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11-Vl/COHERENT COMBINATION AT A GLANCE
Innovations that resonate
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’ Effective September 8, 2022, 1I-VI Incorporated is now named
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1. Coherent lon Implantation Platform
= World’s oldest & largest implantation foundry
= Aversatile portfolio of process capabilities
= Extensive elemental capabilities

2. Neutron Generation with Light lon
Tableof eutron Generatio th Light lons

= Background
contents » Highest neutron yield with deuterium implantation

= Neutron yield with 1H+, H,+/°D+, 4He+ and “He++
« As a function of beam current
« As a function of energy
* |sotropic neutron yield

= Detector sensitivity
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COHERENT ION IMPLANTATION PLATFORM
World’s oldest & largest jon implantation foundry

innovioN = | TIVI == | C&HERENT
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Serving > 200 companies worldwide Colorar S0 v 3
=  Compound semiconductor & silicon device
manufacturers
= > 50 universities & R&D institutions
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INNOVION is formed via a
merger between Implant
Center & lon Implant Services

CSHERENT

2016
Purchase of TSS
Opening of Boston Site

2020 2021
Acquisition of Core Production heated
Systems. Disk Refurbishing  implanter
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Structure

Silicon & SOl - MOS * Cleaving
= Bipolar * Bonding
* MEMs

* 3D sensing
* Cellular terminals
* Lasers-VCSELs

* Power

= LED’s

= loT & RF & Wi-Fi
= Automotive

* Infrastructure * HEMT
Diamond * Defense & Aero * HPE
= LED’s * RF

= Optical & acoustic sensors
* SAW & BAW filters

* Converters



COHERENT ION IMPLANTATION PLATFORM
A versatile portfolio of capabilities

Energy Wafer
single + | Diameter
(keV) (mm)

Primary Species
(with other available on demand)

Max Tilt Angle

High Energy
10 - 1000 50 - 150 H He B P BF2 As Si Ar  C N O Ga Be A E1l-E17 90° (4”) & 60° (6”)

Standard Energy

1-250 50 - 300 H He B P BF2 As In Sb Si Ge Ar C N O Al E10-E17 90° (4”) & 60° (6”)
Specialty
1-210 Various Most elements. Contact us for details. LN Cooled & heated capability on demand E8 —E16 0°-90°
Heated
5-335 (50 -) 150 H He B P BF2 Ar C N O Al E10-E16 45°

v" Newly added heated implantation reinforcing an already comprehensive portfolio of ion implantation capabilities
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COHERENT ION IMPLANTATION PLATFORM
Extensive elemental capabilities

Available

Contact

Mg . Not Supported Al

ol

Sc Ti V C Mn Fe Co Ni Cu Zn Ga Ge As Se Br

Sr.Zr Nb Mn.Ru Rh Pd Ag Cd In Sn Sb Te

Ba Lu Hf Ta W.Os Ir .. Hg Tl Pb Bi ...

La Ce Pr .Sm Eu Gd Tb Dy Hu Er Tm Yb
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Table Of 2. Neutron Generation with Light lons
= Background
contents = Highest neutron yield with deuterium implantation
= Neutron yield with 1H+, H,+/°D+, 4He+ and “He++
« As a function of beam current
« As a function of energy
* |sotropic neutron yield
= Detector sensitivity
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NEUTRON GENERATION WITH LIGHT IONS

Background

Hydrogen ’D - deuterium ’D(p,n)2p
H+/p 1B - poron UB(p,n)tC < 1000 2
2D - deuterium 2D(d,n)*He 0 b)
°Be - berylium  °Be(d,n)’B < 250 ©)
Deuterium 198 - boron 19B(d,n)*'C 10 3)
2D+ 19B - boron 19B(d,p)'B 200 9
1B - poron 1B(d,n)*?C 200 9
12C - carbon 12¢(d,n)*°N 330 ®)
°Be - berylium  °Be(a,n)'’C 0 f)
Helium ions 19B - boron 19B(a,n)*N 0 L
‘He+ / “He++ | a 1B - boron UB(a,n)*N 0 "
13C - carbon 13C(a,n)®0 0 "
= B(11) is noted !B as 11 is the AMU
= a refers to the particle “He++ (and “He+)
= UB(a,n)N reaction is UB + “He++ = n + 1N
Target + accelion- S;:gg;gg+ product
D) N Jarmi, “Low-Energy Nuler Fuion Data an Trer Relatin to Magnetsand Losr Pusion. Lbs Alamitos Laboratoy: Mste Theds o0 oo oo 1O 04 1958
G B Moy s Ut ok MmO CSCIZ A et e P 1

pp. 188-192, 1954
e) V.K. Basenko et al., “Carbon target as neutron source from 12C(d,n)13N and D(d,n)3He reactions”, March 2018 Nuclear Physics and Atomic Energy 19(1):80-83
G. Vlaskin and Y. Khomiakov, "Calculation of Neutron Production Rates and Spectra from Compounds of Actinides and Light Elements," EPJ Web of Conferences, vol. 153, p. 07033, 2017.
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= Deuterium, H,+ & Helium ions are the
riskiest ions to implant

= Threshold energies within broad range
and high energy implanter capabilities

= Absorbed ions on the strike parts in the
tool represent potential target for
subsequent light ions



https://www.researchgate.net/journal/Nuclear-Physics-and-Atomic-Energy-1818-331X

NEUTRON GENERATION WITH LIGHT IONS
Highest neutron yield with deuterium implantation

OSHA limit = 0.57 mrem/hr - permissible exposure limit for radiation is 5 rem/year (CFR 1910.1096)
Axcelis spec = 0.054 mrem/hr
ICRP = 0.01 mrem/hr - International Commission on Radiological Protection recommendation is 0.1

rem/year (ICRP 1990)

1.E+01 ?a@aﬁ
. )|
R O i .of\?a‘ad
e% '_:":-.‘.'l&fgcﬁ\
00" rigpded

1.E+00  osHA Timit 0.57 mrem/hr @~ !
= R WheelFpaper ot
e 2l
I3 o803 ¢ s Detector__
E 1.8-01 PR wafer positions
T {' Odeg
o
(] X ICRP 0.010 mrem/hr

1.E-02 /,l ,

Next to the ,-'l
Analyzer 's"
_n3magnet - €5 . . . . .
1.E-03™M<8 Quasi-exponential increase of neutron generation with energy
0 20 100 150 = Above ICRP around the tool from 35 keV / 75 uA
Energy (keV) = Up to OSHA limit for 85 keV & 100 uA on the Faraday

= Half dose on the wafer with PR or paper.
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NEUTRON GENERATION WITH LIGHT IONS
Neutron yield with 'H+, H,+/°D+, *He+ and *He++ as a function of energy

1.E+00 OSHA limit 0.570 mrem/hr

Resolver 1E-01

a4
..... He++

1.E-02 v
,:-,.-. ICRP 0.010 mrem/hr

1.E-03

Dose (mrem/hr/300uA Ib)

1.E-04

200 400 600 800
lon energy (keV)

» Measurement realized at hottest location, i.e., next to resolver with impact on resolver
= Neutron generation from H+, H,+/2D+, He+ and “He++
 Stronger reaction from H,+/2D+ - deuterium ions analyzed with AMU 2 - H,+ ions
« Exponential increase of radiation exposure with energy
= All radiation doses are below OSHA & getting close or at OEM limits for this experiment
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NEUTRON GENERATION WITH LIGHT IONS
Neutron yield with *H+, H,+/°D+, *He+ and *He++ as a function of beam current

= Measurement realized at hottest location,

0.25 i.e., next to resolver with impact on resolver
0.20 e = Neutron generation from H+, H,+/2D+, 4He+
and ‘He++

£ 015 Hy+/650keV . «  Stronger reaction from H,+/2D+ with
£ S N K deuterium ions analyzed with AMU 2 like
E """"""""""""""" H,+ ions
P 0-10 « Linear to log increase of radiation exposure
é’ with beam current

0.05

""""""" iHe+/750kev | = All radiation doses are
0.00 Het/600keV ICRP.0.010 mrem/hr . Abqve the ICRP limit o
0 500 1000 1500 Going above to near Axcelis limits for
Beam Current (uA) H,+/°D+ & “He+

« Below OSHA limit for all
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NEUTRON GENERATION WITH LIGHT IONS H,+/2D+

1.E+00
Q5HA limit 0.570 mrem/hr O5HA limit 0.570 mrem/hr
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1.E+00 OSHA limit 0.570 mrem/hr % T ..'.I;T.E:L-"LU'I‘-'“ ? o 100! 115*%5*3
~ é. r 5‘1n"nﬂ1"5.‘"."f".d.l--?'~nﬁ"?" ‘
=) (03 - —VH L
% o0 400 450 500 550 600 650 700 400 500 600 700
s 1.B01 o ¢e,%|%?_.--"""'- AMU 2 beam energy (keV) AMU 2 beam energy (keV)
§ ° 15\' deﬁfiﬁcm
3 e U MR
- e @ e . .
< b0, RPoolomemnr &l & G . = Isotropic neutron generation
R T - « 1/R?decrease with distance
= g 0c ,
E ¢ Hcmtmde%lﬁ L IS gggegﬁﬂw“ * Below OEM spec at 1m below tool for these beam current/energies
R mé;;;éﬁfiﬁi'c'fﬁ Sidel « Below OEM spec on top of the tool for these beam current/energies
O [ Fro'ﬁt . . . .
1E-03 = Need to keep this in mind for surrounding floors
400 500 600 700

AMU 2 beam energy (keV)
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NEUTRON GENERATION WITH LIGHT IONS
Detector sensitivity °BF, vs. °He | sensiiviey | Gammaresponse

as capture cross Reaction Cts/mRem (Cs137@1
1.0000 g section (barns) Rem/hr)
OSHA limit 0.570 mrem/hr
SHe 5333 n+3He - 3H+H+y (0.76MeV) 50000 <1%
L2
% BF OB +n="Li+a (1.78MeV)
0 3 0
‘§ X0 (96%105) SR B +n="Li*+a (1.47MeV) LA, S
= i\
E__‘?l 01000 \?\Q: o L. Lakeotes & C. Marianno, “Comparisons in Neutron Detection, as modeled by MCNPX, in Li-6 Glass, HE-3, BF-3, and Borated PVT” National Security Technologies.
fé' R 10° e
o e i e detector Neutron Response 500 keV 1/
E IR Ry BF; detectors ..
2 = s e . . = 1700 keV
a ICRP 0.010 mrem/hr e 2 “He+- BF; detector o -
0.0100 et : 7] B S
of . = Meridian Response = =
e'i.e‘(} % .'I : :
w s 2 . — -
po*’ S 10 s " -
N . N ICRU Feern
K .erg Response
Rt S
0.0010 . 10° : :
200 300 400 500 600 700 800 107 10" 10° 10’ 10° 10° 10* 10°  10° 10’ 10°
Beam energy (ke\.f] NEUTRON ENERGY (eV) Courtesy of Far West Technology Inc.

= BF; detector loses up to ¥ of sensitivity compared to He3detector in the range 500 to 700 keV
«  For H,+/?°D+, “He+ and tH+ (not shown here) - less sensitive from smaller cross section
« Emitted neutrons have an energy range right in a less sensitive part of the detection spectrum
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. Background

. Neutron generating reactions from light ion implants have threshold energies within
implanter capabilities
. 2D+, H,+ & He+ ions are the riskiest ions to implant

. Absorbed ions on the strike parts represents target for subsequent light ions

=  Neutron yield with *H+, H,+/°D+, “He+ and “He++

. Stronger reaction from H,+/?D+ - deuterium ions analyzed with AMU 2 - H,+

. Exponential increase of radiation exposure with energy

. Linear to log increase of radiation exposure with beam current

. Radiation levels above the ICRP limit, above to near Axcelis limits for H,+/?D+ &

4He+ for highest energies & below the OSHA limit (except high energy/current H,+)

Summary

. Isotropic neutron generation
. 1/R? decrease with distance for current implant energies
. Need to keep in mind of surrounding floors

. Neutron detector sensitivity

. BF; detector loses up to % of sensitivity compared to He2 detector in the range 500 to
700 keV

Special care & precautions must be followed for light ion implantation
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Aerospace & Defense Life Sciences Automotive

Lead Magnesium Potassium Nickel

Niobate — Lead - ]

THanate Potassium i Calcium Fluoride | Aluminum Oxide/ | Bismuth ¥€lluride  Silicon Carbide Indium
Niobate | Hexahydrate E s hi ’ : \

(PMN-PT) ; (KNSH) CaF, apphire Bi,Te; SiC Phosphide

Pb(Mg,;3Nb;3)O5- KNbO, | K,Ni (SO,),-6H,0 Al,O4 \nP

PbTiO, \
{

Reaction Bonded Germanium Re.a_ction Bon_ded Yttri‘um Yttriur_n Sl "1 ¥YitriimWanadate Bismuth-Doped
Boron Carbide Silicon Carbide Aluminum Fluoride (YLF) |
. Ge oy : YVO, \ron Garnet (B\G)
Si/B,C Si/SiC Garnet (YAG) YLIiF, Bi.Fe.O
k Y,3AI:0, 3T s 2

Boron Carbide Silicon Carbide Carbon Fiber ) . . .
Reinforced Reinforced Reinforced Z'"czs‘é'f'de chZSeéemde Gallium Arsenide Dat acom !
Aluminum Aluminum Silicon Carbide n noe GaAs Tele_com

Al/B,C Al/SiC CF/SiC & Wireless

Semiconductor Reaction-Bonded Lithium Triborate 3D Sensmg

E . t Silicon Carbide & Diamond Beta Barium Terbium Gallium
quipmen C Borate (BBO) (LBO) Garnet (TGG)

Diamond .
Si/SiC/C BaB,0, LiB30s Tb,Ga:0;,

Materials Processing
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INNOVATIONS THAT RESONATE
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