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百leoperation of a gas electron multiplier (GEM) detector equipped with a multiwire proportional chamber 
(MWPC) or a micro s位ipgas chamber (MSGC) was exarnined.百leadditional gain provided by the GEM permitted 
仕leoperation of the combined detector at substantially reduced voltages， thus increasing its reliability. The GEM + 
MWPC detector showed a very good gain uniforrnity of 2% variation throughout the active detector area.百lesingle 
GEM detector achieved e:ffective gains of above 3000 with pure Ar by the effect of avalanche confinement. 
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1. Introduction 
The recent1y in位'oducedgas electron m叫討plier(GEM)l) is 
comprised of a仕linpol戸nerfoil (50)lm kapton)∞ated on 
both sides with meial and perforated with a regular matrix of 
small holes. The holes are made by etching with a diameter 

of 60 )lm and a pitch of 100 )lm using conventional 
photolithographic methods. Under app1ication of a suitabl巴
potential difference between the GEM electrodes， the GEM 
mesh acts as an amplifier for electrons released by radiation 
in theむiftregion due to the strong electric field in the holes 

where extemal dri武fieldlines are focused. Coupled to main 
g錦町alanchedetectors including a standard MWPC or a 
MSGC， a GEM mesh provides pre-amplification and hence 
greatly improves the reliability of the devi∞that can be 
operated at substantially reduced刊1tages.
The MSGC has been developed and adopted for use in 

many high-energy physics experiments mainly becaus巴of
their good r蜘 capability (~1 06 H的刷1m2叫m2め2う)a凶 exc印凶巴el1同刷叩捌t 
position resolution (~巴匂"3

a high irradiation rate or exposure tοheavily ioniz刀ingt仕r問acks民
' occasional 仕回a組ns到叫i抗t出ions鴎sfrom a proportional a肝、.v局岨a叫lar加工且lch巴 tωο a 

8t仕reamβroccur at high operating volt喝es，fol1owed by a 
disch紅ge，often resulting in irreversible damage to th巴
丘agi1estrip electrodes叩 dreadout elec加 nics.Adding a 
GEM ωan MS GC might reduce出erequired operating 

vo1tag巴阻d，consequ巴ntly，the spark risk; the combined 
GEM + MSGC detector has been adopted for use in the 
HERA圃B experiments in order to solve the discharge 
problems in MSGCs2，3l. 

This paper describes the operating characteristics 
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measured with various structures in di在erentg佃 mixtures.
The operation of the GEM in pur巴Arwas also observed in 
order to suggest its possible use as a non-aging gas detector. 

11. Experimental procedures 
Figu.re 1 shows a schematic diagram of the cross section 
of the GEM + MWPC and GEM + MSGC detectors used in 
investigating the operating properties. The drift electrode， an 
aluminized mylar sheet， is located 3 mm above the GEM and 
is negatively biased relative to it， thus creating a drift field， 
ED' for elec仕onswhich are produced by ionization ofX-rays 
in the upper drift region. The gap between the bottom GEM 
electrode and the MWPC anodes and the gap between the 
bottom GEM electrode and the MSGC anode， corresponding 
to the collection region， are 3 mm and 2 mm， respectively. In 
the single GEM and the GEM + MSGC modes， the 
collection field (Ec) indicates th巴 elec出cfieldin the 
col1ection region. 
Differ巴ncesin signal fonnation in the GEM + MWPC 

S仕ucturecan be anticipated， such as direct and pre四amplified
signals. The GEM is mounted in the assembly in place of 
one of the MWPC cathode planes. The MWPC is operated 

with the anod巴wiresata positive potential， and the signals 
are read out through a decoupling capacitor， whi1e the 
bottom GEM electrode， as well田 theMSGC electrodes 
acting as a s巴condMWPC cathode， is grounded. The anode 
wires ofthe MWPC ar巴15)lm in diameter and are spaced at 
a pitch of 3 mm. For a photon released in the lower dI曲
region (between the bottom GEM electrode and MSGC)， 
only the number of primary el即位ons(Np) and the gain of 
the MWPC (Gmwpc) con仕ibuteto the signal (total charge = 
Np • Gmwpc)' On the other hand， the charge rel巴asedin the 



III. Experimental results 

1. GEM and MWPC operation 

In order to determine the appropriat巴合iftfieldラ we
巴xaminedthe gain and count rate of the GEM + MWPC 
detector as functions of the dri武vo1tagein a gas mixture of 

Ar/isobutane (90/10) (see Fig. 2). ¥¥池田 thedrift voltage is 
below -400 V， the gain and count rate are very small目 At
around -400 V， both the gain and the count rate increase 
abrupt1y and are n巴ar1yconstant for drift voltages up to -
1500 V， which indicates efficient electron collection. At 
very low drift fields， some el巴ctronsdo not pass the GEM 
hole due to increases in diffusion and recombination or to 

sweeping back to the drift electrode， resu1ting in signal 
losses. 
The combined gain of the GEM + MWPC detector is 
shown in Fig. 3部 afunction of the anode voltage in the 

MWPC for different GEM voltages. The curve labeled 

V GEM= 0 V in the figure co町田pondsto a pur巴MWPC

1000 1500 2000 
Drift voltage (同.V)

Fig. 2. Count rate and gain as向nctionsof vo1tage applied to血e
drift electrode in a GEM + MWPC detector.百leGEM voltage and 
仕leMWPC anode vo1tage are set at 380 V and 920 V， respectively. 

950 100010田 11001150 1200 

V姐 odeれq
Fig. 3. Gain of a GEM + MWPC detector as a function of the 
MWPC anode voltage for different GEM voltages in Ar/isobutane 
(90/10). 
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Fig. 1. Schematic view of (top) a GEM + MWPC and (bottom) a 
GEM + MSGC detection mode. In a single GEM detection mode， 
MSGC anodes and cathodes are at ground potential. 

upper drift region is amplified twiceラoncein the GEM and 

once in the MWPC. A f量actionof the primary electrons and 

the elecirons mu1tiplied in the GEM channels become 
captured by the top and the bottom GEM electrodes， so a 
charge loss factor， Tラhasbe巴nincluded in the total charge 
signal， Np ・ Gmwpc • GGEM・T(GGEM = GEM gain). 
In the GEM + MSGC mode， the anodes in the MSGC are 
at ground potential and can be read out with amplifiers for 
the puls巴-heightspectra whil巴thecathodes are connected to 

a negative high voltage for mu1tiplication of the pr巴凶

amplified charge in the GEM. In the single GEM and the 
GEM + MWPC modes， groups of MSGC anodes and 
cathodes were connected together and grounded through a 

picoammeter; the MSGC was not operated. For the MSGC， 
a1temating anodes and cathodes are pattemed with a 0.2-].lm-
thick layer of Cr on a 0.8-mm圃thickComing 7059 glass 

substrate by using sputtering and lif王国offtechniquesto ensure 
a uniform edge profile. The widths of the anode and the 

cathode are 5 ].lm and 95 ].lm， respectivel)んata pitch of 200 
J.lm. All measurements were realized by exposing the 

detector to a 5.9・keV55Pe X-ray source with a typical 
detected f1ux corresponding to 580 mm-Zs-l. Por the gain 

estimate， we measured the signal current， Is， on the anodes 
of the MWPC or the MSGC， and the count rate R企omthe 
X-ray spectrum separately; the gain is given by Is/(貯化:)，

where巴 andN denote the electron charge and the known 

number of electron-ion pairs per conv巴rsion(~220 for 5.9 
keV in Ar/COz(70/30))， respectively. In the single GEM 
mode， the effective gain is defined by IcI(RNe)， taking 
electron charge losses in the bottom GEM elec仕odeinto 
consideration， where a collection current， Icラisthe electron 
signal cu灯enton the anodes and cathodes ofthe MSGC. 
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measured by displacing the collimated source with a 
diameter of 1 mm across the active area. The gain uniformity 
is very goodヲ witha deviation of 2% (see Fig. 4)， as 
compared with a resu1t of previous studies4). Since the gain 
has a strong dependence on the hole size and the thickness of 
the insulator， this shows the high precision of the 
manufacturing which was reached. 

闘翻量豊阻里町掴'冨宮盛圏湿器量思圏薗且・

|Gain deviation : 2 % I 
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Z出 2. GEM and MSGC operation 

We have observed that the GEM + MSGC detector shows 
very high overal1 gains， al10wing a much safer operation 
mode for the MSGC， which can be operated at a lower 
voltage. Figure 5 shows a typical pulse回heightspectrum for 
the doubly multiplied charge due to the GEM and the MSGC， 
and the gain of a GEM + MSGC detector as a function ofthe 
cathode voltage in the MSGC. The energy resolution at the 
main peak was calculated to be 29% FWHM for the 5.9 keV 
55Pe X-ray source. Gas gains well above 104 were observed 
at a very reduced MSGC operation voltage of around 350 V 
in a nonflammable gas mixtures of Ar/C02 (70/30)， thus 
reducing the discharge problems. 
A new mode of operation using a MSGC at zero cathode 
vo1tage， the single GEM detector， has been reported5，6). The 
single GEM detector allows signal detection in the 
ionization mode on the MSGC; the signal is the result of 
induction企omthe movement of the electron cloud produced 
in the avalanche within the GEM channe1. 
To understand the operation of the single GEM detector， 
we simulated an electric fie1d by using MAXWELL 7) and 
GARFIELD8)白eldsimulators. Figure 6 shows the influence 
of the drift and the collection fields on charge sharing in a 
single GEM detector. The higher the ratio EDI EGEM (EGEM = 
the average field in the GEM hole and depends on the GEM 
vo1tage) and the lower the ratio Ec/EGEM' the larger the 
企actionof drift field lines terminating on the GEM bottom 
elec仕odeinstead of the collection electrode. In an ac旬al
caseラ astrong drift field directs some electrons to the top 
GEM electrode， as well as to the bottom GEM electrode， due 
to diffusion， resulting in signallosses. 
Non-aging gas detectors are in considerable demand for 
the development of gas photomultipliers9-11) in which the 

photocathodes ar巴 extremelyreactive to the impurities 
created by an avalanche. Monatomic noble gases do not 
decompose in the avalanche and， thus， do not lead to aging， 
but the maximum gas gain achievable is rather low in the 
existing gas avalanche d巴tectorsdue to their poor quenching 
properties. It has recent1y been reported that the GEM can 
effectively operate in a pure noble gas， such as Ar or Xenon， 
at fair1y high gains of above 100012). 
Figure 7 shows the effective gain of a single GEM as a 
function of the GEM voltage in pure Ar at different 
col1ection fields. One can see that the maximum gain 
attainable is around 3000 at very low GEM operating 
vo1tages. This is much higher gain t 

35 30 15 20 25 
Position (mm) 

Fig. 4. Gain uniformity in a GEM + MWPC detector. 
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旦認。

operating mode in which only ionization released in the 
lower drift region is detected. All other gain curves represent 
the charge produced in the upper drift r巴gion，which is pre-
amplified by the GEM before being multiplied by th巴
MWPC. The maximum gain ofthe GEM + MWPC detector 
approaches 105 at V GEM = 400 V and V Anode > 900 V. 
To cover large active areas， it is of high importance that 
the response of the whole detector surface is homogeneous. 
The gain uniformity of the GEM + MWPC detector has been 
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Fig. 6. Drift field 1ine simu1ation of a single GEM mode for 
different extema1 field strengths and applied GEM voltages 

holes. In addition， the avalanche confinement in the GEM 
microho les 14) is another source of high gain; the smaller 

GEM hol回 can effectively suppress photon-induced 

secondary avalanches. As demons仕atedin earlier papers15，1の，

a field同.dependent企actionof the electron charge in the 

avalanche is collected on the bottom elec仕ode;the企action

is a function of th巴ratioECAGEM' The higher the ratio 

Ec厄GEM，the larger the企actionof巴lectroncharge detected 
on the collection electrod巴. The ratio ECAGEM was kept 

constant during each measurement so as to guarantee th巴

identical巴lectron仕ansfer.

IV. Conclusions 
With th巴addedpre回amplificationofthe GEM， the GEM + 
MWPC or GEM + MSGC detector showed very high gains 
of around 105 GEお1.When coup1ed to a MSGC， the 
additional gain provid巴dby the GEM permits a lower 

MSGC operation voltage， providing a solution to possible 
discharg巴 problemsin MSGCs. No serious gain variation 

was observed， with a deviation of 2% across the active 
det巴ctorarea. In pure Ar， a very high GEM gain of around 

3000 was obtained in a single GEM detector， which can be 
attributed to the smaller GEM holes and the avalanche 

confinement in the GEM holes. 
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