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1.3.5 Micro Pattern Gas Detectors (MPGD)

Development of MPGDs was a solution for most of the aforementioned problems. Em-

ployment of microelectronics in the fabrication of detectors has given rise to a number of

possibilities in the designs which were not practical before. Thin anode strips vulnerable

to discharges are replaced by thicker metal structures which can resist discharges better.

They also have a higher rate capability and better reduction of photon feedback. Usage

of polyimide and glass substrates, employment of photo-lithographic techniques to etch the

substrates and employment of printed circuit boards have contributed to the development of

MPGDs. Listed below are some of the current technologies of MPGD-

Figure 1.9: Current technologies of MPGDs [12]

Single GEM Single GEM is a planar dielectric clad in metal with holes etched through

the metals and the dielectric. It is an amplification structure which is independent of the

readout. Detailed study of the GEM structure and working will be dealt along this thesis.

Multiple layers of GEM can give rise to further amplification. The dielectric used is a

polyimide with a thickness of the order 50 µm. Copper layer of 5 µm thickness is deposited on

either surface. Through photo-lithography and etching techniques holes are etched through
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the layers of the GEM. Due to limitations of chemical etching techniques and the size of the

holes to be etched, a uniform cylindrical hole cannot be achieved.

Triple GEM Triple GEM has three single GEMs cascaded to give rise to an enhanced

amplification. This is the common model used for practical applications. A separate HV

divider circuit enables the voltage distribution to the GEM metals of various stages.

NS2 This is a self stretching technology developed in the CERN lab by Rui Oliveria [13].

In NS2 technique the usage of a frame and gluing are avoided. Foil is fabricated with a

pattern of holes on the edges. These holes can directly be placed into the detector unit

fitting into the alignment pins. Stretching is then performed mechanically. NS2 triple GEM

with 30 mm× 30 mm dimensions has been tested in the RD-51 laboratory.
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2 GEM WORKING

2.1 Structure of a single GEM

GEM comprises a thin sheet of dielectric material with metal coating on either side. This

structure has an array of staggered hexagonal holes through the two metals and the dielec-

tric fabricated via an etching technique [2]. Limitations in the etching procedures and the

geometric constraints result in a bi-conical hole. Fig 2.1 gives a view of GEM.

Figure 2.1: Left: Microscopic image of a GEM, Right: Cross sectional view showing the metal
layers and polyimide. The field lines are shown to represent the concentration of electric field
inside the hole and near the metal edges [14]. The biconical shape of GEM hole can also be
seen.

Figure 2.2: Schematic of a single GEM [14]
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Fig 2.2 describes the schematic of a GEM under operation. The topmost plane is the drift

plane which is maintained at a potential VD. GEM is located below the drift plane where VT

and VB are the potentials at which the top and bottom metals are maintained respectively.

Readout is performed by metal strips on a printed circuit board which is located below

the GEM (see fig 1.4). The gaps above and below GEM plane are drift and induction gaps

respectively. Current on the drift plane is ID, top metal is IT, bottom metal is IB and readout

plane is IS (signal current). For all measurements performed in the context of this thesis,

only the signal current has been measured.

Parameter Value
Area (cm2) 10x10
Metal thickness (µm) 5
Polyimide thickness (µm) 50
Out-dia (µm) 70
Inner-dia (µm) 50
Pitch (µm) 140
Drift gap (mm) 3
Induction gap (mm) 2

Table 2.1: Specifications of a CERN standard single GEM

2.2 Operational Parameters

Listed below are some of the parameters of the GEM and other terms frequently used through-

out the thesis.

• Top metal— The metal layer of a GEM to which lower potential is applied and is closer

to the drift plane.

• Bottom metal— The metal layer of a GEM to which higher potential is applied and is

closer to the induction plane.

• Metal thickness— Thickness of the metal surfaces of the GEM.

• GEM hole— Hole from top metal to bottom metal through the dielectric.
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• Out-dia— Diameter of the GEM hole at the entrance and exit hole on the metal surface.

• Inner-dia— Diameter of the GEM hole halfway between entrance and exit holes at the

waist region of the bi-conical section.

• Pitch— Pitch is the distance between the centers of adjacent GEM holes.

• Drift plane, field and gap— Drift plane is the topmost plane of a GEM detector which

is a metal sheet with the lowest potential and acts as a cathode in order to provide the

drift field across itself and the top metal of a GEM. The region enclosed between the

drift plane and top metal is the drift space where the primary charges are produced in

an ionizing track caused by the incident ionizing radiation.

• Induction plane, field and gap— Induction plane is the bottommost plane of a GEM

detector which is a metal plane with the highest potential and acts as the anode in order

to attract the electrons created as a result of avalanche near the GEM hole. Induction

plane is usually maintained at ground potential. The region enclosed between bottom

metal and induction plane is the induction gap.

• Total gain— The total number of electrons created in a GEM per incident primary

charge inclusive of the charges lost by various means.

• Effective gain or gain— The net charges reaching the anode plane in a GEM per incident

primary charge exclusive of losses.

• Optical transparency— Ratio of the total area of holes to the area of metal in a GEM

metal. This ratio determines the degree of ease with which a normally incident electron

can freely pass through the GEM under the absence of any applied fields.

• Primary charge— Charge generated due to ionization caused by the incident radiation.

• Secondary charge— Charge that results from the avalanche multiplication of the pri-

mary charge under the influence of the applied electric field.
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2.3 Electric field

Electric field is applied in a GEM detector for (a) drifting the charges steadily towards the

anode, and (b) supplying charges with energy to cause further ionizations to lead to avalanche

multiplication.

Drift field (ED)- Electric field created in the drift space which causes the primary charges

to move towards the GEM. This field depends on the potential difference between GEM top

metal and the drift plane, and the drift gap.

Amplification field- Inside the GEM hole, the electric field is between 50 and 100 times

the drift field depending on the latter and the applied voltage across the GEM metals. As

a result the field is large enough to cause a rapid gain in the electron energy leading to

avalanche multiplication. This field is dependent on the voltage difference between the top

and bottom GEM metals, and the thickness of the dielectric.

Induction field (EI)- Electric field created in the induction gap which causes the charges

created in the avalanche to move towards anode plane. This field depends on the potential

difference between the anode ground and GEM bottom metal, and the induction gap.

2.4 Gas mixture

GEM works in a gas medium where the electrons accelerating under the influence of electric

field ionize the gas atoms to further create charges forming an avalanche. The standard

operational gas mixture for the GEM is Ar− CO2 mixed in a 70/30 ratio. Although this

is the dominant composition used for this work, various percentages of the standard gases

have been used in our studies. In a purely Ar based medium, avalanche multiplication can

often occur beyond limits. This generates a massive number of charges that rain down the

detector causing sparks. Such sparks can permanently damage the detector and are hence
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undesired. CO2 functions as a quencher gas in this medium. Due to the electro-negativity

of CO2, it attracts the electrons which get attached to the CO2 molecule. This effectively

keeps a check on the size of the avalanche. CO2 also gives rise to penning effect which will

be discussed in a greater detail in section 3.2.

2.5 Avalanche multiplication and amplification

Primary charge drifts towards the GEM top metal under the influence of the drift field.

When the primary charge gains energy rapidly under the influence of the electric fields inside

a GEM hole, its interaction with the gas medium results in an occasional ionization when the

electron attains an energy higher than the ionization potential of the gas mixture. A charge

that is created by a primary charge which is also under the influence of electric field gain

energy as it moves. Similar to a primary charge, it can further create ionizations depending

on its energy. This process continues like a chain reaction as long as the electrons have

energies above the ionization threshold supplied by the electric field. The multiplication of

the number of charges from the initial charge is termed as avalanche multiplication.
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3 THEORY

3.1 Avalanche statistics

Ionizing radiation generates a certain number of primary electrons in the drift gap of the

GEM. This number will be multiplied by the amplification factor G to get the final number of

charges reaching the anode. Due to the statistical nature of the electron multiplication process

the gain has a probability distribution with a mean and variance. Avalanche size is the total

number of electrons generated from the initial charges due to avalanche multiplication. Let us

consider a single electron that gives rise to n electrons due to avalanche multiplication. The

electron can undergo any kind of multiplication giving rise to the final number of electrons.

It may undergo a very large multiplication or not multiply at all. Since the number n is

variable, the most probable outcome will be none and the higher avalanche sizes will be

progressively less probable. The probability to have a certain final number of electrons will

be a normalized exponential distribution with a mean G as shown in eq 3.1.

G(n) =
1

G
e

−n
G (3.1)

Consider the case of 2 electrons to begin with. They undergo avalanche multiplication to

give rise to n electrons eventually. The contribution from each of the two electrons can be

varied. Considering that the first electron gives rise to an avalanche of size x, the second

electron contribution will be n− x. x is an arbitrary number that can be anything between

0 and n. This can be represented through the following equation.

G(n) =
∫ n

0
P (x)× P (n− x)dx (3.2)
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P (x) and P (n − x) are the contributions of the first and second electrons, respectively, to

the avalanche. The values can be substituted and solved in the following manner.

G(n) =
∫ n

0

1

G
e

−x
G

1

G
e

−(n−x)
G dx

G2(n) =
n

G2
e

−n
G (3.3)

In a similar manner the probability distribution for the avalanche size with 3 initial electrons

can be calculated as shown in eq 3.4

G3(n) =
n2

G3
e

−n
G (3.4)

Extrapolating this result to an arbitrary number of primary charges r, we get the following

distribution.

Gr(n) =
nr−1

Gr
e

−n
G (3.5)

The polynomial term dominates the behavior of the curve near n = 0 and causes a

steep rise with higher powers. The exponential term dominates in the higher values of n

suppressing the rise caused by polynomial and eventually brings down to zero. The resulting

distributions are gamma functions. When r in eq 3.5 assumes higher values, the function

takes a Gaussian distribution according to the central limit theorem [15].

3.2 Penning effect

In a gas mixture where an ionizing radiation is incident, the input energy can be utilized in

both ionizations and excitations depending on the interaction cross sections. Ordinarily the

energy from excitations is lost in the form of a radiative or non-radiative transfer. However,

if the excited state of one gas atom is higher than the ionization potential of another gas

present in the mixture, an excited state in the former gas atom, with some probability,

can give rise to an ionization in the latter. This kind of a transfer is called as a ‘Penning
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