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10.57  Repeat Problem 10.56 for the case when the electrons are traveling at a saturation
velocity of vy, = 4 X 10° cm/s.

10.56  An n-channel MOSFET has the following parameters:
e = 400 cm¥/V-s I = 500 A
L=2pum W =20 um
Vi=+075V

Assume the transistor is biased in the saturation region at Vs = 4 V. («) Calculate
the ideal cutoff frequency. () Assume that the gate oxide overlaps both the source
and drain contacts by 0.75 um. If a load resistance of R, = 10 k{) is connected to
the output, calculate the cutoff frequency.

> For part a), find the transit time frequency limit as well. For part b) change the
overlap to 0.5 um.

From Table B.4 and Table B.6, silicon has n;= 1.5 x 10'%cm, g.s5i = 11.7&, and
&.sio2 = 3.9& at 300 K.

a) From section 10.4.2 of the text, the channel transit time is
7= L/vear= 2x10°m/4x10*m/s = 5,=5 x10''s = 50 ps.

This leads to transit time cutoff frequency of
fimit = /7= 1/50x10"2 = fiimit=20 GHz.

Per (10.96), the ideal cutoff frequency is-
w(Vos V)  400(107%)(4-0.75)
J1ideal = 2 = ~6~2
2L 27(2107)
= fridea=5.1725x10° Hz = 5.17 GHz.

b) Using (10.35), the oxide capacitance per unit area is
Cox = Eox /tox=3.9(8.8541878 x 1012 F/m)/500 x 1019 m
= Cox =6.9062665 x 10 F/m?=6.9062665 x 10 F/cm?.

The gate-drain & gate-source overlap areas are
Aoverlap = overlap(W) = 0.5x 10 (20 x 10°) = Aovertap =1 x 107" m?.



EE 362 Electronic, Magnetic, & Optical Properties of Materials, 10 _57.docx 2/2

The gate-drain & gate-source parasitic capacitances are-

ng = Cgsp = Cox (onerlap) = 6.9062665 X 10_4 (10_11)

Per p. 427 of text, with the MOSFET in saturation, Cys — 0 and
Cos=Cox WL=6.9062665 x 10 (20x1076) 2x10¢ = Cgy =2.76251 x 10714 F.

Now, the total gate-drain & gate-source capacitances are
Coar= Caat Cagp=0+6.9062665 x 107> = Cour =6.9062665 x 10> F, and

Cos7= Cos + Cosp=2.76251x10"4+6.9062665x 10715
— Car=3.45313 x 10714 F.

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

=1 % 4-0.75
gms L T 2.1 0—6 ( )

= gms = 8.978146 x 10 S.

Per (10.91), the Miller capacitance is
Cyv= Caar (1 + gims R1) = 6.9062665 x 10715 [1 + (8.978146 x 104) 10 x 10°]
= Cy=6.89117x 10 F.

Per (10.95), the cutoff frequency is

£ g - 8.978146+10™*
" 2n(C,, +C,) 2m(3.45313.107 +6.89117.107)

gs

= fr=1.38136 x10° Hz = 1.38 GHz.




