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5N Plus Semiconductors
St. George, Utah

Germanium Wafer

= Founded 2005 as Sylarus Technologies
= Part of the US National Security Space Industrial Base

=  Only North American manufacturer of germanium wafers for space solar power
=  Approx. 50 Employees

= Joined 5N Plus in 2014

=  Specialty Semiconductor Substrates:

= Germanium — Space Solar

= |nSb — Night Vision, Magnetic Sensor

= CdTe — Medical Imaging, x-ray Sensor

= (211) CZT — MCT Infrared Sensor Substrate
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Design and Integration of Final Satellite System or Service

LOCKHEED MARYIW% @Eﬂf]ﬂﬂ SESA
beyond frontiers

NORTHROP GRUMMAN
/—‘ a INTELSAT! Not a complete list of
satellite companies

Subsystems — e.g., Satellite Payload, Bus, Tracking, Propulsion...
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Components & Parts — e.qg., Solar Cells, Infrared Sensors, Focal Plane Arrays...
5N-i-

e eI SOL N\EROJ SPECTROLAB
Hardware and Materials — e.g., Ge wafers, CdZnTe substrates, Rare Earths, Transistors...
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GeO,
Germanium

Dioxide 5N+ Semiconductors

Red o Nlin B Teck Resources

Alaska (Operator is Teck) Trail, BC St. George, Utah
USA Canada USA
Teck extracts germanium from zinc ore — supplies GeO, | 5N+ produces high purity germanium metal
7
i Refining Solvent
(Canada) Extractiin
Zinc Ore ch Ge-Rich
Concentrate from Lead Waste Stream
the mine (Alaska) & GeO, GeO, H. Reduction
i Precipitate 2 uction,
Cont?zrglcnactlzd o Oxide — Ge Metal . Germanium Ingots
¥ GeCl, Zone Refining (5N — 7N)
Teck supplies several grades of germanium: 5N+ produces high purity germanium
*Germanium Dioxide (GeO,): metal useable by the world community.
*Technical Grade GeO, powder
*Fast Dissolving Grade GeO, powder = .
*Germanium Tetrachloride (GeCl,): SN+ uses Ge metal to pro.duc.je Solar Cell Ge Wafers S _ InfraredXdeows
*Fibre Optic Grade GeCl, Substrates for space applications. Target Acquisiton
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Space
Photovoltaics

"WaferManufacturing

Haz. Mat.

Typically, sourced from China

(prior to 2023 embargo) 5N+ Sources GeO, from

Teck (Trail, BC) -
Historically, Ge metal from
China was lower cost.

( Ge Metal
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8 Anofficial website of the United States Government  Here's how you know

S

'l\?) U.S. Department of Defense News Spotlights About Q

RELEASE
IMMEDIATE RELEASE

DOD Awards $14.4 Million to Sustain and Enhance
the Space-Qualified Solar Cell Supply Chain

April 16,2024 | f (od

The Department of Defense today announced an award of $14.4 million via the Defense
Production Act Investment (DPAI) Program to 5N+ Semiconductors (5N Semi) to sustain and
expand the capability to produce germanium substrates used in solar cells for defense and
commercial satellites. This effort supports the 2024 National Defense Industrial Strategy to
continue and expand support for domestic production within the resilient supply chains

strategic priority area.

"Space-based capabilities are vital to U.S. national security," said Dr. Laura Taylor-Kale,
Assistant Secretary of Defense for Industrial Base Policy (ASD(IBP)). "This effort will feed
supply chains that support the space power ecosystem while also helping ensure the long-
term business viability of the U.S. defense industrial base for space-qualified germanium

wafers.
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5N-i- 5N PLUS SEMICONDUCTOR PRODUCTS: GERMANIUM WAFERS
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PRODUCT:

Epi-ready single crystal
substrates

4” and 6”
diameters
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TECHNOLOGY:
Ultra-High Efficiency Solar Cells
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APPLICATIONS:

Space Qualified Photovoltaic

Mars Insight Lander
Triple junction Ge/GaAs/InGaP
heterostructure

Epitaxially grown on Ge
substrate

>30% efficient solar energy
conversion

J

NS space and defense
satellites

Ge Optics
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5N " Wafer and Materials Characterization
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In-house characterization

>
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Outsourced characterization

Typical void
distribution for
dislocation-free
single crystal
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Slip defect
and defects throughout XPS & SEM/EDS at
entire ingot

Aerospace Corp.
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5N Plus Semiconductors Strategic Technology Platform
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