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Problem 1 —Pulse-triggered latch

a)
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b) With respect to clock rising edge,

tggtup = O
thold = 3 tp’inv = GOOpS

¢) Thereis only dynamic power consumption in this circuit.

P = (:Vdd2 fO— >1 = (CQ + C(S)Vdd2 fCLK 058. -'-CXVdd2 fCLK 05 + CCLKDVdd2 fCLK
= (20f +201)(2.5)>(100M)" 0.5" 0.3+10f " (2.5)°(100M)" 0.5+10f " (2.5)>(100M) =13.1m\/

P=13.1puW




The red sign above indicates some correction to the original solution. The 0 to 1 switching
probability is 0.5a for nodes Q and Q bar, while the same probability is 0.5 for node X,
because X is precharged to Vi before each clock rising edge. The 0 to 1 transition of X is
only determined by the logical value of D at each clock rising edge, and is not affected by the
probability (a) input D changesits state in the clock cycle.

Problem 2 — Timing and Clock Skew

a) To determine the max. period that we can clock this system, we need to examine every
possible path between the synchonous latches and the associated delay.
Min Max
L1->L2 passesthrough A, B Inst+1.7ns=2.7ns 2.1ns+2.3ns=4.4ns
L2->L3 passesthrough C, D 0.5ns+2.2ns=2.7ns  1.4ns+2.9ns=4.3ns
L2->L4 passesthrough C, E 0.5ns+1.5ns=2.0ns  1.4ns+3.1ns=4.5ns
L4->L3 passes through D 2.2ns 2.9ns
L3->L2 passesthrough B 1.7ns 2.3ns

We want to focus on the minimum delay, because it is this factor which has the potential to
through our system into a race condition. We see that the shortest combinational path is 1.7ns
from L3->L2. Sincethereisaso a.3nstigcn Thus our Ton must be within 1.7ns+.3ns=2.0ns

Ton’max = ZOHS

b) For the Min. Period that we can clock the system we need to look at the max time:
Tmin = max(comb. LogiC) + tiach = 4.5ns+.3ns =4.8ns (note: if there were a setup time
specified, we would have to take that into account)

TPmin = 48!’]5
C) Delay = ? (Block Delay) + Tacn
Source | Dedtination | Min Delay | Max Delay | Skew | Race Constraint Clock Constraint
LaICh LaICh (Tmin) (Tmax) (Tmin > d + Ton) (I—max < TP + d)
L1 L2 3.0 4.7 d d<3.0- T Tp>4.7-d
L2 L3 3.0 4.6 d d<3.0- Ty Tp>4.6-d
L2 L4 2.3 4.8 2d d<(23- Tw)/2 |Tp>48-2
L4 L3 2.5 3.2 -d d>-25+ T, Tp>32+d
L3 L2 2.0 2.6 -d d>-2.0+To, Tp>26+d

Concerns related to Top, isignored in this problem. Thus,

For mind, consider L1-> L2 case: d>4.7- Tp=0.2ns
For max d, Consider L4>L3case; | d<45- 3.2=13ns

C) Note that with Tp = 5.0ns, there is no longer a minimum skew requirement.
From the race constraint column, can see that limiting caseisset by L2 -> L4 and L3->L2




Tn<23- 2
Ton<d+20

To find the max. Top, Set 23- 2d=20+d==> d=0.1ns

Tonmax = 2.1NS

Duty Cycle=2.1/5.0 = 42%

€)
Source | Destination | Min Delay | Max Delay | Skew | Race Constraint | Clock Constraint
Latch | Latch (Tmin) (Tmax) (Tmin>d+ Ton) | (Tmax < Tp +d)
L1 L5 13 2.4 d d<1.3 Tp>24-d
L5 L2 2.0 2.6 d d<20 Tp>26-d
L2 L3 3.0 4.6 d d<3.0 Tp>4.6-d
L2 L4 2.3 4.8 2d d<2.3/2 Tp>48-2d
L4 L3 25 3.2 -d d>-25 Tp>32+d
L3 L2 2.0 2.6 -d d>-20 Tp>26+d
With no constraints on Tp, the max. skew is defined by propagation from L2->L4: | d<1.15
For Tpmin, Snce that L2->L4 and L4->L 3 have opposing behavior,
Set 48-2d=32+d > d=053ns Tpmin =3.73ns

Problem 3 — Schmitt Trigger

a) When out is high, M6 is on providing aresistive path to Vdd, which makes it more difficult
to bring the node between M3 and M4 low. When out is low, M5 is on providing a resistive
path to ground, which makes it more difficult to bring the node between M1 and M2 high.
This input-dependent switching threshold defines the circuit as a Schmitt trigger.

b) To prevent false-switch during both inputs, we need Vm+> 15V, V. <1V

c) Given that kynmos = 2.5 * kppmos, we size the PFETS, M1 and M2 to have 2.5 times the
width of M3 and M4.  Well use 1um as the widths of M3 and M4. Then, without the
presence of M5 and M6, we have a standard inverter with Vm=Vdd/2=1.25V.

Label the point where M6, M3 and M4 intersect to be called V. To have W+ a 1.5V, we
want M3 to turn on when V;,=1.5V. This means that we want \4, to be 0.8V (Vin —V1). To
set up Vp to be 0.8V, we need to size M6 versus M4 to create the right voltage division:
0.8V=(V u* (Ra/(R4+Rs)). Let Wns=X * Wia. Assuming both transistors are in saturation,
we have R=1/[lambda* (k,/2* (W/L)* (VesV7)?). At the operating point under consideration,
Vesi=Vin=1.5V, and Vess = Vour-Vp = 2.5-0.8 = 1.7V. Substituting into the voltage divider
equation, we get X=0.3. We aso natice that in the voltage divider equation, lambda and Kp



get factored out. So the ratio of M4 to M6 is not dependent on these parameters. Therefore,
Wwme/Wma=Wns/Wn1=0.3.

Wn1=Wuz2 = 2.5um, Wyz = Wus = 1um, Wue = 0.3um, W5 = 0.75um

Note: This solution treats serial transistors as voltage divider for simplicity. You can also
solve current equations on the conducting path for results.

d) The SPICE input deck and the simulation results are as following:

.model pmos pmos LEVEL=1 TOX=25VTO=-0.7 KP=8e-6 LAMBDA=0.19 PHI=0.6
.model nmos nmos LEVEL=1 TOX=25 VTO=0.7 KP=20e-6 LAMBDA=0.06 PHI=0.6
Jparam wex=0.3

M1 ain vdd vdd PMOS |=0.25u w=2.5u

M2 out in avdd PMOS [=0.25u w=2.5u
M3outinb0 NMOS|=0.25u w=1u

M4bin 00 NMOSI=0.25u w=1u

M5 aout 0 vdd PMOS 1=0.25u w="2.5u*wex
M6 b out vdd 0 NMOS |=0.25u w="1u*wex"

vdd vdd 0 2.5
vinin 0 pulse 0 2.5 2ns 20ns 20ns 50ns 100ns

.OPTIONS post=2 nomod

tran 1n 200ns
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