Run 6 plan

6th EO testing in I&T and Commissioning

Yousuke Utsumi (SLAC)



Recap of Run 5

e 2021 Autum—Winter
e Optimization
e v26 sequencer and new voltage were determined
 ITL gain stability by OD=26.9
* Tearing mitigation for e2v by dPclk=9.3

* Noise reduction by a longer ramp time and
ASPIC gain was changed for mitigating bias shift

* Improved full well for ITL by increased Parallel
timing (TimeP/OverP)

» Characterize full focal plane performance
* read noise, dark, full well, linearity
e Detailed study with speciality projectors

« Cold system major instability...




Characterization

Read noise Dark current PTC gain

PTC turnoff

* 45 plots in focal plane level
* 14 plots in Raft level

* 8 plots in sensor level

e ~2000 plots

:
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e Jim’s eotools automated characterized the focal plane




e2v bias stability improvement

v26 sequencer

* No effect

FlushCount: 10->100

 # of serial register flushes before readout

Clear=0

* No clear between exp

Cutting 50, 90, 99% of extra sleep in SlowNoFlushPixel

« faster toggling of CL during integration

SlowFlushPixel during Integration

 flushing serial register continuously during integration

Lamp was off

Changing Temp

Deep Clear

« IDLE_FLUSH improved, especially ReadPixel as IDLE_FLUSH
worked well

« IDLE_FLUSH
* Running the sequencer between exposures

o SlowFlush / FlushPixel / ReadPixel
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Crosstalk Coefficient
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Adam & Andrew derived Xtalk coefficients for all sensors from different
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Averaged signals for time exposure: 8.07
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Berni Confirmed P. Astier’s delayed X talk component.
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Shuang finds almost consistent X-talk with different ASPIC gain




Brighter Fatter Correction-

Broughton et al. in prep
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* The current implementation works for ITL but not for e2v



Artificial star measurements

ITL Sensor - R10-S11 _
Esteves et al. in prep
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* Features induced by tree-ring, mounting support stress, surface finish

e Sensors are not arrays of perfect rectangular pixels



Persistence with the spot projector

Saturated artificial spots in e2v sensors left persistence
Lower parallel voltage could prevent charges trapped in the surface layer

* We couldn’t do this for a concern on leakage current between BS and FS
A 3ms inverting clocks before an exposure takes place already...

We need a correction in DM

* Only a few electrons in magnitude but has multi-image time constant



Run 6

* 2023 May—Aug?
 Hardware change
* New chiller
* Fully assembled

e |enses are on / Shutter is on / Filters are on /
Guider will be tested

* Light sources
« CCOB wide beam (flat illuminator)
 CCOB narrow beam (a single spot light source)

e Transitioning to DM based cp_pipe / eo_pipe for
automated analysis

* RubinTV




Step
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Optimization targets

Description

CCD temperature contro

Images

Nc images nzedec

ITL row-by--ow noise Eiaces

adjustment ot HV/3as tar ROYReh( 10 contral ~urrent emarating tram sera‘ch darks

on RO1_S00

Sequencer for Guicer/GREBs Any

Persistence issue on e2v sensors (dependence on parallel swing voltage => CCOB-NB, 1spot, couple darks at a time
channgl stop barrier proper:ies) - may also mcdulzte blcoming characleristics

as a prempt t2adback

stabiizaticn of "wave' featura (anglog of what's seenin ITL senso's on darks vs. 2.9. temperature or Camerg actvity
AuxTe/Cam with temperaturs instabiity) preceding DAQ

Imgrovement of DAL response

yellow corner on e2v sensors

ramp exoosure images, xposures started
with flat projector on, readout beqinring after
va-iablz pause

Lias

Analysis
Custem telemetry analysis

Rown-by-row Bizs stabiityfvariance plos
to ba developed

compare against RM_S70 pertarmanne
which was brougnt under contral by szme
mechaniem

T2st running Guider togethar w th regLlar
Images

John Banovetz's persistence not2books
accessing USDF

1-D trace of bias structure along se-ial
axis

ramp elements arrangec by pause variable

to stitch together global linearity response

Looking a: the amp corner with F+3
overscan subtraction enabled

https://confluence.slac.stanford.edu/pages/viewpage.action?pageld=243097981

Ncotes

(solved?)



Wave In bias

 LATISS observation found wave in bias structure

IS

AuxTel bias stability - Amp C10

From Craig

after new voltage after Run 5 and v26 sequencer

were introduced 3 o
« od was increased by 1.9V to improve gain N
stability -2

« Parallel timing was tweaked to improve full

2022110300020:RD13-VBBo
2023010500006:RD13-VBBo
2023010500018:RD14.9-VBE
2023010500028:RD14.9-VBE
2023010500078:RD14.9-VBE
2023010500150:RD13-VBBo
= = Master bias

well

» Aspic Gain was adjusted not to hit the Aspic
limit

 Depends on Reb temperature
 RG toggle in Parallel Transfer seems to cause this
e some sensor got worse

e So far not clear why it is in the sequencer
timing

 We will test “noRG”
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EO Run plan

« CCOB wide beam — Flat illuminator using the repurposed LED
board

e bias/dark/flat
e gain stabillity

 dense PTC flat in different wavelengths (denser than Run 5)

-~ S

- open shutter flat (for studying DNL) |

e What we did in Run5

https://confluence.slac.stanford.edu/pages/viewpage.action?pageld=243097981



EO Run plan

« CCOB narrow beam — a single beam projector
e X/Y positions, U/B angles, wavelengths
* Throughput at central sensor / each of 21 central sensor
* Optical alignment by looking at reflections
e Xtalk study (different illumination, less systematics?)
e Quider functionality test

 Opsim cadence test

https://confluence.slac.stanford.edu/pages/viewpage.action?pageld=243097981
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EO Run plan

Description

Biaz frames

Cark frames

B Run with CCOB wide bezm

Biazes, Darke, Flat Pairs, Fats in

6 LEDs

B Run with CCOB wide beem

Riases, Narks, Flzt Pairg, Fars in

6 LEDs

Gain Stability with CCOB wide
bear

74 haurs at FHats at eoastant tlox

Cain Stability with CCOB wide
bear

6 hours of Flats at 2nd flux value

Cense PTC

~300] Flar 2airs from AN ADU to
full well, with ~1.03 legarithmic

spacing

Cense PTC inu,g.r,2,y [uy, blue,

red, nm750, nm352, nm960]
LEDs

Cpen Shutter Flats

~100s Flats frem O ADU to full

well, with complete DN coverage

Cfg File

bias10.cfg

darx.cfg, darkimxs.cfg

fp_scripts & c’g files reed 1o
switch 1o CCOB wde bezm

B_protocclcfg (starting point)

fp_scripte & cg files reed to
switch to CCOD wde bezam

fp_scripts & c’g files reed 1o
switch 1o CCOB wde bezm

fp_scripts & c’g files reed to
switch 10 CCOB wde bezm

fp_scripts & cig files reed to
swiich 1o CCOB wde beanm

tp_scripts & c*q tiles reed to
awitch 1o CCOB wde beam

reed optior tc keep light on
dur rg readou:

Analysis Code

Current ectast & eotask-3en3

Current ectas! & eotack-gen3

Current ecta2st & eotask-3en3

Current ectes! & eotask-gen3

Current ectest & eotask-3end

Custom Code for DNL study

Notes

1. All amps working

2. Read Noise ~ Single Raft testro
3

Ao sigas of ground lonps

Check “cr light legks (dark.c1g is 30Cs dark. dark1mx5.cf3 is five 60s darks)

Repeet as in Step 3, but 10w run the Guiders with an erbitrery ROl along with the
Sciance Rafts

Check :rat Gain jumps are indeed changes in Gair

https://confluence.slac.stanford.edu/pages/viewpage.action?pageld=243097981
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EO Run plan

CCOB Narrow beam
Wavelength*Aperture
Throughput Test:

“00 Spcts in Beam, 15
wavelengths in cach of 5 Filters,
* Focal Plane pasition

CCOB Narrow beam
FecalFlanc*WNavelzangth*Aperture
Throughput Test:

‘0 Spots ir Beam, @ wavelergths
in each o* 6 Fillers, 21 Focal
Plane positions

CCOB Narrow beam
FccalFlane*Wavelznqth*Aperture
Throughput Test

* Spotsin Beam, 15 wavelengths
in each o’ 6 Filters, 183 Foral
Plane positions

CCOB Narrow beam Optical
Al gnment Tast

N spots at range of positions &
angles,

CCOB Wide2 beam & 2in Hole
Filter

CCOB-Narrow “‘cr seqment-by-
segment source-target swudies

fp_scripts & cfg fies update
tar CCOR Narrow heam

fp_scripts & cfg fles update
far CCCE Narrow beam

fe_scripts & cfg fies ugdate
tar CCOR Narrow heam

fp_scripts & cfg fies need 1O
nse CCN3 wide hear with Pin

Hale Filter

fp_scripts & cfg fies update

far CCOEB Narrow beam

Mew ccobTask needed

Mew ccokTask needed

Mew ccobReflectionTask

Mew pinhole Xtalk Task

Mew pinhnle Persistence Task

See LCA-283 Section 11.8.2.1

Step3 - CCOB-thin throughput synthesis, greater detail, central sensor only

See LCA-283 Section 11.8.21

Stepd - CCODB-thin throughput synthesis, each cf 21 central sensors

celibration

Need input from Eli on the number of wavelengths needed and plecemren: inside
the tilter handpass. Fmphasis s ta evaluate spatial variahility zeroass tha tiltaer, nat
angle, hence one sosilion in Beamr anc measuremants in every CCD

Refzrence CCCE al gnment doc & recent presentation

Jehan s model uses severzl po ntings 'mth a common primary incal plare. Zan use
nzr-owkeam_amplifier_poin:ings.perl seript to slan paraxial pointings to provide
this.

sFoulc be abl2 to use straight 121 scaling of flash times Jsed for CCCB-Wide/LED

signal dependent crosstalk via randomr access [qiven pointing fidelity & stray
illum nazion control, TBD)

persistenne onset mezsirements via random access tor e?v sensars (ilimination
fallowed hy 2 ar 3 darks) - stiggest 1 ar 2 segments per sensor

blaooming evo ution may provide insight into persictence diffarences. shape
cvolut on of saturated images (fraction bloomed across channcel steps vs across
clock barriers), 0.5, 0.9, 1.1, 20, 3.0x FW per pixel to help ident fy confinement

D TR D P D L T T T B 1 . T T PR S T
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EO Run plan

Guider studies, tunctiaoral “ests

Guider studies with CCOB Wide
heam solrae

Guider studies with CCOB
MNarrow baam source

Sccuence of data acquisitions
that follow CFSIM cutput to get
a representative cadence (for
tirmes between images & tine
between shutter trajectories).
Use shutter to define exposures
tnr “epresentat ve condtions.

fr_scnpts X efg tiles 1o sperity
38 gpecifiz RCI windows znd
GS acquisition mode (ful frama
v5. ROl time slice array)

fe_scripts & cfg files upcate
tar CCOR Wide hear (small
RN eorresponds ta hetter t me
resolution)

fp_scripts & cfg files upcate
for CCOB Narrow keam (RCI
limited to sormething lika
400x£C0pix)

fp_scripts & cfg files
appropriate for CCOD Wide
beam, with causes
representing back-to-back
imzges, slews, filter chances
etc. Commended (?) cptions
tar tocal plang default moda
'idle~lush, CLEARs ete.).

Guider off-lin2 analysis but
require auxilizry images
acquirad in full frame moda for
spec fic inputs.

stability analysis applizd to flat
pair data with shutter actuaion
directions alternating oetween
exposures; curent eotest &
eotask-gen3

ropied tram notes:

e in somsa cases just tha structure of the FITS fi e appended with Guider cata
may be anough to verify tha requirement:

o intcgration times can be demonst-ated by comparing ROI signal levels to
full-frame expesu-es or the same sensor or simply by inspecting FITS files
modulo arbiguity in transfer time (C-273). Unsure how this works, though,
if each ROl on the & guidzrs requi-e a different number of parallel trensfers
to read out or ere different in size: Synchronization requirement C-278 also
needs meeting. Sounds compley. What triggers na2xt ROl exaosurz, the
computer's clock or a logical "and" zoross all guiders' statuses heing
operated? I'm exposing my ignorance.

copied from notes:

¢ flatilluminat an is avzilahle via CEDR-wide ta varify timing related
requiremerts:
o Guidar acquicition to epan and exceed Shutiered axposu-e & within 10me of
Focal Planc exposure start: flasncs micht be timec 1o bracket sautter
trajectory |(C-380, C-361).

CCCE-Na-row reeded to estimate ROl exposure times in each slice (compare to
full image formzat with flash illumination). cogied from nctes:

» structurad illumination is aveilaole vie CCOB narrow to provide verificatien fo-
certain requirerents:

o signal can be shown to scale with ROl exposure times (C-37€),
demonstrate ‘LIl ROl size range 10x10 thru 400x400 pix iC-281), and ROIs
that 2xtend past segment soundary within same sensor half (C-379),
unique RNOI an pach Guidar |C-378). Fnr same of thesa, full-t-ame
exposure should be compared to verify physical rapresentation of the ROIs.

o  how ta demonstrate <1ms synchronization of 8 Guide sensor ROIs? |< this
mat simply by decign? (C-278)

o Demonstrate coordirate transfo ms :kat conncct Fozal Plane ccordinates
to Guider pixel addresses using multigle spot pasitions spanning nearby
sensors to guiders (C-336).

c. " ntervals_between_visits.txt" gencrated by extract_times.parl representing
observatiors.csv table extracted using DD browser for SQLite.exe on
baseline_v3.0_10yrs.db.

Ir 1he above tests, ne2d to decide how to a locate exposure timas: standard 15s,
standard’ 30s, or anly as long as neadec. Add an extra column tar this



EO Run plan

S:ray lighty/beffling tests to verity

accerding tn | CA-283

‘equiremens

Zlat Fieles to Test Shutter

fp_scripts & ¢fg fies
approprizte tor CCOR Narrow

beam pointed e.g. at bafiling
within L1-L2 Cell or 2t the
opaque pinholc filter. CCOB
Narrow should be Eright
errough to produce stiay light
that ends up at focal plane.
fp_scripts & cfg fles for ~lats

with and without LSSTCam
Shutter Activaticn

full foczl plane maps (like dark
images generatec while pinaing
down light leaks) are probably
most uceful for the first tyoe;
For sccond type, “oft forma:
images may show pinhole
projector like images of stray
lichtin the Camera.

Standard Flat enalysis

. Flat luminator images, 16 sccond CCD readout with 12 secend Flat

illumination inside that 15 seccends, Camera shutter lef: open - ie. use ke
CCOB wide LED timing to set the effective exposue time of 12seconds.

Flat il uminato-, 15 second CCD readout with Flat illumirator 21t on for full 15
seconds (orinnger, doesn't matter), Camera shuttar aperated with 17 secend
exposure time - and do this with both f avors of shutte- motion, positive znd
negativa X motion.

https://confluence.slac.stanford.edu/pages/viewpage.action?pageld=243097981



Ways DM folks can follow/participate in Run6

e Attending Tue CVT (Seth and Andrei) / SAWG (Merlin and Claire)
meeting #desc-sawg

* RubinTV (Merlin) #cam-rubintv
* https://roundtable.lsst.codes/rubintv/slac/ts8
» Static web pages of results (Jim C.)

e https://s3df.slac.stanford.edu/data/rubin/Isstcam/
13162 13144 13141/ for example

e Calibration products (Eli and Chris) #dm-cam-concordance


https://s3df.slac.stanford.edu/data/rubin/lsstcam/13162_13144_13141/
https://s3df.slac.stanford.edu/data/rubin/lsstcam/13162_13144_13141/

Summary

* Overview of Run 5
* Focal plane is characterized

* Bias stability issue —noRG for ITL is proposed, ReadPixel as IDLE_FLUSH for e2v
IS recommended

 BF correction is not perfect

 Sensor anomalies and persistence need attention and correction
* Prospect for Run 6

» We will verify the Run 5 characterization

« EO characterization with CCOB wide beam

* Optimization: yellow corner, “wave”, differential non-linearity

« “Ray-trace” for throughput (main beam) and alignment (reflection)

* Need your help!



