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1)  C A M E R A O V E R V I E W  
 
The ArTeMiS camera is presently under construction. Its basic design has already been presented (Talvard et al, 
2008). This camera aims at achieving large field of view mapping of the southern sky at 3 wavelengths 
simultaneously: 200, 350, and 450 µm. The 3 focal planes are made of thousands of pixels sampling completely 
the field of view by using the same technology processes than those used for the Herschel-PACS imager. We 
recall that the 3 focal planes are made of MIS (Metal Insulator Semiconductor) bolometers whose concept has 
been previously detailed (Billot et al, 2006, Reveret et al, 2006). 
 
Architecture of the various sub-systems is now definitive. We present in the following the status of each sub-
system and detail the performances of preliminary laboratory set ups.  
The Proto-ArTeMiS camera (256 pixels at 450 µm) has been operated one more time in 2009 during the 
development phase of ArTeMiS. Some new results are presented to illustrate the potential interest of the future 
camera. 
 
The past two years have been spent to study the camera design at system level but also to define in more details 
all the main sub-systems. System study has been essential mainly for two reasons: first to optimize the camera 
and second to consolidate interfaces with the telescope. Camera optimization follows several axes such as:  



! Optical compactness and imaging quality 
! Stray light reduction 
! Thermal performances 
! Mechanical distortion reduction 
! Coupling and alignment with telescope 
! Control command 
! Data transfers 

All those parameters have been taken into account in order to make a camera as efficient as possible. Even 
though the particular cryostat shape, mainly due to the available room in the Cassegrain cabin, all blocking 
points are now solved and detail design is fully achieved. F igure 1 and 2 give an overview of the ArTeMiS 
camera architecture with its main components. 
 

 
F igure 1: Overall architecture of the ArTeMiS camera  

 
The entire camera is built around the Cold Optical Bench which acts as a reference plate. This optical bench 
makes also a very efficient frontier between the 50 K and the 4 K environment to stop potential parasitic flux on 
detectors.  

 
F igure 2: ArTeMiS camera installed in the APEX Cassegrain cabin 

 
As it will be developed on section 2 for the vacuum vessel, special care has been taken regarding the camera 
global stiffness and distortion during telescope operation. The overall mechanical chain from which all the 
optical component positions depend has been designed as stiff and as close as possible regarding the telescope 
mechanical interface. The total camera distortion budget during normal operation has been managed in order to 
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be less than 150 !"#$%&$'(()*)+&$+,$*-./.$0(1&'")23 distortions, the internal design of the camera was done to be 
2+"45)'&*$6)*-$'55$ *-.7"'5$2+&*7'2*)+&/8$0/*'*)23$()/*+7*)+&/$ )&(92.($(97)&:$*-.$271+/*'*$2++5$(+6&$4-'/.#$;<.&$
the fact that most of the parts are made in the same aluminium alloy, differential contractions between sub-
assemblies has been anticipated in order to keep the good optical properties at cold temperature. 
 
 
 

2)  C R Y OST A T 
  
The cryostat is made with an aluminium vacuum vessel split in 2 parts for manufacture reasons. Internal 
stiffeners (hexapods) have been designed to increase mechanical rigidity. This vacuum vessel is supported by a 
frame attached to the structure of the Cassegrain cabin of the telescope. Numerical simulations have been 
performed to optimize the engineering design of the cryostat. We could check the mechanical stress level and 
displacement of both the vacuum tank and the hexapods. F igure 3 shows the mechanical stresses due to 
atmospheric pressure on the vaccum vessel and due to 40 kg load on the hexapods. The resulting stresses are 
much lower than the elasticity limit of this metal which is perfectly convenient. 
Inside the vacuum tank, the internal components such as plates and screens are made of 6063 Aluminium grade. 
This grade has been chosen for its excellent thermal conductivity performances. An aluminium plate named 
037.,.7.&2.$45'*.33 is supported by 2 hexapods including a rail allowing the free mechanical contraction of the 
plate. A screen (also split in 2 parts) is fixed on top of the plate and thermalized by the 1st stage of a PT415 pulse 
tube through a copper braid link. At the bottom of the plate, a dedicated structure supports the internal optics. 
The average temperature of this set-up will be a function of the operational thermal loads. Taking into account an 
incident power of 40 W spread upon the 1st screens of the cryostat, the temperature of this screen is expected 
around 55 K (see the thermal gradients on figure 4).  
Inside this first screen, there is a second /27..&$2'55.($03=>$/27..&33; it is supported by three tripods, fixed on the 
plate, and made of carbon fibers in order to limit the thermal load. This 4K screen is composed of a 6063 
aluminium box, cooled by the second stage of the PT415 through a cooper braid link; this box includes: 

- the He4-He3 sorption cooler 
- 3 focal planes with their cold front-.&($.5.2*7+&)2/?$ *-.$ 03NABU33$ @6-)2-$/*'&(/$,+7$A.6$B7C.D)E$

Buffer Unit) modules. 
The NABU modules are cooled by the second stage of the PT415.  Part of the focal planes is cooled by the 2K 
stage of the sorption cooler. The three focal planes are also linked to the 300 mK cryo-cooler. Two additional 
screens lock this cryo-system. The expected temperature on the screen is around 4.9 K, based on 0.5 W thermal 
load spread upon the surface (see figure 5).  
 
 
 

 
 

F igure 3: Mechanical stresses of the vacuum vessel and the hexapod. 
 
 



 
 

F igure 4: Thermal Gradients in the Reference plate and the first screen 
 
 

 
 

F igure 5: Thermal Gradients in the 4K screen 
 
 
 

3)  C R Y O G E NI CS 
  
After having been tested in a cryostat with liquid He bath, the He4-He3 sorption cooler, intended to cool the 
focal plane detectors, has been placed in a cryostat called Cryolic which is equipped with a PT 415 Cryomech 
pulse tube (see figure 6). The PT 415 cools a cooper plane which in turn thermalizes the condenser of the 
refrigerator. 
By applying respectively 1 mW power on the He4 stage and 20 FW on the He3 stage of the cryo-cooler, the 
temperature of the He3 stage reached 290 mK to be compared with 288 mK obtained with the cryostat with 
liquid He bath. This good result was obtained by putting super insulation on evaporators. Autonomy tests were 
made. Results showed that the autonomy degrades drastically from 17.5 hours to 7.5 hours when the 
condensation of the cryo-cooler is made with a cold plane respectively at 4.2 K and 4.8 K. In the later case, the 
temperature of the He3 stage increases by about 10 K. This strongly points out the need to maintain the cold 
plane at a temperature as close as 4.2 K as possible, thus using a powerful pulse tube. 
 
Influence of the pitch angle on the pulse tube and the cryo-cooler was also measured. Angles in the range [-45°; 
+45°] with 20° steps have been applied. The temperature of the cold plane and of the He3 stage increased by 0.2 
K and 2 mK respectively (see figure 7); This is acceptable for both. This good result is due to the use of a 
particular foam, named 03G7+2.5)*33 which maintains the liquid in contact with evaporators during tilting. 
  



 
F igure 6: Cryo-cooler inside the Cryolic cryostat. 

 

 
F igure 7: Pitch angle effect on He3 stage temperature (circles, left scale) 

and cold plane temperature (triangles, right scale) 
 
 
 

4)  OPT I CS 
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5)  B O L O M E T E RS 
  
While the delivery of the first ArTeMis bolometer arrays is scheduled for the end of 2010, preliminary 
measurements have been performed on similar arrays developed for the PILOT balloon-borne project. Indeed, 
the detectors for the PILOT short wavelength channel will work in the same wavelength range (240 microns) and 
flux range (20-40 pW/pixel) than the ArTeMiS detectors. 
 
F igure 10 shows the responsivity of one PILOT detector for an incident power of 20 pW/pixel at 350 microns. 
The error bars in the figure shows the standard deviation of responsivities among the 256 pixels of the array. 
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Compared to Herschel/PACS in space conditions, the PILOT and ArTeMiS bolometers have higher impedances 
to cope with the higher incident fluxes from atmosphere. In parallel, the bolometer pixels are using thicker 
indium bumps to make a deeper absorption cavity to cope for the longer wavelength. It is noticeable that the 
responsivities obtained on figure 10 are very close to those measured for Herschel/PACS bolometers. 
 
On-going measurements are performed to measure the noise and NEP, as well as the bandwidth. More 
quantitative results will be given as soon as new arrays are received. 
 
 
 

6)  E L E C T R O NI CS A ND SO F T W A R E 
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The software development for the camera is still under progress. During the 2009 G&3/3M%&!#'() run on APEX, 
the new BEAR software mounted on a Linux PC was used with 1 BOLERO through USB link. The setting of the 
detector and the images acquisition have worked very satisfactorily. Some unexpected synchronization problems 
with the APEX software have convinced us to use a GPS dating of the ArTeMiS frames thanks to an IRIG-B 
signal available on APEX. N5=##=;$/"#$%GHI$/#.#*03B#$+*#*$15$NbNfM`$A3&-1/$A3&$1,*3.+/#$=1/(5@$3A$1..$
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The new following functionalities have already been added: 
 
 Communication with BOLERO through Space Wire link. 
 Software functions to handle data fluxes from 10 BOLEROs and to build the images corresponding to the 3 

focal planes. 
 Use of threads to handle the UDP and TCP links with the APEX software within the C++  task 
 New on-line display of the focal plane images for monitoring purpose. 

 
The following items will be included soon: 
 
 Handling of a start flag in the data to synchronize the frames coming from the different BOLEROs. 
 Decoding of the IRIG-B dating. 
 Getting housekeeping data from the cryogenic control-command software. 
 Handling of focal plane housekeeping data from COYOTE box. 
 Image offset compensation in BOLEROs. 

 
Finally, the choice of an industrial PC with SSD hard disk will be done. 
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7)  C O M M A ND C O N T RO L 

 
The global architecture of the command control of the camera (see figure 12) is based on a standalone programmable 
Logic Controller (PLC) that controls the cryogenic equipment with high robustness, and an industrial PC that performs 
archiving and communication tasks. This PLC verifies communication status of probes and sub-units ; controls out-
gazing of the cryostat ; controls cooling down to 4K (or warming) according to specified procedures (including vacuum, 
pulse-*9H.$'&($271+2++5.7$2+&*7+5?$*."4.7'*97.$".'/97.".&*/IJ# 
 
The industrial PC (Cryostat control and measurement PC) is a fan-less computer and low power consumption. The 
industrial PC provides one industrial compact flash memory where are stored Operating System (OS) and datas. The OS 
is Windows embedded standard. 

 
 

 
/)*+,%&'=S$f.3,1.$1&0"(/#0/+&#$15=$(5/#&A10#$=(1@&1-$3A$F3--15=$:$F35/&3.$$

 

LOCAL WEB 
CLIENT 

Controller He3-He4 
cryocooler (MCCRA) PLC Siemens (S300) 

Resistor measurement system 
16 channels (0 to 40kOhm) 
Temperature measurement (1.8 
to 350K) (CABTF) 
 

Switch 

Cryostat control and 
measurement PC  
Web Server 
MCCRA Configuration  

Switch 

Modbus TCP 

Modbus TCP 

TCP 

Profibus DP 

Local Network 
 

Internet 

Input/output  
Pump control (relay) 
Valve control 
 

RS232 

Detector 
control and 
readout 
PCBEAR 
Linux 

TCP Exchange  

Remote 
I/O 
Subd25 

Cryomech 
Pulse tube compressor 

Adixen ACC2009 n°2  
Pirani /Cold cathode 
gauge 
 

Adixen ACC2009 n°1  
Pirani /Cold cathode 
gauge 
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8)  L A T EST R ESU L TS O B T A IN E D IN 2009 W I T H Proto-A R T E M IS 

  
$
!"#$A(&*/$&#*+./*$3,/1(5#=$2(/"$G&3/3M%&!#'()$=+&(5@$/"#$>::^$&+5$35$%GHI$"14#$,##5$B+,.(*"#=$X%5=&g$#/$1.;$>::]TE$
!"#6$(..+*/&1/#$/"#$1,(.(/6$3A$/"#$01-#&1$/3$&#4#1.$#-,#==#=$*(/#*$3A$"(@"M-1**$*/1&$A3&-1/(35$(5$/"#$f1.1D6E$N5$B1&/(0+.1&;$
*#4#5$-1**(4#$B&3/3*/#..1&$*3+&0#*$"14#$,##5$0.#1&.6$*#B1&1/#=$1.35@$/"#$cfF$<9^Y$A(.1-#5/E$!"#*#$(50.+=#$A3+&$4#&6$
63+5@$X0.1**$:T$B&3/3*/1&*$2(/"$#*/(-1/#=$A(51.$-1**#*$'h$iC9M>:$'*+5E$G&3/3M%&!#'()$1.*3$&#4#1.#=$/#5$-1**(4#$03&#*$
(5$153/"#&$&#@(35$Xf<>^E<M:EYTE$N/$"1*$,##5$B&3B3*#=$/"1/$/"#*#$2#&#$/"#$&#*+./$3A$1$*"307$,#/2##5$/23$#DB15=(5@$LNN$
&#@(35*$X'(5(#&$#/$1.;$>::QTE$$
$
R5@3(5@$2(=#MA(#.=$*+&4#6*$2(/"$/"#$L#&*0"#.$)B10#$R,*#&41/3&6$1&#$&#4#1.(5@$1$B&3A+*(35$3A$A(.1-#5/*$(5$f1.10/(0$
-3.#0+.1&$0.3+=*$X%5=&g$#/$1.E$>:C:;$'#5j*"0"(734$#/$1.E$>:C:;$'3.(51&($#/$1.E$>:C:TE$!"#$A+/+&#$%&!#'()$01-#&1$2(..$
"#.B$/3$-1B$/"#$(5/#&51.$*/&+0/+&#$3A$/"#$=#5*#*/$A(.1-#5/*$(5$=#/1(.E$V3&$#D1-B.#;$=+&(5@$/"#$>::Q$3,*#&41/(35$&+5$
XG&3@&1-$H)R$:]<EFM:QQY$,6$GE$%5=&g$#/$1.ET;$*+0"$1$&#@(35;$f<:9E>$.301/#=$1/$i$<E<$7B0$XL(..$#/$1.E$>::9T$"1*$,##5$
-1BB#=$2(/"$B&3/3M%&!#'()E$!"#$&#*+./(5@$(-1@#$*"32*$*#4#&1.$015=(=1/#*$3A$-1**(4#$B&3/3*/1&*$X()*+,%&'>TE$
$
$

$
/)*+,%&'>S$!3/1.MB32#&$89:$?-$=+*/$035/(5++-$-1B$3A$/"#$-1**(4#;$A(.1-#5/1&6$*/1&MA3&-(5@$&#@(35$

f<:9E>$3,*#&4#=$2(/"$G&3/3M%&!#'()E$
$
!"#$F(&0(5+*$-3.#0+.1&$0.3+=$.301/#=$1/$=$i$:E^$7B0$Xb#(B+&/"$#/$1.E$CQQYT$"1*$1.*3$,##5$3,*#&4#=$2(/"$G&3/3M%&!#'()$
=+&(5@$>::Q$XG&3@&1-$H)R$:]<EFM:QQY$,6$GE$%5=&#$#/$1.TE$!"#$G&3/3M%&!#'()$-1B$&#*3.4#*$1$@&3+B$3A$1/$.#1*/$^$
B&3/3*/1&*$(5$/"(*$&#@(35$3A$.32M$/3$(5/#&-#=(1/#M-1**$*/1&$A3&-1/(35$X()*+,%&'?TE$$
$
R+/*(=#$3+&$325$f1.1D6;$=+&(5@$/"#$*1-#$3,*#&41/(351.$&+5$XG&3@&1-$H)R$:]<EFM:QQ8$,6$)E$L356$#/$1.T;$2#$03+.=$
3,*#&4#$/"#$cC9Q$*/1&MA3&-(5@$03-B.#D$(5$/"#$P1&@#$'1@#..15(0$F.3+=$.301/#=$1/$=$i$9:$7B0$X()*+,%&'@TE$$
$
!"#$*0(#5/(A(0$#DB.3(/1/(35$3A$/"#*#$41&(3+*$&#*+./*$A&3-$/"#$>::Q$&+5$(*$*/(..$(5$B&3@&#**E$
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/)*+,%&'?S$!3/1.MB32#&$89:$?-$=+*/$035/(5++-$-1B$3A$1$=#5*#$03&#$(5$F(&'')CE$

$

$
/)*+,%&'@S$!3/1.MB32#&$89:$?-$=+*/$035/(5++-$-1B$3A$cC9Q$(5$/"#$P1&@#$'1@#..15(0$F.3+=$
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