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1: Abstract

The Picosatellite of Leicester University Micrometeoroid Experiment (PLUME) will carry two highly
sensitive micrometeorite detectors into orbit. This report contains a detailed description of the payload
subsystem that supports these detectors, which was designed over the course of the last two years by
the author. The first half of the report describes the functions, operation and calibration of the payload
prototype board, a device containing all the necessary electronics to run a single PLUME dust detector
and produce an output readable by a desktop multichannel analyser. The second half of the report
discusses additional electronics spedific to the flight detector circuit design and the work done on them.
A full circuit diagram with each component labelled included in an appendix.
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2: Introduction to the PLUME detectors

2.1 Detector physics
The working mechanism of these detectors is given more fully in a previous report[1]; what follows is a

description of the detectors sufficient to understand the electronics required to run them.

The heart of each PLUME detector is a single Microchannel Plate (MCP). Physically the MCP is a thin slice
of glass with a set of parallel holes (or channels) through it. When a strong electric field is placed across
amicrochannel plate, it acts as an electron multiplier. MCPs are frequently used in x-ray detectors ¢ an
x-ray interacting with the glass will eject an electron, which is accelerated by the electric field until it
collides with the wall further down the channel, producing more than one secondary electron. Thus the
initial $eedClectron produces a cascade. Microchannel plates with their front surfaces covered with
very thin metallic foil can be used to detect micrometeoroids, as the high energy collision of dust with
the foil produces a burst of plasma which can also seed a channel. The large number of seed electrons
produced by micrometeoroids makesit easy to distinguish such events from x-rays and cosmic rays.

The PLUME microchannel plate is housed in a detector body asin figure 1, which has three electrical
connections - one to the electrode at the front of the plate, one to the electrode at the rear, and a third

to a metal anode behind the MCP. To operate the detector, a high negative voltage of order -1000V is

placed on the frontelectrode, and a smaller negative voltage (around -100V) is placed on the rear. The

anode feeds into a charge sensitive preamp® ¢ KS WLJ | S @2t G4 3SQ Aa GKS
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between the rearelectrode and ground. The electron gain of the detector is a strong function of the
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electrons away from the back of the plate toward the more positive anode. The preamp s the first stage
of a chain of signal processing electronics that translate the size of the charge cloud into a proportionate
voltage pulse that a computer can read.

Front electrode
Rearelectrode
Anode

D Insulator
. Conductor

Microchannel plate
Figure 1: Cutaway of detector body. Background shows a photo of the same.

The output charge cloud size is proportional to the number of seed electrons to the power 0.4, and
higher energy micrometeoroid events will produce more seed electrons. One of the mission objectives
of PLUME is to determine the energy profile and abundance of micrometeoroids in low earth orbit, so
the distribution of the charge of each pulse from the detector is very important. For a full discussion of
the physics of the detectors, please refer to [1] and [2]. PLUME will carry two redundant detectors,
labelled X and Y.



2.2 Detector support electronics

To run a microchannel plate detector, two sets of electronics are required: a high voltage supply to
provide the potential across the plate needed to multiply electrons, and a signal processing chain to take
the output of the MCP in the form of a pulse of electrons and convert itinto a form that a computer can
read. The support electronics for the PLUME flight detectors are shown in figure 2.

=
L3
U
TVS
. Key
Power e 5 POV T
- . o— HYsopely :': transistor
L, —y 5V variable power
£
—l:i-E 2 | —3 Ground
& T —
ey -3V POWer
3.3V logic
HV output HV input
monitar —>  monitor +2.5V analeg
ey -1500Y variable power

=3 Charge/voltage pulse

z z r
e - I be 9“ & "
o g = Inverter * . — “oVBUS
z S switch
s P AI
w; %r o
| 5
=
E
P Sh s '
f—2x Preamp s, Shaper —_— =)
D Wi
e @
Om £
oo

Figure 2: Schematic of a one of the PLUME flight detectors. Green blocks represent the components
perform important functions that might be found in a typical microchannel plate setup. Purple blocks
have important functions specific to PLUME. Orange blocks have functions that support the other
components and do not necessarily have to be implemented in all detectors.
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can use either 3.3V logic to communicate Boolean variables between the various subsystems or

analogue voltages between -2.5V and 2.5V for continuous variables. The payload uses a mixture of the

two. The detector circuitry is powered by a5V single supply fromii KS al 6 St t AGSQa YIAyYy L3
blocks in the above figure represent discrete clusters of electronic components, each with a specific

function. First, the high voltage section of the circuit:

o : Thisis the MCP detector body; all connections to this component will be through co-axial
high voltage cables.
o 7 The EMCO Q12-5N high voltage converter is similar to the DC inverter, but produces

amuch greater output voltage ¢ up to 1360V with an open circuit. It is run under-voltage to
reduce current consumption and give a maximum plate voltage of around 1000V. The supply
produces an output voltage proportional to the input voltage, but will not function when the
inputis less than 0.7V.

° r A transistor current amplifier is used to adjust the voltage fedinto the HV
supply while drawing low current from the digital analogue converter.
o : A simple device that splits the single output of the HV supplyinto three; one

at maximum voltage for the front MCP electrode, one at around 10% maximum for the rear
electrode, and one at roughly 1/300" maximum for the monitor circuits.

o The HV supply transformer has electrically isolated inputs
and outputs, the grounds of which must connected to ensure that the output voltage does not
drift, which keeps it measurable by the monitor circuit and keeps the gap voltage oriented
correctly. However one of the failure modes of a microchannel plate involves the two electrodes
cominginto electrical contact, and while the HV supply does not store a lot of energy,
connecting a high voltage output to the input ground could conceivably destroy the satellite. To
prevent this, a transient voltage suppressor is used. This component consists of two zener
diodes connected in series cathode to cathode, and in this configuration the diodes will conduct
electricity if the potential across them is higher than a critical voltage (3.3V). This ensures that
kilovolt spikes along the ground rail do not find their way into the rest of the satellite. A high
value resistor connected in parallel with the TVS ensures that the ground voltages on either side
of the HV supply are the same.

° : The output is an analog voltage between -2.5V and 2.5V roughly
proportional to the output of the high voltage supply minus 2.5V. See section 3.2.1 for the exact
ratio.
o CKS NIGA2 2F (GKS | £ addJi e@Qa 2dziLizi @2

approximately linearly proportional to current drawn from it. From the output voltage, the
current drain and hence the resistance of the MCP can be deduced. Many error conditions can
be diagnosed in variations to the rated resistance, so this ratio isimportant. This circuit provides
the other piece of information needed to measure current. See section 3.2.1.

e DAC (digital analogue converterncreasing the plate voltage increases the electron gain of the
microchannel plate, which would allow a larger range of micrometeotite energies to be
distinguished. This is achieved by changing the voltage powering the HV supply using the 4-bit
digital analogue converter. The HV_ON bit is weighted very heavily; withoutit the voltage input



to the HV supply cannot exceed 0.6V. HV_SET x1, x2 and x4 provide fine control of the input
voltage. See section 4.1

And the signal processing chain:

o 1 A charge sensitive preamplifier stores clusters of electrons on a capacitor, and outputs
the voltage across that capacitor. The preamp s the first stage of the signal processing chain,
and its output rises rapidly to a peak equal to the charge cloud size divided by the capacitance of
the circuit, followed by a comparatively long exponential decay. The PLUME detector preamps
are radiation hardened, highly sensitive AmpTek A250s.
° 1 The sharp rise of the voltage output of the preamp is makes the
peak voltage hard to accurately measure. To prolong the pulse rise time, a shaping amplifier is
dzZa SR® ¢KS aA3dylrtQa OKINIOGSNRaataaAOa a AG Aa LI
amplifier has an arbitrary gain. PLUME uses AmpTek A275 shaping amplifiers.
o Samplehold (buffer): To minimize the possibility of the MCU missing a detector event by being
busy, thesample-K 2t R GF 1Sa | OO0dzNI GS al YL SAa Q28 KSEKEIS2 qzi
voltage. As soon as the signal voltage starts to drop, it sets the RECIEVED pin high, which tells
the MCU that a new signal is ready to be read on the SIGNAL pin. Micrometeoroid detector
events are expected to occur only about ten times a day, so itis improbable that two events will
occur close enough together that the MCU would only record one. The RESET pin is used to clear
the held voltage and prepare the circuit for another signal. See section 4.3.
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Figure 3: Representation of the signal as it passes through the signal processing chain. The voltage of
each sectionis not necessarily to scale.

These components support both circuits:

o rSome of the payload components require a -5V power supply (relative to ground)
as well as a +5V supply. The DC inverteris a RECOM-0505S, a small self contained
oscillator/toroidal transformer with around 70% power efficiency.



Master power switch (level shifter)The level shifter allows 5V power to be controlled using

3.3V logic. The level shifter uses a BJT (bipolar junction transistor) at the logic interface with the
MCU, but the bulk of the current flows through a FET (field effect transistor), which is a
configuration that haslow resistance (and consequently low power dissipation) while drawing
very low current from the fragile 3.3V logic pin. Setting the SIGNAL_ON pin high will power up
the signal processing chain and monitor circuits, which must be done before the detector can be

operated. See section 4.2.

The majority of these circuits were designed by the author and tested by the payload team under the
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3: The Payload Prototype Board
A prototype containing much of the flight circuitry was constructed last year and has been in use ever
since - the Payload Prototype Board (PPB). This device was intended not only to verify the flight design,
but also to provide a fully functional, battery operated, human useable and portable piece of equipment
capable of running a single microchannel plate.

3.1: The PPB hardware
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Figure 4: PPB schematic. Green components are common to the flight detector, and blue components
are spedific to the PPB but will have their functionality incorporated into the flight detector in a different
form. Red components are specific to the PPB and are not included in the flight design.



Figure 4 shows the layout of the PPB. Many of the components comprising it are spedific to the human
interface; the unique components of the PPB are described below. Figures 5 and 6 show the location of
these components.

e Batteryswitch: The battery switch provides power to several basic safety mechanisms and must
be thrown for the main switch to work.

e Regulator! £ Ay S NJ NB Sy voltage tekh |enwarNa| Ldefiged vbltage. The main
purpose of the PPB regulator s to filter noise from the external power supply; it drops the 6V
power supply input down to a very dean 5V. The regulator dissipates power equal to the excess
voltage multiplied by the current drawn by the rest of the circuit; from a 6V power supply the
payload prototype will draw roughly 16% more current than it would without the regulator and
running from a 5V power supply.

e Battery okay indicatorThis LED lights upif the supply voltage is sufficient to power the rest of
the circuit, indicating that either the battery is becoming depleted or that there is a problem
with the external power supply. Setting the currentlimit of a lab power supply too low can
cause this light toflicker, even when the supply outputisinitially set to 6V.

¢ Main switch: This switch control power to the signal processing chain and high voltage supply.
The HV control potentiometer must be checked before this switch is thrown, as the HV warning
indicator is connected to the HV output monitor, whichitself is powered through the main
switch. The HV circuitry is designed so that any stray high voltages on the SHV connectors will
decay in less than a second, so no high voltage precautions need to be taken around the SHV
connectors if this switch is off.

¢ HV warning indicatorThis light tums on if the high voltage outputis greater than about 100V.

e HV control pot. (potentiometer) A manually adjustable component that allows the voltage
output of the HV supply to be altered. It has a range of eleven turns, and turning it clockwise
increases the voltage. Eleven counterclockwise turns guarantee that the HV supply is off. The
DAC will replace this potentiometer on the flight model.

e Testcapacitor¢ KSNB | NB { ¢ Anecchsigdngintd the preaimidOn€s ti@ RICP
anode connection which has already been explained, the other is a test connection which feeds
into the preamp through a capacitor. A tail pulse generator set to produce negative pulses with
asharp rise (of order 100ns) and a long tail can thus be used to calibrate the PP. Qa aA Iy |
processing chain; the capacitor tums the voltage transition into a charge packet similar to the
one produced by an event in the MCP. The test capacitor is one picofarad, so a test input of one
volt corresponds to one picocoulomb of input charge. In practice this is too high and would
saturate the amplifier ¢ it is unlikely that micrometeoroid event would produce an output cloud
with more than a hundred femtocoulombs, and test pulse amplitudes should not exceed 600mV
to avoid saturating the amplifier.

e Shaper gain pot. (potentiometer)This potentiometer adjusts the feedback resistance of the
shaping amplifier. It has a range of eleven tums, and turning it clockwise increases gain. Gain
can be set to an arbitrary value by resoldering the amplifierQd FSSRol O] NB&A &G 2 NE&:
writing the gain of the shaping amp ranged between approximately 1.8 and 19. On the flight
model, aregular resistor of the appropriate value will replace this potentiometer.



Figure 5is a photograph of the PPB from the top with the lid off, detailing the locations of many of these
components.

/

Shaper gain pot.

Shaping amp

Figure 5: PPB layout

There are two kinds of sockets on the outside of the PPB (figure 6). SHV sockets (containing a ring of
white plastic) and supply terminals are bolted to the PPB casing, but the BNC sockets are more fragile as
they are soldered to the circuit board itself. Do not apply lateral pressure to them. Instead, press the
connector directly onto the socket using minimal force.



BNC connector

SHV connector

Figure 6: SHV/BNC comparison.



Figures 7 and 8 show the exterior of the PPB in detail.

Figure 7: Front and side of the PPB.

Supply terminals




MCA out

Figure 8: Back of the PPB.

The sockets are:

e Supply terminals (4mm): Connect the red terminal to a +6V supply, and the black to ground (OV).
The 4mm jacks can be connected straight to a lab power supply, or unscrewed to reveal a hole
for loose wires. Do not connect the terminals incorrectly.

e Battery and HV switches are as labelled, and their functions are described in the previous

section.

e MCP front (SHV): Connect this to the frontelectrode of an MCP using a cable rated to carry at
least 1.5kV.

e MCP rear (SHV): Connect this to the rear electrode of an MCP with a cable rated to carry at least
300V.

e TestPulse (BNC): Can be connected to a tail pulse generator to calibrate the signal processing
chain, see section 3.2.3.

¢ MCP anode (SHV): This socket should be connected to the anode of the MCP. Static electricity
can damage the highly sensitive FET in front of the preamp; observe caution.

e HVin (BNC): A connection to the high voltage input monitor described above.

e HV out (BNC) A connection to the high voltage output monitor described above.



e MCP out (BNC): This should be connected either to an oscilloscope (for diagnostic and
calibration purposes) or a multichannel analyser (to take measurements). The voltage on this
connector ranges between 4.4 and 5V.
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3.2.1: Theory

As discussed in the component descriptions above, an important safety mechanism of the PLUME

payload is the voltage monitors on either side of the high voltage supply. Since attaching an ammeter to

the high voltage lines is impossible without a floating power supply, the only way of discerning current

drain is to examine the ratio of the input voltage tooutput @2 f G 3S® CNRBY 9a/ hQa R2Od

the relationship between current and voltage for a typical Q-series high voltage supply is shown in figure
10.
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Figure 10: Output voltage to current drain ratio for an EMCO Q05-12 (a supply that produces 500V
outputfrom 12V input). Our model may have different characteristics, but the indication of this diagram
is that for output currents less than the rated maximum, the voltage-current relationshipis linear.

The theoretical current drawn from the high voltage supply can be derived by examining the equivalent
high voltage circuit shownin figure 11.
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Figure 11: equivalent high voltage circuit schematic. The two resistive dividers are highlighted in grey.
Electrical connections are represented by blue and black solid lines. Horizontal tracks are equipotentials
with more negative potentials toward the top of the diagram; note that the voltage scale is notlineary

proportional to relative position. Red lines show the flow of current around the circuit.

Most of the terms in the following discussion are defined in figure 11 except for current. The subscript of
acurrent termis the same as that of the resistor the current flows through, so I, represents the current

flowing through Ry;.

The only properties of this circuit that can be measured in-flight are Vsense and Vi,. The parameter
important to detector science is the plate voltage Vce, Which is the difference between the V¢ and
Viear- Rmep IS @lso important for running the detectors safely. All other properties of the circuit are either
constant or can be related to one of the measurable variables. There are two observables and two
unknowns, so itis possible to relate the latter to the former.

First, the voltage Vion must be related to the measured voltage Veense. From Y A NI KaKdDK ¥ Q &
laws:

151=Isz - Iseuse! (1)
Vet =laiReHlaoRa=Ig R +Veuee, (2)
Veense=Ver = 2R (3)

Where I is the current flowing through Ry, and lense IS the current drawn from the circuit by the HV
input monitor.



Substituting and rearranging gives the desired relation between Vgense and Vot ,

Algense B R3)Viout (4)

Veense=7 7
1 _1 - !
/Rsl /Rsz Rs1—Rg2

where A and B vary based on the inaccuracy of the resistors.

For the payload prototype board, Ry isratedatm n n a m JAYAR mie withimil%. The output
monitor is based around an LMC6462 op-amp with 150fA input current[4]. The monitor circuit has an
inbuilt voltage gain of -2, so from eq. 4 we have the output voltage HV_OUT:

HV_OUT = 5x108 A7 3.33 =2 B, (5)

The first term on the right of eq. 5is the inaccuracy due to the input current of the monitor, whichis
negligible. Because two separate resistive dividers are used in parallel, rather than a single divider for
both monitor and MCP, the sense value is proportional only to the supply output voltage.

Again, fromY A NOK2 FF | VyRisfel&e¥ @ ¥ byl 6 & =+
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Ve = - Vaont

The current drain on the high voltage supply is

V. 1 1
Isupply =Ig+ly= % - Iseuse+vplate (% + ﬁ) . (7)

Substituting for V. and rearranging gives the supply current as a function only of Ryce, with all other
voltages, currents and resistances known.

_ Vvout Vseuse
Isupply_ 1 R + Rg - eenge - (8)
T, ) 5
By Ron

The output of the HV power supply obeys the relation Vi.,u=p [l eupyy] Vi fOr inputs greater than a
WagAGOK 2y Q @2ftGF3aS 27F | LILINBddueY o dubiit. EFronrfigure 205 6 St 2 4
the parameter p can be approximated

~ Lsuppt:
|2 [I supply] =L Vmax' D Vma.x i !1 (9)

Ima'c

where Vg and lps NB G KS 12 adzldJ @ Qa YIEAYdzY NI Gabd® @2f€ G 38
are parameters roughly equal to 1.2 and 0.2 respectively.

From the above, we can relate Vion: and thus Vense to Ryep fOr a given input voltage Vi, using
equations 6, 8and 9.
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For the payload prototype board, the values of the known resistors are:

Resistor Value

Rt IH am
Rma2 HPAyT
Ra1 M al
Rs2 McT |

Figure 12: Resistor value table.

The EMCO Q12N-5 has a maximum rated voltage of 1200V, and maximum rated current output of
0.4mA[5].

3.2.2: Experiment
Figure 13 is a schematic of the experimental apparatus used for the tests described below.

NIM electronics Payload Prototype Board

A

a |[-. 1CP
Bl Rwmce R
HV supply

I}
Mﬂmﬁ

Figure 13: PPB HV calibration experimental setup. This diagram shows the locations and labels of the
volt and ammeters. Of these meters, only Vi, and Vsense Will be available in-flight.

The NIM electronics box does not contain voltmeters per s€, rather it contains a resistive divider and
multiplexer switch that can allow a standard low-voltage multimeter to conveniently read the voltages
on the plate.

Two sets of measurementswere taken, one with the microchannel plate (a plate test) and one without
(an open test). Each set of measurements involved repeatedly increasing Vont by approximately 100V
and recording the four other variables as shown in figure 11. The five variables come in two groups:
Vsense @aNd V;, measured from the HV_out and HV_in sockets respectively, and Vont, Viear aNd Iycp. The
latter group are used primarily to determine the resistance of the MCP, and also to provide a check for
Vsense that would allow its calibration. The former group give the voltage drift of the HV supply, and it is



this group whose behaviour will constrain C and D using equation 10. Measurements of all five variables
were carried out over a period of 15 seconds to minimize inaccuracy due to plate temperature
increases. The results were taken at intervals of roughly one minute.

Figure 14 shows the experimental relation between Ve and Veone fOr both sets of results.

o —

Wsense

[ [ [ [ [ [ [
0 200 400 600 800 1000 1200

Wfront

Figure 14: Vense VS Viront. Measurements with plate connected are in black, measurements without are in
blue. Trendline is in red. Voltmeters are accurate to +0.5%; error bars on graph correspond to 10x
standard deviation.

Figure 15 shows the relation between Vsense and Vin for both experimental runs (with very different
MCP resistances). Importantly, while eg. 5is independent of Rycp, the two sets of data differ by more
than their standard error and this suggests that there is an additional termin equation 5 that has not
been accounted for. Nonetheless, a least squares analysis of the firstexperimental run suggests that
parameter A is equal to 1, and Bisequal to 1.244. Equation 5 then reduces to

HV_OUT & 4,062 —2u (12)
1000

In both experiments, V;, increased roughly linearly with input voltage and a least squares parameter
estimation could be carried out on both sets of data
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Figure 15: Vi, against Vion fOr both tests, with the MCP testin black and the open test in blue. The
analytical prediction of Vy,n for a giveninput voltage and measured resistance is shown in red. Again,
error bars are shown to 10x standard deviation; actual accuracy is to within 0.5%.

Least squares analysis reveals two different fitting parameters for the set of data shown in figure 15; for
the MCP test C=0.265, and D=-2.538. However for the open test C=1.208 and D=0.197. The wildly
different figures here suggest Figure 15 shows that the model generally follows the data, however taking
the difference between the model and the experimental data reveals something which is not clear from
figure 15.
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Figure 16: Discrepancy between analysis and experiment for both sets of results coloured as above, but
with deviation highlighted in red. Discrepancy is defined as (experimental data minus analytical
prediction).

The significant non-uniform discrepancy and the different derived fitting parameters shown infigure 16
is suggestive that something is missing from our previous analysis.



3.2.3: Discussion

The circuit is obviously does not obey our ideal analysis, and one explanation is suggested by figure 17,
which shows a graph of Ruce VS Vpiate. This should be roughly constant except for a very small decrease
(oforderiIMm 2 @S NJ Sy YA ydieidtte in@ebsd iditédnpekaylik ds thé pfate dissipates
electrical energy.
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Figure 17: Plate resistance vs plate voltage. This figure should only change very slightly over time as the
plate heats up. Error bars are att0.m a m @

Figure 17 reveals an apparently non-ohmic aspect of the MCP resistance, which decreases

disproportionately rapidly when voltage isincreased. ¢ KA & Yl & o6S I ljdzA Nl 2F (KS
resistive divider electronics, or a surprising property of the plate itself that has no physical explanation

the author can think of. Similar changesin resistance were observed during previous powerups with

NIM power supplies, butwere always assumed to be caused by reduced plate resistance as Joule

dissipationincNBE F aSR (G KS LJ I 6SQa G SYLISNI (dz2NS @

The latter case seems highly unlikely, butif the former case is true, thenit throws doubt on the
ability of the current setup to calibrate this type of MCP detector. The NIM electronics were designed
for MCPs used in pulse counting operations, which are run at sufficiently high voltages to produce an
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The exact gain of the MCP is unimportant for such applications, and the inaccuracy in the NIM setup

may have been overlooked. For unsaturated detectors such as ours however, gain is a very strong

functionof platevoltt 3S 'y R Ydzad 6S 6Stf OKIFNIOGSNATSR® LYLR
resistor values in a similar range to those of the PPB, thenitis possible thatenough current flows

through them to cause distortionin the measured plate voltage. However, this distortion would not

display the non-linearity observed, and a circuit diagram of the NIM electronics is not presently

available.

Future work must be done on this; a direct measurement of plate voltage using a high voltage
galvanometer with high input resistance would settle the matterin short order andit is advisable to use
such a device for more serious experiments so that at least the plate voltage can be confidently known.
Until then, attempting to calibrate the voltage on an MCP with this setup seemsinadvisable.

The full set of results is reproduced below:

MCP test
Viront (V) Viear (V) Vin (MV) | Viense (MV) | lucp (MA) | Rmer (MM 0
299 70 1304 1143 5.5 41.6
398 93 1640 1533 7.4 41.2
501 118 2012 1977 9.4 40.7
600 143 2366 2399 11.3 40.4
699 166 2725 2842 13.3 40.1
800 191 3096 3306 15.4 39.5
898 216 3458 3726 17.6 38.8
996 242 3823 4220 19.9 37.9
1078 264 4130 4620 21.9 37.2
Open test
Viront (V) Viear (V) Vin (MV) | Viense (MV) | Tucp (LA) | Rmucp 0 @ M
200 25 924 714 0finf
300 38 1232 1077 0finf
399 50 1541 1440 0] inf
501 63 1876 1833 0finf
600 76 2202 2227 0] inf
701 89 2534 2640 Ofinf
800 102 2873 3053 0finf
899 114 3204 3468 0finf
1001 127 3553 3914 0finf
1101 139 3894 4530 0finf




3.3: Operating the PPB

3.3.1: Basicoperation
A portion of the following was updated from the PPB test plan[5], previously written by the author.

WARNING: Before powering up the PPB, firstensirk S NJ G0 K G GKS tt. Q& |+ LJ23GS
the way down (11 turns counterclockwise) or that the cover of the PPB is in place. If the PPB is being used

to produce high voltages, then the SHV connections (MCP_FRONT and MCP_REAR) should be either
conrected to a plate or kept well clear. Ensure that all HV safety guards are in place on external

equipment. If it is necessary to make intemal connections while using the HV supply, run wires between

them and the exterior of the PPBO NOT OPERATE THEGWBNY HV CAPABLE PIECE OF EQUIPMENT
ALONE.

CAUTION: Always check the voltage output of a lab power supply with a multimeter before subjecting
the PPB to it. The internal voltmeters of lab supplies are not always accurate.

CAUTION: The PPB is sensitivgtatic electricity; observe proper precautions when handling it with the
lid off.

To power up the PPB, connect the power terminals as described above to a power source. If using a lab
power supply, make sure that the current limiter is set to above 150mA. Throw the battery switch. The
battery light should stay off. If all is well, throw the HV switch. If the HV potentiometeris off, the PPB
should be drawing between 30 and 40mA.

To turn off the PPB, turn off both the HV and the battery switch.

3.3.2: Powering up an MCP

CAUTION: Only use the PPB to power up an MCP that has been previously been pcanerstiapn

to be stable at least 1000V using NIM HV suppliedike the PPB, these supplies can be adjusted to
gently increase the voltage oaeh plate, checking for plate resistance in the prodd€s can be
unstable and fail at high voltages due to a flaw in the plate or a leak in the vacuum chd&3efwee
operation, an MCP must be in vacuum with pressure lower 1x46° mbar. This guideissumes that

the student has a basic level of competence working with MCPs and can power them up with the NIM
rack and take readings with a multichannel analyser.

1 Setthe PPBup asin section 3.2.1. Connect the MCP anode, MCP front and MCP rear sockets to the
appropriate cables of the microchannel plate detector body. Connect the MCA out socket to an MCP.
Start to turn the HV control potentiometer clockwise a full tum at a time, replacing the PPB cover and
powering up again each time, until the HV waming light comes on. Check the HV input and output
monitors.



As discussed above, the predcise relation between current and voltage ratio, but the loose
resemblance of our model is nonetheless close enough that an important fault can be detected; if the
plate shorts out the HV supply will output more than twice its rated current. Figure 18 shows what the
voltage ratio might look like for two cases ¢ black for a healthy plate with resistance ~35Mm >~ | Y R NB R T
I AaK2NISR LXIGS 06AGK nmOd LT F2NJ I+ IAGSY Ay Lidzi
downimmediately.
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Figure 18: Graph of predicted Vi,ont VS Vi, for a healthy plate (black) and a shorted plate (red).
2 Turn off the PPB. When the HV input is high enough to activate the supply, approximately nine turns
of the potentiometer will take it to full power. Judge how many turnswill be needed, close the box and

turn it on again. The output monitor can be used to determine approximate plate voltage according to
results in the preceding section.

3. Adjust the potentiometer until the desired voltage is reached. Be aware that as the plate warms up,
its resistance will decrease and the voltage will drift anyway. It is advisable toleave a plate running at

high voltage for a long period of time (longer than a day) before taking measurements to mitigate this
problem.

4. The MCP is now ready for use.

5. To shut down, simply turn off the HV and battery switches.



3.3.3: Measuring the PPB signal processing chain gain
CAUTION: Do not connect an active pulse generator to the test input unless the PPBis powered up.

1. Turn the shaping amp gain potentiometer all the way up (at leasteleven turns clockwise) and make
sure the HV potentiometer is all the way down (at least eleven turns clockwise). Replace the cover.

2. Connect a tail pulse generator up to an oscilloscope. Set the pulse rise time to minimum, and the fall
time to maximum. Set the frequency as low as possible. Use the oscilloscope to measure the peak
g2t GF3S 2F GKS Llz aSasx yR FRedzadG GKS aKFLSNDRaE |

3t 26SNJ) dzLJ GKS tt. Fa RSaAaONAROSR 020Sd /2yySOi GK:
Use a T-piece to connectthe pulsegey SNJ 2 NDR& 2dziLddzi (2 GKS tt.Qa GSaf

4. Compare the input signal to the output signal amplitude; the ratio of on to the other is the maximum
shaping amp gain. Record the amplitude of the noise on the output, as this will determine the smallest
event that the PPB can measure.

5. Repeat this experiment with the gain potentiometer turned all the way counterclockwise to
determine the minimum gain. Again, check the noise to see if this setting has a better signal to noise
ratio.

For the current configuration, minimum gain is ~1.8 and maximum gain is 19. Changing the resistors on
either side of the shaper gain potentiometer can change these boundaries (in fact, this procedure has
already taken place once). For gains less than 10, the links between pins 12, 13 and 14 of the shaping
amp can be removed to produce a shorter rise time.



4: The auxiliary electronics

These circuits provide a bridge between the electronics of the payload prototype and the final flight
model. Each fulfils an important functionin the flight circuit, but was not necessary for the payload
prototype.

4.1: The DAC
This circuit was designed and tested in collaboration with Rumbidzai Chimbuya. DAC circuitis shown
below, infigure 19.
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Figure 19: DAC circuit with inputs and outputs labelled.



This component is a non-linear 4-bit digital analogue converter. Inputs labelled HV_SET x1 through
x4 are for fine control, and on the flight board will be shared between both the X and Y detectors. The
output of the DAC is boosted high enough to activate the circuit by the HV_EN pin, which is specific to a

particular detector.

The DAC design has two parts; a simple R-2R ladder is used to produce an analogue voltage from
the 3.3V logic of the HV_SET pins, and a weighted summing amp incorporates the effe ct of the HV_EN
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HV_ON| HV_x4 | HV_x2 | HV_x1 | IdealVout | ExpeimentVout
Low Low Low Low 0 6.4mV
Low Low Low High Oto+0.6V | 115.9mV
Low Low High Low Oto+0.6V | 166.5mV
Low Low High High Oto+0.6V | 281L.4mV
Low High Low Low Oto+0.6V | 301mV
Low High Low High Oto+0.6V | 0.408V
Low High High Low Oto+0.6V | 0.451V
Low High High High Oto+0.6V | 0.583V
High Low Low Low +4.4t0 +5V | 4.13V
High Low Low High +4.4t0 +5V | 4.23V
High Low High Low +4.4t0 +5V | 4.19V
High Low High High +4.4t0 +5V | 4.40V
High High Low Low +4.4t0+5V | 4.33V
High High Low High +4.4t0 +5V | 4.40V
High High High Low +4.4t0 +5V | 4.40V
High High High High +5V 4.40V

Itis probable that the output stopped short of 5V due to the amplifier used not being rail to rail. A

true rail-to-rail amp s specified for the flight circuit. OtheNJ G K I y
behaviour functionally resembles the expected output.

0KS FYLX AFTASNI al Gdaz

Depending on the results of actual micrometeoroid testing, the voltage level settings of the DAC may
need to be altered. Full information on the calculations used to produce the stated resistor values are

given in reference [7].



4.2: The level shifter
This circuit was developed in collaboration with Matt Grant and Rebecca Pullen. The circuit diagram is
shown in figure 20.

Inverting logic level shifter Non-inverting power level shifter
péy . Output
B I Y
| "
| L . Q-
Logic S s
Logic Dl 'J-? Q
=00,

7 N Pay

Figure 20: Level shifter circuit in both configurations; Inverting logic on the left, and non-inverting power
on the right.

There are two types of level shifter, one for power and one forlogic, and inverting and non-inverting
configurations. Figure 20 shows both.

For a non-inverting level shifter, when the logic input is high, the outputis connected to the 5V input
through the open FET Qs. The logic threshold is roughly equal to the diode drop of the transistor (about
1V) so either 5V or 3.3V logic may be used. The only difference between logic level shifters and power
level shiftersis that in the latter case when the logic inputis low the output is disconnected, and in the
F2NX¥SNI OFasS || KAIK GFfdzS NBAA&AG2N WLldAd & R2yQ (f

Using an N-channel depletion mode FET instead of a P-channel enhancement mode FET inverts the
f 2340 LISugh@dircuiSisBvEnOnitle left of figure 20. Note that the power shifterin this case
is pulled down to ground, but the actual output is taken from the middle of a resistive divider, to give a
3.3V logic output compatible with the MCU.

The level shifter draws very low quiescent current from the logic pin, but depending on the FET type
used it can supply adequate power to run an entire detector.



4.3: The sample-hold
The sample hold circuit is shownin figure 21. This circuit was developed and tested with the
collaboration of Nick Brewster.
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Figure 21: Sample hold flight circuit. The diagram is divided into shaded sections, each with a discrete
function. The input of the circuitis connected to the output of the shaping amplifier.

The sample hold is built around a monoalithic sample-hold chip, the LF398 (green onfigure 21). This
circuit produces an outputequal to the input when the trigger pinis highs I y R WK2f RaQ
output regardless of changes to the input when the trigger pinis low. For the detector, the output of the
sample hold is compared with the input using a high speed comparator, the output of which is fed into
i KS Ft@ggedp yh@comparatoris shownin orange on figure one. When the output of the sample
K2tR A4 6208 + OSNIIFAY GKNBAaAK2f R: FyR (KS
shaded in purple onfigure 21 sets the RECIEVED pin to 3.3V, letting the MCU know that a significant
signal has been received, and thatit has been caught at its highest point. The red shaded section drops
the 0to 5V analog output down to a -2.5V to 2.5V output that the MCU can read.
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The voltage held by the LF398 is stored on a capacitor. Shorting this capacitor resets the signal, which
is the job of the blue portion of figure 21 controlled by the RESET pin. The reset circuit must be used
before a new signal can be read by the MCU. Do not hold the RESET pin high for longer than one second.

The sample hold has been tested with the output of the signal processing chain. The results
represented detailed in figure 22.
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Figure 22: Sample hold testing results, showing voltages at three pointsin the circuit: at the MCA output
of the PPB, at the output of the sample hold prototype, and at the logic trigger (pin 8) of the LF398.

Figure 22 is a qualitative representation but a very informative one. There is a delay between the
AYAGALFE NARAS 2F GKS ar3daylrt FyR GKS Wignh pebihgS Q Y2 RS
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quite catch the peak of the signal, and droops significantly before being held. The sample hold prototype
used an LMC660 op-amp as a comparator, which is quite a slow amplifier with an output slew rate of
1.1V per microsecond. This is comparable to the timing errors shown above, and a faster comparator



(the LIM6511) is specified in the flight circuit which has a response time of 180 nanoseconds. Further
testing with the flight model will need to be undertaken to determine the full gain profile of the signal
processing chain for various signal inputs.
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Figure 23: output amplitude for varyinginputvoltage. Red line is for high gain (~19), Black line for low
(~1.8). The test pulse input scale is in volts, but the shaper output scale is in volts for the low gainline,
and dedivolts for the high gain line to facilitate easier comparison.

Figure 23 shows the results of an experiment to measure signal output from the shaping amp using an
oscilloscope for various input pulses, in both low and high gain configuration. The gain profile is
conceivably linear within the rather high 200mV and 10mV error ranges on the high and low gain
configurations. However, the addition of the sample hold may complicate this function and further work
is needed to determine the true gain profile.



5: Conclusions
The regime of testing during this GReP has revealed very important properties of the PPB which require
further investigation. Namely:

The voltage ratio to current relation derivedin section 3.2.1is not accurate, and needs further
experimental work.

The NIM voltmeters may not be giving the correct voltages, and errors in these readings will be
the source of significant and unknown errors in gain until they are characterised, and

The gain of the shaping ampis notlinear, and a simple analytical relation difficult to derive.

Despite this, enough of the payload electronics have been successfully tested for the flight circuit design
to be produced; this is given in section 6. Experimental routes that would clarify the above issues have
also been identified through the course of the project, namely:

An empirical relation between voltage drift may be determined,; circuit analysis of the NIM
electronics could also be used to derive a better analytical model than the one given in this
report.

The voltage output of the PPB needs to be measured independently of the NIM electronics, and,
The signal processing chain gain needs to be characterised for both different input signals and
different shaping amplifier gain settings.

Itis conceivable that this work could be carried out by undergraduates working on the PLUME project.



6: Flight circuit diagram
This circuit diagram has components labelled using the same colour code as figure 2.
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Power supply segment of the flight circuit with provisional components list. Test points are labelled TP
and will be used to calibrate the flight circuit.
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