try ir -l model. ignoring r,,). re1-rlac-

ing thc capacitors with sholt circuits. and replitciug l'* uud l,' with an A('
ground. Label the gate of the tlansistt)r ns r';. i.c.. the snrall-signal voltage ut
the inlrut.

. What is the t'atio ol-r',/r'.;u'l llow rvoulcl you approxinratc it in f'urther'
ca lculati<lns'l

' [)erive atr expt'cssit'rtt lbr .,1,. = t',,/r'i.
. What is thc valuc of ,g',,,'l What is 1,,'.'
. What is thc mininrurrr valuc of 111 that satisfics the dcsign rccprire nrcuts'?

' ('alculate the outpLrt resistarrce of'yttur amplifier'.

Sim ulation
. SinrLrlate thc perfornurr.rc:c of -voul circtrit. t)sc cupacitor valucs (,.r = (',.: -

47 ptlt and tlrc valuc of R,,, blrsed on your plecccling cirlculations. Llse lr

l0-rrrV,,l pr., l-k llz sinusoid with no [X' conrpouent itppliecl irt r'.;..
. lironr yorrr sinrulatiort. report the lX'vulrrcs of f',r.r. Iir.r.und /p. llow closely

do they nratch youl calculatir-rt.ts'l (Remenrbcr': l'hc sinttrlator has its tlwn. nrore
conrplcx nrodel of thc real transistor, srl tlterc shorrlcl bc sorne srnull vuliations.)

. Itlorl youl simulaliou, report ,4,,. I loll' closely clocs it rnatclr yor.u'

ca lc u la t iotr s'l

PART 2: PR0T0TYPING

Assen.rble the cilcuit onto y()ul' bleacibortrcl Lrsinu tlte spce ified colrponent
vitlues ancl thclse.just calculatcd. Note that R.;" r'epl'esents tlre output rr'sist-
ltttcctrl'lhc ftrttctitln gcne nrtor'. irn(l thct'cl()r'e rtrrr slrtrtrltl rr,,/ irrelrrtle it in lorrr
ci rcuit.

PART 3: MEASUREMENTS

D('biu.s poitrt nt((.tsur(murl: LJsing a digital nrultinrcter, meirsure the DC volt-
a-ues of yoLn'cireuit at the gate (1,,) anct soLlfcc (1,'e) of your tlansistor.
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LAB Z.Z NMOS SOURCE FOLLOWER

AC meusurerlorl: Using a fuuctiotr generator. apply a l()-rtt\',,r n1. l-kllz
sitrrrsoid uith no I)('eonrporrent t() )()ut'cilcuit. (.Va/t': Strntc iullrti()tt ilelt-
eriitors ouly allow iuputs as sntitll as 50 mVnl pr. lf this is thc case. trse that
value irrstead.)
LIsing an oscilkrscol're. geltcrate plots of t',, ltnd t, \,s. L

lJsing a digital multimeter, meAsure all resistors to three signilicant digits.

PART 4: P0ST-MEASUREMENT EXERCISE

('alcLrlate tlre r"alues ol Ii,, and f"/).\ that you obtaincd in thc latr. Httu' dtr
they ccln-rpare to yc'rur- pre-lab cltlctrlatiotrs'l F:xplain arry discrepitrtcic's.
Based ort the measuled valucs ol f'1, altd l'5 alrcl yotlr llteastlred resistt'rl'val-
rics. what is thc real valuc ttf /p based ot'l your lab nreltsttt'entetrts'l
What is the nreasrrled valtre of y',.'l llow does it eonlpule to 1'r'rut ltle-lab cal-
culations'l [:'.xplitin auy discre pattcies.
What would happen if you usccl the l-unction generatttr with 50-O oLltput
resistance to drive yonr kracl resistor dircctly"l What gltin rvotrld you get'l

What would huppen if the output resistunce ol'thc functiolr generultion \\'as

clrrrngccl 1l-onr 50 O to 5 kO'l Whitt ckr yt'rrr couclucle'l Recall the valuc ttf otrt-
put lcsistancc yorr cltlcrrlatecl carliu'.
IIittt:'l'lte single biggest sourcc of variations frotn your prc-lab sintullttion
lcstrlts will be cluc to variatiorts in the trattsistor's thrcsholcl vrtltage !,,,.
Rcnrenrber: lts value will be sonrewhere witltin the range indicated otr the
t llnsistor's clutasheet.

PART 5 [0PTl0NAL]: EXTRA EXPLORATI0N

Aclcl a 5(X)-() resistor lretw'cen the function generatrtl outprrt itnd capucitol'
(',.1. llow does tlre gain of yrlur circtrit chartge'? ('att you cxplain this'l

6B



LAB Z.B

PM0S Source Follower
[See Section 7.3.6, p.442 of Sedra/SmithJ

O BJECTIVES:

'fo study u PMOS-birsecl soLrrce lbllower by:

' ('ornplcting the I)C and snrall-signal analysis blrsecl on its theoretical
behavior.

. Sirnirlating it to conrpare the r-csults r,r,ith lhe paper unalysis.
' Implententing it in au experirne'ntitl setting. taking nreasul'elnents, aud ctlnr-

paling its perfbrmance with theoletical irnd sinrulatecl results.

' Qualitatively sceing tlre intpact ol-tratrsistor-to-transisttll r uriatit'rr.r:.

MATERIALS:

[,.aborirtory setup. including breuclboarrl
I euhaucernent-type l'MOS transistor' (e.-e.. MC'l-l(X)7)
.1 lltlgc (c.g.. J7-7rIj1 e ltpltci{rrt s

Sercr':tl |csisl()r'\ ol-ritr1 irtr: sizc.
Wircs

PART 1: DESIGN AND SIMULATION

('onsicicr the circuit sholvr.r in IrigLrlc L7.iJ:

l,l.

FIGURE L7.8: Source follower
circuit. with coupling capacitors,
and resistor R6 for DC-biasing
purposes. Based on Fig,7.42
p.44a S&S.

, l- l!- *-
r- l il-r---l tl '!'l' ^'* ;

i",, i^,' 
l" I

?'-:
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LAB 7.8 PMOS SOURCE FOLLOWER

Desigrr the amplifier such that 1,,= 2ntA. LJse supplies of L'* = tri = l5 y. R,is =
50 O. and R,t = l0 kQ. What is the nrininrum valr.re ol'Rr. that satisfies thc require-
nrcnts'l Obtain the datasheet fbr the PMOS transistor that rn,ill be used. ln your
lab book. perfornr the firllowing.

DC 0perating Point Analgsis
. Sketch a DC rnoclel of thc circLrit in

coupling oupacitors (',.1 and ( , : b)'

onrit r,.;". R";o. aud R7.). What is thc
. Basetl on the rccluired valuc of' /,,.

R,1 ntust you use'/

your lab book. r'eplacing the lalge-valr-recl
open circuits (1or sinrplicity 1,ou may als<.r

lX' currcr.rt through 1{.r?

n'hrtt is tr''or = I''st; l/,rl'l What r.'alue of

AC Analgsis
. Skctch a snrall-signul nrodel of' the circr-rit

tlansistor with its snlrll-sigrlrl rnoclel (trv
ing the capacitors with shurt circuits. lrnd
ground. Label the gltc of'thc transistor as

the input.
. Whlrt is the rlrtir> of r'1/r'.i"'l llorv woulcl

ca lcu llt t ion s'l

Sim ulation

in your lab book. replacing the
lu 

-l- model" ignoring f,,), feplac-
replacing l.i und l.' with an A('
r',. i.e.. thc srnall-signal voltirge at

you approxinrate it in lirlther

Derivc un expression lbr ,4,. = r',,/r'1.

What is the vllue of'.q,,,'l Whut is 
',1,.'l

What is the rninimurn vitltte of'1t1. thirt satisfies the'clesign reclrrirements'l
Culculate the outprrt resistance of-yrlur anplilier.

Sirttuf atc the perttrrmlrnce o1'yorrr cilcuit. IJsc capacitor vlrltres ('r.r = ('r,:-
47 pF artd the vuluc ol- /t.,.based olt youf plececling calcLrlations. llse ir

l()-lnVnr pr. l-kllz siuusoicl r.l'ith no I)('conrl"roncnt applicd at r..,r.

I:rortt yorrr sinrLrlution. r'e-port the lX'vtrlucs ol- 1,'r,,, l. 1.,,, uncl lp. l low closclv
clo they ntatch yotn'culcttlltiorts'l (llcrtternber: 'l hc sinrulator hls its trrvr.r.

ntot'c ctttrtltlcx ntoclcl o1'thc real ttansistor'. so thcre should he sonte snutll
va liat iorr s.)

frl't'rnr youl sitrtulation. r'eltort 1,. I lt'rrv closclv does it nratch yoLrr calctrlatit-urs'J

PART 2: PR0T0TYPING

Assernble the circtrit olrto y()rlr trleirclboirrcl using the spccifiecl c()llpolleltt
vitlues altd those.iust culcullrter-1. Notc tlrlrt /1.;,, r'cprcsents the oLrtpLrt lcsist-
altce ol'thc lirnction gcne rittor. utirl thcref orc _r,oLr should rrot include it in lrrtrr'
circLrit.

PART 3: MEASUREMENTS

D('ltiu,s poirtt ttcLr,\ur(nturt: []sing a cligitul nrultimeter. ntL.asure the DC volt-
lges of your cilcuit lrt the gate (l r;) ancl s()urce (l/r) rtf vour transistor'.



LAB 7,8 PMOS SOURCE FOLLOWER

A( ntt'u,surarncnl: [Jsing il fLlnctiott gelleratof. apply a l0-nlVnr pr.' l-kHz
siltrsoid with no I)('etrrnpouettt t() )()ttl'eil'ctrit. (.\o/r': Strfll€ tirnction gen-

erators only allow inputs as snlall as 50 mV,,r nr. Il'this is thc case. Llse that
value instead.)
[Jsing an oscilloscope. genel'ate plots of t'() alld ]'; vs. /.

[.)sing a digital nrultimeter. measr-ll'e all resistors to three significant digits.

PART 4: POST-MEASUREMENT EXERCISE

Cirlcr-rlate the values of l/.s; atrd 1"1.p tliat yotr obtairreci irr the lab. [{ow dt'r

they cornpat'c to your prc-lab calculatiotrs'l Explain atly cliscrepancics.

Based On the measurcd'n,altres ttf /7y and I.'.. and yottl nleasttl-ed resistol'val-
ues. rvhat is the real value of /7; basecl oll voLlr lab nteasttrenletrts'l

What is the nreasttrcd valr,re ttf 1,.'l Florl cloes it compi.lrc to your pre-lab cal-
culations'l F.xplain lruy discreparrcies.
Wlrat wor.rld ltappett il yotr trsed thc fLrrlction generator with 50-O tlutpttt
r.esistance to di|ectly dlive your lOad resistor''l What gain would you get'l

Whut would happen if fhc outprrt resistancc of the functiort gcltel'ati()tt was

changed tiom 50 f) to 5 kO'l What clo you conclude'l Recall the valuc of out-
put rcsistancc yott calculittcd oarlier.
I{int:'l'he single biggcst sotrrce of r''arilttions ll'otn y<lur prc-lab simtrlalitln
rcsults lvill bc due trt vilriati()11s in tlte tntnsistor's tltreshttlcl voltl.rge l'1,,.

Rcrncnrber: lts value will bc sourewhele u'ithitt the rungc indictrtcd ott tlte
transistor's clatitsheet.

PART 5 [0PTr0NAL]: EXTRA EXPLoRATI0N

. Adcl a 500-O resistol bctwee'u the firnctiort geltelator'()tttptlt ancl capitcitot
(',.1. llow docs the gain of yottl circttit charlge'? ('an you erplain this'?
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LAB 2.9
*,lii

NPN Common-Emitter Amplifier
[See Section 7.5 .2, p.470 of Sedra/Smith]

O BJ ECTIVES:

To study an N l)N-based conrmon-enritter (('ll) amplilier by:

' ('ontple'l.ing the IXI ancl sntall-sigttal analysis based on its theoretical
behavior-.

. Sinrirlating it to contpare the results with {hc papel analysis.
' Inrplernenting it in en crpelitnental setting. taking nreAsurentcltts. arrd

conrpitrittg its perlilrrnattce with thcoretical irrrcl sinrulatecl rcsr.rlls.
. Meastrrinu its t-rutput resistancc.

' Qualitative ly seeing the irrtpitct ol'transistor.to-transistor r aliutions.

MATERIALS:

' Llbolatory sL'tLrp. irrclucling breuclboard
' I Nl']N-type bipollrl transistor (e.g.. N'l'L:2321)

' 3 "lulgc" (e.9..47-pl') cupacitors
' Scvelal lesistors of varyir.rg sizes
. Wircs

PART 1: DESIGN AND SIMULATI0N

the cilcLrit shorvn in Irigurc L7.9:

t r',
I
> R, li,,

I r.-lt-'tf-- ffL', \'
12 . (t p.-,f --1 ''1 

r
\ f'l (r )
7^,' i- -l l- *
: (, 'r +
+ 1,a, - 

FIGURE 17.9: Common-emitter ampli-

f fier circuit, with coupling capacitors, and
+ V resistor R6 for DC-biasing purposes. Based

on Fig.7 .56 p. 470 S&5.

('on siclcr

(1,,r

-t-
t,.,,,,

,1.
(r)'.-



LAB 7.S NPN COMMON.EMITTER AMPLIFIER

Design the amplifiel to itchicve a snrall-signal gain of at least A, = -200 V/V. Llse

suppliesof ['+ = L' = 15y, R.iu= -5()Q. R7. = l0l<Q. and R,r= l0kQ" ltnddcsign
the circuit to havc lr.= I n.rA. Although thele rvill be variatiotts il'our tlausistor
to transistor', you mily ilssume a value of B of 100 irt yor-rr calculations. Obtain the

datashc-et tbr the NPN transistor that will be used. Iu youl lab book, perfbrm thc
following:

DC 0perating Point Analgsis
. Skctch a DC nrodel of the cilcuit in your lab book. replacing the three "large-

valued" c:ouplill-1: capacitols ('r'r. C,.:. atrd ('1,. by open circuits (for simplic-
ity you may also orltit 1.i.. 11.;,,. artd .I17.).

. What arc the valttes of 16 atrcl /7-l What is tlte valuc of L's')

. Determir.rc- u value of- Rr. thtt ploduces a basc-emitter voltagc drolt of'0.7 V.

What is 1",'?
. ls the value of R7, arailable in youl kit'l Can you achievc this vulue by cont-

birring several resistttrs'l ('onrnleut.
. i\'lott''. At this stage we know neither l',,7. rtot' R,.

AC Analgsis

Skctch u snrall-signitl ntodel of'the cilcuit in your lab book. replitcing the tr-lrn-

sistilr with its srnall-signul rtroclel (1".1 is ltrrge. s() yot-l uray ignore r,,), replac:ing

thc cupacitols with short cilcuits (what happens to Rr.?)" artd replacittg l'*
with an A('grorrud. Whlt haplrcns to f'''l Labc'l the base tll'the tt'ansistor
as r';" i.e.. the snrall-signiLl vtlltage at the inprrt. Whtrt are the valttcs of g,,,

ancl ln'?

Whut is the ruttio ctf r';/r'.,"'? Cittt 1'tttt lp;rlorinlatc it'l
Derive uu cxplcssion fil' ,'1,. = r',,/l'1. Wlrat is lhe v'altrc of'll.. thitt ;lrodttces it

snrirll-signul voltirge guin of al lctt.tt .4,. = 2(X) V/V'l ls tlie valtre ytltr cttlctrlate
lbr 111 avlriluble in your kit'l ('an yorr achieve this vltluc b1'conrbining scvcral
re sistors'l ('onr tnertt.
What is thc DC voltlgc at the collector'.) [)oes this satisly the asstrn.rption thitt
tlie transistor should be operlrtitrg in the active regiorl'l [:rplairr.
What is the outitut t'esistltnce. 1t,,'?

Sinrulatc the perlblnrltttcc of yottr c:irctrit. IJsc callacitor r,itlttcs (', r = (',: -
('t,=11 ltl" anclthevaliresof RT.attd /1. basedon)'ourplcceclittgcalctrlatiotrs.
tise a l0-nrVpk 

'1. 
l-kFlz sirtr-rsoicl i,vith no l)('contpt'rttcrtt appliccl at r'.,".

I'rlc'rr.tt ycrul simulation. r'cpot't the l)('l'alttcs ol'l'r,r.. l"< r.. Ir. /.... ancl /7.. l{clw
closcly do they ntatch yttut' calctrl:ttiotls'.t
ltronr your sitrtulatiou. rcport A,.. I lorv closclv cloes it match ytlur
ca lcu lat ion s'l

PART 2: PR0TOTYPING

Assemble the circuit outo your lrreaclboat'cl using the specified oompo-
ruent values ancl those just calctrlatecl. Note thltt R.iu represcllts the output

Simulation
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LAB 2.9 NPN COMMON.EMITTER AMPLIFIER

resistance of the furrctiou getrerator. atlcl

irr yorrr eilctrit.
therefore vou sltotrlcl r7(.,1 inclLlde it

PART 3: MEASUREMENTS

PART 4:

DC ltiu.s ltoint ncusur'(ntutt: tJsing a digital nrultimetcr, nteitsLlre the DC volt
ages of yor.rr circuit at the base (Lj1). enritter'(l'r'). and collector (l"r-) of your
t ran sistor.
A( ntt'tt,surt,rrrcnt: IJsing a futtctiotr geucrrtclr, apply a l0-ntV,,l pr.. l-kllz
sinusclid with no [Xi corlponent lo your circuit. (No/c: Son.re functiotl gctl-

erirtors only allo',v inpr-rts as sntall as 50 tnV,,t ur. If this is the casc, rrse that
valuc instead. but you ntay cxl)ect somc distortion in thc output wavcfttrnt.)
L,Jsing an oscilloscollc. gencratc plots of t',, attcl t', t's. /.

OutpLrt rc,si,stutrt't'R,,: Rcplace Rr. with a l-MO resisttlr and repeat the AC
nteilsLlreutent. What is thc arnplitucle of-thc'tttrtlrut wltvefbrtr'l Adjtrst 1lr. trntil
you tincl a value sr.rch that thc anrplitude of the oLttput wavefbt'tu is ltpproxi-
rntrtell, .50'1,i, of what it wus ftrr the l-MO rcsisttrr. l'ltis trew value ol-R, is the

output rcsistunce R,,. llow clocs it compitre to tlre value yttLr cnlctrlatcd callier
in Step 2'! Ilitrl: lt catrtrot be greatet than thc valtre of'R, .

F-urtltcr c.t'plonrliorr'. What happclls to the shape o1'thc tlutptrt signal as yotr

irtcleuse the amplitLrde ol'thc input signltl. e.g.. to I V'r pr,'l At rvhat intrltrt

lurn;llitrrde do you bcgin to scc signilicant distortiotr'l
tIsing a cligital lnultinrctet'. rneasulc all rcsistors to tltr-ee significant digits.

POST.MEASUREMENT EXERCISE

(laleulatc the values ol' |t111. ancl l'1 1. tlrat 1,ou ol'rtuinccl in the lab. Ilor.v clcr

thcy conrpure to youl pre-lub ciilculations'l I':xplain any discre plttlcics.
Blscd on tlte tleasulecl vltlue s tll' l'a. 1,,. attd l'7.antl yt'rttt'tttcitsttt'cd reststot
valucs. what alc thc rcirl vltlues ol'lrll ctrrrcrtts basecl ()ll yor-ll' lab nteltsttle-
ntents'l I low do they contpare to vout ple-litb calculutitttts'l llasccl ort thc nleits-

Irred values of c:rrrlents. what is the actuitl vitlrtc ttl'p fbr-yotrr tritnsistor'l
What is the nrcasulecl vlrlLre of'.4,,'l Ilow does it eotttpuIe t() y()Lrt pre-llrb cal-
cLrIations'l l:xpla in a trv cl iscrcplLttcies.

IIint'.'l'hc single biggest srl!rrcc o1- variatious ll'otu your prc-lltb sinrullttiott
rcstrlts r,r ill bc dtte to rlrl'ilrtiorrs irt lJ.

PART 5 [0PTl0NAL]: EXTRA EXPL0RATI0N

Instead of tying 1?6 to grouucl. tly tt'irrg it to the cttllcctor terrnitlal of lhe

transistor'. Repeat the lX biirs 1-roint llreilsurelncnt encl tlte snrall-signal gairt

n)easllrc'ment. What has changecl'l Do R. ltttcl R7r need to be trltefecl to nleet

clesign spccilicatiorts'l
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LAB 7,TO

PNP Common-Emitter Amplifier
[See Section ?.5.2, p. 47 0 of Sedra/Smith]

OBJECTIVES:

To slr"rcly a PNP-based conlmoll-enlitter (ClFr) anrpliliel by:

. Contpleting thc DC and snrall-signal analysis bascd on its theoretical bchavior.

. Sitriulating it to conlpitre the le sults with thc paper attalysis.

. lrrrltlc-rr.renting it in an experinrcntal setting. taking ltleitsurenlents. attcl conl-

paling its pclfblntance u'ith thcoletical and sinlulated results.

' Mcltsuring its clutpLrt rcslstancc.
. Qualitatively seeing the inrpact of transistor:1q-11'11111;i5{r.rl r ltt'iatiotts.

MATERIALS:

Labrlratory setup. incl Lrding breaclboard

I t'NP-type bipolar tnttrsistor (e.g., NT[:2122)
.1 "lrtrgc" (c.g.. J7-7rF)eltPlte itttrs
Scvclltl resi\l()rs rll- r lrl r iltg sizcs

Wires

PART 1: DESIGN AND SIMULATI0N

Considel the circuit showt.t irr I''igurc L7. l0:

1",

FIGURE L7.l 0: Common-emitter ampli-
fier circuit, with coupling capacitors,
and resistor R, for DC-biasing purposes.

Based on Fig.7.56 p.470 S&S.
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LAB 7.10 PNP COMMON.EMITTER AMPLIIIER

Design the amplifier to achieve a small-sigual gain of'at least,4,, = 2(X) V/V. IJse
sLrpplies of tr'i = l,' = 15 y. Rsis = 50 Q, Rr. = l0 kQ. R/r = l0 kQ. ancl desigl the
circuit tcl have 1r'= I mA. Although there will be variations fl'oln transistrtr tcr

tt'ansistor. you nta)i itssttme a value of p of 100 in your calculations. Obtain thc
clatasheet for thc PNP transistor that will be usccl. ln voLrr lab book. nerfbrnt
the tirllowing:

DC 0perating Point Analgsis

' Sketch a I)C ntodel olthe circuit in yoLrr lab book, replacin-u the three "lurge-
valued" coupling capacitors (',,r. (',:, and (i., by open cilcuits (tbr sinrplic-
ity you nrav alsc.r onrit r,.1.. R.,". ancl 117.).

' Wltat are the values of /p urrd 17,:l What is the value ol- l'u'!
' l)eterrninc a value of RT tlrat produces an enritter-base voltagc drop of

lupproxintately 0.7 V. What is l/r.l
. ls the value ol R7. available in youl kit'l C'an

bining seveml rcsistors'l ('onr nrent.
. Note: At this stage we knor.v neithel I'r..-. nor

you achieve this valrrc by com-

R...

AC Analgsis

' Sketclr a snrall-sigrral moclel of thc circuit itr yorrr lab book. replacing thc tlun-
sistor with its snrall-signal nrodel (l'., is largc s() y()u nriry igtrore r,,). rcplacing
the caplrcitors with sltort circr.rits (What hu;lpens to 111.?). ancl replacing l/
with att A('grouncl. What happens t() t'+'l Labcl the blse olthe transistor as li.
i.e.. the snrall-sigr.ral voltegc itt thc inprrt. What ure the valucs of ,r5,,, ancl rn'l

. Whlt is lhe ratio of r,,/r'.1"'? ('lrn 1"ou a1'rproxinrate it'l
' I)crivc lttr expressiott lirr ,4,. = l',,/l'i. What is the value ol'R,. that procluc:cs a

sntall-sigrtal voltagc gain of al lcu,sl /, = -200 V/V'l ls the valrre you calculute
lirr R,,rrvitilablc in your kit'l ('lrn yorr uclrier,'e this vulue lry contbining scvclal
rcsistors'l Conr rnerrt.

' Whlrt is thc l)(' vttltagc ut the collc-ctrtr'l [)oe s this satisf y the assLrn.rption thut
tlrc transistol should be opel'irting in the activc region'l L:xplain.

. What is thc orLtpr,rt resisttrncc. It,,'l

Sim u lation

' Sintulatc tlte pelfirrnltrtcc cll vour circuit. I Jsc clrplrcitor- vulues ('r.r = ( r.: -
(.'r;=47 ltlt ltttdthevalucsof'R,.atrd R, bitsecl ollv()rlrpreccclingcalculutit'rns.
[]se a l0-mVpl pr. l-kHz sinusoid witlt no [)('cornponent alrlrlicd at r'.'".

. f:ronr youl sinrulatittn, rc1'rort thc lX'vlrlucs ol' 1",.,1, L t,r., [,,1, . lrrrd 17.. llow
closcly do thcy' match youl' calcrrlutiorrs'l

' Frolll your simtrlation, report .4,.. lJorv closcly cloes it nratch your culcullLtittns'l

PART 2: PROTOTYPING

Assernble the circuit outo your breadtroard using the specilied component
values and those calculated eallier. Note that R.1" represents the output
resistance clf the fLrnction genefator. ancl therefbre you should //o/ inclLlde it
in vour circuil.

76



LAB Z.1O PNP COMMON.EMITTER AMPLIFIER

PART 3: MEASUREMENTS

DC biu.s point rneu,\ur(merrl: LJsing a cligital multimeter. Ineasure the DC volt-
ages of your circuit at the base (1"3). enitter 1l'r.). nnd collector (l',)of your

t ra n sistor.
AC nrt'usurernt,rrl: LJsing a futrction seuelator. apply a l0-mV,,1 pr. l-kHz
sirrUsoitl i.ritlt rttr D('eorrt[rtrttg11[ [1r ]r)ut'ei|ctrit. (V/)/(': S()nlc l-urlctitrtt gett-

erators ouly allow inputs as small as 50 ntVnr nr. ll this is the case. use that
valrre instead. but you may expect stlnte distortic'rtt in the otrtptrt wavelbrm.)
[.]sirtg an oscilloscope, generltte plots of't',, and t', vs. /.

Orrtltttt rcsistutrtt'l1,,: Replace R7 with a l-MO resistor and repeat the AC
nleasurclllelrt. What is the arnplitttde ttf the output wirvefornl'l Adjust 1(7 r"rntil

you lincl A value such that the anrplitude of the output rvavefbrnt is lrp;rroxi-
mately 50'X, t)l'what it wus for the l-MQ resistot'. J'ltis new valtte ol'R1. is the

output resistance R,,. Ilovu does it conrpure to the value yt'ru calcttllttecl earlier
in Step 2'l Hitrt: It cuntrot be greater than the valtre of'R, .

Frrrthcr c.rltlttrutitttr'. Whut lraltpetts to the shapc ol'the output sigltal as yott

increase lhe anrplitLrcle cll-the input sigrral. e.g., to lVnr pr'l At what inptrt

lurnplitLrde clo you begin to see sigrrificrllt distortitln'.)
l..lsing a digital ntultinrcter. n)eilsure all resistors to tltree significant digits.

PART 4: P0ST-MEASUREMENT EXERCISE

Cirlcrrlate the values of Llyj itttcl l"7.,,lhitt you obtainecl in the lab. Flow cll
they con'tpar-e to yttur pre-llrb calctrlatit'rtts'l I-.xplairt lttty discrepitncie s.

lJasecl on thc nte asured vltltres ol- Ll 1,, L/,', arid l'1, atrd yclttr nteasttrecl resistor
valucs.."vhat ale tlie leirl vulues of all currents bitsecl ol.l your lab ntcastrre-

nrents'l I Iow clo they contpare to your pre-lab calcLrlatitltts'j llased ttn tlte nelts-
rurecl values rtl-currents. whlrt is the lrcttutl vultte of B litr yotrr tlansistclr''?

What is the nrcasrrrecl value'tlf-,,1,.'l llou clocs it colttltare to yotll'pre-lab cll-
c r.rIa t icln s'l [-.xpIlt in any cl isc replt rtcics.

IIirtt:'l-he single biggest source of'vuriutious f-rotu yoLrr pre-lab sitrtttltttit'rtt

lcsrrlts u ill lrc duc l() r lu irrtiorts itl p.

PART 5 [0PTr0NAL]: EXTRA EXPLoRATI0N

Instead of'tying R6 to ground^ tr'1'tying it to the colle'ctol telrnirtal of the

truusistclr. Repeal the DC bias poittt lneusr.rrcmettt and the sntall-sigttal gairt

InL.asursnlent. What has cltanged'? I)o R1 arttl R, ttsetl tc) be alterecl t0 lneet

clesigu specilications'l
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LAB 7.IT

NPN Common-Emitter Amplifier
with Emitter Degeneration
[See Section 7.3 .4, p.

OBJECTIVES:

'lb stLrdy an NPN-bused conrrnou-enritter' (('F.) unrplilier rvith un ernitter-
clegenelation resistor by:

' ('onrpleting thc [)C'ancl small-signal uturlysis based otr its thcoletical behavior'.
. SimLrlating it to colnpure the rcsirlts rvith the papcl analysis.
' Intplcnrcntirrg it itt rttt cr1'rclirttctttal sctting. tukirrg measurclnerrts. uncl eonr-

pltring its pe rfirlntance ll'ith theoreticul ancl sinrulltccl rcsults.
' QLralitutively sccing tltc inrpact of transistor.to-tlansistol- \ ut'iirtiol)s.

MATERIALS:

431. of Sedra/SmithJ

I..abrlratory setup. inclucling breaclbourd
I NPN tllnsistor' (e.g.. N1'l.,2321 )

1 lulgc (c.g.. 47yrl j) crrplreittrr'.
Scvclltl rcsistors ol'rtrr'1 inu rizcs
Wires

PART 1: DESIGN AND SIMULATI0N

(-ousiclcr the circLrit shown in Fisurc l-7. ll:

J FIGURE L7.1 1: Common-emitter amplifier
circuit, with emitter-degeneration resistor
R6,, coupling capacitors, and resistor Ru for
DC-biasing purposes. Based on Fig. 7.38
p.435 S&S.

I
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LAB 7.11 NPN COMMON-EMITTER AMPLIFIER WITH EMITTER DEGENERATION

Design the anrplifier to achievc a smlll-signal gitin of at least 1,. = 2.2 V/V with
111., = 2..3 kQ. Ljse supplies of I'i = [/ = 15 y. R,ie = 50 Q' R1. = l0 kO, atlcl Rn =
l0 kCI. and design the circuit to have 1<'= | mA. Obtain the datasheet fbr the N PN

transistor that will be used. In yi'rltr lab book' pelfbrm the fbllowing.

0C 0perating Point Analgsis
. Sketch a DC model cll'the circuit in your lab book. replucing the tlrree "large-

valuecl" coupling capacitors C<'t. C,-:. ancl C7r by open circr-rits (for simplicity
you may alsc'r tlnlit l',ig. Rrig. and Rr,).

. What are the values of ./a and /1''l What is the vitlue ol' L's!

. Detelnrine a value of It7.1 + /{7,. that produccs a base-enritter voltage drop ol'
().7 V. What is l',,''1 yyl-'^, is R7.2'l

. Are thc valrres ot'1t7.1 und Ry.. available itr vour kit'l (''trn yor-r achieve these

vitlues by contbinilrg sevcral resistols'l C'onrnlent.

' Nolt''. At this stage we kt'tclw neitllet' I1"7. t.tt'rt' /{,"

AC Analgsis
. Sketgh a sntall-sigual modcl ol thc circuit itr your lab l'rook. replacing the

tfansistor with its snlnll-signal nrocjel (l'-, is largc" so yoLl nray ignot'e r',,).

rcplaeing tlrc capacitols witlt sltort circuits (What hallpetts to Rr','?). ancl

replacing t * with an AC sl'ound. What happens to L"l Labcl thc base ol-the

tlansistor us r''. i.e.. the srnall-sigtral vclltage at the input. What al'e thc valtrcs

o1'g,,, ltnd rn'l

What is the ratio rtl r'1/r'.iu'l ('atl yor't approxilllltte lt'l
[)crive att cxpressiou lbr ''1, = t',,/t';' What is the valtrc ol'R, that l]roduces il

srnaf l-sigltal voltage gairl of rrl lL'utl A, = 2'2 V/V'l ls the valr-re ytltt calcttllttc
fitr R, availablc in your kit'l ('an yotr ltchicve this valtre b,y'ctlrtrbining scvc'ral

lesisfors'J ('omment.
Whut is the t)C voltage at thc collcctor'l Doc:s this sutisly thc assuntption that

the transistor shoLrlcl bc operating in the ltctive legion'l tixplain.

Sirrrr-rlate the pcrlbrnratrce ol')ottr circ,ttit. [1sc capacittlt'valttcs (','t = (',:-
('1.= 47 1rF lnd thc valrrcs <t1'R61. R7.-. lttld lt,.basecl oll )'oLll'prececling citl-

culations. IJse u l0-rnV',l p1. l-kilz sinusoid with no D('cttntportent lpplied
llt l'.ir.
ltrronr youl sirrulation, t'cport the D(' valrtcs ol l',,, , l"r',,, In, /,.. atltl /1 . llow
closely clo thcy tttatch yottr calcttlltti<ltls'l
l:rttr.r.r yor-u' simulation. repOl t ,1,. lltlw closcly tloes it t.tiittch y()tlr

calcu latiorts'l

PART 2: PR0T0TYPING

Assenrble the circuit ol'lto your brerrclboitrcl using the specifieci conlpL)llent

vulues aucl thrtse just calculated. Note thltt R.;. repfesellts the otrtput resist-

Irnce 6rf the function generator. and therelbre you should r7(r1 iltoltlde il in yotrr

circuit.

Simulation
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LAB 7.11 NPN CON4MON.EMITTERAMPLiFIERWITH EMITTER DEGENERATION

PART 3: MEASUREMENTS

D( biu,s point t11(u,turcnt(.nl: LJsing a digital multimeter', ntetlsure the DC' volt-
ages of yoLrr circuit at the base (lz3), enritter'(1,'r.). and collector (1.',-) of'your
t ra n si stor.
A(.- ntcu.surt,nrcnl: Llsing a functiou geuerator, appll' a l0-mVnr pi,. l-kHz
sit.tusoicl with no DC compcrr.rent to yoLrr cilcuit. (rVote: Sone lirnction geri-
eratofs only allow inpr-rts as small as 50 mV,,r pr. If this is the case. use that
value instead.)
t jsirtg an oscilloscope" generate plots of r',, altcl r, vs. /.
Ftrrllrcr L'.rplorutiorr 1: What happens to tl.re shape ol'the output signal as y()u
increase the arnplitucle ol'the input sigual. e.g.. to I V,,k ,,k'l At what input
itntplitrrcle do you bcgin to see significaut clistortion'l
Furtlrar t.t'plorutiort f: What hlppens it'yor-r clccreuse R1,1 to -500 Q bLrt keep
Rl,t + 1lr: ctltlstant'l
llsing a digitlrl rrrultimeter. measrlre all lc'sistors to three significant digits.

PART 4: P0ST-MEASUREMENT EXERCISE

(-alculate the r.,alues ctl' l,'r,,; uncl tri.r, that you obtainecl in the lirb. How ckr
Iltel'compare to your pre-lab calculatious'l Explain any cliscrcpiluLrrcs.
lJasecl otr the nreasured vlrlues ol'L'8" l'(.. und L7,and 1,our nteasurccl rcsistor
vitlues. what are'the real values ol'all crtrrcnts blsecl ()ll y()ul'lab ntcasurc-
ntents'l lJorv ckr they cornpure t() y()ur pre-lub culcrrlations'l Blrsed on thc ntcus-
rrrecl values of c:urren1s. whlrt is the uctual vulrre of p lbr your transistor'l
What is the nreastrrecl valuc- of'1,.'l Ilow cloes it contpar-e to yor.lt'prc-lab cul-
cLrlations'l l:xpluin anv cliscrcpancies.
Ilitrt: I'he single biggest sourc:c ol- variations fl'onr your pre-lab sirntrlatiou
results will be dtre lo vuriations in [J.

PART 5 [0PTl0NAL]: EXTRA EXPL0RATI0N

Itr your circuit. switch R7,1 ancl It1,,. Measule y()ur ncw lX- bias 1-roint ancl
snrttll-signal voltase gain. What has chuugccl'l What remains the sanre'l Clulr
vou exnlain this'l
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LAB 7.T2

PN P Common-Emitter Amplifier
with Emitter Degeneration
[See Section ?.3.4, p. 431 of Sedra/SmithJ

O BJ ECTIVES:

'Itr study u PNP-based comnton-emittef (C'lr) anrtrrlilier with att entitter-degetrer-
ation resistor by:

. C'olnplcting the IX- and snrall-si-unal analysis basetl ort its theoreticitl behavior.

' Simulating it to conrpare the restrlts with the paper analysis.
. lrtrplen.rerrtirrg it irr urr expt'l'inrerrtal seltitrg. tltking ntcrlsul'elneltts. altcl com-

paling its pcrlblnrance with theor eticitl atrcl sintLtlutcd restrlts.
. QLralitatively seeing thc irnpuct ol tlattsislor.to-transisttrr lltt'ilttiotts.

MATERIALS:

[-abolatoly set up. itrcl rrtling breaclbtta rd
I PN P tnrnsistor (e.g., N'l't:2322)
I llrrgc 1c.g.. 171rF )eltpltciltrt's
Serelltl lcsisl()t r ol'r'lt l1iltu sizts
Wire s

PART 1: DESIGN AND SIMULATI0N

('ortsicle r thc cilcr-rit sltown in liisLlrc L7.12:

ll:i,f.r-:r, -> Cr

'ii' 
"r-ilT+i+.

Q'*t t,l" "'1"

FIGU RE L7.1 2: Common-emitter amplifier
circuit, with emitter-degeneration resistor

R6',, coupling capacitors, and resistor R6 for
DC-biasing purposes. Based on Fig.7.38
p.435 5&5.
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LAB 7,T2 PNP COMMON-EMITIER AMPLIFIER WITH EMITTER DEGENERATION

Design thc antplifier-to achieve a sntall-signal gain of at leasr .4,, = 2.4 V/!l with
R t-t = 2.1 kQ. Llse sr-rpplic's of l.'1 = tr' = l-5 V. 1t,ig = 50 f). Rr_ = l0 kf). itnd Rr, =
l0 kO. and clesign the circuit to huve /r.= | mA. Obtain the datasheet tbl tlre PNP
transistor that will be used. Iu your lab book, perftrrrn the fbllowing:

DC 0perating Point Analgsis

' Sketch a DC nrodel of the circuit in your lab book, replacing the threc "large-
valned" coupling capacitors (l(.1, (l(., aud C7,, bv open circLrits (for sinrplic-
ity yor,r nray alsr'l or.r.rit r,.1". 1l-1". and R7.).

. What are the r lrluc's of'/6 untl- /r'? What is thc valLre ol- l/ tl)
' l)cterntine l value ol'R7.1 + Rr,.: that prodr-rccs atr cnriltcr-base voltage dr.op

ol'0.7 V. What is i'1,'l What is R7,2'l

' At'c tlte values ol R7,.1 atrd R7., available iu yorrr kit'l ('an yoir achicvc thcsc
valucs by contbining several resistols'l (lonrrrrcrrt.

. l\tote'. At this stags we knorv ucither l,'7.t.. lror R....

AC Analgsis

' Sketch a snrall-signal tnoclcl ol- thc circuit in your lab book, replucing the
tt'atrsistor with its sntall-signal nrodcl (l', is large. so vou nlry ignolc r,,).
lcplucing tlre capacitors wjth sholt cilcuits (whut happcns to R,,.'l), ancl
lcplacing l,' wrth an A('groutrcl. What happcns to lln'? Label thc buse ttf'the
transistor as r'1. i.c.. thc small-signal r"oltage at the input. What are the valrrcs
of g,,, ancl rn'l

. What is the ratio ol-r'1/r'.'u'l ('an you upproxintate it'?

' I)cl'ive ltn expt'cssit'rtt fil'1,. = r',,/r';. What is the valLrc of 11, that protluces a

sntall-signal voltage gaiu ol-rrt lcusl A,.= 2.4 V/\"1 ls the vulue you calculltc
lirr R...availitble in your kit'l ('an yorr uc:lrievc this virlue by ctlnrbining scve ral
rcsistors'l ('orn rtrct.rt.

' What is the lX' voltagc at thc collector'l l)oes thrs satisf y thc assumption that
thc trarrsistor sltotrlcl be opcrittirrg in thc uctivc legiotr'l [].xpluiu.

Simulation

' Sinrulate the perlirlrttance ol'your cifcuit. Usc capacitor valucs (',.r = (',.: -
('r= 4J;-tl: ancl tltc valttes ol'R7.1, /17,... itntl /1,.I-xrscd ()lt yor.lr preccdingcal-
cttlittittlts. IJse a l0-nrVpl p1. l-kllz sinusoicl witlr no [X'conrponcnt altpliccl
llt r.;u.

. I]ror.rr y<tur sintulirtion. rcpor-t the lX' r'alrrcs ctl' Ll,..u. L't..,." [ ,, /,,. atrcl /1.. llow
closcly clo tlrey nurtch your cllculatiorrs'.)

' I:ronl yotrr sirnulation. [cport ,,1,. I lou closcly tloes it nratch voLlr
calcLrlations'l

PART 2: PR0T0TYPING

Assemble the circuit onto yotu brcadboald using the spccified contponenl
r.,alues and thosc calculatec'l earlier'. Nrtte thut 11.1" represents the ttutpul
resistance of the lirrrctiolt generator. ancl thcrefbre you shoulcl /?()/ include it
in vour circuit.
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TAB 7,12 PNP COMMON.EMITIER AMPLIFIER WITH EMITTER DEGENERATION

PART 3: MEASUREMENTS

D(' hitt,r poitrt t?t('u.surcnterrr: LJsing a digital multinteter, Irleasrlre the D(' volt-
ages ol-your circuit at the base (1,"r). emitter'(|16). ancl cc'rllector (/r) ol-yoLrr
tra n sistor.
AC' ntt'tt,surtnrcrrl: IJsit.tg it l'unctiou genefator, apply a l0-ntV,,r pr. l-kt{z
sitrrrsoid uith no I)('eornpotreut ttt )ottt'eiletrit. (\a/t': Strfl1e l\tttctiolt ucn-

erators ouly allow inputs as small as 50 ntV,,l 1,1. ll'tlris is the case. trse that
value instead.)
Using an oscilloscope. genentte plots ttf t',, llltcl t', vs. l.
Furthcr t'.tltlrtruliott /: What happerts tcl the shape ttf the otrtptrt signltl as yott

increase the arrplitude of the inpLrt sigttal. e.g." to I V,,1 ,,p'? At what iltpttt
rrnrplitude do you begin to see signilicant distortion'l
Ftrrtlter c.rltltrutiou f: Whirt happens if yotr clecrcltse /{7'1 to 500 O btrt keep

R t;t + R L2 constaut'l
LJsirrg a digital nttrltinreter, rneilsure all resislors to three signilicant digits.

PART 4: P0ST-MEASUREMENT EXERCISE

('alctrlate the vultres ctl' L/pe attd l''7.1,tl"rltt yttu oblained in the lab. IIclw dc'r

they c:ompare to your pre-lab calcullttious'l t:rplain any cliscrepilllcles.
lJasecl on the nreasured valtres <tl'|i1,. Ilr'. attd l"r.ittrd ytltrr ntetsttrccl resisttlr
values. what are thc rcal vlrlues of all crrrretrts brtsecl oll your lab nteasure-
nrents'l llow do they cornpare to yottr pre-llrb calcr-rlations'l Ilascd on the nrcas-

rured values ol'currettts, whal is the acttral valrre of B lbr your transistor-'l
What is the meusut'ed vitlue ol',4,.'l Ilow cloes it c()ttlpare Io yottt l.rre-lab cal-
culutions'l ['.xplain ltry cliscrepltncics.
IIint: The single biggcst source of vuriations fr-onr yttrrr pre-lab sinttrlation
results will bc cluc ttt vitriatiotrs irt 0.

PART 5 EXTRA EXPLORATION

Ir.r your circuit. srvitch Rr,, und /17.,. Meusure votlr rrew I)(- bias point arrcl

srnlrll-sigual voltagc guin. Whal ltas chartgetl'l What rernains the sarnc'l ('un
yoLr explain this'l

[0PTr0NAL]:
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LAB 7.T3

NPN Common-Base Amplifier
[See Section 7.3.5, p. 439 of Sedra/Smith)

O BJECTIVES:

-Iir 
study irtt N PN-basecl comnrt'rt.t-base (C-B) arrrplifier by:

. (-onrpleting the DC and snrall-signal analysis basecl on its theoretical behaviclr.

. SinrLrlating it t<l c()nrpilre tlre r-e sults with thc palrel artirll,sis.

. Inrplcnrenting it irr lrr expc'r'inrerrtltl setting. takirtg nleasurentents" aucl cont-
pirring its perlirrnrlrnce rr,,ith theorelical and simulatecl resrrlts.

. Qualitatively seeiug the inrpact ol'tlansistorrto-tnrusistor vlrriutious.

MATERIALS:

Labor-atoly setup. inclrrdirtg breltdboarcl
I N l)N-type bipolur tnrnsistor- (e.g.. N-f H212l)
I llrlgc tc.g.. -17-pt l 

j) eirprrr:itors
Sr'rflirl lc.isltrls ol' r ltr'1 ittg sizcs

Wires

PART 1: DESIGN AND SIMULATION

('onsiclcr thc circuit shourt in lriuurc [.7. lJ

t'
-t= H,

f rl

I j, -IY
I "'lj \

f-l 't
r l -l11 '.

''r - 
^'

,fv

tl, 
,

l_-
FIGU RE L7.1 3: Common-base
amplifier circuit, with coupling
capacitors, and resistor R6 for
DC-biasing purposes. Based on
Fig.7 .39 p. 439 S&S.



LAB 2.13 NPN COMMON,BASIAMPTIFIER

Design the anrplifier to achieve a snrall-signal gain of at least l, > 50 V/V. tJse
supplies of l,i = I" = 15 !, Rsi! = ,50 O. and R, = l0 k(). and design the cir-
cuit tc'r have -/...= | rnA. AlthoLrgh there will be variations fl'om trarrsistor to
tlansistor, you nray assume a value of p of 100 in your calcr-rlations. Obtairr the
datttsheet for the NPN trausistor that will be used. In yotrr lerb book, perfbrn't
the following.

DC 0perating Point Analgsis

' Sketch a DC modcl of the circuit iu vour lab book. replacing the large-r,alued
coLrpliltg capacitors (', 1 antl C,'2. by open circuits (fbr simplicity you nlry
itlso omit l'rig. R,ig.and R7.).

. What are the values of /u and /7.1

' I)etclmine a valuc of R1 that procltrces a base-emitter voltage drop of 0.7 V.

' Is the vulue of Rr available in youl kit'l ('an you achieve this value by cont-
birr ing scvclal rcsistols'l ('onurrcut.

. Notr,'. At this stage we kuou, neithel l',,1 rror R,,.

AC Analgsis

' Sketclr a snltll-signal tloclel ol- the circuit in your lab book, replacing the
transistor with its snlrll-signal ntodcl (iguorc r'(,), replocing the capacitors
with short circ:uits, and rcplacing [''. ancl t/ with an A('grourrd. Label the
cnrittcl of thc tnrnsistor as r',, i.e .. the snrall-signal voltage ut the input. What
are tlre valtrcs r)f't',,, i111{ 1',,'l

. Whal is thc raticl of r',/r',1o'? (ian you approxinrate it'?

l)elive att exprcssion tirr .,1,. = l',,/]'1. Wlurt is the valLrc of'R,, thlt 1.lr'oduces a

snrall-signal voltagc girin of ut l<'u,st l, > .50 V/V'l ls thc virlLrs you culcrrlate
lbr ll,.,available in yottr kit'l ('an yort ltchicvc this valuc by conlbining scvcral
lcsistors'l ('onr msnt.
What is the tX'voltage at the collcctor'l [)ocs tlris satisly the assuntptiou thirt
tltc trrnsistol shoulcl be operating in the irctivc lcgiolt'l Hxplain.

Sinrulute thc perfirlnraucc of-youl circuit. IJsc caplrcitor v:rlucs (]<.r = (',.. -
"{7,rrli' ltncl thc valtrcs o1'/lr, und 11,. base cl oll yoLlr prececling calculirtions. I Jsc

a l0-nrV*,r ur. l-kllz sinusoicl with no [)('contponenl appl iccl at r'.;".
Fronr yotrr sintulatiorr. rcport the l)(' valucs ctl l'1,, . l,'r,r;. 1,. 1,., arrcl /7.. llow
closely do thcy nratch youl'calculutions'l
lirom your sintultrtion. rcpolt ,1,.. Ilorv closcly cloes it nurtch y()ur
ca lc ulitt ion s'l

PART 2: PROT0TYPING

r\ssemble the circuit onto your brcadboard Lrsing the specified component
values and those.jr-rst culcLrlated. Ntttc that R.1,, represcuts the output resist-
atrce of'the f'uttction senerator. and therefore you should aol include it irr your'
cilc u it.

Simulation
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LAB 2.13 NPN IOMMON.BASEAMPLIFIER

PART 3: MEASUREMENTS

[)( biu.s prtint m('u,\ur(m(,lt: LJsirtg a digital mr-rltimeter. measLlre the DC volt-
ages of yorrr circuit at the base (1,'3). emitter-(l/r'), arTd collector (l',) of-1ttur
t ra n sistor.
A(' tneu,surcilenl: LJsing a fLrtrctirltt geliefator" apply a l0-mVnr pr. l-kF{z
sinrrsoitl uitlr no l)( eonrptrrrer)t t() )()r.ll cirerrit. (Vl/r" \i116g litttctiott gctt-

erators only allow inputs as small as 50 rnV,rt nr,. ll-this is the case. Lrse that
value instead. bLrt yoir ntay erpect some distttrtiort in the olltput witvelbrnr.)
[.lsing art oscilloscope, generulte pkrts of r', ltttd t'l vs. 1.

Ftrrlher t'.tplorutiorr'. Whirt happens to the shapc of'the output sigtritl lts yttu
increase the amplitutle ol the input signal. e.9., to I V,,p ,,1'l At what inprrt
anrplitr-rde do you begin to see signiticaut clistortion'l
Using a cligital nrultinreter'. ureasure all lesistors to three si-qnificant digits.

PART 4: P0ST-MEASUREMENT EXERCISE

('alculate the vlilues of l'6r.. Ancl l.'.-7r that yclu obtairrecl in tlie lub. lktw do
they conrpare to yt.rtr r' pre-lab calcrr llttion s'? F:xpla i rr lt tty d iscrepit ncic:.
lJasccl on tlre melrstrled vlrlucs o['l,'(.ancl I'1,ancl your nreasul'ecl resistor vrtl-
rues, what are thc rcal values of lll ctrrrsnts basecl ou yorlr lab ntcasrrrcttrettts'l
IIorv clo they compulc to 1'q11'- ple-lab eitlcLrlltti<-rns'l Based or.r the tueasurecl

values of'cLrrlents. what is tlte lclual '"'aluc ol-B lir'1'oLrr tritttsistor'l
What is the'rneusurcd valirc ol'.4,.'l Horv clocs it colnplre to your prc-lab cal-
culutions'J I-xplain any disclepitttcies.
IIirtt 'l'he single biggest sourcc of vuliations ll'orr vour ple-lab sirnrrlation
rcsults will be duc to vitriutious in $.

PART 5 [0PTl0NAL]: EXTRA EXPLORATI0N

Using tlre firnctit'rn gcuelatof, udd rr l-V D('cottrponcttt to thc input r'.i. alrd
repeilt the rneusulerneuts. I)o you slill gct thc sutue l)('opcratirtg point uncl

voltugc gairt .1,'l Why or wh1' rtot'?
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LAB 7.1.4

PNP Common-Base Amplifier
[See Section 7.3.5, p. 439 of Sedra/SmithJ

OBJECTIVES:

'lb str"rcly a PN P-basecl conrntc'rtt-base (CB) anrplifier by:

. ('olnpleting thc DC- and snlrll-sign;rlltnalysis basecl on its theoretical bchavior.

. SinLrlating it to compare the lesults with the paper rtralysis.

. Iutplenrentilrg it in urr erperinrental settiug. taking nleasufelnents. ancl cont-
paritrg its perltrrnrance with theoreticul and sitnulutcd results.

. Quirlitatively secing the imltact of transistor.to-trausistor' \,irrilrtior.rs.

MATERIALS:

Laboratory set up. incl rrdirtg breltdboarcl
I PNP-type bipolar transistor (e.g.. N I'Fi2322)

I lrr rge tc.g.. 47-1 l- ) eltl'rrtrittrt's
Scr clrrl lcsi.ltrls ()l- vlu ) i rtu :izc:
Wires

PART 1: DESIGN AND SIMULATION

('onsider the circuit sltowtt in lrigtrle L7.1,1

l"-j.,

.--'*-j'ij-"'
a+) 

tt'"' " ,)
l- tt,' Il--, (..:

r-i r-r'
*"" ^'* 

v"

fv!

FIGURE L7.1 4: Common-base
amplifier circuit, with coupling
capacitors. and resistor RB for
DC-biasing purposes. Based on
Fi1.7.39 p. 439 5&5.



LAB 7.T4 PNP COMMON-BASE AMPLIFIER

Design the amplihel to achieve a smilll-signal gain of at least 1,. > -50 V/V. tlse
supplies of I,; = -[ = 1.5 y" R,is = 5(] Q, and Rr_ = l0 kQ. a1d design the circuit
to have /<. = I mA. Although there r,vill be variations fiom trausistor to trirnsistor'"
you t'nay assunre a valuc of p of l(X) in youl calculatior.rs. Obtain the datasheet lirr
the PNP tratrsistor that will be trsed. In your lab book. pertblm the follorving.

DC 0perating Point Analgsis

' Sketch a DC' tnodel ol'the circuit in yor-rr l:rb book. replacing the large-r,aluecl
couplittg cupacitors (',,' and Ci,: by open circr-rits (firr simplicity you nray also
r)mit r,.1". R.,., and 117.).

' WhaI are the values of /, and /r.:l
' l)etelntine u value of 1{7' that tr)rocluces an enritter-base voltage drop t>l'

0.7 v.

' [s the vrlluc] of'R7, available in ycrut kit'l Cilll you achicve this value by conr-
bining several resistors'l ('ommeut.

' Nr)/(,: At this stiLge wc knorv rreithe r l'l.,,.lror 11,..

AC Analgsis

' Sketch r small-signal rnodel ol'the circuit in your lab l-rook, replac:ing the
tnutsistor rvith its snrall-signal nroclcl (ignore r,,). repllcing the callrcitors
with short circtrits. and replacing l'* ancl l'' with an A('ground. L"abel the
enritt.cr o1'the triinsistor as r'1^ i.c.. thc small-sigrral voltage at tlre iuput. Whut
are thc vlrlrres ol,q,,, artd r',,'l

' What is thc latio of'r';/r'.;"'? ('an yorr approxinrate it'l
' Dclivc itlt cxprcssit-rn for 1,. = l',,/t'l. What is thc'valLre ot'/{, that produces lr

snritll-siguul voltagc gr.rin r-rl'ut lcu,;t.r1, t 50 V/V'l ls the vulue you calculatc
tirr R,.availablc in voul kit'l ('an you achieve tlris valLre by conrbining scverirl
resistors'l ('t-rnt ntcnt.

' What is the D(- voltitgc itt thc collcctor'.) [)ocs this sirtisfy the assrrntptiou that
the tlatrsistol shoulcl be ope ratirrg in thc activc lcgion'? I':xplain.

Simulation

SintLrlatc thc lrcrfir-rnilnoe ol'youl'cilcuit. Use caltacitttr valrres ('r.r = ('r,: -
,17 ptH irurl thc valrres of 1{r.and /t,. basctl on vour prececling calculations. tlsc
a l0-nrV,,t pt. l-l<Hz sinusoid with no [)('cortrponent irpplietl at l'.;*.
I:rcrtttyoursinrrrlation.reltoltthclXl valucsof'l''7,4. L't;,., In./,..and/1 . Horv
closely do they nralch youl calcuIatiorrs'l
Irt'<.1.t't yoLrr sinrulation, I'eport ,'N,. I low close ly cloes it nlrtch your
ca lcrr lltt iorr s'l

PART 2: PROTOTYPING

Assontbler the cilcuit onto yoLu- brcaclboard using the specified coutpouent
values ancl those.jr-rst calculatcd. Note that R.1, represents thc output lesist-
attce of the I-uuction gencl'ator'. ancl thcrcfbre you shoulcl rrr.,t include il iu y,our'

circu it.
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TAB 7.1,4 PNP COMMON"BASE AMPLIFIER

PART 3: MEASUREMENTS

DC hitr,s poitrt meu,\ttrenterit: lJsing a digital lrtr-rltimeter" lneasure the DC volt-
ages of'1'our circtrit at the base (l/r,). enritter (I/rJ. ancl collector (1,',) of yttLrr
tran si stor.
A(' nrctt.strralrclt: IJsing a futrction generator. apply a l()-nrVnt pr, l-kHz
sinr-rsoicl with uo DC conrllonent to your circuit. (No/r,: Some f unction geu-
erators only allow inputs ils sntall as .50 ntV,,r pr. lf this is the case, trse that
vulue itrstead. but you rrly expect sonre distortiol iu the output wavefbrrn.)
IJsing an oscilloscope. generate plots of'r',, ancl r', vs. t.
['ttrtht'r c.rplttrutiort'. What happens to the sl.rape ol'the output signal as you
increase the anrplitude of'the inprrt signal, e.9.. to I V,.1 ,,1'? At rvhat inpLrt
amplitucle clo yor,r be-uin to sce signi{icant distortion'J
Llsing a cligital multinreter', trreasrrre all resistors to three signilicant cligits.

PART 4: P0ST-MEASUREMENT EXERCISE

Crrlcrrlate the vulues of L1 t,,tt ilud l/7.r.that yotr obtained in the ltrb. Hclw do
tltey conrpurc to y()ur pre-lab calculatious'? Iixplain any cliscrepanr;ie s.

Ilasecl on tlte measurecl values rtf l/, ancl l"r.Antl yorrr nteasul'ed resistor val-
ttcs, rvltitt itre the reitl valLrcs of ltllcurrcnts basetl on your lat'r nreasrrrenreuts'?
llow'clo lhe'y conrpure to \'()ur pre-lab culculations'l Brscd on the nteasrrred
r.'ltlues ol-currents. wlrat is the actuul value ol'$ lirr vorrr transistt.rr''l
What is the meitsrtred valtre of .1,.'? | Iow cloes it eor11p11ps to )'ortr pre-lab cal-
cLrllttions'l Explain truy cliscrepancies.
lIirrt:'I'he single biggest source of variations fronr yoLrr prc-lab sirnullrtion
resrrlts will be clue to r.ariations in |J.

PART 5 [0PTl0NAL]: EXTRA EXPL0RATI0N

[]sirte the lirttctiort senerator. irdcl lr l-V D('compt'rnent to the input r',i, and
rcpeilt the ntertsrrrelnents. Do you still get thc surne DC opcratinu point rncl
voltirge gltin /,,'l Why or r,r,hy rtot'?
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LAB 7,15

NPN Emitter Follower
[See Section 7.3.6, p.44? of Sedra/Smith]

OBJ ECTIVES:

Tcl study an NPN-basecl ernittel fbllower by:

. ('onrpletiug the DC ancl small-signal analysis basecl on its theoretical behavior.

. Siniulating it to compirre thc lesrrlts with thc paper analysis.

. Inrplenrenting it irr un cxper-irrrc'utulsctting. taking lncilsurenleltts. itnd cotn-
paring its perlbrnrance with theoretical and sinrulatecl r-csults.

. Qrrirlitiltivcll sc'eirrg the irrpire l trl'tftrn:istor-t()-t|iulsist()l \lu'iilti()ns.

MATERIALS:

' l-ubolutory setull. itrclrrdittg breltrlbrtarcl
. I NPN tnrrrsistor (c.g.. N-f I:.2.lll)
. 3 llrrge (c.g., 47-7rfr) capacitors
. Several rc'sistors of valving sizes
. Wires

PART 1: DESIGN AND SIMULATION

C't.nsiclel thc circuit shown in FigLrre I-7. l-5

(1., I'

FIGURE L7.15: Emitter-follower circuit, with coupling capacitors, and resistor Ru for DC-biasing
purposes. Based on Fi1.7.43 p.4a6 S&S.
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LAB 2.15 NPN EMITTER FOLLOWER

Design the anrplifier such that 1r'= I mA and l, = 0.95 V/V. [Jse supplies ()f ,/+ =
l/ = l-5 \2. Rs;s = 50 Q, nnd R/, = l0 kQ. What is the nrininrum value of Rr_ that

satisfies the design requilenrents? Obtain the datasheet fbr the NPN transistor
that will be used. In yor-rr lab book, perfbrm thc- firllorving.

DC 0perating Point Analgsis
. Sketch a [)C nrodel of the circuit in yotrr lab book. r'cplacing the large-valued

coLrpliug capacitors C,., aud Q.: by open circuits (fbr sinrplicity yolr nrry also
onrit r'.,u. R.1". aucl R7). What is 16'l What are L',, and I,',:l

' Based on the requircd value of 1..., what is R7.l

AC Analgsis
. Sketch a small-signal nroclel ol tlte circuit in your lab book. replaciu-u the

transistor with its snall-signal nrodel (try u T nroclel. ignoring r,,). replac-
ing the capacitors ivith short circuits, lttrd replacing l''* arrd t" with an A('
srouncl. Label thc base of tlre transistol its l,i. i.e.. thc snrall-signal voltage at
the inpr.rt.

. What is the ratio of r';/r'-;.'? llow would you approxinrate it in f'rrrtlrer
ca lc r-rla t ion s'l

' Delive an exltt'essir'rn fbr 1,. = r',,/,,.
. What is the rnininrunr value of /t7 thlt satisties the clcsigu recluirements'?
. Whut is the value rtf ,r,,,,,'1 What is r,,'? What is I,l?
. ('ulculatc tlrc output re sistarrce of your anrplifier'.

Simulation
. Simulate the pcrlbnnance of your circuit. Iise crapacitor valucs ('r.r = ('t.:

= 47 /t[r uncl the valr"re of 111, bitsed ol.r y()ur prcccding calculations. Use ir

l0-nrV,,r pr. l-kHz sinr"rsoitl with uo lX'conrponent lpplicci irt r',;".
. Fromyor-rrsinrulation"reporttheD('vnlucsol'l''7,7,. i,.r',and/,.. Ilowcloscly

clo thcv nratch lorrr"calcrrlutions'l (Renrelutrer: 'l he si nrr"rlator hus its orvn.
nrolc eornplcx nrr)clel of the leal transi:itor. so thcrc should be sonre srnlll
vu riatiorr s.)

. Frorn your-sinrulation. repoft A,
ca lc r"r la t ion s'l

PART 2: PROTOTYPINc

llow closely cloes it uratclr youl

Asscrnble the circuit onto your breaclboard rrsing the specifietl conrpoueut
values ancl those.just calculuted. Note tlrat 11.1" represents the output lesist-
ltnce ol-1he I'unction gene fator. and theretitre you shoulcl riol inclucle it irr ytrLrr

cilcrrit.

PART 3: MEASUREMENTS

[)('hiu,s ltoint ut(u,rurefiiorl: tJsing a digitalnrr-rltimeter, n]easure the D('volt-
ages of your circuit at thc basc (l'r) and ernitter (l' n,) of your transistor.
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LAB 7.15 NPN EMINER FOLLOWER

A(' tneusurenrcnl: L.lsing ir fuuction generator. apply a l0-nrV,,1 n1. l-kllz
sittttsrrid uith rto D('cornponer)t t() )our eireuit. (\'olt,: Strntr'l'rrrretiolr gr'rr-
erators or.rly allow inputs as smarll as 50 ntV,,l pr. lf this is the case. use that
valLre instead.)
tJsing an oscilloscope. gellcrate plots clf r',, lind r', vs. /.
IJsing a digital ntultimeter', lr]easure all rcsistors to three si-enificant digits.

PART 4: P0ST-MEASUREMENT EXERCISE

(lulculate the values of ll;r. uncl |',.-.r. ihat you obtaincd in the lab. Ilorv cltt
tltey conrpar-e t() your pre-lab calculatiorls'? [:rplain any discr-epancles.
Based ott the ttteasurccl vultrcs of l/sancl l/r. uucl your ntensurcd resistor val-
ues. rvhat is the real valuc of /,,based ol't your lab nteasurernents'l
What is the nreasrrrecl value of l,.'/ Hoiv does it colntrlare to your pre-lab clrl-
culations'l [,:rpluin any discrcplrncics.
Wlurt woulcl hitppen if you used thc l'r,rnction generator rvith .50-O output
t'esistancc to rlrivc youl load resistor clirectly'l What gaiu wor-rld yttu gct'?
What lvould happcn if tlte outptrt lcsistattce of the l-Lrnction gcncratit)n wus
clutrtgecl ll'onr 50 O to -s kO'? Whirt clo yt'ru conc:lrrde'l Reeall tlre value of orrt-
put lesistuncc vou calculatecl earlicl'.
llitrt: l'lte sinulc biggest source of r.'ariatious fl'orn your pre-lab sinrulution
t'esults will bc duc to vuriations in B.

PART s [0PTl0NAL]: EXTRA EXPLORATI0N

Acld a 5(X)-O resistor betweett the lirrrction uelterurtor outpLrt uucl elrprLeitt.r'
(',.,. How docs the gairr ol-your cilcuit crhlrnge'l ('an you cxplain tlris'l
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LAB 7.16

PNP Emitter Follower
[See Section 7.3.6, p.442 of Sedra/Smith)

OBJECTIVES:

'Io strrdy a PNP-basetl enrittel lbllower by:

. (iompleting the D('and srnall-signal analysis basetl on its fircoleticul
beh rtvior.

. Sirnulating it to conrpare the rcsLrlts with the paper analysis.

. Inrplenteuting it in un cxperirnerttal setting, taking nreasurements. and conl-
paring its perfbrmance with theorctical uncl sinrr-rlated resrrlts.

. Qualitativelv seeing the irrl-luct ol'transistor.to-trausistor r lrriatit'rus.

MATERIALS:

. Laboratory sctup, inclucline bleudboitrcl

. I PNI) transistor (e.g.. N'l'lr2ll2)

. 3 lalgc (e.g.. 471rF ) cupacitols

. Several resistors of varying sizes

. Wircs

PART 1: DESIGN AND SIMULATION

('otrsidcl thc circuit sht'xvn in Fisure L7.16:

FIGURE 17.16: Emitter follower
circuit, with coupling capacitors, and
resistor R6 for DC-biasing purposes.
Based on Fi1.7.43 p.446 S&S.
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LAB 7.16 PNP EMITTER FOLLOWER

Design the amplifier such that /r'= I ntA ancl .4, = 0.95 V/V. [Jse sr"rpplies of tr/+ =
l' = l-5 y. Rsis = 50 Q. and R/r = l0 kO. What is the nrininrum value of R7 that

satisfies the dcsign rcquirenreuts'l Obtain the datasheet lbr the PNP transistor
that u,ill be used. In your lab book. perfblnr the folltxving.

DC 0perating Point Analgsis
. Sketch a D(' nrode I of thc circuit in your lab book. replucing the lar-gc-valued

coLrpling capacitors (',.1 ancl (.,.: by ope n circuits (fbl sirnplicity you nray alsir
orrrit r'.1o, R.1". ancl Ry.). What is /6'l What are l.''ll and 1"7.'?

. Based on the reqr-rired valr-re of'/,.. what is Rr.?

AC Analgsis
. Sketch a snrall-signal nroclel of thc circuit in vour lab book. replacing the

trarrsistor witlr its small-signal nrodcl (try a -f moclel. ignoring r,,). rcplac-
ing the capacitors witli short circ,uits. ancl leplacirrg l* ancl 1.,' rvith au A(
sround. Label thc basc clf the tlansistor As l'i. i.e.. the srnall-signal voltage at
the input.

' What is thc ratio o1'r';/r',,"'l Ilorv w'ould you approxinrnte it in lirrthcr
cale:ulat i<-rns'l

' l)erivc atr expression lbr ,'1 , = r',,/r,1.

' Wlrltt is the mininturtt valuc of Rr, that slrtislles the design reclrrilenrcnts'l
' What is thc valrre of .q,,,'? What is r','? What is ,,1,1?

' ('itlculate the or-rtput resistunce of youl anplilie r'.

Sim u lation

' Sirrrulate the pcrfirrnrance of yoru cilcLrit. IJsc capircitor l'ulues ('r.r = (',.:
= 4J /tl] ancl tlte valuc of R7. based on y()ur pl'cccciing calculations. [.Jse lr
l0-nrV,,l pr" l-kllz sirtusoid rvith uo [)('c:onrlronent appliecl at r'.,r.

' I:t'ot.n youl sinrrrlation. r'cport the t)('valucs ol L',.,,. 11y.1 .. rlld 1,.. I Iorv cltlsclv
do they ntatch yorrr citlcLrlittic'ns'l (Rcnrcnrbcr: l'he sirnulator hlrs its own.
tttt'r'c eonrplex rnotlel tlf thc |eill t|arisistor. so lhere should bc somc snrall
variations. )

' l;r't.rut your- sinrullttion. l'e pof t ..4,.. I ltxv closcly doc-s it rnatch ]'oul'
cl lc u ll t ions'l

PART 2: PROT0TYPING

' Assetttble the circLrit onto your br-e aelboitlcl usins thc s1-lccilicci c()nlp()ne11t
vitltres ittrcl tht'tsc.iust calculatecl. Note tltat R.," represeuts thc output resist-
ance ol'the fuuction genet iltor, and theretbrc 1,orr shotrlcl /r{)t includc it in yor.rr'

circuit.

PART 3: MEASUREMENTS

D('ltiu,r point t1tcu,\ur(nrorr: tJsing a digital ntultinreter. lueasure the I)C volt-
ages of your circuit at the base ( l"n) ancl enlitter ( l, 1-) of yttur tratrsistol'.



LAB 7.16 PNP EMITTER FOLLOWER

ACI nteu,surt,/,rcll/: LJsiug a functiotr gelterlttor. appl1, a l0-ntVpr pt. l-kllz
sirrtrstrid r.l ilh rrtr l)C eorrrpotretlt to )otlr cile uit. ( Vrrlr': Sonte ftrtte l"ion gctt-

erators only allow inpr-rts iis small as 50 mV*,r nl. lf this is the case. use thilt
value instead.)
tJsing an oscilloscope. getterate plots of l'() And t'i VS. /.

LJsing a cligital multinteter. Tneastlfe all rcsistors to three signifieant digits.

PART 4: P0ST-MEASUREMENT EXERCISE

CirlcLrlate the v'alues ol' l,'r, attd I/716'that you obtltinecl irr thc lab. llow dt-r

they c:onrpale to your pre-lab calcr,rlatiorts'? Explain atty cliscrepancies'

Bitsed on thc rleasulecl values of [/3attd l'l..and your llteusul-ed resistor vltl-
tues. what is the le-al r,'aluc of /.,.based oll yollr lab nleasttrenretlts'l

Whirt is the nrcasttred valtre ol-l,ll Htlw clocs it compare to your pre-lab cal-

culatious'l [:xplain any discrepltncies.
What woLrlcl happen if you used the lunction geltet'ator with 50-O oLltptlt

rcsistance to clrive 1,ttur lttatl t'esisttll dir-ectly'l What gain lvoLrlcl ytltr get'l

What would hitppcn if the outptrt resistatrcc of the fr,rncticttt gencratit)lt \\rt\
changcd I'ronr 50 Q to .5 kO'l What dr> ycu conclude'l Rcclll the vitltrc of ottt-
put rcsistancc you calcttlitted earlie r.

[{int:'I'he single biggest sr)urce of variutions ll'ottt yout' pre-lab simtrlation
rcsults u'ill be due to variatiotts in [J.

PART 5 EXTRA EXPLORATION

Adtl a 5(X)-O resistol bctrvccn the frrnctiou gcneratol output uncl capitcit<tr
('., 1. llow cloes the gliu of ytttrrcirctrit chlrrtgc'? C'an yotr cxplain this'?

IoPTr0NAL]:
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LAB 7.17

NM0S vs. NPN: Common-Sour ce/
Common-Emitter Am plifier
Com pa rison

O BJ ECTIVES:

'lb conrpare MOS- ancl flJT-based arnplifiers by:

' Btrilcling and characte rizing au N MOS-basecl conrnron-source (CS) arrrplilier.
' Rcplacing the NMOS trausistor witlt an NPN tlansistor arrd rechurac(er-

izing tlre llew cor)ln()n-ernitter (ClF.) circuit.

MATERIALS:

' l-ltbrlrat()r'y sctup. inclLrcling l"rreaclbtxrrd

' I enharrcenrcnt-type NMOStransistor'(e.g.. M('l4(X)7)
' I NPN tnrnsistor (c.g.. N-fE232l)
' 3 llrgc (c.g.. 471rF ) capacitols
' Sevcnrl resistors ol'varying sizes
. Wiles

('tlttsicler the trvo circLrits slrolvtt in l'igulc l-7. 17. Note thc structrrlal sirrrilarity
betw'cren the trvo circr-rits.

(., )

FIGURE L7.17:. (al NMOS common-source amplifier, and (b) NPN common-emitter amplifier.
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LAB ?,I? NMOS VS. NPN: COMMON-SOURCE/COMMON.EMITTER AMPLIFIER COMPARISON

PART 1: CS DESIGN AND MEASUREMENT

Hand calculations

Design the CS anrplilier in Fig. U.ll(a)
A,= 5 V/V. tjse sr,rpplies of l/n = V -
= l0 kQ. ancl design the circtrit to hare
tr't;={l V. Llse Ctr= C'r':= Cs=4J !f-.
source of'the N MOS'I

Simu lations

Sintulate the perlitrmance of-your circuit. []se a l0-mVpk pk. l-kFIz sinusoid witlr
no DC contponeltt applied at t..i". Rcport the DCI value of 11'. Whitt is ,4,'l

Prototgpi ng

Assenrblc thc circr-rit onto your breaclboat-cl usittg the spec,ifiecl conlpolletlt
values ancl those -iust calculatccl. Once ttrorc. 11.;" represents the Otrtput resist-

nlce 9l'the hrnction geltertrt()r^ ancl thelcfitre 1'ou sholtlcl rrol irlcltrde it iu l,tlr-rr'

circ r-r it.

Measurements

t.lsiug a cligital nrultintetcr. nreusr.rre thc I)C voltages of youf circuit at thc gatc

( 1,,), s1lLrrce ( y'r). ancl drain ( l, 7,) ol'youl transistrtr. Thert. using lt I'utrctiou genera-

tor'. a1t1tl1,a -50-ntV,,1 nt. l-kllz sirrusoicl with no D('cclttrpottcltt to )()ttr cir.ctrit.

Llsing art oscilloscope. scllerilte pltlts ol- t, allcl t'1 vs' l. What is ,4,il

PART 2: CE DESIGN AND MEASUREMENT

Hand calculations
('onsiclcr the CI: lnrplilicr in lrig. L7. l7( b)" 'l hc rnain clil'l'clence I'r'onr the ('S

antplilier is that rve huvc lepllccd thc NMOS tt'atisistor by an NPN tt'atrsistor
(uncl chauged sonte of thc rtotatiorl!).

Scttiug /lr, = 11,r. Rr, = Rr. ancl (). = ('s. uttcl kec;littg l'r. = L'.s (use your'

nreasulcd valrre) atrd l,= Ir,.lvhat D('voltltge I l tlo vott recyttit'e at the blrsc of'

the Nl)N transistor"l (L!int: Al activc NPN trausistorhltsa base-entittclvoltlrgcof'
apprttxinrately t).7 V). What new vulrres of Rq artcl 11. clo yotr rteecl t<l use to ltchicve

this vulue of I/3 rvhilc keeping 1t,ll/{1 = l0 kO'l Since 113 + 0. yotr rvill need to derive

tlte'l hcvcnirt ccuivalent circuit.

Sim ulation

Sinrulate tfic comnton-cmittcr cilcuit usittg the earlicr valttcs (inclucling the ncrw

values of 111 and R2). What is thc voltage gain of'the ttew circr.rit'l What itrc V r, l', .

ancl I,'7.? l{ow dtt tltcy conlparc to l',r. l'p. lttld l'.' ilt the CS circuit'l

Prototgpi ng

Asserlble the new cilcuit clnto your bleadbclald using tl-re specifiecl component
values und those just calculatecl. Yor-r shotrlcl be able jtrst to replace the NMOS
with an NPN transistor, aucl replace R1 and R2 wit| their tlew valLtes.

to achieve a small-signitl gairr of at least

l-5 V, R.i" = -50 Q, R7. = l0 kQ. and /t1llR]
1r, = I mA ancl a DC voltage at the gate

What is the expected DC voltage at the
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Measu rements

LJsing a cligital nrultimeter', lneiisure the DC r,oltages of your circuit at the base
(tr/3). entittet- (l'r,). and collector (() o1'ytlr-rr transistor'. 'l'hen. usir.tg it function
geuerittor. apply a 50-mV,,p,,1. l-kl{z sinusoid with no DC componeut to vour
circr-rit. [Jsing an oscilloscope, generate plots of r],) ilnd rr vs. t. What is 1,.'l

PART 3: C0MPARIS0N

List all thc sirnilarities anrl clil'l'erenccs you can think of betweetr the two
amlrlifiers.
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CONCLUDING REMARKS

fhe authors wish you well in your cont.iltued stLrclies!

And remcnrber... it willall work olrt in theend. lf it hasn't rvc'rrked out vet.
then it clearlv isn't the endl


	Title Page
	Table of Contents
	Preface
	Lab 2.1
	Lab 2.2
	Lab 2.3
	Lab 2.4
	Lab 2.5
	Lab 2.6
	Lab 4.1
	Lab 4.2
	Lab 4.3
	Lab 5.1
	Lab 5.2
	Lab 5.3
	Lab 5.4
	Lab 6.1
	Lab 6.2
	Lab 6.3
	Lab 6.4
	Lab 7.1
	Lab 7.2
	Lab 7.3
	Lab 7.4
	Lab 7.5
	Lab 7.6
	Lab 7.7
	Lab 7.8
	Lab 7.9
	Lab 7.10
	Lab 7.11
	Lab 7.12
	Lab 7.13
	Lab 7.14
	Lab 7.15
	Lab 7.16
	Lab 7.17

