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Spectral Sensitivity Calibration System for Broadband UV Radiometer
using iHR320 Spectrometer

Mabhito ITO and Atsuhiko SHIMOJIMA

Abstract

The Aerological Observatory developed a new spectral sensitivity calibration system for broadband UV radiometers
in the Japan Meteorological Agency (JMA) network. The system consists of an NIST lamp unit, a deuterium lamp unit,
fore-optics, an iHR spectrometer, and rear-optics. NIST tungsten-halogen 1000W DXW and FEL lamps or a 30W
deuterium lamp can be selected as the light source. A GR600 (GR1200) grating for UV produces light at a wavelength of
150 to 3000nm (150 to 1500nm), using minimum drive step size of 0.002nm. The theoretical spectral resolution depends
on the kind of grating and slit width, (e.g. the theoretical spectral resolution is 2.5nm wavelength when GR600 was used at
0.5mm in slit width).

Tests using the system clarified the following. 1) Grating tests: UVB (UVA) outputs of a broadband UV radiometer
(UV-S-AB-T) using GR1200 decrease 33% (25%) compared to the output using GR600; 2) Slit width tests: UVB (UVA)
outputs can be produced by slit widths from 0.5 to 2.0mm (1.0 to 2.0mm); 3) Slit height tests: Outputs were recognized
only at a slit height of open (15mm); 4) Lamp irradiance tests: High UVB and UVA irradiances are produced by FEL type
NIST lamps; the deuterium lamp cannot be used in the UVA output test; 5) Wavelength position accuracy test: The
wavelength position shifted less than 2nm when GR1200 was used. The GR1200 scanning by the spectrometer needs
“calibrate menu” must be calibrated every time before tests.

The spectral sensitivity of the UV radiometer was determined by the system as followings. Spectral irradiances of the
system could be calculated every Inm (Z0.5nm) from 280 to 400nm wavelength by scanning using the Brewer MKIII
Spectrophotometer. The spectral irradiances produced remarkable spectral sensitivity of UV radiometer UV-S-AB-T (peak
sensitivity at a wavelength of 301.0nm for UVB scanning and 359.0nm for UVA scanning). UVB responsivity of the
instrument calculated by the spectral sensitivity was consistent with the value determined by NIST lamp calibration, but
UVA responsivity differed by about 15%.
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Spectral sensitivity calibration system using iHR320 spectrometer.
(b) Inside the iHR spectrometer.

Table 1 Deuterium lamp unit

Lamp Housing
Type (SN)

Horiba Jobin Yvon Inc. LSH-D
Light source 30W Quartz envelope

Focused image size 1.8mm¢

Aperture F/45

Spectral range 185-400nm

Adapter Type (SN) Horiba Jobin Yvon Inc. LSH-A270

|Power Supply |
| Type (SN) | Hamamatsu Photonics K.K. C9598-1035 (SD0122) |
|Deuterium Lamp |
| Type | Hamamatsu Photonics K.K. L2D2 Lamp L6308 |

Table 2 iHR320 spectrometer
Spectrometer
Type (SN) Horiba Jobin Yvon Inc. iHR320 (0147-03-07)
Focal length 320 mm
Entrance aperture ratio F/4.1

Spectral range (GR1200) 150 nm to 1500 nm with 1200 gr/mm grating
Spectral range (GR600) 150 nm to 3000 nm with 600 gr/mm grating
Grating size 68 mm x 68 mm

Number of grating on turret | 3

Flat field size 30 mm x 12 mm

Specral resolution 0.06 nm

Wavelength position accuracy| =0.20 nm

Wavelength repeatability +0.075 nm

Spectral dispersion (GR1200)| 2.35 nm/mm with 1200 gr/mm grating
Spectral dispersion (GR600) | 4.70 nm/mm with 600 gr/mm grating

Magnification 1.1

Stray light 5x10*

Scan speed 159 nm/s (increasing wavelength)
Minimum drive step size 0.002 nm

Computer interface USB 2.0 (USB 1.1 Compatible)
Optical axis height 98.43 mm

Nominal weight (Size) 20 kg (Length:417, Width: 422, Height: 192mm)
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Table 3 Theoretical spectral resolution of iHR320

GR: 600 grooves/mm GR: 1200 grooves/mm
Slit Width (mm) Central wavelength: 300 nm Central wavelength: 330 nm

0.01 0.050 0.024
0.05 0.250 0.120
0.1 0.500 0.241

0.2 1.000 0.481

03 1.501 0.722
0.4 2.001 0.963
05 2.501 1.204
0.6 3.002 1.444
0.7 3.502 1.685
0.8 4.002 1.926
09 4503 2.167

1.0 5.003 2.408
2.0 10.009 4817

5.0 25.037 12.058

(nm) (nm)
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Fig. 2 Theoretical spectral resolution of iHR320
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Fig.3 Display of USB spectrometer control for iHR320 spectrometer.
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Fig. 4 Outputs (mV) of UVSABT 030-620 in grating test.
Grating: GR600 and GR1200. Slit width: 1mm. Slit height: open (15mm).
Light source: DXW NIST lamp.
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Fig. 5 Outputs (mV) of UVSABT 030-620 in slit width test.
Slit width: 0.1, 0.5, 1.0, 2.0 and 5.0mm. Slit height: open (15mm).
Grating: GR600. Light source: DXW NIST lamp.
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Fig. 6 Outputs (mV) of UVSABT 030-620 in slit height test.

Slit height: open (15mm) and 1mm. Slit width: 1mm. Grating: GR600.

Light source: DXW NIST lamp.
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Fig. 7 Outputs (mV) of UVSABT 030-620 in lamp test.
Light source: DXW and FEL NIST lamps and a 30W deuterium lamp
(‘Deuw’). Slit width: 1mm. Slit height: open (15mm). Grating: GR600.
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Fig. 8 Outputs (mV) of UVSABT 030-620 in wavelength
position accuracy test.

Light source: hg lamp. Slit width: Imm. Slit height: open (15mm).
Grating: GR600.
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Fig. 9 Outputs (mV) of UVSABT 030-620 in wavelength
position accuracy test around zero wavelength (0= 5nm).

Slit width: 1mm. Slit height: open (15mm). Grating: GR600. Light source:
NIST DXW lamp.
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Fig. 10 Photon counts by Brewer MKII spectrophotometer
BR #034 in wavelength position accuracy test at wavelength
from 285 to 325nm.

(a) GR600 and slit width at 0.1mm, (b) GR600 and slit width at 1.0mm,
(c) GR1200 and slit width at 0.1lmm, and (d) GR1200 and slit width at
1.0mm. (a) to (d) Slit height: open (15mm). Light source: NIST DXW lamp.
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Fig. 11 Spectral sensitivity of the system by the test using Brewer MKIII spectrophotometer BR#174.
(a) Photon counts with BR#174 under light at wavelengths from 286.5 to 363.0nm at 1nm intervals. Grating: GR600. Slit width: 1.0mm. (b) Photon
counts with BR#174 under light at wavelengths from 286.5 to 363.0nm at Snm intervals. Grating: GR600. Slit width: 0.5mm. (c) Irradiance of the

system and original irradiance of NIST FLE F-604 lamp. (d)

Enlargement of (a) from 300 to 310nm. (e) Enlargement of (b) from 300 to 310nm. (f)

Percentage of the irradiance at wavelengths of ==0.5nm and FWHM. Light sources of (a) to (e): FEL NIST lamp F-604.
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Fig. 12 Responsivities of broad band UV radiometer UVSABT
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(a) Before correction. (b) After correction.
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315.0nm~400.0nm DO & D HSJ DA FHE) D REE &7 LTz,

WolE D, NIST 7 ¥ 7HREIZ L D UVSABT 030-620 O
HZRRE Res 1, LTOEY TH 5.

NIST 7 > 7RREIZ L 2 & (S-1079 7 > 7 2007.06.29)
UVB: Res = 8.51 mV/ u W/em?

UVA : Res = 0.38 mV/ u W/em?

L7235 T, UVSABT O HIZREE N FFEMZEL L TV

WERET D &, THRBRMERICE DT 12 TNIST 7 &~
TREIC L DIEE JIZH T, UVB TR 2% & 13IF— L,
UVA TH 15%DENB D bz,

6. F&H

ARFE T, JRHIERERANE B FEHH o o YR tE A 2 B
BB L, BEICETLIEMERABREITO L LB, KH
1L S B 55 3 UVSABT(UVB & UVA % HIE) D 43 6 He
DR Z ATz

(D) YR EEEOMEIIL TOEY TH 5.

- HEEIL, NIST 7 > /3@, EKkFET v 7ERE, fiE
JFR, DR, BENFRTHR S, SO
EkTF2EHEESEE 2R, S tE
MR SRR BN S8 5.

- F UL, DXW B NIST 5 > 7, FEL % NIST
S, BKETUTDOIENLEIRTS.

< [EPTRE 1T, SE4MER A S © GR600 & GR1200 @ 2
T, ATEIZEE 150~3000nm, #%HILEE 150~
1500nm D #iPH Z /N E D AT~ 7 0.002nm Tl
PCICE VW EETAHIENTES. ZRDLDWESMR
BT /N T 0.06nm TH 5.

- A GIERIE, BRENEFRTEHEY 95mm ONLE
ICRET 5. WETE, ## PC Ik HHDL
BRZEY, HOZHETD.

- EETHOMELAIRETH D.

Q) HHEABREROBMEIIUTOEY THD.

« [\ # T (GR600 & GR1200)I2-5W\TiX, GR1200 %
EH L72% A, GR600 DA L, UVB O K
13K 1/3, UVA O REIHK 1/4 12T 5.

« AU v ME.1, 0.5, 1.0, 2.0, 5.0mm)iZ- D>\,
GR600 i D4, UVB H ik 0.5~2.0mm, UVA
H 0% 1.0~2.0mm DOHEPHDO A Y » Mg TH A RE
LB MR L.

- 2 U > F&(Open, Imm, Close)iZ DWW TiX, Open (15
mm) VETORLTHEANATETHS.

- 7 OFEDXW B NIST 7 >, FEL & NIST 7
v, BAKFET AN ONWTIE, FELE T v 7
HLWENFE L, BAET V7 TiE UVA I TH AR
Hon7ehotz.

- HIEWEREEIZOWTIE, GR1200 DA ICEE TN
NEEK T 2nm 58 B, ORI EREIC R
5. FOIZ®, GRI200 FEHOHE, WETHAHIEN
VETHD.
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(3) JRHriksE Sk B #H 5 UVSABT @ 43 Yefe i

WALE ) D A S5 Y% Brewer IZ K A WHEEN S,
UVB & UVA O EfEI%IC 51 5 18 £0.5nm £ 0 BB E 1
Zifi L, UVSABT D4y N E 2R 7. Z DfER, UVB
HADOREE D — 2713 301.0nm, UVA HAODKED
—2Z71% 359.0nm &7V, BIFITHRIZE—T ZFEOL
WMORHEER, BEIIRERMUTOLELIALNA
R D S NIEEZFFSOZ ERH LN E o7z,

%72, UVSABT O & Inm 5O H )i = #1E L, UVB
& UVA O RHEROFREE T fE2 B LEE 2R -
& 2%, 873(UVB)E 0.43 (UVA) mV/u Wiem? £ 720,
NIST 7 v 7 RREIC £ 5 ARSI, /& TIRIZIE
—F L, %E TN 15%DENE L.

ko Xdiz, AEEELZERRESE B S EH S
SRR A E L, OfFEE 2nm LI, E£HEE Inm LLF
LWV S WMOQ004) D EAEFEEL -+ 2 L 2R L.
B, OEETIIWRERICRI T 255000 BE DMK
K70, WREFROHNIZI/NEL D0, RECTRET
LHECHENBEARET D &, SfER% Som & LT
BATY, SMEEE 2.5nm & LA & RIS ICKE 2/
ETHZ ENTE.

ST, BHEEEARRREL T, VT T
o7 TEMERLERBREZITO L Ebic, BEHNIICE
ELTE LD RWREDONEAEE 2, Hkx oaxt il
WHIETEDLLIWR L TVDE T2,

# i
AERETDICHL, mEXRKEOREER AR, B
T =ROBEBRERR IR0 ZHEZBY, AT
AV VEEHE v Z — OILIRHER AR R S IR O T
HEolmEEBNT LI, N6 FAICELSBILEAL
EFET.
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