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Study on Conical Cavity Type Thermal Radiation Detector

ABSTRACT

A radiation detector with constant spectral responsivity is needed as
a reference standard when measuring optical radiation power and the
spectral responsivity of a vradiation detector. Until now thermal
radiation detectors have been used as the reference standard. A
thermal detector is one of the photosensors which absorbs optical
radiation and transfers it to heat. Then an increase in temperature
generates an electric signal through a thermoeclectric or pyroelectric
effect. Although the spectral rvesponsivity of a thermal radiation
detectors has been considered to be dependent on spectral absorption
characteristics of the receiving surface, it has not been investigated
thoroughly yet. Therefore the authors fabricated a plain type thermal
radiation detector with evaporating gold-black as the surface
absorbent attached to a thermoelectric detector. The spectral
responsivity of the thermal radiation detector wunder different
evaporating conditions was investigated and the best conditions for the
highest degree of spectral responsivity were reported.

The dependence of the relative spectral responsivity of thermal
radiation detectors on the thickness of the gold-black layer was
studied wusing models that consider absorption and vreflection of
incident radiant energy within the absorber. In the models, incident
radiant energy is absorbed near the surface and transmitted through
the gold-black absorber as heat. The models were formulated, and the
absorption and loss coefficients were estimated using the formulation
and real data. In an effort to gain more accurate models, incident
radiant energy was assumed to be absorbed gradually within the
absorber and transmitted through it as heat. The dependence
calculated using the models corresponded well with the experimental

data.



In order to attain a highly sensitive thermal radiation detector with
constant spectral responsivity, conical cavity type detectors were
fabricated. The detectors were expected to increase effective
absorptance through repcated mutual reflections. The dependence of
the effective reflectance of cavity type thermal radiation detectors on
reflectance of the absorbent on the cone and the cone apex were
studied by making model samples. Using the samples, data concerning
the correlation between the cone apex angle (907, 60", 45°) and the
various reflectance (0.1 ~ 0.6) of the absorbents on the cone was
collected. The dependence of the effective reflectance of the conical
cavity on the reflectance of the absorbent was formulated with a model
considering the first step of reflection of uniform incident light and
the second step of repeated mutual reflections. The model illustrates
well the dependence of the effective reflectance on the reflectance of
the absorbent.

On the basis of the fundamental considerations mentioned above,
characteristics of conical cavity type thermal radiation detectors with
gold-black coating were studied. The reflectance and relative spectral
responsivity of a thermal radiation detector were measured in the UV
region. It was shown that the effective reflectance of the conical cavity
type detector with the cone apex angle 45  decreased rveflection by 1/5
of that of the plain type one. In the IR region, different conditions for
fabricating gold-black absorbents were suggested. Under the
fabricating conditions of 2 torr nitrogen pressure, the reflectance of
the plain type sample was less than 1% and the conical cavity type less
was than 0.25%. These results were explained in the models mentioned
above. It was concluded that thermal radiation detectors with a cone
vertex of 60° showed constant reflectance of less than 1% with a 3%
reflectance of gold-black absorbent in the wave range of UV to IR was

possible.
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Aoz (s)=Toexp (k- s)-Tcexp(-2k- s) (2. 10)
Thd, B AN F—TURE6)LD BELRFEFIHEL THRET LD AIE
HOBMKRIIBEA BRI LT 5,

(2.9, 2. 10K XV x=sicBITHHEDHA TR LF—P- ()X

Po(s)=A:1(s)exp(-¢ ts)+A . (s)

/171

“Tc(l-exp(-k+ s))exp(-¢ ts)+Ilo(exp(-k- s)-exp(-2k- s)) (2. 11)
EREAIND, ZZ2TQRIDKOEFEDOHE 2ENXFM S EEE LIZHICR > TW

Do
2.1.3 SHEHET N

EdR Lo R ERE T AT, BN R TERIN IS T R — T s
WML E O FE (EH - T CRIRENS ERE L, L, BERICIEEHRS =
IR IR EOESB > TRLIZRILEN, 22 mbB LR TEHEHT S
LEZzbNRD, TOERBICALEETFTANERT IO EHRETLTHS, ZH
COWTHERERET VERKRIC, RARNEBEEAELHRR T LOERBICE
TORBPEZE LRV OATHET LI ERNEZELEZOMAERT T L 20D 2
mErZx 7,

DAERETTLICBOTIE, BIEFT OB /NE AxTHEA LT 2L X — 1,
X= 02 bx+ AxF TR SN RAF 2L F— L xF TR SN K

,I'Zﬁ



H

BT ANLF—DETEINT, 20O AxTRIN IR 2L X — 13, FON0E
NHOEELTRREDO FH(x=s)ICET D, ZOFET/EZHEEL7ZEELWVET

2. 3“(]\71__\-/\50
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2.2 sEA - A IO BUB O BEE L) e

St kg o AWM RS LT B A T 72 i B o0 B KR B e A TR
EL, @BROKREREE AT A—F L LEHNRE (BIN) FEEOBRF 21778 -
77o ¥92torv (267Pa) D E HFFHEK P T, & MEAKFE XF L5 L &1IFRF [Onnfe

EORFER>TEHRFHIXPTEWVWIEHEL, kR, TARNLLAEH -
THROLIIZR > THET S, CORTIIZILETHLIT-D, AH LI A &M@
THROBELUSLE «- BRINT 2720 @mWIRIREREON D, T % B RIE O
BEHBICHERT L, MEEP+S THLEEEOHJERAFEIL, ATREENKT
0.5%LLF T, ERWERH#FE CHVWRINERGLA, BRAZH LD LENL T D,
BEELDHRDV NIV LONRBELNDL, I bHiZ, 100&THEELENDID, 4
SABE I E D5 R EICRIEN R, Bk R EDRIKEE (N LRV, LHLEIA

CRTMEL TWLIET 20T, BABHICHE N THEMAICHS THDH L
IREAMNH D,

EHOEZFICHEHN LZASFEBEAK2.3ICTRT, LI v —0hRCHERD
B (60.26mm) ZHEEXODTEMARY L T AT L7409 A0 Mef@&, Z0OME
T7 cmOBHICeRAGEXBLHELR,

AEE L THERLZBEERE AT, MECT LV IEBAERE I TV D AN
LR, BEIu ndDPVDF (RY 7 vkt =Y 7 ) BE7 4L LT, AF12mm¢
EESlmDF Y ) v R REHATHE L. MECERL-HT
DAERKE 2. 4R, MEAKTAVIBEBNREEINRTHWARY 7 olb =
FTUoEBT ANV ACPVIFIunE)EAEOT ALY V) U JICEE L, TDT 4
VA EID, EBAEESRZTAELS torr (1 torr=133Pa) FTHEE L TE&EAEf
EIH, THEELTESEZ 0nne CHHIT D, ~2Z7FBO7 L IR B
E—bhov 2l TEHE— b 2 ETEA, EB7 NV 2OBENKERIC L

AT 205 Eo5 0L, ZOFOE— Y 252 X2.5005FT, £, ¥

TAT 7 452 NEeEBETZ 4NVLOBICIT. 7 40 AEE RO |-5H % H
éiéﬁwyyya%ﬁé\ﬁﬁﬁ@h%&*éiamLtoﬁﬂwﬁﬁm\%
HEBEE B, 5x10° 7 torr A FTOHEEEF TH &, TOURAMEDHT AL ETEH

A FATAL, 747 A PEMREMRLTEEAREIETTCEBI R, &0
REBPLEZTCEBOBEELZ2~20unlc L, 2REOEE B L ONE X3, A%
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/PVDF (¢ 12mm)
Sy YLy I E O RUE (o 10mm)

2.4  BITEICEHR LR TOHABE
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EEe—h¥r7 (T
/
7:;; 7 :4 :

__PVDF

F#E—hvrs (8)

2.5 E—ho 2
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XELHEDEELOANA DY —POERZRT AL LY ELSE, EBEFEE P
BICLAMBEERICLIYVEOREIY, F-, €@RASEL L OE R EFO R E
DEFEDENORDIFMFEEELEOREINLEEL RO, RO OE X
MEBIOHAEEEMELIT O L, BB ELTORESRI RO, W~
SHECEBRZAELE LEFZF A2, SXBEHEACH, ESRIEH, MEEEHEMNL
LT, TN EN3EULRELL, 2B, DXFEEMNER#ETIZ. AEOPVIFE
FOMmME ZRA20mDHRICER L2 BRICE DL, Tom@mo 7 /v Ki5m
EEAyFLEEBEVICESL, MTMLOBREEERY B L,
ABBRHBOEERFRIEO KA FOREINTRE2 K2 61277, ¥k
ME R OBEEL L TBaSOEFm A A Lo, AFIEITHAN BB EOHERICRL
TIOETAG L, REZHHEK (o 120mm) 2 WV THES L. L FHEE CHlE
75,

FESEIT, £OHLICH L C60ERCHEE nt KA RIEER LKA ICTY
B2, ABBHSETES L3 F, HEEORBRAENITI D LI LT,
DNINEEOHENFRIL, REWRIE~DO AFH KB E CTORFERIT, ok
REFEHERFREIEBETHD, SREBZEOHERABMNEGELE LT, BV AL
L5torr CHRA L7240y nDE XD & B 2 MA RN EIZF OPVDFRR L 2 EH L
i

FEROMEICLIT DHEFHEEEONERIT. ER - EELERMEIEIRIC Lo T
BEEEFICERL, Fa vy XOLHABABERICRAM LIy 74T V7 THIEL
oo ETBFLEARBRHEGEORHNIT, A V- F U ALBRBTEHEIEFE T ICEH
L, Fay "OEREAEHICRAA LIy 20T 7 CRIE LT, BIET, ¥
£200nm~600nm® M T10nmB & 12170, KR EZEI01 BRI TS5 & 08 &M
D KD T, £, REABREHBEZ BB @S2I T L THERTE L.
SROEREREICLDRELIT - -,

B2 7wc&HEE 2, 4, 8 unDOREBRHEDO N HRILEO R T KR =T,

B2

7
2
5

2. 8l KB BIHEDHMTS S EED S LBEEEREMMOR EMS RS 55, &0
BRIZMII unTHG DR EEREREL TR LEZOT, Z0OLEOEL®1 L LT

Bkl <h s,
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2.3 S MISE B O & BT K TF O B Et

IITHE2 ITHE L ERBRES BV T2 8O E R 38 O R D 4

MEERFEZZSH L, T AVORUYEEHRAET 5, 00 iid, sHRicHE
FNOKBLV e tDEERKDDILENRS D, T TETR2 7O RDOKE & /<
TA—FELTERNBOEEEREEOEME AL AV, 2. 1.1, 2. 1. 2T~ HE P
EMET VI EEFERET N 20HPAT A AT —DHE X & E o THRINF K
kDAY 21795, RIC, REL - 7kB IO L EEOR KE® B 5 4 RREE
DEAEEZBNT, HEFK 2 ARHbLL5, TLT, ZTNHDKk, ¢ 1 DEE
WTH W ERELILE T VIS LD IEEE O HE 2170 FHRIE &

N



2.3.1 WRINAREK - AR s c DR Y

EHhEHE L1, 2E2BEIGLTH28DBREBRVEY, £, AHATE L
o B A (e & B) 1, RE (x=0) TO S H Hro) 10 LB A5y (B 1) LR
I g BT L7 O BB (x—s) THH Lk x Fis 1 D05 (s 2) DT
KENDET D, KH1ORFLor-THH, B 20T Q@ DEEEL
T, To(1-r)exp(-2ks ) THRREND, LMK T,

P =1t (l-1:)exp(-2k- s) (2.12)
thpd, K@ IDEETHRL T,

In —= T — 9k- s (2. 13)
1-r.
ERRD, TIT, r i BRESHARKRIVEOr .ODEEEZLTEIWVO T, s740um

ORFOEMMELZRA LY, M2 TORNEDOEBEEEV In(ra- r.)/ (1) &
sOBfEAE 7y PLELOER2. 903, ZOR2 IDEEBOME H Hkk K
O, k=0.3/un®xiE 5,

L7 HFETRED > - WINEKkEFE > C, 226 H L7228 KB
HOBRBKGRH  ZRBELH, CITCHHERES THLEI D, £FEHKE
FL1OXQOEFH N, ZOXLED, dPi(s)/ds=0& R B5HTH S,

1 !
s = = In(1r —) (2. 141)
k £t

DEx_ Po()ITEKRER LD, 2. 8055 EE O REE &7 M 0 ERIE) 7 5P, (s)
N REE & DsOERTIuaTHLO T, k=0.3/umz X (2. MDCHRALTer
=0.0115/ um& g%

AEFHEL-AABREEIL. SEBOEIRES. BN TOMERY —TH Y
FEP K THL2EZDNDO T, MEARAETERET VA M TRkD kB &
CetDEZIAERTTAOME LTLERATE 2 & WL 7,



— 4 B2 W 5
Hlg, —2 Lo A 400nm
|e | ® 500nm

_3 |
HH

g — 4 |
_5 P
6 | I | L

0O 2 4 6 8 10
SEBROBEE s (pm)

2.9 In(ra- vs)/(1-1v.) & sd (%
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2.3.2 EPETARODAERKE T NI K AHIEEFE O BRILEFINOE

EREHE T VTIE, WIE P TR S 2B S T koL S — X A s
THERINEORKE (L TH) TR END ERELTWVWD, I OREILEE
BEZEWE SR LEDS, L, BEH A2 F -3 ERICITQ DAT
RENA2EIIICRINBEOIEARICB > THRLAICENIND, ZOEREIZEILTET
ARSTHEERET AL THD, ROV TLEREHET LV EREIC, EREIC
BITAOARREEBLEVWSOAEH T T VL ERFZ2EZE LA TERET L2 D
2HiEE X T,

2. 10l MERETNVOBBAL =T, K2 10TRILKEF OM/NE AxTIAE
LB A2 AX— A (x)IE, x= 0 bx+AxF TR I N HF T 2L X
—L xEFETRERR SN BH = RINLT—DETERINT

A (x) = (To (=Loexp (~k (x+.71x))) (- (1o (-Toexp (-kx))

= (~To (exp (~k (x+.7]x)) (mexp (~kx)) (2.15)
L, AxTRINI NI T RN X —13, TOMENHEEL TRILE O T &
x=s)ILET 5, ZTDEEXDEPRTINLE—% NP ()T 5B &,

APs (x) = AJAs (x)exp(- € t (s-x))

=-To(exp(-k(x+Jx))-exp(-kx))exp(-¢ ¢ (s-x)) (2.16)
D, (2.160)KOMmMiA%E AxTED ., Ax—00MEE2 E2E Q1K D LI
ANEAYS

Lin APs (x)  dPs (%)
A1x=0 Ax dx

. (exp (~k(x+_ TIx))-exp(-kx)) B B
-1o jx 20 e exp(- ¢t (s-x))

= Tokexp(- ¢ ts)exp(-(k-¢ t)x) (2.17)
LR oT, ABT R L —P: ()L Q. IT) X AEx=00bsFE THSH L TRD
bha ((2.18)30) ,

S 5
Pa(s)‘—‘dePa(x): fOIokexp(* e t)exp(—(k- e t)x)dx

_ lokexp(— & ts) (1 -exp(-(k-¢ t)s)) (2.18)

k= ¢ ¢t
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KWL, DHATCTEET LV 2ESATEET AT CHFICKFERDAER LTI L
ToH Do

FF. KHETHHCENEPOMNE AxTRIRENDIHAT R AF — A (x)
HETF AL DR IKLERL L,

CAa (x) = -To (exp (=k (x+_Jx)) -exp (-kx)) (2.19)
Thbd, REAORKHEZI00%E T 5L, RFEERICWNET OBNE AxTHEET
AT X AX — Aha (DL, X207 52S5-xF CTIWRIR S N7 WS = R L ¥ — &
2s—x-xE TIZHRN ENTZHBH =X VLT —DETERIN T,

AL (x) = ~To(exp (—k (2s-x)) -exp (-k (2s-x-_Ix))) (2.20)
ElB, FoT, MMNEAxIENT, RETRET 281E KA Lo REALER
THRAE—DFE AN () ET B L

Aba(x) = A () ar+ A4z (%) (2.21)
o AA)D ) BLEREx - sIETA2E DA T 2L X — P (x) T,
APa(x) = AAa (XD exp(- et (s=x))= Tol(exp(-k(x+Jx))-exp(-kx))+(exp(-k

TH B

(2s-x)) ~exp(-k (2s—x-Ix))) texp(- ¢ ¢ (s-x)) (2.22)
Thd, Q22X Z2x=00bsETHILT, "HERETT L1 ODHBE T RN
F—DBHERULLIKERLT, FERLET NV 2OEHE 1 X )LX —P.(s)
rEMT 5L

lokexp (- ¢ ts)

P.(s)= — (I-exp(-(k—¢ t)s))
- t
Lokexp (2% s)expl-6 45} poonilhs & £38)=1) (2. 23)
k+ e ¢t
ER B,

TZT, 23 1CRHEbok, e tOEXEAL T, KABRNEOE Xs=11
Ll BT 2EMB T RN X —% 1 E LTHBILLE, A DB XX — (fF
EDsD L EDEMBA TR NLE—Ls=1lunDE EOAMBT RAX—E D) O
AREEZsICR LTRD S, TARPL, st llpnd & Xk s20.3- 11, ¢ ts-
0.0115- 1IIEBEWHEEZTLMEEDOsOLETOEFHEL, ThODOFEMBRLEE
BiEZtm L, 7T AVDOR YT BT 5,

FTEPIEHET T AL LIS T, Q2. OX IV AN XL X —P, . (s)1,

,27_



(L-exp(-k- s))exp(—¢ ts)

P‘.r(s)v 0849

(2.24)

L Ad, EPEHKETAL2ICO0VT, QIDRXIVHEME DA T XL X —P.. (s)
[

(l-exp(-k- s))exp(-¢ ts)+(exp(~k- s)-exp(~2k+ s))

P:’r(s) - 0 884

(2.25)

A
RICHAERET NV LICHNT, 2 18) NI DA T R/ X =P ()L,

exp(-¢ ts) (I-exp(-(k—¢ t))s)

Par (s)= 0. 844

(2.26)

FRAH, DTHEBET A2V T, (2.23) XL VAN EAEE T XX —P.. (s)

- 1 kexp (- ¢ ts)
el o U e

(l-exp(-(k-¢€ t)s))

kexp(-2k- s)exp(-¢ ts)
k+ et

(exp(kt+e t)s=1)1 (2.27)

ER D, HFETAEL, BB TRV X =P (s), Pac(s), Pai(s), Par(s) MBS
BELHLBTH2LEERA T, TOFHEMELZs=2~20punll 20T, ISEEDOERAE
REFITK2. 1R L 72,

2 I BIRENREVWHE A4 20T VOFEMBEIIENME KELETRD
NRMPoTed, REZIRY ANTEFERET V2, SATHET NV 2B EAME

ELVRV—FE2 R L, RERES 2210V, 7 VOREMEITENMEE &
BHTS 28, DACHET V2L DBRNE L EABICELS 2D &R0

ST, ZHIEEERES LRI T, BA2HF@E L CHE CHETIIHH N KE
S BRABFEDHDIC, TOMBELZE LEZETANERICENLEL D ERAED EE X
b3,



|

—o—  FEUE
s W HhEe5F 1
-k - H£hEF)2
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2.4 AWM EROARGE L HICRA (BRI Rk

g - ARG TR 2L AT & RS R L IRIE DS BB A I w2 IR BUE
BEBHBOINEELZRABCRAELLLEZ A, IWEEOKR T L EKRAEMN A
LHEEER S LT, £ 2T, B TIRA T o IS E R Mt D B AF 22 508 0 Rk
GEERWETIEDIC, SROESLEHESEZHRFLEL, SHEEE R4S T A
—F L LTS EFEHEORNEZIT -7
2.4.1 AEOER L AIE

EROEFLRMHLE LT, RECFERT I @0EE, &/& (¢0. 24um) O X &
EAENBEEZDZEIZEY, 4dcm 1B 8 cm3[|F TR, &
WWERN AEILES - R CHRE CH o1 5torr 2. Otorr & V2. Storr o~
EEAL I T,

DNEFHFEOREIL, Ko - THHEOMEREBHFKOAERET Bz, 2T,
WEREILTEHEOEY TH D,
IR No A UEE (25V, 25 0W)
gt E 0.6 m~2. 2um
] 47 4% 300K mm, 7L —XEHE 1 um
HET 4 LH BHTAT7 4 NLZO56

(E0.6um~1.1um)
BHTTA7 4N0Z I RD8O0OB
(B4l lyum~1.7u m)
7 4 XL PFLHym
(FEEL.7Tum~2.2um)
Fav¥E rJREEHE 12.5H 2
PbS+tnL WEz FBE—F T-30CIKBAL THEMH
=E A G A a B E %20, 3sec, BEIOm V

D E L2 B ET B DY, 7V 7T 2N L 7-PbSE L (p2682
0D ZERHL., HEdEOorDEEIYy Fr—F CHALARMNLHEA L7, =
DHERIT N TCarta—2HEICLIAHBHETITo7-, BIEIT. THT s

iAéntﬁ%K%nf\ﬁﬁﬁﬁﬁ(MmqEE@)&&%S&@@%@&
REBEZFV, BETARESLInEE S HELLT, BEDF — 2% L

ﬁBO_



rEREREESE Lz,

YR EREOREIL, RO 6y m~2.2u mTO. 05 mIb &04T -7,
SEARRVIT, SEEZEIZTISEITY, 2O EHERTEME L,

2.4.2 &R OREE M L 5RO R E R R

FERLLT FTEBRA EICHESE 2200 LR EHEIC OV THHAT S,
IITHBMAFZUTORFETHTZ, BlE, 12t 8ckHal &I AT,
QtITEEDOERIGEOERT AEN 2 torr, 8 c IFEA LT EHDOKE XN 8en,
3 kIFEFRFEMN 3E, F L THIEI¥EBER TSI L2 n+, EIH#ERRE

kT, REOa3BELESTHY ., I—FECTERINERABORINE TS 60

T, abec - s DIBEBICERIEZ T, -C, F7. 12.5t6c 1l kHDb] IZ
wWHENH AFE2 Storr, M6 cm, AEEK1IBOEYREED 2HHORKE TH
A EwIRT,

Ve
(1) ZEHEH AJEL Storr TERM L =R  #

A TR TENRIGEREE R LERBOSROERELETHE, EXHY
AFELStorric BT, BHETHEEDOEE AT A XL THBEERL,
HIEEFHELZRANT, BET @0 EIT, &K (60 24un) O & & EF KIS
Lo TELEEE, 2B 1en®DEEIINI. SugTH 5,

KETHE0OE#4cen3 @ (BF12cn) FTORBOSHERHEOHES B %
2. 12i277F, 8cm3 A (&FH24cm) ¥ TORB THL X2 12 1T 1T EEERE RN
BEon, £0EREEL 2ennb22denic BT Z L0 LD, EROBEENREL R
EREMTORAEDO LFE*MEZ 5 WMTERN, TN THLEE2. 0 mic
B 2REFERIT20% THY, ERHCEI bRV, £/, EREEZEMITS L,
FHFFIIE< 2o, €RBTOMEEROBB RN, KE<CRAVIEEENET
T 5 OEERTIT AW,

(2) EHF AFE2 Otorr TIERL L 7 308

EOREFBITIC, GFREEZELSTHEDIC, BRIV AEL2 0Otorrs LT
CERFAE LT, TOLEERENIERIEBEEOERV LD RS, RKET 24
DE% 8cm3 [\ (AF24cn) FTOHXEOHONEHEORNERLR > X2. 1312 7T,
dem3 B (&FH12cm) . 6cmn3 @ (Aat18cm) FTORE THR2. 13&131F [F 4k
RERRELN, TNHOBERMG, 4en3 ., 6cn3d3E, 8cm3 B THE2 0
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pmlC BT DR RITH L % TELZEEOHKBEMABELNTZN, T L ORI
HEAENRZ L, REEBCRHER LH T 2B L0120 &1,

(3) ZEHWAE2 Storr TIRERE L 72 308

EHRAAERE I BIZ2. 5torrdc B CERLAEZAB O KA RZAE LT,
2. 14 LA R S AR < D B 6 em2 @, 3 @ OB O 45 MRS F O H)
EREREZTRT, ZThUMIC4cn3 E, Scn3 HORENIRI Ty & < BENEH
S, TNLOFERIN, EENAEL2 Storr TRELEZRXBNIIARRIE -4
DEICHD LT, REOBHEOBFBRMEN RV ENEIHEL T,

EHFRHATAE2 Otorr, 2.5torr COHFHHRMEOEVWER L LT, EHE— 2
DPVDFE~DIEHEMENEL | MAR A+ THHI ERB X LN,
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KR (pm)

X2. 12 ZEH#RHTAEL Storr TERIL7=@ B D 5 Y5 R D F]
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- 8-~ 2t8c2kHa

l

- 2t8c3kHa |

A

B (um)

AN AE2. Otorr THERL L 722 B DO 4 e 5 L D #]
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0.0l61 77 - T T T -
oL v |T®—2.5t6c2kHa

-2, 5t6c3kHai
~ & = 2. 5t6c3kHb |

0.01F--F--F--F-|

I : . |
B | | "
0. 005 A : ! o
ool s

| | # |

06 0.8 1 Lz L4 16 L8 2 2.2
K& (pm)

(2. 14 EHZHTAE2.5torr CERE LGB DS KEEDH
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9.4.3 & M ORE G LGB O 4 I Z B O B E SR

(a) DHISEEDRE

2.4 2CHANTHBITOWT, HEEEZRE L, 9, FHAEL LT
sl ARIICB T AR L R/RMLICBIT IR ETHE L THELE, 20L&
A EREDORERE L LT, HAVEOM#EFERHABZERL, ZOHHMOK
F0.6um~2.2umiZBITHONHERHFHENLBLUTTHDZ EEMHHE L., Ko
LR E THONIGEHEN ~TETHDH EHR Lo, TORERERE & oIS R
BHEREVRABIZOWT, HNEEFREZRE L,
WEBIEDRAEEOREIL, THREERORSMED R P27 4 LT %
LTAFREZH R0 8umTHT, 0.8y mUl FORERICHTHNELE, 0.8um
YLD RICKHT HEEOLEFEXEOXBOMEEHLE L, ZOMEICLD ., IR
N TISEPETT 2B ZRGICHBT 5 LN TE T,

SR EEOREIL, ES - THRBORAERLEFAZROAERE AT, Z 2T,
RMEFMHEILITELOBEY Th D

(1) BEHILOELEEOH E

It IR SN R (12V ., 12W)
YT 4 LA @Eh T 27402 (IRQ—-80, TR -D80B)

Fav b 7EEH  12.5H 2
Oy g4 T T I E$0. 3sec, EE10m V
2) SIS EEOHE

JLIR ~nkEKR (25V, 25 0W)
o7t Es & 0.6um~2 2um

=] $7 #& 7 300K,/ mm, 7L —X#EfE 1 um
HFET7 44 BHITAT7 417056

—wkitHy M) (B &0.6pm~1.1um)
BT 27 4 Z1TRDS80OB
(FE1L.lum~1.7um)

FH 7 4N HZLPFILbum
(HEL Tum~2 2, m)
Fav v AL 12.5H z
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PbS BE=2 PE—7 T-30CIcmA L T
oy AT T B 30, 3sec, [KE10m YV

AEETATarva—F2HECLBHUETIT>72, MEIL, THOITrT
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2.1 AR & AR AN BT D RH R IR E D LR
R0 (%) IGE (mV) | RIRE | EHREL & SRS
A b ISED | HOIREDLT
EEO6pm| HE22um| HE Tk | R (S_R)
00.6um 0 22um 0.8, m|0.8um|DLk SV
LI ol

2t8¢3k30Ea 1 %A 1 %Ki 18.6 171 e 9. 19
2t8c3k30ED | 1 %sRik L %Ki 20. 2 191 R 9.15
1. 5t8c3kHa L % & 20 53.3 | 329 2. 64 6.17
2t4clkHa 1 15 45.5 | 391 2.25 8. 59
2t4clkib 1 %Ki 35 52.6 | 335 2. 60 6. 37
2t4c2kHa 1 Y%A 3 49.4 | 436 2. 44 8.8

2t4c3kHa 1 % Hi 1 54.8 | 456 2. 71 8.32
2t6clkHa 1 %A | 48.6 | 325 2. 41 6. 69
2t6c2kHa 1 % 2 52.3 | 456 2. 59 8. 72
2t6c3kHa 1 %Al 2 56.2 | 501 2. 78 8.9

216¢3kHb 1 % A L 52.7 | 483 2.61 9. 16
2t8c2kHa 1 % i 3 55.7 | 484 2. 76 8. 69
2t8c3kHa 1 % 23 52.8 | 372 2.61 7. 04
2. 5t4clkHa 1 Y% AT 45 47.1 174 2.33 3.7

2. 6t4c2kHa 1 % ATl 11 44. 0 230 2.18 5.23
2. 5t4c3kHa 1 %Ki 10 50.0 | 323 2. 47 6. 46
2. 5t4e3kHb 1 %Ki 10 55.3 | 420 2.74 7.6

2. 5t6clkHa 1 Y%A 7 50.6 | 217 2. 50 4.29
2. 6t6c2kHa 1 % A 1 52. 4 462 2. 59 8.82
2. 5t6c2kHb 1 Y%Fii 30 52.8 | 306 2.61 5. 79
2. 5t6c3kHa 1 Yo7 1 48.8 | 438 2.42 8.97
2. 5t8c3kHa 1 Y%FiH 15 49.1 | 367 2.43 7.37
2. 5t8c3kHb 1 %Ki 25 54.5 | 396 2. 70 7.27
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