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ADDENDUM A: PHYSICAL CONSTANTS 

Table A.1 below lists the numeric values of all physical constants used in this work ([53], pg. 

788 - 790). 

Table A.1. Physical constants used in this document. 

Constant Description Value Unit 

c Speed of light in vacuum 2.9979245805·108 m/s 

dSi Si density 2.329 g/cm3 

ε0 Free space permittivity 8.85418781762·10-14 F/cm 

εrSi Si relative permittivity 11.6 - 11.8 - 

εSiO2 SiO2 relative permittivity 3.8 - 3.9 - 

EgSi Si energy band-gap 1.12 eV 

ħ Planck’s constant 
6.6260994816·10-34 

4.1356673310·10-15 

J·s 

eV·s 

kB Boltzmann’s constant 1.380658·10-23 J/K 

kAir Air extinction coefficient 0 - 

kSiO2 SiO2 extinction coefficient 0 - 

me Electron mass 9.10939·10-31 kg 

ni0 Si intrinsic concentration 1.45·1010 cm-3 

nAir Air refractive index 1.00029 - 

nSiO2 SiO2 refractive index 1.43 - 1.47 - 

nSixNy SixNy refractive index 2.0 - 

q Electron charge 1.60218·10-19 C 

T Absolute temperature 300 K 
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ADDENDUM B: SPECTROMETER 

B.1. Spectrometer Details 

Manufacturer: Avantes, Netherlands 

Model: AvaSpec-2048TEC 

Type: Thermo-electrically cooled fibre-optic spectrometer 

Specifications: 

Range: 200 – 1100 nm 

Peltier cooling: -25 - -30 ºC below room temperature 

Stray light: < 0.1 % 

Optical resolution: < 8 nm 

AD resolution: 16 bit 

Maximum integration time: 10 Min 

Sensitivity: 40 ph/count 

 2·104 counts/µW/ms 

SNR: 200:1 

Noise: 560 phrms 

Hardware configuration: 

Detector: 2048 pixel Sony ILX554B 

Detector coating: >150 nm deep UV 

Slit width: 200 µm 

Grating: UA 

Grating lines: 300 grooves/mm 

Blaze wavelength: 500 nm 

Grating coating: Order sorting OSC-UA 350 and 590 nm long-pass filter 

Lens: Quartz DCL-UV/VIS 200 – 1100 nm 

Manufactured: August 2007 

Location: Optical Laboratory, CEFIM, University of Pretoria 

Software: AvaSoft Full version 7.1 USB1 
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B.2. Spectrometer Calibration 

The spectrometer was calibrated by first measuring the spectral irradiance of the Betham IL1 

and M300 monochromator as shown Figure B.1. 

Figure B.1. Measured Bentham IL1 lamp and M300 monochromator output spectral irradiance. 

The above optical source was then also measured with the spectrometer and the count per 

irradiance sensitivity calculated as shown Figure B.2. 

Figure B.2. Measured AvaSpec1024TEC spectral power sensitivity. 
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ADDENDUM C: DESIGN RULES 

This addendum lists the self-determined design rules that were adhered to. 

C.1. Si Island 

Si islands remaining on BOx after etching. 

1.1. Width  ≥ 6 µm 

1.2. Spacing  ≥ 10 µm 

C.2. Finger Spacing (EBL) 

Island area between fingers etched away by RIE so that fingers remain. 

2.1. Width (Finger spacing)  ≥ 100 nm 

2.2. Spacing (Finger width)  ≥ 100 nm 

2.3. Extension out of Si Island  ≥ 2 µm 

2.4. Extension out of As ≥ worst case(RpAs + 3stragglelateral + wd) ≥ 0.2 µm 

2.5. Overlap into Si Island  ≥ 2 µm 

C.3. Oxidation (Photo) 

Window to oxidize wide fingers and monitor finger oxidation. 

3.1. Width  ≥ 6 µm 

3.2. Spacing  ≥ 4 µm 

3.3. Extension out of Si Island  ≥ 2 µm 

3.4. Overlap into Si Island  ≥ 2 µm 

C.4. Oxidation (EBL) 

Window over fine fingers to be thinned by oxidation. 

4.1. Width  ≥ 100 nm 

4.2. Spacing  ≥ 540 nm 

4.3. Extension out of Si Island  ≥ 2 µm 

4.4. Overlap into Si Island  ≥ 2 µm 

C.5. As (Photo) 

Large-area As implant. 
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5.1. Width  ≥ 6 µm 

5.2. Spacing  ≥ 4 µm 

5.3 Spacing to Island  ≥ 2 µm 

5.4 Spacing to Finger Spacing  ≥ 2 µm 

5.5 Spacing to Oxidation (EBL)  ≥ 2 µm 

5.6. Extension out of Si Island  ≥ 2 µm 

5.7. Overlap of Si Island  ≥ 2 µm 

5.8. Overlap of Oxidation  ≥ 2 µm 

C.6. As (EBL) 

Small-area As implant. 

6.1. Width  ≥ 100 nm 

6.2. Spacing ≥ worst case{2(range + 3stragglelateral) + wd} ≥ 330 nm 

6.3. Overlap of Si Island  ≥ 2 µm 

6.4. Overlap of Finger Spacing  ≥ 10 nm 

6.5. Overlap of Oxidation (EBL)  ≥ 10 nm 

6.6. Overlap of As (Photo)  ≥ 2 µm 

C.7. Contact 

Metal contact to Island. 

7.1. Width  ≥ 6 µm 

7.2. Spacing  ≥ 10 µm 

7.3. Spacing to Finger Spacing  ≥ 2 µm 

7.4. Spacing to (any) Oxidation  ≥ 2 µm 

7.5. Surround by Si Island  ≥ 2 µm 

C.8. Metal 

Metal interconnect. 

8.1. Width  ≥ 10 µm 

8.2. Spacing  ≥ 10 µm 

8.3. Spacing to Finger Spacing  ≥ 2 µm 

8.4. Spacing to (any) Oxidation  ≥ 2 µm 

8.5. Surrounding Contact  ≥ 2 µm 
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ADDENDUM D: PROCESS CHARACTERIZATION DATA 

This addendum characterizes the used processing equipment by plotting and analyzing self-

measured rate information. 

D.1. Oxidation Rates 

Figure D.3 plots the measured thermal oxidation rate observed for the Lindburg furnace at the 

GT MiRC. 

Figure D.3. Measured Lindburg furnace Si oxidation rates. 
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D.2. BOE Etch Rates 

 

Figure D.4. Measured BOE etch rates of thermal SiO2. 

 

Figure D.5. Measured BOE etch rates of PECVD SiO2. 
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D.3. Unaxis PECVD Deposition Rates 

 

Figure D.6. Measured Unaxis PECVD SiO2 deposition rates. 

 

Figure D.7. Measured Unaxis PECVD SixNy deposition rates. 

y = -1.853x2 + 576.26x - 23.909

y = 0.8687x + 555.25

400

450

500

550

600

650

0

1000

2000

3000

4000

5000

0 1 2 3 4 5 6 7 8 9

R
S

iO
2

[Å
/M

in
]

t S
iO

2
[Å

]

tDeposition [Min]

Unaxis PECVD oxide thickness against deposition time

tSiO2
RSiO2
Poly. (tSiO2)
Linear (RSiO2)

y = -0.1029x2 + 87.065x + 3.4754

y = -0.2215x + 89.27

81

82

83

84

85

86

87

88

89

0

200

400

600

800

1000

1200

1400

1600

0 2 4 6 8 10 12 14 16 18

R
S

i3
N

4
[Å

/M
in

]

t S
i3

N
4

[Å
]

tDeposition [Min]

Unaxis PECVD nitride thickness against deposition time

tSi3N4
RSi3N4
Poly. (tSi3N4)
Linear (RSi3N4)

 
 
 



Addendum D 

Department of Electrical, Electronic and Computer Engineering 142 
University of Pretoria 

D.4. Vision RIE Etch Rates 

D.4.1. Summary 

Table 8.2. Average Vision RIE etch rate summary. 

Average Etch Rate 

[Å/Min] 

Recipe 

Si Oxide Nitride 

M
a
te

ri
a
l 

Si 2 297 127  

SiO2 
PECVD 25 186  

Thermal  129 80 

SixNy 80 782 341 

SC1813 85 495  

ZEP520A 114 252  

D.4.2. Silicon Recipe 

D.4.2.1. Silicon 

 

Figure D.8. Measured Si etch rate in Vision Oxide RIE Si recipe. 
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D.4.2.2. PECVD-SiO2 

 

Figure D.9. Measured PECVD-SiO2 etch rate in Vision Oxide RIE Si recipe. 

D.4.2.3. Nitride 

 

Figure D.10. Measured SixNy etch rate in Vision Oxide RIE Si recipe. 
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D.4.2.4. SC1813 

Figure D.11. Measured SC1813 etch rate in Vision Oxide RIE Si recipe. 

D.4.2.5. ZEP520A 

 

Figure D.12. Measured ZEP520A etch rate in Vision Oxide RIE Si recipe. 
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D.4.3. Standard Oxide Recipe 

D.4.3.1. Silicon 

Figure D.13. Measured Si etch rate in Vision Oxide RIE standard oxide recipe. 

D.4.3.2. PECVD-SiO2 

Figure D.14. Measured PECVD-SiO2 etch rate in Vision Oxide RIE standard oxide recipe. 
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D.4.3.3. Thermal SiO2 

 

Figure D.15. Measured Thermal SiO2 etch rate in Vision Oxide RIE standard oxide recipe. 

D.4.3.4. Nitride 

 

Figure D.16. Measured SixNy etch rate in Vision Oxide RIE standard oxide recipe. 
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D.4.3.5. SC1813 

 

Figure D.17. Measured SC1813 etch rate in Vision Oxide RIE standard oxide recipe. 

D.4.3.6. ZEP520A 

 

Figure D.18. Measured ZEP520A etch rate in Vision Oxide RIE standard oxide recipe. 

y = 495.4x

0

500

1000

1500

2000

2500

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

∆
t S

C
1

8
1

3
[Å

]

tEtch [Min]

Vision RIE Std Oxide Recipe: SC1813 removed against etch time

DtSC1813

Linear (DtSC1813)

y = 252x

0

100

200

300

400

500

600

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

∆
t Z

E
P

[Å
]

tEtch [Min]

Vision RIE Std Oxide Recipe: ZEP520A removed against etch time

DtZEP

Linear (DtZEP)

 
 
 



Addendum D 

Department of Electrical, Electronic and Computer Engineering 148 
University of Pretoria 

D.4.4. Nitride Recipe 

D.4.4.1. Thermal SiO2 

Figure D.19. Measured thermal SiO2 etch rate in Vision Oxide RIE nitride recipe. 

D.4.4.2. SixNy 

Figure D.20. Measured thermal SixNy etch rate in Vision Oxide RIE nitride recipe. 
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ADDENDUM E: EBL WRITE TIMES 

Table 8.3. EBL write time contributions per wafer. 

 

Chip 

Pattern 

 As 
Finger 

Spacing 
Oxidation As 

Finger 

Spacing 
Oxidation 

 # [µm2] [%] of Total 

 1 118 437 279 22 665 13 0 2 

 2 60 772 284 3 484 7 0 0 

 3 227 898 25 285 50 25 3 0 

 4 429 400 25 274 61 47 3 0 

 ACluster 836 507 51 122 26 260 
[µm2] 

  

nClusters/wafer 4 3 346 029 204 489 105 038   

 AWafer 3.3·10-2 2.0·10-3 1.1·10-4 [cm2]   

 Dose 200 [µC/cm2]   

 IBeam 2 [nA]   

 
tWrite 

3 346 204 105 [s/wafer]   

 56 3 2 

[Min/wafer] 

  

 tAlign 45   

 
tWafer 

101 48 47   

 1.7 0.8 0.8 [h/wafer]   

nWafer 4 7 3 3 

[h] 
  

 tTotal 13   

 

Writing four wafers was estimated to take approximately 13 hours, but the final times were 

significantly longer since wafer and beam alignment and general set-up was found to be more 

time consuming than expected. 
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