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Abstract

A preconditioning scheme for the stabilization of microchannel plate (MCP) Z stacks has been developed. Vacuum
baking of MCP Z stacks is shown to have little cffect on the gain and pulse height distribution characteristcs, but ends
10 increase the background event rate. The major outgassing components during baking are found o be Hy, Ny, H0, and
€0;. The MCP stack resistance is found o decrease as the temperature rises, and the temperature coefficient has been
determined, Burn-in of MCP stacks is shown 1o cause a 3x (0 10x decrease in gain and also results in minimization of
the background event rate. The major outgassing components during burn-in are found to be Hy, Ny, and COy. Stabiliza-
tion of the MCP stacks has been achieved when 0.06 to 0.08 Coulomb cm2 have been extracted from the MCP stack
output during bum-in.

1. Introduction

The preconditioning process of cleaning’ and stabilizing MCP's is essential in achieving the desired operating
characteristics and for maintaining detector longevity. A number of investigators *~* have studied various aspects of the
preconditioning process. The results of these studies show that the characteristics of MCP’s depend on the type of
preconditioning process, and on the MCP configuration and origin. However, there is a dearth of data conceming what
actually ocours during the preconditioning process. Over the past few years we have developed a preconditioning
scheme for MCP stacks based on the results of monitoring the preconditioning process, and of subsequent lifetesting. We
have employed this preconditioning technique for open face detectors, such a5 those for the Extreme Uliraviolet Explorer
satellite.°, and sealed tube devices 1° with varied applications (1100 to 70004).

' The preconditioning process encompasses several steps, MCP cleaning, vacuum baking, and 2 high flux bum-in.

The MCP cleaning process includes agitation in an ultrasonic fluid bath followed by a ~105 °C air bake. The vacuum

bake-out consists of a high temperature bake-out (up to 360 °C). The burn-in is accomplished by fiooding the detector

with UV light and extracting ~ 0.1 coulombs em™2. We have performed the preconditioning steps on a number of MCP

stacks, all of which were supplied by Amperex Inc. (Philips Components Ltd). The results presented here refer (o stacks

of three MCP's movnted in a back 10 back Z configuration ' The individual MCP's have 12.5um diameter channels,

an 80:1 channel length to diameter (L/D) ratio, and are 60mm_or 36mm overall diameter. The MCP’s were mounted in

detectors with wedge and strip position readout anodes *~'* to accomplish imaging of single photon events. The

configuration and operation characteristics of these detectors are described in detail elsewhere *'%. Nine of the MCP

stacks (60mm diameter) were tested as part of the EUVE detector development and flight program. Throughout the text

the EUVE detector MCP’s will be referred 10 in terms of their associated detector designation (DSPROTO A, SPEC-

PROTO X, SC001 O, SC002 @, SC003 O, SPOOL A, SP002 A, SP003 X, DS001 M), The SC001, SC002 and SC003

MCP stacks have 0° bias top MCP's, all the other MCP's are 13° bias. The preconditioning and testing of the EUVE.

detectors was accomplished in UHV vacuum systems (volume = 301) with copper gaskets and turbomolecular pumps

(200 /s). These vacuum chambers are also fitied with hot cathode ionization gauges and mass spectrometers for analysis

of the residual gas composition. Two 36mm diameter MCP stacks of 13° bias MCP's were also tested in the process of

constructing sealed tube detectors, These will also be referred to by detector designation. The optical detector'!, %, has a

fiber optic input window, and employs an S20 photocathode for the detection of visible radiation. The FAUST #1 detec-
tor'%, #, has a MgF, input window and an opaque CsI photocathode on the top MCP for detection of FUV radiation.

2. Cleaning of microchannel plates

New MCP’s generally have a significant adsorbed water content as a result of the fabrication process. We have
also found that after a period of a few months following fabrication some MCP's develop a thin layer of crystals. To
reduce the water content, and remove the unwanted crystalline deposits we have developed a cleaning procedure for new
MCP's, The MCP's are held in a pair of triceps and suspended in a beaker containing a 50%/50% solution of isopropyl
alcohol and methyl alcohol. The MCP's are then agitated in an ultrasonic bath for a period of 10 - 15 minutes. We have
on occasion used a number of other cleaning solutions, but we have found that those coniaining methyl alcohol are the
most effective for removing the crystalline deposits. On removal from the cleaning bath the MCP's are placed in an oven
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! ap~105 °C and baked for a period of 30 minutes. Afier the cleaning process the MCP's were stacked in back 1o back 2 *
! configbration in detector sysiems. We have been able achieve low background rates (<0.5 events cm® sec-1) and high |

gains (>2 x 10°) after only a few hours under vacuum following the cleaning process,

3. Microchannel plate bake-out

3.1 Bake-out procedure

Following the MCP cleaning and detector assembly  the operating characterisics of the MCP's arc evaluated, After
a period of a day under vacuum the MCP gain and pulsc height distribution (PHD) as a function of applied voliage are
determined. The background event amplitude spectrum and imaging characteristics arc also cxamined, A day wnder
vacuum is required 10 ouigas the MCP's sufficiently 1o achieve stable performance 47, The vacuum chamber is then
fitied with heating collars and plates and wrapped in fiberglass insulation in preparation for bake-out. Several heat collar
amangements have been used but the most effective lias been the use of a collar at each end of the vacuum chamber.
plus a heating plaic atiached 1o the back of the detector flange via a copper adapter plate. The heating clements are Con.
trolled by variacs (o give a rate of temperature increase of ~50 °C per hour for the detector backplate, When the tem-
perature of the backplate reaches 250 °C 10 300 °C the heating elements are turncd off and the chamber allowed 1 cool
slowly without removing the insulation. Temperatures in excess of 250 °C were used on the basis of previous data ™4
indicating that this is required for effective outgassing.

10001

o

E

s 2

™ =

E

S1E-5 e

= 5

o @

& o
3 £ .

€ (fim-s =

i 3

| E ﬁyf E

| F 1 &

o | T RS VS
0 100 200 300

Flange temperature (°C)
0 20 40 60 80
Mass (amu)

Figure 1. Vacuum chamber pressure as a function of Figure 2. Residual gas mass spectrum for the DS001
detector flange temperature during bake-out for six different  EUVE detector at 25 °C before bake-out, total pressure

flight EUVE detectors. Errors are smaller than the plotted 1.5 x 107torr,
characters,

i b:\mng the bake-out process the temperature is monitored at the two ends of the vacuum chamber and at the detec-
g dﬁw Al regular intervals the pressure in the vacuum chamber is checked and a residual gas mass spectrum is
i © also monitor the detector bias chain conductance to determine the resistance of the MCP's as a function of

perature. The following day, after the temperature has retumed to normal, the pressure and conductance arc deter-
mined and a residual gas mass spectrum is taken.

More Ll?:;f llvnvclve bake-outs have been performed during the fabrication of the EUVE flight and prototype detectors

( addition several b ; oy 0

her ake-outs have been performed during the fabrication of sealed tbe detectors for
fet programs 1%}, The sealed tbes were fabricated at the Science Applications Intemational Corporation facilities

m“‘m& _é ?lﬁml configuration. The vacuum chambers for the sealed tube fabrication are ion pumped and are baked at

Or @ period of ~8 hours. The chambers at this facility are completely enclosed by the heating oven, and only
temperature and pressure readings are taken. 4
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At the commencement of the bake-out, while the chamber is at room temperature, the pressure is usually between
1077 torr and 10°° torr. As the temperature of the detector flange is raiscd the pressure in the vacuum tank is observed to
increase. The vacuum tank pressure as a function of the detector flange temperature for a number of bake-outs is
displayed in Figure 1. The pressure rises rapidly up 1o a flange temperature of ~100 °C, in some cases by almost two
orders of magnitude. When the flange temperature has-reached ~200 °C the pressure seems 10 stabilize, and in many
cases begins 1o decrease as the temperature increases further. The day following the bake-out the vacuum chamber pres-
sure is typically found 10 be in the 10°* torr range.

The observed pressure increases during bake-out, and the low pressures reached following bake-out, suggest that
there is considerable outgassing from the detector and from the vacuum chamber walls. The residual gas analyser partial
pressure scans made during the bake-outs allow us 10 determine the outgassing components. Figures 2, 3, and 4 display
partial pressure scans before, during, and after the bake-out of the DS001 EUVE flight detector, respectively. It is clear
that the partial pressure of water vapor (18 amu, 1.1 x 1077 tom) is the dominating constituent prior to bake-out. Other
major constituents are nitrogen (and possibly CO) (28 amu, 1.5 x 10°* tom), and CO, (44 amu, 1.4 x 10™* tom). At the
highest pressure point of the bake-out the water vapor pressure increases 1o ~1.4 x 10~ tor, the nitrogen pressure
increases 10 5 x 107 torr, and the CO, pressure increases 10 3 x 10 torr. We also sce a significant contribution due to
hydrogen (3.2 x 107 torr) at the mid point of the bake-out (Figure 3). After the bake-out we sec a significant reduction
in the partial pressure of water vapor (3.9 x 10 tom), CO, (1.3 x 10 torr), and nitrogen (+ COJ (5.2 x 10 torm).
However, the hydrogen partial pressure after the bake-out (2 x 107 tor) is not greatly changed compared to the pre-
bake-out value (3 x 107 torr). Thus we observe that the bake-out substantially reduces the level of most adsorbed gasses
and removes much of the water vapor.
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Figure 3. Residual gas mass spectrum for the DS001 EUVE ~ Figure 4. Residual gas mass spectrum for the DS001

flight detector at 195 °C before bake-out, total pressure EUVE flight detector at 25 °C after bake-out,
1&: 10 torr. Exrors are smaller than the plotted total pressure 2 x 10~%orr.
cl icters.

‘The 2.ual temperature of the MCP's cannot be measured during bake-out, but it is expected that the MCP tem-
perature lags behind the flange temperature, However, we have some idea of the changes in MCP temperature from the
measurements of the MCP conductance during the bake-out. The inferred MCP resistance as a function of the detector
flange temperature is shown in Figure 5 for eight different 60mm MCP siacks, The MCP's decrease in resistance with
increasing temperature with a exponential dependence. The overall wend for the temperature dependence of the MCP
resistance, R, may be expressed in the following way,

R=R, coT-719 o

where R, is the MCP stack resistance at 0 °C, T is the flange temperature in °K, and a is the temperature coefficient.
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of Figure 5 we estimato (hat & = 0.020 % 0,003, This comparcs with a value of ~0.0175 obained previ-
®

data
‘over a small temperature range (17 °C to 32 °C), using MCP's from the same manufacturer.
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Figure 5. MCP resistance as a function of detector flange
temperature during bake-out (eight different EUVE detectors).
Errors are smaller than the plotted characters.
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Figure 6. Gain as a function of applied voliage for the
SC001 EUVE detector under uniform illumination
(2537K). Errors are smaller than the plotted characters.
O before bake, @ after bake, O after burn-in
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Figure 7. Gain as a function of applied voltage for the
DSPR?I‘O EUVE detector under uniform UV illumination
(2537A). Erors are smaller than the plotted characters.

O before bake, @ afier bake, O after burn-in

Figure 8. Pulse height distribution (FWHM) for the
SC001 EUVE detector as a function of gain under
uniform UV illumination (2537&)4 Errors are smaller
than the plotted characters.

O before bake, @ after bake, O after burn-in

33 Gain and pulse height distribution

The gain and PHD measurements were accomplished with uniform 2537& (Hg pen ray lamp) illumination, incident
2 13° 1o the channel bias of the MCP's. The gain as a function of applied voltage before and after the bake-out, for the
SC001 flight EUVE detcctor and th DSPROTO prototype EUVE detector, are shown in Figures 6 and 7 respectively.
shape of the gain curves are characteristic of the MCP Z stack configuration used *1%, indicating that gain saturation
for gains in excess of ~5 x 10° The SCO01 detector (Figure 6) maintains the same gain curve before and
the bake-out. The DSPROTO detector gain was observed to decrease by ~20% afier the bake-out, however. The
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" many (>10) bake-outs performed we find that in general the gain does not change significantly as a result of the bake.
out, unless the MCP resistance changes. In the case of the sealed tube detectors, which are subjecied to a higher tempera-
ture (~360 °C) bake-out, the resistance of the MCP's usually increases. These fesults are largely in accord with previous
measurements * on the effect of baking on single MCP's.

The PHD as a function of gain for the SC001 and SPEC003 flight EUVE detectors before and after bake-out is
shown in Figures 8 and 9 respectively. . For both deteetors the PHD improves with increasing gain, always attaining
<50% FWHM at the full gain of 2 x 107. This behavior is in accord with our previous findings for MCP stacks of the
same configuration 1%, Figures 8 and 9 also show that the PHD is narrower after the bake-out has been performed. It
is not clear why this occurs, but it is possible that some stress relicf has resulied due 1o the bake-out. The MCP's are
held in contact by a spring ring in the detector, so any sagging of the MCP's during bake-out may bring the MCP's into
beuer contact, This reduces the overall MCP stack gain variations as a function of position, and would thus give better
PHD's.

3.4 Background rate

The background event characteristics of the MCP stacks were determined from accumulated PHD's, and from
images taken while the PHD's were being accumulated. The background rates as a function of the counting threshold,
before and afer bake-out, for the SCO01 flight EUVE detector and the opical detector are shown in Figures 10 and 11
respectively. Both have a typical curve shape for this type of MCP stack '°. The overall initial background event rate for
these two MCP stacks was about 0.5 event cm™> sec™ (10% modal gain threshold), which is also comparable with previ-
ous results ‘1%, Under these conditions the background event rate has been shown 1% 10 be dominated by residual out-
gassing of the MCP's, and by the beta decay of “’K in the MCP glass. Both effects create photoelectrons at sites uni-
formly distributed along the MCP channels, resulting in a negative exponential amplitude distribution for background
events.

After the bake-out both detectors (Figures 10 and 11) had a higher background event rate. It was found that this
was associated with the appearance of hot spots on the MCP background images. However, the hot spots produced events
1o larger than 10% of the modal gain for the optical detector, and <60% of the modal gain for the SC001 detector, We
have found, in the other bake-outs performed, that hot spots arc a common occurance following the vacuum bake-out of
MCP stacks. |
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Figure 9. Pulse height distribution (FWHM) for the SPEC003  Figure 10. Background event rate as a function
EUVE detector as iﬁmcﬁon of gain under uniform UV of amplitude threshold for the SC001 EUVE flight
illumination (2537X). Errors are smaller than the plotted detector at a gain of 2.1 x 107, Errors are smaller
characters. O before bake, @ after bake, O after burn-in than the plotted characters.

O before bake, @ after bake, O after burn-in
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4. Microchannel plate burn-in

4.1 Burn-in procedure

Following the bake-out procedure the MCP siack is illuminated with UV radiation (2537&) from an Hg pen ray
Jamp. The lamp has no aperuure stop, but a quartz diffuser is used to ensure a uniform illumination of the MCP stack,
The detector is then operated such that a current of ~0.211A cm™ is drawn from the output of the MCP stack. We find
that under these illumination conditions the MCP siack is running at a gain between 2 and 4 x 10°. This corresponds to
an input intensity of 4 x 10° photoelectrons cm* sec™ for the top MCP of the stack. Similar bum-in techniques have
been used by others previously 2%, As the burn-in proceeds the exiracted current at the set applied voltage gradually
drops. Therefore at regular intervals the applied voltage is increased to restore the current drawn to the initial valug,
During the bum-in the changes in applied voltage and the vacuum tank pressure are recorded. We have also examined
the oulgassing componcnts during the bum-in with a rcsidual gas mass spectrometer. After a period of time both the
vacuum tank pressure and the applied voltage stabilize indicating that the MCP siack gain has reached a stable plateau
and the burn-in is complete.
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Figure 11. Background event rate as a function of amplitude  Figure 12. Vacuum chamber pressure as a function of

threshold for sealed optical detector at a gain of extracted charge during detector burn-in for five different
1.2 x 10", Errors are smaller than the plotted EUVE detectors, and the optical detector. Errors are
characters. O before bake, @ after bake, O after bum-in smaller than the plotted characters.

42 Outgassing

Figure 12 shows the vacuum tank pressure as a function of the total charge extracted from the MCP stack for five
EUVE detectors, and the scaled optical detector, The initial pressure for the EUVE detectors is in the low 107 torr
range, but the optical detector starts in the high 10 torr range reflecting the higher pumping speed and cleanliness of the
scaled tube processing vacuum chamber. As the bum-in proceeds the pressure drops by about one order of magnitude,
and begins 1o stabilize when ~0.4 Coul cm™ has been extracted. The outgassing due to the burn-in of the MCP's was
evaluated at. the start, and end, of the bum-in by comparing the residual gas partial pressurc spectra with the detector
tumed on, and turned off. We find that the major outgassing components when the detector is being burned in are hydro-
gen, nitrogen (and possibly CO), and CO,. The partial pressure of water vapor was not affected by the burn-in process at
all. At the start of the bumv-in tuming the detector on results in a factor of five increase in the hydrogen partial pressure,
& factor of 1.15 increase in the nitrogen partal pressure, and a factor of 1.7 increase in the CO; partial pressure. At the
end of the bum-in the hydrogen partial pressure increases by a factor of only 1.35, the nitrogen is stable, but the partial
pressure of CO, increases by a factor of 1.9, The partial pressures of all these gasses are, however, significantly reduced
as a result of the bumn-in (Figure 12),





[image: image7.jpg]iUrc 1y

4.3 Gain and pulse height distribution

Data for nine EUVE detectors, the FAUST #1 detector, and the optical detector, regarding the relative change in
the applied voltage (AV/V) to maintain a constant MCP gain (bum-in current) is shown in Figure 13. There are
significant differences in the AV/V values at the end of the bum-in for different MCP stacks. However, it scems that the
gain is_beginning 10 stabilize for all the MCP stacks when the extracted charge reaches 0.06-0.08 Coul. cm~2 Other
results >*7 in the literature indicate that the stabilization point is highly dependent on the type and configuration of
MCP's. Only a few articles ', however, continue the bum in to the charge extraction levels reported here.

The gain of the MCP stacks decreases significantly as the result of the bum-in process. Figures 6 and 7 show that
the gain curves remain the same overall shape after the bum-in, however. In the case of the SC001 EUVE flight detector
(Figure 6) the gain dropped by a factor of three for all applicd voltages. The DSPROTO EUVE detector gain (Figure 7)
after bumn-in had dropped by an order of magnitude. All the other detector bum-ins that we have performed fall between
these two extremes. It is generally recognized ' that permanent changes in the MCP channel wall composition (and
secondary emission cocfficient) occur as a result of the bum-in.

The PHD as a function of MCP gain, before and afier the bum-in, is shown in Figures 8 and 9. The SC001 and
SPEC003 EUVE flight detector PHD's broadcn as a result of the bum-in, but in both cases the PHD at full gain (2 x 107)
is betier than the PHD ai initial MCP stack tum on. This degradation of PHD during burn-in may be related to the
changes in the sccondary emission coefficient that are also responsible for the reduction in MCP gain.

4.4 Background event rate

The background rate as a function of amplitude threshold for the SC001 EUVE flight detector, and the optical
detector before and after burn-in, is shown in Figures 10 and 11. The background ratc for both detectors reduces as a
result of the bum-in. The SC001 detector background rate is almost restored 1o it's initial value, thus diminishing the
effect of the hot spot that resulted due 10 the bake-out. There is, however, residual hot spot activity creating events with
small amplitudes (<10% modal gain). The optical detector background was best after the bum-in, and the post bake-out
hot spot was gone, The background level obiained with this detector after burn-in is that expected from the “K B decay
in the MCP glass '”'° (~0.4 events cm™ sec™). From the data of all the burn-ins performed we find that the background
is usually reduced to its lowest levels after the burm-in process.
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