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o 5N+ Company overview

o 5N+ Semiconductors overview

o Space Solar Power Ecosystem overview

o Importance in face of Chinese 

germanium embargo

o Potential North American Ge supplies

o 5N+ Ge crystal growth evolution and 

products

o 5N+ operating within N.A. solar power 

ecosystem: wafer and materials 

characterization

o Conclusions 
Forms of Ge from scrap to HP bar
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5N Plus Worldwide

35N PLUS Investor Presentation - May 24, 2023

o High Purity Metals

o Specialty Semiconductors

o Solar Cells

o Chemicals

o Low Melting Point Alloys



5N+ Semiconductors, Space Power Workshop 2024

5N Plus Semiconductors - Defense Industrial Base – DPA Title III 

5N Plus Semiconductors

St. George, Utah

 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

 InSb – Night Vision, Magnetic Sensor

 CdTe – Medical Imaging, x-ray Sensor

 (211) CZT – MCT Infrared Sensor Substrate

Germanium Wafer

Government Stakeholders
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Space Solar Power Ecosystem

Not a complete list of 

satellite companies
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Design and Integration of Final Satellite System or Service

Subsystems – e.g., Satellite Payload, Bus, Tracking, Propulsion…

Assemblies – e.g., Solar Arrays, Imagers & Cryocoolers…

Components & Parts – e.g., Solar Cells, Infrared Sensors, Focal Plane Arrays…

Hardware and Materials – e.g., Ge wafers, CdZnTe substrates, Rare Earths, Transistors…

Germanium Wafers

China Ge Wafer Competitors Ge Wafers

Ge-based  Solar Cell

Space Solar Array
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Potential North American Ge Supply 
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Teck supplies several grades of germanium:

•Germanium Dioxide (GeO₂):

•Technical Grade GeO₂ powder

•Fast Dissolving Grade GeO₂ powder

•Germanium Tetrachloride (GeCl₄):

•Fibre Optic Grade GeCl₄

Red Dog Mine

Alaska (Operator is Teck)

USA

Teck Resources

Trail, BC

Canada

Zinc Ore

Concentrate

Teck extracts germanium from zinc ore – supplies GeO2

GeO2

Germanium

Dioxide 5N+ Semiconductors

St. George, Utah

USA

5N+ produces high purity germanium metal

Zone Refining  (5N → 7N)
Germanium Ingots

Ge Wafers Infrared Windows
&

Target Acquisition 
Sights

5N+ produces high purity germanium 

metal useable by the world community.

5N+ uses Ge metal to produce Solar Cell 

Substrates for space applications.
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Crystal Growth Evolution – Supported by DPA Title III

Aug 2013

2010

Jan 2012

Czochralski process

Length >2m

DPA Title III

Czochralski crystal growth

Dislocation 

free
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Sb
Antimony

Th
Thorium

Germanium Metal and Recycling Loop
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Ge Metal 

Sales
GeO2 

5N+

Internal

n-type Ge

5N+ Sources GeO2 from 

Teck (Trail, BC) –

Historically, Ge metal from 

China was lower cost.
Ge Metal input

Typically, sourced from China

(prior to 2023 embargo)

Crystal Growth

Wafer Manufacturing

Optics 

Manufacturing

Space 

Photovoltaics

Refining

CeF3, YF3, 

ThF4

IR Optics

Ge Scrap

Haz. Mat. 

treatmentp-type Ge

Decommissioned Systems
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DOD Support for U.S. Solar Cell supply chain: 
Recent Press Release
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5N PLUS SEMICONDUCTOR PRODUCTS: GERMANIUM WAFERS

Ge
32

APPLICATIONS: 

Space Qualified Photovoltaic

Mars Insight Lander

• Triple junction Ge/GaAs/InGaP

heterostructure

• Epitaxially grown on Ge 

substrate 

• >30% efficient solar energy 

conversion

NS space and defense 

satellites

TECHNOLOGY:

Ultra-High Efficiency Solar Cells

4” and 6” 

diameters

Ge Optics

PRODUCT:

Epi-ready single crystal 

substrates
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Wafer and Materials Characterization

Particle Stain

Crystallographic 

Slip defect

1
2

3

46 57

XPS & SEM/EDS at 
Aerospace Corp.

Typical void 

distribution for 

dislocation-free 

single crystal

Simulated axial slice 

shows void distribution 

and defects throughout 

entire ingot

In-house characterization Outsourced characterization

Ge

GeO2
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APPENDIX
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TECHNOLOGY PLATFORM AND ROADMAP

Commercial 

Sensors

Crystal 

Growth

Growth 

Modeling

Wafer 

Polishing

Furnace 

Design

Sensors

5N Plus Semiconductors Strategic Technology Platform

Ge CdTe CZT

GaSb InP

InSb

GaAs

Today

Future

Space 

Power

Space & Defense

IR Sensing

Medical Imaging

X-ray 

Imaging

Gamma-ray 

detectorsInSb

Markets

Chemical

Proximity

Next

Ge

Metal 

Recycling

Tools 

HW/SW

CdTe

CZT

Space & Environmental

Volcanic study

Forest fire monitoring

Coal fire monitoring

Soil Moisture

Climate Change (CO2, CH4)

CZT

InSb

GaSb

Technology

IR Sensing

CZT

Security Sensors

Dirty Bob

Detection

CZT

InSb

CdTe


