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siss®z Roman will help answer pressing astrophysics questions...
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Dark Matter Dark Energy

What is the structure and distribution of matter in How has the universe’s expansion evolved over
the universe? cosmic time?

Using large area infrared

surveys:

« High Latitude Wide Area
Survey

* High Latitude Time-Domain

What are the demographics of exoplanets in Survey

the Galaxy? » Galactic Bulge Time-Domain

Survey

Exoplanets

And everything in between!

Use or disclosure of data contained on this page is subiect to the restriction(s) on the title page of this document
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=§==== Using a state-of-the-art observatory with 18 sensors.

Deployable
Aperture Cover

Solar
Array -

Sunshleld \

Wide-fleld
Instrument

Coronagraph

HSTIACS HSTAWFC3 JWSTMNIRCAM

2.4 m Telescope
* Two instruments:
* The Wide Field Instrument
* Infrared Imaging and

Spectroscopy
* The Coronagraph Instrument
* Visible imaging
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EEEEEE Roman’s H4RG-10 sensors were developed then tested thoroughly.
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- Detector Technology Advancement Program e
(began in 2008)

— Included banded arrays
— Yield Demonstration Lots (see Mosby et al 2020)

* Flight Production (began in 2018)

« Testing and Characterization a
— Acceptance Testing ( ) TR
¢ DO SenSOrS meet reqwrementS’? Table 2 Roman space telescope Hg,_,Cd, Te parameters.

— Triplet (SCA + flight-like harness + flight-like .o
ASIC) Testmg ( ) (.);:wﬂ wavalangtn zw‘: Roman regquirement

Detector array

Indium”

interconnects Silicon p
read-out array

¥ pich 10 -_
* How do sensors perform in a flight-like subsystem? : Ol Wi e =
x Cadmum mole frachon 0445 Toledyne design value
— Baseline Characterization Testing ( ) R - e =
 What are properties of sensors that can be used for i e
Calibration? ta Haole diffuson length 20 ym Teledyne moasurements

— Focal Plane System Testing ( ) P e SR anazr
— Wide Field Instrument Testing ( ) o —;
— Spacecraft Integrated Payload Assembly Testing T -

naand ight

( ) ™is very rough appraximabon folows Rafs. 26 and 28 In assumwg jw, = 10 ".._ whare g, 1s the alectron
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smsmaz  Over 100 devices were acceptance tested for performance.
E =4
« Dark current: < 0.5 e-/s/pix (<0.05 e-/s rarameter | Requirement | S Test Results
median) Di::;::-on 20mW RSCA-011 Measured Powe;gnsmatmnlmW]
. . . oise N/A N/A Median (e) Mean (e) Modal (e)
Total noise: < 12 e-/pix (<6.5 e- median) o : SO O T
Median Mean Modal (%) Pixels
Below full well Persistence: < 0.15 e-/s TotalNaize | “S3Z7e0S | RO B B B e
. 5.48 6.03 5.44 99.43
med Ian ~40% for 0.48-0.6pm (%) Pixels passing
. . »60% for 0.6-0.8um | RSCA-024
Above full well Persistence: < 0.8 e-/s/pix @ | asrosaun | .
<0.5 e- '
( 0 5 e. Is medlal:') . . ::-soke_ . (%) Pixels passing
Interpixel capacitance (IPC): <2.5% | Ctomate | 08,35
- . Median Mean Maodal (%) Pixels
Pixel crosstalk (cosmic rays): <1% above oarCurvant | <0055 median | mscaoza | (/) | e/ | (e/s) | passing
I PC <05 & /s perpx Aoz 0.000 0.005 0.000 99.82
Persistence _ Median (e/s) Mean (e/s) Modal (e/s)
We" Depth: > 80,000 e- {1500.-::; <0.15 e-/s median RSCA-039
= . ersistence Median Mean Modal (3¢) Pixels
Quantum Efficiency (QE): >50% for 0.48- Clomin | <osmetemetan | oo | (o) | e | el | pasing
(300 ke) ’ -
0.76 “m, >80% fOI’ 0.76 - 2.0 I.‘m Inter-pixel <255 RSCALD35 Mean (%] Maximum (%)
Capacitance ' 1.48 1.52
Power dISSIPatlon: < 20 mW Cr::::allk' < 1% abave IPC RSCA-034 S remen
- . - - Cosmic Ra.s l 1.58 161
Guide window mode Functionality o S o e
Functionality p05|tll<ejvﬁéli Suhr;;r;atlon RSCA-0B7 pass
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misiaz= Devices primarily down-selected due to total noise performance
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 Dark current: < 0.5 e-/s/pix (<0.05 e-/s median)
« Total noise: <12 e-/pix (<6.5 e- median)

— Most devices pass median requirements but ~34%
devices fail this requirement.

— Worse devices tend to have high dark current or low
CDS high total noise regions.

— Median total noise device medianis 5.9 e-

— Most devices have > 95 % pixels passing, but 36%
devices do not..

— Median % pixels passing is 97.8%
« Below full well Persistence: < 0.15 e-/s median

 Above full well Persistence: < 0.8 e-/s/pix (<0.5 e-
/s median)

* Interpixel capacitance (IPC): <2.5%
« Pixel crosstalk (cosmic rays): <1% above IPC
 Well Depth: > 80,000 e-

« Quantum Efficiency (QE): >50% for 0.48-0.76 ym,
>80% for 0.76 - 2.0 ym

 Power dissipation: < 20 mW
 Guide window mode Functionality

Linear scale:
[-0.05:0.5] e-/sec
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-EEEi. Additionally, down-selected due to above full well persistence @/
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Linear scale: [-0.05:5
e-/sec]

 Dark current: < 0.5 e-/s/pix (<0.05 e-/s median)

« Total noise: <12 e-/pix (<6.5 e- median)

« Below full well Persistence: < 0.15 e-/s median

« Above full well Persistence: < 0.8 e-/s/pix (<0.5 e-

/s median)

— Most devices pass median requirements but ~20%
devices failed

— Median % pixels passing is 96.3%
—  Minimum % pixels passing is 0.04% due to persistence
thresholding effect.

— Alittle more than half devices have <98% pixels - R
paSS | n g . Persistence vs illumination

* Interpixel capacitance (IPC): <2.5% -
* Pixel crosstalk (cosmic rays): <1% above IPC
Well Depth: > 80,000 e-

* Quantum Efficiency (QE): >50% for 0.48-0.76 um,
>80% for 0.76 - 2.0 ym

 Power dissipation: < 20 mW
 Guide window mode Functionality

Average Excoss Dark Curcent in First 10 men. After lllumination
(o fsec)

100 150 00 250 300
Aproxenate Hlumination Leved (ke)
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sissez  And, due to dark current performance.
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« Dark current: < 0.5 e-/s/pix (<0.05 e-/s median)

— Most devices pass median dark current requirement, but
~16% devices do not.

— Most devices that did not pass were made using
suboptimal substrate

— Most devices have >95% pixels passing, but 22% do
not.

— Median % pixels passing is ~99%
 Total noise: <12 e-/pix (<6.5 e- median)
- Below full well Persistence: < 0.15 e-/s median

 Above full well Persistence: < 0.8 e-/s/pix (<0.5 e- —_—
Is median) Dark Response 95K, 1.0V

« Interpixel capacitance (IPC): <2.5%
* Pixel crosstalk (cosmic rays): <1% above IPC
 Well Depth: > 80,000 e-

* Quantum Efficiency (QE): >50% for 0.48-0.76 um,
>80% for 0.76 - 2.0 ym

« Power dissipation: <20 mW
 Guide window mode Functionality

Linear scale:
[0.0:3.5] e-/sec

Distribution of Pixels

oo 0.10 020 330 040 0.50 080 0.70 00 0.50 100
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Triplet testing of all accepted devices, i.e.

flight candidates, was performed (4

devices at a time paired with 4 ACADIA

ASICs1)

— Inter-pixel capacitance
— Total Noise

— Total Noise with Guide Windows Enabled

— Dark Current
— Well Depth

— Photometric Stability
e Short Term: Stable to 0.1% for 1000 s

* Long Term: Repeatable to 1% up to 7 days

— Crosstalk Output-to-Output: < 0.01%
— Crosstalk Trailing Pixel: <0.5%

T-https://doi.org/10.1117/12.2313067

The 28 accepted devices were tested with flight-like ACADIA ASIC.

Test- .
s RequirementH 5C5-Req.-#H Test-Resultsh
Parametern
C ion-
Dn\re.mon /AR e "
Gainn
Dynamic- Median-{e- Mean-{e- -px-=-B0-Ke:
i e N/Ax {e-) {e-) P
Rangen
Inter-pixel- Mean-{% )1 Maximum-{% )1
. <2.5%H RFP5-1121
CapacitanceH
Thermal- /A N/AH [e/k]u
Sensitivity-SCEH ! ! ”
Thermal- [e/K]n
Sensitivity- N/An N/An
SCAR H
Median: 3%)-Pixels:
) edian Mean-{eju | Modal-(e)u (%) |Ixes
Total-Noisex <7.5-e-mediant RFPS-781 (e)n passingh
otal-Noise
<-12-e-—-per-pxe RFPS-101E
Median- %)-Pixels-
Total-Noisef . Mean-(e) Modal-(e) (%) .
Guid <-7.5-e~-mediantl RFPS-781 (e) passing
uide-
<-12-e—per-pxn RFP5-101n
WindowH perp
Median: Mean- Modal- (36)-Pixels:
<-0.05-e-/ssmedian | RFP5-1104 (e/s)u (e/s)n (e/s)m passingh
Dark-Currenti
<-0.5-e—/s-per-pxs RFPS-101n
X Median-{% 3)-Pixels:
o 80k ediant® | pcan-{%)| Modalse)s| IPxels
Linearityl Can-be-linearized-to-1 | RFP5-1026 ) passing
<-1%-H
Short-Term- Normalized-ratio-detector/photodiode-(%)u
. Light-stable-to-0.1-%-for-
Photometric: [ o o0 0 °| Rrps-1074
- 1000-sec-or-lessy H
Stabilityn
light-shall-be- Normalized-ratio-detector/photodiode (% )n
Long-Term-
. repeatable-to-1%-or-
Photometric- . RFPS-108n0
Stabilityzt better-fortimescales-of- H
abili
ty up-to-7-daysk
Crosstalk® Average-difference-(%)n
Charge- Less-than-0.5%mH RFP5-113H
Trailingn R
Crosstalk¥ Nomimal: In-saturationx
Output-to- Less-than-0.01%= RFP5-1141
Outputn
Sig_Range-[Keln Stabili Flux-[Ke/s]n
Bright-Starn M/AN N/AT g_Range-[Ke] tyH [ke/s]
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ROMAN
sissez  All candidates continued to meet noise requirements with GWs on.
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« Triplet testing of all accepted device, i.e.
flight candidates, was performed (4 devices
at a time paired with 4 ACADIA ASICs)

— Total Noise
» AllI* candidates met requirements
* Median device median total noise was 6.1 e-
* Median % pixels passing 99.2%

— Total Noise with Guide Windows Enabled
» AllI* candidates met requirements .
« Median device median total noise was 6.2 e s N S5 L0 sl Nl SS9
» Median % pixels passing 99.2%

Déstribation of Pteels
E B @ @ ® e g B
- N - - - a ~ - < =
Curmulative - - -

) - 3 &0
Noae |«) Noas )
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miiiez  Candidate dark current performance also met requirements.
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» Triplet testing of all accepted device, i.e. 22077
flight candidates, was performed (4 devices
at a time paired with 4 ACADIA ASICs)

— Dark Current
» All candidates met median requirements.
* Median device median dark current was 0.004 e-/s

: MaXimum median dark Current WaS 0.006 e-/s 0016 0.012 0.008 0.004 Ze05 0.004 U'::‘Ju 0.0
+ Median % pixels passing 99.8% Cark Resporse, S5K 1.0V
* Lowest % pixels passing 96.8%

Distribution of Pixels

0.03% 0035 0.055
Dark Response (e-/3)

Use or disclosure of data contained on this page is subiect to the restriction(s) on the title page of this document

Linear scale
[-0.02:0.02]
e-/sec

Camulative - - -



ROMAN
asssz  Candidates met linearity requirements as defined as well.
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« Triplet testing of all accepted device, i.e. flight
candidates, was performed (4 devices at a time
paired with 4 ACADIA ASICs)

— Linearity
« All candidates met linearity requirements Max Normalized

— One device did not integrate long enough to :
assess linearity up to 80 ke- Residual

* Median % pixels passing was 99.7%
*  Minimum % pixels passing was 99.3% (in part due to

disconnected pixels on edge) 10 -
—  Well Depth
« All candidates except 1 reach well depth requirement. 5 |
» Median of device median well depth was ~92000 e-
(pre-amp gain ~ 4)

Frequency

T T T T T T
99.2 99.4 99.6 99.8 100.0 100.2
% Pixels Passing Linearity

Use or disclosure of data contained on this page is subiect to the restriction(s) on the title page of this document
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Candidates were also characterized for count-rate nonlinearity.

Count-rate Nonlinearity Testing (each flight candidate)

— In a single detector dewar with non-flight electronics, we characterize response in comparison to a
monitoring photodiode at two wavelengths of light.

Other characterization tests on non-flight candidates include:

Single Pixel Response (select devices)

Modulation Transfer Function measurement (select devices)
Radiation Testing (proton and heavy-ion)

Talbot llluminator (select devices)

Use or disclosure of data contained on this page is subiect to the restriction(s) on the title page of this document
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missaz  Flight detectors were selected and placed in the flight focal plane.
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» Selection Process
— Developed metrics based on requirements.
— Detector and Calibration Working Group Input

— After eliminating devices with large cross hatch
(B) and low CDS, high total noise pixels (C),
remaining 18 detectors were selected for focal

plane.

 Placement Philosophy
— Place better sensors to compensate poorer
optical performance for survey uniformity
» Best sensors where wavefront error likely worse

— Avoid placing sensors with disconnected pixels
where optical performance is best.
» Avoided placing sensors with higher numbers of
inoperable pixels near best optical performance
— Avoid placing sensors with inoperable pixels at
edges such that it increases the FPA gaps

« Avoided placing sensors with defects or
inoperable pixels on edges that would increase

focal plane array gaps

FPA 'Y axis {(mm)
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Flight detectors were selected and placed in the flight focal plane.

Use or disclosure of data contained on this page is subject to the restriction(s) on the title page of this document

Image credit: NASA/Chris Gunn
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'====E Flight focal plane system was tested at GSFC in 2022 - 2023.
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illumination
0_
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| | | | |
100 50 0 -50 —-100
FPA X axis (mm)
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- Various thermal vacuum (TVAC) campaigh e
— Semi-Flight Focal Plane System TVAC: 12/2({2% e

Flight focal plane system was tested at GSFC in 2022 - 2023.

— Flight Focal Plane System TVAC: 04/2023
Dark current anomaly
3 SCAs found to have increased dark
3 SCAs replaced with spares before vibe
Anomaly Review Board convened

|dentified potential root cause
Recommended lower operating temperature

Recommended limiting temperature excursions of
FPA

More details at:

Resolving the dark current anomaly in the Nancy
Grace Roman Space Telescope focal plane

— Proceedings Volume 13092, Space
Telescopes and Instrumentation 2024: Optical,
Infrared, and Millimeter Wave; 130923K
(2024) https://doi.org/10.1117/12.3020366

gear scale

Apceptance Testinlgm )

TVAC i
e ;

)
=
I3
=
o
7]
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misiaz  Flight focal plane system was tested at GSFC in 2022 - 2023.

aiSSng
|| a -1
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to vibe.
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s2iiz=z  Flight Focal Plane System TVAC April 2023
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giiiz= Flight Focal Plane System TVAC April 2023
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16| 21643
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Flight FPS
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Flight focal plane system has been integrated into WFI at Ball.
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sissez  WFI TVAC2 completed!

SPACL [LLLSCOVL

3200
16| 21643 7| 22069
60 -
WFI TVAC2 i 13| 22067 4] 21115 3100
10| 22078 1| 22081
« 89K
; =M
[ ] 20' YU v L]
Flat . . 171 21319 8| 21641 000
[llumination
o- —
= 11| 21947 2| 21815 &
x —20-4 e
© ®
> [
P 2800 &
U w
_40_
—60 - 2700
-80-
2600
—100 -
' . . . . 2500
100 50 0 -50 -100

FPA X axis (mm)




ROMAN

sissaz  WFI completed TVAC2, then returned to GSFC.
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Image credit: NASA . _ . . . o _ . Spacecraft Visualization: GSFC/SVS
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sissaz  WFI and CGI were integrated with telescope and spacecraft!
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Image Credit: NASA/Chris Gunn | _ | o N . . Spacecraft Visualization: GSFC/SVS
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giiiz= SCIPATVAC was completed last winter.
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Image credit: NASA/Jolearra Tshiteya
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misia=  And now we have an observatory!
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Image credit: NASA/Jolearra Tshiteya
Spacecraft Visualization: GSFC/SVS

Use or disclosure of data contained on this page is subiect to the restriction(s) on the title page of this document




missa= T he observatory is undergoing vibe and acoustic testing.

Spacecraft Visualization: GSFC/SVS
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