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a b s t r a c t

Application of micro-pattern gaseous detectors to gaseous photomultiplier tubes has been widely investigated
over the past two decades. In this paper, we present a double micro-mesh gaseous structure that has been designed
and fabricated for this application. Tests with X-rays and UV laser light indicate that this structure exhibits an
excellent gas gain of > 7×104 and good energy resolution of 19% (full width at half maximum) for 5.9 keV X-rays.
The gas gain can reach up to 106 for single electrons while maintaining a very low ion-backflow ratio down to
0.0005. This structure has good potential for other applications requiring a very low level of ion backflow.

1. Introduction

Gaseous photomultiplier tubes (gas-PMTs) using micro-pattern gas
detectors (MPGDs) have been widely studied [1–4] owing to their poten-
tial advantages, such as large effective area with low cost, high spatial
and time resolutions, and high magnetic field resistance. However, the
typical gas-PMT gain is ∼ 104 whereas regular vacuum PMTs have a
gain of ∼ 106. Another big challenge in application of gas-PMTs is for
ion-backflow (IBF) suppression. Many ideas, such as triple thick gaseous
electron multipliers (THGEMs) [3] and a THGEM+Micromegas [4]
hybrid structure, have been tested to improve the performance of gas-
PMTs, and some good results were reported suggesting that mesh-type
MPGDs have a better IBF suppression capability than hole-type ones [5].
This therefore provides motivation to fully explore the Micromegas
structure for gas-PMT application.

In this paper, a double micro-mesh gaseous structure (DMM) in
which another mesh is added on top of a typical Micromegas struc-
ture [6] is introduced. The gap between the primary mesh and the
additional one forms a pre-avalanche region while the gap between
the primary mesh and the anode forms a secondary avalanche region.
With such a structure, a very high gas gain can be obtained through the
cascading avalanche amplification in the two regions, pre-amplification
(PA) and secondary amplification (SA). The IBF can still be strongly
suppressed with proper configuration of the electric fields in the two
regions. In addition to gas-PMT application, the DMM provides a new
option for other applications, for instance, readout of time projection
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chamber detectors for future collider experiments (i.e., the International
Linear Collider and the Circular Electron Positron Collider), which
require very low ratio of IBF to electrons collected by the anode (IBF
ratio) of ∼ 0.001 [7,8].

In this paper, details of the design and fabrication of a DMM
prototype are described, and its performance tested with X-rays and
laser light being presented.

2. Design and fabrication of a DMM prototype

The structure of a DMM is illustrated in Fig. 1. It has a 3–5 mm
gas gap for particle primary ionization and electron drift, followed by a
∼ 0.2 mm PA gas gap and a ∼ 0.1 mm SA gas gap that are defined by two
meshes and an anode. The structure is quite similar to that of a typical
Micromegas except that it has two layers of meshes to provide cascading
avalanche amplification. A typical Micromegas has only one layer, hence
giving single avalanche amplification. The double cascading avalanche
gaps ensure a very high gain for a single electron and, with the proper
configuration of electric field, a low IBF ratio. It also preserves the
advantages inherited from the typical Micromegas in terms of high rate
capability, good time resolution, and excellent spatial resolution.

A DMM prototype was designed (Fig. 2) for fabrication with a ther-
mal bonding technique [9,10], which is much different from the widely
used bulk etching technique [11]. In this technique, a thermal bonding
film was used as a frame to fix the SA mesh stretched on a readout PCB
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Fig. 1. Schematic of the DMM.

Fig. 2. Design diagram for the fabrication of prototype.

as well as to keep an appropriate avalanche gap of ∼ 120 μm thick that is
defined with its thickness after thermo-compression bonding. Then, the
PA gap of ∼ 240 μm was similarly determined by two layers of thermal
bonding films. The SA and PA meshes used were made of 500 𝐿𝑃𝐼
stainless steel, were 27 μm thick with a ∼ 40% opening rate, and were
stretched with a tension of ∼ 20 N/cm.

According to the design, an actual DMM prototype with an active
area of 25 × 25 mm2 was fabricated. Fig. 3 shows the active region and
the assembled detector chamber, a drift mesh was installed 3 mm above
it for the performance study.

3. Performance study with X-rays and UV light

3.1. Absolute gas gain and energy resolution

An X-ray test system readout with a charge sensitive pre-amplifier,
a shaping main amplifier and a multichannel analyzer (MCA) was set
up. And the test on the DMM prototype was carried out with a 55Fe
source to determine its optimal operation parameters including high
voltages (HV) on the two meshes, ratio of PA electric field to drift electric
field (𝐸𝑃𝐴/𝐸𝑑𝑟𝑖𝑓 𝑡), and study its primary performance including energy
resolution, gas gain and IBF ratio. The working gas used was a mixture of
93% Ar and 7% CO2. The anode was always grounded. In order to well
understand the avalanche and transition of the charges in DMM, it is
better to test the PA and SA gas gaps individually. By which approaches,

the voltages on the drift electrode and two meshes were configured in
ways that the DMM prototype operated as a typical Micromegas with
single amplification stage operation mode. To be exact, when testing
performance with the PA gas gap alone, the SA mesh was grounded
disabling the avalanche amplification function of the SA gas gap, and
a high voltage was applied to the PA mesh making the PA gas gap as
the only avalanche amplification stage. And when testing performance
with the SA gas gap alone, the drift electrode was floated disabling the
drift region, and the PA, SA meshes were held at decremental voltages
making the PA gas gap be a drift gap and SA gas gap be the only one
avalanche amplification stage.

Fig. 4 shows a typical 55Fe X-ray energy spectrum with the individual
PA gas gap (left, 760 V PA voltages) and SA gas gap (right, 550 V SA
voltages), respectively. In the PA case, a distinct full-energy peak and
escaping peak are present (left figure in Fig. 4). The full-energy peak
is directly relevant to the electron transparency from drift region to PA
gap and gas gain of PA (PA gain). When the EPA is fixed, the PA gain
could be considered as a constant. The relative electron transparency
(full-energy peak over the maximal peak) was tested to reach a plateau
when the 𝐸𝑃𝐴/𝐸𝑑𝑟𝑖𝑓 𝑡 is over 200 and then the 𝐸𝑃𝐴/𝐸𝑑𝑟𝑖𝑓 𝑡 was fixed at
240 to ensure a maximal electron transparency in the following studies.
In the SA case, the full energy peak is not so as significant as in the PA
case due to the insufficient thickness of the PA gas gap for absorbing
the energy deposit of a 5.9 keV X-ray. However, the full energy peak is
still quite visible thanks to the photoelectrons and auger-electrons with
a large angle of emission (right figure in Fig. 4). And its transparency
should be similar to PA case, since they have a same mesh type.

Then, the absolute gains of PA case and SA case (PA gain, SA gain)
were tested and calculated with avalanche charges recorded by the test
system over primary ionization charges. The total gas gain combining
the two-stage avalanches of PA and SA (total gain) was tested as a
function of the SA voltage for a fixed PA voltage of 700 V. Fig. 5 shows an
energy spectrum of 55Fe X-rays obtained with a SA voltage of 425 V. The
fitting function is combined by three Gaussians and a linear functions,
which are corresponding to the 𝐾𝛼 , 𝐾𝛽 spectral lines of 55Mn, the escape
peak in argon gas and noise of electronics. The full-energy peak position
of 𝐾𝛼 (5.9 keV) corresponds to a total gain of 3×104, and its the energy
resolution is about 19% (FWHM).

Fig. 6 shows the total, SA and PA gains measured of the DMM
prototype as a function of operation voltages. The PA and SA gains can
both reach > 104 individually before the DMM prototype breaks down.
The total gain can reach up to 7 × 104 corresponding to a total amount
of charge of more than 107 electrons and ions produced in the SA gas
gap considering > 200 the primary ionization electrons. The maximum
total gain is limited by the large amount of charge produced in the SA
gas gap which has a high probability of triggering a spark.

3.2. IBF ratio

When tested with X-rays, the ions collected on the drift cathode
of the DMM prototype include both the ions produced in the primary
ionization and the feedback ones from electron multiplication. The IBF

Fig. 3. DMM prototype (left) and the detector chamber after assembly (right).
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