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CMOS Effective Channel Size Measurements

P. M. Kibuule, V. Dave,J. DorenboschandN. Vega

Abstract

In general,the effective channellengthandchannelwidth of CMOS transistorsdiffer slightly from the
design values. This has implications on the characteristicsof thesedevices.This paperpresents
measurementsmadeof the effectivelengthandwidth of transistorsproducedin a UTMC radiationhard
process.
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1.0 INTRODUCTION

The characteristicsof CMOS transistorsdependcritically on the gate length and gatewidth of these
devices.Lengthandwidth arespecifiedat designand layouttime. Howeverthe effectivewidth of the actual
transistorsmay differ slightly from the specifiedvalues.Wehavemeasuredeffectivechannellength and
channelwidth for a numberof n-ChannelMOSFET test structuresdrop-ins designedat the
SuperconductingSuperCollider. The drop-inswere designedat the SuperconductingSuperCollider
Laboratoryby Guy Vanstraglen.They wereproducedatUTMC usinga radiationhard 1.2 t process.

2.0 MEASUREMENT METHODS

Severalmethodsexist to determinechannellength. They requirea setof transistorsthat only differ in
the length and the width of the gatearea.It is possibleto separateeffectsof effective length, width and
parasiticseries resistance.We usedWhitefield’s methodto measurethe effectivechannellength and
checkedit using Chern’smethod.We alsosuccessfullyappliedthe samemethod to measurethe effective
channelwidth.

3.0 THRESHOLD VOLTAGE

Whitefield’s methodinvolvesmeasurementof the thresholdvoltage.This is doneby measuringthe drain
current‘D of a transistoroperatingin the saturationregion. In this regionthe drain currenthasa square-law
dependence.

= iJVGS- VT. 1

WhereVosis the gate to sourcevoltage, VT is the thresholdvoltage, K = p.t<C0W/L, j.to is the carrier
mobility, C0 is the gatecapacitanceperunit area,andW andL are the channelwidth and lengthof the
device. The bias condition neededfor the transistorto operatein saturationis JVDSI > IVGS - VTI. A
graphicalapproachis usedto determineVT. ‘DS is measuredfor manyvaluesof V05. An illustrationof this
approachis shownin Figure 1. A straightline is drawnthroughthesquare-lawregiondataandVT is equal
to the x-axis intercept.A numericaltechniqueto determineVT canbe usedby applyinga linearregressionto
the data. This techniqueis more time consuming,but it is moreaccurate.The differencein thesetwo
methodshasbeenreportedto be less then 1%.t VT can also be measuredin the linear region, where
IVDSI <C IV - VTLt A straightline fit is madeto 1DSas afunctionof Vos. The point wherethe fitted line
crossesthe x-.axis is V’ran,o. The thresholdvoltageis determinedas:

VT = VTLIN -
. 2

Colin C. McAndrewandPaul A. Layman,"MOSFETeffective channellength,thresholdvoltage, andseries
resistancedeterminationby Robustoptimization." IEEE Trans. Elect. Dev., Oct. 1992.
tKwok K. Ng and JohnR. Brews."Measuringtheeffective channellengthof MOSFETs,"IEEETrans.Elect. Dev.,
1990.
tJhonY. Chen,CMOSdevicesand technologyfor VLSI.



4.0 CHANNEL LENGTH

ideal squarelaw

Theequationfor thechannelcurrentin the linearregionIVDSI cc IVos - VTI is,

IS = i.tnCo1 W/Leff Vus - VT VDS 3

whereL is the spacingbetweenthe metallurgicaljunctionsof the sourceanddrain.L’ç = Lm - AL, and

Lm is the masklength.The bias voltagesseenby theintrinsic devicediffer from thoseactuallyapplied.This

is causedby the presenceof seriesresistancefrom the sourceand drain side of the device,with total
resistanceRT = R5 + R4. The parasiticresistancecan be included in the channelcurrentEq. 3 above

which gives

‘15 = ItnCoxWILm - AL VGS - VT VDS - IDSRT 4

For the Whitefield method, the equationusedto determineAL is derivedfrom Eq. 4. We defmetwo
differentchannelcurrents‘DSl and1D52 for two different lengthsLml andL&.

whereA = C0 WV05 - VT.

‘DSl = AVDS - JDSIRT/Lnil - AL,

DS2 = AVDS -1 DS2RTYL.m2- AL,

5

6
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Figure 1. Graphical approach to extract V1 in the saturation region.
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Combinationof Eqs. 5 and6 gives,

1DSI"DS2 = Lp,jALILml AL VD5ID5IRT/VD5-IDS2RT. 7

Thefollowing parametersaredefmed:

‘DSl = VD5/Rgn, 8

‘DS2 = VDS2/RP 9

where

V151 = VDS2 = VDS. 10

Equations8, 9, and10 are substitutedinto Eq.7 for ‘DSl"DS2 andthe termsare rearranged.

R&Rml Lm2Lml/Lm1ALRm1RT. 11

Fromthe plot of Rmi- Rml vs. Rml, wedetermineAL. The slopeof R.j- Rmi is

m=Lwj-Lmi/Lmi-AL. 12

5.0 CHANNEL WIDTH

We startwith the equationfor the channelcurrentin the linearregion,

‘DS = J.LnCoxWeff/LWas- VT VDS 13

whereWff = Wm - AW andWm is the maskwidth.

1D5 = gC0 Wm - AW/L Was- VT WDS- IDSRT. 14

Assumingthe sameconditionsasdiscussedin channellength, we obtain

1DS1/1D52= Wnil - AW/W1 - AW VDS - IDSIRTYWDS- IDS2RT. 15

By substitutingEqs.8, 9, and10 into Eq. 15, the aboveexpressioncan be reducedto,

Rn,i - Rmi = Wml - Wn.j/Wn.j AW Rml - RT. 16
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Fromthe plot Rnij- Rmi vs. Rml, we determineAW. The slopeof R&- Rml 15

m= W1-WjWW-AW. 17

6.0 TEST SYSTEM

A HP4145B SemiconductorParameterAnalyzer is used to perform the measurements.It is a
programmabletest instrumentdesignedto measure,analyze,andgraphicallydisplay the DC characteristics
of semiconductordevices.It simulatesvoltageandcurrentsensitivedevices,measuresthe resultingcurrent
andvoltage responses,anddisplaysthe resultsin a user-selectableformat on a CRT display.For all the
measurements,along integrationtime was usedto reducenoise.

7.0 TEST RESULTS

To determineAL andAW, the n-channeldevicewas configuredasfollows: In eachcasethe drainvoltage
VDS = I .5V, the sourceandbody weregroundedandthe gatevoltageVos was sweptfrom 0 to 4 volts in
0.5V increments.This bias conditionoperatesthe MOSFET in linear region. The drain current 1DS was
measuredfor differentchannellengthsL while the width W waskeptconstantasshownin Table 1.

TABLE 1. DRAIN-SOURCE CURRENT, ‘DS’ FOR TEST STRUCTURES WITH DIFFERENT
LENGTHS W = 20 jim.

V0
V

L=1.2Mm
jiA

L=1.4jxm
gA

L=1.Tixm
isA

L=3.ORm
xA

L=5.Oixm
isA

1.5
2.0
2.5
3.0
3.5
4.0

146.3
481.6
956.0
1507
2006
2348

121.9
409.6
829.6
1328
1782
2089

91.74
316.2
659.6
1082
1471
1723

47.31
164.9
355.7
606.4
834.9
955.3

27.17
94.61
206.1
357.0
483.1
511.0

FromTable 1 wecalculatethe resistanceRm= VD5/IDS for differentchannellengths.Figure2 showsa
plot of R12 - Rmi vs. Rmi for channellengthsLmi = 3 p.m. andL. = 5 p.m. Fromthe slope Lm2 -

Lmi/Lmi - AL, AL is 0.3 p.m. OtherchannellengthscombinationsusedareL = 1.2 p.m & L = 1.4 p.m.
andL = 1.7 p.m & L = 3.0 p.m. The avengevalueof AL for the threecombinationsis 0.29 p.m.

Table2 gives draincurrentfor differentchannelwidths. We calculatethe resistancesRm, andplot Rm2 -

Rml vs. Rml for different channelwidths combinations.Figure3 showsthe plot for channelwidth W =

4.5 p.m & W = 6.0 p.m combination.The slope of Figure 3 is 0.26, and AW is 0.23 p.m. Other
combinationsusedin determiningAWareW = 3.6 p.m& W = 6.0p.m, andW = 6.0 p.m & W = 20.0 p.m.
Theaveragevalue of AW for the giventhreecombinationsturns out to be 0.22 p.m.
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FIgure 2. Rm2 - Rj VS. Rj for
determInes AL.

channel lengths Lmi = 3 ism end Lm2 c 5 p.m. The slope

TABLE 2. DRAIN CURRENT FOR TEST STRUCTURES WITH DIFFERENT WIDTHS L = 10 p.m.

VGS
V

W-3.6jtm
p.A

W=4.5p.m
p.A

W=5.Ojxm
p.A

W=6.Ogm
p.A

W=20.0p.m
p.A

1.5
2.0
2.5
3.0
3.5
4.0

5.256
13.88
26.72
41.42
57.13
71.95

6.554
17.32
33.34
52.05
72.10
91.11

6.798
17.85
34.14
53.58
74.30
93.71

8.833
23.33
44.85
70.65
98.28
124.6

29.63
78.45
150.6
241.4
337.6
430.0

Iii
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FIgure 3. Rm2 - Rml vs. Rml for channel widths of 4.5 and 6.0 p.m.

8.0 CONCLUSION

The values found for AL andAW, 0.3 p.m and0.2 p.m, are well within the expectedrange.Fromthe
valueof AL andAW, Leff andWff canbe calculated.This study providesus with the information how
muchthe effectivechannellengthandwidth differ from the designedvaluesin the UTMC radiationhard

process.

[i
Ui

I "

188000.00 235000.00

6


