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Results on testing TimePix micropixel chip as a detector of low energy ions in a focal plane of the laser mass-
spectrometer are presented. Two options were tested: hybrid micro-pixel detector as well as metal micro-pixel detector
(naked read-out chip with a metal mesh to improve a charge collection). For both cases a response uniformity of pixels
over ion mass, energy and detection position has been thoroughly studied. The results obtained illustrate capability of
both detector modes to be used for creating “electronic focal plane” of a mass-spectrometer with obvious advantages of

real time devices.
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Introduction

The MEDIPIX Collaboration has developed few
versions of a pixel readout chip [1] used for a variety
of applications. The TIMEPIX chip [2] (a successor
of MEDIPIX-2) consists out of (256 x 256) identical
elements, designed in a commercial 0.25 pm 6-metal
CMOS technology. It has a low electronic noise
(~100 e- rms) and a gain of ~16.5 mV/ke resulting in
the minimum detectable charge of either ~650 e-
with a naked chip or ~750 e- when bump-bonded to
a detector. It provides independently in each pixel
information on arrival time, time-over-threshold or
event counting. Each readout pixel includes
preamplifier, discriminator and counter.

We report on the results of the first test of a
TimePix as a detector of low energy (3 - 20 keV)
ions in a focal plane of the laser mass-spectrometer.
Two detector configurations were tested: a hybrid
silicon micro-pixel detector as well as a metal
micro-pixel detector - a bare read-out chip with a
minor additional structure to improve a charge
collection. Data were taken with a Time Over
Threshold (TOT) configuration of the read-out chip.
For both cases pixels response uniformity over ion
mass, charge and energy has been thoroughly
studied. The results obtained illustrate capability of
both detectors to be used for creating “electronic
focal plane” of a mass-spectrometer allowing for a
simultaneous measurement of the spatial distribution
of ions impinging on the focal plane. It is an
essential advantage of a real time device in
comparison with a scanning mass-spectrometry, in
which ion distribution over mass is measured at
successive times.
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In a conventional mass-spectrometry few steps
are usually made to convert the intensity of the ions
with a definite mass at the focal plane into a digital
data for presentation. In most of cases Micro
Channel Plates (MCP) are used to transform the ions
into electron streams (gained up to 10° times)
collected then by different detector arrays [3].
Studies with monolithic active pixel sensors for
mass-spectrometry were described elsewhere [4].
Single ion detection sensitivity to few keV energy
%7 Al"-ions has been achieved for a system combining
micro-channel plate and stacked CMOS active pixel
sensors (SCAPS) [5]. SCAPS as two-dimensional
imaging devices were applied for stigmatic
secondary ion mass-spectrometry [6]. Detection of
sub keV ions by a charge-coupled device at the focal
plane of a miniature mass spectrometer has been
reported [7].

Experimental setup

The TimePix chip was mounted in a vacuum
chamber (Fig. 1) on a moveable platform at the focal
plane of a laser double-focussing mass spectrometer
MC3103 [8] of the Institute of Applied Physics
NASU (Sumy, Ukraine).

Fig. 2 shows schematics of the ion path in a
mass-spectrometer. The ion beam has been
generated at the sample-target (2) by infrared laser
(1) (1.064 pm wavelength, 15 ns pulse duration and
repetition rate 50 Hz). lons passed the field-free
region in anode chamber (3) were accelerated by the
electric field (3 - 4) and focused to the object slit (3).
An ion beam was shaped by object (5) and aperture
(6) slits defining aperture angle of the ion source. It
passed then through an energy analyzer (7), energy
slit (8) and mass analyzer (9) in magnetic field
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Fig. 1. Photo of TimePix mounted in a vacuum chamber
on a moveable platform at the focal plane of the laser
mass spectrometer.

having arrived finally to a position sensitive detector
(10), moveable in a focal plane (//) of a mass
analyzer. Geometry factors affecting mass-spectro-
meter performance with double focusing are
described in details elsewhere [8]. The results of
calculations were used for alignment of the mass-
spectrometer and position sensitive detector
(TimePix) in a focal plane.

The width of the beam tuned by slits 5, 6, & (see
Fig. 2) was in the range of (20 - 200), (200 - 2000),
(200 - 2000) um, respectively. Passing through the
magnetic sector ions were focused accordingly to
their mass over charge ratio in a focal plane

1

3-20kV

(210 mm long) of the mass-spectrometer. TimePix
chip (10) was readout by the PIXELMAN
hardware/software [9] via USB-connection to PC. In
the TimePix readout chip each pixel was
programmed to record TOT data getting in this way
analog information. The charge created by bunches
(time of flight of the slowest ions up to ~10 ps,
20 ms period) of impinging ions at each pixel of the
TimePix is amplified and stored in a capacitor
consecutively discharged by adjustable constant
current. For each bunch of ions detected by a pixel a
triangular pulse (0.5—-100 us width adjusted by
discharging current) is formed with a height
proportional to a number of ions in a bunch. The
pulse is compared with constant threshold level and
when it is higher the analog data is converted into a
digital one by counting number of clock pulses for
the time over threshold interval. Whenever the new
bunch of ions arrives at the pixel its counter content
is increased accordingly to the number of ions in the
bunch. Digital integration providing large dynamic
range and good linearity in response to number of
ions, real-time digital information, high speed digital
communication and data transfer are essential
features of TimePix chips for a mass-spectrometry.
As far as detector length is much smaller than the
length of a focal plane some mass-spectra were
obtained by scanning over magnetic field or position
of a pixel detector by means of a step-motor
alongside the length of the focal plane.
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Fig. 2. Schematics of ion path in a laser mass-spectrometer.

Experimental results

Two TimePix detector configurations were
tested: a hybrid silicon micro-pixel detector as well
as a metal micro-pixel detector - a bare read-out
pixel chip with a minor additional structure to
improve a charge collection.
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TimePix hybrid detector

The TimePix hybrid pixel device consists of a
silicon (300 pum thick) semiconductor chip with a
common n-side electrode and a (256 x 256) matrix
of p-side (55 x 55) um’® pixels bump-bonded to a
readout chip with the same pixel structure. TimePix
charge sensitive preamplifiers can operate input

425



M. CAMPBELL, L. TLUSTOS, D. MANEUSKI ET AL.

signals of both polarities providing leakage current
compensation per pixel. There are two discrimi-
nators with globally adjustable threshold and a
possibility of 3 bit threshold adjustment per pixel.
13 bit pseudo-random counter is activated via
external shutter signal. For testing and masking
purposes there are 1 test-bit and 1-mask bit per
pixel.
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Fig. 3. TimePix (a hybrid-detector) — an “electronic plate”
at the focal plane of a mass-spectrometer. Top picture —
2D- image of lead isotopes “lines”. Bottom — projection
of data onto horizontal axis (mass — spectrum). Energy of

ions is 12.1 keV.
7

Fig. 3 (upper part) shows two dimensional plot of
data measured by a hybrid silicon pixel detector
(bias voltage — 100 V) at the focal plane of a laser
mass-spectrometer (see Figs. 1 and 2). Position of
the detector, accelerating voltage and magnetic field
were adjusted to observe 12 keV double charged
ions of the lead isotopes detected approximately at
the middle part of the sensor. A horizontal pixel
number (see Fig. 3, top) corresponds to a mass of
detected ions while vertical one shows an ion beam
shape defined by aperture slits. Z-axis (see Fig. 3,
top) reflects a number of measured counts,
proportional to a number of ions detected by pixels.
It is a dynamically varying picture measured in real
time (fixed in former times by photographic plate
positioned in a focal plane of mass spectrometer).

Thus, the TimePix detector providing two-
dimensional picture surveys as an “electronic plate”
imaging ion beams and their charge/mass
distribution. Such images could be used for tuning
mass spectrometer “on-line” (focusing, alignment,
testing stability of electric and magnetic field,
quality of the magnetic field uniformity etc.,) or for
“off-line” data analysis taking into account the shape
of the chosen ion line (“locus”) to improve mass
resolution by projecting mass-data from that locus
rather than simply onto the horizontal axis (see
Fig. 3, bottom).

Fig. 4 shows more complicated mass spectrum
measured by TimePix hybrid detector for copper (17),
zink (17) and tin (1" and 2") ions emitted by the
standard sample 662 with known isotopes
abundances. The 15 mm wide range of the focal plane
has been measured moving detector as well as
varying magnetic field of a mass analyzer. The
isotope abundance measured by TimePix is in
agreement (within 10 %) with the table data. An
estimate shows that approximately 10* single-charged
ions arriving at detector pixel create a charge quantum
corresponding to a single TimePix count.
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Fig. 4. Mass spectrum measured by TimePix hybrid detector for the Standard sample 662. Energy of ions is 12.1 keV.
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For performing routine mass-spectra measu-
rements one has to know uniformity of all pixels
response over ion mass, charge and energy. These
studies are currently in progress and detailed results
will be reported soon. Preliminary results indicate
that the level of the observed non-uniformity allows
for taking it into account by careful calibration.

TimePix - metal detector

The goal of this study was to test a possibility of
detecting low energy ions directly at the metal
electrode of the individual pixel of the TimePix.
That would allow eliminating a semiconductor
micro pixel detector from a detection chain with
obvious advantages for a performance of a mass-
spectrometer. A metal TimePix detector has higher
radiation tolerance as well as a lower risk of charge
accumulation  with  forthcoming  breakdown,
dangerous for input stages of the chip. TimePix
naked readout chip has been successfully tested as a
detector of electrons in combinations with micro-
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Fig. 5. Two-dimensional distributions of Zr and Nb ions
with different charges and masses measured by TimePix
in a metal mode of operation.

Figs.5 and 6 show two-dimensional and
projected onto the mass-axis data measured by
TimePix (metal) for Zr and Nb triple-charged ions
with different masses. Energy of ions is 21 keV.
Inserted in Fig. 6 are the wvalues for isotope
abundance extracted for the sample studied. These
have to be compared with the table data: *°Zr —
51.46 %, °'Zr — 11.23 %, *Zr — 17.11 %, *Zr —
17.40 %, *°Zr — 2.8 %.

Conclusions

Studies performed with TimePix (hybrid silicon
detector and metal detector) have shown its
applicability for low (3 - 20 keV) energy ion detection,
in particular at the focal plane of a mass-spectrometer.
Results obtained indicate perfect perspective of
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patterned gas detector systems MICROMEGAS and
GEM [10]. A metal octagonal electrode for bump
bonding of pixel sensors served there as a collecting
anode. Calibration performed gave a value of
~ 62 electrons at the system input per TimePix
count. Keeping in mind that gas amplification was
about 1000 it means ~ 60 000 electrons at the pixel
metal electrode.

A metal electrode covers an area of ~ 100 um®
which has to be compared with 3025 um® for a
single silicon pixel detector. Thus, in comparison
with the hybrid silicon pixel detector the TimePix in
a metal detector mode at the focal plane of a mass-
spectrometer has an efficiency of ion detection by
factor of 30 less in accordance with the ratio of areas
where charged ions are detected. To explore to a full
extent a metal detector physics principle of operation
we have applied a positive voltage to a thin metal
mesh fixed over the detector area to amplify a
positive charge appearing on the metal electrode due
to the secondary electron emission [11].
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Fig. 6. Mass-spectra of Zr and Nb ions with different
charges obtained by projecting two dimensional distribu-
tions shown at Fig. 5.

creating electronic focal plane for mass-spectrometers
with advantages of real time devices. Two-dimensional
images obtained with TimePix could be used for “on
line” tuning mass spectrometer or similar devices.
Mapping isotope population over the sample area by
scanning it with laser or charged particle micro-beam
might be useful for applications in microbiology,
evaluation of material technology production etc.
Detailed experimental studies with TimePix in a focal
plane of the double-focusing mass-spectrometer are
under way to characterize pixels response as a function
of ion charge, mass, energy and intensity. Results will
be published soon.

We appreciate a support of the MEDIPIX
Collaboration which allowed for making these
studies possible.
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T'IBPUJHUNA MIKPOINIKCEJbHUI JTETEKTOP
Y ®OKAJIbHIN IJIOINMHI MAC-CIIEKTPOMETPA

M. Kemb6ea, JI. Tayeroce, [I. ManeBcbkuii, Baa O’I, B. Cropixkko, B. Epbomenko,
C. Xomenko, A. Ilenexos, B. IIyrau, O. KoBaabuyk, A.Yaye, O. Oxpimenko, /I. CTopokuk

[IpencraBneHo pe3yabTaTH TECTYBaHHS MIKpOMIKceJIbHOTo aerekropa TimePix sk nerexTopa i0HIB HU3bKOI eHeprii
y (oKanbHil MIOMmKHI JIa3epHOTO Mac-clieKTpoMeTpa. byno nociimkeHo 1Ba BUNMAAKW: TiOpUAHMI MIKpOIIKCETbHUI
ETEKTOp Ta METAJIEBHH MIKPOIIKCENbHUH AeTeKTop (TONWH 3YUTYIOUHMH Uil 3 METalIeBOIO CITKOO, IO ITOKPAILye
HAKOIIMYCHHS 3apsny). B 000x Bumagkax Oyio MOBHICTIO BHBUEHO OJHOPINHICTH BINTYKY IIKCETIB IIOIO0 MAacH iOHiB,
eHeprii Ta peectpamii monoxeHHs. OTpHMaHI pe3yJbTaTH UIIOCTPYIOTH MOXKIUBICTH BHKOPHUCTAHHS 000X Momemei
JETEKTOPIB IS CTBOPEHHS “‘€IeKTPOHHOI (DOKAIBHOI IJIONMIMHK™ Mac-CIIEKTPOMETPa 3 MepeBaraMi OTPUMAHHS JaHHX
BHMIPIOBAaHb y PEKUMI peaIbHOTO Yacy.

Knouosi cnosa: wmikpomikcenbHuid 4in TimePiX, riOpuaHuil MIKpOMIKCENbHUNA NETEKTOP, METaJeBHUH MIKpO-
HIKCEJIBHUH IeTEKTOp, Mac-CIIEKTPOMETp, BTOPUHHA €JIEKTPOHHA EMICis.

FHBPHI{HBI}?I MHUKPOITUKCEJIbHBIA TETEKTOP
B ®OKAJIBHOU IIJIOCKOCTHU MACC-CIIEKTPOMETPA

M. Kemben, JI. Tayceroc, . ManeBckmii, Bax O’Illn, B. Cropmxkko, B. Epemenko,
C. Xomenko, A. lenexos, B. ITyrau, A. KoBaapuyk, A.Yayc, A. Oxpumenko, /. Ctopoxuk

[IpencraBneHsl pe3ynbTaThl TECTUPOBAHUS MUKPONUKCEIBHOrO AeTekTopa TimePix Kak neTeKTopa MOHOB HHU3KHX
SHepruil B (HOKAIBHOU IJIOCKOCTH JIA3€PHOTO MacC-CIIEKTPOMETpa. BhLIO HMCCIeI0BaHO ABa BapHaHTa: THOPHIHBIN
MHUKPOIMKCENIbHBI JETeKTOp M METAUIMYEeCKUH MHKPONUKCENbHBIH AETeKTOp (TONMBIA CUUTHIBAIOIIMN YHUI C
METAUIMYECKOW CETKOM, YTO YJydllaeT HaKoIUIeHHe 3apsijia). B o0oux ciydasx OBUIO MOJHOCTHIO H3Y4YEHO
OJTHOPOJHOCTh OTKJIMKA MUKCEJIOB OTHOCUTEIBHO MAacChl MOHOB, SHEPTUU M PErHCTpaluu mojoxeHus. [lomyueHHbIE
pe3ysbTaThl AEMOHCTPUPYIOT BO3MOXKHOCTh HMCIIOJIB30BAHUSI 00EHUX MOJENEH IETEeKTOPOB /ISl CO3AaHUs ‘“3JIEKTPOHHON
(hoKaIBHON MIIOCKOCTH Macc-CIHEKTPOMETPA C MMPENMYIIECTBAMH MOJTYYEHHS JaHHBIX N3MEPEHHH B PeXKUME PEeabHOro
BpPEMEHH.

Kniouesvie crosa: mukponukcensHblii gnm TimePix, THOPUAHBI MHUKPOIUKCENBHBIA NETEKTOpP, METAJUIMYeCKUN
MUKPOIUKCENBHBIN IETEKTOP, MAaCC-CIEKTPOMETP, BTOPUYHAS HJIEKTPOHHAS YMHUCCHSL.
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