IRACE
The ESO Controller for Infrared Arrays

(Infrared Array Control Electronics)

Manfred Meyer, Hamid Mehrgan, Joerg Stegmeier
Speaker: Gert Finger



Outline

® Special controller needs for IR detectors
e IRACE data acquisition system
® IRACE detector control software DCS



Double correlated sampling
Infrared / CCD

2 <4 IDL O [=][O][x]

COS Power Spectral Density IR / CCD ?

® |Ncpsl|?=INper| [Hepsl?
|Hcpsl?=[2-2cos(2pft,)]

9 White Curve Infrared:
dc coupled
t,= 1 sec ( can be >1000s )
fully sensitive to
1/f noise and 50 Hz

Red curve CCD
t.=4 msec
no 1/f noise and 50Hz
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Noise reduction by
multiple nondesdructive readoutds

Tip

- e Follow-up-the-ramp sampling (FUR):

~if
A Treaa at equidistant time intervals nondestructive readouts
/’ nondestructive readout least squares fit: slope of integration ramp
_ n(n+1)
; NReyr = NRyc
5 6(n - 1)
e Fowler:
: nondestructive readouts at start and at end of ramp

least squares fit: slope of integration ramp
for n>>1.;

n 6 ~
S\IRFovaer = S\IRDC\/; C@S\IRFUR\/; U Tint = nTRead

‘ nondestructive readout
—

Signal

FOWIGr S\IRFovaer = S\IRDC\/E C@S\IRFUR\/é U Tint >> nTRead

Time



Readout Noise versus number
of nondestructive readouts

Feadout & Shot Noize of Faockwell 1824=x1B24 MCT Hrray FOIIOW-up-the-ramp Sampling'

rm=z Moize [electron=]

LM
—
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Shot noise

B T

Integration time L[secl

—1oPn

number of readouts n
proportional to integration time

S2 ! S%4c=0(nN-1)/(n(n+1))

mult
frame rate 1Hz, 64 nd samples
integration time 67 sec
rms noise 6.3 electrons

darkcurrent of 30 e/hour too small
for shot noise



Shot noise of
shift register glow

2

@ shift reqgister glow localized
at four points on edges (1,4)
and in corners (2,3)

eRemark: arcs are due to
reflection of light emitted by
glow centers




Subpixel sampling to reduce
shift register glow

. ® On-chip amplifiers not used:
UU Conversion HU N0 gIOW

@ only source of glow Is
addressing of pixels

® reduce addressing
(number of readouts)

® increase number of
conversions per pixel

/@ sufficient samples to beat
down noise without glow
penalty

strobes

Video signal



Noise of Hawalil LPE raw image on
stabilized integration ramp

® Introduce delay > 30 s after reset ® no difference required :
e with 32 fowler pairs uniformity of equivalent noise of 2.6 e rms
raw image 3.66 e rms pixel to pixel e discontinuity at quadrant borders:

< 4 electrons

2000 —

£ woo 3.66 erms

Dit = 60 s, Cuts -5/ 40 electrons



Hawaii2 2Kx2K LPE HgCdTe
engineering grade

Hawaii 2Kx2K LPE HgCdTe
engineering grade array

32 video + 4 reference channels
Readout time: 800 msec

RON : 10 erms double correlated
QE H-Band : 0.81

Status:

engineering grade array
delivered and tested

science grade array delivered

cryogenic clamp circuit for
4 reference outputs manufactured



Hawaii2 2Kx2K LPE HgCdTe
engineering grade

® Hawaii 2Kx2K LPE HgCdTe
engineering grade array

- ® 32 video + 4 reference channels
€4 ® Readout time: 800 msec

% @ RON : 10 erms double correlated
® QE H-Band:0.81

Status:

® engineering grade array
delivered and tested

® science grade array delivered

® cryogenic clamp circuit for
4 reference outputs manufactured

e : - d = e J .
] i H i ) E " e
ol b Bt g B

i ﬂ:a'li'i g'{i'E_!.ﬂ:E f ?;r.g

El




On-chip MUX Unit Cell &
off-chip cryogenic opamps

g s

Signal o t +
- ROU[
Ry

Gain=1+2R /R

Signal out -

Refere

n Chipl | Off Chip

s
LT

On-chip source follower
not used

internal bus of detector
directly connected to
+5V with 200 KW

load resistor

linear CMOS opamp
(TI LInCMQOS TLC2274)
InV/sqrt(Hz)

contribution to read noise
2 electrons rms

for double correlated
sampling at frame rate
of 1 Hz

reduced glow



IRACE 144 channel version

Nirmos has four 2Kx2K arrays
each having 32 video channels
and 4 reference channels

new ADC boards:
16 channels / board16 bit 500KHZ
16x9 = 144 channel system

readout of 4Kx4K array in 1.3 sec

Status:

tested with Hawaii 2Kx2K array

Interface Detector front end @ 144 channel prototype tested
to Ultrasparc mounted on Instrument



VIDEO CHANNELS

L
/

IR ARRAY DETECTOR

CLock
Bias

AQ Ao Gica

CLbDcC

four channel four channel fiberoptic
or or 1 giga bit /s
sixteen ch. sixteen ch. port if.

Fiber optic
up to 2 km

DaTta |IF

16 an. clock
16 bias vol.

FRONT-END ELECTRONIC
8 or 32 channel system

DM A INTERFACE

SEQUENCER

48 digital
clock's

Gicga

fiberoptic
1 giga bit /s

VME  interf.
EDT DM A if

DATA LINK

\4

PARALLEL /SERIEL PORT

port if.

BACK-END ELECTRONIC

COMMAND LINK

\J

( )
ULTRA SPARC WORK STATION




GIGA

® Fiber optic transceiver
datarate of 1 Gigahit/s

® 80 MB/s data bus
on P2 connector

e Parallel and serial port
Interface

® VME bus compatible
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Transport of data over the

giga bus

50 ns

50 ns

—ple—pl

16 bits
data of

ADC 3

16 bits
data of

ADC1

16 bits
data of

ADC 4

16 bits
data of

ADC 2

(nx 100 ns) + 50 ns
—>!

IRACE with AQ 4-channe€

A

Upper
16 bits of

GIGA bus

Button
16 bits of
GIGA bus
) 4

Data packet
- m - m - m .




AQ 4-channel

+« B anaLcGIC.m

ADC4322

yiss MADEINUSA

4 fast ADC’'s
ADC 4322: 16 bit 2MHz

8 boards = 32 channel system
1Kx1K array: framerate 16 Hz

True differential analog inputs
VME compatible I/O pin
Monitoring of video input signals
80 MB/s data bus on P2

Delay of conversion strobe
In 50 ns steps

On board ADC-emulator



AQ 4-channel

) O
£5 ] g% _
57 o= £i |Preamplifier] | ADCuith )
53 = E —> & Filter output register Output register 8
S S EQ 16-Bit 16.Bit
B < g <
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2% | Preamplifier ADC with &2, c
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t 3 16-Bit o
ol | =
Iy % Output register é
pag ok 16-Bit N
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AQ 16-channel

|

16 ADC's
L TC1608 16 bit 500 KHz

9 boards = 144 channel system for
AKx4K array: frame rate 1.25 Hz

True differential analog inputs
True VME bus interface
Monitoring of video input signals
80 MB/s data bus on P2

Delay of conversion strobe
In 50 ns steps

On board ADC-emulator



AQ 16-channel

o
16-Bit
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T oontra unit 168it
(@2}
£2 £ ADCwin st —
= 5 z wit Y 2 —
*g g =5 output register — 4\ Eé AL\II%SI: with 16-Bit | VME %
‘o 16-Bi outpu register
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Sequencer

e 48 digital clocks
® Min. pulse width of 50 ns

@ Hexible mapping of
clocks on output pins

® On board monitor for all
clocks

e Control input signal for
external synchronization

e 8 MB DRAM




Sequencer

LEDs & Monitoring of 4
digital output clocks

Dsub 25-pins connector
control signalsfor chopper

P1 connector, links &

Satic RAM

32 KByte g
>

©

o)

13

=

Output 8

regiser ;Y

stem control signals

SgndstoCLDC & AQ & ...

Order of
subpatterns

low level
subpattern



CLDC

® 16 low noise analog clocks
® 16 low noise bias voltages

® Telemetry of clock and bias
voltages

® Monitoring of analog clocks

® Integrated temperature
measurement of detector
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CLDC

Monitoring
of analog output signals

DC Voltage

Dsub 37-pins connector

Dsub 25-pins connector
Detector Clk

Andlog ArdogDig | 0 eme EPLD | % Programmab e bIaS
A RS il [ and clock voltages
ooy 'T e skl 2 %5l e change of voltage
Transput X . .
S Jnt B B, settings possible
' / during reading out
. Andog }. Amplifier Digital-Analog /
 — SNi‘t‘ches ,-.-I & Filter i—l Comveter i‘ ‘ hé Of detector
| N e— =] e Analog switch
=T ="t 7  HarrisHI-201HS
e Sitches & Filter S
~— =T . "F
, Ar;og AI Amplifier i_‘ Digcigi;;ngog!_ @\‘
ml | p— Spitches | & Filter o




Date interface

® EDT SCD 60 interface with
a transfer rate of 60 MB/s

® VME 64 bit interface

® minimum DIT
with semaphore: 150 ns
(power PC on VME)
without semaphore: 3 ns

e VME interrupt and board ID
are programmable by
software




Date interface

Control
LEDs

Hex Sw. VME 64
VME addr. Interface ﬁ

|

VME bus

P1 backplane connector
VME interface

ALTERA
EPLD
Control unit
D
8
O VME 64
=2
Ultrasaprc 5 interface (u—p
: *
&) 55
02 :
Input Register é_é GlgabUS
16 bits _§ =
S ®
<D\l_ )
Input Register —
16 bits




Detector Control Software DCS
for IRACE front end

Instrument Workstation
IRACE-Interface-Libraries

Back End
IRACE

Command/Data(Gigalink)
Fiberoptic

data-frames

VME-Bus

TIRACE Workstation (ULTRA-SPARC)

[IRACE-Interface-Libraries

Real-Time | Wavefront Sensor
Application Frmge Tracker
Guider

Front End
IRACE o

—ISEQI
| [cipcpRe - @

EPEEYS mee

DC
— CLDC] [ )

4/16
=

Programmable
Sequencer

resolution 50 ns

Tcl-based
sequencer language

TTL input for
external
synchronization

progammable
conversion strobe
delay

Interfaces:
Serial RS232
Parallel BPP

Front end simulator



Detector control software DCS
for Acquisition Process & server

User ]

Consrads

Confi -
Filas

/

Shared
Memoary

'

Infraled
RTD

IRACE-WS

—— Command (+ Data)

N

Instrurment
LA

IRACE

»

»

»

»

»

»

»

»

»

»

»

® Acquisition Process

Modular Architecture
Parallel frame transfer to n clients

up to 60 MB/s continuous data
reduction flow

built-in burst mode
built in simulation mode

Solaris real time threads with
priority control

VME bus interface: VxWorks driver
for control loops

® DSC Control server

Control Server and Data Transfer
task support hooks

Image postprocessing in data
transfer task ( flip, rotate)

Engineering GUI with on line help
supported: HP-UX, Solaris, Linux



IRACE DCS Engineering Gul

Infrared isiti / sirace — insl

File Config Online Param Help
State: Operation Mode: Chip Name:| Picnic FFﬁmES\Param\Data\ V |t f. I
Sub - State: Detector Conﬁguration:| Picnic | DAL =CNERETE STORE DISPLAY O ag e I e
volt.-File : [/MISC/IRACE-VOLTAGE/Picric,v| nguraﬂon DIT L - | | k f.l
| — T - CIOCK Tlie
Clk~File : [EM/MISC/IRACE/CLK Picnic,olk Browse| Readout Mode: | Double | e
- IMTERMM-INT | | | .
Seq.-File : |C/IRACE/SEQ/PicnicDhlCor_seq Browse Acg-Proc : [niacaPz | ﬂ_\ Seq u e n Ce r fl Ie
. |
VOLTAGE SETUP CLDC: 0 —| Clocks —| [ clkBHi RESETI-2-3-4 | [ HCYCLEl :‘\l\

_I Enable oltage Setting HCYCLEZ

Armn | Channel : [15 Telemetry_1: Telemet!I\__
Enahle | Disable | Yalue: |5.0 Telemetry_2: |:| oltages

— —te standard deviation

iIntermediate INT

o5 Eﬁ\%@ | _save | \
\

INTEGRATION TIME:| L [(sec) Sequencer—Mode:W_ readOUt mOde
telemetry

— Mormal —-| Factor:l_v@\
Min-Dit: 0.1057 Aply| | | sop | Add: [ [0]

RESULT DISPEAY; _ |
ADC-CONTROL: ADG-BOARD 1 —| # Enble | star Seq| Stop Seq l

¢ 4

e o lide ruler for voltag
Delay I—‘W:li:; Start Acq| Stop Acqg Efngéﬂt 1,000000 1,000000 256 256 S I e ru er Or VO a e
start: .
0k
EXPOSURE: Clear File Historyl Reset In Extended FITS fransstore: Settl n g
Exp.-Time: 00:00:11 ) o Seq. oI frame STIEY is stored during exposure
Countdown: 00:00:00 _I Mo Counter—Reset ﬁga;'ﬁenéme specifie o \. re ad S peed
Start | Abortl End | - ¥ Reset Lgupl Ezqname: .
Req.-Name : | | test | 1 store in Data-Cube ] ~\. ADC CO nve rSIOn
Seq.-Name : | | sequence | Reguest-MNaming — | = Action History

o i . . zetting niacgP? parameters Y t b d I y
WINDOW: W Hw—Win | Full Frame | Define in RTD' Data Transfer: I Enable Jqp | [Feence File /honesinirmos/NIRHOS/SYSTEN ISC/ IRACE/SEN PicniclbCor_seq dane.... S ro e e a
START X : | U] x| 256 Statstios|

acquizition process niacgP2 iz started,,.
Receiving [0
o 1 . 256 q
START.Y: [ [ 1 | nmvi] Storing 11

sequencer is started,., —
naming scheme done I

[

Ferformance hMonitor

| Reset | RTD | File hManager Clear Curmp Show FITS




IRACE DCS Engineering Gul

File Config Online Param

Picnic

State: ONLINE | Operation Mode: NORMAL

Chip Name: ‘

Infrared Acquisition Module — @wirace — insl

Sub- State: IDLE Detector Cunﬁguraliun:| Picnic

2048

0.5 | I 5.5 [ save

Volt-File : [/MISC/IRACEAVOLTAGE/Picnic, v I htanual Configuration

Clk.~File - [EM/MISC/IRACE/CLK Picnic,clk Browse| Readout Mode: | Double |

Seq.-File IC/IRRCE/SEQ/PiCnicDblCUriseq Browse Acg.-Proc : |niacqP2 | — I

VOLTAGE SETUP CLDC: 0 — | Clocks — | [ cixediREsETi-2-3-4 | |
_I Enable Voltage Setting

Arm Channel : [15 Telemetry_1: Telemetry
Enahle | Disable | Value: [5.0 Telemetry_2: I:l Yoltages

o] 4096

INTEGRATIONTIME:| 1 [(sec) | Sequencer-Mode: Read-Speed:
—

_I Filter1

Delay: [ Header: | [ 4| i Fitterz | Start ACQ| Stop Acg _
d

Mormal —| Factor: [ El
Min-Dit:[  0.1057 Aty | | B Add: [ [0 ]

ADC-CONTROL: ADC-BOARD1 —| I Enable | startSeq| Stop Seq

Frames' Param' Data |

DET . CHOP . CYCSKIP 0

DET . CHOP . NCYCLES 4

DET . CHOP . ST 4_0./
DET . DITDELAY
DET.NC.DIT
DET . NG . HCYC
DET .NC. TINT
DET .NC . STDEY
DET .NDIT

DET .NDITSKIP

=
\ II

N ]
=]

EXPOSURE: Clear File History| Reset Indexl W Enahle W Extended E

RESULT DISPLAY: |

start)
1

framestored
frame STIEY is stored during exposure

startexpy

Receiving [0
START_Y: | EER 256 | Storing [

Exp.- Time: 00:00:11 test_1_STIEY,fits Y 1 Se < inuous vode no filename specified for exposure
test, fits .
Countdown:| -00:00:01 ’ rednanes
Mo Counter-Reset 0K
7
Start | Abort End startexpl
| | | ] — Reset Loopl o
Req.-Name : | | test -~ | 1 store in Data—Cube ]
Seq.-Name : | | EE5EER | Request-Haming —| | m Agtion History
' : iracq: fits header loaded ]
WINDOW: [ Hwy—Win Full Frame | mn RTDl Data Transfer: ¥ Enable 100 ;::g:: d;tz ti:nzgero‘?sestarted {no =1}
I_‘L o iracqi acquizition process niacqP2 is started,..
START_X a I N Statistics iracq: sequencer is started,,. .
iracq; start time is 2001-10-31T17:54;05,7791 (UTCH (MID; 52213,74590022) I

I~

| Reset | RTD | FiIeManagerl

Clear Dump Show FITS

Exposure parameters
chopping

window parameters
for hardware window



IRACE DCS Engineering Guli

Infrared Acquisition b

@ Flat field
® bad pixel mask

Eile Config Online Param Help
State: Operation Mode: Chip Name: ‘ Picnic Frames\Param\ Data\
Sub- State: Detector Configuration: | Picnic |
Wolt - Fila - I tanual Configuration Fleffeld : [FFores <
Clk-File:  |EM/MISC/TRACE/CLK/Picnic,clk Erowsel Readout Mode: | Double
Browse | Download| Acg-Device: |0
Seq.-File IC/IRQCE/SEQ/F‘J’.cnicDblCm"_Seq EI’OWSE' Ach.-Froc : |niacyP2 ‘ | 4' 4' I_
VOLTAGE SETUP CLDC: 0 —| Clocks —| [ clk8Hi RESETL-2-3-4 | || pad-Pixel-Mask: [badeix. it F
_I Enable Yoltage Setting .
Browse | Download| Acq-Device: [0
Arm Channel : |15 Telemetry_1: Telemetryl —l —l
Enahle | Disable | Yalue: 5.0 Telemetry_2: |:| Voltagesl
2048
-0.5 | J | E.5 | Save |
0 4096
INTEGRATIONTIME:| 1 [(sec) | Sequencer-Mode: Read-Speed:
Mormal - | Factor : El
Min-Dit: 0.1057 Apply| St ston_| Add: [0]
. RESULT DISPLAY: |
ADC-CONTROL: ADC-BOARD 1 —-| : ETtab:e Start Seq| Stop Seql — -
ilter :
0K
Delay : [ Header: | [ 4 | _i Fikerz | StartAcq| Stop ACQ|
framestore:

EXPOSURE:| COMPLETED | Clear File History| Reset Index| s Enable [ Extended FITS

frame STOEY is stored during exposure

start_,exp: L
Exp.-Time: 00:00:11 test_1_STIEY.fits A _| Seq. Continuous Mode no filenane specified for exposure
test, fits ' .
Countdown:| -00:00:01 ' reqnane:
I No Counter-Reset 0K,
Start | Abort End 7 startexps
| =) Feset Loopl o
Regy.- Name : | | fest | I store in Data-Cube ]
Seq.- Hame : | | Sequence | Request-Maming — | W Action History
. 0 " . iracq: fits header loaded &Y
WINDOW: & Huw-'Win Full Frame | Define in RTDl Data Transfer: T Enable iracq: data transfer iz started fno = 1)
A iracq: acquisition process niacqP? is started...
START_XI I 1 K I 256 Statistics iracq; sequencer is started,, -
Receiving [0 iracq; start time is 2001-10- 31T17:54508, 7781 {UTCH <MID: 52213,74530022) i
START ¥ 1 MY : -l
= I I Storing [0 Perfarmance Monitor

File Manager |

Clear Dump Show FITS




Real Time Display

Hle  View  Graphics Real-time  Test

Camera: rtd_MIRMOS
Attached

R
)
Yalue:
Lows: IW
High: [
Auto Set Cut Levels |

Autocut region

Scale:| 1= sl
Zlz|2|H|S]
JF" B patiom Gnroie
| Rapid Frame... |
Data: ,ﬁ
| Start |

staRT%: [zz 0 sTARTY: [z
ENDX: 133 ENDY: 229

H%: ] Pl
Min: ,T
Max: 125

Average: ,ﬁ
RMS:  [51.4685 |\
Samples: ,W
[ 2 (x| canceL \

Fizel Tahle
354.0 | 355.0 | 3560 [Pt i AN

723.0
7240
7za.n

1 Statistics Close |
I
—

:
(2 Pick Object (1)

Z | Z | o Print...
Image Statistics:

Image X: 330.6
Image ¥: 3736

0

8:

Equinox:

Level above hg
jackground level:
FWHM X2

Angle of X axis:

Pizels in x.y:

M band 4.6-4.8 nm

640x640 window of
102472 InSb array

Integration time
27 msec

In Real Time:

fixed pattern
subtraction

statistics inside
subframe

trace
FWHM & centroid
intermediate image



Conclusion

e IRACE is modular
flexible
scaleable to adapt to all detector needs

® IRACE has low noise: 3 erms with Hawaiil
by combining non-destructive and subpixel sampling

® IRACE is fast
0.77 frame/sec with 4Kx4K Hawaii2 (144 outputs)
16 frames/sec with 1Kx1K InSb ( 32 outputs)
6600 frames/sec for real time applications
( power PC on VME, fringe tracker, wavefront sensor,...)

® |IRACE comes with integrated detector control software and
real time display offering a wide variety of readout modes



