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Parameters of the detector system
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 Readout noise and dynamic range
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Summary
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What 1s NINJA?

Near-INfrared and optical Joint spectrograph with Adaptive optics

> IR spectrograph optimized for Laser
Tomography Adaptive Optics (LTAO)

* 1 mag deeper than present
spectrographs (e.g. VLT/X-
shooter)

* Aims for observing kilonova

caused by neutron star merger
within 200Mpc
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What is NINJA? I

Spec

wavelength 0.83-2.5um
- g 13.9

- M Slit width, 0.35” R~3300
resolution 0.21" R~5500

0.5" R~2310

0.7" R~1650

il Slit length 5"
)™ detector HAWAII-2RG x 1

(2048 x 204 8pix,
2.5um cutoff)

18 ym/pix

Pixel scale 0.126”/pix

Limitting 22mag
magnitude (S/N=10, 2hr)
(J band)




NINJA detector system
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/ﬁ Radiation shield : 75K

NINJA cryostat

4. Output voltage 5. amplify

‘ &AD convert

HAWAII-2RG (H2RG) SIDECAR ASIC MACIE

HgCdTe detector ASIC for HxRG

3. Sending bias voltages and clock pattern

~

6. Output digital value

Interface board
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Linux PC

1. Set parameters
2. Start readout
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Requirement for low readout noise
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Predicted NINJA limiting magnitude

22.5

target ) _ 270 |
: 2| gl oo

E215] ~ff
M

Oread =4 €7

<
= 21.0

1.0 1.5 2.0 2.5
Wavelength (um)

calculate parameters
Single exposure time = 900s

Total exposure time = 2hr
S/N=10
At Mauna Kea

—> It 1is required to achieve o,,.,4 < 4e~ rms for target sensitivity.

- It is necessary to optimize parameters of the detector system.
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Parameters of the detector system

Overview of a readout circuit

* bias voltages for H2RG detector

P SIDECAR ..........................
> Vreseti Dsub 1pixel in H2RG |-

V3 = Vrefl/Gnd

* Preamp settings in SIDECAR * ; Ve = Veormain dig;tal
« Amplify the difference between pLTeset Hil output
V, —V; and V4, — V5 with gain \ V — :
settin . [/, |pream Pass
> Conﬂgguration gatel Hilter
) \{ref[r/nali/n Iiloged Indlum bump o \7 Gain (G) se-z.tting .
. InPcollr’rlrrglo; mZde slaitodtivgle NP V CIonIfl suraion S; tt;ng
applyvaltagetov,v, Wl 17 [mPeommen/ind
» Reference voltages (V,cfmain » Vrefl) 0
> Gain (G) R

- Searching for the parameters which realize lowest readout noise
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Result : lowest readout noise parameter set

Readout Noise Dependence on Gain for Different Vrefmain

60 1 =
G = #0
50
'I_' 40
o, o
% — .
Q 30 G *4
QO o G = #2
© G = #8 o
20 - ® : e Data (Vrefmain=1.4V)
] o e Data (Vrefmain=1.5V)
$ G = #6 e Data (Vrefmain=1.6V)
| v Data (Vrefmain=1.7V)
107 6 =#10 Vrefmain=1.8V)

2 4 6 8 10 12 14
gc : conversion factor [e/ADU]

Larger gain

6ther parameters )
amp config : Vrefmain mode
V,esor = 0.3715V
D, = 0.6215V

Qetector temperature : 80K Y,

ocps 1s calculated by two dark CDS
images with variable G and V, .¢pqin.

9 Ocps — 14.0e™
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Sampling range problem

OThe relationship b/w Dynamic Range and CDS Noise (Gain=#10)

7000
21
= ' &
60000 T L 20
= 500001 Sampling range : 19
2 ‘s —% Bias Level
Z 40000 e 18°) —=— sSaturation Level
| Ny '§ ---- Half of ADC range
5 30000 -17 0 ---- ADC rar?ge
%- O A CDS Noise
© 20000 16
lowest A 15
10000 -
A Q 14
0 T T T SN P 4 T T T
1.2 1.3 1.4 1. 1.6 1.7 1.8
Viefmain[V]

- Sampling limited to ¥ of the full well of the detector



A solution — Low Pass Filter setting
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Revised overview of a readout circuit

................................
L
.
.
.

-~ 1pixel in H2RG |-~

'd VT‘QS@ t

\
gate|

L i
Indlum bump

Config

SIDECAR

.................................
e,
‘e
.

digital
output

llllll

photodlode ‘N
V1 = InPcommon/Gnd

‘e
O *
. .*
........................................................

It is possible to change the cutoff frequency of a low pass filter

varving resistance(R) and capacitance(C).
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Optimization of LPF for both o.ps and sampling range

CDS Noise and dynamic range vs Vrefmain for Multiple LPF Settings

60000 -

= 50000

B
o
o
(]
o

ADC Output Level [AD
N W
o o
o o
o (@]
o o

10000 1

Sampling range -
~120000e™

28

— N N N N
o o N F=S ()]
CDS Noise [e-]

=
(o)}

1.2

1.3

1.4

1.5
Vrefma:'n [V]

1.6

1.7

1.8

Gain =#10

ocps 18 reduced by changing cutoff
frequency (f. = 1/RC).

—e— Bias Level
—e— Saturation Level

m CDS Noise (f. ~ 6MHZz)
CDS Noise (f ~3MHz) & default

® Ocps — 14. 2e™
® sampling ~ 97% of full well

We've found the optimized parameter set !!



Multi sampling
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Read vs Readout Noise

14 H e Measured
E --—- y < VA fit
121 —— target
|
- 1
I 104 ¢
L '.
) i
v 81 1
S : Oread = 3-20e™ , read=64
1
T 6 \
0 ‘e
o N\ .
4 \\ ° ‘
"\-"‘ . .
24 e
0 20 40 60 Bb 100 120
read

>Target 0,,.,4 = 4e~ rms 1is achieved.

Under the optimized

parameter set
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Persistence

ERS-1373 : GTO-1305
“Observations of the Jovian System as a demonstration : Andl
of JWST capabilities for Solar System science” H

End of exp. = 2022-07-28 21:16:31 Start of exp. = 2022-07-28 21:57:00
. . i 40.5 min after
A previous observation ERS_'1F‘373 +1 hr - 2hr - +3hr
(JWST User Document)

 We can see persistence caused by bright objects during previous observations.
* Previous research have shown persistence tends to be reduced by lowering the
detector temperature in some H2RG detectors (Mace et al. 2016).



https://jwst-docs.stsci.edu/jwst-near-infrared-camera/nircam-performance/nircam-persistence#gsc.tab=0
https://doi.org/10.1117/12.2232780

Persistence model
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A depletion layer in a detector Trapped S
electrons fisles
Undepleted< | ¢ s 5
> v S >N
Depleted < <
v ; % 1 b
e =4 o I TR e, (e e o 1
s 2 H R £ :"' i i
Undepleted< 4 sisies B LA s
" 7 : PR ' e
i 20 S 12 T | y
(Smith et al. 2008)
III. After reset

I. Before exposure
II. During exposure

IV. Next exposure
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How to evaluate persistence

A picture in NINJ/ The readout sequence
cryostat

Charges are trapped Charges are detrapped
~1000s ~2300s
4 ) 4 N/ ™
3sec/read 10.5sec/read
LED flush 100reads 200reads
readl
[reset -+ Hrosor - HHH——== i
\ J _ AN /

- We tracked the temporal evolution of detrap signal during Phase IV.

II IT1 IV Phase
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Temporal evolution of persistence

Persistence

0.005 -
o
+20.004 .
= « EKlectrons are released as time goes on.
[0 « Steeper release rate in the first ~300 s
o 0.003 than afterward.

|
O
" 0.002 Necessity of eliminating dark contribution
‘“—ﬂ; det.temp
5] —— 80K
B 0.001 75K

—— J0OK
0.000 1 + 65K
0 500 1000 1500 2000

Time from reset [s]
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Extraction of persistence contribution

80K Persistence

detrap signal [ADU]

— Total Fit
—--— Persistence (N1 + N1gg + N1ooo)

--- dark (ct)
Residuals

-
-
-
-
-
-
-
-
-
—

Lﬁqﬁymﬁm,fwwﬂmvﬁwmm

-0.005
Assumption
0,004 8 Detrap electrons have various
s time constants 7 of release.
0,003
' 9
El - Fitting the signal by the equation below.
10.002 N=X,N(1—e ") +ct
E (time constants : T = 10s,100s,1000s)
0.00143
- Extracts the persistence component.
-0.000

' 1000 1500 2000

Time from reset [s]

500
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Persistence dependence on detector temperature

persistence/ LED level

Extracted components, N = ¥ N (1 —e~UT)

0.004

0.003

0.002

0.001 — temp=80K
— temp=7/5K
- temp=70K

0.000 - - temp=65K

500 1000 1500 2000

Time from reset [s]

- NINJA H2RG detector shows

little dependence of persistence
on detector temperature.
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The optimized result

Preamp config Vrefmain mode
#10 (2.23 e/ADU)
refmain 1.7V
sub 0.6215V
reset 0.3715V
Low pass filter setting #6 (f. ~ 6MHz)
Detector temperature 80K

Oc¢ps (Oread=64) 14.2¢ (3.2¢)

<
NS
D

Sampling range ~120000e
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Summary

 NINJA 1s LTAO-optimized spectrograph covering 0.83-2.5um.

* ocps = 14.2e” and full-well sampling are achieved simultaneously by
optimizing the parameter sets of bias voltages, preamp settings and
low pass filter setting.

* Oreqd = 3.20e 1s achieved with 64 read multi sampling under the
optimized result.

 There 1s little dependence of persistence on detector temperature for
the NINJA H2RG detector

 We are now preparing for transporting NINJA to Subaru Telescope.
« NINJA first light is scheduled in 2026.
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