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I, INTRODUCTION

This progress report for NASA contract NAS 5~24445 govers the period
15 February to 15 May 1980. Work is currently going forwawrd on sgeveral
fronts: The prototype mirror was successfully replated with a thick layer
of nickel and diamond turned again, A comprehensive study was made of
optimizing the sensitivity of the instrumnets, depending on the filter
material, and on the available telemetry., A critical analysis has been
carried out of the JHU Preliminary Project Definition Document. We have
submitted to JPL an undated description of the instrument papameters for the
Explorer satellite., Further studies of the electron cloud distribution
produced by a channel plate have been done, and a wedge and strip anode with
17 quartets per inch was shown to Image with better than 0.5% lincarity.
Half the microchanpel plates being used in the lifetest bave been through

initial processing and are now in the lifetest vacuum chamber.




IT, SUMMARY OF STATUS

Previous reporting period Current reporting period

TASK DESCRIPTION

1 Optical Technology

1=1 Performance Requirements Completed

1-2 Sample Evaluation Completed

1-3 Pesign Proto-optic Completed

1~4 Procure Proto-optic Second diamond
turning in
Progress

1~5 Evaluation In progress

1-6 Environmental Testing TBD

2 Image System Tradeoffs

2-1 Fleld of View Optimization Gompletod

2-2 Spin~rate Dependence Competed

2~3 Update EUV Background In progress

24 Review RFD In progress

J Detector Development

3-1 Alternative Process Development  In progress

3-2 Specification and Procedure Completed

Definitdion

3-3 Procurement Completed

3-4 Test and Evaluation In progress

3-5 invivonmental Testing TBD

3=0 Evaluate Redundant Configuration In progress

b Actuuator Mechanisms

41 Design Completed

4-2 Fabrication Completed

4-3 Evaluation In progress

2
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Completed
Completed
Completed
Second diawond
turning
completed

In progress
TBD

Completed
Completod
I progress

Completed

In progress
Completed

Completed
In progress
TBD
Completed

Completed
Completed

In progress

'-——.
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Summary of Status, cont,

TASK DESGCRIPTION

Previous reporting period Current reporting period
5 Filter Development
5~1 Procurement Completed Completed
5~2 Evaluation In progress Completed
6 Processing Electronics
6-1 Design Completed Completed
6-2 Procurement Completed Completed
6-3 Breadboard Checkout In progress In progress
64 Environmental Evaluation TBD TBD
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JII. TASK 1 OPTICAL TECHNOLOGY

Prototype Optics Fabrication -~ The mirror was replated with 0.005"

of electroless nickel, and was diamond turned again, and optically tested.

The diamord turning was not without its difficultdes., Unlike the aluminum,
the nickel caused tool chatter when it was first attempted to machine the bore
of the mirror. We then placed large springs wrapped around the outer perimeter
of the pilece, which succeeded in almost ¢ompletely damping out the chatter,

We then proceeded with the diamont turning, which went smoothly thereafter,
The mirror was then optically tested, 'The figure was as good as before, and
the mirvor imaged well., The only difference from the diamond turped aluminum
surface was that the nickel has somewhat more pronounced residual tool marks,
resulting in visible Jiffraction from the surface. However, these tool marks
will cause no problem for the polishing phase, where the main problem is
removal of the ripples of up to an inch in wavelength, The polishing will

begin shortly.

IV, TASK 2 TIMAGE SYSTEM TRADEOFFS

Optimization of Telemetry Rate -- In the process of optimizing the

complement of filters, Lt bacame clear that a definitive study was necessary
to determine the cffects of telemetry on senslitivity. A comprehensive

gstudy of this matter is now under way and will be reported on as part of

the next quarterly report. A preliminary concluslon is that the Al/C filter,
representing the most important EUV bandpass from 150 - 350 R, is dn 4
telemetry limited rvegime. That is, its sensitivity is dncreased by the square
root of the factor by which the telemetry is increased. The other filters

are also helped by a gain in telemetry.
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Spin Rate, Telemetry, ete, == APL produced a proposal regarding

spacecraft design parameters, some of which might have an adverse impact on
the useful scientific return from this missioa. We prepared a eritique of
the salient podion+ts, dincluding the velation between data rate, spin rate, and

downlinking capabilities. A detailed report is included as Appendix I.

V. TASK 3 DETECTOR DEVELOPMENT

MCP!'s and Anodes -- We have remeasured the spatial distribution of
the charge cloud exiting the rear of a chevron pailr. The cloud has a FWHM of
L4060 mm at a MCP to anode spacing of 6 mm, with a =300V bias. This is smaller
than that given by the previous less accurate measurement, dand confirmed the
need for a denser wedge and strip array in order to achieve good linearity. The
original anode, with 4,2 mm per quartet, did not function properly. Guided
by the new data, the anode was reduced by a factor of 3, giviny, L.4 mm per
quartet, and the resultant nonlinearity at 1 em spacing was less than 0, 5%,
A new anode, with 1 mm per quartet, and requiring no through holes, is being
developed, This will be a 1" x 1" prototype, and if it works out as anticipated,
some full 3" x 3" anodes will be built., Reports on both the charge cloud
size and on anode development will be included in the ne:t quarterly report.

MCP Life Test =- The lifetest facility Is curvently in oparation

with about haif the complement of MCP's installed, and data ave being collected.

A brief progress report is included as Appendix 1T,

VI, TASK &4 ACTUATOR MECHANISMS

All work on the mechanical assemblies is now completed except for

environmental testing.
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VII, TASK 5 FILTER DEVELOPMENT

We have now concluded our study of alternative filter matevials.
We have found that the titanium/antimony filter is exceptionally good,
providing a new EUV bandpass from 400 to 520 2. Also, the material secms
extremely stable against environmental) degradacion, making handling of the
filter un casy task. The sensitivity of the filter is also quite good,
since its transmission occurs between the bright 304 R and 584 R alrglow
lines. As shown in figure 8 of Appeadix IIT the Ti/Sb/TL filter is a full
factor of five more sensitive than the other filters in the 200-900 R
region, Full details arve given in Appendix ITY, which completes the filter

development study,

VII. _TASK 6 PROCESSING BLECTRONICS

(S e

Breadboards of the electronic circuits have been individually checked
out and they operate satisfactorily in most cases. The amplifiers, though,
are bedng redesigned in orvder to handle the large capacitance of the wedge
and strip enode with no adverse effect on the gain. Another circuit under-
going some degree of revision is the PPA. A critical component of the PPA is
a DAC, and the current design includes an 8-bit DAC with 1/4 LSB accuracy.
This allows the 256 x 256 pixel imoge plane to have pixels whose are con
vary by as much as * 50X, theoretically, (In practice, much better results
are generally obtained). In order to avoid this circumstance, we are looking
at incovporating a 12-bit, 1/2 LSB DAC into the circuit, which should give
pixels with better than * 3% wniformity. Additiomal progress includes the
nearly complete wiving up of the electronic components not affected by the
above mentioned changes, and a GSE [or operating and testing out the complete

electronices system has been complered.
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1. INTRODUCTION

This technical critique constitutes part of the U.C.Berkeley quarterly
report for work accomplished under contract NAS 5=24445,

As part of Johns Hopkins University's Applied Physics Laboratory Study
of the technical and operational feasibility of the Extreme Ultraviolet Ex~
plorer mission, a preliminary project definition document was prepared.
That document, SCO/ST0-916 (dated October 1978) has been made available to
the UC Berkeley HUVE team for comment and updating. Some portions of the
JHU study addresz mansgement tasks gpecific to GSFC/JHU program procedures
(e.g.sections 1,3,1,4,1,4,2) and will not be addressed in this report. In-
stead we shall cite those areas of the JHU document in which technical devel-
opments or engincering experience have introduced revised ov gefined esti-
mates of the baseline EUVE mission requirements,

"2, _DOWNLINK REQUIREMENTS & IMPLEMENTATION

The JHU document baselines a scientific data rate accommodation of
3200 bps during darkness (see Scetions 3.4,4.5,4.6, und Summary Table 1),

- This figure was adopted from an earlier (1976) document stipulating 50 pho=-
Xtons per second (800 bps) per telescope as a minimum acceptable scientific
‘return,

However, that figure was never intended to represent an optimized sci-
ence throughput, and the EUVE Science Team has since conducted a study quan-
tifying the dependence of scimntific value (parameterized by survey sensi-
tivity) upon telemetry data rate. The study shows that, under the background-
photon-limited conditions encountered in EUV aséranomy, the sensitivity in=

croases with increased downlink data rate. Moreover, this sensitivity vs

bl 4 & e e -
L




bit rate curve has a slope that depends on the particular waveband within

the EUV. Consequently in a mission optimized for wuientifle return, the four
telescopes would ideally occupy differing fractions of the data stream,
rather than each being assigned a fixed 25% of the science. A companion re-
port summarizing this study discusses these options and shows the desirabili-
ty of providing a total nighttime science data rate considerably higher than

the JIU figure,

Related to the downlink requirement is the complex subject of "imple~
mentation. The JH report identificd three arcas needing further study be- .
fore a downlink system could be baselined. First, onboard data storage is
required to span portions of the orbit for which both TDRS spacecraft are
below the horizon; tvadeoff between duwal tape vecorders versus bubble mem-
ories should be examined. Second, transponders having 1 DR compatibility
and an adequate power margin to handle the downlink traffic remain to be,
identified. Third, the perhaps most critical unknown revealed by the JHJ
report is the questions of which downlink antenna will best serve the invb’
mission. Their recommendation was a pair of biconical pattern nntcnnas‘\
oriented along the plus and minus spin axes, Each of the four beéms,wou%d
have a gain of 7.7 dBi. However, if an active electrondcally steered an~
tenna werc otherwise compatible with the mission, such a device could offer
substantially greater link margins and/or data wates, A re-exmination of

these options ought to be made a high priority item.
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3. ATTITUDF CONTROL AND SPIN RATE

The JHU report baselines a continuously rotating spacecraft whose spin
axis 1s kept within one or two degrecs of the solar direction by the use of
magnetic torque coils and an onboard sun sensor and control box (see JHU
sections 3,5,3.10,4.8,4.12, and Summary Table 1), This basic system layout
appears to us to combine the advantages of autonomous attitude control with

a simple and potentially reliable onboard control system.

However, the cholce of spin rate is governed by the alternatives chosen
in several havdware=~dependent arcag, JHU has recommended a spin rate of
0.1 rpm, a rather low value which we feel may have been forced by their adop=-
tion of the Ball Brothers CT=401 Star Camera as a precision attitude deter=~
mination sensor, Other sensora arc available which offer potentially lower
initial cost, simpler interfacing, and lower continuing data analysis costs
for attitude determination, while providing adequate attitude accuracy. One
example is the Ball Brothers C5-~201 Star Scanner. Its usec may allow or re-
quire a somewhat higher spacecraft rvotation rate, A higher rotation rate
may, in turn, climinate the need for an cnboard momentum wheel., Other sen-
sors probably exist, Tt is important to examine the range of candidate stur

sensorg prior to adopting a nominal rotation rate.

A second constraint on the spin rate is the scanning blur accompanying
the detection and telemetry of EUV photons with finite timing bins. This
constraint takes the form of an upper limit on spin rate which 1s proportional
to the bit rate of the slowest~telemetered scanning telescope. Since the

overall spatial resolution target is 6 arc minutes (0.1°) for the EUVE mission,
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it seems reasonable to budget sbout 3 arc minutes for the motional blur Lerm.
At one rpm, three arc minutes corresponds to a minimum of 1920 bite per seec=

ond per scanning telescope.

A third potential constraint on the spin rate is applicable if no mo~-
mentum wheel is used, The stability of the spin axis orientation is very
important in the reduction of the aspect sensor data for reconstructing the
astronomical survey., This stability is hindered by the gravity gradient
torques but is improved by storing a large angular momentum., A spin rate
of 1.5 RPM provides the same angular momentum as the Sperry/CTS wheel re-

commended In the JHU report (Scection 4,8,3).

A fourth potential constraint on the spin rate is the impact of an ac~
tive, electronically steered antenna, which may introduce a latency gap in-

to the downlink data flow each time a beam reselection is necessary.

4., _RECOVERABILITY BY ORBITER

The JHU document assumes that there is a requiremant that the EUVE
spacecraft be recoverable from the Orbiter. Thelr baseline layout includes
an RMS grapple fixture, and their propulsion system 1s sized to allow the
EUVE to descend from its 550 km STS orbit.

In the UCB analyses of the migsion profile, however, the probable bene~-
fits of recoverability are minor and the costs cculd be considerable. Three
scenarios have been studied in which recoveﬁabilicy could be useful, but in

none of these cases would the cost and STS time and safety impacts be casily
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justified, A case one recovery might be beneficial immediately after release
by the STS, if some HUVE failure were discovered that would compromise its
mission. We would suggest that this kind of failure probability be minimized
by prelaunch checkout preparations, and a possible brief checkout of criti-
cal EUVE sysr .8 when in orbit prior to release from the STS. The possibili~
ty of recovery shortly after release is complicated by the safety require-
ments to dump propellants prior to grappling., In the event of the failure

of some critical EUVE system, safety considerations may not permit recovery,

A case two recovery would be useful if some FUVE failure occurred after
ascent to the 550 km orbtit., However, the recovery costs in this case are
considerably greater because the EUVE must now perform a descent to STS al-
titudes, and the Orbiter crew must become involved with a rendezvous which

could be rather time consuming.

A case three recovery might be envisioned at the end of the nominal one
year EUVE requirement. There is no science requirement for post-mission hard-

ware recovery.,

1f the EUVE is to be recoverable, the attitude control system would be
impacted, In purticular, there would be a possible need for a reaction wheel
on board the EUVE. It is likely that EUVE could be grappled only if it is
nonrotating, TFor stability in the presence of gravity gradient torques a

momentum wheel may be essential.
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5. TELESCOPE AND DETECTOR ADVANCES

Although the JHU report did not specifically deal with details of the
scientific experiment package, we note here that continuing research in the
areas of optics design, EUV filter technology, and detector technolugy have
made some of the instrument descriptions obsolete. An update on these areas

has been prepared separately (see EUV Explorer Instrument Description, UCB

SSL draft of 15 May 1980).

6. CONCLUSION .

We have reviewed the recommendations of the JHU Applied Physics Tabor-

-

atory and founé several topics needing further examination., The areas which
need additional near-~term study in firming up the EUVE mission profile are
the downlink implementation and the spin rate/ACS tradeoffs. * The results of
decis}ons taken in chese two areas will have important comsequences for the

-

other aspects of the mission plan.

€

We recommend that .FUVE not be recoverable from the STS as we do not

believe the added beqéfits warrent the cost involved.

\
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1) Lifetest Facility:

Lifetest tank has been pumped down since 4/22/80 with eight puirs
of plates installed und connected to HV and monitoring electronics.
Within one week after pumping dvewn it was noticed that the Hamamat-
su and Amperex plates had backgi:oord rates of several hundred per
second, The Hamamatsu plates wer: disconnected from the HV on
5/12/80 because it was determinea that they were the caase of the
high background rates on all other plates. Thirteen hours after
the Hamamatsu's were disconnected a pair of Galileo plates sudden-
ly became very active and this resulted in increased count rates
in its two closest nclghbors. "On 5/14/80 the Galileo plates were
causing so much noise in the other plates Jt was necessary to dis-
connect them from the HV. .

Today there are six pairs of plates running: Amperex, Litton, ITT,
Varian, a chevron pair from Galileo and a saturable plato from
Galileo. A1l have relatively low (<30 cps.) backgrounds, except the
Amperex, which sometimes climbs to over 100 c.p. s. The disconnected
Hamamatsu and Galileo have been briefly reconnected at times and the
vesult is an immediate-climb in the count rates fo> all plates.
Pressure in the lower half of the tank is ~4 x 10 Torr, pressure
in the upper half is ~7 x 10-6 Torr. - The tank will be brought up

to air within a few days for leak te's sting, addition of newly cali-
brated plates and modmflcatlons such as sh101d1n5 and repositioning
of plates. RO

¥

Problems: -

1. Why does a noisy plate cau&e 1ncreased counts in other
plates? (Also the image from a noisy plate is noticeably
affected by which nulghborlng plates are connected to the
HV).

electronic crosstalk? (this has been checked)
ion production by noisy plate?

increased outgassing by active plate?

electric fields?

2. How can the plates be isolated from onc another?
simple electrostatic shielding around each holder?
(this will be tried)
major revision of lifetest tank

3. Why are some plates becoming so noisy?
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2)

3)

4, Why is there still such a large pressure difference be-
tween the top and bottom of the tank? (it will be leak
checked)

5. How can the pressure in the top half of the tank be moni-
tored continuously without flooding the plates with ions?

Gerry's Tank

This tank can be pumped down from atmospheric pressure to a pressure
for operating MCP's in about 15 minutes, so it is ideal for trying
quick experiments., Experiments can be done on the pair of Nitech
plates which Jay Freeman fried in his corona experiments and on a
pair (Varian?) which has been sitting in the Nj cabinet which has
one broken plate.

Some of the things to investigate are:

ion feedback
corona discharge
effect of old hot spots
" dust
cleaning with alcohol
fingerprints
moisture
. Hairs and 1lint . ,
baking out under vacuum -
baking out at atm. pressure
- cleaning with LN
.reverse voltage
short circuits between shims
.irunnlnb broken plates
running two sets of plates and mov1ng them close to
- .and away from each other
how hard it is tc break a piece of the broken plate
by dropping, cracking, crushing, scratching, chipping,
hermal expansion, etc.
her ideas?

Plates sfili to be calibrated

These inciude one pair from ITT, Amperex, Hamamatsu, Nitech,

another pair from Nitech and a saturable plate from Galileo. There
is also the fried Nitech pair and the broken (Varian?) pair. Chris
and Pat have run a Nitech pair and the ITT pair and had bad problems
with both. Calibration of these plates should begin Friday or
Tuesday,
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SUNMARY

Wo veport below on the results of the filter devalopment contract
NASS=24189 for the Extreme Ultraviolet Explorer (EUVE). The purposes of
the study were to identify, develop, and evaluate thin film fileers with
LUV bandpasses unattainable with previously avallable filver materials,

In the early stages of the study, titanium and antimony were identified
as the most promising materials for providing the scientifically lmportant
350-500 8 bandpags heretofove unattainable with thin film filters. A
subsontract was let to the Luxel Corporation, who suceecded, after overcoming
4 number of technlieal problems, in fabricating pure titanium Foils and
titanium~antimony sandwich foils of the requived wniformity and durabllity.
Tronsmission wmeasurements and optimization stwdd s performed at Berkeley
indicate that the titanium-antimony combination provides an ideal bandpass
for selentifically valuable, high-sensitivity observations with BEUVE,
Eavironmental testing of the mechanical strenpth, moisture sensitivicy
and aging characteristics of the newly developed filter materials demonstrate
completely flightworthy performance, The titanivm~antimony [ilter will

be a valuable addition to the BUVE filter complement.
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I. INTRODUCTION

Bandpass filters are esaential to FUVE beeause of the sensitivity of

the BUV detectors (microchannel plates) vo far U radlation (1000-3000 R),

a band 4n which the sky and most point sourees are much brighteyr than in

the EUV, and to charged particles. In addition, filter materials and thick~
nesses can be selected to misimize the bockground from the strong peocoronal
and interplanetavy EUV lines such as Hel 584 R and vell 304 &, whose

diffuse emissions would othepwise sexdously dmpalr the sensitiviey of a
photomet rie measurement,  Furthermore, broadband FUV filters con perform
the same scientifice function as optical photometrie filters, that of
providing bacle dnformation about the temperature and chemical composition
of a source, while maintaining high sensitivity,

EUV radiation does not pass through any thick crystal or stretcehed
plastic sheets such as used fn the far UV or gaft X~ray respectively,

The filter materials used In the BEUV must be only a few thousand b

thick to be suffictently transmitting for use on BUVE, Fortunately, vacuum
deposition techniques have been developed over the years to sllow the
fabrication of larpe area, durable [ilters of metal and plastic as thin as
1000 8 or even less.

The baselined Pilter complement for EUVE was drawn from the commereially
avallable and space-qualified materials used in various solar, atwmospherie,
and celestial experiments prior to the orviginal EUVE proposal.  That
filter complement included:

1. TParviene. Pavylene N is g plastic material which can be vacuum




deposited like a metal to form a [llter as thir as 1000 R, This provides
a bandpass from 44=-300 R which is excellent in the study of sources in
the transition region between the soft X-rays in the EUV. This is the
EUV bandpass with the lavgest visibility through the iutersteller
medium. The tusnon wavelength of the parylene - filteved telesecope
is determined by the design of the prazing incidence optics, The long
wavelength cutoff is set by the thickness of the filter itself, selected
for aptimum sensitivity.

2. Aluminum. Aluminum has been the workhorse of EUV astyonomy.
It is sensitive from 180 to 600 R, yet Is opaque to the far ultaviolet.
When used in combination with a thin layer of carbon to reduce the
throughput of the bright 304 R background line, it yields a 180~350 ]
bandpass, making it the most fmportant filter lor purely EUV astronomy.

3, Tin. Tin has an excellent window from 500-750 R, 1Its bigpest
drawbaek is the presence 1. the bandpass of the strvong Interplanctary
584 R line.

4, Indium., Indium has a window veaching from 750 to greater than
1000 R, If made suflficiently thick, its grasp can be restricted to llie
below the 912 & Lyman edge, making it a truly EUV Filter, The strong
absorption of the interstellar medium near the Lyman edpe restricts

observations through this {ilter to only the nearest stars.

The most striking failing of the filter complement deseribed above is
the lark of a filter to cover the 350-500 ] band, between the bright

304 8 and 584 R backpround lines. This central region of the EUV has
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great acientific votential., It lies at wavelengths suffieiently removed
from the Lyman cdge that vigibility is still reasonably good through the
ISM.,  Hoewover, this bandpass 18 the range in which the EUV flux from a
number of sources such ag hot white dwarfs will be turned over by
interstellar absorption, so it can provide important information about the
loeal ISM, In addition, the exelusion of the gtrong backpround lines
from the bandpass allows great inereases in sensitivity to be attained.
For these reasons, the EUVE filter development study concentrated on

materials with potentially useful bandpasscs in the 350-500 R.raugo.

11, SELECTION AND FABRICATION OF NEW MATERIALS

A}
The most promising materials for cevering the 350-500 hY bandpass
were fdentifted through a scarch of the literature on the transmis.dion
properties of thin folls and through discussion with oxperts in the

fabrication of such foils. The best ompilation of transmission data is

given in Samson's Techniques of Vacuum Ultraviolet Spectroscopy.  The
materials selected for fabrication after these Investigations were
antimony and titanifum. ‘The transmission properties of these matervials

as compiled by Samson ave shown In Pigure 1,
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The existence of transmission data such as this showing appropriate
passbunds Jdoes not guarantee the sultability of the material for the EUVE
application for several rensons., First, the transmission characteristics
are typieally well known only in the peak transmission range of the
material. The sensitlvity of the EUVE detectors to a wide range of
wavelengthe makes it essential that there be no secondary window in
addicion to the basic astronomy window. FEven residual tvansmisson
in the wings as low as 1()“6 can be unsatisfactory because of the existence
of the extremely strong hydrogen Lyman o 1216 R diffuse background line.
Henee a thorough fnvestigation of the entire detector sensitivity range
is essential for qualification of an FEUVE filter,

Secund, the transmisston data for sueh materials are traditionally
determined from estremely small foils and measured immediately after
thedlr fabrication. Heneve 1t was never previocusly determined whether
uniform, mechanically durable foills of sufficient size could be [abrieated
from these materials. Furthormore, no data existed on the lonpterm
stability of the thin foils, which are in general susceptible to pinholing
due to ambient moisture and to slow transmission decays with time from o
varicety of cauges oven in the absence of moisture (increasing oxidation of
the surface, formation of intermetallie compounds in sandwich foils,
eted ),

Hence, it was the purpose of jnis study to suecesasiully fabricate
large foils, verify the suitablility of the overall transmission characteristies,
and verify the mechanieal and longterm transmission stability cssential

for space application.




The fabricotion efforts were suhcontracted ro the Luxel Corporation,
whose president, Gordon Steele, hag performed pionecering rescarch in
the fabrication of thin film filters. We review here the fabrication
efforts that led to the final result of the filter study, a titanium=
antimony combination foll which is strong, stable, and well-suited to
high s nsicivity chservations with EUVE,

There are three conventionally used teehniques in the deposition
of metal films: ocvaportation from a tungsten {{lament, ovaporation
from a heated eruedble, and electron hombardment., The fabrication
difficnlties presented by antdimony required experimentation with all
hree techolques before a successful approach was found,

The tungsten {ilament deposition techniqree relies on wetting of the
tungsten filament with the metal to be deposited. The mezal evaporates
from the hottest part of the filament while new metal is drawn to the
evaporation point by capillary action. The properties of antimony
render 4Lt unsuitable for this technique. The evaporation temperature
of antimony is sufficiently close to its melting point that as gsoon as
the metal is beatoed enough  to flow, 1t flash evaporates, stopping the
wicking action and preventing smooth deposition, Tt is sometimes possible
to overcome this type of problem by alloying the unsatisfactory material
with small percentages of another metal.  Such alloying agents must not
only be chemfeally suitable, i,e, must not form intermetallice compounds,
but must not disturb the valenece electron density so as to preserve the

bandpass transmission. It was hopud that germanium would permit smooth
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deposition when alloved with antimony, but such attempts were unsuecessful,

With the heated erucible technique, it {m possible to produce a more
constant deposition rate, and antimony foils can be produced by this
provcess,  However, purc antimony foils veveal two major problems. They
arve found to be extremely moisture sensitive, developing pinholes if
there iy any vesidual moleture In the organic solvent used to release
the deposited foll from the ceramic substrate, Second, even folls
sucvessfully released from the substrate are found to be extremely non=
uni form.  The antimony atoms move along the surface of the ceramic
subst rate until nueleation centers form, leading to unaceeptable
irrvegularicies in thickness and transmission,

Beposdtfon by eleetron beam bombardment permits all of the above
prablems to be overcome. This technique is essential for the deposition
of titanium, whose melting point is too high for the filament or cruecihle
techniques,  The eleetron beam teechnfque permits deposition of uniform
titanium foils, which are dntevesting in thedr own ripght for EUV astroneomy
applleations, and which provide the solution to the antdimony fabrication
problems,  Thin titanium films perform as an active nucleating surface
and a prateetive overvoat layver when deposited before and after an
antimony layer in rapid sequence In g single vacuum,  Whereas 1500 R
thick pure antimony L{lms exhibit a mottled troansmission in the red,
evidencing the non=uniformity, the same thickness deposited botween two
100 A thick films of titanium is uniformly opaque and demonstrates a low
suseeptibility to pinhole formation during processing.

These experimental eonsidervations led te the eventual selection of




films fabricated by Luxel and delfvered to the Space Selcnees Laboratory
for testing and qualification: pure ticanium f{lters of 500 R and 1000 R
thicknesa, and ticusium=antimony sandwich filters of 1100 R antimony between

100 & loyers of ticanium,

IIT. TRANSMISSION MFASUREMENTS

Transmission measurements of the Luxel filters wore carvied i o in the
POV calibration faeillty here at the Space Seiences Laboratory. The data
which must be determined are the absorptien coefficients of pure antimony and
titanfum and the transmission characterdstics of any orxdide layer that forms
on the foils, This data I8 necessary for determination of the optlmum f1lter
design for LUVE, given the opties desipn, detector performance, and available
telemetry,  The optimization procedure, which determines the fileer thickuess
with highest sensitivity and preatest seientifie recurn, 18 deseribed In a
later section,  No pure antimony folls wore made (for the fabrication reasons
deseribed in the las* scetion).  Nevertheless, the necessary scparation of
absorption covfficients can be made by measuring the transmisslons of
titanium £ilme of diffevent thickonesses and of the sandwieh film, whieh
provides ¢nough independent data to solve for the chree unknowns,

The tranamission measurements were performed using a grasing ineldence
monoehremitor to select line vadiation from a hollow eathode discharge source,
The detector used was a  calibrated one inch diometer channel electron
multiplicr (channeltren),  The Jdynamie range of the detector was extended

sing calibrated meshes to attenuate the direct monochremator heam,  All

meastred count rates were corrected for electronies deadtime, and off~line

ng”
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background measurements permitted the subtraction of spurious counts due to
scattering in the monochromator.

Transmissions were measurcd at wavelenpths from 130 8 to 2300 R, For
some wavelengths far into the wings of the filter bandpass, only upper limits
could be found to the transmission, These upper limits are sufficiently low
that the sensitivity of BEUVE using the optimum thickness filter of these
materials is Independent of the actuwal value of the transmission for these
far=off bandposs wavelengthu,

The transmission curves for the two titanium thickuesses and titanium-
antimony sandwich are shown in Figures 2-4, This is the raw data except for
removal of the 80% transmission Factor of the nickel support mesh on which the
films are mounted., These transmission curves show several interesting
features, The titanium transmissions confirm the existence of a second
transmission window from 250 K to X-ray wavelengths not shown by Samson, but
reported by Sonntag et al. (Solid State Communications 7, 597, 1969). The
overall behavior appears to be that of a bvroad transmission window beginning
at v 700 R and containing a strong absorption line at v 300 8.

The predominantly antimony filter also showed the same overall trans-
mission behavior as in previous studies, However, when actual antimony
transmission was separated out, It was found that the pure antimony trvans-
mission was a factor of three hipher than previously published results
(Rustgi, JOSA 55, 630, 1965). We obtained a maximum of 85% transmission for
an 1100 & thick antiwony foll, whereas Rustgi rveported 25% maximum transmission
for the same thickuess.

Examination of the Rustgpi reference revealed that the antimony foil

T T N
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used for that measurement had been deposited on aluminum, and then the compositoe

foil was floated oft the substrate in water.  This camot have glven a valid
measurement, since the Intermetallice compound aluminum antimontde would have
tormed at the interface and the vuter laver of the antimony would have been
heavily oxidized by the direet exposure to water. The foils produced by Luxel
however, are TI/8h/TL sandwiches  in which all three layers are vacuum
depostted at the same time, rvemoved from the substrate fn an organic solvent,
ad kept inoa dry atmosphere thereafter,  Thus there 18 no intermetallie
compaund  formed, nor any antimony oxfde.  Our measurcments should therefore
pive the true absorption coefticivent for ant imony,

The separation of the absorption coetticlents Is performed using
the following relaticaships:

T(A0) - oxp[(nTi - “Tiu)xTiO] vxp[~uri(,05)]

TCI08Q) = oxp[()ll“’L - “‘l‘i()) x’l‘iO] oxXp [-U,M(" 108)]

MF SAe ; - 3 e - g Y e - “
T(8h) mxp[(uTl ”TiO)XTiO] exp [ uTt(.OAO)] exp [=u,, (.112)]

sh
TC300) and TCLO80) are the transmiusions of the 500 and 1080 8 thick
titanium foils, T(8H) is the troansmission of the sandwich foil, X’l‘iO is

v thivkness of the oxide laveyr forme : I N arce the agbsorption
the thickne of the oxtde laver formed, and Mg “Sh‘ “Tio are the absorpti

coct tictents of titanfum, ant{fmony, and the oxide layer, measured in mivruns"l.

Dne can solve for g s “Sb’ and exp [(n X

-, . lelding the absorption
:lni l 1110 rl i(.)] ¥ .\ 5‘ J [
data necessary to predict the transmissions of rilters of different thicknoss
and heace optimize the BERVE desipgn, The derived coefficients are shown in

Figures =7,

-1t
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IV, SCIENTIFIC POTENTIAL ON BUVE

The achivvable gensitivity of the EUVE using the newly developed
filter materials has been determined using the filter optimization procedures
developed for EUV astronomy here at the Space Sciences Laboratory. The
overall sensitivity of EUVE of course depends on a wide range of ing~
trument parameters!:  telescope size, field of view and angular rvesolutrion;
detector quantum efficloncy and spatial resolution; observation time and
telemetry rate; filter transmission propertics. All are subject to
various constraints.  Glven a baselined finstrument design, observing time,
anrd telemetry capablility, filter optimization consists of determining
the filter thickness which yields the smallest detectable [lux. For a
sandwich filter thicvknesses of the two filter materials are varied
independently in the search, The resulting minimum detectable flux
defines the instrument sensitivity, We briefly summarize here the
optimizacion procedure,

A. _Theory of Filter Optimiration

A source has beeon deteoted with 99,9% confidence {f the nuwber of
counts due to the source (in the source pixel) is at least three times
the square root of the average number of counts in adjacent (background)

pixels. This regquivement leads to ao expression for the minimum detectable
1
s

, "'1 P % hat . "
flux, F, in photens s em A assuming that the source spectrum is flat

within the bhandpass.

f.o b - o
o 3»&3 \ I\ni‘ + A ft(\)h(\)d\
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where
T = total observing time
o = golild angle observed by one pixel

A = effective area of telesecope & quantum efficiency (QE) of
detector (assumed to be constant threughout bandpass)

t(\)e filter transmission at wavelength A
B{AM)= background [lux density at A

-

RD = detector backpound per unit area shlcm "

f = cteleseope foeal length

tm = telemetry limit (ets 5"1

)

R = total count rate of detector (ets s”l)

The computer routine utilized to optimize the filters foe EUVE
incorporates all of the data pecessary for evaluating the minimum detectable
Flux F. It calvulates an {nstrument throughput {or every 10 A interval,
aecounting for varfations in telescope resonse, dotector quantum efficiency,
and filter transmission with wavelensth, It includes all known cources of
diffuse radiatfion background from 10-2000 R, as well as theoretical estimates
in poorly measured regions of the spectrum. It caleulates the wminimum
detectable flux for a given filter thickness or pair of thicknesses. 1In
addition, it computes the mean wavelength, the total grasp and the prasp
shoreward of a chosen waveleagth, wileh permits a determinaticn of the
approximate bandpass of the filtor.  (UGrasp is defined as SL(A)dA))

The computation of the mean wavelengbh and grasp below a specified
wavelenpth allows additional scieatific jodpment to be applied to the filter

optimisation. It is not nevessarily true, for example, that the optinmm
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design of a sandwich foil is that conbination of thicknesses which ylelds
the lowest minimum detectable flux, Maximum scdentific return from BUVE
peaulres that bandpasses of the various {ilters remain distinet, llence
while ap aluminum/carbon achieves the maximum sensitivity as the aluminum

thickness goes to zero, such a desipn would not be chosen since the

resulting bandpass would be identical to parylene. Hence an externdal constraint

on the handpass propertics is sometimes Imposed on the filter design and
optimization takes place within that constraint,
B, Sensitivity vesulrs ferv titanfum and antimony

Both titanium and antimeny transmit well in the range from 400-300 R
Optimum sensitivity results when the materials ave used together. Pure
titanium is Inappropriace for covering the 400-500 3 bandpasa because of
the transmission window below 250 R, Pure antimony can be fwproved by the
addition of titanium because the titanium transmission falls rapldly above
500 S, while that of antimony falls more slowly. VPenece the addition of
titanium attenuates the strong 584 A background flux while preserving the
primary bandpass,

The minimum detectable flux has been minimized with the requivement
that less than 1% of the grasp lies shortward of 350 R. Relaxing this
requirement to 10% does not improve the sensitivity by more than 203, With
the 12 copstraint the optimunm combination is 1400 R of titanium gandwiching
1000 & of antimony, Such a combination presents no fabrication problems,

The resulting seasitivity of FUVE with the titantium/ant tmony sandwich
filter and the previously qualified filters is shown in Figure B, These

soensitivitios are derived assuming the basellned instrument paramoters and
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the basellned telemetry vate of 800 bits per mecond per telescope. The

bandpasses ghown are defined as the full width to 10% of maximum instrument

throughput., A better representation of the spectral coverage of the Tilters

now available {8 pivwen by Figure 9, which presents the transmission curves
for the optimlized L{{lter of each material ov combination,

Those fipgurcs dramatieally {lluscrate the scientific potential of the

newly developed £ilter combination, The titanfum/ontimony f£{lter combination

fills In the missing wavelength vange in the baseline BUVE coverage and does

so with a Factor of flve greater sensitivity than the other EUVE bandpasses.
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EUVE BANDPASSES
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V., QUALIFICATION

| The excellent transmission characteristics and potential EUVE
sensitivities described in the previous sections are cof course useless unless
the titanium-antimony sandwich foll demonstrates acceptable longterm stability
and mechanical strength sufficient for spaceflight qualification. The
TL/8b/T1 filters have therefore been subjected to extensive testing of these
characteristics, We describe here the tests of molsture-sensitivity,

longterm transmission stability, and mechanical strength passed by the new

filter,

We present here excerpts from the report of the development sub-

|
)

|
A, Molsture-~Sensitivity
} contractor, Luxel, of the humidity testing of the titanium-antimony sandwich
]
filter. This test is crucial to the qualification of a flight filter.
Though the EUVE filters will be launched in vacuum, they will of necessity

be exposed to the standard laboratory environment during testing and

calibration unless extraordinatry measures are taken.

"Aging Charackey?-iic of Antimony Type XUV Filter Foil"
Gordon Steelé¢/luxel Corporation

Introduvtion

Submicron thick metal foils, employed as filters or windows for instruments
functioning in the extreae ultraviolet and soft x-ray region of the spectrum,
present special problems in common with their fabrication. Perhaps forcmost
among these is their proneness to develop 'pinholes'. Such pinhole defects
may leak white radiation ov may vacuum leak gas from a cell. The particular
pronencss of these foils toward this end is due their chemical reactivity in
the presence of atmospheric moisture and thelr extremely thin nature. Many

15~
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metals vhich are nated tor theis durabiliey o the carths atmosphere in
"mannive! torm oare wnatable in submicion thick tofl forme The reason for
this is that the pratective oxtde laver formed on metals In their magsive
tortm winal by excewds the total thickoess of submicron {ofls, Detormining
the durability amd praceivality of new matertals, of interest tor their
apevial optical propertfes, {s achioved by exposing the foil matertal to g
stadard depgrading ees Troament amd measuring the visidle light leakage as

G funetion of time,  Such s the subjoet ol this report vhoerein the desired
material is a metat toil of antimony il titanium,

Disvussion

Pinboies resulting trom chemfcal action between a metal fofl and the paseous
envivonment toem with point attack sueh that a cevtaln amount of time is
required to penetrate the Joll and thereafter the oxtdation procecds Laterally
fna tournfug prass' type of growth,  Inereased transmission with apfog s

due to enlargenent of foafttal pinholes with very lew new ones Corming,
Tepically the fnftial stage showe very Little pinhele transmission, but after
this phase the transmission incrveases vaphdly 1o some appavent plateau

with advitt inevease theyeatter,

Two types of pinhiodes result from this actiony vivtual and real,  Virtual
pinholes, point leaks of visible Hight a Jew hundreds of nanometers in
diameter, are determined by 8FM to be oxidized metal structurally vetalned
within the foil,  Steifvimetrie oxidation does not oceur initially and thus
visible tvamsmission is primacily dn the rod, Subsequently, stresses developed
throagh volume change In conversion to (he oxbde breaks the oxtde out of the
foll and o hole or real pinhole, o tew thousands of nanometoers in dianeter,
vesnults,

Pinhole tersation in submicvron tolis gcoms to occur at selected sftes, T

fa believed that these are asseocfated with a serew dislovation growth of

the toil during bormatfon, The principal Factor contributing to pinholes

s relative humidity,  Trave amounts of acld forming pases sueh as carbon,
sulphur and nitrogen oxbde pases and partbeulates ke salt have an gece =
erat ing ofteet in the presence of mofisture, but none wvhen dry. Thevelore
test aping of Tofls tor pinholes development is done with an oxposure to

aftr adjusted to some constant velative humidity by o conatant R sotut fon,
tare must be exercised in seloetion of a Rl solution since most of the hond-
hook revommendat fons represent o part icular concentration of salts which
butter the RoH. at some desirved level,  Qur work finds that sipondtieant and
variable awounts ol aeld gases exist in egquilibruim with these solutions
ewy U0, over Kot solution) whivh wmreliably aceelerates the rosults,
Thevetore this laboratory emplevs o felean' constant R, auevus solutfon of
sodium hedroside recosnreing that 1t net only adjusts the witer vapor

concent out removes auv aedd gan traces that may be present in o laboratopy
caviorament  Gind also, one mipht o add, the natural @O, in air), Fxtensive
testing has shown most subsicrvon toil matervials do not develop sigaiticvant
pinhales s dess than 2070 RoHLG over an expounre of three month, At 600
RoH,, vchavien as a probable value for sont ticld envivonments, the inttial
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or induction' stape tor aluminum lasts about one week after which a three
devade inervase occeurs, Indium and tin on the otherhand have {nduction

phases of abowt three davs with subsequent vapid deterioration over a four
decade Inerease,  Inftial piahole transmisstons are generally about 1078 of

fnetdent Tipht.  After six weeks, pinhole transmissions are typieally 10-0 ta 10-5,

Tests aud Results

It was dechded trom experimental consfdervations that a filter comprised of
SOOTLIM08M/200TT toil would he optivally sultable,  Sueh o foill and Filters
thereot wore Fabricated and tested.  Representative filtervs wore stored in RoH.
butffered closures at 007, and =175 (desicated) envirvonments., From time to
time, over a perind of six weeks, the {ilters were removed for measurement

ol white light tramseission in a PN photometer having o dynamie ronge of

four decades,  Initial transmission ofcach of the tilters was 4.0 x 109 of
fueidont light.  The data, shown in Figure 1, demonstrates that the XUV

Foil material 20071/7150080/2007T1 is very durable toward pinhole aging due

to moisture,  Over the perfod of the test no depredation was observed

within the sensitivity vange of the photometer (1 x 10",  For comparative
purpatses Figure © also ncludes the degredation which would be typical for

a Ih00AL:ST XUV Fofl similarly oxposed to 003 R,

Conelusfon:

1. Pure antimony folls are uusuiftable as XUV filters from two practical
points of view,  First the evaporative technigues used Lo prepare submicron
foils vesults in foils of mottled red transmission when 1500 R thick,  Sceeond,
pinhole=froe antimeny filws ave diftiealt to fabricate due to thedir high
sensftivity to atmospheric moisture,

20 Providing 200 Nothick films of titanium as a nucleating surface and as
an overcoat results in o samdewich 1oil ol antimony 1500 8 thick which is
very opaque ta visible light and wusually resistant to pinhole formation
wvhen exposed tooa b0L RHL envivenment.  This titanium-ant imony laminant
foil demopstrates aging characteristies which ave superior to aluminum type
XUV f{lters,

B, Transmission Stability

The transmissions of the filters were measured again one year after
the Indftial measurements deseribed above to ascertain the longlerm stability
of the titantum and sandwich tilters,  During that poriod the filters were
exposed to the laboratory covirvonment for a few weeks and stored in drey
nitrogen Jor the rest ol the time.

The results demonst rate remarkable stabilivy, particularly for the




el
Rl

[

N

;v
it
R et
At p e 1Y
‘

B

AL

"
Ry
I

¥
T
b

(R

(XX

ry#
San

£ge




titaniue=ant fmeny veathinat tone In the bamdpaus o the sandwieh {ilter the
traaission devreased by oo omaximom smount of 1V, while o the wiopgs the
Craannisaban decreased byoa masimum of 5% The corrvespomnding maximum
devreases for the 1000 X Citanius 1ilter are 127 in the bamdpass and 70%
in the winps,  For the »op A vitaniom titter the results are W in the
bamdpass amd 18 in the wings, O particular interest is that at no
waveleupth Jdid the wing transaisaion open up to imdicate the development
ul pinholes, Rather the general behavior is Lor the ratio of handpass to
wing transmission to grow cven higher,

This stability is excellent when vompared with previously used BRIV
tilters,  Standasd Tilters such oas atasiamg, i, and indium show tyns-
miaion sdveps {n the Dandpass of 200 in oenly three meoaths, Henee {t s
conventional to provare sl filters as tate gy possible betore launch oy

Do tore they can be stored in vacuus, The titaniom-ant fwony sandwich, with

....
-~
o
P

supetior Tonsterm stability, theretore has no Jeleterions fopact on the
POV tilter storape teguirements oy detivery schedule,
Co Meschanieal Strensth

Foodetersine the mechanical aceeptabilticy ot the newly developed filtoy,

the tilrers were vibration tested at NASA Ames Researeh Center,  The
Pilters toested had been mounted by Luxel in the standard monner they have
developed tor thin tilm S8 lerss The toils are slued to an BO% transparent
Finely spaced nivie! mesh plued areosmd the edeses to g rigld frame. Often for
filters wsed in space reseoareh a beawd ot compliant eposy is placed around
the edee of the Filter and Cilter frame, This procedure (called sargining)
proat v peduees the stress on the o5 Yo by disteibuting the loads at the

intuvriaee toy the eane,
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The flters at Lameh are subjected to two types of stress, vibrational
and acoustics The extremely biph streogth=tosweipht ratlo of the fofls
and meshes enables them to withstand extremely high levels of Wibrational
Toading.  The acoustic stress tends to be much more severe.  The EUVE
filters will be lamched in vacuum boxes with the detoctors, eliminating
the acountie loading,

The vibration testing at Ames was performed with the 16 mm ddameter
fllters used ror the transmission measurements.  These ave probably smallor
thin the FUVE flight filters, which may be as lavpe ag 40-50 mm in diawmeter.
Howoever, the test was estremely conservative in two repgards:  the {ilters
testoed were not margined and the test was performed in air, rather than in
a vacuum boxe  The large factor of increased stress from the presence of
the acoustic loading more than compensates Jor the inereased stress resulting
from using larger tilters,  Henee we consider the test as o whole to be
conservative with regard to the requivements ot the BUVE rlight Filtovs,

Vibration testing was porformed to the qualification levels of random
vibrat fon and sine sweep for the space shuttle.  In addition, the {ilters

were subjected a large amplitude sinusebdal vibration at a constant low

o~
-

frequency.  This test has been used on some previous Launel programs as
simulat fon of DO acceleratfons, Specifivations for all three tests arve

piven in Table 1,

~10x
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AL filters tested (oo 8 fi, looo R\ Ti, and the 100 3 T1/1100 & 8§b/100 R T1
retdw i) cnrvived the ramdos vibration and sine sweep with no damage.
The sandwivh tilter amd the 1000 % (itaniun filter survived the DC simulation
with no dasame. The 500 X fioanius tilter developed pinholes during the
P oninulatton test. Heneoy tortier testing under evacuated conditions would
Deonevestary to quality oosilter this thin for launch,  Howover, the
S00 R titanim tilter ie not usciut tor PUVE because of the large wing
transtissions, The post dwportunt vew tilter doveloped, the titanium-
aint fmony samdwich, shows execllent mechanical strvength and will have no

problem with PUVE launeln
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VI. CONCLUSTONS

1, Both pure titanium and titanium/antimony combination Filters have

been fabricated,  The tabrication process 18 now well understood nd
filters of Jdifferent thicknesses should present no problem.

2, The transmission propertiecs of the two materinls i~ combination and
separvately have beon determined. With this data, the optimum filrer design
for BEUV instruments uvsing these materials can be determined.

3, The optimum titaniumZantimony BUVE filter has been designed,  With currvent
desipgn pavameters and telemetry availability the optimum combination
consists of 700 R TL/1000 & 81/700 8 TL, In combination with previously
doveloped filters, the vesulting sensitivity and spectral coverage offer
dramatic improvement over the original EUVE design.  The optimum EUVE
rilter complement now consists of parylene N, aluminum/carbon,
titanium/antimony, tin and indium [ilters,

4, The titanium/antimony combination filter has undergoene extensive
testing of moisture sensitivity, longterm transmissfon stability, and
mechanical strength,  In all arcas, the new filter demonstrates qualicies
equal to or superior to these of previously qualified EUV {iltevs.

5. The new filter material bas no fmpact on EUVE cost and schedule,

Price and delivery of titanium/antimony ilters will be similar to those

of the other BUV filteys.

s
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EUV EXPLORER IMSTRUMENT
Preliminary Working Draft 5/15/80

Description and Requirements for Shuttle Launch

1.0 Management Summary

1.1 Payload Title - Extreme Ultraviolet Explorer (FUVE)
1.2  Funding Agency = NASA

1.3 Key Personnel

Prof. Stuart Bowyer 4&15/642-1648

Dr. Roger Malina ~2693
Dr. Frank Paresce ~3524
Dr. Mike Lampton ~3576
Mr. Hank Hectderks -5890

Space Sciences Laboratory
University of California
Berkeley, CA 94720

2.0 Payload Description

2.1 Purpose
To conduct a sensitive astronomical survey of the entire celestial
sphere at EUV wavelengths (70 to 900 R).
2.2 Technique
Four telescopes with detectors will be mounted on a spacecraft
suitable for a Shuttle launch. The imaging grazing inecidence optics with
organic and metallic thin={ilm filters will be sensitive to selected
bandpasses in the 70 to 900 3 repion,  One telescope will feed a gas propor-
tional counter (PC) detector, the other three will feed micro~channel plate
(MCP) detectors. Three telescopes will scan the sky at right angles to the

spin axis, one telescope will point along the spin axis in the anti-solar

direction.




2.3 Telescope Complement

All telescopes are Wolter~Schwarzschild Type 1

Scanner 1 Scanner 2 Scanner J *  Pointer 1
Optical diameter 63.5em 63.5cm 63.5em 63.5cm
Flange diameter 76cm 76cm 76cm 76em
Focal length Spcqt 50em 80cm 50cem
Geometric area ﬁiédémz Eggémz J.OOcm2 ;gg;mz
Field of view 3° 3° 3° 3°
Wavelength 600 A 300 A 200 A 300 A
Detector MCP MCP PC/MCP MCP
Overall length 100em 100em 160¢em 100em
Filters 2 2 1 compound

% Desien contingent upon Spaceeraft compatdihilicy. nptimum design listed hore.
Shorter overall lenpths are posgible to a minimum of 100 om.

3.0 Launch and Orbit Characteristics

3.1 Launch Winduw = no restrictions
3.2  Orbit Paramcters
550 + 50 kn, 28.°5 inclination

3.3 On-orbit life ~ One year

4.0 On~orbit Stabiliration and Orientation

4.1 Look Dircetion - anti~solar for pointing telescope
perpendicular to sun line for scanning telescopes
4,2 Attitude Stabilization
Solar gspin stabllized at 4 rpm max @ 8000 bps/telescope with
optimum spin race dependent on the telemetry allocation,

Spin axis controlled to + 1° and knowledge to .05°
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4.3 Agtitude Determination
Final determination of spin axis and telescope line of sight

after all error contributions, should be < .1°

5.0 Mechanical Description

5,1 Preliminary telescope and MCP detector design is given in
Drawing 78000-R~P
5.2 Weight
Each assembly of telescope MCP detector is estimated to weigh
150 kg.? Additional experiment support cquipment (C+DP, harnessing, etc.) is
estimated to weigh 30 kg.
5.3 Moving Mechaniecal Assemblies
Dust covers over frelescope entrance annulus released with NSI
powered pinpullers,
Vacuum box door on each MCP detector operated by a reversible
DC motor.
A sunshade over each detector will close iIn case of loss of power
oxr loss of spacecraft orientation.
The PC instrument will have a small mechanism to exchange
detector units.
5.4 Materials
5.4.1 Only proven or appreoved materials will be used, including
organic compounds meeting the requirements of NASA-SP~R-0022A. All metals
will be passivated. The bulk of the instruments will be¢ aluminum 6061-T6 or

stainless steel 300 series.

* Scanner 3 is estimated to weight 175 Kg.

o e




5,4.2 Magnetics
The instruments are not magnetically sensitive. Each
MCP telescope will have a magnetic "broom" at the vear of the mirror. The
broom will consist of 6 kg of cevamic magnets, The external fileld 1s estimated
to be less than 1 gauss at 18 inches and less than ,1 gouss at 36 inches.
5.5 Ground Handling
Each telescope is dust tight and will be purgable with GNZ. Each
MCP detector will have a roughing pump port to which our GSE will need accuss,
The PC detector will have sn accessible gas port and velief valve.
5.6 Design Criteria and Testing
Criteria and testing will be to recognized and approved NASA
standards.
5.7 Telescope Alignment
Initial mounting: 2°
Aftor vibration testing: 4 s .5°
After launch (lg to Og, +20°C to ~ =5°C): A < ,5°
On-orbit changes: A < .1°
Star and/or sun sensors with respeet to telescopes: <.1°
5.8 Thermal Environment
Eleetronies: =10°C to 40°C operating
~30°C to 60°C survival

Telescope to detectors: A < 5°C

6.0 Electrical Deseription

6.1 The spacecraft will interface to a central Command and Data
Processor (CHDP)} box, which will then communicace with each detector. The
C+DP will accept commands and power, and will buffer data from each detector

to the spacecraft.
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6.2 Power
+28 + 4 VDC on multiple buses
Each telescope: aelectronics 20w
vac=ilon pump 10-20W
optics heater 10~50W

detector heater 100W, sunlight only, one detector
at a time

DC motor 150
The electronics are operated whenever scicence or housekeeping duta

is required. Vac~ion pump operation is only when the detector box door isclosed,
which 18 a ground operation, but may also be done In £light dn case of unexpected

detector problems, The DC motor opens/eloses the detector box door (about 10
seconds per operation, which should oceur only once per telescope at the beginning
of the mission or as a result of unexpected detector prebhlems). Optics heater
operation is only for the early mission optivs hake=out.

Dotevtor heater operation
will occur infrequently in £lighe,

C+DP: Al

Star scanner(2): 4W (Ball Model €S201)

Sun sensor: 1w

6,3 Nominal power profile: night 87W
day low
6.4 Electrical Interface
The interconnection of instruments, C+DP, and spacecraft {s flex~
ible. However, some basic eonventions and desipgn vules which we have followed
in the past include:
All interface lines between experiment and S/C should have the
appropriate isolation. The digital signals are via optical isolators. Analogs

are buffered with respect to a veference ground. Bilevels are from isolated




relay contacts.,

Pulsed commands are to latching magnetic relays. Sensitive

signals or high-freque.cy lines have the appropriate shielding, grounding,

and filtering,

twisted pailrs.

All power lines are to isolated DC/DC convertors via shielded

Fault isolation is provided by redundant fuses, The single-

point ground convention is observed., All high voltage supplies are with re-

spect

7'0

logic is satisfactoes:

to local chassis ground.

Data Handling Requirements

7.1 Serial Digital Interface (Redundant)

Output:

Input:

standard "3-wire" interface, 16 bit words

2 to 10 kbps for each telescope, science data, highly
desirable

300 bps, housekeeping data (see 7.2 and 7.3)
1.0 bps for the star scanners
1 bps for the sun sensor

standard "3-wire'" interface, 1€ bit words as necessary
to command the C+DP box

The format is flexible; NRZ-L, positive logic, TTL compatible

7.2 Analogs

The housekeeping analog monitors can be either multiplexed to the

S/C TM system, or they can be digitized (8~bits) and inserted into the serial data

stream by the C+DP.

The analogs will span 0 to 5V. There will he 10N analows,

Each Telescope: Suggested Sampling Rate
1/sec 1/min
Dust cover 1 position X
Dust cover 2 position X
Door position X
Pulse height 1 X




(cont.) Each Telescope: Suggested Sampling Rate ﬁ
1/sec 1/min |

Pulse height 2 X
Dead time X
Count rate X
Diseriminator x
Temp 1 X
Temp 2 R
Temp 3 b
HV 1
HV 2
BV Current 1
HV Current 2
Pump HV
' Pump Current
l Heater Current
l Spare 1

Spare 2

LA

A A A

| Additional for the PC Dotector:

Pressure 1 X
, Pressure 2 X
| Temp 1

? Temp 2

Y Valve position L

‘ ( Valve position 2

E - A 4

CP+HDP

Telescope 1 current
Telescope & vurvent
Telescope 3 current
Telescope 4 current
CGHDP currvent
Star scanner current
. Sun sonsor current
Star scanner output
Sun sensor output
Artificial stimulus ramp
Spare 1 b3
Spare 2 x
Spare 3 x
! Spare 4 ‘ X i

KR ARRAAAAAR

®

7.3 Bilevels
The housekeeping bilevel monitors can he either multiplexed to

the §/C TM system, or they can be buflerved and inserted ioto the serial data

stream by the C+DP. The bilevels will be either O or Ref volts. There will

| be 100 bilevels. Suggested sampling rate: 1/minute.




C+DP:

Each Telescope:

Door Enable/Disable
Dooxr Open/Close
Discriminator 2/1
HV 1 On/Off

HV 2 On/Off

HV MSB Hi/Lo

HV LSB Hi/Lo

Data processor A/B
Data A switch 2/1
Data B switch 2/1
Rate shutdown On/0ff
Heater On/0ff

Pump On/0fLY
Quadrant 1 Blanked
Quadrant 2 Blanked
Quadrant 3 Blanked
Quadrant 4 Blanked
Spare 1

Spare 2

Spare 3

Additional for the PC Detector:

Heater 1 On/Off
Heater 2 On/0ff
Valve 1 Open/Close
Valve 2 Open/Close

Telescope 1 On/Off
Telescope 2 On/OLf
Telescope 3 On/Off
Telescope 4 On/Off
Sun sensor On/Off
Star scanner On/0ff
Threshold Hi/Lo

Artificial Stimulus On/Off

C+DP On/Reset
Command Error Yes/No
Error Reset Yes/No
Synch Yes/No

Spare
Spare
Spare
Spare

o RSN
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8.0 Command Svstom

8.1 Most commands will be by 16-bit word transmitted from the 5/C TM
system to the C+DP. This will allow great flexibility ifv commanding the four
instruments and in reprogramming the C+DP or troubleshooting. The §/C will be
responsible for general power bus control and for the firing of all pinpuller/
NSI devices.

In addition, 50 discrete +28V, 100 millisecond pulse commands
are required. These go to critical latching relays and will be used in the
event of catastrophic failure of the CGHDP.

Each Telescopoe:

Door Enable

Door Open

HV1 On

HV1 Off

HV2 On

HV2 Off

Rate shutdown Off
Heater Off

Pump Off

Additional for the PC Detector:

Heater 1 0Off
Heater 2 Off
Valve 1 QOpen
Valve 2 Close

C+DP:

Telescope 1 On
Telescope 2 On
Telescope 3 On
Telescope 4 On

Sun sensor Off

Star scanner On
Avtificial stimulus OLf
C+DY Reset

Error Reset

Spare

-




8,2 Command Frequency

Nominally experiment commanding will only be done once per civil
day. However, commanding every rey may be required during troubleshooting, and
during troubleshooting, and during the early days of the mission involving

experiment initiacion.

9.0 safety
9.1 DPyrotechnic Devices
Low energy pyro devices ave used on each telescope. Space-
qualified pinpullers energized by NASA Standard Initiators (NSI's) are used
to release eack telesel, es' dust covers and, in case of failure to open the

detector box, to open the sunshade, and to exchange the pC detectors,
9.2 Proportional Counter Gas
A space-qualified pressure vessel will contain approximatoely

1 kg of PC gas, nominally methane, at 1500 psi.

10.0 Ground Operations

Full check-out of experiments and S/C systems will be required on the
ground during qualification testinyg, calibration, integration at the §/C con-
tractor, and at the Shuttle launch Facility.

No special instrument test or check~out is requived once the space-

craft is in the shuttle bay, during launch, or during EUVE orbltal insertion.

11.0 Post-Launch Qperations

11.1 Real-time Dato
RT scientific data is not required except during the ecarly

mission check-out ov in the event of failure and troubleshooting is required.




TN ST

TR T T

T T e SSS———— . =

RT housckeeping data is required as the normal paxt of satellite

operations,
11.2 Production Tapes
Computer compatible magnetic tapes with scilentific, housckeeping,
and aspect data are required. They will be sent to the Principal Investigator

for reduction and analysis,
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