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This work presents a GEANT4 application (version 9.3.p01) for the calculation of gamma/neutron dose on a
AMISCS flip-flop target from a proton/deuterdfBe neutron source. For comparison purposes, a gamma irradiation
campaign using &°Co standard irradiation source was also simulated. In all cases we consider energy rate per unit
volume for comparison in future experiments in order to establish differences between radiation effects on electronics
due to neutron/gamma and pure gamma beams.
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I. Introduction low gamma to neutron ratio by selecting the appropriate nu-
Thi K ts Monte Carlo simulati ith th clear reaction. We calculate the neutron/gamma ratio for the
IS work presents vionte ©.ario simulations wi %eams considered using the GEANT4 toolkit. The contribu-

itv i . .. . .. . -
GEANTA toolkit” (version 9.3.p01) of a new neutron SOUrC&;on of the parasitic gamma irradiation will be compared with

faC|I_|ty, pIanned at CNA (Centro Nacional de Aceleradoresexperimental measurements with a Co-60 irradiator, supplied
Sevilla, Spainy)

with the purpose of arranging a SUitabIeby J. L. Shepperd & Assoc. (model 484C), that is planned for
setup. GEANT4 has been used recently for neutron pmd“fh'stallation at CNA

tion analysis of a high energy spallation souttchn this work ) .
we concentrate on a low energy neutron source. A cyclotron | ¢ GEANT4 Monte Carlo simulations are devoted to cal-

from IBA? will produce an 18 MeV proton beam (current ofculate the energy depositeq per un?t volume anq eventin three
up to 100A) and a 9 MeV deuteron beam (current of up t&ypes gf sengltlve volumes in the flip-flop: tran5|stor'gate oX-
40 uA) focused on @Be target. The charged particles will |des,_ fl_eld oxides and tran5|stor channélsErom the litera-
impinge on a 5-mm-thickBe slab, placed at the back of a reture it is known that oxides can acumulate charge generated

. - . ionizatiort? izati —TID- -
frigeration drum, creating a secondary neutron beam used fof ionizatiort? (Total lonization Dose ~TID- effects, esen
the irradiation of CMOS microelectronics circuits. tially from the gamma rays interaction and minor contribution

om the neutron interaction) and the channels are sensitive to

. L . . f
Fast neutron effects on microelectronics is a growing flelél - .
due to concerns related to atmospheric neutron effects on hiﬁﬁn-lonlzmg Energ))/ Loss (NIEL) by neutrons due to linear
omentum transfef

integrated microelectronidsand in general for microelec-
tronics endurance in neutron environments. For that reasonsWith regard to the neutron and gamma production,
the neutron (and parasitic gammas) end target is a flip-flogEANT4, as the other current Monte Carlo codes, such as
modelled from VLSI On Semiconductor C5 technology®%it. MCNPX or PHITS, when applied for proton and deuteron
In the Monte Carlo simulations, the flip-flop target has beefansport calculations use built-in models to describe nuclear
implemented as a CAD model using the FASTRAD fband ~ interactions. These models are found unreliable in predicting
imported to GEANT4 by means of the GDMLinterface. neutrons and photons generated by low energy protons and
The expected output will be a neutron beam plus parasitfteuterons. In order to overcome this problem, secondary neu-
gamma photons. That parasitic gammas are emmited from ti{gn beams from proton/deuter6Be source have been gen-
9Be target, by means dBe(p,m)°B for proton beam, and erated following the experimental thick target data published

14 : .
by means of Be(d,m)!°B and *Be(d,py)'°Be for deuteron g)y Bredeet al’¥ However, the production of gammas in the
beam. Fast neutron production by stripping/break-up reacB€ source has been simulated with the GEANT4 toolkit due

tions induced by deuteron/proton beams diBa thick target t© the abscence, to our knowledge, of experimental data.

is a well-known method.1?2 CMOS transistors are more vul-  In Section Il we describe the GEANT4 model of the neu-
nerable to radiation damages produced by gammas than thé& source, which uses the proton and deuteron beams pro-
produced by neutrond) Therefore, it is important to obtain a duced by the IBA cyclotron. The Monte Carlo calculations of
the emission spectra from the source are presented in Section
*Corresponding author, E-mail: miancortes@us.es Ill. Section IV is devoted to describe the flip-flop circuit, ir-
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ranged from 9.43 MeV to 13.54 MeV for deuterons and from
17.24 MeV to 22.01 MeV for protons. The energy spectrum
of the neutrons emitted with a proton beam at 18 MeV was
calculated considering a linear interpolation between the ex-
perimental values at 17.24 MeV and 18.16 MeV. The energy
distribution of the neutrons emitted with a deuteron beam
at 9 MeV was estimated with a linear extrapolation of the
three lowest energies experimentaly measured in the referred
work,'¥ 9.43 MeV, 10.06 MeV and 10.68 MeV. The shape of
the published spectrum was taken into account where linear

Fig. 1 Left: a picture of the refrigeration drum. RightBe extrapolation could not provide reliable results.

slab (reddish volume) and refrigeration drum (layers from The emission Of secondary gammas inBe slab was di-
left to right: steel, water and steel) geometry model. Théectly simulated with GEANT4, since to our knowledge there

beam enters from the left side and passes“@e slab are no experimental data of gamma emission in these condi-
jons. After the simulation of the proton and deuteron bom-

(thickness of 5 mm) and the refrigeration drum (thicknes !
of 1 cm for the steel layers and of 5 mm for the water layer _ardment of the production target, gammas produced at for-

ward angles were stored in a phase-space file in IAEA format
using the code developed by our group for reading/writing

radiated by the secondary emission produced by the neutrf¥EA Phase-space files with GEANTA (available onlif€),
source. Section V presents the calculations of the energy diilCe only gammas in a extremely small solid angle arotind 0
position, per unit volume and event, by neutrons and parasitféll réach the flip-flop, placed at 1 m distance.

gammas emitted by the neutron source in key elements of the "€ Secondary neutrons and gamma emitted ififeeslab
flip-flop. For comparison purposes, in Section VI we showWvere used as the primary particles of a GEANT4 application

the results obtained for the flip-flop irradiated with a Co-60Vhich simulates the transport of particles through the refrig-
source. The conclusions are presented in Section VII. eration drum. ThéPrimary Generator Actiorclass coded in

this application is capable of

Il. GEANT4 Model of the Neutron Source e reading an ASCII file containing the previously ob-

Figure 1 presents a photograph of the refrigeration drum  tained neutron energy spectra from a proton (18 MeV) or
and the geometric model of the beryllium slab and the refrig-  deuteron (9 MeV) beam on the 5-mm-thi¢ke slab, in
eration drum made for the GEANT4 simulations. The primary  order to generate the energy distributions of the primary
beam (coming out of the cyclotron) enters from the left in  neutrons at ®according to them.

Fig. 1. After the beryllium slab (thickness of 5 mm), the beam
passes through the refrigeration drum, composed of three lay-
ers made of, in this order, steel (1 cm), water (5 mm) and
steel (1 cm). The transversal dimensions are not relevant for
the studies presented in this work, since, due to the extremely The transport of particles through the whole experimen-
small solid angle subtended by the flip-flop (see Section Vjal setup was simulated with GEANT4 usihiyermore Low-

the emission of secondaries is only analysecPat 0 Energy>?2 andQGSP_BIC_HP® physics list. Electromag-

Neutron transportation is deeply rooted in Monte Carlmetic interactions were simulated with the GEANT#er-
method, since it was its first applicatié®.Recent works have more Low-Energy Electromagnetic (Epickage, which ex-
demonstrated the capability of GEANTA4, general purpose rgends its application range down to 250 eV. Rayleigh scatter-
diation transport toolkit, for such calculatiotfs!?) Neverthe- ing and atomic relaxation processes are implemented in this
less, with regard to neutron production, nuclear models desackage. These models implement cross-section tables ob-
cribing the responsible mechanisms at typical neutron sourggined from the Lawrence Livermore National Library, includ-
energies are not implemented in a realistic manner in any ifg evaluated data for photo?$, electron$® and atomg9
the present-day transport codes. This situation is circunince no data for positrons are present, GEANStdandard
vented in some cases by assuming monoenergetic neuti®RI physics list”? is used in this case. Production cut value
beams at the energies where neutron production cross sa@s set to 500 nm, which means that all the secondary elec-
tions are peaketf) In other cases, in order to get realistictrons, gammas and positrons with initial kinetic energy above
initial neutron spectra to be transported, dedicated chann@B0 eV are tracked. In addition, as an internal safety check,
specific nuclear reaction codes (accessing to evaluated daGEANT4 can produce secondaries below this threshold when
are used’ 19 In any case, the description of the initial neu-the distance between the point where the secondary particle is
tron source spectrum forces to resort either to extremely siroreated and any geometric boundary is less than the produc-
plifying assumptions or to external calculations. tion cut value?® Hadronic interactions were modelled with

The emission of secondary neutrons and gammas in thiee QGSP_BIC_HFphysics list, which uses the Binary cas-
beryllium slab, to be used as primay particles in GEANT4¢ade model implemented in GEANTA4 for the transport of pro-
was simulated according to the experimental thick target datans, neutrons and ions with energies belod0 GeV. For
published by Bredet al'® In that work, the beam energy neutrons below 20 MeV, which corresponds to the energy

e reading the gammas stored in the IAEA phase-space file
previously mentioned by making use of the code deve-
loped by our groug?
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Fig. 2 Energy distribution of the neutrons emitted(&tby Fig. 4 Energy distribution of the neutrons emitted(&tby
means of’Be(d,ny)!°B reaction with a deuteron beam at means of’Be(p,ny)°B reaction with a proton beam at 18
9 MeV. The red histogram shows the neutron emission in MeV. Histogram representation follows the same criteria as
the beryllium slab. The black histogram plots the neutron in Fig. 2. The values published by Bred al'? used to
yield coming out of the source after passing through the re- estimate the emission in ti@e slab are also plotted.
frigeration drum. The values published by Breeteal 19

used to estimate the emission in tHge slab are also plot- | p +°Be (18 MeV) gamma energy distribution |
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E (MeV) Fig. 5 Energy distribution of the gammas emitted4tby
means of’Be(p,ny)’B reaction with a proton beam at 18

MeV. Histogram representation follows the same criteria as
Fig. 3 Energy distribution of the gammas emittedCdtby in Fig. 2.

means of Be(d,py)'!°Be and’Be(d,ny)'°B reactions with a

deuteron beam at 9 MeV. Histogram representation follows

the same criteria as in Fig. (red histogram) compared with the experimental yields pub-

lished by Bredeet al.'¥ The spectral yield of neutrons trans-
mitted through the refrigeration drum of the source, calcu-

range covered in this work, thieigh precision(HP) pack- |ated with GEANT4, is also presented in Fig.(black his-
age (which uses GAENDL data library, mainly based oghgram). The transmission ratio, calculated as the fraction
ENDF/B?? JEFFY and JENDE? evaluated nuclear data) is of neutrons reaching a circle of radius 1 cm placed at a dis-
used instead. tance of 1 m after passing through the drum, Wi+ 1)%.
The integral yield of neutrons in tHtBe slab corresponds to
(8.4 4 0.8) x 10'5 st C~1. This value was calculated us-

According to the previous section, to evaluate the produgag our extrapolated data and the uncertainty was 10%, which
tion of secondaries in the neutron source with GEANT4, theorresponds to the largest uncertainty discussed by Brede
transport of neutrons and gammas produced i’Be slab al.'¥ Then, the calculated integral yield of neutrons emmited
under the irradiation of a proton (deuteron) beam through tHeom the source (after passing through the refrigeration drum)
refrigeration drum model (Figl) was simulated. Apart from at ® was(4.1 +0.4) x 10*° sr-* C~1,
the characterization of the energy spectra, we were also inter-Figure 3 presents the spectral yield of the parasitic emis-
ested in the estimation of the production ratio of neutrons oveion of gammas from the neutron source with a deuteron
gammas in order to decide the most suitable setup for neutrbeam 9 MeV. In this case no experimental data were found
emission. and, therefore, the emission spectrum was produced with

Figure 2 shows the spectral yield af ®f the neutrons GEANT4. As expected, the transmission ratio through the
produced in the’Be slab with a deuteron beam at 9 MeVrefrigeration drum becomes higher for higher energies. In av-

I1l. Simulation of Particle Emissions
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VOO

erage terms, the transmission ratio w&s + 1)%. It must be "
noted that the secondary emission of gammas in the refriger .. | &7 |
tion drum due to the interaction of neutrons was also studie¢ | .. I ne || lead g |
but the contribution of these secondary gammas to the tots e 4
flux at @ was three orders of magnitude lower than the actues | &e— |%i— | S
transmission from th&Be slab. The calculated yield of gam- —=:— = —} j
mas coming out of the source &wWas(5.140.2) x 1014 sr! g ===
C~!. This calculation was done by estimate the flux through : o et o
5 cm radius circle placed at 1 m distance, normalized by soli
angle. The uncertainty of the yield corresponds tolthéevel b

of the statistical uncertainty obtained in the GEANT4 simula- Ll o= 1

tions.

With these values, the neutron/gamma production ratio . L .
at @ calculated with GEANT4 was.0 + 0.8 neutrons per '9- 8 Flip-Flop schematic, it has a master-slave flip-flop ar-
gamma for a deuteron beam at 9 MeV. ghltecture (upper figure), with an input clock buffer (bottom

Figures 4-5 show the corresponding results for the irradia- figure).
tion of the®Be slab with a proton beam at 18 MeV. The proce-
dure and criteria followed were the same as with the deuterc
beam at 9 MeV (Figs2-3). The transmission ratio of neu-
trons through the refrigeration drum wés0 + 1)%. This
value was expected since the energy range of the neutrons
the same as for deuterons at 9 MeV. The transmission ratio
photons wag15 + 1)%, lower than the value calculated for
deuterons since the photon spectrum is concentrated belc
1 MeV. The integral yield of neutrons estimated in ftige
slab with our interpolation wa&l.1 & 0.1) x 106 sr-1 C~1.
The integral yield of neutrons transmitted through the drun ¢
at @ was (5.5 + 0.6) x 10*® sr=* C~!, whereas a yield of
(4.4 £0.3) x 1013 sr-t C~! was calculated for photons.

Thus, the neutron/gamma production ratio @t@lculated
with GEANT4 was(1.2 4+ 0.2) x 10? neutrons per gamma for
a proton beam at 18 MeV.

It must be noted that we observe in Fand in Fig.5 two
spurious peaks at 9.8 MeV and 17.6 MeV. We investigated
carefully the origin of those peaks in the Monte Carlo simularig. 7 FASTRAD 3D CAD model of the master-slave flip-
tions, finding that these gammas were produced by GEANT4flop with input clock buffer, extracted from the layout de-
from the n-"Be inelastic reaction occuring in the Be slab. sign of the flip-flop. Depicted are the two aluminium layers
This reaction, simulated b$4NeutronHPInelastiprocess of (blue, purple), the polysilicon lines (pink) and the transistor
the GEANT4 toolkit, was not simulated properly with the ver- bodies (orange for pMOS, green for nMOS).
sion used in this work. Nevertheless, this inelastic reaction
will be fixed for future releases.

In any case, the relative contribution of that spurious emissistors are designated with the code CX, key transistors are
sion of gammas is higher with the proton beam than with theamed as TX and the clock buffer transistors are labelled
deuteron beam. Therefore, according to the GEANT4 simulavith the codes nCLK_nMOS, CLK_nMOS, CLK_pMOS and
tions, we expect that the quality of this planned neutron sour¢¥>LK_pMOS. More details can be found elsewh#te.
must be higher with the 18 MeV proton beam than with the 9 GEANT4 can import geometry models from CAD software
MeV deuteron beam. Naturally, these results must be corby means of its GDML interfac®.The 3D CAD model of the
pared with experimental data to provide final support to th#ip-flop geometry was made with FASTRAD using the di-

_!‘_'EEE_.,[ =
1|

L —

| ek

Monte Carlo calculations. mensions taken from the flip-flop layout (d&ig. 7). The flip-
o flop is part of an ASIC designed for irradiation testing at the
IV. Target Description Electronics Engineering DB where two of the authors are

The master-slave type CMOS flip-flop schematics is showforking. The flip-flop was designed with the On Semiconduc-
in Fig. 6. For a total of 28 transistors (14 nMOS and 140r C5 VLSI kit available through the MOSIS programitie.
pMOS), the clock buffer has two CMOS inverter gates (4t is a three metal, two polysilicon, n-well, 0.5 micron tech-
transistors), the master stage has 4 CMOS inverter gates 1209y, very well known in the microelectronics field because
transistors), including key transistors, and the slave stadfavas released around mid 90's. In our flip-flop design we use
has 4 CMOS inverter gates (10 transistors). Inverter tra@nly two metal layers and one polysilicon layer.

aT. Koi (SLAC), private communication. bformerly known as AMISCS kit from the AMS foundry.
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Fig. 8 Energy deposition rate, per unit volume, in the chanFig. 9 Energy deposition rate, per unit volume, in the chan-
nels of the flip-flop transistors by the neutrons emitted from nels of the flip-flop transistors by the neutrons emitted from
the”Be source irradiated with an 18 MeV proton beam with the?Be source irradiated with a 9 MeV deuteron beam with
intensity of 100uA. Labels in abscissa indicate the transis- intensity of 40uA. Labelling is the same as in Fig.
tor. The transistor type, NMOS (-n) or PMOS (-p), is spec-

ified in case of ambiguity.
guy the refrigeration drum) was simulated to evaluate the energy

deposition rate per unit volume in the sensitive volumes of

The surface of the flip-flop is 24:065.5:m? and is cove- the flip-flop. For each situatior x 10° events were simu-
red with a 400-nm-thick field oxide in places where therdated. An “event” is one particle reaching the flip-flop. The
are no transistors. A pMOS transistor has an arearof=( energy deposition rate per unit volume was obtained by mul-
4.05)x(y = 4.0) pm? and a nMOS transistor has an area ofiplying the energy deposited per unit volume and event (cal-
(z = 4.05)x(y = 3.0) um?. As discussed in the introduction, culated with Monte Carlo simulations) by the yield0dt(see
we consider gate oxides, field oxides and channels as serfséction Ill), the solid angl€}; and the beam intensityrig-
tive volumes for neutron and gamma irradiation. The gate ox#e 8 shows the energy deposition rate per unit volume in the
ide volume is ¢ = 1.05)x(y = 4.0)x(z = 0.0125) um3® channels by the neutrons produced when the source is irra-
for a pMOS transistor andz( = 1.05)x(y = 3.0)x(z = diated with a proton beam at 18 MeV with an intensity of
0.0125) pm3 for a nMOS transistor. The channel volume is100 wA. The error bars represent the statistical uncertainties,
(x = 1.05)x(y = 4.0)x(z = 0.3) pum? for a pMOS transis- which were calculated with the method published by Walters
tor and ¢ = 1.05)x(y = 3.0)x(z = 0.3) um? for anMOS et al. for dosimetry calculation¥) The average value of the
transistor. uncertainties was 15% (). Since the field oxides are present

We use this GEANT4 application to calculate the energgiround every transistor of the flip-flop, we also calculated the
distribution and the microdosimetry in the flip-flop target fromaverage neutron dose rate in the field oxid&spn, in order
the neutron beams. Finally, to assess the potential radiatitthestimate the average dose rate throughout the circuit. The
damage produced in the flip-flop by parasitic gammas, the§alculated value was
results are compared with a stand&t@o gamma source. The A
contributions to the energy deposited by neutrons and gammas dropn = (1.7£0.2) x 107" Gy/s.
was evaluated separately in order to study the most sensitive

element of the flip-flop for each kind of radiation. The energy deposition rate per unit volume in the channels

by the neutrons produced when the source is irradiated with
V. Target Irradiation Results a deuteron beam at 9 MeV with an intensity of 48 is rep-
resented irFig. 9 with statistical uncertainties (15%,d). In
this case, the average neutron dose rate in the field oxides,
dfo,dn Was

Experimental energy spectfawere considered to simu-
late the production of neutrons in tfiBe target. Neutrons
were generated at the end of ttge slab withd = 0°, and
propagated through the refrigeration drum. Finally, neutrons diogn = (4.2 £0.4) x 107° Gy/s,
crossing a plane placed at a distance of 1 m from the target,
without having any angular deviation, were recorded to genewhich is comparable with the dose rate calculated previously
ate the resulting energy spectrum at this distance, which catith the proton beam.
responds to the position of the flip-flop. This procedure can The energy deposition rate per unit volume in the gate ox-
be done due to the extremely small solid angle subtended hjes due to the parasitic gammas produced in the source with
the flip-flop, ¢, at a distance of 1 nf¢ = 1.33 x 10~? sr).  the proton beam at 18 MeV (100A) was also calculated

The irradiation of the flip-flop with the energy spectra ofto compare with the irradiation by neutrons. The results are
the neutrons and gammas coming out of the source (throughown inFig. 10; the statistical uncertainties are between 13%

PROGRESS IN NUCLEAR SCIENCE AND TECHNOLOGY
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Fig. 10 Energy deposition rate, per unit volume, in the gat€ig. 11 Energy deposition rate, per unit volume, in the gate
oxides of the flip-flop transistors by the parasitic gammas oxides of the flip-flop transistors by the parasitic gam-
emitted from thé'Be source irradiated with an 18 MeV pro- mas emitted from théBe source irradiated with a 9 MeV
ton beam with intensity of 100A. Labelling is the same as  deuteron beam with intensity of 40A. Labelling is the
in Fig. 8. same as in Figg.

and 22% (1o). The average dose rate in the field oxides due

to the parasitic gamma irradiatioo . , was irradiation field emitted by a Co-60 irradiator, model 484C,
' supplied by J. L. Shepperd & Assoc. The dose rate ranges
diopy = (1.4 £0.1) x 1077 Gyls, from 0.001 rad(Si)/s to 500 rad(Si)/s with a 12 000%€Co

source. Further, the irradiator produces a uniform field of
which is three orders of magnitude lower than the dose ratg to 30<30 cn?. The primary generator created gammas
calculated for the neutrons emitted with the proton beanaccording to the energies and strengths of the main lines of
dso,pn- the spectrum, at 1.173 MeV (line intensity of 99.974%) and
The energy deposition rate per unit volume in the gate 0332 MeV (line intensity of 99.986%). Due to the extremely
ides by the parasitic gammas emitted from the source, whefall solid angle subtended by the flip-flop at a distance of
irradiated with the deuteron beam at 9 MeV (48), is plot- 1 m (~ 10~ sr), the probability of having a coincidence of
ted inFig. 11; the statistical uncertainties are between 14%goth gammas in the flip-flop is negligible; therefore, only one
and 40% (1o0). The average dose rate in the field oxides dugamma was created in each event of the simulation. Further,
to the parasitic gamma irradiatiode ¢, Was the incidence of the gammas was perpendicular to the flip-
flop, given the uniformity of the radiation field and the dis-

—8
dro,ay = (6.0 £0.2) x 107" Gy/s, tance between the irradiator and the flip-flop.

which is three orders of magnitude lower than the aver- The number of events simulated was asex 10°. As
age dose rate calculated for the neutrons produced with tifethe previous section, an “event” is a gamma incident on
deuteron beamis, gn. the upper surface of the flip-flop. The energy deposition rate
Finally, the ratio of the contributions of neutrons and gamper unit volume in the gate oxide of each transistor is repre-
mas to the average dose rate in the gate oxides was evalugg@tted irFig. 12, assuming that the experimental dose rate is
for each beam in order to compare both situations and decidé¢ad(Si)/s. Statistical uncertainties, represented by error bars,
the best scenario. For the 18 MeV proton beam case such ratis between 17% and 50% ¢). The value of the energy de-
is do,pn/diopy = (1.2 £ 0.2) x 103, whereas for the 9 MeV position rate per unit volume is between 50 g~ s~! and
deuteron beam i gn/dio¢y = (7.0 & 0.7) x 102. Hence, 250 eVum~3 s~1. For comparison purposes with the results
these results lead to the conclusion that the 18 MeV protgihown in Section V, the average dose rate in the field oxides,
beam is able to provide a neutron source with a lower contrito,co-60 Produced by a 1 rad(Si)/s Co-60 source, was also cal-
bution of parasitic gammas. culated. Its estimated value was

VI. Comparative with Co-60 Source

dio.cos0= (8.1 £0.2) x 1073 Gy/
In order to assess the energy deposited in the flip-flop by fo.co-80 = ( ) X YIS

the neutron source we have simulated the irradiation of this

circuit by a Co-60 source. The Co-60 spectrum was introxhich is 4-5 orders of magnitude bigger than the previously
duced as an extra option in tHrimary Generator Action calculated dose rate for gammas emitted from’e source.
class of the GEANT4 application which simulates the irradiaTherefore, a low dose rate setup is a good scenario to compare
tion of the flip-flop3? The primary generator reproduced thewith the situations discussed in Section V.
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Gate Oxides (Cobalt-60 source) GEANT4 neutron HP library.
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