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Atmospheric Windows
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Limiting Flux (Jy, 10 o, 10,000 sec)
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Sensitivity of Various NGST Configurations for R=10
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Why IR?

e (Galactic dust extinction law:
kz.z,u i O-lko.sﬂ

* Cool stuff: A, (planck) = 2898/T (u)

— Cool stars emitted energy peak ~ 1y
— Giant planets ~6-15u
— Dust re-radiation ~ 20-200u

Trapezium




High-z Universe

o A=hy(142)

e @z=1.8 Ca H&K “break redshifted toJ
band

e @Wz=8 L




Detectors

* Original IR detectors were lead-sulfide, then
germanium bolometers.
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Photoconductive: resistance a very
sensitive function of T. Ran at liquid
helium temperatures (4K).

e 1980’ s the first photo-diode (CCD-like) detectors
became available with semicondutors that had
smaller bandgaps than silicon

larger dark currents!
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A[um]  10° 10* 0.01 02 04 09 25 10 100
Silicon (CCDs & CMOS) 3 01 . ' 1
Detector 0.4 ate re
Type
PhOTomCTriC JOhnson U B v RTI
Bands Infrared [-| | [H ) [Ne]
Name-», U,;-0.36 B,-0.44V,-0.55R,-0.7 I,-0.88 J-1. 25 .H 1.65 ﬁ(-za L-35 M-48 N-10.6 Q-2

Bandpass é é Eé L:b Lv-aé

e 007 01 009 022 024 03 035 04 10 06 50 110




Hg,, Cd,Te Bandgap and Cutoff Wavelength

as function of Cadmium Fraction (x)
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Property CCD Hybrid CMOS
Resolution > 4K x 4K up to 4K x 4K
Pixel pitch 10 — 20 ym 10 — 40 um (up to 100 um if required)
Typical wavelength 400 — 1050 nm witr.i Si PIN
coverage 400 - 1050 nm 400 - 18,000 nm v_wth HgCdTe
400 - 5,000 nm with InSb
Noise Few electrons Few electrons with multiple sampling
Shutter Mechanical Electronic, rolling shutter, snapshot
Power Consumption High Typ. 10x lower than CCD
Radiation Sensitive Much less susceptible to radiation

Control Electronics

High voltage clocks,
at least 2 chips needed

Low voltage only
Can be integrated into single chip

Special Modes

Orthogonal Transfer
Binning

Windowing, Guide Mode,
Random Access, Reference Pixels,
Large dynamic range (up the ramp)



Material wavelength(u) T operate
Si <l.lu 160K
HgCdTe 0.8 - 5u 65K
InSb 1 -5.6u 35K
SiAs 6 -27u 10K



Special considerations for IR
observing

Hardly any!

Chopping (highly variable background)
Backgrounds are enormous

Don't ignore detector dark/readout noise

Telescope designers be careful
— Baffling
— Cold pupils

— Underfilled secondaries



