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Usethefollowing parametersfor MOS devices.
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Here areafew fundamental constants and room temper atur e values.
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I. (20 Points) Threshold Voltage

An NMOS process produces a device with athreshold voltage V, = 1V and f , = - 0.42.
Complete the table bel ow that describes the percentage change in the electrical properties
listed that is produced by the change shown in the columns for the oxide thickness and
doping. Y ou must briefly explain your listed percentages with footnotes 1-6 as indicated.

Electrical Parameter | Oxidethicknesstoy | Substrate doping Na
doubles doubles
2f , 1 0% 4 +4.3%
Cox 2 -50% 5 0%
Qg max/ Cox 3 +100% 6 +44%

1) No effect

2) Cox isinverse with tox

3) Cox decreases causes inverse Q/ Coy increase

4) (2) 26mV In(2) = 36mV or 4.3% of 840 mv

5) No effect

6) Sgrt((2* (1.043)) = 1.44 or 44%



[1. (30 Points) Electrostatic and Mobile Carrier Analysis

An NMOS device is made in a p-type substrate doped N, = 10**° and an oxide thickness
of 0.2 mm. A region 0.25 mm deep under the gate is depleted.

a) (15 Points) Sketch the electric field versus position from the gate el ectrode. Give the
quantitative value of the maximum electric field.

_agN,xq _ 1.6x10° ™ x1x10" »0.25x10 4
= WNaXg _

- 5
~ T =1.16x10°V /cm

EMAX

-0.2 - 0.25

b) (15 Points) Find the local potential and the density of mobile electrons at the silicon-
oxide interface.

f (x)= A(x- xp)2

E(x)=- %=2A(x- xp)
Ex:O = ZAXD

E,.
f(X):?pO(X' Xo)

5 6
f(0)= Ex-0Xp _ 1.16x10° X.0"

= 483mV
2 (11.7/3.9)%

20 .
n(0)= 229 exp30- 5,104 4 16x10° = 2.3x10™2
10 €26 g



[11. (20 Points) MOS Circuits

——Vop
a) (10 Points) Assuming the deviceisin saturationand |
=0, find the large-signal quantity V our- <> 2MA
WL =50 .
+
u——l[ d Vout
* TR =5kW
ViN=2V Hip )

]

|5 =0.5606042- 1)* =1.25mA
Vour = (2MA- 1.25mA)x6kw = 3.75V

b) (10 Points) Find the small-signal gain vout/v,y for the
circuit in part @) when| ,=0.

+ ° .,
ImVin \V4

V: out
e o

g, =50560%2- 1) =2.5mS




IV. (30 Points) Advanced MOS Circuits —— VoD
a) (7 Points) A resistor Rs isinserted as shown and has a 2mA
value such that Vs = 0.5V. Find the large-signal quantity W/L =50 .
Vour When! ,=0. -—-_I Vout
+ R =5kW
= +V
V; =1+06(/05+0.84 - 1/0.84)=1.145v Vin =2V Hin _

I, = 056060 X2- 0.5- 1.145)° = 0.158mA

Vour = (2mA- 0.158mA) x6kKW = 9.2V
b) (14 Points) Draw the small-signal equivalent circuit of the
circuit in part @ and give quantitative values for each element
inthe circuit when!| ,=0.

L J S +
Lt 0y, =50%60(2- 0.5- 1.145) = 0.89mS
n VgS Y RL
VoslohwV Orp, = 0.6>0.89mS _ 0.23mS
- Vout ™ 2%/084+05
Vbs
- 0.5v
+ —_ Ry =———— =3.16KW
. ol s = o1ssmA o

) (9 Points) Write a sufficient set of equations to determine
the small-signa gain vour/viy Wwhenl .= 0. Solvefor thegain if
vou have completed all other questions on this exam.

Vin :Vos - Vbs

Use the second equation to find v in terms of
Vps and then substitutes in the first equation to
get vs interms of v;,. Now go backwards and

Vbs
OV 0,0 Vs T—= =0 i . )
mZgs © <mb “bs get Vg and then substitute both into the third

— uation.
VOUT - (g ngs + ObsVos )RL ™
Vour - B (RL / RS)

Vin 1 0

§+%+ I
gm ngSb



