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FCM Core Products

FCM Product Portfolio GaAs
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Properties of GaAs

direct gap at G-point

gap energy 1.424 eV 

high bending of conduction band

small effective electron mass

(meG = 0.063 m0)

high electron mobility

Intrinsic Semi-insulating due to EL2

Using for:

Microelectronic (SI)

Optoelectronic (SC)
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Doping of GaAs
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HB-Transistors pHEM-Transistors BIFE-Transistors

Products of our Customers (GaAs)
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Handy-Verstärker WiFi Defense and Space

GaAs Enables Future Technologies

LASER µLED Displays LED
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Organization Structure

CEO 
Dr. Michael Harz

Controlling & Finance

Human Resources

Manufacturing

Production Logistics

Sales & Application

Supply Chain

CTO
Dr. Stefan Eichler

Technology GaAs

Technical Service

Project Mngmt & IP

GaN Development

InP Crystal Growth

Quality Management

Information Technology

Product Management

Freiberger Compound Materials GmbH
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Brief History of Freiberger Compound Materials

1957 Founded as a state-owned enterprise for the development of 

high-purity and semi-conducting materials

1981 Start of GaAs wafer production

1992    Technology merger Wacker Chemitronic-FEW

1995 Acquisition by Federmann Enterprises, Ltd. 

1996 Start of GaAs wafer production Fab I

2001 Capacity expansion and opening of Fab II

2005 Start of VGF production

2011 Construction of power cogeneration plant

2015 15 million Euros investment into Fab II extension

2018 Acquisition of FAB III (Expansion GaAs Crystallization)

2020 Acquisition of FAB IV (Production Floor InP)

2021 Acquisition of FAB V (GaAs Expansion)
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III-V Production Area 1970 - 1990

Muldenhütten 1990
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Production Area 1991 – 1997

1991
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Grundsteinlegung, Bau und Einweihung 1995 -1997
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Production Area of FCM since 1997

2005
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Freiberger Compound Materials GmbH with its 4 fabs is 

located in the south industrial park in Freiberg. 

FCM today

Siltronic

Fraunhofer
THM
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Technological Flow

Data tracking and logistics 

is supported by modern 

MES according ISO 9001.
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Prof. Jan Czochralski (1929) Z. Phys. Chem 92 (1918) 219

Czochralski Growth (1917)
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Idea (1951) and proof (1953): Welker

Pretzfeld!
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First GaAs single crystals: Gremmelmaier (1956)
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Liquid Encapsulated Czochralski (LEC):
Mullin, Straughan, Brickell (1964)

B2O3
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III-V Heterostructures

“For developing 
semiconductor 
heterostructures 
used in high-
speed- and 
opto-
electronics …”

Nobel Prize 
in Physics 
2000

Zhores I. Alferov

Herbert Kroemer

III-V Compounds

ONCB

PoBiPbTlHg

TeSbSnInCd

SeAsGeGaZn

SPSiAl

VIVIVIII

(1957-1966)
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III-V Heterostructures
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Concepts for opto-electronics (1962)

Nick Holonyak

http://de.wikipedia.org/w/index.php?title=Datei:Nick_Holonyak_Jr.jpg&filetimestamp=20090926163553
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LEC-Growth at Freiberger

Liquid Encapsulated Czochralski
Temperature gradient controlled

✓ diameter control (3 - 8 inch)
✓ growth rate O(7 mm/h)
✓ carbon control (1013 - 1016 cm-3)
✓ pressure control (0.2 - 2 MPa)
✓ temperature gradient control (50 - 100 K/cm)

• automated crystal pullers, computer aided design, technology
• three heater system, T-gradient control
• crucibles up to 16 inch, charges up to 50 kg
• crystals up to 6 inch (8 inch demonstrated)

150 mm LEC

LEC:

200mm LEC
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Carbon doping:
Carbon + oxygen segregation model
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(S. Eichler et al., JCG 247 (2003) 69-76)
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Limits for LEC-Growth
Melt turbulence (A. Seidl et al.) 
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Increasing turbulence limits possible melt height

Sthamas3d  

D. Vizman et al.
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Limits for LEC-Growth
Seed stability (A. Seidl et al.)

Unloaded seed

EPD:

50.000 cm
-2
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-2
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1mm
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>>500.000 cm

Loaded seed (15kg crystal)

V. Swaminathan, S. M. Copley; Journal of The American 
Ceramic Society 58 (1975) 482 :Fracture strength about 10 MPa
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Charge mass is limited to 50kg!
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Crystal quality: Dislocations in SI-GaAs

6” wafer

44mm²

Ca. 80K/cm
EPD = 84000cm-2

Etch Pit Density (EPD)

121000 cm
-2

0

lineage
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Freiberger Product Portfolio until year 2000

LEC
Liquid Encapsulated Czochralski

Semi-
insulating

Semi-
conducting

C

3“ 4“ 6“

Te

3“ 4“
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LEC SC

LEC SI

MESFET 
by Ion Implantation
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LED  
by LPE/MOCVD
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Freiberger Product Portfolio until year 2000

LEC
Liquid Encapsulated Czochralski

Semi-
insulating

Semi-
conducting

C

3“ 4“ 6“

Te

3“ 4“

1996 1997 1998 1999 2000

VGF SC

LEC SC

LEC SI

MESFET 
by Ion Implantation

m
c
m

2

LED  
by LPE/MOCVD

Development of VGF Technology

LASER
by MBE/
MOCVD

In house modeling

Development of modeling Software
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Technology change by application

96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22

VGF

LEC

MESFET 
by Ion Implantation pHEMT by MBE

HBT  by MOCVD

LED  
by LPE/ 

MOCVD

m
c
m

2LASER
by MBE/
MOCVD

Development of VGF Technology
In house modeling
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Freiberger Product Portfolio Today

LEC
Liquid Encapsulated Czochralski

VGF
Vertical Gradient Freeze

Semi-
insulating

Semi-
conducting

ZnC

3“ 4“ 6“

Si

4“ 6“3“ 4“ 6“

Semi-
insulating

Semi-
conducting

C

3“ 4“ 6“

Te

3“ 4“

8“ 8“8“
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Dislocations in SI-GaAs (LEC vs. VGF)

6” wafer
LEC VGF

44mm²

<5K/cm
EPD = 8600cm-2

Ca. 80K/cm
EPD = 84000cm-2

Etch Pit Density (EPD)

121000 cm
-2

0

Most suitable for ion implantation Most suitable for epitaxy
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Bridgman-Growth – directional crystallization (1923)

P. W. Bridgman (1882-1961)

Nobel price in Physics 1945

Peter Rudolph

W.A. Gault, E.M. Monberg, J.E. Clemans, A novel application of the 
Vertical Gradient Freeze method to the growth of high quality III-V 
crystals.

Journal of Crystal Growth 74 (1986) 491-506

K. Hoshikawa, H. Nakanishi, H. Kohda, M. Sasaura,  Liquid encapsulated, 
Vertical Bridgman growth  of large diameter, low dislocation density, semi-
insulating GaAs.

Journal of Crystal Growth 94 (1989) 643-650
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VGF-Growth at Freiberger

Vertical Gradient Freeze, Vertical Boat 

lowest possible temperature gradients

• new, fully automated crystal growth furnaces

(open system, cold wall furnace, graphite environment)

• crucibles up to 8 inch diameter, 400 mm in length

• charges presently up to 20 kg

• crystals up to 6 inch (8 inch demonstrated)

✓ perfect diameter control due to crucible (3 - 8 inch)

✓ carbon control

✓ growth rate O(3 mm/h)

✓ temperature gradient control (below 5 K/cm)

Tammann / Stöber-type

VGF:

FCM VGF crystal 100 mm

LEC experience:

• Cold wall pressure vessel

• Carbon doping control by CO-gas

• pBN Crucible

• B2O3 (LE-VGF)

• Graphite setup
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Limits for VGF-Growth
Growth velocity

qmelt

qlatent

qcrystal

jhqq latentmeltcrystal +=

qi ...  Density of Heat flux

h ...  Specific Latent heat

j ...  Density of Mass flux

v ...  Growth velocity

v
const.

gradT


Si 5.4 x 10-5  cm2 / K s
InP 4.5 x 10-5  cm2 / K s
GaAs 2.0 x 10-5  cm2 / K s

Growth velocity as well as crystal length is limited!
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Throughput (LEC vs. VGF)

LEC 6“

Charge up to 30kg

Growth rate about 7mm/h

VGF 6“ (explicit parallel)

Charge up to 5x20kg

Growth rate about 5x3mm/h

Throughput about 1.5 x LEC

CAPEX 0.3 x LEC

Foot print 0.3 x LEC
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What else?
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What else?

96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22

SC-GaAs for Optoelectronics

SI-GaAs for RF-Electronics

m
c
m

2

Optoelectronic niche –
but growth potential!

HB LED

Edge emitting 
LASER

vertical-cavity 
surface-emitting 
laser (VCSEL)

VCSEL-Array

Development of VGF Technology
In house modeling
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Dislocation density vs. doping of
GaAs 150 mm VGF (epd mappings)
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The structural perfection of 

GaAs (dislocation density) is 

influenced by doping species 

and dopant concentration 

because of lattice hardening. 
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Dislocation density vs. doping of
GaAs 150 mm VGF (epd mappings) for VCSEL
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Freiberger 200mm GaAs substrates

Compatibility and compliance
with 200mm manufacturing (SEMI) of 

Opto- and RF devices

Quality and consistency
with industry leading low defect density 

and superior flatness

Sustainability
by reducing consumption of energy, 

water and raw material

Manufacturing scalability
ready for mass production to supply 

into high volume applications
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Quality ready – crystal perfection

Ultra low dislocation 
at best-in-class 150mm level available
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Product cycles

Wireless
6” GaAs

StarsRising StarsQuestion Marks Descending 
Stars

LED
4”/6” GaAs

Laser (VCSEL)
4”/6” GaAs

µLED
8” GaAs

Laser/Detektor
3”/4” InP

5G & WiFi6

Power 
4” GaN

Laser 
2”(4”) GaN

Sensing + Wireless
6” InP
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FCM Product Portfolio InP & GaN 

VGF
Vertical Gradient Freeze

Semi-
insulating

Semi-
conducting

Fe

3“

S

4“ 6“ 3“ 4“ 6“

InP

HVPE
Halide Vapor Phase Epitaxy 

Semi-
conducting

2“

Si

GaN

Ge

Semi-
insulating

Mn

4“ 4“ 4“2“ 2“
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Products of our Customers (InP)

Distributed Feedback 
Edge Emitting Laser

Avalanche Photodiode Double HB-Transistor
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Data Communication IR Sensing & Detection mmWave & THz
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Products for GaN

Current application Potential applications

Graph from 
Meneghini et al. J. Appl. Phys. 130, 181101 (2021) 

Vertical power 
transistors

(GaN-On-GaN)

Lateral power 
transistors

(GaN-On-Si)



Freiberger Compound Materials GmbH Silicon Saxony 2023

More information

www.freiberger.com
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