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1.0

FOS-SE-01

INTRODUCTION

The purpose of this FOS System Description is to provide the
user with the descriptive information needed to understand the

Faint Object Spectrograph design.




2.0

2.1

2.2

FOS~8E-01

SYSTEMS REQUIREMENTS SUMHARY

Performance Capability

The major scientific goals of the FO3, in conjunction with the
Space Telescop2, have been discussed in the original techmical
proposal to MASA (UCSD No. 10002, 8 July 1977). Ezsed on these
goals, a comprehensive set of performance parameters have been
developed. These parameters provide the basic requirements
from which the instrument design is derived. The emphasis in
these parameters is to provide a high sensitivity, stable in-
strument which can be operable in space for a three-year period.

ﬁ-%fief summaty of the major observational capabilities is given
elow: : :

High Resolution
R = 103 (4500, -0)
Spectroscopy 1llinm & 7 < 900nm

Low Resolution
R = 10 (+ 50)
Spectroscopy 120am £ ) £ 800mm

Spectropolariﬁetry
120 2 )\ 2 320mm

Spectroscopy Mode Efficiencies
120nm 3 A > 565.3nm  1.0%

120nm 3 A > 200mm 2.0%
200nm > A » 400m 7.0%
peak 10.0%

A more detailed summary of these and other requirements is pre-
sented in Appendix A of this document.

Interfaces with ST

The FOS must interface with the ST subsystems as depicted in
Figure 2.2.1. The Optical Telescope Assembly (OTA) prevides
error signals to the S5M for pointing control, the struectural
mounting and alignment accommodations for the SIs, and the

electrical ‘harness for the OTA-SI interconnect to the SSM.

Additionally, the OTA provides structural mounting and align-
ment references for the SSM rate gyro assembly and fixed head
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2.3

FOS-SE-01

star trackers. The Support Systems Module (SSM) provides

the structural support, electrical power, communications,
command decoding/storage/distribution, data accumulation/
routing/storage/transmission, timing signals, envircnmental
control and protection, aperture door, light shield, attitude
maneuvering, and pointing comtrol for the OTA/ST asserbly.
Full detail of the inrerfaces are found in LMSC ICD-02 and are
common to all axial SIs. S

Compatibility with the ST requires the FOS be limited to an
average orbital power use of 150 W/per orbit and a weight of

700 pounds with the center of gravity forward of the midpoint.
The .FOS will also comply with the load requirements and thermal
interface requirements as outlined in the ICD. The eanviron-
mental requirements imposed by the ICD for contaminaticn, radia-
tion, magnetic control, etc. are also accounted for in the de-
sign of the FOS.

Reliability/Redundancy

The FOS is designed to eliminate any non-structural failure
which causes the loss of more than'a single detector subsystem.

The FOS electronics system is dasigned such that there are two
each of the. fdllowing; Low Voltage Power Supplies, High Voltage
Power Supplies, Central Electronics, Signal Processors, and
Detectors. One system ic dedicated to the blue detector and
the other to the red detector with an overlap between the two.
Thig is a block redundant electronics system. A loss of a
single assembly (i.e., Low Voltage Power Supply) dictates-that
the system be switched and operated in the alternate spectral
range.

There are four optical mechanisms designed into the system:

the Entrance Port Assembly. Entpance Aperture Mechanism,

the Polarizer Mechanism, and Fiitgr/Grating Wheel Assembly.
Three of these mechanisms employ a pin puller which drives them
to a preferrad operating pogiti@nhin case of failure. Once the
pin puller has been initiatad, these mechanisms remain in the
fail-safe position and are no longer capable of being moved to
another position.

The Entrance Port Assembly goes to the full open positioen, the
Entrance Aperture is driven to a pesition where fail-safe '
apertures are in the focal plane, and the Polarizer is removed
from the optical path. The Filter/Grating Wheel Assembly
employs a redundant motor which is engaged with the gear system,
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but is normally freewheeling. In case of failure of the
primary motor, the sacond motor is used.

Thus, the entire FOS is a block redundant design electroni-
cally and has a backup block redundant mechanism systen.
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SYSTEM DESCRIPTION

The FOS is designed to provide spectrophotometric data for
faint astronomical sources. It will function as an element
of the Space Telescope system and as such, it is dependent
upon the ST for environmental protection, structural support,
electrical power, data management and communications. Its
optical system is specifically designed to accept the light
beam provided by the ST Optical Telescope Assembly (QTA) as
acquired using ST Guidance and Stabilizatiom.

The FOS is designed to fit in axial ST Positions Two or Four
and is assigned to Position Two. A three-point attachment
latching mechanism holds the instrument in place and provides
registration of the FO3 apertures where the f£/24 beam of the
OTA comes to a focus.

Figure 3-1 illustrates the FOS design ccncept. The major as-
semblies of the instrument are ideatified in Figure 3~1 and
summarized in Table 3-1.

The structural enclosure of the FOS is made of aluminum honey-
comb skin and stringer cemstruction. Sections of the housing
act as dedicafted radiators for transfer of intermally generated
heat to the S5M wall heat sink. Externally, there are also
hand holds for use by the astronaut and attachment points for
ground handling. Cuide Tails provide assistance for installs-
tion and removal with ST during orbital replacement operations.
Electrical comnectors which can be mated and demzated in-orbit
are provided at the end. A vent with filter allows for pressure
equalization after ground transporation and during ascent and
reentry. :

A light beam from the OTA enters the FOS through an entry
port. The entrance port provides a door to close the system
when it is not in use. Next, at the focal plane of the £/24
input beam, is a wheel containing a set of 12 apertures from
which an aperture can be selectad to use in one of two optical
paths. Each of the two optical paths serve ongof the two de-
tectors. A polarization system with rotatzble waveplates is
available for insertion into the beam 2s desired. The optical
beam is then reflectad from a grazing mirror and a collimator
onto a grating wheel. This wheel moves appropriate. filters
and gratings/prisms into the optical paths. The ratio of camera
to collimator focus lengths is one-half, thus demagnifying the
dispersing element beam by two onto cne of the two detectors.

One detector is optimized for UV response an the other for a
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FOS-5E-01

red response. The photocathodzes are cooled to lower the
dark count and provide improved S/N. They each use a
digicon to comver:t photons to photoelectron events. A
permanent magent focuses the electrons onte an array of
silicon diodes. o ‘

The electronics a=plify the charge genevated on the diodes .
and process the data for transmission to the SI Command and

Data Handling (C&DH) system. The electronics also provide

control of the operation of zll FOS subsystems. FOS power .
supplies condition SSM power as neaded. The optics and de-

tectors are mountad on an optical benech structure which is

required to maintain extremely fine dimensional stability.

In order to maintain dimensional stability under varying

thermal conditions, the bench structure is made of graphite

epoxy tubes and invar joints. The bench is connected to

the FOS shell structure using a nonredundant support which

prevents structural loads in the interfacing structure from

inducing stress deformations into the optical bench.

The optical elements must be moved into very precise positions
in the optical path. The mechanisms which accomplish this are
mounted to the optical bench. The grating wheel uses a spring-
ioaded cam follower and machined deteuts. The others use en-
coded stepper motors to achiéve accurate positional repeat-
ability. AlI"mechanisms have fail-safe or redundant devices
which will avoid debilitating single-point failures.

To obtain the required detector dark count, the photocathode

of the detectors must be cooled. Also, precise dimensional
stability is required for thermal stability of the structure.
The thermal control system consists of sensors, control cir-
cuitry, heaters, heat pipes, dedicated radiators, heat isocla-
tors and insulation. - The detectors are cooled by heat pipes
connected from the photocathode and charge zmplifiers to de-
dicated radiators. The system is controlled by selective use
of heaters, radiators and insulation tailored to specific needs
of system elements.

=10~
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4.1

FOS-SE-01

SUBSYSTEMS DESCRIPTION

Opties

The Optical Subsvstem reimages light from the OTA focal
surface to the detactors with a nominal magnification of
1/2 x. Optical elements are provided to modify the input
light to allow determination of the light's spectral con-
tent (wavelengths and relative intensity) and level of
polarization. The Optical Subsystem provides selectable
entrance apertures to select the size and shape of the FOS
fields-of-view. Two separate optical paths with the same
geometry are providad; one for each of the two detectors,
as shown in Figure 4,.1-1. L '

The optical elements available to use (althouzh not neces-—
sarily all at the same time) are as follows: A waveleagth
calibratisn system composed of two wavelength calibration lamps,
a beam cowbiner, beam steering mirrors and a movable mirror
attached to the entrance port mechanism; a set of entrance
apertures for each detector; a polarizer assembly composed of
waveplates and Wollaston prisms; a2 beam directing roof mirror
(called a grazing mirror); order blocking filters; collimator
mirrors; dispersing elements including concave gratings, a
prism and mirror assembly and a non-dispersing camera mirror;
flat-field light emitting diode sources; and the detector
window. Stray light control baffles and zero-order light
traps are also part of the Optical Subsystem. The machanisms
that position entrance apertures, the pdblarizer assembly, and
the filters/gratings are considered part of the Mechzaism
Subsystem. The detector (including its window or faceplate)
is considered part of the Detector Subsystem. The Optical
Subsystem and Detector Subsystem are mounted teo a trusswork
"optical bench." The wavelength calibration system is mounted
to the enclosure. The optical bench and enclosure are parts
of the Structures Subsystem. '

Two identical entrance ports’area:located in the forward bulkhead
of the FOS, one for each of the two channels. A mechanism to
close the ports is located adjacent to the entrance ports with-
in the FOS, :

The entrance ports are followed by a shutter which permits

light to enter the FOS when open and which excludes light
from entering or escaping the FOS when closed.

-11-
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FOS-SE-01

The shutter suppoerts a mirrer element which will reflect
light from the internal wavelength calibration system aonto
the entrance zpertures.

Two arrays of primary apertures are located around a-wheel
such that in each selectsble wheel position the same aperture
configuration lies on the red and blue light paths. The
apertures are grouped to minimize the distance batween the
most frequently used apertures. Each aperture cousists of

a single hole or a pair of holes. Each hole is either round,
square or rectangular,

There are 12 primary aperture positions for each light path.
One primary aperture position in each light path blocks the
light path fer dark-count measurement. Two fail-safe apertures
are provided for each light path. The fail-safe apertures

may be irreversibly commanded into the light paths, removing
the primary zperture wheel permanently from the light paths.

The‘apertures are oriented so that the final image on the
digicon will have the edges of the image parallel t¢ or per-
pendicular to the diode elements.

The light path (red or blue) shall be selected by pointing
the Space Telescope. Aperture positions for the salected
light path are selected by commanding the Entrance Aperture
Assembly to the desired position.

‘A polerizer assembly with two sets of polarizer elements de-
signed for different but overlapping spectral ranges is pro-
vided. Each sa2t of polarizer elements consists of a rotatable
waveplate Tfollowed by a dedicated Wollaston prism. Either
set of polarizer elements may be placed in either (red or blue)
light paths or both light paths may be left clear.

Polarimetric observations may be accomplished with the wide
range waveplate covering 120 nm to 335 nm, or the narrow
range waveplate covaring 120 nn to 187 nm.

Each waveplate is made of two optically contacted pieces of
UV grade MgF,. The net retardation of one plate is one-half
wave (180°) it a wavelength of 121.6 nm and the other-plate
is one-half wave at a wavelength of 125.6 nm. Transmittance
of the waveplates is no less than 0.3 at 121.6 nm wavelength.

-13-
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The Wollastren prism is an cptically contacted sandwich
of two pieces of MgF,. The prisms are geometrrically
similar but have different crystalegraphic criesntations.

There is a single fixed grazing mirror assembly with two
mirror surfaces which reflect light toward each collimator
mirror. _ : )

The- angles of incidence and reflectance of chief rays on
each mirror are 11.8° + 2 arcmin. The grazing mirror sur-
faces deflect the reflected chief ray through the angle
resulting from two successive rotatioans, first by 23  and o

then right for one beam and left for the other beam by 7.353.

Both mirror surfaces have'reflective coatings with a minimum
reflectance of 75% at all wavelengths from .13 to .9 um with
an incident angle of 78.5 .

There is one collimating mirror for each of the two channels
to reflect the light bundle to the gratiag wheel.

The collimators are off-auis sections of paraboloids with
focal lengths of 1000 mm. Tae cemier pf the off-axis section
is 119.6 mm from the axis of rotatiocnal symmetrTy. '

A rotatable wheel providing the support structure for the filrer
and dispersion opties allows transoission of the light bundle
through the approrpriate filter or blank hole. The light strikes
a collimating mirror and is reflected back to one of the dis-
persion elements or the camera pirror on the wheel. The nine
dispersion elements include high resolving power gratings, low
resolving power gratings, and a low resolving power prism and
mirror. A camera mirror is also provided on the wheel.

The selectable optical systems are available in both the blue
and the red light paths. There are six high-resolving power
gratings, two low-resolving power gratings, one thin prism
and mirror, and one camera mirror.

Blocking filters are ussd to attenuate grating orders higher
than the first to the greatest practical extent consistent with
high transmittance of the desired first order. Blocking filters
are mounted on the grating wheel 360 mm from the collimator.
Blocking filters are not needed for the shortest wavelengths
where the digicon faceplates block higher order light.

=14~
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The chief ray angle of incidence on each of the six high
resolution gratings is 7.5°. The range of diffracted angles
is + 1.47° from the grating normal. The gratings are on a
fusec silica substrate having a nominal focal length.of
500 mm. All gratings are blazed for the first inside order
and have 2 minimum resoluticn of 1000. Gratings are nmultipartite
to meet the requirad efficiency.

The chief ray angle of incidence on both of the lov resolution
gratings is 3.475° with a range of diffraction angle from the
normal of 2.787 + .229°. The gratings are on a fused silica
substrate. The substrate has nominal focal length of 500 m.
Each grating is blazed for the first inside order and have a
resolution of 100 + 50 at the average wavelength. These gratings
are also multipartite to meet the required efficiency.

The low resolving power thin prism has a resolution of 100

+ 50 at the average wavelength. The transmission is .75 from
"9 to .9um. The prism is made of UV-grad sapphire. The
spherical mirror substrate is a low thermal expansion glass-
ceramic. It has a nominal focal length of 500 mm.

There is one—camera mirror with no spectral-dispersion to be
used for the acquisition mode. The camera mirror is am ofi-
axis section of a concave paraboloid with a focal length of

500 mm. The center of the off-axis section is 65.1 mm from

the axis of rotational symmetry.

FOS has an internal wavelength calibration system consisting
of two lamps wnich emit spectral lines over the FOS spectral
range, and optical elements to transmit the calibration light
into both (red and blue) light paths. Calibration light
enters the light paths from a mirror on the back surface of
the entrance port shutter when the entrance port is closed and
does not enter the light paths when the entrance port is open.
FOS also has a flat field lamp for each digicon. Light

from those lamps irradiates its corresponding photocathode
directly without intervening optical elements.

The two Calibration Lamps are gas-filled hollcw cathode lamps.

The cathode of each lamp contains platinum and chromium. The
£fill gas is neon. The light exits each lamp through a trans-

-15~
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mitting window of magnesium fluoride. The lamps emit
spectral lires over a wavelength range from 0.11 to 0.90
wicrometers. The radiance of each lamp permits wave-

length determinations in an exposure time not to exceed

100 seconds (and gererally much less). Wavelength deater-
mination is donme to better than twenty percent of the
instrument profile width. Optical elsments are provided

to direct light from.wavelgngth'lamps into each light path
(red and blue). Each lamp is usable with each light path.
The calibration lamps and optical elements are all mounted

on the forward bulkhead of the FOS enclosure. The flat field
1ED's are mounted on the baffle near the filter/grating whesl.

Stray light is reduced to the minimum practical level through
use of low scattering optical surfaces, careful control of
particulate contamination, and attenuvation of stray light by
baffles, light traps, and surface blackening. Attenuation

of undesired grating orders is provided by blocking filters

or the digion faceplate along with baffles and zero order
light traps. There are five baffles made of perforated alumi-
num sheets coated with black paint. Three baffles are located
between the grazing mirror and the filter/grating wheel, one
around the filter/grating wheel and one between the filter/
grating wheel and the collimator mirror.

Light traps are installed to prevent zero order light from
propagating to the detector. Each trap is a wedge-shaped

box whose interior surfaces are low scattering blaeck surfaces.
The traps are placed close to the front face of the detector,
but do not intrude into the desired light beams going to the
photocathode.

Structures

The FO5 structural svstem's primary function is to support the
detectors, optical and electrical components through launch and
during operation in space. The two major cubassemblies are the
enclosure and the opticalibench. Figure 3-1 illustrates the

general arrangénent.

The SI enclosure provides the structural, mechanical, electrieal,
and thermal interfaces with the OTA. The optical bench ie sup-
ported at three points inside the enclosure. Electrical.cem~
ponents are mounted on the shelf, which also serves to separate
the enclosure into optical and electrical compartments. The
enclosure is the structure to which the majority of the thermal
control components are affixed. An exterior view of the agsembly
is shown on Figure 4.2-1.

-16~




FOS~SE-01

HOIMALXT S04 I-Z°'% quNdla

+

ONILLIZ ,,d,,

GVIUAINYG dHVMUOC.

saard Lyan
NALATTAHY ADUVID

gTdid LVail ACoNLVI0LoNd -
) £y <
= BOLV IOV LEALLHYENOD S22 TNONREA

8" <?

SHOLVIAYR 10103034

-17-




4.3

FO5-~SE~-01

The enclosure structure consists of fore znd aft bulk-
heads, two longercans, an electronic equipment shelf, fized
and removzble side (shear) panels and coTmer stringers.
The forward bulkhead supports the A" and "'C'" registration
fittings and the forward guide rails. The aft bulkhead
supports the "B'" registration fitting and aft guide rails.
The aft bulkhead also is the location for the aspirating
filter~vent. .

The optical bench is a space truss designed to meet struc-
tural stiffness and thermal characteristics requirements.

Tt is a true composite structure in that graphite epoxy tube
members are bonded to invaer welded tube intersections to

form the truss structure. The optical bench is mounted in the
enclosure with a statically determinate three-point attachment.
The forward end of the bench is attached to the forward bulk-
head with a ball/split socket mount that 1is loczated in line with
the forward spherical registration detent (& fitting). At the
forwvard end, an adjustable linkage is mounted tangentially te
obtain optical bench rool adjustment and trestrainc. The op-
tical bench pitch and yaw adjustzents and restaints are ei-
fected by two zdjustable links attached to the aft end. The
two adjustable links are in turn attached to a comwmon point on
the aft bulkhead in lime with the aft spherical registration
deteat (B fitting). This mounting technique isolates the op-
tical bench from the enclosure and effects a direct structural
connection of the bench to the 0TA latch zechanism. Hence,
thermal and mechanical instabilities of the enclosure will have
minimal effect on the alignment of the optical bench.

Mechanisms

The FOS mechanisms consist of the entramce port, entrance aper-
ture, polarizer and filter/grating wheel. The gencral arrange-
ment of the four mechanisms and their location on the FOS
structure is shown in Figure 4.3-1.

The entrance port mechanism shown in Figure 4,3-2 allows light
to enter through both, or closes off, both entrance ports in
the forward bulkhead. 1In the closed position, the mirror eon
the inboard side of the shutter directs light from the wave-
length calibration system to the entramce apertures. The shutter

-18-
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is driven by a 90 degree stepper motor through a 12:1
gear reduction and an eccentric bearing. Two mirco-
switches indicate open and closed positions. A burn-
wire pin puller opens the shutter for fail-safe operatiocn.

The entrance aperture snown in Figure 4.3-3 accurately
places any of twelvepairs of aperturaes into operating
position in the light parhs. Apertures are arranged around
a little over half the perimeter of the aperture wheel.

The wheel is driven by a 1.8 degree stepper motor through

a two-stage 80:1 antibacklash gear train. Two 8-bit pin
contact encoders provide a unique output for each position
of the aperture wheel. A burn-wire pin puller allows
torsion springs to rotate the aperture mechanism forward
removing the aperture wheel from the light paths and insert-
ing a2 pair of fail-safe apertures into the light paths.

The polarizer shown in Figure 4.3-4 places two.waveplate
/Vollaston prism pairs in the two light paths or leaves the
light paths clear. Each revoluticn of the pelarizer rotates
the waveplate22.5%:ith respect to the Wollaston prism. The
Wollaston prisms are mounted in a rotating cylinder, see
Figure 4.3 35 driven by a 90 degree stepper wotor through a
two-stage 105:1 antibacklazh gear train. The waveplates

are mounted to a gear within the cylinder im such a way that
one revolution of the eylinder results in 1/16 revolution of
the waveplates with respect to tha Wollaston prisms. Two
8-bit pin centact endcoders provide a unique cutput for eachk
positicn of the polarizer. A burn-wire pin puller allows
torsion springs to rotate the polarizer up out of the light
paths.

The filter/grating wheel shown in Figure 4.3-6 accurately
places a set of optical elements (grating, prism or mirror
and attendant filter) in the two light paths. A 90 degree
stepper motor drives the wheel through a two-stage 90:1 gear
train. Accurate positioning is achieved with a spring Joaded
ball bezring cam detent. A LED/phototransistor array and
coded cvlinder provides the signal to stop the moter and a
unique output for each position of the wheel. The spring
load on the ball bearing cam follecwer is sufficient to over-—
come the stepper motor residual torgque and assure bottoming
in the detent for repeatable wheel positioning. -A redundant
stepper motor which normally free whesls operates the wheel
if the primarv motor fails.
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Detector

The. detector subsystem interfaces with the opticzl subsystem
to periorm the photoelectron transfer frenm the lighz input
to output pulses frem the charge amplifiers which are sensed
by the filter emplifiers of the Analog Signal FProcessor.

The major components and subassemblies of the detector sub-

-

system are shown on Figure 4.4-]1.

The detector subsystem consists of two detector assemblies.
These assemblies differ only in the photocathode type and
faceplate material used. In a2ll other respects, they are
identiccal., Each detector assembly consists of a digicon tube,
deflection coils, a permanent magnat focus assembly, magnatic
shielding, structural details for mounting. joining, and
aligning the individual components, temperature 5ensoTs, and
electrical conunecters.

The Teal imzege of the optical spectrum is focused cuto the
rhotocathode of the detector assembly. The photon £lux in

this image cause:, with a known probability, the emission of

a photoelectron flux with the samz spatial variation as the
photon flux. This photoelectron flux is accelerated in the
electric field to azn energy of about 22.5 kilovolts. A mag-
netic field parallel to the electric field reimages this
photoelectron flux onto a monolithic arvay of 512 silicon
photodiodes. These 512 dindes are arranged in 2 single row
and preserve the spatizl information present in the optical
image. The photoelectron energy is absorbed wher the particle
strikes the silicen diode. _This absorbed energy results in a
charge pulse of about &x107*° covleab or more depeuding ou the
electric field strength. Thesa charge pulses are ampiified by
the charge amplifiers. Since the optical image may appear at
more than one location on tha photocathode, magnatic deflaction
coils are available to shift the photoelectron flux in the

two directions orthogocmal to the optical axis. This permits
counting photoelectrons from a substantial area of the cathoda,
The major componencs of the detector assembly are:

Digicon - The digicon is the basic photodetector. It includes
a vacuunm envelope, an optical faceplate on which the photo-
cathode is deposited. a diode array, a header on which the
diode array is mounted ond whicb provides 520 electrical
feedthroughs, a high voltage cable, a set of accelerator
rings, encapsulation for high voltage insulation, and a tube
housing. !

2 hm
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The digicon tube body is a brazed assembly of 96% alumina
rings and copper accelerator rings. The tube header is

‘attached to the tube body by a copper cold weld of the header

and bedy copper flanges. The window is sealed to the tube
body after cathode generation by means of het indiua-bismuth
seal.

A resistive potential divider is connected to the acceleratoer
rings. The individual resistors are distributed around the
tube circumference to avoid concentrzting the dissipated heat
on one side of the tube. A maximum of 0.4 watts is dissipated
at the normal cperating level of 22,500 volts. A lead will be
brought out from the voltage divider near the anode. This

lead serves as a voltage readout monitor during ground testings.
The transfer characteristic is about 2.5 volts out for 25,000
volts in., The tube and resistive divider is EHCEPSUlatEd to
prevent high voltage breakdoun.

Beryllium oyide parts are deeply embeded into the encapsulant
in order to conduct heat from the divider axially to the heat
sink which is attasched to a heat pipe. On the cuter surface
of the tube housing is an electrostatic shield.

There arec two tvpes of digicons used in the FOS which differ
only in their faceplate and photocathode materials. The
photocathodes are KCsSb (bialkali) on UV grade magnesium
fluoride and Na, KSb(Cs) (trialkali) on fused silica (Suprasil
I). The minimufi quantum efficiency as a function of wavelength
for these cathodes is shown on Figure 4.4-2. Fhotocathode
uniformity is expected to be as good as + 5%. The expected
thernionic emission for these cathodss is shown in Figure 4.4-3
as a fuonction of temperature. The emwission is expressed in
terms of counts/sec/dicde. The maximum allowable dark count rate
per diode is also showm.

The tube header consists of a multilayer ceramic and dielectric
substrate with wirebond pads on two levels. Matallization for
wirebond pads and conductive traces is electroless gold plated
over thick film tungsten. A copper flange is brazed onto the
outer circumference of the top ceramic layer for attachment to
the tuba. There are 512 wire bond pads arranged in two rows,
128 per row, on each side of the diode array die attacn pad.
Fach wire bond pad is four mils wide, located on eight mil
centers. There are 520 silver solder pads brazed to the bottom
ceramic layer. In addition to 512 signal feedthrough, there
are four common ccnn2ctions and four ground connections.
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The diode array is a monolithic siliceon device approxinatel

1.2 inches leng. The width is chosen to keep wire lengths

about 0.100 or less. The device has 512 dioda elements in a single
row. Each element is 40 by 200 microns and has a 50 microan center-
to-center spacing with adjacant elements. The silicon from whnich
the device is made has a bulk resistivity cf about 10 ohm-cm

and is nerzmally biased to produce a depletion width of about

five microns. The device is to be bonded onto the header using

a gold-silicon eutectic. One mil aluminum wirebonds are in-
stzlled using 2 thermosonic bonder. One hundrad percent pre-
stress screening will be emploved to weed out weak bonds.

A digicon schematic is shown in Figure 4, 4-4,

Defiection Coils ~ Around the digicon is mounted a pair of

orthogonal deflection coils. The rotational orientation
of these coils is such that the resulting photoelectron de-
flections are either in the dispersion direction or ortho-
gonal to it. These coils are completely encapsulated.

Permanert Maenat Focus Assembly - The major structur2 of the
detector subsystem is part of the PMFA. This assembly in-
cludes the permanent magent rings (2), the reluctor rings,
the flux return cannister, the megnetic shield, and the trim
focus coil. '

Charse Amplifier Assembly - Figure 4.4-1 also shows tha charge
amplifier circuit boards physically mounted -in their operating
location although these components are considered to be part
of the electrical cubsysten.

The detector subsystem also containg temperature Sensors and
provides for conductive cooling of the charge amplifier as-
sembly and the photocathode.

‘Electronics

The electronics subsystem consists of two (2) Analog Signal
Processors (ASP), two (2) Central Electronics Assemblies
(CEX), two (2) Central Power Supplies (CPS), two (2) High
Voitage Power Supplies (HVPS), cne (1) Czlibratiom Lawp Power
Supply (CLPS), tvo (2) Remote Interface Units (RIU), one (1)
Expander Unit (LEU) and the Cahle Harness Assembly. The physi-
¢al location of these components is shown in Figure 3~1.
Figure 4.5~1 is a block diagram cf the system.

~31-
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‘Anzloz Sianal Pfocnrélnv - olgnals from the detectﬂr

are processad into usable forms and transmitted to the

CEA. The signal processing is performed by five types

of circuits: 1) charge sensitive preamplifier, 2) filcer
amp;llle , 3) comparator, 4) rate limiter/buiffer azccumulator,

and 5} serizl to parallel comverter, The charge seasitive
veamplifier circuits are located in the detector adjacent

to the digicon hezder, and the other four (4) types are
located in the ASP. - '

Charge Sensitive Preawplifier - The Charge Sensitive
Preamplifier circults are located adjacent to the digicen

header and provide the electronic intzrface to the digicon
tube. The anode of each diode in the digicon is connected
to the input of a charge amplifier. Each amplifier converts
the equivalent of 5250 electroms (8x 10~16 C°U1°“bai to an
output pulse with a peak of 4.5 mv.

Filter Amplifier - The Filter Amplifier takes the output
of the cnarge amplifier and amplifies and shapes it to an
approximate gaussian-st aped pulse cf about 250 rv, amplitude.

Comparator = The Comparator circuit convarts the anzalog signals,
frox the filter amplifier, into digitzl signals tc be used

by the Rate Limiter/Buifer Accumulator. The conversion is
accozplished by feeding the analog signal into a comparator.

The comparator threshold is obtained frem a Digital to Ana-

log Converter which is controlled from the Centrzl Electronics
Assembly. The programmable threshold is used to match the
channels during instrument calibration.

Rate Limiter/Buffer Accumulator - The Rate Liniter is used to
introduce a known dead time of 9.77 + 1.0 nmicroseconds into
the ASP. The accuwmulator/buffer is designed for two modes

of operation - count and time resolved. In the count meode,
the output pulses from thL rate limiter are counted for a
selected period of time “In the time resolved mode, the
elzpsed time from the start of the sazmple period to the first
pulse is measured in the accumulator. At the end of a sample
period, the contents of the accunulators are transferred into .
the buffers and are then read sequentially by the Central
Electronics Assembly., The mode and sample period are coantrolled
from the Central Electronics Assembly.
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Serial to Parallel Convarter - The output of the so-
lected zccumulater chamnel is routed to the input of

the sarial tec Parallel Converter whera it is shifted
serially inro a 16-bit shift register. The cutput of
the shift register is availeble to be read by the micro-
Processor. ’

Central Electronics Assemblv - The Central Elsctronics
Assermbly (CEA) provides the Primary interface between

the FCS and the ST Control and Data Handling svstem of

the ST. Cocmands are received by way of the RIU. Science
data is trznsmitted from the CEA o the Science Data
‘Formatter, and Engineering datz is tramsmitted to the RIU.

The CEA consists of a microprocessor, memory, 24-bit out-
put port Digital to Analog Converter (DAC) interface,
mechanism and flat fiald calibration lamp control,
accuaulator control, and the SI C&dH Interfaces.

s a lé6-bit

ted with Inte-
processor has a
16-bit word length with the capability of directly ad-
dressing 32 K words. The nicroprocessor clock is 3 Mhz,
but can be reduced to 1.5 Mhz if the microprocessor chip
degrades with life or radiation.

Microvnrocessar - The nicroprocessor used i
oonolichic central processing unit fabric
grat2d Injection Logic (I2L). The miceo

Memory - The CEA includes 12 K words of Prograwmable Pead—
Caly-temory (PRCM) which contains the instrument firnware

ard fixed operating parameters. There is also 16 K words

of Read/Write Memoray (RAM) which is used for storing science
and engineering dara, variable operating paramerers and
scratch pad memory. The RAM is assigined addresss space lo-
cations in blocks of 2 K words. A4n additicnal block of

012 addresses is assigned to the virtual RAY (VRAM) which

is a 16-bit register which may be loaded and read by the
microprocessor. This allows the executien of up to 3512
identical instructions without the uge of memory.

24-Bit Qutput Port - This is an output port used for wicro-
processor communication with the DACs and for control of.
the flat-field calibration lamp and mechanism drivers. This
port consists of ten address bits, 12 data bits and two con-
trol bits,
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‘DAC Imterface — The DAC interface provides 2 method

of lecading and reading the DAC control registers.

The registers are loaded through the 24-bit port,

and are read serizlly. The DAC3 include 512 Discrinmi-
nator DACs — 8-bits each; . .the Focus Trim Coil DaC - 8-
bits: ¥ & Y Daflection DACs - 12-bits each; Discrimina-
tor Reference DAC —~ B-bits; and High Voltage Ceonirel DAC -
10-bits, :

Mechanism and Flat Field Calibration Lamp Control — The

FOS mechanisms are controlled by the micraoprocessor through
" an 8-bit mechanism register. This register is loaded from
the 24-bit port. Three of the bits are used to select

the mechanism to be enabled, while 4-bits are the four
phase signale to the motors. The eighth bit is not used.
Position feedback from the mechanisms is read serially

by the microprocessor.

The flatr field calibraticn lamp is turmed on and off by the
microprocessor through the 24-bit port.

Aceundlztor Control — The accumulators in the ASP 2re control-
led from the microprocessor throught the 24-bit perr. The
control signals clear, enable znd inhibit thz counter, se-

lect the operating mode and transfer data to the outpun buffers.
In addiion, thers is an Fnable/Inhibit signal for =ach chan-
nel which is loaded threugh the 24-bit port to force the

output of any malfunctioning channels to zero.

SI C&DH Interfaces - The CEA provides the interfaces to the
SI C&DE for receiving serial commands, trznsmitting science
data aud transmitting serizl engineering data. The cozmand
and engineering data interfaces are to the Remote Interfacsa
Units (RIY) of the SI CSDH system while the scienca data

is traznsmitted to the Science Data Formatter (SDF). The RIUs
are located in the F0S as shown in Figure 3-1 and the SDF

igs external te the F0S. The characteristics of these inter-
faces are in accordance with the SI teo 81 C&DH ICD, IMB No.

793622%.

Central Power Supply - The CPS contains the power distribution
end control circuits for the FOS and the power conditioning
circuits for the ASP and the CEA. In addition, the CPS
containz the control and monitoring circuits for the pin
pullers, motor drivers, deflection and focus coils and

thermal controllers.

-36-
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ioning for ASF and CEA - There are two power
supplias in the (PS5, each electricallv isolated frem
input powzr andé from each other. The logic suoply fur-~
nishes the necsssary power for all the logic elexents in
the CEA and the ASP. The quiet supply furmishes powar to
all the sensitive analog circuits in the ASP and also to
the deflection and focus coil driver circuits.

Power Distribution and Control = Figure 4.5-2 shows the FOS

power distriubtion, The switching is performed by =magneti-

cally latching relays controlled frcz the RIU using discrete
copmands.

Pin Puller - Each CPS contains circuits which perform the
pin puller functions. Two discrete commands are required

to fire any pin puller. The ARM command enables power to

the actual pin puller electronics through a latching raliay.

A FIRE command then causes a current pulse of sufficient
magnitude and duration te f£low through the selected pim
puller, Tha latching relay is nermally iz the SAYYE positieon

-which prohibits the TIRE -cormand from activating the cur-

rent pulse.

Motor Drivers - The four mechanisms are operated by DG
stepper motors contzining four motor coils each. The
control fer the motors originates in the CTA and is trans-
fered to the CPS as Q0S5 level signals. Each metor re-
celves an individual enable command, 2nd the four pnase
control signals are common to all motors. The control
signals are optically 1solated from the power switching
circuits in the CP3,

‘Deflection ard Focus Coil Drivers — There are threas coil

driver circuits in each CP5:for driving the X and Y de-

"flection coils and the trim-Fécus coil. Each driver cir-

cuit is a prograzmable current source controlled fron the
CEA,

Thermal Coutrollers — Circuits are provided in the CPS to
control the heaters in the optics compartment and oan the

bulkhezd. The=e circuits wonitor the temperature at the

heater lecaticns and turn the corresponding heater om or

off by way of solid state switching compoments. The turn
on and turn off times are controlied to prevent electro-

magnetic interference.
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‘Hizh Voltusa

owar Sunnly - The High Voltage Power Supply
o

(LV25) converts powar from the input power bus to a
regulated, filtered voltage output for the Detector Sub-
svstem. The HYPS output is controlled from the CEA by way
of a 10-bit digital comxend. The output veoltoge is progrem-

mable froz Q to -25,100 velos in 24.4 volt incremonts.
The HVPS provides engineering data monit oring of its output
voltage, output current and temperature.

Czlibration Tamp Power Sunonly - The Calibraticn Lamp Powenr
Supply (CLPS} conVQVts power from the FOS common bus to a
current-stsbilized DC output suitable for starting and
operating the calibration lamp. The CLSP is capable of
greater than 400 volts DC for starting the lamp and then
regulates the current at 10 ma + 20%. The CLPS provides
nzineering data monitoring of its output voltage, output
current and tewperature.

Remote Medules - The FOS command and engineering data inter-
faces ars suppiied by two Remote Modules (RM). Each ‘

TM cnnsists of one RIU and half of the EU. Th2 characteris-—
s of the RM are described in the SI to SI C&DH ICD IBM Mo.
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Thermal

The thermal control subsystem uses a passive design augmented
with heat pipes and electric heaters to maintain the instru-
ment ccomponents within the required temperature limits, The
design is cold-bizsaed to permit temperature control within the
desired tange by a combination of radiators and electric
heatars. The concept is illustrated in Figures 4.6-1 and
4.6-2,

oy

The FOS instrimenc
compartments which
feasible.

as besn divided into optics and electronics
re thermally isolzted to the moximum extent

T

Optics Compartment - The optics compartmant contains the op-

tical bench, the optical elements, the two detector assemblics
with the charge acmplifiers, the optics mechanisms, and the
calibration sources with their power supply.

The interior of the compartment is insulated with multilaver
insulaticn blankets. The btlankets are formed by ten layers of
perforated double zliminized myler, 1/4-mil thiek, alternated
with dacron net spacers. A polyester screen clet h is used &s

a2 filter to prevsunt any particle trapped within the insulation
from escaping during ascent venting. Aluminized kapton shest,
2-mil thick, forms the insulation covers. For stray light con-
trol, the insulation side facing the interior of the compariment
is painted black. .
The compartment optical bench and components are naintained at
16°C + 46C with 2 redundant electric heater system. Filn
heaters are attached to six aluminum panels located at the in-
board sides of the FOS facing the optical banch structure,
threes panels per side. Each panel is approxinately 24 by 9
inches, and is temperature controlled by a sensor located on
the panel. The heater power requirements are spprozimately’

38 watts for the cold operating conditions.

The decrectors' photocathodes are maintained at low temperature
(£ -8°C) to satisiy the detector dark count requirements.
This is accomplished with heat pipes that transfer thermal
energy from the detector assemblies to radiators located on
the FOS sides facing the S5 walls.
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FIGURE &.6-1.
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A schematic of the desigﬁ confizuration is presented in
Figure &.6-2. The two detectors are coupled with four
heat pip2s to two separate radiators: the photocatheode
end of the detectors to ome radiator and the charge ampli-
fier end to the other. This arranﬂe:Lﬁr, with a separate
path for the charge amplifier heat dissinatiom (approxlmately
eight watts), minimizes the impact of the digicen/charge
amplifier configuration constraints upon thea photocathcde
temperatures. The charge amplifiers, housed within the
detector magnetic shields, are mounted as close as feasible
to the diode array side of the digicons and are thermally
coupled through 520 electric wires to tha diode array.

At the photocathode end of the digicon, eight beryllium oxide
rods and a beryllium oxide cylinder connect the digicon
ceramic body to a flange external to the pole piece. A ring-
shaped saddle, to which the evzporator zcne of the heat pipe
is permarently attachad, is bolted to the flange and forms a
nonpermanent joint betwsen the heat pipe and the detector.

At the charge amplifier side, the coupling to the heat pipe
evaporator zone is through two rectangulzar szddles attached
to the hvbrids board supports extended through the detector
aft cover. This joint, as in the case of the photocathode
end, is alsg of nonpermaneﬂt tvpe. .

The heat pipes are made of internally-grooved. aluainuz tubing
5/16 inches in diameter, with ammonia as the working £luid.
They extend from the detectors (evaperator side of the heat
pipe) to the radiators (condensar side) with lengths in the
40-70 inch range. Bends along the pipe length permit the
contraction of the pipes without applying undesirable loads
to the detectors. The bends along the pipe length are all
contained in one plan to permit the verification of the
zero-g heat pipe performance.

For ground testing, boiler reflux operation of the heat pipes
is obtained within the FOS +Pl axis inclined 9.75 degrees
from the veritical, in the P1 - P2 plane.

The radiztors, one 2.6 ft2 for the charge amplifier and the
other 4 ftZ for the photocathode temperature comntrol, are
located on the FOS P3 side facing the +V2 58 wall. The
radiators are thermally isclated from the FOS structure with
multilayer insulation and standoffs. The thermal standoffs
also provide the electrical isolation of the radiators from
the FOS wain structure required to satisfy the single point
ground requirenent. :
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The temperature of the detector assembly coumponents,. (digi~
con, parmaonent magnets, deficetion coils, and charge amplii-

fier) durinz the FOS cperating modes are within the specified
range; therefore, no heater power is required for these modes,

For monitoring of the thermel performance of the compartment
components, sensors are located at the main mechanical inter-
faces with the OTA, at the optical bench zttach links, and on
gome critical optics components. In addition, Sensors will
monitor the temperaturz near the photocathede, diode array,
coil asserblies, and charge amplifiers.

Electronics Compartment — The elactrenics compartment contains
all the support electronics reguirad for the operation of the
FOS including the SI C&DH Remore Interface Units.

The electronic boxes are attached to an aluminum structural
shelf and radiate the internally generated heat through the
covers t& the compartmant radiators. The ccempartment dissipa-
tion is approximately 100 watts. XNo additicnal heater power is
required white the electronics is operated during hot cr ccld
operating modes.

" Ground Suoport and Test Equipment

The Ground Suppor:t Equipment (GSE) for the FOS consists of the
Interim Eleectrical GSE (IGSE) and mechanical G3E.

1GSE - Tue FOS IGSE. is capable of exercising the FOS via the
cormand interfaces and verifying the correct instrument per-—
formance via the science data interface and the engineering
data interface. Figure 4.7-1 shows a block diagram of the.
IGSE. The heart of the IGSE is the Texas Instruments F5890
Microprocessor Development system which is mounted in a desk
type console along with the floppy disk, CRT, keyboard and

printer.

The IGSE hardware simulates the command, Engineering Data.
and Seience Data interfaces of the SI C&DH as defined in the
ST to ST C&DH IBM No. 7936229. The Programmable Power Supply
is programmable from the FS990 and can be programmed from 0
to 32 volts dc. :
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The IGSE Software will provide two capabilitiss for the check-

out of FOS equipment. The first capsbility will concsntrate

on the checkout of individual electronics boxes. This will

give the 2bility to test all modes of operation or logic paths o
the device inherently contains. The second capability will

provide the means to drive FOS at the assembly and systams

levels. This will zlleow simulation of modes of operation”

similar to those which will be encouatered in actual use.

Mechanical GSE - The mechnical GSE shown in Figure 4.7-2

for FOS consists of a pallet with casters to function as a
dolly, a shipping container, a spreader bar with slings and

a lifting adspter that mounts to the GSE interface pads on
the FCS enclosure. For delivery, the FOS will be purged with
dry nitrogen and bagged. '
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5.0

5.1

5.2

5.3

"varying luwinosity is also available.

FO5-5E~01

STYSTEMS CGPERATICN

General Reouirements angd Constraints

A

According to ths present baseline, the FOS will be opcerated In
two basic modes: hold mode and data-tazking wode. The latter

a—~oig Da2.
node consists of five basic configurations for obtaining
scientific information. An extensive scries of observaticns
is necessary at the beginning of ST operations to exercise
all modes of instrument hardware and seftware operations. A
set of commands are necessary to configure the FOS for each
scientific observation, standard star observatiom, or cali-
bration. These include selection of the one of two detectors
to be used, powering up the detector if needed, selecting
the grating/prism/filter set, polarizer, and aperture desired,
etc. These functicns should normally be executed during
slews to new targets to save observing time. Many targets will,
however, require observation in meny differant FOS configura-
tions mecessitating changes while locked on target.

H
-

Hold Mede

- .

1]

12 present baseline configuration calls for a Hold mode to
maintain the optical bench at 16°C when the instrument is not
in use. This requires up to 56 watts of power to supply the
heaters. Two orbits prior to a scheduled observation, all

+ o

. power supplies of the selected side (red or blue) will be

turnad on consuming 115 warts in the warm cenfiguration or
135 watts in the cold case when heater power is also n=aeded.
This two orbit transition period allows the instrument to reacl
an operational level.

Data-Taking Mode

The first step required for data-tazking is acquisition of the
target using the direct imaging optics. Reconfiguration of
the pechanisms follows to permit a high resolution, low reso-
luetion, or spectropolarimetry condition in the optics. Cali-
brations, which also require some *econfiguration, may be
performed prior to and/or following an observation. A special
data-taking mode to permit observation of targets of rapidly
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5.3.1 Acouisition Mode

The T0S acquisition wmodé is used to obtain and ceater the
in the aperture, A large eatrance apovturc, a é.3

, 1s dedicated to acguisition. The acquisi
e iz used in conjunction wirh the direot 1“=g1
mirrer on the grating wheel. Direct imaging of the
concentrates tha light allowing a qulcknr respon
than with a spectrally dispersed image.’

Many TOS acquisitions will rely on '"peaking up' on either

the target star or a nearby reference star pricr to z bliind
offset. This involvesz a series of digicon daflections and
small telesccpe Tepointings to locate the region of maxinum
signal on the sensor. The length of observation required for
this peak-up activity depends upon the brightness of the tar-~.
get star, the spectral shape of the target star, and which of
the two senzors is employed.

.3.2 " Calibration Mode

w

An internzl FOS calibration mode is available for periodic
standardized calibraztion of the optical-detector system.
There will be two wavelength calibration lamps and two
flatfield souxces. Many different FOS configurations (gra-
ting positicn, etc.) may need to be calibrated during che
course of observation of one target.

In addition to the use of the internal calibration sources,
spectrophotometrice standard stars will be obsarved per4041—
cally to provide an end-to-2nd calibration of ST/:OS sensi-
tivity. Only extended operaticnal experience will determine
how often these observatiens are necessary. The maximum pro-—
jected freguency of standard .star observation is once par
target; the minimum is once per:day, but could conceivably

be even lower frequency if the ‘FOS exhibits excellent stability.

5.3.3 Low Resclution Mode )

The low resolution mode is designed to have a resolving power

of R=1C0 + 50 for wavelengths A= .11 um to .22 um and X = .4 um
to .8 um using two individual low resolution gratings. An

order blocking filter is used in conjunction with the longer
wavelength grating. The filter and gratings are part of the
grating wheel and may be rotated into position for data-taking
with either the blue or red digicon. A sapphire, thin prism
covering the wavelength range from A= .16 um to A = .8 um is
available for ' qu;ch~look” observations at low resoluticen.
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5.3.4

5.3.5

5.3.6.

5.4

a FO5-8£-01

High Resclution Mode

The hiszli resolution mede (R=1000 +.500, -0) rangzes from
AN = .11 uuto ™ = .8 um., A total of sixz gratings
with overlappning ranges are used to achieve this wavelength
spread. Blocking Filtvers are provided for thie four higher
waveie 3 cratings. The high resolution filters and

s#lso located on the grating wheel and may be
the light path of elghuh the red cor blue digicons.

Spectrorelarinetry

‘The FOS has the capability to analyze the incomingz light to

permit spectropelerimetric observations. The polarizer,
located downstream from the entrance apertura, has the capa-
bility to move into the light path to polarize light or resmain
out of the light path for normal observaiion. The polarizex
allows measurement of any argle of polarizaticn. Sgectro-
polarimetry is possible in both the low resolution and high
rescluticn modes

Hizh Time Resolution

For observing rapidly-variable objects of unknown or variable
pericd, a high rate integration mede is available in the
software to send all data to the Science Data Formatier

as quickly as possible. Approximately 5% of all FOS data will
be taken at this maximum rate of Libs.

Data Daseripticn

Electron charges received in each cbannel at the digicon pass
through the charge amplifier, filter emplifier, comparztor and
the buffer/accumulator. Functions such as noise rajection, co-
addition of the 512 accuaulations, substep control and tima-
resolved spectrophotometry are-all controllasd in the FOS
hardware. All 512 channels combine in the serial to paratlel
converter., The 16-bit data word enters the microprocessor and
menory in the Central Electronics of the FOS at a maximum rate
of 1.024 Mbps. The actual integration of scientific data is
controllaed by the microprocessor ulhhout the need of C&TCH inter-~
ventinn,

A low rate, non~time resolved integration mode of FOS data- tanlng

will be employed most of the time. A typical one minute in-
tegration period in the FOCS microproc2ssor before transierring
the data to the Science Data Formatrer (SDF) results in a data
rate of approwimatoely 730 bits per second. At chis rate, only
200 feet of magznetic tapz per hour of FOS cparation are nceded
fer ground storage.
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-~

FOS PERFOPMANCE PARAMETERS

A. Detectors

The instrumant shall contain two independently cperabie 5
512-channel digicon detectors with associated alectronics.,

B. Image Format S

Fach detector diode array shall be a linear arvay of 512

elements on 50 wm nominal centers. Each array element shall have
a geomatric haight of 200 j_]OJum and a geometric widtn of

40 i_Zjum. '

C. Image Scale

The spectrograph optics shall reimage the entranca ‘
aperture focal plane such that the image scale at either
detector is 140 + 10 gm/arcsecond when illuninated by

the OTA or its optical equivalent.

D. Fields of View

There shall Be 12 apertures with dimensions correspending

to fields of view from 0.1 arcsec to 4.3 arsec in scale.

The size, configuration and relative locations of the apertures
is defined in Table 1. Apertures not selected for a civen
observation shall not allow stray light contamination. Cn2
aperture position shail be opaque. A failsate pesition shall
be provided with 0.5 52t and 4.3 S8t square apariures.

E. Spectral Resolving Power

When observing a point source, the instrumental profile

full spectral width at one-half peak response, divided

into the source wavelength at the center of each .
spectral suhrange, shall be 103 +_500, -0 for the high

resolution modes, and shall be 102 + 50 for the low

resolution modes.

F. Instrument Profile

When observing a point source, the instrument profile
(defined as tha detector respconse to a monochromatic
source from within a solid angular distribution
31mu!ating the QTA focal ratio, central obscuration, and
aastigmatism) for every resolution mode and spectral
range, wiiep nevmalized to peak response = 1.0 shall
lieon or below the curve depicted in Figure A-1 and A-Z
for every cetaector dioce, -
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SHAPE

Round
Round

Round

Rectangu-
lar

Squara

PURPGSE

Science-
Folarizztion

Science-
Polarizztion

Science-
Polarization

Background

Acquisiticn

Science-Beam
Switching

Science-oeam
Switching

Science-3eam
Switching

Science-Beam
Switching

Science-
Nebular

Science-lide
Occul ter
(0.3 arcsec bar)

Science-

fb | APE—RTURES AHD RELATIVE POSITIONS '
STZE(WxL)*
GROYP. HO. (ARC SEC) NUMBER
B 1 0.5 .'Sing1a
: ’ 0.3 §jnglé “
3 1.0 Sing]é
4 Blank --
A 1 4.3 Single
2 0.5 Paired
. 3 _0 25 Paired
4 0.10 Paired
c 1 1.0 Paired
2 0.25x2.0 éiqg1e
3 2.0 ;;Siﬁgle
4 0.7x2.0 Single

Rectangu-
lar

Narrow Occulter
(0.3 arsec bar)

e o i —— o — At . . P e e AR NN = e sy S N e ek e T e e =S A ML SR W e e e e S e S

*(width) in-dispersion
. L(length) cross-dispersion
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G. Spectra] Ranges

The FOS optical gecmetry shall permit observations with
a spactral resolving power of 103 as def1neﬁ ahove over
a wavelength rance from 114 to 900 nm. The optical
gecrmetry shali permit observatsona w1th a spectiral
resolving power of 10— as defined above over the range
from 174 to 800 nm. The optical geometry shall permit
spectropolarimetric cbservations over a wavelength range
from 120 to 320 nm, and a non-dispersive train for
direct imaging frem 114 to 900 nm.-

H. Efficiency

For both the resolution = 103 and 102 modes as. described
abova, FOS efficiency shall exceed 1.0 percent over the
entira range from 120 nm to Ha (£55.3 nm), shall exceed
2.0 percent from 120 to 200 nm, shall exceed 7.0 percent
from 203 to 400 nm, and shall have a peak efficiency
exceeding 10.0 percent. ‘ '

1. Instrunent Noise

The FOS bnc“grOJnd noise frOﬂ all sources during
inflight opergt1ng conditions outside tqe SAA shall not
exceed 2 %1072 counts/sec/dicde at -10°% pnhetocathode
temperature,

J. In-Flight Calibration

The FOS shall have on-board spectral calibration sources
to allow determination of any astronomical source
apparent wavelength to a relative accuracy of 20 percent

the spactral resolution at that wave1ength and it
sha]] have a flat-field source.

K. Exposure Intervals

The FOS shall be capable of exposure times of 50
microseconds minimum duration, shall be canable of
meeting performance requirements with minimum in-
tervals of one millisecond between exposires and
shall be capable of maximum continuous excosura rates
up to 100 E12-channel exposures/second.

01




L. Instrument Stability and Repeatability

The FC5 y‘=f‘ion’.e't'm'c-response (total counts per photon for

& monchromatic input to the instrument) derived from repeated
measuremenis shall pe constent within the 7ellowing limits for
99 percent of the operating dicdes.

a) The respcnse shall be stable 4o within 1.0 percent over
peridds up to 4 hours with thez cpto-m2chanical configura-
tion held constant.

b) The response shall repeat within 3.0 percent for opto-
lechanical reconfigurations (returning to starting.
configurations) during a 4 hecur observing pariod.

c) After achieving thermal equilibrium, response shall repeat
within 5.0 percent for measurements made up to 24 hours
apart (with the opto-mechanical configuration returnad
to that of the first measuremant, with the instrument
recalibrated with the internal wavelength calibration
system and with the target recentered with the ST).

M. Pulse Saturation Error Correction

For input count rates randomly distributad in time up o 105
counts/sec/dicde. the measurad rate shall -he correctabue to

the true input rate to an accuracy betiar than 4.0 perzent,

For input rates (aiso random in t1we) betweasn 1 and 10 counts/
sec/diode, the measured rate shall ke correc:table to the irue
input rate to an accuracy better than 1.0 percent,

N. System Switching Time

The time required for the FOS to switch frem operation with one de-
tector to operation with the other detector shall not excesd 5
minutes.

0. Acqguisition

When provided with an input image of a peint light source with
position stability better than 0.01 arsec, the FOS shali be able
to locate its centroid to within 10.03 arsec for use in target
acquisition. .

P. The photocathode ownrat1ng remnerature shall be
maintained between 320C and -8°C fer the coid and
hot interface sink temnerature extremes defined in
ICD-02, Axial SI to OTA/SSH.
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0. Polarimater Gptics

be equipnad with a colarizer m

1iohi irracdiance on the d
2 of nolarization o
he modulation of the

1
ate
a wav reiatad to th
1iaht. In particular
shall exceed saventy oercent (70%) for 100% linsarly polarized
input light o anv DOS tion angla for wavelengins frem

0.1216 to 1.300 um. Tre polarizer module chall have a
trapsmission of unnoiarized 1ight exceading 0.1 at

0.1216 gm when both outout beams are summed. The polarizer
module shall have a setting so that both FCS beams are

clear simultaneously. In the event of fajlure of the
polarimetar, it shall be nossible to remove it from the

1iaht paths permanently.

(V) I
ct
ctr B
Lo
D

i

=

.i
'

R. Derived Limiting Magnitude (Informational Purpose
Onlv - Mot an Additicnal Requirement.)

From the FOS efficiency and noise performance stated in
3.2.1.H and_3.2,1.1, and assuming an OTA coliecting area
of 2.5 x 102 cmé with 63% OTA throughout, the FOS will
achieve S/N>7 per diode at 407 nm in theX /AN = 1000
mode Tor & 3 hours intsgration of an unreddened AQY
stellar flux distribution of magnitude V = 23.
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