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ABSTRACT. Recently, Thick-GEM (TGEM) whose geometry is at the militar-scale has been
developed to overcome the disadvantages of micro-scal€e(@aon Multiplier (GEM) such as
fragility against a discharge, difficulty in obtaining embugain at low pressure and so on. In
addition, TGEM with resistive electrodes (RETGEM) also hagn developed to make TGEM
more tolerant with a discharge. Active research is carrigdveridwide for applications such
as liquid Argon detectors, Cerenkov light detectors, samgpélements in calorimeter and low-
pressure time projection chamber. TGEM and RETGEM look ye#ogmising, but their basic
properties have not yet been studied thoroughly.

TGEM and RETGEM with different geometries were made and tmadoproperties such as
the voltage dependence of gain, the energy resolution andaim variation as a function of time
at different gain levels were measured.

A gain of about 1&was obtained with Ar(90%) + CH10%) gas mixture for both TGEM and
RETGEM. The gain variation as a function of time of TGEM at gan ~ 2000 was within 6%
after the correction by pressure and temperature. On tlee bénd, the gain variation as a function
of time of TGEM was large at higher gain and can not be expthabyeonly the correlation between
the gain and the value of pressure over temperature. Thevgaation as a function of time of
RETGEM was within 4% after the correction by pressure andotrature. The achieved energy
resolution wasv 13% (TGEM) and~ 10% (RETGEM). The energy resolution of RETGEM is
comparable to that of micro-scale GEM.

KEYWORDS. Micropattern gaseous detectors (MSGC, GEM, THGEM, RETIWGEICROMEGAS,
InGrid, etc); Cherenkov detectors; Gaseous imaging a#tiirg detectors
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1 Introduction

Gas Electron Multiplier (GEM), which is a micro pattern gass detector, is made of a thin insu-
lator foil (typical thickness is 5um) with metal electrode plates at both sides and piercedshole
(typically 70 um in diameter) in closely-packed arral][ The GEM with such micro-scale is de-
noted as 'standard GEM'’ in this report. With voltage diffece of several hundreds volts applied
to the both sides of the GEM foil, electron multiplicationcacs inside the holes.

GEM has the following advantages.

e Two dimensional position information is not lost duringaten multiplication.

e No degradation of performance is observed in high r2fe [

e High gas gain can be obtained with safe operation using d-tayér configuration.
¢ lon feedback can be suppressed.

GEM has been applied to many detectors not only for phy8jc®{it also for the fields of medical
research and nondestructive testidy [On the other hand, the standard GEM has some disadvan-
tages such as fragility against a discharge and difficuliybtaining enough gain at low pressure.
GEM with millimeter scale has been developed recently toame the described disadvantages
of the standard GEM{]. It is called as Thick-GEM (TGEM). Since the electron déysiside the

hole is more rarefied due to the larger hole diameter, digeharobability of GEM is expected to

be small. TGEM is manufactured with PCB technology usingilatdrpierce the holes. Further-
more, TGEM with high resistive electrodes has also beenlopegd to make TGEM more tolerant
with a discharge. It is called as RETGEM and originally depeld at CERN§]. Owing to the

high resistivity, the voltage difference in the hole regisrautomatically reduced when a large



TGEM
#1 #2 #3 | #4 | #5
Thickness 0.5mm 1.0 mm
Diameter of insulator| 0.3 mm| 0.5 mm| 0.3 mm| 0.5 mm| 0.45 mm| 0.3 mm
Distance between hole®.6 mm| 1.0 mm| 0.6 mm| 1.0 mm 0.6 mm
Rim With Without

RETGEM

Table 1. The geometrical configurations of TGEM and RETGEM.

current is drawn due to a discharge. Thus, a continuous atigeltould be efficiently suppressed.
Furthermore, since the electrodes are made of an organipaomd, the material budget is smaller
than metal electrodes.

TGEM and RETGEM look very promising, but their basic projgsrhave not yet been studied
thoroughly. TGEM and RETGEM with different geometries warade, and the basic properties
such as the voltage dependence of gain, gain variation agddn of time and energy resolution
were measured.

2 Geometrical configurations of TGEM and RETGEM

Figure 1 shows the plane views of TGEM and RETGEM. TGEM consists ofaagepoxy with
18 um-thick copper electrodes. The electrodes of RETGEM areenwdichn organic compound
and the resistance of the electrodes is about XD@rk. Two configurations were tried for hole
geometry; with and without rim. The cross sectional figur&@ GEM with rim is shown at figure.
The purpose of having rim of gbn around a hole, as shown in figu2eis to reduce a discharge
frequency by suppressing the concentration of field flux éohtble edge.

The geometrical configurations of TGEM and RETGEM are sunzedrat tablel. TGEMs
with five different geometrical configurations were madeo talifferent thickness, two different
hole diameter and with and without rim. The geometrical abtaristics of the TGEM without rim
is the same with TGEM3 apart the diameter of the insulatore G&ometrical characteristics of
RETGEM is also the same with TGEM3 apart the rim. It is diffidolmake rim at RETGEM due
to the manufacturing aspect.

3 Setup

Figure 3 shows the schematic view of the test setup. In the measutefiEe (X-ray: 5.9 keV)
with an intensity of 80 kBq was used. The measurements were wih GEM in a single element.
Distances between cathode mesh and GEM, and between GEMhadd pad are 20 mm and
1.5 mm, respectively. The voltage differences betweenochmesh and GEM, and between
GEM and anode pad are 400 V. A signal was read using pad witreagize of 10x 10 mn? and
was recorded using a VME ADC module. Ar(90%) + £(0%) gas mixture (P10) was used and
gas flow was kept 300 cc/min. Measurements have been donma@d@teric pressure and at room
temperature~{ 300 K).



Figure 1. The plane view of TGEM (left) and RETGEM (right).
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Figure 2. The cross sectional figure of TGEM
with rim. Figure 3. The schematic view of test setup

4 Result

In the case of the TGEMSs other than TGEM3, a continuous digehaccurred before obtaining
enough gain to separate the signal from the background. T®@BMs were tested for each geo-
metrical configuration and the similar results were obtaifeg both of the two TGEMSs with the
same geometrical characteristics. The following measentsnwere done using only TGEM3 and
RETGEM.

4.1 Energy resolution

Figure4 shows the charge distributions of TGEM3 and RETGEM at gair @000. The highest
peak corresponds to 5.9 keV and the escape peak (2.7 keV)lea/cseen in both cases. The
energy resolution is defined as RMS of the Gaussian whichesl fib the highest peak. The energy
resolution of TGEMS3 is about 13%. It is significantly worserhthat of the standard GEMs
(~ 10%) [7]. The energy resolution of RETGEM is about 10%, which is cample to that of
standard GEMs.
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Figure 4. The charge distributions for TGEM and RETGEM.
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Figure 5. The voltage dependence of gain of TGEM and RETGEM.

4.2 \Voltage dependence of gain

Figure5 shows the voltage dependence of gain for TGEM3 and RETGEM.gllin (G) is calcu-
lated as follows;

__H

Qe Ne’

whereu is the mean value of the 5.9 keV peak,ig| the elementary electric charge andisithe
number of electrons created by the absorption of 5.9 keVyX-Tde voltage difference between
GEM electrodes is called d@sV g in this report. The triangle and square symbols represent th
results of TGEM and RETGEM, respectively. The gain of TGEMBiaved nearly 1§ and that

of RETGEM achieved over 0 A continuous discharge started &V gem = 2220 V (TGEM)
and atAVgem = 1920 V (RETGEM). Thus, the measurements could not be cdeduaseyond
these settings.
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Figure 6. Left: Gain variation as a function of TGEM withV ggy=2070 V, 2100 V and 2150 V. Right:
Time variation of P/T during the measurement.
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Figure 7. The P/T dependence of the relative gain of TGEM.
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Figure 8. Gain dependence of P/T. (a): TGEM WiV g = 20700 V. (b): TGEM withAVggpm = 2100 V.
(c): RETGEM withAVggm = 1780 V.

4.3 Gain variation as a function of time

The left plots in figured show the gain variation as a function of time for TGEMS3. The-left,
middle-left and bottom-left figures show the result witl gy = 2070 V, 2100 V and 2150 V,
respectively.

The gain of GEM changes as the pressure(P) and the tempfidtahanges. The gain varia-
tion due to the variation of P/T can be corrected at narrowrBgion [7]. The following function
is used to correct the gain of TGEM witkV ggpm = 2070 V;

1
R= exp(29.87- BT

T — 11.79> .

For the gain of TGEM witlAV gy = 2100V,

1
R= exp<4188- P/—T — 16.53) .

These functions are determined by fitting the data taken thighdifferent pressure near the at-
mospheric pressure and with almost the same temperatuB®Q K) (figure8). Figure7 shows
the result of the corrected gain of TGEM. The blue and the niaddles represent the results with
AVgem = 2070 V and withAVgepm = 2100 V, respectively. The gain variation of TGEM with
AVgem = 2150 V can not be explained by only the variation of P/T. Theected gain of TGEM
with AVgem = 2070 V was within 6% and larger gain variation was seen didrigain.

The gain of RETGEM was also corrected by P/T and the folloviimgtion was used for the
correction;

1
R_exp<43.16- P/—T

After 100 minutes, the corrected gain was almost stable lamddriation of the corrected gain is
within 4% (figure10).

— 17.04> .
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Figure 9. Left: Gain variation as a function of time of RETGEM witkV ggv=1780 V. Right: The P/T
value during the measurement.
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Figure 10. The corrected gain of RETGEM. The data are normalized byrtbéan value of datum.

5 Summary and outlook

TGEM with different geometrical configurations and RETGEMigh has high resistive electrodes
were made, and their basic properties such as voltage depemaf gain, energy resolution and
gain variation as a function of time were measured.

For all TGEMs apart TGEM3, measurements could not be corduttie to a discharge. At
this measurement, the energy resolution can be achieviE®Po (TGEM) and~ 10% (RETGEM),
which is comparable to that of micro-scale GEM 10%). The gain was obtained near* Mith
TGEM and over 1t with RETGEM without a continuous discharge. The gain vaiaias a
function of time of TGEM withAVggm = 2070 V was within 6% after the correction by P/T and
larger gain variation was seen at higher gain. The gainti@nias a function of time of RETGEM
was within 4% after the correction by P/T. Since the gainatarnh as a function of time is a critical
for stable operation, it is interesting to study the gainatan as a function of time of RETGEM
with higher gain and for longer time.
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