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Abstract:
This project simulated a diffusion resistor through the use of two n+ type regions, an n diffusion region and a p substrate region.  The experiments were simulated using POSTMINI and PISCES-2B, where a structure with three electrodes, several doped regions, and a potential difference was used to determine the resistance between two electrodes.  Although the applied voltage was varied in part three of the project, the resistance remained the same.

Statement of Objective:
In this experiment, PISCES-2B will be used to simulate a diffusion resistor.  The applied voltage will be varied so that its effect on current and resistance can be determined.   Through this project, a familiarization of POSTMINI and PISCES-2B will be obtained.  

Background:
Semiconductor materials have unique electrical characteristics that are useful.  They are extremely sensitive to impurities present in its molecular structure.  Intrinsic semiconductors are pure and have no impurities.  When an impurity such as Boron is added to Silicon, the missing electron in the Boron valence shell creates a positive charge called a hole.  On the other hand, when Phosphorous is added there is an extra free electron created.  Adding impurities (doping) to a semiconductor creates an extrinsic semiconductor.  Intrinsic semiconductors have different electrical properties than the extrinsic semiconductors.  Doping decreases the band gap of the semiconductor, thereby making it easier for the semiconductor to conduct electricity.

According to the formula R = (L/xjW, R (resistance) is proportional to ( (resistivity).  Using the fact that resistivity depends on doping concentration, different doping regions can be used to create a structure that has a certain resistance R.  If a potential difference is applied to this structure, the voltage and current across the structure can be used to determine this resistance.  The program PISCES-2B and POSTMINI help to simulate different potential differences and currents in a resistor structure. 

Results:
1. Using the code res.inp.txt as a reference, a similar program was created with the desired parameters given in project #1.  The junction depths of the n+ contact were changed to be 0.5um.  The p-substrate concentration was changed to 1016cm-3, the n diffusion region had a concentration of 1017cm-3 and a junction depth of 1.0um.  Lastly, the voltage applied was changed to 0.5v.  

Next, the DOPING region statements were changed to reflect the dimensions of the doped regions in the structure.  The x.left and x.right parameters were changed accordingly.  The x.left parameter is the left-most position of the region and the x.right parameter is the right position of the region.  The following statements were written for the structure in project 1:

DOPING  region=1 n.type GAUSSIAN conc=1e20 junc=0.5 x.left=1.5 x.right=3.5 ratio.lateral=1

DOPING  region=1 n.type GAUSSIAN conc=1e20 junc=0.5 x.left=8.5 x.right=10.5 ratio.lateral=1

DOPING
region=1 n.type GAUSSIAN conc=1e17 junction=1 x.left=0.5 x.right=11.5 ratio.lateral=1

Using the PISCES-2B output data from the command prompt, the resistance was calculated using the equation       R= V/I.

For xj2 = 1.0um, L = 5.0um, W = 1.0um, V1 = 0.5V, the following results were seen from PISCES-2B.

Voltage (volts) = 0.5000V

Total Current (amps/micron) = 5.76467x10-5A/um 

Calculated resistance (Ω/micron) = 8.67kΩ/um

Using POSTMINI, the 1-D and 2-D doping profiles across electrode #1 were plotted.  

The plots of the doping profile across electrode #2 were exactly the same as the plots of electrode #1.  The plot of electrode #2 was the same because the structure is symmetrical.  The cross-section of the structure at electrode #2 is exactly the same as the cross-section at electrode #1.

1-D doping profile 
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2-D doping profile
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2. In this part, for the same structure as in part 1, the applied voltage was changed from 0.5V to 5V.

The following results were seen from PISCES-2B.

Voltage (volts) = 5.000V

Total Current (amps/micron) = 4.36692x10-4A/um 

Calculated resistance (Ω/micron) = 11.45kΩ/um

3. In part 3, the junction depth of the n diffusion region was changed several times.  The applied voltage was varied from 0 to 5V, in increments of 0.1V.  For xj2 = 1um, the 1D and 2D doping profile plots were identical to the plots in part 1.  

Using Excel and iv.log, a file containing the results produced from PISCES-2B, the current vs. voltage and resistance vs. voltage data were plotted.

The following are the two graphs:
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Using the summation function in Excel, the average resistance was determined to be 8.68kΩ/micron.  Using the formula Rs = RL/W, the sheet resistance is calculated to be 1.736kΩ.  
For xj2 = 2um, the junction depth of the n diffusion region in the program was changed from 1 to 2.  

Using POSTMINI, the 1-D and 2-D doping profiles across electrode #1 were plotted.  Once again, the plots of the doping profile across electrode #2 were exactly the same as the plots of electrode #1.

1-D doping profile
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2-D doping profile
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Again, Excel was used to plot current vs. voltage and resistance vs. voltage.
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Using the summation function in excel, the average resistance was 4.67kΩ.  The sheet resistance was calculated to be 0.934kΩ.  

For xj2 = 3um, the junction depth of the n diffusion region in the program was changed from 2 to 3.  

Using POSTMINI, the 1-D and 2-D doping profiles across electrode #1 were plotted.  

1-D doping profile
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2-D doping profile
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The following are the current vs. voltage and resistance vs. voltage plotted from Excel.
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Using the summation function in excel, the average resistance was 3.360kΩ.  The sheet resistance was calculated to be 672Ω.  

Discussion:

1. In the 1-D doping profile plot, the graph starts at 1020cm-3, the concentration of the n+ region.  The impurity profile along the vertical dimension is non-uniform.  It has a Gaussian profile.  This is exactly what is seen from the 1D doping profile graph.  However, the concentration past the xj2 becomes the concentration of the background impurity (p-substrate) and is no longer a Gaussian profile.  This is why the graph has a concentration drop at 1um.  This is the region between the n doped region and the p doped region.  Eventually, the concentration levels off to 1016cm-3, the concentration of the p substrate.
From the 2-D Doping profile, the red region is the higher concentration region.  This was found to be the n+ region.  This is expected, because the n+ region is the most highly doped.  The green region ranges from 1016 to 1017, which is the doping concentration of the p substrate region. 

2. When the applied voltage is 0.5V, a small electric field is induced.  The drift current is affected by the electric field because it is directly proportional to it, J = q (µnn + µpp) E.

There is also a diffusion current.  These two oppositely directed currents add to the total current, which is the current taken from the data generated in PISCES-2B.  When the voltage is increased to 5V, it is expected that the current will increase along with the voltage, maintaining a constant resistance.  However, when the voltage is increased, the electric field becomes bigger.  This increases the drift current but the diffusion current is not significantly increased.  As the result, the total current does not increase proportionally to the increase in voltage.  The ratio of V/I becomes bigger and therefore, the new resistance is larger than the resistance in part 1.

3. A junction width of xj2 = 1um corresponds to a doping concentration drop at xj2 = 1um as explained in part 1.  This signifies the end of the Gaussian profile and the beginning of the background impurity region.  When xj2 = 2um, the doping concentration drop appears at 2um, because that is where the n diffusion region ends and the p substrate region begins.  When xj2 = 3um, the drop is now at 3um.  Therefore, the doping concentration drop can be adjusted by changing the xj2. 

In the 2-D doping profile, the green region reflects the doping concentration of the n diffusion region.  When xj, the thickness of the n diffusion region, is increased, the green region increases, as expected.  The red region reflects the n+ region, whereas the purple region reflects the p substrate region.

The current vs. voltage plots from Excel are linear because current and voltage have a linear relationship.  For a given set of structure dimensions, the resistance remains the same.  This can be seen from the resistance vs. voltage graph.  The resistance is relatively horizontal meaning that it maintains an approximate constant value.  There are sections, however, where the resistance fluctuates around its average value.  This could be due to the increasing induced electric field as explained in part 2.  When the junction depth is varied to 2um and 3um, the resistance changes.  Since the resistance R is inversely proportional to xj (R = ρL/xjw),  if xj2 increases, the resistance decreases.  This matches the results obtained from the PISCES file and can be seen from the resistance values obtained in this part of the experiment.  

Conclusion:

From this project, it can be seen that the resistance in a structure remains the same despite changes in voltage.  When the voltage is drastically changed, however, current becomes saturated because of an induced electric field and resistance is no longer unaffected.  Other factors also affect a structure’s resistance.  If the xj2 decreases and everything else remains the same, the resistance will increase.  From Excel, it is seen that the current vs. voltage plots are linear. This corresponds to a constant slope.  The resistance then is also constant. This is what is expected theoretically.  From POSTMINI, the 1-D and 2-D concentrations of a semiconductor structure can be plotted easily.  Both PISCES-2B and POSTMINI provide simulations and results which are critical to understanding semiconductors. 
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		Voltage		Resistance		Current

		0.00E+00		0.00E+00		-2.09E-18

		1.00E-02		3.34E+03		3.00E-06

		2.00E-02		3.34E+03		5.99E-06

		3.00E-02		3.34E+03		8.99E-06

		4.00E-02		3.34E+03		1.20E-05

		5.00E-02		3.34E+03		1.50E-05

		6.00E-02		3.34E+03		1.80E-05

		7.00E-02		3.34E+03		2.10E-05

		8.00E-02		3.34E+03		2.40E-05

		9.00E-02		3.34E+03		2.70E-05

		1.00E-01		3.34E+03		2.99E-05

		1.10E-01		3.34E+03		3.29E-05

		1.20E-01		3.34E+03		3.59E-05

		1.30E-01		3.34E+03		3.89E-05

		1.40E-01		3.34E+03		4.19E-05

		1.50E-01		3.34E+03		4.49E-05

		1.60E-01		3.34E+03		4.79E-05

		1.70E-01		3.34E+03		5.09E-05

		1.80E-01		3.34E+03		5.39E-05

		1.90E-01		3.34E+03		5.69E-05

		2.00E-01		3.34E+03		5.99E-05

		2.10E-01		3.34E+03		6.29E-05

		2.20E-01		3.34E+03		6.58E-05

		2.30E-01		3.34E+03		6.88E-05

		2.40E-01		3.34E+03		7.18E-05

		2.50E-01		3.34E+03		7.48E-05

		2.60E-01		3.34E+03		7.78E-05

		2.70E-01		3.34E+03		8.08E-05

		2.80E-01		3.34E+03		8.38E-05

		2.90E-01		3.34E+03		8.67E-05

		3.00E-01		3.34E+03		8.97E-05

		3.10E-01		3.34E+03		9.27E-05

		3.20E-01		3.34E+03		9.57E-05

		3.30E-01		3.34E+03		9.87E-05

		3.40E-01		3.34E+03		1.02E-04

		3.50E-01		3.35E+03		1.05E-04

		3.60E-01		3.35E+03		1.08E-04

		3.70E-01		3.35E+03		1.11E-04

		3.80E-01		3.35E+03		1.14E-04

		3.90E-01		3.35E+03		1.17E-04

		4.00E-01		3.35E+03		1.20E-04

		4.10E-01		3.35E+03		1.22E-04

		4.20E-01		3.35E+03		1.25E-04

		4.30E-01		3.35E+03		1.28E-04

		4.40E-01		3.35E+03		1.31E-04

		4.50E-01		3.35E+03		1.34E-04

		4.60E-01		3.35E+03		1.37E-04

		4.70E-01		3.35E+03		1.40E-04

		4.80E-01		3.35E+03		1.43E-04

		4.90E-01		3.35E+03		1.46E-04

		5.00E-01		3.35E+03		1.49E-04

		5.00E+00		4.00E+03		1.25E-03

				3.36E+03
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		Voltage		Resistance		Current

		0.00E+00		0.00E+00		4.62E-18

		1.00E-02		4.61E+03		2.17E-06

		2.00E-02		4.61E+03		4.34E-06

		3.00E-02		4.61E+03		6.51E-06

		4.00E-02		4.61E+03		8.68E-06

		5.00E-02		4.61E+03		1.08E-05

		6.00E-02		4.61E+03		1.30E-05

		7.00E-02		4.61E+03		1.52E-05

		8.00E-02		4.61E+03		1.73E-05

		9.00E-02		4.61E+03		1.95E-05

		1.00E-01		4.61E+03		2.17E-05

		1.10E-01		4.61E+03		2.38E-05

		1.20E-01		4.61E+03		2.60E-05

		1.30E-01		4.61E+03		2.82E-05

		1.40E-01		4.61E+03		3.03E-05

		1.50E-01		4.61E+03		3.25E-05

		1.60E-01		4.61E+03		3.47E-05

		1.70E-01		4.62E+03		3.68E-05

		1.80E-01		4.62E+03		3.90E-05

		1.90E-01		4.62E+03		4.12E-05

		2.00E-01		4.62E+03		4.33E-05

		2.10E-01		4.62E+03		4.55E-05

		2.20E-01		4.62E+03		4.76E-05

		2.30E-01		4.62E+03		4.98E-05

		2.40E-01		4.62E+03		5.20E-05

		2.50E-01		4.62E+03		5.41E-05

		2.60E-01		4.62E+03		5.63E-05

		2.70E-01		4.62E+03		5.84E-05

		2.80E-01		4.62E+03		6.06E-05

		2.90E-01		4.62E+03		6.28E-05

		3.00E-01		4.62E+03		6.49E-05

		3.10E-01		4.62E+03		6.71E-05

		3.20E-01		4.62E+03		6.92E-05

		3.30E-01		4.62E+03		7.14E-05

		3.40E-01		4.62E+03		7.35E-05

		3.50E-01		4.62E+03		7.57E-05

		3.60E-01		4.63E+03		7.78E-05

		3.70E-01		4.63E+03		8.00E-05

		3.80E-01		4.63E+03		8.21E-05

		3.90E-01		4.63E+03		8.43E-05

		4.00E-01		4.63E+03		8.64E-05

		4.10E-01		4.63E+03		8.86E-05

		4.20E-01		4.63E+03		9.07E-05

		4.30E-01		4.63E+03		9.29E-05

		4.40E-01		4.63E+03		9.50E-05

		4.50E-01		4.63E+03		9.72E-05

		4.60E-01		4.63E+03		9.93E-05

		4.70E-01		4.63E+03		1.01E-04

		4.80E-01		4.63E+03		1.04E-04

		4.90E-01		4.63E+03		1.06E-04

		5.00E-01		4.63E+03		1.08E-04

		5.00E+00		7.24E+03		6.90E-04

				4.67E+03
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		1.40000002		1.40000002

		1.50000002		1.50000002

		1.60000002		1.60000002

		1.70000003		1.70000003

		1.80000003		1.80000003

		1.90000003		1.90000003

		2.00000003		2.00000003

		2.10000003		2.10000003

		2.20000003		2.20000003

		2.30000003		2.30000003

		2.40000004		2.40000004

		2.50000004		2.50000004

		2.60000004		2.60000004

		2.70000004		2.70000004

		2.80000004		2.80000004

		2.90000004		2.90000004

		3.00000004		3.00000004

		3.10000005		3.10000005

		3.20000005		3.20000005

		3.30000005		3.30000005

		3.40000005		3.40000005

		3.50000005		3.50000005

		3.60000005		3.60000005

		3.70000006		3.70000006

		3.80000006		3.80000006

		3.90000006		3.90000006

		4.00000006		4.00000006

		4.10000006		4.10000006

		4.20000006		4.20000006

		4.30000006		4.30000006

		4.40000007		4.40000007

		4.50000007		4.50000007

		4.60000007		4.60000007

		4.70000007		4.70000007

		4.80000007		4.80000007

		4.90000007		4.90000007

		5.00000007		5.00000007

		5		5



Resistance

Voltage (V)

Resistance (Ohm/micron)

Resistance vs. Voltage

0

8494.477621231

8509.5722666543

8526.6383518991

8545.6961804486

8566.7583248685

8589.8319240497

8614.9197978669

8642.0211889717

8671.1319302202

8702.2446273691

8735.3485178464

8770.4295733676

8807.4710767905

8846.4538964787

8887.3566954486

8930.1564934558

8974.8290049617

9021.3483137564

9069.6878572935

9119.8200933117

9171.7171709231

9225.3509789974

9280.6936351596

9337.7175317072

9396.3953428489

9456.7001457852

9518.6045159101

9582.0799502389

9647.0950629491

9713.6129698127

9781.589047324

9850.9738541767

9921.7254346891

9993.8160618605

10067.2273903228

10141.945255217

10217.9570003356

10295.2503827611

10373.8132803332

10453.6333204079

10534.6977222699

10616.99333836

10700.5066951141

10785.2238474522

10871.1305666873

10958.2122969026

11046.4542385445

11135.8413991546

11226.3585721971

11317.9903986591

11317.9903683042



iv

		Current		Voltage				Resistance

		-9.74E-18		0.00E+00				0.00E+00

		1.18E-05		1.00E-01				8.49E+03

		2.35E-05		2.00E-01				8.51E+03

		3.52E-05		3.00E-01				8.53E+03

		4.68E-05		4.00E-01				8.55E+03

		5.84E-05		5.00E-01				8.57E+03

		6.99E-05		6.00E-01				8.59E+03

		8.13E-05		7.00E-01				8.61E+03

		9.26E-05		8.00E-01				8.64E+03

		1.04E-04		9.00E-01				8.67E+03

		1.15E-04		1.00E+00				8.70E+03

		1.26E-04		1.10E+00				8.74E+03

		1.37E-04		1.20E+00				8.77E+03

		1.48E-04		1.30E+00				8.81E+03

		1.58E-04		1.40E+00				8.85E+03

		1.69E-04		1.50E+00				8.89E+03

		1.79E-04		1.60E+00				8.93E+03

		1.89E-04		1.70E+00				8.97E+03

		2.00E-04		1.80E+00				9.02E+03

		2.09E-04		1.90E+00				9.07E+03

		2.19E-04		2.00E+00				9.12E+03

		2.29E-04		2.10E+00				9.17E+03

		2.38E-04		2.20E+00				9.23E+03

		2.48E-04		2.30E+00				9.28E+03

		2.57E-04		2.40E+00				9.34E+03

		2.66E-04		2.50E+00				9.40E+03

		2.75E-04		2.60E+00				9.46E+03

		2.84E-04		2.70E+00				9.52E+03

		2.92E-04		2.80E+00				9.58E+03

		3.01E-04		2.90E+00				9.65E+03

		3.09E-04		3.00E+00				9.71E+03

		3.17E-04		3.10E+00				9.78E+03

		3.25E-04		3.20E+00				9.85E+03

		3.33E-04		3.30E+00				9.92E+03

		3.40E-04		3.40E+00				9.99E+03

		3.48E-04		3.50E+00				1.01E+04

		3.55E-04		3.60E+00				1.01E+04

		3.62E-04		3.70E+00				1.02E+04

		3.69E-04		3.80E+00				1.03E+04

		3.76E-04		3.90E+00				1.04E+04

		3.83E-04		4.00E+00				1.05E+04

		3.89E-04		4.10E+00				1.05E+04

		3.96E-04		4.20E+00				1.06E+04

		4.02E-04		4.30E+00				1.07E+04

		4.08E-04		4.40E+00				1.08E+04

		4.14E-04		4.50E+00				1.09E+04

		4.20E-04		4.60E+00				1.10E+04

		4.25E-04		4.70E+00				1.10E+04

		4.31E-04		4.80E+00				1.11E+04

		4.36E-04		4.90E+00				1.12E+04

		4.42E-04		5.00E+00				1.13E+04

		4.42E-04		5.00E+00				1.13E+04

								9.63E+03
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