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Fig. 1. Schematic diagram of KRISS spectral radiance standard
system.
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Fig. 2. Relative spectral responsivity (a) and random uncertainty
(b) of the spectral radiance measurement system.

39 24 BIr: 0.1% o|5}F 43s EAL 72t 9ot

850~1600 nm g FGollN EFEAFIEE A5 3}
o AMREE BEE InGaAs FHE7](InGaAs 1)9] E37-8
E4L 34 10 nm ZHE2E 800~1750 nm HY oA =R
gt 2gollA & AlZ s C/V converterd] ZE-go] [0°
V/IAQ Z3%oltt. SAF a8 AR 3| Y5t Wz
¢ LEE 30°CE AAA, 308 Ax KAz F 7
FEAS 239 A5 FHUZES 1400 nm 2ol
A 04 V AxclEng FAHAFE 04 pAd EEct I8 =
A Bg FGolA Haoll 23 A5 Y EFEE 0.1%
ol3lE FI 3 538 A Ut} 2y Ho] FAE &
FEARE AAY] 7 78 542 1350 nm, 1400 nm &
vl A ol o7t T4 dAdo] vehdt)

3 1000-2500 nm g G0N EFEAFEE 2338
7] 8t AlgHE R 990 S InGaAs FHE7]
(InGaAs 2)°] #3748 542 3% 10 nm 7HH22 850~
2550 nm HHNAM s BEE InGaAs FHEE719)
R E AR EHE HAZE 3] Yt ¥z FRY
2EE 30°CE A%, 308 AX KA F B3zt
< EAS =2HsHY. a¥eA &3 235 C/V converter
9] FF-&°] 10° V/AQl 739-olt}. 2159 FHohgke 1400 nm
oA 02V AxolBZ FHF= 02pA gt g
H 2500nm °©]3te] && g FYolA Foll 23 Al5.9

23 EFg=T 0.1% °l3t2 ddRou, 2 2o 71 g
M 03% B=rF HA 5 vl7RIE 1350 nmé}
1400 nm =o)X dip& & 4 on, % 1850 nm %
2200 nmelME £ 2857t FiiFoz gades 4ol v
BEs & 4 Uk 5 @48 Role 3 gYdMe &
F ATt g FASA wslslug ug A Qxjo)
o3 B &3yt 37 2 & Uk 23R Yukzom
ol g TS A3t FHoA Fo B FEAFEE 24
A "B

2 Agog2ie ke 24 FXE o)g3ld 2pA, 71A)
4, A9 E xshe W 93 JgolA Bl BgE
ARIEE ZAY 7 ASE &+ U

IV. U8 &3

sFe] BdEAE SA0A 5 HEgwe A 9L 1)
e 881 3o v FEE Ao viAd E4o|t} 291 v)
AR 54 23] S8l FZde AT (inverse
square law)yg ©]83= W, B38-2 47 = FEHE o
&3l W, F§4H(beam addition) WY F-21214161 Wo) o]
&3}, o)9ell= s 7 (multiple aperture}S ©|-83h= W
H, B3 Hsectored disk)S o]&3h= vy, A& o)L=
H ST QA B EAl: BE7)F 34 AR M

AYTrt 2 A WL o]83). Fig. 32 Fl9]
F2 o] &3 A WHo T 4o FAHSE AXe vHY E
AE EA37] A% FXzoltt. afolA 9} o] Fde F
e Hadl 2lE ggdE ATE ARSI on, 250~2500
nm o] Y& FHGA beamS W3 AVIE W) 9
3le] metallic beam splitterS ARE5IH T

$HA S EREARIE &2 A9 ujAy BEAL T
9] shutterS ARE3I] Felo] AUIE FHEF AA A A=
g 3o, 7 Fo] BT YAEUES wHe FHS7A Yo
= AlEe}, Zhztel o] QA A 7zl Yee Al

ofd A off

Shutter 2

Shutter 1

Metallic Beam Splitter

Prism-Grating Aperture I
Double oW .
Monochromator ],

Spherical Mirror

L Optical Detector System ‘

Fig. 3. Two-source beam conjoiner for determining nonlinearity by
beam addition.



(A7eR) BHEANE 248 BUE71) 54 A7t — 443 -

2T PAsk METoLH BAE FAY MY BHE 3
Beil Bk, 2elnE BAE7)e WAY FeE BRE o
&3 7ol UErd + 9l

S
| (H
S,+S,

Nonlineraity (S,) =

A7) S, St TSl shutters ARMRSle] Flo] Wi
F1E ARol YAMR Ao 7o) AlzeiH, s 7 B
o] BF JAEAUE W FHE7|NA des AEoir)

3 e HEEARE 4 AR AMEEE 4719
F1E Ao v A Fig. 49

Fig. 4@aye PMT F4&7]9] viHEAE S o F e,
PMTS] 7% A2 —400 velw, o 500 nmollA] 23319
th 290)A C/V converterd] =& ©]E Al 100 V/AQ]
o ge o= AElE 10° V/ACITE 2golA o F YREo]
PMT X137} 1.0UA ol3lllM= A8 2 UAR 2 1
t £ F AFMe 343 HHEAES o)X itk o
Hog pAE AXNZ BFEAREE JEA F4g8] 9
= PMT FHE7)9 MY 28xE =5 PMT %
AZE7]9] 4137 1.0pA °lE7t HEE ¥l €8 &
ok, 2 & = R0l 1.0pA oo AlFeA #HE
719 A2 Sl 93k vlAdE dido] e, o)A ¥
Ao dutr o2 PMTOlA LElss 8l43d B4 U]l
9,15}‘.[16]

3 Fig. 4b)= Si FHE7|Y vAE BA4E BRY S
l=d), o] 900 nmollA] 43R L™, C/V converter?)
£ ol5 AEiE 10° V/ACIH, B2 olE JHe 10° VA
ojtt. oA & & AUXol Si FHE7E 1L.OpA A
oFgt 78 % X 3l(saturation) HFS Holx|gh, 4 FHolN
743 uldd B zhy IR forE S§i FHEvV)Y AR
7t 500 nA ©}3} Folr ARE-EH wiHY Bl 93 B
FEARE 4 oA BAEHA 4A "ok

&H 850~1600 nm HgFHe] EFAEEE 2= InGaAs
727 (InGaAs 1)} vjA¥AS ZX% A= Fig. 4(c)s}
72, o] 1400 nmelH, Wzh 9] 22E -30°CE
AAsta 308 Ax A3 F 4 2o v
converter®] =& o]E AdEle 107 V/Ao|H, W2 o] Afg)
= 10° V/A©|t) InGaAs BHZE71E Si FHE719 vlzvk]
2 ZHYgeiMe A vAE SA4E HelA] ko rE 500
nA olslellA] AME3PE FEr)e BAE 7HE Bl <%
EFEARE 24 ks dA=EA 48 Zeloh 13 1000
~2500 nm g FYGA 7 e EAE 2 IR Yoo
SlE InGaAs #7HA27)(InGaAs,) S ARR-3sld & AZ7)9
HAEAS 248, Fig. 4dye 3] 2000 nmol|A] 2]
B]lAdE EAe BHodFy gt 2goA C/V converter?] =
2 o5 HHE 10" V/AoIH, W2 o5 AEl= 10° V/A9]
t}. InGaAs 20049 vjdEY 4 Y7t FH9 2 &
-30°CE A3k bdsl | AdefollA St 2dolA
& 4 9)5o] InGaAs 2914 %E InGaAs 1949} 7ol &3
s HYOA 74g v]AY Aol TakElR] sl

uhpy o

! 379
o010
> 0005
€
]
Q
£ oo} r
[
o
z
D008 |- ) -6 -10 .2
Fitting :  0.00065+ 1.35x 10 x $+20x106" xS
B010 . . . s .
01 1.0 100 1000 1000.0 10000.0
0010
(b)
> 0.008 -
T
[
H 0.000 *———-’—‘——‘——'—H——'——.——.——q
= 4
[}
z

-0.005 |-
Fitting © 0000134 -7.968 x 107 x s

-0010
01 t0 100 1000 10080

0010

0.008 -

0.000 }-

Nonlinearity
ro-
L
>
)

<0005 |-
Fitting : 0000297 -8581x 167 x S

-0D1¢
1.0 100 1000 10000

omo

(d

0.008

0000 |- L—Q‘—‘I’—’“’_—‘.———L\__'

-0.008 -

Nonlinearity

. 7
Fitting : 000002 -797x107 x §

-g 00
10 100 1000 1000.0

Signal (hA)

Fig. 4. Nonlinearity of (a) PMT. (b) Si, (¢) InGaAs, and (d) IR
enhanced InGaAs detectors. The error bars indicate the
measurement uncertainty. High gain mode (circle), low gain
mode (rectangle).

2 AT AFelM & 5 USe] ptE EREARE 3
AAe AE7E 1.0 pA olslelMe vldRAe] 0.1% o8&
NISTS] E35ARR= 4 B Rt 78 J34E 22
A aEEg 7 FFEARE &Y e §We 3
AT HelelN FHE 7o) vAZA 2% TS WA 42
Fde BdEARIEE S S de Aol s ¢ 7

k.

vd B

Fele] BAEARBLE &3] 93 AXE Ty
A% H7HE FARIEY B FEAR e 2 AR 1539,
FEHA|, B33, BHEEFA, AFeA] 2 dloly z] A=A
o2 o ot FHEAAE PMT #HE7, Si BHE7),
InGaAs 37271, IR enhanced InGaAs 371&7]|2 AMR3lY

), 250~2500 nm FFAGA BPheENS ZX Y



380 &=aR3ER] A 129 A 53, 2001d 109

5A4E A=, Si
FHE7), InGaAs F7Z7) 2 IR enhanced InGaAs F73&
7le &4 WA HAE EAo] #EFER] Akor}, PMT
BHE7I= AE7F 1.0 pA oM E e vBjdE EAo
AZEAY. 2322 PMTE o83k zed & 7kA 34
BY9 FHEARIEE A A3 YeiME 1.0 pA
o3t HEE ATE 2AHY aUt s &+ Utk

E a7 2325 /igd EHEARE 24 AX|= 250~
2500 nme| W2 T HWHE 7o, 1.0 pA olske] Ao
A HAE O] 0.1% °lalz 9% MY L Zka Jomg
FREAR Y =7F 3F &% A2 A" S oes ¥
F UA

T

#

Ao

[1] K. D. Mielenz, R. D. Saunders, A. C. Parr, and J. J. Hsia,
“The 1990 NIST scales of thermal radiometry,” J. Res.
Natl. Inst. Stand. Technol., vol. 95, no. 6, pp. 621-629,
1990.

[2] H. J. Kostkowski, Reliable Spectroradiometry (Spectrorad-
iometry Consulting, Maryland, USA, 1997), Chapters 2, 9.

[3] C. DeCustis, Handbook of Applied Photometry (American
Institute of Physics, New York, USA, 1997), Chapter 2.

[4] R.D. Saunders, C. E. Gibson, K. D. Mielenz, V. I. Sapritsky,
K. A. Sudarev, B. B. Khlevnoy, S. N. Mekhonstsev, and G.
D. Harchenko, “Results of a NIST/VNHOFI comparison of
spectral-radiance measurements,” Metrologia, vol. 32, no.
6, pp. 449-453, 1996.

[5] J. H. Walker, R. D. Saunders, and A. T. Hattenburg, NBS
measurement survices: spectral radiance calibrations NBS
Spec. Publ. 250-1 (US Government Printing Office, Wash-
ington, USA, 1987), pp. 1-25.

[6] R. P. Lambe, R. Saunders, C. Gibson, J. Hollandt, and E.
Tegeler, “A CCPR international comparison of spectral
radiance measurements in the air-ultraviolet,” Metrologia,
vol. 37, no. 1, pp. 51-54, 2000.

[7] V. L Sapritsky, “Black-body radiometry,” Metrologia, vol.
32, no. 6, pp. 411-417, 1996.

[8] P. Karha, P. Toivanen, F. Manoochehri, and E. Ikonen,

“Development of a detector-based absolute spectral irradi-
ance scale in the 380-900-nm spectral range,” Appl. Opt.,
vol. 36, No. 34, pp. 8909-8918, 1997.

[9] T. Kubarsepp, P. Karha, F. Manoocheri, S. Nevas, L. Yliant-
tila, and E. Ikonen, “Spectral irradiance measurements of
tungsten lamps with filter radiometers in the spectral range
290 nm to 900 nm,” Metrologia, vol. 37, no. 4, pp. 305-312,
2000.

[10] N. P. Fox, J. E. Martin, and D. H. Nettleton, “Absolute
spectral radiometric determination of the thermodynamic
temperatures of the melting/freezing points of gold, silver and
aluminium,” Metrologia, vol. 28, no. 4, pp. 357-374, 1991.

[11] H. W. Yoon, B. C. Jonnson, D. Kelch, S. Biggar, and P. R.
Spyak, “A 400 nm to 2500 nm absolute spectral radiance
comparison using filter radiometers,” Metrologia, vol. 35,
no. 4, pp. 563-568, 1998.

[12] N. White, N. P. Fox, V. E. Ralph, and N. J. Harrison, “The
characterization of a high-temperature black body as the
basis for the NPL spectral-irradiance scale,” Metrologia,
vol. 32, no. 6, pp. 431-434, 1996.

[13] K. D. Mielenz, R. D. Saunders, and J. B. Shumaker, “Spec-
troradiometric determination of the freezing temperature of
gold,” J. Res. Natl. Inst. Stand. Technol., vol. 95, no. 1, pp.
49-67, 1990.

[14] A. Thompson and H.-M. Chen, “Beamcon III, a linearity
measurement instrument for optical detectors,” J. Res. Natl.
Inst. Stand. Technol., vol. 99, no. 6, pp. 751-755, 1994.

[15] L. Coslovi and F. Righini, “Fast determination of the non-
linearity of photodetectors,” Appl. Opt., vol. 19, no. 18, pp.
3200-3203, 1980.

[16] R. D. Saunders and J. B. Shumaker, “Automated radiomet-
ric linearity tester,” Appl. Opt., vol. 23, no. 20, pp. 3504-
3506, 1984.

[17] E. Pitz, “Nonlinearity measurements on photometric devices,”
Appl. Opt., vol. 18, no. 9, pp. 1360-1362, 1979.

[18] L. P. Boivin, “Automated absolute and relative spectral lin-
earity measurements on photovoltaic detectors,” Metrolo-
gia, vol. 30, no. 4, pp. 355-360, 1993.

[19] K. D. Mielenz and K. L. Eckerle, “Spectrophotometer lin-
earity testing using the double-aperture method,” Appl.
Opt., vol. 11, no. 10, pp. 2294-2303, 1972.



(P7=i) BEARE 348 FHE719 54 97 — 9 - ibed 9 381

Characteristics of photodetectors for spectral radiance measurements
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We have fabricated a spectroradiometric system to measure spectral radiance of optical sources and evaluated its characteristics
such as spectral responsivity, nonlinearity, and so on. The measurement system with PMT, Si, InGaAs, and IR-enhanced InGaAs
detectors has shown a good linearity and a wide spectral responsivity of 250~2500 nm. This spectroradiometric system will be
used as the primary national standard system of spectral radiance measurements.
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