Problem 2: Device Analysis

Consider the device configuration of FIG. 2. M1 is
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For all problems, you can assume the following transistor parameters (unless
otherwise mentioned):

NMOS:
Vg = 0.4, k°, = 115 uA/VZ, Vpgar = 0.6V, A =0,y = 0.4 V!, 20 = 0.6V
PMOS: _
Vip=-0.4V, K, = -30 UA/VZ, Vpgar = -1V, A =0,y =-04 V2 20 = 0.6V

NAME SOLUT [oN)

Last First

GRAD/UNDERGRAD

Problem 1: 2.5

Problem 2: 10.0
Problem 3: ?»S

Total 2 CD
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PROBLEM 1: Transient Response
Consider the circuit of

Wzs D) Vo FIG. 1. All the trunsis

tors are originally mini-

'-..‘::‘ —L ) --__J,'- C .___;_.‘ -L Cp . & . Y s
| | 5 [ mum-size devices. Use

= — the transistor parame-
— ters indicated on the first
FIG. 1 Digital circuit page of the midterm.

Vpp =2.5V.Cy =30 {F. Leakage effects should not be considered in this question.

a. Assume that the initial voltage on V,,, = 0. A step from 0 to ¥pp is applied at the input.
Determine the final voltage at V,,,,,.

&, \/ac.»n“r‘ =V, = v, = vc-,s. - Vo =2 N = Vo Y,

D \[ = Vi *+ ¥ | 2 Yy — .i-zcﬁFj ; Veg = Y
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body effet
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o 1T - 482V, +V, /O 1(0)6.9 @ * V1> could have
Vo= 4,916V, +S.66F=0 (tcial * ecre”

@s5) Vot (inal) = | §43

b. Assume the following parameters for the minimum size transistors: R,, = 15 k€, C, =

Cya= Cyp = HF. Cy, = Cyp = 2 F. To determine the propagation delay of the circuit, we

will use ihc cqulvalcnt resistor-capacitor diagram. Draw the equivalent circuit including
all relevant resistors and capacitors and their values.
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¢. Determine the propagation delay between input and output for a step at the input from
0 to Vdd.

(s) T E(,CHZRC 3R, Cs
(Is k\(%«:j@ (:-’;osgj( 2 F ) (usk33F)

= 3[05 ns
O -C‘Pdrocﬁ'( 2042 ns

1

1

'{p(fur Vin going from 0 — vdd)™ 2 2 S

d. Assuming that the transistor capacitors and conductance increase linearly with the
width of the transistor. Determine the size S of the transistors that reduces the propagation
delay by a factor of 2. All three transistors are to be scaled by the same factor..

R o GARNCC CRRNE + (3836540, )

. _
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J‘[BQ + 72 +qﬁ]:(—:[§>[@5+50 + 125 + o+ IS + C?O]
Z
T76.55S = [0

S= 2.86:3

GD |5V V= 2. 353
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Problem 2: Device Analysis

Consider the device configuration of FIG. 2. M1 is

a minimum size transistor (assume W/L = 1).

Assume the transistor parameters given on page |

of the midterm, but assume that y = 0 (no body- fl
effect). Assume a short-channel transistor mod-

eled by the unified model..

a. Write down the equations (and only those) that @

you need to determine the voltage at node X. Do
NOT plug in any values yet. BE COMPLETE and
CONSIDER ALL POSSIBLE SOLUTIONS.
Determine for each solution when it is valid.

Nikies ot VGS = VDS S M, s always  edther N

S@ﬂL“r’m’{“fan or ve [, Sdﬂl‘u r’aiﬁ; ol

W
mlo

FIG. 2 CMOS inverter with resistive load

i (Ves|- fV-r-{‘: o.zcf= 0.4

v

IFf M, n_satucation (\/x < 1V) ’

LI" =Lkl (B[ !vTPJ_\”] {

1c M, +a vel satucation 2
} VDSRT {
Ty = k < \[( [ Vx [‘“ J[ Vbsmg,l — “"_EL ]

b. We would like to place Vy at 0.8 V. Determine which of the above soltuions is valid.
Draw the (approximative) load lines for both MOS transistor and resistor on the diagram
provided.

roA J—{mear depenclence  on Ve s vel sat

Tumc{rarf. <

. Bl
diffecent A / Hoendence on e 1a sat
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¢. Determine the value of the resistance required to place X at 0.8V.

I\C VK -0.% \/ g N({ A sa,—f‘u.rac{'fch -‘S:‘ncﬁ- lvbs\ ¥ IVDSRTP [

= r2
R, (%3(50-;oé Y 0.% -0.49)
Be LE ¥V . ScokQ
' 24 /,A
R= Soo k2

d. Assume now that the A-factor of the PMOS is different from 0, in contrast to what was
assumed so far. Determine qualitatively if the voltage at node X will go down, or up, or
remain unchanged. Explain your answer.

D U]) I.“F ‘)lp io X +L£_/¥\_ I |‘K'r C ¢ aSsSe 5 N OZI_OLIAJHAS

[} Down

D o q Mo e mrr‘c.n‘f "H‘\f“ouaﬁu le
ncnange

—> TR c:(r‘b'l:) AEFEEE B af {oraf_.r’

—> fhecefore Vg must deccease
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PROBLEM 3: Technology Scaling

Consider a CMOS inverter followed by a wire on length L. Assumec that in the reference
design, inverter and wire contribute equally to the total propagation delay 7, You may
assume that the transistors are velocity-saturated. The wire is scaled in line with the ideal
wire scaling model. Assume initially that the wire is a local wire.

a. Determine the new (total) propagation delay as a a function of #,.r, assuming that tech-

nology and supply voltage scale with a factor 2. Consider only first-order effects.

D@ (al‘( 2 1( buer scales as "/S

De (al,{ b‘g Io cal Lorres Scales as ]
£ buffer | - NtP re:f —t cef __3__
byr e g T e B B

b= 2 toees

b. Perform the same analysis, assuming now that the wire scales a global wire, and the
wire length scales inversely proportional to the technology. o

D,g_ (QL/ of 8 C)-Lﬁl( bo e d SCa {é’S a5 S

Foenl Lt g o B2
is 2 o BEE jp= B,
= 0 > f T £

c. Repeat b, but assume now that the wire is scaled along the constant resistance model.
You may ignore the effect of the fringing capacitance.

Dc. a7 0{ ﬁ I’xl‘ woLre (Gpnsﬁkn{- rﬁgssf‘a\n&x <cales as 5
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d. Repcat b, but assume that the new technology uses a better wiring material that reduces
the resistivity by half, and a dielectric with a 25% smaller permittivity.

sz e . e L 3
G _quﬁ + ,_E?_jf_"‘: TR x;
; d[effec;fr‘:'c

resishv ."{'\7

= 3
EP /é {-PN_F

e. Discuss the energy dissipation of a. as a function of the energy dissipation of the origi-
nal design £,

!
cv© C =%
=3 s
butfe 3 \j — "/S
Ewire, ~ CV
S ;
€ ufce sScales as <3
{
E i scoales as 75T
Er‘g:g 7 Erel
E = T.(g) + __2,__. . é’
_ | -
L= ‘(E' Erel

f. Determine for each of the statements below if it is true, false, or undefined, and explain
in one line your answer.
- When driving a small fan-out, increasing the driver transistor sizes raises the short-cir-
cuit power dissipation@ F-U @Vtr‘dﬁ'w'na The eufput causes The output  fal(
'f'l'N_ "f‘.ﬂ ke m.uc-f—x SM.a..“C(' "Hu’-n 'HLL :;\P.w!’ rllse 'f;}-n.g) ;'Ac ft&gl'n(j s.c, Fuu_,,ef
- Reducing the supply voltage, while keeping the threshold voltage constant decreases the
short-circuit power dissipation F-U Less “Hime when both fraasisfors
are on

- Moving to Copper wires on a chip will enable us to build faster adders. T @ U

rC O(Q {ﬂ‘f il,:r noet an f’:fb\e_ 1Cl;r— .SLor'“)‘ wWire s
- Making a wire wider helps to reduce its RC delay. T - F

Oaly  when  ingin is an Ssue, but making wide wrre w‘.;{'er' (
- Going to dielectrics with a lower pcpmittivity will make RC wire delay more important. “°" i‘e(’

T-F)}U
RC scales O{Mn in the Soame i | &y G = !;’)1/04 ot remainS
the  some

EECS 141: FALL 00 —MIDTERM 1 7




