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 The flexible copper board for the video signal of the short wavelength arm, which has 
two male 27 pin Harwin connectors and plugs into the light tight ring of the detector 
mount on one side and into the flexible board attached to the vacuum connector on the 
other side, was broken during disassembly of ISAAC. It broke at the side of the ring, 
when the vacuum connector fell down. 

Initially, ICS did not work because of some modifications Peter and Jens made before 
they left Paranal. Once Jens came today, he could easily fix the problem. (Without him 
it might have been some problem). Reproducibility in the warm with stand-alone sys-
tem is perfect. 

The back focal distance of lens S2 changed. Lens S2 was in the correct position. L3 has 
good image quality.

The laminar flow bench is not yet installed in the integration lab. The integration lab is 
dusty and sand has deposited on ISAAC parts. It is not possible to wash hands in the 
building. One has to work on the detector with dirty hands.

Modification tbd:

The radiation shield in front of the detector is still black paper scotched to the detector. 
Covers which protect the backside of the Harwin connectors are missing.

1.0  Preparations and detector alignment

Before aligning the Rockwell science grade #3, the alignment of the Rockwell grade #2 
was re-measured. Modification tbd:

Since the wings on the ring of the detector mount which allow spring loaded fixation 
have been omitted in new design, it is not possible to turn the alignment screws without 
removing fixation screws (screw in the screw) and manually pressing the detector 
mount in the alignment grooves while turning the screw. 

The distance between old dummy and Rockwell science grade #2 measured by Giana 
on Paranal on the 26th of June 98 was +1.63 mm.The nominal distance is +1.58 mm.

The distance between old dummy and Rockwell science grade #2 measured by Gert on 
Paranal on the 28th of September 98 was +1.59 mm. The nominal distance is +1.58 
mm.
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In Figure 1 to Figure 4 the alignment of the detectors is shown. In all corners the coor-
dinates (x,y,z) are given. The center position (x=0, y=0) corresponds to the nominal 
center position of the dummy. The z-position of the dummy is z = +7.66 mm.
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FIGURE 1. Alignment of Rockwell science grade #2 after test #1 on Paranal. In 
the corners the position (x,y,z) is given. The orientation looking from the front 
side onto the detectors indicated by the video cable. Position of quadrants, scan 
direction of shift registers and detector pins is also indicated. 
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The ADC channel number and the detector quadrant number is consistent, i.e. ADC 
channel number n corresponds to quadrant number n.

The assignment of corners at the entrance window and corners as displayed on the 
RTD is as shown in 
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FIGURE 2. Alignment of Rockwell science grade #3 before test #1 on Paranal. 
In the corners the position (x,y,z) is given. The orientation looking from the front 
side onto the detectors indicated by the video cable. Position of quadrants, scan 
direction of shift registers and detector pins is also indicated. 
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channel 2 channel 1

entrance window real-time display

FIGURE 3. Assignments of channels / detector quadrants to position at entrance 
window and on real-time display.
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1.1  Test of SBRC 256 warm:

The shield of the bias flexible copper board between light tight ring and vacuum con-
nector of the long wavelength arm is damaged. Functionality concerns fortunately were 
not confirmd.The SBRC detector works. Test with uncorrelated sampling shows 
change of video signal if Vdet is changed. The rms pixel to pixel noise is ~ 2 ADU rms 
which corresponds to ~22 erms.

Modification tbd:

Prepare a complete set of spare flexible boards including detector and part at light tight 
ring which is needed before soldering the connector.

 Tuesday 29th September /Wednesday 30th September 

1.2   Preparation and test of star simulator, blackbody and shutter

All external devices controlled by the GPIB bus were installed and tested. Blackbody, 
shutter, digital voltmeter to measure on-chip temperature of SBRC detector and star 
simulator are functional and under computer control using gpioCmd in templates. 

The initialization of the star simulator has to be done in the following way because of 
space limitations within the moving range of the star simulator. Otherwise fuses will 
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FIGURE 4. Alignment of SBRC 256x256 InSb science grade #2 (low doped) 
after test #1 on Paranal. In the corners the position (x,y,z) is given. The 
orientation looking from the front side onto the detectors indicated by the video 
cable. Position of scan direction of shift registers and detector pins is also 
indicated. 
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burn and the star simulator gets stuck and will be damaged as it happened during Para-
nal test #1 in July:

1.switch off power to let the star simulator slide down. It should be hand held to avoid 
banging into the end stops.
2. switch power on and go to home position with u axis.
3. move u axis to >= 200000 encoder steps
4. go to home position with x and y axis
5. for u >=200000 no restrictions for x and y axis
6. for x<=43000 u>200000 

Modification tbd:

The copper columns for attachment of the cold finger are too short. Spacers have to be 
used.

The temperature sensor of the on chip diode was checked and is operational. 

Modification tbd:

The CLDC board with the 10 µA current source has to be finished to allow temperature 
reading of the SBRC on chip sensors without external voltmeter. The temperature dif-
ference between on-chip sensor and sensor on cold finger is 15 K during cooldown

1.3  Repair of video cable for Hawaii detector

Thanks to the non-stop travel of Jutta Quentin from Garching to Paranal we received 
the spare video cable flexible board for the short wavelength detector on Tuesday, 29th 
of September at 17:00. The connectors were soldered to the board. The board was 
installed. In the warm the Rockwell detector was working and the noise was 2 ADU 
rms.The cooling braid has a contact to the instrument and connects the detector ground 
to the instrument. To fix this, the instrument has to be disassembled. Because of the 
tight schedule we decided to close the instrument and start pumping, especially in view 
of the high risk and damages occurring during these actions. The vacuum and 
cooldown was ok. On Wednesday, 30th of September at 23:00 hours the Rockwell 
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FIGURE 5. Scan direction of star simulator.
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detector temperature was <=120 K and the functionality of the detector could be con-
firmed.

Template have been tested which interact with background midas. All terminal have 
been moved into the small room adjacent to the integration lab.

of the has contact, reproducibility ok

2.0  COOLDOWN #2

Thursday, 1st October

Test of instrument starts at 7:00. 

The noise of the Rockwell detector is 3.8 ADU rms pixel to pixel on the difference of 
two dark exposures, which is equivalent to 15 electrons rms for double correlated sam-
pling.

Noise of the long wavelength detector: background too high. Uncorrelated sampling 
does not work.

2.1  Determination of focus in imaging mode:

The collimator did not produce a move signal. First we feared this was due to a 
mechanical problem. But it turned out to be electrical. The 5 phase stepper motor was 
running on 3 phases only and lost steps. In some positions the collimator got stuck. The 
collimator moves between some intermediate position and the upper limit. Focus 
curves could not b taken because steps are lost. We decided to try if we can focus the 
objectives using the handset.

2.1.1  Objective S2

S2 is in focus within the collimator range with good image quality in the center (fwhm 
1.2 pixels) and somewhat elongated images at the left side.
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In Table 1 fwhm’s are given for objective S1at field positions as indicated in Figur

TABLE 1. FWHM for S2 as function of field position

Nr XCEN YCEN XFWHM YFWHM INTENSITY

[pixel] [pixel] [pixel] [pixel] [ADU]

1 5.4716e+01 9.1554e+02 1.9315e+00 1.5558e+00 5.0775e+0

2 2.9017e+02 9.4249e+02 1.2904e+00 1.6180e+00 5.4950e+0

3 5.1713e+02 9.6912e+02 1.2851e+00 1.7240e+00 7.6475e+0

4 7.5320e+02 9.9567e+02 1.2699e+00 1.5432e+00 7.3725e+0

5 9.8828e+02 1.0139e+03 1.1117e+00 1.3428e+00 9.4425e+0

6 5.9118e+01 6.7826e+02 1.3612e+00 1.5233e+00 8.5375e+0

7 2.9300e+02 7.0593e+02 1.4163e+00 1.4333e+00 8.1975e+0

8 5.2225e+02 7.3327e+02 1.1335e+00 1.6282e+00 4.7425e+0

FIGURE 6. Focused image of JG-mask taken with Objective S2 and filter 
Ks.Fwhm 1.2 pixels. 
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2.1.2  Objective S1

S1 gives best images at the upper limit but the focus is not within the focusing range of 
the collimator.

9 7.5841e+02 7.5926e+02 1.5159e+00 1.7489e+00 5.1775e+02

10 9.8584e+02 7.8310e+02 1.2997e+00 1.5902e+00 8.0050e+02

11 6.2081e+01 4.5588e+02 1.3097e+00 1.2969e+00 1.0150e+03

12 3.0313e+02 4.8253e+02 1.2388e+00 1.4211e+00 7.3375e+02

13 5.1509e+02 5.2703e+02 4.8083e-01 5.3124e-01 6.2025e+02

14 7.5859e+02 5.3040e+02 1.1776e+00 1.3893e+00 6.4800e+02

15 9.8582e+02 5.5269e+02 1.2491e+00 9.7022e-01 6.2750e+02

16 6.2619e+01 2.2154e+02 1.6791e+00 1.3950e+00 2.6750e+02

17 3.0296e+02 2.4727e+02 1.3739e+00 1.2454e+00 9.2925e+02

18 5.2782e+02 2.7099e+02 1.1966e+00 1.1477e+00 9.4925e+02

19 7.6601e+02 2.9119e+02 1.0373e+00 1.4194e+00 5.0250e+02

20 9.9195e+02 3.1566e+02 1.2583e+00 9.9694e-01 8.7800e+02

21 2.9872e+02 9.2496e+00 1.4041e+00 1.1253e+00 7.7100e+02

22 5.3482e+02 3.7896e+01 1.1744e+00 1.0621e+00 1.0868e+03

23 7.6786e+02 6.1340e+01 1.1190e+00 1.1694e+00 8.8675e+02

24 9.9190e+02 8.4998e+01 1.1795e+00 1.0774e+00 1.0550e+03

TABLE 1. FWHM for S2 as function of field position

Nr XCEN YCEN XFWHM YFWHM INTENSITY
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re 7.
In Table 2  fwhm’s are given for objective S1at field positions as indicated in Figu

TABLE 2. FWHM for S1 as function of field position

Nr XCEN YCEN XFWHM YFWHM

[pixel] [pixel] [pixel] [pixel]

1 2.6899e+02 7.7444e+02 1.2168e+00 1.1144e+00

2 3.9492e+02 7.9057e+02 1.5828e+00 1.5832e+00

3 5.1652e+02 8.0626e+02 2.0755e+00 1.4778e+00

4 6.4274e+02 8.2184e+02 3.0001e+00 2.1737e+00

5 7.6786e+02 8.3251e+02 3.6340e+00 1.7147e+00

6 2.7261e+02 6.4759e+02 2.0300e+00 1.6786e+00

7 3.9778e+02 6.6404e+02 2.4304e+00 2.0470e+00

8 5.2081e+02 6.8019e+02 2.8655e+00 2.4255e+00

9 6.4734e+02 6.9541e+02 4.0538e+00 3.1087e+00

10 7.6867e+02 7.0942e+02 4.7347e+00 3.1774e+00

FIGURE 7. Focused image of JG-mask taken with Objective S1 and filter 
Ks.Fwhm indicated in image. Probably the detector was tilted because focus 
deteriorates from upper left to lower right.

1
2

5

6

10

11

14

15

19

20

24
ISAAC TEST PARANAL OCTOBER 1998 6 November 1998 9



11 2.7554e+02 5.2832e+02 2.2650e+00 2.2057e+00

12 4.0458e+02 5.4413e+02 2.6921e+00 2.7504e+00

13 6.4903e+02 5.7257e+02 4.3923e+00 3.5259e+00

14 7.7054e+02 5.8595e+02 5.3664e+00 3.9985e+00

15 2.7741e+02 4.0265e+02 2.7614e+00 3.4469e+00

16 4.0591e+02 4.1776e+02 3.2287e+00 3.7472e+00

17 5.2662e+02 4.3181e+02 3.7674e+00 4.1789e+00

18 6.5467e+02 4.4424e+02 4.7330e+00 4.5506e+00

19 7.7576e+02 4.5922e+02 6.7353e+00 5.4072e+00

20 2.8025e+02 2.7381e+02 3.0570e+00 4.7187e+00

21 4.0524e+02 2.9022e+02 3.9489e+00 5.4968e+00

22 5.3177e+02 3.0683e+02 4.3270e+00 5.7834e+00

23 6.5661e+02 3.2104e+02 5.5826e+00 6.0600e+00

24 7.7629e+02 3.3538e+02 6.6148e+00 6.0577e+00

TABLE 2. FWHM for S1 as function of field position

Nr XCEN YCEN XFWHM YFWHM

FIGURE 8. Image quality of objective S1 in upper left corner at best 
collimator position in upper limit after cooldown #2 (compare with Figure 21).
ISAAC TEST PARANAL OCTOBER 1998 6 November 1998 10



2.1.3  Objective L2

Objective L2 is in focus and the FWHM is 1.1 pixels. A focus curves could not be 
taken since the 5 phase stepper motor of the collimator drive was running on 3 phases 
only and steps were lost. The image quality is shown in Figure 10 and Figure 11.

FIGURE 9. Image quality of objective S1 in lower right corner at best 
collimator position in upper limit after cooldown #2 (compare with Figure 21).
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FIGURE 10. Best focus of objective L2 with narrow band M filter. Fwhm = 1.1 
pixels.

FIGURE 11. Perspective plot of best focus of JG-mask with objective L2 and 
narrow band M filter. Fwhm = 1.1 pixels.
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Modifications, tbd:

It is not possible to use OS for instrument setup. All setups can only be done via ICS.

2.1.4  Objective L3

L3 is within focusing range of the collimator and achromatic between L and M. It does 
not produce radioactivity spikes.

2.1.5  Objective L1

L1 is at the same focus as L3.

Modifications, tbd:

Uncorrelated readout of LW detector gives screwed-up images. To be investigated.(Is 
solved)

2.2  Focus in spectroscopy and direction of dispersion.

0th order of MR grating is at 652370 encoder steps.A full revolution of the grating cor-
responds to 840000 encoder steps.

LONG WAVELENTH ARM:

2.2.1  Focus L1:

Recheck focus of L1 for imaging yields fwhm of 1.0 pixels.At the same position fwhm 
in spectroscopy mode is 0.7 pixels.

2.2.2  Dispersion direction LW grating MR:

For the long wavelength detector the dispersion direction of the MR is absolutely par-
allel to the detector rows. Minus first order of broadband M_NB is at 583740 encoder 
steps (intensity 1050 ADU), plus first order is at 721000 encoder steps (intensity 1310 
ADU).

2.2.3  Dispersion direction LW grating LR:

0th order of LR grating is at 232270 encoder steps.

1st order of M_NB is at 244900 encoder steps (maximum intensity 7900 ADU). -1st 
order is at 219850 encoder steps (maximum intensity 150 ADU) 

The tilt of the dispersion direction for the LR grating is about 1 pixel across the array 
with the SBRC detector.

SHORT WAVELENGTH ARM:
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2.2.4  Focus S2

Fwhm of focus in imaging with S2 was 1.6 pixels and in spectroscopy is 2.2 pixels 
using filter Ks.

2.2.5  Dispersion direction SW grating MR

The dispersion direction of the MR grating was measured with the extended BB at 300 
C, filter SK and objective S2. The tilt is 1.6 degrees or 29.17 pixels across the array. 
The grating position was set to 684000 encoder steps.

2.2.6  Dispersion direction SW grating LR

The dispersion direction of the low resolution grating is tilted by 1.87 degrees.

2.3  Orientation of Masks and Slits

S2_mask also slightly rotated.

FIGURE 12. Continuum spectrum taken with medium resolution grating and 
filter SK. The dispersion direction is tilted by 1.6 degrees wrt detector lines.
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Remark: Unfortunately, no images are included, because of access restrictions to the 
ISAAC workstation wisaac. 

Friday, 2nd October

The position of the calibration mirror for viewing the Ulbricht sphere is 24000 encoder 
steps.

Detector Orientation: See Logbook.

2.4  Reproducibility: 

2.4.1  Slit mask wheel

Moving the slit mask wheel from the nominal position of the JG-mask to lower and 
higher encoder positions and setting it back to the nominal position resulted in an rms 
positioning error of  ∆ y rms =0.70 pixels rms. 

2.4.2  Objective wheel

Moving the objective wheel to the nominal position of S2 at 45300 encoder steps from 
higher encoder values (55300 encoder steps) results in a spot position of x=303.9 +/- 
0.51 pixels. Approaching the nominal position from lower encoder values (35300 
encoder steps) results in a spot position of x=311.1 +/- 1.0 pixels.

If the backlash is increased from 200 encoder steps to 2000 encoder steps the nominal 
position can be approached from either side and the spot position is at x = 305.3 +/- 
0.43 pixels.

Conclusion: 

The increase of backlash from 200 to 2000 encoder steps reduces the direction 
dependence of positioning from 7.2 pixels to 0.4 pixels.The backlash has been 
increase for all functions from 200 to 2000.

2.4.3  Grating

Moving the medium resolution grating to 0th order at 652370 encoder steps and 
approaching this position from lower encoder positions (642370 encoder steps) results 
in a spot position of y=532.9 +/- 0.92 pixels. Approaching the nominal position from 
higher encoder values (35300 encoder steps) results in a spot position of x=532.6 +/- 
0.19 pixels.

Increasing the backlash of the grating from 200 to 2000 encoder steps and approaching 
the 0th order position of the grating from both sides results in a spot position of 
x=533.4 +/- 0.77 pixels.
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2.4.4  Detector selection mirror M7

The accuracy is better than 1 pixel.

2.5  Test of long wavelength arm

2.5.1  Cryogenics

A big improvement has been achieved for the long wavelength arm.Using only one 
compressor for the closed cycle cooler the detector temperature stabilized at 24.5 K 
(Vdettemp = 1.3817V) and the temperature of the cold finger at 21.8 K. The instrument 
temperature was 78 K

2.5.2  Darkcurrent of long wavelength detector 

The darkcurrent is 45 electrons/s.It is due to instrumental photon background since the 
discharge curve is linear. Filter dark, L2 and JG-mask were used. In this configuration 
the same darkcurrent was observed in Garching utilizing the additional power of a sec-
ond compressors. The lowest darkcurrent measured in Garching was 10 e/s, but using 
objective L1 and filter J.

FIGURE 13. Darkcurrent in long wavelength arm of ISAAC with SBRC256x256 
array. On-chip detector temperature 24.5 K. Instrument temperature 
78.2K.Darkcurrent is background photon limited (linear discharge).
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2.6  Readout noise 

Only short measurements using double correlated readout have been made.The braid of 
the cold finger in the short wavelength arm was not galvanically insulated and made a 
contact to instrument ground. No low frequency instabilities have been observed. The 
noise histograms represent the noise of a time series of 8 consecutive exposures.

FIGURE 14. Readout noise of Hawaii MCT 1024x1024 array in double correlated 
readout mode.
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2.7  Alignment of the Calibration Unit: 

Strong detector fringing was observed when illuminating the Ulbricht sphere with the 
Xe lamp.

After alignment of the calibration unit and the calibration mirror the nonuniformity of 
the flatfield is 10%.

FIGURE 15. Readout noise of SBRC 256x256 InSb array in double correlated 
readout mode.
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FIGURE 16. Flatfield taken with calibration unit using narrow band filter 2.172 µm 
and halogen lamp.

FIGURE 17. Trace of diagonal across flatfield taken with calibration unit using 
narrow band filter 2.172 µm and halogen lamp.
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2.8  Objective S2 with filter Z

The image quality of objective S2 with filter Z is x=1.7 pixels, y=1.3 pixels fwhm. 

2.9  Installation of slit viewing camera

 The slit viewing camera has been aligned and is operational

Saturday 3rd October

The instrument was warmed up to fix
1. the collimator drive 

the problem was a bent pin in the connector on the cold structure
2. the orientation of the detector

probably the sign of previous correction was wrong
4. Resizing of the mask in front of detector which was slightly vignetting
3. grounding of the mount for the detector socket

 the socket mount was isolated since epoxy spiders have been in use
4. exchange of DMA controller and AQUI board for Rockwell detector

FIGURE 18. Image of slit taken with slit viewing camera.
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At 23:00 hours the instrument was closed and we started to pump.

3.0  COOLDOWN #3

Sunday 4th October

Cooldown and test of templates in simulation mode have been made.
Jens found the error which made it impossible to use OS. A panel which was used by 
ICS had the same name in OS. For details ask Jens.

A problem is the water flow cooling the compressor and the electronic cabinets since 
the cooling water provided has very little pressure. Several times the closed cycle 
cooler stopped working because of insufficient water flow. The control racks have been 
disconnected from the cooling circuits.

3.1  Focus Curve with objective S1

FIGURE 19. Image of objective S1 at best collimator position after cooldown #3 
(compare with Figure 7).
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FIGURE 20. Focus curve of objective S1 taken with narrow band filter 2.172 µm 
and JG-mask. FWHM as function of collimator position: dots: FWHM in x-
direction, triangles: FWHM in y-direction, squares: total FWHM.

FIGURE 21. Image quality of objective S1 in upper left corner at best 
collimator position in upper limit after cooldown #3 (compare with Figure 9).
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As can be seen in Figure 20 and Figure 21 objective S1 is defocused and the FWHM at 
best focus is 5 pixels. 

3.2  Focus curve with S2

Objective S2 is well within the focusing range of the collimator. The best focus does 
not change with wavelength as shown by Figure 22.

3.2.1  Dispersion direction SW grating MR

The dispersion direction was corrected by moving the grooves which define the posi-
tion of the detector mount. The detector alignment with respect to the detector mount 
was not touched. Previous corrections of detector rotation were made in the wrong 
direction. (Caution: in spectroscopy the direction of rotation is reversed wrt imaging)

FIGURE 22. Focus curve of objective S2. Empty squares: narrow band filter 
2.172 µm. Triangle: narrow band filter 1.601µm. Full squares: filter Z.
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3.2.2  Dispersion direction SW grating LR

The dispersion direction is parallel within 1 pixel wrt detector lines.

Tuesday, October 6th 

3.3  Low frequency detector instability

Since the Hawaii 1Kx1K MCT array displayed low frequency instabilities during 
cooldown #1 in July the grounding scheme and the detector clocking have been rein-
vestigate. Three changes have been made. First, the enclosure of the detector socket 
which is mounted on an epoxy structure was grounded. Second, dummy lines without 
start pulse have been introduced prior to the detector readout. Third, a complete 
dummy frame was read out after reset. The achieved performance improvement is 
shown in Figure 24.

FIGURE 23. Continuum spectrum taken with medium resolution grating and 
filter SK. The dispersion direction is parallel within 1 pixel wrt detector lines.
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3.4  Dark current in long wavelength arm

Improved cryogenics resulted in detector temperatures as low as 24.5 K and an instru-
ment temperature of 78 K. With filter dark the measured dark current is 40e/sec. If the 
detector looks at the JG-mask with objective L1 and filter J the measured darkcurrent is 
12 e/s. A single integration ramp has been sampled for one hour. As shown in 
Figure 25 the integration ramp is perfectly linear. This indicates that the darkcurrent is 
dominated by thermal background photons due to radiation leaks and imperfect shield-
ing. The detector darkcurrent is negligible (less than 1 photon/s). The observed dark-
current is consistent with lowest darkcurrents measured in Garching when two 
compressors were used for the closed cycle coolers.

FIGURE 24. Low frequency instabilities of Hawaii 1Kx1K MCT array for 
cooldown #1 in July: squares and cooldown #3 in October, after grounding 
detector socket enclosure and dummy lines have been introduced in detector 
readout
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3.5  Fringing of Hawaii array

Repeated images of fringing with Xe lamp of the calibration unit with HAWAII.

FIGURE 25. Darkcurrent of long wavelength arm 12 electron/s. 
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3.6  MASK alignment:

The following positions on the slit mask wheel have been realigned as summarized in 

TABLE 3. Aligned positions of slit mask wheel for short wavelength arm

Mask new position old position

[encoder steps] [encoder steps]

mask S2 222000 222800

Polarimetry 259100 259800

Slit 0.3” tilted 3330

Slit 1” tilted 76470

Slit 0.6” tilted 39970

Slit 2” 112570  112970

Slit 1”: 149550

FIGURE 26. Fringing of Hawaii array observed with calibration unit and Xe 
lamp, NB filter at 2.172 µm and objective S2.
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3.7  Pupil image

3.8  Test of DITSKIP

A test has been performed using the shutter to check whether the start of a new expo-
sure carries any information on the previous history of the array apart from detector 
remanence effects. The shutter was opened and closed and immediately after closing 
the shutter a new exposure was started with the radio button ditskip on and off. No 
abnormal behavior could be found.

4.0   COOLDOWN #4

Thursday 8.10.98 

FIGURE 27. Pupil image of JG-mask in K band. Who can interpret this image?
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Friday 9.10.98

Saturday 10.10.98:

4.1  Positioning reproducibility

The positioning accuracy for the first few repetitions is smaller than one pixel but 
increases. After more than 5 repetitions the final position starts to drift to higher pixel 
values (up to 6 pixels from first position for the grating as shown in Figure 30). This 
effect may be caused by heating up the grating due to friction when the grating drive is 
continuously being moved for 16 minutes. This is not the normal operating condition at 

TABLE 4. Aligned positions of slit mask wheel for long wavelength arm

Mask new position old position

[encoder steps] [encoder steps]

Slit 0.3” tilted 3330

Slit 1” tilted 76470

Slit 0.6” tilted 39970

Slit 2” 112570

Slit 1”: 149450 149550

mask L2 186165 186300

mask L3 332150 332300
ISAAC TEST PARANAL OCTOBER 1998 6 November 1998 29



the telescope. The test should be repeated with the grating staying in one position for 
more than 10 minutes before being moved again. 

FIGURE 28. Positioning reproducibility of slit mask wheel. Circles show 
positions having been approached from lower encoder values of slit mask wheel. 
Triangles show positions having been approached from higher encoder values of 
slit mask wheel.
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FIGURE 29. Positioning reproducibility of objective wheel. Circles show 
positions having been approached from lower encoder values of objective wheel. 
Triangles show positions having been approached from higher encoder values of 
objective wheel.

FIGURE 30. Positioning reproducibility of grating. Circles show positions having 
been approached from lower encoder values of grating. Triangles show positions 
having been approached from higher encoder values of grating.
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4.2  Focus curves for long wavelength arm

FIGURE 31. Focus curve of objective L1 taken with narrow band filter 3.276 µm 
and JG-mask in imaging mode. FWHM as function of collimator position: dots: 
FWHM in x-direction, triangles: FWHM in y-direction, squares: total FWHM.

FIGURE 32. Focus curve of objective L2 taken with narrow band filter 3.276 µm 
and JG-mask in imaging mode. FWHM as function of collimator position: dots: 
FWHM in x-direction, triangles: FWHM in y-direction, squares: total FWHM.
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FIGURE 33. Focus curve of objective L3 taken with narrow band filter 3.276 µm 
and JG-mask in imaging mode. FWHM as function of collimator position: dots: 
FWHM in x-direction, triangles: FWHM in y-direction, squares: total FWHM.

FIGURE 34. Focus curve of objective L2 taken with narrow band filter 3.276 µm 
and JG-mask in spectroscopy mode with grating MR. FWHM as function of 
collimator position: dots: FWHM in x-direction, triangles: FWHM in y-direction, 
squares: total FWHM.
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4.3  Variation of center wavelength and dispersion along the slit

The transmission of narrow band filters has been measured with grating MR and objec-
tive S2. The slit was illuminated by an extended blackbody at a temperature of 85 C. 
Six Xenon lines were used to calibrate the dependence of wavelength on position along 
the slit. Results are given in Table 5 . The center wavelength changes by 7 Å or 6 
when moving from the bottom to the top of the slit.

 

4.4  Variation of narrow band filter transmission along the slit

For different positions along the collimated beam traverses the filter under differe
angles. Consequently, the transmission curve of narrow band filters depends on 
position along the slit. For detector row number 192 the transmission curve of na
band filter 2.172 µm peaks at 2.164 µm and for detector row number 905 it peaks at
2.169 µm respectively as can be seen inFigure 36.

TABLE 5. Center wavelength and dispersion for grating MR as function of slit 
position

slit position center wavelength dispersion

[detector row] [µm] [Å/pixel]

192 (142 to 242) 2.17262+/-0.0001 1.222+/- 0.0025

905 (855 to 955) 2.17191+/-0.0001 1.229+/-0.0027

FIGURE 35. Xenon spectrum with medium resolution grating MR.
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4.5  Overall instrument efficiency

Illuminating the field with an extended blackbody the overall instrument efficiency 
including the quantum efficiency of the detector can be measured. Results are summa-
rized in Table 6 . The flux was not varied by changing the blackbody temperature. Only 
one flux level wa used. Since the blackbody temperature was 20 C and close to ambient 
temperature for measurement with filter Ks, the resulting efficiency is probably too 
high. The efficiency of filter J is indicative for a filter leak.

TABLE 6. Overall efficiency of ISAAC including quantum efficiency of detector 
but excluding transmission of filter for imaging.

Filter
blackbody 
temperature flux signal

instrument 
efficiency

[Celsius] [photons/s] [electrons/s]

Ks 20 2.997E4 2.672E4 0.89

NB 2.058 85 7.728E4 4.7525E4 0.61

NB 1.644 85 9.195E2 6.784E2 0.74

J 85 5.054E1 1.168E3 2.30

FIGURE 36. Transmission of narrow band filter 2.172 µm at two extreme 
positions of tilted 1” slit. Filter is centered at 2.164 µm for bottom end of slit at 
row 192. Filter is centered at 2.169 µm for top end of slit at row 905. Tilt of slit 
image has been taken into account.
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The efficiency for spectroscopy with the medium resolution grating MR used in 2nd 
order with filter SK as well as filter SK in combination with narrow band filter 2.172 
µm is shown in Figure 35 and varies between 20% and 30%. The ripple of efficiency is 
due to fringes caused by the Fabry-Perot effect of the sapphire detector substrate.

 

4.6  Grating Calibration for long wavelength arm

TABLE 7. Center wavelength as function of encoder position for grating LR in long 
wavelength arm.

center 
wavelength order

grating 
position

[µm] [encoder steps]

1.2623 0 232195

1.2623 1 235583

1.2623 2 238974

1.2623 3 242360

1.2623 4 245780

FIGURE 37. Overall instrument efficiency of grating MR in 2nd order with filter 
SK and filter SK in combination with narrow band filter 2.172 µm. Ripple is due 
to detector fringing.
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If a third (first) order polynomial is used to fit the encoder position as function of the 
center wavelength for grating LR the residual is 0.42 (6.7) encoder steps 1.58 (25) 
Angstrom.

If a third (first) order polynomial is used to fit the encoder position as function of the 
center wavelength for grating MR the residual is 5.40 (648) encoder steps 3.8 (436) 
Angstrom.

2.0267 2 243095

2.4831 2 245554

TABLE 8. Center wavelength as function of encoder position for grating MR in 
long wavelength arm.

center wavelength order
grating 
position

[µm] [encoder steps]

1.2623 0 652280

1.2623 1 670124

1.2623 2 688314

1.2623 3 707214

1.2623 4 727369

2.0267 2 711325

2.4831 2 725956

TABLE 7. Center wavelength as function of encoder position for grating LR in long 
wavelength arm.

center 
wavelength order

grating 
position

[µm] [encoder steps]
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FIGURE 38. CO2 taken with 0.3’’ tilted slit and objective L3. Blackbody was a
temperature of 100 C (soldering iron in Ulbricht sphere).
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The spectral resolution is R=∆λ/λ=7983. The central wavelength was set to the nomi-
nal wavelength of 4.3 µm but was actually positioned to 4.2995 µm which corresponds 
to an error of 3.7 pixels. This slight offset is probably caused by applying the wave-
length calibration obtained with objective L2 to set the central wavelength with objec-
tive L3.

5.0   COOLDOWN #5

24-25 October 1998

5.1  Test of long wavelength detector.

The video cable of the long wavelength detector has been thermally heat-sinked to the 
vessel in order to prevent the freeze-out of channel number 4 of the warm preamplifier 
which is located inside the vessel of ISSAC. 

FIGURE 40. Transmission spectrum of CO2 taken with 0.3’’ tilted slit and 
objective L3. Blackbody was at temperature of 100 C (soldering iron in Ulbric
sphere).Black: measured transmission spectrum. Red: Synthetic transmissio
spectrum using Air Force Geophysics Lab absorption line compilation.   
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All four channels are operational as can be seen in Figure 41

FIGURE 41. Focused image of pinhole in slit mask wheel taken with objective 
L3 and filter Ks. All 4 channels are operational.
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5.2  Focus curves

In the following figures focus curves are shown for all objectives (S1, S2, L1, L2, L3)

FIGURE 43. Perspective plot of best focus of JG-mask with objective L3 and 
filter Ks.
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FIGURE 44. Focus curve of objective S1 taken with filter Ks and JG-mask in 
imaging mode. FWHM as function of collimator position: dots: FWHM in x-
direction, triangles: FWHM in y-direction, squares: total FWHM.

FIGURE 45. Focus curve of objective S2 taken with filter Ks and JG-mask in 
imaging mode. FWHM as function of collimator position: dots: FWHM in x-
direction, triangles: FWHM in y-direction, squares: total FWHM.
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FIGURE 46. Focus curve of objective L1 taken with filter Ks and JG-mask in 
imaging mode. FWHM as function of collimator position: dots: FWHM in x-
direction, triangles: FWHM in y-direction, squares: total FWHM.

FIGURE 47. Focus curve of objective L2 taken with filter Ks (triangles) and 
narrow band filter at λ=3.276 µm (squares) looking at JG-mask in imaging mode. 
The objective L2 is not achromatic.
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During cooldown number #4 focus curves of long wavelength objectives have been 
taken with the narrow band filter centered at λ=3.276 µm, during cooldown number #5 
all focus curves have been taken with filter Ks. In Figure 47and the focus curves taken 
with the narrow band filter centered at λ=3.276 µm and with filter Ks are compared. 
The best focus is achieved at different positions of the collimator for different filters. 
This holds true for all objectives of the long wavelength arm. The objectives are not as 
achromatic as predicted by the optical design.

FIGURE 48. Focus curve of objective L3 taken with filter Ks and JG-mask in 
imaging mode. FWHM as function of collimator position: dots: FWHM in x-
direction, triangles: FWHM in y-direction, squares: total FWHM.
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