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Abstract One of the effects of displacement damage in silicon detecto
We present a study of how temperature affects the changésian increase in the leakage current of the detector [3], leadil
the depletion voltage of silicon PIN detectors damaged twyincreased shot noise and resistive heating. The effects
radiation. We study the initial radiation damage and the shatiot noise can be reduced by using pre-amplifiers with fa:
term and long-term annealing of that damage as a functiorsbéping times [4]. The exponential dependence of the leaka
temperature in the range from <@ to +50C, and as a current on temperature [5] can lead to thermal runaway, whic
function of 800 MeV proton fluence up to 1x5.0* p/cn?.  we have observed in detectors exposed to high fluences at hi
We express the pronounced temperature dependencies apexating voltages.

simple model in terms of two annealing time constants Whigh
. ecause of the strong temperature dependence of the leak:
depend exponentially on the temperature.

current, operating the detectors at reduced temperatui€)~0
| INTRODUCTION solves both the shot noise and heating problems. Howeve
) low temperature operation requires understanding th

The silicon microstrip detectors that will be used in the SDemperature dependence of another bulk radiation effect: tt
experiment at the Superconducting Super Collider (SSC) Willange in effective dopant concentration and its annealin
be exposed to very large fluences_ of charged p.art'dg\ﬁhich manifests itself as an increased depletion voltage at hic
neutrons, and gammas. Over the projected 10-year life of ghgyron fluences. We have observed before [6] that the effecti
experiment, the total charged particle fluence is expected tod%ant concentration, as measured by the depletion voltac
approximately 1.3 10/cn¥ at a radial distance of 9 cm (the aries as a function of fluence and of annealing time as shov
inner radius of the SDC silicon tracker), and 480! /cn¥ at i Figs. 1 and 2. Moreover, the data in Figs. 1 and 2 exhibit
46.5 cm (the outer radius of the SDC silicon tracker). Thgonounced temperature dependence, both during irradiation a
comparable gamma fluence is of less importance. The NeUdRing annealing. The goal of this study was to explain th
fluence will be dominated by backwards leakage out of thgence, time and temperature dependence of the change
calorimeter and is expected to have a 10-year integral valu%l@{ﬂetion voltage by a simple model. That model then allow
2x 10 Jen [1]. It should have a nearly uniform spatialss o predict the behavior at large fluences and long times, a
distribution and an energy spectrum that is peaked at just ungefeject the optimal operating temperature.

1 MeV.

[1. EXPERIMENT

The_ charged particles are all es.ser)tlallly minimum |on|z|rw? irradiated silicon detectors with 800 MeV and 647 MeV
particles (MIPs) and cause both ionization and displacemen

damage in the bulk. A 1-MeV neutron causes approximat rotonbeams at the Clinton P. Anderson Meson Physic:
9 : bp Xa(’lity (LAMPF). The detectorsreceivedfluencesof up to
in

the same amount of displacement damage as a MIP [2]. Baf% 1014 plen? over periods of approximately one week
on that assessment, we chose to examine damage isswﬁﬁ [ '
r

. . . easurements of the leakage current I(V) and of the
silicon detectors using 800 MeV protons, which are nea ; . .

. T ; capacitanceC(V) as functionsof the bias voltagewere made
minimum ionizing particles.
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Figure 1): The depletion voltage of 1on thick Hamamatsu photo-diodes as a function of fluence and as a function of annealing 1
for 0°C and room temperature operation. The last points on the left hand plot correspond to the first points on the right han
From Ref. [6].

(T

eight times during the runs. These measurements were meal@®@C. The chambers were small, insulated boxes with

during few-hour-long periods after the beam was temporarityotor-driven muffin fan and a resistive heating element. #
turned off. Following the exposures, we continued the |(\@mperature sensor inside each box cycled power to tt
and the C(V) measurements to the present, approximately messtive heating element, maintaining the desired temperatu
and two years for the two different exposures. We also havighin a range of about0.5°C. The fans ensured that no

records from earlier irradiations with about four years eéémperature gradients became established inside the box
annealing time at room temperature. They also served to dissipate any modest amounts of he
0ghenerated in the detector by I-V heating when the detecto

The proton fluences were determined by activati . .
. . .. were biased. The sub-ambient temperature chambers we
measurements of aluminum foils placed on the individu e N
placed inside a freezer set to 20

detectors. Details are given in Ref. [6].
Two different detector types were irradiated: Hamamatsu PlR\?ple.'[IOI’] voltages were determmeq by measuring th
capacitance of the detectors as a function of the bias volta

photo-diodes #1723-06 with a depletion depth of A@0[7]; ; )
and 300um thick pad PIN devices manufactured by Microﬁzmg an HP 4284A capacitance meter at 10 kHz. We took tt

Semiconductor [8]. In the presentation of the data, we he} (éjlff)trlg_] voltage of a device to be the voltage at which afit ¢

scaled up the depletion voltages of the photo-diodes by a factor
(300/170% (cf. eq. 2 below), to account for the difference in C = a\ (@)
thickness. All detectors were reverse-biased at 60 V or 8({ V. . . .
T S 10 {he most steeply falling part of the data, intercepts a line ¢
during irradiation. Some of the detectors were kept at ambien : .
X . constant capacitance. The constant capacitance value was
temperature, 2L and 27C during the two different exposures . ; : . . L
) full depletion capacitance of the devices prior to irradiation
A temperature sensing system that opened and closed a# e . . .
) . S IS procedure was previously shown to give a reliable an
supplying boil-off gas from a liquid nitrogen supply cooled th]g : : .
7 . . fequency independent estimate of the depletion voltage [9].
remaining devices to approximately@ For about one
month following exposure to the beam, the cold devices were
stored in a freezer, while the ambient temperature devices
remained at room temperature. Measurements of the depletiditial Damage
voltages of the devices continued during this period whilthe relation between the depletion voltage and the dopa
small chambers were prepared to keep the devices at sevaratentration is linear and is given by:
different but fixed temperatures. Chambers were constructed to 5
keep devices at -2C, O°C, +10C, +2£CT, +35°C, and VD=qu Nt

[1l. RESULTS

o)

2gg

T Some of the older "2€" devices were simply kept atindicate both the controlled ~2@ devices and the room
ambient temperature. We us€@4as a generic temperature téeemperature devices.
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meant that the short-term annealing was incomplete. |
° Neff2FC) — contrast, the exposure at the SSC vyill involvg low fluxes, bu
A Nef(C) oo AT a high cumulatlve_ fluence. That will allow virtually all the
short-term annealing from the integral dose to be complete
o any given time. As such, the values for the constamtsdc
i given above will be over-estimates for the SSC applicatior
For the same reason, type inversion will occur at highe
cumulativedoses. In addition, as shownbelow, temperature
has a large effect on annealing rates and will therefore affect tl
N apparent values of those constants.
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1\ Annealing

c=17x10"3 We have reported before on the annealing of the radiatic

g =0.018 i damage induced change of effective dopant concentration [6,

14— — — — . and found that the annealing can be the determining effect

0 2 4 6 8 10 that change. Figs. 3a, 3b show the post-irradiation tim

Fluence (10 13 plcm 2 ) history of the depletion voltage for different annealing

temperatures. All the devices shown received a fluence clo

Figure 2): The dopant concentration of the devices shown in Figisl5, 1013 Any small differences in fluence were accounted
as a function of fluence, and fits using eq. 3. From Ref. [6]. for by scaling the depletion voltages by the ratios BfLB!3

) U o to the fluences. This is justified by the proportionality of the

where Ny is the effective dopant concentraticay, is the  depletion voltage to the fluence which is discussed later. Tt

permittivity of silicon, q is the electron charge, anslid the  fina| annealing temperatures were implemented at differer

detector's full depletion depth. Fig. 2 shows the relatigifhes as given in the figure caption.

between the dopant concentration, determined from the o .
depletion voltage, and the proton fluence).( Each The data exhibit a strong temperature dependence which

measurement was taken a few hours after the beam {BBarent in several ways. Fig. 3a shows that the benefici

temporarily turned off. We have shown before [6, 9] that tRgn€aling period (during which the depletion voltage drops) i

data in Fig. 2 can be explained by donor removal and accepfely short for the room temperature device, but grow:

creation, expressed as: increasingly longer as the temperature is decreased. Fort
devices annealed at 21 and 10C a minimum value of the

Nett = No €xp(cq) + B¢ (3)  depletion voltage is reached, while the depletion voltage for th

For n-type devices such as ours,idinegative to indicate thatdevices annealed at lower temperatures continued to decrease

it represents the initial number of (negative) donors. A fit §i€ entire time period shown. Also note that the depletio

eq. (3) to the 2 ( °C) data of Fig. 2 gives the constant¥oltage for the -10C device is well above the value for the
B = 0.018 B = 0.037) cm! andc =1.7 x 1013 0°C device. At later times, following the beneficial annealing,

(c=1.1x 1013 cm? . The relatively large values of bogh the voltage beginsto rise forthe warmerdevicesin what we

andc indicate that the initial dopant concentration has only¢&!l anti-annealing. This is especially evident for the highe

minor effect on the effective dopant concentration for fluenclnperature devices as shown in Fig. 3b. THea88 50 data
of more than a few times 1D reach a constant depletion voltage value, which implie

] ) o complete annealing, while the 24lata do not. As the
Type inversion, the change in sign offNoccurs at room temperature is decreased, the time constant for the rise becor

temperature at a fluence of approximately*Icn®. Since progressively longer, and at °ID becomes comparable with
the sign of the dopant concentration does not enter into ecthd, SSC experiment lifetime (~10 years).

type inversion has no immediate consequence for the operation o ) ‘
of a detector, provided the detector is fully depleted. Thus, &ftSed on the features in Fig. 3, we chose to describe the d:

interest in the change of the effective dopant concentratiodlid€rms of several distinct steps governed by characterist
only motivated by the need to bias the detectors beyond Hfaes- The short-term beneficial annealing period is assume
depletion voltage at all times. (The voltage that can be appﬂg e dominated by one time constagtwhich describes the

is limited by the breakdown voltage of the detectors or th&xponential decay of the active acceptor sites created during t
coupling capacitors.) irradiation period back to neutral inactive sites. We describ

that region of the data at a time "t" after the end of th¢
Short-term annealing of the radiation created acceptor statgsdiation by [6]:

during the exposure and during the time between beam turn-o _

and the actual measurement can modify the valuBsmfand %D(t) = Vz + Veexp (-thy) “)

the fluence at which type inversion occurs. The high fluhere \4 is related to the metastable acceptor concentratio
rates and short duration of the radiation exposure we usk@ctly producedduring the irradiation process. V is dueto

Eff. Acceptor Conc. (10 12 /cc)
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Figure 3): Depletion voltage as a function of time for detectors being annealed at the indicated temperatures. All the devices
received a fluence close tox5L0'3, Fits to the data of eq. 6 (2@, 35°C, 5C°C) and eq. 7 (+1{C) are shown. The final annealing
temperatures were implemented as follows:*€,00°C, +10C @ 27 days; +3% @ 36 days; and +8C @ 137 days. Prior to those
times the temperature of the devices were as follows: the sub-ambient temperature devic€s:(se@® variation); the room
temperature and +3€ devices: ambient temperature; théG@levices: ~ oC.

(I

the fraction of the radiation produced acceptor concentratidhe results for the 2C data yield a value of 1.8 days for
which is stable. Therefore,,Ms the minimum value of the 15(21°C). We can now derive a value for Vs from four@1
depletion voltage between the beneficial and anti-annealigvices, all of which received a fluence of %.Q0'3 p/cn?
regions. over two days. Those devices were first measured three hot
The early time history (before day 25) of the sub-ambie%{tter the beam was turned off. Their average depletion voltag

temperature devices was not carefully controlled. Therefor«af;]a{h"’lt time was 139 V. Their depletion voltage decreased ov

determination of ¥ from the data for those devices is difficult. N _next sevgral days to an average minimum valqe of 86.7
) Iaktlng the difference of those two values and using eq. 4 1
However, the room temperature devices were kept at a cons

an I
temperature during the early post-exposure period and tﬁﬁgapolate back 3 hours in time to the end of the exposure, v
should yield a reasonable estimate of provided their

Vg(end) = 56.5 V. Assuming the beam flux was uniform
exposure period is not much longer than the time constant?ver the two day exposure, an additional correction factor ¢
beneficial annealing.

%6 is needed to account for decays during the exposut
yielding 94.0 VT as the value of ¥ for an instantaneous
In contrast to the situation forgyif the beneficial annealing exposure. Taking ¥ =vgsp, we finally find

is described by eq. 4, we should readily be able to extract the= 1.34x 1012 V-cm?, ¢ being the fluence.

time constanttg from the data in the period after the

temperature was stabilized, but before anti-annealing becaéArger times, the depletion voltage increases (anti-anneals

comparable to the beneficial annealing. In Fig. 4 we plot thi@: 30 shows that the rate of anti-annealing slows with tim
for the devices at +2€, +35C, and +50C. We fit the time

. V(t)-V . . .
quanﬂty[ln (%OZ)] as a function of the annealing timedependence of the depletion voltage for this period with th

The depletion voltage, when the temperature was stabilizeJ}’@Ct'on:

V. Vz is given by the minimum value of the depletion Vg(t) = Vz + V4 [1 - exp(-tt,)]; t>>1g 6)
voltage. (For the -1 data we used the results from eq. 8a . . . . .
below, and the known fluence to estimate the value,of ¥ wheret, is the long-term anti-annealing time constant, t is

eq. 4 does describe the data, then a straight line fit throughfg2Sured from the time at which the anti-annealing firs
X X ecomes evident, and,Ms related to the concentration of

data points for a given temperature data set should have a SP e L . .

of (-Ts)l. The average values found at the differeif@mage sites in silicon that can become activated acceptor sit

temperatures are given in Table 1. In Fig. 5 we show-a

semilog plot oftg as a function of temperature. A fit to thé T Attempts to extract ¥from the lower temperature devices,

data yields: whose early annealing temperatures were not carefull

14(T) = 70x exp( —0175T) days: T irfC ) controlled, gave widely varying.results, some comparable t
the 2PC values, but others considerably smaller.
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Figure 4): A plot of In V—) as a function of the annealingFigure 5): The beneficial annealing time constar{sis a function
0 annealing temperature ifC. The fit shown gives

time. V, is the depletion voltage, when the temperature wggz 70 x expt0.175T) days.
stabilized. V4 is given by the minimum value of the depletion (I
voltage. (For the -1C data we used the results from eq. 8a, ar'qg_ 7 shows the values for the anti-annealing voltage’

the known fluence to estimate the value gf)V Straight line fits . . .
through the data are also shown. Their slope shouldrel(- function of fluence. An approximate linear dependence on th
9 ' P fluence is seen. The line in Fig. 7 shows a fit to the

. ﬂ]]]I[I]]]IJ]]]. combined 33%C and 50C data sets as a function of fluengg (
due to anti-annealing. The data at %5685 and +24C allow
us to fit for V,, V., and 1. simultaneously. Atlower Va(®) =va@, Va = 3.80x 1012 V-cm2, (8Db)

temperat.ures the exponential behavior of the anti—annealmq:ig' 7, the data for 2€ are systematically lower than the
process |s.not very ot_)wous as can be seen for t@ data. data for 38C and 50C and were not included in the fit. The
The effective expansion of t_he tlme. scale caused by lo."\(ﬁ'ﬁe dependence of the anti-annealing might be somewh
tempgrature; makes th.e antl—anneglmg appear to be a !”?ﬁ&re complicated than indicated in eq. 6, possibly involving i
funct|0r_1 of time, .as given by a first order Taylor Serlesc‘econd, slightly different, time constant. That is supported b
expansion of eq. 6: the imperfect nature of the fits we obtain as evidenced in Fi¢
Vp(t) = Vz + Vut/t t<<Tt ) 3b. The data seem to support a time constant that is slight
smaller at early times than at later times. Thus fitting only
the first part of the annealing curve, as for th&Cdata, leads
to an underestimate of the final anti-annealing voltage. On tF
other hand, the observed saturation of th#&C3&nd 50C data
give us confidence that eq. 6 predicts the long-term behavior.

We fit eq. 7 to both the data for the ®@0devices irradiated in
1992 and the @ devices from 1991 to extract,Vr,. Using
values for \4 derived from the combined 35 and 50C data
set and the known fluences, we are able to finfor the low

temperature devices.
The values of the constants derived from those fits are shown il

in Figs. 6, 7, 8 and are given in Tablef1. Fig. 6 shows TABLE 1: The values obs, vz, va, vy, and the values dfs
the values for the non-annealing voltagge &5 function of andt, for the different temperatures and for all temperatures.

fluence. An approximate linear dependence on the fluence_is
seen with no obvious temperature dependence. We fit |the T Ts T T
combined data for all temperatures for which the short-tefm (V-cm?) (°C) (days) (°C) (days)
annealing was complete (+1®4°, 35, and 50) as a linear | vg [1.34x 1012|| -10 440 -10 ?
function of the fluence: vy [1.06x 1022|| © 66.7 0 8650
V(@) = Vv,@; v, = 1.06x 1012 V-sz, (8a) va [3.80X 1012[| 10 12.1 10 3320
vy [4.78x 1012 21 1.8 24 186
35 35 38
TTT All the results for \ andvy scale as the square of th¢ S:I) 70;’ 5|(|) 91401)(2
detector thicknesscf eq. 2). The values given in this papgr a eXp a exp
' t ed- 2). The values given in this pap (-0.175T) (-0.152T)

are for 30Qum thick detectors. (X =S, Z, A, or U)
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Figure 6): The minimum value of the depletion voltage, XV Figure 7): The anti-annealing voltage, \&s function of fluence. A
reached, after short-term annealing, as function of fluence. ThRar fit to the combined 3& and 50C temperature data sets is

different temperature detectors are indicated. For the devices kg N he diff in th i f
at ®C and -10C the values are upper limits as the depletionekated' ote the difference in the magnitude gfand ;.

voltage did not reach a minimum value. A fit of the forg=V,0
to the=10°C data is indicated.
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Figure 8): The ultimate depletion voltage after annealinggure 9): The anti-annealing time constantdor all detectors as

(Vub:' VdZ ;Sé/A)vdagogJ”Ction of fluence. Adl_ineardfit’\fo thig function of annealing temperature 96. The fit shown gives
combine an temperature sets is indicated. Note the _ .
reduced scatter of the data when compared with Figs. 6 and 7. - 9140 x expf 0'152T) days.

(I

The values for ¥ and V, are correlated: overestimating, V Fig. 9 shows the values of the long anti-annealing time
leads to a smaller value for,Vandvice versa Their sum constantt; as a function of temperature for all the devices

should be more stable. Fig. 8 shows the values for @¥cept those at -XC, for which it was too large to be
ultimate depletion voltage = V5 + V, after annealing and determined. The average valuetpffor each temperature is

anti-annealing. A linear dependence on fluence is found: ~ given in Table 1. The temperature dependence as shown

V() =Va(®) £V a(@) =V 6 V= 478X 1072 Vo2, (80) Fig. 9 is of the form:
U 2@ +Va@=vu @ vu=4. ! 1.(T) = 9140x exp( -0152T)days;  Tin°C ©)



We do not observe a fluence dependencg .inThe values of

1, for 0°C, 10°C and 24C are at least a factor 100 larger than ~ 400
the corresponding values of. | 'igg +20°C /
IV. PREDICTIONS R o'c
< 300[---ee- +10°C 5
We are now in the position to make definite predictions aboupy  ||------- +20°C / +10°C /"
the long-term dependence of the depletion voltage on fluenq? '/' i
and temperature. Important parts of these predictions are @a / S
observations made above and summarized here: = 2007 -20° C/,/’ i
i) The data are described by egs. 4 and 6; -% | J,/z/ oc°Cc i
i) Vg Vz, and\, are independent of temperature; ot A AN
iii) Vs V, and Vi depend linearly on the fluencef.(eq.8); & 100 / P /_ ............... I
iv) Tg <<T; m‘/’ ........ /]\
V) The annealing time constarntsandt_ are exponential ] ///’" 10c |
functions of the temperature; | =
vi) The annealing time constartsandt, are independent 0 T . : — ———
of the fluence. 0O 1 2 3 4 5 6 7 8 9 1cC

The change in depletion voltage due to an instantaneous Running Time (years)

fluenceq delivered at timegis given by: At = t-tp)
Figure 10): Predictions of the change in the depletion voltage for
Vp(At) = @[ vz + VexXp(Atits) +Va[l-exp(At/T)]} (10) 250 micron thick detector over 10 years of SSC operation fo

.. . . different detector temperatures. A uniform yearly fluence of
The temperature dependence is in the annealing time constam{s 1013 p/cn? was assumed.

(egs. 5, 9). If one includes the effects of a continuous flux F (I

starting at t = 0, then eq. 10 generalizes to:
for -10°C, but drops to only 3V at°C. As can be seen, the

Vpt) = vzFt + : . .
term only becomes important if the temperature is low enoug

VsFTg[1 - exp(-titg)] + (11) to substantially slow the beneficial annealing through ai

VaF{t + T [-1 + exp(-tt )]} increase ints. Smaller values ofs' T would make this term
We have used eq. 11 to predict the rise in depletion voltagee@en less important. Finally, the term containing is
a function of time assuming a constant SSC flux @btentially the most important, given that is about three
1.3x 103 p/cn?-yr. Clearly, our model does not explain théimes larger tham, orvg, and that the term at large times can
early complicated behavior up to type inversion. Rather,pié nearly proportional to the fluence. However, the term'’
addresses the ultimate depletion voltage after 10 yearscohtribution is strongly controlled through the valuetpf
exposure to a total of 1810 particles/cm, which is of which in turn is determined by the temperature. By making
interest to us. Using the values fogiven in Table 1 and the sufficiently large compared to the integral exposure time to th
value ofts andt, predicted by egs. 5 and 9 respectively, ipgiation, the term becomes negligible. In summary, al
Fig. 10 we show the cumulative effect on the depletiggperating temperature should be chosen, which allow
voltage of a flux of 1.% 10'3 p/cn? per year. The curves arepeneficial annealing to occur, but at the same time totall
for different operating (and annealing) temperatures. Mindflippresses the anti-annealing. In that case, one gets i
of eq. 2, we propose to use detectors @&0thick instead of minimum detector depletion voltage and hence the maximut
the standard 30Am thickness, which reduces the depletiogetector lifetime; the lifetime is now only determined by the
voltage by 30%. Preliminary studies showed that detectorshpéakdown voltage of the detector, the valuevgfand the
50 um pitch operated in a magnetic field will have no degradgflegral fluence to which the detector was exposed.
signal/noise when thinned from 300 to 356 [10].

Eq. 11 allows us to evaluate the optimal operating temperatf}@ 10 shows that the optimal operating temperature of th
of the silicon detectors at the SSC. Theterm in eq. 11 Silicon detectors at the SSC is ~*00 After a fluence of
contains no elements which have a temperature dependehcaX 10 p/cn¥, we predict a depletion voltage of about 125
Rather it is directly proportional to the fluence and henét60) V for detectors 25um thick and operated at a
increases linearly with the running time. In contrast, the teffnPerature of -10(0°)C. Collecting the charge promply
containingvs has no long-term time dependence, reaching@fluires a somewhat greater total applied voltage-(260V).
saturation value obsFts. The magnitude of the saturatiorPouble-sided AC coupled detectors could be operated at th

value can be controlled through the temperature dependenci&getion voltage if biased on the junction and ohmic sides :
. Foraflux of 1013 p/cm?-yr, the saturationvalue is19 100V [11]. If one assumes a detector breakdown voltage «

v 200 V, and a required overvoltage of 40 V for prompt signa
collection, a detector operated &C0wvould just have a 10-year
lifetime. Operating the same detector at *1@vould reduce



the useful life to 6.6 years and keeping it at*2@educes the V. CONCLUSION

lifetime to 4.6 years. Based on measurements of the depletion voltage durir

An important consideration for operation at sub-ambiemtadiation and annealing at different temperatures, we hav
temperature is how long the detectors can be warmed updeveloped a model which describes the fluence, time, ar
service and repairs. Our analysis shows that warming wédmperature dependence of the change in depletion voltage
predominately influence the anti-annealing. To first order therms of a few measurable parameters. We are able to prec
effects will depend on the value of the anti-annealing tintiee depletion voltage during long-term operations at the SS(
constantt, at the new, warmer temperature. From eq. The critical effect is the temperature dependence of the lon;
follows: term anti-annealing. A judicious choice of the operating
AV = VAt temperature (~ @ to -20C), yields benefits from the short-
D~ VA L : : :
term annealing, which lowers the depletion voltage caused t
Using eq. 8b, and inverting eq. 12, one can solve for tthe radiation induced displacement damage. At the same tirr
amount of time4t) that a detector can be warmed, after havirige long-term detrimental anti- or reverse annealing effects ce
been operated for "t" years at a constant flux F, to inducdefrozen out for periods longer than the expected 10-year i
change in the depletion voltage®¥,TT1T. of the experiments at the SSC. The net damage is consistt
AV, (T) with a 10-year operational Iifg of the detectpr_s, which
==L corresponds to a fluence of slightly abovel1inimum
Ftva ionizing hadrons/cik We also predict the allowable duration

The allowable duration of an elevated temperature T, foohservice time at elevated temperatures at varying times «
4-volt increase in the depletion voltagee(a 2.5% change in SSC operation. That duration, ranging from months to onl
an ultimate depletion voltage of 160 V) is given in Table gays, is found to depend on both the integral fluence up to tt
and ranges from 8 months at *0) to under one month attime of the service and the temperature at which the service
25°C in the first year of SSC running. After 10 years of sseerformed.

running, the duration ranges from several weeks atG 10

only a couple of days at 26. With this model we can easily V. REFERENCES
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