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Numerical Simulation of Neutron Radiation Effects
In Avalanche Photodiodes

Mark D. Osborne, Peter R. Hobson, and Stephen J. Watts

Abstract—A new one-dimensional (1-D) device model developed fect of neutron irradiation on the performance of the devices.
for the simulation of neutron radiation effects in silicon avalanche  Thus, the inclusion of damage to the silicon crystal was nec-
photodiodes is described. The model uses a finite difference essary. This was facilitated, for 1 MeV neutrons, by recent ad-

technique to solve the time-independent semiconductor equations Section IV d imol ted via the introducti f
across a user specified structure. The model includes impact vances (Section V) and implemented via the introduction o

ionization and illumination allowing accurate simulation with acceptor-like states situated deep in the bandgap.

minimal assumptions. The effect of neutron radiation damage is  The aim of this paper is to present an overview of the device
incorporated via the introduction of deep acceptor levels subjectto model and then describe the main effects, i.e., impact ionization,
Shockley-Read-Hall statistics. Preliminary analysis of an EG&G  jjjmination and neutron radiation damage, in more detail. Sec-
reverse APD structure is compared with experimental data from . . . . g .
a commercial EG&G C30719F APD. tion 11 WI.|| examine the mpdel in general mcludlr!g the fprm of
the semiconductor equations employed and their solution using
a finite difference technique. The generation terms relating to
impact ionization and illumination will be discussed in Section

[ll. Section IV studies the terms relating to neutron radiation

I. INTRODUCTION damage and the physical basis of the damage mechanism. Sec-

IGH-ENERGY physics experiments at the Large Hadrolien V will present some prellimi.nary re;ults. The_ free electron
Collider (LHC) at CERN will operate in extremely harsh2d hole distributions, electric field profile, dc gain and photo-
radiation environments. One of the experiments, the Comp&€Sitivity are calculated. Qualitative comparison is made with
Muon Solenoid (CMS), will operate in a4 T magnetic field. ThEXPerimental data from a comercial EG&G C30719F reverse
Electromagnetic Calorimeter (ECAL) is a vital subsystem of tH&2ch through APD.
CMS detector that uses scintillating Pow@ystals to detect The rt_asults demonstrate that the model can accurately calcu-
high energy electrons and photons. The crystals, chosen for th@if the internal parameters of an APD and produce data that can
high density and radiation tolerance, have a low light yield thQ€ directly compared with measurements. The effects of 1 MeV
requires aphotodetector with internal gain. The 4 T magnefigutron irradiation on the gain and photosensitivity are also in-
field excludes most vacuum photodetectors, leaving solid-st¥Stigated. Conclusions will be drawn in Section VI.
avalanche photodiodes (APD) and vacuum phototriodes (VPT)
as the main candidates. The large neutron flux produced in the Il. OVERVIEW

detector, with an energy spectrum peaking at 1 MeV, will signif- The preliminary analysis was performed on a structure based

icantly degrade the APD performance, reducing the calorimetg the EG&G C30626E reverse reach-through APD. This pho-

resolution. The development of a radiation-tolerant device is §ggetector has been considered as a possible candidate for the

sential to maintain the overall detector performance. CMS ECAL. The device, a modified form of the standard reach-

~ The selection of APD technology for scintillation detectiofnrough structure, is optimized for scintillation applications [5].

in the CMS ECAL [1] initiated an extensive research and devefhe exact doping profile was withheld by the manufacturer. This

opment program. The main effort focused on the experimeniibyed to be a major stumbling block as the device performance

evaluation of the properties of candidate devices [2], [3] su¢dacutely dependent on the internal structure. A reasonable ap-

that a suitable device could be found. A large amount of expYroximation of the doping profile can be made from existing

imental data was generated but comparison with modeled déé%criptions [2], [5]. A schematic of the structure is shown in

has been limited so far [4]. To restore the balance, a one-dimefyy 1.

sional (1-D) device model was developed at Brunel University The structure was created using a simgitive in diffusion

to allow simulation of silicon avalanche photodiodes. process, where a fixed amount of dopant was diffused into the
To provide a useful comparison with measurements the modgmiconductor surface. After the diffusion time had been se-

included generation terms for impact ionization and illumingacted the position dependent concentration was given by
tion. One of the most important topics investigated was the ef-

Index Terms—Avalanche photodiodes, numerical analysis, neu-
tron radiation effects.
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oum . external conditions, e.g., applied bias, quantities such as gain,
Gain dark current and photocurrent could be predicted. The electric
Region field profile also provided useful information, e.g., multiplica-
tion factor, when analyzed appropriately.
The static semiconductor equations employed in the model
were in the standard form
Light el p T N4 lﬁ—G—U—O 2
1dJ
. S (G-U)=0 (3)
b bo-d q dz
Olpm 12um
[
89um
[ - dQT/) q
2um 7 R (F"i‘p—”—ZNA)- (4)

Fig. 1. Schematic of the proposed EG&G reverse reach-through APD ty, 7 s
C30626E structure. 9?, and .J,, are the hole and electron current densiti@sis a

generation term consisting of impact ionization and the photo-
electric generation of signal charge, abidis a thermal gen-
TABLE | eration/recombination term); is the electrostatic potential,
SPECIFICATIONS OF EACH OF THE H H
DIFFUSEDIMPLANTS USED TOCREATE THE MODELLED C30626E $SRUCTURE the net doplng (_;Oncentratlon’p andn_are the free hole and elec-
tron concentrations ang the electronic charge_ V.4 repre-

Implant S /fem™2 [t /s Peak Level | Depth sents the density of filled deep levels introduced during neutron

- /Cm‘317 /pm irradiation. The density of filled acceptors, N4, is given by
g* é Z 101013 2481 g X }816 2-5192 the product of the density of available leveds,;, and the occu-

4 X X B H
ancy function,f(E
N 4.3x 10'% | 50206 | 8 x 105 22.0 pancy f(Er)
N+ 1 x 104 30 6 x 107 1.0
7 - - 25x 1012 | - > Na=f(Er)x Na. ®)
The form of the occupancy function is described in more detalil
x  position; in Section IV. Inclusion of the occupancy function directly into

the Poisson equation ensures that it is solved consistently with
e Poisson and continuity equations across the whole device.
Application of finite differences involved dividing the device

to a 1-D grid, each gridpoint containing information about the
tential and free carrier (electron and hole) concentration. Ef-
ient use was made of the grid by increasing the density of
e gridpoints in the gain region of the device. The high poten-
| gradient in this region requires an increased grid density to

t  diffusion time.

The parameters of the various implants are detailed in Tabletf.1
The model utilized the basic methodology proposed in [64.'
A 1-D static form was adequate to simulate the majority of t
standard tests performed on APD's while retaining a level
simplicity that allowed new structures to be evaluated relative
quickly. The use of a 1-D model, compared with a more detail%

two- or three-dimensional (2-D or 3-D) formulation, results i, accurately modeled. A typical array consisted of 2000 grid
a significantly simplified approximation of the device behavior aints, 1000 in the first 20% of the device surrounding the ac-

Subsequently surface effects and nonuniformities along the | @ region and the remaining 1000 spread uniformly across the
eral direction, which may result in avalanching outside the dﬁhal 80% of the device
fined gain region, have to be ignored. Although we have to ac- !

. _ X 'fl'he semiconductor equations were expressed in a form con-
knowledge _that_the model represents a very _|deal|se(_j VErSIOnent with the discrete nature of the grid, i.e., discretized, by
an APD, it is still useful for investigating their behavior unde

: T e ) Expressing the spatial derivatives via a truncated Taylor series
neutron irradiation. The most significant effect of neutron irra-

diation is the change in the device charcteristics along the path dp  p(N+1)—p(N)

of the collected signal charge. Although there may be lateral dr (N1 1) — =(N)’ (6)

variation in the magnitude of this effect, considering only the

1-D case still provides useful information about the change in The discretized equations were solved via the application of

the device's behavior. Newton's iteration principle. This involved expressing the true
The free carrier (electron and hole) concentration and elaglue of each of the variables; carrier concentration and poten-

trostatic potential through the device were extracted from thiel, in terms of the present value plus an associated increment,

model. The current density and electric field could subsequengyy., for holes

be inferred. The current density provided the only route for di-

rect comparison with measurements. When combined with the Prue = Dhyitial + OD- (7)
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The individual terms in the equations were expanded via a trun- TABLE I
cated Taylor expansion in terms of the known value and associ- VALUES OF THEMAIN PARAMETERS USED IN THEMODEL AT 300 K
ated increment e.g. for the hole current density Paramoter Value at 300K Reforence
n; 148 x 100cm ™ [6]
Jp(M){p(N),p(N + 1),9(N), (N + 1)} 7o 100ps [16]
JU(M) + |6p(N) OTp(M) op(N + 1) Oy (M) gg zfl}?evh diffusi %]4]
= + |op ———— t+op +1)— P osphorus diffusion
g p(IV) Sp(N +1) coeff. at 1200°C)
—12 241
5JO(M) 5JO(M) 3.0 x 10~ **cm*®s
+8p(N) L2 + (N +1)—2——|. (8) Dgp (Boron diffusion (7]
6P(IV) oP(N +1) coeff. at 1200°C)

4.5 x 10~ 12cm?s™1

The resulting set of linear equations was expressed as a tridi-
agonal matrix equation. Solution of the matrix equation, for TABLE I
the IncremenF at each grldeInt, allowed the value Of_the funCONSTANTSUSED IN THE PARAMETERISZATION OF THE CARRIER MOBILITY
damental variables to be amended. Hence, the solution to the

discretized equations was improved. This process was repeated ~ Constant - Hp - fin -
until the relative error at each gridpoint fell below a predeter- Nyes (em™) 6.3 x 10 8.5 x 10
mined level. Generally a value 6fx 10~? was used as this was o 2y-1g-1 2;;756 357:’,20
the limit that could be achieved for initial solutions. Z{ll g:ﬁ?v—l:—l)) g o
. . . o .
The integral fqrm of the cur_rent. equa_ltlon [8] was used_ to_ in E, (Vem™) 1.95 x 10* 8 x 10°
crease the stability of the solution in regions of high electric field 8 1 9
[6] inherently presentin an APD. The high grid density allowing
the assumption that the electric field, mobility and current den- ) ) _ o
sity were constant between grid points. A list of the main parameters used in the simulation is pro-
vided in Table Il. The mobility was calculated at each gridpoint
qupl - according to
dp = = T [P(0)" " — p(a)] (9) ?
Hhi — Mo 1
o NV ] amd | PER
qpunE eEw (L) pnrz Y B
Iy = = [n(0)e P — n(a)] (10) L+ v ) +|zoma 1+ (£

where,, and ., are the hole and electron mobilitie&, the The values of the constants are listed in Table III.
electric field, and representg/kt.

To initiate the process a preliminary solution was provided. [ll. 1 MPACT IONIZATION AND |LLUMINATION
Assuming space charge neutrality the initial carrier densities

. The process of impact ionization, a pre-condition for the op-
were given by

eration of an APD, was incorporated into the continuity equa-
tions via a generation term

p=-T
n? P region (11) 1
"= T G= E(aan + apdp) (16)
p= ”_72 N reai 12 wherec,, andc, are the hole and electron ionization rates, re-
r region. (12) spectively. A modified [9] form of the Baraff three parameter
n="I L L
theory [10] was used to calculate the ionization rates in silicon.
The potential, with no external bias was set to be
! < Al Ba o) ar
O/ = exp
1 ni . DY 2 E? )2 cEX
_ = p/n /n p/n
7 ln( T )} P region (13) P
A=115% —1.17r +3.9x 107*
%111(5)} N region. (14) B = 467" — 11.97 + 1.75 x 1072
i C = —757r% + 75.5r — 1.92 (18)
It was assumed that the device had ideal ohmic contacts, i.e.,
they were at thermal equilibrium; hence, any excess charge im- ()
mediately vanished and no space charge existed. It was thought = (19)

that negelect of effects due to space charge or electric field at
the contacts was justified. The device structures were creafeallowing [10], ¢;, the activation energy, is taken to B&; /2

assuming simple diffusion profiles, which were used to generatdere E; is the bandgap energi,.) is the mean energy loss
the initial trial solution. per optical phonon collisiom,,,, is the optical phonon mean
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free path for either holes or electrons. Following [11], the vari- One of the most significant effects produced by radiation
ation of ionization rate with temperature was accounted for vitlamage is the change in the effective doping concentration

the expressions [19]. It was observed that for n-type diodes the valueVgf;,
. measured from the depletion voltage, initially fell with 1 MeV
(e.) =&, tanh(%TT) (20) neutron fluence until the device became p-type. The fluence at

which this occurs is known as theversion fluenceN.g then
increased linearly with neutron fluence at a rate of 0.016lcm
A= Ao ta11h< o ) (21) Irjitially, for fluences. bellow thenversion fluencethis was
2kT attributed to the combination of vacancy (V) defects with the
phosphorus dopant atoms, producing the well-kn@voenter
where ), is taken to be 55 A for holes and 76 A for electrong silicon. It was discovered by Waits al. that the removal rate
ande,. 0.063 eV. of phosphorus in microstrip diodes was approximately 30 times
The modified Baraff three parameter theory was sucessfulver than the level required to produce the measured change
used to model temperature effects in EG&G silicon APD's [13|y N [16]. A new theory was thus developed that attributed
Sutherland developed a more accurate empirical fit to the Barg{g change inV.g to the creation of acceptor-like states deep
curves [11]. This provides a good fit to the Baraff curves overig the bandgap [16]. It was known that, at thermal equilibrium,
wider range of parameter values than the Crowell-Sze appréie devices became intrinsic after heavy neutron irradiation. The
imation [9] The disadvantage of the Sutherland method is thﬂ{ange inN.¢ occurred in the intrinsic region 0n|y when the
the resulting parameterization has a cubic form. Incorporatigghde was reverse biased. The change in the effective doping
this technique into the model would increase the complexigsncentration is thus a consequence of the space-charge distri-
dramatically, hence reducing the computational efficiencyytion produced by the ionised deep levels.
At 300 K and up to electric fields of around 300 kVEém  Neutron damage was incorporated into the model via the in-
approximately the maximum reached in the model, the leggduction of deep acceptor levels. This method was sucessfully
complex Crowell-Sze approximation performs equally wejlsed to model the change ¥y with neutron fluence [16]. The
to the Stephenson model. Hence, the use of the Crowell-$g&p levels were filled using a Shockley—Read—Hall occupancy

approximation is preferable due to its relative simplicity. ~  function where the fraction of filled acceptors, at enefgjyand
Monochromatic illumination was included via a generatiogridpoint V, was given by

termin the continuity equations. Normal incidence was assumed
at all times. f(Er,N) =

n(N) + Z—inz exp( Ei;TET)

n(N) + p(N)Z—i +n; exp(%) + Z—Pnz exp( Ef;TET)
Here, 3 represents the optical absorption coefficient in silicon. (23)

The signal charge generated at each gridpoint represen\}v%d

. X . eres, ando, are the hole and electron capture cross sec-
the integrated charge generated over the whole |ntergr|dp0||r(1)tnS The most likelv candidate for the deep accentor level is
spacing. The variation in optical absorption coefficient wit ) Y P P

wavelength in silicon was parameterised using data from [1% e V20 complex [20], [21] which is situated 0.5 eV’ below the

. S . nduction band. The introduction rate, for 1 MeV neutrons, has
Thus monochromatic light of varying intensity and waveleng . .
een calculated from a defect kinematics model to be 0.96-cm
could be accurately modeled.

at 20C [21].

The increase in dark current during neutron irradiation is due
to the intoduction of recombination centers with energy levels

Recent advances have been made in the understanding oftieep in the bandgap. This leads to an increase in the thermal gen-
processes involved in neutron radiation damage to silicon deration of charge carriers. This processis described in the sim-
vices [16]-[18], although few are directly related to APD’sulation via the modification of the minority carrier lifetime,
Vacancy (V) and interstitial (1) type defects are created in thehich controls the Shockley—Reed—-Hall thermal generation/re-
semiconductor lattice for many types of irradiation. The signifcombination term in the continuity equations. The variation in
cant difference between fast neutron radiation and, for exampiginority carrier lifetime,r, with neutron fluence®,, in silicon
60Co+ irradiation arises due to the large amount of energy inander equilibrium conditions, was described in terms of the life-
parted to the primary knock-on atom (PKA). The recoiling PKAime damage-constank’ [22]
goes on to create a large cluster of V and | defect®@o 1 1 &
will only cause at most two silicon atoms to be displaced). The — =4 (24)
majority of these defects recombine immediately, the rest either T M
form divacancies (Y) or higher order V complexes; or the de+or high fluences, this could be written as
fects diffuse into the lattice and combine with impurity atoms. 1 &
The introduction rate is defined as the rate at which defects are T (25)
introduced per unit neutron flux. For 1 MeV neutron irradiation, T K
the introduction rate for the divacancy {\Vis approximately The value ofi{;; was calculated for high resistivity-silicon [22]
100 times greater than f6PCo  irradiation [18]. to be approximately<, = 107 scnt 2. It was assumed that the

G = e—,@x(N) _ e—,@x(N-l—l). (22)

IV. FAST NEUTRON RADIATION DAMAGE
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Fig. 2. Free hole and electron distribution through the modeled APD for bigg" 3. The electric field and potential profile through the modeled APD. The

voltages of 50 and 300 V. The device is undepleted at 50 V and fully deplet ﬁvice is undepleted at 50 V and fully depleted at 300 V.
at 300 V.

depleted the pn junction contains an electric field sufficient to

. o . . . cause impact ionization, this region is responsible for the gain in
effective carrier lifetime in the depletion region was subject tt%e device. The multiplication factor of the device is defined as

the same relation. Wit set to10” scnt? the rate of change . L
: : : - the total number of charges produced by a single charge injected
of Nen with fluence was kept consistent with predictions [zo]i‘nto the gain region. In general, silicon APD’s are designed to

[22] by setting the ratio of the hole and electron capture cross - . . . .
sections to unity [20] inject electrons into the gain region as this helps to reduce noise.

. 4 The C30626E is no exception, and thus we only need consider
The introduction of the deep acceptor level was assumedt Q clectron multilication factor.. This can be found b
be linear with neutron fluence. To limit the complexity of the P < y

- : ) : evaluating the following expression across the depleted region
preliminary analysis, annealing was not included. (of width w):

V. RESULTS M, = ’ 11.2 — (26)
The results included in this report are divided into two key 1= [y anexp Jo “" %P5 dy

sections; pre-irradiation and post-irradiation. They are intended.l.he response of avalanche photodiodes to different wave-

to introduce possible avenues of investigation available to tneengths of light is complicated by the structure of the gain re-
model. All the neutron fluences have been normalized to 1 M

N ; : ) . n. A significant amount of signal charge may be generated
neutrons. Qualitative comparison is made using Experimen

data from a commercial EG&G C30719F reverse reach thrOL%% ide the gain region as the wavelength of the incident light in-

. : e ases. These charge carriers undergo less multplication than
APD. This device has a similar structure to the EG&G C3062 ose created outside the gain region. Thus the apparent gain,

APD proposed for use in the CMS ECAL. To account for thﬁe., the true gain experienced by an incident signal of a partic-

slight difference in doping profile between the C30626E and th ar wavelenath. will differ from the multiolication factor of the
C30719F, resulting in the C30719F fully depleting at a bias?% wav gl witd WHplicat

vice.
V greater than the C30626E, the simulation data is shifted 20 V. :
’ Fig. 4 compares the apparent gain, calculated from the model
along thez axis. Detailed knowledge of the doping profile will 'a P PP gal .

: B ) with measurements of the DC gain from an EG&G C30719F
be reqwred before quantitative comparisons can be made YABD at several incident wavelengths. The data from the model
experimental data. is shifted 20 V along the: axis to aid the comparison. The
apparent gain is found by employing a commonly-used exper-
imental method. The device is illuminated; subtraction of the

For high efficiency the APD is generally operated with a higbark current gives the photocurrent. An unmultiplied reference
reverse bias, typically around 300 V to 400 V. The large drift vgghotocurrent is found by selecting a bias for which there is ap-
locity in the depleted region allows rapid collection of the signgroximately unity gain but enough depletion to effectively col-
charge. Fig. 2 shows the change in electron and hole distributiect the signal charge and not peturb the quantum efficiency. The
with reverse bias. A high reverse bias is required to produce sairent gainis defined as the ratio of the photocurrent at an ar-
nificant depletion in the device, due to the highly dopéedrp- bitrary bias to the reference photocurrent.
gion. Depletion through the region occurs much more readily, The data in Fig. 4 displays the characteristic knee that can be
to leave the majority of the device depleted. seen in most reach-through devices. This marks the point where

Fig. 3 shows how the potentials and electric fields throughe depletion has spread into theegion. After this point there
the device vary with depth for 50 V and 300 V. When fullyis a significant potential drop over the bulk of the device, Fig. 3,

A. Pre-Irradiation



534 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 47, NO. 3, MARCH 2000

——  Unirradiated
~~~~~~ 2x10§‘3 nem™?

2951

Electric Field XVem-1

) L . L 270 : " s "
0 50 100 150 200 250 300 350 45 5 55 3 6.5 7

Bias V Depth jum

Fig. 4. Comparison of the predicted change in gain with incident wavelengiiy. 6. Effect of neutron irradiation on the electric field in the vicinity of

for a modeled EG&G C30626E (line) with measurments performed on ame gain region at 300 V, showing that the multiplying power of the device is
EG&G C30719f APD (data points). degraded, annealing is ignored.
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Fig. 5. Comparison of the predicted change in gain with neutron irradiatigﬁg' 7. Comparison of the predicted chgnge inlphotosensitivity with neutron
fo?an EG&G F():30626E APDpat 450 nm (Iings) Wit% measurements performg@d'aﬂon for an EG&G C30626E AP.D (lines) W'.th measurements pe(formed
on an EG&G C30719F APD at 450 nm (data points), annealing is ignored. on an EG&G C30719F APD (data points) at a gain of 40, annealing is ignored.

. ) ) . .of how the electric field in the gain region is affected by neu-
f"md the §en5|t|_V|ty_ of the potential gradient to the applied b'%n irradiation. The fall in the electric field demonstrates that
in the gain region is reduced. the gain degradation is actually a reduction in theltiplying
powerof the device and not due to achange in the charge col
lection efficiency.

Fig. 5 compares the fall in gain with neutron fluence, pre- The photosensitivity of a device is defined as the ratio of pho-
dicted by the model with measurements taken from an EG&@Gcurrent per incident Watt of power in the same area. Fig. 7
C30719F APD. The data from the model is shifted 20 V alongpmpares the calculated effect of neutron irradiation on the pho-
the z axis to aid the comparison. Although a quantitative contesensitivity with measurments from an EG&G C30719F APD.
parison between the predicted and measured data is not possitihe, calculated fall in photosensitivity, from the model, is en-
as a result of the structural uncertainty the model shows gotetly due to the reduction of gain in the device. The measured
qualitative agreement. This effect has been observed by seveedluction in photosensitivity cannot be explained by the fall
groups [23]. This can be attributed to a reduction in the electiiit gain alone. The discrepency is thought to be due to surface
field around the gain region of the device due to space chamgmage of the APD from the gamma background present during
from the filled deep acceptor levels. Fig. 6 shows our predictidhe neutron irradiation, an effect not included in the model. For

B. Post-Irradiation
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the longest wavelengths, where photon absorption beyond the
gain region occurs, the reduction in photosensitvity is smallerm
because the fall in gain affects only part of the incident signal.
Loss of red response due to diffusion effects, as in solar cellg2]
[24], is not expected as the device is almost fully depleted When[ 3
operated normally.

[4]

VI. CONCLUSION [5]

A 1-D device model allowing steady-state analysis of
avalanche photodiodes has been developed and tested. Th@
model follows the methodology proposed by Kurata [6] and -
includes several new features that allow accurate simulation o%
APD'’s. Impact ionization was included via a generation term in [8]
the continuity equations. The ionization rates for electrons and
holes in silicon were used to describe the process. A modified(g
form of the Baraff three-parameter theory was used to calculate
the ionization rates. lllumination was incorporated by the in—[m]
clusion of a generation term in the continuity equations which
described the photoelectric generation of signal charge. 1 Met1]
neutron radiation damage was included via the introduction of
deep acceptor levels subject to Shockley—Read—Hall statistics.
A similar method using a Fermi occupancy function was used!2]
to accurately describe the changeNg; with neutron fluence [13]
[16]. The lifetime damage-constant was used to describe the
change in minority carrier life-time with neutron fluence. A [14]
value of K. = 107 scnT2 was used for high resistivity-silicon. [15]
The effective lifetime in the depletion region was assumed to
be the same. A trap, corresponding to thgOvcomplex, was  [16]
introduced at a rate of 0.96 crh, following [17].

Preliminary analysis of an EG&G reverse reach through APQ17)
type C30626E was performed in which the gain and photosensi-
tivity were investigated. Qualitative comparison was made witihS]
measurments performed on a comercial EG&G C30719F re-
verse reach through APD. The wavelength dependence of tti&e]
gain, due to absorption of signal charge in the gain region, was
well described by the model. The effects of neutron irradiatiorjzg)
were also investigated. The most significant effect was the fall
in gain during irradiation. This was attributed to a reduction in
the electric field in the gain region due to negative space charge
from the filled acceptor levels. The predicted fall in photosensi-
tivity was found to be completely described by the fall in gain. %2
This contradicted the measured results, which showed a fall in
the photosensitivity that could not be described by the fall in23]
gain alone. The discrepency was thought to be due to surfacf&]
damage caused by the gamma background during the neutron
irradiation.

The initial results indicate that the model can be used as a
useful toolin the analysis of silicon photodetectors for the LHC.
The versatility of the model ensures that modification of dif-
ferent structures is simple. Further investigation of similar struc-
tures will be made to test its predictive power.
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