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Ozark IC is a fabless semiconductor company that delivers best-in-class
analog & mixed-signal integrated circuits for remote sensing and actuation
under extreme environment conditions, rapidly and right-first-time
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Ozark IC uses advanced
semiconductors and packaging to
deliver best-in-class analog & mixed-
signal solutions for remote sensing and
actuation under extreme environment
conditions, rapidly and right-first-time

 Founded in February 2011

* Located in Fayetteville,
Arkansas Technology Park

e 26 Employees

(C) 2024 Ozark Integrated Circuits, Inc.
0zIC(R) and XNode(R) are registered 2
trademarks of Ozark IC, Inc.




Computing and Sensing in Extreme Environments OzlIC=~
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The Challenge

Space Geothermal Venus  Hypersonic
Acquiring Operational or Situational T_l l_T I__T
Data & Exerting Digital Control 125°C  350°C  500°C  800°C

in Extreme Environments is Difficult

* Electronics Lifespan - Traditional
Electronics are Unable to Survive

* Limited Observability &
Controllability

« Current “Solutions” are Custom,
Expensive, & Ineffective Ozark IC

« Critical Defense and Energy Z;‘:;’;ﬁ:

Applications Require Operation of  Environment

Electronics in Extreme Environments S°lutions:

Transportation Jet Engine Control Molten Salt Reactors

Semiconductors Packaging Integration



Ozark IC Solution: The eXtreme
Node®

XNode®: A single-board,
rugged computer module with
one or more integrated
functions designed to operate
in an extreme environment

IC/Package
Co-Design

Acquisition: Remote signal acquisition (sensing) and
digitization

Additive
Technologies
for 3D

Actuation: Remote control of a motor, linear actuator
or other electromechanical device

Closed-loop control: Local sensing and actuation with integration . : OoziC

local decision making (e.g. PID) \\ Advanced | e firome node®
Semiconductors-

Cummunicat_inn: Wired, wireless communication to a Operate at Any

remote location Temperature!

(C) 2024 Ozark Integrated Circuits, Inc.
OzIC(R) and XNode(R) are registered
trademarks of Ozark IC, Inc.



Where do you start?

e Standard ranges are out
the window
* What materials work?
* Temperature
survivability
* Temperature
reliability
* Consider everything
* Semiconductor
* Package
* Integration

Know your application,
and map to materials

(C) 2024 Ozark Integrated Circuits, Inc.
0:zIC(R} and Kode(R) are regictzred
trademarks of Ozark IC, Inc.
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XNode® AQ350
EX-2
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[Ceramic Packaging]

Hypersonic Flight
Molten Salt Reactors

= e o

Enhanced Geothermal
Venus surface

Intemal Com bustion Engines
Down Hole Oil Bxploration Cofired Ceramics Systems
-

Automotive (high)
Military Aerosapace (high)
Industrial Eectronics (high)
Commercial Electronics (high)
Mars surface, daytime (high)
Commercial Electronics (low)
Automotive, Industrial {low)
Military Aerospace (low)

- 0 Mars surface, nighttime [low) Organics
-180 Saturn's moon Titan surface

Liquid argon boils - 40!( Ton LAr Neutrino Detector

Liquid nitrogen boils  -196
_ -235 -- Neptune's moon Triton surfaoe

Liquid helium boils 269 |

Liquid water boils

Water ice melts

Pradhan, Moore, Francis, Kupernick, Kennedy, Glavin, Olsson, and Jariwala, Nature Materials (2024)
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Networked Topologies OzlIC:=

CIrRcUITS INC

200 Series 250-350 Series

* Silicon = Silicon on Insulator Silicon Carbide
COTS Parts Ceramic Substrate Ceramic Substrate Ceramic Substrate
250°C Max 350°C Max 800°C Max
10Mbaud 500kbaud <10kbaud
RS-485 RS-485 Dedicated Line

800 Sensor

800 Sensor

AQ200 Nodes directly control 4-
) ' AQ350 Nodes directly control 3-8
10 AQ250 Nodes, additional Q350 Nodes directly control 3-8

5ensors

analog sensors




Ozark IC High Temperature Products

X NoDE®
OzIC

e ftreme node®

&

Xnoae AGI90 &)

chip Flash

20

w10 v

» 32 Bit Processing Core with 12-bit ADC, on-

™

X NopE®250/350

™

» 32-bit Processor Core
* Memory options 4k up to 32k

(C) 2024 Ozark Integrated Circuits, Inc.
0zIC(R) and XNode&{R] are registered
trademarks of Ozark IC, Inc.

OZARK
z INTEGRATED
CIrRcUITS INC

* In Development




o, - s i e o , 2025 _ .
Bespoke Digital Designs for HT e o e bt 1 of o ANDPXL at
470 °C

* Supporting automated digital flows el Delay
Hins)

— Rapid Iterations
— Flexible design space dependent on target corners
— Low cost (open source)
* Challenges for an eXtreme Environment (XE) digital flow

— Tailoring traditional CMOS place & route tools for XE applications (emerging
technologies)

— Creating all of the necessary inputs for a rule-based placement & signal
routing tool

— Optimization over large PVT space

Timing test bench for DFFSR

Parasitic Extracted Gates

STIM_HOLD_FALL




How we do it: Advanced Devices, Advanced OZARK S
Packaging OZIC

CIRCUITS INC

Qualified semiconductors

Qualified materials

High density integration

High performance, high
reliability




How we do it: Rapid Prototyping ozlc pzark Y

CIRCUITS INC
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AdditiVE'baSEd PaCkaging: Inst. Amp Input (V) Input (V)
Quick_tu rn packages for test and Instrumentation Ampl’:ﬁer General Purpose BUffer (Gain = 10V/V)
qualification in as little as a week to Onboard RTD vs Temp Tirmeansls v s
temperatures as high as 800°C! l

ADC Input (V)
ADC Input (V)

0 0.02 0.04 0.06

50 150 200

Thermocouple (V)

100
Temperature (°C)

Quick turn and

Multilayer High

Temperature
Modules

000534
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Rapid Prototype XBlock Testing

Chamber Temberature OZARK
oz I ‘ INTEGRATED
CIRCUITS INC

\\\ ik Test Chamber Setup

1800 1L 1) 182 1830 0 %00 " WX "% 19 000 2% 2020 2030

g

we Jomp M 98 4 °C Max 200 *C Awg 157 °C e tempf N 209 °F Max 392°F Avg 316

Sensor Additive Cape

XNode 200 RTD/Additive Cape
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Networked Topologies — PT-6 Turboshaft Engine  3cgoc to 500°C+
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The Future — Monolithic Integration

1 MHz Pressure Sensor, with 100 MHz
Analog Elect ronics Thin SiC Substrate SubstmsleJFFl'-R

GaN HEMT
High-! d/High Gain

AIN Sensor

800°C Single-Chip Pressure-Transducer System on a
Thermally-Hardened Heterogeneous A

SiC/JFET:GaN/HEMT Platform (SPoTS) i e
V

* Building from a base of Proven Supply Chains and Materials
* Combining technologies
* AIN technology already demonstrated at 1 MHz from IC2.
* Proven NASA SiC JFET-R technology installed at GE Research
e Ceramic packaging by Ozark IC.
* Hardened HEMT grown by Raytheon (RTX)

* Best of all worlds
* High performance
* High reliability
* High density
* Solving a wide variety of challenges — analog, sensing, etc.

SiC JFET Wafer (GE

Utilizing NASA JFET Technology

Invented at Glenn Research Center
(C) 2024 Ozark Integrated Circuits, Inc.

0zIC(R) and XNode(R) are registered 14
trademarks of Ozark IC, Inc.
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Using NASA JFET-R Technology (Gen 10)




Example:
Silicon

Temperature:

= 200°C

= Sinusoidal input (1Hz)
= Over 300 days

= Grade 3 (SOA is Grade
5)

XNode® AQ200

. OZARK
32 Bit Processing Core with 12-bit ADC, on-chip Flash z INTEGRATED
* Internal 2.5V Reference CIRCUITS INC

* Internal ADC: 16x12-bit Channels with 1MSPS (Default)

*  (Standard) Three external sensor channel types
. RTD, Strain or Thermocouple, General Purpose Gain Limited

. 8-Bit R2R, GPIO Driven DAC

. RS-485
OZARK
z INTEGRATED
CIRCUITS INC
Hours Run

7443.25

310.14

0.85

ADC Value

Temperature
2002°C 3922°F
£ 2001°C 3921°F
B
&
E 2000°C 3920°F
K
2
E 1999°C 3919°F
2
o
199.8°C 3918°F
08:30 09:00 09:30 10:00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 1400 1430 1500 15:30 16:00
== temp Min: 199.90 °C Max 200.10 °C Avg: 200.00 °C == temp_f Min: 391.82 °F Max: 39218 °F Avg: 392.00 °F
ADC Buffered Input
2500
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500
08:30 09:00 09:30 10:00 10:30 11:00 11:30 12:00 1230 13:00 13:30 14:00 1430 15:00 15:30 16:00
== 1102001000008 Min: 673.7 Max: 2096.0 Avg: 1382.1

ADC 2.5V Bias Monitor Input

3445

08:30 09:00 09:30 10:00 10:30 11:00 11:30 12:00 1230 13:00 13:30 1400 1430 15:00 15:30 16:00
== 1102001000008 Min: 3447.7 Max: 3461.3 Avg: 3454.9
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Challenge

Performance vs Temperature Material Considerations at High Temperature

Logic | Gate dielectrics and insulators Memory

* SiC e Oxides (SiO,, HfO_, AlO)) e Flash memory
e |ll-nitrides . o Nitrides (AIN, SiN) (HfAIO, ZrAlQ)
* B-Ga,0, T e B - * Resistive memory
e Diamond ' (HfO,TiO, NiO)
N\ / e Ferroelectric memory
(AIScN, HfZrO, PZT)

Silicon on Insulator 4 MHz

\
<:| State of the A

‘Contactsand | & Integration and packaging'
interconnects '« AIN substrate
e Pt, Au, Ti, Ni, Mo, 2 N o Ceramic substrates
TiN, W, TaSi, (post-fired and co-fired)
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Bonding metals
e Au alloys, Ag-Cu alloys

Silicon Carbide CMOS

Silicon Carbide JFET
500 KHz to 100 kHz
1 MHz

Pradhan, Moore, Francis, Kupernick, Kennedy,
Operating Temperature (C) o Glavin, Olsson, and Jariwala, Nature Materials

250 450 550 (2024)

 Important to consider application requirements for lifetime, there is a trade space
for lifetime and performance at a given temperature!
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Bringing loT to the Edge
onscr in Extreme Environments

arks of Ozark IC, Inc.
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MICROEEECTRONICS: - — - W WiINNER

EVERYTHING IN ELECTRONICS BETWEEN THE CHIP AND THE SYSTEM!

BUSINESS
OF THE YEA

-AWARDS-

Advanced
EACKAGINgEOr, il
EOWEISAHIIg I e

1p. - - A . i i An all-in-one, single-board computer
J" Enpe! rature. Earth’s T_wm Helps with Extreme e
E | ectronics conditions without a cooling system
thanks to Glenn Research Center
Plans to explore Venus give rise to new computer expertise in extreme-temperature

technology. SBIR funding also
heiped Ozark Integrated Circuits Inc

Dr. Paul Minor
oo | Program Manager, Ozark Integrated Circuits Inc

Venus and Earth, often called twins for their comparable size and density, have plants, and other industries on Earth,
well 1] futt /ent o =
INSIDE THIS ISSUE something else in common — extreme heat. Exploring our closest planetary ‘an'd\:" IS SIS m I n o r@! oza rkl c co m
neighbor will require technology for a corrosive, high-pressure atmosphere and g hd
I igatis of Selected Infl ing Process... o 2
surface temperatures around 900°F. Geothermal engineers tapping heat deep .
within the earth as a renewable energy source encc.unter similarly punishing . D r. A . M att F ra n c I s
temperatures. Both need compact, rugged electronics to power sensors and L
. L3 L3
President and CEO, Ozark Integrated Circuits Inc

collect data without a bulky cooling system. All-in-one, single-board electronics
. .
' francis@ozarkic.com

chips for high-heat conditions on Earth

Factoring Interacting Stress Mechanisms...
Additive Prototyping...

Investigation and Evaluation of High-Temperature...
Recent Progress in Extreme Environment... modules that benefited from NASA expertise now offer that capability on this

planet

WWW.IMAPS.ORG

To support missions to the surface of Venus and elsewhere, NASA’s Glenn
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