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ABSTRACT

 

The Sun Earth Connection Coronal and Heliospheric Investi-
gation (SECCHI) on the NASA Solar Terrestrial Relations
Observatory (STEREO) mission is a suite of remote sensing
instruments consisting of two white light coronagraphs, an
extreme ultraviolet (EUV) imager, and a heliospheric
imager. SECCHI will observe coronal mass ejections
(CMEs) from their birth at the sun, through the corona to
their impact at earth. SECCHI includes a coordinated effort
to provide magnetohydrodynamic (MHD) models and visu-
alization tools to interpret the images that will be obtained
from two viewpoints and to extrapolate those imagery to in-
situ and radio emission measurements obtained from STE-
REO. The resulting 3-dimensional analysis of CMEs will
resolve some of the fundamental questions in solar physics.
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1. INTRODUCTION

 

Major advances in understanding the connection between
solar events and their terrestrial response have come when
interdisciplinary studies are able to combine data from solar
observations with those from the inner heliosphere and from
terrestrial observations. Because these observations are from
disparate regions, interpretation requires numerical modeling
in order to move beyond statistical associations. The Sun
Earth Connection Coronal and Heliospheric Investigation
(SECCHI) combines a suite of optical telescopes with
numerical modeling to capitalize on the unique viewpoint of
the Solar Terrestrial Relations Observatory (STEREO) mis-
sion to advance our understanding of the three-dimensional
nature of the solar corona and solar ejecta. Angelo Secchi
(1818-1878) was an Italian astrophysicist who pioneered the
application of photography to eclipses. Like its namesake,
we anticipate that the SECCHI experiment will provide pio-
neering images of the sun and inner heliosphere.

SECCHI directly addresses questions posed by the NASA
Sun-Earth-Connection roadmap: How do the Sun’s changes
affect the Earth’s environment?; How can we maximize the
safety of humans in space?; How can we forecast severe
storms in space?; How does the Sun’s magnetic field gener-
ate solar activity? The primary objectives of SECCHI are: (a)
to understand the origin and consequences of coronal mass
ejections (CMEs); (b) to identify the magnetic configurations
and evolutionary paths that lead to CMEs; and (c) to charac-
terize the 3-dimensional nature of CMEs and the quiescent
corona.

The STEREO mission will place two spacecraft into orbit
around the sun. This removes two difficulties encountered in
previous missions that have observed CMEs. The corona-
graph best observes CMEs that are on the limb and cannot
observe the CME material that would eventually impact
earth. Since each STEREO spacecraft will drift away from
the earth at the rate of 22˚/year, CMEs headed toward earth
will be clearly imaged. The second difficulty is that our per-
ception of the corona has been obtained from two-dimen-
sional images. The third dimension has been inferred.
Identical instrumentation will be on the two STEREO space-
craft, which enables simultaneous stereoscopic viewing of
quiescent coronal structures as well as dynamic phenomena
such as CMEs. 

CMEs are spectacular demonstrations of solar activity. The
basic physics that expels these plasma clouds into the helio-
sphere is still not well understood. SECCHI is designed to
explore various manifestations of the CME process. The role
of the magnetic field development in the photosphere and
corona and its coupling to the propagation and acceleration
processes is crucial to a fuller understanding of the geoeffec-
tive events. The strength of the STEREO mission, combining
comparable observations from two distinct views, is per-
fectly suited to the exploration of all of the manifestations of
CMEs, both at the source and during their propagation to 1
astronomical unit (AU).

SECCHI consists of three types of telescopes. The first is an
extreme ultraviolet (EUV) imager (EUVI) that will image
the chromosphere and low corona in four emission lines. The
second type, a white light coronagraph, actually is two coro-
nagraphs to explore the inner corona and the outer corona
(COR1 and COR2). This function was split into two tele-
scopes because of the large radial gradient in coronal bright-
ness. The third type is a wide field heliospheric imager (HI)
to image the inner heliosphere between the sun and earth.
This region was also split into two telescopes, HI-1 and HI-
2, to optimize the stray light requirements.

 

2. SCIENTIFIC GOALS AND OBJECTIVES

 

In the following sections, we describe the scientific objec-
tives of SECCHI. Figure 1 gives a summary of the science
objectives and how each of the telescopes in the SECCHI
suite will contribute to meeting those objectives. Table 1
summarizes the primary science objectives and instrument
performance requirements.
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2.1. The magnetic origin of coronal mass ejections

 

SECCHI observations will investigate the following key
questions: (1) How is the requisite energy storage achieved
and how is it released?, (2) Does the CME process require
magnetic complexity (e.g., multi-flux system)?, (3) Is a mag-
netic topology flux rope a necessary pre-CME configura-
tion?, (4) What form does any complexity take?

All forms of solar activity arise from the interplay between
plasmas and magnetic fields. The positions of the plasma
loops reflect the continuity of the magnetic field lines that
connect photospheric regions of positive magnetic polarity
with regions of negative polarity. CMEs have a strong corre-
lation with eruptive prominences that are often embedded at
the base of streamers and frequently display the classical 3-
part CME structure: a bright frontal loop surrounding a dark
cavity containing a bright core (Illing & Hundhausen, 1985).
One of the first CMEs observed in the EUV by the Solar and
Heliospheric Observatory (SOHO) Extreme-ultraviolet
Imaging Telescope (EIT) showed such a 3-part structure at a
very early stage of its development (Figure 2). CMEs origi-
nate in the magnetic fields of the corona, and in the free
energy stored in these magnetic fields.

 

Magnetic Structure:

 

 Changes in the pre-CME magnetic con-
figuration are an important aspect of the CME eruption pro-
cess. Feynman and Martin (1995) have demonstrated the role
of newly emerging magnetic flux in the initiation of eruptive
prominences and Feynman (1997) suggests that CMEs are
the result of the dynamics of “evolving magnetic structures”
on a variety of scales. The ability to determine the behavior
of the surface magnetic field in the evolving footpoint struc-
tures is crucial to determine the physics of CMEs.

A complete 3D specification of the observed coronal loop
structure is required to understand the coronal field configu-
ration. Knowledge of the coronal magnetic configuration
before, during and after the eruption of a CME will address
questions relevant to the initiation and evolution of the CME
as it propagates out into interplanetary space. Aschwanden et
al. (1999) demonstrated the technique of “dynamic ste-
reoscopy” which is capable of providing this information.
This technique is limited, however, in its ability to distin-
guish time varying structures. The use of simultaneous EUVI
image pairs will dramatically improve the accuracy of these
techniques.

 

Table 1. Science and Instrumentation Traceability Matrix

 

Scientific Objective
Physical Property to be 

Observed

Derived 
Measurement 

Quantities

Measurement Accuracy

EUVI COR1 COR2 HI-1 HI-2

 

What is the 3D structure 
of coronal loops, helmet 
streamers?

Density distribution of 
coronal structures from 
multiple viewpoints

Coronal Brightness 10% 10% 10%

Polarized Brightness 5% 5%

Cadence 1 hour 1 hour 1 hour

Time Accuracy 1 sec 1 sec 1 sec

Positional Accuracy 0.8 arc sec 3 arc sec 6 arc sec

What are the 3D 
properties of CMEs?

Density distribution of CMEs, 
from multiple viewpoints and 
as a function of time

Coronal Brightness 10% 10% 10% 10% 10%

Polarized Brightness 5% 5%

Cadence 3 min 10 min 20 min 60 min 120 min

Time Accuracy 1 sec 1 sec 5 sec 10 sec 20 sec

Positional Accuracy 0.8 arc sec 3 arc sec 6 arc sec 20 arc sec 60 arc sec

What is the timing of 
physical properties 
involved in CME initiation?

Identify coronal structures, 
EUV waves, possible global 
interactions, identify 
absolute timing

Coronal Brightness 10% 10% 10%

Polarized Brightness 5% 5%

Velocity 5 km/s 5 km/s 10 km/s

Cadence 1 min 1 min 5 min

Time Accuracy 1 sec 1 sec 5 sec

Positional Accuracy 0.8 arc sec 3 arc sec 6 arc sec

What are the critical 
forces controlling 
propagation of CMEs in 
the corona and 
interplanetary medium?

Evolution of 3D density, 
magnetic fields; Speed, 
acceleration and 
deceleration of CMEs; 
Interaction of CME with 
corona and IPM; formation 
of shock; sweep-up of 
ambient material

Coronal Brightness 10% 10% 10% 10% 10%

Polarized Brightness 5% 5%

Cadence 1 min 1 min 5 min 60 min 120 min

Time Accuracy 0.5 sec 0.5 sec 1 sec 5 sec 10 sec

Positional Accuracy 0.8 arc sec 3 arc sec 6 arc sec 20 arc sec 60 arc sec

Velocity 5 km/s 5 km/s 10 km/s 25 km/s 50 km/s



 

4

 

Energetics: 

 

The Aly-Sturrock conjecture (Aly, 1984; Stur-
rock, 1991) implies that a closed magnetic field has less
energy than the equivalent fully open field, with the same
photospheric boundary condition. This severely constrains
the occurrence of a CME in a force-free corona if the mag-
netic field is the primary driver of the eruption. There are
three physical approaches to CME production that satisfy
this constraint: (1) the pre-CME magnetostatic corona is not
force-free and cross-field currents are present (Wolfson &
Dlamini, 1997); (2) the CME involves flux from several flux
systems so that most of the field involved is not opened
(Antiochos, DeVore & Klimchuk, 1999); (3) the CME
includes a detached flux rope (Low, 1996).

Photospheric vector magnetograms from the earth viewpoint
will explore the energetics of earth-directed CMEs both by
mapping the magnetic shear and magnetic neutral lines over
the solar surface facing earth and by estimation of the avail-
able magnetic free energy. Since the observed photospheric
field is unlikely to be force-free (Metcalf et al., 1995),
extrapolation of the vector field is unlikely to provide suffi-
cient information on the coronal magnetic structure and
energetics prior to CME onset. To make progress, the mag-
netic morphology in the corona, observed over a broad tem-
perature range with the EUVI telescope, must be combined

with the photospheric magnetic field measurements, as an
additional boundary condition for the extrapolations. 

Techniques combining the photospheric field with observed
coronal structures give a consistent picture of the coronal
magnetic energy storage. Such techniques are available and
will be applied to SECCHI. For example, a semi-empirical
magnetic extrapolation technique has recently been devel-
oped by Gary and Alexander (1999) and applied successfully
to the combination of line-of-sight magnetograms and 

 

Yoh-
koh

 

/Soft X-ray Telescope (SXT) images. In this technique, a
potential field extrapolation is stretched radially so that cal-
culated and observed structures match. The 3D field thus
generated includes cross-field currents which are not directly
observable from the photospheric magnetograms. The semi-
empirical method is currently limited by the lack of informa-
tion on the 3D structure of the corona. Simultaneous and
well-separated views from the EUVI telescope, with its
broad temperature coverage, will overcome this limitation. 

 

2.2. The initiation of coronal mass ejections

 

SECCHI observations will investigate the following key
questions: (1) Are coronal cavities ubiquitous?, (2) What is
the role of coronal dimming?, (3) Is magnetic complexity
necessary?, (4) Is there evidence of interactions of flux sys-
tems?, (5) Is there evidence for reconnection?

A primary science goal of STEREO is the determination of
the mechanism for CME initiation. This would constitute a
major breakthrough in understanding the fundamental causes
of solar activity. The constraint on quantitative analysis
imposed by two views of the CME initiation will eliminate
some of the many possible theoretical scenarios.

Observations with SOHO have revealed that the initiation of
a CME is evident on both very small and very large spatial
scales. The first CME well-observed with the EIT (Dere et
al., 1997) showed (Figure 3) that the initiation came with the
rapid eruption of a small 5x35” portion of prominence mate-
rial (EP) accompanied by a small brightening observable as a
weak X-ray (class B2) flare. The Large Angle Spectro-
graphic Coronagraph (LASCO) observed the typical slow
brightening (B) and swelling of the large overlying helmet
streamer leading up to the CME.

Several possible theoretical scenarios for CME initiation
have been proposed but few have been ruled out. Low (1996)
has suggested that a CME is the eruption of a magnetic flux
rope that is gravitationally confined within a helmet streamer
cavity because of the cool, dense prominence material. Once
this material drains, the flux rope becomes buoyant, rises,
and erupts by pushing aside the helmet streamer field line.
LASCO observations indicate that a significant number of
CMEs are apparently consistent with a magnetic flux rope

 

Figure 2. EIT Observations of a CME With 3-Part 
Structure on 21 Dec 1996
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topology (Chen et al., 1997; Dere et al., 1999). MHD simula-
tions by Wu et al. (1997) find that a flux rope with sufficient
magnetic or plasma energy density will erupt in a manner
similar to that proposed by Low. The source of this energy is
currently unknown.

Recently, Antiochos et al. (1999) have suggested that multi-
ple magnetic flux systems are a key element in CME initia-
tion. In this model, reconnection removes unstressed
magnetic flux that overlies the highly stressed core field and,
thereby, allows the core field to erupt. On the other hand
Moore and Roumeliotis (1992) suggest that magnetic recon-
nection occurs low down, below the stressed field region.

Theories of CMEs are not always well related to observa-
tional signatures. These signatures include the eruption of
cool prominence material, the rapid motion of wispy coronal
features, footpoint dimming (Hudson et al., 1998), and coro-
nal EIT waves (Thompson et al., 1999). Observations with
the LASCO C1 coronagraph suggest that CMEs undergo
strong structural changes in the 1.1 to 3 R

 

"

 

 range (Dere et
al., 1999). A verification of any of the theoretical models
requires that we understand the three dimensional structure
of the magnetic field configuration that gives rise to the CME
and how this configuration evolves. The primary signature of
magnetic reconnection is that a new magnetic field line

topology develops. This should be evident in new magnetic
connections of coronal plasma loops. Because of the confu-
sion of structures along the line-of-sight, this has not been
possible from a single viewpoint and requires STEREO
observations to elucidate the three dimensional structure.

 

2.3. Physical evolution of coronal mass ejections

 

SECCHI observations will investigate the following key
questions: (1) What is the 3D structure of CMEs?, (2) What
is the relationship between the local and global corona?, (3)
What is the role of reconnection?, (4) How is a CME acceler-
ated?, (5) What is the low corona response to CMEs?

Our present knowledge of the size of CMEs has been limited
to direct observations of the projection of their angular spans
and their radial extent. While this has provided good esti-
mates of their latitudinal and radial extents, we have no
direct knowledge of the longitudinal size of these structures.
This is one of the fundamental questions that STEREO
observations will address.

After initiation, CMEs continue to have a profound effect on
the solar atmosphere. They play a central role in the long-
term evolution of the structure of the solar corona
(Hundhausen, 1995) and are the prime link between solar
activity and large, transient interplanetary and geomagnetic
disturbances (Gosling, 1993). The physical evolution of the
various CME manifestations yields crucial information on
the nature and properties of these events, from their initial
ejection to their eventual demise in the outer reaches of the
heliosphere. 

Observations by LASCO have confirmed the existence of
two classes of CMEs (Howard, 1997) as determined by their
velocity profiles as they propagate through the corona. Mac-
Queen and Fisher (1983) observed that some CMEs started
at a high speed and continued outward with little or no accel-
eration while others started slowly and accelerated. LASCO
observes acceleration as high as 30 m/s

 

2

 

 and speeds as high
as 2000 km/s. What supplies the force for this continued
acceleration out to 30 R

 

"

 

? 

A recent study (Vourlidas et al., 1999) indicates that some of
the accelerating flux rope CMEs have constant total energy:
magnetic plus kinetic plus potential. Figure 4 shows that
magnetic energy is being transferred to kinetic energy. Other
flux rope CMEs have increasing total energy, indicating that
some external force continues to act on the CME. Thus the
energetics of the CME are defined both low in the solar
atmosphere and higher up. Determining the source of the
CME energy requires the full range of solar atmospheric
observations provided by SECCHI.

 

Figure 3. EIT Running Difference Image at the Initiation 
of the 23 Dec 1996 CME
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2.4. CME interaction with heliosphere

 

SECCHI observations will investigate the following key
questions relating to the CME interaction with the helio-
sphere: (1) What is the relationship between the CME and
interplanetary phenomena?, (2) What is the 3D structure of
magnetic clouds?, (3) Where and how are particles acceler-
ated in the heliosphere?, (4) Where and why do the fast
CMEs decelerate to the solar wind speeds?

Combining the complementary remote sensing and in situ
measurements will provide unprecedented comprehensive
views of the evolving CME structure. The SECCHI corona-
graphs and HI remotely measure the global electron density
structure of a CME, while the in situ particle and fields
experiment make comprehensive measurements of the local
plasma parameters, density, temperature, magnetic field
strength, and orientation. When the separation between the
two STEREO spacecraft is roughly 30 degrees or larger, the
coronagraphs and HI on one STEREO spacecraft will be
able to observe CMEs that will impact the other spacecraft.
As the CME passes over one spacecraft, the particle and
fields experiment will record the local parameters while
simultaneous observations from the SECCHI imagers on the
other spacecraft determine where in the CME the in situ
measurements are made.

This innovative approach will avoid past difficulties in deriv-
ing the global structure of heliospheric disturbances from
either in situ or remote observations alone, and it should
resolve present uncertainties regarding the interplanetary
manifestations of CMEs. One important issue that will be
addressed is whether the derived 3D magnetic configuration
is a flux rope or another type of structure, a key feature that
can be used to differentiate between competing models of
CME initiation. We also will be able to clarify the underlying

physics linking the diverse in situ signatures seen in inter-
planetary ejecta, as well as their connection with CME prop-
erties.

CMEs propagating outward into the solar wind can interact
with corotating streams and their interaction regions (CIRs),
interplanetary shocks, and transient flows. The interactions
among these diverse phenomena is highly time-dependent,
possibly changing qualitatively from day to day. Figure 5
shows an example from Behannon et al. (1991) illustrating
the evolution over 4 days combining data from 4 well-sepa-
rated spacecraft. The top panel shows an interplanetary event
(ejecta-b) driving a shock S1 moving between two corotating
streams and interacting with both streams. The lower panel
shows the situation just 4 days later, when the CIRs and
ejecta-b had evolved. Between the two CIRs and behind the
ejecta-b, two new ejecta (labeled c and d) were observed to
interact with one another and with one of the CIRs. The data
sets that resulted in Figure 5 are unique since the available
solar-terrestrial data has been too sparse and uncoordinated
to make such complementary measurements. STEREO will
provide the first coordinated data set for studying the com-
plex large-scale interactions in the heliosphere.

Solar energetic particle (SEP) events in the interplanetary
medium sometimes accompany a CME. The accelerated par-
ticles are an important diagnostic of the CME evolution and
its interaction with the ambient solar wind. The current,
widely accepted paradigm is that impulsive and gradual SEP
events are of different origin: impulsive events being flare
associated and gradual events being associated with fast
CMEs that drive interplanetary (IP) shocks (Cane et al.,
1988; Kahler, 1992; Reames, 1997). Thus, observations from
at least two vantage points are critical in understanding the
mechanisms of acceleration and transport of energetic parti-
cles in three dimensions.

 

2.5. Effects of coronal mass ejections on space weather

 

SECCHI observations will investigate the following key
questions: (1) Can the geoeffectiveness of CMEs be fore-
cast?, (2) Can we predict if and when a CME will impact
earth?, (3) Can we predict if and when SEPs are generated?

As modern society becomes increasingly reliant on techno-
logically advanced systems for many of its day-to-day func-
tions, our ability to predict the impacts of space weather
becomes increasingly important. CMEs are the primary
cause of the non-recurrent space weather disturbances,
including the largest geomagnetic storms, in a number of
ways. First, the magnetic fields in the CME reconnect with
those of the terrestrial magnetosphere, producing strong
induced fields and currents in the magnetosphere, the iono-
sphere, and the earth’s surface. Second, the impact of the
CME compresses the earth’s day side magnetosphere down

 

Figure 4. Total (Solid Line), Potential (P), Kinetic (K) and 
Magnetic (M) Energy for a Flux Rope Type CME
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to lower altitudes, which can leave high altitude geostation-
ary satellites directly exposed to the solar wind and highly
energetic particles. Third, the CME itself creates a shock
wave that accelerates particles that can penetrate the earth’s
magnetically shielded environment and occasionally reach
the earth’s surface.

Although recent strides have been made in our understand-
ing of the relationship between CMEs and space weather,
our current ability to forecast if and when a CME will impact
the earth as well as the magnitude of the impact (its geoef-
fectiveness) is poor. The LASCO and EIT observations from
SOHO have demonstrated a first step in this prediction capa-
bility by reliably detecting halo CMEs—events that are
directed along the sun-earth line and are visible as an
expanding “halo” around a coronagraph occulting disk
(Howard et al., 1982). The increased sensitivity of the
LASCO coronagraph detects most of the halo events, and the
EIT observations of a low coronal origin indicate whether
the CME is headed toward or away from earth. However, the
material impacting earth is not observed.

Early in the mission, when the STEREO spacecraft are near
the earth, COR2 will record (in stereo) halo CMEs produced
by front-side sources detected with EUVI, just as is being
done now from the single viewpoint of SOHO. As the sepa-
ration of the STEREO spacecraft increases, the material that
will actually impact the earth will become visible to the
entire SECCHI suite. Simultaneous image pairs should
reveal where the acceleration of slow CMEs and the deceler-
ation of fast CMEs occur. A real advance in our ability to
predict the arrival of CMEs at earth will be provided by the
HI, which will track CMEs throughout their trajectory to
earth. This is an important component of our space weather
prediction capability. Near solar minimum, when STEREO
will be in operation, even moderate strength CMEs can have
significant geomagnetic effects. Consequently, just the sim-
ple ability to predict the arrival at earth of a CME will be
important.

The next step in advancing our understanding of space
weather lies in predicting the geo-effectiveness of CMEs,
which is strongly governed by the southward component of
its magnetic field, B

 

Z

 

 (Gonzalez et al., 1994). Strong B

 

Z

 

 can
be created in several ways, from a strong internal B

 

Z

 

 in the
plasma configuration ejected from the sun, by shock com-
pression of the field in fast CMEs, and by the interaction of
the CME with strong fields in the heliospheric plasma sheet
(HPS). 

One way to predict the direction (north vs. south) of the
magnetic field of a CME that impacts the earth is based on
the conservation of magnetic helicity in MHD systems (Tay-
lor, 1974). If we assume that the CME is produced by the
reconnection of the magnetic field lines in an arcade overly-
ing the neutral line, the helicity of this configuration will be
preserved during the reconnection process. By inferring the
helicity of the magnetic arcade/prominence that produces the
CME, then we can predict the helicity, and the polarity of
BZ, in the CME that arrives at earth. The orientation of the
field lines will be determined from EUVI images and ground
(or near-earth) based magnetographs. The HI observations
will indicate whether the impact with earth will be head-on
or at a glancing angle. Bothmer and Rust (1997) found that
helicity conservation was successful in predicting the initial
B

 

Z

 

 in 34 out of 37 magnetic clouds observed by 

 

Helios.

 

2.6. Analysis techniques

 

To properly analyze the SECCHI data, we are developing
various types of analysis techniques including 3D recon-
struction tools and numerical modeling tools.

 

3D Reconstruction Tools:

 

 To date, our entire perception of
the solar corona is derived from 2D images from a single
viewpoint. A stereo-like reconstruction has been attempted
for Skylab, 

 

Yohkoh

 

/SXT, and SOHO/EIT images in which

 

Figure 5. Interaction of CME with Solar Wind Flows
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solar rotation provides the stereo separation (e.g., Berton and
Sakurai, 1985). But these attempts had only limited success,
primarily due to highly variable coronal structures. For the
first time, STEREO will provide a second viewpoint from
which 3D information can be derived. A viable reconstruc-
tion technique is triangulation on identifiable features (tie-
points). The technique has been successfully tested on
simulated stereo X-ray data (Gary et al., 1997) and on rota-
tional stereo EUV data (Liewer et al., 1997). The accuracy of
the triangulation technique depends in part on resolution and
pointing and in part on the stereo angle. 

SECCHI will observe a propagating CME from the two
spacecraft as a sequence of image pairs. From these data,
tomographic techniques will be used to determine the 3D
structure of a CME and its evolution. Solar tomography is at
an early stage of development. Panasyuk (1999) and Zidow-
itz (1999) have demonstrated its use in reconstruction of 3D
models of the quiet corona from images obtained over a solar
rotation. Zidowitz has found considerable longitudinal varia-
tions in the streamer structures. Similar techniques have been
explored by Davila (1994). Jackson et al. (1998) used inter-
planetary scintillation (IPS) data together with a model to
derive the heliospheric density structure. Additional con-
straints often aid the reconstruction process. For example,
Jackson and Fröhling (1995) assumed a constant radial
velocity in their reconstruction of a CME observed with
SOLWIND and 

 

Helios

 

. For SECCHI, the degree of polariza-
tion measured in COR1 and COR2 provides an additional
constraint that must be folded into deconvolution techniques.

 

3D Models: 

 

SECCHI numerical models will play an essen-
tial role in the success of the whole STEREO mission. The
results will be treated as data products to be distributed along
with the observations. The modeling efforts have two princi-
pal goals: (1) To provide the input necessary to determine
fully the quasi-steady plasma and magnetic structure and
dynamics in the corona and heliosphere; and (2) To quantify
the relationships between phenomena observed remotely by
imaging of the sun and those measured in situ at 1 AU. The
following products will be developed:

 

#

 

A large-scale, quasi-steady, 3D plasma and magnetic
structure of the solar wind. This model will use the semi-
implicit numerical methods for long-time integrations of
slowly varying MHD systems (Linker and Mikic, 1994).

 

#

 

A model of transient events, particularly CMEs, initiated
near the sun and propagating to the earth. This will be a
3D spherical code employing a fully adaptive mesh, and
will build on the numerical technology for handling MHD
shocks, current sheets, and other discontinuities (Antio-
chos and collaborators).

 

3. SECCHI INSTRUMENT CADENCE

 

Limited telemetry resources require trade-offs between
image cadence, degree of on-board image compression, and
wavelength coverage (for the EUVI). These trade-offs will
be made during the operations phase and are part of the sci-
ence planning process. The flight software (S/W) will permit
flexible instrument operations. This flexibility enables the
science operations team to optimize an observing program
during the mission. For example, pixels may be binned on
chip to reduce the readout time or may be summed within the
computer to increase the dynamic range. Thus, an image can
be resized to 1024 x 1024 by performing 2 x 2 pixel sum-
ming within the SECCHI computer or on the CCD. Table 2
shows a possible observing plan for the end-of-mission
telemetry rate. SECCHI will be able to take advantage of
substantially a higher telemetry rate that might be available
earlier in the mission. Another option is to sum on-board the
three images in a COR1 or COR2 polarization sequence to
obtain a total B image and then transmit the one image
instead of sending down all three. 

 

4. SECCHI INSTRUMENTATION

 

The SECCHI instrument suite contains a complete set of
instrumentation to explore the inner heliosphere from the
lower solar atmosphere to the earth. This set of instrumenta-
tion will maximize the scientific opportunity afforded by the
continuously changing vantage points of the two STEREO
S/C by obtaining a comprehensive set of observations at the
various viewing angles. It will obtain full sun EUV images
of the chromosphere and inner corona as well as white light
images from 1.25 to 332 R

 

"

 

. To accomplish the required
observations, we propose to build five relatively simple, spe-
cialized optical trains to address each observational task. 

 

Table 2. SECCHI Instrument Cadence & Data Rate: 
“Synoptic”
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Nominal (End of Life) Telemetry

EUVI
1024

 

2

 

2 3 min. 0.785 10 12.8

2048

 

2

 

2 30 min. 0.785 10 5.1

COR1 1024

 

2

 

3 8 min. 0.709 10 6.5

COR2 2048

 

2

 

3 20 min. 0.771 10 11.3

HI-1 1024

 

2

 

1 60 min. 0.785 2.5 2.9

HI-2 1024

 

2

 

1 120 min. 0.785 2.5 1.5

Total 40.1
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The SECCHI instrument suite (Figure 6) consists of the two
optical packages, the Sun-Centered Imaging Package (SCIP)
and the Heliospheric Imager (HI) package, and an electron-
ics package, the SECCHI Electronics Box (SEB). 

 

#

 

The SCIP contains three compact telescopes to view the
solar disk and solar corona. These instruments are held in
precise coalignment through an innovative structural
design. Two coronagraphs are used to optimize stray light
rejection over the different ranges of height in the solar
atmosphere. An EUV imager is used to establish the emis-
sion line corona over the disk and low corona as well as to
observe the He II transition region network structure and
prominences. The SCIP also contains the guide telescope
that provides fine pointing information to the S/C attitude
control system and the EUVI Image Stabilization System
(ISS).

 

#

 

The HI package contains two simple lens telescopes to
directly view the sun-earth line. These two telescopes are
sheltered within a protective baffle structure to obtain the
necessary rejection of bright objects outside the field,
including the solar disk, and S/C glints.

 

#

 

The SEB is a common electronics unit for both the SCIP
and HI. It provides command and data handling, observa-
tion sequencing, mechanism drive, housekeeping, power
distribution, heater control, camera interface, and S/C
interface.

The accommodation of SECCHI on the STEREO S/C is
shown in Figure 6. All three SECCHI units are mounted on
the earth-facing S/C panel. When mounted on the S/C, the
SCIP is mostly located within the S/C structure. The aperture
end of the SCIP extends beyond the sun-facing panel of the
S/C so that no glint off the S/C can enter the SCIP apertures.
Similarly, the HI baffle structure extends beyond the earth-
facing S/C panel so that no glint can enter the HI apertures.

The SCIP structure is necessary to provide the required
alignments, stiffness, and modularity for that portion of the
SECCHI suite. In order to minimize mass and complexity,
there are no adjustments in the instruments to correct for
misspointing except for the ISS in the EUVI. The pointing
strategy is based on pointing the spacecraft to minimize the
scattered light in COR1 (the most pointing sensitive instru-
ment) and relying upon the SCIP structure to assure that
COR2 and EUVI are within acceptable pointing tolerances.
The total limit on pointing error in COR2 for acceptable
stray light performance is 20 arcseconds. The total limit on
pointing error in EUVI for acceptable performance of the
ISS is 60 arcseconds. Finally, the stiffness requirement
between the guide telescope and the EUVI to avoid phase
differences between the ISS actuation and the Guide Tele-
scope error signal must be such that the resonance of that

system is several times the pointing error signal frequency of
50 Hz. In order to achieve this performance, a sophisticated
structure is needed to link the SCIP instruments together. 

 

4.1. Sun-centered imaging package (SCIP)

 

Details of the SCIP design are presented by describing each
of the optical components (COR1, COR2, and EUVI) and
then describing the common SCIP structure. 

 

4.1.1. Coronagraph 1 (COR1)

 

COR1 images the solar corona around the entire solar disk
(360 degrees) from 1.25 to 4 R

 

"

 

 in brightness (B) at three
different polarizations. Images from COR1 will provide new
insights into the initiation and the early propagation of
CMEs. COR1 incorporates an internal occulting design,
based on the highly successful Mauna Loa coronagraph
operated by the High Altitude Observatory for over 20 years.
Since COR1 will be the first internally occulted refractive

coronagraph to be used in space

 

1

 

, detailed analysis of the
design properties were made early in the SECCHI program. 

 

Optical Design:

 

 The baseline optical design for COR1, a
coronagraphic imager, is an all-refractive, 7-element system.
It provides occultation of the solar photosphere out to 1.25
R

 

"

 

, providing enough rejection for adequate signal to noise.
The field of view (FOV) of the instrument is 1.25 to 4 R

 

"

 

(for a full field width of 2.13˚), with an aperture size of 36
mm. The spectral band covered in the final image is 650-750
nm. Images are collected at three different linear polarization
angles. The imaging requirement for the design is to achieve
rms spot radii less than a half a pixel at each point in the
field, over the imaging bandpass.

Figure 7 shows the baseline optical design, which is logically
broken into three stages. The first stage forms an image of
the photosphere and occults it. The second stage, overlap-
ping with the first, forms an image of the objective aperture
onto the Lyot stop. The third stage, overlapping with the sec-
ond, relays the coronal image from near the occulter back
onto the CCD. The COR1 structure is a segmented thin-wall
aluminum tube. The segments are attached to each other with
bolted flanges that have a centering feature and an O-ring to
allow internal purge and to control contamination and stray
light. 

To achieve rejection of the solar photosphere light, the sys-
tem objective must be clean and simple. A BK7 refractive
objective can be made with ultra smooth surfaces (better than
0.4 nm rms surface roughness), and can be obtained with vir-
tually no bubbles or striae. Two copies of the instrument will

 

1. The LASCO C1 coronagraph was an internally occulted reflective coron-
agraph. See Brueckner et al., 1995.
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Figure 6. STEREO Spacecraft, SECCHI Instrument Suite, and Performance
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be built, one to orbit at ~0.95 AU, and the other at ~1.05 AU.
Because the angular extent of the photosphere will be differ-
ent for the two instruments, slightly different sized physical
occulters will be used in order to keep the inner field limit
the same. All other optics will be identical.

The first stage objective is not color corrected. The axial
color of the photosphere image means that a continuum of
images are formed. A smaller 300 nm light image is formed
closest to the objective, progressing back over a length of
about 30 mm to a 10% larger image in 1100 nm light. To
completely occult this 3-dimensional image, a tilted mirror
at the blue end reflects most of the light, and then a knife-
edged disk of appropriate radius is used to catch the rest of

the light. The disk is sized to occult to 1.1 R

 

"

 

 at a position
where the diverging blue end light intersects with the con-
verging red end light. In the science bandwidth (650-750
nm), there is occulting out to 1.25 R

 

"

 

. Figure 8 shows that
one of the consequences of the singlet objective axial color
in the occulter stage is vignetting. The field between 1.1 and
2.0 R

 

"

 

 is strongly affected. Furthermore, the knee of the
vignetting function shows some color dependence, even over
the limited imaging bandpass. The effect of the vignetting is
to reduce the image irradiance of the inner corona, so the
dynamic range requirement is reduced. The speed of the first
stage is 

 

ƒ

 

/10—a good compromise between a tiny occulter
size for a faster beam, and longer axial color for a slower
beam.

 

Table 3. Instrument Parameters

 

COR1 COR2 HI EUVI

 

Instrument Type
Internally Occulted Lyot 

Coronagraph
Externally Occulted Lyot 

Coronagraph
Externally Occulted 

Coronagraph
EUV Narrow-Bandpass 
Cassegrain Telescope

Observable K-Corona and CMEs
K-Corona, F-Corona and 

CMEs
K-Corona, F-Corona and 

CMEs

Emission Line (EUV) 
Corona & Upper 
Chromosphere

Field of View 1.25 - 4 R

 

"

 

2 - 15 R

 

"

 

12 to >215 R

 

"

 

HI-1: 12-84 R

 

"

 

HI-2: 66-318 R

 

"

 

0 to 1.7 R

 

"

 

Spatial Scale 7.5” pixels 14” pixel
HI-1: 35.2” pixels
HI-2: 120” pixels

1.6” pixels

Focal Plane Array
1024 x 1024

(2k x 2k array summed 
2x2)

2048 x 2048
1024 x 1024

(2k x 2k array summed 
2x2)

2048 x 2048

Bandpass 650-750 nm 650-750 nm 450-750 nm

He II 30.4 nm
Fe IX 17.1 nm
Fe XII 19. 5 nm
Fe XIV 21.1 nm

Exposure Times
1 sec

3 required for pB
3 sec

3 required for pB

HI-1: 12 sec
HI-2: 60 sec
Exposures
>8 required

Fe IX: 3 sec
Fe XII: 5 sec
Fe XIV: 7 sec
He II: 10 sec

Maximum Cadence 15 sec 22 sec
HI-1: 1 min
HI-2: 8 min

11 sec at 

 

full resolution

 

 in 
Fe IX (4.75 sec at 

 

half 
resolution

 

)

Synoptic Cadence 8 min 20 min
HI-1: 1 hour
HI-2: 2 hours

20 min 

 

full resolution 

 

and
2.5 min 

 

half resolution

 

 

Absolute Pointing Required
7 arcsec occulter 

positioning
30 arcsec occulter 

positioning
30 arcmin

3 arcmin
FOV overlap

Pointing Stability Required
1.5 arcsec over pB 
sequence (7 sec)

1.5 arcsec over pB 
sequence (17 sec)

0.5 arcmin over HI-2 
sequence (1 hr)

1.7 arcsec over 1 exposure

Long Term Pointing 
Required

7 arcsec over a month to obtain background subtraction 
model (F-corona + stray light) for total B determination

5.0 arcmin to obtain 
background model

N/A

Aperture 36 mm 30.5 mm
HI-1 16 mm
HI-2 21 mm

98 mm

EFL ƒ/20 ƒ/6
HI-1 ƒ/5

HI-2 ƒ/2.8 to fƒ/4.8 (center 
to FOV limit)

ƒ/18

Stray Light/Disk Light 
Rejection

10

 

-6

 

 B

 

"

 

10

 

-11

 

 B

 

"

 

HI-1 10

 

-13

 

 HI-2 10

 

-14

 

 B

 

"

 

10

 

-12

 

 ratio of visible/EUV

CCD EEV 42-40, 2k x 2k, 13.5 µm pixels, backside illuminated, AR coated (except EUVI), >100k e

 

-

 

 full well
Camera Common electronics, 1 MHz readout rate, 14 bit/pixel digitization
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The occulter is attached to the second optical element in
COR1, a doublet field lens. Figure 9 shows a side view cross
section of the occulter-field lens area. The occulter is a thin
hollow titanium rod. Titanium is used because of its high
strength and low thermal conductance. Low thermal conduc-
tance is important for minimizing the amount of heat trans-

ferred to the field lens and thereby minimizing the thermal
gradient in the doublet field lens. The occulter rod is attached
to the field lens through a beveled hole cut in the lens dou-
blet. A beveled lip on the occulter rod matches the bevel in
the hole at front surface of the lens and centers the occulter.
The beveled hole will be carefully toleranced to the optical
axis of the field lens doublet. Calibrated Belleville washers
are used to spring load a beveled washer to the back surface
of the hole in the lens. 

The optics for the second stage consists of the field lens,
described as the occulter support in the previous paragraph.
The object for the second stage is the 36 mm entrance aper-
ture just ahead of the objective lens. It forms an image onto
the Lyot stop. This system, too, has to work over the
extended spectral bandpass of the detector’s sensitivity. The
field lens was therefore chosen to be an achromatic doublet.
The field lens works at unit magnification, producing a 36
mm diameter image on the Lyot stop. The stop is undersized
1 mm in radius, which will provide suppression of at least 25
Airy radii of diffracted light at the longest wavelengths.
About 10% of the light is attenuated by the Lyot stop. A Lyot
spot rejects ghost images from the center of the objective
lens. Stray light due to diffraction was calculated using the
method of Gaussian beam propagation available in the
Breault Research Org. Advanced Systems Analysis Program
(ASAP) software. The optimization of the front aperture
stop, occulter, and Lyot stop described above produced a
design in which diffraction is not a consideration in the stray
light budget. The maximum diffraction occurs at a wave-
length of 1 micron (out of the bandpass for science observa-
tions) and allowed 10

 

-8

 

 of input power to reach the detector.

The final stage consists of two doublets, along with the filter
and polarization optics. The stage takes the chromatically
aberrated image of the corona, near the occulter, and relays it
onto the CCD. The plate scale and resolution were chosen to

 

Figure 7. COR1 Design

 

Figure 8. Chromatic Vignetting

Figure 9. Cross-Section of the COR1 Occulter
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allow pB analysis of a CME with a motion of 300-400
km/sec. A plate scale of 7.5 arcsec per 27 µm (2 x 2 on-chip
summing) pixel was chosen, with image quality limited by
pixel size. This leads to an 

 

ƒ

 

/20 final image, with a 2:1 mag-
nification of the occulter stage image.

 

Stray Light Analyses: 

 

There are three major ways to produce
stray light in the COR1 instrument: scattering from optical
and mechanical surfaces, diffraction from sharp edges, and
ghost images forming from unwanted reflections. Overall,
the stray light analysis for COR1 revealed that the main con-
tributor to stray light is scattering from the front and back
surfaces of the objective lens. As discussed above, the COR1
optical design with an optimized Lyot stop and Lyot spot has
negligible contributions to the stray light from diffraction
and ghost images. The objective lens surface must be as
smooth as can be achieved and must be kept clean of particu-
late contamination to preserve performance. Since the objec-
tive lens is exposed to the environment on orbit, a front
aperture shutter is currently baselined to mitigate the poten-
tial abrasion and erosion effects by the low energy plasma of
the solar wind. 

The S/W tools ASAP and APART were used to model the
scattering component of the stray light in COR1. A Harvey-
Shack scattering model was used for all optical surfaces. For
optics other than the objective lens, the coefficients were
0.15 and -1.75, corresponding to a surface roughness of
approximately 2 nm. For the objective lens, the coefficients
were 0.0125 and -1.75, corresponding to a surface roughness
of approximately 0.3 nm. No optical coating was applied to
the objective lens. All other optical surfaces (including the
middle surfaces of cemented doublet lenses) were assumed
to have antireflection coatings with 2% reflectance. The
results of the stray light model are given in Figure 10.

 

Instrument Performance: 

 

The performance of the COR1 can
be evaluated from the polarizer transmittance function and
the relative throughput over the COR1 spectral range. The
incident light has an unpolarized component and a polarized
component. The polarizer can be put in three positions in
which the polarizer axis is at 0˚, 60˚, and 120˚.

The polarized brightness, polarization angle, and unpolar-
ized brightness can be calculated from three intensity mea-
surements. The unpolarized brightness can have a degenerate
solution. The correct solution will vary, depending on the
polarization angle of the input light.

The signal-to-noise ratio (SNR) for the COR1 instrument
was estimated for each polarizer position under a given set of
conditions. The COR1 signal levels are a function of the
coronal brightness and scattered light brightness. The scat-
tered light brightness increases with any pointing offset,

including pointing jitter. The values of coronal brightness
were taken from Gibson (1973). Values of solar disk bright-
ness used for the scattered light brightness were taken from
Allen’s 

 

Astrophysical Quantities

 

. Chromatic aberration and
the shape of the occulting structure result in vignetting rather
than a hard cutoff in the image plane. As a result, while the
brightest part of the object is at the closest point to the solar
disk, the brightest part of the COR1 image is at about 1.7
solar radii. The rms noise associated with each signal was
calculated as the sum of shot noise and CCD read noise.
(Under most conditions, shot noise dominates.) The pointing
offset and jitter are listed in Table 3. Table 4 gives the result-
ing COR1 SNR that was calculated for points 2 and 3 solar
radii from the center.

 

4.1.2. Coronagraph 2 (COR2)

 

The COR2 can be described as a hybrid design that includes
the most desirable features of the highly successful
LASCO/C2 and C3 coronagraphs (Brueckner et al., 1995),
and tailored to the specific SECCHI mission science objec-
tives. The challenge presented by COR2 is to span, with one
comparatively compact instrument, nearly the same FOV
that required two instruments on LASCO, and to do so with
comparable background light rejection and higher through-

 

Figure 10. Radially Averaged Stray Light Irradiance on 
the Detector Due to Scattering

The curve shows the stray light irradiance at a particular solar
radius (not to be confused with encircled energy within that
radius) with optimum pointing.

Table 4. Signal-to-Noise Ratios

Exposure Time (s) S/N, R""""=2 S/N, R""""=3
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put. The COR2 inner FOV cutoff must equal the 2 R"
achieved with LASCO/C2 while the outer FOV cutoff must
exceed the 6.0 R" LASCO/C2 cutoff by a factor of 2.5, or
halfway into the LASCO/C3 FOV. This covers a coronal
brightness range of about 3x102, which exceeds the range of
1.3x102 encountered in LASCO/C3 by only a factor of 2. 

There is a tradeoff between the externally occulted and the
internally occulted coronagraph designs. In the externally
occulted design, the bright solar disk light is eclipsed. Thus
the instrumental background is reduced to detect the faint
coronal signal at intermediate elongation. A consequence of
external occultation is vignetting of the inner corona. The
coronagraph objective is only partially illuminated by the
corona at small elongations. This has the advantage of atten-
uating the relatively bright inner corona so that both the
inner and outer corona can be accommodated within the
dynamic range of the CCD in a single exposure. The disad-
vantage is that the Rayleigh diffraction-limited resolution
progressively degrades as the inner corona is approached due
to the partial illumination of the objective lens. In contrast,
the internally occulted coronagraph is unvignetted. Thus
object points in the inner corona can be imaged with the full
Rayleigh diffracted resolution of the objective. The disad-
vantage is that scattering of the bright solar disk in the first
optic introduces a veiling glare in the outer part of the FOV
that substantially reduces sensitivity to the faint coronal sig-
nal. The optimal COR1 to COR2 crossover elongation is dif-
ficult to predict exactly since it depends on the realized
performance of the two instruments and the brightness of the
structures associated with any given coronal state. A similar
problem exists in determining the optimal crossover point
between the FOV of COR2 and HI. Thus the SECCHI instru-
ments are designed to have overlapping FOVs. Where one
instrument is weak, another excels, and all are mutually
dependent on cross-calibration in the overlap regions. 

The stray light suppression requirement in COR2 is severe
because its FOV extends well beyond COR1 into coronal
elongations where the brightness of the K-corona is very
faint and easily overwhelmed by the instrumental back-
ground light. Thus, while internal occultation affords ade-
quate stray light rejection in COR1, COR2 must use external
occultation. External occultation prevents bright solar disk
light from striking the first optical element (O1), where it
would scatter into the coronal FOV at the prime focus. This
scattered light, which cannot be eliminated, would produce a
veiling glare of sufficient magnitude to prevent detection of
the faint coronal signal over most of the COR2 FOV. Thus,
COR2 artificially eclipses the sun with a circular external
occulting disk.

Optical Design: Figure 11 describes the optical components
for an externally occulted coronagraph (see also Brueckner

et al., 1995). The top diagram in Figure 11 traces a selected
ray bundle from the corona to the final coronal image. The
middle diagram in Figure 11 illustrates the role of the inter-
nal occulter and the Lyot stop in suppressing stray light. The
bottom diagram in Figure 11 illustrates the role of the Lyot
stop in suppressing stray light.

The current COR2 instrument design concept is shown in
Figure 12. The instrument envelope and basic structural ele-
ment is a stepped tube with a maximum diameter of 132 mm
and a length of 1348 mm. Figure 13 shows the vignetting
function for the A0 diameter is monotonically increasing.   

COR2 must complete a pB sequence of three images before
CME motion introduces significant polarimetric error. A
CME moving at the average speed of 500 km/s will move
across the 14 arc second pixel in about 20 seconds. Thus, the
sequence of three images must be completed within that
time. To accomplish this objective, COR2 is designed to
allow exposure times that are ~3% of LASCO/C2. A review
of the C2 and C3 instrument performance and design param-
eters indicates that an instrument with the requisite FOV,
stray light level, and high speed can be constructed. Further-
more, the instrument can retain the mechanical and optical
simplicity characteristic of the in-line single tube
LASCO/C3 instrument.

A0, front aperture F1, primary focal plane
A1, entrance aperture F2, secondary focal plane
A2, field stop O1, objective lens
A3, Lyot stop O2, field lens
D1, external occulter O3, relay lens
D2, internal occulter
D3, Lyot spot

Figure 11. Schematic Diagram of an Externally Occulted 
Coronagraph
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The proposed changes to the LASCO/C2 and C3 specifica-
tions for COR2 to meet the STEREO mission science objec-
tives, and the methods for minimizing stray light and
achieving the higher speed, are as follows:

#A relatively fast optical system will be used to permit
shorter exposure times (COR2 ƒ/6.0 vs. LASCO/C3
ƒ/9.3), so that pB image sequences of high-velocity CMEs
can be completed before scene spatial changes exceed one
CCD pixel.

#A larger diameter A1 aperture will be used, thus increas-
ing the light gathering power to develop the photon statis-
tics necessary to achieve a spatial resolution similar to
LASCO/C2 over a larger FOV within a shorter exposure
time. The image brightness varies directly with the square
of the A1 diameter while the unwanted diffracted light
from the aperture edge varies only linearly with the A1
diameter.

# The inner field limit will be set to 2 R", to overlap the 4
R" outer limit of the COR1 coronagraph. The usable pho-
tometry for the externally occulted COR2 doesn’t begin
until the vignetting rises above 0.1 (2.5 R"). The outer
field limit will be at 15 R" to overlap with the HI. 

# The distance between the external occulting disks and the
coronagraph entrance aperture (A1) will be increased, and
the distance between the individual disks of the external
occulter will also be increased. These changes have the
effect of reducing the amount of diffracted sunlight enter-
ing the coronagraph optical system from the edges of the
occulting disks, even though the 2 R" occulted inner limit
is preserved. 

#A doublet lens will be used for the objective O1. The two
lens elements have a common superpolished radius and
are optically contacted to minimize scatter at the interface.
A similar O1 doublet was used for LASCO/C2. This dou-
blet provides a low-scatter aberration-corrected lens that
projects a sharp image of the external occulter on an inter-
nal occulter of minimum size, to provide a sharply defined
inner field cutoff at 2 R".

# Instead of the LASCO polarization measurement scheme
based on three polarizers at set orientations, the COR2
(and COR1) polarimeter consists of a rotating half-wave
plate and a fixed polarizer. This is a standard design used
in many ground-based (e.g. MK-III & -IV, ASP) and
space-borne [e.g. Michelson Doppler Imager (MDI),
SPARTAN-201] instruments.Because the half-wave plate
can be of higher uniformity than the polarizer, a rotating
half-wave plate and a fixed polarizer provide measure-
ments that are minimally susceptible to unwanted instru-
mental polarization. The ray bundle from any point in the
corona goes through the same area of the polarizer for all
three measurements.

Figure 12. Phase A COR2 Design Concept (dimensions in mm)
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#A serrated edge is included in the A0 (front) aperture in
order to reduce the diffracted instrumental light from this
source.

# The filter bandpass full width half maximum (FWHM) of
the COR2 instrument is matched to that of the COR1
(650-750 nm) to maintain the photometric match between
the two instruments.

#Modern ion-assisted deposition methods may provide an
O1 antireflection coating that reduces scatter and also
eliminates the need for a Lyot spot. Traditionally, exter-
nally occulted coronagraphs have used superpolished
uncoated objectives to reduce the scattering of residual
flux from the external occulter incident on O1, because
conventional coatings added to the scatter of the glass sur-
face. However, the uncoated lens also produced a ghost
image of this same external occulter, formed by the inter-
nal reflections at the uncoated lens surfaces. This image
was blocked by the Lyot spot, which was placed to inter-
cept the ghost image. The modern coating methods appear
to substantially reduce the scattering voids and fractures
present in conventional coatings, and may possibly fill
some of the scattering surface imperfections, even of a
superpolished lens. Such scatter reduction is important for
the COR2 since it is required to reach simultaneously an
inner cutoff of 2 R" and an outer cutoff of 15 R". 

The design goal for COR2 is to provide an instrument whose
2 R" inner field limit will comfortably overlap the 4 R"
outer field limit of COR1, while adequately recording the
corona to 15 R", in the presence of stray light and the over-
lying zodiacal light. For example, the overlying zodiacal
light at 15 R" is more than an order of magnitude brighter
than the corona. The analysis of LASCO observations has
shown that a very satisfactory daily model of the stray light
and the F-corona (background model) can be derived and
subtracted from the daily images providing that the S/C
long-term pointing remains stable. Based on our LASCO
experience, the pointing stability of the S/C needs to be
within 7 arc seconds over a month to enable an accurate
determination of the background model and therefore of the
total brightness in the corona. The absolute pointing toler-
ance for COR2 has been investigated by an analysis of
LASCO C2 images during a period of pointing offset of the
SOHO S/C. Even with an offpoint of 30 arcsec, the COR2
should be able to fully function from 2.0 to 16 solar radii.
This analysis is shown graphically in Figures 14 through 16.
Thus, the total error budget for the final, on-orbit coalign-
ment of COR1 and COR2 is 30 arcsec. 

4.1.3. Extreme ultraviolet imager (EUVI)

The EUVI observes the chromosphere and low corona in
four different EUV emission lines between 17.1 and 30.4

nm. To meet the SECCHI (and STEREO) scientific objec-
tives, the EUVI has a full sun FOV extending to 1.7 R",
good spatial resolution defined by 1.6 arcsec pixels, the
capability to image the corona at different temperatures, and
the capability for fast image cadence. The EUVI is a small
Ritchey-Crétien telescope with heritage from EIT and the
Transition Region and Coronal Explorer (TRACE). The
EUVI’s improved mirror coatings, detector, and telemetry
allocation provide higher sensitivity and image cadence than
previously possible.

Optical Design: EUV radiation enters the telescope through
a segmented thin-film aluminum filter, approximately 150
nm thick, supported on a mesh. This filter suppresses most of

Figure 14. S/C Pointing Tolerance Background Model 
Difference Image

COR2 pointing tolerance was determined from two actual long
duration off-points of the LASCO/C2 coronagraph. The SOHO
pre- and post-recovery pointing of LASCO/C2 differed by 28.7".
The annual white light minimum background models for the year
before and the year after recovery were determined. Individual
pixels in these model images are set to the lowest value for the
given pixel over the model year. These images are dominated by
instrumental background and the F-corona. Artifacts of the long
term average of the K-corona related to streamers is also
present and indicate the level of error in this standard data
reduction technique. The offset models were first differenced and
then normalized by an average of the two. The result indicates
the approximate fractional error A. The normalized model is used
to determine the impact of S/C pointing errors on coronal
measurements. The difference image shown indicates that all
significant pointing effects are confined to a circular region inside
2.5 R". Outside 2.5 R" the systematic error is dominated by the
background model artifacts.
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the ultraviolet (UV), visible, and IR radiation and keeps the
solar heat out of the telescope. During launch, the filter is
protected by an outside door. The radiation then passes
through a sector shutter to one of the four quadrants of the
optics. Each quadrant of the primary and secondary mirror is
coated with a narrow band, multilayer reflective coating,
optimized for one of four EUV lines. The radiation continues
through a filter wheel, with redundant thin-film aluminum

filters to remove the remainder of the visible and IR radia-
tion. A rotating blade shutter controls the exposure time. The
image is formed on a CCD detector.

The thin-film filters are procured from Luxel corporation, as
was the case for SXT, TRACE, and the Solar X-ray Imager
(SXI). The mirrors are made of Zerodur. They are superpol-
ished to a sphere, ion beam etched to their final figure, and
multilayer coated at the Institut d’Optique Théorique et
Appliquée (IOTA) and the Institut d’Astrophysique Spatiale
(IAS). The same organization produced the EIT optics. A ray
trace of the EUVI optical system, set at optimum focus,
shows that the spot size is less than the pixel size over the
full FOV. The optics are fully baffled. The detector is a back-
side illuminated, backside thinned and pacified 2k x 2k CCD
detector with an EUV quantum efficiency in excess of 70
percent. The baseline detector is a device from Marconi, type
42-40. Near-identical devices (Marconi type 42-10) have
been tested extensively for both quantum efficiency, stability,
and resistance to extreme ultraviolet (XUV) radiation dam-
age on the SXI program. On all accounts they are much
superior to the detectors used on EIT or TRACE. The detec-
tor is passively cooled by a radiator.

Figure 17 shows a cross-section of the EUVI instrument. The
front end of the telescope consists of the aperture door, the
filter section, and the spider assembly. The filter section is
not evacuated. The EUVI entrance filters are small, only
about the size of similar thin-film analysis filters on SXT and
TRACE, which have been launched successfully without the
protection of a vacuum chamber. The filter section will be
tested in Phase B, to allow for design adjustments if needed.
The spider assembly includes the sector shutter and the
active secondary mirror. The front and aft sections of the
telescope are joined by a Graphite/Cyanate Ester metering
tube. A similar metering tube is being used on the Geosta-
tionary Orbiting Earth Satellite (GOES) SXI program. It has
a near-zero coefficient of thermal emission (CTE) in the
axial direction and uses an aluminum liner to mitigate
molecular contamination issues for the optics. The aft end
consists of the primary mirror assembly, the filter wheel and
shutter assembly, and the focal plane assembly.

The EUVI instrument has tight jitter requirements that
extend over the 0.1-10 Hz frequency range. Since the band-
width of the STEREO S/C attitude control system (ACS)
will not extend to 10 Hz, the EUVI instrument will have its
own Image Stabilization System (ISS) to satisfy its own jitter
requirements. The ISS includes the EUVI secondary mirror
as the actuator and the Guide Telescope (GT) as the high
accuracy angular motion sensor. The EUVI secondary mirror
is actuated to compensate for the S/C jitter. This ISS is
essentially identical to the one used in TRACE. It uses low
voltage piezoelectric transducers with strain gages.

Figure 15. S/C Pointing Tolerance Background Model 
Difference Image Maximum Trace

A trace through the normalized model difference image along
the S/C off-point axis is shown. The inner high slope area is due
to the variation of instrumental stray light. The low slope area is
due to the offset of the F-corona and model artifacts.

Figure 16. S/C Pointing Tolerance Background Model 
Difference Image Minimum Trace

A trace through the normalized model difference image roughly
perpendicular to the S/C off-point axis is shown. Most of the
change in A is due to artifacts of the model technique. The
temporal centers of the two models are about 1 year apart. Thus
most of the fractional amplitude, A, is due to the solar cycle
driven brightness and morphology changes associated with the
K-corona.
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The optical system has been designed to provide pixel-lim-
ited imaging throughout the FOV in a compact envelope.
Additional design goals were an acceptable size for the sec-
ondary mirror, and a focus error budget that eliminates the
need for a focus mechanism. The instrument has a slight
field curvature. The detector position for optimum focus is
therefore slightly inside the best on-axis focus. Figure 18
shows ray trace results for the position of optimum focus.
The point spread function for imaging in each quadrant is
smaller than one pixel throughout the FOV. It does not sig-
nificantly degrade for a depth of focus of about +/-0.12 mm.
The most critical parameter is the separation between the pri-
mary and secondary mirrors, since errors in this distance are
magnified by the secondary mirror.

The EUVI uses multilayer coatings that reflect in spectrally
narrow EUV bands centered on a solar emission line. The
wavelengths for the EUVI were selected for the SECCHI
science goals. The corresponding instrument response curves
and the detected photon flux for isothermal solar plasmas are
shown in Figures 19 and 20. The He II 30.4 nm line images
the chromosphere, and shows erupting prominences associ-
ated with CMEs. The Fe IX 17.1 nm line shows the sharpest
contrast in coronal loops, as seen in TRACE. Fe XII at 19.5
nm images the sun at a temperature “typical” for the quiet
corona, while Fe XIV at 21.1 nm images a hotter corona.
Images at 21.1 nm were observed by the Japanese X-ray
Detector Test (XDT) rocket. In addition, we will develop a
coating for Fe XV at 28.4 nm as an alternative for the 21.1
nm line. This line was observed on both EIT and TRACE. A
final decision between the two lines will be made in Phase B
based on the performance of test coatings.

4.1.4. Guide telescope (GT)

The GT will provide the fine-pointing angular measurements
that will be used to orient the boresights of the SECCHI tele-
scopes to point toward the geometric center of the sun. The
SECCHI GT is very similar to the TRACE GT, which has
been operating successfully in low earth orbit since April,
1998. The GT is basically a solar limb sensor, which can
measure the angular offset when the GT boresight is not
pointing directly at the sun’s geometric center.

The error signal provided to the S/C by the GT enables the
S/C ACS to meet the pointing requirements of COR1 and
COR2, as well as keeping the drift within the range which
the EUVI ISS can remove. The GT error signal must be
biased so that the S/C points COR1 at disk center when the
error signal is zero. Therefore, the GT electronics must be
able to subtract a bias from the error signal. The GT signal
must be sent to the S/C with the proper bandwidth, resolu-
tion, latency, and accuracy for the S/C to satisfy the pointing
and jitter requirements for the SECCHI instruments.

In order for the EUVI ISS to suppress jitter at frequencies
well above the S/C ACS bandwidth, the GT signal must be
even higher in bandwidth. The jitter signal in each axis must
be linear with the image motion over the expected jitter
range. Since the image motion measured by the GT must be
coherent in amplitude and phase with that on the EUVI CCD

Figure 17. EUVI Cross-Section

Figure 18. EUVI Ray Trace (Best Focus at 1.0 R"""")
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Figure 19. EUVI Effective Area

Figure 20. EUVI Temperature Response
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over that bandwidth, the EUVI ISS requires a tight mechani-
cal coupling between the EUVI and the GT. The first reso-
nance of the coupling between EUVI and GT needs to be
much higher than the required bandwidth of the ISS. The ISS
bandwidth needs to be high enough to include the resonance
frequencies of major S/C subsystems, which the S/C ACS
cannot address. The high gain antenna, whose fundamental
mode is at 10 Hz, is potentially a significant jitter source in
the SECCHI mission. 

Using performance data from MDI and TRACE and simple
modeling of the differences in the SECCHI GT, the perfor-
mance specifications and optical properties of the SECCHI
GT have been estimated and are listed in Table 5. Modeling
and in-flight calibration on MDI and TRACE show that the
signal has a linear range of +/-120 arcseconds and sensitivity
of ~0.01 arcseconds if the highest possible gain is used. The
sensor performance is mainly determined by the solar angu-
lar diameter, the angular diameter of the occulting disk, and
the angular diameter separation of the outer edges of the two
diodes. The greater range in solar diameter encountered on
STEREO requires changes in the two instrumental “diame-
ters.” A slightly different set of these parameters has been
optimized for acceptable GT performance for each STEREO
S/C. 

4.1.5. SCIP structure

The optical components and mechanisms of the four tele-
scopes are mounted in instrument tube structures within the
SCIP structure. The tube structures allow a greater amount of
integration to be performed at the individual organizations
before the telescope is delivered for integration onto the
SCIP structure. The instrument tubes also place most of the
contamination issues at the tube level rather than at the over-

all SCIP assembly level. The SCIP Camera Electronics Box
(CEB) is mounted close to the three Focal Plane Assemblies
(FPA) at the rear of the telescopes to avoid the need for addi-
tional electronics (e.g., pre-amplifiers).

The SCIP structure (Figure 21) is a two-cell box structure,
which consists of a central core structure, four removable
panels, and transverse bulkheads. The core structure is a
completely-bonded subassembly that resembles an I-beam in
cross-section and is the backbone for the entire structure. It
includes a central “web” panel constructed using aluminum
honeycomb and composite facesheets. The top and bottom
flange panels of this core structure are truss-stiffened com-
posite panels. The transverse bulkheads brace the top and
bottom panels and the side panels, while allowing adequate
clearance for two instrument tubes to be mounted vertically
on each side of the I-beam core structure. A regular truss
stiffener pattern on the exterior of the removable side and
top/bottom flange panels is achieved by placing the bulk-
heads at regularly-spaced span points. The removable side
panels are truss-stiffened panels of similar construction to
the top and bottom flange panels. 

Figure 22 shows an exploded view of the top flange panel of
the core structure. As shown, a stiffened panel consists of
three subassemblies: composite laminate, T-stiffener web,
and T-stiffener flange. The mortise and tenon technology is
used to join the three subassemblies creating a stiffened
panel. The removable aft and forward panels are of honey-
comb-facesheet construction to easily accommodate design
features, such as through holes.

Figure 23 shows how the instrument tubes and the SCIP
CEB are integrated with the SCIP structure to form the inte-
grated SCIP assembly. The instrument tubes and the CEB are
mounted to the central web panel of the core I-beam struc-
ture. The instruments are mounted to the SCIP structure
using kinematic mounts to minimize the effects of differen-
tial thermal expansion between the aluminum instrument
tubes and the composite SCIP structure. The height of the
SCIP assembly is minimized by mounting the smaller EUVI
tube above the COR2 tube and by mounting the smaller GT
tube above the COR1. The SCIP CEB is mounted behind the
GT tube. Since the EUVI CCD needs to be close to the SCIP
CEB to eliminate the need for additional electronics, the
back end of the EUVI tube is aligned with the backs of the
coronagraph tubes.

The recloseable doors for the COR1 and COR2 rotate
approximately 270˚ to their open position. The recloseable
door for the EUVI instrument is mounted to the EUVI tube
inside the SCIP structure. It will only open 90° to allow the
EUVI a clear FOV. 

Table 5. Optical Properties and Performance 
Specifications for the GT Limb Sensor

Linear Range (minimum)  +/- 100 arcseconds

Acceptable Bias (EUVI With 
Respect to COR1)

< 60 arcseconds

Acquisition Range >> 300 arcseconds

Non-linearity when Centered < 0.2% over +/-20 arcseconds

Non-linearity at Maximum Bias (60 
arcseconds)

< 3.5% over +/-20 arcseconds

Maximum Drift due to Sunspot on 
Diode

< 1.5 arcseconds

Analog Signal Range 0 – 12 V = +/-120 arcseconds

Digital Signal Range (for S/C Error 
Signal)

+/- 120 arcseconds

Frequency Response Flat to >> 250 Hz

Digital Sampling Rate 50 Hz (to be confirmed)

Commandable Bias Range +/- 80 arcseconds

Resolution of Bias Command 0.6 arcseconds (8 bits)
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A detailed finite element model (FEM) of the Phase A design
was developed to obtain the fundamental frequency of the
integrated SCIP assembly. The structural analysis uses MIL-
HDBK-5 properties for metallic materials and typical mate-
rial properties for the M55J/954-3 quasi-isotropic composite
material. The Phase A SCIP structural analysis has been lim-
ited to verification of the minimum fundamental frequency
requirement of 50 Hz for various design concepts. The target
FEM frequency was set well above the 50 Hz minimum fre-
quency requirement. 

The first mode has very low mass participation and is a local
mode. The second mode is the COR2 tube bending in a plane

perpendicular to the S/C mounting panel. The third mode is a
combined COR1/COR2 opposing motion along the axis of
each tube that induces bending at the core web/front panel
junction. COR2 is also bending in a plane parallel to the S/C
mounting plane. The 93.9 Hz fundamental mode provides a
large margin above the 50 Hz Phase A requirement.

4.2. Heliospheric imager (HI)

The Heliospheric Imager (HI) must acquire white light
images suitable for stereographic reconstruction of poten-
tially geoeffective CMEs propagating through the inner
heliosphere along the sun-earth line from 12 R" to ~215 R".
The requirements to detect CMEs will change based on the
CME signal detection conditions which are directly related
to elongation, ε. The CME signal strength falls off by r-2 to
r-3, or by ~10-4 at ε = 90˚ (Jackson et al.,1996). The K+F
corona background also falls off with r-2.25 to r-2.47

(Koutchmy and Lamy, 1985, Leinert, 1981) or by ~10-4 at ε
= 90˚. CME signal detection is background noise limited for
all elongations regardless of the instrument performance,
since the typical CME is ~1% of the natural background in
the HI FOV. Earthshine is also a significant additive back-
ground during the early mission when the S/C is still close to
earth. This is true even when the earth is outside the optical
FOV, because earthshine illuminates the baffles and optics in
ways that generate an instrumental background.

An externally-occulted coronagraph would be ideal to detect
CMEs at small elongation near the sun, when the signal is
relatively bright and the required FOV is narrow. On the
other hand, a heavily baffled, high light gathering power
(LGP) and wide-angle all-sky telescope would be ideal to
detect CMEs at high elongation in the faint night sky, when
the signal is extremely faint and the required FOV is wide.
The inverted nature of the single lens design and LGP prob-
lems can be rectified to a large degree by splitting the FOV
into two regimes and observing each with separate interme-
diate field angle lenses in distinctly different baffle shadow
locations. Thus, two specialized optical systems, HI-1 and
HI-2, with a nested two-stage baffle system, will be used to
satisfy these disparate requirements. Figure 6 shows the FOV
and the CME signal detection capability of the HI-1 and HI-
2 instruments.

Fresnel integral diffraction calculations indicate that the
solar disk driven instrumental background of HI is below the
natural object space background for all elongations within
the FOV, as shown in Figure 6.

HI-1 looks at the inner heliosphere to within 3.28˚ of the sun,
with an opening angle of 20˚. HI-2 looks further out, from an
elongation of 18.36˚, with an opening angle of 70˚. The HI-1
camera uses a five vane forward linear baffle system and

Figure 21. SCIP Structure, EUVI Side

Figure 22. Stiffened Panel Subassemblies

Figure 23. SCIP Structure, COR1/GT Side (Side Panel 
Removed for Clarity)
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matching linear internal occulter, a 20˚ full field angle lens,
and a 2048 x 2048 pixel format CCD (Figure 24). HI-1 is
somewhat similar to an externally occulted coronagraph but
without either a Lyot stop or a Lyot spot. The image plane of
the external occulter is also slightly behind the internal
occulter and the CCD front surface. However, since the dis-
tance from the last forward baffle vane to the lens is much
greater than the focal length of the lens, the external occulter
defocus at the internal occulter is minimal. A small baffle
over the objective lens protects it from earthshine. Fresnel
diffraction integral calculations (Born & Wolf 1980), with
the forward baffle vane height distribution optimized for the
HI-1 lens, show it will achieve an instrumental background
≤3x10-13 B/B0 at ε = 3.28˚. This is substantially below the
natural K+F corona background in the bright sky regime and
a factor of 10 better than the <10-12 B/B0 achieved on SOHO
LASCO/C3 (Brueckner et al., 1995). The improvement over
LASCO/C3 is due primarily to the substantially greater HI-1
inner FOV cutoff (12.3 R" vs. 3.8 R") and the fact that the
diffraction pattern intensity varies approximately with the
inverse square of the diffraction angle.

The HI-2 objective is set deep within the forward baffle sys-
tem shadow at a diffraction angle of 16.5˚ (upper solar limb
to lens top edge), where the HI-1 forward baffle Fresnel dif-
fraction calculation result is 2.3x10-18 B/B0, well below the
required 10-14 B/B0. This location corrects the inverted
geometry problem associated with the single lens design. In
order to minimize solar stray light rejection risk further, an
additional HI-2 baffle system is used along with a matching
internal occulting stop located at the focal plane. There is
also a separate rear baffle system between the HI-1 and HI-2
apertures to block light incident on the HI-1 camera face and
its earthshine baffle from scattering into the HI-2 entrance
aperture. The HI-2 camera consists of a wide-angle fisheye
lens and a CCD. The field angle compromise results in an

effective LGP aperture diameter of about 7 mm. The HI-2
instrumental background is dominated by veiling glare from
earthshine diffracted at the objective aperture stop rather
than baffle diffracted solar light. The instrumental back-
ground is 5x10-15 B/B0 for S/C-earth lead (lag) angle of 2˚
and thereafter diminishes approximately as the inverse
square of the S/C-earth distance.

The combination of a second entrance aperture at a large dif-
fraction angle, additional staged baffling and a moderate
(70˚) wide angle lens with greater LGP than a hemispherical
field angle lens will mitigate the stray light rejection risk,
improve the threshold background noise-limited signal
detection at high elongations, and reduce the required overall
dimension of the planar perimeter baffle. The superior dif-
fraction angle afforded the night sky portion of the field in
this design is critical, since solar stray light rejection is the
paramount risk. Technical risk mitigation in the HI design is
a priority, since the empirically-determined baffle diffraction
performance has not been established below about 10-8 for
wide angle Fresnel diffraction baffle systems (Buffington et
al., Romoli et al.).

The HI assembly includes the HI-1 and HI-2 instruments, the
exterior baffle systems, the hinged baffle cover, the focal
plane packages, the HI camera electronics, and the radiators
for the CCDs as illustrated in Figure 24. Details of the HI
design are presented in a companion article (Socker et al.,
this volume). 

Figure 24. HI Instrument Description
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Table 6. HI Instrument Characteristics

HI-1 
Characteristics

HI-2 
Characteristics

Field of View

Half angle 10˚ 35˚

Center 49.8R (13.28˚) 200R (53.36˚)

Inner Cutoff 
(Unvignetted)

12.3R (3.28˚) 72.8R (19.4˚)

Outer Cutoff 
(Unvignetted)

87.3R (23.28˚) 332R (88.6˚)

Plate Scale 35.15"/pixel 2.05’/pixel

Objective AR coated AR coated

Diameter 16.0 (16) mm 20.7 (7.01) mm

Focal Length 78.4 mm 19.74 mm

F-ratio ƒ/4.9 ƒ/2.8

Passband 650 - 750 nm 400 - 1000 nm

Instrumental 
Background <3x10-13 B/B0 <5x10-15 B/B0

Nominal Exposure Time 12 sec 60 sec

SNR ≥30/(pixel•hr)1/2 ≥15.5/(pixel•hr)1/2
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4.3. SECCHI electronics and flight software

The SECCHI Electronics Box (SEB) is the primary compo-
nent in the SECCHI command and data handling (C&DH)
and power architectures. Figure 25 provides a block diagram
of the instrument suite and its electronics. The SEB is the
only electronic interface with the S/C. This design optimizes
the C&DH capabilities within the given S/C resources. The
processing electronics are housed within a single box. The
camera readout electronics and their power circuits are
housed close to the CCDs to minimize mass and power inef-
ficiencies.

The SEB consists of a control computer, interfaces for the
camera and CCD, fine pointing and jitter control electronics,
mechanism drive circuits, a housekeeping data acquisition
system, S/C interfaces, and power conversion. It is built
using a Lockheed Martin Federal Systems RAD6000 32
MHz reduced instruction set computer (RISC)-based single
board computer (SBC) that was developed specifically for
the SXI program. The SBC uses a PCI bus and four High
Speed Serial Interfaces (HSSI) to control the SEB circuit
card assemblies (CCA). The SBC is fast enough to provide
data compression even during rapid flare observations.

The payload S/W uses the proven COTS VxWorks multi-
tasking real-time operating system with the C and C++ pro-
gramming languages. The image processing and compres-
sion S/W will make maximum reuse of routines developed
for SOHO/LASCO. Image compression routines already
developed include lossless (Rice) and a lossy wavelet com-
pression (H-compress). The Joint Photographic Experts
Group (JPEG) 2000 wavelet image compression standard
will likely be available by SECCHI launch, but would be
new S/W. Compression factors of 1.75 to 2.5 for the lossless
approach and higher compression ratios (5-10x) using H-
compress can be achieved.

4.4. Camera electronics

The SCIP and the HI assemblies will each have their own
camera electronics inside their own enclosures. These units
are known as the Camera Electronics Box (CEB). The SCIP
camera electronics are composed of five circuit cards with a
common backplane interface. Figure 25b is a block diagram
for the SCIP camera electronics. The HI CEB is identical
except that there are two CCDs instead of three.

The CCD camera electronics must be designed for indepen-
dent control of the COR1, COR2, HI, and EUVI CCDs, a
camera readout rate of 1 Mpixel/s through either of two CCD
output ports, and 14-bit A/D conversion. In addition, the
video digitization sensitivity and dynamic range were
required to match an anticipated CCD readout noise of ≤7
electrons rms, and a full well capacity ≥100k electrons. The
internal DC-DC converter will be synchronized to some mul-

a. SEECHI Electronics Box (SEB)

b. CCD and Camera Readout Electronics

Figure 25. SECCHI Electronics Box (SEB) and Camera 
Readout Electronics Diagram
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tiple of 50 kHz, in order to satisfy the mission’s electromag-
netic compatibility/electromagnetic interference require-
ments.

The camera electronics will use the same basic waveform
generator ASIC and CCD clock driver circuit topologies
developed by Rutherford Appleton Laboratory (RAL) for the
Solar Mass Ejection Imager (SMEI) CCD cameras, but are
updated for faster pixel readout rate for SECCHI. The
“SpaceWire” version of IEEE1355 has been adopted as the
electrical interface between the camera electronics and the
SEB computer. Exposure control of each CCD will be
directly from the SECCHI instrument computer. 

A combined CDS/analog-to-digital converter CCD video
processing ASIC will be used for the analog processing.
Options under consideration are a 14 bit device from Burr
Brown (VSP3100) and a custom-designed ASIC from RAL
fabricated on a radiation tolerant process. If successful, the
ASICs will be sufficiently more compact, and consume suffi-
ciently less power (compared to a discrete integrated circuit
design) to allow each CCD driver card to have its own dedi-
cated pair of video processing and digitization chains. The
baseline will be the RAL ASIC, with the Burr Brown chip as
a backup. However, if early evaluation of the Burr Brown
chip concludes that it is not viable for flight, then a discrete
integrated circuit solution will be adopted instead.

5. CONCLUSION

The STEREO mission, consisting of two spacecraft separat-
ing at equal rates from the earth in the leading and lagging
directions, provides unique opportunities to investigate fun-
damental questions about the Sun-Earth Connection that will
not be addressed in any other mission. A suite of remote
sensing instruments named SECCHI is being developed to
take full advantage of this opportunity. SECCHI will quan-
tify the morphology, mass, and velocity of CMEs from birth
to earth passage as well as the state of the pre-CME sun by
obtaining observations of the solar atmosphere from the tran-
sition region out beyond 1AU. These observations are
achieved by a combination of five individual instruments in
order to break the instrumentation problems down into units
that can be managed with designs requiring no new technol-
ogy. Innovative application of currently available electronics
and structure technology result in a very inexpensive, light-
weight, and low power remote sensing suite that fits into the
available STEREO resources.
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