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On figure of merit of low light level image intensifiers

ZHOU Li-wei
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Abstract; Since 1960s, the technological progress of low light level night vision technology
has always been evaluated by “generation”. According to usual understanding, the second gener-
ation is better than the first generation, and the third generation is superior to the second genera-
tion. In 20th century, during the developments of image intensifiers for low light level night vi-
sion (LLLNV). the first generation fiber optical cascade coupled image intensifier in 1960s. the
second generation image intensifier with microchannel plate (MCP) in 1970s, the third generation
image intensifier with GaAs negative electron affinity (NEA) photocathode in 1980s, appeared
one and another, The new generation image intensifier or the fourth generation image intensifier
has been continuously explored by scientists engaged in night vision technology. But, for the im-
age intensifiers, what is the fourth generation, what can be called the fourth generation, it has
some arguments in the night vision academic circle. The problems are as the following: whether
or not it is appropriate and comprehensive for the image intensifiers to be divided by “generation”

and evaluated also by “generation”; what is exactly when we evaluate an image intensifier by use
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of the performance or the technology; and what is better and more comprehensive for expressing

the performance of an image intensifier. All these problems have been paid attention by night vi-

sion academic circle. The present paper shows that the overall performance of low light level im-

age intensifiers should be evaluated by the “figure of merit”. rather than by the concept of "generation”.
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Tab.1 Typical characteristics for the first

generation image intensifiers

The first generation image intensifiers 25/25 mm™!

Characteristics

Single stage Two stages Three stages
Gain 80 4000 50000
Resolution/ _
65 40 25

Ip mm™!
Distortion/ % 6 14 17
Effective di

ective diameter 25 21 23

at exit end/mm
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B F RIS BRI (H] e 4T R 5B )6, 51 R ER MR H
HEWERURE, FFH R RCHERE. XEEN
RRERA . AHFRX —EA, A& 10 REHEKE
F,F 20 fiteg 70 SE RV H T HESS B %
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Fig. 1 Spectral response for $-25, super S5-25 (super-second

generation) , GaAs(third generation) photocathode
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g /MRERS, —RERRSVBECREE. Ha
SR B REM IS L. B, 8 TES NEA JKEA
WA B ERARAE TR FELE. IF
RMBEENT ZKEHRE AR TRERK., X
KEZREMHEER LEEL—-FE XY 0.75 pm
B ALO, 3 SI0, B FREE. XZHBEERRRY
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Tab.2 Comparison of characteristics for the second
generation, super-second generation, and the
third generation image intensifiers

Super High perfor- High

Gen [| Gen 1l Nance super Gen [ performance
e Gen 1l Gen [}
e
COSIIVILY S 240~350 500~700 700~800 800~ 1000 1300 ~2400
pmlm
Resolution™ 5 4955 60~64 10 4564
Ip mm
h 107 ¢
SNR @ 10 14 21 22 14~21  21~25
Ix
Lifetime;h 2000 10000 15000 10000 = 15000
Price’ $ ~2200  ~2700 ~3200  ~3500  ~3500
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Fig.2 Comparison between light blooming of standard third gen-

eration and without light blooming of non-film fourth gen-

eration in the condition of strong light
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standard third generation
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Fig. 4 Effect of resolution for 20 lp/mm and 60

Ip/mm targets at different illuminations
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Fig. 5 Limiting resolution at different illuminations
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Fig. 8 MTF curves for the standard third generation and the

super second generation image intensifiers
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Tab.3 The second generation and third generation

image intensifiers equipped for AN/PVS-7
by Litton Co. USA

Genlll  GenI Gen I

Gen Il g e ;
Tube intensified Oroni I meensified O IV
T Mxasme (FRS MK MK MX-101
gV QU c/uv
Resolution/Ip mm~! 32 36 45 52 fd
Sensitivity( min)
I 240 350 1200 1350 1600
@2856 K
Radiation
sensitivity(min) 15 30 120 130 190
/mA W-! @830 nm
SNR 11.5 s 18.0 2.0
Bri 5s gai
g*['g‘f”mg“'“ 22000 22000 30000 40000 55000
Fiauieal e 368 414 768, 5 936 134
(SIMIXR 8% . i
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%4 %£EITT 28 =4 MX-10160(F9800 R 51)
18 mm 4 1% 38 """

Tab.4 The 18 mm third generation image intensifi-
ers for MX-10160 ( F9800 series) by ITT Co.
USA
Tihe ha rogop  VEI060  FUB003  FUSOON  MX-L0160A
be shape Omnibus Il Gen MM+ Gen I+ Omnibus IV
Resolution. Ip mm ! 45 45 51 64 64
Sensitivity(min)
(pAlm! 1000 1350 1550 1550 1800
@2856 K
Radiation
sensitivity( min) 100 130 150 150 190
/mA W' @830 nm
SNR 16.2 19.0 19.5 19.5 21.0
Bnghtness gain 20000~ 20000~ 20000~ 45000~ 45000~
(1 e@2Xx10%) 35000 35000 35000 65000 65000
Brightness gain 3500~ 3500~ 3500~ 10000~ 10000~
(fi/fe@2X10'c) 10500 10500 10500 20000 20000
Figure of menit -
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