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Telescopes and Instrumentation
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The ALMA Project has moved into the 

production phase, perhaps most notably 

for the advanced receiver systems, or 

Front Ends that are required by the 

project. This article provides a summary 

of the technical and production status  

of the various Front End subassemblies 

and some of their recent deliveries.  
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delivered by the European Front End 

Integration Centre to the ALMA Observ-

atory in Chile.
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NLX�E@BHKHSX��HR�@�O@QSMDQRGHO�NE�$TQNOD��
North America and East Asia in coopera�
SHNM�VHSG�SGD�1DOTAKHB�NE�"GHKD
� +, � 
is funded in Europe by the European 
Organisation for Astronomical Research 
HM�SGD�2NTSGDQM�'DLHROGDQD��$2.���HM�
North America by the US National Sci�
ence Foundation (NSF) in cooperation 
with the National Research Council of 
Canada (NRC) and the National Science 
Council of Taiwan (NSC) and in East Asia 
by the National Institutes of Natural 
 Sciences (NINS) of Japan in cooperation 
VHSG�SGD� B@CDLH@�2HMHB@�� 2��HM�3@HV@M
�
 +, �BNMRSQTBSHNM�@MC�NODQ@SHNMR� 
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behalf of North America by the National 
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which is managed by Associated Univer�
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Asia by the National Astronomical 
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 +, �.ARDQU@SNQX��) .��OQNUHCDR�SGD�
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NE�SGD�BNMRSQTBSHNM��BNLLHRRHNMHMF�@MC�
NODQ@SHNM�NE� +, 
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and progress of the project was reported 
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Since the previous article in 2004  
CDCHB@SDC�SN�SGD� +, �QDBDHUDQR�@MC�
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�������L@INQ�OQNFQDRR�G@R�ADDM�L@CD
� 
(M�SGD�O@RS�jUD�XD@QR�SGD�A@RDKHMD�CDRHFM�
G@R�ADDM�K@QFDKX�BNLOKDSDC��@�OQD��
production phase of crucial Front End 
subassemblies has been successfully 
@BGHDUDC�@MC�SGD�OQNIDBS�G@R�MNV�DL��
A@QJDC�NM�SGD�jM@K�OQNCTBSHNM�QTM�NE�
QDBDHUDQ�RXRSDLR
�3GD�NSGDQ�MNSDVNQSGX�
news is that the scope of this essential 
 +, �RTAOQNIDBS�G@R�ADDM�RTARS@MSH@KKX�
expanded with the entrance of Japan  
HMSN�SGD� +, �/QNIDBS
�3GHR�HLONQS@MS�
event has allowed a further ex  pansion  
of the Front Ends by the addition of 
another three receiver cartridges for 
!@MCRp�p����l���p&'Y����p���l���p&'Y��
@MC���p����l���p&'Y��HM�@CCHSHNM�SN�SGD�
ENTQ�A@RDKHMD�QDBDHUDQ�A@MCR
�%TMCHMF� 
has also been made available by the 
European Commission under the 6th 
%Q@LDVNQJ�/QNFQ@LLD�ENQ�SGD�CDUDKNO�
LDMS�@MC�OQD�OQNCTBSHNM��RHW�TMHSR��NE�
!@MCp������l���p&'Y��QDBDHUDQR�@R�O@QS�
of the project for the Enhancement  
NE� +, �$@QKX�2BHDMBD
�3GD�CDRHFM�@MC�
BNMRSQTBSHNM�NE�SGD�BNKC�B@QSQHCFDR��
including superconductor insulator semi�
conductor (SIS) mixers and intermediate 
EQDPTDMBX��(%��@LOKHjDQR��G@R�ADDM�
�TMCDQS@JDM�AX�"G@KLDQR�4MHUDQRHSX�HM�
&NSGDMATQF��2VDCDM
�3GD�L@SBGHMF�KNB@K�
oscillator needed for this heterodyne 
receiver is being de  signed and built by 
SGD�1TSGDQENQC� OOKDSNM�+@ANQ@SNQX�HM�
SGD�4*
�/QNFQ@LLD�@MC�RXRSDL�L@M@FD�
LDMS�NE�SGHR�@BSHUHSX�HR�TMCDQS@JDM�AX�SGD�
Front End Integrated Product Team 
�%$p(/3��VHSGHM�SGD� +, �#HUHRHNM�@S�$2.
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The performance goals initially set by the 
OQNIDBS�ENQ�SGD� +, �QDBDHUDQR�VDQD�
 considered as challenging and at the very 
edge of what had so far been demon�
RSQ@SDC��3@M�DS�@K
�������
�.UDQ�SGD�O@RS�
few years all groups involved in the devel�
NOLDMS�@MC�BNMRSQTBSHNM�NE�SGDRD�QD��
BDHUDQR�G@UD�VNQJDC�UDQX�G@QC�@MC�CDL�
onstrated that it is possible to achieve 
SGHR�ODQENQL@MBD
�(S�HR�@KRN�UDQX�QDV@QCHMF�
SN�MNSD�SG@S��ENQ�DW@LOKD��@�JDX�ODQENQL�
@MBD�O@Q@LDSDQ�KHJD�QDBDHUDQ�SDLODQ@STQD��
a fundamental measure of the sensitivity 
NE�SGD�QDBDHUDQ��HR�L@HMS@HMDC�NUDQ�@�AQN@C�
frequency range and is repeatable from 
NMD�QDBDHUDQ�RXRSDL�SN�@MNSGDQ��!@QJGNE�DS�
@K
���������@R�RGNVM�HM�%HFTQDp�
�3@AKDp��
OQNUHCDR�@�RTLL@QX�NE�SGD� +, �QDBDHUDQ�
A@MCR��HMBKTCHMF�@BGHDUDC�RDMRHSHUHSX�ODQ�
formance (values in parentheses) where 
@U@HK@AKD
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on four additional frequency bands  
as well as to the four baseline bands � 
!@MCRp��������@MC�����VHSG�VGHBG�SGD� 
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�- .)�SNNJ�
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The European Community has funded 
the development and preproduction of 
RHW�TMHSR�ENQ�SGD�!@MCp��QDBDHUDQR
�,NQD�
QDBDMSKX��HMENQL@K�CHRBTRRHNMR�ADSVDDM�
U@QHNTR�HMRSHSTSDR�HM�SGD� +, �O@QSMDQ�
regions have started on a collaboration 
for the development and production of 
SGD� +, �!@MCp��QDBDHUDQR


ALMA Receivers Invading Chile

Figure 1. Receiver noise 
performance as a func�
tion of frequency as 
measured on 14 different 
!@MC���B@QSQHCFDR
�3GD�
two blue curves deviat�
ing from the other 
BTQUDR��ENQ�"@QSQHCFDn����
are due to the use of a 
different type of SIS 
ITMBSHNM
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For all of the four baseline receiver car�
SQHCFDR��SGD�CDRHFM��@ESDQ�RTBBDRRETKKX�
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VDMS�HMSN�OQDOQNCTBSHNM�OG@RD��@MC�DHFGS�
TMHSR�G@UD�ADDM�BNLOKDSDC
�3GD�jM@K�OQN�
duction phase of these baseline receivers 
has started and covers the production 
and delivery of another 65 units to equip 
SGD�VGNKD� +, �@QQ@X�@MC�OQNUHCDR�RTEj�
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Amplitude Calibration Device

One of the important science require�
LDMSR�ENQ�SGD� +, �HMRSQTLDMS�HR�SG@S�HS�
should be able to measure the strength of 
the incoming astronomical signal accu�
Q@SDKX
�3GD�NAIDBSHUD�HR�SN�@BGHDUD�@M�@BBT�
Q@BX�NE�ADSSDQ�SG@M����ADKNV����p&'Y�
@MC�ADSSDQ�SG@M����@ANUD�SGHR�EQDPTDMBX
�
In order to enable this high precision in 

ONVDQ�LD@RTQDLDMSR�D@BG�@MSDMM@��HM��
BKTCHMF�@KK� " �@MSDMM@R��VHKK�AD�DPTHOODC�
VHSG�@�RN�B@KKDC� LOKHSTCD�"@KHAQ@SHNM�
#DUHBD�� "#�
�3GHR� "#�BNMRHRSR�NE�SVN�
KN@CR��ANSG�AK@BJANCX�Q@CH@SNQR��VGHBG�
G@UD�CHEEDQDMS�@BBTQ@SDKX�JMNVM�OGXRHB@K�
@MC�Q@CHNLDSQHB�SDLODQ@STQDR��@MC�VGHBG�
@QD�TRDC�@R�@�ONVDQ�QDEDQDMBD��RDD�,TQJ�
DS�@K
�������
�.MD�KN@C�HR�@S�@M�@LAHDMS�
SDLODQ@STQD�NE�@ANTS����p*��VGHKD�SGD�
NSGDQ�HR�@BSHUDKX�JDOS�@S�@�VDKK�RS@AHKHRDC�
temperature of between approximately 
���p*�@MC����p*
�!X�HMRDQSHMF�SGD�KN@CR�
HM�EQNMS�NE�NMD�NE�SGD�QDBDHUDQ�HMOTSR�� 
the amplitude scale of each receiver can 
AD�B@KHAQ@SDC
�3GD�KN@CR�@QD�LNUDC�AX� 
a robotic arm in front of one of the ten 
QDBDHUDQ�HMOTSR��RDD�%HFTQDp��


(M�@CCHSHNM�SN�SGDRD�B@KHAQ@SHNM�KN@CR��SGD�
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�
.MD�NE�SGDRD�VHCFDSR�HR�@�RNK@Q�jKSDQ�

DM@AKHMF�NARDQU@SHNMR�NE�SGD�2TM
�3GHR�HR�
A@RHB@KKX�@�AQN@CA@MC�@SSDMT@SNQ��NODQ@S�
HMF�@BQNRR�SGD����SN����p&'Y�Q@MFD��
which reduces the radio frequency (RF) 
RHFM@K�EQNL�SGD�2TM��VGHBG�G@R�@�AQHFGS�
ness temperature of approximately 
����p*��SN�@�KNVDQ�KDUDK�SG@S�CNDR�MNS�R@S�
TQ@SD�SGD�RDMRHSHUD� +, �QDBDHUDQR
�3GD�
other widget consists of an optional Quar�
SDQ�6@UD�/K@SD��06/���NOSHLHRDC�ENQ� 
NODQ@SHNM�HM�!@MCp������l���p&'Y�
�3GHR�
device converts an incoming circularly 
polarised signal into a linearly polarised 
RHFM@K�UDQX�@BBTQ@SDKX
�3GD�06/�LHFGS�AD�
QDPTHQDC�SN�DMG@MBD�GHFG�jCDKHSX�NARDQ�
U@SHNMR�NE�ONK@QHRDC�RNTQBDR
�3GD� "#� 
concept using the robotic arm was con�
ceived by Matt Carter from the Institut  
de Radio Astronomie Millimétrique (IRAM) 
HM�&QDMNAKD
�3GD�@BST@K�CDRHFM�G@R�ADDM�
done through a collaboration between 
$2.��(1 ,��SGD�(MRSHSTSD�NE� OOKHDC�
�/GXRHBR��( /��@S�SGD�4MHUDQRHSX�NE�!DQM��
23%"�1 +�HM�SGD�4*�@MC�-3$�2 �MD@Q�
!@QBDKNM@


(M������SGD�CDUDKNOLDMS�@BSHUHSHDR�KDC� 
SN�SGD�BNLOKDSHNM�NE�SVN�OQNSNSXOD� "#R
�
(M� TFTRS������SGD�jQRS�OQNSNSXOD� "#��
n���RTBBDRRETKKX�O@RRDC�SGD�3DRS�1D@CH�
ness Review and Preliminary Acceptance 
(M�GNTRD��/ (��@S�$2.�&@QBGHMF
�2TARD�
quently the unit was shipped to the Oper�
ations Support Facility (OSF) in Chile 
where it passed the Provisional Accept�
@MBD�NM�2HSD��/ 2��HM�LHC�2DOSDLADQ�
����
� �RTOONQS�SD@L�EQNL�SGD� +, �
Division at ESO travelled to the OSF to 
@RRHRS�SGD�KNB@K� RRDLAKX��(MSDFQ@SHNM�@MC�
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National Astronomy Observatory of Japan
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National Radio Astronomy Observatory

Institut de Radio Astronomie Millimétrique

National Astronomy Observatory of Japan

Netherlands Research School for Astronomy (NOVA)

National Astronomy Observatory of Japan

Table 1.� +, �EQDPTDMBX�A@MCR�@MC�@RRNBH@SDC�
MNHRD�ODQENQL@MBD�QDPTHQDLDMSR
�3GD�U@KTDR�VHSGHM�
AQ@BJDSR�HMCHB@SD�@BST@K�LD@RTQDC�ODQENQL@MBD
� 
(M�BNKTLM����42!���4OODQ�2HCDA@MC��+2!���+NVDQ�
2HCDA@MC���2!���2HCDA@MC�RDO@Q@SHMF�@MC� 
#2!���#NTAKD�2HCDA@MC
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Figure 2. CAD overview 
drawing of the Ampli�
STCD�"@KHAQ@SHNM�#DUHBD




�� The Messenger 136 � June 2009

Telescopes and Instrumentation 3@M�&
�'
�DS�@K
�� +, �1DBDHUDQR�(MU@CHMF�"GHKD

5DQHjB@SHNM�� (5��SD@L�VHSG�SGDRD�@BSHUHSHDR��
@R�VDKK�@R�ENQ�SGD�jQRS�HMRS@KK@SHNM�NE�SGD�
 +, �B@KHAQ@SHNM�CDUHBD�HMSN�@����LDSQD�
@MSDMM@��L@MTE@BSTQDC�AX�,HSRTAHRGH�
$KDBSQHB@K�"NLO@MX��,$+".���NM����2DO�
SDLADQ�����
�%HFTQDp��RGNVR�SGD� "#�
mounted on an xy�SQ@MRK@SHNM�RS@FD�CTQHMF�
HMRS@KK@SHNM�HM�SGD�QDBDHUDQ�B@AHM
�3GD�
installation equipment was designed by 
SGD�$2.�SD@L��VGN�@KRN�OQNUHCDC�SGD�OQN�
BDCTQD�ENQ�@�R@ED�@MC�RLNNSG�HMRS@KK@SHNM
�
%HFTQDp��RGNVR� "#n��@ESDQ�HMRS@KK@SHNM�HM�
SGD�,$+".�@MSDMM@
�3GD�B@KHAQ@SHNM�
device itself is installed on top of an annu�
K@Q�QHMF��SGD�%QNMS�$MC�2TOONQS�2SQTBSTQD�
�%$22���VGHBG�@BSR�@R�SGD�LDBG@MHB@K�
interface between the antenna and the 
%QNMS�$MC�RTA@RRDLAKHDR
�!DKNV�SGD�
%$22��@�ANW�BNMS@HMHMF�SGD�BNMSQNK�@MC�
ONVDQ�DKDBSQNMHBR�ENQ�SGD� "#�HR�LNTMSDC


3GD�RDBNMC�OQNSNSXOD�� "#n���O@RRDC�
/ (�HM�-NUDLADQ������@MC�V@R�RGHOODC�
SN�SGD�.2%
�$2.�@RRHRSDC�SGD� (5�SD@L�
VHSG�SGD�/ 2�HM�%DAQT@QX�����
�3GD�B@KH�
bration device was installed in a Vertex 
���LDSQD�@MSDMM@�RGNQSKX�@ESDQV@QCR
�%NK�
lowing the successful delivery of these 
two prototype ACDs a preproduction run 
NE�jUD�TMHSR��RSHKK�TRHMF�KN@CR�A@RDC�NM�@M�
HMSDQHL�CDRHFM��G@R�RS@QSDC
� "#n��@MC�
n��O@RRDC�/ (�NM��� OQHK�����
�%HFTQDp��
RGNVR� "#n���VHSG�SGD�B@KHAQ@SHNM�VGDDK�

@MC�HMSDQHL�B@KHAQ@SHNM�KN@CR��CTQHMF�/ (�
SDRSHMF�HM�SGD�$2.� +, �+@ANQ@SNQX
�
Final production of the robotic arms was 
BNMSQ@BSDC�SN�-3$� 2�HM�2O@HM
�3GDRD�VHKK�
be initially integrated into complete ACDs 
AX�SGD� +, �#HUHRHNM�@S�$2.
�#DUDKNO�
LDMS�NE�SGD�jM@K�KN@C�CDRHFM��LDDSHMF�@KK�
SGD�CDL@MCHMF�SDBGMHB@K�QDPTHQDLDMSR��HR�
still underway at ESO with support from 
( /��4MHUDQRHSX�NE�!DQM�@MC�HMCTRSQX��@MC�
is scheduled to be completed by summer 
����


European Front End Integration Centre

3GD� +, �$TQNOD@M�%QNMS�$MC�(MSDFQ@SHNM�
Centre (EU FEIC) is located at the Ruther�
ENQC� OOKDSNM�+@ANQ@SNQX�VHSGHM�SGD�2O@BD�
Science and Technology Department 
�223#�
�3GD�"DMSQD�HR�MD@QHMF�BNLOKDSHNM�
NE�HSR�/G@RDp��HMEQ@RSQTBSTQD�OQDO@Q@SHNM�
and much of the receiver assembly and 
SDRS�DPTHOLDMS�HR�HM�OK@BD��@MC�@�JDX�HSDL�
��SGD�QDBDHUDQ�SHKS�S@AKD��%HFTQDp����V@R�
QDBDMSKX�HMRS@KKDC�@MC�BNLLHRRHNMDC
�3GD�

Figure 3.� "#n��CTQHMF�HMRS@KK@SHNM�HM�SGD�@MSDMM@�
QDBDHUDQ�B@AHM


Figure 4.� "#n��HMRS@KKDC�HM�@�,$+".�@MSDMM@


Figure 5.� "#n��CTQHMF�
PAI testing in the ESO 
 +, �K@ANQ@SNQX
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QDL@HMHMF�SDRS�HMEQ@RSQTBSTQD��O@QSHBTK@QKX�
the critical millimetre and submillimetre 
V@UD�AD@L�RB@MMDQ��HR�@S�@M�@CU@MBDC�
stage of development and the EU FEIC  
HR�@AKD�SN�ODQENQL�DRRDMSH@K�SDRSR�NM�QD��
ceiver Front Ends that demonstrate 
QDBDHUDQ��ETMBSHNM@KHSX�@MC�NODQ@SHNM
�!X�
SGD�DMC�NE�������SGD�$4�%$("�VHKK�AD�
completely ready for the full integration 
@MC�UDQHjB@SHNM�NE� +, �%QNMS�$MCR�VGDM�
the Operational Readiness Review (ORR) 
VHKK�AD�GDKC
�3GHR�.11�HR�@�ENQL@K�U@KHC@�
SHNM�AX�SGD� +, �/QNIDBS�SG@S�@�%QNMS� 
End Integration Centre meets the require�
LDMSR�SN�ODQENQL�HSR�S@RJR�@R�CDjMDC� 
AX�SGD�OQNIDBS
� S�SGHR�.11��MNS�NMKX�@�
technical evaluation of the test equipment 
@MC�HMSDFQ@SHNM�SNNKR�VHKK�AD�L@CD��ATS�
also much attention will be paid to 
@RODBSR�QDK@SDC�SN�OQNCTBS�@RRTQ@MBD��SN�
@RRTQD�SG@S�SGD�HMSDFQ@SHNM�@MC�UDQHjB@SHNM�
activities are performed in a consistent 
@MC�BNMSQNKKDC�L@MMDQ
�3GHR�.11�HR�GDKC�
ENQ�@KK�SGQDD� +, �%$("R�@MC�DMRTQDR�
SG@S�SGD�%QNMS�$MCR�CDKHUDQDC��HQQDRODBSHUD�
where they have been integrated and 
�UDQHjDC��@QD�ATHKS�HM�@M�HCDMSHB@K�V@X�@MC�
ETKjK�SGD�R@LD�OQNIDBS�QDPTHQDLDMSR


(M�E@BS��SGD�RS@SD�NE�QD@CHMDRR�HR�RTBG�SG@S�
SGD�$TQNOD@M� +, �$WDBTSHUD�QDBNL�
LDMCDC�SN�SGD�)NHMS� +, �.EjBD�L@M�
@FDLDMS�SG@S�SGD�jQRS�$TQNOD@M�HMSDFQ@SDC�

%QNMS�$MC��@R�@�O@QSH@KKX�PT@KHjDC�DMFHMDDQ�
HMF�LNCDK��RGNTKC�AD�RGHOODC�SN�SGD�
project in spring 2009 � some six months 
D@QKHDQ�SG@M�NQHFHM@KKX�@MSHBHO@SDC�ENQ�@�jQRS�
ETKKX�PT@KHjDC�%QNMS�$MC
�3GD� +, �L@M�
agement accepted this recommendation 
@MC�OK@MR�VDQD�HMHSH@SDC�@S�$2.�@MC�1 +�
SN�AQHMF�ENQV@QC�SGD�CDKHUDQX�RBGDCTKD
�
3DBGMHB@K�@MC�@CLHMHRSQ@SHUD�SD@LR�@S�1 +�
and ESO � and with the support of 
FQNTOR�VHSGHM�SGD�$2.�LDLADQ�RS@SDR��
DRODBH@KKX�SGD�!@MCp��@MC���B@QSQHCFD�

groups from IRAM and the Netherlands 
1DRD@QBG�2BGNNK�ENQ� RSQNMNLX��-.5 ���
-NQSG� LDQHB@�@MC�$@RS� RH@���VNQJDC�
hard to provide appropriate subassem�
AKHDR��ODQENQL�HMSDFQ@SHNM��@MC�BNLOKDSD�
SDRSHMF��@KK�HM�SGD�QDPTHQDC�SHLDRB@KD
�3GD�
ETKKX�@RRDLAKDC�@MC�UDQHjDC�QDBDHUDQ�
�RXRSDL��@�jQRS�ENQ�@M�%$("��V@R�CTKX�CHR�
O@SBGDC�EQNL�1 +�HM�,@QBG������@MC�
successfully completed its journey to the 
.2%�HM�"GHKD��VGDQD�HS�@QQHUDC�NM��� OQHK�
�%HFTQDp��
�2HMBD�SGDM�HS�G@R�RTBBDRRETKKX�
TMCDQFNMD�/ 2�UDQHjB@SHNM��ODQENQLDC� 
AX�@�INHMS�SD@L�EQNL�SGD� +, �.ARDQU@�
SNQX��$2.��-.5 ��-1 .�@MC�1 +��RDD�
%HFTQDp����@MC�BTQQDMSKX�OQDO@Q@SHNMR�ENQ�
CDOKNXLDMS�NM�NMD�NE�SGD� +, �@MSDMM@R�
@QD�TMCDQV@X


The delivery of this receiver represents a 
L@INQ�LHKDRSNMD��MNS�NMKX�ENQ�SGD�$TQNOD@M�
DKDLDMS�NE� +, ��ATS�@KRN�SGD� +, �
NARDQU@SNQX�HSRDKE��@R�NMBD�SGD�QDBDHUDQ�HR�
installed on a telescope then interferom�
DSQX�ADBNLDR�ONRRHAKD
�(M�@CCHSHNM��@�
�OHNMDDQHMF�RSDO�V@R�S@JDM�VHSG�QDF@QC�SN�
the methodology of shipping that demon�
strated the feasibility of safe delivery of  
a single fully integrated system to Chile � 
SGHR�HLOQNUDR�SGD�DEjBHDMBX�NE�CDKHUDQX�
@MC�RTARS@MSH@KKX�D@RDR�SGD�SDRS�@MC�HM��
RS@KK@SHNM�OQNBDRR�@S�SGD�NARDQU@SNQX
�3GHR�
success was also appreciated by the 

Figure 6.�1DBDHUDQ�SHKS�S@AKD�HMRS@KKDC�@S�SGD�$TQNOD@M�
%QNMS�$MC�(MSDFQ@SHNM�"DMSQD
�3GD�S@AKD�DLTK@SDR�@M�
 +, �@MSDMM@�HMSDQE@BD


Figure 7. Arrival of the 
jQRS� +, �%QNMS�$MC�
from the European Front 
End Integration Centre 
at the temporary assem�
bly integration and 
�UDQHjB@SHNM�K@ANQ@SNQX� 
@S�SGD� +, �.ODQ@SHNMR�
2TOONQS�%@BHKHSX
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)NHMS� +, �.ARDQU@SNQX��VGHBG�MNV�
VNTKC�@KRN�KHJD�SN�@OOKX�SGHR�RGHOLDMS�
method to the other two FEICs in East 
 RH@�@MC�-NQSG� LDQHB@


Water Vapour Radiometer

Another important milestone for the 
 +, �/QNIDBS�G@R�QDBDMSKX�ADDM�@BGHDUDC�
with the delivery and successful provi�
RHNM@K�@BBDOS@MBD�NE�SGD�OQNIDBS�R�jQRS�
Water Vapour Radiometer (WVR) system 
@S�SGD�.2%
�6GDM�ETKKX�BNLLHRRHNMDC�� 
SGD�651�VHKK�OQNUHCD�MD@Q�QD@K�SHLD�
measurements of the brightness temper�
ature of the atmosphere at the Array 
.ODQ@SHNMR�2HSD�� .2�
�3GDRD�C@S@�VHKK�
enable subsequent delay correction of 
the astronomical signal received by each 
antenna that is impaired by the continu�
@KKX�kTBST@SHMF�V@SDQ�U@ONTQ�BNMCHSHNMR�
present within the Earth�s atmosphere 
�-HJNKHB�DS�@K
�������
�3GHR�CDK@X�BNQQDBSHNM�
procedure is important in achieving the 
NUDQ@KK�ODQENQL@MBD�RODBHjB@SHNM�ENQ�
obtaining high dynamic range maps with 
SGD� +, �RXRSDL
�$@BG����LDSQD�CH@LD�
SDQ� +, �@MSDMM@��HMBKTCHMF�SGD�ENTQ�
�RN�B@KKDC�SNS@K�ONVDQ�@MSDMM@R�VHSGHM�SGD�
 +, �"NLO@BS� QQ@X�� " ���VHKK�SGDQD�
fore be provided with its own dedicated 
651��NODQ@SHMF�@R�@�O@RRHUD�QDBDHUDQ�
RXRSDL�@S�RTALHKKHLDSQD�EQDPTDMBHDR��SN�
LNMHSNQ�SGD�RJX�SDLODQ@STQD�@KNMF�D@BG�
@MSDMM@�R�ANQDRHFGS
�3GD�RL@KKDQ���LDSQD�
diameter antennas within the ACA are 
FQNTODC�BKNRDKX�SNFDSGDQ��VHSGHM�@�BHQBKD�
NE�CH@LDSDQ�KDRR�SG@M����pL��@MC�@QD� 
thus less affected by the water vapour 
variations in the atmosphere above the 
RHSD
�%NQ�SGHR�QD@RNM�SGDRD���LDSQD�@MSDM�
M@R�@QD�MNS�DPTHOODC�VHSG�651R


The WVR has been designed to an 
exacting and demanding technical speci�
jB@SHNM�SG@S�MDBDRR@QHKX�S@JDR�HMSN�
account the harsh climatic and environ�
mental conditions that exist at an altitude 
@ANUD�����pL
�3GD�651�G@R�@KRN�ADDM�
designed to operate continuously for 
DWSDMCDC�ODQHNCR�HM�SGD�jDKC�VHSGNTS�QNT�
SHMD�L@HMSDM@MBD
�3GD�CDRHFM�NE�SGD�
WVRs is based on an uncooled hetero�
dyne receiver and incorporates precision 
PT@RH�NOSHB@K�LHQQNQ�@RRDLAKHDR�@MC�1%�
components designed for operation at a 
BDMSQD�EQDPTDMBX�NE����p&'Y��VGDQD�NMD�

NE�SGD�V@SDQ�DLHRRHNM�KHMDR�HR�KNB@SDC
�3GHR�
1%�RHFM@K�HR�RTARDPTDMSKX�CNVM�BNMUDQSDC�
@MC�jKSDQDC�HMSN�ENTQ�(%�EQDPTDMBX�A@MCR�
EQNL��
�l�p&'Y�@MC�SGD�@SLNROGDQHB�
water vapour content can be determined 
by comparing the power level in the four  
(%�BG@MMDKR�SN�D@BG�NSGDQ
�3GD�651�RXR�
SDL�CDRHFM�HR�A@RDC�NM�@�f#HBJD�RVHSBGDCt�
Q@CHNLDSDQ�BNMjFTQ@SHNM�SG@S�HMBKTCDR� 
a rotating chopper wheel subsystem and 
also features two highly accurate and 

SGDQL@KKX�QDFTK@SDC�AK@BJANCX�HMSDQM@K�
B@KHAQ@SHNM�KN@CR
�3GD�651�RXRSDL�@KRN�
includes sophisticated thermal manage�
LDMS�DKDBSQNMHBR��OQDBHRHNM�LDBG@MHB@K�
components and embedded moni toring 
@MC�BNMSQNK�RNESV@QD��@KK�O@BJ@FDC�@MC�
contained within a relatively lightweight 
@MC�BNLO@BS�RSQTBSTQD
�$@BG�651�HR�
then integrated and mounted into the 
@MSDMM@�B@AHM�@KNMFRHCD�NSGDQ� +, �
RTARXRSDLR


Telescopes and Instrumentation 3@M�&
�'
�DS�@K
�� +, �1DBDHUDQR�(MU@CHMF�"GHKD

Figure 9. CAD overview drawing 
NE�SGD�����&'Y�V@SDQ�U@ONTQ�Q@CH�
NLDSDQ


Mounting Frame FESS

Optical Relay

WVR

Figure 8.�3GD�jQRS� +, �%QNMS�$MC�EQNL�SGD�$TQN�
pean Front End Integration Centre undergoing  
/QNUHRHNM@K� BBDOS@MBD�NM�2HSD�UDQHjB@SHNM�VHSG�@�
subgroup of the international team supporting  
SGD�CDKHUDQX
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3GD�jQRS�OQNCTBSHNM�V@SDQ�U@ONTQ�Q@CHNL�
eter was delivered to the OSF on the 
�p OQHK������@MC�TMCDQVDMS�@�RTBBDRRETK�
NM�RHSD�OQNUHRHNM@K�@BBDOS@MBD�SDRS
� 
This period of testing was followed by an 
HMHSH@K�HMRS@KK@SHNM�BGDBJ�@MC�RJX�SDLODQ@�
ture test with the WVR integrated into  
@�5DQSDW����LDSQD�@MSDMM@
�3GHR�SDRSHMF�
was accomplished smoothly and suc�
BDRRETKKX��VGHBG�ANCDR�DWSQDLDKX�VDKK�ENQ�
future integration testing and operations 
@S�SGD� .2


3GD�651�HR�@�BNLOKDW��LTKSHCHRBHOKHM@QX�
OQNIDBS�SG@S�G@R�ADDM�RXRSDL�CDRHFMDC�
and developed by Omnisys Instruments 
 !�A@RDC�HM�&NSDANQF��2VDCDM
�.LMHRXR�
 !�G@R�FHUDM�RDQHNTR�@SSDMSHNM�SN�CDUDK�
oping a receiver that can be effectively 
manufactured for series production and 
NOSHLHRDC�ENQ�DEjBHDMS�NODQ@SHNM@K�TRD
�
This latter aim is achieved by avoiding the 
TRD�NE�@MX�BQXNFDMHB�BNLONMDMSR��RHMBD�
the cooling system would need regular 
L@HMSDM@MBD
�(S�HR�D@RX�SN�G@MCKD�AX�L@HM�
tenance staff because of the low mass 
@MC�RL@KK�RHYD
�2DD�$LQHBG�DS�@K
��������
������ENQ�@�CDRBQHOSHNM�NE�SGD�RXRSDL
�
Omnisys AB has also provided personnel 
and extensive technical support to the 
651�@BBDOS@MBD�SQH@K��B@QQHDC�NTS�VHSG�
close liaison and interaction between the 
 +, � (5�SD@L��$2.�%QNMS�$MC�@MC�RBH�
DMBD�(/3�ODQRNMMDK
�

3GD�651�VNQJ�O@BJ@FD�HR�L@M@FDC�@MC�
G@R�ADDM�OQNBTQDC�ENQ� +, �AX�SGD�$2.�
%$�(/3�NE�SGD� +, �#HUHRHNM�HM�&@QBGHMF�
and complements a range of Front End 
systems being procured and provided to 
SGD� +, �/QNIDBS


Successful delivery and acceptance of 
SGD�jQRS�651�HR�@�jSSHMF�SQHATSD�SN�SGD�
CDCHB@SHNM�@MC�VNQJ�NE�@KK�SGD�ODQRNMMDK�
HMUNKUDC�HM�SGHR�OQNIDBS��HMBKTCHMF�RS@EE�
@MC�ODQRNMMDK�EQNL�.LMHRXR� !��$2.�
@MC� +, ��@R�VDKK�@R�NSGDQ�RTOONQSHMF�
SD@LR�@MC�NQF@MHR@SHNMR


 BJMNVKDCFDLDMSR

6D�VNTKC�KHJD�SN�SG@MJ�@KK�NTQ�BNKK@ANQ@SNQR�ROQD@C�
@QNTMC�L@MX�NQF@MHR@SHNMR�VHSGHM�SGD�SGQDD� +, �
O@QSMDQ�QDFHNMR�ENQ�RTOONQSHMF�SGD�VNQJ�CDRBQHADC�HM�
SGHR�@QSHBKD


Figure 10. First produc�
tion water vapour radi�
NLDSDQ�ADHMF�TMO@BJDC�
@ESDQ�@QQHU@K�@S�SGD� +, �
Operations Support 
%@BHKHSX


Figure 11. First production water 
vapour radiometer mounted inside  
@M� +, �@MSDMM@
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