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Telescopes and Instrumentation
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1  ESO 

As the replacement for ESO�s standard 

infrared and optical detector controllers, 

IRACE and FIERA respectively, ESO has 

developed a new controller � the New 

General detector Controller � that will 

be the default detector controller for all 

new La Silla Paranal in  struments in the 

QH[W�GHFDGH��7KH�EDVLFV�RI�LWV�GHVLJQ�

DQG�IXQFWLRQDOLW\�DUH�GHVFULEHG��DQG�:UVW�

SHUIRUPDQFH�H[DPSOHV�DUH�JLYHQ��

The invisibility challenge

In an era when professional astronomers 
G@UD�KNMF�@A@MCNMDC�SGD�M@JDC�DXD�@MC� 
OGNSNFQ@OGHB�OK@SDR�@R�RBHDMSHjB�CDSDB�
SNQR��L@MX�TRDQR�NE�+@�2HKK@�/@Q@M@K��+2/��
HMRSQTLDMSR�L@X�MN�KNMFDQ�JMNV�VG@S�
happens exactly between the arrival of  
SGD�OGNSNMR�@S�SGD�CDSDBSNQ�@MC�SGD�jQRS�
inspection of the new observation � and 
SGDQD�RGNTKC�AD�MN�MDDC�SN��@R�SGHR�OQNB�
DRR�RGNTKC�AD�ETKKX�SQ@MRO@QDMS�SN�SGDL
�
.M�SGD�NSGDQ�G@MC��SGHR�SQ@MRO@QDMBX�B@M�
be achieved only if the corresponding 
OQNBDRR�HR�UDQX�QNATRS�@MC�CNDR�MNS�HL��
OQHMS�RHFM@STQDR�NE�HSR�NVM�NM�SGD�C@S@
�
2HMBD�SGHR�jM@K�RSDO�NE�@MX�LNCDQM�NARDQ�
U@SHNM�HR�PTHSD�BNLOKDW��@MC�RGNTKC�AD�
BNLOKDSDC�PTHBJKX��SGDQD�@QD�L@MX�ONSDM�
SH@K�E@HKTQD�ONHMSR��@MC�RN�SGHR�K@QFDKX�HM��
UHRHAKD�RSDO�QDPTHQDR�LTBG�B@QD�@MC�DEENQS
�
The detector may have to be cleaned of 
SGD�QDRHCTD�NE�@�OQDUHNTR�DWONRTQD��UNKS�
@FDR�MDDC�SN�AD�@OOKHDC�SN�JDDO�SGD�DKDB�
trons generated where the photons hit  
SGD�CDSDBSNQ��@�RGTSSDQ�L@X�G@UD�SN�AD�
NODMDC��SGD�DWONRTQD�SHLD�LTRS�AD�@BBT�
Q@SDKX�JDOS��@�RGTSSDQ�L@X�G@UD�SN�AD�
BKNRDC��@MC�@�RDPTDMBDQ�G@R�SN�FDMDQ@SD�
SHLD�CDODMCDMS�UNKS@FD�O@SSDQMR�SN�CQHUD�
SGD�@BBTLTK@SDC�DKDBSQNMR�SN�SGD�@LOKHjDQ��

NQ�SN�@CCQDRR�D@BG�OHWDK�@LOKHjDQ�RDPTDM�
SH@KKX
� ESDQ�@LOKHjB@SHNM��SGD�BG@QFDR�@QD�
BNMUDQSDC�SN�UNKS@FDR�@MC�CHFHSHRDC��@MC�
the resulting number must be inserted  
@S�SGD�QHFGS�KNB@SHNM�HM�SGD�C@S@�AKNBJ��@MC�
important ancillary information must be 
VQHSSDM�SN�SGD�%(32�GD@CDQ��VHSGNTS�VGHBG�
SGD�C@S@�AKNBJ�VNTKC�MNS�ENQL�@M�HL@FD�
that can be processed further and scien�
SHjB@KKX�HMSDQOQDSDC
�

3GD�QDPTHQDLDMSR�NM�SGD�OQDBHRHNM��
re peatability and invisibility of this process 
are quite tough: the shutter timings must 
be accurate to 1 millisecond; voltages 
RODBHjB�SN�D@BG�CDSDBSNQ�LTRS�AD�QDOD@S�
@AKD�@S�SGD����L5�KDUDK��SGD�OQNODQ�RG@O�
HMF�NE�QD@CNTS�RHFM@KR�QDPTHQDR����M@MN�
RDBNMC�QDRNKTSHNM��@MC�HR�CHEEDQDMS�ENQ�@KK�
detector models; the analogue electronics 
RGNTKC��@S�LNRS��LHMHL@KKX�CDFQ@CD�SGD�
OGNSNM�MNHRD��DUDM�NE�SGD�E@HMSDRS�RHFM@KR��
@MC�@M@KNFTD�SN�CHFHS@K�BNMUDQSDQR�LTRS�
NUDQR@LOKD�SGHR�RXRSDL�MNHRD
�3GHR�K@SSDQ�
S@RJ�HR�LNQD�D@RHKX�@OOQDBH@SDC�HE�HS�HR�QD@K�
HRDC�SG@S�LNRS�OQDRDMS�C@X�CDSDBSNQR�FDM�
erate voltages as tiny as a few microvolts 
ODQ�OGNSNDKDBSQNM
�(M�NQCDQ�SN�RODDC�TO�
C@S@�SQ@MREDQ��O@Q@KKDK�NTSOTS�BG@MMDKR�@QD�
TRDC��ATS�MNMD�RGNTKC�FDMDQ@SD�@M�DBGN�
of its own signal in any of the other chan�
MDKR
� S�@MX�NMD�LNLDMS��RNESV@QD�@MC�
G@QCV@QD�DLADCCDC�jQLV@QD�LTRS�JDDO�
tight control over all steps and give status 
QDONQSR�SN�SGD�GHFGDQ�KDUDK�BNMSQNK�RNES�
V@QD
�(E�RNLDSGHMF�CNDR�FN�VQNMF��CTD�SN�
the failure of some general utility such as 
DKDBSQHB@K�ONVDQ�NQ�BNLOTSDQ�MDSVNQJR��
the user wants to be given a meaningful 
DQQNQ�LDRR@FD��VGHBG�HR�@�LTBG�KDRR�SQHUH@K�
S@RJ�SG@M�HS�jQRS�@OOD@QR
�

The present past: FIERA and IRACE

 KLNRS�@KK�BTQQDMS�HMEQ@QDC�+2/�HMRSQT�
ments employ IRACE (InfraRed Array Con�
SQNK�$KDBSQNMHBR��,DXDQ�DS�@K
��������SN�
�DWDBTSD�SGD�@ANUD��@MC�LNQD��S@RJR��VGHKD�
all optical instruments use FIERA (Fast 
Imager Electronic Readout Assembly; 
!DKDSHB�DS�@K
�������
�3GDX�@QD�SGD�5+3�
RS@MC@QC�CDSDBSNQ�BNMSQNKKDQR
�%NKKNVHMF�
(1 0��BE
�%HMFDQ�DS�@K
��������@MC� "$�
�1DHRR���������SGDX�VDQD�SGD�jQRS�RS@MC@QC�
CDSDBSNQ�BNMSQNKKDQR�CDUDKNODC�@S�$2.
� 
A recent analysis has shown their down�
SHLD�VDHFGSDC�QDKH@AHKHSX�HM�SGD�jQRS�CDB@CD�

NE�NODQ@SHNM�NE�SGD�5+3�SN�G@UD�QD@BGDC�@�
KDUDK�NE���
���
�3GD�BNMSQHATSHNM�NE�SGD�
detector systems to the total observatory 
CNVMSHLD�HR�SGTR�NMKX�@ANTS�NMD�SDMSG
�

6GX�MNS��SGDM��TRD�(1 "$�@MC�%($1 �
 forever? The answer is twofold and sim�
ple: the electronics of both FIERA and 
IRACE include an increasing number of 
electronic components that are no longer 
manufactured and cannot be replaced  
AX�NSGDQ�O@QSR
�(M�@CCHSHNM��RNLD�CDSDB�
SNQR��@MC�DRODBH@KKX�SGNRD�ENQ�@CU@MBDC�
applications such as adaptive optics  
@MC�HMSDQEDQNLDSQX��G@UD�QDPTHQDLDMSR�
DWBDDCHMF�SGD�RODBHjB@SHNMR�@MC�B@O@AHK�
HSHDR�NE�%($1 �@MC�(1 "$
�3GDQDENQD��
�RTBBDRRNQR�@QD�MDDCDC
�(MSDQDRSHMFKX��SGD�
jQRS�$2.�HMRSQTLDMS�SN�AQHCFD�SGD�BNM�
ventional gap at 1 micron between opti�
B@K�@MC�HMEQ@QDC�HMRSQTLDMSR��7�RGNNSDQ��
SNNJ�CDKHUDQX�NE�SGD�K@RS�(1 "$�@R�VDKK�@R�
SGD�K@RS�%($1 �RXRSDLR
�

The present future: NGC

 ESDQ�RNLD�HMHSH@K�CDA@SD��@MC�RTBBDRRETK�
SDRSR�NE�@�""#�VHSG�(1 "$��HS�ADB@LD�
BKD@Q�SG@S�HS�VNTKC�OQNA@AKX�MNS�S@JD�SVN�
separate systems to replace FIERA and 
IRACE and that the development of a uni�
jDC��V@UDKDMFSG�HMCDODMCDMS�BNMSQNKKDQ�
RGNTKC�AD�@SSDLOSDC��JMNVM�@R�SGD�-DV�
&DMDQ@K�CDSDBSNQ�"NMSQNKKDQ��-&"�
� �
dedicated NGC team was formed from 
RS@EE�@S�$2.�R�SVN�CDSDBSNQ�CDO@QSLDMSR��
namely the Infrared Detector Department 
@MC�SGD�.OSHB@K�#DSDBSNQ�3D@L
�3GD�
RSQDMFSGR�@MC�VD@JMDRRDR�NE�%($1 �@MC�
(1 "$�VDQD�@M@KXRDC��QDPTHQDLDMSR�ENQ�
future detectors and applications were 
RNKHBHSDC��S@JHMF�MNSD�@KRN�NE�SGD�OQ@BSHB@K�
MDDCR�NE�SGD�+2/�.ARDQU@SNQX��@MC�ENTQ�
generations of prototypes were produced 
@MC�B@QDETKKX�SDRSDC
�%HQRS�CDKHUDQHDR� 
G@UD�ADDM�L@CD�SN�SGD�,42$�OQNSNSXOD��
SN�*,.2��2/'$1$�@MC�RNNM�@KRN�SN� 
9(,/.+��RN�SG@S�HS�HR�SHLDKX�SN�OQDRDMS�SGHR�
MDV�fHMUHRHAKD�ANWt�SN�SGD�+2/�BNLLTMHSX
�

NGC architecture

Apart from the critical performance 
O@Q@LDSDQR��NSGDQ�RSQNMF�CDRHFM�FN@KR�NE�
SGD�EQNMS�DMC�DKDBSQNMHBR�HMBKTCDC�LNCT�
K@QHSX��RB@K@AHKHSX�@MC�BNLO@BSMDRR
�6GHKD�
both FIERA and IRACE boxes still host a 

NGC � ESO�s New General Detector Controller
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G@MCETK�NE�CHEEDQDMS�DKDBSQNMHB�AN@QCR��SGHR�
CHUDQRHSX�HR�LTBG�QDCTBDC�HM�-&"
�3GD�
RHLOKDRS�-&"�RXRSDL��%HFTQDp���BNMRHRSR�
NE�NMD�RN�B@KKDC�!@RHB�!N@QC��VGHBG�B@M�
handle up to four video input channels 
@MC�OQNUHCDR���pBKNBJR�@MC���pAH@RDR
�
%NQ�LTKSH�BG@MMDK�CDSDBSNQR��@����BG@MMDK�
 BPTHRHSHNM�!N@QC�HR�@U@HK@AKD
�3GDQD�LTRS�
@KV@XR�AD�@S�KD@RS�NMD�!@RHB�!N@QC��ATS�
otherwise both types of boards can be 
combined in arbitrary quantities to form 

@M�-&"�RXRSDL
�3GD�GD@QS�NE�D@BG�AN@QC�
HR�@�7HKHMW�5HQSDW�/QNp((�%HDKC�/QNFQ@LL@AKD�
&@SD� QQ@X��%/& ��QTMMHMF�jQLV@QD�OQN�
FQ@LLDC�HM�5'#+��5'2("��'@QCV@QD�
#DRBQHOSHNM�+@MFT@FD��VGDQD�5'2("�HR�
SGD�@BQNMXL�ENQ�5DQX�'HFG�2ODDC�(MSD�
FQ@SDC�"HQBTHS�
�,TKSHOKD�AN@QCR�@QD�C@HRX�
BG@HMDC�SGQNTFG�CHQDBS�%/& �SN�%/& �
GHFG�RODDC�RDQH@K�KHMJR��H
D
��SGDQD�HR�MN�
O@Q@KKDK�ATR
�"NLL@MCR�@QD�O@RRDC�NM�
through the chain until they reach the 

%/& �SN�VGHBG�SGDX�@QD�@CCQDRRDC
�,NRS�
connections with other parts of an NGC 
system are through two types of Transi�
SHNM�!N@QCR��VGHBG�BNLOKDLDMS�D@BG�
!@RHB�@MC����BG@MMDK� BPTHRHSHNM�!N@QC��
QDRODBSHUDKX
�

(MHSH@KKX��%($1 �@MC�(1 "$�RXRSDLR�ED@�
STQDC�4KSQ@2/ 1"�A@RDC�+NFHB@K�"NMSQNK�
4MHSR��+"4R���B@KKDC�2+"4R��QTMMHMF�SGD�
KNV�KDUDK�RNESV@QD�QDPTHQDC�SN�OQDO@QD�SGD�
electronics and the detector for an obser�
U@SHNM��SN�@BPTHQD�SGD�QD@CNTS�C@S@�@MC�
OQD�OQNBDRR�SGDL�HM�LNQD�@CU@MBDC�QD@�
CNTS�RBGDLDR��@RRDLAKD�SGDL�HMSN�%(32�
C@S@�AKNBJR��ONRRHAKX�ONRS�OQNBDRR�SGD�
K@SSDQ��@MC�SQ@MREDQ�SGD�QDRTKSHMF�HL@FDR�SN�
SGD�HMRSQTLDMS�VNQJRS@SHNM�ENQ�RTARD�
PTDMS�HMRODBSHNM��NMKHMD�QDCTBSHNM��@MC�
@QBGHUHMF
�%NKKNVHMF�RTBBDRRETK�SDRSR��
MNS@AKX�VHSG�(1 "$��SGD�QNKD�NE�SGD�2+"4R�
HR��HM�-&"�RXRSDLR��MNV�S@JDM�NUDQ�AX�
/"R�EQNL�SGD�#DKK�/NVDQ$CFD�E@LHKX
�
3GDX�@QD�JMNVM�@R�++"4R�ADB@TRD�SGDX�
DLOKNX�SGD�+HMTW�NODQ@SHMF�RXRSDL
� �
CDCHB@SDC����AHS����,'Y�/"(�HMSDQE@BD�
B@QC�G@MCKDR�SGD�C@S@�HMFDRSHNM
�4O�SN�
two PCI (Peripheral Computer Intercon�
MDBS��AN@QCR�B@M�AD�TRDC�ODQ�++"4��
which can therefore support up to two 
-&"�EQNMS�DMCR��VGDQD@R�@OOKHB@SHNMR�
with very high data rates may require 
LNQD�SG@M�NMD�A@BJ�DMC�ODQ�EQNMS�DMC
�
3GD�jAQD�KHMJ�ADSVDDM�EQNMS�DMC�DKDBSQNM�
HBR�@MC�A@BJ�DMC�++"4�L@X�AD�TO�SN� 
��JL�KNMF
� �SNO�KDUDK�RXRSDL�CH@FQ@L�NE�
SGD�-&"�HR�RGNVM�HM�%HFTQD��


%NQ�SGD�-&"�BNMSQNK�RNESV@QD��SGDQD�V@R� 
@�RSQNMF�QDPTDRS�EQNL�5+3�BNMSQNK�RNES�
ware engineers that the interfaces be as 
close as possible to the ones for FIERA 
@MC�(1 "$
�2HMBD�HMSDQE@BDR�ENQ�%($1 �
@MC�(1 "$�@QD�UDQX�CHEEDQDMS��NAUHNTRKX�
NMKX�G@KE�NE�SGHR�QDPTDRS�BNTKC�AD�ETKjKKDC�HE�
the interface for NGC were to be homoge�
MDNTR
�!DB@TRD�SGD�-&"�G@QCV@QD�BNM�
cept has inherited more from IRACE than 
EQNL�%($1 ��SGD�(1 "$�HMSDQE@BD�V@R�@�
M@STQ@K�RS@QSHMF�ONHMS
�(M�E@BS��5+3�HMEQ@QDC�
(IR) instrument software developers will 
not see much of a difference between 
(1 "$�@MC�-&"
�

%TMBSHNM@KKX��SGD�-&"�BNMSQNK�RNESV@QD� 
HR�CHUHCDC�HMSN�SGQDD�O@QSR
�.MD�NE�SGDL�HR�
@KRN�SGD�KNVDRS�K@XDQ��VGHBG�G@MCKDR�@KK�
interactions with the NGC electronics and 
HR�TRDC�AX�@KK�-&"�@OOKHB@SHNMR
�!TS�SGD�

Figure 1.�,HMHL@K�BNMjFTQ@SHNM�-&"�RXRSDL�BNM�
RHRSHMF�NE�!@RHB�!N@QC��KDES���@RRNBH@SDC�3Q@MRHSHNM�
!N@QC��QHFGS���@MC�A@BJOK@MD��LHCCKD�


Figure 2.�3NO�KDUDK�CH@FQ@L�NE�@�RBHDMSHjB�-&"�
RXRSDL��RBGDL@SHB�
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Telescopes and Instrumentation !@@CD�#
�DS�@K
��-&"���$2.�R�-DV�&DMDQ@K�#DSDBSNQ�"NMSQNKKDQ

next layer has to pay tribute to the fact 
that an observation in the optical typically 
consists of one integration with one read�
out while in the infrared most observa�
SHNMR�BNLOQHRD�L@MX�DWONRTQDR��D@BG�NE�
VGHBG�L@X�AD�QD@C�NTS�LTKSHOKD�SHLDR
�
The optical case seemingly boils down to 
SGD�LNRS�SQHUH@K�HMEQ@QDC�B@RD��@KSGNTFG�
HMU@QH@AKX�QDPTHQHMF�SGD�TRD�NE�@�RGTSSDQ
�
'NVDUDQ��SGD�CDS@HKR�NE�SGD�@SNLHB�QD@C�
NTS�OQNBDRR�OQNODQ�@QD�UDQX�CHEEDQDMS
�-NS�
NMKX�B@M�(1�CDSDBSNQR�AD�QD@C�NTS�MNM�
CDRSQTBSHUDKX��ATS�SGDX�ODQLHS�SGD�ATHKC�TO�
of the signal with the number of readouts 
SN�AD�jSSDC�RDO@Q@SDKX�ENQ�D@BG�OHWDK��
thereby drastically improving the data 
GNLNFDMDHSX
�(M�""#R��HMCHUHCT@K�OHWDKR�
B@MMNS�AD�@CCQDRRDC��@MC�ETKK�HL@FDR�@QD�
RGHESDC�KHMD�AX�KHMD�SN�SGD�GNQHYNMS@K�NQ�
QD@CNTS�QDFHRSDQ��VGDQD�SGD�BG@QFD�RGHES�
ing continues in the orthogonal direction 
@MC�OHWDK�AX�OHWDK
�,NQDNUDQ��SGD�CHEEDQDMS�
states of a CCD exposure require differ�
DMS�UNKS@FDR�SN�AD�@OOKHDC
�+@RS�ATS�MNS�
KD@RS��SGD�LTBG�GHFGDQ�A@BJFQNTMC�RHFM@K�
HM�(1�C@S@�QDPTHQDR�UDQX�CHEEDQDMS��BNTOKDC�
NODQ@SHMF�RSQ@SDFHDR�ENQ�CDSDBSNQ��HMRSQT�
LDMS�@MC�SDKDRBNOD
�3GDQDENQD��HS�HR�LNQD�
effective to develop two separate soft�
V@QD�AQ@MBGDR
�3GD�HMEQ@QDC�NMD�HR�@F@HM�
UDQX�RHLHK@Q�SN�SGD�(1 "$�RNESV@QD
�!X�
BNMSQ@RS��SGD�NOSHB@K�O@QS��VGHKD�SQXHMF�SN�
ADMDjS�L@WHL@KKX�EQNL�SGD�DWODQHDMBD�
VHSG�%($1 ��HR�@M�@KK�MDV�CDUDKNOLDMS
�
3GDQDENQD��SGDQD�V@R�EQDDCNL�SN�SDRS�
software concepts that had not previ�
NTRKX�OK@XDC�@�L@INQ�QNKD�HM�SGD�5+3�DMUH�
QNMLDMS
�3GD�@OOQN@BG�BGNRDM�HR�SGD�
NMD�NE�@�RS@SD�L@BGHMD��SN�VGHBG�SGD�U@QH�
NTR�RS@SDR�NE�@M�NOSHB@K�CDSDBSNQ�BNM�
SQNKKDQ��VHOHMF��HMSDFQ@SHMF��QD@CHMF��DSB
��
L@O�UDQX�VDKK
�(M�@CCHSHNM��SGD�BNCD�ENQ�@�
state machine can be very effectively 
QDRSQTBSTQDC�HE�MDBDRR@QX
�3GHR�HR�@M�@RRDS�
MNS�SN�AD�TMCDQDRSHL@SDC
�3GD�-&"�
OQNIDBS�V@R�ENQSTM@SD�SG@S�@�RS@SD�L@BGHMD�
approach had just been introduced to the 
5+3�BNMSQNK�RNESV@QD��SGD�RN�B@KKDC�6NQJ�
RS@SHNM�2NESV@QD�%Q@LDVNQJ��� MCNKE@SN�
��*@QA@M�������
�

The NGC control software is an integral 
O@QS�NE�SGD�5+3�BNMSQNK�RNESV@QD�@MC��@R�
RTBG��O@QSHBHO@SDR�HM�SGD�@MMT@K�QDKD@RD�
RBGDLD�ENKKNVHMF�SGNQNTFG�SDRS�BXBKDR��
for which a comprehensive suite of dedi�
B@SDC�@TSNL@SHB�SNNKR�V@R�CDUDKNODC
�

Ancillary functions and peripheral devices

3GD�SGQDD�ETMC@LDMS@K�NM�CDSDBSNQ�RSDOR�
that eventually lead to the formation of  
an image are charge generation (by the 
HMBHCDMS�OGNSNMR���BG@QFD�BNMjMDLDMS�
@MC�SQ@MRONQS��HM�""#R���@MC�SGD�LD@R�
urement of the voltage corresponding to 
SGD�@BBTLTK@SDC�BG@QFD
�3GDX�@QD�@B��
complished by the application of a set of 
SHLD�CDODMCDMS�UNKS@FDR��HM�O@QS�VHSG�@�
QDRNKTSHNM�NE���pMR
�3GDRD�RN�B@KKDC�QD@C�
NTS�O@SSDQMR�@QD�DMB@ORTK@SDC�HM�-&"�
RODBHjB�O@Q@LDSDQ�jKDR
�6GHKD�ENQ�DW@BS�
jMD�STMHMF�@�MNQL@K�SDWS�DCHSNQ�HR�LNRSKX�
@�FNNC�BGNHBD��Q@OHC�OQNSNSXOHMF�@MC�
BGDBJHMF�ENQ�ONRRHAKD�BNMkHBSR�HR�CNMD�
much more effectively with a graphical 
DCHSNQ
�3GD�SNNK�ENQ�SGD�K@SSDQ�HR�SGD�)@U@�
A@RDC�!KTD6@UD�O@BJ@FD
�2HMBD�!KTD�
Wave is not directly embedded into the 
5+3�NODQ@SHNM�HS�HR�MNS�O@QS�NE�SGD�-&"�
BNMSQNK�RNESV@QD��ATS�HR�CHRSQHATSDC�VHSG�HS
�

The original signals provided by the 
detectors themselves are so feeble that 
SGDX�LTRS�AD�OQD�@LOKHjDC�@R�D@QKX� 
as possible so that they do not get mixed 
VHSG�O@Q@RHSHB�RHFM@KR��OHBJ�TO�MNHRD��
emitted by other devices or the electrical 
L@HMR
�(M�HMEQ@QDC�RXRSDLR��BQXN�OQNNE�
"NLOKDLDMS@QX�,DS@K�.WHCD�2DLHBNM�
CTBSNQ��",.2��A@RDC�OQD�@LOKHEDQR� 
are integrated along with the detectors 
into the cryostat heads while for the  
NOSHB@K�OQD�@LOKHjDQR�@QD�KNB@SDC�VHSGHM� 
��L�NE�SGD�QDRODBSHUD�GD@CR
�2XMBGQNMH�
sation with external activities such as M2 
BGNOOHMF�HR�RTOONQSDC
�

2HMBD�CDSDBSNQR�@QD�CDKHB@SD�CDUHBDR�@MC��
HM�RBHDMBD�FQ@CD�PT@KHSX��UDQX�DWODMRHUD��
the Transition Boards of the Basic Boards 
B@QQX�@�RDMRHSHUD��Q@OHC�QDRONMRD�OQNSDB�
tion circuitry to prevent overvoltage caus�
HMF�@MX�C@L@FD
�+HJDVHRD��E@HKTQDR�NE�SGD�
input power or overheating within the 
NGC housing lead to automatic preventa�
SHUD�RGTSCNVMR��VGHBG�B@M�AD�QDONQSDC�SN�
SGD�+2/�"DMSQ@K� K@QL�2XRSDL��" 2�
�

3GD�-&"�EQNMS�DMC�DKDBSQNMHBR�HR�@BBNL�
LNC@SDC�HM�@�BTRSNL�ATHKS�GNTRHMF��%HF�
TQDp��
�$@BG�AN@QC�@MC�HSR�@RRNBH@SDC�SQ@M �
RHSHNM�AN@QC�@QD�OKTFFDC�A@BJ�SN�A@BJ�HMSN�

Figure 3. Rear side of an NGC housing with connec�
SNQR�ENQ�ONVDQ�B@AKD�@MC�BNNKHMF�KHPTHC�GNRDR
�3GD�
VHCSG�HR�@ANTS�����LL��CDODMCHMF�NM�@OOKHB@SHNM��
@KK�RTQE@BDR�B@M�AD�@MNCHRDC
� KRN�UHRHAKD�@QD�SGD�
A@BJOK@MD�@MC��NM�ANSG�RHCDR��Q@HKR�SN�FTHCD�@MC�
GNKC�SGD�AN@QCR��NE�VGHBG�SGDQD�L@X�AD�TO�SN�RHW
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SGD�A@BJOK@MD��BE
�%HFTQDp����VGHBG�ENQLR�
SGD�BNQD�NE�SGD�GNTRHMF
� �KHPTHC�A@RDC�
GD@S�DWBG@MFDQ�OQNUHCDR�@BSHUD�BNNKHMF
�
Although the heat dissipation per Basic 
!N@QC�����BG@MMDK� BPTHRHSHNM�!N@QC��HR�
NMKX�@ANTS���p6����p6���SGHR�HR�MDBDRR@QX�
HM�NQCDQ�SN�LDDS�SGD�SHFGS�5+3�DMUHQNM�
LDMS@K�RODBHjB@SHNMR�NM�SGD�RTQE@BD�SDL�
peratures of equipment installed at the 
4MHS�3DKDRBNODR��43R�
�3@JHMF�HMSN�@BBNTMS�
the baseline dimensions implied by these 
RODBHjB@SHNMR��SGD�MTLADQ�NE�RKNSR�V@R�
jWDC�SN�RHW��H
D
��NMD�!@RHB�!N@QC�@MC�TO�
SN�jUD�LNQD�AN@QCR�VHSG�SGDHQ�@RRNBH@SDC�
3Q@MRHSHNM�!N@QCR�B@M�AD�RS@BJDC
�%NQ�
L@MX�K@ANQ@SNQX�@OOKHB@SHNMR��@�RHLOKD�
O@RRHUDKX�BNNKDC�SVN�RKNS�GNTRHMF�HR�TRDC
�

$@BG�-&"�EQNMS�DMC�DKDBSQNMHBR�TMHS�
MDDCR�HSR�NVM�ONVDQ�RTOOKX
�3GD�HMHSH@K�
CDE@TKS�HR�@�RDO@Q@SD�NMD�RHYD�jSR�@KK�
GNTRHMF
�!DB@TRD�NE�SGD�KNV��@MC�RSHKK�
CDBQD@RHMF��HMSQHMRHB�MNHRD�KDUDKR�NE�LNC�
DQM�RBHDMSHjB�CDSDBSNQR��HS�HR�jKKDC�VHSG� 
a number of commercial linear power 
RTOOKHDR��@KSGNTFG�SGDHQ�KNVDQ�DEjBHDMBX�
results in roughly doubling the mass  
�@MC�UNKTLD�
�3GDRD�TMHS�ONVDQ�RTOOKHDR�
must be different for optical and IR 
CDSDBSNQR
�%TQSGDQ�@OOKHB@SHNM�RODBHjB�
CHUDQRHjB@SHNM�HR�TMCDQ�CHRBTRRHNM
�

%($1 �BNMSQNKKDC�NOSHB@K�CDSDBSNQ�RXR�
SDLR�HMBKTCD�@�FDMDQ@K�OTQONRD�GNTRD�
JDDOHMF�TMHS��/4+/.��ENQ�RGTSSDQ�@MC�
temperature control and pressure moni�
SNQHMF
�'NVDUDQ��PTHSD�@�EDV�NE�HSR�BNLON�
MDMSR�@QD�MN�KNMFDQ�@U@HK@AKD
�(M�-&"�� 
the shutter control is implemented on the 
!@RHB�!N@QC
�3GD�,42$�OQNIDBS�G@R�
CDUDKNODC�f3DD/DDt��VGHBG�HR�A@RDC�NM�
SGD�BNLLDQBH@K�)TLN�(L@FN�����LTKSH�
channel process controller; as the name 
indicates it is used to handle TEmpera�
STQ$�@MC�/Q$RRTQ$
�.SGDQ�NOSHB@K�CDSDBSNQ�
systems may use suitable adaptations 
but TeePee is not part of the NGC 
OQNIDBS
�3GD�LTBG�GHFGDQ�CDL@MCR�NM�
temperature control of IR detectors (or 
TKSQ@�RS@AKD�HMRSQTLDMSR�RTBG�@R�MDDCDC�
for exoplanet searches) can be met with 
BNLLDQBH@K�+@JD2GNQD�BNMSQNKKDQR��VGHBG�
QD@BG�@M�@BBTQ@BX�NE�@�EDV�LHKKH*DKUHM
�

-&"� .��-&"�ENQ�@C@OSHUD�NOSHBR

The NGC described so far is also called 
2BHDMSHjB�-&"�@R�HS�HR�TRDC�SN�BNMSQNK�

CDSDBSNQR�ENQ�SGD�QDBNQCHMF�NE�RBHDMSHjB�
C@S@
� MNSGDQ�HLONQS@MS�@OOKHB@SHNM� 
of digital detectors at modern observato�
QHDR�HR�RHFM@K�RDMRHMF��LNRS�MNS@AKX�ENQ�
@TSNFTHCHMF��@BSHUD�NOSHBR�@MC�@C@OSHUD�
NOSHBR
�2HMBD�SGD�jQRS�SVN�@OOKHB@SHNMR�
Q@QDKX�QDPTHQD�EQ@LD�Q@SDR�@ANUD��p'Y�@MC�
the interface to the Telescope Control 
2XRSDL�HR�MNS�SNN�CDL@MCHMF��BNLLDQBH@K�
detector controllers are more economical 
SG@M�@MX�BTRSNLHRDC�CDUDKNOLDMS
�3GHR�
is not (yet) so for adaptive optics (and 
HMSDQEDQNLDSQX��@OOKHB@SHNMR��VGDQD�EQ@LD�
Q@SDR�NE�NQCDQ�����p'Y�PTHBJKX�ADBNLD�
RTOQ@�BNLLDQBH@K�VGDM�BNLAHMDC�VHSG�
the requirement of negligible read and 
RXRSDL�MNHRD
�

An agreement was concluded between 
ESO and e2v technologies for the custom 
CDUDKNOLDMS�NE�@M�+��5HRHNM�ROKHS�EQ@LD�
SQ@MREDQ�""#�VHSG����pWp����OHWDKR�@MC�
DHFGS�BG@MMDKR
�3GHR�""#p�����#NVMHMF� 
DS�@K
��������VHKK�AD�SGD�RS@MC@QC�CDSDBSNQ�
ENQ�SGD�ENQSGBNLHMF�5+3�@C@OSHUD�NOSHBR�
� .��V@UDEQNMS�RDMRNQR�RTBG�@R�& + "2(�
�,42$���&1  +��' 6*�(��NQ�2 7.�
�2/'$1$��@MC�FDMDQ@SD�C@S@�Q@SDR�NE�VDKK�
@ANUD���p,AXSD�R
�(M�@�O@Q@KKDK�DEENQS�� 
SGD�NARDQU@SNQHDR�HM�,@QRDHKKD��&QDMNAKD��
@MC�'@TSD�/QNUDMBD�@QD�CDUDKNOHMF�@�SDRS�
BNMSQNKKDQ��."@L��&@BG�DS�@K
�������
�3GD�
analogue part of the OCam electronics  
is being integrated with a specially cus�
tomised part of the digital electronics of 
-&"�SN�ENQL�-&"� .
� �BNMRHCDQ@AKD�
extra challenge associated with the high 
data rates is that the sequencer must run 
at subnanosecond resolution and that  
the controller must be within centimetres 
NE�SGD�CDSDBSNQ��VGDQD�SGD�BNMRSQ@HMSR�NM�
UNKTLD��L@RR�@MC�GD@S�CHRRHO@SHNM�@QD�
UDQX�SHFGS
� ESDQ�QD@CNTS��SGD�C@S@�HR�
directly and continuously transmitted via 
serial Front Panel Data Port (FPDP) to 
$2.�R� .�QD@K�SHLD�BNLOTSDQ�RXRSDL�
2/ 13 ��%DCQHFN�DS�@K
�������
�

Performance and other qualities

NGC prototypes were extensively tested 
at all phases and with various optical  
@MC�(1�CDSDBSNQR
�-NS�RTQOQHRHMFKX��D@BG�
G@QC��@MC�RNESV@QD�QDKD@RD�G@R�QDPTHQDC�
RNLD�ATF�jWDR
�!TS�HM�MN�B@RD�V@R�@� 
RHFMHjB@MS�QDCDRHFM�MDBDRR@QX
�(S�V@R�
very gratifying that the combination of two 
sets of expertise did not partly annihilate 

one another and cause previously 
TM�JMNVM�OQNAKDLR��@R�G@R�ADDM�SGD�
DWODQHDMBD�VHSG�L@MX�HMCTRSQX�RB@KD�
BNNODQ@SHNMR�NQ�LDQFDQR
� �O@QSHBTK@QKX�
welcome early observation was that 
images read out with NGC do not show 
SGNRD�RTROHBHNTR�V@UX�O@SSDQMR��VGHBG�
mostly add little to the effective overall 
MNHRD��ATS�@QD�UHRT@KKX�PTHSD�HQQHS@SHMF
�

Very comprehensive tests were run with 
SGD�jQRS�RBHDMBD�FQ@CD�CDSDBSNQ�ENQ�
*,.2��@�'@V@HH��1&�CDUHBD�EQNL�3DKD�
CXMD�(L@FHMF�2DMRNQR
�3GD�MNHRD�GHRSN�
FQ@L�HM�%HFTQDp��CDLNMRSQ@SDR�@�QD@C�
MNHRD�NE��
��D��QNNS�LD@M�RPT@QD��QLR���
VGHBG�V@R�@BGHDUDC�VHSG�RHLOKD�CNTAKD�
correlated sampling and is the lowest 
noise ever reported for such a detector 
�BE
�%HMFDQ�DS�@K
�������
�#DS@HKDC�SDRSR�
were also performed with the prototype 
CDSDBSNQ�RXRSDL�ENQ�,42$��VGHBG�
DLOKNXR�@��JpWp�J�""#�������CDUHBD�
EQNL�D�U
� S���pJOHW�R��@�QD@C�MNHRD�@R�
KNV�@R��
��D��V@R�@BGHDUDC
�4RHMF�@KK� 
ENTQ�ONQSR��SGD�DMSHQD�@QQ@X�B@M�AD�QD@C�
VHSGHM���pRDBNMCR�@MC�@S�@�QD@C�MNHRD� 
NE���D�
� M�DWBDKKDMS��MNM��KHMD@QHSX�NE��
���
V@R�LD@RTQDC
�

While system noise is the most decisive 
jFTQD�NE�LDQHS�ENQ�@MX�CDSDBSNQ�BNMSQNKKDQ��
there are many more advantages to the 
NGC system: 

�  Signals can be sampled once or several 
SHLDR��HM�SGD�@M@KNFTD�@R�VDKK�@R�CHFHS@K�
CNL@HM
�

�  Much higher bias voltages are sup�
ONQSDC�SG@M�ENQ�%($1 
�3GHR�HR�HLONQS@MS�
@R�HS�ODQLHSR�ETKKX�CDOKDSDC�""#R��SG@S�
@QD�L@CD�NE�UDQX�SGHBJ�RHKHBNM��SN�AD�
NODQ@SDC��KD@CHMF�SN�SGD�@BGHDUDLDMS�NE�
@�LTBG�HLOQNUDC�MD@Q�(1�RDMRHSHUHSX
�
(Silicon becomes increasingly more 
transparent with wavelengths into the 
MD@Q�(1
��

�  Gain and bandwidth of the optical 
OQD@LOKHjDQ�@QD�ANSG�OQNFQ@LL@AKD�HM�
���RSDOR��ODQLHSSHMF�RDMRHSHUD�L@SBGHMF�
of NGC to various types of CCDs and 
QD@CNTS�LNCDR
�

�  An NGC system can go online within 
ITRS���RDBNMCR��KNMFDQ�HE�LNQD�BNMjFT�
Q@SHNM�BGDBJR�@QD�ODQENQLDC���@MC�
CDSDBSNQ�DMFHMDDQR�@OOQDBH@SD�SG@S��HM�
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SGD�K@ANQ@SNQX��SGDX�B@M�L@JD�@�V@QL�
start after having changed voltages so 
that test sequences can be executed 
VHSG�GHFG�SHLD�DEjBHDMBX
�

l��6GHKD�@�%($1 �EQNMS�DMC�VHSG�ENTQ�UHCDN�
BG@MMDKR�BNLOQHRDR������DKDBSQNMHB�
BNLONMDMSR��NE�VGHBG�����@QD�CHEEDQDMS��
SGDRD�MTLADQR�@QD������@MC�����
QDRODBSHUDKX��ENQ�-&"�RN�SG@S�O@QSR�OQN�
BTQDLDMS�@MC�RSNBJ�JDDOHMF�@QD�LTBG�
RHLOKHjDC
�

.TSKNNJ

NGC will be the standard detector con�
SQNKKDQ�ENQ�ETSTQD�+2/�HMRSQTLDMSR��QD��
F@QCKDRR�NE�V@UDKDMFSG
�%NQ�SGD�DWHRSHMF�
HMRSQTLDMSR��%($1 �@MC�(1 "$�ETKjK� 
@KK�QDPTHQDLDMSR��@MC�SGDQD�@QD�DMNTFG�
spare parts to sustain the unrestricted 
functioning of all systems throughout  
SGD�KHEDSHLDR�NE�SGDHQ�GNRS�HMRSQTLDMSR
�
+HJD�%($1 �@MC�(1 "$��-&"�VHKK�AD�@�
KHMD�QDOK@BD@AKD�TMHS�@S�SGD�NARDQU@SNQX
�
Because of the increasingly specialised 
demands from both new detectors and 
MDV�@OOKHB@SHNMR��-&"�VHKK�CDUDKNO�HMSN� 
@�SNNKJHS��VGHBG�ODQLHSR�@LAHSHNTR�
projects to be realised on one common 
OK@SENQL��ATS�VHSG�@�LHMHLTL�MTLADQ� 
NE�@BST@KKX�TRDC�U@QH@MSR
�%NQ�HMRS@MBD��
MDV���,'Y�@M@KNFTD�SN�CHFHS@K�BNMUDQS�
ers (ADCs) are being tested for their 
 suitability to replace the current default 
��,'Y� #"R�ENQ�GHFGDQ�RODDC�@OOKHB@�
SHNMR
� �RODBH@K�GHFG�RODDC����p,'Y�� 
CDUDKNOLDMS�HR�@KRN�TMCDQV@X
�2NESV@QD�
ENQ�RS@MC@QCHRDC�KNV�KDUDK�ONRS�OQNBDRRHMF�
NE�C@S@��D
F
��@UDQ@FHMF�NE�EQ@LDR�NQ� 
AH@R�BNQQDBSHNM��NM�SGD�++"4�HR�TMCDQ�
CDUDKNOLDMS
�-&"�VHKK�BNMSHMTD�SN�RDQUD�
as the basis for close collaborations 
between the Infrared Detector Depart�
LDMS�@MC�SGD�.OSHB@K�#DSDBSNQ�3D@L��@MC�
a joint NGC production line has been  
RDS�TO
�$WSQ@ONK@SHNM�EQNL�SGD�DWODQHDMBD�
VHSG�%($1 �@MC�(1 "$�RTFFDRSR�SG@S��HM�
@KK�OQNA@AHKHSX��@�ETKK�AKNVM�RDBNMC�FDMDQ�
ation NGC will be needed to support the 
$�$+3�NODQ@SHNMR�CTD�SN�RS@QS�HM�����
� 
By then many detectors may come with 
SGDHQ�NVM�NM��NQ�MD@Q�BGHO�BNMSQNKKDQR�
� 2("R���@OOKHB@SHNM�RODBHjB�HMSDFQ@SDC�

BHQBTHSR�
�!TS�SGDX�VHKK�MDDC�@�BNLLNM�
$�$+3�TLAQDKK@�SN�HMSDQE@BD�SN�SGD�NUDQ@KK�
$�$+3�BNMSQNK�RXRSDL�@MC�NODQ@SHNMR�
O@Q@CHFL
�

 CCHSHNM@K�SDBGMHB@K�HMENQL@SHNM�HMBKTC�
ing numerous downloadable documents  
is available on the NGC home page1
�
The section �General� contains pdf ver�
sions of a number of detailed presenta�
tions about various aspects of NGC 
�CDRHFM��OQNCTBSHNM��SDRSHMF��ODQENQL�
@MBD�
�3GD�-&"�3D@L�VDKBNLDR�XNTQ�
DMPTHQHDR�@MC�EDDCA@BJ�@S�MFB�DRN
NQF
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�
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�
,@QJ�#NVMHMF�@MC�1NK@MC�1DHRR�GDKODC�VHSG�TRDETK�
QDPTHQDLDMSR�@MC�EDDCA@BJ
�1NK@MC�1DHRR�HR�SGD�KD@C�
engineer for the development of TeePee; he also 
provided some of the performance measurements 

VHSG�""#R
�+THFH� MCNKE@SN�F@UD�FDMDQNTRKX�NE�GHR�
experience with state machines built up with the 
CDUDKNOLDMS�NE�SGD�5+3�6NQJRS@SHNM�2NESV@QD�
%Q@LDVNQJ��62%�
�2DA@RSH@M�#DHQHDR�@MC�$QHB�,XKKDQ�
prepared the CCD test bench of the Optical Detector 
Team for NGC and executed quite a number of  
""#�SDRSR
�3GD�C@S@A@RD�ENQ�SGD�QDKH@AHKHSX�@M@KXRHR�NE�
FIERA and IRACE was established by Nicolas 
'@CC@C
�
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