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1 Introduction
We describe the cryostat for the blue channel of the Large Binocular Camera, the double CCD
imager to be installed at the prime foci of the LBT telescope [Ragazzoni et al., 2000].
The cryostat was designed to cool down to 170K the detector flange that holds the scientific
array composed by four MAT 42-90 chips and three more MAT detectors for technical use
[Pedichini et al., 2002].
Our experience in making cryostats for CCD cameras [Speziali et al. 1995, Speziali et al. 1999,
Pedichini et al., 2000] based on a LN2 bath, led us to prefer this solution instead of the cryocooler
based solution, at variance with other large field imagers [Boulade, 2000; Iye and Yamashita,
2000].

2 The Cryostat
The positive experience with the small camera built for the prime focus of the Schmidt telescope of
Campo Imperatore guided us to design a cryostat composed by three independent modules: a
stainless steel interface flange, a nitrogen vessel and a housing made of aluminium (see fig. 1). This
configuration allows to separate the electrical part (detector flange, cables, etc) from the cryogenic
assembly, allowing an easy maintenance and upgrade of the two parts independently.

Fig. 1: The drawing of the cryostat with the three modules
the spherical vessel, the aluminiun housing and the rotator interface.
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2.1 The vessel
The peculiar component of this cryostat, by a mechanical point of view, is the bimetallic and
monolithic vessel. It has been designed with a spherical shape both to minimize the radiative
thermal inlet and to make a quite compact instrument. The spherical geometry of the vessel also
guarantees the best volume to surface ratio, minimizing the thermal input with respect to the
available volume of LN2.
During the building phase, carried on at Forestal s.r.l., we have also experienced new mechanical
technologies based on electroforming processes to produce the bimetallic sphere without any
weldings. Using this techinque the risk of leaks during the thermal cycles are strongly reduced.
The inner part of the vessel is made by a copper sphere with a diameter of 160mm and a
thickness of about 1mm. At the bottom of the sphere there is a copper flange 100mm wide and
10mm thick representing the “cold plate” of the cryostat. With this geometry we should obtain both
a smooth cooling of the CCD baseplate and a good temperature stability, being the latter
independent from the position of the camera.
A cilindrical cryogenic pump filled with zeolith is applied on the copper flange to keep the
vacuum level between 10-4 and 10-5 mbar.
On the opposite side of the cold plate we welded the refilling system based on stainless steel
cryogenic tubes to minimize the thermal inlet by conduction.
In figures 2 and 3 some stages of the vessel construction are depicted.

Fig. 2: [Left] The copper sphere during one the construction phases.
[Right] The refilling system welded on top of the sphere.

Fig. 3: The vessel after polishing.
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2.2 The spherical case
The outer case is aluminium made and consists of two halves of a sphere with a diameter about
10mm larger than the vessel's one and with a thickness of about 3mm. The two halves are covered
by a few micron layer of Nickel to prevent the aluminium degassing and to ensure a high
reflectivity of the inner surfaces after polishing.
The two halves are joined by an O-ring. On the upper one we glued, using Torseal, two standard
KF ISO flanges for pumping and vacuum sensors.

Fig. 4: The cryogenic parts of the camera. [Up] The housing after machining at Forestal
and in our lab before the tests. [Down] The cryopump attached on the cold plate of
the vesse and.tThe vessel before closing the cryostat

Fig. 5: The cryogenic assembly.
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2.3 Cooling the array
To cool the detectors we have developed a thermal link between the detectors flange and the vessel
fulfilling the following requirements:
a) operative temperature of 170? 2K;
b) cooling speed below 5K/min, that is the maximum rate allowed by MAT;
c) temperature stability of 3K;
d) no active temperature control to avoid LN2 extra consuming.
At the operative temperature of 170K, suggested by MAT, the best compromise between a low dark
current (<1e/min) and an high quantum efficiency and charge transfer efficiency is achieved. Even a
fluctuation of ? 5K does not produce a significant change in the performances.
The sensor flange is stainless steel made and has been provided directly by MAT. It is attached
to the dummy head of the cryostat by means of three fiberglass standings (fig. 6). On this flange 10
holes were provided to connect a second flange, made by aluminium, where the thermal links are
mounted on. These links consists of three springs having two copper pads at the two ends (fig. 8).
The springs push the pads to the copper flange of the vessel when the cryostat is closed making a
good thermal contact. Three copper wires were soldered connectings the two pads, and simply
varying the diameter and the lengths of the copper wires it is possible to adjust the operative
temperature and, therefore, the cooling speed.
This system allows us to achieve a good temperature repeatibility below 1K without any active
temperature control.

Fig. 6: [Left] The detector flange with four mechanical samples.
[Right] The bottom side of the flange with the thermometer on the central chip.

Fig. 7: The detector flange mounted in the dummy head of the cryostat for lab tests.
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Fig. 8: The thermal link consisting of three springs and copper pads.

2.4 The interface flange
This flange (see fig. 1) is made of a stainless steel (AISI 4130). It will hold the baseplate with the
sensors and it interfaces the cryostat with the derotator of the prime focus. Ten Fischer vacuum
connectors are used to connect the detectors to the outer read-out electronics. This interface was
designed by us and the numerical simulation of the 3D model was carried on by ADS. As shown in
figure below the FEA analisys outputs a very low deformation (2 ? m) even with the telescope in the
horizontal position.

Fig. 9: [Upper Left] The 3D drawings of the interface.
[Upper Right] The numerical simulation of the displacement of the flange (Courtesy ADS).
[Bottom] The interface as built with with a PVC a dummy window.
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3 Cryogenic performances
3.1 Estimated thermal inputs
The cryostat was designed to keep the sensors at the operating temperature for at least one day
without any refilling. To estimate a lower limit of the holding time of the cryostat we have
considered a reservoir of liquid nitrogen equal to half of the tank volume (8.5 lt). This simulates the
worst operative situation with the telescope working in horizontal position.
The thermal radiative input on the vessel can be derived by the formula for the radiative
exchange [White, 1979] between Thot = 300 K and Tcold = 77 K
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Assuming that the nickel on the surfaces of the vessel and of the cryostat is highly polished with
an emissivity of ? (300K)= 0.2 and ? (77K) = 0.1 and having the two surfaces areas of A1=3761 cm2
and A1=3257 cm2, we obtained a value of
Qrad ? 11W .

A further radiative input has to be added due to the optical window of the cryostat. Assuming an
emissivity of 1 for the atmosphere and 0.5 for the chip we estimate an extra radiative input of about
Qwindow ? 2.5 W .

Heat transfer by conduction is due to: (i) the stainless steel tube of the vessel (ii) to about 100
constantan wires 10 cm long, (iii) the three glass support of the baseplate. The diameter of these
wires is 0.1 mm.
Applying the simple formula
A
Qcond ? ? T2 ? T1 ?T2 ? T1 ?
l
we obtain
Qcond ? 1.3 W

One additional Watt can be take into account from the power consumption of the sensors on the
baseplate. In our calculation we have assumed as negligible the heat transfer by convection, being
sure that, after pumping, the big cryopump provides an insulation vacuum of 5? 10-5 mbar.
Therefore the overall heat inlet should be around
Qtotal ? 16 W .

Being 45W the power needed to evaporate 1lt of LN2 in one hour, the expected input gives an
holding time of one day using only 8 liters of liquid.
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3.2 The cryogenic tests
The cryogenic tests have been performed between April 2001 and April 2002 in our Laboratory of
the Rome Observatory.
First of all we have inspected, using a mass spectrometer, the O-rings connections, the welding
of the refilling part of the vessel, and the two KF flanges glued on the spherical case. No leakages
were found either at room temperature or using LN2. A problem was detected during the refilling
phase when the cold nitrogen vapour cooled one of the two KF flanges. Due to the differential
expansion of the glue (Torseal) with respect to the aluminium, a small leakage was found. The
leakage was closed by simply heating the flange, and a silicon tube was added at the exit of the
evaporation line to take the nitrogen vapours away from the cryostat.
The vacuum was obtained using two turbomolecular pumps put in series. A Pirani and Penning
heads were used to measure the vacuum and a Lake Shore DT470 thermometer was used to
measure the temperature of the chips. All the data were acquired by a PC connected by two RS-232
serial ports to the sensors and a flow-meter was also used to estimate the evaporation of LN2.
The first test was performed with the cryostat closed by a “dummy” aluminium flange, without
window and baseplate, just to verify the pure radiative input on the vessel and the conduction by the
stainless steel tube (fig. 10).

Fig. 10: First evaporation test.

From the evaporation test we got a radiative inlet of about 6W, nearly half of what we extimated
in our calculation, may be due to the lower emissivities of the two nickel polished surfaces.
Further tests were performed by installing on the aluminium flange a plexiglass window and the
baseplate holding two mechanical 42-90 samples with the thermal link.
After a few cooling cycles needed to set properly the size of the copper wires of the thermal link,
we obtained the first results shown in the following figure.
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Fig. 11: [Top] Vacuum measurement vs time.[Bottom]Temperature of the array plate vs time.
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As shown in the figure above, the time needed to cool down the baseplate with the sensors was
about 15 hours and the consuption of LN2 was 3 liters. The maximum cooling rate at the beginning
of the refilling was 1.3 K/min well below the maximum cooling rate of 5K/min suggested by EEV.
In operating conditions we measured an evaporation rate of 0.2 lt/hour.
The last test was performed using the cryopump to check the static vacuum, and the cryostat was
tilted by 60 degrees (fig. 12) to verify the temperature stability of the array.
At this time we mounted four chips and we connected the temperature sensor on the central one.

Fig. 12: The cryostat tilted during the last test.
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Fig. 13: [Top] The cooling cycle.Temperature is red.
[Bottom] Regime temperature and pressure after tilting the cryostat.

As shown in figure 13, the operative temperature was again 170K. After having reached this
temperature the cryostat was refilled (fig. 13 top) with about six liters of LN2. Five hours later the
temperature reached 168K and, after tilting the cryostat as shown in fig. 12, the temperature reached
170K until the end of the cycle 30 hours later. During the test the static vacuum went from 4? 10-5 to
8? 10-5 being 1? 10-2 after the complete heating. It took about 14 hours to reach the room
temperature.

4 Conclusions
The cryostat of the blue camera fulfills all the requirements of operative temperature and holding
time. With this experience we are going to build the second one for the red channel making just a
few changes.
We are going to make the vessel by a single block of aluminium vessel using a CNC milling
machine. We’ll also develope, together with Forestal, a new process to weld the stainless steel
refilling system to the aluminium vessel. Moreover, instead of using Torseal to glue the two KF
flanges, they will be directly machined on the aluminium housing .
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