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ABSTRACT 

M#(#)A%# >971$%1 0#%4'-4 NM>0O &74 )#?#('B#) 7 P@C0 )#?$5# =%'F% 74 ;&# 0>,3PQ" 7BB($57;$'%E4B#5$2$5 $%;#1-7;#) 
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1. INTRODUCTION 
Q; 30C 7%) $% 9'4; 74;-'%'9$57( 7BB($57;$'%4 #V;#-%7( 5'%;-'( #(#5;-'%$54 $4 84#) ;' 5'%;-'( )#;#5;'-4 $% ;&# ?$4$6(# 7%) 
$%2-7-#) F7?#(#%1;& -7%1#+ M&# -#5#%; 5'%;-'((#-4 84#) 7; 30C &7?# 6##% <>3"Q 7%) >"QP3 F&$5& 7-# B(7%%#) ;' 6# 
-#B(75#) 6A 7 %#F )#4$1% 57((#) ;&# T#F :#%#-7( ,#;#5;'- P'%;-'((#- NT:PO `@#A#- #;+ 7(+ H[[J 7%) H[[ab+ M#(#)A%# 
>971$%1 0#%4'-4 '22#-4 7% 7(;#-%7;$?# ;' )$45-#;# #V;#-%7( #(#5;-'%$54/ ;&# 0>,3PQ" Q0>P+ M&$4 QBB($57;$'%E0B#5$2$5 
>%;#1-7;#) P$-58$; NQ0>PO $%5(8)#4 7(( 57B76$($;$#4 ;' 'B#-7;# 2'57( B(7%# 7--7A4 '% 7 4$%1(# 5&$B+ M&$4 Q0>P F$(( 6# 84#) 
;' 5'%;-'( )#;#5;'-4 '% ;&# *79#4 X#66 0B75# ;#(#45'B# 7%) &74 6##% 84#) ;' -#B7$- ;&# QP0 579#-7 '% ;&# U866(# 
0B75# M#(#45'B#/ -#7)$%1 '8; PP, )#?$5#4+ 30C &74 B8-5&74#) ;&# 0>,3PQ" Q0>P 2'- ;#4; B8-B'4#4 7%) 68$(; 7 ;#4; 
4A4;#9 -#7)$%1 7 M#(#)A%# U7F7$$EH": )#;#5;'- ;' )#9'%4;-7;# ;&# 0>,3PQ"c4 B#-2'-97%5# 2'- 1-'8%)E674#) 
74;-'%'9A+ M&# )#;#5;'- F# &7?# ;#4;#) F$;& ;&# Q0>P $4 7 M#(#)A%# HDSHD 4$($5'% R>T )$')# 7--7A &A6-$)$G#) ;' 7 
U7F7$$EH": 98(;$B(#V#-/ ;&# UA6-$) W$4$6(# 0$($5'% >971#- NUAW$0>O+ M&# )#;#5;'- $4 7% 'B;$57( 4#%4'-/ 7%7('1'84 ;' 
%#7-E$%2-7-#) NT>"O 7--7A )#;#5;'-4+ M&# 4#B7-7;$'% '2 B&';'% 5'((#5;$'% 2-'9 -#7)'8; 275$($;7;#4 4#B7-7;# 'B;$9$G7;$'% '2 
;&# -#7)'8; $%;#1-7;#) 5$-58$; N"C>PO 7%) ;&# )#;#5;'- 7--7A+ M&# 97$% )$22#-#%5# ;' >" )#;#5;'-4 $4 ;&7; 2'- 4$($5'% R>T 
;&# 28(( 68(= '2 ;&# )#;#5;'- 97;#-$7( $4 )#B(#;#) F&#-#74 >" )#;#5;'-4 7-# )#B(#;#) '%(A $% ;&# -#1$'% '2 ;&# BE% d8%5;$'%+ 
T';# ;&7; 7 &A6-$) )$22#-4 4864;7%;$7((A 2-'9 7 9'%'($;&$5 P@C0 $971#-+ >% 7 9'%'($;&$5 P@C0 $971#-/ 6';& -#7)'8; 
7%) B&';'% )#;#5;$'% ;7=# B(75# $% ;&# 479# B$#5# '2 4$($5'%+ Q4 %#7-(A ;&# 28(( 68(= '2 ;&# )#;#5;'- $4 $% )#B(#;$'%/ 4$($5'% 
R>T )#;#5;'-4 &7?# 1'') e3 7; 6';& -#) 7%) 6(8# F7?#(#%1;&4+ M&$4 0$($5'% R>T )#;#5;'- $4 'B#-7;#) 7; 7 &$1& 6$74 
?'(;71# NfZ[ W'(;O 5'9B7-#) ;' %#7-E>" )#;#5;'-4+ M&$4 )#;#5;'- &74 6##% #V;#%4$?#(A ;#4;#) $% H[[g N,'-% #;+ 7(+/ H[[gO 
$% YH 5&7%%#( 9')# F$;& ;&# 30C #V;#-%7( )#;#5;'- 5'%;-'((#- >"QP3/ 7%) $;4 B#-2'-97%5# $4 %'F 6#$%1 5'9B7-#) ;' ;&# 
-#48(;4 '6;7$%#) F$;& ;&# 0>,3PQ" Q0>P+ M&# 84# '2 ;&$4 =$%) '2 'B;$57( )#;#5;'- 7(4' 4$9B($2$#) 4;-'%1(A ;&# 5-A'4;7; 
)#4$1% 7%) ;&# ;8-%7-'8%) ;$9# 2'- F7-9$%1 8B 7%) 5''($%1 )'F% 5A5(#4/ 74 ;&# )#;#5;'- 7%) Q0>P '%(A %##)#) ;' 6# 
5''(#) ;' fZ[J D#(?$% 2'- 'B;$989 B#-2'-97%5#+ 
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2. SIDECAR ASIC ARCHITECTURE 
M&# 0>,3PQ" Q0>P $4 7 28((A B-'1-79976(# 5'%;-'( 7%) )$1$;$G7;$'% 4A4;#9 2'- 7%7('1 $971# 4#%4'-4+ >; 'B#-7;#4 2-'9 
-''9 ;#9B#-7;8-# ;' 5-A'1#%$5 ;#9B#-7;8-#4 74 ('F 74 Y[ D+ <$18-# Z 4&'F4 7 6('5= )$71-79 '2 7 ;AB$57( Q0>P )#;#5;'- 
4A4;#9+ M&# ;'B 6('5= -#B-#4#%;4 ;&# )#;#5;'-/ F&$5& $4 5'%%#5;#) ;' ;&# Q0>P ?$7 7%7('1 7%) )$1$;7( ($%#4+ Q; ;&# 6';;'9 
'2 ;&# Q0>P 6('5=/ '%(A )$1$;7( 5'%%#5;$'%4 1' ;' ;&# #V;#-%7( )7;7 75_8$4$;$'% 4A4;#9+ ,8# ;' ;&# $998%$;A '2 ;&# )$1$;7( 
4$1%7( ;-7%49$44$'% F&$5& 57% 6# ^W,0 '- P@C0/ ;&# 675= #%) 4A4;#9 57% 6# ('57;#) 4#?#-7( 9#;#-4 2-'9 ;&# Q0>P+ 
M&# 674$5 0>,3PQ" 7-5&$;#5;8-#/ 74 4&'F% $% ;&# )$71-79/ 57% 6# )$?$)#) $%;' ;&# 2'(('F$%1 97d'- 6('5=4l 7%7('1 6$74 
1#%#-7;'-/ Qk, 5'%?#-;#-/ )$1$;7( 5'%;-'( 7%) ;$9$%1 1#%#-7;$'%/ )7;7 9#9'-A 7%) B-'5#44$%1/ 7%) )$1$;7( )7;7 $%;#-275# 
`^''4# #; 7(+ H[[Yb+ 

           
<$18-# Z ]('5= ,$71-79 '2 ;&# 0>,3PQ" Q0>P NR$5;8-# 5-#)$; @+ ^''4#O 7%) Q0>P $% 7 YYKEB$% !R:Q B75=71# N30CO 

M&# 7%7('1 6$74 1#%#-7;'- 5'%4$4;4 '2 H[ $%)#B#%)#%; 5&7%%#(4/ #75& '2 F&$5& $4 5'9B'4#) '2 7 Z[E6$; )$1$;7(E;'E7%7('1 
5'%?#-;#- 7%) 7% '8;B8; 6822#- F$;& 7)d84;76(# )-$?#- 4;-#%1;&+ 375& 5&7%%#( 57% 6# 84#) 74 7 B-'1-79976(# 58--#%; 7%) 
?'(;71# 4'8-5#+ <'- -#7)$%1 '8; ;&# 7%7('1 )#;#5;'- 4$1%7(4/ ;&# Q0>P B-'?$)#4 Yg 7%7('1 $%B8; 5&7%%#(4+ 375& 7%7('1 
$%B8; 5&7%%#( 57% 6# )$1$;$G#) 6A '%E5&$B Q,P4 '22#-$%1 ZgE6$; -#4'(8;$'% 7; 479B(# -7;#4 8B ;' J[[ =UG 7%) ZHE6$; 
-#4'(8;$'% 7; 479B(# -7;#4 8B ;' Z[ @UG+ Q 28((A B-'1-79976(# 7%) 7BB($57;$'% 'B;$9$G#) 9$5-'5'%;-'((#- B-'?$)#4 
Q0>P 5'%;-'( 7%) 1#%#-7;#4 ;&# ;$9$%1 B7;;#-%4 '2 ;&# $971# 4#%4'- 5('5=4+ Q ;';7( '2 YH )$1$;7( >kC 5&7%%#(4 57% 6# 
$%)$?$)87((A 7)d84;#) 2'- )-$?#- 4;-#%1;& 7%) 4$1%7( )$-#5;$'%+ Q))$;$'%7( '%E5&$B 9#9'-A B#-9$;4 4$9B(# )7;7 B-'5#44$%1 
28%5;$'%4 485& 74 B$V#( 7?#-71$%1 '- )7;7 4'-;$%1+ <$%7((A/ 4#-$7( 7%) B7-7((#( )7;7 $%;#-275#4 7-# $9B(#9#%;#) ;' -#7) ;&# 
)$1$;$G#) B$V#( ?7(8#4 7%) ;' B-'1-79 ;&# Q0>P+ <$18-# Z 4&'F4 ;&# Q0>P $% 7 YYKEB$% ^:Q B75=71# 84#) 7; 30C+ M&# 
)$9#%4$'%4 '2 ;&# Q0>P )$# 7-# HH99 6A ZL+J99+ Q6'8; ;F'E;&$-)4 '2 ;&# 0>,3PQ" 7-#7 $4 84#) 6A ;&# Yg 9$V#)E
4$1%7( )7;7 5&7%%#(4 5'%4$4;$%1 '2 B-#79B($2$#-/ Q,P/ 7--7A B-'5#44'- 7%) )7;7 9#9'-A+ Q 48997-A '2 ;&# 9'4; 
$9B'-;7%; Q0>P B-'B#-;$#4 $4 1$?#% 6#('F+ 
 
Focal Plane Control and Read-Out Capability: 

! Yg 7%7('1 $%B8; 5&7%%#(4  
! \B ;' J[[ =UG Qk, 5'%?#-4$'% F$;& Zg 6$; -#4'(8;$'% B#- 5&7%%#(  
! \B ;' Z[ @UG Qk, 5'%?#-4$'% F$;& ZH 6$; -#4'(8;$'% B#- 5&7%%#(  
! R-#79B 17$% m [)] nHK )] $% 4;#B4 '2 Y)]  
! YH B-'1-79976(# )$1$;7( >kC N5('5= 1#%#-7;$'%O  
! H[ B-'1-79976(# 6$74 ?'(;71#4k58--#%;4  
! Zg 6$; 9$5-'5'%;-'((#-  
! 322$5$#%; B'F#-E)'F% 9')#4  
! ZEHL B7-7((#( )$1$;7( '8;B8; 5&7%%#(4 2'- )7;7 ;-7%42#- N^W,0 '- P@C0O 



 
 

 
 

 
Reduced System Space, Weight and Power: 

! o Z[[ 9X 7; Z[[ =UG YH p 5&7%%#( 'B#-7;$'%  
! P&$B )$9#%4$'%4 f HH99 V ZJ 99 84$%1 )##B 4869$5-'% P@C0 B-'5#44$%1  
! C%(A -#_8$-#4 '%# B'F#- 48BB(A/ '%# 2$V#) -#2#-#%5# 7%) '%# 974;#- 5('5= 2'- 'B#-7;$'% 

 

3. SIDECAR ASIC SETUPS AT ESO 
3.1 Warm setup with development board 

M' )#9'%4;-7;# ;&# B#-2'-97%5# '2 ;&# 0>,3PQ" Q0>P F# $%$;$7((A 4;7-;#) F$;& 7 F7-9 )#?#('B9#%; =$; 5'%4$4;$%1 '2 
;&# *Q,3H 57-) N;&# \0]H $%;#-275# 57-) 6#;F##% ;&# Q0>P 7%) ;&# RPO/ 7 F7-9 )#?#('B9#%; 6'7-) 7%) 7 U7F7$$EH": 
67-# 98(;$B(#V#- ;' )#?#('B ;&# 9$5-'5')# ;' -#7)'8; ;&# )#;#5;'- F$;& YH 5&7%%#(4+ Q B$5;8-# '2 ;&$4 4#;8B $4 4&'F% $% 
<$18-# H+ 
 

              
<$18-# H  >%$;$7( 4#;8B '2 ;&# 0>,3PQ" Q0>P '% 7 )#?#('B9#%; 6'7-) -#7)$%1 7 U7F7$$EH": 67-# 98(;$B(#V#- $% YH 5&7%%#( 9')# 7; 

-''9 ;#9B#-7;8-# 

,$22#-#%; -#7)'8; 5'%2$18-7;$'%4 &7?# 6##% ;#4;#) 84$%1 4$%1(# #%)#) 7%) )$22#-#%;$7( 9')# NF$;& ;&# -#2#-#%5# B$V#( 
5'%%#5;#)O 7%) 7(4' ;&# 6#&7?$'- '2 ;&# Q0>P )8-$%1 $)(# 7%) #VB'48-# 9')#4 &74 6##% 4;8)$#)+ Q 2$(# '2 744#96(A 5')# 
5'%;7$%4 ;&# B-#E744#96(#) B-'1-79 ;' B#-2'-9 75_8$4$;$'% '2 7 UH":+ M' )'F%('7) ;&# 0>,3PQ" Q0>P 2$-9F7-#/ ;&# 
2$(# 984; 6# 744#96(#) ;' )#-$?# 7 2$(# $% 975&$%# 5')# )#45-$B;$'%+ M&$4 2'-97; 5'%;7$%4 7(( ;&# %#5#447-A ('7) )$-#5;$?#4 
7%) 975&$%# 5')# ;&7; 5'9B-$4#4 ;&# 2$-9F7-#+ M&# 2$-9F7-# 57% 6# )'F%('7)#) ?$7 ;&# >%;#-75;$?# ,#?#('B9#%; 
3%?$-'%9#%; N>,3O $%;#-275# F&$5& 5'9#4 F$;& ;&# 4'2;F7-# B75=71#+ \B'% )'F%('7)$%1 ;&# 2$-9F7-# ;&# 0>,3PQ" 
Q0>P 6#1$%4 ;' -8% ;&# UH": 75_8$4$;$'% B-'1-79+ M&# ?#-A 2$-4; B-'1-79 4#_8#%5# $4 ;' $%$;$7($G# ;&# 9#9'-A 7%) 
B-'1-79 ;&# 0PQ ?$7 ;&# 0>,3PQ" Q0>P 0R> 6('5=+ Q; ;&$4 B'$%; ;&# B-'1-79 -#97$%4 $% '%# '2 ;&# ;F' B-#E5'%2$18-#) 
>)(# '- 3VB'48-# 4;7;#4 7%) 57% 6# 5'%;-'((#) 6A F-$;$%1 )#)$57;#) -#1$4;#-4+ R-'1-79976(# #VB'48-# B7-79#;#-4 7(('F ;' 
'6;7$% -#7)/ -#4#; 7%) )-'B 279#4 74 $((84;-7;#) $% <$18-# Y+  
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3.2 Cryogenic setup with visible Hybrid detector 

M&# P-A'1#%$5E,#?#('B9#%; D$; 5'%4$4;4 '2 7 0>,3PQ" Q0>P B75=71#) $% 7 YYKEB$% ^:Q 5#-79$5 B75=71#/ ;&# 
0>,3PQ" Q0>P P-A'1#%$5E6'7-)/ 7 ZJq <(#V P76(# 5'%%#5;4 ;&# 0>,3PQ" Q0>P P-A'1#%$5E6'7-) ;' ;&# *Q,3H 57-) 
'- $% '8- 574# ;&# 30C T:PHQ0>P $%;#-275#+ M&# *Q,3H 57-) $4 ;&# $%;#-275# 6#;F##% Q0>P 7%) RP -8%%$%1 X$%)'F4 
7%) 57% 7(4' 6# 7;;75&#) ;' ;&# 5-A'4;7; '% ;&# '8;4$)#+ X# &7?# $9B(#9#%;#) ;&# 5'9B'%#%;4 $% 7 PP, 5-A'4;7; 5''(#) 
6A 7% 30C 5'%;$%8'84 2('F 5-A'4;7; 7(('F$%1 84 ;' 5''( ;&# UAW$0> )#;#5;'- 7%) Q0>P ;' 7-'8%) Z[[ D#(?$% F$;& ^TH+ 
<$18-# L 4&'F4 ;&# 4#;8B $%4$)# ;&# )#;#5;'- &#7)/ ;&# 5''($%1 6-7$)4 7%) 2(#V 576(# 5'%2$18-7;$'%+ 

 
<$18-# L P-A'1#%$5 4#;8B F$;& Q0>P 7%) UAW$0> <RQ $% ;&# 30C ;#4; 5-A'4;7;+ 

3.3 Initial setup modifications 

>% ;&# )#278(; 5'%2$18-7;$'% 84$%1 ;&# *Q,3H 57-) 5'%%#5;#) ;' ;&# \0]H B'-; '2 7 (7B;'B '- RP 7%) ;&# 4;7%)7-) *Q,3H 
d89B#- 5'%2$18-7;$'% ;&# $971# 4&'F4 4'9# ?#-A 4;-'%1 B$5=8B %'$4# '?#- 7 6-'7) 67%) '2 2-#_8#%5$#4+ 34B#5$7((A 4'9# 
('F 2-#_8#%5$#4 B-')85# 7 4;-'%1 B7;;#-% 74 4##% $% <$18-# J N(#2;O+ X# $%?#4;$17;#) 7 5'8B(# '2 'B;$'%4 ;' -#)85# ;&$4 
B$5=8B+ M&# 9'4; #22#5;$?# 9')$2$57;$'%4 7-# ;' 48BB(A ;&# 7%7('1 JW B'F#- ;' ;&# *Q,3H 57-) F$;& 7 5(#7% ?'(;71# 
2-'9 7 ($%#7- B'F#- 48BB(A 7%) ;' #(#5;-$57((A $%48(7;# ;&# \0] 5'%%#5;$'% F$;& 7 2$6#- ($%= ;' ;&# RP+ Q(4' ;&# \0] 
5'%?#-;#- 4&'8() 6# 'B#-7;#) F$;& 7 ($%#7- B'F#- 48BB(A ;' -#)85# B$5=8B %'$4#+ <$%7((A 4'9# $9B-'?#9#%; 57% 6# 4##% 
6A 1-'8%)$%1 ;&# Q0>P 675=B(7%# N4864;-7;#O ;' 7%7('1 1-'8%) '% ;&# Q0>P 5-A'1#%$5 6'7-)+ <$%#E;8%$%1 '2 ;&# 
'B#-7;$%1 ?'(;71#4 N2'- 6';& ;&# )#;#5;'- 7%) ;&# $%;#-%7( ?'(;71#4 2'- ;&# B-#79BO 7%) 4'9# 9$5-'5')# 'B;$9$G7;$'% (#7) 
;' 7 B#-2'-97%5# '2 H+K #(#5;-'%4 -#7)'8; %'$4#/ (#7?$%1 7 ?#-A 5(#7% $971# 74 4&'F% $% <$18-# J N-$1&;O+  
 

 
<$18-# J W7-$'84 ,P0 $971#4 )8-$%1 'B;$9$G7;$'% '2 ;&# Q0>P 7%) UAW$0> 7--7A 2'- ('F %'$4# 'B#-7;$'% N4## ;#V; 76'?#O 

4. CONVERSION FACTOR 
4.1 FE-55 measurements and conversion factor 

\487((A ;&# %')7( 57B75$;7%5# P[ '2 7 )#;#5;'- B$V#( 57% 6# 57(58(7;#) 2-'9 ;&# 4('B# '2 7 B('; '2 %'$4# 4_87-#) 4$1%7( 
?#-484 9#7% 4$1%7(/ ;&# B&';'% ;-7%42#- 58-?# `*7%#4$5=b+ U'F#?#-/ ;&$4 9#;&') '%(A F'-=4 $2 ;&# 4$1%7(4 '2 %#$1&6'-$%1 
B$V#(4 7-# 8%5'--#(7;#)+ P8--#%; UAW$0> )#;#5;'-4 4822#- 2-'9 $%;#-B$V#( 5'8B($%1 F&$5& 49'';&4 ;&# $971# 7%) 
7;;#%87;#4 R'$44'% %'$4#/ $%;-')85$%1 7% #--'- '2 8B ;' J[ r 2'- ;&# 5'%?#-4$'% 275;'- 9#748-#) F$;& ;&# 4$1%7( ?#-484 



 
 

 
 

%'$4# 9#;&')+ >% ;&# B74;/ ;&$4 (#) ;' F-'%1 ?7(8#4 6A )#;#-9$%$%1 ;&# e3 '2 ;&# )#;#5;'- 6A 7(9'4; Z[[r `,'-%/ H[[gb+ 
U#%5#/ F# 9#748-# ;&# 5'%?#-4$'% 275;'- 2'- ;&# UAW$0> -#7) 6A ;&# Q0>P F$;& 7% <#EJJ sE-7A 4'8-5#+ M' B#-2'-9 ;&# 
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4.2 Conversion factor (calculation) 
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5. READOUT OPTIMIZATION 
 
Channel offset compensation by using reference pixels: 
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6. READOUT NOISE  
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7. DISCUSSION OF NOISE RESULTS 
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9. CONCLUSION  
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