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Abstract. A suite of three optical instruments has been developed to observe Comet 9P/Tempel 1,
the impact of a dedicated impactor spacecraft, and the resulting crater formation for the Deep Impact
mission. The high-resolution instrument (HRI) consists of an /35 telescope with 10.5 m focal length,
and a combined filtered CCD camera and IR spectrometer. The medium-resolution instrument (MRI)
consists of an f/17.5 telescope with a 2.1 m focal length feeding a filtered CCD camera. The HRI and
MRI are mounted on an instrument platform on the flyby spacecraft, along with the spacecraft star
trackers and inertial reference unit. The third instrument is a simple unfiltered CCD camera with the
same telescope as MRI, mounted within the impactor spacecraft. All three instruments use a Fairchild
split-frame-transfer CCD with 1,024 x 1,024 active pixels. The IR spectrometer is a two-prism (CaF»
and ZnSe) imaging spectrometer imaged on a Rockwell HAWAII-1R HgCdTe MWIR array. The CCDs
and IR FPA are read out and digitized to 14 bits by a set of dedicated instrument electronics, one
set per instrument. Each electronics box is controlled by a radiation-hard TSC695F microprocessor.
Software running on the microprocessor executes imaging commands from a sequence engine on the
spacecraft. Commands and telemetry are transmitted via a MIL-STD-1553 interface, while image data
are transmitted to the spacecraft via a low-voltage differential signaling (LVDS) interface standard.
The instruments are used as the science instruments and are used for the optical navigation of both
spacecraft. This paper presents an overview of the instrument suite designs, functionality, calibration
and operational considerations.
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Abbreviations: A/D — analog to digital converter; CCD — charge coupled device; DAC — digital
to analog converter; DN — digital number (or data number); EEPROM - electrically erasable pro-
grammable read-only memory; FPA — focal plane array; FPGA — field programmable gate array;
FWHM - full width at half maximum; HRI — high-resolution instrument; IC — instrument controller;
ICB —instrument and impactor crosslink board; IP —instrument platform; IR — infrared; IRS — (Spitzer)
infrared spectrograph; ITC — instrument time code; ITOC — Instrument Test and Operations Console;
ITS — impactor targeting sensor; LVDS — low-voltage differential signaling; LVPS — low voltage
power supply; MIPS — multiband imaging photometer for Spitzer; MRI — medium-resolution instru-
ment; MSSRD — Mission, Science, and Systems Requirements Document; MTLM — mechanism and
telemetry board; MWIR — mid-wave infrared; NVM — non-volatile memory; PROM — programmable
read-only memory; PSF — point spread function; QE — quantum efficiency; S/C — spacecraft; SCU —
spacecraft control unit; SIM — spectral imaging module; SNR — signal to noise ratio;, SRAM - static
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random access memory; TPG — timing pattern generator; TVAC — thermal vacuum (test); VME —
Versa Module Europa (IEEE 1014-1987 standard); VTC — vehicle time code

1. Introduction

The NASA Deep Impact mission is designed to deliver an impactor spacecraft with
a mass of about 360kg to collide with comet Tempel 1 in early July 2005, at a
relative speed of approximately 10 km/s. The impactor and flyby spacecraft are
launched attached to one another and separate about 24 h before impact. The flyby
spacecraft diverts and slows down to fly by the nucleus at a range of 500 km, at
about 14 min after the impact. The goal of the impact is to create an impact crater
in the surface of the comet and to expose pristine material underneath the nuclear
crust to be observed by the flyby. Minimal knowledge of the physical properties
of the surfaces and interiors of cometary nuclei results in a large range of possible
ejecta plumes and crater depths and diameters. This mission is truly an experiment
and almost any observable outcome will significantly improve our knowledge of
the properties of cometary nuclei. The challenge in the design of the instruments is
to be able to get useful data for any outcome within the range of possibilities.

The Deep Impact scientific suite consists of three optical instruments: a high-
resolution instrument (HRI) and a medium-resolution instrument (MRI) on the
flyby spacecraft, and an impactor targeting sensor (ITS), mounted on the impactor.
The HRI incorporates a 30-cm aperture, 10.5-m focal length telescope feeding
both a filtered CCD camera covering the wavelength range from 0.32 (at 50%
transmission) to 1.05 pum (“visible light”) and a long-slit IR spectrometer with
spectral range from 1.05 to 4.8 um. The MRI incorporates a 12-cm aperture, 2.1-
m focal length telescope that feeds a filtered visible-light CCD camera. The ITS
telescope is identical to the MRI telescope, but feeds an unfiltered CCD camera.
Table I summarizes the physical attributes of the instruments.

Figure 1 shows the block diagram of the HRI, and Figure 2 shows the block
diagram of the MRI or ITS, which are identical, except for the inclusion or exclusion
of the filter wheel.

The detectors and mechanisms are controlled with a set of dedicated instrument
electronics —one for each instrument. These electronics are controlled by commands
via a MIL-STD-1553 interface. Health and status telemetry from the instruments
also are transmitted to the spacecraft via this interface. Image data are transmitted to
the spacecraft via a dedicated low-voltage differential signaling (LVDS) interface,
as shown in both Figures 1 and 2.

In this paper, we describe the mission objectives and how these translated into
requirements on the instruments. We then describe the design of the instruments
from optical and mechanical through electronics and software. We then describe
the instrument imaging modes and the data flow from the instruments to the Deep
Impact spacecraft. The integration and test of the instruments is described along
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TABLE 1

Instrument optical summary.

HRI MRI ITS
Telescopes
Diameter (cm) 30 12 12
Focal length (m) 10.5 2.1 2.1
f/# 35 17.5 17.5
Visible
Format 1,024 x 1,024 split frame transfer CCD
Pixel size (um) 21 21 21
IFOV (m-rad) 2.0 10.0 10.0
FOV (mrad) 2.0 10.0 10.0
FOV (°) 0.118 0.587 0.587
Scale per pixel (m) 1.4at700 km 7 at700 km 0.2 at 20 km
IR
Format 512 x 256 HgCdTe FPA?
Pixel size (um) 36
Spatial
IFOV (u-rad) 10.0
FOV (mrad) 2.5
FOV (°) 0.15
Spectral
IFOV (p-rad) 10.0
FOV (u-rad) (slit width) ~ 10.0
Spectral range 1.05-4.8 pm
Minimum A/dA 216

41,024 x 512 rebinned 2 x 2.

with the results of that testing. Finally, some operational considerations for the
instruments are presented.

2. Requirements and Mission Objectives

The general mission objectives are discussed by A’Hearn et al. elsewhere in this
issue. From the general mission objectives it was possible to derive a set of require-
ments for the capabilities of the instruments. However, the uncertainty about which
physics is relevant to the impact and thus about what will be observable, led to
necessary compromises in the requirements. The resulting requirements were thus
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Figure 2. MRI/ITS block diagram.

targeted at the baseline scenario (see article by A’Hearn et al., Schultz et al., and
Melosh et al., in this issue) but intended to ensure that the mission would still return
useful information in the event that the baseline assumptions are not correct. As
examples, crater formation could be considerably slower than assumed, by as much
as a factor of 3; the crater depth could vary from the baseline assumption by a factor
of 2; and the diameter of the crater could be as little as 2 m or as large as 200 m
according to various models. The requirements have been codified in the Mission,
Science, and Systems Requirements Document (MSSRD). Cost restrictions have
resulted in de-scopes from the originally proposed instruments. In this description,
we will use the current version of the MSSRD (Revision C, 2004), which incor-
porates all de-scopes to date. The requirements on the instruments derive directly
from Section 3.2 “Science Observational Requirements”, which is reproduced, in
part, later. The MSSRD document defines the albedo, phase function, phase angle
and range from the sun that are the baseline values accepted by the science team.
These values are implicit in the following requirements.
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The following observational requirements assume that pointing accuracy is suf-
ficient to avoid the need for (mosaic imaging maneuvers) and that pointing has
recovered from any previous dust impacts.

1. Optical images shall be obtained showing growth of the impact crater and the
ejecta cone, including, if possible, bright ejecta emanating from the impact.

2. IR spectra shall be obtained of the down-range ejecta near the crater.

3. At least 660 s (three times the baseline prediction for crater formation time)
shall be used to observe the crater growth, to allow for uncertainties in the
predicted phenomena.

4. The instruments shall perform visible and infrared observations of the comet,
as follows: (a) visible imaging shall cover the spectral range from 0.3 to 0.95
wm; (b) infrared spectroscopic imaging shall cover the spectral range from 1.05
to 4.8 pum.

5. The instruments shall observe comet brightness variations due to rotation prior
to its being spatially resolved, plus the natural comet shape and surface features
before and after impact, and after orbit plane crossing.

6. A sequence of pre-impact images from the impactor of the surface, including
a context image of the predicted crater location, shall be obtained with the
following image scales and fields of view:

Observation Image scale  Field of view (minimum)
Nucleus w/coma 30 m/pixel 15 x 15km

Full nucleus 10 m/pixel 2.5 x 2.5km
Impact target area 1.5 m/pixel 180 x 180m
Target point 0.6 m/pixel 30 x 30m

7. The ejecta cloud, including the inner coma up to two times the nucleus’ radius
above the surface, shall be observed, in the visible range, at a pixel scale of
25 m or less, with an SNR of >30.

8. The fully developed crater shall be observed in the visible range,

(a) at <3.4m total resolution (i.e. system point spread function (PSF), full
width half max) with an SNR of >70 and

(b) at <5.5 m total resolution with an SNR of >100, using no filter in either
case, all with a field of view of >360 m (three times the predicted crater
diameter).

9. The fully developed crater shall be observed in the visible range using geology
filters at <6 m total resolution with an SNR of >50, with a >360 m FOV.
10. The crater shall be observed spectrally (across the IR wavelength range) at a
spectral resolving power >200 and at spatial resolution of <25 m.
11. The entire comet shall be observed spectrally (across the IR wavelength range)
at a spectral resolving power >200 and at spatial resolution of <130 m.
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12. An IR spectrum of ejecta and outgassing in the area of the down-range limb
shall be obtained in the 1.05-4.8 um wavelength range after impact.

13. To provide area context, near-simultaneous visible observations shall be taken
with five times the field of view of the high-resolution instrument.

14. To facilitate analysis, a complete set of pre-impact context observations shall be
obtained as close to the time of impact as practical of the impact point (visible
and IR), the down-range limb area (IR only), and the inner coma (visible only).

15. The SNR for visible global imaging of the comet for the expected geometric
albedo (4%) and phase function (value = 0.0135) and a phase angle of <70°
shall be >250 for broadband nucleus observations and >100 when observing
the nucleus using geology filters.

16. The minimum SNR for IR observations of the comet nucleus (averaged over the
illuminated portion of the nucleus) in the 1.05-4.8 pum range for the expected
reflectivity (4%) and a phase angle of <70° shall be >50.

17. The visible and IR imaging shall have spatial, sensitivity, and spectral charac-
teristics that are capable of achieving the science goals at the assumed comet
albedo and the illumination angles planned for the mission.

18. The performance for visible imaging of the cometary coma, for expected bright-
ness (of 0.3 ergs/cm?/s/sr over a bandpass from 520 to 540 nm) and a phase angle
<70° shall (a) provide an SNR greater than or equal to 100 when observing
the coma using dust (or geology) filters and (b) ensure a digitized signal level
that is at least 2 DN (data numbers) higher than background when observing
comet pre-impact gas emissions with gas emission filters.

3. Instrument Design

Translating the scientific observation requirements into instrument designs was
accomplished by engineers at Ball Aerospace & Technologies Corporation, working
to the requirements as set forth in the MSSRD and as translated by the systems
engineers into more detailed “Level B Specifications”. The approach, as described
in the initial proposal and as it exists today (less de-scopes described later) was to
have one visible camera system, called the I'TS, on the impactor spacecraft and two
instruments on the flyby spacecraft. This array of instruments would provide the
scientific observations and also be used for autonavigation of the two spacecrafts.

Having two instruments on the flyby spacecraft provides some redundancy as
well as some capability for optimization of the two instruments for different types
of observations. The HRI incorporates both an infrared imaging spectrometer and
a visible imaging camera with a wheel of nine filters optimized for surface char-
acterization, while the MRI incorporates only a visible imaging camera, also with
nine filters, including some optimized for coma studies and some identical with
those in the HRI. Both instruments are mounted to an instrument platform, which
also holds two star trackers and the inertial reference unit, maintaining all of these
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in fixed alignment with respect to each other independent of distortion in the body
of the flyby spacecraft.

A planned, second infrared spectrometer on the MRI was eliminated in a de-
scope. Similarly, the planned ability to scan the infrared spectrometer slit over the
field of view of the HRI visible imager was eliminated in another de-scope; the
spectrometer slit currently has a fixed location in the HRI field of view, so scanning
the slit over the nucleus of the comet is accomplished by rotation of the entire
spacecraft.

3.1. OPTICAL AND MECHANICAL

The parameters of the mission (flyby velocity and distance, desired resolution and
fields of view, expected coma brightness, nucleus albedo and phase function, desired
time resolution for impact and crater formation, and so on) constrain the design of
the instruments. Within these constraints, we attempted to minimize design effort
and enhance manufacturability to keep costs acceptable. Therefore, the ITS and
MRI were designed to use identical telescopes, all visible sensors were designed to
use identical CCDs, both MRI and HRI were designed to use identical filter wheels
(but with different filters in the wheels), and all visible imagers were designed to
use identical light blockers.

3.1.1. Telescopes

Two Cassegrain telescopes were designed for use in the Deep Impact instruments.
The HRI telescope is a 30-cm aperture 10.5-m focal length optic resulting in a rela-
tively slow f/35 focal ratio. Both the MRI and I'TS have 12-cm apertures and 2.1-m
focal lengths resulting in faster f/17.5 telescopes. The apertures, focal lengths, and
resultant f-ratios for the telescopes were derived directly from the science require-
ments for resolutions, fields of view, and throughput of the visible imagers and
the infrared spectrometer. The f-ratios for the primary mirrors, separations of sec-
ondary mirrors from primary mirrors, and distances from the back of the primary
to focus were all determined from packaging and mounting constraints including
accommodation of filter wheels, light blockers and, in the case of the HRI, the
dichroic beamsplitter described later. In fact, a major driver for the HRI telescope
was that it must mount on the spacecraft but not violate the envelope of the launch
vehicle fairing.

The mirrors are made from Zerodur® glass ceramic, and the reflective surfaces
are coated with Al with a SiO, overcoat for surface protection.

Because the instruments are intended to operate at low temperatures, the tele-
scope optics were mounted on flexures within carbon composite structures having
slightly negative coefficients of expansion, so that the separations of primary and
secondary mirrors could be designed to remain essentially constant over large vari-
ations in structure temperature, eliminating the need for focus mechanisms. Tests of
these instruments over ranges of temperature from 460 °C, high above the expected
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Figure 3. HRI telescope.

operating temperatures, to temperatures as low as —170 °C, close to the expected
coldest operating temperature of the HRI telescope, showed that the telescopes
would maintain correct focus over the ranges of their respective expected operating
temperatures.

The telescopes were designed with several features to reduce stray light. In ad-
dition to including multiple internal baffles within the main telescope tube structure
(see Figure 3), there are conical baffles around the outside of the secondary mirror,
and within the central hole of the primary mirror. These two mirror baffles prevent
any light outside of the instrument field of view from directly reaching the CCD,
or the HRI IR spectrometer slit. The graphite structure that forms all of the internal
telescope tube baffles typically has a normal incidence reflectivity of 15%.

3.1.2. HRI Spectral Imaging Module

The spectral imaging module (SIM) of the HRI incorporates both the visible detector
with its associated filter wheel and light blocker and the infrared spectrometer, using
a custom-designed dichroic beamsplitter to reflect the visible light and transmit the
infrared. Figure 4 shows the layout of the SIM instrument.

The IR imaging spectrometer operates from 1.05 to 4.80 um with a spectral
resolving power (1 /AR) that varies from a minimum of 200 at middle wavelengths
to higher values at shorter and longer wavelengths. The spectrometer uses prisms for
dispersion and diamond-turned optics for collimating and imaging. Imaging along
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the slit is maintained for the full 0.145° slit-length field of view. The spacecraft will
rotate to scan a scene across the slit to obtain a spectral image cube.

A prism spectrometer was chosen over a more typical grating spectrometer for
two reasons. First, the large spectral range (over two octaves) would require order
sorting filters in a grating spectrometer, but not in a prism spectrometer. Eliminating
such filters reduced the number of optics required to be mounted. Second, the large
spectral range would results in a large range of spectral resolving power for a grating
spectrometer. In the extreme of an ideal linear grating spectrometer, meeting the
required resolving power of 200 at 1.05 um would result in a resolving power of
more than 25,000 at 4.8 pm, and require a detector with nearly 20,000 elements to
cover the entire spectrum. Choosing materials with two complementing indices of
refraction resulted in a relatively flat resolving power across the large wavelength
range, and thus kept the spectrum at a manageable size to fit on an existing detector.
The measured resolving power is shown in Figure 27, and discussed in Section 5.3.6.

After the infrared light passes through the beamsplitter and slit, a fold mirror
reflects the rays onto a spherical collimator mirror. The collimated beam is refracted
through a calcium fluoride (CaF,) prism and through a zinc selenide (ZnSe) prism,
reflected off another fold mirror, and then reflected by a spherical camera mirror that
images the spectrum. After the camera mirror another fold mirror, “Turn Mirror #3”
in the figure, reflects the light out of the plane of the figure and onto the IR detector.
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The reason for the out-of-plane reflection is to permit the use of a radiative cooler,
attached to the back of the IR detector, viewing radiatively cold open space. An
impressive part of the optical design is the incorporation of an aspherical surface on
the exit face of the ZnSe prism, which acts as a Schmidt corrector for the spherical
camera mirror providing, without the use of additional optical surfaces, the large
field of view required for accurate imaging of the entire length of the slit.

Other than the prisms, beamsplitter, and detector all components of the IR spec-
trometer are aluminum. The optical bench is made of honeycomb aluminum with
bonded aluminum face sheets. Mounting points in the optical bench for optics and
side walls are aluminum inserts. The sides and top cover are all machined alu-
minum. The reflective optics are diamond-turned aluminum, mated to aluminum
optics mounts. The prisms and beamsplitter are mounted within aluminum frames
via spring-loaded plastic pads that maintain tension at room temperature so that the
prisms survive the launch environment, and take up tension as the aluminum frames
contract. The mounting of the IR detector to its two-stage radiative cooler is de-
scribed in Section 3.2.3. Without the prisms, the all-aluminum optical design would
be largely a-thermal. The prisms have different thermal expansion characteristics,
and the index of refraction of the CaF, and ZnSe also change with temperature
(Tropf, 1995)

The requirements to observe both the comet nucleus and the coma (see Section 2,
numbers 11, 12, 13, and 15), resulted in a dynamic range that could not be accom-
modated by the single IR detector. The sub-solar point on the nucleus could be as
warm as 300 K (Lisse, personal communication, 2003), while CO emission lines
at 4.6 and 4.7 um could be as dim as 100 kilo-Rayleighs. This results in a ratio of
1:10,000 in brightness. The problem is due mostly to the warm nucleus producing
a high flux at the long-wavelength end of the spectrometer that will saturate the de-
tector in the minimum full-frame exposure (2.9 s). Therefore, a spectral attenuator
was added at the entrance slit that reduces the long wavelength flux over half the
slit length. The filter is a made of polished, 1.0-mm thick, Schott WG 295 glass.
The spectral characteristics are shown in Figure 5. The filter is arranged to cover
the middle third of the slit, so that the top and bottom thirds are un-filtered. Since
the imaging sequence will place the nucleus in the center of the IR detector, the
filter arrangement will attenuate the warm nucleus signal while not filtering the low
signal coma gas and dust. During the last minutes of the encounter, the nucleus
may extend beyond the filter, and the long wavelength measurements may saturate.
However, unlike the CCD (see Section 3.3.1), the saturated signal does not bleed
across the array, and the spectrum below 3.5 wm should not be affected.

The beamsplitter reflects light in the visible band to the HRI CCD, and transmits
light in the IR band to the slit of the IR spectrometer. The requirements on the
beamsplitter were quite stringent with a precise 1.05-um crossover and providing
high-efficiency transmission over more than two octaves of IR wavelength, and
high reflectivity from 0.34 to 1.05 um. Figure 6 shows the resulting reflectivity and
transmission. The crossover point is well positioned at 1.05 um.
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3.1.3. Mechanisms

3.1.3.1. Filter Wheel. Figure 7 shows the 9-in. diameter HRI filter wheel with
its nine optical filters spaced at 40° intervals. The MRI filter wheel design is iden-
tical except for the mounting brackets. The filter cells are separate and complete
assemblies that mount into the magnesium wheel. Both filter wheels are required
to move between adjacent filter positions within 2.2 s. The filter wheel mounts di-
rectly to the output shaft of the stepper motor gearhead. All lubricated and moving
components are contained within the motor and gearhead assembly.
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The motor is a 30° two-phase stepper motor which, with a 96:1 gearhead ratio.
It rotates the filter wheel 0.3125° per motor step so that 128 steps are required
to rotate the 40° between adjacent filter positions. There are mechanical stops at
filter positions 1 and 9 that limit the wheel rotation to a total of 320°. A command
that causes the filter wheel to bump against a stop causes no harm to the motor or
mechanism.

During normal operations, the motor is driven at 120 steps per second with
60% of the maximum possible drive current to the motor, which provides sufficient
torque and inertia margin to move the wheel at the required rate. The instrument
controller (IC) can directly set the mechanism Field Programmable Gate Array
(FPGA) registers that control the motor pulse rate and the current drive level to the
motor (0, 19, 60, and 100% of maximum).

The wheel is moved by an absolute filter position command from the spacecraft
to the IC. The IC in turn sends a command to the motor control FPGA (on the
mechanism and telemetry (MTLM) board) to move the desired number of steps
in the correct direction. A homing command to the IC will move the wheel from
any position to the clear filter in position 1. Four Hall-effects sensors provide 4-bit
absolute position indication to FPGA registers that are read by the IC. Note that the
wheel is moved by open-loop step commands, and the Hall sensors are used only for
position confirmation. The main reason for providing absolute position indication
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is to allow relatively quick resumption of critical sequence imaging following an
unplanned reboot of the IC.

On initialization of the instruments, the software will check the 4-bit Hall sensor
reading. For a known reading, the software will store the current measured position
and consider the filter wheel initialized and proceed with executing commands. If
the 4-bit Hall-effects sensors do not match a known code, then the software will
begin stepping the filter wheel toward the home position (filter 1). At each step,
the software will read the Hall-effects sensors and compare it to the known filter
position codes. When a Hall sensor pattern that matches a known code is received,
the software then sweeps several steps on either side of that position and records
the Hall-effects sensor pattern at each step. The software then uses an optimization
routine to determine the most central position for that code and moves the filter
wheel to that position. It then stores the current position and considers the filter
wheel initialized, and will proceed with executing commands. This initialization
sequence takes 3 s or less, depending on where the filter wheel starts. This initial-
ization sequence can also be commanded at any time the instrument software is in
the operate state.

Table II shows the filter parameters for each filter in the HRI and MRI filter
wheels, and Figure 8 shows the measured filter transmission for each filter.

Other than filter positions 1 and 6, each filter cell is made of two pieces of
glass. One is a fused silica substrate on which the interference filter is deposited,
while the other is a longpass or shortpass blocking filter to reduce the throughput
of resonance transmission bands in the bandpass filter. The thickness of both pieces

TABLE II
Filter wheel filter characteristics filter.

Filter wheel MRIcenter MRIfilter =~ MRI filter target HRIcenter HRI filter

position (nm) width (nm)  measurement (nm) width (nm)
1 650 >700% Context 650 >700?

2 514 11.8 C, in coma 450 100

3 526 5.6 Dust in coma 550 100

4 750 100 Context 350 100°

5 950 100¢ Context 950 100¢

6 650 >700? Context 650 >700%

7 387 6.2 CN in coma 750 100

8 345 6.8 Dust in coma 850 100

9 309 6.2 OH in coma 650 100

4Filters in positions 1 and 6 are uncoated and not band limited.

PThe coating on the 350-nm filter is shortpass, the substrate limits the short wavelength
throughput.

¢The 950-nm filter is longpass.
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of glass in each filter cell was designed to maintain a constant optical thickness
for all filter positions, and therefore maintain the same focus at all filter wheel
positions.

3.1.3.2. Light Blocker. The lightblocker is used in all three instruments, and acts
to cover the CCD aperture between exposures. Note that we refer to this mechanism
as a light blocker rather than a shutter. The length of a visible exposure is set by
the start of the CCD frame transfer (see Section 3.3.1), not by the closing of a light
blocker. The light blocker is used to limit the amount of light falling on the light-
sensitive parts of the CCD during readout of an image; if the light were not limited
during the relatively long readout times of full-frame or near-full-frame images,
the light-sensitive part of the CCD could be saturated and bleed signal charge into
the frame-storage area, corrupting the image.

As such, the light blocker is required to cover the aperture within 0.1 s of the end
of an exposure and open within 0.2 s of the beginning of an exposure command.
The light blocker mechanism is illustrated in Figure 7.

A common mounting interface is used for the light blocker in all three instru-
ments. The blade mounts directly to the output shaft of the stepper motor gearhead.
All lubricated and moving components are contained within the motor and gear-
head assembly. The motor is a 30° two-phase stepper motor. The gearhead rotates
the light blocker 3° per motor step, so that 12 steps are required to rotate the 36°
between the “open’ and “closed” positions. Mechanical stops at both ends limit the
rotation of the light blocker. Single Hall-effects sensors at both ends of travel are
used to sense permanent magnets mounted in the shutter, to give an indication of
light blocker position. The light blocker may be moved by open-loop commands
to move a number of motor steps, and the Hall sensors are used only for position
confirmation. No damage to the motor or mechanism is caused by driving the light
blocker against a stop.
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In normal operation, the light blocker is opened and closed under control of
the CCD timing pattern generator (TPG) FPGA that also controls the clock sig-
nals that drive the CCD readout. The IC can directly set the mechanism FPGA
registers that control the motor pulse rate, current drive level to the motor (0, 19,
60, and 100% of maximum), and the number of steps to move between the open
and closed positions. During normal operations, the motor is driven at 120 steps
per second with 60% of the maximum possible drive current to the motor, which
provides sufficient torque and inertia margin to open or close the light blocker.
For emergency and test situations, the IC can override TPG control of the light
blocker operation by writing to a TPG register. In those situations, the IC can send
direct commands to move the light blocker a desired number of steps in a given
direction.

3.1.3.3. Visible Stimulator. Although not a mechanism, the visible stimulator
is described in this section, since it is packaged in the light blocker. The visible
stimulator is used as an on-board diagnostic for the CCD systems. A light emitting
diode (LED) is mounted inside the light blocker mask, aimed at approximately
the center of the light blocker blade in front of the CCD. The LED is powered
by one of the instrument heater circuits, supplied by the flight system thermal
control subsystem. The LED intensity is a function of both the LED temperature
and the current supplied to the LED. None of the voltages on the heater circuits that
supply the LEDs is regulated, and the light blocker temperature may vary during
the mission, so the stimulator is not an absolute intensity measurement. Instead, it
is meant to be a method of checking for high spatial frequency changes in the CCD
sensitivity — i.e. dust or other obscurations on the CCD itself — and checking for
gross changes of gain or offset across quadrant boundaries.

3.2. THERMAL

The thermal design of the instruments is highly integrated with the spacecraft
thermal and mechanical design. The instruments sit on the opposite side of the
large (7 m?) solar panels and so have excellent views of cold space for almost all
of the mission, including the encounter with comet Tempel 1.

The IR spectrometer is the major driver in the instrument thermal design. With a
cutoff wavelength of 4.8 pum, the IR detector will be saturated in its normal readout
time (3 s) if it looks at a room temperature background. Further, the IR detector
dark current will also saturate the detector full-well in a readout time, if the detector
temperature is > 110 K. The thermal design made use of the clear view of cold space
to cool the detector and the SIM bench passively. The SIM is cooled b