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TEMPERATURE, VOLTAGE, AND PROXIMITY LIMITATIONS 
IN AISCN NON-VOLATILE MEMORY DEVICES FOR 

EXTREME ENVIRONMENTS
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Motivation

Moore, D.C. et al.  Nat. Rev. Mater. 9, 790–807 (2024)
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HT Non-Volatile Memory (NVM) is Less Mature than Logic

Moore, D.C. et al.  Nat. Rev. Mater. 9, 790–807 (2024)

2024 SOTA Transistor Performance 2024 SOTA NVM Performance
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Wurtzite-Structured AlScN

Excellent films down to 10 nm

Moore, D.C. et al.  Nat. Electron. 7, 348–355 (2024)

Qin H. et al. Nanomaterials. 2024
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Device Demonstration
DC-IV 10 kHz Cycling

Moore, D.C. et al.  Nat. Electron. 7, 348–355 (2024)
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Device Demonstration
• Distribution A: Approved for public release, distribution unlimited. AFRL-2025--XXXX-XXXX

Moore, D.C. et al.  Nat. Electron. 7, 348–355 (2024)

Read Endurance Write EndurancePUND

Read Currents Read Current Ratio Absolute Read Current Difference
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Retention at 600 oC
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State of the Art (early 2024)

Moore, D.C. et al.  Nat. Rev. Mater. 9, 790–807 (2024)

Presented 2024 Work

• Great retention and read endurance

• Bad On/Off ratio
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SiC Integration

No depolarization through 100 Hrs at 600 oC

He, Y.; Moore, D.C. et al. Nano Lett. 2025, 25, 12, 4767–4773
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Demonstration to 1000 ⁰C

He, Y.; Moore, D.C. et al. Nano Lett. 2025, 25, 12, 4767–4773
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Current Efforts

Improved 
Data 

Density

Improved 
On/Off 
Ratio

Endurance

 High Temperature Operation
 Retention
 Substrate Variety
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Miniaturization Improves Data Density and Endurance

Zheng J. et al. Appl. Phys. Lett. 122, 222901 (2023) Moore, D.C. et al.  Nat. Electron. 7, 348–355 (2024)
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Is There a Limit to Miniaturization?

Ferroelectric domains on the 
order of 100 nm
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Lateral Leakage

50 nm gap

False writes unlikely, false reads possible up to 3x thickness
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Improved On/Off Ratio Via Encapsulating Layer

Kim K. et al. ACS Nano 2024, 18, 24, 15925–15934

20 nm AlScN with 4nm Al/Ox
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On-Sate Current Loss: Impending Breakdown Indicator?
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Transitory Device Behavior
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Not Just Wakeup (Though That Hides It)
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Current Loss Only at High Temperature
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Temperature and Time Dependence
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Conduction Mechanisms (Poole Frenkel and Field Assisted Thermionic 
Emission)

Kim K. et al. ACS Nano 2024, 18, 24, 15925–15934
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Not Fatigue

200 300 400 500 600 700 800 900 1000

3.0

3.5

4.0

4.5

5.0

 Run1
 Run2
 Run3
 Run1 Fit
 Run2 Fit
 Run3 Fit

Ec
 (M

V/
cm

)

Temp (K)

Plot Run1
Intercept 5.78411 ± 0.104
Slope -0.00234 ± 1.255
Residual Sum of S 2.38939E-4
Adj. R-Square 0.99138

Plot Run2
Intercept 4.96249 ± 0.028
Slope -0.00155 ± 6.031
Residual Sum of S 2.7421
Adj. R-Square 0.99544

Plot Run3
Intercept 4.9992 ± 0.0224
Slope -0.00172 ± 6.203
Residual Sum of S 5.56122
Adj. R-Square 0.99611

Reduction in activation energy 
matches literature, but not 
increase in leakage

Chen, L. et al. Leakage Mechanism and Cycling Behavior of 
Ferroelectric Al0.7Sc0.3N. Materials (Basel). 17, 397 (2024).
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(Reverse?) Field and Temperature Assisted Ion Migration

Wang, R. et al. IEEE Electron Device Lett. 46, 381–
384 (2025).

Not:
• Piezoelectric Stress (should affect Ec)
• Domain Depinning (should increase current)
• Grain Boundary Conduction (should increase leakage)
• Charge trapping/detrapping (should be reversable)
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Conclusions
• AlScN NVM demonstrated at 700 oC 

(1000 oC at UPenn)
• SiC Integration successfully 

demonstrated
• On/Off Performance Enhanced with 

Encapsulating Layer
• Consistent fabrication with lateral 

gaps of 50nm 

Future Work:
• Breakdown and transitory 

mechanisms
• Continue investigating lateral limits
• Optimize performance via fabrication
• Miniaturization of crossbar array (fab 

and connectivity)

2025 Joint HiTEC/CICMT/APPE Conferences | Albuquerque, New Mexico | April 14-17, 2025

000341



Distribution A: Approved for public release, distribution unlimited. AFRL-2025-1471 25Distribution A: Approved for public release, distribution unlimited. AFRL-2025-1471

Thank you

Dirhen Pradhan
Yunfei He
Spencer Ware
Yubo Wang
Sizhe Ma
Zekun Hu
Xingyu Du
Deep Jariwala
Troy Olsson

Matt Francis,
Jacob Kupernik
Sonia Perez
Nick Chiolino

Nicholas Glavin
Joshua Kennedy
Venkata Puli
Mike Newburger
Emmanuel Rowe
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