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EXAMINATION NO. 3 - SOLUTIONS
(Average score = 65/100)

Problem 1 - (30 points)

Find the optimum delay and the device sizes in each of the logic circuits below for the path
shown using optimal path delay concepts. Assume that the channel length of all transistors
is 0.1um and that the technology corresponds to 0.13um CMOS technology.

1fF Ci

2 I Cload _:I:

S04E3P1 — - 200fF

Solution

C, C, Cload\11/3 Cload\ 1173
Fanout Delay = [ nor2<C ) mV(Q) nand3< C, )] [ Tnor2TinvTy and3( Cin )]

Tnor2 = Tnand3 = IRegnColy = 5-12.5k-2fF/um-0.1pm = 12.5ps
Tiny = 3R gnColyy = 3-12.5k-2fF/um-0.1um = 7.5ps
Fanout Delay = [5-3-5-(Clpqq/ Cip)1V3R 3 C oLy = (5:3-5-200)13R,,,C, L,
= (535200)'*R,,,C,L, = 15,00013R,,,,C,L, = 24.662 R,,,,C,L,

Setting each stage fanout-delay equal to this term gives the input capacitances working from
the output back to the input.

5Cipad  5-200fF 3C,  5.40.55fF
C2=722.662 = 24.662 = 40.55F,  Ci=77662="24662 =+932MF

: . 5C1  54.932fF
Checklng Cin gives, Cin =24.662= 24.662 = 1fF

L
Next, set each gate delay equal to R,C;;, = Reqn<Wn) C;, to find W.

L, C,, IfF
NOR?2: SReangLn = Reqn( )Cm - W= 5C =3. 2fF/pm =0. lprn

L, Ci  4.932fF
eqn( )

W, =W=0.1pm and W), = 4W = 0.4um

INV: 3Rean L =R W Cl - W= 3C =3. 2fF/pm =0. 82pm

W, =W =0.82um and W), = 2W = 0.164um

Ly, Cy  40.55fF
NAND3: 5R,,,C,L, = Reqn<W)C2 - W= 5C, = 521F/um = 4.055

W, = 3W = 12.16um and W, = 2W = 8.11ym

200 40.55 4.932
Total delay = nand3<40, 5 5+Vnand3) +tinv<4_932+yinv> + 7nor2( 1 +Vn0r2)

Coelf  13WCepr 13-1 Wyt WptW)Copp 6-1
Ynand3 = Cin = SWC =52 = 1.3, Yiny = 0.5, Ypor2 = 4WCg =4.2= 0.75

. Total delay = 12.5ps(4.932+1.3) + 7.5ps(8.22+0.5) + 12.5ps(4.932+0.75) = 214ps
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Problem 2 — (25 points)

For the logic circuit in Problem 1, find the optimum delay and the device sizes in each of
the logic circuits below for the path shown using logical effort concepts. Assume that the
channel length of all transistors is 0.1um and that the technology corresponds to 0.13um
CMOS technology.

Solution

Cload  (5\ . (5\/200
Total path effort = PE = LE| ;XL ianLEnand3XC_n = (g)(l)(g) (T> = 555.55
Stage effort = SE = (555.55)1/3 =8.22
Delay = D = 3(8.22) + 1.5+ 0.5 + 1.5 = 28.162

Minimum path delay = D x7;;,, 28.162x7.5ps = 211.2ps

Working backwards from the output to the input we compute the input capacitances:

Clo LEnandS Cload (5/3)x1 00fF
LEnand3<C_2 =822 —  G=""g33 = 822 =4055F
G LEvC>  (1)x40.55fF
LEn(Gy) =822 =  Cl="gar =" g27 =49%F
Co, LE,o:2C1  (5/3)x4.932fF
Lenorz( Cz =8.22 - Cz = 822 = 8.22 = IfF

L
Next, set each gate delay equal to R,C;;, = Reqn<Wn) C;, to find W.

NOR2: SReangLn = Reqn<W>Cin — W= ch = 5‘2fF/pm = 0.1pm

W, =W=0.1pm and W), = 4W = 0.4um

L, Ci  4.932fF
INV: 3R,,,C,L, = Reqn<W)Cl — W= 3C, = 320F/jum = 0.82um

W, =W =0.82um and W), = 2W = 0.164um

L, Cy  40.55fF
NAND?3: SReangLn = Reqn<W>C2 —- W= ch = 5'2fF/”m = 4.055

W, =3W=12.16um and W, =2W = 8.11um

200 40.55 4.932
Total delay = nand3<40, 5 5+Vnand3) +tinv<4,932+yinv> + 7nor2( 1 +Vn0r2)

Coef 13WCosr 13-1 (W, +WAW,)Copr 6-1
Tand3 =T, = SWC, = 52 = 13- Yiny = 0.5 Yhora =7 4WC, =32=075




ECE 4420 — Spring 2004

Problem 3 — (25 points)

For the logic circuit shown below, assume that

the transmission gates are all 4A:2\ and that the
inverters driving the transmission gates have

PMOS transistors that are 8\:2A, and NMOS

transistors that are 4A:2A, where A = 0.1um.
The output inverter is to drive a 50 fF load. The
output inverter is 4 times larger than the input
inverters.

(a.) Write the logic expression for the output
function in terms of A, B, sel, and selB.
(b.) Draw an equivalent RC circuit model for the

path from A to C assuming that the sel signal is
high. Write down the individual contributions

Page 3

selB

<,

ouT
C ~I><k

%>cr|1

_?_sel S04E3P3

for each resistance and capacitance and place the total values at the appropriate nodes.

(c.) Find the Elmore delay from A to C.

Solution

(@) OUT= sel-A + sel-A =(sel +A)(sel-B)= A-sel + B-selB

(b.) The equivalent RC circuit model is shown below.

A Rlnv OnTG RT

LLLLL

Iceﬁzw:[ ng:l: ng:[ceﬁzw

S04E3S3

The quantities in this model are:

C

4 inv:l:

[~

22
Ry = 12.51@(5) = 6.25kQ, Cjpy = Copf( W, +W,,) = HF/um(0.4um+0.8um) = 1.2fF,

Coff(2W) = 1fF/um(0.8um) = 0.8fF, C,W = 2fF/um(0.4um) = 0.8fF

1222%

2A
R7g :12'5k9(4k) 6.25k€2, and 4C;

(c.) The Elmore delay from A to C is given as

= 4C W = 4(2fF/um)(1.2pm) = 9.6fF

tac = 6.25kQ(1.2fF+0.8fF+0.8fF) + (6.25kQ+6.25kQ)(0.8fF+0.8fF+0.8fF+9.6fF)

= 6.25kQ(2.8fF) + 6.25kQ(12fF) = 17.5ps + 150ps = 167.5ps
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Problem 4 — (20 points)

(a.) Find the equivalent dynamic gate of the static logic gate VbD
shown. (b.) Find the logical effort for both gates. |

Solution A—Ci 8\ B—CHZS?»

(a.) The equivalent circuit is shown where the clock is assumed to Out
arrive first before A and B.

Voo A—[ s
Cﬁ‘—olthx 5 —{ s

Out
— SO04E3P4A

A 8
B[ s
— [ 8»

L S04E3s4

(b.) Both gates have equal rise and fall times. Therefore the logical effort for both gates is
as follows:

SAM8N 16 4
LE1ic :47\.+87\. =12 =3 = 1.33
8\ i

LEdynamic = )8\ =12



