The Potential Impact of Intrinsic Dopant Wavefront Roughness

On High Frequency Line Edge Roughness Requirements

By Daniel J. C. Herr, Semiconductor Research Corporation

This note compares intrinsic dopant wave front roughness (IDWR) at the source-channel and channel-drain interfaces with projected high frequency line edge roughness (LER) requirements.  This first order comparison assumes a random and sparse distribution of dopant atoms throughout the interface region.  It also considers the implications of IDWR, with respect to projected functional LER specifications.

The International Technology Roadmap for Semiconductors (ITRS) projects specific technology requirements over a fifteen-year horizon.  In many cases, the requirements are based on scaled extrapolations of current technology needs.  This year’s revision of the LER roadmap is considering high frequency (HF) LER specifications of 2.56 nm in 2005, scaling to 0.56 nm in 2018. 1  These HF LER targets correspond to ~8 atoms and <2 atoms of roughness in 2005 and 2018, respectively.

Within heavily doped regions, such as source and drain structures, dopant concentrations are sufficient to create a uniform environment for the active charge carriers. 2  Conversely, dopant concentrations at the dopant wave front are low, presumably at or below the average channel dopant concentration.  In this interface region, the dopant atoms are sparsely distributed and the assumption that the fixed dopant atoms create a uniform environment for the charge carriers may no longer be valid.  There is some evidence, see Figure 1,3 that sparse distributions of dopant atoms present islands of localized charge, which serve to scatter transiting charge carriers that pass within a couple of nanometers of this fixed charge.

[image: image1.wmf]Implant 

Thickness [nm]

1E17/cm3

1E18/cm3

1E19/cm3

1E17/cm3

1E18/cm3

1E19/cm3

1

1.00E+04

1.00E+03

1.00E+02

1.00E+02

3.16E+01

1.00E+01

2

5.00E+03

5.00E+02

5.00E+01

7.07E+01

2.24E+01

7.07E+00

3

3.33E+03

3.33E+02

3.33E+01

5.77E+01

1.83E+01

5.77E+00

4

2.50E+03

2.50E+02

2.50E+01

5.00E+01

1.58E+01

5.00E+00

5

2.00E+03

2.00E+02

2.00E+01

4.47E+01

1.41E+01

4.47E+00

6

1.67E+03

1.67E+02

1.67E+01

4.08E+01

1.29E+01

4.08E+00

7

1.43E+03

1.43E+02

1.43E+01

3.78E+01

1.20E+01

3.78E+00

8

1.25E+03

1.25E+02

1.25E+01

3.54E+01

1.12E+01

3.54E+00

9

1.11E+03

1.11E+02

1.11E+01

3.33E+01

1.05E+01

3.33E+00

10

1.00E+03

1.00E+02

1.00E+01

3.16E+01

1.00E+01

3.16E+00

20

5.00E+02

5.00E+01

5.00E+00

2.24E+01

7.07E+00

2.24E+00

30

3.33E+02

3.33E+01

3.33E+00

1.83E+01

5.77E+00

1.83E+00

40

2.50E+02

2.50E+01

2.50E+00

1.58E+01

5.00E+00

1.58E+00

50

2.00E+02

2.00E+01

2.00E+00

1.41E+01

4.47E+00

1.41E+00

60

1.67E+02

1.67E+01

1.67E+00

1.29E+01

4.08E+00

1.29E+00

70

1.43E+02

1.43E+01

1.43E+00

1.20E+01

3.78E+00

1.20E+00

80

1.25E+02

1.25E+01

1.25E+00

1.12E+01

3.54E+00

1.12E+00

90

1.11E+02

1.11E+01

1.11E+00

1.05E+01

3.33E+00

1.05E+00

100

1.00E+02

1.00E+01

1.00E+00

1.00E+01

3.16E+00

1.00E+00

Threshold Dopant Concentration

1A.  Average area per dopant atom [nm

2

]  

= unit volume / Implant thickness

1B.  Average distance between dopant 

atoms [nm] = (Area/dopant)

0.5

Threshold Dopant Concentration


.

Figure 1.  Scattering of transiting charge carriers by a localized fixed charge. 

Estimates for the threshold dopant concentration at source-channel interface typically range from 1017 /cm3 to 1019 /cm3.   Threshold dopant concentrations of 1017 /cm3, 1018 /cm3, and 1019 /cm3 at the dopant wave front imply unit volumes per dopant atom of 1E4 nm3, 1E3 nm3, and 1E2 nm3, respectively. From these unit volumes, the average area per dopant atom can be reckoned as a function of implant thickness, assuming a random dopant distribution within this [image: image2.png]Y (Angstroms)
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interface region, shown in Table 1A.  Table 1B. lists the corresponding average distance between these interface dopant atoms at the dopant wave front.

Table 1.  A.  Average area (nm2) per dopant atom and  B. Average distance between dopant atoms as functions of implant thickness.

This data implies that at the dopant wave front, interface dopant spacing ranges from ~ 100 nm to ~1 nm, over the 1017 /cm3 to 1019 /cm3 domain of interface threshold dopant concentrations and implant thickness of 1 nm to 100 nm.  Within this transitional region, the distance between dopant atoms represents an intrinsic roughness for the device. For example, if one chooses a dopant wave front threshold of 1018 /cm3 and an implant thickness of 5 nm, then the intrinsic dopant wavefront roughness (IDWR) is ~14 nm.   The corresponding IDWR for a 10 nm thick implant would be ~10 nm.  Note that similar implant thicknesses with lower threshold dopant concentrations yield larger spacing between dopant atoms and larger IDWR.

If dopant atoms at the threshold of the dopant wave front locally scatter charge carriers entering and exiting the channel region, then the impact of IWDR on device performance should become more significant as the channel size continues to scale into the deep nanodomain. It is not clear whether a high frequency line edge roughness specification that is smaller than IDWR will significantly impact device performance.  Consider, for example, a source-channel interface concentration of 1019 /cm3 and an implant thickness of 5 nm, which yield an IDWR of ~ 4.5 nm.  Will the projected LER requirements of 2.56 nm to 0.56 nm have significant impact on the performance of a device with an intrinsic dopant wavefront roughness of 4.5 nm?  A closer examination of the interdependence between IDWR and high frequency LER may reveal specific critical factors that dominate device performance.  Such a study may also help the ITRS community assess the relative impact of IDWR and high frequency LER and, ultimately, help establish guiding principles for defining projected functional LER requirements.  
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						4.00E+01		nm		2.00E+03		4.00E+03		5.99E+03		7.99E+03		9.99E+03		1.20E+04		1.40E+04		1.60E+04		1.80E+04		2.00E+04		4.00E+04		5.99E+04		7.99E+04		9.99E+04		1.20E+05		1.40E+05		1.60E+05		1.80E+05		2.00E+05		4.00E+05		5.99E+05		7.99E+05		9.99E+05		1.20E+06		1.40E+06		1.60E+06		1.80E+06		2.00E+06		4.00E+06		5.99E+06		7.99E+06		9.99E+06		1.20E+07		1.40E+07		1.60E+07		1.80E+07		2.00E+07

						5.00E+01		nm		2.50E+03		4.99E+03		7.49E+03		9.99E+03		1.25E+04		1.50E+04		1.75E+04		2.00E+04		2.25E+04		2.50E+04		4.99E+04		7.49E+04		9.99E+04		1.25E+05		1.50E+05		1.75E+05		2.00E+05		2.25E+05		2.50E+05		4.99E+05		7.49E+05		9.99E+05		1.25E+06		1.50E+06		1.75E+06		2.00E+06		2.25E+06		2.50E+06		4.99E+06		7.49E+06		9.99E+06		1.25E+07		1.50E+07		1.75E+07		2.00E+07		2.25E+07		2.50E+07

						6.00E+01		nm		3.00E+03		5.99E+03		8.99E+03		1.20E+04		1.50E+04		1.80E+04		2.10E+04		2.40E+04		2.70E+04		3.00E+04		5.99E+04		8.99E+04		1.20E+05		1.50E+05		1.80E+05		2.10E+05		2.40E+05		2.70E+05		3.00E+05		5.99E+05		8.99E+05		1.20E+06		1.50E+06		1.80E+06		2.10E+06		2.40E+06		2.70E+06		3.00E+06		5.99E+06		8.99E+06		1.20E+07		1.50E+07		1.80E+07		2.10E+07		2.40E+07		2.70E+07		3.00E+07

						7.00E+01		nm		3.50E+03		6.99E+03		1.05E+04		1.40E+04		1.75E+04		2.10E+04		2.45E+04		2.80E+04		3.15E+04		3.50E+04		6.99E+04		1.05E+05		1.40E+05		1.75E+05		2.10E+05		2.45E+05		2.80E+05		3.15E+05		3.50E+05		6.99E+05		1.05E+06		1.40E+06		1.75E+06		2.10E+06		2.45E+06		2.80E+06		3.15E+06		3.50E+06		6.99E+06		1.05E+07		1.40E+07		1.75E+07		2.10E+07		2.45E+07		2.80E+07		3.15E+07		3.50E+07

						8.00E+01		nm		4.00E+03		7.99E+03		1.20E+04		1.60E+04		2.00E+04		2.40E+04		2.80E+04		3.20E+04		3.60E+04		4.00E+04		7.99E+04		1.20E+05		1.60E+05		2.00E+05		2.40E+05		2.80E+05		3.20E+05		3.60E+05		4.00E+05		7.99E+05		1.20E+06		1.60E+06		2.00E+06		2.40E+06		2.80E+06		3.20E+06		3.60E+06		4.00E+06		7.99E+06		1.20E+07		1.60E+07		2.00E+07		2.40E+07		2.80E+07		3.20E+07		3.60E+07		4.00E+07

						9.00E+01		nm		4.49E+03		8.99E+03		1.35E+04		1.80E+04		2.25E+04		2.70E+04		3.15E+04		3.60E+04		4.04E+04		4.49E+04		8.99E+04		1.35E+05		1.80E+05		2.25E+05		2.70E+05		3.15E+05		3.60E+05		4.04E+05		4.49E+05		8.99E+05		1.35E+06		1.80E+06		2.25E+06		2.70E+06		3.15E+06		3.60E+06		4.04E+06		4.49E+06		8.99E+06		1.35E+07		1.80E+07		2.25E+07		2.70E+07		3.15E+07		3.60E+07		4.04E+07		4.49E+07

						1.00E+02		nm		4.99E+03		9.99E+03		1.50E+04		2.00E+04		2.50E+04		3.00E+04		3.50E+04		4.00E+04		4.49E+04		4.99E+04		9.99E+04		1.50E+05		2.00E+05		2.50E+05		3.00E+05		3.50E+05		4.00E+05		4.49E+05		4.99E+05		9.99E+05		1.50E+06		2.00E+06		2.50E+06		3.00E+06		3.50E+06		4.00E+06		4.49E+06		4.99E+06		9.99E+06		1.50E+07		2.00E+07		2.50E+07		3.00E+07		3.50E+07		4.00E+07		4.49E+07		4.99E+07

										Surface area nm2

				number of dopants		Depth				1		2		3		4		5		6		7		8		9		10		20		30		40		50		60		70		80		90		100		200		300		400		500		600		700		800		900		1000		2000		3000		4000		5000		6000		7000		8000		9000		10000

						1.00E+00		nm		1.00E-03		2.00E-03		3.00E-03		4.00E-03		5.00E-03		6.00E-03		7.00E-03		8.00E-03		9.00E-03		1.00E-02		2.00E-02		3.00E-02		4.00E-02		5.00E-02		6.00E-02		7.00E-02		8.00E-02		9.00E-02		1.00E-01		2.00E-01		3.00E-01		4.00E-01		5.00E-01		6.00E-01		7.00E-01		8.00E-01		9.00E-01		1.00E+00		2.00E+00		3.00E+00		4.00E+00		5.00E+00		6.00E+00		7.00E+00		8.00E+00		9.00E+00		1.00E+01

						2.00E+00		nm		2.00E-03		4.00E-03		6.00E-03		8.00E-03		1.00E-02		1.20E-02		1.40E-02		1.60E-02		1.80E-02		2.00E-02		4.00E-02		6.00E-02		8.00E-02		1.00E-01		1.20E-01		1.40E-01		1.60E-01		1.80E-01		2.00E-01		4.00E-01		6.00E-01		8.00E-01		1.00E+00		1.20E+00		1.40E+00		1.60E+00		1.80E+00		2.00E+00		4.00E+00		6.00E+00		8.00E+00		1.00E+01		1.20E+01		1.40E+01		1.60E+01		1.80E+01		2.00E+01

						3.00E+00		nm		3.00E-03		6.00E-03		9.00E-03		1.20E-02		1.50E-02		1.80E-02		2.10E-02		2.40E-02		2.70E-02		3.00E-02		6.00E-02		9.00E-02		1.20E-01		1.50E-01		1.80E-01		2.10E-01		2.40E-01		2.70E-01		3.00E-01		6.00E-01		9.00E-01		1.20E+00		1.50E+00		1.80E+00		2.10E+00		2.40E+00		2.70E+00		3.00E+00		6.00E+00		9.00E+00		1.20E+01		1.50E+01		1.80E+01		2.10E+01		2.40E+01		2.70E+01		3.00E+01

						4.00E+00		nm		4.00E-03		8.00E-03		1.20E-02		1.60E-02		2.00E-02		2.40E-02		2.80E-02		3.20E-02		3.60E-02		4.00E-02		8.00E-02		1.20E-01		1.60E-01		2.00E-01		2.40E-01		2.80E-01		3.20E-01		3.60E-01		4.00E-01		8.00E-01		1.20E+00		1.60E+00		2.00E+00		2.40E+00		2.80E+00		3.20E+00		3.60E+00		4.00E+00		8.00E+00		1.20E+01		1.60E+01		2.00E+01		2.40E+01		2.80E+01		3.20E+01		3.60E+01		4.00E+01

						5.00E+00		nm		5.00E-03		1.00E-02		1.50E-02		2.00E-02		2.50E-02		3.00E-02		3.50E-02		4.00E-02		4.50E-02		5.00E-02		1.00E-01		1.50E-01		2.00E-01		2.50E-01		3.00E-01		3.50E-01		4.00E-01		4.50E-01		5.00E-01		1.00E+00		1.50E+00		2.00E+00		2.50E+00		3.00E+00		3.50E+00		4.00E+00		4.50E+00		5.00E+00		1.00E+01		1.50E+01		2.00E+01		2.50E+01		3.00E+01		3.50E+01		4.00E+01		4.50E+01		5.00E+01

						6.00E+00		nm		6.00E-03		1.20E-02		1.80E-02		2.40E-02		3.00E-02		3.60E-02		4.20E-02		4.80E-02		5.40E-02		6.00E-02		1.20E-01		1.80E-01		2.40E-01		3.00E-01		3.60E-01		4.20E-01		4.80E-01		5.40E-01		6.00E-01		1.20E+00		1.80E+00		2.40E+00		3.00E+00		3.60E+00		4.20E+00		4.80E+00		5.40E+00		6.00E+00		1.20E+01		1.80E+01		2.40E+01		3.00E+01		3.60E+01		4.20E+01		4.80E+01		5.40E+01		6.00E+01

						7.00E+00		nm		7.00E-03		1.40E-02		2.10E-02		2.80E-02		3.50E-02		4.20E-02		4.90E-02		5.60E-02		6.30E-02		7.00E-02		1.40E-01		2.10E-01		2.80E-01		3.50E-01		4.20E-01		4.90E-01		5.60E-01		6.30E-01		7.00E-01		1.40E+00		2.10E+00		2.80E+00		3.50E+00		4.20E+00		4.90E+00		5.60E+00		6.30E+00		7.00E+00		1.40E+01		2.10E+01		2.80E+01		3.50E+01		4.20E+01		4.90E+01		5.60E+01		6.30E+01		7.00E+01

						8.00E+00		nm		8.00E-03		1.60E-02		2.40E-02		3.20E-02		4.00E-02		4.80E-02		5.60E-02		6.40E-02		7.20E-02		8.00E-02		1.60E-01		2.40E-01		3.20E-01		4.00E-01		4.80E-01		5.60E-01		6.40E-01		7.20E-01		8.00E-01		1.60E+00		2.40E+00		3.20E+00		4.00E+00		4.80E+00		5.60E+00		6.40E+00		7.20E+00		8.00E+00		1.60E+01		2.40E+01		3.20E+01		4.00E+01		4.80E+01		5.60E+01		6.40E+01		7.20E+01		8.00E+01

						9.00E+00		nm		9.00E-03		1.80E-02		2.70E-02		3.60E-02		4.50E-02		5.40E-02		6.30E-02		7.20E-02		8.10E-02		9.00E-02		1.80E-01		2.70E-01		3.60E-01		4.50E-01		5.40E-01		6.30E-01		7.20E-01		8.10E-01		9.00E-01		1.80E+00		2.70E+00		3.60E+00		4.50E+00		5.40E+00		6.30E+00		7.20E+00		8.10E+00		9.00E+00		1.80E+01		2.70E+01		3.60E+01		4.50E+01		5.40E+01		6.30E+01		7.20E+01		8.10E+01		9.00E+01

						1.00E+01		nm		1.00E-02		2.00E-02		3.00E-02		4.00E-02		5.00E-02		6.00E-02		7.00E-02		8.00E-02		9.00E-02		1.00E-01		2.00E-01		3.00E-01		4.00E-01		5.00E-01		6.00E-01		7.00E-01		8.00E-01		9.00E-01		1.00E+00		2.00E+00		3.00E+00		4.00E+00		5.00E+00		6.00E+00		7.00E+00		8.00E+00		9.00E+00		1.00E+01		2.00E+01		3.00E+01		4.00E+01		5.00E+01		6.00E+01		7.00E+01		8.00E+01		9.00E+01		1.00E+02

						2.00E+01		nm		2.00E-02		4.00E-02		6.00E-02		8.00E-02		1.00E-01		1.20E-01		1.40E-01		1.60E-01		1.80E-01		2.00E-01		4.00E-01		6.00E-01		8.00E-01		1.00E+00		1.20E+00		1.40E+00		1.60E+00		1.80E+00		2.00E+00		4.00E+00		6.00E+00		8.00E+00		1.00E+01		1.20E+01		1.40E+01		1.60E+01		1.80E+01		2.00E+01		4.00E+01		6.00E+01		8.00E+01		1.00E+02		1.20E+02		1.40E+02		1.60E+02		1.80E+02		2.00E+02

						3.00E+01		nm		3.00E-02		6.00E-02		9.00E-02		1.20E-01		1.50E-01		1.80E-01		2.10E-01		2.40E-01		2.70E-01		3.00E-01		6.00E-01		9.00E-01		1.20E+00		1.50E+00		1.80E+00		2.10E+00		2.40E+00		2.70E+00		3.00E+00		6.00E+00		9.00E+00		1.20E+01		1.50E+01		1.80E+01		2.10E+01		2.40E+01		2.70E+01		3.00E+01		6.00E+01		9.00E+01		1.20E+02		1.50E+02		1.80E+02		2.10E+02		2.40E+02		2.70E+02		3.00E+02

						4.00E+01		nm		4.00E-02		8.00E-02		1.20E-01		1.60E-01		2.00E-01		2.40E-01		2.80E-01		3.20E-01		3.60E-01		4.00E-01		8.00E-01		1.20E+00		1.60E+00		2.00E+00		2.40E+00		2.80E+00		3.20E+00		3.60E+00		4.00E+00		8.00E+00		1.20E+01		1.60E+01		2.00E+01		2.40E+01		2.80E+01		3.20E+01		3.60E+01		4.00E+01		8.00E+01		1.20E+02		1.60E+02		2.00E+02		2.40E+02		2.80E+02		3.20E+02		3.60E+02		4.00E+02

						5.00E+01		nm		5.00E-02		1.00E-01		1.50E-01		2.00E-01		2.50E-01		3.00E-01		3.50E-01		4.00E-01		4.50E-01		5.00E-01		1.00E+00		1.50E+00		2.00E+00		2.50E+00		3.00E+00		3.50E+00		4.00E+00		4.50E+00		5.00E+00		1.00E+01		1.50E+01		2.00E+01		2.50E+01		3.00E+01		3.50E+01		4.00E+01		4.50E+01		5.00E+01		1.00E+02		1.50E+02		2.00E+02		2.50E+02		3.00E+02		3.50E+02		4.00E+02		4.50E+02		5.00E+02

						6.00E+01		nm		6.00E-02		1.20E-01		1.80E-01		2.40E-01		3.00E-01		3.60E-01		4.20E-01		4.80E-01		5.40E-01		6.00E-01		1.20E+00		1.80E+00		2.40E+00		3.00E+00		3.60E+00		4.20E+00		4.80E+00		5.40E+00		6.00E+00		1.20E+01		1.80E+01		2.40E+01		3.00E+01		3.60E+01		4.20E+01		4.80E+01		5.40E+01		6.00E+01		1.20E+02		1.80E+02		2.40E+02		3.00E+02		3.60E+02		4.20E+02		4.80E+02		5.40E+02		6.00E+02

						7.00E+01		nm		7.00E-02		1.40E-01		2.10E-01		2.80E-01		3.50E-01		4.20E-01		4.90E-01		5.60E-01		6.30E-01		7.00E-01		1.40E+00		2.10E+00		2.80E+00		3.50E+00		4.20E+00		4.90E+00		5.60E+00		6.30E+00		7.00E+00		1.40E+01		2.10E+01		2.80E+01		3.50E+01		4.20E+01		4.90E+01		5.60E+01		6.30E+01		7.00E+01		1.40E+02		2.10E+02		2.80E+02		3.50E+02		4.20E+02		4.90E+02		5.60E+02		6.30E+02		7.00E+02

						8.00E+01		nm		8.00E-02		1.60E-01		2.40E-01		3.20E-01		4.00E-01		4.80E-01		5.60E-01		6.40E-01		7.20E-01		8.00E-01		1.60E+00		2.40E+00		3.20E+00		4.00E+00		4.80E+00		5.60E+00		6.40E+00		7.20E+00		8.00E+00		1.60E+01		2.40E+01		3.20E+01		4.00E+01		4.80E+01		5.60E+01		6.40E+01		7.20E+01		8.00E+01		1.60E+02		2.40E+02		3.20E+02		4.00E+02		4.80E+02		5.60E+02		6.40E+02		7.20E+02		8.00E+02

						9.00E+01		nm		9.00E-02		1.80E-01		2.70E-01		3.60E-01		4.50E-01		5.40E-01		6.30E-01		7.20E-01		8.10E-01		9.00E-01		1.80E+00		2.70E+00		3.60E+00		4.50E+00		5.40E+00		6.30E+00		7.20E+00		8.10E+00		9.00E+00		1.80E+01		2.70E+01		3.60E+01		4.50E+01		5.40E+01		6.30E+01		7.20E+01		8.10E+01		9.00E+01		1.80E+02		2.70E+02		3.60E+02		4.50E+02		5.40E+02		6.30E+02		7.20E+02		8.10E+02		9.00E+02

						1.00E+02		nm		1.00E-01		2.00E-01		3.00E-01		4.00E-01		5.00E-01		6.00E-01		7.00E-01		8.00E-01		9.00E-01		1.00E+00		2.00E+00		3.00E+00		4.00E+00		5.00E+00		6.00E+00		7.00E+00		8.00E+00		9.00E+00		1.00E+01		2.00E+01		3.00E+01		4.00E+01		5.00E+01		6.00E+01		7.00E+01		8.00E+01		9.00E+01		1.00E+02		2.00E+02		3.00E+02		4.00E+02		5.00E+02		6.00E+02		7.00E+02		8.00E+02		9.00E+02		1.00E+03

				Dopant Concentrations		1.00E+17		/cm3		10000		nm3/D

						1.00E+18		/cm3		1000		nm3/D

						1.00E+19		/cm3		100		nm3/D

										1E17/cm3		1E18/cm3		1E19/cm3						Threshold Dopant Concentration						Threshold Dopant Concentration										Dopnat Concentration						Dopant Concentration

				NM2/D		Depth		nm3/D		10000		1000		100				Implant Thickness [nm]		1E17/cm3		1E18/cm3		1E19/cm3		1E17/cm3		1E18/cm3		1E19/cm3				Implant Thickness [nm]		1E17/cm3		1E18/cm3		1E19/cm3		1E17/cm3		1E18/cm3		1E19/cm3

						1.00E+00		nm		1.00E+04		1.00E+03		1.00E+02				1		1.00E+04		1.00E+03		1.00E+02		1.00E+02		3.16E+01		1.00E+01				1		1.00E+04		1.00E+03		1.00E+02		1.00E+02		3.16E+01		1.00E+01

						2.00E+00		nm		5.00E+03		5.00E+02		5.00E+01				2		5.00E+03		5.00E+02		5.00E+01		7.07E+01		2.24E+01		7.07E+00				2		5.00E+03		5.00E+02		5.00E+01		7.07E+01		2.24E+01		7.07E+00

						3.00E+00		nm		3.33E+03		3.33E+02		3.33E+01				3		3.33E+03		3.33E+02		3.33E+01		5.77E+01		1.83E+01		5.77E+00				3		3.33E+03		3.33E+02		3.33E+01		5.77E+01		1.83E+01		5.77E+00

						4.00E+00		nm		2.50E+03		2.50E+02		2.50E+01				4		2.50E+03		2.50E+02		2.50E+01		5.00E+01		1.58E+01		5.00E+00				4		2.50E+03		2.50E+02		2.50E+01		5.00E+01		1.58E+01		5.00E+00

						5.00E+00		nm		2.00E+03		2.00E+02		2.00E+01				5		2.00E+03		2.00E+02		2.00E+01		4.47E+01		1.41E+01		4.47E+00				5		2.00E+03		2.00E+02		2.00E+01		4.47E+01		1.41E+01		4.47E+00

						6.00E+00		nm		1.67E+03		1.67E+02		1.67E+01				6		1.67E+03		1.67E+02		1.67E+01		4.08E+01		1.29E+01		4.08E+00				6		1.67E+03		1.67E+02		1.67E+01		4.08E+01		1.29E+01		4.08E+00

						7.00E+00		nm		1.43E+03		1.43E+02		1.43E+01				7		1.43E+03		1.43E+02		1.43E+01		3.78E+01		1.20E+01		3.78E+00				7		1.43E+03		1.43E+02		1.43E+01		3.78E+01		1.20E+01		3.78E+00

						8.00E+00		nm		1.25E+03		1.25E+02		1.25E+01				8		1.25E+03		1.25E+02		1.25E+01		3.54E+01		1.12E+01		3.54E+00				8		1.25E+03		1.25E+02		1.25E+01		3.54E+01		1.12E+01		3.54E+00

						9.00E+00		nm		1.11E+03		1.11E+02		1.11E+01				9		1.11E+03		1.11E+02		1.11E+01		3.33E+01		1.05E+01		3.33E+00				9		1.11E+03		1.11E+02		1.11E+01		3.33E+01		1.05E+01		3.33E+00

						1.00E+01		nm		1.00E+03		1.00E+02		1.00E+01				10		1.00E+03		1.00E+02		1.00E+01		3.16E+01		1.00E+01		3.16E+00				10		1.00E+03		1.00E+02		1.00E+01		3.16E+01		1.00E+01		3.16E+00

						2.00E+01		nm		5.00E+02		5.00E+01		5.00E+00				20		5.00E+02		5.00E+01		5.00E+00		2.24E+01		7.07E+00		2.24E+00				20		5.00E+02		5.00E+01		5.00E+00		2.24E+01		7.07E+00		2.24E+00

						3.00E+01		nm		3.33E+02		3.33E+01		3.33E+00				30		3.33E+02		3.33E+01		3.33E+00		1.83E+01		5.77E+00		1.83E+00				30		3.33E+02		3.33E+01		3.33E+00		1.83E+01		5.77E+00		1.83E+00

						4.00E+01		nm		2.50E+02		2.50E+01		2.50E+00				40		2.50E+02		2.50E+01		2.50E+00		1.58E+01		5.00E+00		1.58E+00				40		2.50E+02		2.50E+01		2.50E+00		1.58E+01		5.00E+00		1.58E+00

						5.00E+01		nm		2.00E+02		2.00E+01		2.00E+00				50		2.00E+02		2.00E+01		2.00E+00		1.41E+01		4.47E+00		1.41E+00				50		2.00E+02		2.00E+01		2.00E+00		1.41E+01		4.47E+00		1.41E+00

						6.00E+01		nm		1.67E+02		1.67E+01		1.67E+00				60		1.67E+02		1.67E+01		1.67E+00		1.29E+01		4.08E+00		1.29E+00				60		1.67E+02		1.67E+01		1.67E+00		1.29E+01		4.08E+00		1.29E+00

						7.00E+01		nm		1.43E+02		1.43E+01		1.43E+00				70		1.43E+02		1.43E+01		1.43E+00		1.20E+01		3.78E+00		1.20E+00				70		1.43E+02		1.43E+01		1.43E+00		1.20E+01		3.78E+00		1.20E+00

						8.00E+01		nm		1.25E+02		1.25E+01		1.25E+00				80		1.25E+02		1.25E+01		1.25E+00		1.12E+01		3.54E+00		1.12E+00				80		1.25E+02		1.25E+01		1.25E+00		1.12E+01		3.54E+00		1.12E+00

						9.00E+01		nm		1.11E+02		1.11E+01		1.11E+00				90		1.11E+02		1.11E+01		1.11E+00		1.05E+01		3.33E+00		1.05E+00				90		1.11E+02		1.11E+01		1.11E+00		1.05E+01		3.33E+00		1.05E+00

						1.00E+02		nm		1.00E+02		1.00E+01		1.00E+00				100		1.00E+02		1.00E+01		1.00E+00		1.00E+01		3.16E+00		1.00E+00				100		1.00E+02		1.00E+01		1.00E+00		1.00E+01		3.16E+00		1.00E+00

				Dopant Spacing, Ave (NM)						1E17/cm3		1E18/cm3		1E19/cm3

						Depth		nm3/D		10000		1000		100

						1.00E+00		nm		1.00E+02		3.16E+01		1.00E+01

				For very shallow implants:		2.00E+00		nm		7.07E+01		2.24E+01		7.07E+00

				assumes uniform dopant distibution		3.00E+00		nm		5.77E+01		1.83E+01		5.77E+00

				does not account for depth dependence		4.00E+00		nm		5.00E+01		1.58E+01		5.00E+00

						5.00E+00		nm		4.47E+01		1.41E+01		4.47E+00

						6.00E+00		nm		4.08E+01		1.29E+01		4.08E+00

						7.00E+00		nm		3.78E+01		1.20E+01		3.78E+00

						8.00E+00		nm		3.54E+01		1.12E+01		3.54E+00

						9.00E+00		nm		3.33E+01		1.05E+01		3.33E+00

						1.00E+01		nm		3.16E+01		1.00E+01		3.16E+00

						2.00E+01		nm		2.24E+01		7.07E+00		2.24E+00

						3.00E+01		nm		1.83E+01		5.77E+00		1.83E+00

						4.00E+01		nm		1.58E+01		5.00E+00		1.58E+00

						5.00E+01		nm		1.41E+01		4.47E+00		1.41E+00

						6.00E+01		nm		1.29E+01		4.08E+00		1.29E+00

						7.00E+01		nm		1.20E+01		3.78E+00		1.20E+00

						8.00E+01		nm		1.12E+01		3.54E+00		1.12E+00

						9.00E+01		nm		1.05E+01		3.33E+00		1.05E+00

						1.00E+02		nm		1.00E+01		3.16E+00		1.00E+00
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