University of California, Los Angeles
Henry Samueli School of Engineering and Applied Science
Department of Electrical Engineering

D. Markovi¢ Tue Thu 10:00am-12:00pm
Fri, Mar 22, 11:30am-2:30pm

EE115C: WINTER 2013 —FINAL EXAM

SOLUTION
NAME .
Last First
SID
Please write answers in the box and spaces provided.
Answers elsewhere will not be graded.
Problem 1 /10
You have 180 minutes. Problem 2 120
The test is designed so that you Problem3 __ /10
roughly spend 1.5 minutes per point Problem 4 /10
+30 minutes to check your answers. Problem 5 /10
If you get stuck, move on. Problemé6 ___ /15
Problem 7 /15
Good luck! Problem 8 /10
Total (100)
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(10 pts)

PROBLEM 1: Warm up
a. In the figure below, what is the minimum allowable value of Vpp (initially 1V) if M; must not

enter the triode region? Assume A=0. (3 pts)
” pA (W 480nm
VDD_I=_1V VDSAT = O.3V, VTN = 017V, kn =30 W, (T)Ml = 100nm
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=0 av)_\)
b. In the figure below, Ip,,, = 175uA . What region of operation is M2 in? What

is (%)Mzratio? Assume A=0. (3 pts)
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¢. What is the path effort from /n to Out in the circuit below? (4 pts)

In

Out

L,
i

F= 3\/2_
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PROBLEM 2: Logical Effort, Power (20 pts)

Suppose we are trying to design a 6-input OR logic between a driver stage of 6 unit inverters and
a load stage with capacitance equal to 24 times the unit inverter, as shown below.

OR

_|>.P_

. “[>°— 6-Input | -
G R
_{>o_ L
_{>°_

There are many implementations of this logic block. We only consider 3 of them which are shown

in figures 2(a) - 2(c). azl3/3} ?,’ L %‘/\ ) ?’/‘

Qp}/g( 1 Figure 2(c) ;FZ
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a. Apply logical effort theory to size the gates (S1-S6) for minimum delay (from A-F to Y)
and tell which is the fastest? (Note: Internal transistor sizes within these gates have equal
worst-case pull-up and pull-down strength. Reference inverter has transistor width ratio
Wp:Wn =2:1) (8 pts)

\Y ‘;1:%—7
e 7/‘-(/¥(—, @
dmn;),(q) ':gjz‘—\'g: 22—\

si= &7 (\}

dmin-2) = QQ E ‘ L { )
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Se oA
f= ety
dnin= | .53 (] )
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$’5 §3 = Y.og¢

o,
Sl g
dm,2(¢)=3%+§o—,\ﬁ-\k

8= e K (V)
56= ?'Xé (')
awio= (.1 | ()

b. Based on the sizes you found in (a), assume we ignore internal capacitance within a logic ﬁ-ﬂ-l
gate (NAND, NOR, INV), six inputs (A-F) are independent and have equal probability of
being 0 or 1. Estimate which design has the largest dynamic power dissipation and which
has the smallest. Assume the three circuits have the same Vpp and clock frequency. (12
pts)

O('Z” =0-0%

O ? (-9 5(\3 %,1-'20

wq _we] it o §19)

\
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PROBLEM 3: CMOS Logic (10 pts)

Design OUT = ((A + B)(C + D + E) + F)G in static CMOS.

Draw the schematic and size the transistors so that the worst-case equivalent resistances are equal
to that of a unit-size 6:2 inverter. For sizing, use velocity saturation scaling factors of X, = 4/3,
and X,, = 6/5.

Hint: Use De-Morgan's law to convert OUT to OUT.

OUT= UlhrB) (E4p+8)+F ). C = (4B CDE) Fre

Voo
-

Xy =8 Xu=Ths

km* A

i
T %/X 15#‘ WA,.\ l N&N F"‘I L‘/XV\ /)(“

" Wey Wpy (W
TR ekt

\\\\@<—WFP‘V\)Gf g
O\F\{/X = ;O (""WA?,V\IBf
W

Cpc W Dy |N9y
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PROBLEM 4: Layout Techniques (10 pts)

a. Consider the logic gate shown below. What is the logic function implemented by the circuit?
(2 pts)

By
%

w}7%

Al
¥

F= A (B+CQ)+BC (2)

N e Ch

N pp - s ) F a’\éo

pac BC

RCBCA M
CBCAB
Blhkbe

Consistent Euler Path = A C B C 6 (V\
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C.

Implement the circuit in part (a) in one diffusion region using stick diagram. Each gate must
be used for both PMOS and NMOS. Use static CMOS. Clearly denote if crossing wires are

connected or not. (4 pts)
Hint: Use the Euler path you found in part (b).

&'P\Al\\s
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PROBLEM 5: Arithmetic Block (10 pts)

A linear 16-bit carry-bypass adder has been shown below.

Bit0-3 Bit4-6 Bit 7-11 Bit 12-15
Setup Setup Setup Setup
Carry Carry . Carry Carry .
Propogation Propogation Propogation » Propogation
x x x =
D ) 2 >
= = = =
- > < -t
Sum Sum Sum Sum

a. Calculate the worst case delay of this adder. (In terms of tsetwp, tearry, tsum, and tmux). (3 pts)

Enlorst epa. ® ’tsuulr» M’ch*a*(N/M—n)fwuﬁ("""ﬂ:cw,

-l"ESum

Weve M=Y ) N= L6
t linear 16-bit carry-bypass = &9‘-4"‘7 + ‘-"E(qny"’ 3{,““,-1' 3'(?(“',,.1 “t +(MM (3)

b. A smart engineer from 115cTechnologies designed the same adder for her boss. By mistake
she had 3-bits in the second stage and 5-bits in the third stage. Calculate the worst-case delay
of this adder and compare it to the linear 16-bit carry-bypass. Argue whether the engineer’s
boss should give this engineer a raise or fire her. (4 pts)

-t=‘t§¢—|u(>+ "H:Co\wu( + 3+Mv\x+3‘l’u\rn~(*'&Sum
(&qumq"'\\”\ t muye ’kf+mm»1)

Werst Case deloy Adoes not

bt ek Shour SHIl needo o wa Ef;/ P 54-3,9..

L‘) Thord $+ﬂ3/. needo more e .é/ c;‘“‘ L4 but maxes
Provida ¥,

 sctcmotogssder = (e’h"f +1tea ving 3t mnge * un ((5)
She should: Get fired D Get a raise D Neither M ( \ )
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¢. Implement the MUX (used in a 4-bit stage) using transmission gates and inverters. (3 pts)

o
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PROBLEM 6: Flip-Flop Timing (15 pts)

Consider the sequential circuit shown below.

CLK JIE;I —~[ P2 —4 P3 —4 P4 PS

e e
h: N2 —”:NS

CLKD
—Do—Do—-Dc %IEEB :51\14

a. Assume that all the transistors have been sized such that the delay from any input to the
immediate output equals t;,,;, = 100ps, and an external clock CLK operates at 1GHz with 50%
duty cycle. Draw the waveforms at nodes CLK, CLKD, X, and Q for two clock cycles, with D
equals 0 in first cycle and 1 in the second. (4 pts)

3t,w l‘ u
] ol e 1 5
e g |
= : : : SN W
2 SURE |
o o oy RBT b T BT
REE gl !
. ' ?w et I
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b. Would the sequential circuit above be considered a latch, a master-slave pair, or a pulse-

triggered latch? (1 pts)
Tulse -&:BZWJ Ladzte ()

¢. Are the setup and hold time of this sequential circuit positive, negative, or approximately zero?

Why? (2 pts) k\\('Dﬂ—(a-A-( ga_m D Jo

ge{m.r -"l‘Mﬂ- sy '_\‘_a'tl___h\f_.’“ (5 leas Haorn 'ﬂm.?ulu WC&H\)
D st be fadd untid nody
)‘ou\p( a arse Se:HLﬂJ()

d. Calculate the propagation delay t 4 for output (Q) high-to-low and low-to-high transitions.
(4 pts)

W\
\/{o\i ‘H\N& - (PD'S:’\’;*‘*

’tCIK—"{,HL: ,‘nvzlaﬂlﬂf

tt:lk—q,Hl. = IOOFJ IQ/W
tclk-q,LH= 200 P S k’?/\

+¢u<—ﬂ , LH=2%jy = 200p§

e. Can we increase the number of inverter stage between CLK and CLKD from three to five?
Why or Why not? (2 pts)

 PEUE SRR L & fulee widfh 2

f. Can we reduce the number of inverter stage between CLK and CLKD from three to one? Why
or Why not? (2 pts)

No - Pulse width ot oo wia(n_%.wa’«
k\\ %r ’I/LL IY\Ku/("D 40 T)‘"P’Doaai% Q,

which Carn be ,’l-@;,‘m ih Ala worst Cueo
B 1
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(15 pts)

PROBLEM 7: Timing Analysis
Figure below shows a data path structure with feedback. Registers are edge triggered with the

following parameters: t._q max = 4NS, te—gqmin = 2NS, tserup = 1ns, and tpoq = 1ns.

Logic 1 Logic 2
Reg 1 > Tnax = 20118 » Reg?2 > tax=20n0S
L =20s tmin = 10ns
1 )

CLK
a. What is the maximum frequency at which this data path can operate properly? Assume zero

skew between the clocks and no jitter. (4 pts)
I 2 %C«e('qu‘r'{'( e *‘£S¢4u.r k’ﬂ
O T>/ Yns +26nS 4]ng = 30nS (3)7—}/ 255 ¢
@ Tovp dbves, ot 50 el ol wS32 25
[
= — =333 Mﬂ?{ fmax:g?)'gM{—A,k?\

=
i XKOal

b. What is the maximum random clock skew that this system can tolerate? (4 pts)

"ésw,mug{c—ﬂmﬁj JCW/M"* =g Q
O &Slaw £ dng,p Sns mulng obu g
A I G o v TR

Sk —max
o saen ol |142)
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¢. Assume there is no random skew and you are able to introduce the clock skew into this system.
How do you do this to maximize the system performance without sacrificing the functionality?
What is the maximum operating frequency we can achieve? When operating at the highest
speed, what is the maximum random clock jitter that this system can tolerate? (7 pts)

04,,\3 ?o;.'rh'm ey v ﬁ‘”‘i&w““l Pt
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2 Tex: = 12906

= if :—*\'—"—gé‘L(MH@’ Q\ Fmax= 36.4 MHaf
i 9—7.{5;5
Littermax = ‘7g“3
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S ke
QO 2k ekl G SIS LausR i L 56

@ Z'EJ‘;‘“‘W < Anl +(0us=lny + 2. s = [3.8K8
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PROBLEM 8: Job Interview Question (10 pts)

a. When using flip-flops, sometimes in addition to CLK, we might want to use an ENABLE
signal to store data. Meaning Data is passed to the output at the edge of the clock if ENABLE
is high. Figures 8(a) and 8(b) show two different implementations for this.

D PO Q s D Q Q
S )( ENABLE
ENABLE— — ey
Figure 8(a) Figure 8(b)

Which implementation is more robust? Why? (5 pts)
gguwu_ 2 UO) s mona Yobust. \Q’\
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