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Abstract—this paper presents the operational good alignment between holes and pixels. The pillar
characteristics of several integrated Micromegas dectors. diameter can be shrunk to At so that the pillars fit in
These Idettectc_)rsf Cbal'ledt' '”Ci”ds are m?r?\e byt rggans of hetween the grid holes resulting in 100% detectia.
micro-electronic fabrication techniques. These tedtiques . . e .
allow a large variety of detector ggometry to be mmqand BOth the pillar height (ampllflcatlon gap) and thed
studied. Gain, gain homogeneity and energy resolain design (hole §hape, pattern and size) can be degura
were measured for various amplification gap sizeshole contrqlleq. This offers new design space for thecter
pitches and hole diameters in Argon/lsobutane. Gain optimization.
measurements as a function of gap thickness are cpared In this work several InGrid prototypes have been
to the Rose and Korff formula and a model of the dector  mgade and their operational characteristics measured
gain. Our model uses electric field maps and MAGBOLZ 1o eynerimental setup and fabrication process were
calculated amplification coefficients. .

presented in ref. [3]. All measurements have bemred
using a 80/20 Argon/lsobutane gas mixture. The next
section describes our approach to model the detecto

Keywords— Integrated Micromegas; wafer post- gain; sections 3, through 6 discuss gain and energy
processing; gain; energy resolution resolution measurements and modelling results.

. INTRODUCTION Il. GAIN MODELING
Microfabrication  techniques have dramatically ynger the assumption that secondary processes and
improved the performance of gaseous detectors.cB8Vi 5ttachment are negligible, the gas gain in a higbtéc
such as Micromegas [1] and GEM [2] make use oféhefie|q js governed by the primary Townsend coeffitie
techniques during their fabrication process to ewhi a(E), the mean number of ion pairs formed per unit
high ~granularity, homogeneity and good spatighngth by an electron at an electric field E. Aghin

resolution. Punctured membranes can be producéd Wiliectron traversing a path along the z directioh on
high precision, and hole sizes and pitches cardaptad gyerage cause a total gain G of

easily to the specific needs. But despite usingh hig

accurate techniques to build the detector itsk#,final (5 = eja(E(Z))dZ

mounting step over the readout plane is made mignual (_1) o
This inherently comes with several disadvantagks, | " the case of a homogeneous electric fieldis
misalignment between holes and pixels, Moiré effectonstant and the equation simplifies to

dead pixel areas, human errors and problems tdireac G — eag

volume production. (2)

The successful realization of the InGrid detectgr b with g the projected track length (the distance
Chefdeville et al. [3] is a major step towards thly  between the two plates in a parallel-plate geometry
integrated gaseous detector. The process is ICThe electric field in the Micromegas detector is
compatible so the grid can be integrated directlyao generally approximated as a composition of a
pixel readout chip in a wafer post processing stéh homogeneous low (drift) field region (Ed) and a

369



homogeneous high field region (Ea). This assumptioamriations while both are almost as sensitive tp ga
allows to define the field ratio (Ea/Ed) and to rebthe variations.
collection efficiency and the ion backflow in terrag

this field ratio. In this study we found the prexifeld Hole & um) ADID (%) AG/G (%)
shape at intermediate field strength (i.e. near fiile 36 10 19
openings) to be crucial for the overall detector -10 6
performance, see sections 3 and 5. 70 10 30

To estimate the gain of a Micromegas detector, the -10 19

Townsend coefficient then must be integrated akley  Table 1 : Gain sensitivity to hole diameter vadas.
electron drift path. The statistical variation ikearon

trajectories and collision phenomena is accouredy

0 [
Monte Carlo calculations as provided by the program ';g e @ bm) ﬁg/g () ﬁSIG ()
GARFIELD [4], using the electric field maps from 10 20
MAXWELL 3D [5] and amplification and drift 70 10 23
coefficients from MAGBOLTZ [6].
-10 38
. GAIN HOMOGENEITY Table 2: Gain sensitivity to gap thickness variagio

The microelectronic fabrication techniques (spin
coating, sputtering and wet etching) used to maie t
InGrids allow an accurate control of the gap thiess)
the grid thickness and the hole diameter, resuiiting
very good gain homogeneity (defined as the R

IV. GAIN AND GAPTHICKNESS

One particularly interesting feature of the Micrajas
detector that can be studied with InGrid is the
M%ependence of the gain with the gap thickness.aFor
relative variation of gas gain across a prototype). given grid voltage, increasing the gap thicknestices
For several InGrids, the gain was measured on t#ﬁe field but increases the available amplificatiemgth
equally spaced locations across the active areadans 8]. If equation (1) holds, the gap thickness dejgece
of a collimator. The homogeneity was found to be2d.0 of the gain will be govemed by the field dependeot

in the worst case and 1.6 % in the best one (Figjure thi\;()ews}ﬁzdfgfnfg:giig}d tor low fields was derived
VYOO Bomees P s was derive

?@OO( 3500009 by Rose and Korff [7, 8]:

(3 Ny -BP/E
N 5600007 a = APe

YOOCN s ®®® . @)
v*\'“\{‘\r'}(_‘j[' ANAOOOT where P is the pressure, E the electric field gtien
imcararat (amannn® and A and B constants of the gas mixture. ReplaEing
Figure 1: A 80um hole pitch, 75m gap InGrid, by V/g (V being the grid voltage) and using (1)dsdo:

showing 10% gain homogeneity (left side) and gue0- Ape~9BP/V
hole pitch, 35am gap InGrid exhibiting 1.6 % gain (5 = eg €

homogeneity with a 24@m pillar pitch (right side) ()

For a given gas, pressure and grid voltage V, #ie g

For a given gap thickness, the gain homogeneity ngesents a ma>ﬂmum for a certain gap thickness.
9(Gmax ) =V /(BP) (5)

measured to degrade for larger hole diameters.
Inversely, for a given grid geometry, it was imgray Selecting the gap thickness according to equation 5
for smaller gap thicknesses. We believe the gaibheto should make the gain to a certain extent insemsiiv
more sensitive to hole diameter and gap thicknessechanical imperfections of the mesh (wrinkles) ahd
variations in the case of bigger holes. the gap thickness (pillar height variation). Thésniot a
This sensitivity difference was simulated using theritical point for the InGrid as gap thickness agrifi
method described in section 2. Gains of a large andlatness are accurately controlled. It is however
small hole configuration of 7am gap were calculated. interesting to check that there is indeed a gagkii@ss
Same operation was done for hole diameters and gapwhich the gain is maximum.
thicknesses differing +/-10% of their original vetu Several devices with gap thicknesses in the range
Results are summarized in tables 1,2 and showtlieat from 35 um to 75um have been built and gain curves
large hole configuration is more sensitive to ditene have been measured. In figure 2 gain curves as a
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following Table.

function of the grid voltage are shown. The gainves
have been fitted using the Rose and Korff formula.

In figure 3 the dependence of gain with gap thiskn

is presented. These measurements were performe

InGrid 1| InGrid 2| InGrid 3
e Hole pitch (im) 50 60 80
dHate diameterm) 32 36 75
es Gain @ 500 V 9800 9900 2900

almost constant atmospheric pressure (variatios
than 2%).

105§ ® 35um gap
[/ ® 55Um gap
| A 75Um gap
104

Gain

10°)

360 400 440 480 520 Vgrid(V)

Table 3: Measured gain for different InGrid georniastr

105 :
- i & 36um diameter
‘®™ | ®32um diameter ot
O | ®75um diameter| , *

104‘ 4 a: . =

1 ') .
109, *
420 460 500 540

Varid(V)
igure 4: Gain for three grid geometries (see table

Figure 2: Gain as a function of grid voltage fo'gbove).

various gap thicknesses. The data points are fitséug
the Rose and Korff formula (lines).

The gain is clearly dependent on the hole diameter.
This is understood by looking at the field strenglibng

From Figure 3, it is clear that the Rose and Korthe hole axis for different hole diameter, keepihg
formula describes the trend well, even though thesf hole pitch fixed (Figure 5).While decreasing thdeho
not perfect and one requires more measurementspoidiameter, the electric field along the hole axifigher

for a critical assessment. The gas gain reaches Qi4er a longer distance, therefore the overall gain

maximum value for a gap around hth operated wit
450 V on the grid.

Gain

mVg=450V P=1atm
—RosedKorf fit =

104

10
Gap size (Um)

Figure 3: Gain at 450 V on the grid for various gap VI. ENERGYRESOLUTIONMEASUREMENTS

thicknesses. The data points are fitted using tbeeR The

and Korff formula.

V. GAIN AND GRID GEOMETRY

p increases.

‘/.‘g 90 ® 10pm diameter
Q b T —— A 30um diameter
% 70 E g % 50um diameter

50

30 - *

. i i H i ."'g----‘::::ﬁ!' +
10 30 50 70 90 Z(um)

Figure 5: Electric field along the hole axis of @Gm gap
InGrid for various hole diameters (400 V on thedyri

resolution of gaseous detectors is mainly
determined by the primary charge fluctuations amal t
single electron gain fluctuations. These sources ar
intrinsic to the sensing gas and cannot be avoi@ed.

Gain as a function of grid geometry has been medsuithe other hand, fluctuation sources like attachnaert
for three 75um gap InGrids, each of one having aollection efficiency depend on the drift field acdn
different hole diameter and hole pitch summarized itherefore be optimized for minimum energy resohutio
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Energy resolution is calculated using 55Fe spectravalanches induced by UV photons or space charge
55Fe emits quanta of 5.9 keV and 6.5 keV in th@ 1@t effects that distort the field.
to 1. This ratio is slightly modified to 7.5 todye to the
different absorption of these lines in the gas $fjectra VII. CONCLUSIONS
were fitted using two Gaussian functions (FigureTd}e  The fabrication process of InGrid has reached a
parameters (mean, height, width) of the 6.5 ke\é linmature level and several InGrids of different getiyne
were fixed by the ones of the 5.9 keV line. Thergne have been made and tested. Excellent homogeneity of
resolution is defined as the FWHM of the 5.9 ka\éli the gas gain across a detector (1.6% RMS) is regort
Gain measurements for different amplification gap

1400F thicknesses show a good agreement with the Rose and
% Korff formula. Energy resolution has been measuced
0 have a minimum at a gain around 5.103 for thre@m5-
o 1000 gap thickness InGrids of different hole pitch and
° diameter. The obtained results further show that
2 s00F considerable design freedom exists in the holeeshag
£ diameter.
2
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voltage. Remarkably, the three curves almogt] Y. Giomataris et al., Nucl. Instr. and Meth3%6 (1996) 29

p ; 2] F. Sauli, Nucl. Instr. and Meth. A 386 (1997315
superimpose when plotted as a function of the ga’%ﬁ M. Chefdeville et al., Nucl. Instr. and Meth.5%6 (2006) 490

(Figure 7). [4] R. Veenhof, Nucl. Instr. and Meth. A 419 (19986
[5] Ansoft, Maxwell Parameter extractor 3D

T T [6] S. Biagi, Nucl. Instr. and Meth. A 421 (199942
A 36um diameter || [7] F. Sauli, CERN yellow report 77-09
= 60 1 . [8] Y. Giomataris, Nucl. Instr. and Meth. A 419 &) 239
&~ B 32um diameter || [9] A. Delbart et al., Nucl. Instr. and Meth. A 462001) 84
o . !
% 40 @ 75um diameter ||
z N |
c 30 [
e Ld
5 STEF T
2 20 b
]
i [
10° 10 Gain
Figure 7: Resolution vs. gain for various hole
diameters.

As already noted in [9], the resolution exhibits a
minimum with respect to grid voltage (or gain). An
explanation of the resolution improvement couldthoe
reduction of avalanche fluctuations when increasiveg
amplification field i.e. transition from exponeritito
Polya single electron gain fluctuations. Degradatio
above a gain of 5.103 could be explained by seagnda
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