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Physical Constants
ElectronicCharge � ���������
	���
�� C
Permittivity of Vacuum ��� � � ��� ����	���
�� F� cm
FreeElectronMass ��� � ��� �!����	 ��"#
 kg
Boltzmann’sConstant $ � ����%&����	 ��' eV� K

Physical Constantsfor Si and SiO(
Si IntrinsicCarrierConcentration )+* �!����	 
 � cm��"
Si Bandgap , g � Si

�����-% eV

Si Electronaffinity . Si / ��	 � eV
Diaelectricconstantof Si � Si

��� �10
Dielectricconstantof SiO( �3254 6 � �
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1. (20pts) ConsidertheC-V curveof aMOScapacitorin thefigure(thesolid line), thecapac-
itor areais 6400 7 m( . 89�;: / � pF, 8 
 :<� �=� pF.
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(a) (3 pts) Whatis thesubstratetype?

(b) (5 pts) Find >?254 , thegateoxidethickness.

(c) (7 pts) Find thesubstratedopingconcentration@BA�C5D .

(d) (5 pts) If dueto oxide fixed charge, the C-V curve shiftedfrom the solid line to the
dashiedline, with EGF : 	H�=	 � V, what is the type andareadensity(C� cm( ) of the
oxidefixedcharge?



2. (24 pts, 2 pts for eachfigure) On eachof the following figures,a curve for a MOSFET
is given by the solid line. Usea dashedline to qualitatively indicatethe new curve that
correspondsto thechangedcondition:

(a) Addingpositivechargein thegateoxide:
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(b) Decreasing@IA3C5D .
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(c) Increasing>?254 .
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3. (16 pts) In thefollowing J�K vs. F5L curve,assume>M254N:<� 	 A and F�O is small:
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(a) (6 pts) Whatis thethresholdvoltageat FPDPA�:RQS6 V?

(b) (10 pts) Determinethesubstratedopingconcentration.



4. (20 pts) Considera MOSFET, given F5T�: 	U�10 V, V : �
	 7 m, W<: 	H� 6X7 m, >?2�4Y:Z� 	 A
and J[K\A�]�T^: � � mA at F+_�AI:`6 V.

(a) (8 pts) Ignoringvelocitysaturation,find 7\a , estimateJ�K\A-]�T at FP_�A&: % V.

(b) (12 pts) Now considertheeffect of velocity saturation,with ,bA�]�Tc:d6 �N�
	 � V � cm,
usethesame7\a asin part(a), find J�K\A-]�T and FPK\A�]�T at FP_�AG: % V andat FP_�AG:Y6 V
respectively.



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

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

(b) Draw thecross-sectionof thestructureproducedby LOCOSprocess.

(c) Give two reasonswhy poly-crystallinesilicon gateis preferredovermetalgate.

(d) Why is CMOStechnologycalleda low-power technology?

(e) Why is thesub-thresholdcurrentanimportantparameterin MOSFETdesign?


