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I. Near IRz HY—
with & H (JAXA), Vandaele, Neefs (IASB/Belguim), Korablev (IKI)

. /NEY SR
with #8 (FRX)

. Mid IRz —
with FrLU (JAXA), KE% (SZEfER), B A (I K)

IV. Fiber Optics <to be continued in next talk>

with FIR (EX), #/l (RIX)
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ExoMars 2016: Trace Gas Orbiter
will be launched in early next year.

<KEHFEEZH>

2016 ¥EEICH T EIT NS

ZMESASYLar Tl
INIR-MIRT®

The chemical composition

@@Eﬁﬁ&ﬁﬁ'ﬁj of the Martian atmosphere
DEHIZLHT.
rkikﬁ@ Mars climatology and
EEFE /ﬁ)ﬁ seasonal cycles
@ﬂé%ﬁ%%’?sé Sources and sinks in thé

Martian atmosphere

Trace Gases: CH,, CO, O,, O;, H,0, HDO, H,0,, etc.
yoral: ( seasonal, & inter-annual)
High resolution ( & spatial)
Orbiters & Rovers

MGS, MRO, Mars Ex ExoMars 2016
20

Ground-based

l. Near IREH—

with & H (JAXA), Vandaele, Neefs (IASB/Belguim), Korablev (IKI)

[El /& : Hayabusa-2
NIRS33 Tt F

(Typ.)

P7163
(Td=-196 °C)
1071/ p1o0g0-21 (Td=-30 °C)

P10090-11
(Td=-10 °C)

Hamamatsu
InAs 1D array
* 128 elements
*~3.2um
* .80~ -90 degC
[by fast readout]

sensor @

slit & > focal plane

chopper

D* (cm * HzZ'%/W)

P10090-01
(Td=25 C)

baffle

2 3 4
grating

Wavelength (pm)
WA

BEENG, ERNTI, 2-4umHICHE T HEREMA2DFZF O BLITEL, EE2TELY,

I. Near IREHY—

with A M (JAXA), Vandaele, Neefs (IASB/Belguim), Korablev (IKI)

Mars Express, ExoMars TGO

(Venus Express, Juno, ...

‘4-5um cut’ 100-80 K

‘4.3um cut’ 110-90 K

*combined with light-weight cooler unit
[not suitable for astronomy: larger dark]

SOFRADIR: 1986-
Founded by Thales / Sagem / CEA-LETI
Linked to “Lab. InfraRouge @ Grenoble

<A Problem> Export/Import issue
(critical for space developments)
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1. /NEY A

| axmxn=nnnmm

ITARME 2 BAS — 3

TRMANEY, Teame
2 Ty r=LtBRRHETA U7 A0SARANET,. SKBLRMI
2OV LS F PR ATO LR TERASTROH/ S CEME NE L,

ERTERF 1 1 2ol M BALEY

with £8 (kX

BEAICSHIA BN TPowerfull izt DEERAL,

.. BRI IZMass/Power& Z g LI,

20K
90W / 10kg

FSIST: 1 MRS —U >/ ARM

feens KA (e TKEAR R (o)
wEmh [20mw ar 4.5% 10 at 1.7K
Uraam
AR [ss0w SBOW
e oy o
smEn [200mW at 20K, 1W at 100 B0 at] SK,1W at 100K
WARH {so0w S30W
b S50l EM)/SMILES 2009/09 | RMEF A R

= .t 1Y ZEEANMITHESACA

BEFES (& MRMAME) HoAT=3-100E KN 20— DOFRRLEME

| LB2sT: 282 5 — U > A

LEZSTIRFHMCMELAZRAS —U X RRATT, CORRBEMEHEGS, M —
e FRN, ) TEROFABCEIENTEET, ANMERETIRONNIANZTL
D TEY.
HSXSCHMASNTETY.
HR AN )

TAEITT EEFEEATUSERERASTRO-

[ o.2w ar 20K 1w at 100K

_:mw .

BAm |<90W

RE <9.5ky

[ [AKARNASTRD-F) 2006/02~

@ WMELEIE 4.5% (2010/0811E)
1SS/Kibo{ JEM)/SMILES( JAXA)2009/03~

The FSISTRFEMICMEL LD 1D FERBOD RIS — U 0EATT. FAR
MR, M- ERENICRATYT.

HE(RESIR<)

1.5W at 70K with S0W input

>50,0008 8 (% L7 A FTRIER)

<E0W
4.1kg
[SUZAKU(ASTRO-E2) 2005/07~

(Operating 5 years in orbit (as of
2010/08)

KAGUYA(SELENE)2007/09" 2009/06
Akatsuki(PLANET-C)2010/05~ |

(2015/12/8 BILK)

I INEY R

Hayabusa-2
NIRS3

with & (BRX)

InAs 1D sensor @ -90degC

> DarklEFEZKEL,
BRI

< several msec

Passive Radiator (7000 cm?2)T.
Optics & DetectorD ;B E
-85 degC ETER,
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sensor @

slit & . focal plane

chopper

grating

LA

(2015/12/8 HILK)

1. /MBI

with £ (fRX)

ExoMars TGO: NOMAD & ACS

ExoMars 2016: Trace Gas Orbiter

y
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= Cooler Weight: 450 gr.

= Input Voltage: 12-16V or 18-28V

» Steady State Input Power:
TWdc@220mW, 77K

= Maximum Input Power: 17TWDC

RICOR (lIsrael): K508
NASA & ESA missions have

used it for IR & X/y-ray
instruments to planets.

Bl
)

» Cooldown Time (250) @77K @23°C):
5 min. Typ.

* MTTF > 10,000 Hours

* Meets Environmental Conditions per
MIL-STD-810

= Ambient Temperature Range:
- Operational: -40°C.. +85°C
- Non-Operational; -56°C.. +85%C

0.5kg, 7W, Life: >175 B[HE]

Cryocooler

0.5W@77K M AENIRE AL DVELVAY,
BRHEBELITIIETROT S0k,

<FRER> %n‘“ﬁﬂ%d)otorﬁ?ﬁ(‘éﬂe*ﬁ%ﬁ)-%ﬁld;

EEE~ADEME

(2015/12/8 BILK)

. Mid IRz H—

with F Il (JAXA), REE (GZafEX), A A (STHK)

{KXFM> eg MIRIL@ JWST, TAO e
* Si:As  5-28 um [Raytheon] 7K! g
* Si:Sb 24-38 um 5K #
Best performance ! E;
... but, we cannot bring it on the long trip ! e ! 5
‘ Wavelength (um) [Love etal. 2010]

<Hhek- R EEFBIB (B XU MilitaryZ SO ER)>
* JE4E] 2D array
(1) MEMS Bolometer
(2) Thermopile

* A EI(~77K) 2D array

BEREH (& HRTANE) HDAHT3-100H R 20 —DHRIRLRE

Thermal Imagers
Fourier Spectrometers

Special Spectrometers

(2015/12/8 HALK)




. Mid IR Y — with FrIl| (JAXA), KBS (SI&AEX), B0 (SI5K)
Uncooled: MEMS Bolometer array
(1) 72LV5 2(ALOS-2, 2014-): /M FR 4L H A5 (CIRC)
INE BB EHBES

EHIE. ERRE
s IER AR B
(501 diode5 =X MELCO)
HA4X 1lemx 18 em x 23 em
e
M244& 1% | (180-400K) na s
ki-lﬁfﬂ'l]:# 5 EE 8—12 pum
NLREDE=S— -
HER KRRORMOEE A= GAxehe
EABIRILE—BOEES 220l 53 AR hE <200m @ 600km (ALOS-2)
RN <130m @ 400km (CALET)
FHA SR Hny 12° x9°
REAHROIEES HAFIvoLD 180 K — 400 K
KEARED
RO IEIE NEdT 0.2 K @ 300 K
BAEEOLES FPN 0.3 K @ 300 K
E—FFASUR: RIEME 4 K (B# 2 K@ 300K)
Mo BEATOENIEE . =

10 13 16 19 22 25 28
CAEME. AMEMEGL

HRE

&) MELCO: 2000x1000 (15 umO)BAFIZE AL

BEFES (& MRMAME) HoAT=3- 100K/ 2024 —DBRRLEME
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. Mid IRz H—
MEMS Bolometer array: 58 5

with Fril JAXA), KRB (SZEREEX), B O (318 K)

co,’
8-14 um

[ #3512 | (180-400K) with High Spatial resolution is OK:

Akatsuki LIR (2010-), Hayabusa-2 TIR (2014-) ...

Niklaus et al. (2007)
Antirefiaction Layer

l'Smaller bandwidth ] :
limited by the formation of

Radismee (e /s em? st em )
: L

optical cavity structure
[width: A/4]

o

m 3 o o 1w s
MEX/PFS Martian spectrum
[Giuranna et al., 2005]

Uncooled: Thermopile 2D array

(181) ESA ExoMars 2018: Surface Platform
FAST: a Fourier Imaging Spectrometer

<Wider>
*1.7-25um

<Smaller>
* 32x32 pixels

BERES (& MRVUEL) HoH1=3-100# 5 20 S —OBRR

(2015/12/8 HALK)

. Mid IR — with 1Ll JAXA), ABE (SI@AEX), A0 (SI5HK)

Cooled (~77K): EE#& H 28D IFIK

HgCdTe(PCEY) HegCdTe(PVE!) QWIP/QDIP(GaAs/AlGaAs%) | Type Il #48F (InAs/GaSh)
A~ ’“"*ESW‘ W (B B () 1 RS TR (JAXA)
R {81 A 1=480x8(TDNZ E% 5147 BB 1=640x480E R D Hruba iR FE6pm,320x256
BR(WARITET) QWIP,1024x1024E % D EFEOType I BEFHRIR
ADEOS/OCTS 2K RQDIPERAF HAREMRE.
ADEOS-II/GLI
BAFE T ASTER/TIR
GOSAT/TANSO
HETEHSHY
ERRTFTEAESMIIEL. .
i;ga COOM-C/SOLICILIBH B §gfl3hndsat—sl..ﬂwlp§ Eﬂtﬁ$$ﬁiﬂlt
+HERMA BB, 3 4E | Sofradi EE . s e
FUMENELEEHRILH
T ED AHEPVEIASE FI<ArY o s ClR2iE RIE DB SEA L #BH ClIHgCdTelZ{kH DR
o) 2#H5. ATWS, PHAORELE |BEOETEEALIEZEEZE |LLFRMEHELLT.BR
D ., %, BATEHEERLEOMRE (XETRRBICHRLHESD
B FEEERTILENM SN A TS, ShTLA(—EBh#FA T
HYEHh TS, W&k,

REREM (& HRBUEE) HoAHT3- 100K 20— DI LERE

BEFHAELTEROFIMEH S

(EEHMIERECHEN) B

B & IAXATHT=ICRYEA TS

(2015/12/8 LK)

. Mid IR H— with FrIll (JAXA), ABE (SZ@AEX), B O (SI5X)

Cooled (~77K): [ElE#& H 28 D BAFE by Iaxa/IdigE X
Type I E*ﬁ%(super-lattice)aﬁ%*ﬁﬂj%&

* «InAs/GaSb Type I H#&F I, HgCdTelZ
Kb EFMEHIBRLELYSS.
[Smith and Mailhiot, 1987)]

P
miniband

Heavy-hole
miniband

Hill et al(2008)

DFRIESZFL—IK (MBE) DFE(
FUBRERRMNMEONSLSITH T,

BiER Ry

Type I BHEF D
DEWEFHEEEHD
QMELLVERIBICHLTREZED
QI — Vi & EAR B i &R A

Wavelength
range

4-15um
Cutoff: 15um

Number of
pixels

sensitivity D* >101! ¢m Hz/2 Wt

100x100
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. Mid IRz H— with 1Ll JAXA), KB (ST&EEX), FIO (3K IV. Fiber Optics <to be continued in next talk> win ZE (&%), 1 (F£A)

COO|Ed (~77K): E EE@ II:I:II %ﬁ 0) Fﬂ:ﬁ % by JAXA/ﬁﬁ%ﬁEj{ ART photonics (Germany)U)IR77*f/ \—FRIC LA/ N bR ET

. ) . 1 jRe= PIRZZA 45— s
Type Il {446 F FoMR BRI tEe (A 75 Eoum) — R = .
CIR-Fitee PIR-Fiber
== — HE = -t 3 = . “: A
&ZVTEE.RLI%&AH'C7|/’($¥(320x256)@I’;ﬁ%(_ﬂzljjo ATHE SRR *PTFE/;;E;:;E;:_W!Ascluszru.:s/nscru.soBru.su_ [ 1] W~
ARSEYTA(BMEFRE)99% B HMBE 2 (NETD) 32mK _ I I /
BRlFa—7 PEEK :
= LY XF#2.3 A7 EIE 24 ' 215 A e ]
' é 10% I- R R 1200p%) HHNA 0.25~0.28 0.25~0.31 : : ---:_-3-'»~H . e
g 1l SRR ~200°C~+100°C ~270°C~+150°C T
g AR T — W (CW) S0W (CW) { O I
o ! | -
= 102 s 0.2dB/m (2~4 yt m) 0.1~0.5dB/m (10.6 &£ m) ; "///\
o | 1 »
3 10 - HILATFARCIR) ZHERPIR e
o 1.5~6 pm 4~18 um) e Rl . ™
S NN 111
0 20 40 60 80 100 ¥
4 L
LU RXF#2.3 / #4B5R10.8ms / BIfERE77K NETD (mk) Bundle . &
(Example) p
\\—*\-'*
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[Target: K& (53#>>400)]
KER (2.6um)
CO (2.4um)
CO2E/F (2.7um)

e, ZE2HE O & SuggestionzZHBELDA.
' CEWELBZEURIEITE T EELVTT,

. Near IREZHY—

KERZADFEANSD |: g
AR FRE 5 Fimonitor

<NR—RBRR>
Hayabusa-2 NIRS3

. with B H (JAXA), Vandaele, Neefs (IASB/Belguim), Korablev (IKI)
B &R N—REE D KEFRFISHIRNHFERY L—T (RLF— (2 7)E
/L =Y Dual-Use & “ExoMars TGOR—Z" 0 “Iti e /A BB 1=y . /NBE R
EFHABA. (BB I TTARBAILARLBIEREA. with 8 (IRK)
R EET 5URIOERSS . MM OF RN, |
Ranancas . Mid IRtz 4 —
st st [Target: FRE (5 #:>400)] with H'lll (JAXA): *Hg (iﬁﬁﬁk); HA (ﬁ#&k)
o ..yw FHAELE
VA e - (2.0~2.7um) ; H ; H
o ) f,f e IV. Fiber Optics <to be continued in next talk>
[ — ‘ (2;~K2.8um) with FER (EX), F/I (FILX)
o O PR ] T
(2.9~3.1um)
FY ﬁ%%wUCHEﬁéffﬁiﬁ

(B~ BREIEME  (2015/12/8 ALK
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