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A spectrometric stand for measuring the energy resolution of unpackaged single-channel silicon planar detectors
has been developed and manufactured. The developed spectrometric stand makes it possible to reject detectors with
unsatisfactory spectrometric characteristics at an early stage of manufacturing the detecting modules. Also, a tech-
nique has been developed for studying the spectrometric characteristics of unpackaged silicon detectors intended for
the manufacture of detecting modules for ionizing radiation for various purposes.

PACS: 07.85.Nc, 07.05.Tp

INTRODUCTION

Manufacturing of detecting modules based on un-
cooled silicon planar detectors provides preliminary
studies of static characteristics, which makes it possible
to carry out the first stage of rejection of detectors with
unsatisfactory characteristics during manufacturing. The
designs of planar silicon uncooled detectors based on
high-resistance n-type silicon, developed at NSC KIPT,
are described in detail in [1 - 4]. They are made from
high-resistance n-type silicon and usually contain a p-n
junction of the active region surrounded by a protective
p+ ring for increased energy resolution.

Static characteristics, such as current-voltage charac-
teristics (I-V characteristics) of the active region and the
protective ring of the detector, as well as the capaci-
tance-voltage characteristic of the detector, are deter-
mined on light-isolated probe stations with manual
movement of probes or on automatic probe stations [2,
5]. Probe stations provide accurate positioning of the
probes along the coordinate, reliable electrical contact
of the probes with the pads with minimal damage of the
pads aluminum surface, the dimensions of which are
usually about 100x100 um. The detectors are connected
to the measuring circuits of the equipment using preci-
sion micro-position measuring probes using a micro-
scope. However, these probes have significant physical
dimensions (150x30x50 mm), what leads to an unjusti-
fied increase in the length of the input circuits which are
interference sensitive. Accordingly, that leads to an in-
crease of noise in the measuring circuits. In addition,
such probes require the use of a large-sized light-
isolating chamber.

The determination of the spectrometric characteris-
tics of a silicon detector is usually performed after its
installation in the detector module case, which requires
providing assembly operations (gluing, bonding, heat
treatment, sealing, etc.) without a guarantee that a detec-
tor with the required characteristics arrives at the as-
sembly operation, since rejection is performed after as-
sembly [4].
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1. ELECTRONICS
OF THE SPECTROMETRIC STAND

In order to eliminate unjustified costs for assembling
modules with detectors that have not passed testing, a
special stand has been designed and manufactured for
studying the spectrometric characteristics of unpack-
aged single-channel silicon planar detectors. The spec-
trometric stand consists of a small-sized light-insulating
shielded box and a spectrometer, the preliminary
charge-sensitive amplifier (CSA) of which are located
inside the box.

Fig. 1 shows a block diagram of the developed spec-
trometric stand.
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Fig. 1. Block diagram of the spectrometric stand:

1 —detecting element; 2 — charge sensitive amplifier,
3 — spectrometric amplifier; 4 — spectrometric
analog-to-digital converter (ADC); 5 —computer;
6 — DC/DC-converter

A simplified diagram of a CSA is shown in Fig. 2.
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Fig. 2. A simplified diagram of CSA

The input stage of the frequency amplifier determines
the noise properties of the entire preamplifier. A low-
noise field-effect transistor T1 JFET with a high slope
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and low leakage current is used at the input of the CSA of
the first stage. The operating mode of the field-effect
transistor is selected in such a way as to optimize its noise
parameters. The second stage has a low input and high
output impedance, namely, it is a current amplifier.

Low input impedance, which is the load of the field-
effect transistor, is necessary in order to reduce the in-
fluence of the through-capacity of the transistor. The
stage on the T3 transistor provides matching of the
high-resistance load of the current amplifier and the
load of the following stages.

The feedback circuit consists of a high resistance re-
sistor R1 and a small capacitor C1. When choosing the
type of resistor, its noise characteristics were taken into
account, since a high-resistance feedback resistor can
have increased intrinsic noise.

The CSA output is additionally buffered by an op-
erational amplifier, which is used for scaling.

For amplitude analysis, it is necessary to provide a
good signal-to-noise ratio, since it determines the ampli-
tude resolution and energy resolution of the spectrome-
ter. Since the noise sources in the detector and the first
amplifier stages have a wider frequency bandwidth than
the useful signal bandwidth, the signal-to-noise ratio can
be improved by appropriate filtering. To achieve the
maximum signal-to-noise ratio, the signal with the CSA
must be optimally filtered, selecting only the frequency
band in which the useful signal has the highest energy
and suppressing those frequencies where the noise
dominates. The optimal filter for semiconductor detec-
tors is a quasi-Gaussian signal shaper implemented as a
CR-(RC)" filter.

A quasi-Gaussian waveform can be obtained by sin-
gle differentiation and multiple integration CR-(RC)".
With an increase in the number of integrations, the sig-
nal acquires an increasingly symmetrical bell-shaped
shape, close to the Gaussian curve. Presented spec-
trometer uses active filters based on operational ampli-
fiers instead of simple CR-RC circuits.

The use of active filters allows to reduce the number
of integration sections. The spectrometric amplifier is
implemented according to the scheme of four integrat-
ing filters CR-(RC)*, which makes it possible to obtain
the excess noise ratio Ke.n. = 1.16. The formation time
was chosen to be 2 us to increase the signal-to-noise
ratio when using the detecting module at room tempera-
tures. In Fig. 3 shows a simplified schematic diagram of
the shaping amplifier for the case of four integrating
filters CR-(RC)*.
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Fig. 3. Simplified schematic diagram
of the spectrometric amplifier CR-(RC)*

The spectromeric amplifier input stage of the opera-
tional amplifier U1l serves as a buffer, which provides a
high input impedance at the input and pre-amplification
of a weak signal from the CSA to the required value.
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The U2 circuit allows zero-pole compensation in an
exponentially decaying signal with the CSA, which is
necessary to stabilize the baseline at high numbers of
pulses per second from the detector. The signal is inte-
grated in sections U3 and U4, which are designed as
low-pass filters [6].

The response of the spectrometric amplifier to the
input pulse is analyzed using software simulation. The
input pulse simulating the signal from the CSA has the
following parameters: the leading edge duration is
10 ns, the flat top duration is 100 ns, the trailing edge
duration is 5 ps, and the repetition period is 20 ps. The
results of modeling the amplitude-frequency (AFC) and
phase-frequency (PFC) characteristics of the spectro-
metric  amplifier in  the frequency range
100 kHz...10 MHz are shown in Fig. 4. The upper
graph illustrates the behavior of the frequency response,
and the lower phase response of the amplifier.
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Fig. 4. Frequency response and phase response
of the spectrometric amplifier

The response of the spectrometric amplifier to a
pulse signal is shown in Fig. 5. The input signal is high-
lighted in red, the output signal is in blue.
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Fig. 5. Reactions of the spectrometric amplifier
to input signal

Simulation confirmed the calculated characteristics
of the developed spectrometric amplifier circuit [7].

To realize all the necessary supply voltages used in
the spectrometer, a DC/DC converter was used (Fig. 6).
Computer USB interface voltage (+5 V) is used as pri-
mary power supply for ease of use. The USB interface
enables power consumption up to 3.5 W.

The level of high frequency ripple at the output of a
DC/DC converter is critical for powering analog cir-
cuits. Therefore, in the manufactured DC/DC converter,
for additional suppression of high-frequency ripples,
additional filters are used, consisting of an input filter
with smoothing elements C1, C2 and output filtering
stages. All capacitors are used with low series equiva-
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lent resistance (ESR) to achieve low output ripple and
high efficiency.
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Fig. 6. Block diagram of DC/DC-converter
2. BOX FOR STUDYING

In order to ensure light and noise immunity, the box
for placing unpackaged silicon planar detectors in the
study of spectrometric characteristics is made of metal
(aluminum). The box contains a holder for an unpack-
aged detector, an adapter commutation board, a pream-
plifier and connectors for connecting the subsequent
stages of the electronic circuitry of the spectrometer
(Fig. 7). The box also contains a metal opaque cover
(not shown in the Fig. 7), which makes it possible to
create the required conditions for measuring the spec-
trometric characteristics of an unpackaged detector.

Fig. 7. Test box for placement of unpackaged detectors:
1 —silicon detector, 2 — adapter board,; 3 — CSA;
4 — connector

The unpackaged silicon planar detector is mounted
on a special holder and secured with side clamps made
of a relatively soft dielectric material. To connect the
open-frame silicon detector to the preamplifier, a dielec-
tric adapter board with intermediate contacts pre-
connected to the preamplifier is used. The pads of the
unpackaged silicon detector, installed and mechanically
fixed on the holder in close proximity to the adapter
board, are connected to the transition contacts of the
board by jumpers made of aluminum wire with a diame-
ter of 18 or 25 um by ultrasonic (US) bonding.

Thus, a reliable connection of all electrical circuits
of the detector to the measuring circuits is ensured with
minimal damage to the contact pads. At the same time,
in order to increase noise immunity, the requirement to
minimize the length of the input circuits is fulfilled. It
should be noted that after the installation and mounting
of the unpackaged silicon detector on the holder, no
procedures related to possible mechanical damage and
contamination of the detector (soldering, gluing, etc.)
are performed.
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The geometrical dimensions of the test box, the
height and location of the silicon detector holder inside
the box take into account the permissible dimensions of
the working space of the US bonder, which provides the
bonding tool access to all the objects to be bonded with
visual control of the objects.

To maintain a high insulation resistance between the
intermediate contacts, the adapter board is made of glass
ceramic CT50-1. The transition contacts are made of
gold-plated nickel, which makes it possible to perform
both soldering of copper conductors for connection to
the CSA, and ultrasonic bonding of aluminum wires for
connection to the pads of the detector.

US bonding of aluminum wire is performed on Del-
votec 5330 using a microbonding tool with a minimum
size of the working part, type FP45A-W-1515-L-CM
VR Set "C" from SPT [8].

When performing ultrasonic bonding, it is required
to rigidly fix the crystal of the silicon detector, for
which the holder is provided with a vacuum mounting
of the detector. To prevent the detector from displacing
after turning off the vacuum when moving the box with
the detector and when performing testing procedures,
the holder is additionally provided with mechanical
clamps that contact only the side faces of the silicon
detector crystal.

Studies of spectrometric characteristics are carried
out using an ionizing radiation source fixed on the box
cover above the investigated detector.

After testing, the aluminum bridging wires are care-
fully removed with tweezers and the undamaged detec-
tor can be easily removed from the holder. The size of
the bond spot of the aluminum wire on the detector's
pads is slightly larger than the wire diameter, which
leaves intact a significant area of the detector's pads and
allows repeated bonds when the detector is installed in
the module housing,.

3. SOFTWARE OF THE SPECTROMETRIC
STAND

The developed spectrometric system is used to
measure spectra and determine the characteristics of the
elements of single-channel detectors. The signals from
the detector, after the CSA and spectrometric amplifier,
are fed to the input of the spectrometric ADC. The ADC
is to convert the amplitude of microsecond pulses enter-
ing the input into a digital code and accumulate the
spectrum in the internal memory. ADC is designed as an
external device connected to the USB port of a com-
puter. This port is used to control, exchange information
and power the ADC.

The ADC executes commands to start/stop signal
conversion and spectrum accumulation, use and set the
ADC threshold level, read and clear the spectrum accu-
mulation memory. When measuring the spectrum, the
ADC operates in autostart mode from incoming pulses.
In this case, pulses that exceed the set response thresh-
old are processed. This ADC can also operate in exter-
nal clock mode via a separate input.

To programmatically connect the ADC to the sys-
tem, a USB controller driver is used, there is also a li-
brary of I/O functions and functions for controlling the
operation of the ADC.
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The spectrometer software runs in a window inter-
face. Commands for managing the spectrum set, express
processing, calibration, storage and loading of files are
available. The spectrum accumulated in the ADC mem-
ory is periodically read by the computer and displayed
on the monitor screen. The corresponding windows dis-
play information about the spectrum acquisition time,
the number of pulses in the entire spectrum and in the
area of interest, and the loading of the measuring chan-
nel. The region of interest on the screen is highlighted
with appropriate markers. The spectrum display is
automatically scaled when the spectrum is displayed.

To determine the resolution of the spectrometer, an
express processing program is used. During express
processing, a background substrate is determined using
the portion of the spectrum selected by markers and
adjacent areas. The found background is subtracted
from the spectrum, the maximum and deviation in the
specified range are determined. Next, the parameters of
the curve are determined that best describes the selected
peak. The position of the center of the peak, its height
and width of the peak at half height are determined. The
obtained values are converted into energy units, taking
into account the previously performed -calibration
(Fig. 8).
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Fig. 8. Screen view of the program when performing
express processing of the selected spectrum peak

The calibration procedure is carried out by the pro-
gram according to the spectrum peaks from the calibra-
tion radiation source (Fig. 9). The program finds the
specified peaks in the measured spectrum and deter-
mines their characteristics. Calibration results are saved
in the configuration file of the program, and are loaded
by the program at initial startup.
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Fig. 9. Screen view of the program during calibration
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Thus, the spectrometer program makes it possible to
accumulate and process spectrometric information for
the investigated planar silicon detectors.
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4. RESEARCH OF THE CHARACTERISTICS
OF UNPACKAGED DETECTORS

A method for studying the characteristics of unpack-
aged silicon planar detectors has been developed, which
provides for the determination of static and spectromet-
ric characteristics before performing the assembly op-
erations of the detecting modules. The static and spec-
trometric characteristics of an unpackaged silicon detec-
tor developed by NSC KIPT with a size of 2x2 mm
were determined using the developed stand in two vari-
ants of connecting depletion circuits (Figs. 10 - 12):

- Ist option — connection to a solid aluminum layer
on the n+ side of the detector (the back side in relation
to the front p+ side);

- 2nd option — connection to the n+ ring on the p+
side of the detector.

Fig. 10. Spectrometric stand:
1 —test box; 2 —ADC; 3 — amplifier-shaper
and DC/DC-converter; 4 — computer

Fig. 11. The investigated detector in the test box:
1 —CSA; 2 —adapter board, 3 —unpackaged detector

Fig. 12. Enlarged image of unpackaged detector
with attached wire jumpers: 1 — intermediate contact,
2 —wire jumper; 3 —unpackaged detector
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Fig. 13. VAC of the active region of the detector:
1 — connection the depletion circuit according
to the first option; 2 — connection the depletion circuit
according to the second option

Measurements of the voltage-current characteristics
(VAC) of the detector did not reveal significant differ-
ences in the leakage currents of the active region and the
protective ring (Fig. 13). The leakage current of the ac-
tive region at a voltage of 70 V in the first version is
0.66647 nA, and in the second version - 0.66068 nA.

After studying the static characteristics, the spectro-
metric characteristics were studied using a **' Am radia-
tion source. The radiation spectra recorded by the detec-
tor using the developed stand are shown in Fig. 14.

The energy resolution of the detector at a depletion
voltage of 36 V when connected according to the first
variant is 1.27 keV, according to the second variant it is
1.26 keV.

The absence of significant differences in the results
of measurements of the energy resolution allows us to
conclude that the connection of the depletion circuit
from both the n+ side and to the n+ ring on the p+ side
is equivalent. This makes it possible to exclude the op-
erations associated with bonding wires to the rear side
of the detector, and, thus, to leave bonding only on the
front side of the detector, which greatly simplifies the
procedure for creating bonded joints when assembling
the detector module.

59.6 keV

59.? keV

Fig. 14. Spectra of **' Am recorded by the same detec-
tor: 1 — connection according to the first option;
2 — connection according to the second option

!

After investigating the static and spectrometric char-
acteristics of the unpackaged detector, the assembly of
the detecting module with the same detector and with
the same two options for connecting the depletion cir-
cuit was performed. The results of measurements car-
ried out on the stand showed a slight improvement in

54

the energy resolution of the detector as part of the as-
sembled module as compared to the results when the
detector was unpackaged. The energy resolution when
connected both according to the first and second options
was 1.2 keV (Fig. 15).

59.6 keV

59.6 keV
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Fig. 15. Spectra ** Am recorded by the same detector
placed in the housing: 1 — connection according
to the first option; 2 — connection according
to the second option

The improvement in the energy resolution after as-
sembly of the module can be explained by the additional
heat treatment of the unpackaged detector before seal-
ing, as well as by filling the case of the module with
gaseous nitrogen, i.e. excluding the negative influence
of atmospheric moisture vapors, which were present
during measurements on the spectrometric stand.

Thus, it has been shown that the use of the devel-
oped spectrometric stand makes it possible to determine
the spectrometric characteristics of the detectors imme-
diately after cutting the detectors from the wafer and
reject detectors with unsatisfactory characteristics be-
fore the stage of assembling the detecting modules.

In addition, the ability to connect depletion circuits
to the front side of the silicon detector makes it possible
to simplify the assembly procedure, and in the future, to
develop the design of silicon detectors, taking into ac-
count the elimination of the need to connect electrical
circuits to the rear side of the detector.

CONCLUSIONS

A special stand was developed and manufactured to
determine the spectrometric characteristics of unpack-
aged silicon planar detectors.

A technique was developed and studies of the spec-
trometric characteristics of unpackaged detectors were
carried out, which showed the coincidence of the meas-
urement results for various options for connecting the
detector and the preservation of the characteristics of the
detector at all stages of the detecting modules assembly.

The conducted research allows to exclude the opera-
tions associated with bonding wires to the rear side of
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the detector, and, thus, to carry out bonding only on the and Technology. Series “Nuclear Physic Investiga-
front side of the detector. This greatly simplifies the tions”. 2018, Ne 3, p. 111-117.
assembly procedure for detecting modules for various 4. G.P. Vasilyev, V.K. Voloshin, S.K. Kiprich,
purposes based on single-channel silicon planar detec- N.I. Maslov, S.V. Naumov, S.M. Potin,
tors. V.I. Yalovenko. Encapsulated modules of silicon de-
The developed spectrometric stand and research tectors of ionizing radiation // Problems of Atomic
methodology allow to reduce material costs for manu- Science and Technology. Series “Nuclear Physic In-
facturing the detecting modules, due to the rejection of vestigations”. 2010, Ne 3, p. 200-204.

substandard detectors at the initial stage of the assembly
of detecting modules, which reduces the cost of the fin-
ished product.
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CHEKTPOMETPUYECKHI CTEH]I 1JI1 U3MEPEHU S SHEPTETUYECKOI'O PA3PEIIEHUS
BECKOPITYCHBIX KPEMHUEBBIX IINTAHAPHBIX JETEKTOPOB

A.A. Kanaui, C.K. Kunpuu, H.U. Macnos, B./]. Os¢uunnux, C.M. Ilomun, U.H. Illnaxos,
M. IO. lllynuxa, I'.Il. Bacunves, B.U. Snosenko

Pa3pa®oTaH U U3rOTOBIICH CHEKTPOMETPUUECKUI CTEH AT U3MEPEHHUs SHEPreTHYECKOr0 pa3peleHus 0eckop-
ITyCHBIX OJIHOKAHAJBbHBIX KPEMHHUEBBIX IUIAHAPHBIX AETEKTOPOB. Pa3paboTaHHBIN CIIEKTPOMETPHUUYECKUN CTEHJ MO-
3BOJISIET HAa PaHHEW CTaJMU M3TOTOBJICHHS AETEKTUPYIOIIMX MOAYJIEH OTOPaKOBBIBATH JETEKTOPHI C HEY/IOBJIETBOPHU-
TENILHBIMH CIIEKTPOMETPUYECKUMH XapaKTepucTHKaMu. Takxke pazpaboTaHa METOAMKA HUCCIEJOBAHHS CIIEKTPOMET-
PHUYECKHX XapaKTEPUCTUK OECKOPIYCHBIX KPEMHHEBBIX NETEKTOPOB, NMPEAHA3HAUCHHBIX Ul U3TOTOBJICHUS JETEK-
TUPYIOIIUX MOAYJIEH HOHU3UPYIOIIETO N3TYyIEHUS Pa3InYHOrO Ha3HAUCHHS.

CHEKTPOMETPUYHUM CTEH/ JJIsI BUMIPIOBAHHSI EHEPTETUYHOI PO3I1IIbHOI
3AATHOCTI BE3KOPITYCHUX KPEMHIE€BUX IINTAHAPHUX JETEKTOPIB

O.A. Kanniu, C.K. Kinpiu, M.1. Macnos, B./]. Osuunnux, C.M. Ilomin, .M. IlInaxos,
M. IO. llynika, I'Il. Bacunses, B.1. Anogenko

Po3pobneHo Ta BUTOTOBJIEHO CHEKTPOMETPUYHUIA CTEH]T U1l BUMIiPIOBAHHSI €HEPreTUYHOI PO3IUIBHOI 3IaTHOCTI
0€3KOpIYCHUX OJHOKAHAIILHUX KPEMHIEBUX IUIAHAPHUX NETEKTOpiB. PO3po0ieHui ceKTpOMETpUYHUI CTEH]I J0-
3BOJISIE HA PaHHIN CTajlii BUTOTOBIICHHS JETEKTYIOUNX MOAYJIB OpaKyBaTH AETEKTOPH 3 HE3aOBIIbHUMH CIIEKTPO-
METPHUYHUMH XapaKTEpPUCTUKaMU. Takox po3poOieHa METOAMKA JIOCHIPKEHHS CIEKTPOMETPUYHUX XapaKTEPUCTHK
0€3KOpIYCHUX KPEMHIEBHX JETEKTOPIB, IPU3HAYEHHUX Ul BUTOTOBJICHHS JIETEKTYIOUMX MOJYJIB 10HI3ylOUOro BU-
MIPOMIHIOBaHHS Pi3HOTO ITPU3HAYECHHSI.
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