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Problem 1 – Pulse-triggered latch 
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b) With respect to clock rising edge,    
 

 
tsetup = 0 

 thold = 3 tp,inv = 600ps 
 
 
c) There is only dynamic power consumption in this circuit. 
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P = 10.9 µW  

 



Problem 2 – Timing and Clock Skew 
a) Determine ton,max, the maximum time that the clock pulse can be high (i.e. longest time 
the latches can be open for). Assume there is NO clock skew. 
 
If the clock is high for too long, data can flow from the L1 input through A and reach L2 
in the same pulse. Similarly, it could flow from the L2 input through B, C, to L3, or from 
the L3 input through C and to L3 again. All of these cases must be prevented. For the L1-
L2 flow through hazard, we want to make sure that the ON pulse is short enough that the 
fastest possible path through A doesn’t allow new data from L1 to reach L2 while it is 
still open. 

 
TON < tlatch,1 + tpmin,A = 0.3 ns + 1.7 ns = 2.0 ns 

 
For the other hazards we have 

TON < tlatch,2 + tpmin,B + tpmin,C = 0.3 ns + 1.2 ns + 1.0 ns = 2.5 ns 
TON < tlatch,3 + tpmin,C = 0.3 ns + 1.0 ns = 1.3 ns 
 

 
TON < 1.3 ns.         

 
A more liberal solution is to add 0.3 ns to each result, and obtain a final answer of 1.6 ns, 
since it may be ok for data to reach the next latch as long as it doesn’t have time to flow 
through. It is not clear which approach is more accurate without more information about 
the latch. 
 
b) Determine the minimum clock period tmin and the worst-case latency tpipeline from the 
input of L1 to the output of C. Assume NO clock skew. 
 
The minimum clock period is determined by the worst-case (longest) delay through a 
latch and the following logic before the next latch. 
 

T > tlatch + tpmax,A = 0.3 ns + 2.1 ns = 2.4 ns 
T > tlatch + tpmax,B + tpmax,C = 0.3 ns + 1.6 ns + 1.2 ns = 3.1 ns 
T > tlatch + tpmax,C = 0.3 ns + 1.2 ns = 1.5 ns 

 
tmin= 3.1 ns 

 
The worst case latency from the input of L1 to the output of C is equal to one clock 
period to get from the input of L1 to the input of L2, followed by the propagation delay 
of L2 and the worst case delay of B and C.   

       

 
tpipeline = 3.1 ns + 0.3 ns + 1.6 ns + 1.2 ns = 6.2 ns        

 
 
c) Now assume that the clock is routed from latch 1 (L1) to latch 3 (L3) in ascending 
order.  Assume that the clock skew between subsequent latches is the same (i.e. the skew 



from L1 to L2 is the same as the skew from L2 to L3). Find the MINIMUM clock skew 
needed to safely run the clock with a 2.5 ns period. 
 
The first pipeline stage can operate with a 2.5 ns clock without any skew. The problem is 
the second pipeline stage, which has a worst case delay from the L2 clock to the C output 
of 3.1 ns.  If the clock period is 2.5 ns, then a 0.6 ns or greater skew is required to insure 
that there is a 3.1 ns window from the L2 clock edge to the L3 clock edge. 
 
 tskew, min = 0.6 ns 
 
d) What is the minimum clock period tmin and worst case latency tpipeline from the input of 
L1 to the output of C if an additional latch is added between logic blocks B and C? 

       

 
This is just like part (b), but replace the L2-L3 timing constraint with two new 
constraints: 
 

T > tlatch + tpmaxB = 0.3 ns + 1.6 ns = 1.9 ns 
T > tlatch + tpmaxC = 0.3 ns + 1.2 ns = 1.5 ns 

 
Thus, the L1-L2 constraint from part (b) is now the limiting factor, so the minimum clock 
period is 2.4 ns.  Now the worst-case pipeline latency is now two clock periods to get 
from the input of L1 to the input of the new latch between B and C, plus the propagation 
delay of that latch and the worst-case delay of C: 
 

tmin = 2.4 ns 
tpipeline = 2*2.4 ns + 0.3 ns + 1.2 ns = 6.3 ns 
       

 
 
Note that the clock period got shorter, but the latency still got longer. 
  
 



 

 
 
 

 
 

Problem 3 – Schmitt Trigger 
 
a) When out is high, M6 is on providing a resistive 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+ > 1.5V, VM- < 1V 
 
c) Given that kp,NMOS = 2.5 * kp,PMOS, we size the PFETS, M1 and M2 to have 2.5 times the 
width of M3 and M4.   We’ll 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 Vb.  To have VM+ at 1.5V, we 
want M3 to turn on when Vin=1.5V.  This means that we want Vb to be 0.8V (Vin –VT).  To 
set up Vb to be 0.8V, we need to size M6 versus M4 to create the right voltage division: 
0.8V=(Vdd*(R4/(R4+R6)).  Let WM6=X * WM4.  Assuming both transistors are in saturation, 
we have R=1/[lambda*(kp/2*(W/L)*(VGS-VT)2).  At the operating point under consideration, 
VGS4=Vin=1.5V, and VGS6 = VOUT-Vb = 2.5-0.8 = 1.7V.  Substituting into the voltage divider 
equation, we get X=0.3.  We also notice 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, 
WM6/WM4=WM5/WM1=0.3.       
      
WM1 = WM2 = 2.5um, WM3 = WM4 = 1um, WM6 = 0.3um, WM5 = 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=25 VTO=-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 
.param wex=0.3 
 
M1 a in vdd vdd PMOS l=0.25u w=2.5u 
M2 out in a vdd PMOS l=0.25u w=2.5u 
M3 out in b 0   NMOS l=0.25u w=1u 
M4 b in   0 0   NMOS l=0.25u w=1u 
M5 a out 0  vdd PMOS l=0.25u w=`2.5u*wex` 
M6 b out vdd 0  NMOS l=0.25u w=`1u*wex` 
 
vdd vdd 0 2.5 
vin in 0 pulse 0 2.5 2ns 20ns 20ns 50ns 100ns 
 
.OPTIONS post=2 nomod 
 
.tran 1n 200ns 
.end 
-------------------------------------------------------------------------------------------------------------- 
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