EE 224: Homework #2 Due 26 SEP2005 NAME:

Problem 1(40PTS):

Do the online tutorials:
http://www.engr.sjsu.edu/~dparent/ICGROUP/UNIX.pdf
and

http://www.engr.sjsu.edu/~dparent/ICGROUP/CDS 1.pdf

to either learn the basics of the tool or refresh your memory.

Problem 2(50PTS):

Design a CMOS inverter in the tsmc .18 deep process with the following
specification:
tphl=tplh=30ps (with in 10%)
Cg=60fF
No layout required.
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Problem 3(10PTS):
Develop a Model for a 2 input NAND gate (worst or slowest case) for the tsmc

.18 deep process.

Find A and R.
A=7070 ohms and R=1.45, for a trise=tfall of input=10ps
TPM TPS ERRORE %W ald WY riewy
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Verify the model for various loads and a 3 input NAND gate.

. _ -12 F _ _
A=70700  Crgypy = 247100 °—  Cpy = 95310

12 F

i F
2 cm

[ 44

_ -4 _ —2y .84 _ -4
L= 1810 ‘em  Kpg= 1 [ B4+18-/84) Kpg=0721 Dp= 3610 "

_ - 15 _ _
Cp=25100 F  Ni=3 Igg=2

. -3 . . . .
Tpgr =.1100s M=2 Ngp=1 S=1 R=145

WN =
TPHL

e  _(N+ME)(C 2Kpe+ CrgDpKpe + 2.C
Nex Ly & ( ) Crewnr 2Keg + Sy Pp¥eg GDON)

Wy = 991x 10 "em

Wp = RWy Wp = 1437x 10 *em

TPLH = TFHL
- 12
T = (100 - 5107 "5 TPHL ~ TPHL M
FHL_M Error = —————— 100 Errer=5
TPHL
. - 12 T - T

Tpry g = (1010-1005)-107 % g TLH PLH_M_mO Frror = 5

TrIH



EE 224: Homework #2 Due 26 SEP2005 NAME:

. , —12 F , _g F . _12 F
A= 0700 Cygypyi= 247107 0= Cpgi= 953107 Capopy = 835107 2=
Cinl cm cin
4 —2./ 84 _4
Ly = 1810 " Kpg = — [V B+ 18- 8) Kgg=o0721 DD:=.36-§J em
Q=501 "F NWi=3 Neyq=2
g =350 = 5N =
TpHL = 05310 gs M=2=2 NSP =1 =1 E =145
- C,+ Crayny 2 Dp Kpe (0 + 1)
=
__"PHL QT+ M) (C DK + Crg D Kopmy + 2.0 )
- B[ Crawny 2Kgo + Cy PpKeo + 2Copon
Nayq Lo & 9] Q2
Wy = 6.18% 107
=™ kS cin
+

_4
Wy = R Wy Wp = 8.961% 10 Yom .
P NP TpLH = TPHL

- 12
T =(61-5).10 "7s TPHL ~ TPHL_M
PHL M Error = —— =100 Error = —1.818

TPHL

: —12 o1y — T
pLE 3 = (1060 1005107 “PLE” "PLE_ M .

Error = 100 Error = 1,175 107

ToTIw



EE 224: Homework #2 Due 26 SEP2005
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A and R are different for the inverter, nand2, and nand3 because the effective channel
length is increasing with these gates, and thus the electric field is reduced, which reduced
the electric field so we switch form (vg-vt) to (Vg—vt)2 relationship.

Explain why A and R are different for the inverter and the nand.
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Problem 3(10PTS):

Label each section of the ID graph as being in sub threshold, saturation, and
velocity saturation.

Write down the generic equations for each area of operation.

Describe why each area of the graph follows the generic equation.
Redraw the graph if L was increased by 3 times

sub threshold follows a “BJT” like dependence based on diffusion.
Normal saturation follows (Vg-Vt”?, and velocity saturation follows (Vg-VT)

because the un x E field linear relationship no longer holds because the carries
are bouncing off the lattice.
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