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106cm> a2 I v PEEREE

MILRE Y 2 I v PERE

- BAN#E 105cm, £ 85 150cm, f/3.1, fREF 9 degiE1F

gL E
- 2017 EE T JLARECCDA X T KWEC (4 deg?, PIE)
- 2018FEEAN D HBBILEEFCMOSH X T Tomo-e Gozen (20 deg?, PIE[A])

BEERA 27 4 (PIETE)
- =mfRERE - BEfR
- KIEBEYHIE, VPN + Web 7 T 7 Y12 H

BTOBHTALS L £/a] ¢
- KISS (I E O KIRIEIRE, PIZEE) ' /

- KISOGP (SRJAIEIZ YRR D AFRIEIEE, PIFAK) o
- HEFBAER (2017F38 T, zo&iET7aY =7 )
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P |

>—A 7 3arcsectyp. S
ZCMDHES = 21 mag/arcsec? in V-band . |
( 22 mag/arcsec? @Mauna kea ) 7

JKAREFCCD A X 5 KWEC

S
HARS Zpks BRI
(EHE/ 2R (/S BRI

20137 1-128 49 % 41 %
20147 1-12 8 54 % 42 %
20157 1-12 8 46 % 35 %

20167 1- 64 62 % 46 %
F 1 40 — 60% 30-50%
FF(7,8B %k <) ~ 70% 50— 60 %

BBER (RIRE-LEREICLZ2BHHE) ICLYERARZTREZER



NEEAFT I HARDLRE R F % 25

———’ J
<1980 1990 1995 2000 .
Photo-plate 1k x 1k CCD, 12um 2k x 2k CCD, 24um 4k x 2k CCD, 15um/pix

360 x 360mm 12 x 12 mm 48 x 48 mm 6.1x30mm
3-side battable

=

\ \ &)
1991, Kiso/Mosaic-1 1994, Kiso/'Mosaic-Z 2010, Kiso/KWFC
1k x 1k CCD x 16 1k x 1k CGD x 40 2k x 4k CCD x 8
\/7 + > ~ “
R D10F H CCOD KR D A

ZF1NEHCMOSDEAEZS DA,

2000, Subaru/Suprime-cam 2012 Subaru HSC
2k x 4k CCD x 10 2k x 4k CCD x 104
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Advanced large survey program of
Kiso observatory

the Tomo-e Gozen/ FEL ¥

Kiso 105cm Schmidt telescope, the Tomo-e Gozen camera
the Univ. of Tokyo

[ ECAEV AT R | B S A AR, |
AL & & AT, 1747-1797)
Image: TNM Image Archives




Sako, Shigeyuki*@?, Ohsawa, R.?, Takahashi, H.?2, Kikuchi, Y.2, Doi, M.2¢, Kobayashi, N.2, Aoki,
T.9, Arimatsu, K., Ichiki, M.2, lkeda, S.f, Ita, Y.8, Kasuga, T.h, Kawakita, H.,, Kokubo, M.?,
Maehara, HJ, Matsunaga, N.X, Mito, H.9, Mitsuda, K.2, Miyata, T.2, Mori, K.2, Mori, Y.9, Morii,
M.f, Morokuma, T.2, Motohara, K.2, Nakada, Y.2, Osawa, K.2, Okumura, S.,, Onozato, H.8,
Sarugaku, Y.9, Sato, M.™, Shigeyama, T.¢, Soyano, T.4, Tanaka, M., Taniguchi, Y.2, Tanikawa,
A.", Tarusawa, K.9, Tominaga, N.°, Totani, T.X, Urakawa, S., Usui, F.?, Watanabe, J.¢,

Yamaguchi, J.2, and Yoshikawa, M.4

Sako et al. 2016, SPIE

the first astronomical wide-field CMOS camera

the Tomo-e Gozen

* Telescope

* Field of view

* Image sensors

* Data acquisition rate
* Data production rate
* Commissioning

* Operation

Kiso 105-cm wide-field Schmidt

20 deg?in ¢9 deg

84 chips of CMOS

2 fps (max)

30 TB/night (max)

Aug. 2018

10 years Hom. AXUE
MER7 4 LRI L

84 chips of high-sensitive CMOS sensors

front-side CMOS
W micro-lenses



New fields developed by Tomo-e

* Survey for extremely rare transient events

e Survey for rapid transient events with t < 1 sec

O Shock Breakout of core-collapse SN

O Explosion of Nova ,

O Optical follow up of Gravitational wave : %

O Afterglow of Gamma-ray burst e i
O Optical candidate of fast radio burst Optical counterpart of GW Neutron star merger
O X-ray time variable objects

O Transit of Exoplanet M‘

O Occultation by Trans-Neptune object e

O Potentially Hazardous Asteroid YouTube
O Potentially hazardous asteroid Transit of exoplanet

Faint meteor



Comparison of Field of Views

ey
S T R —

%
|
|
|
|
|
|
|
|
|
|
i

FoV of KISO 1-m Schmidt telescope

HSC/Subaru (8.2m), 1.8 deg?,
AQ =91, At ~ days

SC/Subaru (8.2m), 0.3 deg?,
AQ =16, At ~ days

ZTF (1.2m), 47 deg? (2017-),
AQ =40, At ~ days

Pan-STARRS (1.8m), 9 deg?,
AQ =15, At ~ days

KWFC (1.0m), 4.8 deg?,
AQ=3.8, At~ hours

LSST (8.4m), 9.6 deg? (2023-),
AQ =320, At~ hours

Tomo-e Gozen

20 deg?in ¢ 9 deg

AQ = 28, At ~ subsec
Mosaic CMOS sensors



Wide-field

. Orion

4

Field of View (deg?)

Survey is the World’s First Trial

Completion of survey powers for transient events

100

(WY
o

iPTF I!

Decam KWFC
HSC

TAOS Il
1 ' ‘
0.1 1 10 100

Tem pOFa| resolution (SEC) The numbers in the circles

show limiting magnitudes.




Timeline for Development

Commissioning in 2018
present day

l

2013 | 2014 2015 2016 2017 2018
Sensor development  ======= --T | | ‘ 3

Sensor evaluation ? ¢

Data acquisition system

Camera body

Data analyzing system i D’Oz‘o ‘
2 G
- ey,

/': N 80/7’27\? ‘-I_

‘N commissioning M commissiohing

Assemble

Test observations
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Tomo-e Gozen Prototype model

8 chips of CMOS
sensor

Spider structure
of telescope

Tomo-e Gozen

A

prototype model

Kiso 105cm
Schmidt telescope

Sako et al. 2016, SPIE
Ohsawa et al. 2016, SPIE

A 4

380 mm



Camera development

Development places
- Kiso observatory, Institute of Astronomy, the University of Tokyo
- Mitaka headquarter, Institute of Astronomy, the University of Tokyo

- Canon company



Test observations

e 24t Nov., 2015 First light
e 237 Nov, 2015 - 14t Apr, 2016 Test observations



Data sample obtained by Tomo-e PM

. ‘.". - .
First light image, h-x Per open star cluster High dynamic image of M42 Orion nebula
(1 chip, 5 sec exposure, FoV of 39.7' x 22.4’) (1 chip, 0.5 sec/exposure x 5,018 frames)
L v
. $i 5
. -

Movie data (10 fps, partial readout, 1 chip)



Summary of test observations for Tomo-e PM

Sensor

Front side illuminated 35 mm CMOS, micro lens array,
cover glass with AR, 2000 x 1128 pix?

Sensor alignment

8 chips along RA direction

Total field of view

2 degree?, North is up-side

Pixel size and scale

19 um/pix, 1.189 pix/arcsec

Sensitive wavelength

400 - 650 nm

Filter

None (transparent window)

Maximum frame rate

2 fps @full-frame, 20 fps @partial

Read noise (2 fps)

1.9, 4.3, 9.9 e @G=High, Mid, Low

Full well

6,400, 26,000, 59,000 e- @G=High, Mid, Low

Linearity (error < 1%)

90, 90, 80 % @G=High, Mid, Low

Conversion factor

0.23,0.95, 2.4 e/ADU @G=High, Mid, Low

Dark current

0.1, 1 e/s/pix @4, 20°C

Sky background (dark night, no-filter)

52 e/s/pix

Limiting magt (50, no-filter, 0.5 sec)

18.0, 17.8, 17.3 mag @G=High, Mid, Low

(10 sec)

20.1, 20.1, 20.0 mag @G=High, Mid, Low

Photometric accuracy

0.1 %@t >afewsec, 1% @2 fps

Output file

4.9 Mbyte/s/chip, 16bit 3D FITS

tbased on SDSS-g, = 0.5 mag inaccuracy




0
=
B
=)
B
=
&0
g
=
£
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-
N

BRI

HIFQE

R PR EFR & EATFR

ngh-oam = = = CCD

1 10
Integration time (sec)

1 %R E0 B
TA v 7L T IL(C
X349 % EE
High 90 %
Mid 90 %
— Low 80 %

Highs A >~
%ﬁﬁ\ﬁj—fz?ﬁﬁ JI —r%& ﬁ@%ﬂ'—"—%%&
(#) (fﬁ—%&, 50) E:3 9
0.1 17.2 10.0
1 18.8 12.6
10 20.0 15.0
100 21.3 &SN TR
MidT 4 >~
14> B RFEHE | BMER
(#) %R, 50) £5R)
0.1 16.8 8.4
1 18.7 11.0
10 20.0 13.4
100 21.3 16.0
Low” 4 >~
& B BR R4k E’aﬁu 30
() %4k, 50) =)
0.1 16.0 7.4
1 18.3 10.0
10 20.0 12.4
100 21.3 15.0

21




Relative counts

Relative photometry

Raw data Diff data
e 5
-
Al
. -
\ 1 fps
Aperture Sky annulus
20
gars "; f ;~.:‘ﬂ\‘
10 ¢ :l 4;
.... RN TN L
\w \I \ 'V;) N ‘h I\ ,"‘i “‘ n}}r:\i:._,‘ﬁ\‘lhﬂ\\'m
If[,’ ' f VI‘ 1' »"' !
R|v|§ =15- 2'3 % Th
1
2 10 20

t (min)

Atmospheric
seeing dance

Light curves

Relative
photometry

A 4

Relative counts

20

10 |

3 sia I56

»-.-ym ‘{J}xm m.dwxv,#‘—,w‘- «w«-ruw}«“‘ﬂ At

Source A

R e P r’v R

Sourﬁw

Source C

Eym X
vy, ;’{#\:‘—,v“‘u 1 Aoy

w»-ww r.

0 10

RMS=33-3.6%

20

t (min)



Limitation of Photometric Accuracy

AV o [T
[ mag |

0.02 |

0.01

0.001

0.5 1 10 100 500
Total exposure time / data [sec]



Vma
13.5
13.55
13.6
13.65
13.7
13.75
13.8
13.85
13.9

g

Detection of short time scale variable stars

with 2 % amplitude

o

R
\\
N
\
N
\
\
\
)

.02*sin(((x-0.2)/1.1)*2*3.1415) + 13.7

possible 0 Scuti type pulsing star

-5 -1 05 0 05 1 15 2 25

(MJD-57364.5)x24 [Hour]

Power of brightness

0.25

0.2

0.15

0.1

0.05

T

-0.05

T

T

T

T T T T T

1.1 hour cycle

-0.5

0

0.5

1

15 2 25 3 35 4
t [Hour]



Study on detection method
of faint meteors

Faint sporadic meteors, 2Hz, full-frame

original slanted

v I

detected

Plot2D

“‘J‘\”u‘w Hil M/

Detection method for faint trails

signal

Slant angle

position

\ 4

Sporadic meteors of > 5,000 events/night detected



Faint meteors

Trail of faint meteor

- Faint meteors up to 14 mag detected. (> 9 mag in previous study)

- About 1,000 events of sporadic meteors detected in a night (World record).



Flash

Unidentified Flashing Objects detected in frames taken in 2-fps

166 202

RE7 L —LEEZ YD LEBE



Contamination of Artificial stellar objects

2‘. L . :
Low orbit:satellite.

YouTube
Example of flashing and moving object

Geostationary orbit satellite JCSAT2

30t Nov. 2015, 10 fps ///’f | /
”” JCSAT2/Boeing

Geostationary orbit satellite, 32,000 km

4

A7

N,

Space debris with $10 mm on the geostationary orbit can be detected.

Rotating debris are observed as “flash phenome”. > Serious problem!!



Ground based observation of X-ray space telescope

HITOMI

N
E$W

40 25" S
e — <
7 6 ||| 5 4 3 p) 1 0 _
HITOMI / JAXA
8.2 deg
Sensor 7 Sensor 6 Sensor 5 Sensor 4
2 fps, 50 sec starting from 20:24:08 315t Mar. 2016
e Light curve
1.0 + .
(%]
o o8 B
C
=
2 o6 : ]
o] . . .
v : : ,: : :
2 o4l : : ! { , ; 5
© L i H : K 2 : {
Q r : . . i 3 4 : H
o F 3 . s - a H =
02 g 1 . S SRR & R S
ST N ; k‘ S I S
b i 5 AT ‘i | : dy
00 [ sl i . w“u AN Ak ]
0.0 5.0 10.0 15.0 20.0
Time (sec) Press release from Kiso observatory. U. of Tokyo

Used in press releases at JAXA
Reported in NHK news and major news papers



) X LDHE—F (DETHAIC O HIEE)

Spectrum of the 1t order Transmission Diffraction Grating (2 pieces purchased)

the 2" order
is overlapped

The gratings can be exchanged to the windows
- Edmund #49-583

- 50mm x 50mm x t=3mm
- B270, 300 grooves/mm

A (micron)

Sensor sensitivity

@.5500
?.7000

Relative QE

10 pix (12”) 0.3 0.5 0.7 0.9 1.1
(micron)

e A Spot of the zeroth order is also focused on the detector.

* Spectral resolution is ~ 10.

e Set the dispersion direction to the RA direction



field stars
120 sec coadd




Tomo-e PM®D 7' ) X L9 DEHE
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BILEEEEH X T Tomo-e Gozen= 44

IMLERE> 23 v b Sako et al. 2016, SPIE

N
%= Ohsawa et al. 2016, SPIE

=
DEFD R L

IL 7 rO

Sl D

e 20 F R E
« 5 K2 Hz
« R HE

\'—l—|\/_\
o HIARZES

o BEXBhERMEL

- BE - ZFE

- FEEY ST —X
= A30 TB/#&

CMOS+ > 4 x84
wmARE - K/ A X



CMOSt >
g L [alEg
H A ZER

M
EEH
ik

FAFEARS & VT

18/84 5 A
AVETE T
QOEAFH
QOEAFH
v bT—=7
KT 7 ANE
T E B R

|E_]
B

=Rt (FTAN10Gbps, 74281Gbps)
h

EL KX ELimFEiTtE >~ % —I(C
Bl{ER D H X SER



RKESARE Data flow for 1-night data

Telescopes

KISO OBSERVATORY ~ around the world
Telescope building Support building ‘G .

Servers for 2

(PR
| Camera Controller / @%j
1P }:K;;_‘;_,

' ) eq), ... scientific proy alert =#63.8m
30 TB/night 50 TB/d I — P

(aa]
|_
o
ﬂ . J supernova
Tt~ 3 days ___GW _
meteor
: F:NCSI' debris —
Analysis Server ile split _ N
” ~ J flash
— A pulsar
= I t~ 1day Servers on
N 50 TB/d external site
day time
Onsite DB
lC_D o % L )
. m " ) R . O i CD
o [N . e o g
m —a B - = L o  eeeeeeeeee——
Light curves Short time- Detected fast  Co-added % 1-2 TB/d )
of all sources scale events moving objects Image files > E
Text files Masked movie Image files
co co Q
T~ 1 month every i

\ j month




T

ddhit SRRSO & D

i

By 77— &5

* Machine learning

Collaborator: Wide-field survey team/CREST (P! Prof. Yoshida)
- Source detection Supernova on parent galaxy

- Classification

Ref-image Obs-image Subtracted-image

* Sparse modeling

Collaborator: Prof. Ikeda, Dr. Morii @ CREST, ISM GoDec method

- Flash detection data - Low-Rank

- Movie compression

* Data mining / compression

Collaborator: Dr. Yamamoto @ PREST, Yamanashi U.

- Source detection

- Fast computation
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RIS R EEA

[ BRELAEBFHRATOLCKREEERNOR CBMERH]

MANRE FEREE (HRARERXEHEHAR L X —)

BNEBRRRNMOBEET — 2 2 BE LERGERET IV
AIBRTDHIE TCREEEDRAODEARASNIZT 3.

« 3,000FFE %300 HE TR Y IR LER

- BEICHOENSIEEER

o FfH1,0004FDBIEDERENRIAETND
— ¢ S0FDIEFEER DOBITE = &8

e |

BREE A A =
tRE D B TEE BB R

N
N
l
—

2 KIEAE (3,000 A F)
170 R A>T 47
% H IR SR 1851k



Bl & EEEs

[ SRIGREVAIC L 2 EERTEHTFESHIRRDIAT ]
MEARER ZLEHN GERRKFEY SN2 R—)

BAGLARBFREEREZRFAE L. XEXNICRRZAIRICFETE
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KAGRATEISk A A% RTE
Tomo-e TILBEFIER
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»

T — X ES
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N . EFRK
SRR = DHERR
TTIRAERK

BTG D &R

BILREFSEN X 7

Tomo-e Gozen
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M EEEA

[LREFZEN A T 12 &L 2 KFRINGFRIEDIRE
MR EHE— (FIXXA)

KRN ERE (trans-Neptunian objects; TNO) IC LK 3 1EE DEHIRR % & AT | | .
BT, km¥ A ZDTNODY A REENGERE L. ZOFRA D KBRAEE  omponm
DIFEDBIEBCEAKBREOBH 7O X ZBEOLAICT R E2BHNET 3.

« Tomo-e7/ 0O kXA (2> H8chips) DFIF RS ”“"?ii;"“"“" ‘“““""":”'ﬂl,f)f’éif’f’
o 10 fpsD S EE R BF &R H| & 31

« B S=21,000/chip, £8,000K 1A% E5fR (Tomo-e PM7Z& Z UL W)
« /XA 0y MR 13mag, 10%ZE)

* 102-103events/year

Schlichting+2013
ICXBHGHE TV

Size and distance of TNOs

EE (km)

FREEEL Y

Regular

Regular

starlight \

starlight

http://hubblesite.org/newscenter/archive/releases/2009/33/image/c/format/web_print/




TAOS I1IC K& % S48 E ik ER Al

TAOS Il project

- 1.3-mf/4 telescope (FoV 2.3 deg?) x3
- Baja California, Mexico

- 2k x 4k backside CMOS x 10 chips

- 10,000 stars at 20 Hz

- Partial readout of 7 pix x 7pix

- 1,000 stars/chip

- Simultaneous observations with 3 telescopes

LBz L ready
YIS AL HiNm
VAT LDREFEIENTWS

|
1920-X 4608 1920 %4608
18U pixels 16u pixels
\
/ 1920 X 4608 1920 X 4608
/ 16u pixels 16u pixels
T ‘
“ 1920 X 4608 1920 X 4608
L 16u pixels 16u pixels
\ 1920 X 4608 1920 X 4608 /
\ 16u pixels 16u pixels
\ //

N
1920 X 4608
16u-pixels

—~—

7

1920 X 4606
16u pixéls

—

154mm ———*

Tomo-e K Tk

Tomoe project

- Kiso 1.0-m Schmidt telescope (FoV 20 deg?) x1
- 1k x 2k front side CMOS x 84 chips

- 8,400 stars at 10 Hz

- Partial readout (~3 deg?)

- 100 stars/chip
- 1event/100 hours @event rate = 102

o TAOSIAENTWABDT, PHBICP > TLEFINE
+ 100 hourslE DA KE, EDOH%E SRR WA ?

[0}

0s
025

04 02 0 02
AR 1V=12A0V 'O s

D=10km

a5

2014/6/4 Tomoel® 5% (F3FH) £V

N(> Diameter) [deg?]

apparent magnitude (albedo=0.04)

1o 35 315 30
ot
10” N
P ’
N
107 ™
I [ ﬁ@@ )
~=ao _Zhang
10° i 15""’"‘1}-""’ 2013
€]
000
kiso CMOS (3008 #—~-)
<8513 LRIE Py,
10 ‘\%
02 04 1 2 4 10 20 40 100

Diameter [km]

2014/7/23 Tomoet& st (BHY) &LV

(2) Morbidelli 1
(3) Volk & Malhotra 2008
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Tomo-e GozenlZ & 2 KREY — R4 (#&5Ih)
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mainly used in high-speed observations & measurements

 Wave front sensor for AO * for Solar observations

mounted on
Solar-C satellite

 for Earth observations

used as scanner
sensor

movie processed image
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CC D Charge coupled device C M OS

photon _9 e- photon = e- Commercial video format
conversion i NG s e
| / conversion I & B
| L | e- = voltage . M [ [R5y [
charge transfer e- > voltage conversion ESIESIESIES IS
) e i ) conversion @ [ﬁj\ [?_*‘JI‘ [%‘ [_3_’:‘ sD .
! BEGEE
W QS swiching
© Large format (< 6k x 6k) © Large format (< 8k x 8k for commercial use)
/\ Slow readout (>10sec) © Fast readout (>0.1sec)
global shutter only Rolling shutter available
O Simple structure © Embedded functional circuits
/\ High voltages necessary O Low voltages & low power
© Backside and full-depletion /\ Backside and full-depletion (hybrid structure)

technologies established technologies under development
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Lt X
i

Monolithic Hybrid
Structure Front-side Back-side Back-side
icrolense Incident light Incident light
65% w microlense 95% 95%
~ 85% wmicrolense
Spectral response Visible UV to NIR full-depletion
Dark current @300k < 10 pA/cm? 5—-10 nA/cm?
Read noise | 2-3e- 7-10e-
Process ‘ conventional +thinning +hybrid process
Cost $ $$$ $$6$5$

Bai et al. SPIE 2008, 7021



« KRR

QE (%)

100

80

60

40

20

FE T

+

N

1N

RO Lk

300

400

500

600

700 800 900
Wavelength (nm)

1000

1100

1200



CMOSE VY dmua—1) v IFHELH L

v' Mechanical shutter not required

v’ Electric shutter available

Global shutter mode Rolling shutter mode

I 4

- Simultaneous exposure - None-simultaneous exposure

- Dead time for readout - No dead time for readout
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CCD CMOS
photon - e- photon = e- .
? / conversion ted conversion z @ @ @ @
! | ! - or wg AT 1N T
S O S N supP e- > voltage —l—% B & Internal x32 amp
LY “fler e- > voltage conversion [E:‘ @.:‘* [E:‘* [Ei“%/
|ntqu = | conversion [E: @1’\ [_Ef [31 -
7y | i CIEIC I
NS e e
————

v' Embedded internal amplifiers available

v" Readout noise limited at unit-cell & PD - Low readout noise
2 — 3 e- @high-speed readout
v’ Internal frequency filters, ADC, etc. available
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v" High dynamic range

coadd

Multiple short-time exposures drasticallv increased

v High resistance to radiation
Cosmic radiation degradation of CCD

Cosmic radiation disrupts
sites in the crystal lattice

- higher dark current &
greater probability of
trapping photogenerated
charge.

Y. Kobyasi e al. 201, PIE

Effective dynamic range

Example of high-dynamic range image

30secx1frm 1/30sec x 1,000 frms

in CMOS sensor,

Photogenerated charges are readout
immediately from each pixel

!

High resistance to radiation



CMOStE UV DRFRIZBISET H D)2

2020, LSST
4k x 4k x 200!!

<1980 1990 1995 2000 2010
Photo-plate 1k x 1k, 12um 2k x 2k, 24um 4k x 2k, 15um/pix 6k x 6k, 15um/pix e
360 x 360mm 12x12mm 48 x48 mm 61 x 30mm 90 x 90mm ~

4-side battable 4-side battable

history of sensor = history of CCD

e B

1991, Kiso 1994, Kiso 2000, Subaru
1k x 1k x 16 1k x 1k x 40 2k x 4k x 10

2k x 4k x 104

REBEHRORNF CIZIRIETHCCONEFAN LS = 7

RDIOELHCCODERL DN ? ZN & HCMOSORFRAE S D

J\ D

o



EEEHTIXemost v B3 EF

— CMOSDBEHE [ FHEE —
ZNET Znnb
B 5 EEEEH APD sCMOS
~30Hz, FoV=1arcmin? 2R U T AR B 2 A4 ACMOS
EM-CCD
2R F v U T AR

T —
Andorfl: sCMOS, Neo

2kx2k, 6.5um/pix
e L 2 A X le-

u 3 '

& 7 4 XCMOS x ¥ H

Canontt EOSH & W73
E>1kx2k, <19um/pix
AL A K 2e-

Tomoe, TAOS2



2000 x 1128 pix

AR R R

Canon

35 mm full HD CMOS sensor

developed by Canon and U-Tokyo based on
products for commercial use.

- FIRTH, IRV E R
SEEFEAH LT, RWEEAEL 2 A X

9 ACMOSt Y

Specification

Pixels

Pixel size
Architecture
Surface protection
Output

Internal amplifier
Frame rate

Read out mode
Power dissipation
QE (An)

Read out noise
Dark current

Saturation

Filling factor

Package size

2000 x 1128

19 um

Front side illuminated + micro lens array
Cover glass with AR coating

16 ch differential analog out

G =x1, x4, x16, x64, x256

30 fps (max)

Rolling read out

1.8 W @30 fps

0.45 @A, =500nm, 0.25 @A=380, 700nm
2.3 e rms @30 fps @G = x16

0.05 e /pix/sec @273 K
55,000 e/pix @G =x1
5,700 e'/pix @G = x16

Sensor area/Package area =0.3

60.9 mm x 44.6 mm



