
EE 141 Spring 2008 HW4 Solutions 

 

Problem 1: 

 

Simulation Results: 

Fan Out, (FO) Oscillation Frequency, (fOSC) Average Current, (IAVE) 

1 f1 = 7.27 GHz I1 = 48.11 µA 

2 f2 = 4.63 GHz I2 = 49.12 µA 

3 f3 = 3.34 GHz I3 = 48.88 µA 

4 f4 = 2.60 GHz I4 = 48.69 µA 

 

The average propagation delay of each inverter can be computed using
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where N = 5. The average power can also be computed as AVEDDAVE IVP =  with VDD = 1V. 

 

Fan Out, (FO) Propagation Delay, (tp) Average Power, (PAVE) 

1 tp1 = 13.74 ps P1 = 48.11 µW 

2 tp2 = 21.57 ps P2 = 49.12 µW 

3 tp3 = 29.88 ps P3 = 48.88 µW 

4 tp4 = 38.43 ps P4 = 48.69 µW 

 

Plotting tp versus FO: 
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Taking the y-intercept of the best-fit line gives a tp0 of 5.31 ps. The slope of this line, m, 

gives a γ value of 0.645. 
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Using the average power values obtained from the simulation, the total switched 

capacitance can be obtained from fVCP DDTotalAVE

2= .  

 

Note that ( ) ( ) ( )nCnCCnCCC GGGGINTnTotal +=+=+= γγ 555,  and 645.0=γ . Tabulating 

the results give: 

 

Fan Out, (FO) Total Switched Capacitance Gate Capacitance 

1 6.61 fF 0.8 fF 

2 10.59 fF 0.8 fF 

3 14.60 fF 0.8 fF 

4 18.71 fF 0.8 fF 

 

Thus, CG = 0.8 fF and consequently, since GINT CC λ= , CINT = 0.52 fF. 

 

Using ( ) INTaveeqp CRt ,0 2ln= , we can estimate Req,ave = 14.78 kΩ. 

 



Problem 2: 

 

The minimum load capacitance that can be driven by the 3-stage inverter chain such that 

it is still faster than a 2-stage inverter chain can be found by equating their delays: 
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Note that
G

L

C

C
F = and γ = 0.7. This results in Fmin = 18.86. 

 

The normalized delay is then 0
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The optimal values of X and Y can be expressed as 66.21 == fX and 08.72

1 == fY . 

Note that 3
min1 Ff = . 

 

The maximum load can be found when the delay for a 3-stage inverter chain becomes the 

same as for a 4-stage inverter chain: 
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This results in Fmax = 64.75. 

 

The normalized delay is then 0
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The optimal values of X and Y can be expressed as 01.42 == fX and 12.162

2 == fY . 

Note that 3
max2 Ff = . 

 



A plot of the delays for 2-, 3- and 4-stage inverter chains are shown below, showing the 

region where a 3-stage inverter chain has the best performance. 
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For CL = 100 CG, F = 100, and the minimum delay is when Xf === 64.41003  

and ( ) 54.21100
2

32 === fY . 

 

The minimum delay when driving 100 CG is then 089.2213 pt
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The minimum delay for N stages can be expressed as: 
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Taking the derivative of this expression (using numerical methods might be easier) and 

equating it to zero gives the optimum number of stages to get minimum delay. Thus, 

( )
0=

∂
∂
N

ND
 gives N = 3.8. Which we then round it off to N = 4.  

 

Using 4 stages, we obtain ( ) 007.224 ptD ⋅= . 

 

The plot below shows the relationship between the delay and the number of stages 

for GL CC 100= . 
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Problem 3: 

 

The power density is just the total power over the area of the chip.  

 

This results in 22
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For the general scaling case, 385.1
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For equal power consumption in the 90-nm and 65-nm case,  
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Therefore, the frequency of the scaled GHzfUSf nmnm  38.690

2

65 =⋅⋅= . 

 


