IDus UV-VIS Spectrometer



Specification



Basic Components of UV-VIS
Spectrometer

e Andor iDus CCD 420-BU

 Newport plane Holographic reflection
grating.*1

* PAT-001 rotational stepper motor. *2

Light source input

mirror

*1

Andor

iDus CCD
420-BU




Specification of Andor iDus 420 BU
CCD

Key Specifications Dark Current

100000
Model Number DU420A series
10000

BU:Back
. [lluminated CCD, 1000
Sensor option
UV enhanced, 100
350nm optimized w
@
2 10
Active pixels 1024x255 pixels B
& 1
o
Image area 26.6x6.6 mm 3 01
L
a 0.01
Maximum spectra per sec 88
0.001
Minimum temperature .
. | P q -80°C 0.0001
alr cooie 100 -80 -60 -40  -20 0 20
Minimum temperature Temperature (°C)

. o '1OOOC
coolant chiller @10 C



Quantum Efficiency Curves
of Andor iDus 420 BU CCD
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Newport Plane Holographic Reflection
Grating

20HG2400-
Catalog No.
- 400-1 — 45 degrees

100
Groove | wc:a | e —
ARG 2400 per mm 0 E__j;mm% 7/
Vg [~
Dimensions 50x50X6mm 0
Blazed or High < / \.\
Modulation modulation , 80 N
> [ .
Nominal = 50 a
Blazed 2 , \
i =40
Wavelength 25 um i , \.
Tolarance 30
Coating Aluminum *
10
Spectral 250-600 nm )
Region 01 02 03 04 05 08 0OF 08 08 10 12 14 16 18 20 22 24 26
M @ 400 nm

efficency



Calibration Protocal



Basic Grating Equations — for Center
Wavelength

GmA =sina + sin
G: Groove Density (Groove/nm) (eq.1)
m: Diffraction Order

$

A= ECDSHG sinf

(eq.2)

0 = angle rotated from o = S = 6,
6, = (Deviation Angle) * S == NG5k f 2 jpyu— 5
= [ﬁjEﬂj*“JﬁZero Orderl ¥4,



Center Wavelength Fitting

Pulse Theoretical Difference Pulse Theoretical Difference
Number Position (nm) | Position (nm Number Position (hm) | Position (nm

53495 0 0.033 -0.033 33773.5 626.31 626.234 0.076
46343 253.652 253.617 0.035 33771 626.368 626.293 0.075
44603 312.567 312.507 0.060 30502.5 696.5431 696.468 0.075
44585.5 313.17 313.091 0.079 28649 730.03 730.059 -0.029
43007 365.015 364.948 0.067 28599 730.968 730.900 0.068
42992.5 365.484 365.417 0.067 28498 732.656 732.588 0.068
42966.5 366.328 366.257 0.071 27378.5 750.3869 750.339 0.048
41753 404.656 404.923 -0.267 27306.5 751.4652 751.420 0.045
41664 407.783 407.716 0.067 26652 760.3 760.904 -0.604
40749 435.833 436.061 -0.228 26467 763.5106 763.472 0.039
38340 507.134 507.250 -0.116 25794.5 772.498 772.388 0.110
36941 546.074 546.070 0.004 22109 809.312 809.270 0.042
35770 576.96 577.005 -0.045 21959 810.3693 810.333 0.036
35693.5 579.066 578.975 0.091 21789 811.5311 811.497 0.035
33823 625.134 625.070 0.064 Standard Deviation (nm) 0.164




Fitting Process — |

*We transformed eq.2 into eq.3 to perform fitting in Origin

A=A sm(
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72000
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(eq.3)

Chin2
R"2

A
Xc

Data: Data2_B
Model: UserSine

= 0.01211
=1

-826.00448 +0.09257
53495.07112 +1.81321
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*We got —
- A =-826.004 (nm)
P, =53495.07112 (pulse)

"B It E R EAIPeakiIE365.016,404.656...etc.
“HRFMEAEAEAE(ERERD) WEET -
***Zero Orderfpulse numbermIFEHHRZ :
F#LZero OrdergdPeak Position A& 5 i E (FE¥]
WiIFREANEE) - WMIEFittinglFZEP A & —(EE
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JFEEE -



Wavelength (nm)

Fitting Process — ||

LJ??‘EE’JHttmgH—JEﬁ%E’JPeakﬁiEﬁ” B ARl 72 17 CAL-200089Data Base
F *We got —

A=A4 511‘1( X 7T ) » A = -825.94508 (nm)

72000 (eq.3) P, = 53495.92236 (pulse)

w00 | . | *31&:ECenter WavelengthEZIZ 25K - &
| 512fEpixelF&EE{EZero Order PeakBI 0 = LU
600 |- {1 UE#F8Zero OrderfJPulse Number&IEE2EIHY
R -
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I :
L % esems s ]
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Equation for Fitting to Deviation Angle

A = -825.94508
“fiteq 3HMFIAFittingBE P, = 53495.92236
2 P — Py
A =—cos0,sind » A = Asin X T
G 0 (eq.2) ('?2[][][] ) (eq.3)

- EFEMEHN - FHULaIIE L Deviation Angle 6, - (BIJYFTitt ZEbert Angle)

2
A= cosf, =

(
(eq.4)



Dispersion Angle — |

358 E Center Wavelength - FBLUR365.016L0 5 576.963 Mi{ElPeak 73 Bl E 1R
CCDE12-~212-412 612~ 812D1 %1012 pixelWUE - WacirBEN B £ EZ]
HGrating##j#JPulse Number -

£t &Dispersionl{ K Focal LengthliF 2 oh/0uKk REHEEMGrating pulse
position#£MHeq.2 or eq.35TE L RMNEAER - FIRKBLUETEL Za  pEBREFLRE
1B - & fRa » pLIKRIZTVIETE -

Calculated Center Wavelength
:
oo 135473 358826 362042 36007 37207 f375.322

)I_ WWWWWW o Wsoez1a  [srimt fssail [svesor  ||seaiss 585

)l_ 1085 Of35074.5 (00358305 [TH357055  [0f35569.5 354325

Verified Center Wavelength

.

oo | 135473 358826 362942 367007 371207 f375.322
Jo | j568.214  |57171 575211 |578.667  [582.154  }585.646




Dispersion Angle — I

«iDus&EEPixel Zz X/\&26um, o] 5T &EDistance from Center Pixel
“Fieq.l - BT LUHEEZpixel (IEFIHE Za - pfE - MDispersion Angle(g,)
B5/eq5  EPpRPULKEHRERAE - AT —pixelHERAE

ﬂp - ﬁp — B (eq.5)

1.401%7

3650157
57696




Focus Length and Focal Plane Angle —
Derived from Jobin Yvon Tutorial

C .
d CD pixg| Array Plane 2 EFM LIS Eleq.6 2@ &
\ fSino l g .
+ fsind
IR tan(@ + §) = ! (eq.6)

fcosd

AL - FPFRIGEH LUK 2 FEtR -
fleq.7 - OB & EfttingZH
d+ fsind
) )
f coso

¢ = tan~?! (

(eq.7)

o = focal plane Angle

¢= Dispersion Angle

f = Focus Length

d = Displace from Center Pixel




Focus Length and Focal Plane Angle —

Our Lab

o = focal plane Angle

¢= Dispersion Angle

f = Focus Length

d = Displace from Center Pixel

2 BF M LS Eleq.8 2B &

tan @ = d cosd
A ~ f+dsiné

(eq.8)

-F It o5t &Focus Length

_dcoso Jsind
f = — sin
(eq.9)

HRBRZ T - WEAFEH Zeq.81
Keq IR AEE - FEAHAR
BE##Et&focus lengthfVE - AR
=R/ - Al AFZfitting®a) -



Dispersion angle (Radian)

Dispersion Angle to Focal Length

P FFIREZ AR REBEZHEI  FHItHE_FEP—IRI0KAE - 7t
AIAERIER=E - ARIRAHeq.7 - BERKESeq.8 » eq INEINEHEE -

B iBE B ceq.]l ~ eq.28 2 Dispersion Angle - 1 LB 0PixelBOEEEE - LU
eq. 7 &fitting Azl - HMEH :
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*We got —
f3e5 = 498.133
fe;, = 498.634
365 = 0577 = 0
S M f 7 EE g - B
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Distance from Center Pixel (mm) Distance from Center Pixel (mm)

-HR/NAEDispersionfsin functionfyderivation - £/ - EAABIERETER

EZBRA - Bt - 38 EfFA U TR MRERFocal Length - » _ 198 133



Test Report



Sample

 CAL-2000 Calibration Light Source with 8um
fiber.

* Exposure : 100ms
* Average: 3 times



Counts

Repeatability

Hg 365.016 Peak Hg 576.96 Peak
S e e 80777 T
700 |- —B -
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200 |- N
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364.85 364.90 364.95 365.00 365.05 365.10 365.15 576.85 576.90 576.95 577.00 577.05 577.10
Wavelength (nm) Wavelength (nm)

*HVEEAERE
O -> 365.016 -> 576.960 -> 700 -> 576.96 -> 365.016 -> 0 ->..

~ JrEHit 555 Data



Counts

Linearity

Cal-2000 365nm - 730nm Main Peaks

3500 i 546.088 )} 365.013 365.016 -0.003
3000 I 435.856 | 404.692 404.66 0.028
2500 |- ] 435.856 435.833 0.023
2000 |- | 546.088 546.074 0.014
BOL o | 576.937 576.96 -0.023
1000 i 1 579.059  579.066 0.007
579.059 -

o .;316?013-|~ \ P 696.522\730.025_- . : )

A - G 696.522 696.543 -0.021
oL ]

T PR TR T T FTET FUTTE TUUTE T PRI POV PR PR PR ST P T T '73()13255 '73(1()3 _CLCN)S

360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740
Wavelength (nm) Standard Deviation 0.019



Counts

Hg 365.016 Peak

I T T
365.048 365.016 0.032
600
M 365.013 365.016 -0.003
500 R 365.022 365.016 0.006
Standard Deviation 0.018
400
300
200 PSR U (U S S S N N ST S S N ST S SR TR N SN S SRS NS S S S R S T T

36485 364.90 36495 36500 365.05 365.10 365.15  365.20
Wavelength (nm)



Counts

Hg 404.656 Peak

1200
1100 —
1000 —
900 —
800 —
700 —
600 —
500 —
400 —

300 -

200

T

T

404.55

404.60

404.65
Wavelength (nm)

B AT T

404.691 404.656
M 404.692 404.656
R 404.659 404.656

Standard Deviation

0.035
0.036
0.003
0.019



Counts

Hg 546.074 Peak

3000 ] 546.057 546.074 -0.017
2500 ] M 546.088 546.074 0.014
2000 ] R 546.079 546.074 0.005
1500 il Standard Deviation 0.016
1000 ]
500 i

ot i

546.00 546.02 546.04 546.06 546.08 546.10 546.12 546.14 546.16
Wavelength (nm)



Counts

800

700

600

500

400

300

200

Hg 576.96 Peak

576.86 576.88 576.90 576.92 576.94 576.96 576.98 577.00 577.02

Wavelength (nm)

I AT T

M
R

576.968 576.96
576.954 576.96
576.951 576.96

Standard Deviation

0.008
-0.006
-0.009
0.009



Counts

380

Ar 696.543 Peak

360

340

320

300

280

260

240

220

696.40

696.45

696.50
Wavelength (nm)

L e | e o

696.509 696.543 -0.034

M 696.522 696.543 -0.021
R 696.538 696.543 -0.005
Standard Deviation 0.014



Calibration Error v.s. Wavelength

Calibration Test
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Resolution

Peak Position Left Right FWHM
(hm) (hm) (hm) (hm)

365.016 364.982 365.041 0.059
404.656 404.657 404.707 0.05
546.074 546.043 546.081 0.038
576.96 576.93 576.965 0.035

696.543 696.499 696.544 0.045



