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INNOVATIVE DEVELOPMENT
OF COORDINATE-SENSITIVE DETECTOR OF FOCUSED
ION BEAMS FOR SPECTROSCOPY

Introduction. The urgent task for modern analytical apparatus designed for quantitative analysis of multi-elemental
composition of substances is to create multichannel coordinate-sensitive detectors (CSD) of charged particles for spec-
troscopy, which operate in real time.

Problem Statement. The Institute of Microdevices (IMD) of the NAS of Ukraine has developed a large-scale integration
circuit (LSI circuit) for CSD based on which using microchannel plates (MCP), experimental samples of CSD devices have
been designed and manufactured. The studies carried out at the Institute of Applied Physics (IAP) of the NAS of Ukraine have
shown high characteristics of the device, in particular, its high sensitivity. The feasibility of further research has been confirmed.

Purpose. To create a new generation of multichannel CSD devices with expanded field of analysis and improved techni-
cal characteristics.

Materials and Methods. The developed CSD device uses the F4772-01 MCP of Hamamatsu, Japan. The LS| circuit is
manufactured using the CMOS technology with design standards of 1 um, n-type pockets, 384 electrode sensors, and
218603 transistors on a 9.8 x 8.9 mm crystal. The microcircuit is made in a discrete wafer form, on flexible carriers of alumi-
num-polyimide type (modification 2).

Results. The development of a new generation 5-crystal CSD device has enabled expanding the field of simultaneous
analysis of the spatial distribution of ion beams of arbitrary composition and, accordingly, the range of elements analyzed
simultaneously, as well as increasing the speed of analyzing and reading data 5 and 2.5 times, respectively.

Conclusions. The use of the circuitry solution protected by the Patent of Ukraine Ne117788 has significantly reduced the
dependence of detector sensitivity on the differences in the design parameters of the driver amplifier transistors, which has
made it possible to create a new generation 5-crystal CSD device and to expand the range of elements analyzed simulta-
neously. Using the advanced CMOS technology for the manufacture of LSI circuit crystals, optimization of circuit design and
topological solutions have enabled obtaining high technical characteristics of the CSD device.

Keywords: coordinate-sensitive detector, mass spectrometry, and large-scale integration circuit CMOS technology.

An urgent task in the field of modern analyti- | time [1]. The photographic recording method and
cal equipment for quantitative analysis of multi- | the sequential measurement method for each chan-
elemental substances is to create multichannel | nel using Faraday’s cylinders are slow and time
coordinate-sensitive detectors (CSD) of charged | consuming and do not enable real-time analysis.
particles for spectroscopy, which operate in real | Multichannel CSD devices that can simulta-

neously obtain information on the entire elemen-
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time, with high accuracy, without special sample
preparation, allow the researchers to quickly cont-
rol the analysis by adjusting the mass spectrome-
ter using specific isotopes of impurity elements.
As a result, the accuracy and sensitivity of the ana-
lysis increases, while the time of analysis and the
consumption of material studied significantly re-
duce, which is especially important when crea-
ting nanomaterials or obtaining superfine mate-
rials. It is also important that the analysis of the
elemental composition of materials in real time
makes it possible to quickly and efficiently cont-
rol the material creation processes.

A large-scale integrated circuit (LSI circuit)
UB5709IK01-2.11 for microelectronic coordina-
te-sensitive detector of devices for elemental ana-
lysis of substances has been developed at the Ins-
titute of Microdevices of the NAS of Ukraine [2, 3].
Later, on the basis of this LSI circuit and micro-
channel plates (MCP), experimental samples of
CSD devices have been designed and manufactu-
red using one-centimeter MCPs [4]. MS3103 mass
spectrometer has been adapted at the Institute of
Applied Physics of the NAS of Ukraine to enable
working with experimental samples of the devel-
oped CSD devices [4, 5]. Fig. 1 shows a detector
mounted in the chamber of the mass spectrometer
in the focal plane of the magnetic analyzer.

The study of the operation of a CSD proto-
type as part of the laser mass spectrometer at the
Institute of Physics of the NAS of Ukraine has
shown a high performance of the device, in par-
ticular, its high sensitivity as antimony isotopes
21Sh and '**Sb [4] in atomic concentrations of
0.0008% and 0.0006%, respectively, have been
detected.

In 2017—2018, research project Development
of a Multichannel Sensor Device Based on a Spe-
cialized Large-Scale Integration Circuit (LSI cir-
cuit) for Mass Spectrometry was implemented at
the Research Institute of Microdevices of the Re-
search and Technological Complex Institute of
Single Crystals of the NAS of Ukraine.

The purpose of this research is to create new-
generation multichannel CSD devices with an
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Fig. 1. CSD in the mass spectrometer chamber

Fig. 2. CSD device structure: 7 — base; 2 — holder of the

chevron node; 3 — MCP contact electrode; 4 — frame holder

of MCPs; 5—7 — contact electrodes for MCPs of various
configurations; 8 — screen
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expanded field of analysis and improved techni-

cal characteristics.

The goal has been achieved due to designing a
5-crystal CSD device, using the modern CMOS
technology for the production of LSI circuit crys-
tals with minimum design rule of 1 micron, as
well as due to optimizing the circuit and topo-
logical solutions.

The main functional units of the CSD instru-
ment are as follows (Fig. 2):

+ input aperture slit that selects the area for ana-
lysis in the focal plane;

+ ion-electron converter as multiplier of secon-
dary electrons (ion-electron avalanche), which
consists of two microchannel plates in a chev-
ron assembly;

+ five specialized LSI circuits containing 1920
counting channels;

+ multilayer ceramic base on which the device
units and interface sockets are mounted;

+ slots and plugs-and-sockets for connection of
the device controller and sources of voltage of
the LSI circuits and high voltage of MCPs;

+ metal nonmagnetic shield for protection against
the ingress of ions on the device's elements, ex-
cept the focal plane;

+ test outputs for testing performance without
ion beams.

Table 1
Technical Parameters of CSD Device

Parameter Value
Area of the focal plane where ions are
simultaneously detected, mm 50.0
Number of simultaneously operating
channels for receiving and processing 1920
information
Maximum frequency of information
reception, MHz At least, 15
Maximum heart beat of information
readout, MHz At least, 10
LSI circuits voltage, V +5
CSD power consumption at a nominal
voltage of+5V, W At most, 0.25
MCP voltage, V -2000
CSD dimensions, mm 66 x 63 x5
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The CSD device provides simultaneous detec-
tion of isotopes of elements in a wide range of
masses of the test substance and concentrations,
from 10-7 to 100%.

The protocol of information exchange between
the CSD device and the periphery is serial.

The main parameters of the CSD device are
given in Table 1.

DEVICE OPERATION THEORY

A coordinate-sensitive detector is a device for
simultaneous detection of a range of charged
particles that are separated in space. It is located
in the focal plane of the spectrometer, its dimen-
sions of which are determined by the number of
detectors and the step of the periodic structure
of the CSD, and it is made on a semiconductor
crystal.

Fig. 3 shows the functional flowchart of LIC,
and Fig. 4 features the time diagram of the LIC
operation in the CSD device.

The detector’s sensor electrode EL (Fig. 3) is
a strip of aluminum on the surface of the LSI cir-
cuits crystal connected to the input of the driver
amplifier DIF. The number of such strips is de-
termined by the number of detector channels on
the crystal. The driver amplifier DIF is a device
that is sensitive to the charge of electron flux
entering the surface of the aluminum strip. To
record an ion located in the focal plane of the
mass spectrometer as a single event (one ion —
one counting impulse of the counter), it is nec-
essary, firstly, to put an ion-avalanche of elec-
trons converter in front of the detector, and sec-
ondly, an avalanche of electrons shall change the
potential of a specific sensor electrode EL against
which the ion is located to a voltage lower than
the DIF driver amplifier response threshold. On-
ly in this case, it will switch, generate a single coun-
ting impulse for a specific counter and through
the feedback will reset its input to its initial sta-
te. This process shall be rapid enough, until the
next ion arrives at the detector, to avoid a miss
of ions by the detector.
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ION-ELECTRON
CONVERTER ON MCPS

Typically, MCP [6] is a glass plate with a honey-
comb structure having a large number (500—1000)
of regularly arranged and sintered hexagonal mic-
ro-channels, each consisting of 5,000—10,000 regu-
larly arranged and sintered miniature tubular chan-
nels with a diameter of 2—12 pm and a density of
(0.5—5)x 105/cm? In terms of structure, the MCP’s
active elements are microchannel fill and a mono-
lithic frame.

The main material is lead silicate glass (LSG).
There are strict requirements for the smoothness
and cleanliness of the end faces and channels. The
parallel electrical connection of all channels is
realized by thermal evaporation of a contact met-
al coating (usually nichrome, chromium or Inco-

nel alloy) in vacuum on both sides of the MCP as
electrodes. The thickness of the contact coating
is approximately 0.2—0.4 The coating is extended
to a certain depth at the inlet and outlet of the
channels that are usually inclined at a certain
angle (4—13°) with respect to the normal to the
ends. The whole structure shall be mechanically
strong, have as perfect geometric structure of the
channels as possible and the minimum number of
structural defects.

The total resistance between the electrodes is
about 10%—10° Ohms and is determined by the
chemical composition of the LSG, as well as by
the resistance of the resistive emission layer (REL)
on the surface of the channel walls. The REL is for-
med by hydrogen thermal reduction method, at
the stage of production of MCP.
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Fig. 3. Functional scheme of LSI circuit: KBREK — input of BREK readout start signal; KCS — input of CS crystal selection
signal; KCLK — input of CLK clock signal; KSTOP — input of STOP counter stop signal; OP7 — input of reference voltage
source OP7; OP — input of reference voltage source OP; Q7 — output of information Q7,/Q9; Q2 — output of information
0Q2/010; Q3 — output of information Q3/Q71; Q4 — output of information Q4,/Q72; Q5 — output of information Q5,/0Q73;
Q6 — output of information Q6,/Q74; Q7 — output of information Q7/Q75; Q8 — output of information Q8/Q716; NOE —
output of OF information release signal; EREK — output of EREK readout end signal; PP — output of PP counter overflow
signal; EL1...EL384 — sensor electrodes; 64CH1...64CH6 — units of 64 channels for processing, accumulation, and release of
information; FOE — OE output signal conditioner; FEREK — EREK output signal conditioner; FPP — PP output signal
conditioner; FQ7..FQ8 — Q output information signal conditioners; UPR — circuit for control of reception, processing, and
accumulation of information; RS — additional single-bit register
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Fig. 4. Time flowchart of LSI circuit operation

Modern microchannel plates used individually
or in assembly enable to reach an electronic mul-
tiplication factor of 10—107 together with high
time (<100 ps) and spatial resolutions limited
only by dimensions of the channel and step of the
cellular structure.

The basic element of the MCP is a tubular
channel with diameter d, length /, and caliber
a = l/d. The peculiarity of the MCP microchan-
nel structure is that the multiplication factor is
a function of neither the length of the channel
nor its diameter. Only the ratio //d is important.

While manufacturing MCPs, a 0.2-0.3 um
thick resistive emission layer is formed on the
surface of the channel. In the first approximation,
it consists, of the two layers: the upper (the emis-
sive) one is very thin (about 100 A) and provides
the secondary electronic emission. It is almost di-
electric and is based on SiO,. The bottom layer is
thicker, resistive, has electrical conductivity, and
contains the concentrated reduced lead.

The channel is supplied with voltage U, and
current I, = U/R passes through the REL The
current causes a voltage drop, and a homogeneous
electric field with a linearly increasing potential

¢ (x) = (U/]) - x arises in the channel. Its inten-
sity E = U/lis directed along the axis of the chan-
nel. An electron entering the channel, near the
entrance, makes the first collision with the sur-
face. In this case, on average, more than one sec-
ondary electron is knocked out. Having entered
the electric field, the secondary electron under
the action of axial force Fincreases the axial com-
ponent of its velocity Vx and while moving along
the channel, accumulates energy. Under the in-
fluence of the horizontal component of the initial
velocity Vy that field does not act on, it shifts
horisontally as well. In the general case, the tra-
jectory of motion of the secondary electron is a
parabola shaped by the initial conditions (the en-
ergy and the angle of electron exit) and by the
field strength in the channel. As a result, the sec-
ondary electrons again collide with the wall and
generate secondary electrons. This process is re-
peated many times along the channel, with an
electron avalanche moving rapidly and in a time
of 102 s reaching the outlet of the channel.
Assuming that the electrons fly perpendicular
to the channel walls, the multiplication factor G
of the MCP channel having length L and inner
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diameter d is calculated by the formulato:

4V, a?
o-frt
2oV 2
where Vis voltage on the MCP; a. = %; A= V61/2 ;

V, is initial energy of the secondary electron,
~1—2 ¢V, § is secondary emission coefficient; Ve is
energy of the electron before collision with the wall.

The analysis has shown that the multiplication
factor G depends on the voltage (field strength in
the channel), the caliber of the channel, the REL
secondary emission properties, and on some other
factors.

Using two MCPs in a chevron assembly elimi-
nates ion feedback and ensures a sufficient elect-
ron multiplication for direct ion count.

The developed CSD device uses MCP F4772-01
manufactured by Hamamatsu, Japan. This MCP,
the structure of which is shown in Fig. 5 and the
technical characteristics are given in Table 2, has
dimensions that are optimal for its placement
over the charge-sensitive part of the LSI circuit
crystal. A sufficiently small diameter of the chan-
nel (less than the width of one charge-sensitive
LSI circuit electrode) ensures a high resolution
of the device.

The ion-electron converter consists of two
such plates mounted towards each other in the
directional channels (the chevron assembly); the
gap between them is 100 + 5 um. The chevron
assembly forms a separate functional and struc-
tural unit.

Table 2
Technical Specification of MCP F4772-01
Parameter Value
External dimensions A—A’, mm 61.9x13.9
Working area C—C’, mm 61x13
Thickness, mm 0.48
Diameter of the channel, pm 12
Step of cells, pm 15
Angle of inclination of channels 8°
Working surface coefficient, % 60
Electrode material Inconel
ISSN 2409-9066. Sci. innov., 2019, 15(4)
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Fig. 5. Structure of MCP F4772-01 (Hamamatsu): 1 — glass-
like structure; 2 — channels; 3 — electrode area; A, C — ex-
ternal dimensions; A, C' — work area

The microchannel plates being fragile and rat-
her expensive, several measures have been taken to
protect them against possible mechanical stres-
ses, critical for the MCP, which may arise while
mounting and operating it as part of the device
within the temperature range from 0 to 150 °C.

For this purpose, each MCP in the detector is
built in a special frame of vacuum ceramics VK-96
with an opening for the dimensions of the MCP
plus 100 pm, 0.48 mm thick with a tolerance of
minus 10 pm. The MCP frames are made simi-
larly to the elements of the case. The electrical
contact in the MCP is provided by two layers of
metallized polyimide, 50 us thick, of which fle-
xible electrodes for supplying a high voltage to
the MCP are made. The lower intermediate elect-
rode mounted with its metallized side downwards
provides the supply of potential to the upper sur-
face of the lower MCP, and the upper interme-
diate electrode placed with its metallized side
upwards provides the potential to the lower sur-
face of the upper MCP [7].

The ends of the electrodes are connected to the
metallized paths on the ceramic base of the case
using the ultrasonic welding method. Due to po-
lyimide, this design ensures a "soft" fit of the MCP
when pressed.

The ceramic case elements are made of VK-96
ceramics by laser cutting with subsequent grin-
ding to ensure the required dimensional accuracy.

All operations related to the assembly of the
device elements are performed using a MBS-9-
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type microscope for optical positioning of parts.
The case elements are connected by gluing the
ceramics with SIEL 159-322A compound follo-
wed by drying at 150 °C for 3 hours. Usually, the
thickness of the compound in such operations is
10 pm and its high fluidity provides its uniform
spread on the surface of the glued parts.

The frames with MCP and intermediate elec-
trodes are sequentially placed in the holder of the
chevron unit, a special slot in the case. The input
surface of the upper MCP, where the ion beam
falls, forms the focal plane of the detector.

GENERAL SPECIFICATION OF THE MICROCIRCUIT

LSI circuit as part of CSD provides simultane-
ous detection of isotopes in a wide range of mass-
es and concentrations, from 107 to 100%.

LSI circuit is manufactured by CMON technol-
ogy with design rules of 1 um, has n-type pockets
and contains 384 sensor electrode and 218603
transistors on a 9.8 x 8.9 mm crystal.

LSI circuit contains 384 channels for receiving
and processing information and provides recep-
tion of electrons by the sensor electrodes, trans-
formation of electron charge into count pulses, their
calculation by 16-bit binary counters, and read-
out of count results.

The LSI circuit sensitivity at each input is 10°
electrons/pulse.

The chip is made in a naked version on flexible
carriers of aluminum-polyimide type (modifica-
tion 2). The chip design ensures its mounting on
the ceramic board, welding and sealing of the
outer pins, mounting of the microchannel plates
over the area of the electrode sensors and enables
to create a multi-crystal chipboard.

The LSI circuit maintains the electrical param-
eters, has the required resistance to mechanical
and climatic factors, and operates under a pres-
sure of 1075 Pa.

LSI CIRCUIT FUNCTIONAL DIAGRAM
AND OPERATING MODES

The functional chart of LSI circuit (Fig. 3)
contains 384 channels for receiving and process-

ing information about ion beams distributed in
space. Structurally, the channels are divided into
six blocks 64CH1... 64CH6 by 64 channels.

Fig. 6 shows a functional diagram of one block
of LSI circuit channels. Each channel contains an
electrode EL that receives electron pulses from
the electron multiplier on the MCP, an amplifier
DIF, a 16-bit counter SHB, and a bit of 384-bit
serial-parallel shift register RS.

The pulse of electrons falling on the sensor
electrodes from the microchannel multipliers is
fed to the input of the driver amplifier DIF (Fig. 6).
At the output OUT of the driver amplifier there is
formed a count pulse fed to the input of the 16-bit
SHB counter.

While counting, as the number of count units
of, at least, one of the counters reaches 65 529, a
low level voltage (a sign of overflow of, at least,
one of the counters) is formed at the outer output
PP (Figs. 4, 5). In this case, the input of the over-
full SHB counter is blocked, while other (not over-
full) counters may continue counting. As the rea-
dout of the information from the overfull coun-
ters at the outer output PP is completed, high
voltage is renewed. The count can also be stopped
by user through supplying a low voltage to the
outer output STOP. In this case, the inputs of all
LSI circuit counters are blocked.

To start reading out information, a high-level
BREK pulse (Figs. 4, 6) (the start of readout) that
shall exceed alow level of, at least, one clock pulse
(CLK) is sent to the KBREK input (Fig. 3). A low
signal that determines the start and the end of in-
formation flow is displayed at the OE output.
During the first clock pulse, outputs Q7... Q8 dis-
play information accumulated in the counter of
the first channel. At the next clock pulses, infor-
mation from the counters of the following chan-
nels are read out. To reduce the number of out-
puts, information outputs Q7... Q8 are multip-
lexed. Eight outputs are used to read information
from a 16-bit counter. At a high clock speed, in-
formation of the low-order digits is given, while
at a low speed, higher-order information is out-
put. During the last clock pulse of information
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Fig. 6. Functional flowchart of a LSI circuit channel unit

readout at the EREK output, there is issued a sig-
nal that can be used as a BREK signal to start
reading the information from the next chip in the
multichip CSD devices.

At the beginning of the microcircuit operation,
it is necessary to clean the internal register and
counters. For cleaning the register, firstly, it is
necessary to send a low level CS signal to the KCS
input with a duration of, at least, one clock pulse,
and then to realize a readout cycle to set the
counters to zero.

In the intervals between the readout cycles
and the chip “non-selection” mode, the outputs
Q7... Q8 are in the third state of infinitely high re-
sistance when both output transistors are closed,
which enables combining the like outputs of se-
veral microcircuits in multi-crystal CSD devices.

There are three readout options in LSI circuit.
In the first case, the readout is realized without
interrupting the count. In this case, the count is
blocked only in the counter from which the infor-
mation is read out. Upon completion of readout
from the counter (while reading information from
the next counter), the counter is set to zero and
the countis released. In the second case, the STOP
command blocks the count in all counters and in-
formation is read out sequentially from all coun-
ters, followed by their setting to zero after the rea-
dout. After the completion of readout, the block
is removed and the count is resumed. In the third
case, the readout is performed upon appearance
of the sign of overflow (a low voltage at the out-
put PP) of, at least, one of the counters. The read-
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out process is realized according to the first or the
second option.

Due to the specificity of the device (the opera-
ting mode can be implemented only as part of the
spectrometer), for testing LSI circuit, there is a
special test mode simulating the pulse of elec-
trons that, if the device operates as part of the
spectrometer, come from microchannel multip-
liers. For this purpose, special test inputs TEST7
and TEST2 have been introduced into the LSI
circuit. They are connected through a capacitive
coupling to the input sensor electrodes EL: TEST1
to the odd and TEST2 to the even ones. When
supplying negative pulses to these test inputs, on
the leading edge of the pulses on the input elec-
trodes there appears a negative charge that simu-
lates a pulse of electrons from microchannel mul-
tipliers. The charge amount is determined by the
amplitude of the negative pulse and the capacity
of the connection between the test electrode and
the input of the amplifier. Varying the voltage at
the mentioned outputs enables monitoring the
crystal performance and evaluating the sensitivi-
ty and speed of the driver amplifier.

DRIVER AMPLIFIER OF COUNT PULSES
AND PROCESSING OF INFORMATION RECEIVED

The most functionally important node of the
LSI circuit, which determines the microelectro-
nic CSD parameters is input driver amplifier. Its
diagram is shown in Fig. 7.

The operation of the driver amplifier and its
sensitivity in LSI circuit UB57091K01-2.11 [3, 8]



Sidorenko, V.P., Radkevich, O.1., Prokofiev, Yu.V., Tayakin, Yu.V., and Eremenko, V.M.

depend on the difference in the slopes of the in-
put transistors of the differential stage, which at
the same voltages on their gates is created by de-
sign parameters. The sensitivity at the same volt-
ages on their gates is determined by the design
parameters of these transistors, which may have
various deviations in different channels of the sa-
me crystal, and, especially, in different LSI cir-
cuits in multi-crystal CSD. There is no possibility
to adjust the sensitivity of the circuit to optimize
it when doing research on driver amplifier.

Since the designed LSI circuit is designed for
use in multi-crystal CSD devices, the reproduc-
ibility of the amplifier parameters in different
channels and different LSI circuits is particularly
important. Therefore, a new circuit design pro-
tected by patent of Ukraine is used in the driver
amplifier [9].

In the innovative LSI circuit, in the amplifier
circuit, the input transistors of the differential
stage are structurally identical, and the operation
of the circuit is based on the voltage difference on
the gates of the input transistors of the differen-
tial stage, for which an additional source of refer-
ence voltage OP7 is introduced into the circuit
[9, 10]. This addresses, to a significant extent, the
problem of reproducibility of the transistor de-
sign parameters and enables to adjust the sensi-
tivity of the amplifiers depending on the experi-
mental conditions by varying voltage U, .

The analog part of the amplifier contains a dif-
ferential stage with active load in the form of a
current mirror on M3-M7 transistors and inver-
ter on M8, M9 transistors. The first input of the
differential stage (the gate of the transistor M4)
is connected to the corresponding sensor elect-
rode EL, and the second one (the gate of the tran-
sistor M7) is supplied with a voltage Uop from
the source of reference voltage OP. The first in-
put of the differential stage is also connected to
the source of reference voltage OP7 via the paral-
lel-connected n-channel transistors M7 and M2.
In this case, the gate of the transistor M7 is supp-
lied with voltage from the power source Vec, whe-
reas the gate of the transistor M2 is connected

to the output of the inverter on the transistors
M8, M9.

In the initial state, the input capacity of the
amplifier is charged through the transistor M7
from the source of reference voltage OP7, and
voltage U, ,is set on the gate of the transistor M.
The transistor’s slope is low and therefore it does
not affect the formation of count pulses, but pre-
vents the possible flow of positive charges to the
input of the amplifier. Structurally, the M4 and
M7 transistors are identical and the voltage U,
is set higher than the voltage U, . Therefore, the
current in the transistor M4 circuit exceeds that
in the circuit of the transistor M7, and therefore,
while the transistor M6 is “saturated”, it operates
as current mirror of the transistor M3, and its
current exceeds the current of the transistor M7.
Therefore, the voltage at the output of the differ-
ential stage increases until the transistor M6 gets
“unsaturated” and the currents of the transistors
M6 and M7 get equal to each other. In this case, a
high voltage close to the voltage Vec is formed on
the sink of the M6 transistor. Therefore, the M8
p-channel transistor gets closed, and a low vol-
tage is set at the output of the M8, M9 inverter
and the output of the OUT amplifier.

The electron pulse coming from the output of
the MCP to the corresponding sensor electrode
discharges the input capacity of the amplifier.
The voltage on the gate of the transistor M4 drops,
and its current decreases, while the current of the
transistor M7 increases. If a voltage drop on the
gate of the transistor M4 exceeds the sensitivity
threshold of the amplifier, the current of the tran-
sistor M7 exceeds the current in the circuit of the
transistors M4, M3, and, accordingly, the that of
the transistor M6. The sink voltage of the M6, M7
transistors drops until the M6 transistor gets
“saturated”, the M7 transistor gets “unsaturated”,
and the currents of the M6 and M7 transistors
get equal to each other. In this case, a low voltage
is set in the sink node of the transistors M6 and
M7, the p-channel transistor M8 is open, and a
high voltage close to the supply voltage Vec is set
at the output of the inverter M8, M9 and at the
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Fig. 7. Circuit diagram of LSI circuit driver amplitier

OUT output of the amplifier thereby completing
the formation of the leading edge of the count
pulse.

The circuit returns to its original state through
feedback via the M2 transistor. When the poten-
tial of the sink node of the transistors M4 and
M10 exceeds the potential on the gate of the tran-
sistor M6 by a value greater than the threshold
voltage of the transistor M2, the latter is open
and the reverse process begins. The gate node of
the transistor M6 starts charging to the level of
the reference voltage U , and the circuit returns
to its original state, completing the cycle of count
pulse formation.

Thus, as the ions fall on the microchannel plate
and create electron avalanches that charge the
corresponding sensor electrodes EL1-EL384 at
the OUT outputs of the corresponding ampli-
fiers DIF1—DIF384, positive count pulses are for-
med. The obtained pulses are received at the in-
puts of the respective counters SHB1-SHB38A4.
Each channel for receiving and processing in-
formation (Fig. 6) contains an amplifier DIF, a
16-bit counter SHB with an appropriate cleaning
and control scheme, and a register bit RS.

While designing the amplifier the following
problems have been addressed: finding a compro-
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mise between the magnitude of currents, sensiti-
vity, and speed of the amplifier, reducing the di-
mensions (the need to coordinate the size along
the X axis with the step of the electrodes), ensur-
ing the transmission of count pulses to far-dis-
tanced counters, and departing from the critical
dimensions of transistors in the analog part of the
amplifier.

The ratio between I | the dimensions of M3
and M4 transistors, the dp1men51ons of output tran-
sistors M13 and M74, which ensure recharging
the loading capacity of up to 2 pF have been op-
timized, the inverter on the M70 and M11 tran-
sistors has been used to reduce the capacitive
load at the sink nodes of the M8 and M09 tran-
sistors. Its recharge affects the performance of
the amplifier.

The circuit operation and the parameters of the
amplifier and the whole LSI circuit have been
tested by computer simulation using Cadence
OrCAD v.16.6 package and models of CMOS
transistors BSIM3v3 (Level 7) for calculations
with the use of PSpice software.

The simulation has been made at a frequency of
20 MHz for recording and 10 MHz for reading. It
has confirmed the circuit operation with such
speedwork.
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The MCSD device with a MCP and the de-
signed LSI circuit shall ensure direct count of
ions. The MCP gain multiplier £, ., in chevron
assembly of two plates amounts to 10°. Therefore,
it is necessary to ensure the activation of the
driver amplifier and the formation of count pulse
when feeding charge AQ, . to the sensor elec-

trode:
AQn{zu = qe x kMCP = *16 X 10719 X 106 =
=—-1.6x10"C,

where g, is electron charge.
The input capacity of the designed amplifier is:

C, =09pF.

input
The negative voltage variation at the input of
the amplifier corresponds to:-

AU = AQinput ' Cinput = _018 V

input

The calculations have showed that at U , = 2,5V,
the voltage variation at the input of the amplifier
ranges from 2.274 V to 2.261 V and causes a vol-
tage drop from 3.089 V to 2.671 V, on the sinks of
M6, M7 transistors, and a voltage increase from
0.727 V to 4.180 V, at the output of the inverter
on the M8, M9 transistors, and from 0 V to 4.9V,
at the output of the OUT amplifier, that means
the calculated sensitivity is higher than the re-
quired one by an order of magnitude. Therefore,
when operating the MCSD device, its sensitivity
is limited only by the level of protection from
noise during measurements.

Thus, the amplifier converts the electron pulse
coming from the output of the MCP to the sensor
electrode into a count pulse. At the same time, it
ensures the amplification of input signal and the
formation of count pulse.

So, in the course of research, a new generation
5-crystal coordinate-sensitive detector has been
created. This has enabled extending the field of

simultaneous analysis of the spatial distribution

of ion beams of arbitrary composition and, ac-

cordingly, the range of elements analyzed simul-
taneously.

The use of circuit configuration protected by
the patent of Ukraine No. 117788 Microelectronic
Coordinate-Sensitive Detector for Spectrometry in
the input amplifier significantly reduces the de-
pendence of the detector sensitivity on differen-
ces in the design parameters of the input transis-
tors of the differential stage of the amplifier and
makes it possible to optimize the detector sensi-
tivity during analysis.

Thus, the following results have been achieved
in the development of new-generation CSD:

+ a 5-time increase (up to 50.0 mm) in the range
of simultaneously detected ions, which enables
to reduce 5 times the time of analysis of the en-
tire range of elements;

+ ensuring of reproducibility of parameters, espe-
cially, sensitivity and performance, in different
LSI circuit channels and in different LSI circuits;

+ a 5-time increase (up to 1920) in the number of
channels of simultaneous reception and pro-
cessing of information;

+ an increase in the number of bits of the coun-
ters to 16, which expands 64 times the amount
of received and processed information;

+ a 5-time increase (up to 15MHz) in the recor-
ding speed to prevent any miss of input infor-
mation;

+ an increase in the readout speed up to 10 MHz
(2.5 times), which is crucial in view of growing
volumes of information to be read out from the
counters (the 5-crystal CSD devise has 1920
16-bit counters);

+ improved detector sensitivity as a result of the
creation of possibility to adjust it for specific
experimental conditions.
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IHHOBAIIIMIHA PO3POBKA
KOOPANHATHO-UYTJIMBOI'O JETEKTOPA
COOKYCOBAHUX IOHHUX ITYYKIB
JIJIST CHEKTPOCKOIIIT

Beryn. AKTyanbHUM 3aBIAHHSAM /Ui CYy9acHOl aHATI THYHOT anapaTypH, pU3HadeHol sl KiIbKiCHOTO aHasisy Oa-
raToeJeMEHTHUX 32 CKJAJIOM PEUYOBUH, € CTBOPEHHs OararoKaHaJbHUX KOOpAMHATHO-uyTauBUX Aerekropis (KU/I) 3a-
PSUDKEHUX YaCTUHOK JIJIsI CIIEKTPOCKOIIIL, SIKI IPAIIOI0Th B peaibHOMy MaciuTabi yacy.

IIpoGaematuka. B IncturyTi mikponpusaznis (IMIT) HAHY 6yJio pospobiieHo seauky inrerpanbhy cxemy (BIC) mst
KY/I, Ha 6asi sikol Ta 3 BUKopuctaHHsaM MikpokananbHux mactu (MKIT) GyJio cripoeKToBaHO If BUTOTOBJIEHO €KCIIEPU-
MenTanbHi 3pasku mpuiaaais KU/I. Bukonani B Incturyti npuxiraanoi disuxu (IIIMO) HAHY gocimkeH s ToKa3aim mo-
3UTUBHI XapaKTepUCTUKH TIPUJIALY, 30KpeMa HOTo BUCOKY UyTJANBICTh. ByJo miaTBepIKeHO AOIITBHICTD TTOAAIBIIOTO IPO-
BeIeHHs POOIT.

Mera. CtBopenHs GararokaHaabHUX 1puiaais KU /[ HOBOro MoKoJIHHS 3 PO3IIUPEHUM I0JIEM aHAJII3Y Ta OKPaIeHM-
MU TEXHIYHUMU XapaKTEepUCTUKaMH.

Marepianu it Meronu. B pospobienomy npuinani KU/l sukopucrano MKII F4772-01 bipmu Hamamatsu, Sinowis. BIC
BurotosseHo 32 KMOH-TexHoJI0Ti€10 3 TPOEKTHUMKM HOpMaM# 1 MKM, KHIIEHAME N-TUILY, 384 eJIeKTPoJaMu-IaTInKaMu i
218603 Tpansucropa Ha Kpucrtaii pozmipoM 9,8 x 8,9 Mm. MikpocxeMy BUKOHAHO B 6€CKOPITYCHOM BapiaHTi Ha THYYKUX HO-
cisgx Tuy amoMinii-nosiimin (moaudikartis 2).

Pesyaprat. CTBOpenHs 5-Tu kpuctaibuoro KY/[ HOBOTO MOKOMIHH 3 TOKPANIEHUMI TEXHIYHIMI XapaKTePUCTHKA-
MU 320€3IeUNII0 POSUTMPEHHSI [I0JIsI OJHOYACHOTO aHAJII3Y IPOCTOPOBOTO PO3MOALTY IOHHUX IYUYKIB JOBIJIBHOTO CKJIA/LY Ta,
BI/ITTOBI/IHO, /1ialTa30H eJIeMEeHTIB, SIKi aHAJI3YIOThCST OTHOYACHO, I03BOJINJIO TiIBAIITUTH MIBU/KO/IIO IIPH aHAJI31 1 Tpu 34n-
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tyBanHi indopmarii B 5 i 2,5 pasn BianosiaHo.

BucnoBku. Bukopucranus cxeMoTeXHIUHOTO pillleH s, ke 3axuiieno narentom Ykpainu Nel17788, snauno ameniu-
JIO 3aJIESKHICTh YyTJIMBOCTI JI€TEKTOPA Bijl PO3OIKHOCTEN KOHCTPYKTHBHUX MapaMeTpiB TPAH3UCTOPIB TijcuaoBada-Ghop-
MyBaua, 10 A0 MOKJIUBICTh CTBOPUTH 5-TH KpucTanbhuil mpuaajs KUJ[ HoBOro mokosinHs i 3a6e31medmsio posiumpenHs
[iama3oHy eJIeMEeHTiB, SKi OHOYACHO aHaTi3yloThes Bukopucranus ais surotosienns kpuctamiB BIC cywacnoi KMOH-
TEXHOJIOTii, OTITUMI3allisl CXeMOTEXHIUHUX 1 TOMOJOTIYHUX PIillleHb JI03BOJIMJIN O/IeP;KaTH BUCOKI TEXHIUHI XapaKTepUCTUKI
npunaxy KY/I.

Kntouoei croséa: KOOPAMHATHO-YYTIMBHIL JETEKTOP, MaC-CIIEKTPOMETPisl, BesinKa inTerpaibia cxema, KMOH-Tex-
HOJIOTiA.

B.II. Cudopenxo, A.M. Padkesuu, O.B. IIpoxogues,
10.B. Tasixun, B.M. Epemenxo.

TocynapcrBennoe npennpusatue « Hayuno-uccnemosareabeknii
UHCTUTYT MUKPOTIPUGOPOB»,
Hayuno-Texnosornyeckuit Komrieke «IHCTUTYT MOHOKPHCTATIOB»>
Hannonanbnoit akagemun Hayk Ykpainy,
yi. CeBepHo-Cripenikasi, 3, Kues, 04136, Ykpauna,
+380 44 434 7277, info@imd.org.ua

NMHHOBAIIMOHHAA PASPABOTKA
KOOPANHATHO-YYBCTBUTEJIbBHOT'O
JETEKTOPA COOKYCUPOBAHHDBIX MOHHDBIX
[TYYKOB /IJIA CIIEKTPOCKOIINN

BBenenne. AxtyaspHOI 3a7aveil 711 COBPEMEHHON aHATMTUYECKOH araparypsl, IpeHa3HaYeHHON /IS KOJTUIeCT-
BEHHOTO aHAJIN3a MHOTOIJIEMEHTHBIX 110 COCTaBY BEIIECTB, SIBJISIETCSI CO3/IaHNEe MHOTOKAHAJIBHBIX KOOPAMHATHO-4yBCTBU-
TestbHbIX JeTekTopoB (KY/I) 3apsskeHHbIX YaCTHIL 1T CIEKTPOCKOITHH, PaGOTAIONNX B PEATbHOM MaciiTabe BpeMeHH.

IIpoGaematuka. B Mucruryre mukponputopos (MMIT) HAHY 6buia paspaGorata GoJibliiasi MHTerpajbHas cxema
(BUC) ana KY/I, Ha 6aze KOTOPOii 1 ¢ MCHOJIb30BaHMeM MUKpPOKaHaibHbiX 1yactu (MKIT) Oblin CIIpOeKTUPOBaHbI 1
UBrOTOBJIEHBI 9KCIIEpUMEHTaIbHbIe 06pasibl 1pubopos KU/I. BeinonHenubie B MHetutyTe npukiaaanoil pusuku (UIID)
HAHY wuccsenoBanust MOKa3ain BHICOKHME XapaKTEPUCTHKU TTPUOOPA, B YACTHOCTH €10 BBICOKYIO 4yBCTBUTENBHOCTD. Bblia
HOJTBEPIK/IEHA 1[e71eCO00PAZHOCTD JAANBHEHIIEr0 MPOBeeHHUs PabOT.

Iexs. Cosmanie MHOTOKaHATBHBIX Tpr6GopoB KU /] HOBOTO MOKOJIEHHUST ¢ PACIIUPEHHBIM [TOJIEM aHAJIN3a U YIIydIeH-
HBIMH TEXHUYECKIMHU XapaKTePUCTHKAMIL

Marepuasst u Mmetoasi. B UMIT HAHY, B cootBetcTBHE ¢ «IIporpammoii nayumoro mpu6opocrpoennst HAH Ykpau-
HbI», BBIIIOJIHEHA Hay4YHast paboTa, B pesysibraTe KOTOPOil Oblia paspaboTana HoBast crienmaiusuposantas BUC Ha ocHoBe
WCIIOTB30BAHMST COBPEMEHHON TEXHOJIOTUN KOMIIJIEMEHTAPHBIX CTPYKTYP MeTasur-okcua-moxynposogank (KMOII), po-
BeJ/leHa ONTHUMU3AIIS CXeMOTEXHUYECKUX U TOMOJOTHYECKUX PEIIeHHil, U Ha ee OCHOBE Pa3pabOTaH MSTHKPUCTATBHBIN
npu6op KU/I.

Pesyabrarnl. Paszpaborka nsitukpucraabioro npubopa KYJ[ HoBoro mokosieHust obecednia paciinpeHe moJist O/[HO-
BPEMEHHOTO aHAJIN3a TIPOCTPAHCTBEHHOTO PACIIPe/IeJIeHNsT HOHHBIX ITyYKOB IIPOM3BOJIBHOTO COCTABa 1, COOTBETCTBEHHO, /I~
aMa30H HJIEMEHTOB, KOTOPbIe AHAIM3UPYIOTCS OJHOBPEMEHHO, TO3BOJINIIA TIOBBICUTH GBICTPOICHCTBIE TIPU aHAM3E U TIPU
cuuThIBaHNH HHMOPMAIMH B 5 1 2,5 pa3a COOTBETCTBEHHO.

BsiBoapl. Vcronb3oBanne cXeMOTEXHUYECKOTO PEIeH s, KOTOpoe 3aluiiieHo aTenToM Ykpawasl Ne 117788, 3naun-
TEJIbHO YMEHBIITIJIO 3aBUCHMOCTD TyBCTBUTEIBHOCTH JIETEKTOPA OT PACXOJKIEHISI KOHCTPYKTUBHBIX IIAPAMETPOB TPAH3UCTO-
POB ycuTest-(hopPMUPOBATEIS, YTO TTO3BOJINIIO CO3/IATh MATHKPUCTaMbHBI mprubop KY /[ HoBOTO TTOKOJIEHNST 1 0GecTiey -
JIO PacIIMpPeHHe INATa30Ha 9JIEMEHTOB, KOTOPbIE OJTHOBPEMEHHO aHAIN3UPYIOTCs. VIcop30BaHe 115l U3TOTOBJIECHNS KPUC-
tasioB BUC cospemennoit KM OII-rexnosiornu, onTuMusanins CXeMOTeXHUYECKUX U TOOJIOTHYEeCKHUX PellieH i TT03BOJTHIIN
MOJIYYUTD BBICOKHE TeXHUYecKue xapakreprctuku npudopa KU/

Kuwoueevie cio6a: KOOpAMHATHO-UYBCTBUTEIbHBIN JAETEKTOP, MACC-CIIEKTPOMETPHSL, OOJIbIAas MHTErPabHast CXEMa,
KMOII-TexHosorusi.
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