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PRELIMINARY RESULTS FROM A NEW MICROSTRUCTURE FOR
GASEOUS DETECTORS

M.Lombardi-INEN Laboratori Nazionali di Legnaro-ViaRomea 4-35020Legnaro
(Padova)-Italy-fax:049/641925- MLOMBARDI@ VAXLNL.LNL.INEN.IT

E.S. Lombardi-Osservatorio Astronomico S.Lucia-05039-Stroncone-Terni
Italy

Abstract. A new microstructure far the detection of gas ionizing radiations has been
characterized For every-single detected ionizing radiation it gives a pair of "induced'
charges of the same amount (pulses of the same amplitude), of opposite sign, with the same
calection time and essentially in time caincidence, that are propartional to the primary
ionization cdllected Gas multiplication more than 105 with mare than 108 electrons in the
primary avalanches, warking in the propartional regian, are possible.The camplete lack o
insulating materials in the active volume of this microstructure avaids problems of charging-
up and makes stable and repeatable its behaviour. This microstructure, through the use of
the charge pair generated, allows the development of a pesition sensitive detector with a two-
dimensional read-out. Using isobutane as the gas, an energy resdution of about 8% FWHM was
recarded with a particles fram an 241 Am saurce in AFE fashion Always in isobutane gas, X
rays fram a S5Fe source were also detected
1- Introduction
To develop aposition sensitive cetecting board with a two-dimensional read-

out we wandered whether dimensions and warking conditions far amicrostructure , anode-
paint based, could be found that would allow the generation of charges proportional to the
primary ionization collected thatiswarking in the propartional region. As will be seen later
an anode-pantconfiguration is well suitable far the purpose.

It was painted out by previous investigations int this type of anode [1,2] that this strongly
influences the mode of avalanching : a small (tens of microns) radius tip leads to early
streamer operation.(h the other hand itisalsoreported [2] thatfar a pin detectar working in
the propartional region the gas multiplication doubles every~ 100 V while the gas
multiplication doublesin about 600 V when warking in self-quenching streamer (SC3) mode.
To find the proper sizes of this microstructure , and far practicality, we proceeded at first to
detect o particles in roam air looking far  avaid the carona naise . We tested then these
microstructures in isobutane gas.

2- The leak microstructure
The leak microstructure (LM in the fdlowing), fig.1, consists of a wire-pant

(¢=10 up to50um) ar aneede, acting as anode, well centred and perpendcular t the plane
farmed by two conductive and parallel strips , same tens micrans thick, set ata distance b
100-400pum or less (cathode). Asan alternative it can consistof a neede (ar awire-paint)



"
as anode well centred in a hde ¢=400um ( ar less) made an a conducting layer (a comman
G-10board covered with acopper layer) ascathode [3,45]. An electran, produced anywhere
in the gas volume, that reaches the strong electric field between the wire-paint and the
strips of the LM, will driftalang the field lines towards the anode where it will experience an
avalanche multiplication in the gas close w the surface of the wire-pant. The signals fram
the LM are cdlected by the two fast wide-band pick-ups (Zin=100 @ Vout'Vin~3 a Q3
mV/pA) of fig.2 They give, far every-single detected jonizig radiation, a pair of charges of
the same amount (pulses of the same amplitude), of opposite sign, with the same cdlection
time and essentially in time caincidence, as can be seen in fig.3 . When thedistance b ( fig.1)
of the wobarders of the strips nearest to the wire-paint is in the range 100-400 um (ar few
mare) ,itis possible todetect a particles in roamair without caronanadise ar instabilities due to
secondary processeswith aHigh Vdtage (HV) ranging fram 650 o 1200V depending an the
LMsize:in fig.3an example.

3-Experimental data
In fig.4 isreparted the gas multiplication, in 760 Tarr of isobutane , as function of the HV, of
three different LM's [ 1: wire-paint ¢=20 um, b=200pm. 2 wire-paint ¢=20 um, b300 um. 3 a
neede (with tens of micrans radius tip) of ¢=400pum centred in ahde ¢=400um]. In fig. 5
pulses from a LM of the type 3 (neede) warking at 120V with a S5Fe source in 760 Tarr of
isobutane. In these experimental conditions the absarbed X ray of 59 KeV fram the SSpe
source gives rise up to ~200 electrans of primary ionization. With the farmula GVT/2AZne
where G-gas multiplication, V=maximum recarded amplitude (~80mV) o these pulses, T-the
duration of the ion cdlection process (=30 ns.), A=electronic amplification (~3), ZAnput
impedance of the pick-ups (100Q) , ng=20 and e s the electran charge we evaluate the gas
multiplication to be about 1.25x10°. In fig. 6 is shown an energy distributian, obtained in
86400 secands (cne day) of continuous running, with a LM of the type 3 (neede) warking at
1000V in 500 Tor of iscbutane. An !Am uncdlimated source was set ~16 millimetres above
the LM.. No electrodewas inserted between the sourceandthe LM to create a drift field The
LM cdllected therefare only that partcf the primary ionization produced in its active vdume.
In particular far the ofs itis a AE fashion measurement In this energy dstribution it is
possible to distinguish wo fluorescence peaks, a broad peak due to the Xrays ( mainly 60
KeV) and a narrow one due to a particles. Over-imposed to this distribution, far sake of
comparisan, is the energy distribution obtained with a 5Fe uncdlimated source in the same
warking conditions with the same LM. Fram these distributions, together with the pulses of
fig.7 recarded during the acquisition of the distribution o fig.6, we learned once mare
[345], the fdlowing things:
a) the LM has spectroscopic capabilities
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b) thenarrow a peak (~8% FWHM) testifies the very good stability of the gas multiplication
over 24 hours of continuous running. This is due to the absdute absence of insulating
materialsin the active valume of the LM ( seefig. 1)
c) loocking at the pulses recarded in fig. 7 ( 5Sns/div, 100mV/div) , in particular atthose due to a
particles ( ~M00mV and ~0ns of cdlection time) , itis possible to calculate the number N of
electrons in the primary avalanche to be N&VT/2AZe equal to mare than 16x108  still
warking in propartional region ( the plot4 in the fig.4 reparts the gas multiplication, at S00
Tarr of isobutane, of the LM type 3 used for the distributions of fig.6 ). This is an unexpected
perfarmance of the LM , cansidering that the maximum size of the primary avalanche
befare streamering is sx100far the pin detectars [ 2] and Ax 100far the wires [ 6}
An aluminium fail, 50pum thick, was set ~3mmabove the same LM type 3 (neede) in 760 Tarr
of isobutane. A callimated S5Fe source was leaned an the aluminium fail set at -1560V. The
LM warked at -1300V with an estimated (fram the amplitude of the pulses ~180mV) gas
multiplication about 2.8<10°.In fig.8 it is possible to identify the main peak of the 5.9KeV x-
rays ( on theright shoulder the 65 KeV low intensity peak), the peak due to the aluminium
fluarescence and the peak (cut) due tothe few secandary electrans emitted by the surface
of the aluminium fail. The left shoulder of the main peak is due tothe sum of the fluarescence
peaks of the materials present in the experimental set-up (the source was cdlimated through
a hde, Immin diameter,on a piece f iron 22mm thick; the copper of the cathode; the tip of
theanode-needeisnikel plated; the iso-G#10 gas). The size of the avalanches in the main
5.9 KeV peak result tobe of ~5.6x10/ electrans.
Itis possible to obtain results similar tothose justseen also with LM's of the types 1and 2
In order to have an evaluation about the active area of a single IM o particles were
detected with asilicon detector and with aIM of the type 1 (b=200 yum and ¢=20
um , HV=_830V, 500 Torr of isobutane) with the source set at the same distance above
the two detectors . On the besis of the counting rate obtained with each detector, and
the known area of the silicon detector, it was estimated that the IM was efficient in a
surface of about 1-2 mmZ. This is an important information to design a multi {M
structure detector. It suggest that a pitch of Imm is adequate to have a good
detection efficiency.
4-REMARKS

At this paint it has tobe painted out that for a gas detectar the transition
fram the propartional region to S behaviour has, as a function of the applied high
vdltage, a leap character [267], and that fram the photographs of the S(§ [67] these are
abjects of same hundreds micransin diameter and several hundreds micransin length .
We didn't note leaps in the pulse amplitude , as results of the increasing high vdtage,
warking with the LM's; an the contrary we got a behaviour reparted in fig.4 which is
characteristic of the propartional region.
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Fm‘dlern_lcre ,considering that in the LM'swe have tested the distance tip-cathodewas 200
microns ar less, we can say that there is no enough space far the SG§ development. This
leads tosay that a LM can wark only in the proportional region or go in spark break-down
through the conductive quasi-metal thread [6] SG which shart -cicuits the gap preventing
any useful operation.
Defining as "neck" the volume of a IM surrounding its anode and delimited by the
upper and the lower planes of the strips, the (primary) avalanche , generally starting
above the tip and outside the neck , mostly will propagate thickening itself through
the photo-electrons generated in the neck were the electric field has its maximum
intensity. It behaves as if the neck would be an"avalanche proportionally amplifying
cavity". This way of thinking, even if in a tentative way , fits the results up to now
obtained and what we have observed but it requires more investigations , especially
with photographic instrumentation which we don't have, to be confirmed.

5- The two-dimensional position sensitive detecting board

In a sandwich, fig 9, made with two pieces of printed circuits board (glass-epoxy
laminate, both ~10x10mmZ2 and 1 mm thick, with copper fails 37um thick coating both sides) a
matrixof nine hdes of ¢=A00pm was drilled(pitch 1 mm). Ghe of the two external conducting-
layerswasdivided into strips, separated by the nine hdes. The other external conducting-
layer was alsodivided into strips, arthogonal to the previous anes, but centred an the hdes.
Nine needes, ¢=400 um, were inserted with their paints well centred in the hdes between
the strips to form nine LM's. (h the other external layer the needes passing in the midde of
the strips were soldered to them and cut (h the wointernal copper-layers, adhering to
each other, and farming an intermediate conducting layer, the hdes were reamed to prevent
contact with the pass-through needes The structure, therefore, consists of acathadic surface
(detecting surface) with nine LM's, of an intermediate conducting layer anddf an
anodic surface (backplane:stripsin contact with theneedes). Letus name this structure as
the L.N.L. structure (Laboratori Nazionali d Legnaro). After cleaning up with
trichlorethylen in an ultrasonic bath we verified that each of thenine LM'swererunning
with aparticles.In fig. 10 an energy distribution obtained with o particles with the LNL.
structure in 600 Torr of isobutane warking at 1100V with a drift field of 330v/cm is shown.
The latter is the sum of the spectracf the nine LM'swarking together at the same HV but with
different gas multiplication (due tolitde differencesin the mechanical sizes of the LM's).
Itis possible to obtain fast "kicks" pulses by connecting the intermediate layer of the LNL.
structure © a fastpick-up. These kick pulsesare the (R of theanodic and the cathodic pulses
of the external surfaces (nomatter how they were subdivided) dffering a good trigger to
coardinate them in a two-dimensional read-out system. Mareover the intermediate layer
limits the capacitive cross-talk (or can shield electrostatically quite campletely if grounded)
between thetwo external surfacesallowing, at the same time, 0 have strips with awell
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defined characterisic impedance Zg which, if properly matched prevents possible
reflections and/ar ringing due to the very fast pulses.

CONCLUSIONS
[twas putin evidence the possibility touse paints,arranged in particular microstructures, to
detect gas ionizing radiations warking in propartional region with high gas multiplication
and consequently with output pulses of high amplitude on low impedance with a rapid
risetime. The ratio Qx/Qy of each charge-pair supplied by these microstructures far each
detected ionizing radiation is 1 and both Qx and Qy charges of each pair give the same
energy and time infarmation. The energy resdution FNHMwith aparticlesis good The
absence of insulating materials in the active vdume of this microstructure gives stable and
repeatable its behaviour. The possibility of communication between two canducting surfaces,
via"conductivity" through the wire-paints of the LM'swas verified in practice with the LN.L.
structure of fig.9 The two external surfaces, which donotneed to be parallel andflat, can be
subdivided not necessarily, in straightarthoganal strips, tofarm a sensitive position two-
dmensional readout Between the two "active surfaces" it is possible to insert a third
intermediate canducting layer © limit (or practically suppress) the capacitive cross-talk
between them. Mareover this intermediate layer can give avery fast OR-trigger to coardinate
the charges (pulses) of the two external surfaces and to govern the data acquisition system.
Weare now developing four samples of the LNL structure of fig.9 using metallized hdes and
ball bdding techniques.
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FIGURE CAPTIONS

Fig.l- Gross-section of a LM (notin scale) and electronic set-up. Fig.2-Anadic and cathodic
wide-band pick-ups. Fig.3-Anadic andcathadic pair-pulses of o particles detected in open air.
Fig.4-Gas multiplication in 760 Torr of isobutane. Fg.5-Anodic pulses with a SSFe source. Fig.6-
Iergy distribution with an 241Am saurce. Fig.7-Anodic pulses recarded during the
acquisition of the spectrum of fig.6. Fig.8 Fnergy distribution with 35Fe in 760 Torr of
isobutane. Fig.9The LNL. structre. Fg.l0-Energy dstribuion obtained with the
L.NLstucture.
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