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Motivation

=  Previous work in the RIT SMFL found G 0. 0" Y% W)
defects ig Flash Evaporated AlSi Films :.Elf".'.:%;"", JE:’}E':?:
post 450°C Sinter il;-.&ﬂa-ﬂ:: Sond oo,
. ) ] Jove" " oo ; '?ﬁ.;;'. E".i 100um
=  This defect is hypothesized to be ) :ﬂ'ﬁ'ﬁé-'." pn_:o:.;i
Junction Spiking due to a Silicon- .hﬁ"ﬂgfﬁ'}}' dals
starved deposition 059 0% ;,'.": | ;‘ﬁ' ¢

. .- Fi 1. Defective Post Sinter AlSi
= A self-aligned TiSi, buffer on the contact Flash Evaporated Layer. 1]

regions should prevent this defect from
occurring
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Junction Spiking
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O S S Figure 3. Cross Section of Junction Spiking. [3]
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= At 450°C, Si Diffuses into Al
Figure 2. Aluminum-Silicon Phase Diagram. [2] ~100um in 30 minutes
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Al Deposition at RIT

Figure 4. CVC Flash Evaporator. [4] Figure 5. CVC601 DC Spuitter. [4] Figure 6. CHA Thermal Evaporator. [4]
Aluminum Defect Observed High Bulk Resistivity Measurements Used as a Control
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Defect Characterization

X-Ray
Photoelectron

Spectroscopy
(XPS)

Characterize the
Silicon content of
each film
Transmission Line
Measurements
(TLM)

Characterize the Contact
Resistivity of each film

Figure 7. XPS Operation. [5]

Figure 8. TLM Cross Section.

Cathode Film Stack

Detection Diodes

Junction Spiking

Electrically detect a spike Anode Back Contact

through the diffusion region i re 9. Diode Cross Section.
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Figure 10. Al Film for Visual Analysis. [1]
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Fabrication

Figure 12. Mask Layout.
Figure 11. General Process Flow.

Process Issues:
» Selecting a p-Substrate caused the Al on n-type M-S contact to rectify
= P31 Implant Dose of 4E12 cm was far too low
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XPS Results

XPS Bulk Spectra
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Figure 13. XPS Spectra of Film Samples.

AlZp and Al2s regions
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Binding Energy {&V) |
Figure 14. Characteristic XPS Specitra 5
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XPS of Aluminum
encounters Plasmon
Peaks, which are energy
loss features from the
primary peaks

Al2p’s second Plasmon
Peak interferes with the
Silicon’s peaks, causing
low concentration Si
readings in an Al matrix
to be difficult to measure



XPS Results

Si:Al Percentages
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Figure 14. Si Percentage vs FIB Sputter Time.

= The FIB Sputter time is
proportional to depth in the
sample

Expected Results

Sample Silicon Percentage
Thermal Evap 0.8-1.2
Flash Evap 0.4-0.8
Sputter 1.2-1.6

Figure 15. Expected Si Percentage Results.
» The steady-state bulk Si
percentages were compared to
provide the Normalized Percentage

Sample Bulk%  Normalized Amount

Thermal Evap 1.29 1
Flash Evap 0.916 0.71
Sputter LAl 0.85,

Figure 16. Normalized Bulk Si Percentage.
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I L IVI I { eS u I tS Thermal Evap TLM Analysis, W=1000um
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Figure 17. TLM Cross Section. TLMs ¥ o
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Figure 18. TLM Electrical Characteristics. [3] Uiz 1]

Figure 20. TLM Graph and
Extracted Values.

Flash Evap Thermal Evap Sputter

Figure 19. Rectifying TLM Resistor
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Diode Results

TiSi,-Flash Evaporatior Diode |-V
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Figure 21. Sinter’s Varying Effects on Diode Characteristics.
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Surface Analysis

» The Spotted film
defect appeared in all

films, not just the Flash |

Evaporator film as
hypothesized

= The defect manifested T|S|2 Flash Evap

above Si, SiO,, and

TiSi,
500 pm
A—

Figure 22. Visual Area Cross Section.

Flash Evap

Thermal Evap  Sputter
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Figure 23. 10x Microscope Images of Sintéred Films
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Quantitative Surface AnalysIS

= |mages are cropped to s
remove lighting gradient o s

= Athreshold is applied to
convert data to particles
and clear film

'[ _ﬁ"lmm;l — O >
| File Edit Font ﬁ
. Slice |Cuunt |Tata| Area |Average Size |:
] Particle Ana'yS|S run to |Flash_500%500jpg 1184 120747  101.982
guantify defect density |
and size |

Figure 24. Image Analysis in ImageJ.
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Quantitative Surface AnalysIS

Defect Density vs Contact Area
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Figure 25. Defect Density and Size vs Contact Area.
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Figure 26. Defect Density and Size vs Relative Si Percentage

Defect Density vs Silicon Percentage
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SEM of Etched Al Film

FLASH EVAP SUBSTRATE FLASH EVAP SUBSTRATE FLASH EVAP SUBSTRATE
S.8 kV 5.8 kV X9.80K 3.33sm S.8 kV Xl18.8K 1.67wsm

Figure 27. SEM Images of Defects on Substrate

= Pits from Junction Spiking were Particle Height (Average) [A]

expected, but the spots were found to 1734 4474
be particles on the substrate

» These particles appear to be of
similar chemical makeup to the

substrate ROCHESTER INSTITUTE OF TECHNOLOGY




Conclusion

The defect found in the three deposited films is likely not
Junction Spiking, but may be a function of the Silicon content
In the deposited AlSI Film

The film roughness appears similar to that of the Flash
Evaporator’s from earlier studies, but isn’'t necessarily the
same defect
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