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A universal test platform for research and development of planar radiation detectors for use in medicine has been
created having the possibility of obtaining complete information about the characteristics of the detector before
creating a detecting module with specialized electronics. 5 jobs were created with the ability to perform the
following work: measurement of the electrophysical characteristics of individual detectors and selected detection
elements of the matrices based on the station with manual movement of microprobes; determination of the yield of
suitable detector elements of matrices using a test station with automated microprobe movement and automated
collection and processing of electrophysical measurement data; measurement of the energy resolution (ER) of
individual silicon detectors, “scintillator-silicon photosensor” type detectors and measurement of the ER of selected
matrix elements before creating a detection module with specialized electronics.

PACS: 28.20.07.05.Tp

INTRODUCTION

The Kharkiv test platform is created on the basis of
25-year experience of KIPT group in research, develop-
ment, creation, and operation of multichannel silicon
microstrip detectors in high energy physics experiment
[1-7]. In the Kharkiv test platform (Fig. 1) for devel-
opment of spectrometric detectors the following poten-
tial platform performances were planned and realized:

e Measurement of electrophysical characteristics of
individual detectors and separate detecting elements of
detector arrays;

e Measurement of the yield of the operable detecting
elements of detector arrays;

e Measurement of energy resolution of individual
silicon detectors, combined “silicon photosensor-
scintillator” detectors and separate detecting elements of
detector arrays before the creation of the detecting mod-
ule with multichannel read-out electronics;

o Possibility of detector modules assembly, includ-
ing assembly of multichannel modules on the basis of
detectors arrays and multichannel read-out electronics;

o Possibility of thermal treatment of detectors and
detecting modules.

For providing above performances the following fa-
cilities of the test platform were created:

o A test station with the automated movement of mi-
croprobes and the automated storage and processing of
measurement data;

e A test station with manual movement of micro-
probes and with visual registration of measurement data;

e A special spectrometer system for energy resolu-
tion measurement of individual silicon detectors, indi-
vidual combined “silicon photosensor-scintillator” de-
tectors and separate detecting elements of detector ar-
rays before the creation of the detecting module with
multichannel read-out electronics;

e Zone for detecting modules assemblage, including
assembly of multichannel modules on the basis of detec-
tor arrays and multichannel read-out electronics with
possibilities of thermal processing of detecting modules.
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Fig. 1. Entrance to the room of the Kharkiv test
platform for research and development
of Si spectrometric planar detectors
and detectors arrays for medical application

1. AUTOMATED TEST STATION

The test station with the automated movement of mi-
croprobes and the automated storage and processing of
measurement data designed for the measurement of the
detector electrophysical characteristics and the yield of
operable detecting elements in detector arrays.

The automated test station was created on the basis
of the microstep probe station ZOND-A4III which was
employed previously in the USSR for testing the chips
of integrated electronics (Fig. 2).

During the creation of test station with the automated
movement of microprobes and the automated storage
and processing of measurement data the following main
R&D were carried out:

e The microstep probe station ZOND-A4III device
was housed in a light-tight box;

e Mechanical movements of the object stage of the
probe station ZOND-A4I1I were automated;

¢ An interface board for matching the signals of the
input-output (I/O) register and probe station ZOND-
A4III was developed;
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e A commutation device was developed and manu-
factured intended for the computerized connection of the
measuring schemes in the process of automated testing
of silicon multichannel arrays for the determination of
the yield of operable detecting elements;

e Programs for storage and processing data of meas-
urements were developed;

e Testing of the simultaneous automated movement
of the object stage of the microprobe station and the au-
tomated measurement and storage of the measurement
data was carried out.

Fig. 2. General view of the automated test station
with the automated movement of microprobes
and the automated storage and processing of measure-
ment data of detector electrophysical characteristics

Automation of the mechanical movements of the
object stage of the probe station ZOND-A4IIl. The
probe station ZOND-A4III allows to move the tested
detector array located on the object stage in two direc-
tions and provides connection to contact needles by lift-
ing and lowering the object stage.

The object stage is moved with stepper motors. Step-
per motors are connected to the pulse generating circuits
of the probe station. The stepper motors’ schemes are
controlled by pulses formed in the output register of the
USB-based 24-channel digital 1/O device. A special
matching board was developed for matching the signals
of the I/O register and the probe station ZOND-A4III.

In order to control the register of “USB-based 24-
channel digital I/O device” to the computer USB port a
corresponding driver and a Universal Library (UL) of
low level programs was installed. A library of programs
realizing interaction functions with programs of low
level of UL library and the test program for checking the
control of the test station in the step-by-step mode were
developed. Delays in the formation of the operating
pulses and for stable operation of stepping motors were
selected. The functions of the step-by-step movement in
X and Y axes in both directions and functions of lifting
and lowering of the object stage were realized. The
check of the control system of the test station within the
developed test program was carried out.

Commutation facility for the automated test sta-
tion. A commutation facility is intended for automatic
connection of measuring circuits during testing of electro-
physical characteristics of silicon multichannel arrays and
silicon planar detectors in order to determine the yield of
operable detecting elements. The commutation facility is
governed by a personal computer by means of specially
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developed program operating via I/O registers of USB
1024-LS bus connected to USB port of the personal com-
puter. Keithly 6487 Picoammeter/Voltage Source and 895
BK Precision LCR Meter are connected to the commuta-
tion facility for the automated measurement operation.
For creation of the commutation facility a schematic
diagram has been developed, as well as the printed-
circuit board were developed and manufactured (Fig. 3).

Fig. 3. Commutation device: commutation device board
for Meder DIP05-1C90-51D relays (a). Commutation
device mounted on the light-tight case of automated test
station (2.1); 2.2 — USB 1024-LS input-output registers;
2.3 — microstepping device; 2.4 — meters;

2.5 — computer display (b)

For commutation implementation the printed-circuit
board was equipped with the Meder DIP05-1C90-51D
relays. For reduction of dielectric losses in a material for
printed-circuit boards the boards have been manufac-
tured from a foil-coated Teflon plate. They were made
using specially developed photo masks. The manufac-
tured and soldered board was mounted on a chassis to
which the input-output registers also were attached, as
well as a panel with sockets for connection to measuring
devices and probes.

The investigation of a possible influence of the
commutation device on the results of detector parame-
ters measurement was carried out by their comparison
with results of measurements carried out directly, with-
out the commutation device (Table).

Results of measurements of the S6 detector parame-
ters obtained with the use of the commutation device and
measured directly for comparison are given in Table.
U is the depletion voltage applied to the detector; 1,0 —
the leakage current of the detector active region, and
I — the leakage current of the detector guard ring.
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Measurements of S6 Si-detector

With the commutation device Directly
UY) [T (A) [ 1o (pA) | Lo (pA) | Ly (pA)
10 10.5 288 8.3 279
20 9.5 330 7.5 320
30 9.5 370 7.57 359
40 9.5 401 7.68 392
50 9.5 427 7.66 421
60 9.5 452 7.72 448

It is obvious that the difference in results of meas-
urements with the use of the switchboard and of the
same detector directly is insignificant.

Fig. 4 presents the results of three passes of meas-
urements of the leakage current of a multichannel silicon
array using the microstepping device which provided
connection to contact windows sized 60x100 pm.
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Fig. 4. Trial measurement of the leakage current
of Si matrix elements at automated test station
with the use of the commutating device
and microstepping device of the automated test station

Each step is equivalent to 4100 um or 40 strips.
There are observed a stable contact at operation of the
microstepping device and good repeatability of results of
the leakage current measurements of the array elements.

2. THE TEST STATION WITH MANUAL
MOVEMENT OF THE OBJECT STAGE

The test station with manual movement of the detec-
tor object stage and with visual registration of measure-
ment data of detector electro-physical characteristics
was modernized and mounted in the Kharkiv platform. It
allows providing necessary measurements of detector
electro-physical characteristics and will be very useful to
users starting to study detectors and carrying out meas-
urements. The general view of test station with manual
movement of the object stage and visual recording of
measurements data is shown in Fig. 5.

Fig. 5. A general view of the test station with manual
movement of the detector object stage and with visual
registration of measurements data
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3. SPECIAL SPECTROMETER SYSTEM

The platform for the development of silicon uncooled
detectors should have a possibility to measure the energy
resolution of one-channel uncooled detectors, combined
“silicon photosensor-scintillator” detectors and separated
detecting elements of two-dimensional arrays. Therefore
for such measurements the specialized one-channel spec-
trometer (Fig. 6) was developed and fabricated for plat-
form by “Department of Radiation Physics and Mul-
tichannel Track Detectors” of NSC KIPT (https:
//'www.kipt.kharkov.ua/ihepnp/files/physvypr.html).

Fig. 6. A general view of a specialized spectrometer
and special box (rightmost) for holding and connecting
of non-encapsulated detectors

One-channel Si detectors, combined “scintillator- Si
photosensor” detectors and two-dimensional arrays are
placed in special box for measurements (Fig. 7).

resolution measurements of non encapsulated detectors

For connection of non encapsulated silicon detector
(3) to the preliminary amplifier (1) the transitional di-
electric plate with intermediate contacts, already con-
nected to the preamplifier (2), is provided.

The contact pads of the non-encapsulated silicon de-
tector fixed in the holder in immediate proximity to the
transitional plate are connected to the plate contacts by
bridges made of 18 or 25 um aluminum wire by ultra-
sonic microwelding. Special box is connected to the
spectrometer mainframe by a cable.

The spectrometer includes, besides the special box
for holding the investigated non-encapsulated detecting
element, spectrometric amplifier, spectrometric ADC,
connected to computer or notebook, and a power supply
unit (DC/DC converter). The voltage from the computer
USB-interface (+5 B) is used as a primary power supply
that ensures the autonomy of the spectrometer.

The spectrometer with box allows measuring detec-
tor energy resolution before the creation of module with
specialized readout electronics while developing the
detectors.
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4. ZONE FOR ASSEMBLING
AND THERMAL PROCESSING
OF DETECTING MODULES

A zone for assembling and thermal processing of de-
tecting modules on the base of single-channel detectors,
of detector arrays with single-channel and multichannel
read-out electronics was created accounting the experi-
ence of the team from NSC KIPT [8, 9] as well as the
experience of foreign research centers. The general view
of the created assemblage and thermal processing zone
is shown in Fig. 8.

Fig. 8. Detector modules assembling
and thermal processing zone

The main components of detecting modules are non-
encapsulated silicon sensors and silicon elements of
read-out electronics which are extremely sensitive to
mechanical damage and chemical pollution. The size of
the elements is of order of micrometers that demands the
use of the equipment and tools designed for the assem-
bly of microelectronics items which provides sparing
modes of tiny objects processing. Employed materials
and technological processes must also rule out chemical,
mechanical and thermal damage.

The assembling and thermal processing zone in-
cludes the microwelding installation US.IMM-1 (equip-
ment used in the former USSR for a microelectronics
production) as well as the new equipment, namely a
KONUS CRYSTAL PRO stereo microscope, a digital
video camera Levenhuk M800 Plus, a Performus III
dispenser with the MIKROS microportioning device, a
Memmert UF-50 thermocase (Figs. 9-12), a vacuum
pump NO22AN.18IP20, an ultrasonic bath PS-08A, a
personal computer (not shown).

Fig. 9. The microwelding installation US.IMM-1
(equipment used in the former USSR)
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Fig. 10. KONUS CRYSTAL PRO stereo microscope
with digital video camera Levenhuk M800 Plus

N—

Fig. 11. Performus Il dispenser with the MIKROS
microportioning device

Fig. 12. Memmert UF-50 thermocase

In addition, the following materials and tools are used
to ensure the development and manufacture of various
detecting devices based on silicon planar detectors:

e An aluminum wire for microwelding of the
BWALALSI1%18MY and BWALALCR%25MY type
in diameter of 18 and 25 um from Heraeus Co;

e Microwelding tools for US welding of the speci-
fied wire of the FP45A-W-1515-L-CM and FP30A-W-
2020-L-CM type from Small Precision Tools Co;

e Tips and syringes of various size for Performus II1
dispenser for application of glue in microdoses;

e A number of high-purity dielectric and conducting
glutinous materials which do not worsen the characteris-
tics of silicon detectors, including Epo-Tek H70S, Epo-
Tek H20S, and Epo-Tek 930-4 from Epoxy Technology
and Elastosil Solar 2202 from Wacker Chemie AG.
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The created assemblage and thermal processing zone
allows to carry out the following operations:

o Ultrasonic microwelding of wire leads of 18 and
25 um diameter to silicon crystals, printed boards and
other components of detector modules;

e Gluing of tiny parts of modules using epoxy and
silicone glutinous materials;

e Heat treatment of components and assembly parts
of detector modules with temperature up to 300°C;

¢ Visual inspection of assembled objects, both with
an optical microscope, and with a video camera for the
computer screening with the magnification up to 180x;

¢ Cleaning of components of the module and tools in
an ultrasonic bath;

¢ Encapsulation of detecting modules.

CONCLUSIONS

The universal platform for research and development
of planar radiation detectors for use in medicine has
been created and tested on real operations of investiga-
tion and creation of detecting modules.

The platform allows to carry out a full cycle of de-
tectors R@D, assemblage and thermal processing opera-
tions in the manufacture of one- and multichannel de-
tecting devices on the basis of silicon planar detectors.

The report contains the studies results conducted
with grant support of the STCU, project Ne 9903.
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XAPBKOBCKASI TECTOBAS IVIAT®OPMA JUUISI UCCJIEJIOBAHUI U PASPABOTKH CIIEKTPOMETPHYECKHUX
IIVTIAHAPHBIX Si-AETEKTOPOB U JETEKTOPHBIX MATPUL VIS MEJUITUHCKOI'O IPUMEHEHU 1

A.A. Kannuii, C.K. Kunpuu, H.U. Macnos, B./l. Osuunnux, CM. Ilomun, U.H. Illnaxos,
M.IO. Illynuxka, I'11. Bacunves, B.H. lnosenkxo

Co3niana yHUBepcabHasl TECTOBas IUIAaT(opMa JUIsl HCCIEIOBAaHUN U Pa3pabOTKH IUIAaHAPHBIX JETEKTOPOB M3IIYUeHUS VIS UC-
TIOJIE30BAHMS B MEAUIIMHE C BO3MOKHOCTBIO ITOTYyYEHHUS OJHOW HH(OPMAINK 0 XapaKTEePUCTHKAX JAETEKTOPA U MaTPHIL AETEKTOPOB
JUISL CO3JIaHMs ACTEKTUPYIOLIEro MOIYIISl CO CHEIUAIN3UPOBAHHOM dekTpoHnKoi. Co3maHbl 5 pabodnx MeCT ¢ BO3MOXKHOCTBHIO
BBITIOJTHEHHS! CIIEAYIOIINX paboT: H3MepeHHe 3IEKTPOPU3MIECKUX XapaKTEPHCTUK OTIENBHBIX JIETEKTOPOB M BEIOPAHHBIX JETEKTH-
PYIOLIHX 3JIEMEHTOB MaTpPHIl HA OCHOBE CTAHIMU C PYYHBIM IEpeMeIeHHeM MUKPO30HJIOB; ONPEIEICHHE BBIXO/a TOHBIX JIETEeK-
TOPHBIX 3JIEMEHTOB MATPHII C HCIIOJIF30BaHUEM TECTOBOHM CTAaHIIMH C aBTOMATU3MPOBAHHBIM IIepEMEIICHIEM MUKPO30HIIOB H aBTO-
MaTH3MPOBAHHBIM HAKOIUIEHHEM U 00pabOTKOM NaHHBIX 3IEKTPO(QU3MIECKAX M3MEPEHHI; N3MEpeHne SHEPreTHIeCKoro paspelie-
Hust (OP) OTHENbHBIX KPEeMHHEBBIX JIETEKTOPOB, JETEKTOPOB THIIA «CLHMHTUILIITOP-KPEMHHUEBBIH (oroceHcop» u n3mepeHue DP
BBIOpaHHBIX 3JIEMEHTOB MAaTPHI] VIS CO3/IaHMs IETEKTHPYIOIIEr 0 MOAYJIS CO CIIENUaIM3HPOBAHHON 3IEKTPOHIKOM.

XAPKIBCBKA TECTOBA IIVIAT®OPMA JUISI JOCJILIKEHD I PO3POBKU CIIEKTPOMETPUYHUX
IIVTIAHAPHHX Si-AETEKTOPIB I JETEKTOPHUX MATPUIb JJISAI MEJUYHOI'O 3ACTOCYBAHHS

O0.A. Kannin, C.K. Kinpiu, M.1. Macnos, B./l. Osuunnux, C.M. Ilomin, 1.H. Illnsaxos,
M.IO. Illynika, I'1l. Bacunves, B.1. nosenxo

CTBOpeHa yHiBepcaibHa TECTOBA IUIaTopMa JUlsl LOCHIKEHb 1 PO3POOKH IIAHAPHUX JIETEKTOPIiB BUIIPOMIHIOBAHHS IS BU-
KOPUCTaHb B MEIMIMHI 3 MOXJIMBICTIO OTPUMAaHHS MOBHOI iHpOpMaLil PO XapaKTEPUCTHKH JETEKTOpa Ta MATpULl AETEKTOpiB
JI0 CTBOPEHHSI IETEKTYFOUOr0 MOJYJISI 31 CIeIialli30BaHO0 eIeKTpoHiKor. CTBOPEHO 5 poboYnX MicIlb 3 MOKIIMBICTIO BUKOHAH-
HsI HACTYITHUX POOIT: BUMIPIOBAaHHS €1eKTPO(I3ZHUHNX XapaKTEPUCTHK OKPEMUX JICTEKTOPIB i 00paHMUX IETEKTYIOUHX €JIEMEHTIB
MAaTpUllb HAa OCHOBI CTaHLIl 3 PYYHUM IEPEMILIEHHAM MIKPO30OHAIB; BU3HAYEHHS BUXOLY NPHUAATHUX JICTCKTOPHHUX E€JIEMEHTIB
MAaTpullb 3 BUKOPUCTAHHSAM TECTOBOI CTaHL{i 3 aBTOMaTH30BaHUM IEPEMIIIEHHSAM MiKPO30HIB i aBTOMAaTH30BaHUM HAKOIMYEH-
HsIM 1 00pOOKOIO 1aHUX e1eKTPodi3nUHNX BUMIpIOBaHb; BUMIPIOBAHHS €HepreTH4Hoi po3niibHoi 31atHOCT (EP3) okpemux kpe-
MHI€BHX JICTEKTOPIB, JICTEKTOPIB THIY «CLUHTHIATOP-KpeMHieBUiA hoTocencop» i Bumip EP3 o0paHuX eneMeHTIB MaTpHuib J10
CTBOPEHHS I€TEKTYIOUOr0 MOJYJIS 31 CIIeLiaTi30BaHOI0 €JIEKTPOHIKOIO.
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