Problem 7: Calculate the gate capacitance with an oxide capacitance of

C,,=345x10" 7 F/em® and a gate with dimensions W=8 um and L=.5n
Solution:
Ce=Cpp-A where A= WL

—345%x 10" ' x8x 10" %x 5x 1074

=138x10™ P
=13.8 {F
The gate-source and gate-drain contribution are then estimated by
Cys =172C,

=69 fF



- Problem 11: Consider the nMOS transistor in a 180 nm process with a nominal

therehold voltage of 0.4 V and doping level of 8x 107 ¢m 3, The body is tied to ground
with a substrate contact. How much does the threshold change at room temperature if

~ the source is at 1.1 V instead of 0 V? ¢;=11.7 x 8.85 x 10~  F/em

Solution: V,=1.1

V,= Vm"‘Y( 20, + |Vl - VZ;IJb)
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Vm=2¢b+ qu:‘A ¢b+Vfb.
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V=04V

For 180 nm process the oxide thickness =40 x 10~8 cm.
€= 3.9

=8.85x 10~ ' F/lem

ms

c - € " Eins _ 3.9% 8.85x 10714 7
R A 40x 1078

=8.62875 x 10~ Flem?
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K=1380x 10" 23 jo
T=300°K.
q=1.6x10"" coulomb

Ny=8x10"7¢m™3

N;=145%10"0 ¢py~3

Op

1.6 x 107 19

=46V
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Vi=4+.6[V2x.46+1.1 -V2X 46 ]

V, =068V
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Problem 2: Consider an n-channel MOSFET with the following characteristics:

t,r =10 nm, p, =520 cem?/V — sec, % =8, V,, = -7V, calculate the drain current for

‘fgs=2Vand ‘/ds=1.2V, Vgs=2Vand Vds=2V’
Solution:
2 -9 -7
t,,=10%x10"" m=10x10 " cm.
€. €0 3.9x8.854x10
Cox="7 i 7
ox 10x 10

=3.45x% 10”7 Flem®
The process transconductance K =W, - Cox
K=520x3.45%x10""
=1.794 x 10~ A7V?

=179 p A/V?
The device transconductance 3= K( %V]

B, =179 x 10~ °x 8 = 1.43 mA/V?
When Vo =2V andV, =12V
Vsat = Vgs —Vin

=2--7
=13V
V4 = 1.2 V < Vg, which says the device operates in linear region, therefore the current

Vs
Ly = Bn[ Vg.v — V= __2_5 } X Vys

=143x10°3[2-7-6]x1.2
=1.2mA

‘When V,,=2Vand V=2V
Vear = Vs = Vi
=27
=13V



Since V=2 V> Vg, the device operates in saturated region. Therefore the current

B
Id“':Tn[ Ves — th}z
2

=121 mA



problem §: Calculate the drain current of silicon nMOS with V,=1 V, W=10pum,
;=1 um and £, = 20nm. The device is biased with V, =3 V and Vg4 =5 V, with surface

 mobility of 300 cm?V. Sec and set Vps=0V. Also calculate the transconductance at
3 yﬁ:.?\‘ and Vg4 =SV.

Solution: The nMOS is biased in saturation since V> Vo=V,

Therefore the drain current equals;

W (Vs = V)*
lgs=1 Coxf_gsT'r_

where [t =300 cm*V-S (surface mobility)

ins = 3.9 for silicon — dioxide

€ &; N .
W=10um; L=1pm; C0x=—ot—'—“-;£0=8.85x 1074 Fem™ ! ¢

ox

39x8.85%x 10”1 10, G- 1)?

1,;.=300 X =1.04 mA
® 0x1077 17 2
The transconductance equals:

|54

Em =N Coxf (Vgs -V)
3.9x8.85x 10" 14

=300 —— 22X (3-1)=104
> 20 10 , . ,



4- Estimate the minimum delay of the path from A to B in the given Figure
sistor sizes to achieve this delay. The initial NAND2 gate may present a

tor width on the input and the output load is equivalent to 45A of
il
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‘:‘ Solution: The path logical effort along A to B=f31- X % x%
100
G= 77

The path electrical effort H =£8§

Branching effort B = The branching effort at the output of the first stage x
the branching effort at the output of the second stage.

2 (5




Dy
p=3% 2y
Xy
B=3x2=6
The path effort F=GBH
_ 100 45 _
——2‘-7“_)(6)(—8_—125

Bes; stage effort fz (F)VN (N=3)
F=2s)""
f=5
Parasitic delay P=2 + 3 4 2=

T T T
2—ilp 3-ilp 2—-ilp

NAND NAND NOR
.. N
The minimum path delay D=NF"" + P
=3x35x%x7

=227T

The gate sizes are computed with the capacitance transformation

45><5/3_

y= 5

_2x15%5/3

S

=10

The second stage drives two

copies of the third stage.

The ratio of P/N from stage A to B is shown below
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