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Introduction 

Thc first part of tlic lab cxplorcs thc charactcrization of a nctwork by its Tlicvcnin and Norton 
cquivalcnts. Tlic scco~id part cxplorcs tlic static bchavior of logic gatcs constructcd with 11-channcl 
MOSFETs and rcsistors. You should coniplctc tlic prc-lab cxcrciscs in your lab notcbook bcforc 
conling to lab. Tlicnl carry out thc in-lab cxcrciscs bctwccn Fcbruary 26 and March 2. Aftcr 
co~nplcting thc in-lab cxcrciscs, havc a TA or LA clicck your work and sign your lab notcbook. 
Finally, co~nplctc thc post-lab cxcrciscs in your lab notcbook, and turn in your lab notcbook 
during recitation on Wcdncsday March 7. 

Pre-Lab Exercises 

Prc-Lab Excrciscs 1-1 and 1-2 cxplorc tlic cliaractcrization of a nctwork by its Thcvc~iin and Norton 
cquivalcnts. Prc-Lab Excrciscs 1-3 through 1-5 cxplorc thc static bcliavior of logic gatcs. 

(1-1) 	 Dctcrnli~ic tlic Thcvcnin and Nortoll cquivalcnts of thc ~ictwork shown in Figurc 1as vicwcd 
at its port. 

Figure 1: Sourcc-rcsistor nctwork for Prc-Lab Excrciscs 1-1 and 1-2 

(1-2) 	 Evaluatc thc Thcvcnin and Norton cquiwlc~its of thc nctwork for tlic following wlucs: 
V = 5 V ;RI = 50 S l ;  R2= 2.2 k0; R3 = 1.5 k0.  

(1-3) 	 Figurc 2 shows a NOT gatc, a NOR gatc, and a NAND gatc constructcd from n-channcl 
MOSFETs and 1 k 0  rcsistors. Thc figurc also shows a switch-rcsistor lnodcl for thc n-
cha~i~icl for all thrcc gatcs. In MOSFET. Using tlic switch-rcsistor niodcl, colnputc v o u ~  
doing so. considcr all combinations of input voltagcs: an input voltagc may bc cithcr abovc or 
bclow tlic MOSFET thrcsliold voltagc VT. In cach casc, cvaluatc VOLIT assulning R o s - 0 ~= 
4 0. Suninlarizc your rcsults for cacli gatc in a tablc. 

(1-4) 	 Figurc 3 shows a conibinational logic circuit. thc input-output truth tablc for Dctcr~ni~ic 

this circuit. 
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(1-5) Draw thc circuit diagrani for thc colnbiliational logic circuit shown in Figurc 3 using tlic 
gatcs shown in Figurc 2. 
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Figurc 2: A NOT gatc, a NOR. gatc, a NAND gatc, and thc switch-rcsistor MOSFET lnodcl 

Figurc 3: Conibinational logic circuit for Prc-Lab Excrciscs 1-4 alid 1-5 
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In-Lab Exercises 

In-Lab Excrciscs 1-1through 1-3 cxplorc tlic characterization of a nctwork by its Tlicvcnin and 
Norton cquivalcnts. In-Lab cxcrciscs 1-4 through 1-9 cxplorc tlic static bchavior of logic gatcs. 

(1-1) 	 Construct thc nctwork shown in Figurc 4. Howcvcr, bcforc co~nlccting tlic signal gc~icrator 
to thc rc~naiiidcr of thc nctwork, sct its output voltagc to a constant 5 V? and chcck this 
output with thc multi-nictcr. Thc ~ictwork is tlic samc as thc onc shown in Figurc 1: 
with thc function gcncrator scrving as both tlic voltagc sourcc and rcsistor R1. Note: The 
function generator has two modes to compensate for the load impedance- 50 i2 and High Z. 
Make sure that your function generator is set to the High Z mode. Press [Shift] and then 
[Enter] to get to the menus. Using the dial, switch to menu D, the SYS MENU. Next press 
the down arrow twice. Use the dial to switch to HIGH 2. Then press [Enter] to save. 

I u 
L - - - - - - A  

Signal Generator 

Figurc 4: Expcri~nc~ital sourcc-rcsistor nctwork. 

(1-2) 	 Mcasurc thc opcml-circuit voltagc and short-circuit currcnt of tlic nctwork with thc multi- 
nictcr. Notc that thc multi-mctcr is itsclf a ncar opcn circuit wlicn uscd as a voltnictcr, 
and a ncas short circuit wlicn uscd as an amnictcr. Tlicrcforc, thc dircct connection of 
thc multi-nictcr across thc port implcnicnts thc propcr mcasurcmcnt in both cascs. Your 
rcsults fro111 Prc-Lab Excrcisc 1-2 should show that both nicasurcnicmlts arc within thc safc 
rangc for tlic niulti-mctcr. 

(1-3) 	 Conncct a rcsistor across thc ~ictwork port and nicasurc thc port voltagc v with tlic multi- 
nictcr. Do so for resistors liming rcsistanccs of 560 i2. 1k 0  and 2.2 k0.  

(1-4) Construct thc circuit sliown in Figurc 5 ,  wliicli is dcsigncd to nicasurc tlic thrcsliold voltagc 
of thc MOSFET: tlic MOSFET pin assig~nncnts arc givcli in thc attachcd data shcct. Tlic 
MOSFET should say 2N7000 on it. Makc surc that you don't accidc~itally rcvcrsc tlic 
polarity of thc MOSFET. Tlic sourcc sliould bc conncctcd to ground, and thc drain to tlic 
1k 0  rcsistor. (As cvidcnt from thc MOSFET schcniatic in thc datashcct. notc tliat tlic 
drain and sourc tcrmi~ials of discrctc MOSFETs arc not symnictric). Usc tlic niulti-mctcr 
to mcasurc v c s  and thc oscilloscopc to mcasurc v ~ s ,and sct thc signal gcncrator to providc 
a constant output. With v c s  at 0 V , v ~ ssliould bc at 5 V. Gradually incrcasc vcs  until 
v ~ sstarts to fall. Thc valuc of v c s  at which this occurs is VT. 

(1-5) Bcgi~i~iingwith tlic circuit sliown in Figurc 5 ,  rcniovc thc 1ki2 rcsistor and tlic oscilloscopc 
from thc MOSFET drain. With v c s  at 5 V ,  nicasurc RDswith thc multi-mnctcr. This 
rcsistamlcc is R o s - ~ ~for v c s  = 5 V ;notc tliat tlic multi-nictcr supplics a vcry small voltagc 
whcn uscd as an ohmnictcr. 

(1-6) 	 Construct tlic NOT gatc from Figurc 2 and conncct its input to a switch and 10ki2 rcsistor 
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Figurc 5 :  Circuit to mcasurc VT. 

as sliown in Figurc 6. For both switch positions, tliat is for both logic input lcvcls to tlic 
gatc, nicasurc v o l r ~with thc multi-nictcr. 

A switch pack and a 10 k 0  rcsistor array (10k SIP pn.Al03J) liavc bccn clioscn to simplify 
thc wiring of the switchcs to tlicir associatcd rcsistors. Spccifically, tlic switch pack can bc 
placed in the protoboard so that olic sidc is on a conimon ground strip and cach pin on tlic 
othcr sidc is on a scparatc tracc. Thcn, thc rcsistor array call bc inscrtcd into tlic protoboard 
alolig sidc the switch pack so tliat scparatc rcsistors coli~icct to cacli switch. Finally, tlic 
common pin of thc rcsistor pack, dcsignatcd by tlic whitc circlc, can bc co~i~icctcd to tlic 5 
V powcr supply through a singlc wirc. A diagram of this setup is sccn in Figurc 7. 

(1-7) 	 Construct thc NOR gatc from Figurc 2. As for tlic NOT gatc shown in Figurc 6. conncct 
thc inputs to tlic NOR gatc to switchcs and 10 k 0  rcsistors. For all conibinatiolis of switch 
positions. that is for all combinations of logic input lcvcls to tlic gatc, mcasurc with 
thc multi-mctcr. Save the NOR gate for In-Lab Exercise 1-9. 

(1-8) 	 Rcpcat In-Lab Excrcisc 1-7 for tlic NAND gatc. Save the NAND gate for In-Lab Exercise 
1-9. 

(1-9) 	 Use thc NOR gatc and NAND gatc to i~nplcmcnt thc co~nbinational logic circuit of Figurc 
3, as outlincd ill Prc-Lab Excrcisc 1-5. Colimlcct cacli input to a switch slid rcsistor as in 
In-Lab Excrciscs 1-6 tlirougli 1-8. By clianging its input switch scttings, and nicasuri~ig its 
output voltagc with tlic multi-nictcr, dcmonstratc that tlic logic circuit fu~ictio~is propcrly. 

10ka  	1kQ 

Figurc 6: Expcrinicntal NOT gatc. 
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Figure 7: Switch pack and rcsistor array sctup 

Post-Lab Exercises 

Post-Lab Excrciscs 1-1 through 1-3 cxplorc tlic cliaractcrization of a nctwork by its Tlicvcnin and 
Norton cquivalcnts. Post-Lab Excrciscs 1-4 and 1-5 cxplorc thc static bchavior of MOSFETS and 
logic gatcs. 

(1-1) 	 Rcfcr to your nicasurcnicnts from In-Lab Excrcisc 1-2; notc that thcsc nicasurcnicnts arc tlic 
Thcvcnin cquivalcnt voltagc and Norton cquiwlc~it currcnt of tlic nctwork in Figurc 4. Froni 
thcsc mcasurcmcnts, co~nputc tlic Tlicvcnin/Norton cquivalcnt rcsistancc of thc nctwork. 
Couiparc tlic cxpcrimcntal Thcvcnin/Norton paranictcrs to thcir corrcsponding wlucs from 
Prc-Lab Excrcisc 1-2, and cxplain any discrcpancics. Hint: considcr mcasurcmc~it crror and 
rcsistancc variation. 

(1-2) 	 Rcfcr to your lncasurcmcnts fro111 In-Lab Excrcisc 1-3. For cach conibination of rcsistor and 
voltagc mcasurcmcnt, calculatc tlic corrcsponding port currc~it i .  

(1-3) 	 Using tlic opcn-circuit voltagc and short-circuit currc~it mcasurcd during In-Lab Excrcisc 
1-2, graph thc i-v rclation for thc nctwork. On this graph also plot thc i-v data obtaincd 
by combining tlic voltagcs mcasurcd during 111-Lab Excrcisc 1-3 and tlic currcnts calculatcd 
during Post-Lab Excrcisc 1-2. Explain any discrcpancics bctwccn tlic mcasurcd i-v data 
and tlic i-v rclation obtai~icd from thc Thcvcnin/Norton paranictcrs. 

(1-4) 	 Consult thc MOSFET data shcct and dctcrniinc R D ~ - ~ Nand VT,rcspcctivcly. Comparc 
thcsc to tlic valucs you mcasurcd during In-Lab Excrciscs 1-5 and 1-4, rcspcctivcly. 

(1-5) 	 Using tlic valuc of R~s-oynicasurcd during In-Lab Excrcisc 1-5, rc-calculate thc output 
voltagcs calculatcd in Prc-Lab Excrcisc 1-3. Explain any discrcpancics bctwccn thc rc- 
calculatcd output voltagcs and thosc nicasurcd during In-Lab Excrciscs 1-6 through 1-8. 

(1-6) 	 Using tlic nicasurcd valucs of RDS-ONand VT for thc invcrtcr that you built. spccify valucs 
for V O ~ .K L ,  V o ~ .and KH that acliicvc thc bcst symmetric noisc margins. (Scc Scction 
5.1. pagc 245 and Scctioli 6.8, pagc 306. of thc coursc tcxt). 
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