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PROBLEM 1: Wires (8pts)

Consider RC network shown in Fig. 1. Assume the transmission gate can be modeled as a
resistance R;. Capacitance of this gate is included in Cs.
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Fig. 1: RC network.

a. Write expressions for the time constants associated with Clki, Clk,, and Clks. (6 pts)

'
e g

n= R,C 4 (RAR) Co + RiCa+ (RitRaTRW G+ (RtRD) [ (s

5= R+ RHR2)C3 + RiCat Ry Cy+ R s

b. IfR,=R,=Rs=Rs=R, C,=C,=C3=C4=Cs=C, what value of R; (in terms of R) is required
to balance the delays to Clky, Clk, and Clks? (2 pts)

:’T‘\=QRC | R= 4R
9R. = Ty= Ske t RscC
Ry = 4R
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PROBLEM 2: Logic Gates (16 pts)

Consider dynamic gate shown in Fig. 2. Assume Cgs = Cgd = Cdb = Csb =S * 1{F, where S is the
size of the transistor as indicated in the schematic. The input capacitance of the inverter is 20 fF.

Fig. 2: Dynamic gate.

a. Is it the best to make Vy of the inverter equal to Vpp/2, greater than Vpp/2, or less than
Vop/2? (3 pts)

Circle one answer:

Vum = Vpp/2 VM > Vpp/2 @ CL) P’\'

Briefly explain your answer below:

‘Fas*’ev Full—o{own at +the ow{?Fu,t O'F invertey- Ce) P+-

b. What are the logic levels of inputs A and B that create worst-case charge sharing scenario
during evaluation phase? Circle one answer: (1 pt)

A=B=0 A=0,B=1 A=1,B=0 A=B=1 () P~l—_

What is the worst voltage level at node X resulting from charge sharing effects? (4 pts)

Vout(V)= "‘031“'

Cy=s G6(cgd *Cap) + (C3a+ Colg) + 20 =3 uf (2)pt

Cy= 6(Cqs+Csp) + 6 (Cgq+ ColB)—‘QUfF Oy pt
Vy = \/dd'__c_:}__ = 2.5 % _Z‘_q_:_ =1.034 (1 F+'
Cx*\'CY 58
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¢. In addition to charge sharing, assume each transistor connected contributes S * 1nA of reverse
biased diode current. Assume Vy of the inverter is Vpp/2. For how long will the output be

valid in the evaluation phase? (4 pts)
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d. Write Boolean expression that describes logic function of the gate below. (2 pts)

c

out= B-C+ARC
b s —

Out 1 P‘f“ J‘O

5'4: :“_B e.qclr\ terwm.

cH[Cc-d[ r‘]}-—c

A
Fig. 2d: Logic gate.

e. Implement gate from part (d) in static complementary CMOS using minimum number of
transistors. You may assume both true and complementary inputs. (2 pts) =
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PROBLEM 3: Logical Effort (11)
For logical effort calculation, assume that the PMOS/NMOS width ratio in the unit inverter is 2/1.

a. Determine the logical effort of inputs A, B, and C for the gates shown below. Also, determine
the parasitic delay of each gate. (5 pts)

"o LEx= ‘3 (o:5pK)
Zj 3 LEs= %3 (0:Spk)
c— lout | LEc= f3  (0.S i)

= p= ff3 (lpt)
A_qVDDz LEx= /3 (0.T ¢i)
s e tem s (0.0 gm)

I LEe= 3 (0.0 o)

- = 3 (1gt)
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b. Sizes the transistors in Fig. 3b so that the circuit provides the same pull-up and pull-down
current at the output Out as a unit inverter. The input capacitance of all inputs (4, B, and O)

should be equal. (6 pts)

Vm

Pull-up: | M= 4, S (A \>{~-)
A—_db'_c M= 3.8 (lpt)

B 1‘1 M4 | M¢= 3 ) f ‘ B}
Out ) : ( P+)

= ‘

| E‘a pull-down: | M= 2 (\ Pf.)

M| |
M= 2 (\pH)
Fig. 3b: Complex logic gate. Ms= | (1 P—\)

Tor the prll-down nehoork :
Mg =\

L + A= ©

M Mo

note that Mnpuis A and & ave
idertical o

M =M, and MM @
wmbin?v\a& ® and & -

¥

M= M, = 2

For the  pull-up nefwork

R Ao sarme PO
M4+ M;— - E @ - af imler‘\—&r

Mg + Mg = Mot M, ® <— same Input
eaps
Mg+l = M +2 ®©

Seluing B and
’G"f M+ @VLA MS‘"

My = S+ 17
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PROBLEM 4: Arithmetic Blocks (5 pts)
16-bit (N = 16) Carry Skip Adder is shown in Fig. 4. It is organized in blocks of B = 4 bits. For

simplicity, assume fcary = fsum = fskip- YOU May igNOTE fsepyp.

bits 0:3 bits 4:7 bits 8:11 bits 12:15
4-bit 4-bit 4-bit 4-bit
block block block block
C3 P0:3 C7 "P4:7 Cll P8:ll C15 P12:15

Co=0 | skip & skip é skip > skip —»

T Cos ——3 —Cor —3—Con—3 —Cous
sum sum sum sum

Fig. 4: Adder.

a. Implement the skip function using transmission gates and inverters. (2 pts)

P
G owon - | P P Twverter (0.5) pt
s —3 T BT fapaes 0.5 g
I" Lo gate (1) ot
C TR 1
K T\JT,—~
" ke 3,7, 1,15

b. What is the optimal block size B that minimizes the delay of the adder? B does not have to be

an integer. (3 pts)
B= QJz

—to(: B-'tca\—y-a -+ (—%‘ -—]) tS‘Q‘P + (Bwl)'{:cayra + tsum (2—) F+

Qot the derivative tv 0.
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PROBLEM 5: Extra Credit (S pts)

Being expert digital 1C designerm fact that any logical function can be ir@

using Z-M@nly or 2-input NOR gates only.

a. Design a 2-input XOR gate using only 2-input NAND gates. Use the fewest number of gates
possible. (2 pts)

BN Q&L“\’e—S

A ’{) F=-A®B
B f—~\>~ )
_"L—)/ O or Zporats

) (standard interview question):
Prove any logic function can be implemented using full adder cells. (3 pts)

Cout Sum
Cin FC."“'* © ®\
O | Con
| » O D/Ms
Suw | %
A B
L)

o J) Chn e
=
| o)

l o O
0, B=1
O or 3 pornts ' Cin
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