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GENERAL INSTRUCTIONS FOR THE QUESTIONS

1) OPEN E.E. 451.3 textbook (Principles of CMOS VLSI Design - A Systems Perspective by
N.H.E. Weste and K. Eshraghian OR one other text), OPEN E.E. 451.3 notes, and OPEN
E.E. 451.3 assignments.

2) NO library manuals (or copies thereof) ALLOWED! NO examination files ALLOWED!

3) Neatness counts. Please ensure your paper is readable.

4) Some questions contain special instructions. Please ensure that you read these carefully.

5) Not all questions are of the same difficulty and value. Consider this when allocating time for the

solution.

6) IF A QUESTION PROVES TO BE TOO HARD FOR YOU TO SOLVE, GO ON TO ANOTHER
QUESTION! RETURN TO THE TROUBLESOME QUESTION WHEN TIME PERMITS.




February 15, 2001 E.E. 451.3 VLSI Cir

cuit Design

SPECIFIC INSTRUCTIONS FOR THE EXAMINATION

1) All designs use standard CMOS3DLM design rules and layers. Vp, = +5V and Vg = 0V,

2) Unless otherwise specified, normal substrate connections are assumed for all P-channel and N-

channel transistors, i.e., V¢ for N-channel and Vg,

for P-channel.

3) CMOS3DLM resistance and capacitance parameters are as follows:

Layer Resistance Capacitance

N-Diffusion 25.0 Q/0

4 4E4 pflum?

P-Diffusion 80.0 Q/0

1.5E-4 pflum?

Polysilicon 18.0 Q/0

6.0E-5 pfium?

Metal 1 0.035 /00

2.7E-5 pflum?

Metal 2 0.030 /00

1.4E-5 pflum?

N-Transistor 4275 Q/0

See below

P-Transistor 13600 Q/0

See below

Gate-channel See above

4) Supplementary physical constants are as follows:

Constant

Electron charge

1.602E-19

coulomb

Boltzmann’s constant

1.38E-23

Joule/°K

Intrinsic carrier concentration
of Si @ T=300°K (27°C)

2.1E+20

2
(carriers/cm®)

Permittivity of free space

8.854E-14

Farad/cm

Permittivity of Si

Farad/cm

Permittivity of SiO

5) (H)SPICE process parameters are as follows:

Parameter Name

N-channel P-chann

Farad/cm

Zero-bias threshold voltage

0.7 -0.8

Process gain factor

40.0E-6 12.0E-6 AV?

Bulk threshold body factor

1.1 0.6

Surface potential

0.6 0.6

\

Channel length modulation factor

1.0E-2 3.0E-2

A%

Oxide thickness

5.0E-6 5.0E-6

cm

Substrate doping density

1.7E+16 5.0E+15 1/cm?®

Carrier surface mobility
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. -QUESTION #1

MARKS: 15(3 +3 +3+3 +3)

Indicate (in the space provided) whether the following are TRUE or FALSE. Do any FIVE (5).
Tc obtain full marks for each question, include a SHORT sentence or two in support of your answer.

i 1) Minimum spacing design rules are needed to account for mask alignment errors.
Mivimum SPAGuNG AVLES ARE PR GRomerty ow
CAmME LAYEL . TUHELE FOLE OwnkN ONE mask Is
INVOLVED.

F 2) A layout in which the designer uses all of the bonding pads is said to be “metal-limited”.

ME e~ Lim ITED De%tanvsS ALE OowES IV WHICH
HE DESIvEL AUNS our oF SiMe B AVwD
METHL v TR CLovaECT,

T 3) Most sequential circuits use multi-phase nen-overlapping clocks.
WHILE THERY man USE A Swenas FHASE
GeofAL Crock , ME USE Two PHASE wow-

OVEALALPinI 6~ ChocksS LocwecY.

& 4} The Canadian Microelectronics Corporation (CMC) does fabrication for the U of S.
THRE cmc Dok S WNOT Do Frbricarow

T 5) Most modern CMOS technologies are “self-aligned”.
MEY e i ékp "‘.’:ur‘--mw;t.b' SINCE TWNE
AR ((PosYSiticow) 1S USED AS A mASKE For
ME  Sovkelr Avp OAHN IPUSIONS.

F 6) Sputtéring is the process by which photoresists are deposited on the surface of an
wafer.

SpusER NG 16 VSED P D&PosiT merrie,
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~ QUESTION #2
MARKS: 16 (56 +5+4 +1)
Consider the following plot of a CMOS3DLM circuit shown below (and on the following page).

a) Determine the function of the circuit. Do this by drawing a STICKS diagram of the
circuit and a gate-level schematic of the circuit. Use the next page. When drawing the
STICKS diagram use standard E.E. 451.3 colors (see next page):

= b) Indicate sach of the foliowing:
o SEAVSITALCombinational or Sequential?
o _ 3 95m  Width of the power supply lines (Voo and Ves)?
. o Number of Transmission gates?
. 2 Number of Output ports?
) 3 Number of N-channel transistor P-Well substrate contacts?

c) Estimate the height of the circuit. Assume circuit layout is in design scale microns
(dsm). VUse merm- AD méraLz wiony, SPacin b AwD Rweiosoess
™ DETRRMNE HEIGHT (60 VP LEPT AwDd LEFT thAVIRR oA AAYIVT)
w s wsf® v g ¢35 w s w s w

He A+ D+S+SESHIYS 411 43 49 +S5 +5T +S +I5 +HIS +9 = 19 O3m.

T
STWE 6L w=wiIoT Ce = CoNTReT CNT
Veg o3> SPACNG V= ig

d) If you had to (easily) reducs the area of the CMOS3DLM circuit layout, what single thing

would you do?
move TME TP Vpp Powmt &mie Powwn %L 10 9sm.
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—, Question #2 Work Sheet
CMOS3DLM Layer Color

N+ diffusion Green
P+ diffusion Orange
P+ mask Dotted Orange
Polysilicon Red
P-Well Dotted Brown
Metal 1 Blue
Metal 2 Black or Purple
Contact Cut Black X
Via Black O

Please note that the circuit layout shown on
the left contains all of the layers in the table
above.

SUSTRATE conrhecrs (3)

CEE LAST PAOE Ponr
SNCLS DiACRAM,

Blede ALt No TRANS MiSSion
GACES v TDALS DS,

A — c
cied i 15 A RS FLIP-Fuoe, l
MADRE EROW NAWD 6ATES. NS oUAS

B ——

AeR: (OPUTS
ey DY oUTPUTS
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__ QUESTION #3

MARKS: 15 (15)
a) The following circuit is one of many standard designs for a CMOSDLM inverter. Calculate the
current, lps, from Vi to Vss when the input voltage, V. is 2.5V. Important parameters are
shown on Page 2. Show your calculation. Sizes shown are W:L.

You must state any assumption(s) that you make.

+5V

Su: 3u
Vis=25V Vou
3pu:3u
- - Ly - W
_ Ba= 53.5 HALy (-:“) = 53.31&4/0,_ Bo= 17 Ssty, (.L.E-) = Sl.O&Aj
Srwer (..;.-"!- > 1 Vour vg Vin cueve (Fom ASsiowmsw T #))
’

moviés To THMR LEFT TDeetfoet we Mg g REsonv D

(V-titnwmve,. wow-SATUAMANLD Aws PLiAwnAL € ATULRIED )

oo 1Tosp|= l "._g_'_'. (Um -\Jap-Vtr)l\

\‘ LMY (2.5 -5 to.8) "\

1]
-]
A
&
>

NeTe: BEmst Pad Bp Ao Vit Ve 1Tas wor SATE w Assumd
BoTM TIMwSs s Ats 1w SHVAnTIow - IV Frer Vour
16 Eavee T 3V, TS 15 duva W Sresl Seofe

w Vour Vo Viw ciave .

(erpcver witd WwspPek - lIoslr- 69. 2k Uoorél-oZV)



