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Example- An n-channel silicon MOSFET has a channel length of 0.72 pm,
width of 3.1 pum, an electron mobility of 1000 cm?/V-s, saturation
velocity of 8 x 10% cm/s, and a threshold voltage of 1.4 V at 300 K.
The gate oxide overlaps the drain and source contacts by 60 nm. It
has an oxide (Si0;) layer thickness of 16 nm. If the MOSFET is in
saturation with Vgs=5 V and has a 6 kQ load, find the transit time
cutoff frequency, cutoff frequency, and ideal cutoff frequency.

From Table B.4 and Table B.6, silicon has n; = 1.5 x 10'°cm™, &si = 11.7 &, and
&.si02 = 3.9& at 300 K.

From section 10.4.2 of the text, the channel transit time is
7= LIve= 0.72x10°m/ 8x10*m/s = =9x10"'*s =9 ps.

This leads to transit time cutoff frequency of
fimit = 1/5=1/9x10"? = fiimit=111.1 GHz (not an issue).

Using (10.35), the oxide capacitance per unit area is
Cox = &ox/tox=3.9(8.8541878 x 10712 F/m)/16 x 10° m
= Cox=2.15821x 10 F/m?=2.15821 x 10" F/em?.

The gate-drain & gate-source overlap areas are
Aovertap = overlap(W) = 60 x 107 (3.1 x 10) = Aovertap =1.86x 10" m’.

The gate-drain & gate-source parasitic capacitances are-
ng = Cgsp = Cox (oner]ap) = 2.15821 X 10_3 (1 .86 X 10_13)
= Coip=Cosp =4.01427 x 10”'°F.

Per p. 427 of text, with the MOSFET in saturation, Ces = 0 and

Cos=Cox WL=2.15821x103(3.1x10%)0.72x 10® = Cgs =4.81712x 10" F.
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Now, the total gate-drain & gate-source capacitances are-
Cour= Coa+t Cogp=0+4.01427x1071¢ = Coar =4.01427 x107'°F, and

Cos7= Cos+ Casp=4.81712x10715+ 4.01427x107'° = Coer =5.21855x 1075 F.

To find the Miller capacitance Cy, we will need the transconductance g, of the
MOSFET. In saturation, the transconductance is (10.77)

3.1:107°(1000)2.1582110

WILln Cox (
0.72.10°°

gms :T VGS _VT):

(5-1.4)
= Zms = 3.345223 x 10_3 S.

Per (10.91), the Miller capacitance is
Cv= Coar (1 + gms R1) =4.01427 x 107101 + (3.345223 x 10%) 6 x 10°]
= Cu=8.4586 x 105 F.

Per (10.95), the cutoff frequency is-

r & _ 3.3452230107
T r+Cy)  2m(5.21855.107" +8.4586+10")

" 2x(C

gs

= fr=3.89269 x10'"Hz = 38.93 GHz.

Per (10.96), the ideal cutoff frequency is-
w (Ve =V,) 1000(107*)(5-1.4)
I 1 sdeas = 2 - ~6~2
2rL 27(0.72+107)
= fridear=1.10524 x 10" Hz = 110.52 GHz.




