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(Results from ICSCRM 2007 & ECSCRM 2008)

D. Spry et al, Mat. Sci. Forum vol. 600-603, p. 1079 (2008)
Ohmic Contacts from R. Okojie et al, J. Appl. Phys, vol. 91, p. 6553, (2002)
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< 10% changes during 10000 hours of electrical operation in air at 500 °C!
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500 !C Stable Two Levels Interconnect1

IC processing and materials compatible with SiC power device tools & manufacturing
• Close-proximity sputtering of TaSi2 (21mm target to substrate spacing)
• LPCVD tetraethyl orthosilicate (TEOS) and Si3N4 layers deposited at 720 RC
• Interconnect completely buried beneath dielectric
See D. Spry 2021 CS MANTECH Presentation 4.3.

IC Gen. 10

1P. G. Neudeck, et al., 2018 IMAPS High Temperature Electronics Conf. pp. 71-78
26 May 2021 P. Neudeck, NASA Glenn, CS MANTECH
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500 !C Stable Bond Pads and Packaging1,2

1D. Spry & D. Lukco, J. Electronic Materials 41 p. 915 (2012)
2L. Chen, et al., Proc. 2016 IMAPS High Temperature Electronics Conf. pp. 66-72

• “IrIS” bond pad metal stack anchored directly to SiC1 (D. Spry Presentation 4.3)
• Pt thick-film traces, Au/Pt pads, Au die attach (600 >C), and Au ball bonding2.

26 May 2021 P. Neudeck, NASA Glenn, CS MANTECH
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500 CC Durable NASA Glenn Gen. 10 SiC JFET-R RAM Chip1

1P. G. Neudeck, et al., 2018 IMAPS High Temperature 
Electronics Conf. pp. 71-78

3 mm

26 May 2021 P. Neudeck, NASA Glenn, CS MANTECH 18
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• Some IC Gen. 10 chips last more than 1 year, but a few “infant fail” much sooner
• After initial burn-in, output characteristics change < 10%

500 !C Oven-Test Results1

1P. G. Neudeck, et al., 2018 IMAPS High Temperature Electronics Conf. pp. 71-78

26 May 2021 P. Neudeck, NASA Glenn, CS MANTECH 20
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Primary Failure Mode: Cracks in Dielectric1

1P. G. Neudeck, et al., Proc. 2018 IMAPS High Temperature Electronics Conf., pp. 71-78

TaSi2 interconnects oxidize beneath cracks
leading to open-circuit failure

26 May 2021 P. Neudeck, NASA Glenn, CS MANTECH



10-cycle 720 °C Anneal Test Results1
No cracks, no metal oxidation

NOT 25 °C functional
Cracks & oxidation

500 °C durable
Cracks & oxidation

NOT 500 °C durable

1See D. Spry et al., Materials Science Forum, vol. 1004, pp. 1148-1155
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Delamination of long/wide metal power bus features occurred in 
the outer (r > 24 mm) wafer regions.

Central wafer regions were free of observable metal delamination.
IC 11.3 RAM chip near 
wafer edge with power 
bus metal delamination

IC 11.3 RAM chip near 
wafer center without 
power bus metal 
delamination

Inferior IC yield < 25% for Gen. 11 (compared to > 75% for Gen. 10).
Inferior 500 °C durability < 500 hours for Gen. 11.

45(!#+Q(KK(T0=#"(98:(C#%$&(H#&$7.+$%.0+(PUT"0/#::(KKQKVR
75 mm Diameter Gen. 11 Wafer 

Just After Metal1 Deposition
Wafer 11.3 Post-Nitride Optical 

Inspection Grading Map 
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Gen. 11.1 124x8 bit Read Only Memory (ROM)
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Error Free 500 °C Oven-TestChip Prior to Packaging

• Bits started to fail less than 200 hours into 500 °C testing, surmised related to Gen. 11 
interconnect process shortcomings presented in prior slides.

• Failure analysis delayed by COVID-19 NASA Glenn SiC lab closure.

4.
65

 m
m
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“IC Gen. 11” (2018-19)
120-bit RAM, ~ 1000 JFETs

“IC Gen. 10” (2017)
16-bit RAM

“IC Gen. 12” (2022*)
248-bit RAM, ~ 2000 JFETs

Upscaling from MSI to LSI

* Fabrication delayed by prolonged     
COVID-19 NASA Glenn SiC lab closure.

26 May 2021 P. Neudeck, NASA Glenn, CS MANTECH 25

Shift from contact-aligner 
lithography to stepper lithography 
planned for IC Gen 13.
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• SPICE models for circuit design and mask layout rules (Gen. 12 and Gen. 13)
• External partner IC designs are in Gen. 12 fabrication run (Space Act Agreements)
• Commercial SiC JFET-R IC design services available (https://www.ozarkic.com)

26 May 2021 P. Neudeck, NASA Glenn, CS MANTECH 26

Gen. 12
NOT Gate Area
11021 µm2

Gen. 13
NOT Gate Area
3016 µm2

https://go.nasa.gov/jfetic
https://www.ozarkic.com/
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Venus (Radar Image)
Mass: 82% Earth
Orbit: 72% Earth

T (surface): +460 °C
Lander Missions: Hours of data

Mars
Mass: 10% Earth

Orbit: 150% Earth
T (surface): -143 °C to +35 °C

Lander Missions: Years of data
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Gas Composition
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Despite ~ 30-year technology update:
- Electronics remains environmentally shielded.
- Lander mass remains prohibitively large (686 kg).
- 5 hours of science on surface.
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Venus Atmosphere
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20 µm

Before Packaging After 60-Day GEER Test
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8-bit A/D with serial data ping for 6 sensor channels
4-layer HTCC circuit board 4.5 inches x 4.5 inches
9 packages of Gen. 11.1 chips (7 topside, 2 underside)
Awaiting GEER Venus chamber test (Post-COVID)

Prototype Venus Lander Circuit Board

T = 25 °C
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Simple “state machine” to digitize and serial data ping signals from analog sensors
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