CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

1.0 Requirements & Test Flow Spec.

Rémi Barbier, Detector Scientist

NISP, NI-SCS Test Readiness Review IPNL, 4th October 2016 1



4B Accuracy Requirements & Test Flow

NISP Calibration Plan > QO Detector chain error < 1%

I . : O Mater Dark & Noise
CharaCtenzatK)n RGQUIrementS ACCU raCy O Pixel response correction - NL

| > J Persistence Model
d IPC

g : 0 Runs Specification
L Workflow specifications > o DAS oy e
d QC sw

L Characterization Test Plan
| > O Test Flow

O Test Facilities

NISP, NI-SCS Test Readiness Review IPNL, 4th October 2016 2



@Jﬁ

NS

NISP Calibration Plan [
EUCL-CPP-PL-7-002 Fullscli Lty

NISP-GC-PR-108
NISP-GC-PR-109

NISP-GC-PR-110

NISP-GC-PR-111
NISP-GC-PR-112

NISP-GC-PR-113

NISP-GC-PR-114

Table 1: Detector ground calibration and error budget.

Name

Master Dark

Science Noise

Bad pixel

Flat Field

QE
Linearity

IPC

Persistence

Products

Pixel map to
subtract the dark
from the RAW data

Pixel map to
evaluate the total
noise

Bad pixel map

Relative spectral
response pixel
maps

QE maps
Relative error after
non-linearity
correction for
signal

Mean value or
Pixel value to
correct the flux
Coefficients to
correct the
persistence
contribution to the
signal with a
chosen model

Per Pixel
accuracy

0.01 e-/s

0.005 e-/s
(goal)

< 8%

< 5% at
threshold

value
<1%

< 5%
<1%

<5%

<5%
RMS
on the
pool

Characterization accuracy

Comments

Parameters: T, RO
modes, integration time

Parameters: T, RO
modes, integration time

pixels with unusable
response for science see
[RD5]

Parameters %
Wavelength

[step 50nm]

[range 0.92 to 2.Jum
Absolute value

- In range [2-600] e-/s
Photometric RO

- In range [2-150] e-/s
Spectrometric RO

pool of the fit
the pool defined by (data -
model) / noise
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Al Accuracy Flow down

NI-SCS characterisation requirements: EUCL-CPP-TN-7-004 issue 2

oDark
d NISP-C-1-01 to NISP-C-2-08
O model versus OT in [85K-100K] range
O All master «Darks»: MAD = Photo, Spectro, Long/short exposure, deglitching

oNoise
d NISP-C-2-01 to NISP-C-1-17
O Science Noise, RTN, CDS noise
o Pixel response correction
d NISP-C-3-01 to NISP-C-3-28
O Non-linearity, Latency, IPC
0 model versus OT in [85K-100K] range
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Ml Accuracy Justification

>“1%” error on the readout chain verification needs:
* Huge statistic: = “Rauscher” formula to estimate # expo.

« But statistics may not be the single driver of the accuracy on the mean per pixel
=>» contributions of systematics (electronic and setup)

»Error evaluation on data
 Verify that statistics is sufficient (true for flux > 10 e/s)

 Acquire & Store different samples
O to compute the pixel response function correction
O to validate the correction error

O Control Stability of the Flux: < 1% during 560s
1 Reproduce the same flux for 20 exposures with darks interleaved.

 Mitigate the persistence contribution to the measurement when
exposures are repeated many times
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Al Accuracy Justification

Signal slope error < 0.5% of signal

mode Flux Signal sigma_s rel. error N_exposure needed for
rel error < 0.5% of S

In the perfectly imperfect world of Pierre-Simon Laplace ll oo on W :

PH_Y 0 0,01 0,05 492,79 971374
.. ] . . . PHY 2 2,01 0,15 7,41 220
<> Central limit theorem + experimental error model with independent stochastic PHY 4 401 020 5.1 105
PH_Y 6 6,01 0,25 4,13 69
H —_— PH_Y 8 8,01 0,29 3,56 51
variables = Normal Law = 1//n Ao - = "
PH_Y 12 12,01 0,35 2,90 34
mode Dark RON sigma_s Rel, Error N_exp ::—z 1: 1:81 gig geg 22
els e- els % Error _ : s 9
Master Dark < 0.005 e/S (els) (e (els) (%) < 0,005 els PH_Y 18 18,01 0,42 2,36 23
PH_Y 0,001 12 0,04 4148,97 69 PH.Y 20 20,01 045 2,24 20
PH_Y 0,005 12 0,04 839,27 71 PH_Y 30 30,01 0,55 1,82 14
PH_Y 0,01 12 0,04 425,49 73 ::-: ‘;g ‘5‘281 gjg 1?13 ;0
PH_Y 0,1 12 0,05 51,96 109 PH.Y 60 60,01 077 1,29 7
PH_Y 0,001 14 0,05 4836,77 94 Y80 et 0Eg o 5
PH_Y 0,005 14 0,05 975,50 96 PH:Y 100 100,01 1,00 1,00 4
Remar‘ks PH_Y 0,01 14 0,05 492,79 98 PH_Y 120 120,01 1,09 0,91 4
. . PH_Y 0,1 14 0,06 57,61 133 PH_Y 140 140,01 1,18 0,84 3
v Not bad eSt|mat|0n Of PH_Y 0,001 18 0,06 6213,52 155 R0 el 128 D7 8
PH_Y 0,005 18 0,06 1249,05 157 P . 001 o0t — 20535
the number of PHY 001 18 0,06 62847 158 e %
. PH_Y 0,1 18 0,07 69,57 194 SPE 2 - e - >
exposures needed in s 6 6on o1 1g8 s
h T FI SPE 0,001 12 0,00 492,88 1 SPE 8 8,01 0,13 1,63 11
SPE 0,005 12 0,01 114,46 2 SPE 10 10,01 0,15 145 9
t € eSt ow SPE 0,01 12 0,01 65,83 2 S iz 120 o LR g
v" Rauscher formula used SPE 01 12 0,02 15,29 10 e A A d
. SPE 0,001 14 0,01 568,35 2 —_ - — - - .
9 no Correlat|0n SPE 0,005 14 0,01 127,69 2 SPE 20 20,01 021 103 5
. SPE 0,01 14 0,01 71,65 3 SPE 30 30,01 0,25 0,84 3
v < 10 e/s WF is SPE 0,1 14 0,02 15,55 10 SPE 40 40,01 0,29 0,73 3
L. SPE 0,001 18 0,01 721,22 3 SPE 50 50,01 0,33 0,65 2
SPE 0,005 18 0,01 155,53 3 SPE 60 60,01 0,36 0,59 2
statistically starved SEER 18 i (o5 3 S T— :
SPE 0.1 18 0,02 16,17 11 SPE 120 120:01 0:50 0:42 1
. Table 1: Computation with Rauscher formula of the number of exposure needed to SPE 140 140,01 0,54 0,39 1
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achieve 0.005 e-/s (stat only). RON is Read Out Noise SPE 160 160,01 0,58 0,36




4l Testing approach: constraints

do not denied reality!

I Wy Ny N W Ry

Keep the schedule under control, with reasonable margin (pump failure, power cut,...): 40 days - 4 SCS in //

Two Operating Temperature: 85K and 90K

Minimize the number of Cooling Cycles and large operating temperature variation between runs.

Two cryos & two SCS/cryo running in parallel except for relative spectral response Run

One mono-chromator+QTH

9 months of Acquisition

Data acquisition Yield > 70% = Ratio between data stored/day/SCS and 0.5 TB/day/SCS (ideal continuous acg. running)

Yes we can produce High quality Data

(NI Iy oy [y Iy Iy Iy Iy

Avoid long acquisition Run (2 days) with spurious or inoperable exposure inside.

Mitigate Persistence effects on low flux measurement or darks due to previous high flux illumination

Design a test flow with a scheduling of illuminations with growing intensities to avoid Latency

Use NASA acceptance test data to speed up the test flow and to secure data quality and stability with online Data Quality Checking
Robust and stable EGSE driven by DAS sw with soft reset procedure and register read out for monitoring

Robust and Precise OGSE: flux uniformity < 1% and flux stability over time (600s) < 1% and repeatability of the intensity

A reactive Data Quality Cheking in-line (exposure) and off-line (Run) to validate Data before running the next Run

Script the Test Flow = Acquisition and QC are preprogrammed

Expert System with Warning and Pass/Fail Procedure
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&l Testing approach: Products

Different purposes:

[ Validating the accuracy of 1% on the relative readout chain error flow downed from [AD1]
to verify/validate the NI-SCS performances.

O Producing NI-DS products such as pixel maps for the SGS and SOC.

O Producing the modeling functions to monitor, measure the effect on the detector chain
error due to a different temperature environment in Flight.

O Estimating the accuracy of the Flight Calibration Procedure of the readout detector chain:
test as in flight.
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Processing
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Associated
Runs

|
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removed

Science
Dark

F
VS.



%Aﬁ

CONsSO OTY

Overview Run description

tr2 tr2m-1

tr2m+1

tro 1 tr2m R
* X >
4 B ; 3 CPU time
‘ Run of m cycles
Cycle 1/m | cycle mim Cvcl
CPU time y
tcOtc1 tc2 tc(2n-1) t2n tc(2n+1)
CYCLEIi(n patterns) CyCIe

Pattern #1/n

il

I

Pattern n/n

1 U

L

Pattern

Sequence

Exposure

Seq_1 Seq_2 Seq_p Seq_1 Seq_2 Seq_p
CPU time
t s(0,i_cycle) t s(1,i_cycle)
SEQUENCE
Exp_1 Exp_2 Exp_n
te0  te1l te2 te3  ted tes CPU time
EXPOSURE _ EXpOS U re

RO mode MACC

lllum mode LED ON

Run _

D

NI-SCS DATA MODEL

[ euclid_20141215_11h08_20.h5

¢ @run
elog
¢ @init
B tis_asic_dump
& tis_config
B tis_jade_dump
& tis_valid
log
sc_model

.t_]d e_dump

Config
- S8CS

Env.

B tis valid

E>__

Data model is self-consistent

» Keep the DoE structure

» Traceability
» Robustness

With this generic description all Euclid modes can be scripted for ground and Flight

modes
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Specifications of the Runs

Conflgurf‘t;:enl :::tex _I?lﬁj_n"s_pemflcatlon descrlptlon unld=1.1 Run name = Initial_check Initial-check run
Run | [i_run] name_of_the_run CFG | Index Configuration Parameter
cfg_run n_cycle, n_scs cfg_run n_cycle=3,n scs=2
Cfg?set“p setup_Id, setup_ver cfg_setup setup_Id, setup_ver
cfg_scs EFF.mcd
STg_delay Sotaat cfg_scs scs.med[n_scs]
cfg_env OT_SCA = 95K, OT_SCE = 140K cfg_delay default
Shutter = True cfg_env OT_SCA=0T1&0T2, OT_SCE = 140K
cfg_illu LED_Id = (from the operator) Shutter = True
LED ver = (from the operator) cfg_illu LED_lId = (from the operator)
Cycle | [i_cycle, i_scs] LED_ver = (from the operator)
cfg_scs [ [i_cycle, i_scs] scs.mcd LED uA=0
cfg_ n_iter | [i_cycle] n_iter Cycle | [i_cycle, i_scs]
cfg_n_seq | [i_cycle] n_seq cfg_n_iter [i_cycle=] 1
cfg_delay | [i_cycle] t_c(i) (default) ofg_n_seq [i_cycle=] 1
cfg_env | [i_cycle] Shutter = True / False —f — = o201 Shutter =T
cfg_illu | [i_cycle] LED_uA or FPA_ADU_for FPA e s cig_env H‘%z:zj ] Shﬂgg; _ Falce
Sequence | [i_cycle, i_scs, i_seq] cfg_iMu | [i_cycle=0,T] [ED_UA=0
cfg_scs | [i_cycle, i_scs, i_seq] SCS config on purpose - [i_CyC|e=2] FPA ADU f=30
cfg_delay | [i_cycle, i_seq] te(i) Sequence | [i_cycle=0,i_scs, i_seq]
cfg_env | [i_cycle, i_seq] Shutter = True / False — nexp |nrst | ndst [ng |nf |nd
cfg_illu | [i_cycle, i_seq] LED_uA or FPA_ADU for FPA_e_s , — — = = = = = =
cfg_wr | [i_cycle,i_scs, i_seq] | True (Default) cfg_ro | [i_cycle=0, i seq=0] 128 1 0 1 1
nexp |nrst [ndprst [ng |nf |nd cfg_ro | [i_cycle=1,i_seq=0] |3 1 0 400 |1 0
cfg_ro | [i_cycle=:, i _seq= 0] e 1 0 1 0 cfg_ro | [i_cycle=2,i seq=0] |3 1 0 400 |1
cfg_ro | [i_cycle=:, i_seqg= 1] e’ 1 0 g 1 0

NISP, NI-SCS Test Readiness Review
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TEST FLOW

€ucL‘d |

NL — low flux Run

Repeated n1 times

(llumination + Dark) pattern 1

Repeated np times

(llumination + Dark) pattern p

NISP, NI-SCS Test Readiness Review

Specifications of the Runs

Runid=7.1 Run name = NL_Low_Flux
CFG | Index Configuration Parameter
cfg_run n_cycle=9,n_scs=1
cfg_setup setup_|Id, setup_ver
cfg_scs scs.mcd[n_scs]
cfg_delay default
cfg_env OT_SCA=0T1&0T2, OT_SCE = 140K
Shutter = True
cfg_illu LED_Id = (from the operator)
LED_ver = (from the operator)
Cycle | [i_cycle, i_scs]
cfg_ n_iter | [i_cycle=0,-1] 1
[i_cycle=1] 30
[i_cycle=2] 20
[i_cycle=3] 10
[i_cycle=4:7] 10
cfg_n_seq | [i_cycle=0,-1] 1
[i_cycle = 1:7] 2
cfg_env | [i_cycle=0,-1] Shutter = True
cfg_illu | [i_cycle=0,-1] FPA_e s=0
Sequence | [i_cycle=0, i_scs, i_seq]
cfg_env | [i_cycle=1:7,i_seq= 0] Shutter = False
[i cycle=1:7,i seq= 1] Shutter = True
cfg_illu | [i_cycle=1, i_seq= 0] FPA e s=4
[i_cycle=2,i_seqg= 0] FPA_ e s=8
[i_cycle=3,i_seqg= 0] FPA e s=12
[i_cycle=4,i_seq= 0] FPA_ e s=16
[i_cycle=5,i_seq= 0] FPA e s=20
[i_cycle=6, i_seq= 0] FPA e s=24
[i_cycle=7,i_seq= 0] FPA_e s=28
[i_cycle=1:7,i_seq= 1] FPA e s=0
n_exp | n_rst [ n_drst [n_ g n_f n_d
cfg_ro | [i_cycle=0,-1, i_seq= 0] 3 1 0 800 1 0
cfg_ro | [i_cycle=1:7, i_seq= 0] 1 1 0 400 1 0
cfg_ro | [i_cycle=1:7,i_seq= 1] 1 1 0 800 | 1 0
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il \\Vorkflow specifications

Consequences on SW and Test Bench and Test Flow

O pre-load and execute a List of Runs (Test Flow / OT)

 Pre-calibrated OGSE Calibration: specified in e-/s

O Scheduler with an updated context to follow up detector response and stability
[ Quality checking in-line because very long run

O Quality checking of the Run: raise Warning

1 Procedures to Restart in case of failure

NISP, NI-SCS Test Readiness Review IPNL, 4th October 2016 13



@ Processing Level

€ DAS sw: dazeit j

» ASYNCHRONUS

» SELF-UPDATED CONTEXT

€ QC sw: dasein J

@ Data Produced during Test Flow

NISP, NI-SCS Test Readiness Review

Al \\orkflow sta

SCS Ramp
Simulator

=
&
a




Al Test Flow Specification QC

O Pixel Data are encapsulated into a 9-axis cube with 6 temporal dim. and 3 spatial dim.:

= cycle Index_ | Axis Range
. . . . Spatial index Name | Name Index
= jteration inside the CyC|e Col index of the channel 0-63
Raw index 0-2047
]
Sequence o | Output channel index 0-31
= aexposure Temporal Index
p f | Frame index 0-n_f1
u Group g | Group index 0-n_g-1
. Frame e | Exposure index 0-n_exp
s | Sequence Index 0-n_seg-1
. Channel it | lteration 0-n_iter-1
- RaW c | Cycle index 0 —-n_cycle
= Column

0 2 Data Quality Checking categories:
< Internal consistency of the exposure = internal check in QC spec
< Consistency of the exposure with existing maps (DCL or EC updates) = external check

NISP, NI-SCS Test Readiness Review IPNL, 4th October 2016 15



Al Test Flow Specification QC

1 Dark exposure: line, col, channel, array,

<>Baseline check : F1, First CDS, kTC compatible with Master baseline run
<-Dark: CDS-f CDS-f-noise, likelihood slope and QF

<flatness after DSNU correction (dark — MAD)/dark

 Flat Field exposure

< Baseline check: F1, First CDS, kTC and compatibility with baseline run
<> Photon Noise check, sqrt(Flux) compatibility

<-Uniformity (Flux/Mean Flux -1)/QE

<>Measured flux compare with requested flux (Flux — Requested Flux)/QE

NISP, NI-SCS Test Readiness Review IPNL, 4th October 2016 16



Internal quality check

d cube name nd (Lojc.ts.egq.n # name Processing Element Waming Falled
1 cds_d hS (rref{c=1.g=1:)1.ref(c=1,g=-1)).mean(e.g) 1 cos_d cds_d.percentlie(93) <008 <0.1
2 cos_d_w ns 2 cds_d_| : eds_d_Ly:)etcetlle(oa) <008 <01
3 cos_d_oj cds_d_oj parcantie(83) <0.08 <0.1
3 cgs_no h3 (rref(c=1.g=1:)-1.ref(c=1,g="-1)).510(e.g) 4 cds_d_jj cds_d_§ <0.1 <01
4 “_no_w ns 3 cds_d_Joj cds_d_loj <01 <01
[ cds_no cds_no.percentia(8s) <30 <30
3 macc_r no uran_w_b_nmc(m .g=-4m..specto) 7 g ods_no_L percentie(s9) <20 =30
cro ss qu e 8 ©ds_no_oj cds_no_oj.percentiie(93) <20 <30
9 cas_no_j cds_no_j <18 <18
= 10 | cos_no_loj cds_no_loj <14 <14
2 cos_d_oj nJ cas_d.mean(o,j) # 11 | kad IK_d.percentse(85) <008 <0.1 Falled
3 cds_d_jj ns cds_d.mean(l.) 1 cds g |12 IIk_d_J lIk_d_Lparcentie(83) <008 <0.1 1
N 13 Iik_d_oj 1IK_d_oj.percentiie(83) <008 <01
4 cos_d_loj h3 cas_d.meanl.o.j 2 cds.d 14 Ik_d_J§ K_d_jj <01 <01 .
3 cds_no_J n3 cas_no.mean(l) 3 cos d (15 | dio 1Ik_d_loj <0.1 <01 1
6 | cos_no_oj n3 | cos_no.meanfo.j) < cos g (1° |d . percentie®) =3 =10 03
— 17 | k_gty Ik_gf_l.percentie(ss) <5 <10
7 cos_no_j n3 cas_no.meandl.j) 3 cos_@ g IIk_qf_oj 1Ik_gf_oj.parcantsa(es) <5 <10 03
8 GIS_DOJIi n3 wS_I\OMKl.O.D 6 cas_n 19 k_qr_Jj lk_gt_lj <3 <3 2
9 no 1 1ot 7 20 Ik_gf_oj k_gt_loj <3 <3 >
10 | cos_g_mf nd macc_s(g=-1) - macc_s(g=0) 8 cds_no_oj_x cOs_no_oj_x.percentlia(93) <02 <02
11 |cos_g no macc_s(g=1:) - macc_s(g=-1) B cas_no_Jj_x cas_no_Jj_x <01 <02
NISP, NI-SCS Test Readiness Review B K™ = = cos_no_Joj x <01 <02



Al Ground Testing: diagnosis runs

dZodi background
U Instead of darks 2e/s 100 exposure

O NL-low flux and medium flux with Zodi instead of darks (no latency information when zodi replace
dark exposure)

dFirmware test and Validation easily automatized
dCalibration modes can be reproduced
dScience modes with Dithers

Q“Warm electronic” processing has been implemented (50%)
O Slope
dQF
U Compression (TBD)
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Al Test Flow and open work

1 Telemetry is an open work

] Robustness of Acquisition sw dazeit with improvement on validation testing
1 EGSE versus dazeit sw; classify warning and error counter management
 Data integrity validation methodology

O Warning management during the WF; when and where to restart?

0 EFF3.1, SPR and All testing

Q Intra pixel could be tested at Caltech (TBD) on NRE parts

NISP, NI-SCS Test Readiness Review IPNL, 4th October 2016 19



Al Backup Next Slide
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Dsub 750 mV
— jmkl |
_S— - - HgCdTe
N-epi -~ SSae T “TTESSG I 16 bits word
R4 N -Y holei,’ So T
[ ‘9og VT He TL
7 Depleted zone \ 9’ Depleted zone \ o |1
/ \ \ 1]
N \/ \ il
_\ . \/ pitch [} b 1
. Ii’ 1 SAR ADC
Pwell _\I Pwell :
Bump Bond —® tuangoune _
: Config Register
E‘_\ ROIC _L= |'_
SF Pixel 1 SF Pixel 2 —® ‘naloguoug) —)
2 /—! 13
Vreset Pixel
250 mV B '—_'D 15
u GND
1—| T—l s 14|
_______ Vrefmain ' ::
GND /
Preamp # 31
Output Source follower
—l In_Buffered mode (NISP baseline
Out[31 InP[31] ’—E
SCA Output Pad
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Measurement

Master Dark
Noise

RTN

Non-linearity

IPC
Latency "Volume"

Latency "Surface"

Intra pixel
QE

Conversion Gain and CVF
Baseline
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Key points
2,13-14-15
5,6,9,10,13, 14, 15,
16, 17

9

2,5,9,10,13, 14,15,17

6,7

2,5,6

2,7,8

2,5

1,2,3,4,5

2,56
2,7,13,14,15,17

Main concern for testing

Reference Voltage stability
Grounding, EGSE PS, EFF tuning

Reproduce long dark exposure with
deglitching

Stability of the lllumination over the
exposure, repeat many exposure, latency
contribution t the pixel response due to
previous illumination

Single Pixel Reset Firmware

Under FWC related illumination

Control the quality of the fit

Control the lllumination level and the time
delay between the lllumination and dark
exposure

Above FWC related illumination

Control the quality of the fit slow and fast
component

Control correlation of the fit parameters
Control the lllumination level and the time
delay between the lllumination and dark
exposure

Spot projector with background control
Absolute calibration

No concern if only the relative spectral
response under flat field

PTC per pixel is tricky per channel is easier
Setting at the beginning of the test campaign
sensitive to SCE configuration and Firmware
to be check by Telemetry measurement
along the experiment.
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