












corner points to transfer the launch
loads, which also makes the geometry
more compact.

The sunshade that separates the warm
spacecraft from the cold telescope is
impressive, reaching the size of a tennis
court when fully deployed. The
sunshade is stowed in two segments
along the front and back of the
telescope during launch. The solar
arrays and communication antenna dish
are also collapsed against the spacecraft
body for launch. After separation from
the launcher, the observatory will
literally unfold itself like a butterfly
from its cocoon (see a JWST
deployment animation available at
http://sci.esa.int/jump.cfm?oid=41816).

The JWST system design is strongly
driven by thermal considerations.
Sunlight must be kept off the telescope
and instruments at all cost, and this is
achieved with a sunshade made of five
separate foils acting as a multi-layer
insulation. The spacecraft, with its
attitude control electronics, power
regulation, communications systems and
on-board data handling and processing
system, is situated on the ‘hot’ side of the
sunshade and operate at near-room
temperature as on most other spacecraft.

The telescope and the instruments on
the ‘cold’ side of the sunshade need to
be kept below –240ºC. This is achieved
by physically separating the warm
spacecraft from the cold observatory by
means of a deployable tower that is
activated after launch, thus giving a low
parasitic heat transfer from the warm to
the cold region. All electronics and
instrument parts located in the cold
region must have extremely low power
dissipation in order to maintain the low
temperatures. 

The full complement of four instru-
ments with a total mass of 570 kg has an
average power dissipation of less than
0.5 W, less than a small bicycle lamp.
The telescope and its instruments are
passively cooled to below –240ºC by
exposing them to the deep-space
environment at a temperature of
–270ºC. It takes four months to cool
down the observatory after deployment
of the sunshade. This matches very well
the time it takes to reach the final orbit
at L2, where observations can begin.

The Management Challenges of JWST
In the ESA/NASA cooperation on
JWST, mutual responsibilities and
obligations are defined at global level in

In this mode, placing the image of a star
on a ‘Quadrant Phase Mask’ causes the
light from the star to be dramatically
attenuated, thereby allowing any planets
orbiting the star to be searched for and
imaged directly.

To limit the self-emission from the
MIRI instrument and operate its three 
1k x 1k SiAs detector arrays, parts of the
MIRI instrument need to be cooled some
25˚ below that of the passively cooled
near-infrared instruments to a
temperature less than 10˚ above absolute
zero. This is achieved by means of a
dedicated mechanical cooler.

MIRI is being procured jointly by
Europe and the USA. The MIRI
Optical System is being built and funded
by a consortium of ESA member states
led by the United Kingdom and
comprised of France, the Netherlands,
Germany, Spain, Sweden, Switzerland,
Denmark, Belgium and Ireland. Overall
leadership of the European MIRI
consortium rests with the European
Principal Investigator, Dr Gillian
Wright of the Astronomy Technology
Centre in Edinburgh. The MIRI
detector arrays and mechanical cryo-
cooler are provided by NASA’s Jet
Propulsion Laboratory.

The Technical Challenges of JWST
The original name of JWST – the Next
Generation Space Telescope – can be
understood literally. JWST is the first
space telescope whose primary mirror is
larger than the diameter of the launcher
fairing, and the first mission to use
lightweight construction techniques and
active adjustment of its mirrors in space. 

The large size of the satellite and the
need to fit inside an Ariane-5 launcher
fairing requires a number of deployable
features. The main telescope and its 18
hexagonal mirror segments have two
deployable wings hinged and rotated
against the back of the central
telescope. The secondary mirror is
suspended on a tripod in front of the
main mirror that is folded and rotated
against the back of the primary mirror
during launch. During launch, the
telescope rests on the spacecraft at four
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Verification Model of MIRI undergoing testing (MIRI EC)
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the JWST Memorandum of Under-
standing. The Joint Project Imple-
mentation Plan (JPIP) defines the
mutual responsibilities and obligation
in further detail, and also describes the
management interaction and coordi-
nation between the two projects. A key
assumption made in the JPIP is the
principle of equivalence between the
engineering and product assurance
standards to which the two agencies
each work. This makes it possible for
the ESA and NASA contractors to
work to standards they are familiar
with.

The JPIP is based on a partnership
and not a contractual relationship. No
money flows between the two agencies.
As a partner, ESA supports all the
programme-level activities such as
reviews and approval of all higher-level
project documents. However, NASA is
responsible for the overall mission
system, and ESA works to interface and
functional requirements defined by
NASA. ESA is responsible for the
NIRSpec and the MIRI Optical
Systems. NASA delivers subsystems to
both instruments according to interface
and functional requirements defined by
ESA. This makes the overall technical
and programmatic situation rather
complex

The guiding principle used in the
definition of the ESA/NASA mutual
responsibilities has been to identify
‘Clean and Clear Interfaces’. This
applies to both technical and manage-
ment interfaces, and has probably been
the most important aspect to ensure a
smooth and efficient cooperation. An
example is the delivery of detectors for
NIRSpec and MIRI from NASA.
Detectors, detector electronics, flight
software, electrical and mechanical
ground support equipment, calibration
and qualification are the responsibility
of NASA. This makes the detector
systems fully independent subsystems
and easy to manage from both a
technical and programmatic point of
view.

Working cultures are certainly
different between ESA and NASA, and JWST in launch configuration inside the Ariane-5 fairing



it is important that the two project
teams on both sides of the Atlantic be
conscious of this to avoid conflicts and
irritation. The in-depth definition of
deliverables: hardware, software, ground
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support equipment and documentation
captured in the JPIP has significantly
mitigated conflict situations and
smoothed the cooperation. It has been
made clear from the beginning what was

The JWST Technology Development Programme

JWST takes us outside the capabilities of today’s technology and satellite design

approach in several areas. Ten critical leading technologies were identified by NASA in

the concept phase of the project. The leading technologies span a very wide range:

mirror segment adjustability with nanometre accuracy, alignment of all 18 mirror

segments, stability of the mirror segment support structure, large format and ultra-low

noise near-infrared and mid-infrared detectors, mechanical coolers for MIRI and the

Micro-Shutter Array for NIRSpec.

All technologies reached the required TRL-6 in spring 2007. TRL-6 requires a system or

subsystem model or prototype demonstration in a relevant environment. This is an

important achievement that allows the JWST project to progress to the implementation

phase with the required technological developments in hand. A significant investment

had been made early in the project development phase to achieve this.

To support the construction of NIRSpec, ESA also faced the need to develop new

technologies in the field of high-performance mirrors and structures, which are

compatible with use at –240
o
C. The development focused on qualifying silicon carbide

(SiC) ceramic as the basic material for both the mirrors and the structural parts of

NIRSpec.

expected from each party at the lowest
possible level.

The ESA/NASA cooperation is further
complicated due to the International
Traffic in Arms Regulations (ITAR),
which is a set of government regulations
that control the US export and import of
defence-related articles and services.
Basically all space activities and products
are considered defence-related. This
makes it very diffcult for a US company
to share any detailed design information,
analyses and test procedures with ESA.
The exchange of information and service
needs to be defined in a Technical
Assistance Agreement (TAA), which is to
be approved by the US Department of
State (DoS). Typically, very strong
provisos are applied by DoS, which
precludes any exchange of detailed
design information. This constraint
makes it even more important to have
‘Clean and Clear’ interfaces, with a
minimum of exchange of information
required. e






