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Problem #1 (DFF, 110 points)
The following schematic shows a D flip flop. Answer the following questions.

e Assume that all the setup and hold times are positive (20).
e |If a net (node) does not have Cy, then you can ignore its capacitance.
e Use R, for the resistance of the corresponding NFET, PFET, or TG.
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[
o M is a transmission gate (TG) and turned on when M is high (1).

e For the input buffer, you can think of it as a circuit having a PFET network
(whose resistance is R,,o) and an NFET network (resistance: R).
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(1) Is it positive-edge-triggered or negative-edge-triggered? (10 points)
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When CLK=1, N, = D and N, = D. When CLK goes low, TG2 is turned on and N; =
N, = D, so Q = D. Thus, this is a negative-edge-triggered D FF.

(2) Estimate the fall delay of the FF. (10 points)

Suppose D=0, Q=1, and CLK=1. N; = 0. N, = 1. N; = 0. When CLK goes low, TG2 is
turned on and Nj is pulled up by R,; (delay = (Rp3 + RTGZ) - C3). Then, Q is discharged
by Rne (delay = Ry - C1).

Answer (Rp3 + RTGZ) . C3 + Rn6 - CL'
(3) Estimate the rise delay of the FF. (10 points)

D=1, Q=0, CLK=1. N; = 1. N, = 0. N; = 1. When CLK goes low, TG2 is turned on and
N; is discharged by R,; (delay = (R,3 + Rrg2) - C3). Then, Q is charged by R, (delay =
R, Cp).
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Answer (Rn3 + RTGZ) - C3 + Rp6 . CL'

(4) Estimate the setup time of the FF for D = 0. (10 points)

D=1, Q=1, CLK=1. N, = 1,N, = 0,N; = 0. If D becomes 0, then N, = 0, then N, = 1.
CLK can go low only after N, = 1. The discharging time for N, is (R, + Rr¢1) * C1- The
charging time for N, is R; - C,.

AnSWGF (RTLO + RTGl) " C1 + Rp3 - Cz.
(5) Estimate the setup time of the FF for D = 1. (10 points)

D=0, Q=0, CLK=1. N, =0,N, = 1,N; = 1. If D becomes 1, then N; = 1, then N, = 0.
CLK can go low only after N, = 0. The charging time for Ny is (R,o + Rrg1) - C;. The
discharging time for N, is R,5 - C,.

AnSWGF (RPO + RTGl) " Cl + RTl3 " Cz.
(6) Estimate the hold time of the FF for D = 0. (10 points)

D=0, Q=1, CLK=1. N; =0,N, = 1,N; = 0. If CLK goes low, then TG1 is turned off.
Then, even if D changes, Q is not affected by that. Thus, the hold time is zero (or just to
be safe, some small value.)

Answer: O or delta.
(7) Estimate the hold time of the FF for D = 1. (10 points)

Answer: 0 or delta (for the same reason as in (6)).



(8) Estimate the followings. Assume that Q=0 at time t;. (20 points)

a) Energy delivered from the DC source to the FF between t; and t,.
b) Energy dissipated in the FF between t; and t,.
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D=0, Q=0.N; =0, N, =1, N5 = 1.

First, D goes high, so N; is charged and N, is discharged.
When CLK goes low, N; is discharged and Q is charged.
When CLK goes high, nothing happens.

Answer:

a) Energy delivered from the DC source to the FF: (C; + C,) - Vpp2.
b) Energy dissipated in the FF: %(C1 +Cy+C3+C) Vpp?



(9) Estimate the followings. Assume that Q=1 at time t;. (20 points)

a) Energy delivered from the DC source to the FF between t; and t,.
b) Energy dissipated in the FF between t; and t,.
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D=1,Q=1.N, =1, N, =0, N; = 0.

First, D goes low, so N; is discharged and N, is charged.
When CLK goes low, N; is charged and Q is discharged.
When CLK goes high, nothing happens.

Answer:

a) Energy delivered from the DC source to the FF: (C, + C3) - Vpp?.
b) Energy dissipated in the FF: %(C1 +Cy+C3+C) Vpp?



Problem #2 (Logic Design, 10 points)

Design Y = A+ B - (C + D). Available input: 4, B, C,D. Use the static CMOS design
methodology (draw a schematic). (10 points)

Y=A-{B+C-D}
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Problem #3 (DFF, 100 points)

The following schematic shows a positive-edge-triggered D flip flop. Answer the
following questions.

CLK

Assume that all the setup and hold times are positive (20).
If a net (node) does not have Cy, then you can ignore its capacitance.
Use Ry for the resistance of the corresponding NFET, PFET, or TG.

4 ¢}t
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M is a transmission gate (TG) and turned on when M is high (1).

For the input buffer, you can think of it as a circuit having a PFET network
(whose resistance is R,,o) and an NFET network (resistance: R).

When you analyze the delay/setup/hold times, ignore the R and C of the cross-
coupled inverters.
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(1) Estimate the fall delay of the FF. (10 points)

Suppose D=0, Q=1, and CLK=0. N; = 1. N, = 0. N; = 1. When CLK goes high, N, is
discharged and N; = 1, so the TG is turned on. Then, N, is discharged, N is charged,
and Q is discharged.

AnSWGF (RTIA- + RTIS)C4 + Rp6 ) C5 + (RTIO + RTG)CG + Rp7 ) C7 + RTL8 * CL'
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(2) Estimate the rise delay of the FF. (10 points)

Suppose D=1, Q=0, and CLK=0. N; = 1. N, = 0. N; = 1. When CLK goes high, N, is
discharged and N; = 1, so the TG is turned on. Then, Ny is charged, N, is discharged,
and Q is charged.

Answer (Rn4_ + RnS)C4 + Rp6 " CS + (Rpo + RTG)CG + Rn7 " C7 + Rpg . CL'
(3) Estimate the setup time of the FF for D = 0. (10 points)

Suppose D=1, Q=1, and CLK=0. N; = 1. N, = 0. N; = 1. When CLK goes high, N, is
discharged and N; = 1, so the TG is turned on. N, must be 0 before the TG is turned on
(otherwise it might not be possible to discharge N in time). Discharging N, takes R,,,C,.
If this is shorter than the time taken to turn on the TG, then the setup time is 0.
Howevers, if it is longer than the time taken to turn on the TG, the difference between the
two is the setup time.

Answer: Max (0, Ry * Co — (Rpa + Rps)Cy + Ry - Cs).

(4) Estimate the setup time of the FF for D = 1. (10 points)
Answer: Max (0, R, - Co — (Rpa + Rps)Cy + Ry - Cs).

(5) Estimate the hold time of the FF for D = 0. (10 points)
D is allowed to change arbitrarily after the TG is turned off.

Answer Rnl . Cl + sz - Cz + Rng " Cg + RPS . C4 + Rn6 - C5
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(6) Estimate the hold time of the FF for D = 1. (10 points)
AnSWGF Rnl " C1 + sz " C2 + Rn3 - C3 + RPS - C4 + RTL6 - CS
(7) Estimate the followings. Assume that Q=0 at time t,. (20 points)

c) Energy delivered from the DC source to the FF between t; and ¢,.
d) Energy dissipated in the FF between t; and t,.

Dll

» Time

CLK

t'l = » Time
D=O,Q=O.N1:1,N2:0, N3:1,N4_:1,N5:0,N0:0,N6:0,N7:1.
First, D goes high, so N, is charged.

When CLK goes high, N, is discharged, N; is charged, N, is charged, N is discharged,
and Q is charged. At the same time, N; is discharged, N, is charged, and N; is
discharged, so N, is charged, N; is discharged.

When CLK goes low, N; =1, N, =0, and N; = 1.
Answer:

a) Energy delivered from the DC source to the FF:



(CO+CS+C6+CL+CZ+C4+61+C3)'VDDZ:(C0+C1+C2+C3+C4+CS+C6+CL)'

2
VDD -

b) Energy dissipated in the FF:

1

1
=5 (Co +2C; +2C; + 265 +2C,+2Cs + Co + C, 4+ C,) - V2
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(8) Estimate the followings. Assume that Q=1 at time t5. (20 points)

c) Energy delivered from the DC source to the FF between t; and t,.
d) Energy dissipated in the FF between t; and t,.
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D=1,Q=1.N1:1,N2:0, N3:1,N4:1,N5:0,N0:1,N6:1,N7:0.

First, D goes low, so N, is discharged.



When CLK goes high, N, is discharged, N is charged, N, is discharged, N is charged,
and Q is discharged. At the same time, N; is discharged, N, is charged, and N; is
discharged, so N, is charged, N; is discharged.

When CLK goes low, N; =1, N, =0, and N; = 1.
Answer:

a) Energy delivered from the DC source to the FF:
(Cs+Cy+Cya4+Co+Cy+C3) Vpp®>=(Cy +Cy 4+ C3 + Cy + Cs + Cy) - VppZ.

b) Energy dissipated in the FF:

1
E(C0+C4+C5+C6+C7+CL+C1+C2+C3+C4+C5+C1+C2+C3)-VDD2

1
=5 (Co +2C; +2C; + 205 +2C4 + 205 + Co + C; +C)) - Vpp?



