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Metal Micro-strip Detector (MMD) represents a novel position sensitive detector for wide range of applications.
The main advantages of MMD are low thickness, high radiation resistance and high spatial resolution. MMD
production technology includes some stages: micro-strip layout made by photo-lithography on silicon wafer,
plasma-chemistry etching of the silicon wafer in the operating window, micro-cabling connection to the readout
electronics and DAQ. Commercially available read-out systems (VA _SCM3 microchip preamplifier, Time Pix
readout chip, Gotthard, X-DAS) have been studied for use with MMD. Characterization studies of the MMD are

presented in details.
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INTRODUCITION

MMD is a 0.5...1.0 micrometer thick semi-
transparent radiation hard micro-strip detector designed
for non-destructive online measurements of radiation
beam parameters. It has been developed at the Institute
for Nuclear Research NASU for the beam profile
monitoring of the synchrotron radiation as well as for
the charged particles beam profile monitoring. The
current technology allows for production of the thin
(~1 pm) Ni-strips with a pitch of about few
micrometers, providing high position resolution.

MMD advantages are:

* extremely low thickness of sensor (about 1 pm) -
unreachable in other types of micro-detectors;

* high radiation resistance (>100 MGy);

« transparency for charged particle beams
(transmittance up to 90%) allows for including MMD
into a feedback system for focusing and stabilization of
a beam;

* low operational voltage (20 V);

* high spatial resolution (5...25 pm);

* unique, well-developed production technology;

» commercially available read-out hardware and
software;

« reliable performance.

MMD applications are rather wide:

» diagnostics at accelerators
radiation sources;

* imaging hidden objects exploring micro-beams
(micro-electronics, medicine, microbiology, etc.);

 clectronic focal plane in mass spectrometers,
electron microscopes, X-ray diffractometers et al.;

» visualization and detection of hot plasma emission.

and synchrotron

PRINCIPLE OF OPERATION

The principle of MMD operation is based on the
phenomenon of Secondary Electron Emission (SEE)
[1]. Beam of charged particles or photons (Fig. 1)
passing through the thin strip initiates SEE resulting in
thereby a positive charge. The charge is measured by
high-sensitivity charge integrator (Chl) connected to the
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strip. To improve extraction of secondary electrons (SE)
accelerating electric field is created around the strip.

As far as a primary role in SEE belongs to a thin
near-surface layer of a metal (10...50 nm thick) this
provides an opportunity to create ultra-thin detectors
with minimum mass of detecting material without any

losses in the sensor sensitivity.
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Fig. 1. Principle of operation of MMD

Currently available microchip based readout systems
(VA _SCM3, Gamma Medica — Ideas, Norway, Time
Pix (Medipix Collaboration, CERN), X-DAS (Sens-
Tech, UK) provide high sensitivity and performance.

TECHNOLOGY OF PRODUCTION

Production technology of MMD [2] has been
significantly improved during last few years (Fig. 2).
Main stages of it are described below.

For MMD production silicon substrates are mainly
used as far as microelectronic technologies of silicon
processing are well developed.
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The silicon wafer (400...480 pm thick, 100 mm in
diameter) is used as a substrate. For creation of isolation
layer silicon substrate is oxidized. The layer of silicon
nitride (SizNyg) 0.1...0.2 um thick is disposed on SiO,.

A silicon substrate prepared in this way is covered
by photo-resistive layers from both sides. By means of a
photolithography the required geometry for Ni-strips is
provided. Chemical etching of nickel is processed to
obtain the figure set by a lithography (providing exact
overlapping of layouts from both side).
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Fig. 2. Photo of the MMD with variable pitch
(8 groups of strips with pitch varying from 3 to 300 um)

Next step is removing out of a silicon substrate
together with SiO,- and SizN4-layers in an operating
area of the detector. This is realized by using plasma-
chemistry or chemical etching or their combination.

The plasma-chemistry reactor with adjustable energy
of ions [3] has been developed. The energy of
chemically active ions in this reactor is adjusted by
means of controlled magnetic fields in the range of
20...700 eV. The optimal etching speed is about
2.5 um/min at the ion energy of 80 ¢V and discharge
current of 7 A.

In this way MMD-sensor is produced with
completely removed Si-wafer in the operating window
without damaging nickel strips.

This technology has been successfully explored for
the MMDs production with up to 1024 strips
(10 ...200 pm width, up to 8 mm long) surviving during
long term of conservation and operation.

CHARACTERIZATION STUDIES

The first MMD was used for the on-line control,
positioning and focusing of 32 MeV alpha-particles
beam at Tandem generator for single events upset
studies of the BEETLE chip (MPIfK, Heidelberg) [3].

The MMD was applied successfully for the X-rays
beam profile monitoring at HASYLAB (DESY,

ISSN 1562-6016. BAHT. 2012. Ne6(82)

Hamburg) [4]. MMD (32 Ni strips, 70 um pitch, 2 pm
thickness) has been introduced into the 15 keV X-ray
beam (4.5-10" photons/second/mm?). The conversion
factor has been evaluated as 1.5-10* photons/e.

Mass-distribution of low energy ion beams was
measured at the focal plane of the laser mass-
spectrometer [5]. Metal Micro-detectors measuring and
imaging in real time high level dose distribution of the
synchrotron radiation at the Mini-beam Radiation
Therapy setup (beam-line ID17, ESRF, Grenoble) have
demonstrated reliable performance [6].

MMD has been also applied for the proton beam
monitoring at electrostatic accelerator EGP-10K (INR
NASU, Kiev) (E, =3 MeV, I =1...10 nA). To keep the
proton beam axis and the center of the targets we have
used specially designed MMD with two sensors rotated
by 90° to each other. 24 strips (12x12) have been
connected to the X-DAS read-out system. Preliminary
tests have shown high sensitivity of this DAQ with
linearity up to 20 nC (Fig. 3).
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Fig. 3. X-DAS linearity test

Original software provides online monitoring and
saving the data. Beam positions as well as beam profile
(Fig. 4) have been measured with high spatial resolution
(70 pm).

Measured data have been successfully used for
optimization of the beam tuning.

CONCLUSIONS

New technology for production of “transparent”,
high sensitive, radiation hard metal micro-strip detectors
has been successfully developed. Studies at different
radiation  facilities have demonstrated reliable
performance as well as advantages of MMDs.
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Fig 4. Proton beam profile measured by MMD (X axis — left, Y axis — right)
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METAJIMYECKHUE MUKPO-AETEKTOPBI: PABPABOTKA «ITPO3PAYHBIX» HO3ULITUOHHO-
YYBCTBUTEJBHBIX JETEKTOPOB JJISI AJMAI'HOCTUKU MUKPOIITYYKOB

A.C. Kosanvuyk, B.M. Ilyzau, O.A. ®edoposuu, A.B. Oxpumenxo, /I.H. Cmoposcuk, B.A. Kuea

Meramnndyeckuii  MukpocTpunoBbiii  gerekrop (MMJI) mpeacraBnsier coOol  HOBBIM — HO3WIIMOHHO-
YyBCTBUTEIBHBII AETEKTOpP AN IIMPOKOro crnekrpa npumeHeHuil. OcHoBHble mpeumyiiectBa MMJI: manas
TOJIIIMHA, BBICOKAs paJuallUOHHAs CTOMKOCTb, BBICOKOE IPOCTPAHCTBEHHOE paspeleHue. TexHonorus
npousBoacTBa MM/ BKirouaeT B ce0s HECKOJBKO 3TANOB: MHKPOCTPUIIOBAsl CTPYKTypa CO3AE€TCsl IPH IOMOIIN
¢doronuTorpagun Ha KPEMHHEBOH IUIACTHHE, IIa3MO-XMMHYECKOE TPABICHUE KPEMHHEBOH IUIACTHHBI B pabodem
OKHE, MOJKIIIOYEHHE MHKPO-KabeleM K CUMTHIBAIOMIEH 3JIEKTpOHHKE. KOMMeEpYecKkH IOCTyNHBIC CHCTEMBI
cuuTbiBanus 1 00pabotku aaHubix (VA _SCM3, TimePix, Gotthard, X-DAS) Obutit u3y4eHbl AJs1 HCIOIBb30BAHUS C
MMU. [IpeacraBnensl pe3yapTaThl uccinegoBanuii MMD Ha mydkax pa3HbIX 4acTHLI.

METAJIEBI MIKPO-JIETEKTOPHU: PO3POBKA «ITPO30PUX» NO3UILIIHHO-YY TJIUBUX
JETEKTOPIB JJIs1 JIATHOCTUKHA MIKPOITYYKIB

0.C Kosanvuyx, B.M. Ilyzau, O.A. ®edoposuu, O.B. Oxpimenxo, /I.1. Cmoposcux, B.O. Kusa

Meranesuii mikpoctpinoBuit gerexkrop (MMJ]I) siBisie co0Ol0 HOBHMH IMO3MLIHHO-YYTIMBHN NETEKTOP ISt
HIMPOKOTO CHEKTPY 3acTocyBanb. OcHOBHI nepeBarn MM/I: mMasa ToBIIMHA, BHCOKA pajialliifHa CTIHKICTh, BUCOKA
MPOCTOPOBA PO3/iIbHA 31aTHICTh. TexHooris Bupoouuirea MM/] Britouae B ceOe KijibKa €TarmiB: MIKpOCTpIlTOBa
CTPYKTYpa CTBOPIOETHCS 3a JIOMOMOror (oroiitorpadii Ha KPEeMHIEBIH IUIACTHHI, IUIA3MO-XIMiYHE TPaBICHHS
KPEMHI€BOT IUIACTHHU B pOOOYOMY BiKHI, MiJAKIFOUSHHS! MIKpO-KabeneM /10 34MTyro4oi eyeKTpoHiku. KomepuiiiHo
JOCTYIIHI CHCTEMH 3uuTyBaHHS i 00poOku manux (VA SCM3, TimePix, Gotthard, X-DAS) Oynu BuBueHi st
Bukopucranns 3 MM/I. IlpencrasieHo pe3yiabsraTu gociikeHHs MMD Ha rmy4kax pi3HHX YaCTHHOK.

198 ISSN 1562-6016. BAHT. 2012. Ne6(82)



