EFFECTIVE THICKNESS OF THE PLANAR DETECTOR
IN MEASUREMENTS OF ELECTRONS ENERGY LOSS
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An experimental method of determining the active region thickness of Si planar detector was used. The method
based on the dependence the depletion layer thickness from voltage applied to the detector (U = 0..60V). The
electron energy loss spectra emitted by %°Sr —%° Y in silicon planar detector were measured. The relative values
of most probable energy loss of electrons were defined for different thickness of detector. The planar detector was
considered as a parallel-plate capacitor. The static (capacity) and dynamic (the detection efficiency and the energy

deposit) characteristics had a root dependence on voltage.

PACS: 07.85.Fv,61.80.Cb

1. INTRODUCTION

In the present work, an experimental method for de-
termining the thickness of the active region Si of a
planar detector was used, based on the dependence
of the thickness of the depleted layer of the Si pin
detector on the voltage applied to it. The mea-
surements electrons energy loss was used for deter-
mination effective thickness of the planar detector
[1, 2, 3]. For this experiment spectrometric equip-
ment was available, including the required amount
of Si uncooled detectors developed in NSC KIPT
[4, 5, 6]. The detectors have good energy resolu-
tion (FWHM=0.9 keV'). Detectors with an area of
2x2mm?2, 5 x5mm? and a thickness of 0.3 mm were
used. The design of an uncooled planar Si detector
is described in detail in [5]. The features of gamma-
ray detection [7, 8] and electrons [9, 10] have been
experimentally studied in detail.

2. RESULTS AND DISCUSSION

2.1. Measuring of the depletion layer thickness
by electrophysical characteristics of detector
The thickness of the depleted (working) layer for
planar detector depends on the voltage depletion
submitted to it. In the first approximation planar
detector seen as a flat capacitor. Volume capacity
C}p per unit area detector (approximation of plane
capacitor) was calculated using the depletion layer
depth (d) and depletion voltage Uy in [11, 12]:

Cy = (g% es; * Neyy/2 % Up)/? for Uy less Uy,

Cy = egi/dq, for Uy, more Uy, where: dyg — depth
of complete depletion; Uy — full depletion voltage;
eg; — dielectric permittivity of silicon; ¢ — charge
of electron; and Neyy is the effective charge car-
rier density. Fig.l1 schematically shows the work-
ing layer thickness of the Si planar detector (blue).
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Fig.1. Cross-section of Si planar detector 300 ym
thick, D = thickness of the depleted layer.

Fig.2 shows the results of measurements of the detec-
tor capacitance as a function of the depletion voltage
for the Si planar detector 5 x 5 x 0.3 mm?
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Fig.2. The results of measurements of the detector
capacitance as a function of the depletion voltage
for the Si planar detector 5 x 5 x 0.3 mm?>
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Fig.3 shows how this results transformed to the
depletion layer thickness as a function of the deple-
tion voltage for the Si planar detector 5x5x0.3 mm3.
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Fig.3. The depletion layer thickness as a function
of the depletion wvoltage for the Si planar detector
5 x 5 x 0.3mm3

The dependence of the thickness of the active layer
on the voltage is well approximated by the root
dependence. The difference in the thickness of de-
pletion layer D measured by electro-physical method
reaches 8 times. For the other detectors reduction
D was about 4.5...7. Note that the root dependence
of the thickness of the working layer for voltage
greatly smoothes the numerical reduction of thick-
ness. Thus, by changing the voltage of 36V to 1V
we can reduced thickness of no more than 6 times,
accounting for 300/6 about 50 pum.

2.2. Measurement of the active layer thick-
ness from the change in the spectra of the
energy losses of electrons as a function of the
detector depletion voltage

Earlier in [9, 10], we showed that the use of dual
detectors and the coincidence circuit makes it possi-
ble to obtain the classical Landau distribution using
908y —90Y source [13] for the energy loss of electrons,
and also allows to register electrons at a high level
of the gamma background. It is difficult to precisely
determine the energy of electrons from the spectra
of the extracted energy because of the absence of a
pronounced maximum (MPV) in the distribution of
losses. In addition, energy losses in silicon are prac-
tically constant in the range 0.5...5 MeV.

Here, the electron energy loss spectra are measured
in a silicon planar detector from a %°Sr —90Y source
depending on the depletion voltage U, of the detec-
tor in the range 0...60V. Energy loss spectra were
obtained both for a single detector and for a system
of two detectors in the coincidence mode, where the
second detector was used as a trigger.

Accordingly, the experimental schemes differ for
the two measurement options. The scheme
for measuring the energy loss spectra of elec-
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trons in a single silicon planar detector is shown
in Fig.4, and scheme which use two detectors
with a coincidence circuit is shown in Fig.5.
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Fig.4. Scheme of the experiment using a sin-
gle planar detector: 1 — diaphragm; 2 - a thin
filter to remove the low-energy component of elec-

trons from the °Sr —9Y source; 8 - depletion
layer D; 4 — the total thickness of the planar detector
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Fig.5. Scheme experiment using two planar detec-
tors and coincidence circuit (CC): 1 — diaphragm; 2
— a thin filter to remove the low-energy component of

electrons from the 2°Sr =Y source; 3 — depletion
layer D; 4 — the total thickness of the planar detector

In Figs.6 and 7 show the results of measuring energy
loss spectra of electrons from the source 0Sr —20Y
in silicon planar detector 5 x 5 x 0.3mm? depend-
ing on depletion voltage U, = 0...60V. Fig.6 —
energy losses spectra obtained for a single detec-
tor, Fig.7 — spectra for system of two detectors.
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Fig.6. Spectra of energy losses. Source °Sr —0Y
for single Si detector 5 x 5 x 0.3 mm3
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Fig.7. Spectra of energy losses. Source 99Sr —0Y
for system of two detectors

Processing of spectrum was performed in Landau
approximation in ROOT5 [14]. The most probable
electron energy loss value M PV, mean energy loss
value and dispersion (Sigma) was defined (Figs.8,9).
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Fig.8. Spectra of energy losses for single St detec-
tor. Landau approzimation in ROOT 5
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Fig.9. Spectra of energy losses for system of two
detectors. Landau approximation in ROOT 5

The results of processing the experiments are shown
in Figs.10, 11.
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Fig.10. Dependence MPV on depletion voltage Uy:
measurements for single Si detector 5 x 5 x 0.3 mm?>
(upper curve); measurement for two detectors in the
coincidence mode (lower curve)
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Fig.11. Dependence Sigma on depletion voltage Uy:
measurements for single Si detector 5 x 5 x 0.3 mm?>
(upper curve); measurement for two detectors in the
coincidence mode (lower curve)

Dependence M PV (see Fig.10) and Sigma (see
Fig.11) smoothly increase with increase depletion
voltage U, and go on a plateau in the region of
30...60 V. These dependencies are close to the root
dependence.

Estimates show a decrease in M PV with a decrease
in the thickness of the depleted detector layer to 3.55
times. Change for Sigma parameter up to 2 times
for the coincidence circuit, up to 2.5 times for a single
planar detector.

As the depletion voltage decreases, the thickness of
the active region decreases correspondingly and the
capacitance of the detector increases. As a result,
noise in spectrometric electronics increases. This
makes it difficult to obtain experimental data at low
values of the depletion voltage Uy.

3. CONCLUSIONS

An experimental method for determining the active
region thickness for Si planar detector was developed
and used, based on the dependence of the depleted
layer thickness D on the depletion voltage applied to
it.

The electron energy loss spectra are measured in a
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silicon planar detector from a ?9Sr —%° Y source de-
pending on the depletion voltage U, of the detector
in the range 0...60 V. Energy loss spectra were ob-
tained both for a single detector and for a system of
two detectors in the coincidence mode, where the sec-
ond detector was used as a trigger.

The thickness of the depleted (working) layer for pla-
nar detector depends on the voltage depletion sub-
mitted to it. In the first approximation planar de-
tector seen as a flat capacitor. The dependence of
the thickness of the active layer on the voltage is well
approximated by the root dependence.

Dependence M PV and Sigma smoothly increase
with increase depletion voltage U, and go on a
plateau in the region of 30...60 V. These dependen-
cies are close to the root dependence.

This behavior is similar to the measured volt-faradic
characteristic of a silicon planar detector and is ex-
plained by a decrease in the depleted layer thickness
with a decrease in the depletion voltage. The nu-
merical values of the M PV parameter allow us to
estimate the thickness of the working layer of the
detector. The possibility of obtaining experimental
data while reducing the depletion layer thickness up
to 85 wm was shown. For the experimental data with
thinner depletion layer requires further optimization
spectrometric system including the optimization of
the detector.
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QPPEKTUBHAA TOJININHA IIJIAHAPHOTO JETEKTOPA ITPU USMEPEHUAX
ITOTEPUY SHEPT'UN JIEKTPOHOB

A.C. Hees, C. K. Kunpuwu, I.II. Bacuaves, B. U. daoseenxo, B. /. Osvunnur, M. IO. Illyauxa

Ucnonb3oBascst 9KCIepUMeHTATbHBIN MEeTO/, OPe/IeJIeHUsT TOMIUHBI aKTUBHON obsactu Si-IIaHapHOTO Jie-
TekTopa. MeTom OCHOBaH Ha, 3aBUCHMOCTU TOJIIUHBI O0ETHEHHOTO CJIOST OT HANPSIYKEHUsI, TPUIOKEHHOTO K
nerextopy (U = 0...60 B). U3Mepsanuch CHeKTPHI TIOTeph SHEPIHH 3MeKTPOHOB, ucmyckaembre 20Sr —90 Y
B KPEMHUEBOM ILIAHAPHOM JIETEKTODE. BbIau OmpenesieHbl OTHOCUTEIbHBIE 3HAYEHUS HAMOO0/Iee BEPOATHBIX
OTEPb IHEPTUU FTEKTPOHOB JJIs PASIAIHON TOJIIUHBI AeTeKTopa. [LIoCKuil JeTeKTop paccMaTpuBacs Kak
KOH/IEHCATOP € napasuienabhbivu iacrunamu. Crarudeckas (eMKocTb) u punamudeckas (3bdeKTuBHOCTD
PEruCTPALKUY U YHEPIETUYECKUE [IOTEPH) XaPAKTEPUCTUKU UMEIOT KOPHEBYIO 3aBUCUMOCTLIO OT HAIIPSZKEHUS.

EPEKTUBHA TOBIIIMHA IIJIAHAPHOTI'O JETEKTOPA IIP BIMIPAX BTPATU
EHEPTIIi EJIEKTPOHIB

A.C. Jlees, C. K. Kinpiu, I.II. Bacuawves, B. I. Slaosenxo, B. /. Oswunnux, M. IO. Illyaixa

BukopucToByBaBcst eKCIIEpUMEHTATBHIN METO/] BU3HAYEHHST TOBIMHY aKTUBHOI 0bacTi Si-miaHapHoro je-
TekTopa. Meroa 3acHOBaHW# HaA 3aJIEKHOCTI TOBIIWHHU 301AHEHOTO APy Bij HAIPYTH, MPHUKIAIECHOL 10 11e-
tektopa (U = 0...60 B). BuMiproBaincs CeKTpn BTpaT eHepTii eqeKTpowis, mo sumyckaioThes 20Sr —90Y
B KPEMHIEBOMY ILJIAHADHOMY IeTeKTOpi. Byau Bu3HadeHi BiMHOCHI 3HAaYeHHS HAWOIILIN HMOBIDHUX BTpPAT
eHepril eJIeKTPOHIB JJi1si Pi3HOI TOBIIMHM JieTekTopa. llmockuilt neTrekTop po3rigaaBcss gK KOHIEHCATOD 3
napasiesbuumu wiactTunamu. Craruuna (emuicTs) i aunamiuna (edekTuBHICTH peecrpallii Ta eHepreTudHi
BTPATHU) XaPAKTEPUCTUKK MAIOTh KOPEHEBY 3aJI€XKHICTIO Bl HALIPDYI'H.
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