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Abstract — Short-channel MOSFETs are widely used in modern 

IC designs. Understanding the behavior and performance of 

these devices are vital to estimating the performance and 

specifications of the chip. In this report, we investigate the alpha 

power law model for short channel devices that takes into effect 

carrier velocity saturation. We use the model to derive 

propagation delay and examined the delay vs. input waveform 

rise times. We then perform propagation delay analysis through 

a chain of inverters and verify the alpha power law model 

through SPICE simulations on 45nm short channel extracted 

MOS libraries for the gates. Our SPICE simulation uses PTM 

high performance models for the MOSFET. 

I. INTRODUCTION 

The consumer demand for miniaturized, low power and 
low cost electronics has been rising steadily in the 
semiconductor industry. With Moore's law we are able to 
shrink devices by half the technology nodes every 2 years. As 
we entered into the sub 100-micron lengths, it became harder 
to scale devices at this rate. However, researchers use 3D 
stacking methods to still deliver on Moore's law of having 
twice the number of transistors in a given area every two 
years. 

While devices face this roadmap of miniaturization and 
performance, designers look to analytical MOS models to 
accurately simulate the behavior of the transistors. In the late 
1980's Shockley's square law MOS model was widely used. 
However, this model had two discrepancies from actual device 
performance as shown in the Figure 1 [1]. 
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The first is drain saturation voltage is different from 
Shockley model. Secondly the square law dependence of the 
gate-source voltage does not hold true. This is especially true 
for short channel devices where the velocity saturation effects 
are observed that reduce the dependency of drain current on 
gate-source voltage. In Shockley model, we have this as a 
square dependence. The alpha power law proposed having the 

drain current proportional to 
α)( THGS VV −  [1-2], where α is 

the carrier velocity saturation coefficient. 

 

Figure 1. Measured I-V characteristics vs. Shockley model [1] 
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The voltage has been scaling down with the technology. 
However, as the feature size reach few tens of nanometers, the 
internal electric field in these devices increase with decreasing 
feature size causing hot carrier injection into the oxide, thus 
creating soft and hard oxide breakdown. To counter this, the 
semiconductor industry employs a miniaturization scheme 
wherein this electric field is maintained constant at each scale 
down. This is achieved though higher doping concentration to 
create more charge carriers thereby adding resistance through 
scattering phenomenon to increase the electric field drop from 
drain to channel. 

The alpha power law coefficients will be extracted for a 
45nm NMOS and PMOS transistors in Section II. We will 
then use the model to compute the propagation delay for an 
inverter in Section III. A chain of inverters is simulated in 
Section IV, using SPICE and compared with computed delay 
using alpha power law model. Section V will conclude the 
paper.  



II. EXTRACTING PARAMETERS - ALPHA POWER LAW 

MODEL 

We use a 45nm NMOS and PMOS PTM high 

performance model to extract the coefficients of alpha power 

law model [3]. The fitting coefficients for the model works 

above threshold, since this is an empirical fitting parameter α.  
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We find K, VTH and α by plotting IDS - VGS curves for 

NMOS and PMOS transistors in saturation as shown in 

Figure 2. 

VGS
VDS

 
Figure 2. Circuit schematic for Ids-Vgs curve 

Cftool of MATLAB is then used to curve fit ten data 

points and find the coefficients of alpha power law. The fit 

curve and extracted parameters are shown in Fig 3. 

 
Figure 3a. Ids-Vgs Curve Fit - NMOS (Alpha Power law model) 

 
Figure 3b. NMOS Alpha Power law coefficients 

The extracted values of α for NMOS is 1.268, with VTH 

0.3727 V. The length and width of the NMOS used were 

45nm and 415nm respectively. A similar extraction was done 

for PMOS with length and width of 45nm and 630nm 

respectively. The longer width of the PMOS is to balance the 

output rise and fall times to counter the difference in carrier 

mobility of electrons and holes through the NMOS and 

PMOS devices. 

 
Figure 4a. Ids - Vgs Curve Fit - PMOS (Alpha Power law model) 

 
Figure 4b. NMOS Alpha Power law coefficients 

Note that the PMOS IDS - VGS curves are plotted on the 

negative scale. The extracted values of α for PMOS is 1.388, 

with VTH -0.3852 V 

 

The coefficients are used to plot the IDS - VGS curves for 

NMOS, PMOS and compare the results with SPICE 

simulations as shown in Fig 5. 

 
Figure 5a. Ids-Vgs curve (NMOS), Alpha power law vs. SPICE 

simulation comparison. 

The results show that the alpha power law is able to 

accurately model the behavior of the short channel device for 

both NMOS and PMOS transistors. 



Figure 5b. Ids-Vgs curve (PMOS), Alpha power law vs. SPICE 

simulation comparison. 

III. IVERTER DELAY MODEL

The NMOS and PMOS transistors used in Section II to 
extract the alpha power law coefficients are used to build
inverter as shown in Fig 6. 

 

Figure 6. CMOS Inverter 

Since we use the extracted parasitic model from GDS fi
the inverter has an inherent parasitic load capacitance that is 
measured at 1.3657 fF. We will consider this as the only lo
capacitance for the inverter to compute the delay formula.

Figure 7. Inverter discharging wavefo

 

To model the inverter delay accurately, the 
transient characteristics should be modeled accurately. Output 
delay tpHL is defined from 0.5VDD of input to output. Similarly 
tpLH. for charging up. The delay equation can be built from this 
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sistors used in Section II to 
extract the alpha power law coefficients are used to build the 

 

Since we use the extracted parasitic model from GDS file, 
capacitance that is 

We will consider this as the only load 
r to compute the delay formula. 

 

ischarging waveform 

delay accurately, the Vin, Vout 
ed accurately. Output 

of input to output. Similarly 
charging up. The delay equation can be built from this 

by solving the differential equation for output
charging through the load capacitance
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where ID0 is the drain current at V
input waveform transition time. The two parts of this delay, 
first part corresponding to the significance of input slope on 
delay and second term on charging or discharging the load 
capacitance to half VDD by ID0 constant current

tT is expressed using 10 to 90% VDD as f
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The delay is less sensitive to th
when α is smaller due to the fact that the input voltage needed 
to turn on the transistor reduces with reducing alpha. Thus 
current raises quickly charging the load capacitance. The vice 
versa is true when delay is dependent on input waveform slope 
when α is large [2-3].  

IV. DELAY ESTIMATION - C

The delay formula obtained from Section III is used on the 

inverter chain shown in Fig 7, to estimate the total 

propagation delay. 

Figure 7. Inverter chain (N=7)

We vary VDD and compute the propagation delay through 

the pull up and pull down networks of the inverters using

alpha power law model. Finally we compare the results with 

simulation data, measuring the propagatio

SPICE. The compared results are shown in Table 1.

 
Table 1. Delay comparison - alpha power law model

simulation (PTM model)

Vdd Computed Delay

2 6.93ps 

1.5 6.95ps 

1 9.63ps 

0.9 10.4ps 

0.8 13ps 

 

The above table shows very good agreement between the 

delay values derived from alpha power law model and 

simulated delay measurements from SPICE using PTM 

models. 

V. CONCLUSION

A brief analysis on alpha power law model for short 
channel MOS devices was conducted. The 
can be given as a function of velocity 

ial equation for output voltage 
pacitance [1]. 
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drain current at VGS = VDS = VDD. tT is 
The two parts of this delay, 

the significance of input slope on 
delay and second term on charging or discharging the load 

constant current. 

is expressed using 10 to 90% VDD as follows. 
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The delay is less sensitive to the input waveform slope 
is smaller due to the fact that the input voltage needed 

istor reduces with reducing alpha. Thus 
current raises quickly charging the load capacitance. The vice 
versa is true when delay is dependent on input waveform slope 

CHAIN OF INVERTERS 

The delay formula obtained from Section III is used on the 

inverter chain shown in Fig 7, to estimate the total 

`

 
. Inverter chain (N=7) 

and compute the propagation delay through 

the pull up and pull down networks of the inverters using the 

alpha power law model. Finally we compare the results with 

propagation delay through 

The compared results are shown in Table 1. 

alpha power law model vs. SPICE 

simulation (PTM model) 

Computed Delay SPICE Delay 

 7.07ps 

 7.14ps 

 9.87ps 

 10.47ps 

13.21ps 

The above table shows very good agreement between the 

ay values derived from alpha power law model and 

simulated delay measurements from SPICE using PTM 

ONCLUSION 

A brief analysis on alpha power law model for short 
channel MOS devices was conducted. The propagation delay 

a function of velocity saturation coefficient 



and supply voltage. The model was verified with simulation 
measurements on a inverter chain structure. The results were 
in close agreement with computed delay values from alpha 
power law based model.  
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