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Abstract

A new microstructure for the detection of gas
ionizing radiations has been characterized. For
every-single detected ionizing radiation it gives a
pair of "induced" char ges of the same amount (pulses
of the same amplitude), of opposite sign, with the
same collection time and essentially in time
coincidence, that are proportional to the primary
ionization collected. Gas multiplication more than 10°
with more than 108 electrons in the primary
avalanches, working in the proportional region, are
possible. The complete lack of in sulatin g materials in

the active volume of this microstructure avoids
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 position sensitive detector with

a two-dimensional read-out. Using isobutane as the

gas, an energy resolution of about 8% FWHM was
recorded with a particles from an #!' Am source in

AE fashion Always in isobutane gas, X rays from a
5SFe sour ce were also detected.

1- Introduction

To develop a position sensitive
detecting board with a two-dimension al read-out we
wondered whether dimensions and working
conditions for a microstructure , anode-point based,
could be found that would allow the generation of
charges proportional to the primary ion ization
collected, that is working in the proportional region.
As will be seen later an anode-point configuration is
well suitable for the purpose.
It was pointed out by previous in vestigationsinto this
type of anode [1,2] that this strongly influences the
mode of avalanchin g :a small (tens of microns) radius
tip leads to early streamer operation. n the other
hand it is also reported [2] thatfor a pin detector
working in the proportional region the gas
multiplication doubles every~ 100 V while the gas
multiplication doubles in about 600 V when working
in self-quenching streamer(S(B) mode. To find the
proper sizes of this microstructure , and for
practicality, we proceeded at first to detect aparticles
in room air looking for to avoid the corona noises .
We tested then these microstructures in isobutane
gas.

2- The leak microstructure

The leak microstructure (LM in the
followin g), fig.1, conssists of a wire-point (¢=10 up to 50
pum) or a needle,acting as anode, well centred and
perpendicular to the plane formed by - two
conductive and parallel strips ,some tens microns
thick, set ata distance b 100-400 um or less (cath ode).
As an alternative, it can consist of a needle (or a
wire-point) asanode wellcentred in a hole ¢=400 um
(or less) made on aconducting layer (a common G-10
board covered with a copper layer) as cathode
[3,4.5,6].
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Figl- Cross-section of a IM(not in scale) and electronic set-
up.

An electron,produced anywhere in the gas volume,
that reaches the strong electric field between the
wire-point and the strips of the LM, will drift along
the field lines towards the anode where it will
experience an avalanche multiplication in the gas
close to the surface of the wire-point. The signals
from the LM are collected by the twofast wide-band
pick-ups (ZA00 Q V,/ V-3 or 03 mV/pA) of fig?2.
They give, for every-sin gle detected ionizig radiation,
a pair of charges of the same amount (pulses of the
same amplitude), of opposite sign, with the same
collection time and essentially in time coincidence,as
can be seen in fig3 . When thedistance b (fig.1) of
the two borders of the strips nearestto the wire-point
isin the ran ge 100-400 um (or few more),itis
possible to detect o particles in room air with out
corona noise or instabilities due to secondary
processes with an High Voltage (HV) ranging from



650 to 1200V depending on the LM size: in fig. 3 an
example.

Fig2- Anodic and cathodic wide-band pick-ups.

TRIGGERE T TN

tiae
CHUTTHY

€ Hpr-tS
[N

2 ns
snonmy g 3 =F

SETHE SMUET
TRILULE .

2-—- et on
1 M ons \ 1] l:n ] l
2 umy - o1 | [ ST (O

v B

el e 1 -
a v |
LFRET HEECT |

At ool g -
[ I
_tulse
= B - 1 Wit oy
-— —t— [_-_4_7 }
- J ~etapd bl l
M ons ki _-‘,,,"‘
1 oemy 9 SO sweeps
2 oMy W LI U 1T 1 o0 R.aAY [J HORMHL
R A no limta set L

Fig3- Anodic and cathodic pair-pulses of o particles detected
in open air.

3-Experimental data

In fig4 isreported the gas multiplication ,in 760 Torr
of isobutane ,as function of the HV,of three different
LM [ 1: wire-point ¢=20 pm, b=200 pm. 2: wire-point
20 um, b=300 pm. 3: a needle (with tens of microns
radius tip) of =400 um centred in ahole =400 pum ].In
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fig. 5 pulses from a LM of the type 3 (needle)
working at 1200 V with a SFe source in 760 Torr of
isobutane. In these experimental conditions the
absorbed Xray of 59KeV from the Fe source gives
rise up to ~200 electrons of primary ionization. With
the formula GVT2AZne where Gsgas
multiplication, V=maximum recorded amplitude

( ~80 mV) of these pulses, Tthe duration of the ion
collection  process (~30 ns), A=electronic
amplification (-3), Z4n put impedance of the pick-ups
(100Q), n 200 and eistheelectron charge we
evaluate the gas multiplication to be about 1.25x10°.
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Fig4.-Gas multiplication in 760 Torr of isobutane.
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Fig5- Anodic pulses with a Fe source.
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In fig.6 isshown an energy distribution, obtain ed in

86400 seconds (one day) of continuous runnin g, with

a LMof the type 3(needle) working at1000V in 500
Torr of isobutane. An 2'Am un collimated source was
set ~16millimetres above the LM. No electrode was
inserted between the source and the LM to create a
drift field. The LM collected therefore only that part
of the primary ionization produced in its active
volume. In particular for the ofs it is a AE fashion



measurement. In this energy distribution it is

possible

88E3

Fig6-Energy distribution with an ! Am source.

to distin guish two fluorescence peaks,a broad peak
due tothe Xrays (mainly 60KeV) and a narrow one
due to a particles. Over-imposed to this distribution,
for sake of comparison, is the energy distribution
obtained with a ¥Fe uncollimated source in the same
working conditions with the same LM. From these
distribution s, together with the pulses of fig.7
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Fig7- Anodic pulses recorded during the acquisition of the
spectrum of fig6.

recorded during the acquisition of the distribution of
fig.6 , we learned once more [3,456]the following
things:

a) the LM has spectroscopic capabilities

b) the narrow a peack (8% FWHM) testifies the very
good stability of the gas multiplication over 24 hours
of continuous running. This is due to the absolute
absence of insulating materials in the active volume
of the LM ( see fig. 1)

c) looking at the pulses recorded in fig. 7

( 5Sns/div,100mV/div) , in particular atthose due to o
particles ( 400mYV and ~40 ns of collection time), itis
possible to calculate the number N of electrons in
the primary avalanche tobe N=VT/2AZg equal to

more than 16x108 still working in proportional
region ( the plot 4 in the figd4 reports the gas
multiplication ,at 500 Torr of isobutane,of the LM type
3 used for the distributions of fig.6 ). This is an
unexpected performance of the LM, considerin g that
the maximum size of the primary avalanche before
streamering is 5x10° for the pin detectors [ 2] and
20x 10¢for the wires [ 7].

An aluminium foil, 50 um thick, was set ~3mm above
the same LM type 3 (needle) in 760 Torr of isobutane.
A collimated 5Fe source was leaned on the
aluminium foil set at -1560V. The LM worked at
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Fig.8-Energy distribution with Fe in 760 Torr of isobutane.

-1300V with an estimated (from the amplitude of the
pulses ~180mV) gas multiplication about 2.8x10°.

In fig.8 it ispossible to identify the main peak of the
59KeV x-rays (on theright shoulder the 6.5 KeVlow
intensity peak), the peak due to the aluminium
fluorescence and the peak (cut ) due to the few
secondary electrons emitted by the surface of the
aluminium foil. The left shoulder of the main peak is
due to the sum of the fluorescence peaks of the
materials present in the experimental set-up (the
source was collimated through a hole , Imm in
diameter,on apiece of iron 22mm thick; the copper
of the cathode; the tip of the anode-needle is nikel
plated; the iso-C4H10 gas). The size of the avalanches
in the main 59 KeVpeak result tobe of ~5.6x107
electrons.

It is possible to obtain results similar to those just
seen also with LM'sof the types 1and 2.

In order toh ave an evaluation about the active area of
a single LM o particles were detected with a silicon
detector and with a LM of the type 1 (b=200 ym and
=20 um , HV=830 V, 500 Torr of isobutane) with the
source set at th e same distan ce above the two detector s.
(n the basis of the counting rate obtained with each
detector,and the known area of the silicon detector, it
was estimated th at the LM was efficientin a surface of
about 1-2 mm?. This is an important information to



design a multi -LM structure detector.It suggestthata
pitch of Imm is adequate to have a good detection
efficiency.

4-REMARKS

Atthis point it has to be pointed out thatfor
a gas detector the transition from the proportional
region to SGB behaviour has, as a function of the
applied high voltage, a leap character [2,78], and
that from the photographs of the S(B [7,8] these are
objects of some hundreds microns in diameter and
severalhundreds micronsin length .
We didn 't note leapsin the pulse amplitude , as results
of the increasing high voltage, working with the
LMss; on the contrary we gotabehaviour reportedin
fig4 which is characteristic of the proportional
region.
Furthermore,considering that in the LM's we have
tested the distance tip-cathode was 200 microns or
less, we can say thatthereis no enough space for the
S development. This leads to say that a LM can
work only in the proportionalregion or go in spark
break-down through the conductive quasi-metal
thread [7] SQ which short -cicuits the gap
preventin g any useful operation.
Defining as "neck" the volume of a LM surrounding
its anode and delimited by the upper and the lower
planes of the strips, the (primary) avalanche ,
generally startin g above the tip andoutside the neck,,
mostly will propagate thickening itself through the
photo-electrons generated in the neck were the
electric field has its maximum intensity. Itbehaves as
if the neck would be an"avalanche proportionally
amplifyin g cavity". This way of thinking,even if in a
tentative way , fits the resultsup tonow obtainedand
what we have observed but it requires more
investigations , especially with photographic
instrumentation which we don't have, to be
con firmed.

5- The two-dimensional
sensitive detecting board

In a sandwich, fig 9, made with two pieces of
printed circuits board (glass-epoxy laminate, both
~10x10 mm? and 1 mm thick, with copper foils 37um
thick coating both sides) a matrix of nine holes of
¢=400 um was drilled (pitch 1 mm).
(he of the two external conductin g-layers was divided
into strips, separated by the nine holes. The other
external conducting-layer was also divided into
strips, orthogonal to the previous ones, but centred
on the holes. Nine needles, ¢=400 pm, were inserted
with their points well centred in the holes between
the strips to form nine LM's. On the other external
layer the needles passing in the middle of the strips
were soldered to them and cut.(h the twointernal
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Fig9-The LNLL structure.

copper-layers, adhering to each other,and forming
an intermediate conducting layer, the holes were
reamed to prevent contact with the pass-through
needles. The structure, therefore, consists of a
cathodic surface (detecting surface) with nine
LM, of an intermediate conducting layer and
of an anodic surface (backplane: strips in contact
with the needles). Let us name this structure as the
L.N.L. structure (Laboratori Nazonali di
Legnaro). After cleaning up with trichlorethylen in
an ultrasonic bath we verified that each of the nine
LM were running with o particles. In fig. 10 an
energy distribution obtained with o particles with
the LNL. structure in 600 Torr of isobutane working
at 1100V with a drift field of 330V/cm is shown. The
latter is the sum of the spectra of the nine LM's
working together at the same HV but with different
gas multiplication (due to little differences in the
mechanical sizes of the LM's). It is possible to obtain
fast "kicks" pulses by connecting the intermediate
layer of the LNL. structure to a fast pick-up . These
kick pulsesare the (R of the anodic and the cath odic
pulses of the external surfaces (n o matter how they

100

T T T T T T 1 T

CHANMEL 1 10 200  acalaliN messunfime = 36008

Fig.10-Energy distribution obtained with the LNLstucture.

were subdivided) offering a good trigger to
coordinate them in a two-dimensional read-out

system. Moreover the intermediate layer limits the
capacitive cross-talk (or can shield electrostatically



quite completely if grounded) between the two
external surfaces allowin g, at the same time, to have
strips with a well defined characteristic impedance 7,

which, if properly matched, prevents possible
reflections and /or ringing due to the very fast
pulses.

GONALUSIONS
It was put in evidence the possibility to use points,
arranged in particular microstructures, to detect gas
ionizing radiations working in proportional region
with high gas multiplication and consequently with
output pulses of high amplitude on low impedance
with arapid risetime. The ratio Q/ Q, of each charge-
pair supplied by these microstructures for each
detected ionizing radiation is 1 and both Qand Q
charges of each pair give thesame energy and time
information. The energy resolution FWHM with o
particles is good. The absence of insulatin g materials
in the active volume of this microstructure gives
stable and repeatable its behaviour. The possibility of
commun ication between two conductin g surfaces, via
"conductivity" through the wire-points of the LM's
was verified in practice with the LNL. structure of
fig.9 The two external surfaces, which do not need
to be parallel and flat, can be subdivided, not
necessarily, in straight orthogonal strips, to form a
sensitive position two-dimensional readout. Between
the two "active surfaces" it is possible to inserta third
in ter mediate conductin g layer tolimit (or practically
suppress) the capacitive cross-talk between them.
Moreover this intermediate layer can givea very fast

OR-trigger to coordinate the charges (pulses) of the
two external surfaces and to govern the data
acquisition system.
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