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Overview

« user’s perspective of the transition from IRACE to NGC
« Performance of NGC prototypes with optical and infrared detectors

« Implementation of two special features on the NGC platform
software: windowed readout of Hawaii-2RG
hardware: implementation of the capacitance comparison method

« Requirements for next projects:
speed for mid-infrared AQUARIUS array
embedding of SIDECAR ASIC in NGC platform



NGC prototype for KMOS

® NGC for KMOS
3 HAWAII-2RG arrays with 32 channels / detector
3 AQ32 boards
1 front end basic board

®NGC operational in lab for 2 years




First light image of NGC with
Hawall-2RG science grade array

NGG IMAGE OF 8IGl in H-BAND

First light Dec 2006

NGC is working for 2
years with Hawali-2RG

Hawaii-2RG A.=2.5um
MBE science grade
#49 (X-Shooter)

T=80K
H-band

32 channels
DIT=825 ms



Performance of NGC

ests
Infrared: 2Kx2K HAWAII-2RG array
optical: e2v CCD-44



Noise comparison NGC / IRACE double correlated

Comparison of Readout Noise IRACE/NGC with H2RG #22
o3 O L B L L BN N AR
e Hawaii-2RG 4.=2.5um
MBE eng. grade

#22 low noise detector

1« Double correlated
1e¢ IRACE: 12 erms
e NGC: 20 erms

1o Caused by oscillation of
+  bias voltage

« Important to have
IRACE for comparison
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Noise comparison NGC / IRACE with revision 2
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Comparison of

Readout Noise IRACE /NGC with H2RG #22
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Ml
! IRACE

Y NGC after fixing DC voltage

10

20
Readout Noise [erms]

Hawaii-2RG 4,=2.5um
MBE eng. grade
#22 low noise detector

Double correlated
IRACE: 12 erms
NGC: 12 erms

after repair
of low bias voltage

Noise of NGC and IRACE
comparable



Readout noise with Fowler sampling

Readout Noise Fowler Sampling H2RG #49
10 TTTT ‘ T T ‘ L L ‘ rooT T
I '+« Readout noise versus
8 - number of nondestructive
I | samples
- -+ Hawaii-2RG 1.=2.5um
= °r | MBE #49 (lowest noise)
2 T 1+ Readout noise:
§ 4 - 24erms
I 1 with 32 Fowler pairs
2 -1« Detector limited noise
I | performance achieved
Oi Ll ! [ RS R ! Ll |
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NGC performance with CCDs

ol N

I Test (S

projector B
Liquid
_[\ljtrogen
Test setup _
- | —
Transition
boad
NGC 2-slot test &
housing
CCD used

o Satriani:  e2v CCD-44, engineering grade
 Barbarella: e2v CCD-44, science grade

16 July 2008 Javier Reyes



NGC performance with CCDs

Detector limited read-out noise performance achieved both with analog and digital
clamp-and-sample

Gain 0.7 e/ADU
Pixel rate [kpixel/s] ‘ 50 ‘ 225 ‘ 625 (v
Readout noise [e- rms] ‘ 2.45 ‘ 3.45 ‘ 6.5

(*) kps stands for kilopixels per second
(**) With analog clamp-and-sample

Noise performance for ZIMPOL at 625 kps mode, conversion factor of 13.3
e/ADU, binning 2x2:

 Goal: 20 e- read-out-noise

» Achieved: 9.35 e-rms

Channel-to-channel crosstalk of 0.2 ADU, less than 18 uV RMS

16 July 2008 Javier Reyes



Transition from IRACE to NGC

NGC builds on legacy of IRACE

NGC DCS engineering panel similar to IRACE panel
Read tasks in LLCU (number cruncher pc) are identical
Configuration files are similar

Hierarchy of sequencer configuration files simplified and well
structured

» Only SEQ and CLK files
» Subroutines simplify programming

» Tcl available to perform calculations of parameters and delays
for timing In sequencer program



DCS engineering panel

NGC Control Panel - @ngclinl

®Clock and bias levels can
ONLINE idle Mode Detector Configuration Read-Mode Double —| - .
| : | : : be tuned with running
Exposure: Stanl Abor‘tl Endl Maming Scheme:  request _.| Resetl g\ PARAM\FRAME HISTORY\

Marme : | | nge | i Enable Action History Clear | System

Format: —Ismgle = | e —ICLEAR Status ngcauii sending command “setup DET,SEQL.DIT 0", . 1
_1 Multiple Files hgoguii sending command “setup DET,SEQ1,TIMEFAC 307,.. Com man S e I n eaC

hocguit sending command “setup DET,SEQL,TIMEFAC 20°, .,
click can be viewed
4

W Extended Header J ngcguii sending command “"setup DET,SEQL,TIMEFAC 30°...
hgcguit sending command "setup DET,SEQLMIM MY 2048",
Exposure Time
Countdown - -
in command history
. CLDC-1 — Caps ACE-1
CLDC 1 VOItage—F|Ie| [MMOMCONFIGFILES/NGCIRSW, Hawai i 2RG, v 4| Acquisition 1 Startl Stopl .CLK SEQ and read taSk

hgoguii sending command "setup DET,SEQLLWIN.NY 32",
Status CLDCl | Disablel Telemetry | Yoltages | cLpe | Status _I Continuous hode I Performance honitor

Clocks  — | clk1Lo-FSYNGE —| save | | Burst : | [ 0 | JTransfer
|0_.L0I0000 0,50000 M | Process Statsties | i nd iVi d Ual Iy

0. 00000 swp: [ [ 0 | - Guiding =H
set: | Telemetry : [ 0.058 Restorel Restore Al | T Clear | ° .
von-+[ (1 wonz: [ (1] ea:[ (0.0 vw: [ (0000 sl [ ] e Improved debugging and

Sequencer 1 Start | Stop | Breakl I Continuous hMode M s \;I il = error d i ag nOSti CS
Status Read-out Window - Trigger Mode MI Command : |
Time Factor : I— SX: I 1 BESE I I—IZDQE StOp All | Esg:ﬁat T#:tl;n Ei;?zit zt::sba :g;iion

IR L & I EI ' I 1 L I 32 Break Al | clde iar prgparan startacq vzet

8 clderef iotest prgrun startxfer  wait
Clock-File | |EEIMMDN/EEINFIGFILES/HGEIRSN/Hawai12RG‘clk

~_

clkman i prostep state wraddr

cont Id pulsecnt statistics
Program | |#COMFIGFILES/NGCIRSW-HawaiiZRGDblCor, ey dacchan ldclk rdaddr status
define ldwmacra reset stopacq

DIT : I 1.238120 [S) = Run-Ctrl dyelltime  ldzeq restore stopsim

inpulset

ADC Hodule 1 wits: [ [0 | Offset (V) _ADC | 000,000 ns
I 2.001

Delay : I il Mode : PNormal  — | WES— I_ II ninpulse:

Pii-Size : I d Sim : Numbers _.l Monitor? : I— E 12000,000 ns
Pri-Cnt: | I Cwtl I Cwtz  _i Filter i Clamp

=

Abort Reset | Clear | Dump




software example: windowed readout

» windowed readout of central stripe
on HAWAII-2RG array

» nheeded to Increase readout speed in K-band
to avoid detector saturation



Sequencer program for centered stripe: width NY

i

# PATTERN DECLARATICN
P

FRAME START = 1
ROW_START = 2
PIXEL =
RESET =
DELLY =
TRIGGER
DUMMYPIXEL = 7
PIXELRESET = 8
VERTICALCLOCK = 9
EN_UNEUF_E = 10
MAINRESETE = 11

LI Y )

[

b
# PARAMETER DECLARATION

D3E DET.SEQ.WIN.NY
o
# EVALULTE
o
SCRIPT

SCRIPT END

=et svar (nuoRow3tart) [expr { (1024 -
=et svar (ny) $svar (DET.SEQ.WIN.NY)

{$=var (DET.3EQ.WIN.NY)

/o2

1]

#

RELDOUT OF COHMFLETE FERAME

¥EC MAINRESETE 1
¥EC EN_UNBUF_B 1

ZEC FRAME START 1
QOOF dnumPow3tart
OOF Sny
EXEC ROII]_STILRT 1
EXEC DUMMYPIZXEL 2
EXEC FPIXEL 64
LD
XEC WVERTICALCLOCE 1

"

# PROGERALM END
#

RETURH

®define pattern micropattern

DET.PATS
DET.PATS
DET.PATS
DET.PATS
DET.PATS
DET.PATS
DET.PATS
DET.PATS
DET.PATS
DET.PATS
DET.PATS
DET.PATS
DET.PAT3
DET.PATS3
DET.PATS
DET.PATS3
DET.PATS
DET.PATS3
DET.PATS

NAHME
M3TAT
.CLE1
.CLEZ
.CLE3
.CLE4
.CLES
.CLEE&
.CLE7Y
.CLES
.CLES
.CLE10
JCLELL
.CLE1Z
.CLE13
.CLE14
.CLE15
DTV
.DTH

"Pixel";
6;

"111111";
7111000 ;
"111111";
"111111";
"111111";
"111111";
"000000" ;
"000000" ;
"111111";
"111111";
"i1i111v;
"111111";
"001000";
"000000" ;
"000000" ;
"5,5,5,5,5,5";
"1,1,1,1,1,1";

HroGH: H: S GH: H: H: H H: H: H: H: M M e

L3YNCE
HCLE
MODECTRL1
MODECTRLE
C3E

F3YNCE
VCLE
RESETEN
MAINRESETE
READEN
EUFDISAELE
FASTEMNFAD
Convert

Tr igger
Convert

{LSYHNC)
{CLE1j
{CLKE1)
{CLEZ]
{CLKEZ)
{FSYNC)
{VCLE]
{RESET)
{RESETEN)
{RELD]
(VDD)
{LRST)

# Dwell-Time vector
# Dwell-Time modification flags

®use Tcl to calculate loop counter
numRowStart from parameter NY

®readout centered window

®Clearly structured with subroutines



Shell script

=''pro nygc fowler

bni='HzRG_nozZ noise_ Fowler NGC_repaired dark '

;

ngc='rsh -1 nirmos ngoelinl ngebCmd

®command server allows to write

; FILE3Z

;

1mpactcmd;'rsh ins4 -1 lmpact msSgoen

B imiControl !

; DETECTOER TEMF RANGE

detstart=65
detstop=85
detstep=30

Epawn, hoo+' setup
spawn, hgo+' Lrame
spawn, hgo+' Trame
spawn, ngco+ ' frame
spawn, hoc+' Lrame
sSpawn, ngo+' Trame
spawn, ngco+' Lrame

DET.READ,CURNAME Fowler DET.FEREAM.FORMAT cube'

DIT gen 1°'
DIT store 1°' <

measurement templates in
any scripting language (idl)

INT gen 1!
INT store 1!
STDEV gen 1
ITDEV store 1!

Lo T I O o o R

for tdet=detstart,detstop,detstep do bhegin

tdetset=tdet

spavmn, impactomd+' SETUP 4 "—function INS.CO.DIRECT SETF1, ' +strocompress (string(t
print, 'detector temperature set to ', tdetset

basename=bnl+strcompress (string (tdet),/remove all) +' K

dit=0.

for ndsexp = 1,

11,1 do begin: 11,11,1 DO BEGIN

nds=2"ndsexp

spawmn, ngco+' start!’ E
spawn, hoo+' maic!

spawn, ngo+' setup DET.NDELMPLES '4strcompress (string(nds), /remove_allj
spawn, hgo+' setup DET.ZEQL.DIT '+4strh (dic)

tail= ' nd '+strcompress (stringinds),/remove_all)

spawn, ngo+' setup DET.FRAM.FILEMNALME '4hasensmedtail

T '+stre ress (string (dit)], /remove all

®detector setup with parametes

tset), /remove_all)+'h ", result

®synchronization with instrument &

endfor
endfor
exit:
end

telescope



windowed readout

File Mode Online Help

NGC Control Panel - @ngclinl

| ONLINE | | idle | Mode Detector Configuration Read-Mode Double — |
7 Double
Exposure: Start | Abort| End |  Maming Scheme: request — | Reset| || I PARAM\FRAME\H'STORV\ DoubleRdRstRd
Narne : | | nge | DET . GHOF . FREQ) 0.00 Default Fowler
’ \ . - : LT HiIPo T F FowlerMsamp
Format : single  — | M File-History CLEARl Status DET . CHOP . TRANSTIH 0.040
T DET .DITDELAY 0.000000 Uncorr
I hultiple Files DET.NDIT 10 UncorrRdRst
W Extended Header J IDEN BTG 0
DET. SEQ1.DIT 0.925416 |,
Exposure Time M
f
Countdawn | [ »
_

CLDC 1

Voltage-File | |HMON/ CONFIGFILES/NGCIRSWA Hawal L 2RG, v

CLDC-1 — |

Set:l Telemetry :| 0.058

Restore | Restare All |

Status CLDC| | Disable' Telemetryl Waoltages | cLD |
Clocks —i | clk1Lo-FSYNCB = save |
0. 00000 4'
T .
0, 00000 0, 50000 MI

Mon-1 ; l_ Mon-2 : I_ PA: I Diode : I

Sequencer 1 Start | Stop | Break | | Continuous hode
Status Read-out Window - Trigger ivode

TlmeFa.ctor:l_ sX: | 1 HX: |
mmeadd: [ [0 ] svif 1 | nv:] 2048

Clock-File | [EOMMON/CONF T GFILES/NGCIREW Hawaii 2RG, olk

Program | |/CDNFIGFI LES~NGCIRSW-HawaiiZRG0blCor, seq

DIT: | 0.525416 |[(s) M Run-Ctrl
ADC Hodule 1 Units : | E offset (V)

I Z2.001
Delay : i] Mode :  Tormal —-| L I:II—:E

Pki-Size : 4 sim: Numbers — | wonitorz : 1]
Pki-Cnt : 1 Cwtl 1 Gtz I Filter I Clamp

SEG-1 — |

St

Acguisition 1

Burst:l—lil |

Star‘tl Stop |

Status I Continuous hode

Performance honitar

Statistics |

I
%ﬂﬁw -setup 1

SX: | 1 N |

sY: | 1 Ny : | 2048

Clear |

Command : |

Stop All
Break All

ADC-1 —-l

Abort | Reset |

Clear | Dump |

ny=2048

mindit=825 ms



windowed readout

NGC Control Panel - @ngclinl

File Mode Online Help
| ONLINE || idle ‘ Mode DetectorConfiguration Read-Mode Double —

Double
Exposure: Startl Abortl End | Maming Scheme:  request _-| Resetl E\ PARAM\FRAME\HBTORV\ DoubleRdRstRd
Mame : | | nge | Egsng :.uu ' Defoult [
. ’ ’ : - . ) e Fowlerhsamp
Format : single  — | M File-History CLEARl Status DET . CHOP . TRANSTTH 0.040
. - DET . DITDELAY 0.000000 Uncorr
- Multiple Files LS Pl NS 1y UncorrRdRst —_
I Extended Header ST Ty 0 ny— 4
DET . SEQ1.DIT 0.020024 |,
Exposure Time
/
Countdown | [ /’

mindit=20 ms

i CLDC-1 Cir s
¢LDC 1 ‘oltage-File | [MMON/CONFIGFILES/NGCIRSW HawaiiZRG, v _cwer | Acquisition 1 Start | Stop
Status | disabled | cLDC| [ Disable| Teleretry | Voltages | cloc | Stas| ready | i Contiuous Mode

Clocks — | clk1Lo-FSYNCB | save | |

0, 00000

I Disable AII|
0, 00000 0, 50000

set: | Telemetry : | 0.058 Restorel Restore Al | o et —serep 1 | Clear
Mon—1:|— Mon—Z:l— Pﬂ:l Diude:l SX:| 1 NX:l S04g

Sequencer 1 Start | Stop Breakl _I Continuous hode M SY: | 1 Ny : | 3z

Stat Ld1 ] I Trigger hode St
atus Read-out Windows & Command : |
Time Factor : I 8X: | 1 NX: | 2048 Stop All |
Tmeadd: | [0 | sv:] 1 |ny:] [32 ]

Break All |

Clock-File |EDMMDN/CDNFI GFILES/NGCIRSLWHawaii2RG, clk

erformance Ivionitor

Statistics |

Program |/CDHFI GFILES/NGCIRSW-HawaiizZRGDblCor, seq

DIT: | 0.020024 | (s) M Run-Ctrl

ADC Module 1 Units : E Offset (V) ADC-1 _-|

2.001
Delay : I— i] Mode :  [ormal _'l _ I:II—:IZ

PKi-Size : | 4 sim: Numbers — | ponitorz : 1] i
Pki-Cnt : | 1 Cwtl 1 Cutz I Fiter  _I Clamp

Abort | Reset | Clear | Dump |




Windowed readout

*HAWAII-2RG array in IMPACT with K-band filter
*without cold pupil detector saturates
In less tan 825 us, pixel time 6 ps
®to evaluate detector in K-band
e shorter integration times needed

File ColorMap Scaling Labels Blink RotatefZoom Imagelnfo  Help

Min=| -800.934
Max:l 286021

[ 836 0) -7.8000

[-Ma ‘W5 Infa-- |

® use windowed readout : 32 x 2048 pixels
®Measurement of QE(A) possible also in K

QE of A,=2.5 um HgCdTe MBE H2RG Science Grade #7/8
T T T S T S

0.8—

©
o
T

Quantum Efficiency

©
~
-

L | ‘.‘“‘
0.2— ‘ |
: | I

| J \
| ] | \
ro ‘ ‘& .;“’lM )
ool bl d o ™
1.0 1.5 2.0 2.5
Wavelength [micron]




hardware example: cap. comparison method

» Implementation of capacitance comparison method
on NGC transition board

« calibrate X-ray emission of Fe> with

narrow band-gap detector
to extend method to the infrared



Conversion gain with Fe>>

In substrate removed arrays:
X-rays not absorbed in substrate
extend Fe>> from optical to infrared
HgCdTe A.=2.5 um

calibrate conversion gain with
capacitance comparison method

Determine number of electrons

generated by absorption of
K, photon emitted by Fe>



Conversion gain by capacitance comparison method

80

(e}
O

N
(@]

dc level drift [ADU/frame]

N
(@]

/

Relais

Reset SED

H

Vreset

V., C.;
\

/

Co §Z> vi,)—’_ v

Dsub

Capacitance comparison H2RG #119 A ,=2.5 um at DSUB=1.5V
T T T T ‘ T T T T ‘ T T T T ‘ T T T T

- O ratio: 3.489E—-09 +/— T.0E=17

5.0x10°

1.0x10"
Total signal [ADU/frame]

1.5x10™

2.0x10"

Detector

. with C,=9.83 uF

ext™
o= So
(Cext + Ccryo)

o=3.489E-9
C,=35.5fF
gain=222e/mV



Modular adaptation of FEB to cap method

®*The capacitance
comparison method

Aghghydyaglss) ydjaghydyiybya| | yR Ayt Ry R sys; Sy b Ryhyys) AgaetyRydyayhyd|(RiAgE] A agaghyL sgngaghiajapiyhgi

B RELAYT o requires addition of
DC16 Switch  TH 1——14 DLo_VreselOut relay and external capacitor

= & PA ks c1 |eo inta-

i - & | ®*FEB segmented into:
I a i S S R M front end basic board

resetin u -
G 7 8 transition board

®only the transition board

needs to be modified

®*NGC is a platform which
serves a large variety of
applications

relay

external capacitorl0 pF




Conversion gain with Fe>>

Number of Pixels

1x10°

8x10*

6x10*

4x10*

2x10*

Raw histogram of Fe®

with A, =2.5um substrate
T T T T T T ‘ T T T T T T

removed HgCdTe

\ T ‘ T

IPC factor 1.129

0 1000

2000
Signal [electrons]

Improve signal to noise
with large number

of samples:

100 data cubes taken
with 100 files /cube

NGC operated reliably
without any problem

K, and K resolved with
raw histogram

K,:59KeV, 2491¢e
KB 6,49 KeV, 2738¢e



MID infrared: Aquarius basic specs

high flux 1Kx1K Si:As blocked impurity band array 4.=28um
VISIR upgrade , MATISSE, MIDIR ELT
Pixel pitch 30 um

Operating temperature 8 K

Number of outputs 64

Maximum frame rate: 150 Hz

Storage capacity switchable
1.5E7 e- (imaging)

1.0E6 e- (spectroscopy)
Readout noise < 200 erms
with multiple sampling

2.5 Ms/pixel/channel on 64 channels
Pixel time 400 ns




AQUI board for Aquarius

odyv

AQ32 board: 4 groups of 8 ADC’s

time to read converted ADC data into FPGA:
100 ns

time needed to read 32 ADC’s into FPGA:
> 8*100ns = 800 ns

Aquarius needs 2.5 Ms/s/channel
time available to read 32 ADC’s: < 400 ns

4 AQ32 boards with 16 ADC’s / AQ32 needed
with 3 MHz ADC’s to read out 64 channels of
AQUARIUS at a frame rate of 150 Hz

for 10 Ms/pixel new ADC board needed:
HAWAII-2RG fast output with 32 channels
SELEX e-APD sensor

ADC with 40 Ms/s and 14 bit resolution in
development



ASIC cryogenic setup in cryostat

%
' R " S o L Ll 090000 O S o,
—— - — - 0®%e® :.o' °

*SIDECAR ASIC single chip controller for HAWAII-XRG
®36 channels: 500KHz/16bit and 10MHz/12 bit O
®power dissipation 10 mW
®readout noise with HyVISI: double correlated: 7.0 erms
32 Fowler pairs: 2.8 erms K S
comparable to IRACE e
®has to be embedded in NGC platform : pci bus interface



Conclusions

NGC is a powerful flexible and modular controller
good solution: FEB/AQ32/backplane/transition board

Performance is detector limited for both infrared arrays (H2RG) and CCDs (e2v)

Software implementation was very smooth for infrared
due to legacy of IRACE

Development of sequencer programs simplified and
clearly structured with subroutines

Stable and reliable operation of both hardware and software

balance commonality and diversity of NGC for CCD and IR detectors
NGC is a platform which comes in different flavors:
L3, CCD, HAWAII-2RG, MIDIR

Fast ADC solution urgently needed for AQUARIUS and AO sensors
ASICS will replace conventional controllers



