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avenue Charles André, Saint-Genis Laval, F-69230, France ; CNRS, UMR 5574, Centre de

Recherche Astrophysique de Lyon ; Ecole Normale Supérieure de Lyon, Lyon, F-69007, France

ABSTRACT

The Near Infrared Spectrograph (NIRSpec) is one of the four science instruments aboard the James Webb Space
Telescope (JWST) scheduled for launch in 2014. NIRSpec is sensitive in the wavelength range from ∼ 0.6 to
5.0µm and will be capable of obtaining spectra of more than a 100 objects simultaneously, as well as fixed slit
high contrast spectroscopy of individual sources. It also features an integral field unit for 3D spectroscopy. The
key scientific objectives of the instrument include studies of star formation and chemical abundances of young
distant galaxies and tracing the creation of the chemical elements back in time. In this paper, we present the
status of the NIRSpec instrument as it is currently being prepared for its extensive ground calibration campaign
later in 2010.
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1. INTRODUCTION

The Near Infrared Spectrograph (NIRSpec) is one of the four science instruments of the James Webb Space
Telescope (JWST). JWST features a deployable and passively cooled (T ≤ 50K) primary mirror with ∼ 6.5m
diameter and is scheduled for launch in 2014. A comprehensive description of the observatory and its main
science goals is given by Ref. 1 and its current status is presented in this volume in Refs. 2 and 3.

NIRSpec is a near-infrared multi-object spectrograph capable of simultaneously obtaining more than 100
spectra in a 3.6 × 3.4 arcmin field of view (FOV) and is developed by the European Space Agency (ESA) with
EADS Astrium Germany GmbH as the prime contractor. Six gratings with resolving powers of R = λ/∆λ ∼ 1000
and R ∼ 2700 will cover the wavelength range from 1.0 − 5.0µm in three bands, while one prism will span the
full range of ∼ 0.6 − 5.0µm and yield a wavelength dependent resolution of 30 ≤ R ≤ 300. In addition to the
multiobject capability, NIRSpec will feature a selectable integral field unit (IFU) with 3× 3 arcsec FOV and five
fixed slits for detailed high contrast studies of single objects.

Fig. 1 shows the layout of the instrument. In total, NIRSpec features three three-mirror anastigmats (TMAs)
– the fore optics, collimator and camera –, a filter and a grating wheel assembly (FWA and GWA), a refocus
mechanism assembly (RMA), a calibration assembly (CAA), the microshutter assembly (MSA), and the IFU.
Light is detected by the focal plane assembly (FPA) that is a mosaic of two 2k × 2k HAWAII-2RG detector
arrays. With the exception of the filters in the FWA and the prism in the GWA, the entire optics is all-reflective.
A more detailed description of NIRSpec and its optical train is given in Refs. 4 and 5.
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Figure 1. A 3D model of the NIRSpec instrument with the main components labeled: optical bench base plate (1), coupling
optics (2), fore optics TMA (3), calibration mirror 1 and 2 (4 and 5), calibration assembly (6), filter wheel assembly (7),
refocus mechanism assembly (8), micro shutter assembly (9), integral field unit (10), fold mirror (11), collimator TMA
(12), grating wheel assembly (13), camera TMA (14), focal plane assembly (15), SIDECAR ASIC (16), optical assembly
internal harness (17).



Figure 2. Sketch of the thermal vacuum test setup. NIRSpec is located in the cryo chamber on the left, the calibration
light source (CLS) is located on the right. The middle part is the cross piece that is used as a view port to align NIRSpec
and the CLS to each other.

2. HARDWARE STATUS

The engineering test unit (ETU) of NIRSpec has been tested three times under cryogenic operating conditions
and was successfully delivered to NASA in early 2010. The optical train of the ETU terminates at the MSA
plane, where the ETU FPA is located. Furthermore, instead of a fully functioning filter wheel, a structural model
with a clear CaF2 substrate was used. The main purpose of the ETU and its test campaign was to verify the
structural and optical integrity of the NIRSpec design, as well as to check the cryo chamber and test the entire
suite of on ground support equipment (OGSE).6 Fig. 2 shows a sketch of the NIRSpec test chamber and parts
of the OGSE. Some issues with the test setup – mostly related to thermal background and light leaks inside
the test chamber – could be identified and were solved. The results of the tests are also compared against and
correlated with the output from the NIRSpec instrument performance simulator.8 A more detailed description
of the NIRSpec ETU and its test campaign is given in Ref. 7.

With the ETU delivered, the focus has now shifted to the NIRSpec flight model (FM). The FM is currently
being integrated at Astrium in Munich, and with all but three sub-systems delivered, integration is proceeding
rapidly towards the extensive verification and calibration campaign, foreseen to begin later in 2010. In the
following we will briefly report on the status of the individual sub-systems and the optical assembly.

2.1 The Optical Assembly

The NIRSpec optical assembly largely relies on Silicon Carbide (SiC) components, as the optical bench base plate,
the three TMAs, coupling optics and calibration path are all made of SiC.9 All SiC parts were manufactured
and tested by Boostec, France. The polishing and coating of the mirrors was carried out by Sagem.10 All SiC
components have been delivered to Astrium and the instrument is fully assembled and aligned up to the MSA
plane. The performance of the optical train is discussed in Sec. 3.



Figure 3. The NIRSpec FWA on the left and the wheel disk of the GWA on the right.

2.2 The Filter Wheel and Grating Wheel Assembly

The FWA is located in the pupil plane of the fore optics and carries seven transmission filters and one mirror. The
latter is used to close NIRSpec’s optical path towards the telescope and allows light from the internal calibration
source to reach the detectors. The GWA also has eight positions in total and carries the six gratings, the prism,
and a flat mirror to allow undispersed observations for target acquisition. Four of the eight FWA filters are long
pass filters to block the higher dispersion orders of the gratings. Fig. 3 shows images of the flight FWA and
GWA. Both mechanisms and their optical components are build by Carl Zeiss Optronics, Germany.11, 12

While the FWA has been delivered and integrated onto the NIRSpec optical bench, the GWA is still un-
dergoing final performance testing. After initial difficulties in manufacturing high quality gratings, these units
now turn out to be excellent, with peak efficiencies above 90%. One remaining challenge is the relatively high
wavefront error (WFE) of the gratings and target acquisition mirror when mounted onto the wheel disk. This is
partly due to the high preloads needed to keep the gratings in place during launch. At the moment a modified
mounting strategy is under evaluation and test that should improve the WFE and might be incorporated in the
flight spare unit. The GWA FM is scheduled for delivery in late Summer.

2.3 The Refocus Mechanism Assembly

The RMA gives the possibility to focus NIRSpec to the telescope image plane, the exact position of which is
not known prior to launch due to the fact that the individual primary mirror segments have to be aligned and
phased. Furthermore, it can be used to deliberately defocus NIRSpec for enabling multi-instrument wavefront
sensing and phase retrieval for JWST.13 Phase retrieval results obtained from focus sweep data taken during the
NIRSpec ETU test campaign are presented at this conference.14

The RMA is based on a pentaprism design with two mirrors on a common linear translation stage with 6mm
travel range.15 It was designed an built by Galileo Avionica, Italy, and it has already been integrated into the
NIRSpec FM. Images of the flight unit are shown in Fig. 4 and a more detailed description of the RMA and its
optical components is given in Ref. 16.



Figure 4. The NIRSpec RMA flight model.

2.4 The Calibration Assembly

The CAA is the internal calibration source of NIRSpec. It was built by the Mullard Space Science Laboratory
(MSSL), UK, and consists of a gold coated integrating sphere with eleven individual light sources, so-called
telescopes. Each telescope holds an assembly of lenses and filters and two (redundant) light bulbs, providing flat
field and wavelength calibrators for the different spectrographic modes of NIRSpec. Light exiting the integrating
sphere is constrained by a snout and then directed towards the MSA by two dedicated mirrors, the closed (mirror)
position in the FWA and parts of the fore optics optical train, including the RMA mirrors. Fig. 5 shows images
of the CAA.

The intensity of all the CAA modes has been verified to be in the suitable range for NIRSpec, but due to the
low flux, a full absolute calibration was not possible even with state of the art systems. Therefore, the CAA will
be calibrated using NIRSpec itself by comparison to the external on-ground support equipment (see Sec. 2.8).

2.5 The Integral Field Unit

The NIRSpec IFU will allow to perform 3D spectroscopy of a 3×3 arcsec FOV by means of dissecting the square
entrance aperture into 30 parallel sub-slits and forming a single virtual slit for the spectrograph. It is built by
Surrey Satellite Technology Ltd., UK. A detailed description of the IFU is given in Refs. 17 and 18. The IFU
flight model has been delivered to Astrium and is ready for integration into the mounting bracket that also holds
the MSA. An image of the flight model is shown in Fig. 6. The performance of this unit is presented in detail at
this conference.19

2.6 The Microshutter Assembly

The MSA will give NIRSpec its multiobject capability. It consists of four quadrants producing a final array of
730 × 342 individually addressable shutters.20 The MSA is developed and built by the NASA Goddard Space
Flight Center, USA, with the technology being based on micro-electrical mechanical structures (MEMS). The
shutters are opened by sweeping a magnet across the surface, and then kept open electrostatically. Individual
shutters can be addressed and released, which is synchronized with the return sweep of the magnet.

The flight model of the MSA has been assembled and is currently undergoing final performance testing. Fig. 7
shows the magnet translation stage and the four quadrants mounted onto the system board. During the test



Figure 5. Images of the CAA flight model.

Figure 6. Image of the IFU flight model.



Figure 7. The magnet translation stage (left) and the four microshutter quadrants (right) of the MSA.

and verification program one flight quadrant had to be replaced by a spare due to too low contrast. First test
results indicate that the MSA will meet its requirement in failed shutters (stuck closed/open). Delivery of the
flight unit is scheduled for June 2010.

2.7 The Focal Plane Assembly

The NIRSpec FPA consists of a mosaic of two HAWAII-2RG HgCdTe sensor chip assemblies (SCAs) with
2048× 2048 pixels each.21 The HgCdTe detectors are manufactured by Teledyne, USA, and are identical to the
ones used in the Fine Guidance Sensor / Tunable Filter Imager (FGS/TFI)22 and the long wavelength channel
of the NIRCam23 instrument. They are sensitive to wavelengths up to 5µm and are read out using a dedicated
Teledyne SIDECAR ASIC (System for Image Digitization, Enhancement, Control And Retrieval Application
Specific Integrated Circuit) operating at temperatures below 40K.

As in the case of the MSA, NASA GSFC is delivering the NIRSpec detector system to ESA and is also
responsible for its characterization. Tests on the flight FPA were recently finished and delivery is scheduled for
June 2010. The detectors show state of the art performance in general, and we present some key parameters and
their requirements in Table 1. Monochromatic flat fields of the SCAs are shown in Fig. 8. It must be noted that
all values given here are based on preliminary data analysis24 and thus subject to change once data evaluation
is finalized.

Requirement Specified Measured Unit

Total noise per pixel < 6 5.97 - 6.75 e− rms
Mean dark current per pixel < 0.01 0.0074 e−/s/pixel
Pixel operability for science observations > 89 (EOL) 96.65 %
Detective quantum efficiency ≥ 0.7 (λ < 1.0µm) 0.58 - 0.75

≥ 0.8 (λ ≥ 1.0µm) 0.71 - 0.84
Table 1. Key parameters of the NIRSpec flight FPA measured at TFPA = 38.5K based on preliminary data analysis.

In most of its spectroscopic modes NIRSpec will be detector-noise limited for faint sources. Therefore, both
DQE and total noise have a direct impact on NIRSpec’s sensitivity. A considerable fraction of the measured total
noise is due to 1/f -noise originating in the ASICs and there are efforts to reduce this noise term by operating
the ASICs differently, i.e. with a revised readout scheme25 that could be incorporated in the future.



Figure 8. Flat field image of the NIRSpec flight FPA at a wavelength of λ = 2.6µm. Full grey scale corresponds to ±20%
of the mean response.

2.8 On Ground Calibration Sources

There is a vast amount of on ground support equipment needed to align and operate NIRSpec before and during
its verification and calibration campaign. This also includes hardware and software needed to analyze science
data taken during the tests.26 Here we focus on the two on ground calibration sources that will be used to
establish the spectro-radiometric calibration of NIRSpec: the calibration light source (CLS) and the radiometric
calibration spectral source (RCSS). A comprehensive overview of the full OGSE is given in Ref. 27.

The CLS consists of a gold coated integrating sphere with 60 cm diameter and a light box carrying four
filter and aperture wheels and the light source from Helioworks, a tungsten filament inside a hermetically sealed
package with a Sapphire window. The integrating sphere and the light box are cooled to temperatures of ∼ 80K
in order to suppress thermal background radiation in the wavelength regime of NIRSpec.

The filters and apertures in the light box are used to provide suitable illumination levels for all modes of
the NIRSpec instrument, including flat fields and spectral references using Fabry-Perot filters and rare earth
standards. An Argon emission line lamp will be used to achieve an accurate wavelength calibration. The CLS
was built by MSSL and radiometrically calibrated by the National Physics Laboratory, UK. The CAA, NIRSpec’s
internal calibration source, will be calibrated during the ground campaign using the CLS as a secondary standard.

The RCSS consists of a small integrating sphere with several continuum light sources and a pinhole. This
pinhole is imaged by a telescope of an Offner design that mimics the JWST telescope’s f/20-beam and pupil,
and supplies a point source to the instrument. Despite the extremely low ouptut flux levels of the device, a
subset of its operating modes could be radiometrically calibrated by the Physikalisch Technische Bundesanstalt,
Germany, in the wavelength range from 0.7 ≤ λ ≤ 1.65µm.28 The main use of the RCSS will be to measure the
slit and diffraction losses of NIRSpec for its spectroscopic modes.29

3. INSTRUMENT PERFORMANCE AND GROUND CALIBRATION

Currently, the NIRSpec FM is fully integrated and aligned up to the collimator TMA. Fig. 9 shows an image
of the optical bench taken during alignment. The wavefront error of the optical train up to the MSA has been
measured and found to be ≤ 57 nm rms over the entire MSA image plane, with an excellent average WFE of
∼ 39 nm rms. In early 2010, the WFE at the FPA image plane has been measured with an almost complete



Figure 9. The NIRSpec FM optical bench. The structure on the left is ground support equipment used align the fore
optics.

optical train to ∼ 90 nm rms on average, again an excellent value. That setup used a non-flight RMA, and lacked
the flight FWA and GWA. Once fully integrated and aligned, the NIRSpec FM is expected to meet its wavefront
error requirements.

By now, there are throughput measurements for all optical sub-components available. This allows the through-
put of the entire optical train to be estimated using the as-built values. Fig. 10 shows the throughput of the
instrument in R ∼ 100 mode and for one of the gratings. For the full optical train throughput a 15% system
margin is included to account for measurement uncertainties at component level. Slit and diffraction losses and
detector DQE are not considered. The estimated throughput is in line with the requirements.

After its completion, NIRSpec will undergo a comprehensive suite of tests to verify its function and perfor-
mance. The thermal-vacuum campaign is foreseen to take place towards the end of 2010, and preparation for
these tests is ongoing. Apart from an update in expected instrument sensitivity and performance, the ground
calibration campaign is also crucial to create the data products that are needed for the implementation of the
NIRSpec science pipeline.27

4. SUMMARY

With all but three sub-systems already delivered, the flight model of the NIRSpec instrument is nearing comple-
tion. The measured wavefront error of the optical train up to the MSA is excellent, and the throughput of the
entire instrument is estimated to meet specifications. Preparation for the extensive ground calibration campaign
is ongoing.



Figure 10. Predicted throughput (black lines) with the prism (top) and the R ∼ 1000 band-III grating (bottom) as
dispersing elements. In both graphs the throughput of the used filter, the dispersing element, and the mirrors is also
shown separately in magenta, green, and blue, respectively.
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[8] Piquéras, L., Legros, E., Pons, A., Legay, P.-J., Ferruit, P., Dorner, B., Pécontal-Rousset, A., Gnata, X.,
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Grözinger, U., Königsreiter, G., and Neugebauer, C., “The grating and filter wheels for the JWST NIRSpec
instrument,” Presented at the Society of Photo-Optical Instrumentation Engineers (SPIE) Conference 6273
(July 2006).

[12] Ellenrieder, M. M., Weidlich, K., Nelles, B., Ploss, B., Bruynooghe, S., Köhler, J., and Te Plate, M., “The
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