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MBE growth chamber : RIBER Compact 21 T

4’’ substrate holder
High T°, High Uniformity furnace 
(pBN diffusor) 1100°C Pyro

cells: 
2 x Ga (80 cc), 2 x Al (Cold Neck 80 cc), 
2 x In (80 cc), 1 Si (35 cc) , 
1 NH3 Injector, 
1 Addon N2 RF Plasma Source

Turbomolecular pumping unit :  2800 l/s
Preparation chamber 
Introduction chamber 4x4"
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GaN Process Technology Center (GaN PTC)
= common lab between CRHEA and RIBER 

to develop MBE growth of nitrides 

Location: CRHEA (Valbonne-France)
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Laytec EpiCurve TT 
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Laytec EpiCurve TT 
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Difference of thermal 
expansion coefficients 
between GaN and Si  : 115%

GaN grown at 800°C suffers a 
tensile strain of  0.2% during 
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AlGaN/GaN Heterostructures grown
by ammonia MBE

AlGaN/GaN Heterostructures grown
by ammonia MBE

Uncracked GaN for thickness up to 3 µm
NH3 : 200 sccm         P ~ 1 – 1.5 x 10-5 Torr 

AlN : 920°C, Vc = 0.1 µm/h

GaN : 800°C, Vc ~ 0.4 - 1 µm/h

AlGaN : 800°C, Vc ~ 0.7 - 1 µm/h

in situ 
reflectivity 

measurements

GaN       250 nm

AlN        250 nm

GaN 1 nm

GaN  1.8 µm

AlN 40 nm

Silicon (111)

Al 28%Ga72%N 25 nm

2 in. diameter
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Growth of GaN on Silicon

sample HT curvature 
(m-1)

RT curvature 
(m-1)

HT-RT curvature 
(m-1)

HT calculated 
bow  (µm)

RT calculated 
bow  (µm)

RT bow (µm)

PTC239 -0.27 -0.065 -0.205 -84 -20 -29
PTC240 -0.24 -0.04 -0.2 -75 -12 -17
PTC243 -0.19 0.01 -0.2 -59 3 2
PTC245 -0.27 -0.035 -0.235 -84 -11 -14
PTC246 -0.08 0.1 -0.18 -25 31 34
PTC247 -0.29 -0.09 -0.2 -91 -28 -31
PTC248 -0.26 -0.06 -0.2 -81 -19 -18
PTC249 -0.31 -0.058 -0.252 -97 -18 -25
PTC251 -0.254 -0.047 -0.207 -79 -15 -17

bow = 1/k . ( 1 - cos ( W . k  / 2 ) )

Curvature induced by the Thermal strain : k = 0.18 – 0.25 m-1

Stoney formula: k = 6 Mf . e . hf / Ms . hs²   =  0.25 m-1 for eth=0.23%                             
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ExampleExample :: growth growth temperaturetemperature of GaN bufferof GaN buffer

GaN buffer

A
ctive layers

cooling downcooling down

TTgrowthgrowth = 820°C= 820°C

TTgrowthgrowth = 800°C= 800°C

(tension)
(tension)
concave
concave

(com
pression)

(com
pression)

convex
convex

TTgrowthgrowth = 820°C= 820°C
�� final structure : final structure : tensiletensile strainstrain

TTgrowthgrowth = 800°C= 800°C
�� final structure : compressive final structure : compressive strainstrain

GaN surface with cracks

cracks free GaN surface

Dislocation density*
~6x109 cm-2

Optical microscope

AFM  Tapping mode
(derivated image) 

Optical microscope

AFM  Tapping mode
(derivated image) 

Dislocation density*
~4x109 cm-2

* measured by TEM, AFM and X-rays
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Correlation between curvature 
and crystal quality 
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Curvature of SiC on Si 

film
substrate

� >0  tensionconcave

film
substrate � =0flat

3C-SiC (001)

Substrate Si (001)

3C-SiC grown 
by CVD

Transfer to the 
MBE system for 
curvature 
measurements as 
a function of 
temperature
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• III - Nitrides layers grown with NH3 in a MBE R&D Reactor (Riber
Compact 21)

• EpiTT useful for stable True Temperature measurements on 
substrates like Silicon

• In situ measurement of the curvature of GaN during growth with an 
EpiCurve sensor

• Sensitivity of curvature with growth conditions and correlation with 
crystal quality 

• Use of EpiCurve as a characterization tool for as grown samples (ex: 
SiC on Si)

CONCLUSIONCONCLUSION


