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Abstract: A new type of spectrosensitometer has been developed, which is characterized by a wide spectrum range
of 340 nm ~ 900 nm and a large exposed area of 202 mm x 90.5 mm with multi-step light intensities on it. The optical
density value error of each step on the 18-step wedge with high precision is not greater than 0.01. The film filter
evaporated according to the spectral characteristic of the light source can eliminate the secondary spectrum of
grating. The automatic control acquisition system is developed by LabVIEW and all-in-one PLC with HMI. In the ho-
rizontal direction, the grating displacement sensor is adopted to form the closed-loop control, and the wavelength
positioning deviation is less than 0.05 nm. Linear compensation method is adopted in the vertical direction with a
height deviation of less than 0.05 mm. The spectrosensitometer automatically measures the optical power per unit
area of lights with different wavelengths and light intensities on the step wedge. The shutter controls exposure time.

i HHEA: 2018-07-11; WElf&isHE: 2018-10-21

EEmB: (2016YFF0101904 2016YFB1102303) (61775140 61775141)
TEEREAY: (1990-) E-mail li_chaoyang163@163.com
BIEEE: (1963-)

E-mail: hyshyg@sina.com

180365-1



DOI: 10.12086/0ee.2019.180365

Photosensitive materials are once exposed within the scope of the wide spectrum. After being developed and fixed,
the optical density value can be measured by densitometer. The spectral sensitivity curve of a photosensitive ma-
terial with a certain optical density value can be drawn according to the national standard (GB10557-89).
Keywords: spectral sensitivity; optical density; spectrum; light intensity; step wedge

Citation: Li C Y, Huang Y S, Sheng B, et al. Spectrosensitometer with wide spectrum, large scale and multistep
optical field[J]. Opto-Electronic Engineering, 2019, 46(2): 180365

200 nm~600 nm

1 51 &
1839 1 1996
(1 12
350
CCD nm~780 nm
COMS 10 nm!
CCD COMS
5 mmx12 mm
8
CCD  COMS a
B
X
CR IP (8]
220 mmx100
2 mm 18 202 mmx90.5 mm
0.01
600
nm~900 nm
450 nm
( J/m?) GB10557-89 340 nm~900 nm
500 W 110 mmx110 mm
S, = 1 X (1) 500 pW
H,
S, H, A D,
J/m?) ( J/m?)
e 2 RERGH
10 (43] 1 L 500 W
1988 CogleyRM Knight SE S
R M

180365-2



DOI: 10.12086/0ee.2019.180365

202 mm(

)%90.5 mm( )
340 nm~900 nm

110 mmx110 mm

350 I/mm
6° 1643.59
mm 390 mmx110 mm®
1
4 546.07
nm 435.83nm 576.96nm  579.07 nm
2.78 nm/mm 2

A1 R EMmBE. L Rk, S 4% R FERRME; M WEESS; G WM,

2=y

C: H@AEA4; D: TRl F: AfE

Fig. 1 The optical diagram of the instrument. L: Source; S: Slit; R: Reflector; M: Concave mirror; G: Grating; C: Cylindrical;

D: Electronic shutter; F: Focal plane
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Table 1 Optical system design parameters
/mm /(/mm) 1(°) 1(°)
62 mmx62 mmx6 mm 45.00
$148 mmx25 mm 17.95 640
110 mmx110 mmx12 mm 10.94 350 25 6
390 mmx110 mmx50 mm 5.90 1643.59

T KA

Fig. 2 The mercury lamp spectrogram
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Fig. 7 The system block diagram of spectrosensitometer
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Fig. 8 Closed-loop control algorithm for horizontal position
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Fig. 9 The error of vertical scan area at the upper and lower boundaries. (a) The wavelength sampling is with an interval of 3 nm; (b) The wa-

velength sampling is with an interval of 10 nm

6 SEIER BN ES

692 nm
3 min 590 nm~850 nm
1 min 5 min 10
D=1.0 590 nm~740 nm
11
690 nm 692 nm 2 nm

I .u.I;,'|.'|.'II..'|.'|.'I|'|.'|.'I|I|'||'|.'I|!|'|.'|.I|I|'|'|T|.:|'| (F|TETFAAEFAFPEFFEPEFATEE POV T
oem 1 z 3 4 5 & ¥ 8 9 10

H 10 692 nm & A SR 69 B TR LR R
Fig. 10 The exposure result of photographic plate with
the most sensitive wavelength of 692 nm

7 & it
110 mmx110 mm

202

mmx90.5 mm 340 nm~900 nm

18

.04 -
-0.6

T

-0.8
(690, -0.45)

-1.0 {

e

IgS/l

1.2
1.4
16 4
_18 -
-2.0
-2.2 4
-2.4

T T T T T T T T 1

T

580 600 620 640 660 680 700 720 740 76
Alnm

K E D=1.0 xf iz ¢4 ik R BUE W &

The spectral sensitivity curve for D=1.0

11
Fig. 11

180365-6



DOI: 10.12086/0ee.2019.180365

&30 Hk

(1

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

EFH. RFFMHM]. B EEHAFE A LR, 1986:
2481-2518.

Chen Z H, Li Q X, Zhang F S. Strategies toward highly sensitive
non-silver, photochemical imaging materials[J]. Information
Recording Materials, 2013, 14(4): 31-35.

RTAE, FRE, RAE. &RBALF R R BRMAG L
Fouk—— AR 3k BOb A LA ], 13 &t FATEE, 2013, 14(4):
31-35.

State Bureau of Technical Supervision. Method for determina-
tion of spectral sensitivity of photographic materials: GB/T
10557-1989[S]. 1989.

FEABEAH. &AM LRI HENEF % GBIT
10557—-1989[S]. 1989.

Kuchko A C. Aerial Photography Principle and Quality Evalua-
tion[M]. Cai J L, Shen M Q, trans. Beijing: Surveying and Map-
ping Press, 1982: 177.

B A A C. MEBRHF: RELEREFNM]. IR, b,
%, AR A B RRAE, 1982: 177.

Pierre G. Chimie Photographique[M]. Chen G M, trans. Beijing:
China Film Press, 1992: 167-168.

BHAE KA. BARLE-F = oM BELEM]. HARK, &
b P E Bk A, 1992: 167-168.

Cogley R M, Knight S E, Toomey T J. Measuring photoresist
spectral response with a spectrosensitometer[J]. Proceedings
of SPIE, 1988, 922: 212-216.

Wang H Y. Application of spectrum photosensitive instrument
using 8098-single-chip microcomputer[J]. Optics and Precision
Engineering, 1991(2): 120-123.

E 304E. 8098 K AL LHRE M L ag R FR]. AFAHELT
#2, 1991(2): 120-123.

Walker R A. An equal-energy scanning spectrosensitometer[J].
Photographic Science and Engineering, 1970, 14(6): 421-427.
Sun L, Huang Y S, Sheng B, et al. Design of exposure system
for the spectral sensitivity detection of the photosensitive ma-
terial[J]. Opto-Electronic Engineering, 2016, 43(12): 72-78.
R, EAY, ER, F. BOUMAAER SUL MR R LN
&[] ke 142, 2016, 43(12): 72-78.

Banning M. Neutral density filters of chromel A[J]. Journal of
the Optical Society of America, 1947, 37(9): 686-687.

Frenkel A, Zhang Z M. Broadband high-optical-density filters in
the infrared[J]. Optics Letters, 1994, 19(18): 1495-1497.

Bittar A, White M G. Design of ultraviolet neutral density filters
using metal-insulator inhomogeneous layers[J]. Applied Optics,
1992, 31(28): 6122-6126.

State Bureau of Machine Building Industry. Coating for optical

[14]

(18]

[16]

(171

(18]

[19]

[20]

[21]

180365-7

element neutral-filter coating: JB/T 8226.5—1999[S]. Beijing:
China Machinery Industry Press, 2000.

R Tk B . RFRMAEEBE FHIELBE: BT
8226.5—1999[S]. L7 F EHMK T Ak i Bk, 2000.

Ministry of Industry and Information Technology of the People's
Republic of China. Linear variable neutral density filters: JB/T
11532—2013[S]. Beijing: China Machine Press, 2013.

A AR Ao E Tk fofz BALIR, KM R PR EEIERA
JB/T 11532—2013[S]. db7: Atk Tk ik ir4t, 2013.

Li X R, Wu W G, An C H, et al. Research for preparation af-
fecting factor of Ni80Cr20 alloy film[J]. Tool Engineering, 2017,
51(7): 39-41.

Fawh, AXE, £4%, F. NiB0Cr20 444 &HmE %
eI AP R[] TR K, 2017, 51(7): 39-41.

Wang Z L, Wang R S, Yin X J, et al. The influence of different
coating process on density neutrality of deep attenuation Ni-Cr
film[J]. Opto-Electronic Engineering, 2014, 41(8): 90-94.
Ehik, Ead, MR, F. 8405 X SRR
M GFAl]. ke TAE, 2014, 41(8): 90-94.

Su Z J, Ni P, Xu S L. Realization of motion control system
experimental platform based on LabVIEW[J]. Research and
Exploration in Laboratory, 2011, 30(10): 38-39, 110.

FAFI, A%, F 016, LabVIEW fEiE 3454 A 46 0T & 49 2
AAaEA]. E¥EHAREIRE, 2011, 30(10): 38-39, 110.
Dixit S A, Jain A. Implementation of PPC-SSR as final control
element and interfacing of PLC with LabVIEW using modbus in
two tank non interacting level control system[C]//Proceedings
of the 1st IEEE International Conference on Power Electronics,
Intelligent Control and Energy Systems, Delhi, India, 2016:
1-6.

Wang G S, Deng Y, Xie Q, et al. Design electric closed-loop of
multidrive NC servo control system based on Lab-
VIEWI[C]//Proceedings of the IEEE 4th International Confe-
rence on Digital Manufacturing & Automation, Qingdao, China,
2013: 449-452.

Junoh S C K, Abdullah L, Jamaludin Z, et al. Evaluation of
tracking performance of NPID double hyperbolic controller de-
sign for XY table ball-screw drive system[C]//Proceedings of
the 11th IEEE Asian Control Conference, Gold Coast, QLD,
Australia, 2017: 665-670.

Niranjan P, Shetty S C, Byndoor C D, et al. Friction identifica-
tion and control of ball screw driven system using
PLC[C]//Proceedings of 2016 IEEE International Conference
On Recent Trends in Electronics, Information & Communication
Technology, Bangalore, India, 2016: 803—808.



DOI: 10.12086/0ee.2019.180365

Spectrosensitometer with wide spectrum, large
scale and multistep optical field

Li Chaoyang?!, Huang Yuanshen!2*, Sheng Bin!, Zhuang Songlin?2

'School of Optical-Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China;
*Shanghai Institute of Optical Instruments, Shanghai 200093, China

The tungsten halogen lamp spectrogram with the step wedge

Overview: Spectral sensitivity is one of the most important characteristics of photosensitive materials, which represents
the photographic effect of photosensitive materials on radiation of different wavelengths. There are many kinds of in-
struments used to measure the spectral sensitivity curves of photosensitive materials, but these instruments are old,
cumbersome and inefficient. In addition, because of the low energy of ultraviolet band and the uneven distribution of
the light intensity on the spectral surface, the equipment, which is built by improving the spectrograph, cannot be used
to draw the photosensitive curve of photosensitive materials. Therefore, a new type of spectrosensitometer has been
developed, which is made up of a homemade 110 mm x 110 mm blazed grating and a cylindrical reflector with a curva-
ture radius of 1643.59 mm, to produce a 202 mm x 90.5 mm spectrum plane. The operating wavelength ranges from
340 nm to 900 nm. The optical density value error of each step on the 18-step wedge with high precision, which is in-
vented by means of evaporation and ions beam etching micro-compensation technology, is not greater than 0.01. The
step wedge is placed on the spectrum to form a stepped distribution (vertical direction) of the spectral intensity of each
wavelength. The step wedge engraves with spectral wavelength carved lines, the positioning line and the wavelength
calibration engraved line. According to the spectral characteristic of the light source, the filter film is plated in the geo-
metric region corresponding to the band of 600 nm ~ 900 nm of the step wedge to eliminate the secondary spectrum of
the grating. The film filter evaporated according to the spectral characteristic of the light source can eliminate the sec-
ondary spectrum of grating. The automatic control acquisition system is developed by LabVIEW and all-in-one PLC
with HMI. The ball screws are used as vertical and horizontal displacement device. In the horizontal direction, the grat-
ing displacement sensor is adopted to form the closed-loop control, and the wavelength positioning deviation is less
than 0.05 nm. Linear compensation method is adopted in the vertical direction with a height deviation of less than 0.05
mm. Spectrosensitometer automatically measures optical power of lights with different wavelengths and light intensities
on the step wedge. The shutter controls exposure time. Photosensitive materials are once exposed within the scope of
the wide spectrum. After being developed and fixed, the optical density value can be measured by densitometer. The
spectral sensitivity curve of a photosensitive material with a certain optical density value can be drawn according to the
national standard (GB10557-89).
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