ELECTRONIC IMAGING IN ASTRONOMY
Detectors and Instrumentation
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FIXED MIRROR
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5.4.1 T(k, Az) IKDWT

o BRIRTDKE E(t) = Eyexp (iwt), |E(t)|? = |Eo|?
@ Beam Splitter THEATDERABICANDI ET B &, MHET BRK
Es+ Ep I&

1 1
Ejs+ Ep = §E0 exp (iwt) + §E0 exp (iwt + ikAx)

1
= §E0 exp (iwt)(1 + exp (ikAx))
L=dt> T,
1
|Es+ Ep|* = Z|EO|2(2 + exp (ikAx) + exp (—ikAx))

_ %|E0|2(1 + cos(kAz))
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541 FTS OJR¥E, MR

24 M LB I(k) Th 3 ASHEICH L TR S h 2 BHOBRE I

F(Az) =c /0 T 1Tk, A)dk = const. + % /0 " 1(k) cos(kA) ik

e F(Ax): Interferogram
o BIIRIZ I(k) D7 —Y) TREBWD LD THEERT
I =2 / F(Az) cos(kAz)dAx
T Jo

o FTS MFl=
o BRAMENIIEEICE V. R =4ATmax/)o
Ex. AZpax =10 cm;, A =1 um = R = 400,000
o RIUBICTRTORAELZDTS/N AL,
o FTSk=
o ARY NLDREICHBHIHMNY ., KISOREHIELLT Z0E,
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o BHEBENTIHEDMKDOKICA S,

@ narrow band DFETIT D 72" prefilter”,

e Angular diameter: 5 = /8/R

o Free spectral range: Alpgp = % = % (cos@ ~ 17)

HIGHLY REFLECTIVE,
PLANE PARALLEL PLATES
fl
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= d < PLATE SPACING
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542 77 7Y RO—FHETD2ERE. 714 %R

o REE:
R— i . A A)\Fsp . 2Fnd
0N Adpsp 0N A

e J4 XA F= AAFSP
7 14 R A3 plate @li%]i%ﬁ%m'c F=nyr/(1-r) &KL,

BARAEIE 30-50,
@ Transmitted intensity:
482 6 = Z2nd cosf AL T,
1(6) 1
I(0) 1+ (2F/m)%sin?(6/2)
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e Fabry-Perot etalon & [E URE,

INTERFERENCE FILTERS
° WHBELDFHIX ot
m\ = 2ndcosf DR TEZS ! !

;h' 6 o I Multi-layer diglectnc filter
P %Bé%@fg:& DI Fabry—Perot t [ / Metal-dielectric blacking filter |
BLOCKER
¢ SUBSTRATE
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FESTEETENEEET
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5.4.3 RREBHE

o ZHDE—IVRRIFLITTER
5h3,

no : HAERDEHTE (~ 1)
ne: spacer DBMEBITE
© : AT D external angle
o AHAME tE—IMERER
IIC#Eh (blue shift)

WEISE (R 4 %)

SREFFR Mclean £ 3
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55.1 HE3I DD IL—THIF

@ Photon detectors
o A2 DHFHIRENELDRIET—DONENULDEF (B LLIEZED
it v 7)) =R,
o HYTBILERMEET,
@ Thermal detectors
o XFDIRIF—HIYBERTHRICARY., MEF[OAETELFE (BES
GEERE) ICELESZ 5,
(] i‘:j‘ﬁ%tﬁj—7¢s Uo
@ Coherent detectors
o BIFDRAEHEERL., ZOMEEREZRET 5,
o BREL—MMAHAILEMMFOELHNRY IFFILADEBRDEINMETH
FBICE L 25 DFHEFIA,
o ERANSLEIRET,
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5.5.1 Photon or Thermal M3ZE W

@ Photon detectors & Thermal detectors DX 7,

o Thermal detector I&FF®D spectral distribution IZ& 53, &5tD/X
7— (P) DHIc & B,
= 7y NBLYBMEREHZWVDTINTY MITS5y NTRERIC
L5,

o Photon detector I XFDEER (N = P/hv) 25, X-BAKED
FFOAFRIRILE—DT v MH-YVEE (N/P = \/he) IFERICHH,
= ZORISIIRBNRIBIEZIENERETERE EHICEMT 5,
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5.5.1 Photon detectors D #l4

@ Photoemission device: ¥)E D 5 charge carrier (electron) 277 H
(external photoelectric effect),

e PMT @ photocathode,
o UV imaging
o down conversion IZ & % low energy photons (fluoresce)
@ Photoabsorption device: #)E MR T charge carrier =BHICT %
(internal photoelectric effect),
e Photoconductor effect
o BED—KRAFEFRTHELNS,
o HFDIRINT free charge carrier BMEL N, EEMEHIELT B,
o ELWTWAERERZLH S,
e Photovoltaic (Photodiode) effect
o ESMHEDOHAPESHNAMEORERNELICEYREBERERT Yy
IWEEEAED,
o (U7 carrier EZ N S DFZICHD,
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5.5.2 /N> RigiE

o B~xDRFMEDLK &MMEF
*ﬁfﬁﬁﬁﬁf%ﬁﬂ@ﬁhﬁb\%{bo

o RFNEL B &, NV RDE
MENn,

e valence band: EFICiEIh
TEIRILF—DEVAY R,
e conduction band: EFH AL
IXILF—DEWVWAY KR,
o ZODNY RODIRILF—2:
forbidden energy gap (Eg)

#EIE (R 4 F)

SREFFR Mclean £ 3

ks

Empty conduction band

Forbldden energy gap
S
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5.5.2 XY R (15)/ 28, B4

0o ZZETOIEER
o ERIIMMET—RBEORFLIEEAL,
o BEHIMABENN TIZIWIFTAW (FERARBFRHETIRILF—LA
LBPBE).
o MEICIKINSIFEON, TNRAADNRT+—IVRAETFICDAHNSB,
°o &
e valence band & conduction band &4 > TWT, EEFHIBRHICENE
O% (BEXBEE).
o AERBIFICE R Itro
o HfEIA
o Eg hMKRZEW,
e conduction band ICEFHM %<, EREENRL,
o valence band DEFIIBEDHEIIEE > TWBHICEIZICKBETE
20,
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5.5.2 EMEFEF

e Z3B T valence band » 5 conduction band ~DEB# H T,
o BHICED BT RILF—IE Eyp(eV) = kT = 0.026(T/300) eV

o BRICL > THEL B valence band FD hole b BERIGEICEST S
("electron-hole” pairs)s,

o Ec I"EE,
o HAIHIZ ~ leV 7245 0OeV N5 3.5eV DIE%ERFD,
o leV IFEIRD 38 f&. AIRNEIE 2.25eV(550nm),
o BT 2BETOHIL exp (—Eg/2kT) < bWRDT, BEELOFEL
ZFRWED, Eqg BPREVEDDFENS,
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5.5.2 BEMEHELK ()

e Table 5.1
o TTHRAHRT IV KIZHEEIE,
o -V {E&# (GaAs, InSb) % II-VI (&Y (HgCdTe) € HBEDMHE %
=Y
@ Table 5.2
o HFEMIXL TEF*% valence band » 5 conduction band ~BF X
'35,
o FLWARBBICHFAAIXLF—ERK >TLAL (RIFERICOWTE
Z3)o
hy M TRRIE
A\ _ he _1.24 pm eV
‘" Eq Eq
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5.5.2 A EMHEHEK

o R—T XN/ forbidden gap DREICHREM AT X)L —|BHL %
2, = BRICBDEAIRILF—DNSIKRYFHMRTEREZ 5,

@ n-type
o FNMIDMEFMNFEEXRLY
%77 L, Applied Electric Field Applied Electric Field
. _ N CONDUCTION CONDUCTION
=-conduction band ICEF % BAND Che —_—— ’
Rty 3, RN
o p-type T e e e
- ole BAND +=0 hole BAND
o THIMDMEFAFBARKLY
DA, Fig 9: Mclean HBRZ L Y
=valence band ICR—ILA4E
L%,

@ Table 5.3 (24,
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5.5.3 Photoconductor

o HFHIRUNE 1 electron-hole ‘ ‘ \ i
pair {5,

@ electron ¥ hole HREFRICES
35D, electron HZEZH,

1 photoconductor

Fig 10: Mclean #RIZ &
e AT Zv IR P [W] TELZEHRER

enkP vt
hv 1

o 7 BEFRIE
e 7 : mean carrier lifetime (< a few milliseconds)
o v: charged carrier DFIPEE (v = pE = pV/1)(p: carrier DEJENHE)
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5.5.3 Photoconductor

@ transit time: [ /v
e mean carrier lifetime & transit time Dtb: G = v7/1

o MIHBORIGY: S=1/Por V/RP = § =9

o “HEEAHR/ A4 X: V4eGIB (B: electrical bandwidth)
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5.5.3 Photodiode

o pniEBEEZS,
o HEEERAESLT electron & hole H'4T5H L&D (depletion region),
o n-type DANEFHE LD T n-type—p-type DFENHTE 3,
o RFT VI vILEBENMHETRNANLE S,
o RT VI vIVBEDRKEZIIDOWT
o THEMDEHEESWICEL D,
o 7IIILARI (Ep)(BFOBFERED 1/2 (242 HML) NMIBERT—
ETHI2EVOIBEHGEB/INEFCTINT B,
o EF I& n-type Tl conduction band fill, p-type Tid valence band filic
FoTWa,
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5.5.3 Photodiode

Depletion
P region

+
CHARGE _|I|_

Contact
Potential (V;)

ENERGY

VOLTAGE

electrons
—_——

Fig 11: Mclean #RlZ & Y

@ junction region DI (X1 + Xo) U TORBFETKEL A D
o BEV, HHA B,
o TUETH—RFNRED,
o pICEDEEAMNIBERT YU v IVEBENTEWEF 23| ST
% (forward bias)e —A T p RIDBDEEHNKE <721 depletion
region DIEHIE A % (reversed bias),
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5.5.3 Photodiode

o depletion region IZ¥h 3% 7= > T, electron-hole pair " TZ 3,
= BRICE>THIZDARAANEBREET 2HIICEINS,
e AT v IR P W] TELZEREZFEEAR/ 1 XF

enP
[ =—
hv
noise = v2el B

e photoconductor £ EERT, G=1Hm2/ 1 XA 1//2
=depletion region TIIXBERH{EENELB VDL,
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5.5.4 Bolometer

o ERAMNSLY T I TRE,

o REMDE\ Thermometer & K& RMRINBIEE (QE(n) ~ 100%) D
Absorber(B2AE C [J/K]) THEEI N5,

@ Thermometer & Absorber I3{KJR T heat sink & D> TWVWT, 2D
EEEE G [W/K].

o P W] DHEFENSLBIRILF—IF E=nPAt (BRETIEINE v
TE>TWBENZEITEHEIRILF—L»R<123..77)
> BELRIIAT=T-Ty,=FE/C

o NATFREBREEDTEADET =To+ (P + Poins)/G

o SEEZ{L T bolometer DEHMICENEL DD TEREDEICE ST
AZE,
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5.5.5 Heterodyne

o ERZAFBBDETZIVvIRALT. ZODRAKRHMOED S V) @K
R Ja
o AFTKRZERIESICL TIEMRL Local Oscillator & &Y %,
o 1GHz LUF: cryogenic transistor pre-amplifier TIEHE L & Ko
o 1GHz »*5 40GHz: FET, parametric, and maser amplifier TI&1g L & .
o 40GHz LA E: SBIBEDRIICEKI KD, (BEHREZRSTD)
o DRYRERMIE vir = vs — 110
@ mixer [CDWT
o AYUTFILDOREEHEMIS SRV BERBICT ZIERTEE,
o diode: I-V BARICZRAIAEMBICEII, I=V2 451 T < P,
o SIS mixer: Z DM superconductor M SESNZESR,
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