;e3e <X6T USi 0 J~1~ 2002 NI GHT VIEMER AND LASER RANGE FI NDER FI ELD OF
THE | NVENTI ON The present invention is in the field of night :['] srﬁc m\zr ces
-of the light anplification type. Mire particularly, the prese tﬂ |J e
relates to an inproved S night vision device having an inmage intensifier
tube (1ZT). Also, the present invention is in the field of |aser range
finders. A nethod of operating the night vision device and a

| aser range finding (LRF) are disclosed al so. Related Technol o Mﬂﬂ@ﬂl Imuml
range finders have been known for a considerable tine. These d

used, for exanple, by surveyors to calculate the distance from a poisies* of
observati on to an object such as a geological formation in the field of
view (i.e., the device requires I|i rNI@ i VEBEWERt i onshi p bet mmm

and the object to be ranged). Generall a | aser range fi nder ﬂm mummmm
projecting a pul se of |aser I} Fi R aser |i ghtegoggope
illum nates the object, and a portion of the laser light is reflected back
toward the | aser range finder device. The reflected laser light is
detected, and the tinme mterygméi& ﬁmght pul se to
travel to and fromthe obje rontt i nterval
measurenent and the known speed of light, the distance between the |aser

range finder and the obj ect is caI cul ated. 20 A conventional |aser range
finder of the BIEAD QESTHEJNYVENB@Ngeneral Iy includes a | aser capabl e of

d I
(e Tess than o %&%@?ﬁgn%mgrﬁg P8 RO U 1ok, Pt 4 LRCER, 0
may include aahiplificatpespehaodepaeidubdarly &hb:breaaxtaﬂvdnnﬁﬁ%la&vab andGhproved

phot odi ode), which is coupled to a high gain, gg speed amplifier. A high
speed di gi Pal negmrrtseqn deveerrla@mg@e Imee InteNsifiss tubs T&sAéSOs theepresent ia¥ersioRi ne

thetrrrernter er and
for | aser Irgh%/ r ﬁ%‘sg‘?{mé?ﬁpﬂe%tﬁ‘ ledc?{bt o&ffo Elgbpgrs%%j%e
Fromthis ti mandatn&lthtﬁloﬂlﬁﬁeﬁf&ﬂigéﬁﬁdmgmLRB)a’eId?dclo@écBﬂbd.OHI c cal cul ator
determ nes the range to the object, and this range is presented to the user
of the S device, usually on a visual display screen. These conventi onal

| aser range fhﬂe}iﬁﬁéﬁ%@l@i sadvant age of a consi derabl e cost and
conplexity. T nmust be of considerable intensity as well,

whi ch requores a hilgkerpangr fihdeschave Been kaowe for »Besidedsbiy tim@NJFhekéd delgses ar e
subject to optical and electrical problens, such as vuInerabrIrty to

el ect r omagnet iaee |Umderﬁ°ér@‘|3r€1@e 1oy GHWﬁlﬁfstt@ éﬁl@é%tﬁr@lal distgnesodom £ apiat ddnage
to optical congonent o%t n{b@«?c't &éi{ ﬂgglgzﬁvfo ation m%fﬁg@dvte 1§\9rﬁ/e i o

i npacted by theiv conp conven nrg
devi ces of theelid@gRuires lme of sight relatlonshlp between a user and the object to be ranged).

Generally, a laser range finder operates by projecting a puise of laser light at an object.

15 The laser light illuminates the object, and a portion of the laser light is reflected back
toward the laser range finder device. The reflected laser light is detected, and the time
interval required for the laser light pulse to travel to and from the object is measured.
From this time interval measurement and the known speed of light, the distance
between the laser range finder and the object is calculated.

20 A conventional laser range finder of the type described above generally
includes a laser capable of producing laser light pulses of high peak power and very
short duration (i.e., less than 50ns duration). The detector for the reflected laser light
may include a high speed photodetector (such as an InGaAs avalanche photodiode),
which is coupled to a high gain, high speed amplifier. A high speed digital counter



intensification type (i.e., light anplification) type have al so been known
for a considerable tinme. CGenerally, these night vision devi Cﬁ] iQEI ?@ﬁ an
-objective I ens 15 which focuses invisible infrared light fro tlﬁl n t
time scene onto the transparent light-receiving face of an inmage
intensifier tube. At its opposite inmage-face, the inmage intensifier tube
provides an inmage in visible yell ow green phosphorescent light, which is
t hen pr esent emhay beaised as adimertte déterngre the dimemintgrealpeguieed fonshe Bsarligin ta

i Chi y " or ovi o Bt ad KA R phCrRoingblh Bt et bR bbb
light rom thge§dedr SFRAE AURE tinee idervaP| ihRFmBGSH -dnnitémar e%&hhi@{‘pﬂ{:}ulﬁt@?

spectrumis invisible for humans. A night vision device of the |ight
anpl i fi cati ondeteqménesatheprapgé ¢ the objecthland ithisgrangee fd presgntedyta e nseglof the ne

scene. A cont orary.night .vision device will generally use an inage

i ntensifi 2&%%85 Wﬁgé“ﬂﬂ@i %&?ﬁéﬂgﬂbehi nd the |ight-receiving face of
the tube. The phot ¢pakhedGertidnilSaRe Paroé SiddersPhive A disdfvaniie 8f £dohdigMblé O

| i berate photoel ectrons. These photoelectrons are noved by a prevailing

el ectrost at i ccdst @nd domplexifycr dbédasee pulsesimust bERS doasidemgble igtensity s ivwelll ude
of dynodes, o i crochannel.s wt i

r an terior.surface substantially defined
by & ot or | al WA TRGHERS TGE EORTFET o Rpe EhmSRiSizRg Taageohades o subfedt T
emssivity. TQﬁtio‘ahQﬁd)élké&ikﬁlgs}éb@&"s?idcﬂ%tvﬁ]ﬁmefﬂbﬂ[t?%él%@@&ﬁagxﬁﬁé EnirfeR&ade
of 2 1 0 J~.J~ 2002 secondary em ssion electrons to nove al ong the

m cr ochanh®| sdavagetat electrigrd tcomiponentpend gamager to eptical earnpanestswhReliability of
replicates an input pattern, and.at onsiderabl y. hi gher electron density
than the inpu{hegﬁi"tc@‘? ak@?@l"?’éayﬁ*ﬂf’%& % F‘ﬁcﬁmpiﬁ?\é’é%trons is moved fromthe
m crochannel pl at egho ke RARSGPHARES eEMfentibhACRigh? PsRHUEBviRes/ o e ihﬁ?&e- A
5 power supply for the image intensifier tube provides the electrostafic

field potenti mitensifechton aypa di.abdight amplifiaatiom) plype ildae alsd ibetrd kanwncforr 2nt
flow to the mcrochannel plate. enti.gnal. night. vision, devices.whjch are
Usabl e to si gFISHeRR Oear GRSENG ere HERoYiah dreices A TNBE R Valehm 0.
and 5, 03514 72yhNi fobes RividiPRSAfrRRE §i3he from BE 'n'i@f Ritnd §efid 9ARSthe HansPafpk 0Se€
a night vision device which is conbined wth a Taser 10 range finder using

t he i mage i nt Bgigirecadving Ubee of anhigage ghtensifier tabedekt ite apposited gnagetface, ftbe
| aser light in the | aser range fjnder. In vi of .the deficiencies af. the
convent i onal  FeAGSIBERHIEEHHBS Brayides an iBascinyistals el exsnhptRgresta ekt
si ngl e devi ceyphi, i i LS i i | aser range
finding functi onsgph}?{g%ﬁsgﬁg? F}P& b?e?baglﬁldgb%kegge%{%gglﬁge fégg'pr ovi de a | aser

range finder whi chEuaesn amightedéch isttemdarkifer diurab visfonainvésitele ifrarédlight is
reflected,|aser light froman object. Yet another advant.age would.be to

br ovi e sttn BoblpRRd B e a1 WECIER Nisits S gRE LR B G gEg P HEOTHAG ng
and | aser ranggrsf Qg0 1S b1GallcdCndaiBgPartd BRI bekhd YRRtA I dvidiRG! f8
device as the detector for reflected laser 'light. Still another advantage
coul d be obt ahweanshyAprigiti wsion defice of thealight \ampdifishtiarntype ichn pesvideha visitdge
intensifier tube as a detﬁ}%tor for reflected laser light in the LK

function, andTgedRPlSRURE MGG ILENCERS i cal anplification of the

el ectrical signal A contemporary night vision device will generally use an image intensifier
25 tube with a photocathode behind the light-receiving face of the tube. The
photocathode is responsive to photons of infrared light to liberate photoelectrons.

These photoelectrons are moved by a prevailing electrostatic field to a microchannel

plate (MCP) having a great multitude of dynodes, or microchannels with an interior

surface substantially defined by a material having a high coefficient of secondary

30 electron emissivity. The photoelectrons entering the microchannels cause a cascade of



25 produced when this laser light is detected, therefore to provide an

I nproved signal to noise ratio for the LRF function. Accordi ngl1y i#;]J__i 3 ?Z:
-object for this invention to provide a nmethod of |aser range fiAhi &' g g
an image intensifier tube as a detector for reflected laser light, and in
whi ch the image intensifier tube includes provision internally for
anplifying an 3 1 0 J~~ 2002 electrical signal indicative of the
detection of ge&bhéaryethidsimrsledtiophto fové along tHeRrictothahriedso thax AehaaaI cagsut of
the present conbi ned night vision device and | aser range finder is that a
si ngl e devi cepatserpr%\ﬁl@genwmgmheat%wy inpat pagerpe prt abpFopsidgably “igher

Cechnol ogy pr SGCTaene L LR it MeeATTRRY” A et ofGRIBM SRR o frop

pul ses neededtHeomidréchanndl lge tbi ) ghadphérascehe sétberd &PrIdakE ¥ VisSIBRI in@¥erat han
those required by a conventional laser range finder. This further decreases

the cost of tReweresHpply for dhe imagsrintepsifierotibe prayidesghe glectmentaticplisld potentials

and the energ f e j I her _obj ects,
features, andyeaf%&?/egdn@efgége’gg g%‘hg%@%@gﬁp “.“gg‘g‘frﬁq?%ﬁg%ﬂ‘l’%@é’%‘ﬁb°§%mé Plétct hose
skilled in the art Conehtianslonighd@isiini @evieds Which f26¢ ga¥ldgo dfthdial Weapon are
description of a preferred exenpl ary enbodi nent thereof taken in

conj unct i on wiqundiin&nited States patents Nor5E84aF8 % andiH 10854725 Neitherof shese patents
briefly. 1 S - OF THE.. NGS_Fi 1] hemat,i
r (ra:orGes )é ntatio E%)eﬁe‘éérﬁ%%tﬁé% }g%gi?sge% m%@{%ﬂ%%\'}}f%y‘%hds #%B@‘Pg‘? &ﬁ‘gﬁa l;a§ceﬁ der

enbodyi ng10 herddge Fmder iishveE tHel ighge dtensifidritube PAtHe Eht!Vi4isn device as & ueWetor N
alternative operative positions by use of solid and dashed lines; Figure 2

shows an i magéorilgseehightiin ghe lasepsangaifiddesi ng t he present invention in 20

| ongi tudi nal cross section; Figure 3 is a schematic representation of a

power supply and | aser

ni ght visi on SEMPRARYOF I3H EOET T

Figure 3a is a frag’rre_ntarty schenmatic representation of an alternative
VIEW O

15 desirable to provide a single device which provides both night vision imaging and
laser range finding functions.

Additionally, it would be desirable to provide a laser range finder which uses
an image intensifier tube as a detector for reflected laser light from an object.

Yet another advantage would be to provide such a device which allows both

20  night-time and day-time imaging and laser range finding using the image intensifier
tube of the imaging device as the detector for reflected laser light.

Still another advantage could be obtained by provision of such a device which
utilizes the image intensifier tube as a detector for reflected laser light in the LRF
function, and which also includes electrical amplification of the electrical signal

25  produced when this laser light is detected, therefore to provide an improved signal to
noise ratio for the LRF function.

Accordingly it is an object for this invention to provide a method of laser
range finding using an image intensifier tube as a detector for reflected laser light, and

in which the image intensifier tube includes provision internally for amplifying an



25 enbodi nent of an image intensifier tube nodule for use in an integrated

ni ght vision device and | aser range finder according to the pdefﬂtsz
.invention; and Figures 4 and 5 respectively provi de graphi call i1 p%\ti ons
of an automatic brightness control (ABC) function, and of a bright-source
protection (BSP) function of the integrated night vision device and | aser
range finder enbodying the present 30 invention. 4 1 0 JUL 2002 DETAI LED
DESCRI PTI ON  CeleétNcalx$ipiril AlicativRRoF EiRideteEfid3O0K IYEfeCtdd™1abbiEligMVERMIHON MEF | e
the present invention may be enbodied in many different fornms, 5 disclosed
herein is a sﬁ@é?l?‘ic exenpl ary enbodl ment that illustrates and expl ains the

principles of the f‘ﬁ%b bﬁ%@ﬁh h

invention is not I?ﬁl tggc E febgiérﬂ ﬁ%}s’?gg“ﬁ gé&éé; &Eﬁﬁf%ﬂﬁe

VI SI ON 10 Ref finddérnig fhat it stngleFldngéL is t;iwnéed of stonpiderablye hess i expbhse e opasi ¢
el ements of one version of an integrated night vision device and | aser

range finder 4ensidergbly dmprgved odurabiity AR SompaRsRn 1o b epnyvemntional seshaplogy of
the devi |
tovi co 10" gonEi Rl iR BESE KN in o el GvRlel THE kel Bhistd A0 i Mser

(illustrated m@eﬁnﬂingabj; Ye afremaskably bWeEpSweﬂhithﬂmsé’lrehbi?&BbjDﬁ dornahnbnal 15
skilled will understand that the objective |ens assenbly 12 may i ncl ude
plural |ens elaserangs findes; dhisfugher rqaé@fsthqzomfmwn@tchwgtofttwower
functions in S :W di st ant
scene thr Oug#ﬁgf’?ﬂ%&?pﬁs&eﬁﬁr eaéléll%b/% ﬁ'gel"é‘?%‘ 14a &g‘ﬁ' l% %IES g&ifrn e%m fier
tube 14 (86 W || bOtieeesbjedtd)i featuresf and advantagésnefl thy ;mcs‘enaﬁtmﬁ@mtwm below
portion of the tube - to be further described bel ow) was. 20 general |y
expl ai ned abodRParsnt itadhefestkilled Bnthgrart %r@mr éw&p&léeqatéem ﬁ8|tbfg§ollqmeg idgiaéed

intensifier t
phosphor escen#ggrlﬁ{l%r{v)\/g)g%{ g%‘ér\ﬂ@d;F%%@ﬂ%ygﬁ?ﬁdc@ﬂgmqy%g%mrﬁg%#gg lelﬁ] Ct{oﬁ thh
bei ng vi ewed i assriatdd fifigesd®lick evill Girst BB desiibedbhieflyng vi ewed by use of
device 10 may be a dark night-tine scene 25 which is invisible, or is only
poorly visible, to the user of the device 10 using natural human vision. On

t he ot her gwand asB“I- bﬁﬁs@i&?ﬁﬁ@ﬁ‘bﬁf MW& may be used to view a

day-tinme scene ant to comnguct Taser range frriarng (LRF) in both daylight
and at night. The Figatedl & 4 schemafi¢ mprésuﬂuatldxﬂof@ integrated Righbyisian deyiee phéce
lens illustrated schematically as single lens 16 producing at the user's

eye a virtual aﬁﬁa@@g@ﬁnﬂweemb@yumﬂnel xgmenbmvgmlorermdlwﬁh @fparhef thipdevige 5

1 0 JCL 2002 re i C ncl udes a
phot ocat hode %{8’ \ﬁn %@‘ET“SPY%‘%%%‘F@QW‘%%? s§fr’1d %ﬁj&)‘ﬁa{s}'ﬁqf?ﬁ?e deep red end
of the visible spepiguy dhevé Bn ihSzeNi@bsifief t@e%myﬁlgqne BfesédiGneR@E6h iim t O

l'i berate photoelectrons in a pattern replicating the scene being viewed, a
m crochan#kl |ongitedipalicpyss sectighi ch recei ves the 5 phot oel ect rons in the

pattern replicatin ce 0

pattern of el ect rog h%%gs r%gl ?1%{; reﬁ’l%' gﬂa@nsaéfleg&awgngﬁpq?% eé rgjr *bde
assenbly 24 hap/drﬁtgmamrahxunfonlaﬁﬁdntﬁﬁ:@&ﬁhﬁrghcoasxbmgd@ﬁcephﬁdsplhs& ﬁm eefindéb. A
transparent w ndow portion 24a of the assenbly 24 carries the el ect rode 24
and screen ZGemEWI%@éP&?Wé%emﬁ& i rrage fromscreen 26 outwardly of the
tube 14 so that it ted t ngew. po 4a
defines surface 145%% ]%%I m)re par - I%PFHQtIW$ tatl oggtaelg %’l%h}gﬂl‘ééh nd

phot ocat hpsle @fboditicht 6t Midge Zﬁeﬁbiﬁd:rrtgbﬁﬂxoﬂhledbf mmeaemgﬁgedfragla asflorind
an opposite el ectron di scharge face 30. This MCP 22 further contains a

plurality of deien anddaserrange snderrsrerdmg totheanespeiaventionnard ect r on-r ecei vi ng
face 28 and on an ?@@g 4 Gn se&gﬁf%ﬂ)&{lysp%@gggr%ﬁ %ﬁﬁﬁlségno&" & AERABRGLES 32

are separated by passage wa I*feas
brightness control (ABC) function, and of a bright-source protection (BSP) function

of the integrated night vision device and laser range finder embodying the present

30 invention.



the surfaces of the walls 34 bounding the mcrochannels 32 is forned by a
mat eri al having a high coefficient of em ssivity of secondary fef efifir 3082

- Thus, the channels 32 of the MCP 22 are each a dynode, emtting a shower of
secondary electrons in response to receipt at face 28 of photoel ectrons
from phot ocat hode 20. 20 The display el ectrode assenbly 24, generally has a
coat ed phosphor screen 26, and is | ocated behind MCP 22 with phosphor
screen 26 in electron line-of sight conmunication with the

el ectron-di scharge face 30. This display el ectrode assenbly 24 is typically
formed of an REkAKIA PEMBURLION O AN RAEMKLARYd on t he vacuumexposed
surface of thwm "ﬁmﬁdow portion 24a. The
eye 25 piece grated penrna-tHe arspray cf ectrode assenbly 24
and al l ows an obseiwisle il pfessnteinvention hegt by epibodivdeth inhgedigfefoneSpang]i Ng
to the low level inm [ dim or invisible, perhaps) of the scene being

vi ewed. AsS wi riiscllséedggq?eiﬁl:é# ﬁ'wbaiiﬁﬁ sxemplary embadiment thay illuatematesrandrexplains thaow

al so view ng EL the i.ndi i ' i I . fier tube
T are all monifhfes th e Eciat 4 gt 66 BRANRDAE ol b BEeds HyEhAM) |y
expl ai ned bel tinjited ay thegpédifivambodin@nbillustatdd.0 Jr. ~~ 2002 rear transparent

pl at es cooperating to define a chanber (to be further defined bel ow) which
has been evacuated to a | ow pressure. This evacuation allows el ectrons

| i berated int 1 tﬁrfvrlgfoﬁpace within the tube (i.e., the photoel ectrons and
secondaryem ssion el éctrons) to be transferred by prevailing electrostatic

fields beggeen theReferfisig fitss tcPgPRNkeE $s showhauhensdtitaliptiebasic ielththtsasfone e
t hat coul d possibly decrease the signal -to-noise ratio. As indicated above,

phot ocat hode ersiog afprintegratadightayisiop dewice aad dasprerangs, ndernk). 1Bartieplans of

i nner vacuum I s B fore
VP 22 1t 1 s e ra TR R SR R Beb Berere At bR rlEF) %
focuses the iaﬁg@deoﬁighheiswnsmevs&erm@ﬂemmdpﬂws\a/ifaﬁloawmbgéc'tioa oplitath
defines surface 1l4a. TyEi cally, this photocathqode 20 is a circular

di sk-1i ke st r lRes @embly il 2 §illustiated) ighematically as single dansoplthough thase ordinarilpr

i al s, ) i K . ' |
et | a1 2l R ARS8 T NGl 19V THRNRE 1S 101 ©

phot ocat hode nateri als are gener um

arseni de; or glekkithis)."dthid SbjectiveHems 1Z pefortizdst 1edst swelifrdtiond irp tHeadesidemo,
cesium and anti rmnty (commercially avail able as S-20). The photocathode is
carried on a fesadiifpcusesincapting bghi<froraacdisiantcssenesthroughsthe fiont lighi-receivingi n

t he wavel engt h d pf interest (i.e. rdinafihly in t.he ep-red a near
i rared port Fh 151 of pr WAL BRkser vk o Gt S sk S SutRE s PR B
portion of theaNdpaicht SvifidiRe poktiBn ofothe 108 Choite fidihe BEREBE bblswd) ! A RAk ent
to all visible light). A variety of 20 glass and fiber optic substrate

mat eri al s2@r eg® explaingd abaye #pithe diseussiony of gher relajed dechnelogy the imeage
considering ic re aj h ration of i

intensifier t%é’%ﬁmﬁ"? 9 54 %ﬁfedeg]?ah o%aﬁgt?qolg&gr%ﬁlgieﬁg y@?‘éi%ﬁ%ﬁlo%%eéni t
is seen that weldvegrenssible liphotTHIS inddgeaeplates the stend Being@vidwed By abe of bt

vi sion device 10 and passing through objective |l ens 12, photocathode 20 has
an active 25 8eyieat® 38 from which are enitted photoel ectrons in nunbers
proportionate to a I j l.J i ecal ] m
the scene being vi gﬂ}ég?e‘ﬂeﬁ"%@%@r@g’f"? %gtds%?’gﬁ%{af%féo Hr]fl&g% ér:g%:rgﬁ%lg tggé tm{]eég

devi ce 1023 | hyhixth i Q@visibl®, bPiskmly peorsdvivible) ttheaBer stthé dévivd 50 Qsing andraray
be entirely or partially of infrared radiation which is invisible to the

human eye. Théumayvisionrein shesefhergand: s Wikl bragiplainad, the devisei l@emainbs wigddo as
30 wll be exgleg& D%y-tilde deinet AP tdf QondfictURNE b8 HhAIBALRF) f BORMEYLGH: and

phot oel ect ron
at night. The visible image from tube 14 is presented by an eye piece lens illustrated

LER]

schematically as a single lens 16 producing at the user’s eye a virtual image of the rear
30 light-output end 14b of the tube 14.



1 0 JJ~ 2002 emtted fromthe photocathode are representative of the inage
entering the forward end of image intensifier tube 14. The paflf dfiLa2002
typi cal photoel ectron emtted fromthe photon input point on the
phot ocat hode 20 is represented in Fig. 1 by dashed |ine 40. Photoel ectrons
40 em tted from phot ocat hode 20 gain energy by passage 5 through an applied
electrostatic field between the photocathode 20 and the input face 28. The
applied electric fit\&rd p'asicul‘arla imagd éntensifiereubé h¢ inchidey a phawdicathodes20dwhizh
est abl i shed betmee t hod d el ectron-receiyv] face 28 by a
power source 6ﬁ‘3 é& B@b&gf’g dﬁelﬂe&ﬁng q%ﬂsﬁa’ Pectiyn apd it} the
numeral 42. T )ﬁ@érQiiﬁ-hﬁéd fpﬁﬁmrofft&%ﬁé@tr&ﬁ t¥ibbrafPhovoeRttrBhEintd m xleguéatﬁ%,
vol tage on the order of 200 10 to 800 volts to nmaintain an e
field of the thesiseend beingnviewgd, ahimicrochandeli plateo MORY22i whldt rq:rimtescmthode

20 and nos p0|t|ve at the face 28 of MCP 22. Furth n electrostatic
field m)stg neﬁg‘? PRiectgns jin, the PANSHRY Leplisa %%éﬁen&o%ﬁ“fwbéc Proyiges, @ greatly
el ectrode 24 d [ u 44

ceon. Aftor aguEBed PRUER ol Beliins JR0 RepIRERE th Hporel 40 € isply ol
the i nput f acesse®blly524fhavirg hm&ﬁnimﬂmsmtmtlagtmmsﬂlﬂarentah 26. A

m crochannel s 32 w.l] be dis er det t he
phot oel ect r ongaawaa%néwmﬁﬁw PqrHgn ékyla %&gg 9%%‘%&% ?Ft)‘gFﬁ e@*’%&?"bﬁ? SCFEefhe
m crochannel s 23%%1%%&49% tfle %9@%%@@&&% oln%gag om@%se 4 s&hRE i QRS

upon passage throu hi s anplified shower 0f secondary-em ssion
el ectronsli@4, bapmenicd:@l the aseed8b‘}’lladqvepcp:aon Wedéa‘meelsm&cedébat i c field

PPl et %npﬁiwiihiga@crﬁggg)% ey BAGE, 20 i€ et subt i R tesathone, pith -
vacuum envi r opENicP N6h EnElét?ﬁo&@celvfrgefa@é’r@k lahdl 8 o EP el&ftron-dlscgarlg
y n a A an

phot oel ectrons and secon em ssion el ectrons I's ag ccelerate
est abl i shed efmt&Oosﬂ"hm (@i 3}2 dm}ﬁlem\dodmﬂmsm/pbmalay of cangulatedSmicFéuhanids 32
el ectrostatic ld is estaplished bet he el ectron-di scharge face 30

and di spl ay elW RfE AR 90‘2$°3W§‘}ﬂ ,andion ap paposits plectronglissharge ces
a field opst h?ac@@@”MWroém@@Qs 89 afe &ggra’t’éalh Ef%as@&g sgafs%@ rgt feragtb%]éoﬁgn tope

order of 6,000 volts in order o I rtt energy tot
mul tiplied el df[ctsuoﬁaseswf th&'h%allsfﬁdvbnundhgrih@tmab%ndsﬁﬂasd‘omed by a material

secondary-em ssi.on ctr S 44 t hose 30Q. ordi nar|I ski]led in the art
will know tha avd%é eftio §%p)éso§}v|1§' ofspeondamflse Q&S 5"85’ theschannels 32

of the MCP 22 are each a dynode, emitting a shower of secondary electrons in

response to receipt at face 28 of photoelectrons from photocathode 20.

20 The display electrode assembly 24, generally has a coated phosphor screen 26,
and is located behind MCP 22 with phosphor screen 26 in electron line-of-sight
communication with the electron-discharge face 30. This display electrode assembly
24 is typically formed of an aluminized phosphor screen 26 deposited on the vacuum-
exposed surface of the optically transparent material of window portion 24a. The eye

25 piece lens 16 is located behind the display electrode assembly 24 and allows an
observer 18 to view a correctly oriented image corresponding to the low level image
(i.e., dim or invisible, perhaps) of the scene being viewed.

As will be generally appreciated by those skilled in the art (now also viewing
Figure 2), the individual components of image intensifier tube 14 are all mounted and

30 supported in a tube or chamber (to be further explained below) having forward and



9 ~ JF..i~ 2002 alnost or entirely devoid of photoel ectrons and is nade up
entirely or alnost entirely of secondary em ssion el ectrons. Tﬁ:if}ii Mte

. case because the statistical probabilily of a photoel ectron i Lnaﬁ
absorption in the mcrochannels 32 is |low). However, the shower of

el ectrons 44 is several orders of nmagnitude nore intense than the initial 5
shower of photoelectrons 40, but is still in a pattern replicating the

i mage f ocusedreantraisparentoplhiesl eodlidratibigite definé afchatlbern@ovbe finthee ldefihedobedodnl | s
on the phospho‘;, ﬁcr een 26 of display electrode assenbly 24 tQ produce an

i mage in visiWhih hagheeen\sagnated tp glulow Presquisy adihis; evastafion ellowyelastrens
under st andi n mage
"nteni 1 er  Ciheetid 8 Bk Bhoc? ifith 1 eloERAF, W Bi¥locccRiopt URFsecehfar

cl osed at oppemistien elettrohs) ta be catsférrghby rpenmlmgngew&dsdmw foelds bexsveby the r ear
fiber-optic i mage out t W|n ow 54. The w ndow 54 defines the |ight output
surface 14o fYﬂ“OPFIEOIP atmospheric 1n eE"(S‘&F%CQ‘BS pgssibly decrgasethg t her
described. Asg ed in Figure 2, the rear wi ndow 54 may be an

i magei nverti ngéncal 7 h?léé Fefﬁfo wi th optical fi bers bonded together and rotated
180 between the 1SAQpﬂMddabb%;q:&omEathMﬁmMsnnhlméﬁfﬁxﬂuibdﬁdtdgrbehindmbmii@ke an
erect image to the user 18. The w ndow nepber 54 i s not necessari léeOf such

i nverting typ&ns BoOR the innge vaguuaLSEpossd sptrce of theewindawi prstign ef Hisgube and h
the body 50, i

i nt ai med atPaO Sl ket bp AR Fiblocalhofl st nd Mblecile AR P ety
of pl ur al10confboades \tike image of thegdistamtastené, ntirough eble winhdow Ipertm whickrdefines
nuneral 58 with_ an phahetj cal, suffi dded thereto (j.e., 58a, 58pb, 58c,
and 58d) as .%rtae%é‘gas M%{yeif*gt Pt@ma@wade 15 ﬁ&trwlattst(sf(ﬂ&ﬁgevtwrhamg a
anot her. The I ally
insul ated f roén gﬁéﬁgﬁot ﬁﬁnﬁfo?xg{?éerg%gg%@tﬁgﬁ? g;?%?%???]sggtaq%tgégn% sﬁ%fait:{' i's
i ndi cated wi tin ah@elgdmml mianne! alSulifble agmitorathiotiél materalp habegenerally ssehdii x
added thereto (i.e., 60a, 60h, and 25 GOacﬁ( The sections 58 and insulators
60 are seal i r@nsluePtSa?@ﬁléas gallibmearsenidlen oF alkalh medals,suelnas cunpounds gbspdivre,

i kew se a d t p a Th ody
sections %g aﬁr(ggglsn I’Vi gﬁa ry&efdon%g"éoqlg Zﬁém‘%ﬁrgfc\égéﬁ W?"(l)%ge pgsdmegig ppleglk?a d
| aser range fpHotsathoidé (darriedang raaldlly avdidbleaubsiracd tvhxcnummépa&at todiptht best
seen in 30 Fitgure 3, (and which includes the power sources diagranmatically
illustrated i egvaveb@gthaband o gerestoliee ordinadlyi ingthe desn-rod @ad meak indrased
nuneral s 42, e ) effective
Gur g oper atfuofPE (ke snelull” BRERIEE i 3B cueck W € bIAERrG of retisie

el ectrostati cspectehs mmstvhmgtatnovae@tssahtgetrmmeﬁﬂtowavxamie HpiRY. p\oeartety/ef at
the section 58d. As will be seen, the circuit 62 includes a section

i ndi cat e t #agsriad Sibgy prticaub mmmletﬁar%«@ﬁeeﬁ@umve&btﬁth the i mage

intensifier tube h ehf r

necessary for operls:;atlt }g%gbr},}ﬁtﬁ) Figt%I 5 é%:r?srlr&age ﬁbéoqlii's (#&t%rcuﬁ%l st}eectl on
62a will be rmi@nzﬁdhdoyndgbdﬁtensiﬁdi tabe 14 yn Bkmote of operitivn mewdmgemtqs@ld as
an i mage tube nodul e. Anot her section 62b of the circuitr seen

t oget her wit hlrr@eetméﬁeetnhatumrtspgtﬁeéo photans Hnentering the f ora@rcil ml prs@elamsem of a
| aser to 10 d{4 0 t4pe

intensifier %Q/Yée ﬁ% t%"%ﬁg}; obje[%ﬂlée rle I%aidt hg’P(f%ggltgraeljpg Jtsn%%gtrlcjﬁer to
all ow timng sukrfatd88 Iﬂoghtvhtvhl a&eemltéﬁdCblm&ieﬁmtrahs nuitberd) propanigaate Qo and by ect

illumnated by the laser light pulses. Further viewing Figure 2, it is seen
that the frorlecaiRaaeplIatiYe.ol the secsived light Gam %ﬁqeae BeMEOHEECk Ha seperabal 56
t he phot ocat t he
phot ocat hode gﬁutég o%_ et%ﬁ%d Eg lﬁsﬁ‘)%c;et fdoﬁlﬁ! bt I ca eﬁ) W t Qﬁ%gﬁﬁl}%\%&p
numer al 58a’ ) naturakbvidioRgarkieiwe be ehﬂnelysaqtartthlyEﬂanMdd tadéatiohovliciaisniadieibRO.
Thus, the photocathode by this electrical connection and because of its
seni conduct i vie thathyman exg.s The deviee maysalsp pperatp an daylight to pmytct@daramg@sa& he
areas of is | i ot r ng
or rayer 10 pvil BE b Biftde R ti30% B WEbMRy Bt MoRLM N EIeEiRld 10,

22 (as is indicated by arromed nunerals 28a and 30a). Pomer supply 46 is
conductive with these coatings by connection to housing sections 58b and
58c. Finally, the power supply 48 is condgctive wi th a conductive |ayer or
coating (possibly an alum numnetallizati as nentioned above) at the

di splay el ectrode assenbly 24 by use of a nmetallizztion al so extending
across 25 the vacuum exposed surfaces of the w ndow nenber 54, as is

i ndi cated by arrowed nuneral 54a. Still viewing Figure 2, it is seen that
the circuit portion 62a is disposed within an encapsul ati ng body 64, which
|s conflgured as an annulus extendlng about the body 50 of the tube 14

~ o~




diagrammatically in Figure 1. Additionally, as is indicated in Figure 3,
this circuit portion includes a current transformer 66a and aqgy e Qgg'er
'circuit portion 66b both disposed within the body 64 inmedi ately adj acent
to the tube 14. Considering now Figure 3, it is seen that the circuit 62
includes a power 5 source, which in this case is illustrated as a battery
68. It will be appreciated that a battery 68 is generally used as the power

source for porhitiedframpere Photocathudd aresrepiegdtitativiesifote dRupe Smterimp URVREFwarthe
invention is not limted to_any particul ar power source. For exanple, a

regul at ed | i nengefimagsdntensifieriybel 1 e The pathiod a ynical photoplgctromenmisied figmuthgower

supply inplenenting and e i th hiAC] fr:0 resent jnaveption.
10 Consi der ed P 8%?83‘&9‘1‘9?‘%‘3% ql}lgﬁolc?&ggé ?Qgﬁrg%rggcr&%irlggﬁf %/(F)}I kfyzcgaéﬁ‘?q}ﬂe’l{)qt'i ers,
respectively indi c@hebeltkirbng 3e dmhitied orém 7Photdcathodd R07 gainT Breryp lblyapiRsage
multiplier 70 for the photocathode 20 includes two nultipliers of differing

vol t age | edel throngh amapnlied;elestroptatic: figtdrhetweenghe phefocathode2Q and the dmpus face

olther conducting IS AEHOTAAE SO0 ¥ PEIUERTAE) iendly Kol thh 8"
vol t age mul ti Rktablishé®betwéent phatocatirie 20 ragdi dleqi@ireteiving ofhde 2Babyt A€power

conductive connection 76a. In other words, the switching network 76
al t er nat i ngl y sewse clisgammatipaily: depictadde Pigursr 1tand ingicated by dhe numeralgé2.

source at abo 800 volts. or . +30. vol l,af | to
the front fac gt y81‘°aﬁ¥fé) %<t P%‘Eﬁea%&lﬁfﬁpifé? glggﬁ%%&%tfi%d ?@Wﬁ é)b%l%e(ra%g QII %00 pen
circuit inper\algoofvolts i® ntiiithiayedeledtrdstific Fietd o the’destrod dstemetty! TidE \RRNis
connections of the photocathode 20 to the two voltage sources 70a and 70b

is used for pumgsbIesatie anphrajgeathiode ;3 prd mashPopitive it ithe face 28 @ftMCPy22.e

control 78 controls th Wit ehi it (o) 1k chi . 76,. and
recei ves as iwﬂi’ﬂ@gr’gnse ﬁ?%ta\iﬁabgﬁg’gg r?ﬁk%eg%gﬁlggﬁcg%{le ??g%i gﬁots}c,)\@(g:%ﬁllqea%tor
80, and a contyyfut elediralie 24 3s ama@xﬁﬁiﬂbwﬁxpm&&aégeqmﬂ\aﬁm&mammlbeCsieé@.uit
84. Once again, the use of a 25 square wave duty cycle trigger signal is

optional . O heftargeealeratingiovey acdistrrce: hetweparthquabetacathoderl0 angthe ynput faoe\R8r

supply to,the ( t 1S IV or netallizations
28a and Sdg) ioﬁlﬁé&%ﬂ}e%mqté@e{y@ﬁfggg&#ﬁﬁqrﬁl{@ag]?w a connections 72a
and 72b. | nterposedyd Ryift OB QischrBd iRagledter dediill BElo®, AR Photfelecwbhe QI Are
effect is a variable 30 resistor. A high-voltage MOSFET nay be used for

el enent 86, arathplified bysimission of s¢condary electronCin hgomicrerhgnadls a2 e praduce a

controll ed over a connection 86a, b equl ator circuit, 88. l.at or., .
circuit 88 r e(Pé‘?RPé'_éO‘%i‘tef?%gﬁfgﬁraBWB%?ES{“ PYn POy PRIHE &ﬁ?ﬁ‘ﬁl‘hmﬁ?tl EEH‘SQO,
whi ch recei vegpiylifie BB wdr ¥ &naaty CdnAtsiSelbitPord 44ENES agliersibd BYa r@pe&iver
94, and al so receives an input via conductor 96 fromthe ABCBSP control

circuit 820 Coingtrostatic Held appliedbypawer gewrce46,ahesr exitsdropptheanigroshapngls Zoft he
vol t age | evel li.ed to the i,nput.fa 28 (i.e., at nmetallization 28a) of
the MCP 22 i ntl\gEPﬁz a\%‘leftéﬂﬁgﬁfhaﬁepﬁaf%g&ci rcuit 70. The voltage multiplier
74 has connection t@encehg fﬁa‘érsPE& a”g@jn\/gi.%.,éinw%m%vﬁéﬁmﬁﬂﬂsiﬂé oy hbes 43,
feed back of screen current [evel into ABCBSP control circuit via conductor

98. It will behthemptifiehshowereof phetaeleetrons sndpsesendary amassipn elpeirangris eigeinl 0

transforner 66a, ,s0 that current flow in.this,conductor 74a is .

el ot r omgnet e gt A n el oRas R ekt RS0 b 48 B
Energy flow i ridchigstatid Geld! isCedtablisHRdobetsesh iy edtudhdidchaige fackOsh andl dapip! ed
transfornmer 102, wi th output w ndings 102a providi ng energy input to

vol tage nul ti glactrpde ZGembly 244, Typically, therhver sourt© 48 prasricel aGekinar thy order

Via arequl at of 198 67,00 Ry ant BT pItb T B e 5 B vl d™
f eedback w ndiimgart @igdesired ¢rRASf tothemultipled electrons 44.

The shower of photoelectrons and secondary-emission electrons 44 (those

30  ordinarily skilled in the art will know that considered statistically, the shower 44 is



Havi ng generally considered the structure of the circuit 62, attention may
now be given to its operation, and the cooperation of this cis uj.t
operation with the operation of the image intensifier tube 144 ¢d%3997de
imaging. It will be noted that this 20 imaging of a scene for a user of the
device 10 may take place at night in conditions of view ng a scene under

dark-field conditions, or during the day with the scene illum nated by sun
light. 1t willaldestieleatired} svoidiaf pdicelsttlonaand isargde ﬁ}f@dﬁ@lgd)r RImysRehMeR
mul tiplier 70a is a substantially constant voltage |evel. Preferably, this

vol tage i s abmftseepnganyiemissioreloesrans. This is fee ease becansmihe statisticad prabgbility of

I tipli ti 5.,70b i . t.1all t.ant | |
ot er bnced +o 3 MR BIdN BrdiohBThe HibAeahnR 22l 2 96w) o HofldFen B
face 28a of thgoWkiPodlectrdf £ abdeveral Biders 6f agitldeVifbre inteROS tHah ViBe FMtiNIOl t S

relative to the front face 28 of the MCP 22. By operation of the switching
network 765 t tshowtmoefophwtdedettrons40.sout anstilbin axpatierm replicstinig tha lilngge foanseddn

orrent (o pofRetac o) TREAReH Rho e ko f28 spube RlerbbePE5as 7ob
12 1 0 J~~ Zf1Q&play cleckralie weﬁarylms?rédzfce hh emaPedh isMIBagRY - This gating

function is carried on at_a constant frequency (preferably at about 50 Hz),
with a constant cycdViewingBgurgi2 ingrderco\agqyiraegrenter yndeystanding obthetdgtailogfal i ed

constant voltage fromvolta | tiplier .70a . function, of rrent .l evel
censed at sor ddicdpe? BrendfGr Mite, B mabe it BRr fbe 250 4856 sl 3 W buler
frequency 10f tdagy 30! WhichGk @Idsed at Hisposii® eadsabyPéeni Betitlibdediving Wihdow 331 and
(i.e., sonewhat above about 30Hz) so that no flicker is perceived in the

vi ewed i mage. bXua aeaxt fiker@ptigimage sutpuh windmy iSdht Tho windowrr5dt defines hevlighti ng
Figure 4, it is_ _seen that, over .a first selected yange.of ,screen, current 10
the duty cycl @“&“?t%’éf[a%FpEﬂ‘? éﬁr %n@#’&ﬁt“’ %@tcﬁﬁgsftﬁ%ﬁgmﬂgt? |?seyvrﬁl]§§ ti’f}ﬂ‘frhe
phot ocat hode Zfdsiribeli! ¥R iglilldARd HOPRNEE 2, Me Péar AFNEW' S£Rlay! B/ 8hSniapave a

selected level of screen current, the duty cycle progressively ranps down
subst anti al | y ihvertiag typet(be.awithwpticaldibers barsled togettier und Gotatzd 480% bétween then of

i i . t. For. . t |evel s abque that at whigch
the duty cscl PPPOTIEGPesof i WIRBoWord et ) proyide s ofec fmags i theser 18, ¢ e
phot ocat hode 2fhedGaRiow eheniber |9aWs! ftChecedariBAdef fshanwgigegg@c?igen BbthBSPtHes

provi ded by decreasing the voltage applied to the Figure 5
shows, for al |wisdowsd2cand Shtart sealingly engaged hwith theo bedynS0e 86 dhat arp interiien at e

this BSP protection ngtiqn, the vqltage applied across the MCR .22 i§ a
const ant . The RS 1AL B T 5 gat e BRREgER 4 AERU SR RBitist Ghegsp
| s effected byugghi Gy RnddieySsr biial EbRITRYe At RREERALNhdidafed GiA BeanCe
under control of MCP |yegul ator 88. ‘As noted this regufator 88 receives a
sumed i n@0t fgeoenal ivemeral §gdthranl diphpbeticat soffix added theomto (itee, YRBCBRYY, 580 dndol

circuit 84, which is responsi ,e,to.%ictéeera,c rrent lLevel sensed by conductor
98. An under st%ﬁb%’j“ﬁ?es?%t% stingyush the, mdividual rings framp ope aqothgh o | on of time
wi thin duty cycle iTHef}aad baly s0FioRNIB U HREE apit 2nd GRE eleErRRIl A LB
noting that a virtual capacitor exists between the photocathode 20 and the
front face 28 fofm MBP apdthefl hy sntexposasi insulatox irings, aack of whiel Isyindisated nwith s a

ti I j t t t .. On FEi hi jrt | .. i i
Gt agr amar  calteyeraLBHRerR L Seath St An e diaT syt aioes btrefu e Bl 0B, anc®
character 25C".g0¥Y1eThé B&ctidnt ¥8 gay;a |i§sufl£d|5r_s"d('ﬁaré‘@9ilhﬁ%‘ aRhé&f td SR &RYARraTHNd

vol tage supplied by voltage 30 nultiplier 70a is 100% or close to this
| evel , then fckttoonsd§a andd8panilikgwise sedlinglyi attached to3he respecfivé wiide® 32nandugh
swi tching net\rlﬁark 77, the voltage across the virtual capacitor "C' decays

over a time int'erval at a natural open-circuit, capacitor-discharge rate.
Thi s vol tage decay 7 1} dadilots 98 YRS iVl zgxmeeﬁa Re W g t
time interval (i.e., 1/ Sglh second alt a SG-I)z, requeﬁcy&fcggf%‘ﬁéepgaﬁ% ply
operation of sndtlader mapgadinder kirciff) geferdlbyxindicatedawith dumgrat $2) and bése seemtinor k

76 conduc t haj ocat hode, t.o voltage nmultiplier,70b, whi fectively
replicat eéﬁda&ﬁﬁggg’ @P&t‘ﬁ %HB?IB‘geét dBOVY Wo?iﬁgrﬁ@“{aﬂéﬁgoﬁ‘&gétegrﬂ“t he
phot ocat hode to +30 volts relative to the face 28 of MCP 22. As noted
above, this voltage cutoff is provided by having voltage nmultiplier 72b
provi de a voltage which is about 30 volts $ositive with respect to the

vol tage provided 10 at coating 28a on the Yiont face of the MCP 22 by
voltage nultiplier 72. In essence, when the photocathode 20 operates, it

al ways operates at the high constant voltage provided by voltage nultiplier
70a. \Wen the photocathode 20 is not operating, it is switched to a voltage
which replicates a dark field for the photocathode (i.e., the +30 volts
fromvoltage multiplier 70b). The photocat hode 20 operated by the 15
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voltage | evel and dark-field condition at a duty cycle which varies
dependent upon the light intensity of the scene being viewed, afui mg[cm%d
-by current flow at the screen 26. This function is carried out In accord
with the duty cycle function in order to provide ABC. The result of this
ABC operation is a substantially constant brightness for the 20 inage
presented to a user of the night vision device 10 is achieved, until the
scene becomes Figife qi FRdtiAdieated WAt RFertiBRIRNRYAL 4M 46) nHRBE at BERRBE] hiGled, 0N
technol ogy. In other words, over the entire operating range of the I mge
intensifier tUhé ticuit 62 ispeffertive dubipg cpemation @2 ther indgd cimtewifiet aubd a4ty

constant brightness for the | resented to the user of the device, 25
Further  cons: dAg soipieczgapif Tl mise BFGREE ol Bo Sxfop 380 i mar nobliye 5 B "L e
user of the dewitlon J8d. AS WREDe kbl tNERciNE2 drlNdes YL sktibR ih@eate® WithOthet S
low | evel of 10-4% in the event that screen current increases further,

then as a funaoumeral 62a,i whickas enrgpsidated withithe émage: intengifier fuhs ki and svhidheis MCP
22 is reduced i.ghtl vi,ew ng,now Figure 5. This r cti,on Qf .MCP vqltage
nas he-ef f eceiSrproNiagtedBARY nebelbhr 5 oneritiha SRR fheifage i
reached its | quesid tRMAE séttiodUéda WEIR tRofh8ed B tAER! BiiearY skilfed i thel O
J~~ 2002 light level of the viewed scene continues to increase (Indicative
of a bright spertinent art ahan suagectube triodnlet Menafberysectionl G2bnefi the &irogitry t62, beew
10-4% | evel, while the bri.ght.s.~~.u~ce protection function _expl.ai ned above
s of fect od,  AORTHEERRARCHOR GRBIRGEIRHF on 81OV SORTRI 0f ¢ RBSIoHPR & &sleperdiq 3,
the operatipon palviddpulse\oftseAightChddidi dpefade the iRREY intisiliel AR 4 BRAR dcIrder
function will be explained. The device 10 further includes a laser 110
capabl e of pr dpretbe reflecteddaner lightin ardepito alkeye tinling)of the lightepul #6 saridrratsulation

scene being vi d by the. operator of.the.night, vision and | aser range 10
finder devi Ceo%%%r esto&ﬂbéegz?gﬁmp %tg‘i by p'\jﬂ?seﬁgglgipg&e%r n~natical |y

ilTustrated on Fi ggyughé WewihgtHiguran! VS deeh Uoat thedSEMt WindEOR 5DicBG1e8 Bn its rear
operations are conducted by The device 10 tenporarily using the inmge

i ntensifier tsidfack4vidlinghs ehaoberfSér the Iphotogatheds 20 The esectiangfla isedlectmaattyf r om

AR et COREELNE NG T SIS KA
circuit 114 (tré}@reﬁEheﬁﬁhbﬁ?Sﬁ')hé’iﬁé i Vgé\béttvcaﬁﬁfe%&tﬂﬁ{ 5@&@%9?%88&9% 20.

provi des a control 1nput to the rcircurt 112 to effect operation of
t he | aser 110,Thasdthel ghotpcathadde by athisorlectnicali npariection tand bexaidel af dts i€Hi-vi a

a conductor 116.,Caonductor, 116 at a branch 116a.t heyreof so proyjdes a
Contro | nput COBUSAVEBRIE bk B eot A cEer ARG 4ns Frels S e
I nput nmoves a liigﬂwté&tﬁbciets%m&?é[? Als8 P@oﬁdﬂ&ﬁﬁogﬂﬁg?&f !a?&lqs Eﬁu’vﬁﬁ@i at bdchlof

into, and then after a short interval, out o opt 1 Ca at hway bet ween

| ens 12 adf t tiee oppagite facee2Barid 20 of tho MTR 224as issndicaled by amlowsd ohanéreld 28anes
on Figure 1. Th atial filte Q is essentiglly a shyttef with g central
aperture, whi @Hgbﬁ_%glzk "r“é"crLﬁuﬁPﬁ(g&%%&Pn&?%‘N? "f"gbﬁgﬁﬁ_rctolaﬁ'i’%s él‘ PRReCliPaied

; ing's n§38b° c ly, 0 suppl is'co i it
scene other thghih Ré fond 386 5L e AFRAYNRE DoldE SQ% QfcohBicRive ?I ter

| ocated. During a operation, the actuator 118 es the spatia

120 i n t he optomdhictipatayerayr cohtingéposbly @ae alifninilinabetaliizatidne emiestianed above)l | ed
nmonent ary pause between the novenent of the spatial filter into . and out of
the optical pét H\R/a{)\sﬂlﬁﬁhﬂeﬁ‘& el‘l"’és%‘é@é‘@%oqy ?‘“’.ﬁeof?"} P’F@hhzﬁ’ﬁ‘.‘ F‘[f°tel’fé‘f"85’tgi LSS

pat hway, bgsethd v&nﬁmtes(tpegeal KietaB8s $AE Wit e Hlenibr Fh,easvisqmga&d %& GerodRd.
reflected laser 30 light returned fromthe object for a LI Zt opefation is
received at themdmibéz 10. 15 9 0 JCL 2002 The LRF control logic circuit

114 al so has a contr.ql .out 122a,.to a gating.control circuit 122. This
circuit has connec&f‘ﬁn"‘?‘&lr‘gﬁ@gﬁ' nty 1%%&3@% thescircyit pogtiqn Mﬁ’s‘? tdéf’P@?f.% within
operat or-inpu ‘fgggn : i 124k i Wﬁp% 0f tton
switch, for ektanar%fg ) ?téﬁ%?r{dod\;ﬁgégﬂbc&%mﬁﬂg t e&s%gglgltlﬂg?&g? i ‘éa e“e.*h?e“?g 5 .
can indi cat e a0cdfrthetabet Kat ThisLRFwer sapplyi circuld epoction 62adhasueledirical vennkxtion e

L0, e oHR! NE! el bF e bSTREES. Ohe! 2608 502 Y M LR IR K B!
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‘operation. A“LASER RANGE FI NDI NG OPERATI ON 10 Considering Figure 3 still,
when the operator of the device 10 wi shes to obtain range inf?mngULo 0 an
-object in the viewed field, the operator centers the object inthe-v d
scene, possibly by using a reticule provided by the device 10, and nakes a
LRF i nput command at device 124. To repeate, this input command nay be
effected by use of a sinple push-button switch, for exanple. In response to
thi s input 15 diagramematjcailyidn IFigiFe donAdditiohally, @s d$ irchidated] ivdFighfecd;t thist dircuit
foll owi ng sequential ,activities; First, the oscillatar 100.is shut_d by
= command ovePoRAAREAE & Sutent iRasfordhe e Anf B §rosmpe e BRI LRATiRH 66t Befing
actuator 118 WRphRMaviiii 84 iflncifdfely &abeht @ Rl Cal pat hway. The

shut down command for the oscillator 100 also is used to cause the voltage

mul tiplier 72 to dConsidetimg MW Piguteo3aithis cieemydhat the feirenie rfi2i imicludes taappeve?0

bt 3505t e T MM ) YL g 0 50
circuit Comm'Bﬂﬁer? 158 i§ ‘g&ﬁe@mynﬁbea%‘ﬂ%#ov?é sbfircB €61 SurtabRe AppaRitusS YhchCAi Hight

operation (as is further described bel ow); first 'switching photocathode 20
to the vol t ageisiorodeviees: Heiwexer, igbinyention is not limied to any pasticulanpowep souree.25

f t f f 22 .- eff [ hard t f th hot t hode 20 of
the tube 14): FAREKERRIF 1 SO e hasi ralrtk Pt be HRALDHRR o B PBTS 8 hode
to source 70apohi} Esppl@ihflemnfing Bnd BinBbdahg Be FrirRifilesdoffthe( oéenb itvention.

required to allow thé ‘oscillator 80 to stop its operation), the laser |ight

pul se i s f0redongideregdtgsnerally,hibdirz0iti62 nhkudes thirea: volageymuliplienscrespestively
vol t age source_ pof | t.jplier 70a, (L,e to out, - 800 30 volts). tually,
the phot ocat he caﬁ?rﬁrjui‘@{hshlet 8\‘?@8‘3{30]79/07%?@'@ zg‘u_rtge 78 $°n“{‘-i?‘,'{§tf} 17(9A ?orlﬁl‘ﬁ J~
~L 2002 rel at ipatobthédee2d inEludastvo muBiplieR Wf ATdringivoltagh levélcinalateacatihgde
needs to settle for about 200 ~s before the laser is fired. If the device

10 i s confi gumgnerals FPadjandciOb: heh |teistable isyitehipg nstworkr Ymswitehesapantiodably s
used to receiye, anbient light, .then i.n order t.o ovi d

non- r esponsi vg’ﬁté%eg‘ o"ﬁ%{‘ﬁé”ge_ ditiogy, e’ftgert ﬁ%’_"%‘ﬁ@ﬁg S %t@gﬁc%{’_oﬁleaggrto! V%lfﬁge
which 5 may ogaiMiplied 70aStPOPéItape mMibltiphié 7OV iof o tah ®peh RireliR Ipoitieh, 41l Wiauthe 62
is caused to have a tine-dependent gain. One way in which this

time- dep_endentcaghicﬁvwggnmlgtiornﬁﬁga rrﬁrmoﬁur iwl,:prda; the awt?éna \rl\lhhtivgmk a’(ﬁlcaltegnatingly .
time-vari ant threshaq val u | the ron pul se | e, cause
W Ehin i mage ARGt BhoeRlioaR 0 EPe 56 14 Palise PR e shotd 00386 B
before the signalsoiuze Bf W F30HRItS rélRive tRhe kAt fatdof M%?&thﬁhél?‘ldﬂ& a0
woul d be high imedi ately after |aser pulse 22 is fired, and woul d decrease

as a functionvoll be fusthef tseen.t Hidhepopeneciraitf interdal gftimeeemployest imthiey presentt o
have a step-functi.on nge in the threshaold valu a,cerfain tine after
the I aser 20 g mopirast PEE shnictfions PEREbSFRRSR Aipihvoolap SFefs ¢
the el ectron [yghagd 17654 fidedFof p@pbdes lolf @fdrgp efftfierch SAd ik ioghbndlr Qmiﬁt?széle ect
of interest in the field of view of the device 10, rather than 15 to any

back scatter ebntreS8rconirglsithe svitehingrHosition ofthel sitshingingtwork 7@eandoeceives as
Fourth, shortl. fter the tine.the LRF.control | ogi.¢ .co nds th aser, 110
Fo'Tire a pul 4ipidy & Riks b Wi Figh B0 K0 o PRRiBET P AL BB (e
user of the dewd §ecodductdri82sfrom! GEAWC/BSP.bhRd]l dirddR §4. r Oflce Agdih,"the 18¢ 6f Gt a)
detector 126 detects the nonent of actual firing of this laser |ight pulse,

and provi dés &quArgMave gutycorsleusigaer signal is optional. ~ Other forms of duty cycle trigger

waves can be employed.

Power supply to the MCP 22 (that is, to the conductive layers or metallizations
28a and 30a) is effected from the voltage multiplier 72 via connections 72a and 72b.
Interposed in connection 72a is a series element 86, which in effect is a variable

30 resistor. A high-voltage MOSFET may be used for element 86, and the resistance of
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20 128 which starts the high-speed digital tinmer 130. Prior to the nonent
of firing of this laser light pulse, the photocathode is coppegggd U{]?

. vol tage source 70b (i.e., to the +30 volts relative source) for a %u pose
to be further explained below Fifth, when the laser light reflects froman
object in the scene, returning laser |ight passes through a central
aperture 120a of spatial filter 120, so that reflections of 25 | aser |ight
from ot her objhistlement isreongrolerbovara dinpekiod §6a.by. a regalatargirchie 88 fReguladr

i i t he. si. |t i t] f th i | | ght | . Puri
oy ¢ e CRE GCHEAR IR b Heciaek voRirel Sgnal et 2 Pdums B by Rish: 1
spatial filtekeckRsanth hﬁ&oH’&nHﬁ‘&@F 9CVidla 16Vel-a8fubtif)f rebiSiaF O df?lﬂlalso receives

signal -to-noi se |evel is is the case because the spectral filter renoves
sone of the baukapubviedcdnidybtior £6 drom the ABC/BISE contrad circuit 84 wiTanducter B2 eent

at frequengcies close to.that of the |aser, 110, The 17 .. 1 .0 JCL 2002

oper atar of ¢ REVARS % Setetehih yOlasecuemal B Fircyalaes Sl doatie P s opuytags 38
Wi th spatial {id.!4®meldfizdtion P88 FFtheé MEM2Pinté tHeVdithgd mbipher Qfcuitefol ect ed
laser light (still in the formof a pulse) passing to image intensifier
tube 14 causing a gbkswltage phitiplisr d4thasreonnestion to dhe acrech B¢ vihetawonedtiode 5

20, i i LIy depi Ei 1 i ndj ith the. charact
B 1 Snd o R plo iR AT S itk o s el e (IR RBE S8 kol Gl ©
cor espondi ng e ofs. S BORANBEYRN Bk @ BAGLP Taa TR&es (RIOAGNR ckndAT

“high gain" conditions for the mcrochannel plate 22), which el ectrons pass
to the oulput trehsfermesdbasosthatiriugrentiflown in this eanduetdr Hp iselestomagnedticaltyutieent
fromscreen 26 js.detected by anplifi.er circuit 66b 10 becau of its

i nductive rel 5‘1‘1“8%%)3‘%‘*&# ﬁﬁe"q?'éﬁ‘ahgifa‘?éba%“{% ?)‘P’é%ﬂ}?l‘i“l"f‘éerézt’%@r‘?wded
provi des an ampl ad iogélligtet PO BhdBhpled Nrdnsfimlet fliogd vAtH Rutpud i wWiRadings S102a
provi ded via a conductor 132, which preferably is a shielded conductor

i ncl udi ng a sproaviding| esergyotput 30 avoltage gnwltipkiers a7G janérZ4stand 8 otamdnetor d0¢ he
hi gh-speed tiner.4130. Als if_ desir.e her Jevel..of amplificatjen

(i ndi cat ed OnPf_‘i"é‘El]g% e%“ﬁ{/?%ﬁﬂl&gﬁlm lggﬁéraﬂi;q}e§ggW8@r fQBIrF??EJ%’ﬁr?p‘TOFI%PL%ed
synbol ) nmpy beadkWisaResdstot 106 Al @t&%ﬁél@é’i&cmgeﬁiﬁg%mmr@ui fi6kh PREYMRR t he

pre-anplifier circuit 66b and the high speed tiner 1 Next, spati al
filter 120 i swindingl@atrofitransformer K% i cal pathway, the oscillator 80 is

(77 01 was oper at ; BV ierapeff Boiederdl b Mt e it ¢ pfertipnl R ig ™
condi tions inpthgvdd & Gs26heRRioNT akll AHE Eoopétatidr6F tMIS' dcuit! Sferatich! AMat fhen

bel ow concerni ng daytime operations of the device 10 may be consulted at
this tinme. Thepé¢rauereofthe imagesoiensifiprtube) 14 faprovide dmaging. havill beadteddhatithie

f devi . i ion,, ¢th or_of the devi
10 rray detlot THARE ke s i3 obik RS 30 Pl ek e R in finditheiE e
of light (i.eviewik®m b&dePuidee dabk-BERICESMINForS2 of Nl e 41e with' 8RN sckbd -

The LRF 25 operation takes only about 5nms to conpl et evéalthou?h t he
physi cal noveitiumigated by sunelight2 Olt will| bepnoted imisahthat theovaltage Hewel prodsiceds byt he

user's view of the scene in.not significantly interrupted,, The i .
"nterval et wielierBuRFet oA £ s ¥ cohall SOl Rl o PlortioPRodvis,
the tiner 130vbRagd ik abalf negdtiiie!3BD]td.3On the ber h&iRl) tieUftiag® fudtipliek sddtdbn
(indicated with arrowed nuneral 136) of range information to the object for

30 the opdb at 3Pb provides agupstantially copgant vpltggeylevelngfepenced fg the vieltagroprovided at
prior to the {jr] of.. 4. ral i o] ' cted
to vol tage sofﬁ&ggﬂ%?b%ml\t}\ﬁgﬁ%ljhﬁlsgtg E%F t ffg‘ghgag?ﬁé’g%‘g?? ?'\/%fgﬁgﬁf 9‘35 ?%&gﬁe
face 28 of m ¢everispasitive BO ablkes 2hitivd o the Fmt facy 28 votHeadd€Pl22vel on the

phot ocat hode 20 has the effect of a "hard turn ofd. on the ghgt ocat hode,
preparing it to beByomsugian of thewsydiching netwerk 19, thedthotasathode &0 is ¢aptrollaly ch

may be back s tenedafr epse 0 t he -
proj ection ou%‘&gfg‘ilvgl&f °W§é‘§é’§‘%;"ﬁ6§‘§“%ﬁ§‘% kc} gl% q%g%%ét%ﬁ%ﬁ% ?ﬁ%ée %(ia, t@gg'
reflected3gi t bpéh Clreuitl¢ie.c Qoltabedoff), nadt laethei loweg vertagdwiamvic&aewJ kowgbé 70bl se,
but the inmage Intensifier tube is nmonentarily somewhat blinded to this
light after the hard turn off effected on photocathode 20, even though

vol tage source 70a is 10 connected before the actual nonment of firing of
this laser light pulse in order to providgacharge settling on the

phot ocat hode. DAYTI ME | MAG NG AND LRF OPERATION It will be noted that for
daytime operation of the device 10, the BSP function is 1 S disabled, and
the ABC function of the device 10 allows imging to be acconplished in
daylight. Accordingly, the ABC function nmay be operating the photocat hode
at less than 100% duty cycle. Under these conditions, a L1ZF operation
additionally nonentarily interrupts the duty cycle gating operation carried

Y T b1 Y " o, o,



20 by sources 70b and 70a (in sequence as described above) in order to

effect the hard turn off of the photocathode during |aser fqminL ﬂﬂg t hen
.to allow the photocathode to be highly responsive to photons of re cted
| aser light in order to provide the LRF pulses P 1, as described above.
Figure 3a provides a fragnentary view of an alternative enbodi nent of the
25 present invention. In order to obtain reference nunerals for use in
descri bi ng t hi(simaldting rdarkness €oritheliphototathddedt UFhis gadingcfunatien ishéarfiedrenas a or

whi ch are anal ogoustjrn struct L%re or functjon to, featured depicted and

descri bed abo¥enstand frequency; (@reterably;ayapeutX0 Ha), ygth 4 gonstant creladntarval, seule

above, and w t‘gg% i vkle2SHE: bi\arft! bitad t,.t.he
i mge intensifier %O{Jhggﬁ%qy}:lgl SO ﬂ%\pspwe?&%rren?gﬁénﬁgy%éeéggﬁsg%%@(?s%
pre-anplifier fonotionidf cfrbnt lete] Ghnsed at a¢reen 261 (ires,chyofeed backovesicogduefor Mid).hi n
the 19 ~ 0 J=J~_2002 annul ar circuit portion 62a' . However, in this
enbodi ment 3t H&ecfipqueney (af ather dytiesyclsfor the phteeathodeqite suffigiently (faste(ie.,

i nductivel y) Lat i i A : legh f 30 i it 66b'
i arly espondand bedbbih s08z) & ke icke il forfiRRITR the WEheFrhild,)
recalling Figure 1, to provide an output signal via a shielded conductor

| 32" 5 extendi

ng to the.tiner 126 ecalljng Fiqure 3). The pre-anplifier
circuit 66b’ iAs“qBB\%‘F&T‘E_tbr‘B?FF _ '50(1}4':(!'@1‘ 0_58?? %&ewansf ormer 102, as was
expl ained above Thaggwiil Fibid 4, Is*k%e@iﬁatwvgﬂ 2 ﬁ?ﬁg‘&‘?ﬁ%ﬁd@a&f scf¥n current

enbodi ment of the present invention depicte herei n and above
i s not exhaustthesdutptydtleef iheappliedconstEhtealtagk iflohenuitiplieh 20zatot thevphdtodatiiddeer

appreciate that th rese inyention may be 10 e died in other specific

forms without %@elﬁaff’%q%n%} #qrbr/bm WV%iartisP?/eGP %ﬁ%gtﬁ&at PYS Arssiecisd lﬁﬁfz of

i nvention. For, Wi 4 !Jygg% b Ri ;

Vi ewi ng devi cgcﬁgﬁ%&%’ t?‘%rgg‘z C?Jr:lltg Z’?\%éﬁgg)ﬁttu gﬁg{;hgfdg%&é%??g?ﬁr aEs)g?OVange

findi ng funct ileves ofissseptialne 10436 asiafumcton iof rin¢redsinga screers ewrsent. flfor scheen

reflected laser |ight EuLse w’et houi}i Es' ng t he 'l'hﬁ)rd turn.of f' techni gue

descri bed her é’?lﬁ.em%ﬁ%‘ﬂ 3005, thabat, iic ‘b? ptyegele; 105 gpting of the constant Noltags ¢ of

| aser ran fignghi t j E ; } lpage
9§ ﬂgﬁﬁ 3(%5}:‘% Vgh?'foftﬂaé E»g@foéétﬁoclér pli] &1‘62& EH"xté)E{)-é' febl, S %H&amﬁnéi *}Gx%dt{&%

intensifier tu used as a sensor I nsuring that the photo
cat hode and niofB&Phsnprevidpd by alecleatiing theunndtage appliedntogthe dMCPR 220n4s Figuns 5

during the interval_in which the | aser |igh ul se returns. In this ,
the electri ca|sﬁ9%pf@ﬁ§14 %feeprr@rrpataGéelﬁ iowhiiheR éfpowﬁee%%m {ganiiatethis, B3P

initiate the "t{i S ow MER g angi.t
time for the ngéstg?{ N g tl%tgjl se otagﬁg?‘ﬁ??%&m)é% eS f%’l((lzerene a?c?r E)%jgeé(-:c;tﬁ 0 tr'tg&‘hl\f\:/hi ch
a range i s deseduetion bibvsltape levehapplied adfoss ke MIOP\22 foi BSP! ik effbcted by actjymeofent

that the present invention provides,a njght vision devi ith a | aser
range findér ﬁ{a?ﬁﬁalgs slﬁrrx%%g%ﬁa?as jtg reethageader Septrplog g@ﬁiﬁre&ula_épgég- range
finder signal. Thi s Soldd®fdSEpiioPasl BRARYSE i i~ AOHR! il Sbifie 1S

| ocated within the 1nmage intensitier tube 14, close to the source o
LRF return si gmadtipliasdOampd iffaneshe MBC/BSHnaintiobcocwit 84y whidhi sntesponsive to

environmental influence§ can appear as noi iin the signal.. Further, the
hi el ding. of SHEBABTAI eV SFORaYRoaaniieh OF-1 AB-ingbrefistibcttohe peBatsulehel <
In seeing t hatexger'i&lké‘@ag' a Tutttidh Rltin\OWithi Ay €1 BRErvAR a8 WRPPHGRSLatIRAE 20T
130. Thus, the present night vision 20
25  can be obtained by noting that a virtual capacitor exists between the photocathode 20
and the front face 28 of MCP 22. This capacitor exists electrically, but not as a
conventional capacitor structure.  On Figure 3, this virtual capacitor is
diagrammatically indicated, and indicated by the arrowed reference character "C".
When the duty cycle for the application of the constant voltage supplied by voltage

30  multiplier 70a is 100%, or close to this level, then following the opening of the circuit
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1 0 J~JI. 2002 device with |laser range finder can provide a finer degree of
range resol ution than was previously possible by such devices1dsildy gmnow
. power |aser (as is the present case). Because the foregoing description of
the present invention discloses only an exenplary enbodinent, it is to be
understood that other variations are recognized as 5 being within the scope
of the present invention. Accordingly, the present invention is not limted

to the parti cutranglesdhiohingmstwotki 77) theasliage acrogithe viethabeupaciess CC' Beghyt Bver
detail herein. Rather, reference shouyl d be made to the appended clains to

define the scaginaHdervaatarnatyal enea-itcuis csapasifprudischarge rate. This-voftagsdecay ~
11 ~ 9 ~ i ~AllS, &&hlg szé;g%gl%ﬁ \%ltg%e]i)échuéo&zthé lﬁrﬁ“é%{% Lﬂtleaﬁ% 1‘%Se1r/56tﬁn9cond

fi nder apparatus d appar at us rrsin §@urce

projecting a pua smﬂfreqmeyfdrl@gaﬁng\@eﬂuammmﬁngﬁwwbm to whi ch isto
be determned so that a portion of the projected |aser light illum nates

the objectdand is MNoKf Bceash dybicRycle Hie ety %wxda@taéhe @%@Pamﬁdgéf) voltage
intensifier typg:hieeeiod %Eﬁf% 1 e?j{ eglfig:étc% cﬂapﬁneFJ % l?&bceaﬁliod?% by

substantial ly "'up recerving t aser 11 ght ponS| Ve

providi ng an elk@phfg malvonagemﬁ thegahbtdac&tnmgﬁtolmoamsfreleﬁvd tolthe €Re 281 STOMEP
pre-anplifier arrpl i fy gtPsal d.electrical_output; a tinmer device for
measuring a ti%he 4%1‘?%‘?4/5 over this YRltse cutoffis @F°‘§%ddb)bhﬁ"é%g yoltags srpltiplicyi2b

ntil a tinme t t and
:1 ciatl cul alt or grétvz(?én? %@%QR% l&ﬁgﬁgg&tﬁp ovm t Irn) gge {é@g? gsg k‘%} tgpﬁé Jdl@%eé{é’gﬁdg dn
said _ tine iateratiag28anon tHedrommd oﬁtheIM@mzzaby wltapamultipligr 2.andard. 2. The

| aser range finder of CGaim1 further incl an, obj ective |lens

di
receiving |ight fr&hfieRcee iden e ehqt%r@fhoﬁelipmpgramsgm Vays<operatesrat dhe high
intensifier “dgxfsmﬁ%ﬁa e FSAdLBPUS k?r{mttéﬂymfm?s%éﬁ d:%%t&raﬂx h&’le?sDrfoe

vi si bl e i mge and an e ep| e ens provi ding sal

i mge to a useperafing, tis awi:tehealttu& vo&ageﬁwhlch néplicates adarkefidld foraherplidtedatipde_ an
objective lens, receiving |jght froma ene an inmage intensifier tube

recei ving | i ghte-£treid? neltsremeoltage ‘PHB‘P Ui Jhe Ph?f@cmer@sﬂﬁﬁ d/lesf the
providing;a viegihl @2 fPge @%ﬁﬁ@%&‘hﬁﬂﬁ is %w@t@hﬁy BRIWRER J F&?ioxq Fa\it ?%ntege
o e ng e broj ec

visible inmage to a ~;ser t vision device, aser
pul se of | asewoltagheval ahd darkefiedd eoralitian atardutyoyocbd whhhsvaped &fpeﬂdenk ap@ar thbl ght
I N T A teRstty o the Scond being viowed- ad Indicated by cusrent How ot the sereen 26
pul se;
This function is carried out in accord with the duty cycle function in order to provide
ABC. The result of this ABC operation is a substantially constant brightness for the
20  image presented to a user of the night vision device 10 is achieved, until the scene
becomes too dim to produce an image even with image intensification technology. In
other words, over the entire operating range of the image intensifier tube 14, its
operation by circuit 62 provides substantially constant brightness for the image
presented to the user of the device.
25 Further considering the operation of circuit 62 to provide an image for the user
of the device 10, is seen that once the duty cycle is reduced to its low level of 10-4%,
in the event that screen current increases further, then as a function of increasing
screen current the voltage across the MCP 22 is reduced slightly, viewing now Figure
5. This reduction of MCP voltage has the effect of providing BSP. That is, after the

30 ABC function has reached its lowest level of duty cycle to the photocathode 20, if
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1 ocircuit nmeans causing said inmage intensifier tube to provide an
el ectrical output in response to receipt of said reflected | hfedUlLi2p?
. pul se, said circuit neans including a pre-anplifier circuit portion carried
by said inmage intensifier tube; 22 AMENDED SHEET Nc-rns yy~ ||l ~y~ | PEANS
~~~~~~ 21999 a tinmer neasuring an interval froma tinme of projection of said
pul se of laser light until a tine of said electrical output by said inmage

intensifier tlipkleveldfahe tletisl dtene cdativuesita imgedsa (igdicativeOsNBbiight solfteGat i ve
of the distance fromthe nicight vi sion device to the object using said tine

interval and th§escepsaecthen the quty,eycle mainiins its lavy 18-4%n lexely whilg thevbraght-spusice
provi di ng sai ro'i&ﬂgﬁf&r%i?ﬁ%lmgdﬁﬁ’o\?.iygﬁéctég the device. 4. An integrated
n as i nde

ni ght vision device a range I apparatus, said apparatus
including an image intensifier tube and providing both a visible inage of a
scene and range jnformation_indicative of distance fromthe apparatus to an
object in ihe%ééﬁﬂﬁ ' us conprising: 5 an inmage tube power

suppl y sect i on. sapddmgGsliuat; ABYCFiGIHBD! Ynd O WOBORREN TR HEREShA S

operating voltage [evel's Tor e hot ocat hode, respecti Vv and

a second faci aircuil 6Zto preidecd laserniangeofiderIfahctivhavit], beaexplaihed)t The detitode of
the image intensifier tube, and a pre-anplifier circuit portion carried by
sai d i mage i nfusther incudes alaserahl Ooeapable 7. pralsating a shew-dugationaser lighh gulse
finding, saidgpesal ﬁlreﬂc&gz“seig%‘@ﬁgédrb Gfik %Pé}gt_o?%f%eﬁigﬁtovrisi%n%ﬂmp ane
performa laser range finding (L operatton; a laseP 1 n response {058 ai d
LRF commah@l pfinderdienige d0| aRtis phlsgbf laparllipht jsrdipgramimagjcallyt itiusthedsore Riguteo3
illum nate the, object; i me-zero defegtor responsive to@Broj ectiagn of

t
sai d |aser |i wgeWt_O'a Senaselinging AReratigns at eonducier diathe dayjce 10
nterval L Mefendiopidl ﬂ?igé?%éﬁﬁﬁ?@@g?ﬁﬂerttﬂﬁe 14 B 86s0: Y R fer1BLrE Blser bkt A5

range finding contro provi di ng operating con 0 ds
to sai d i magerdturined fromethe sceppbyingeidwedn t o nonentarily suspend i nmagi ng
operation in respopse to a LRF compmand, and char_?i,n t he m crochannel plate
of said 20 i mge i kBRI 1POWEIELDY 8 lasendryer shrw ’\}B%P%lﬁ‘i“ﬂﬁhfﬁué‘ieéﬁtlilal A

petueen St S bbelmB0SyREC B el IR CIEREY O SR GebyRaTpRELL O
refl ected | as@irther ghiplained below)providsaa dontisigaputnioethe idtiver citdiie] 2 onefidtt
operation of the laser 110, and also provides a control input to the oscillator 100 via a
conductor 116.
Conductor 116 at a branch 116a thereof also provides a control input to an
20  actuator 118, which in response to this control input moves a spatial filter 120 (to be
further described below) first into, and then after a short interval, out of the optical
pathway between lens 12 and the image intensifier tube 14, as is indicated by dashed
lines on Figure 1. The spatial filter 120 is essentially a shutter with a central aperture,
which blocks returning laser light from portions of the viewed scene other than in the
25  central area where the object of interest is located. During a LRF operation, the
actuator 118 pauses the spatial filter 120 in the optical pathway of the device 10. That
is, there is a controlled momentary pause between the movement of the spatial filter
into and out of the optical pathway. During the pause of the filter 120 in the optical
pathway, laser light is projected to an object in the viewed field, and reflected laser

30 light returned from the object for a LRF operation is received at the device 10.
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object in the scene, said electrical connection providing s€hd [ rrpzﬁl Ze
current to said 23 AVENDED SF~L~; ~ !P ~u S 13 DEC 999 1 oUWl od ¢ s
.said image intensifier tube; and for calculating the range fromthe device
to the object using the speed of light as a neasuring standard. 9. A nethod
of operating a night vision device in order to provide both a visible inmge
and range finding, said nethod conprising steps of: providing the device
with an i mage int ehe LiRF contfod logindirciit ¢4 lsg Has @hdonirobsutputsr22aao taogating

i mage intensifier tuybe; 5 causing . the inmage intensifier tube to )
responsi vel y BPwtalgaraaty 123 o) khis wirgait has sonectinn ta fitehing metwaght76, #soist he
scene, and causi ' )| ' | { ot r.afl from an
obj oot i t o msaeted B8 bbARoRingt comBlihd 3efby | (S bwikth BBl BE 155 oF 8

refl ected por pusinburfont dwitchy forexample) ghproeiled ibpovitich chei spegton oft thedeticenot ube
to provide_ an electrical response;atﬁ%gogr oviding a, pre-anplifier circuit

A . R :
carried byd saFth IS ¢ sommand eyt graHoR OF [Casried put fpe they devieanP-i fliner
cireutt to ampldiac Rk theafildi GAhe UERBOTE Gt HE BLriB&] i Bnhéctiol WIRSPERF OU!
of said tube as an electrical output; and measuring a tine 1nterval Dbetween
proj ecti on of opaddompul se of light and said electrical output, and
responsi vely providing range information indicative of -a range t 5 fromthe
device to the object 10. A nethod of using an inage intensifier tube to
measure a ran ?‘RQE‘W ' ROCTIONPr i sing steps of: projecting a
pul se of Iigh%eltjég%‘: e o Jec?IE%Ng;a?ang a portion of this pulse of Iight
to be refl@cted fr Qonsideringfigute X still, vdhen theegeperatdreofthé devicd Lhwishes totabtaigi ng
said imge intensifjer tube to provi ggqan el ec response to receipt of

i cal
the refl ect euDBgHRIOTRRNAR 19 #gotiertdn dhe Yiewsd lﬁ_f%?l%??ﬂqrqtmermrﬁéhﬁ ebipR3rR i on
carried by sall JieWesdehd HOsiibly By sthiS refbifle Bldvidet tint BevicPI 6 AAEMAKE £"

circuit portion to provide a
LRF input command at device 124. To repeate, this input command may be effected

by use of a simple push-button switch, for example. In response to this input
15 command, the LRF control logic circuit 124 effects the following sequential activities:

First, the oscillator 100 is shut down by a command over conductor 116. This
command also has the effect of causing actuator 118 to move the spatial filter 120 into
the optical pathway. The shutdown command for the oscillator 100 also is used to
cause the voltage multiplier 72 to drive the MCP 22 to a high-gain differential voltage

20 level. Preferably, this high-gain voltage level is a differential voltage of about 1200
volts across the MCP 22.

Second, the LRF control logic circuit commands the switching network 76 to
perform a timed switching operation (as is further described below), first switching
photocathode 20 to the voltage from multiplier 70b (i.e., to +30 volts relative to the

25  front face of MCP 22 - effecting a hard turn off for the photocathode 20 of the tube
14); and then later in timed relation connecting this photocathode to source 70a.

Third, after a time interval of about 3 ms (which is required to allow the
oscillator 80 to stop its operation), the laser light pulse is fired. The photocathode 20
is then effectively switched to the voltage source of multiplier 70a (i.e., to about -800

30  volts). Actually, the photocathode 20 is switched to voltage source 70a in timed
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out put S|gnal I n response to said electrical response; t o neasuring a tine
interval from projection of said pulse of light until provi sl 8nJidk 2d
.electrical output signal by said inmage intensifier tube; and fromsaid tine
interval determning the range to the object using the speed of light as a
measuring standard. is ANLFNDED SHEET p~' U J~99~11~93 It'tAl US 13 DEC
1999 1 0 JUL 2002 11. The nethod of Claim 10 further including the steps of
preparing sai delhtimgbefpret ﬂlesl'aédrdight (polsetio fmcbvﬂ'dle photocethed¢ meads| toosettfeufor

| b | h- Y hannel
ol Bt of "t he. ARIBCOPHChEPHI BF st 8 HBpaf Sofg e hroomBRutrop ek e
electrical regngng myju?se 3 tﬁ@%&?ﬁ@leﬁ&g%@d t8 J&elkerahm nt '11?,&4 WelinNg i (31 €PS

of preparing said e intensifiler e to provide t étrical output
by first appl ptovidesa nmi edsporesivenesstafithe dwuteatﬂatotthe aaqﬂhwaﬁaeﬁﬂim light Whieh

I mage intensifier tube during pn'g j ect. o]r‘]vof sal pul se of |ight, and
thereafter? ap PayiqsgHtal £ §PHGH: Of; QQFYI% d?fF‘&g'@ 16‘ gifitsd2, WoRysestadaue a

during receip f LT it e t | e
met hod of C arur%{%l ?%Areﬁﬁ &ﬁlﬂ]ncl udi ng the SFEH ﬂh? %@%dg ﬁ'&"‘sgg‘c‘i‘ 1’??2( -EQ
intensifier tuxhplehmmedaeto/ﬁromlbladnglednd anaexvahagrmreblyold whmepﬂﬁcmgxe&lapahl al
filter having centra ertur erein between sajd sai d .i mage
intensifier tng]é "@H ’N’l@% ‘6&“@1%35‘7 1r5eqsgf]etrﬁ§ﬂ> ilﬁg’b'u‘& ?ﬁeqdl?éers]t’%s of
using |ight ofg 3 Bdebd Getdaé igeﬁg}.t ug@*ﬂ%\h@aﬁt&a % Sl%bde'ghﬁ%e%lé%al%gd

preparing said inege Intensi 0 recelve reflect I ght
i nt er posi ¢ betonkk be highd iminediatelyaafiershaset puiseg2? |mﬁeedslahdawouldhtecaampm:aral

band-pass filter ,substanti al l | @ assage. on 5. of ght of
subst gnt i al |y fynction aﬁemr E}%g&u#% ﬁfﬁ%e%?%?eg@%te@af( 1ygjisito aav%stﬁpnﬂprecuon
significantly, An%‘é kh hﬁ&ﬂpldow‘;al&t ael céi‘@l’x?h@@%ﬂ'&? the 1aser ‘iigﬂ?bﬁi?@' 1s°ﬁre
determnlngar ocation to an o conprising’ steps :

projecting a his way,onhe ltingdnt1 30 iwilhredpend oe e dw;ubn plulse redulting frumaeﬂﬂ:tmbjoéc~'
0 be reflected from

Lhe logjan? D adeer G b SRt Gh et 5&3&48 pﬁ@le&gé%ﬁss dgwce dhaathst Bandi ng
an image i Bt eRsidy gk seHtRr 8f labd? SighCfréthis@aces of lenses in the device 10.

Fourth, shortly after the time the LRF control logic commands the laser 110 to
fire a pulse of laser light into the scene which was being viewed by the user of the
device 10, this pulse will actually be fired. A time-zero (ty) detector 126 detects the
moment of actual firing of this laser light pulse, and provides a signal on conductor

20 128 which starts the high-speed digital timer 130. Prior to the moment of firing of
this laser light pulse, the photocathode is connected to voltage source 70b (i.e., to the
+30 volts relative source) for a purpose to be further explained below.

Fifth, when the laser light reflects from an object in the scene, returning laser
light passes through a central aperture 120a of spatial filter 120, so that reflections of

25 laser light from other objects in the scene are blocked (i.e., having the effect of
increasing the signal to noise ratio of the returning light pulse).
During day time LRF operations an optical filter 144 may also be used along with
spatial filter 120 and has the beneficial effect of improving signal-to-noise level This
is the case because the spectral filter removes some of the background light from the

30 day-time scene which is present at frequencies close to that of the laser 110. The
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utilizing said inmage intensifier tube both to provide a visi Bl[ij’ra%mfrom
i ght received via said objective lens and to provide an el ect¥i

. response to receipt of the reflected |ight pulse portion, providing said

i mage intensifier tube with a pre-anplifier 26 AVENDED SHEET - PPEAIfIB 13
DEC119993 1 0 J~JL 2002 | o circuit carried by the tube and providing in
response to said electrical response an electrical output signal fromsaid
i mage i nt ensi bperatot oﬁehe deaceut( npyaselectin include \opticdl rfdter 144 abmrig with apatizdi d
pul se of | igh%, row sion of said ﬂ@ctri cal output signal by said

i mage i ntensi ltErr manjpyation,pf a.cqntrol interval deternining the range

fromthe | ocation thetBe@Ri Sskr light YSiINGn tthe BRESS 8/ puldet aséifig Qo BALT | N

standard. 16. A nethod of using an i1nmage intensifier tube’t ernatingly
provi de bot h &tenisifieltabe hrhgausingda aulsebéphotpclad:trmmttplbc relegsed| by p%ut@dathode

of ref | octba. Phess efipfeelE drcied oneirerh e Tedpaed with the Shosidere D1 e
met hod conpr i §m§9p§t(§§ﬂma§e1ec§oﬁipm brlpﬁrswwfcaﬁse@éwﬂr gbﬁ@ﬂ%gﬂ‘ls&%fsa' d

i mage intensitlier tu contro ness of said ntr ol
one or nore ofecondarplemasyion eleeﬂormptmr' e(drdduce;l phder dthighh gaig” @bndmens faxgrhe

t f tub d I dif tial l'ied h I
bl ate of e MHEHERHEIGHEFARE WHGh ElecHs BIet Iy DE uiEh A5G oI SRETPY R Uhbe
to provide sab&;&h&%ﬁ ptse Bﬂﬁmﬁ%néﬁt%}h sbbéed 26 lsc&ae&émy aﬂbﬂﬁ&@&eﬁ%ﬂode

to a selected high-response voltage | evel, and also to provide a certain
hi gh- gai n1@ol besgusedf fiterigdudtiae ralationships avith theclead ﬂdamaid peaprsamplifi¢ri themg

the image intensifier tu par pro Iect Lcal re gRhonse to
[ aser Tignt | BV & R poBRf SR RisChteE. S s ovidRE '
pre-anplifier Giduetd 138 2WARA p?éfeﬁﬁly% 'a%ﬂﬁdéd“écﬁnﬁﬁét& Ricludid a shidldkidckrode

utilizing said pre-anplifier circuit to provide said output signal in
response to sib2h, & povidecatimerestop neremad torbE MigispeetEmer AB).ARIsaf ifAlesired,

A3 A A3 AS A S Eudl D aPliRcation (indleated on Figire 3 by inimérar 1190 ard a dashed 021

15  line amplifier symbol) may be interposed in the electrical connection provided
between the pre-amplifier circuit 66b and the high speed timer 130.

Next, spatial filter 120 is withdrawn from the optical pathway, the oscillator

80 is restarted, and the gating operation of the switching network 76 is resumed (if it

was operating before the LRF operation as a result of the light conditions in the field

20  being viewed. In other words, the explanation below concerning daytime operations

of the device 10 may be consulted at this time. The image of the scene being viewed

is thus restored for the user of the device 10. During the LRF operation, the operator

of the device 10 may detect a flicker in the viewed image along with a very brief flash

of light (i.e., from the pulse of electrons P2 impacting the screen 26). The LRF

25  operation takes only about 5ms to complete (although the physical movements of filter

120 will be somewhat slower than this) so the user's view of the scene in not

significantly interrupted. The time interval between the tp signal and the timer-stop

command is provided by the timer 130 to a range calculator 134, which then supplies

an output (indicated with arrowed numeral 136) of range information to the object for

30 the operator of the device 10.
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pulses P1, as described above.

Figure 3a provides a fragmentary view of an alternative embodiment of the

25  present invention. In order to obtain reference numerals for use in describing this
alternative embodiment, features which are the same as, or which are analogous in
structure or function to, featured depicted and described above are indicated on Figure

3a using the same numeral used above, and with a prime (‘) added. Viewing Figure

3a, it is seen that the image intensifier tube 14’ also has a current transformer 66a’ and

30 apre-amplifier circuit 66b’ which are also carried on the housing 50’ within the
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Those skilled in the art will further appreciate that the present invention may be

10  embodied in other specific forms without departing from the spirit or central attributes
of the invention. For example, it is clear from the description above that a viewing
device using an image intensifier tube may also perform laser range finding functions
using the image intensifier tube as a sensor for the reflected laser light pulse without
using the “hard turn off” technique described herein. Such a device would project the

15 laser light pulse for laser range finding using a separate projection optical system. The
image intensifier tube would still be used as a sensor by insuring that the photo
cathode and microchannel plate of the tube are in high gain conditions during the
interval in which the laser light pulse returns. In this way, the electrical response of
the image intensifier tube can be used to initiate the “timer stop” command necessary

20  for measuring the transit time for the laser light pulse to and from the scene and object
of to which a range is desired.

However, in view of the above it will also be apparent that the present
invention provides a night vision device with a laser range finder having an improved
ratio of signal to noise in a laser range finder signal. This is the case in part because

25  the pre-amplifier 62 is located within the image intensifier tube 14, close to the source
of the LRF return signal, and amplifies this signal before any ambient or
environmental influences can appear as noise in the signal. Further, the shielding of
the amplified signal by shield 132a of conductor 132 assists in seeing that a “clean”

signal of low noise content is supplied to timer 130. Thus, the present night vision

20
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a timer device for measuring a time interval from projection of said pulse of

10 laser light until a time of said electrical output by said image intensifier tube; and
a calculator determining the range from the apparatus to the object using said

time interval and the speed of light as a measuring standard.

2. The laser range finder of Claim 1 further including: an objective lens
receiving light from a scene and directing this light to said image intensifier tube, said
image intensifier tube responsively providing a visible image of the scene, and an

eyepiece lens providing said visible image to a user of the apparatus.

3. A night vision device comprising:

an objective lens receiving light from a scene;

an image intensifier tube receiving light from the scene via the objective lens
and responsively providing a visible image of the scene,

5 an eyepiece lens providing the visible image to a user of the night vision
device;

a laser projecting a pulse of laser light into the scene, a portion of this pulse of
laser light reflecting from an object in the scene to provide a reflected laser light
pulse;

10 circuit means causing said image intensifier tube to provide an electrical
output in response to receipt of said reflected laser light pulse, said circuit means

including a pre-amplifier circuit portion carried by said image intensifier tube;
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scene and range information indicative of distance from the apparatus to an object in
the scene, said apparatus comprising:

5 an image tube power supply section, said image tube power supply section
providing respective operating voltage levels for each of: a photocathode, respective
first and a second facial electrodes of a microchannel plate, an output electrode of the
image intensifier tube, and a pre-amplifier circuit portion carried by said image
intensifier tube;

10 an operator-input device for laser range finding, said operator-input device
receiving an operator's command to perform a laser range finding (LRF) operation;

a laser in response to said LRF command providing a laser light pulse
projecting into the scene to illuminate the object;

a time-zero detector responsive to projection of said laser light pulse to

1S provide a time-zero output signal;

an interval timer starting in response to the time-zero output signal;

a laser range finding control logic unit for providing operating control
commands to said image tube power supply section to momentarily suspend imaging
operation in response to a LRF command, and charging the microchannel plate of said

20  image intensifier tube to a high-gain voltage differential between said first and second
facial electrodes;

an electrical connection to said output electrode to detect an impulse current
indicative of reflected laser light returning to said image intensifier tube from an

object in the scene, said electrical connection providing said impulse current to said
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projecting a pulse of light into the scene, and causing a portion of this pulse of

light to be reflected from an object in the scene to the image intensifier tube;
in response to the reflected portion of the pulse of light causing said image
intensifier tube to provide an electrical response;

10 providing a pre-amplifier circuit carried by said image intensifier tube, and
utilizing this pre-amplifier circuit to amplify said electrical response output before it is
passed out of said tube as an electrical output; and

measuring a time interval between projection of said pulse of light and said
electrical output, and responsively providing range information indicative of a range

15 from the device to the object

10. A method of using an image intensifier tube to measure a range to an
ob-ect, said method comprising steps of:
projecting a pulse of light to the object and causing a portion of this pulse of
light to be reflected from the object to the image intensifier tube;
5 utilizing said image intensifier tube to provide an electrical response to receipt
of the reflected light;
providing an electrical pre-amplifier circuit portion carried by said image
intensifier tube, and utilizing this pre-amplifier circuit portion to provide an electrical
output signal in response to said electrical response;
10 measuring a time interval from projection of said pulse of light until provision
of said electrical output signal by said image intensifier tube; and
from said time interval determining the range to the object using the speed of

light as a measuring standard.
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12.  The method of Claim 10 further including the steps of preparing said
image intensifier tube to provide the electrical output by first applying a relative
positive voltage to a photocathode of the image intensifier tube during projection of
said pulse of light, and thereafter applying a constant negative voltage to the

5 photocathode during receipt of reflected light at the image intensifier tube.

13.  The method of Claim 10 further including the steps of preparing said
image intensifier tube to receive reflected laser light by interposing a spatial filter

having a central aperture therein between said object and said image intensifier tube.

14.  The method of Claim 10 further including the steps of using light of a
particular wavelength band to form said light pulse and preparing said image
intensifier tube to receive reflected light by interposing between said object and said
image intensifier tube a spectral band-pass filter substantially allowing passage only

5 of light of substantially the same wavelength as the projected light pulse while
significantly blocking light of other wavelengths.

15. A method of determining a range from a location to an object
comprising steps of:

projecting a pulse of light from the location to the object via an objeciive lens
and causing a portion of this pulse of light to be reflected from the object back to the

5  location and through the objective lens;

providing an image intensifier tube at the location,;

utilizing said image intensifier tube both to provide a visible image from light
received via said objective lens and to provide an electrical response to receipt of the

reflected light pulse portion, providing said image intensifier tube with a pre-amplifier
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from said time interval determining the range from the location to the object

15 using the speed of light as a measuring standard.

16. A method of using an image intensifier tube to alternatingly provide
both a visible image and an electrical output signal, which electrical output signal is
indicative of the moment during which a pulse of reflected laser light is received from
an object in the image, said method comprising steps of:

5 during provision of a visible image with said image intensifier tube,
controlling brightness of said image by control of one or more of: a voltage level
applied to a photocathode of the image intensifier tube, and a voltage differential
applied across a microchannel plate of the image intensifier tube;

preparing the image intensifier tube to provide said electrical output signal by

10 charging said photocathode to a selected high-response voltage level, and also to
provide a certain high-gain voltage differential across said microchannel plate;

utilizing the image intensifier tube so prepared to produce an electrical
response to laser light reflected from an object in the scene;

providing a pre-amplifier circuit carried by said image intensifier tub-, and

15 utilizing said pre-amplifier circuit to provide said output signal in response to said

electrical response.
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