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Physical Constants

ElectronicChage q 1.6 x 107 C
Permittivity of Vacuum €0 8.85 x 107 '*F/cm
FreeElectronMass mo 9.11 x 1073 kg
Boltzmanns Constant k 8.62 x 10° eV/K

Physical Constantsfor Siand SiO,
Si Intrinsic CarrierConcentration n; 1x10%%cm™
SiBandgap Eg—Si 1.12eV
Si Electronaffinity XSi 4.05eV
Diaelectricconstanof Si £gj 11.7
Dielectricconstanbf SiO, €0x 3.9
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Problem3 /16
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Total /100




1. (20 pts) ConsidertheC-V curve of aMOS capacitorin thefigure (the solid line), the capac-
itor areais 6400um?. Cy = 45 pF,C; = 5.6 pF.
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(@) (3 pts) Whatis thesubstrataype?

(b) (5pts) FindTpx, the gateoxidethickness.

(c) (7 pts) Findthe substratelopingconcentrationVsy 5.

(d) (5 pts) If dueto oxide fixed chage, the C-V curve shiftedfrom the solid line to the
dashiedline, with AV = 0.05V, whatis the type and areadensity (C/cn?) of the
oxidefixedchage?



2. (24 pts, 2 pts for eachfigure) On eachof the following figures,a curve for a MOSFET
is given by the solid line. Use a dashedine to qualitatvely indicatethe new curve that

correspondso the changedondition:

(a) Adding positive chagein thegateoxide:

d d T log ld
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(b) DecreasingVsy s.
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(¢) Increasindglpx.
d d T log ld
Vg Vd L




3. (16 pts) In thefollowing Ip vs. V, curve,assumépx = 50 A andV; is small:
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(@) (6 pts) Whatis thethresholdvoltageat Vg = —3V?

(b) (10pts) Determinethe substratelopingconcentration.



4. (20 pts) Considera MOSFET, givenVy = 0.7V, W = 10um, L = 0.3 um, Tox = 50A
and/psar = 18 mA atVgg = 3 V.

(a) (8 pts) Ignoringvelocity saturationfind p, estimatel psar atVgs = 2 V.

(b) (12 pts) Now considerthe effect of velocity saturationwith Eg4r = 3 x 10*V/cm,
usethesameyuy asin part(a),find Ipsar andVpsar atVgs = 2V andatVgs = 3V
respectrely.



5. (20pts, 4 pts for eachquestion Answereachquestionwith oneor two sentences.

(a) What doesthe term “isolation” meanin CMOS technology? Give the nameof one
isolationtechnology

(b) Draw thecross-sectioof the structureproducedoy LOCOSprocess.

(c) Givetwo reasonsvhy poly-crystallinesilicon gateis preferredover metalgate.

(d) Why is CMOStechnologycalledalow-powertechnology?

(e) Why is the sub-thresholadurrentanimportantparametem MOSFETdesign?



