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Measure and Comparison between the Second—generation and the
Third-generation Image Intensifier within the Different Region of
Wavelength
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Abstract: The spectral response, cathode sensitivity, gain, resolution and signal-to—noise ratio of the
super second-generation and the third-generation image intensifier were measured at the short wave cut—off
of 550 nm, 625 nm and 675 nm for A luminant. Under 107 Ix illumination, the resolution of the third-
generation image intensifier does not decrease after undertaking 675 nm short wave cut-off for A luminant,
while the resolution of super second-generation image intensifier drops to 94% of the initial value;
however, under 10*Ix illumination, the resolution of the third-generation image intensifier decreases to
90% of the initial value after undertaking 675 nm short wave cut-off for the A luminant, while that of the
super second-generation image intensifier decreases to 85%of the initial value. In addition, the resolution
decreases with the decrease of illumination. For the super second—-generation and third—generation image
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intensifiers, although the parameters are the same under the illumination of A luminant, but when used in
different short wave cut—off wavelengths, the performance of the third—generation image intensifier is
better. Although the decline proportion of parameters for super second—generation image intensifier is
higher than that of third-generation image intensifier under different short wave cut-off wavelengths, the
difference is not obvious, so the performance difference during use is not obvious.

Key words: Image intensifier; Microchannel plate; Cathode sensitvity; Signal-to—noise ratio; Resolution;
Gain
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Fig. 1 Spectral response of photocathode between sample 036% and 303%
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Table 1 Sensitivity within the different region of wavelength

A luminant = 550 m/ = 625 nm/ = 675 nm/
Sample Sensitivity/ Sensitivity/ Sensitivity/ Sensitivity/
) - Percentage/ % - Percentage/ % - Percentage/ %
(pAsm ") (pAelm™") (pAslm ) (pAelm ')
036% 963 922 96 775 80 691 72
303% 2 240 2200 98 1900 85 1704 76
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Fig.2 Spectral radiation of tungsten lamp in the color temperature of 2 856 K
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Table 2 Gain within the different region of wavelength

A luminant/ =550 m/ = 625 nm/ = 675 nm/
Sample Gain/ Gain/ Gain/ Gain/
‘ ) Percentage/ % ‘ Percentage/ % ) Percentage/ %
(cdem™Ix™")  (cdem ™ *Ix™") et (cdem *Ix 1) et (cdem ZIx 1) ger
036% 15 000 13 500 90 12 150 81 6 220 70
303 15000 14 400 96 8 880 87 3450 76
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Table 3 Signal to noise ratio within the different region of wavelength

A luminant = 550 m/ = 625 nm/ = 675 nm/
Sample SNR SNR Percentage/ % SNR Percentage/ % SNR Percentage/ %
036% 30.4 28.9 95 26.3 87 23.5 77
303# 31.3 31.0 99 26.8 86 25.7 82

e 3R LLE P ARG 5 25 00 1 e LU 7E BEAT A AR 0 SRR AR AR R 5 B 2 0 A A R A
oL, AT AR SR = ARG 5 2 1 M LU T R 1 LE BB IR

kT AE TR R SR E T LA R R AR SR A M5 R EE L 7E 1.08 X107 Ix BB BE S5 R R 43 0 T B AR
SR A A0 R LE BV R R AIG 1A B0 S A5 1 T T A2 0 o A5 R B 0 £ MR L T e SR R A
WAk 4, RPN MR g 85 5 =LA I8 43 5] Sy ASBTR (550 nm 625 nm DL K& 675 nm i
T LR 5T T 00 A5 1 0 0 5 21 e b S AR TR A

02250014



R A AR R = A B i AN [ e 7 90 B ) 2 O I H A

x4 REEZFGTARKKERNNEREL

Table 4 Signal to noise ratio within the different region of wavelength in low illumination

A luminant = 550 m/ = 625 nm/ = 675 nm/
Sample SNR SNR Percentage/ % SNR Percentage/ % SNR Percentage/ %
036% 10.9 10.2 94 9.1 83 8.4 77
303% 11.2 11.0 98 9.6 86 9.2 82
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Table5 Resolution within the different region of wavelength in high illumination
A luminant/ = 550 m/ = 625nm/ = 675nm/
Sample Resolution/  Resolution/ Resolution/ Resolution/
P Percentage/ % Percentage/ % Percentage/ %

(Ipsmm ') (Ip'mm ") (Ipsmm ") (Ipsmm™")
036% 64 64 100 60 94 60 94
303% 54 54 100 54 100 54 100
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Table 6 Resolution within the different region of wavelength in low illumination

A luminant/ = 550 m/ = 625 nm/ = 675 nm/
Sample Resolution/ Resolution/  Percentage/  Resolution/  Percentage/  Resolution/  Percentage/
(lprmm ") (lp'rmm ") % (Ipsmm ") % (Ipsmm ") %
036= 14.3 14.3 100 13.5 94 12.1 85
303% 20 20 100 20 100 18 90
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Table7 Percentage decrease of resolution in low illumination

Sample A luminant/ % =550 nm/ % =625nm/% =675nm/%
036% 22 22 23 18
303# 37 37 37 33
3 Fig

i AR AR 5 s 09 6 L IR AN — A A A O % AN — R TR BB S RO TE A DGR AR
N Y PO R 3 2 HOR LB AR =AU SR AR I 2R S TR RE R R B m M BT L) H TR
ai O R OR TR R SR 2R I 25 A MR RE Y O N HE R . Y R RS AR R g b e T
) FH AR AR [ B o 17 952 4 A 000 e ) 2 5, TS RE R AE A DGR S 10 B i S 40

£ 550 nm 625 nm LA K 675 nm B PR PR KT, SAEIG RS ERE O 48 SRR BE ) 5
WG TR BE AR L3, T By LB B Ik o PR, TR ) B P B A A 1 8 AR i 2 A0 = AR o 4%, Y HAE &
OGN SR TCALAE A T, ARG SR A 0 PERE A A o AR BEIR B ARG 0 2% 1Y PR AR IS 40k AR I
S i 2 ELA L = AR S A T i) R P RE S R
5% ik
[1] LIU Qiankun, LIU Lei, DENG Yubin, et al. Apparent distance theory revision for low-light-level night vision system

based on noise factor[J]. Optical and Quantum Electronics, 2017, 49(7): 249-264.

[2] YAN Baojun, LIU Shulin, HENG Yuekun, et al. Nano-oxide thin films deposited via atomic layer deposition on micro-

channel plates[J]. Nanoscale Research Letters, 2015, 10 (1): 1-11.

[3] YJIN Weiqi, ZHANG Qin, WANG Xia, et al. An improved apparent distance model for direct-viewlow—-light-level night

vision system[ J]. Acta Photonica Sinica, 2020, 49(4): 0411001.

S, KB, TE, L R BRI RO RGBT [T ] O6F 4R, 2020, 49(4) : 0411001.

[4] PRANAV G, LUCA C, IVAN B. Monte Carlo simulations of electron photoemission from cesium antimonide[J]. Journal

of Applied Physics, 2017, 121(21): 215702 .

[5] DIMITROV D A, BELL G I,SMEDLEY J, et al. Modeling quantum yield, emittance, and surface roughness effects from

metallic photocathodes[J]. Journal of Applied Physics, 2017, 122(16): 165303.

[6] SIDDHARTH K, DIMITRE D, WILLIAM S. et al. Monte Carlo charge transport and photoemission from negative

electron affinity GaAs photocathodes[ J]. Journal of Applied Physics,2013,113(10): 104904.

(7] WJ2091-1992, HObGug Al Jr gk (ST, dent: b E bRl e, 1992.

WJ 2091-1992, Test Method of Image Intensifier[ S ].Beijing: Standards Press of China, 1992.
[8] GIB 2000A-2020, &3 ek im FHMELS]. b5t T EARE B AL, 2020.

GJB 2000A-2020, General Specification of Image Intensifier[ S]. Beijing: Standards Press of China, 2020.

[9] TIAN Jingsheng. New development of low light level imageing sensor technology[J]. Infrared Technology, 2013, 35(9) :

527-534.

M4 OB AL B H AR W Bt e[ T]. £LAMEOR , 2013, 35(9): 527-534.

[10] BAI Xiafeng, YANG Shuning, HOU Zhipeng. NVIS compatible characteristic of low light level image intensifier assembly
[J]. Infrared and Laser Engineering, 2016, 45(S2): 2001-2005.
FEGEWE , 45T, RGNS . PGS SRS SR AR A [T ] 204 5OE LAE , 2016, 45(S2): 2001-2005.

[11] SINOR T W, ESTERA J P. An analysis of electron scattering in the thin dieelectric films used as ion barriers in generation
[l image tubes[ C]. SPIE, 2003, 4796: 23-32.

[12] ESTERA J P, FORD C E, GIORDANA A, et al. High reliability GaAs image intensifier with unfilmed microchannel
plate[ C]. SPIE, 1999, 3749:713-714.

[13] QIAN Yunsheng, CHANG Benkang, TONG Moying, et al. Frequency spectrum measurement of noise of image

0225001-6



R A AR R = A B i AN [ e 7 90 B ) 2 O I H A

[14]

[15]

intensifiers[ J]. Acta Optica Sinica, 2003, 23(1): 67 =70.

B2, WM, IR, A5 OB TR AR A BUE I IBORWTESET]. S BB, 2003, 23(1): 67 ~70.

CUI Dongxu, ZHENG Shaocheng, QIU Yafeng, et al. Output signal-to—noise ratio characteristics of Microchannel Plate
[J]. Chinese Journal of Vacuum Science and Technology, 2012, 32(16): 468-471.

PR, AR R, BRI | S R T B B0 AR R L AR R Y [T ], B B 5 EOR 4, 2012, 32(16) : 468-471.

LI Xiaofeng, CHANG Le, ZENG Jinneng, et al. Study on resolution improvement of microchannel plate [J]. Acta
Photonica Sinica, 2019, 48(12):1223002.

e, IR, WHEEE, AF . Mol E R H R R ATIE[T]. e AR, 2019, 48(12) 1 1223002.

LI Xiaofeng, LI Tingtao, ZENG Jinneng, et al. Study on the improvement of input signal utilization of MCP [J]. Acta
Photonica Sinica, 2020, 49(3):0325002.

bRl , IEV, W PERE, AF . GO E B A S SR TR BT LT ] T 2R, 2020, 49(3) 1 0325002.

BOSCH L A. Image intensifier tube performance is what matters[ C]. SPIE, 2000, 4128: 65-78.

Foundation item : National Nature Science Foundation of China (No. 11535014)

0225001-7





