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A method for the calibration of a Silicon Position Sensitive Detector is described. From the
combination of the signals collected at the ends of the resistive electrode, energy and the point of input of
hitting particle and hence it laboratory angle exit from target are reconstructed.

Introduction

Any reaction process to be studied requires means by which the information about the
involved particles can be carried out. A wealth of detectors has been developed with this aim, which
allows to reconstruct at least the energy of the hitting particle.

Silicon Position Sensitive Detectors (SPSD) [1, 2] provide also the information on the angle of
the emitted particle, as known. A resistive layer acts as an electrode, either anode or cathode, which
splits the energy signal in two parts. From the partition of this signal the emission angle of the
hitting particle can be reconstructed. A correct event reconstruction requires an accurate knowledge
of the energies and angles, thus a systematic calibration procedure is claimed. The two signals,
collected from opposite ends of the SPSD resistive layer, are acquired through different pre-amp-
amplifier-ADC combinations, which provide different amplification gains and dc offsets. The
effects of these differences might be removed in preliminary steps, before combining the two
signals for the calibration. The evaluation of the amplification gain requires a reference point in the
detector to be taken. The signals at the two end-points can be feasible in order to calculate the two
gains, but not always the end-points can be unambiguously determined because of the lack of
detailed constructive information. The pulser is often used in order to empirically determine the
offset, whose value can be deduced through a fit of the channel number versus the peak height.
However, the pulser itself, as well as any other device, can introduce some external offsets, thus
increasing the number of undesired effects.

In this paper an original way of calibrating a SPSD is described. Starting from the
combination of the two uncalibrated signals, the procedure accounts for all the mentioned effects
during the calibration phase providing energy and angle of the detected particle in a straightforward
way.

Schematic description of a Silicon Position Sensitive Detector

The calibration method, which will be described, was successfully applied to SPSD [3]
whose schematic picture is shown in fig. 1.

The detector is made of a single wafer of doped n-type silicon. On the front face p-type layer
created by boron ion implantation acts as a resistive anode.

At both ends of the implanted anode, two readout contacts were created in order to deduce
the position information from the partition of the energy signal. The cathode, on the back, consists
of a NN pseudo-junction, which acts as a non-injecting ohmic contact.

A reverse bias voltage, applied across the detector, depletes the bulk of the crystal. When an
ion hits the detector, the energy release, due to the collision with bound electrons, causes a number
of electron-hole pairs to be created in proportion to the deposited energy. The electric field within
the silicon pulls electrons and holes apart, making them migrating to the front and back faces of the
detector. A charge signal is therefore produced at both faces. As already mentioned, the signal is
taken from the front resistive layer, via contacts at each end of the strip, the wafer thickness being
much smaller than its length.
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Fig. 1. Schematic picture of a SPSD detector with its electrical connections.

The collected charge, which “sees” two paths to earth, divides into two fractions each one in
inverse proportion to the distance between the hit position and the strip-end collecting such a
fraction. The 1kQ offset resistors ensure measurable signals to be collected wherever the ion hits
the detector, otherwise a hit at one end of the strip would see a path of near zero resistance, almost

all the charge following this route.

Calibration procedure

The charge created from an ion hit inside the detector is proportional to the deposited energy
E, the amount of energy required to create an electron-hole pair being fixed. The proportionality
between the energy deposit E and the charge created Q is expressed as:

E=Q/q, (D

where q is the charge produced per MeV. The charge signal splits at the front strip, resulting into
two strip-ends signals, q; and qa, that, neglecting any charge loss, fulfil the following relation:

Q=qi+qa. )
If the total uniform resistance of a strip is Ry, and r represents one at each end of the strip, then

r+(0,5+x)R;

Ch(X):——-ZWQ, (3)
r+(05-X)R;
Q2(X)——*‘-—‘—2r+RT Qs 4)

x - being the distance of the hit point X from the strip centre (see fig. 1).
The digitalized information coming from ADCs, accessible during analysis data, is related to

the original energy by the following relations

P(X)= o O ORy (5)
2r+R;
r+(0,5-x)R;
P, (X)= E+P,, , 6
,(X) =P 2R, 02 (6)
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o and f being the amplifier gains of two pilot chains, and Py; and Py, the two dc offsets. Fig. 2
shows an example of a two dimensional spectrum of uncalibrated variables P, versus P, obtained
during '*C+'"2C calibration run at 40 MeV of beam energy.

A grid with a number of slits of known geometry was placed in front of the detector in order
to locate some reference regions. Several groupings of events along different kinematical loci can
be recognized in the figure and used for the calibration. The most evident ones refer to the *C+'*C
elastic and inelastic scattering, some others to the 2C+12C - o + *Ne” reactions [4, 5].
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Fig. 2. Two dimensional spectrums of uncalibrated variables P, versus P,. Loci from 1 to 7 refer
to the '>C ("C, alpha)®*Ne’ reactions, feeding several states of *Ne; loci 8 and 9 are associated
with the "*C (*C, "C)"*C and H('ZC,H)”C reactions respectively.

An initial knowledge of the amplifier gains and dc offsets, introduced by the pre-amp-
amplifier-ADC combination would allow performing the calibration procedure through the
equations (5) and (6). As mentioned before, their evaluation is not always unambiguously achieved
by means of standard procedures, which might introduce external effects. The present method,
which is being introduced, is not affected at all by these effects, being based on general arguments
which finally provide the required energy and position parameters.

Rearranging the expressions (5) and (6)

(P1-Pop) 2r+Ry)=oa [r+(0,5 + x)R7] E, (7)
(P2- Pp2) 2r + R7) =B [r+ (0,5 - X)R7] E (8)
and adding the equations (7) and (8)

(P, - Pg; + P2- Pga) @r + Ry) = [(o + B)r + & (0,5 + x)Rr + B (0,5 - x)R7] E 9)
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the relation is carried out, showing the direct proportionality between the sum of the two acquired
signals and the ion energy, for a given hit point. In order to obtain the information on the ion
energy, the x value is obtained from the ratio:

PPy _a[r+(05 +x)R;]

= . (10)
PPy B [r+(0.5-x)Ry]
Making the following assignments
1 a l
A =-——(r+0,5 ;o Ay=——(r+0,5
! RT( Rr) 2 BRT( Ry)
1 a a
A3:E;(r_0’5Rf)(POI-B w) 5 Ay :B (11)
A; =Py, —=Pp) ; Aj=—"—"2
s =(Por B 02) 6 2r4R;

(0,5+0,58)R (a+p)
A7 = , A8 =
2r+Ry 2r+R;

from (9) and (10) the expressions providing the calibrated position and energy values are obtained

- AP +A,P, +A;

(12)

P +AP, +A,
E:PI+P2+A6 (13)

A, + Agx
Parameters A; — Ag were automatically determined in the fitting program through the

minimization of the y* value
2 2
X P _ ycale \ ESXP _ peale
2 2 2

= yi + = Ay ] 14
= * ¥ Z[ AXe J Z ~F (14)

where X “and £/ are given by egs. (12) and (13) using P; and P, uncalibrated coordinates for
each event; X™ is the linear distance of each slit of the grid from the center of the detector,

determined from the geometry of the grid; E™ is the calculated energy of the detected particle
associated with one of the loci identified in fig. 2. Energy loss in both target and dead layers is
accounted for; AX ™ represents the position resolution and is quoted as 0,5 mm. This number
corresponds to half width of a slit and is comparable with the intrinsic resolution of standard SPSD;
AE is the average accuracy in the energy determination. Its value, of the order of 50 — 100 keV, is
chosen in such a way that the reduced y; , i.e. »; divided by the number Np, of degrees of freedom

in the fitting procedure, is about 1. Since the relation y7/N, ~ 1 is the classical quantitative
determination for a good fit, we have chosen this value as a parameter of accuracy in energy
determination.

The »’ minimization procedure has also proven to be feasible for a precise determination of
the thickness of dead layers crossed by the particles before being stopped inside the active region of
the detector. The thickness of the dead layers is varied until the best y* is obtained. Further

technical cross checks on the detectors have validated the capabilities of this procedure.
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Fig. 3. Two-dimensional spectrum of the calibrated variables, angular position 8 versus energy E.
The numbers are associated with experimental loci as explained in the caption of Fig. 2.

It is worth stressing that there is no need to reliminarily deduce amplifier gains and dc offsets,
since they are implicitly accounted for in the global calibration procedure. The position of each
particle hitting the detector has to be converted into an angle relative to the beam direction. The
following expression allows for determining the angle:

0= arctandi +8, (15)

[

d; and 6. being the distance from the target and the central angle of the detector, respectively.

Fig. 3 shows the events reported in fig. 2, scattered on the two-dimensional plane of the
calibrated variables, angle and energy. The horizontal alignment of the angular regions located by
the slits of the grid makes sure about the independence of the angular variable on the energy of the
detected ion.

Conclusions

An original method to calibrate Silicon Position Sensitive Detector was described. Position and
energy information for the hitting ion are reconstructed from the analysis of the signals collected at
the ends of the resistive electrode. This method provides a general calibration procedure, which
does not need preliminary information of the amplifier gains of the two chains as well as of the dc
offsets. The expressions for the calibrated energy and position values are finally given in terms of
the acquired signal heights and several parameters whose best values are simply obtained by means
of a multiple regression treatment.
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METO/J KAJIBPOBKHA KPEMHIEBHUX MO3HUIIIMHOYYTJINBUX JAETEKTOPIB
B. B. Ocramko, A. Tymuno, C. Pomano

[pencrasieHo MeToA, W0 BUKOPHCTOBYBABCS A5 KaliGPOBKM MO3MUIHHOUYTIMBHX KpEMHIEBHX
AeTekTopiB. 3 KOMGiHaUil curHanis, WO QikcyBanuca Ha KiHUAX AETeKTOpa (4yTIMBOTO OMiYHOTO OMopy),
BH3HAYaJIUCs €HEpris Ta TO4Ka NMOMaJaHHA B IETEKTOP, a 3 LbOTO | KyT BHJILOTY YaCTHHKH 3 MillieH.

METO/J{ KAJIMBPOBKH KPEMHUEBLIX IMO3HUIIMOHHOYYBCTBUTEJBHBIX
JETEKTOPOB

B. B. Ocramko, A. Tymuno, C. Pomano

HpeﬂCTaBHCH METOA, KOTOPHF[ HCIIOJIL30BAJICH  J1s KaﬂH6pOBKH MO3ULMOHHOYYBCTBHUTEJIBHbIX
KPEMHHUEBBIX NIETEKTOPOB. [To xomMOuHaLMH CHUTHaJIOB, KOTOpbIE (ancupoaaﬂucs Ha KOHLAax JAE€TeKTopa
(HYBCTBHTEIIBHOFO OMHYECKOIro COﬂpOTHBﬂeHHﬂ), OTIPEACIAIUCE SHEPIUs U TOYKA NonagaHus B HOETEKTOp, a
3HA4UT, U yroj BblJI€Ta YaCTHI[bl C MHUILICHH.

Received 02.10.03,
revised - 16.12.03.

160 3BIPHUK HAYKOBUX MPALb IHCTUTYTY SJAEPHUX AOCJIDKEHB Ne3 (11) 2003



