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We report the assembly procedure and performance evaluation of a visible and near-infrared spectrometer in the wavelength
region of 400-900 nm, which is later to be combined with fore-optics (a telescope) to form a f/2.5 imaging spectrometer with
a field of view of +7.68°. The detector at the final image plane is a 640x480 charge-coupled device with a 24 pm pixel size.
The spectrometer is in an Offner relay configuration consisting of two concentric, spherical mirrors, the secondary of which is
replaced by a convex grating mirror. A double-pass test method with an interferometer is often applied in the assembly process
of precision optics, but was excluded from our study due to a large residual wavefront error (WFE) in optical design of 210
nm (0.35\ at 600 nm) root-mean-square (RMS). This results in a single-path test method with a Shack-Hartmann sensor. The
final assembly was tested to have a RMS WFE increase of less than 90 nm over the entire field of view, a keystone of 0.08
pixels, a smile of 1.13 pixels and a spectral resolution of 4.32 nm. During the procedure, we confirmed the validity of using
a Shack-Hartmann wavefront sensor to monitor alignment in the assembly of an Offner-like spectrometer.
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OCIS codes: (110.4234) Multispectral and hyperspectral imaging; (120.0280) Remote sensing and sensors; (300.6190) Spectrometers;
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Fig. 1. Optical layout and operational concept of a space-borne imaging spectrometer Bl

(a) Offner relay system consisting of two concentric spherical mirrors

Fig. 2. Schematic drawings of an Offner relay
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(b) Offner-like spectrometer. The secondary mirror is a convex grating

optical system and an Offner-like spectrometer.
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Fg. 3. Schematic diagram of an Push-broom type imaging spectrometer.
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(b) Folded optical layout

Fig. 4. Unfolded and folded optical layouts of the VNIR spectrometer.
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Fig. 5. Pictures of the VNIR spectrometer major components.
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Table 1. VNIR spectrometer specification

Item Requirements
Spectral range [nm] 400~900
Numerical aperture 0.2
Keystone [pixel] <03
Smile [pixel] <0.3
Spectral resolution [nm] <5
Magnification -1.0
Slit length/width [mm] 15.36/0.024
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Table 2. Sensitivity of the VNIR spectrometer
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(b) Model with alignment jigs

Fig. 6. Exploded model and model with alignment jigs of the VNIR spectrometer.
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Table 4. Alignment wavefront error allocation in unit of A at 600 nm
Sensitivity Allocated
Level 1 in Zemax unit 5 RSS AWFE
Error ARMS Error ARMS (ARMS)
z mm 0.05 0.06 0.04 0.05 0.00230
X mm 0.05 0.06 0.04 0.05 0.00230
Input Beam y mm 0.05 0.06 0.04 0.05 0.00230
a deg 0.11 0.06 0.08 0.04 0.00190
$ deg 0.11 0.06 0.08 0.04 0.00190
z mm 0.05 0.06 0.04 0.05 0.00230
X mm 0.05 0.06 0.04 0.05 0.00230
M1/M3 y mm 0.05 0.06 0.04 0.05 0.00230
a deg 0.11 0.06 0.05 0.05 0.00224 018
B deg 0.11 0.07 0.05 0.06 0.00305
z mm 0.05 0.01 0.05 0.01 0.00010
X mm 0.05 0.08 0.03 0.05 0.00230
M2 (grating) y mm 0.05 0.23 0.01 0.05 0.00212
a deg 0.11 0.68 0.01 0.06 0.00382
B deg 0.11 0.51 0.01 0.05 0.00215
z mm 0.05 0.00 0.05 0.00 0.00000
Detector a deg 0.11 0.00 0.11 0.00 0.00000
B deg 0.11 0.03 0.10 0.03 0.00074
Optics undertest Opics under test
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(a) Single-path testing setup with a Shack-Hartmann sensor

(b) Double-path testing setup with an interferometer

Fig. 7. Single and double path optical testing setups for the VNIR spectrometer alignment.



SEDE

i
ot
N

FA AAE

2ol ok

Table 5. Specification of the Shack-Hartmann sensor

Wavefront Sensor (WFS150-7AR)

Wavelength range 400~900 nm
Aperture size 5.95x4.76 mm
Camera resolution 1280x1024
Pixel size 4.65%4.65 pm
Wavefront accuracy (RMS) <15 nm (@633 nm)

Fig. 8. Collimated light source and Shack-Hartmann Sensor mounted
on separated motorized stages.

Fg. 9. Implementation of multi pin-holes by combination of stacking
double slits.
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Fig. 10. Overall alignment procedure and its compensator movement estimation during alignment process.



114 3H=33}3]2] A)28W AI3Z, 201749 6¢Y

0.15
01 i}
00s —| ;”
s . x
0 —= - .J‘l§ T\ T =N\ 01 R ﬁ“\
Astig 45  Defocus Q‘slig§ Trefoily Comax (o Trefoilx Tetrafoil y
-0.05 A\ N
-0.1
RMS Wavefront[nm]: 147
-0.15
Coefficient/pum v -1field mOfield 1 field

(a) Before the reverse optimization method was applied

0.15

0.1

0.05

J I PR 9
L~ = . \ N )
Astig45  Defocus  Asti N Trefo® Comax (ol Trefoil x  Tetrafoil y

N

A

-0.05

0.1

RMS Wavefront[nm]: 90
-0.15

Coefficient/um -1field mOfield N1 field

(b) After the reverse optimization method was applied

Fig. 11. Zernike coefficients at two outer and center fields (-1F, OF and 1F) before and after the reverse optimization method was applied.
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Fig. 12. Measured spectral response of the Krypton calibration source.

(a) Spectral image (x: spatial-axis, y: spectral-axis)
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Fig. 13. Spectral image of the Krypton light through multi pin-hole jig (Fig. 8) and its calculated keystone and smile curves.
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