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Unless otherwise noted, you should assume the following parameters for all of the 
problems in this homework: 
 
NMOS: 
L=100nm, VTn = 0.25V, μn = 350 cm2/(V∙s), Cox = 0.95 µF/cm2, vsat = 1e7 cm/s,  λ = 0 

PMOS: 
L=100nm, |VTp| = 0.25V, μp = 175 cm2/(V∙s), Cox = 0.65 µF/cm2, vsat = 1e7 cm/s, λ = 0 
 
PROBLEM 1: RC Model Extraction 
In this problem, you will use the built-in optimization tool in HSPICE to do device 
characterization.  The discussion sessions will cover the syntax needed to perform 
optimizations in HSPICE, so be sure to attend if you have not used this HSPICE feature 
before. 
 

a) Using the calibration procedure similar to the one described in class (i.e. Lecture 
#11 page 21-23), find the linear gate capacitance per μm of transistor width (CG) 
and the linear drain capacitance per μm of transistor width (CD) that best matches 
the delay of an inverter.  All of the inverters in your calibration circuits should use 
100nm long transistors and a β of 1.5. Further, you should extract the CD for the 
NMOS and the PMOS transistors simultaneously (hint: remember to use the 
appropriate β factor). Perform the simulations using Vdd = 1.2V, 1.0V, 0.8V and 
0.6V and plot CG vs. Vdd and CD vs. Vdd. 

b) Repeat part a), but calibrate both CD and CG for energy instead of delay. In 
addition, plot the average energy pulled from the supply per transition vs. VDD.  
Note that to extract energy, we recommend that you use a 1GHz clock as the input 
to your inverter chains. 
 
Solution 
We use the circuits in Figure S1 for parts a) and b). The HSPICE deck is attached 
at the end of the solutions for Problem 1. 



 
Figure S1: gate calibration setup (top) and drain calibration setup (bottom) 

The extracted capacitance values and energy consumption normalized to the 
transistor width are reported in the table below (in units of fF/um) and are plotted 
in Figure S2. 
 

Vdd Cg/um (delay) Cg/um (power) Cd/um (delay) Cd/um (power) 
0.6V 1.7181 2.155 0.7867 0.797 
0.8V 1.8419 2.234 0.778 0.791 
1V 1.913 2.284 0.771 0.7898 

1.2V 1.9595 2.32 0.764 0.7934 
 



 
 

 
Figure S2: Extracted gate (top) and drain (bottom) capacitance 

 
 



 
 

c) Now let's assume that we have a chain of 4 inverters where the third inverter is 
powered from Vdd=0.8V, whereas the rest of the chain is powered from 
Vdd=1.2V.  Using the capacitance values extracted from part b), calculate the 
average dynamic power dissipated by the chain for a 1GHz clock input.  
 
Solution 
𝑃𝑑𝑦𝑛,𝑎𝑣𝑒 = 𝑓 ∗ �𝐶1𝑉𝐷𝐷12 + 𝐶2𝑉𝐷𝐷22� 
𝐶1 = �2.5 ∗ 𝐶𝐷,1.2𝑉 + 4 ∗ 2.5 ∗ 𝐶𝐺,1.2𝑉 + 16 ∗ 2.5 ∗ 𝐶𝐺,1.2𝑉 + 64 ∗ 2.5 ∗ 𝐶𝐷,1.2𝑉� 
𝐶2 = �16 ∗ 2.5 ∗ 𝐶𝐷,0.8𝑉 + 64 ∗ 2.5 ∗ 𝐶𝐺,0.8𝑉� 

 𝑃𝑑𝑦𝑛,𝑎𝑣𝑒 = 602.6𝜇𝑊 
 
 

d) Knowing that you're interested in the specific situation from part c), how might 
you modify your calibration procedure to obtain more accurate results for 
average dynamic power? 
 
Solution 
It is possible to increase the accuracy of the estimation by reproducing the circuit 
under analysis while running the calibration routine. In particular, we need to 
extract: 

1. The gate capacitance of an inverter powered by VDD=0.8V which is driven 
by an inverter powered by VDD=1.2V. Note that in this scenario the 
voltage across CGS of the PMOS transistor goes from +0.4V to -0.8V, so 
its value will be lower than the one extracted in part a) for VDD=1.2V. 



2. The gate capacitance of an inverter powered by VDD=1.2V which is driven 
by an inverter powered by VDD=0.8V. Note that in this scenario the 
voltage across CGS of the PMOS transistor goes from -0.4V to -1.2V, so its 
value will be higher than the one extracted in part a) for VDD=0.8V. 

 
 
SPICE DECKS 
 
* Gate capacitance, calibration for delay 
 
.lib '/home/ff/ee141/MODELS/gpdk090_mos.sp' TT_S1V 
 
.PARAM vddval = 1.2 
.PARAM CperMicron = optrange(2f, 1f, 5f) 
 
**Begin Circuit Netlist** 
 
**Power Supplies** 
Vdd vdd 0 'vddval' 
Vin in 0 pulse 0 'vddval' 20p 1p 1p 2n 4n 
 
**Inverter 
.SUBCKT inv vdd gnd in out 
M0 out in vdd vdd gpdk090_pmos1v L=100e-9 W=1.5e-6 M=1 
M1 out in gnd gnd gpdk090_nmos1v L=100e-9 W=1.0e-6 M=1 
.ENDS 
 
**Calibration setup 
Xinv1 vdd 0 in out1 inv M=1 
Xinv2 vdd 0 out1 out2 inv M=4 
Xinv3 vdd 0 out2 out3 inv M=16 
Xinv4 vdd 0 out3 out4 inv M=64 
XinvD1 vdd 0 in out1D inv M=1 
XinvD2 vdd 0 out1D out2D inv M=4 
CL out2D 0 'CperMicron*2.5*16' 
 
**Control Information** 
.options post=2 nomod 
.OP 
 
** Measurement statements ** 
.MEASURE tplhinv trig v(out1) val='vddval/2' fall=1 targ v(out2) val='vddval/2' rise=1 
.MEASURE tphlinv trig v(out1) val='vddval/2' rise=1 targ v(out2) val='vddval/2' fall=1 
.MEASURE tplhcap trig v(out1D) val='vddval/2' fall=1 targ v(out2D) val='vddval/2' 
rise=1 



.MEASURE tphlcap trig v(out1D) val='vddval/2' rise=1 targ v(out2D) val='vddval/2' 
fall=1 
.MEASURE err param = 'abs(tplhinv-tplhcap)+abs(tphlinv-tphlcap)' goal = 0 
 
**Optimization** 
.model optmod opt itropt = 100 
.tran 0.01p 10n SWEEP OPTIMIZE = optrange RESULTS = err MODEL = optmod 
.option accurate 
 
 
.END 
 
 
* Drain capacitance, calibration for delay 
 
.lib '/home/ff/ee141/MODELS/gpdk090_mos.sp' TT_S1V 
 
.PARAM vddval = 0.8 
.PARAM CdperMicron = optrange(2f, 0.5f, 5f) 
 
**Begin Circuit Netlist** 
 
**Power Supplies** 
Vdd vdd 0 'vddval' 
Vin in 0 pulse 0 'vddval' 20p 1p 1p 2n 4n 
 
**Inverter 
.SUBCKT inv vdd gnd in out 
M0 out in vdd vdd gpdk090_pmos1v L=100e-9 W=1.5e-6 M=1 
M1 out in gnd gnd gpdk090_nmos1v L=100e-9 W=1.0e-6 M=1 
.ENDS 
 
**Calibration setup 
Xinv1 vdd 0 in out1 inv M=1 
Xinv2 vdd 0 out1 out2 inv M=4 
M0 out2 vdd vdd vdd gpdk090_pmos1v L=100e-9 W=1.5e-6 M=16 
M1 out2 gnd gnd gnd gpdk090_nmos1v L=100e-9 W=1.0e-6 M=16 
XinvD1 vdd 0 in out1D inv M=1 
XinvD2 vdd 0 out1D out2D inv M=4 
CL out2D 0 'CdperMicron*2.5*16' 
 
**Control Information** 
.options post=2 nomod 
.OP 
 
** Measurement statements ** 



.MEASURE tplhinv trig v(out1) val='vddval/2' fall=1 targ v(out2) val='vddval/2' rise=1 

.MEASURE tphlinv trig v(out1) val='vddval/2' rise=1 targ v(out2) val='vddval/2' fall=1 

.MEASURE tplhcap trig v(out1D) val='vddval/2' fall=1 targ v(out2D) val='vddval/2' 
rise=1 
.MEASURE tphlcap trig v(out1D) val='vddval/2' rise=1 targ v(out2D) val='vddval/2' 
fall=1 
.MEASURE err param = 'abs(tplhinv-tplhcap)+abs(tphlinv-tphlcap)' goal = 0 
 
**Optimization** 
.model optmod opt itropt = 100 
.tran 0.01p 10n SWEEP OPTIMIZE = optrange RESULTS = err MODEL = optmod 
.option accurate 
 
 
.END 
 
* Gate capacitance, calibration for energy 
 
.lib '/home/ff/ee141/MODELS/gpdk090_mos.sp' TT_S1V 
 
.PARAM vddval = 1.2 
.PARAM trr = 10e-12 
.PARAM T = 1e-09 
.PARAM tpulse = 'T/2-trr' 
.PARAM CperMicron = optrange(2f, 0.1f, 10f) 
 
**Begin Circuit Netlist** 
 
**Power Supplies** 
Vdd vdd 0 'vddval' 
Vddc vddc 0 'vddval' 
Vddd vddd 0 'vddval' 
Vin in 0 pulse 0 'vddval' 0 trr trr tpulse T 
 
**Inverter 
.SUBCKT inv vdd gnd in out 
M0 out in vdd vdd gpdk090_pmos1v L=100e-9 W=1.5e-6 M=1 
M1 out in gnd gnd gpdk090_nmos1v L=100e-9 W=1.0e-6 M=1 
.ENDS 
 
**Calibration setup 
Xinv1 vdd 0 in out1 inv M=1 
Xinv2 vddc 0 out1 out2 inv M=4 
Xinv3 vdd 0 out2 out3 inv M=16 
Xinv4 vdd 0 out3 out4 inv M=64 
XinvD1 vdd 0 in out1D inv M=1 



XinvD2 vddd 0 out1D out2D inv M=4 
CL out2D 0 'CperMicron*2.5*16' 
 
**Control Information** 
.options post=2 nomod 
.OP 
 
** Measurement statements ** 
.MEASURE TRAN iAVGcap AVG i(vddd) FROM 'T/2+T/20' TO '3*T/2+T/20' 
.MEASURE TRAN pAVGcap PARAM='-vddval*iAVGcap' 
.MEASURE TRAN iAVGinv AVG i(vddc) FROM 'T/2+T/20' TO '3*T/2+T/20' 
.MEASURE TRAN pAVGinv PARAM='-vddval*iAVGinv' 
.MEASURE TRAN err param='abs(pAVGinv-pAVGcap)' goal=0 
.MEASURE TRAN energyAVG PARAM='pAVGinv*T' 
**Optimization** 
.model optmod opt itropt = 100 
.tran 0.01p 10n SWEEP OPTIMIZE = optrange RESULTS = err MODEL = optmod 
.option accurate 
 
 
.END 
 
* Drain capacitance, calibration for energy 
 
.lib '/home/ff/ee141/MODELS/gpdk090_mos.sp' TT_S1V 
 
.PARAM vddval = 1.2 
.PARAM trr = 10e-12 
.PARAM T = 1e-09 
.PARAM tpulse = 'T/2-trr' 
.PARAM CdperMicron = optrange(2f, 0.1f, 10f) 
 
**Begin Circuit Netlist** 
 
**Power Supplies** 
Vdd vdd 0 'vddval' 
Vddc vddc 0 'vddval' 
Vddd vddd 0 'vddval' 
Vin in 0 pulse 0 'vddval' 0 trr trr tpulse T 
 
**Inverter 
.SUBCKT inv vdd gnd in out 
M0 out in vdd vdd gpdk090_pmos1v L=100e-9 W=1.5e-6 M=1 
M1 out in gnd gnd gpdk090_nmos1v L=100e-9 W=1.0e-6 M=1 
.ENDS 
 



**Calibration setup 
Xinv1 vdd 0 in out1 inv M=1 
Xinv2 vddc 0 out1 out2 inv M=4 
M0 out2 vdd vdd vdd gpdk090_pmos1v L=100e-9 W=1.5e-6 M=16 
M1 out2 gnd gnd gnd gpdk090_nmos1v L=100e-9 W=1.0e-6 M=16 
XinvD1 vdd 0 in out1D inv M=1 
XinvD2 vddd 0 out1D out2D inv M=4 
CL out2D 0 'CdperMicron*2.5*16' 
 
**Control Information** 
.options post=2 nomod 
.OP 
 
** Measurement statements ** 
.MEASURE TRAN iAVGcap AVG i(vddd) FROM 'T/2+T/20' TO '3*T/2+T/20' 
.MEASURE TRAN pAVGcap PARAM='-vddval*iAVGcap' 
.MEASURE TRAN iAVGdiff AVG i(vddc) FROM 'T/2+T/20' TO '3*T/2+T/20' 
.MEASURE TRAN pAVGdiff PARAM='-vddval*iAVGdiff' 
.MEASURE TRAN err param='abs(pAVGdiff-pAVGcap)' goal=0 
.MEASURE TRAN energyAVG PARAM='pAVGcap*T/16' 
 
**Optimization** 
.model optmod opt itropt = 100 
.tran 0.01p 10n SWEEP OPTIMIZE = optrange RESULTS = err MODEL = optmod 
.option accurate 
 
 
.END 
 
 



PROBLEM 2: Transistor Capacitance and I-V Curves 

a) For this problem you should assume that the total gate capacitance of a minimum 
length transistor follows the curve shown below (all of the transistors in this 
problem are minimum length). Although in reality this total gate capacitance is 
divided between all of the other terminals (source, drain, and body), for simplicity 
we will assume that all of the gate capacitance goes to the source of the transistor.   

 

0 VT VDD

2COV

2COV+COX

Total CGATE/μm

|VGS|

 
Figure 3: Cgate/μm over Vgs characteristics 

Now assume that the A input of a NOR gate is driven by an inverter as shown in 
Figure 2(a) and V(B) = 0. How much energy is pulled out of the inverter’s supply 
voltage (i.e., VDD,drive, whose value is the same as VDD) from the NOR supply 
voltage in order to charge A from VDD to 0?  All of your answers should be 
provided in terms of Cov, Cox, VT, and VDD. 

 

 
Figure 2(a) 

 
Solution 
We consider the circuit in Figure S2(a) to describe the solutions for part a) and b). 
 



 
Figure S4(a) 

For part a), as the input of the driver goes from 0 to Vdd, the V(A) signal changes 
from VDD to 0. Since V(B) = 0, the voltage at point C (as marked on Figure S2(a)) 
stays at VDD, implying that the |VGS| of the PMOS transistor A varies from 0 to 
VDD. The capacitance at A from the PMOS transistor sweeps the whole curve 
shown in Figure 1 and it gets charged to VDD. This charge cannot come from the 
inverter supply, since the PMOS of the inverter is off, so the energy pulled from 
the inverter supply is zero. The charge comes instead from the NOR supply, 
through the PMOS transistor B. The total energy pulled from the NOR supply is: 

𝐸𝑡𝑜𝑡 = �𝑉𝐷𝐷 × 2𝐶𝑜𝑣 + �𝑉𝐷𝐷 − |𝑉𝑇𝑝|� × 𝐶𝑜𝑥� × 𝑉𝐷𝐷 

 
b) Now let’s instead assume that V(B) = VDD.  In this situation, how much energy is 

pulled out of the inverter’s supply voltage and from the NOR supply voltage in 
order to charge A from VDD to 0? 
 
Solution 
The power supply of the inverter is disconnected from the power supply, so the 
energy drawn from it is 0. We can then make the assumption that the voltage 
V(C) at node C in figure starts at VDD. The CGS of the PMOS transistor A thus 
has 0 voltage across it at the beginning of the transition. After the transition, the 
PMOS transistor A turns on, and it discharges node V(C) down to |VTp| before 
turning off again. The final voltage across CGS thus become |VTp|. This charge 
needs to be provided by the supply voltage of the NOR gate. Even though the the 
PMOS transistor B is off, its parasitic drain capacitors (as well as the diffusion 
capacitance at the source of PMOS transistor A) would be connected to the supply 
of the NOR gate. If assume that this parasitic capacitance is large enough, it is 
indeed the supply of the NOR gate that would provide the charge for the gate 
capacitance of the PMOS transistorcapable of charging up the overlap capacitor 
Cov of the PMOS transistor A. The total energy drawn from the supply of the 
NOR gate is therefore: 



𝐸𝑡𝑜𝑡 = 𝑉𝐷𝐷 × 2𝐶𝑜𝑣|𝑉𝑇𝑝| 

 
 
For parts c) and d), you should use the velocity saturated model for transistor current and 
ignore all capacitors associated with the transistors – i.e., you can ignore all capacitors 
except those explicitly drawn in the circuit. Also, VDD = 1.2V. 
 

c) Estimate the delay of the inverter shown in Figure 2(b) with an input rising step 
(i.e., IN = 0  VDD) for VDD = 1.2V, 1V, and 0.8V.  

 
Figure 2(b) 

 
Solution 
Only the NMOS is on, and it discharges the load capacitance CL. To compute the 
propagation time, we first compute the current of the NMOS in velocity saturation: 
 

𝜉𝑐,𝑛𝐿 =  
2𝜐𝑆𝐴𝑇𝑁
𝜇𝑁

𝐿 =
2 �107 𝑐𝑚𝑠 �

350 𝑐𝑚
2

𝑉 ∙ 𝑠

∗ 100𝑛𝑚 ≈ 0.57V 

𝐼𝑃𝐷𝑁 = 𝑊𝑁𝜐𝑆𝐴𝑇𝑁𝐶𝑂𝑋,𝑁
(𝑉𝐺𝑆 − 𝑉𝑇𝑁)2

(𝑉𝐺𝑆 − 𝑉𝑇𝑁) + 𝜉𝑐,𝑛𝐿
= 

= 1𝜇𝑚 ∗ 1𝑒5𝑚/𝑠 ∗ 0.95𝜇𝐹/𝑐𝑚2 ∗
(1.2 − 0.25)2

(1.2 − 0.25) + 0.57
≈ 564𝜇𝐴 

 
We then compute the time it takes to this current to discharge CL from VDD to 
VDD/2: 

𝑡𝑝 =
𝐶𝐿𝑉𝐷𝐷
2𝐼𝑃𝐷𝑁

=
10𝑓𝐹 ∗ 1.2𝑉
2 ∗ 564𝜇𝐴

= 10.64 𝑝𝑠 

  
Repeating the same steps for VDD=1.0V and VDD=0.8V, we get: 

VDD=1.0V: 𝐼𝑃𝐷𝑁 = 404𝜇𝐴  and  𝑡𝑝 = 12.37 𝑝𝑠 
VDD=0.8V: 𝐼𝑃𝐷𝑁 = 256𝜇𝐴  and  𝑡𝑝 = 15.63 𝑝𝑠 



 
d) Repeat part c) for the NAND2 gate shown in Figure 2(c). Comment on any 

differences between the delay vs. supply voltage trend for this NAND gate as 
opposed to the inverter.  
 

 
Figure 2(c) 

Solution 
CL gets now discharged through the series of two NMOS transistors. Since 
both NMOS transistors have the same gate voltage, their current (IPDN) can be 
calculated using the velocity saturated model by treating the stack of two 
transistors as a single transistor with twice the length. Repeating the steps above, 
we get for VDD=1.2V: 

𝐼𝑃𝐷𝑁 = 𝑊𝑁𝜐𝑆𝐴𝑇𝑁𝐶𝑂𝑋,𝑁
(𝑉𝐺𝑆 − 𝑉𝑇𝑁)2

(𝑉𝐺𝑆 − 𝑉𝑇𝑁) + 2 ∗ 𝜉𝑐,𝑛𝐿
= 

= 2𝜇𝑚 ∗ 1𝑒5𝑚/𝑠 ∗ 0.95𝜇𝐹/𝑐𝑚2 ∗
(1.2 − 0.25)2

(1.2 − 0.25) + 2 ∗ 0.57
≈ 820𝜇𝐴 

 
and: 

𝑡𝑝 =
𝐶𝐿𝑉𝐷𝐷
2𝐼𝑃𝐷𝑁

=
10𝑓𝐹 ∗ 1.2𝑉
2 ∗ 820𝜇𝐴

= 7.3 𝑝𝑠 

 
For VDD=1.0V and VDD=0.8V, we get: 
VDD=1.0V: 𝐼𝑃𝐷𝑁 = 565𝜇𝐴  and  𝑡𝑝 = 8.85𝑝𝑠 
VDD=0.8V: 𝐼𝑃𝐷𝑁 = 340𝜇𝐴  and  𝑡𝑝 = 11.76 𝑝𝑠 
 
All the propagation times computed in part c) and d) normalized by the 
corresponding value computed for VDD=1.2V are plotted in Figure S2(c). We note 
that the trend is somewhat similar for the two gates, but the NAND gate delay 
degrades more quickly with supply voltage than the inverter’s does. The reason 
for this is that as the supply voltage reduces, the transistors behave more like 



quadratic devices, and hence a stack of two transistors in series will approach 
having half the current of a single transistor.  This is in contrast to the case at 
higher supply voltages where a stack of two transistors would actually have been 
substantially more than half of the current of a single device. 

 
Figure S5(c): Propagation time vs supply voltage for the inverter and the NAND gate 

 
 
PROBLEM 3: Power and Delay 
Throughout this problem, you should ignore all the capacitors associated with the 
transistors – i.e., you can assume that the only capacitors are those explicitly shown in the 
circuit. Also, you can ignore shoot-through current, and you can assume that the leakage 

current is equal to , where ,  . And 
Vdd=1.2V. 

Now consider the 2-input transmission gate MUX shown below: 



 
Figure 3(a) 

 
a) Calculate the leakage current for all 8 possible states of the 3 inputs A, B, and S. 

Solution 
A=0, B=0, S=0 

 
 



The leakage comes from the three inverters (2 NMOS transistors and 1 PMOS 
transistors): 

𝐼𝑙𝑒𝑎𝑘,𝑁 =
𝑊
𝐿
𝐼0,𝑁𝑀𝑂𝑆 exp �

−𝑉𝑇
1.5 × 25 𝑚𝑉

� 
 

=
1𝜇𝑚

100𝑛𝑚
∗ 4𝜇𝐴 ∗ exp �

−0.25𝑉
1.5 × 25 𝑚𝑉

� = 50.9𝑛𝐴 
 
 

𝐼𝑙𝑒𝑎𝑘,𝑃 =
𝑊
𝐿
𝐼0,𝑃𝑀𝑂𝑆 exp �

−𝑉𝑇
1.5 × 25 𝑚𝑉

� 
 

=
2𝜇𝑚

100𝑛𝑚
∗ 2𝜇𝐴 ∗ exp �

−0.25𝑉
1.5 × 25 𝑚𝑉

� = 50.9𝑛𝐴 
 
 

𝐼𝑙𝑒𝑎𝑘,𝑡𝑜𝑡 = 2𝐼𝑙𝑒𝑎𝑘,𝑁 + 𝐼𝑙𝑒𝑎𝑘,𝑃 = 152.7𝑛𝐴 
 

A=0, B=0, S=1 
The leakage of the circuit is identical to the previous case since all of the node 
voltages are the same, so: 

𝐼𝑙𝑒𝑎𝑘,𝑡𝑜𝑡 = 2𝐼𝑙𝑒𝑎𝑘,𝑁 + 𝐼𝑙𝑒𝑎𝑘,𝑃 = 152.7𝑛𝐴 
 

A=0, B=1, S=0 

 
 

For this input combination, the bottom transmission gate has a VDD voltage drop 
across its terminals, so it leaks some current coming from the top power supply 
down to the ground at the bottom. Both the devices of the transmission gate 
contribute to leakage, since they are in parallel. We therefore get: 

𝐼𝑙𝑒𝑎𝑘,𝑡𝑜𝑡 = 2𝐼𝑙𝑒𝑎𝑘,𝑁 + 3𝐼𝑙𝑒𝑎𝑘,𝑃 = 254.5𝑛𝐴 



 
A=0, B=1, S=1 

 
 
Following a similar reasoning as the previous state, we get: 

𝐼𝑙𝑒𝑎𝑘,𝑡𝑜𝑡 = 3𝐼𝑙𝑒𝑎𝑘,𝑁 + 2𝐼𝑙𝑒𝑎𝑘,𝑃 = 254.5𝑛𝐴 
 
A=1, B=0, S=0 

 
 

𝐼𝑙𝑒𝑎𝑘,𝑡𝑜𝑡 = 3𝐼𝑙𝑒𝑎𝑘,𝑁 + 2𝐼𝑙𝑒𝑎𝑘,𝑃 = 254.5𝑛𝐴 
 



A=1, B=0, S=1 

 
 

𝐼𝑙𝑒𝑎𝑘,𝑡𝑜𝑡 = 2𝐼𝑙𝑒𝑎𝑘,𝑁 + 3𝐼𝑙𝑒𝑎𝑘,𝑃 = 254.5𝑛𝐴 
 
A=1, B=1, S=0 and A=1, B=1, S=1 

 
 

𝐼𝑙𝑒𝑎𝑘,𝑡𝑜𝑡 = 𝐼𝑙𝑒𝑎𝑘,𝑁 + 2𝐼𝑙𝑒𝑎𝑘,𝑃 = 152.7𝑛𝐴 
 



b) Assuming that B = 0V and that inputs A and S are driven with the waveforms 
shown below in Figure 3(b), which repeat every 3ns, calculate the average 
dynamic power drawn from the supply. 

 

 
Figure 3(b) 

 
Solution 
Figure S3 shows the waveform at the output of the MUX. To compute the 
dynamic power of the gate, we note that the output switches only one time every 
3ns, i.e., we can treat it as a signal with T=3ns. The resulting dynamic power 
consumption is: 

Pavg,dyn = f ∗ C ∗ V𝐷𝐷2 = �
1

3ns
� ∗ 5fF ∗ (1.2)2 = 𝟐.𝟒𝝁𝑾 

 

 
  
 



c) Calculate the average total power drawn from the supply with the same inputs 
shown in part b). 
Solution 
In order to get the total average power consumption, we need to sum the dynamic 
and static (leakage) contributions. For the leakage, we take the average of the 
values computed in part a) averaged by the time the circuit operates with the 
corresponding input combination. We get: 
𝐼𝑎𝑣𝑔,𝑙𝑒𝑎𝑘

= �
1
6
� ∗ 𝐼𝑙𝑒𝑎𝑘: 𝐴=0,𝐵=0,𝑆=1 + �

2
6
� ∗ 𝐼𝑙𝑒𝑎𝑘: 𝐴=1,𝐵=0,𝑆=1

+ �
2
6
� ∗ 𝐼𝑙𝑒𝑎𝑘: 𝐴=0,𝐵=0,𝑆=0 + �

1
6
� ∗ 𝐼𝑙𝑒𝑎𝑘: 𝐴=1,𝐵=0,𝑆=0 = 203.6𝑛𝐴 

And the total average power is: 

Pavg,total = Pavg,dyn + P𝑎𝑣𝑔,𝑙𝑒𝑎𝑘 = Pavg,dyn + 𝐼𝑎𝑣𝑔,𝑙𝑒𝑎𝑘 ∗ 𝑉𝐷𝐷 

= 2.4𝜇𝑊 + 203.6𝑛𝐴 ∗ 1.2𝑉 = 𝟐.𝟔𝟎𝟒𝝁𝑾 

 

 


