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IMAT instrument @ ISIS [2]

The BONES Target 1

Imaging neutron detectors

Gas Detectors
-3He, BF3, Straw Tubes
-One or two stage detectors
-Quite high efficiency
-Too coarse spatial resolution
-

Scintillation Detectors
-LiF, CCD (used in IMAT)
-Two stage detectors
-Moderate efficiency
-High spatial resolution
-Very expensive

Semiconductor Detectors
-Two stage detectors
--Low efficiency
-Moderate cost
 

[1] A.P. Kaestner et Al.  NIM A 659 (2011) 387–393, [2] ISIS website

Sicilia Project

One stage fast neutron detector by INFN - CSN5

Efficient One-stage thermal 
neutron detector 

does not exist



The BONES Target 2

Reaction Q

10B(n,α)7Li 2.792 MeV

10B(n,α)7Li* 2.310 MeV

Expected efficiencies

α particle selectivity



The BONES Project 1

SiC (n) – Conducting Sub.

SiC (n) 50 µm

BGaN 30 µm

Mixed Neutron one stage Detector Combining 
“Sicilia” SiC fast neutron detector with 
BGaN thermal neutron detector  with future 
imaging capabilities 

Sicilia SiC detector

+

=BONES

BGaN

ADVANTAGES

1) Compact detector:
• Small spaces
• Imaging (pixels)

2) Extended energy sensitivity (meV-
MeV).
3) Reduced read-out complexity

Fabrication process:

• SiC by Chemical Vapour Deposition
• BGaN by Plasma Assisted Molecular Beam 

Epitaxy 



Optimized Low T GaN 1



Optimized Low T GaN 2

AFM 

High-resolution SEM

• Uniform
• 600nm/h growth speed
• Nanocolumnar

Epilayer Characteristics



The B Source Tests 1

Definitive B-Cell design

Innovative B sputtering cell optimized for MBE environment
Kenix Corp. Japan



The B Source Tests 2
Best results @100W RF
0.5 nm/min
Obtained with new cell design
Optimized RF chamber

Initial tests

Limitation due to MBE chamber design
Φ = 1”
RF power = 100 W

0.5 μm/h of B0.1Ga0.9N



The B Source Tests 3

cell configuration in the MBE



The B Source Tests 4



The B Source Tests 5

M220413

BF – 50x

DF – 50x

Ar flux = 20 sccm

RF power = 100 W

B target position = 100 mm (all in)

Tsub = 300°C

M220413

Several tests at different
• RF power
• Ar flux
• Deposition time
on GaN substrates

Optical microscope

Bright 

Dark

AFM microscope

No B deposition observed



The B Source Test 5

20X maximum pressure for MBE

No sputtering with sintered B targets
Only possible with B powder targets

New tests in Japan @ Kenix Corp.



The Contingency Plan 1

1. the local strain is tensile in the case 
of B and compressive in the case of 
In

2. the B-N bond is stronger than the 
Ga-N while is the reverse in the 
case of InN vs GaN

3. there is a strong tendency of B to 
make a sp2 bond type with N

Develop growth procedures for Nitride materials with low incorporation rate (like 
BGaN) where the growth of the entire composition range is challenging.

CONSPROS

1. presence of local strain
2. surface segregation 
3. presence of droplets on the 

grown surface 
4. limited inclusion 
5. fluctuations of the In content in 

the epilayer 

InGaN



InGaN Incorporation

In Incorporation

A

A

B

B



InGaN(0002)

Si(111)

InGaN(10-15)

Si(224)

InGaN(0002)

Si(111)

M220704 top view

M220704 side view

GaN(0002)InN(0002)

In Incorporation: Sample A



M220922

GaN(0002)InN(101)

top view

Cross-section 
analysis

In Incorporation: sample B



In Incorporation: VLS effect



In Incorporation: dependence on N flux

steady state

publication in preparation 



In Incorporation: dependence on N flux

publication in preparation 



450 C 500 C 550 C

1 sccm
200 W

M220704
column poly

43% In (+InN/GaN)

M220706
droplets

column/walls poly
40%

M220707
droplets

walls poly
23% (+In)

2 sccm
200 W

M220713
column single

48% (+weak InN)

M220720
column poly

45% (+In/InGaN)

M220712
poly

24% (not epi)

Incorporation dependence on T



450 C 500 C 550 C

1 sccm
200 W

2 sccm
200 W

Incorporation dependence on T



Summary

MBE upgrades performed:
• Pyrometer installation for precision control of T
• Sputtering cell installation for B deposition

Carried out the deposition tests B
• The cell is unable to deposit B with bulk targets
• Unable to continue the project as planned

Contingency Plan: InGaN growth process
• Understood the role of droplets in the growth of In0.5Ga0.5N
• Determined optimal growth conditions in terms of T and N flux for In0.5Ga0.5N
• One publication & one manuscript in preparation 



BONES - Milestones

Milestone deadline Stato di 

completamento al 

31/12/2022

Note

1 realizzazione dell'upgrade della 

PAMBE

M12 100%

2 definizione delle specifiche del 

detector

M12 20% In attesa selle caratteristiche 

elettriche dello strato di BGaN

3.1 Verifica possibilità  di produrre 

BGaN (10%) con il nuovo 

sistema di sputtering 

M15 0% Si è verificata la rottura della cella 

sputtering del Boro. La cella MBE-

sputtering non è in grado di 

depositare B a purezza controllata
3.2 realizzazione di un epistrato di 

BGaN su SiC ad alta qualità 

cristallina e alta percentuale di 

B.

M19 0%

4 realizzazione e test di un 

detector a singolo pixel, 1° run

M22 0%


	Slide 1: BONES Boron Gallium Nitride High Performance  Neutron Sensor
	Slide 2: Outline
	Slide 3: The BONES Target 1
	Slide 4: The BONES Target 2
	Slide 5: The BONES Project 1
	Slide 6: Optimized Low T GaN 1
	Slide 7: Optimized Low T GaN 2
	Slide 8: The B Source Tests 1
	Slide 9: The B Source Tests 2
	Slide 10: The B Source Tests 3
	Slide 11: The B Source Tests 4
	Slide 12: The B Source Tests 5
	Slide 13: The B Source Test 5
	Slide 14: The Contingency Plan 1
	Slide 15: InGaN Incorporation
	Slide 16: In Incorporation: Sample A
	Slide 17: In Incorporation: sample B
	Slide 18: In Incorporation: VLS effect
	Slide 19: In Incorporation: dependence on N flux
	Slide 20: In Incorporation: dependence on N flux
	Slide 21: Incorporation dependence on T
	Slide 22: Incorporation dependence on T
	Slide 23: Summary
	Slide 24: BONES - Milestones

