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Abstract

The possibility to use a silicon microstrip detector in hypernuclei
electroproduction studies is examined. The high electron flux density
(10¢/cm’s) on the detector induces surface damage: a change of about 10 V
in the flatband voltage and an increase of the leakage current. Bulk damage is
negligible. A simulation of charge collection showed that for a read-out
capacitance 10 times the interstrip capacitance and an interstrip capacitance
10 times the strip-to-ground capacitance we can collect the charge every 4
strips with 90% efficiency. A 50 um strip pitch and a 200 pum read-out pitch
ensure an 80 pm spatial resolution for tracks inclined at 30 degrees and 160
um for tracks inclined at 60 degrees. The signal-to-noise ratio of 15 before
irradiations decreases due to the increase of the leakage current up to 5, still
sufficient for a high detection efficiency.
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Abstract

The possibility to use a silicon microstrip detector in hypernuclei electroproduction studies is
examinated. The high electron flux density (ll)'-v/cm‘.s) on the detector induces surface damage: a
change of about 10 V in the flatband voltage and an increase of the leakage current. Bulk damage
is negligible. A simulation of charge collection Showed that for a read-out capacitance 10 mes the
interstrip capacitance and an intersteip capacitance 10 times the strip-to-ground capacitance we cau
collect the charge every 4 strips with 90% efficiency. A 50 pm strip pitch and a 200 pm read-out pitch
ensure an 80 pm spatial resolution for tracks inclined at 30 degrees and 160 pgm for tracks inclined at
60 degrees. The signal-to-noise ratio of 15.5 before irradiations decreases due to the increase of the
leakage current up to 5, still sufficient for a high detection efiiciency.

1 Introduction

Electroproduction of hypernuclei at the Continuous Electron Beam Facility (Virginia, U $.A.) benctits of
high current and duty factor , and a very high precision in the beam energy, providiug inforiation on
interaction potentials in manybody hadronic systems.[1]

The cxperiment approved at CEBAF studies the ”C(e,:"K*’)}fB reaction using a two arm spectro-
meter for the detection in coincidence of Wie scattered electron and produced kaon.

Fig. 1 gives the wop view of the spectiometer layoul.

The missing mass (12B energy states) resolution is linited by the beam resolution and the kaon arm
nomentuin resolution to about 200 keV. The split pole magnet (Fig. 2) in the electron arm spectrometer
gives a resolution of about 150 keV/mm in the focal plane; using a MPWC for electron detection in the
focal plane with 0.5 mn spatial resolution we obtain for the electron arm a momentum resolution which
does not alter the overall nissing nass resolution.

In the further step of the experiment a beain dispersion is foreseen which will give a ten times better
resolution. In these conditions the MPWC is no more adequate. The focal plane electron detector should
have a spatial resolution of 100 gsn or less, giving thus a small contribution, of only 25 keV, to the missing
mass resolution.

The present paper studies the possitility of using a silicon microstrip detector in the electron focal
plane and establishes its designing conditions.

2 Geometrical Conditions

The split pole focal plane shown in Fig. 2 is 74 cm long and 2.5 mm wide. The focal plane has a very
small curvature (sagitta ~40 pm) which will not be taken into consideration in designing the detector.
Electrons are falling on the focal plane at an angle of 36-60 degrees, so the tracks are inclined in the
detector.
The detector should have ten aligned sensors, 7 cm long and 4 cm wide, with vertical strips on one
side. The electronics can be placed above or below the detector.

3 Radiation Damage

The focal surface (T10x2.H i ) is hit by 2x 107 ¢/5 (e the flux density s aboul 107 ¢ /ens)
Electrons i the momentuni range 240 375 MeV /e are nuniim eimsing particles (nnp). They
deposit in the detector 2 dose of 8.7 kGy for 600 b of beam time. lonisation induces suslace dapage
the detector by creating clectron-hole pairs in the oxide layer; holes are trapped ny the oxade and increase
the fixed positive charge a at the S04 Si interface. Consequently the flatband voltage i increasiug. The
depletion voltage should be higher in order to compensate for the flatband voltage change. The resulls
of Wunstorf et al[2] showed that the fatband voltage increases with abont 10V for doses around 30
kGy and saturates at this value. The accumulation fayer at the Si02 5i intesface affects the terstrip
capacitance and interstrip resistance. Before irradiation inteestrip resistanees e typically about 10 (§39]
and saturate at full depletion.  After irradiation they fall by 23 orders of magmitude and no longer
saturate at the depletion vollage. 'This effect is accompatued by an increase i surbace leakage current
{up to 2 pAfem? at 50 kGy [2]). Biased detectors have a leikage surface current 4 fines higher, but it
disappears in about one hour (3} luterstrip capacitanee s ereasing up 1o 10 kGy and reniiins constant
for higher doses. There is no clear difference between biased and unbiascd detectors [}

The bulk damage in detectors irradiated with high cuergy electrons has heen vestigated expen-
mentally by Dale et alf5]. Evaluations of A. van Ginncken [6] are shown in Vig. 3 AUSOUMeV /¢ the
cleetron NIEL curve reaches a plateau 20 times lower than that of the protons The electron thuence for
600 h of beam time 13 2.16x 10'3e/cm?. For this fluence we do not expect type inversion and the total
depletion voltage does not change very much, the bias voltage can he kept i norimal Jimits. Using the
liniar dependence of the damage constant (a) with NIEL we obtain for the clectron bulk daiage leakage
current 60 pAfom® (18 nA/strip).

Due to the trapping of the charges the curreut pulbse induced by the free dlectron hole pairs created
inside the depleted volume will have a larger tail when increasing the fluence. Fora short collection thne
(20 40 us) the charge collection will be incomplete. The charge deficit for clectrons should be negligible
due to the much smaller bulk damage 7}

in conclusion the bulk damage is small compared to the surface damage, which iould be taken mto
consideration wheu chosing the processing technology.

4 Silicon microstrip detector design

‘The severe radiation damage conditions involve attentive examination of different detector designs, We
describe some characteristics of the L3-SMD [8]. One ladder of this detector has the requented dimensions
for the CEBAF experiment. The ohmic side strips are implanted every 50 g pt blocking strips designed
to interrupt the accumulated surface charge between the nt strips alternate with n¥ strips. The read-out
pitch is 200 microns. Strips are biased through guard ring as shown m fig. 1.

The read-out strips are capacitively coupled to SVX-H chips, glued on cach module Each channel lias
a low noise amplifier with a gain of about 19 mA/fC. 9] The read-out capacitance (100 pF) 15 much larger
than the interstrip capacitance C,=1.3 pF/cm, condition necessary for a complete charge collection. (see
section 6)

The chips are glued and bonded to an aluminum nitride substrate. The hibrid circuits dissipate heat
which should be elliminated by cooling the detector. The read-out electronics consists of charge seusitive
preamplifiers, an auxiliary electronic board, an analog-to-digital converter and an optical transuussion
line to the data acquisition system.



4.1 Read-out channels, multiplicity factor and kapton routing variants

The ten siticon sensors are aligned on the base plale, using 3 precise pin positioning for cach wafer. The
wafers are glued on the base plate, which supports also the electronics and the water cooling pipes.

One silicon sensor contains 1409 strips at 50 g pitch. Read-out at 200 pan allows the use of 353
read-out strips per sensor. The total number of read-out strips is 3530 and they will be Viking type. Six
variants of multiplicity factor and kapton routing have been analysed. The right variant should optimise
at least the following criteria:

the capacitance of the multiplied strips for a read-out channel should be low
thie nunber of Viking chips and hibrids should be low
the average inclined lines pitch on iultiplicity kapton should be larger than 50 gm.

Table § summarises the principal characteristics of the six variants. According to the above criteria,

we will probably use variant V3. The correspouding drawiug is presented in fig. 9.

5 Spatial Resolution

The spatial resolution is related Lo different characteristics of the sensor: the strip pitch, the read-out
pitch, as well as to the track inclination to the seusor plane, the multiple scattering, the magnetic ficld
effect, the detector alignment.

With a cluster finding ethod we can investigate the influence of these factors ou the precision in
finding the cluster which determines the spatial resolution of the sensor.

When traversing a detector, a particle at mininmun ionisation creates a constant number of electron-
hole pairs along its path. The charge is collected by the strips. The charge centroid gives the cluster
position (the track intersection with the sensor) and the residue distribution with respect to the recon-
structed Lrack in other aligned deteclors permits the evaluation of the spatial resolution.

‘The number of strips collecting charge (the cluster window Ny ) is given by: Ny =2+ 1.1 tana/p
where ¢ is the thickness of the silicou wafer , p is the pitch of the read-out strip.[11]

The cluster window is chosen ta be the nunber of consecutive strips, where the sum of collected
charges were greater than 1.50,um (0%, = Nuol).

a; is found from the pedestal. The pedestal is the average of ADC counts in each channel and o; s
the r.m.s. of pedestals.

Thus we find Q; = ADC' — P!, With the charge weighted average of the coordinates of the strips in
the cluster window the centroid is:

_ rwQ

T X

The cluster width is a function of the incidence angle of the track on the detector. For 30° the cluster
width is about 4 read-out strips.

'The spatial resolution has been determined by aligning the studied detector along the test beam, with
wwo reference detectors and two scintillators in coincidence. The r.ms. of the clusters with respect to
the recoustruction track in the reference detectors define the spatial resolution of the studied sensor.

For tracks perpendicular to the detector the spatial resolution is given by p/V12 (60 pm for 200 gan
pitch) [10]. For 200 pm read-out pitch the resolution varies between 80 pm at 30° inclination of the track
to the detector surface , up to 160 pin at 60 degrees.[11}

< yht >

PRI e o o

one read-out channel

Table 1: Principal characteristics of multiplicity factor and kapton options

nok Qr/Qr Qu/Qi (Qr4Qu)/Qs

5 2 0.624 0.100 0.721
3 0.345 0.345 0.690
4 0.999 0.624 0.721

10 2 0.707 0.019 0.726
3 0.512 0.064 0.576
4 0.363 0.116 U.481
5 0.261 0.179 0.440°
6 0.179 0.261 0.440
7 0.116 0.368 0.484
8 0.064 0.512 G.576
9 0.019 0.707 0.726

Table 2: Results of simulations for C,=10, Cy=1 and Cgr=100, for different u and k values

Variant number Vi V2 Vi Vi A\
: % B
Strip multiplicity H 5 1 3 3
: 5 2
Kapton pes. mudtipl. 1 2 2 2 2 7
_Kapton pes. fan-out 1 l | ; : )
2 2
Rapton dim. 1ultipl.(cin) 28.8x3.5 J6x3.5 36x: s
: i . B J6x3.0 36x8.5 36x3.0 ne x5
Kapton dim. fan-out (¢em) 11.4x3.9 14.4x3.5 i8x4 I‘ 2~;:'> ; I“::::‘ 'IS:X':..I'
x4. R ALOE: X35 X
Lines/kapton pe. multipl 706 [REV BYX
. . 2 1323 1176 T6 y
Lines/kapton pe. fan-out 706 706 BR2 Il%(; l'ltﬁl: “Hj
_n ] oV
Average inclined ltues pitch 18 ' 84 74 hT : 7
on_mualtiplicity kapton(pm) " s a
Total read-out channels 700 706 882 1176 1176
2 _ s 1761
‘Total Viking chips 6 6 7 10 It
_ o i1
Total hibrids 1 t 1 2 o
L it s p e 0 ~ ¥, v v nt 2 y
Estun.capacitance of SC59.3C 5O 4320 40,3290, 30, 1250, 3C.3Ti 60, 20 +fJ [
SO, + 1390, 5+ 60



6 Simulation of Charge Division in Silicon Microstrip Sensors

6.1 Capacitive Charge Division Principle

Oune possibility to smprove the spatial resolution of Si inicrostrip sensors is to take advantage of the
capacitive charge division priuciple.

Consider a microstrip detector with a geometrical strip pitch p,e. The read-out clectronics read the
strip charge of each u -t strip. Thus the read-out pitel pis n,p,. I C, is the interstrip capacitance, ¢y
the strip to ground capacitance and Cg the read-ont electronics capacitance, then the microstrip sensor
can be represented by the capacitive network from fig. 5.

If the particle is passing somewhere between two read-out strips, the charge genecated is collected
by the nearest strip {or strips, for inclined tracks). ‘Then a fraction of the generated charge is arriving
at the two uneighbouring read-out strips through the capacitive network. The fraction of the read-out
charge is higher if the ground capacitance (('y} is lower and the read-out capacitance (CR) is higher:
Cy << (4 << Cp [12). The position of the incident particle can be further computed from the charge
collected at the left and right read-out strips (Qr. and Qp), using different position finding algorithuis.

6.2 Mathematical Approach

In our following analysis we are considering only the capacitive network between two adjacent read-
out strips, as shown in the scheme in fig. 6. This approximation is consistent with the practical
requirements.[12] We will cousider that in the node k a charge Qi is generated by a passing particle.
Our purpose is to compute the charges Q. and Qg as a function of network parameters: C,, Cy, Cy,n
and k. Applying the charge conservation law, we solved thie following system of equations (1):

cVi—aly = 0
—al + Uy —aly = 0

—~aVi_) 4 by — by

= Qs
—ab_a+ bV, —al, = 0
—aVu_y+cV, = 0
where
a = C,
= 20,4,
¢ = Cy+Cx

After finding the potentials Vy, ... V,,, the left and right read-out charges can be easily calculated as
(2)
Qu = W
Qr = ¢V,

o o 425

6.3 Simulation Results

Stmulations were made for different values of capacitanee (C0Co0Crroad ot pateh (0 and cliarg-
generation position (k). An example is shown in Table 2 for Co=100 0, 2 1 and Cy = 100 tor ditlerent
values of o and k. The values of the collected left and right chiarges as woll s Ho suan varsdion ¢ be
readily seen.

We have also obtaiued the variation of the collected charge for differeat vatues of € ¢ Loand Cyeo One
important result is the Q¢ /Qy and Qu/Qy are dependent only on the ratus €, /¢ oand Cr /O being
mdependent of the absolute values of the capacitances.

T'he ratio

o Au(pafws)
« - I (U2 e,

where wo s the strip width and 4 the sensor thickness.|12)

For example Fig. 7 shows the respective (Qu+Qu)/Q) variation for n=5 and k=3 a» a function of
C /O, with O, /Cy as a paramcter.

The simulation results can also be applied to the case of inclined tracks. b this case we mnst ealendite
lirst the number of intermediate strips between which the particle passes.(1, =[N, ] 2. where Ny is given
i section 4, and [x] represents the integer part of x. )

The charge per strip Qg is 0

ot
Qe T

with Qo the total charge deposited by the inclined passing particle.

Sinee the system (1) is linear, using the superposition principle, the solution Tor inchoed tracks will
be the sum of individual solutions of the system (2). for the 1, with Q, corresponding to Qi Qe
Qe t, -1

7 Signal-to-Noise Ratio and Detection Efficiency

Both signal and noise are measured i ADC counts which can be couverted into equivatent number of
electrons using the average nuinber of electron-hole pairs created in silicon by a mip.

The ADC signal has a Landau distribution (fig. 8). For the SMD L3 detector {13] the Landan
distribution parameters are Qarp=43.2 ADC and I'y 4440 =(1.340.21) ADC, (1 ADC=600 ).

The noise in the detector is due to fluctuations in the hulk and surface currents and the read out
electronics. For the same detector the average noise was 2.5 ADC before irradiation. Flus the signal-1o-
noise ratio was S/N=15.5.

We cvaluated the leakage current after irradiation to be about 38 nA/strip. This corresponds to
4900 e collected in a 20 ns collection time. After irradiation §/N=5.

Signals are registered if S/N>3 for the given channel. If this condition is fulfilled, all signals with
S>15 ADC are registered. On the Landau distribution cited above the detection clficiency is Y7.3%.

8 Conclusions

A silicon microstrip detector 74 cm long and 4 e wide with one side strips of 50 gov piteh and 200
pm read-out pitch is designed for electron detection in a hypernuclei electroproduction experiment. ‘The
spatial resolution expected is about 150 um for tracks inclined at 30 + 60 degrees. The charge collection
simulation shows that for capacitances fulfilling the condition Cg ; C, : Cy=10/1/0.1 we collect about
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00% of the deposited charge. Signal-to-noise i> about 15,
he high electron fluence.

600 b of bean time due to the leakage current induced by th
The detection efficiency is not altered by this cffect.
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