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ABSTRACT

The Magnetospheric Multiscale mission led by NASA has been designed to study the micro-
physics of Magnetic Reconnection in Earth’s magnetosphere by using four identical space-
crafts with instruments with high temporal and spatial resolutions. Among these instruments
are the Dual Ion Spectrometers (DIS) engineered to measure the 3D distribution of ions in
space. The detector assembly of the DIS consists of Micro-Channel Plates (MCP) mounted in
Chevron configuration. CESR is responsible for the provision and testing of all fifty MCP
pairs for this mission.

The goal of this work was to participate in the testing and characterization of the first proto-
type of the MCP. It was achieved by understanding the working and characteristics of the
MCPs in general and getting familiar with the detector assembly of the DIS i.e. the MCP pair
and the detector circuit board in particular. To perform the testing, it was necessary to under-
stand the testing system as well. These topics are described in this report along with the test-
ing procedure and the data analysis. The testing procedure was developed eventually after
facing several problems during the testing. MCP pair characteristics like pulse height distribu-
tions, gain, resistance and the MCP operating voltages for the mission were determined on
analysing the data. Crosstalk was found in the circuit board of the detector assembly and has
also been discussed.

RESUME

La mission américaine “Magnetospheric Multiscale Mission” (mission magnétosphérique
multi-échelles) menée par la NASA a été congue pour étudier la microphysique des reconnec-
tions magnétiques dans la magnétosphere de la Terre en utilisant quatre satellites identiques
avec des instruments a hautes résolutions temporelle et spatiale. Parmi ces instruments, les
spectrometres d’ions (Dual Ion Spectrometers : DIS) permettront de mesurer la distribution
3D des ions dans I’espace. L’assemblage détecteur des DIS est constitué de galettes de micro-
canaux (Micro-Channel Plates : MCP) montés dans une configuration en chevron. Le CESR
est responsable de 1’approvisionnement et des tests des cinquante paires de MCP nécessaires
pour cette mission.

Le but de travail décrit dans ce rapport était de participer aux tests et a la caractérisation du
premier prototype de MCP. Dans un premier temps le fonctionnement et les caractéristiques
des MCP en général et en se familiarisant avec I’assemblage des MCP du DIS, sur le circuit
détecteur en particulier a été effectué. Pour effectuer les tests, il était aussi nécessaire de com-
prendre le systeme prévu a cet effet. Ces sujets sont décrits dans ce rapport ainsi que la procé-
dure de test et I’analyse des données. La procédure de test a été développée apres avoir résolu
plusieurs problémes auxquels nous avons été confrontés. Les caractéristiques de la paire de
MCP comme les distributions de hauteur de pulsation, le gain, la résistance et les tensions de
fonctionnement pour la mission ont été déterminées en analysant les données. De la diaphonie
a été détectée dans le circuit de 1’assemblage détecteur et est aussi discutée.
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1 INTRODUCTION

The International Geophysical Year (1957-1958) marked the beginning of the exploration of
the sun-earth system by giving for the first time the detailed view of Earth’s magnetosphere. It
was then that all the various regions of the magnetosphere were identified and direct influence
of the solar wind was observed. Since then there have been several missions solely to study
this system in order to understand the physics of the processes taking place in the Earth’s
magnetosphere but so far very little is known about the microphysics of the basic plasma
processes that transport, accelerate and energize plasmas during processes like Magnetic re-
connection. These processes control the structure and dynamics of the Earth’s magnetosphere
and influence the ‘Space Weather’ which describes the conditions in space that can affect the
earth and its technological systems. Therefore, it is important to understand these physical
processes. The Magnetospheric Multiscale (MMS) mission by NASA comprising of four
identical spacecraft is dedicated to the study of such micro-scale processes by making 3D
measurements of the structure and dynamics of the key regions in the Earth’s magnetosphere
like the Sub-Solar Magnetopause and the Magnetotail.

Space agencies and institutes from all over the world are collaborating for the MMS mission.
CESR and JAXA are collectively responsible for the provision of the detector assembly for
the Dual Ion Spectrometer (DIS) used on all the spacecrafts. DIS will measure 3D distribution
of ions in space with high time and angular resolution. The detector assembly consists of Mi-
cro-channel Plates (MCP), for ion detection and amplification, which are mounted on a circuit
board that mainly comprises of collectors and amplifiers to generate measurable electrical
pulses. CESR is responsible for the provision and testing of about fifty MCP pairs for the
MMS mission whereas JAXA for providing the detector circuit boards. The first set of proto-
type MCP pair was delivered in June and underwent extensive testing for over a month by
first mounting them on a test board built by CESR and later on the proto-flight test board built
by JAXA.

Objective of the study:
1) The basic objective of this study was to develop an efficient testing procedure by
characterizing and testing the prototype MCPs.
2) Another important aim was to find possible problems with the testing system, the
MCPs and the detector circuit boards.

Hence, in order to participate in the testing, it was essential to understand the following:
1) The working and the general characteristics of MCPs
2) The detector assembly i.e. mounted MCP pair on the circuit boards
3) The testing System






2 MMS MISSION

2.1 MMS Mission Overview

MMS (Magnetospheric Multiscale) is one of the
Heliophysics research and exploration missions led
by NASA which is scheduled to be launched in 2014
and is currently in preliminary design phase. Its pri-
mary objective is to study the basic physics of Mag-
netic Reconnection. It will investigate the fundamen-
tal small-scale processes that convert magnetic en-
ergy into high speed flows, thermal energy and ener-
getic particles in plasmas thereby controlling the
structure and dynamics of the Earth’s magnetosphere.
To carry out these investigations, the MMS mission
uses tetrahedral formation of four identical spacecraft
with varying spacing from 10 km to more than 1000
km. A two-phase orbit strategy with an inclination of
28.5° will be used to capture both the reconnection
regions at dayside and at the night side. For the day-
side phase the orbit’s perigee will be 1.2Rg and apo-
gee 12Rgp whereas for the night side they would be
1.2Rg and 25Rg respectively. Instruments with high
temporal and spatial resolution will for the first time
measure the 3D structure and dynamics of the bound-
ary regions, from the sub-solar magnetopause to the
distant tail.

Although there have been missions previously inves-
tigating the earth’s magnetosphere e.g. one of the
most recent being Cluster mission by ESA which was
also a tetrahedral formation flight, the goals of MMS
mission are yet different. MMS has been designed to

Earth’s Magnetic
Field Lines
-

Earth

Solar | 5T 3
Wind —

Figure 1. Artist’s view of the satellites in tetrahe-
dral formation orbiting around the Earth in two
phases during the MMS mission.

[Reference (12)]

study the boundary processes throughout the magnetosphere by using two different orbital
phases, from sub-solar magnetopause to the distant tail over scales <100 km with high tempo-
ral resolution whereas Cluster was designed to study selected regions like auroral zone, bow
shock, polar-cusp, magnetotail and magnetopause over scales >100 km from a single polar

orbit. [References (1) and (2)]

2.2 Scientific Background

Earth’s magnetosphere is a region surrounding
the Earth which is formed and shaped by the
interaction of the Earth’s own magnetic field
and the solar wind. In the magnetosphere, the
motion of the solar wind plasma is governed |y
by the Earth’s magnetic field. The main re-
gions of the magnetosphere that have been
identified are shown in the Figure 2.

Magnetopause

i,

Magnetotail

Magnetosheath

/f 7

Plasmasheet ——— |

A

The shape of the magnetosphere is constantly
modified, due to the varying solar wind and its

3

Figure 2. Earth’s Magnetosphere. Reconnection occurs
in the region marked on pink. [Reference (13)]
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Figure 3. Reconnection requires Magnetic Field lines of opposite polarity to meet (a). As the

plasma flow ‘u’ pushes the field lines towards the middle neutral line, an x-point configuration

arises where anti-parallel field lines meet (b).At the x-point, field lines merge. Magnetic tension

leads to shortening of merged field lines, pulling them away with high-speed plasma flow ‘v’ from

x-point (c).[Reference (3)]
magnetic field with time, by highly dynamic processes like Magnetic reconnection. It is a
process in which rearrangement of magnetic fields occurs due to the merging of magnetic
field lines. It takes place in the magnetotail and along the day side magnetopause. Figure 3
describes the Reconnection process. During this process, magnetic field energy is released
which heats up the plasma to generate shock waves and causes particle accelerations. Thus it
allows the solar wind plasma to seep into the inner magnetosphere and travel along the MF
lines to distant magnetotail. Reconnection can be observed evidently near polar cusps where
the MF lines converge and also in the distant tail at the night side during magnetic storms
which are caused as a result of high solar activity. [Reference (3)]
Reconnection takes place over a huge range of spatial and temporal scales and leads to trans-
fer of mass, momentum and energy from the solar wind to the magnetosphere. These proc-
esses are therefore very complex and above all have direct consequences on Earth too. The
particles arriving into the magnetosphere can penetrate into our upper atmosphere influencing
its chemistry and ionization to produce the brilliant auroras. This causes the upper atmosphere
to heat up and expand resulting in increased atmospheric drag which changes the orbit of LEO
satellites slightly. They can affect the technical environment on earth by disrupting radio
communications. In space, the particles can cause
several fatal effects e.g. spacecraft charging leading
to electrical discharges which can damage instru-
ments on board sometimes permanently. For human
spaceflight explorations, this field of study is ex-
tremely important because this environment, if not
anticipated, has the potential to cause severe health
problems to astronauts due to lethal doses of radia-
tions. Therefore, the study of these complex proc-
esses which are not yet fully understood becomes
very important.

2.3 MMS Instrumentation

To achieve the objectives, MMS team has developed
several instruments with high time resolutions.
These instruments will make a) 3D distribution of

= Collectar

. . . . » Deflectors
electric and magnetic fields, b) particle acceleration
measurements by measuring ion and electron flux - Electronics
intensities with time for specific mass species and c) —

will provide hot plasma 3D distribution of total ion
and electron flux. There are 14 instruments on each Figure 4. Top view of one MMS satellite with its

raft. oivin total of instruments for th instrumentation. The zoomed area sh_ows_one of
sp?lc?c a 0. giving a oa' 9 56 mstru e. s 10 © the four Dual lon Spectrometers with its two
mission. Since the description of all the instruments  gjectrostatic Analvsers (ESA). [Reference (1411
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is beyond the scope of this report, only the Dual Ion Spectrometer (DIS) has been discussed
below because the work was carried out on its detector assembly.

2.3.1 Dual lon Spectrometer

DIS is a part of an instrument, the Fast Plasma Instrument (FPI) which provides a full sky
view of total ion and electron flux distribution, over energy ranges of ~10eV to 30eV, inde-
pendent of spacecraft spin. Electrons will be measured with a time resolution of 30ms and
ions with a time resolution 150ms. FPI makes this possible by using four identical DIS and
four Dual Electron Spectrometers (Figure 4). One DIS has two separate but paired ion analys-
ers which imply that there are 8 individual ion analysers on each spacecraft giving a total of
32 analysers for the mission. These analysers have been designed to be half top hat electro-
static analysers (ESA) with a fan shaped 10°x180° field of view (FOV) aligned with the
spacecraft spin axis. These units are distributed around the perimeter of the spacecraft with a
45° spacing of nominal FOVs. Each DIS is set 90° apart from the other.

Snring

Spacer

Micro-channel

Flates
Contact -
ey
= Innmi-ng]ions o
3 Callectar circuit
hoard
Micro-channel
— plates MCPicallector
assembled

Outer and inner
plates Collector

Figure 5. a)Electrostatic Analyser ESA(ion analyser) b) Cross-sectional view of ESA showing its working
c) Detector assembly design. [Reference (14)]

Figure 5. a) and b) show the structure of the analysers. Each analyzer consists of deflectors
through which ions from a certain direction in space enter the analyzer. The inner and outer
quadra- spherical plates of the analyzers are held at different potentials such that only the ions
that have certain energy per charge ratio make it to the detector assembly through these plates.
On varying the potentials between the plates with time, ions with different energies can be
detected. The ions get detected by the Micro-Channel Plates (MCP). The MCPs amplify the
ion signal to produce charge pulses which are collected by a position sensitive anode collector
and then counted by electronics.

Figure 5 c) shows the detector assembly design of the DIS. It essentially comprises of an
MCP pair and a collector circuit board for signal processing. It has been designed to have one
MCP pair or called as the chevron pair configuration, a spacer which creates a gap between
the two MCPs, a spring for vibration control during launch, two metallic contacts (one on the
upper MCP and the other below the lower MCP) for passing high voltages on the MCPs and
the other structures that fix these on the board. They are mounted together in sequence as
shown in the figure onto the anode circuit board with the help of screws. This board is fixed at
the rear of the electrostatic analysers as shown in the figure.



Note that the shape of the MCPs for MMS mission is not semicircular as shown in the figure.
They are rather annular in shape (Figure 12).

It is this detector assembly of the DIS which was and will be tested and characterized by
CESR as mentioned earlier. To perform and analyse the tests, it was necessary to study these
sophisticated amplifying MCPs. The following chapter is regarding these plates wherein their
working principle, characteristics and so on have been discussed.



3 MICROCHANNEL PLATES

A Micro-channel Plate (MCP) is a high gain, thin secondary-emission current amplifier which
consists of parallel array of millions of hollow semi-conducting glass cylinders (chan-
nels). Typically these channels have diameters in the range of 10-100 um and length-to-
diameter ratio between 40 and 100. They can be made circular, rectangular, annular or virtu-
ally any shape depending on the geometry of the instrument as desired (Figure 6). MCPs are
processed commonly to have length-to-diameter (L/D) ratio, a of 40:1, 60:1 or 80:1, which is
a ruling factor for the gain.

Figure 6. Micro-Channel Plates cut in several formats. The zoomed picture shows microscopic view of the
channels (pores) of these plates. [Reference (7)]

Fibre optic drawing techniques are used to make desired MCP formats. The inner walls of the
channels are processed in a way to enhance the secondary emission characteristics by making
the walls semi-conductive. A thin metallic film is deposited on both input and output ends of
the MCP in order to give parallel electrical contact to the channels. This film acts as the elec-
trodes thereby making each channel as an independent secondary electron multiplier.
Originally developed as an amplification element for image intensifiers, MCPs are also rec-
ognised as an extremely useful tool for scientific applications including astronomy, mass
spectrometry etc as they have direct sensitivity to charged particles, X-Rays and UV light.
[Reference (4)]

3.1 Working Principle

The basic process that is taking place in the MCP is the secondary electron emission. When a
particle like electron, ion, UV photons or X-rays enters into a channel of the MCP, on hitting
the wall, it loses its energy due to collision and a part of this energy gets transferred to the
electrons at the surface. On attaining sufficient energy the electrons can get knocked out of
the metal surface to form secondary emission current. Due to the presence of an electric field
which is produced by applying a voltage difference called as MCP bias voltage across the two
ends of the MCP, the electrons are controlled to accelerate in the forward direction. They
travel with parabolic trajectories and again re-emit more secondary electrons on hitting the
wall inside the channel. This cascading process continues until the electrons reach the end of
the channel, generating several thousands of electrons producing high gains.

There are two separate currents running in the MCP, one due to the secondary electron emis-
sion and the other through the walls of the MCP due to the applied bias voltage across it,
named as strip current. It is the electrons forming this strip current which replenish or fill the
electron depleted regions of the channel walls created due to the secondary electron emission.
If the depleted regions would not be filled by the electrons from the strip current, it would
prohibit the process of secondary emission since there would not be any electron available at
the surface of the wall to be knocked out.

Figure 7 shows the working principle of the MCPs.
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Figure 7. a) Sketch showing the channels of MCP b) Sketch showing the working principle of the MCPs.
[Reference (4)]

3.2 Performance Characteristics
Owing to their structure and the multiplication mechanism, MCPs have the following unique

properties:

3.2.1 Detection Efficiency

It is an intrinsic property of a photosensitive device which is defined as the probability of de-
tecting an event. The detection efficiency of the MCP is very important because it is used to
detect low particle flux intensity.

There are various factors that affect this property of the MCPs:

a)
b)

d)

Energy of the primary particle — It should be sufficient enough to emit secondary
electrons.

Electrode material — The amount of secondary electron emission depends on the
electrode material which during MCP fabrication is controlled to penetrate inside
the channels. The properties of the material are characterized by secondary emis-
sion ratio i.e. the ratio of the number of secondary electrons emitted per primary
particle hit. Materials like Nickel-Chromium are usually used as electrodes ©. To
further enhance the detection of particles like UV photons, the entrance of the
MCP is coated with materials like Caesium Iodide CsI ©. This improves the sec-
ondary electron emission generated by first particle collision.

Bias angle - The incident angle of the particle to the channels is very important in
order to be detected and produce a higher gain. So firstly, the particle must hit the
channel wall and secondly, the particle should not penetrate deep into the channel
i.e. the particle should hit the channel near the entrance of the channel so that there
is a production of higher gain.

For this reason the channels are tilted with respect to the MCP surface. This angle
is called as bias angle and is defined as the angle between the channel axis and the
vertical axis to the plate surface. The typical bias angles are 5°, 8° or 13°©.

Open area ratio — It is the ratio of the open pore of the channels to the total effec-
tive area of the MCP. So it is logical that more the amount of open area, greater is
the probability and efficiency of particle collection and hence the detector sensitiv-
ity because the particles that hit between two channels are not detected. This ratio
ranges from 50-70 % for most of the MCPs .

MCPs are used for the detection of a big range of particles like electrons, positive ions,
UV photons, X-rays, which are of different energies because of which the above written
factors need to be customized in order to characterize the MCPs for the corresponding ra-
diations to improve the detection efficiencies.



3.2.2 Gain

The net gain of the MCPs depends on several parameters like detection efficiency, secondary
electron emissive material, importantly the MCP bias voltage and the L/D ratio.

The gain, G is defined as the ratio of the total output charge, Q. corresponding to an input
charge, Q. Therefore,

_ Qop

G
Q

Where input charge, Q = 1.6x10™°C

Experimental studies have shown that for a single stage type MCP (one plate), a gain of 10*
can be reached although beyond this, problems like ion feedback occur. Two-stage (two
MCPs) or three- stage (three MCPs) type MCPs are used for applications where one wants a
higher gain (10°107). ” In these kind of configurations although ion feedback effect is insig-
nificant but other phenomenon of gain saturation occurs because of which gain higher than
107 cannot be obtained. In the later type of MCPs, spacing between two MCPs (to achieve the
wanted configuration) becomes very important because there is a loss of electrons between
them.

3.2.2.1 lon feedback effect

Figure 8 shows the phenomenon of ion feedback effect. When secondary electrons collide
with the residual gas molecules in the MCP, positive gas ions are generated. These ions accel-
erate back to the negative electrode of the channel and gain sufficient energies to produce
additional secondary electrons on collision with the channel walls. Thus, output signals/pulses
are generated in the absence of a true ion signal.

This effect depends on the residual gas pressure within the MCP. A good pressure for the op-
()]

eration of MCP is suggested to be below 2x10° torr

—

Primary
particle *

®*  (53as paricles

+

lonized gas Paricles

Secondary electron
e trajectories

/—F‘y Secondary electrons
due to lon feedback

Figure 8. lon feedback effect

Ion feedback can be suppressed by curving the channels when using a single stage type MCP
or in applications with higher gains (10°7) one can use two or three stage type MCPs having
an appropriate bias angles to the channel axis such that an ion produced near the output of the
channel will strike the channel wall before gaining sufficient energy to produce significant
amount of secondary electrons.

3.2.2.2 Saturation effect

When there is a large output current through the channels in comparison to the strip current
running through the walls, the MCP experiences saturation.

Figure 9. shows the potential distribution characteristics along the length of the channel.
Curve A shows a uniform potential distribution along the channel length 1, with bias voltage
V4, when no output secondary current I, = 0. Which means there is only strip current present
in the MCP. Curve B shows a deformation in the potential distribution along the channel
length when I, # 0, i.e. when there is a huge production of secondary electrons in the chan-
nel. Since there is a huge production of electrons at the end of the channel, there is also an

9



increase in the holes created during the process in that region. This
generates a small positive potential which creates a potential de-
formation in this depleted region. Due to this reason the electrons B/ .
do not attain sufficient energy to produce anymore secondary elec- .
trons, resulting in gain saturation. Al
This effect can be made less effective by increasing the strip cur- /
rent running through the walls. Since the depleted region is replen-
ished by the electrons running in the walls, if the no. of electrons >
flowing through the wall per second is increased then the holes
would be filled by the electron at a better rate. Hence there will not Figure 9. Potential distribu-
be a creation of a significant positive potential in the channel and tion along the channel. with no
output current (curve A) and
therefore the electrons will have enough energy to knock out more with large output current
secondary electrons achieving a higher gain. This can be done by (curveB)
decreasing the MCP resistance which would in return produce higher strip current. However,
the lowest resistance that can be reached is also confined due to the production of Joules heat.

Va

2
Joules heat or the power dissipated, P = VF, where V is bias voltage and R is the resistance of

the MCP. By this relation we see that the V and R have to be limited so as to prevent the
catastrophic thermal runway of the MCP. (Lowest resistance achieved so far is 6MQ ®)

One can also solve this problem by having a non-uniform resistance distribution along the
length of the channel where in the MCP should have lower resistivity near the channel en-
trance and higher resistivity near the output end (which is like reversing the virtual resistivity
of the MCP where it seems to be lower at the end due to large number of electrons there).
This would help to generate a larger number of secondary electrons (current in the channel)
due to the lower resistivity at the channel entrance, which would in return help in charging up
the depleted region of the channel at a faster rate.

[Reference (8)]

3.2.3 Dead Time

Another effect that is generated by saturation effect is the dead time. It is the time taken dur-
ing which the channel operation is halted for the process of replenishment or neutralization of
the depleted region by electrons in the strip current. This effect becomes very important when
the MCP is used for high counting rate applications because during this time of channel re-
plenishment, the other incoming primary particle entering the same channel can be completely
lost.

The dead time can be improved by reducing the MCP resistance (as explained in section
3.2.2.2). Increasing the number of channels per unit area by using MCPs with smaller channel
diameters also improves the loss of events because then the probability of the second primary
particle entering a different channel becomes high.

3.2.4 Temporal resolution

Due to short path lengths of the MCP channels and the high MCP bias voltage, the transit
time of the electron avalanche in the MCP is very short, typically in nanoseconds . For every
pulse to be distinguished and therefore counted, it is important that the collector and other
measurement electronic devices should work fast as well.

3.2.5 Spatial resolution

It is the ability of the MCP to resolve two adjacent events spatially. The key parameter that
affects this is the channel pitch or centre to centre spacing. Smaller the channel diameter,
lesser the output electron spread and better the resolution. This becomes important when more
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than one stage MCPs are used because the electrons that are spread at the output of the first
MCP enter into more than one channel of the second MCP and get further spread at its output.
Therefore, for one particle hit, the total output electron spread is over number of channels
which can get overlapped by the electron spread of another particle hit. This implies that the
focussing of the output electrons is important. Parameters like spacing and channel pitch can
be optimised to obtain maximum resolution.

3.2.6 Pulse height distribution

Pulse Height Distribution (PHD) is the distribution of the
amplitude of the MCP output pulses. It is used to dis- Fw
criminate the noise (due to dark current in the MCPs)

and the real events on particle detection. 2 b--mmom -
The statistical nature of the secondary emission phe- é

nomenon produces a huge amount of charge at the chan- |4

nel exit. When the MCPs are not worked in saturation 2‘0.5 -------

mode i.e. when the output current is below its saturation
limit, for each primary particle the distribution of the
output pulses is exponential. This would be the case 0
when single stage MCP with low gain (10**) is used.
However when operating MCPs to produce gains greater Figure 10. Definition of Pulse height resolu-
than about 10, making them work in saturation mode tion (PHR) In a Pulse Height Distribution
(saturation effect explained in section 3.2.2.2), the distribution becomes peaked or the shape
of the distribution turns Gaussian. This shows that nearly most of the output pulses are of the
same amplitude. Since, the output pulses, as a consequence of a primary event can be distin-
guished from the noise, operating MCPs in saturation mode are used for pulse counting. [Ref-
erence (9)]

PHD is characterized by the ratio of its full-width-at-half-maximum (FWHM) to the peak
amplitude of the PHD. It is also called as Pulse height resolution (PHR). This is generally
expressed in percentage. Figure 10 shows the PHR calculation.

[
»

Amplitude

3.2.7 MCP Lifetime

The lifetime of the MCP is determined by the changes in the secondary emission coefficient
of the material of the channel walls. Due to the degradation (erosion) of the material, the
probability of first strike conversion into secondary electrons on an event decreases with time.
Therefore, the gain slowly drops as a function of number of accumulated counts (events) or
accumulated output charge. It is therefore necessary to use appropriate bias voltage across the
MCPs, too much can cause the degradation of the material faster due to higher gain saturation.

3.3 MCP Configurations

MCPs are used in different configurations for different applications.
Most common configurations of MCPs are:

Single Stage
TN
Chevron
b R R Y A e
1) Single stage MCP: One MCP is used for achieving gains up to | 7 LT e

10* Z-Stack
T

2) Chevron: Two MCPs are placed over one another as shown in | I
) the fi . der t hi P hich in of about 1 06 b L L T L R T
e figure in order to achieve higher gain of abou : Y vz zirivasaiittinini
3) Z-Stack: Three MCPs are placed over one ar}other as shovx;n in Figure 1. Common
the figure in order to achieve even higher gain of about 10°. MCP configurations
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The orientation of the MCPs with respect to each other in Chevron and Z-stack MCPs are as
shown in the Figure 11 to minimize the lon Feedback effect. In such configurations, the
MCPs are assembled with a small gap in the order of a few 10s of micro meters by using a
spacer. There are about 10" electrons © produced at the end of a channel and if this amount of
electrons enter one channel of the second MCP then this channel would reach saturation very
quickly giving lesser gain. Therefore in such configurations, the MCPs are not arranged back
to back with each other. Due to the gap, the electrons at the exit spread out into many chan-
nels (about 7) of the second MCP which helps the MCP not to reach the space charge satura-
tion quickly giving higher gain. However, it affects the spatial resolution to some extent due
to the electron spreading. Typically spacers of 30 um are used. [Reference (10)]

3.4 Applications

Due to MCPs special characteristics like high gain, small dimensions, low weight, high detec-
tion efficiency, high spatial resolution and so on, they are used in various industrial and scien-
tific applications. They are used in Image intensifier tubes and Night vision goggles as their
amplifying device. Special image intensifier tubes called as UV-Solar blind tubes are used for
missile launch detection as well. Since, the output of the MCPs have pulse width in sub-
nanoseconds, they are used in Time of flight spectrometry as well. Due to their direct sensitiv-
ity to range of particles like ions, electrons, UV photons, X-rays, they are widely used in
space instruments. They have been used in many missions like IMAGE (UV imager),
ROSETTA (Ion spectrometer and UV imager), CHANDRA (X-ray telescope), CLUSTER
(mass spectrometers, electron and ion analysers) etc. [Reference (11)]

On providing the MCP assembly with sectored anode (collector), the assembly can be used to
detect the position of the particles as well. E.g. DIS of the MMS mission uses such MCP as-
sembly with sectored anode. The anode is divided in 16 sectors. Each of these is now an indi-
vidual anode and is connected with charge sensitive amplifier to generate countable output
pulses. Each of the sectors is of 11.25 degrees which means that MCP can detect a FOV scan
of 11.25x 16 = 180 degrees. Each sector corresponds to a particular angle of particle arrival.
Thus, a particle arriving at a certain angle on the MCP will get collected by a particular sector
of anode to give its position in space.

3.5 MCP assembly in DIS

Photonis is responsible for the fabrication of the MCPs for the MMS mission.
The MCPs for MMS have the following physical characteristics:

Pore-size : 12.5 um

Thickness : 1.00 mm

L/D ratio : 80:1

Pitch : 15 pm

Bias angle : 8°

Resistance : 30 — 110 MQ
Electrode : NiCr

Open area ratio : >68 %
[Specifications as provided by Photonis]

Figure 12. Prototype MCP for the MMS mission

They have been shaped into an annular ring with 220 deg as shown in the figure with external
diameter of 111.5 mm and internal diameter of 73.5 mm.
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The MCPs are paired to form and work in a chevron configuration. This configuration is real-
ized by CESR by mounting the MCPs on the circuit board which is built by JAXA (for the
real flight). This board as discussed in the application section is provided with 16 individual
anodes making the assembly to be position sensitive. Figure 13 shows the schematic diagram
of the Chevron assembly used in the DIS instrument with all necessary parts required for the
proper functioning of the MCP.

Copper-Berylium
Copper-Berylium MCP 1mm Contact 300pm

Spring 100um /\

Y

5,

Copper-Berylium
Spacer 30pm

-2300v 100V Imprinted Circuit Collector  Polyimide Spacer
on an Ultemboard with Gold Metallization
1.6mm ontop 0.8 mm

Figure 13. Detector assembly of the DIS

This assembly is fixed on the circuit board which basically consists of an amplifier and a volt-
age regulator circuit which fixes the voltage of the lower MCP at -100V.
It should be noted that for the testing and characterization of the MCP pair another board was
used along with the JAXA board. This second test board was developed by CESR and is dif-
ferent from the other board.(Figure 14)
The test board developed by CESR has a single anode to which an amplifier, A203 is con-
nected. A203 comprises of a charge sensitive amplifier and a pulse shaping amplifier. It gives
an analog output and is used in pulse mode operation to generate pulse height distributions,
whereas the test board developed by JAXA has anode with 16 sectors and to each of these
sectors, amplifiers A111F are connected. A111F comprises of a charge sensitive amplifier and
a discriminator. It gives a digital output (0 or 1) and is used in counting mode operation which
means that the pulses are simply counted.
e [t should be noted that the detector circuit board delivered by JAXA for the testing had
only eight amplifiers. Therefore, only eight sectors were connected with amplifiers. Refer
to Figure 31 in section 4.4.5 to see these sectors.

Figure 14. a) Proto-flight board built by JAXA with 16 anode sectors. b) Test board built by CESR with a single
anode. In this picture the Polyimide Spacer, which has a gold metallization on the top, can also be seen mounted
inside the support structure on the anode.
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4 MCP TESTING
4.1 Objectives

The basic aim of the testing was to develop an efficient procedure to test and characterize the
real-flight MCPs. The testing was also performed to find out possible problems with the
MCPs, the testing system and both the test boards developed by CESR and JAXA.
The above written objectives were achieved by testing and characterizing a prototype of the
MCP pair (Chevron configuration). For testing the pair, two electronic circuit boards were
used on which the MCP pair was mounted. One test board is developed by CESR which has a
single anode collector and the other board was the proto-flight board developed by JAXA
with 16 anodes as mentioned earlier.
The board with the single anode built by CESR is used:

1) To generate PHDs to verify the functioning of the MCPs

2) To measure the strip current in order to obtain the MCP resistance
The sectored board made by JAXA was used:

1) To verify the working of the board

2) To measure ion counts for each sector

3) To determine the operating voltage

4.2 Testing System

The MCP pair was tested and characterized in the low energy test system in CESR wherein
ion beam of energies between a few eV to 800 eV can be produced. To perform the tests, it
was essential to get acquainted with this testing facility. In this next section, the testing system
has been explained briefly.

Guadrupole Mass Analyzer

']\ ﬁ Deflector

Gaz Inlet = -: .?"_-—-p% _ﬂ F——= Faraday Detector
H

lon Source <—|
K Thﬁgt”.f}'?}":'” Zﬁ] Translation Motor X
i =

+\fr . -—'-.--.‘I

== — Translation Platform

lon Accelerstion Zone

Rotation Motar
—
;"'"_r_.‘ Imager "

Turbomolecular Pumg lonic Pumg

Figure 15. Testing System
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The testing system essentially comprises of a Vacuum chamber equipped with an Imager', in
which the instrument to be calibrated is placed and an lon gun (ion generator) which produces
a desired ion beam (between a few eV to 800 eV). Imager is a part of this system as it is used
to monitor the performance of the ion beam. Figure 15 shows the schematic representation of
the entire testing system in detail with the pumps, motors and ion gun.

4.2.1 Pumps

It is necessary to produce a good vacuum for the safe functioning and proper testing of an
instrument. The vacuum chamber is equipped with secondary pumps (Turbo-molecular and
Ionic Pump) backed by primary pump to achieve such vacuum. The primary pump produces a
vacuum of about 10 mbar and is connected to the turbo-molecular pump which lowers the
pressure in the chamber to an order of 2x107 torr. One can reach even lower pressure with the
Tonic pump to about 8x10™ torr. The ionic pump is started only after the production of a pres-
sure of about 107 torr in the chamber.

4.2.2 Motors

Five displacement motors can be noticed in the figure, three for translation and two for rota-
tion. Two motors are used to translate the ion beam horizontally in X and Y direction with
respect to the chamber. This provides the ion beam to be projected on the area of interest of
the detector. The instrument can be fixed at two different positions in the chamber; In one, the
instrument stays fixed with respect to its translational axes but can be rotated by two motors
in two respective ways (A and B as shown in the figure) and in second, the instrument is fixed
on the same support as the imager but is placed beside it. This support with the imager is con-
nected with another motor, F which can be displaced in the Y direction. This allows the detec-
tor to move in Y direction independent of the beam displacements.

- Note that none of the rotation motors were used for the testing.

4.2.3 lon Gun

In principle an ion gun produces, controls, focuses and deflects a beam of ions. To generate a
desirable ion beam, this test system uses an ion gun consisting of a mass spectrometer which
has an Ion Source, Ion separator or analyser and an ion detector.

The ion beam is produced after a series of steps which are:

Injection of gas or usage of the residual gas inside the chamber
Ionization of gas

Mass/Ion selection

Analysis of selected mass

4.2.3.1 Quadrupole Mass Spectrometer

Mass spectrometer by definition is an instrument which can measure the masses and relative
concentrations of atoms and molecules. Figure 17 shows the block diagram of a Quadrupole
mass spectrometer with its major components and the flow of the process. These components
have been described in this section.

! Imager is an ion beam imaging device. It consists of a single MCP powered with a high voltage supply and is
connected with a phosphor screen for visualizing the secondary electron output emitted as a result of input ion
signal multiplication in the channels. It is used to monitor the ion beam by checking the ion flux and its shape.

16
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G Quadrupole Faraday lon D
I ?S lon Source lon/Mass Detector or ata
nlet Analyser Instrument Output
Figure 17. Quadrupole Mass Spectrometer
a) lon Source
The ion source consists of two Rhe- Injectlon of gas
nium filaments, one principal and the | _ Ope”'"g for
onization chamber electrons
other redundant. The filament acts as —
. Rhenium Filament Rhemum Filament
a cathode and is heated to around (redundant) \ / (principal)
2000°C by passing current in the |'/ehneltElectede 1 Extraction
range of 70 to 600 pA through it. Diaphragm
Electrons are ejected out of the Rhe- = < peseced | o
nium from the filament as a conse- lens
quence of thermionic emission, form-
ing an electron cloud around it. Due to Opening to Quadrupole lon Analyser

the fixed potential difference of 70eV
between the Wehnelt electrode which
is at the same potential as that of filament and the chamber, the electrons accelerate and enter
the ionization chamber through an opening. The injected gas (or residual gas) is ionized by
these electrons.

The cations (positively charges ions) are then separated from the other gas particles (anions
which are negatively charged ions, neutral atoms and molecules) by a weak electric field pro-
duced by the extraction diaphragm in the chamber. The ions are then focused into the Quad-
rupole ion analyzer.

Figure 16. lon Source

b) Quadrupole lon Analyser

The Quadrupole lon analyser consists of four straight and parallel metal rods which are ar-
ranged in a way such that the ion beam from the ion source is directed axially between them.
The opposite rods have a positive applied voltage and the other two have an equal and oppo-
site voltage, both comprising of DC and AC components. Once the ions are inside the quad-
rupole, they start oscillating due to the high fre-
quency (HF) electric field thereby affecting the
trajectories of the ions in their flight. This HF Quadrupole Rods
electric field determines if the ions of certain
mass/charge ratio pass through the rod or not. |lon Source
Ranges of masses between 0 to 100 a.m.u. can be (
scanned by changing the voltage, keeping the
ratio of DC to AC component constant. Only the
ions with the correct mass/charge ratio pass
through the rods into the detector or the instru-
ment placed inside the vacuum chamber.

Faraday
Detector

DC and AC Voltages

Figure 18. Quadrupole lon Analyser
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c) Deflectors

The ion beam can be controlled to take two paths, one to the Faraday Detector and the other to
the instrument (on the imager or in our testing, the MCP assembly) inside the vacuum cham-
ber. This is done by using deflectors that are made up of curved metallic plates which are held
at slightly different potentials. The interior plate has a negative (lower) potential with respect
to the exterior plate in order to deflect the ion beam into the vacuum chamber.

On deflection the ion beam is accelerated with high potential onto an instrument. These accel-
erating potentials can be regulated between 0 to 800 V.

d) Faraday lon Detector

If the beam is not deflected towards the vacuum chamber, it

arrives at the Faraday detector. It passes through the slit and SUPIERecrs  Faraday Cup

the Suppressors, into the Faraday cup which is made up of | 1| -*mgﬂi
conductive material with low secondary electron yield. On | 1

hitting the cup, the beam gives off its charge and produces

an ion current which is detected and converted to voltage Figure 19. Faraday lon Detector

by an amplifier. The Suppressors are used to prevent the

loss of the secondary electrons, which are generated by the impact of the beam. The ion cur-
rents for separate ions give the measure of the abundance of those particular mass/ions.

Figure 20 is an example of a scan that was realized during a routine test. A range of 0 to 30
a.m.u. was selected which means that only the ions having mass below 30 a.m.u (atomic mass
unit) got filtered by the Quadrupole ion analyser and were focussed to the Faraday detector.
The graph as shown in the figure, Mass (a.m.u.) Vs lon intensity (A) was obtained. The pro-
portions of ions could be seen instantly e.g. of Hydrogen gas, water molecules etc.

00 25 50 75 100 125 180 175 200 225 250 275 300
fazze

Figure 20. Scan of an lon beam with ion masses ranging from 0 to 30 a.m.u.
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4.2.4 System Command

The test system is controlled by different electronic devices (consoles) which behave as man-
ual user interfaces, simply to say that they can be accessed by the user directly. These devices
can be operated either by using the buttons on them directly or by a computer through soft-
ware which has been developed for this purpose. They are connected to the computer by RS
232 cables and data acquisition cards. Figure 22 shows the picture of the system command
unit with each and every console used for specific purposes. The software that has been de-
veloped (it is still being further optimised) to command the test system is called Logiciel de
Commande du Petit Banc (LCPB) which is operated from a PC with Windows XP operating
system. It makes the working environment very simple and allows direct and easy access to
the important parameters of the testing system. Figure 21 shows LCPB with all the controlla-
ble parameters. It must be noted that all the motors can be controlled from the software except
for the F motor that is used for the translation of the imager or the instrument in y direction.
This motor has to be controlled manually.

Motor control
device

PC for system
command

Turbo-molecular
pump control
device

Pressure gauge

Primary pump
control device

Imager control
device (analyser
and oscilloscope)

77

High Voltage Power

— Supply (HVPS) for

the ion beam (0 to
800V)

HVPS for the in-
strument and the
imager (0 to 5kV)

Ion beam con-
trol device

Figure 21. System command unit of the low energy testing facility
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4.3 Procedure

For the testing of the detector assembly, some essential electronic components like Pulse gen-
erator, Counter and Multi-Channel Analyser (MCA) with its readout software were added to
the testing system. As part of the testing procedure, the setup for the testing has been de-
scribed below.

4.3.1 Experiment Setup

It was important to understand the signal processing at each block of the testing setup as it
would be useful to make certain calculations necessary for testing and above all to trouble-
shoot problems if encountered.

Figure 23 shows a block diagram which represents the signal flow and its processing at differ-
ent stages during the MCP testing. After applying a high voltage across the MCPs, Ion gun is
switched on to produce an ion beam with ions of charge Q and is controlled by the ion beam
motor and the F motor to fall on the Chevron. This high voltage across the MCP is called as
the bias voltage; it is the potential difference between the front side of the upper MCP and the
back side of the lower MCP (see Figure 13). When an ion strikes the MCP, it produces secon-
dary electrons which multiply to produce an MCP output charge, Q. to produce a gain,

G = in. This output charge then enters the amplifier placed on the board.

Vacuum Chamber

incident . __,[ Amplifier | Binary
lon with MCPs < AlpllF » Counter
lon charge, Q| Multiplication | ~Total [ A%22F J Output
Gun ' to produce | Charge, :
, gain, G |G Amplifier | Vo» MCA
I N A203
—
S e e e e == MCP Circuit Board

High Test
Voltage signal
Figure 23. Signal flow and processing at different stages during the testing

On testing with the JAXA board, the output of the chevron enters the A111F amplifier.
AT111F firsts converts the charge into voltage and then sets a threshold by using a discrimina-
tor to produce logic output of 1 or 0 for pulse counting. Finally, these pulses generated by the
amplifier are counted by a counter. Whereas, on making tests with the board built by CESR,
the output of the Chevron enters the A203 amplifier which first converts the charge into volt-
age (by Charge sensitive amplifier) and then shapes (by Pulse shaping amplifier) this voltage
signal into measurable pulses. The pulses generated by this amplifier enter a Multi-channel
Analyser (MCA)® which analyses the output pulses and generates PHDs through its readout-

2 MCA is an instrument which collects, stores and analyses the voltage pulses from the amplifier. It stores pulses
of a specific level of voltage (input voltage range of this MCA was between 0 to 5V) in its memory locations
called as Channels. Each channel corresponds to a certain range of voltage and gets incremented by one count
when a pulse falls within its range. A spectrum is produced, by MCA’s readout software, for a certain span of
time during which pulses are detected. This spectrum shows the number of pulses as a function of their ampli-
tude and is called as a PHD whose x-axis is represented in channel numbers and y-axis in number of counts of
the pulses.
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Figure 24. a) MCPs mounted on the JAXA board. The screws used for mounting were all metallic except for the
marked screw because of the problem discussed in 4.3.4. 3) b) Detector assembly fixed inside the vacuum chamber on
a support, beside the imager and under the ion gun orifice. Connector to the high voltage power supply (HVPS) and
the JAXA board connector for power supply, amplifier outputs and test pulse inputs can be seen as well.

software called SpectLab. The test signal is used to check if the amplifier works properly and
to make certain calibrations (explained in section 4.4.2) necessary to calculate the gain pro-
duced by the MCP pair.

4.3.2 Start-up procedure

MCPs are very fragile and their fabrication is a long (e.g. 4 months for the MCPs used in DIS)
and costly (5000 Euros/MCP) process, therefore they have to be handled with utmost caution.
It is important to keep the MCP away from particle contamination which can cause various
problems like ion feedback effect or electrical discharge (on operation under high voltage)
thereby altering the operating characteristics and shortening their lifetime. Thus on the arrival
of MCP pair at CESR after fabrication, MCPs were handled only by the experts with extreme
care.
1) For the optimum performance of the MCPs, the MCPs were first cleaned by a special
procedure developed by CESR and Photonis (the company responsible for the fabrica-
tion of MCPs) in a clean environment.

2) The cleaning process was followed by the mounting procedure wherein the MCPs
were fixed into a high performance plastic (commercially called Ultem) support on the
circuit board using screws carefully in a star pattern. This was done to prevent the
MCP glass from cracking. [Figure 24. a)]

3) Later the MCP assembly was fixed on a support inside the vacuum chamber [Figure
24. b)]. Before closing the chamber, all the connections to and from the board were
checked for any possible short or open circuits.

4) The chamber was then carefully closed and pumped for over two days continuously
before starting the tests. The chevron configuration should be pumped down to 2x107°
torr and be held for at least 15 hours ©*

This start up procedure (except the cleaning) was carried out every time when the MCPs were
taken out of the chamber, for instance to inspect the MCPs and the board when problems were
encountered during the testing or when the MCPs had to be mounted on the other circuit
board built by JAXA.

21



4.3.3 Testing procedure

Since this testing was done by using High Voltages (HV), it was necessary to follow the pro-
cedure as described below in order to avoid damages that could be created by the high voltage
and to maintain proper functioning of the MCPs.

1)

2)

3)

4)

5)

6)

First the pressure inside the chamber was checked to see if it was below 2x107 torr.

Power supplies of all the components used for the testing like Quadrupole mass filter,
HV for the ion beam, HV for the MCPs, motors, and oscilloscope (connected with
amplifier output and lower MCP) were turned on. The software LCPB was started too.

The Ion beam was then checked by using an Imager. To do this the imager was placed
under the beam with the help of motors and then switched on. The high voltage across
the imager was slowly increased to its operating voltage of 2kV. On the Phosphor
screen, the ‘image’ of the 1on beam was seen. It was noticed that the beam flux (inten-
sity) was slightly instable at the beginning. Thus before testing, the beam was
switched on without any ion emission (0eV) for sometime. The MCP was placed un-
der the beam at a desired position and parameters such as Intensity of the ion beam,
beam with partial flux (selected mass) or total flux were set from the software.

Later the amplifier(s) on the boards were checked by sending periodic charge pulses
(test signal) by pulse generator to see if the shape of the output pulses were the same
as expected from the output characteristics in the datasheet.

When testing with the CESR board, the MCA was connected with the amplifier output
through an oscilloscope and turned on followed by starting its read out software,
SpectLab on the computer. Whereas when the testing was done with JAXA board, the
output of the amplifier was connected with a counter through an oscilloscope and
turned on.

The high voltage was then turned on and incremented in steps of -100V gradually. The
voltage was further incremented until the pulses began to get saturated (2.7 kV). It
should be noted that although MCP functioned well at this HV, it was generally oper-
ated until 2.6kV since repeated use of this HV would shorten the lifetime of the MCP.
For each increment, measurements such as MCP strip current, number of counts and
pulse height distributions were noted in the log book and saved on the computer. From
these measurements further calculations were made to calculate gain, chevron resis-
tance and Pulse height resolution which are discussed in the subsequent section.

A beam tracing path was calculated such that it could cover all the parts of the MCP.
This was extremely useful for the testing of the JAXA board as the beam could be fo-
cussed on a desired anode sector.

The same procedure was followed for the testing of the MCPs on both the MCP circuit
boards. In the case of JAXA board, number of counts for each sector was measured for
different energies of ion beam and for each increment of the bias voltage.
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4.3.4 Problems Encountered
There were several problems encountered during the testing which have been described be-

low.

1)

2)

3)

4)

5)

While mounting the MCPs on the CESR board,
it was found that the MCPs did not fit inside the
support frame (Figure 25). Photonis delivered
them in a slightly different shape than expected.
It was observed that the external and the internal
circles of the MCPs did not have the same cen-
tre’. This problem was overcome by modifying
the support frame by scraping in order to fit the
MCPs inside.

When the MCP pair mounted on CESR board
was tested for the first time, initially some out-
put pulses were observed on incrementing the _
HV for OV to -100V but later there was a sud- Figure 25. Mounting problem due to a small
den rise in the output followed by no output by ©"or in the dimensions of the MCP.

the amplifier at all. After inspecting the MCP for damages, it was found that the outer
edge of the MCP side facing the anode had peculiar tracings. It was concluded that that
there was an electrical discharge through that part of the MCP. It was thought to have
been caused due to the presence of blocked gas particles which were unable to get out-
gassed on pumping due to a Copper Beryllium plate that was added under the spring to
avoid any damage on the MCP surface during vibration test *. The particles had got
trapped in the edge of MCPs under this plate. This problem was overcome by removing
the plate from the assembly and replacing the burnt amplifier with a new one.

On raising the HV across the MCP over 2.7 kV, periodic fluctuations were found in the
MCP strip current. On inspection a screw that was used to fix the lower plate (which was
at -100 V) in the assembly was found to be at close proximity with the plate at HV. This
problem was solved by replacing this screw with a nylon screw. [Figure 24. a)] .

The JAXA board connector for power supply, amplifier outputs and test pulse inputs had a
tendency to get pulled out of the socket on the board as a result of its own weight. This
was fixed by tying two cable ties around the socket with the connector.[Figure 24. b)]
When the JAXA board was used the first time for testing, a short circuit was found be-
tween the high voltage supply and the vacuum chamber (at ground). After demounting the
MCPs it was found that the screws used for the mounting were long such that they
touched the anode on the board which was always at ground whereas the screws were at
the high voltage. This problem was solved by using the same screws with washers in order
to increase the distance of the screw from the anodes and by putting Kapton tape as insu-
lator under the screws. The MCP was not damaged because the HV was cut off immedi-
ately by its protection circuit.

The solution found for the problems should help in faster testing of the remaining fifty MCP
pairs that are being prepared for the MMS mission.

3 CESR pushed the manufactures (Photonis) to deliver the MCPs quickly. Due to the time constraint, MCPs from
an old batch were used which were hurriedly cut. This problem has been taken care off by Photonis.

* The initial design for the detector assembly of the DIS had an extra Copper Beryllium plate fixed on top of the
upper MCP and below the spring for providing more stability to the structure. However, after the incident de-
scribed in the problem 2 occurred, this plate was removed from the assembly. From the knowledge of previous
successful missions using similar assemblies without such plate, the removal of this plate was thought to be
perfectly safe.
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4.4 Data Analysis

4.4.1 Pulse Height Distribution (PHD)

The PHDs for different MCP bias voltages
were produced by SpectLab when the chev- Pulse Height Distribution
ron was mounted on the test board built by
CESR. PHDs of several ion masses at dif-
ferent energies were generated over a period
of 100 seconds. They all looked quasi-
Gaussian as expected and varied smoothly
with applied bias voltages.
An example of the PHD has been shown in
Figure 26. It shows PHDs for three different
bias voltages when ion beam of mass 2 with -
energy of 100 eV was applied. The fitting 0 200
curves were generated by using a software
called Origin, in which a Gaussian Normal
Distribution function was fitted with the
help of Levenberg-Marquardt algorithm.
It can be seen that as the bias voltage is in-
creased the peaks shift to the right and their
FWHM increase whereas their amplitudes
decrease showing the saturation effect be-
coming more dominant. Note that the peaks
at the tail of the PHDs are due to the satura-
tion of the A203 charge sensitive amplifier. 0.00 ‘ ‘ ‘
The output voltage of the A203 saturates 2200 2300 2400 2500 2600 2700

K MCP Bias Voltage(Volts)
around 4.9 volts in the t?St se't-up used here.. Figure 26. Graph on the top shows the Pulse Height Distri-
When the charge amphﬁer is saturated, it bution fOI.’ different bias voltages along with their fitting
needs some time to desaturate (dead time). curves. Graph below shows the variation of PHR of the
This is why many pulses pile up when the PHDs with bias voltage.
A203 is saturated.
Pulse Height Resolutions(PHR) of several PHDs were calculated by using the following for-
mula:

24/06/2008

Mass 2
lon Beam 100eV

PHD for 2500V

Fit 2500V

PHD for 2550V
—Fit 2550V

PHD for 2600V

Fit 2600V

400 600
Channel Number

800 1000

Variation of PHR with Bias Voltage
120.00

100.00

80.00
24/06/2008
Mass 2
60.00 IS lon Beam 100eV

40.00

20.00

Pulse Height Resolution(%)

FWHM
PHR =——x 100
Nch

Where, FWHM is the Full Width at Half Maximum and N, is the Channel number at maxi-
mum number of counts. These parameters can be directly retrieved from the fitting software.
Figure 26 also shows the PHR variation with bias voltage. The PHR reduces quickly with
increasing bias voltage. Above a voltage of 2400V the PHR seems not to vary much with fur-
ther increase in bias voltage.

4.4.2 Gain Calculation
Gain is the ratio of total output charge Qo of the MCP to an input charge Q = 1.6 x 1071°C,

Qow
Q

i.e. Gain = 1)
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Figure 27. Calibration procedure to calculate the Chevron gain

But the MCP output charge cannot be retrieved directly from the assembly since it is con-
verted into voltage by A203 and is further converted into channels by the MCA (ADC). It is
for this reason that x-axis of the PHDs is originally given in channel numbers rather than volt-
age by SpectLab. Therefore, to calculate the gain, it was necessary to calibrate the channel
numbers into MCP output charge since the peak of the PHD corresponds to MCP output
charge at maximum counts.

Figure 27 shows a block diagram for the calibration pro- Table 1. Channel number corresponding
cedure. The calibration was made by sending periodical t© the peak of the PHD for set of input

test pulses of known different amplitudes (Viy) into the charge

. . . Input charge(C) | Channel number
amplifier through a known capacitor (C) and measuring T 9E13 106.63
their corresponding amplifier outputs and the channel 9.8E-13 1 42
numbers at the peaks of the PHDs in Spectlab. With this, 1 08E-12 6104
a slope was calculated to find out the proportional con- 1.96E-12 230.06
stant between the MCP output charge i.e. the amplifier 3.92E-12 S44.43

input in charge (Q=C x Vj) and the channel numbers.
Thus, the output in channel numbers (in PHDs) could now be calibrated into MCP output
charge by simply multiplying them with the slope. An example of this calculation has been
shown. Table 1 shows the channel numbers corresponding to the peak of the PHDs for vari-
ous test input charges. The slope between the input charge and the channel number was calcu-
lated to be 4.5399x10™" (Coulomb/channel number). For a bias voltage of 2500V, the peak of
the PHD corresponded to channel number 445. It was converted into charge by simply multi-
plying it with the slope i.e.

Qo/p= 445 x 4.5399 x 10715 v Gain Variation 24106/2008
=2.0202 x 10712C
By using equation (1), LEO7 -
2.02 x 10712 <
= — @ 1.E+06
1.6 x 10719 ©
= 1.262 x 107 LE+05 1
The Gain was then calculated using this
method for various MCP bias voltages by | "5 7 00 20 00 2000 200 2700
measuring the output charge at the peaks MCP Bias voltage (Volts)

of each PHDs. The Figure 28 shows the
variation in gain with the bias voltage.

The output charge varies from about 0.01pC to 2pC from 2.2kV to 2.6kV of bias voltages
producing gains of 7.7x10*to 1.3x10repectively.

Figure 28. Variation of gain with bias voltage

4.4.3 Chevron Resistance

Figure 29 shows the part of the circuit of the test board through which measurements neces-
sary to calculate the Chevron resistance, Ren, were made. Although high voltage e.g. -2500V
was applied across the circuit as shown, the voltage across the chevron or the bias voltage Vg
was limited to -2400V by a voltage regulator circuit which fixed the voltage between the
points A and C to -100V.
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If the strip current Is would somehow be known, then R¢n, would be easily calculated by using
Ohm’s Law,

Vp - —— -2500V
Rep = r @) |
: : . . 2400V R_j. Chevron
It is for this reason that a relatively small resistor of 10 KQ was ch 3 ecistance
added in series with the voltage regulator circuit. The strip cur- 4 Al
rent Is was calculated by measuring the voltage drop across this s
known resistor by using the Ohm’s law as well (between points Voltage Regulator
B and C). E.g. for Vg=2400V, the voltage drop across the 10 __(ﬁxedggﬁ;]gﬁ_mﬂ
KQ was found to be 325mV which implies, 100V B
I 325my 32.5p4 10K \'
5 10KQ
Now putting the value of Is in equation (2), 4 C
2400V —
ch. = = 73.84M() Figure 29. Circuit on the test board
32-5|J-A used to measure the strip current
. . for th lculati f the Ch
The chevron resistance was found to be varying between rz.gistaeng: culation of fhe ~hevron

7TMQ to 73MQ for bias voltages from 2000V to 2500V re-
spectively.

4.4.4 Operating Voltage

It is necessary to determine the voltage at which the MCPs will be operated or the operating
voltage for the proper functioning of the MCP assembly during the mission. To find this out,
MCPs count rate vs. the bias voltage characteristics were generated. The measurements were
made with the MCPs mounted on the test board built by JAXA. The ion beam was focussed
on a desired sector and the output (counts/sec) was taken from the amplifier connected with
that sector. Several graphs were generated with different ion beam energies e.g. as shown in
Figure 30.

It can be clearly noticed that the trend of the curves for different ion beam energies is the
same, at the beginning the count rate increases linearly then remains almost saturated and then
increases again rapidly into extreme saturation. An inflection point can be seen in the curve
corresponding to a bias voltage of about 2100 V, after which the count rate remains almost
constant for a few bias voltages. It is this voltage that is chosen as the operating voltage. Al-
though the same count rate is achievable at higher bias voltages, a lower voltage is chosen in
order to preserve the MCPs functionality
by avoiding it to get fatigued too | so00-
quickly.
During the operation in space, these
curves are regularly made by regulating
the HVs around this chosen operating
voltage to check if the MCP efficiency
has deteriorated. If this is the case then |~ som
the operating voltage is changed to a 4000 |
higher voltage within the constant region
than the previously chosen operating N:

Voltage . 1900 2000 2100 2200 2300 2400 2500

. . MCP Bias Voltage
This graph also shows that as the ion Figure 30. Count rate characteristics with bias voltage.(Position

beam energy is increased, the number of F represents the coordinates of the beam, X=-30.3mm and Y=0)

Count Rate Vs. Beam Energy & Bias Voltage

18/07/2008
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counts increases as well. This means that ions with greater kinetic energies have a greater
probability to get detected as the conversion of these higher energetic ions into secondary
electrons on collision increases. Surprisingly, the curve for the ion beam energy of 800eV is
lower than the curve for 600eV. Definite reason for this phenomenon remains unknown, al-
though it is thought to be caused due to some technical problem with the testing system.

445 Crosstalk

While making count rate measurements for = _ = = ==
each sector on the JAXA board, crosstalk was [ o '
found between multiple sectors. Figure 31 Vi, N s g
shows the sectors connected with amplifiers | Sectort3 . 7= Sectorl
on the test board. Measurements were made DN AN
by focusing the ion beam on a particular sec- A G N
tor and taking the count rate of the desired
sector and as well as of the other available
sectors with amplifiers at the same time. E.g.
On focussing the ion beam on sector 8, the
maximum counts were found at this sector.
On taking reading from the other sectors on
the right side of the board for 7, 1 and 2, the (P
counts were found to be reducing with the
distance from sector 8. But when the meas- |

urements were taken for the left side of the Figure 31. Drawing of the test board built by JAXA.

. Only the marked sectors were connected with the am-
board, it was found that the no. of counts plifiers. (The numbering of the sectors are as given by

from sector 16 were almost the same as that JAXA and are named as CH ’sector no.” e.g. CH1 in-
of sector 7. This was surprising as the beam stead of Sectorl)

was focussed on sector 8 which is adjacent to

7 whereas as sector 16 is at a position opposite to that of 2 i.e. away from sector 8. Therefore,
the counts expected from 16 were lesser than that of 7 or none. Apart from this the output
from rest of the sectors that are 12, 9 and 13 were found to be fluctuating.

Further investigations were made to verify this behaviour on the JAXA board by sending test
signals to each of the sectors connected with amplifiers and noting if there was any output
corresponding to that signal from other sectors. This was done without passing any bias volt-
age across the MCPs. Table 2. Crosstalk measurements for the proto-flight board built by
JAXATable 2 shows the results for the crosstalk measurements.

Ll

Sectof‘l 6 ’ 7 Sector2

Table 2. Crosstalk measurements for the proto-flight board built by JAXA

X: Output signal synchronous to test pulse
0: No output
Test Pulse 1Test Pulse 2 |Test Pulse 7| Test Pulse 8|Test Pulse 12|Test Pulse 9 |Test Pulse 16 Test Pulse 13
Sector 1 X X 0 0 0 0 0 0
Sector 2 0 X 0 0 0 0 0 0
Sector 7 0 0 X X 0 0 0 0
Sector 8 0 0 0 X 0 0 0 0
Sector 12 X X X X X X X X
Sector 9 X X X X X X X X
Sector 16 0 0 0 0 0 0 X 0
Sector 13 X X X X X X X X

From the table above it can be noticed that crosstalk seem to be between adjacent sectors. E.g.
when a test pulse was sent through sector 2, output signal was found not only from the sector
2 but also from sector 1. Similar behaviour was found between sector 7 and 8. Rest of the
sectors seem to give outputs consistently for test signal inputs through any of the sectors. This
shows that there was a definite problem in the board built by JAXA.
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5 CONCLUSIONS

5.1 Summary

During the internship a broad understanding of the functioning and the characteristics of the
Micro-Channel Plates was developed. As a part of the work, the testing and the characteriza-
tion of the prototype MCP pair, for the DIS detector assembly, was accomplished. To partici-
pate in the testing, the testing system and the basics of the circuit board of the detector assem-
bly were understood. Several problems were encountered and overcome which should result
in faster testing of rest of the fifty MCP pairs that are being prepared for the entire MMS mis-
sion. An efficient testing procedure was eventually developed during the course of the testing.
The MCPs were characterized by passing a beam of ions on high voltage powered MCPs
mounted on the circuit board built by CESR and the proto-flight board built by JAXA. The
analog output of the MCPs mounted on the former was sent to a Multi-Channel Analyser to
generate pulse height distributions which varied smoothly with MCP bias voltages. Gain was
calculated for the peaks of the PHDs and was found to increase from 7.7x10* to 1.3x10” with
bias voltages from 2.2kV to 2.6 kV producing output charges of about 0.01pC to 2pC respec-
tively. The binary output data from the MCP mounted on the JAXA board was sent to a
counter for pulse counting. The operating voltage for the MCPs was found to be 2.1 kV for
the beginning of the mission. The Chevron resistance was calculated to be varying between
73Q to 77Q by measuring the MCPs strip current at different bias voltages. On making the
measurements for the count rate per sector, crosstalk was found in the JAXA board which is
currently being investigated.

By the end of this internship, familiarity with the lab equipment and lab etiquette was ob-
tained. Experience working in a team was also gained. It was fascinating to see theoretical
knowledge of topics like Electron Multipliers and Vacuum technology being applied which
helped in deeper understanding of certain mechanisms.

5.2 Future Work

Although the testing of one prototype pair of MCP is over, fifty more real-flight MCP pairs
for the MMS mission will be tested and characterised by CESR which are currently under
fabrication.

Despite the fact that temporary solutions were found for the problems that were faced during
the testing, permanent solutions are necessary for uninterrupted testing of the next fifty MCP
pairs. For example to solve the problem with the length of the screws as discussed in the prob-
lem 5 of section 4.3.4, instead of using washers to increase the distance of the screws from the
anodes which is a time consuming and impractical solution, new screws with appropriate
length could be used.

The problem mentioned in section 4.4.4, wherein the count rate characteristics for an ion
beam of 800eV was found to be lower than that of 600eV, needs to be inspected. For this the
testing system especially the ion gun should be checked.

The crosstalk found on the JAXA board should be investigated and rectified to insure that this
problem does not interfere in further testing.

The F-motor should be programmed to work automated as the other motors, since it is used
often to position the ion beam on the MCP. Infact, the entire testing procedure, from moving
the ion beam across the MCP to saving the data and generating PHDs, could be made auto-
mated which would save a lot of time.
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