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. The cross section of a simple substrate MOSFET structure is illustrated below.

p-type substrate

How many patterning steps are required to make the structure above?
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How many additional steps would be needed if we wanted to fabricate a p-channel device on
a p-type substrate? ’
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What is the difference between "drawn channel length” and "effective channel length"?
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Why is the gate oxide grown (xsing "dry" oxidation rather than "wet" oxidation?
A \uglv Wml‘) o-ode tre%,wnee) fov mglbmﬂe:
I{' le Le vy “'f-fw 3 Mt ewmv Mﬁ%&o



2.

Student #:

The cross section of a simple substrate n-channel MOSFET biased above threshold is illustrated
below.

Vos> Vr

p-type substrate

v

{
&) What is meant by "inversion" in a MOSFET and how does it form a conductive channel?
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Y Redraw the diagram above illustrating how the channel region is changed at pinch-off, when

Vps> Vpssa? Vw§>v“ < 4_
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€ A gate bias is applied that causes the MOSFET channel to have a uniform induced carrier
density of n=5 x 10'” cm™ and thickness of 0.2 pm. For an effective channel length of 2 pm
and width of 10 um, what is the channel current, I, for Vps= 1.5V ?
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3. There are three voltage components in the equation used to calculate the threshold voltage, V7, for
MOSFET.

T V,=V,+20, —%’f’f—

ox

(a) Briefly describe where each component comes from.
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b) If the work function for intrinsic silicon (Er = E; = E/2) is @, =3.51eV, what is the
work function if N, = 10"/cm®? (T = 300 K)

Ce- -E, = KT Ow
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(¢) Aluminum has a work function of ® , = 4.1V . If we made a silicon MOSFET using

aluminum as the gate material and N, = 10'"/cm” as in (b), what voltage would need to be
applied to the gate to achieve the flat band condition, V¢p?
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What do we mean by drift conduction?

Dt corduend te couced k e wislesd
ol eaniers deﬂu—mmo zy{, an
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In the MOSFET square law model what is the assumption made about the depletion

charge under the gate?

T P MOEFET sguave bowr naded fho doylelbm
cl/\wao,ww&w Hl/avl'b X4 M‘M&ﬂ r\o(' "'b OLﬂo-ﬂ.l/

9oy

D/M,.'Hmffww (—n‘ﬂ:DMW\ Tt oS Sumedd

o be Loced ot Fro sovren wolue

If a silicon MOSFET has a substrate doping of N, =2 x10'¢ cm?, oxide thickness of ,, =
20 nm, a flat band voltage of Vg3 =-0.8 V and a source to bulk voltage of Vsg =2V, what
is the threshold voltage, V? (T = 300K)
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5.  AMOSFET has a layout as illustrated in the diagram below.
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(a) If the lateral diffusion under the gate is 0.25 um and the oxide thickness is f,, = 30 nm what is
total gate capacitance, C,, (NOT per unit area)?
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(b) Using the same values for lateral diffusion under the gate of 0.25 um and the oxide thickness of
o = 30 nm, if N, = 3x10'S cm™ what is the drain current I, for Vsz = 1V, Vs =2V and Vpg =
4V, Vr= 1V ? (Assume no channel shortening.)
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(a) What is the cause of channel shortening in a MOSFET?
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(®) A MOSFET is biased to operate with a transconductance of g, = 10 mS in the absence of channel
shortening effects. What would the g, be if the channel shortening parameter was A = 0.02 V7
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7. (a) We have looked at the MOSFET small signal parameters g,, and g, for saturated mode. Derive
what the expressions for these parameters would be for a MOSFET in triode mode.
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(b) Why are MOSFETs not generally used as amplifiers in triode mode?
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8. The I, versus Vs curve for a MOSFET with Vg = 0 V and small Vpy is illustrated below.
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(a) If the lateral diffusion under the gate is 0.1 pm and the oxide thickness is 50 nm calculate the
effective channel mobility, X, .
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(b) How would you extract the value of the threshold voltage from the curve above?
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9. A diagram illustrating the trapezoidal threshold voltage model for a MOSFET is shown below.

(a) What is the cause of the short channel effect on threshold voltage in MOSFETs?
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(b) The substrate above is unbiased (Vsp =0 V) and doped at N, = 10" cm™. If the contact
implants have x;= 0.5 pm and the effective gate length is L = 1.5 pm what would the change

in threshold voltage, AVp, beif Vps=3V?
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10. A MOSFET has a layout as illustrated in the diagram below.
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(a) What are the three types of capacitance present in a MOSFET structure?
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(b) The intrinsic capacitances, Cgs and Cgp change with biasing condition. Under what biasing
conditions are they equal? What is their value as a function of C,, under these conditions?

C}ers Z’Cc.g ) (,Dtlﬂw VUSC@

Goe= C= 30, 1 -{S82533)

z%Q,,,.,.'S,
= Cano B, Vos=0

(¢} If 1, =25 nm, if N, = 5x10'® cm™ what is Cgg for the structure above if the lateral diffusion
extends 0.3 pm under the gate Yor Vps> Vpssar?
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11. A MOSFET is illustrated in the diagram below showing the various parameters and applied biases.

(a) How do each of the labeled parameters and biases change under "constant field scaling” with

a‘scaling factor of £? 6'0”_} "Oh/g' \}OS - \/‘S/ §
L v/ b s ves
L /£
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(b) If the value of ¥ps can't be scaled down as rapidly as the effective gate length, L, what will
eventually happen to the carrier mobility? Why?
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(c) For a transistor with an effective gate length of L = 2.5 um the applied Vps=5 V resultsina
drop of 50% in I, with respect to the low field condition. What is the value of the critical

field, £, . -
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