EE 115C Spring 2012, Midterm Examination — May 7, 2012

Instructions: This exam booklet consists of three problems, blank sheets for the solutions
and additional blank sheets. Please follow these instructions while answering your exam:

1.
2.

3.
4.

You have 1 hour 45 minutes to finish your exam.

Write your solutions clearly, in the white space provided after each problem. Tllegible
solutions will NOT be graded.

Be brief.

The sheets marked “Additional Sheets” at the end of the blanket will NOT be graded.
These sheets are provided for your rough work only.

Write your name and student identification number below, now!
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Problem 1: For each of the following statements indicate whether it is true or false. Circle the

appropriate response.
1) Consider Figure 1. Transistors M1 and M2 in the figure are identical devices. The bodies of

both transistors are connected to ground. Transistor M1 has a higher V than transistor M2.
s{:i rue ) False

VDD

Voo"“l M1
VDD—"{ M2

Figure 1
2) Adding a 1 pF capacitance to the output of a static CMOS inverter increases its switching
threshold, V. True (False)
3) The circuit shown in Figure 2 is a valid two-input static CMOS NOR gate.  True (False)
Voo
B—
Vou
A
Voo
—
Figure 2

4) Increasing the supply voltage, Vpp, of a static CMOS inverter will decrease the propagation
delay for a H->L transition on the output, tpy, but increase the propagation delay for a L>H
transition on the output, ty 4. True @

5) A static CMOS NOR gate sized to have the same worst case pull-up and pull-down resistance
as that of a static CMOS inverter will have the same propagation delay as that of the inverter.
Assume no external load. True @@

6) Consider Figure 3. Assume that the current through transistors M1 and M2 when they just
turn ON is the same, i.e. when their respective V;, values are equal to their respective V val-
ues. Then, the sub-threshold leakage currents through the transistors (i.e. for Vi, = VFJE%

are also equal. Assume all other parameters are the same. True { False/
VDD VDD
M1 M2
Vin,1'""| Ving
Vr = 3756mV V7 = 400mV

S = 75mV/decade S = 100mV/decade

Figure 3

(6 x 3 =18 points)
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Problem 2: Consider Figure 4. Calculate the equivalent capacitance on the node X as it charges
from zero to Vpp/2. Use the following parameters for your calculation with Lg= Lp=100nm. Ig-
nore Miller effect. Vpp = 1V.

2um/0.1um 0.5um/0.1um

Tum/0.fum™
M=

Figure 4
/ Cox C, Ci, Dy Cisw Bosu
Param. \ eerm?) | (Fm) | (Fpmy | ™| v | e | M | W)
NMOS | 151 0377 | 0798 |0222|0992| 00479 | 001 | 0.1
PMOS | 142 | 0254 | 0791 |0331| 101 | 00475 | 001 | 0.1

High-to-Low Lowe-to-High
g 9 Parameter Vio Vpsar
vl vl
Keqbp K‘eqsw Keqbp Keqsw
NMOS 0.883 0.979 D953 0.988 NMOS 0.27 0.25
PMOS 0.833 0.879 0.932 0.988 PMOS -0.23 04

pom M, - s aturortion , Mz -OFF; M3~ Sakutafion.
Pl -

Solution:
W‘%jﬁ’“% E}‘«%jnf}i’g %\rwm ﬂ_j@ ‘ Q{ﬁ:}% + Cwm
wﬁ?ﬁ%?}’}%ﬁm%@ i gf{)m o - Cgoz + CoBa
Contribu- hon from Moz Cgsn T Cppz
354x2 = 00708 {F

Cem = Capol ; |
N, 20w
@@wﬁ oW, Lo ~%{%W&% ) GewolW, »)

Coel = MWWM (P os)
B
5.5 ¢ ”"j

(@w«wg
= 0eqB2%X0-FAL X2 x0 ) F
= o 2slfF

M
=
N

O q8BX 0 04 TE5 X

CGQ{L — {Qg}f}mgmw fj&'f\,;?? }{ﬁ {\} 3?7? %5



X 0748 X (x04 + 0-188X0-04 %9 X 1-2

= 041535
- 0133(F

Coccs + Caso-3

?
"ﬁ {S}? Mos)
x 2z x o X0} + 0354 x 05

= 6430 X079 | w Deg X O A + o>azg X@@}@%gx o-7

= 0. 070 fF

- CG&W + Copt + Capo + Crex+Casz Copz
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Problem 3: Consider the static CMOS gate shown in Figure 5.
Vbp

;&%B—I D———| Y X =100nm .

A—-| c— :ILXL;{

Figure §

(a) Size the gate such the worst case pull-up and pull-down resistances are the same as an invert-
er with nMOS and pMOS widths of 100nm and 200nm respectively. Assume all transistors have
length L = 100nm.

(b) Calculate the worst case pull-up delay and identify the input pattern that would cause this
worst case. Use the transistor widths you have chosen in part (a) and do NOT forget to consider
the parasitic capacitances on the internal nodes. Assume zero external loading.

Note: If you find multiple, equally slow, worst case delay cases, just identify any one of them.
Assume that the transistor behavior can be well modeled by the following RC parameters:

Parameter Req Cg’ Cs’ Cp’
[kQ-pm] [{F/pum] [fF/pm] [{F/um]

NMOS 1.2 2.0 1.1 1.1

PMOS 2.4 2.0 1.2 12

{h) i) or ¢ “EW case in é»

(c) Now that you know the input pattern that actually causes the worst case delay, how would
you (qualitatively) modify your answer to part (a)?
(4 +12 + 4 =20 points)

Note:
1. For part (a), you can mark your chosen sizes (in nm) on Figure 5; you don’t have to redraw the

gate here.
2. If you could not finish part (a), go to parts (b) and (c) assuming all nMOS transistors are
100nm wide and all pMOS transistors are 200nm wide.

Solution:

S % pa 5% win O Wwé Tans ; %gim

}
31,9, 1) — (Ae,c,0)= (0,1,0,1)

(A,e, ¢, p) = ( [y
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Additional Sheets — absolutely, will NOT be gsraded.
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Additional Sheets — absolutely, will NOT be graded.
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