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Night vision scopes are used generally by military
and law enforcement personnel for operations in low
light conditions. This enables military and law
enforcement personnel to use the night vision scopes to
observe conditions at night and in dark buildings. A
night vision scopé allows the user to continue to make
tactical advances and observe hostile tactical
advances. New night vision scopes are also designed to

‘assist pilots of helicopters and planes to more easily

fly at night.
Early night vision scopes allowed the user to
observe light in the infrared spectrum. To do so, -
sufficient infrared light, invisible to the human eye,
had to be supplied by beacons to illuminate an area.
These scopes were used for only a limited period of
time because of the concern that hostile forces could
use similar night vision scopes to locatz the infrared
beacon and its user. |
Currently, night vision scopes utilize image

intensificaticn technologies. That is, the night

vision scope receives ambient light £from the
environment and intensifies the image to produce an
output image which is visible to the human eye. The
present generation of night vision scopes operate to
intensify low levels of visible light and make visible
the light from the infrared spectrum.

The image intensification process involves
conversion of the received ambient light into electron
patterns, intensification and energization of the

electron patterns,
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intensifies the inmage to produce an output image which,is visible to the
human eye. The @mesednwaneicn ian tife mlgiﬁtmﬁipxtmimmﬁf Qrisibhle
intensify |ow | etvoeltﬁue()foﬁ/slélr\pcleg.l I ght and nake visible _t he light fromthe
i nfrared spectrum

i ght, i mﬂgﬂmk ReddUman eye, had to be supplied by beficons FEPHACED

Hm Bse scopes were used for only a limtedperiod of
oca

Use by law enforcement officials and army personnel
during active engagement with hostile forces requires that
5 the night vision scopes be rugged and 1light weight.
Further, it is important that the voltage supply for the
night vision scope be dependable, light weight, and easily
renewed. In constructing a rugged night vision scope it
is important for the scope to be impervious to shocks and
19 environmental conditions, such as moisture. Accordingly,
the voltage supply must also be impervious to
environmental conditions.
Night vision scopes require batteries to supply the
power. Either a single specialized battery or two
15 conventional batteries can be used. Typical night vision
scopes use two batteries. Use of two batteries instead of
one increases the weight of the night vision scope which
is a significant disadvantage. |
Since night vision scopes are designed to be light
20 weight, using one battery is preferable to using two
batteries. However, due to battery design constraints
single batteries of suitable size which provide the
correct voltage for night vision scopes are not generally
manufactured. Thus, specialized batteries must be custom
25 designed and manufactured at great expense.
Any battery used in a night vision scope must be
easily replaceable but sealed against water leakage into
the battery area. When using two batteries, such as 1.5
volt DC batteries, the container for these batteries must
30 be oval shaped to accept both bétteries; The oval shape
of the battery container makes it difficult to seal the
container to make it water tight because specialized seals
are required.
If only one battery is used, a single cylindrical
35 battery container can be used in combination with an
O-ring of conventional construction to accomplish the seal
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per sonnel [ engagement with hpstile forces requires that the

ni ght vision scopes be rugged and |ight weight. Further, it is inportant
that the vol tageiseap! yuboevehe Risghb ski s %%%Q)%,besﬂg]i@d@ﬂ@eri'ght .
wei ght, and easily, renewed. In constructing a rugged night vision §%ope it
must “be custom made to provide the correct voltage for
a night vision scope. That voltage is the voltage,
e.g. of about 3 volts, required to supply the image
S intensifier.

US-A-4734573 and US-A-4755725 disclose such a
night vision scope wherein a voltage supply means
supplies 3 volts, in this case from two batteries.
Voltage step-up circuitry is then required to achieve

10 electrode operating voltages in the image intensifier.
The present invention is concerned with such night.
vision scope voltage supply means for delivering a low
voltage to the image intensifier; by a low voltage in
this context we mean a voltage of a level suitable for
15 supply by one or two conventional batteries, e.g. a
voltage of the order of 3 volts. N
According to the present invention, there is
provided a voltage supply circuit for a night vision
scope, the circuit being arranged to provide low
20 voltage for input to an image intensifier and
comprising a battery means for generating a first
voltage, characterised in that said battery means
comprise a single battery and there are voltage step-up
circuit means, coupled to said battery means, for
25 generating a second voltage from the first for
application to an image intensifier, the second voltage
being greater than the first, and limiting circuit
means for limitin§ the second voltage to a
predetermined value.
30
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I ronnmental conditions. N ght vision sc
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two con ries can be used. Typical night vision scopes use tmo

batteries. Use of two batteries instead of one increases the weight of the
ni ght vision scope which is a significant disadvantage. Since night vision
scopes are designed to be light weight, using one battery is preferable to
using two batteries. However, due to battery design constraints single

batteries of sui tapbg gi Eewerchnaéegtaﬁdtlhg o¢r Egel ineh?den’ andight

vi'si-on scopes are ner al |
: P show gﬁe same may be carried into effect, reference

5 will now be made, by way of example, to the
accompanying drawings, wherein:
FIGS. 1A and 1B are illustrations of a night

who.rema ) l)r Crrewi f Ma bcus‘f
vision scope cCcor o the present J.nventlon\,} '

FIG. 2 is a block diagram illustrating elements of
10 a night vision scopegécco:ding—tc—;he_present
,:;n-veaeicz};
FIG. 3 is an illustration of the elements of the
image intensifier of FIG. 2;
FIG. 4 is a circuit diagram of the voltage source
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Reference will now be made in detail to a present
preferred embodiment of the invention, an example of
which is illustrated in the accompanying drawings.

A night vision scope utilizing the teachings of
the presently preferred embodiment is illustrated in
FIG. 1. Night vision scope 10 intensifies a received
image. Night vision scope 10 includes an eye piece 12,

’a lens 14, an infrared light source 16, and an infrared

15

20

light source lens 17. A housing 18 contains the
electronics and optics required for operation of the
invention. Mounted on a face of housing 18 is an
operating switch 15 and cap 13 for the single battery
which generates a voltage for night vision scope 10.
The single battery is housed in a battery chamber
which includes cap 13. The chamber cap 13 is sealed
with a standard O-ring. Utilization of an O-ring
reduces the complexity and construction costs of night
scope 10 since an off the shelf element may be used.
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desired. However, as discussed above, single batteries nust g:;;E;;- Thﬂ&eath
to provide the correct vol tage for a night vision scope. Tha._MQL_~§__#@Fa

the voltage, e.g. of about 3 volts, required to supply the image =
intensifier. US-A-4734573 and US-A-4755725 di scl ose such a night vision
scope wherein a voltage supply nmeans supplies 3 volts, in this case from
two batteries. Voltage step-up circuitry is then required to achieve

el ectrode operating voltages in the image i+g<ensifier. The present

i nvention is concerned with such night vision scope voltage supply neans
for delivering a | owAcaddmbing oﬂohetharagprésnnt\siifﬁmntign,a Imvghto| vdgdomnn -

this context we ieal 3¢'nA%add 2115h¢ radeiding hans for receiving an

image. In the present preferred embodiment, lens 14

receives the light image and magnifies it.

5 The user of night vision scope 10 piaces his eye
adjacent to eye piece 12 to observe the resultant
intensified received image. Infrared light source 16 may
be activated to emit infrared light in the direction which
lens 14 is directed. Preferably, infrared light source 16

19 is an infrared light emittin§ diode. A focus lens 17 is
mounted on swing arm 19 to be optionally positioned over
infrared light source 16. Lens 17 may be positioned over
infrared 1ighf source 16 to focus the infrared light, such
as for using light source 16 for a spot light.

15 FIG. 2 illustrates a block diagram of the functional
elements of night vision scope 10. Like reference
numerals indicate like structures. Accordingly, FIG. 2
illustrates objective lens 14 and infrared light source
16. Night vision scope 10 further includes an image

20 intensifier 20, an ocutput window 22 and voltage source 24.
Voltage source 24 supplies the voltage to both infrared
light source 16 and image intensifier 20.

An image is received through lens 14 and transmitted
to image intensifier 20. After image intensification a

25 visible image is output from image intensifier 20 to
output window 22. Observer 26 views the intensified image
in output window 22.

FIG. 3 illustrates the image intensification process
in conjunction with the structural elements of image

30 intensifier 20. 1Image intensifier 20 includes an input
window 30, a photo cathode 32, a micro channel plate 34,
and a phosphor screen 36. ‘In a preferred embodiment of
the present invention the elements of image intensifier 20

are constructed in a wafer tube configuration with the
35 elements being configured as wafers. e —
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3 volts. According to the present invention, there is provifle
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supply circuit for a night vision scope, the circuit bei ng eranged
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provide | ow voltage for input to an inmage intensifier and conpr|3|ng a
battery neans for generating a first voltage, characterised in that said
battery neans conprise a single battery and there are voltage step-up
circuit neans, coupled to said battery neans, for generating a second
voltage fromthe first for application to am7rmage intensifier, the second
vol tage being greater_than the first, and |imting circuit nmeans for
liniting the second \Rhet@ecathader 32etid riorated| hetween input window 30

and micro channel plate 34. On the opposite face of micro

channel plate 34 is located phosphor screen 36 at the

input to output window 22. The eye piece receives the
5 output from output window 22. An observer 26 observes an
intensified output image through eye piece 12. .

During operation of night wvision scope 10 the light
from object 38 is received through objective lens 14. 1In
the presently preferred embodiment, objecﬁive lens 14 is
.10 a convex lens which gathers light and magnifies the image.

Light passes through input window 30 onto photocathode 32.

Photocathode 32 responds to the received 1light by

generating a number of electroﬁs in proportion to the

intensity of received light. The number of electrons are

15 proportional to the intensity of the received light'to
form a pattern of electrons corresponding to the received
image. Photocathode 32 is sensitive to infrared light as

well as light in the visible spectrum so that electrons

are produced in response to infrared light passing through

20 the objective lens and input window onto photocathode 32.
Electrons from photocathode 32 are emitted into micro

channel plate 34. The energy of the electrons from
photocathode 32 is increased because of a voltage applied
across the two faces of micro channel plate 34. Micro

25 channel plate 34 consists of a disk of optical fibers each
of whose primary cylindrical axis is oriented parallel to

the direction of received electrons from photocatihode 32.

The optical fibers in micro channel plate 34 are held

together with reflective cladding between the fibers.

30 Further, each face of micro channel plate 34 has an
electrode deposited thereon so that a potential may be
generated between the two faces to accelerate and energize

the electrons entering the optic fibers. Micro channel
pléte 34 also multiplies'the number of eiectrons by adding

35 additional electrons.
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For a better understanding of the invention and to ShOM/hQﬁFfﬁE‘SanEhﬂgyJ@a§§
carried into effect, reference will now be made, by way oﬂléianﬁjﬁnjk@,ihe i
acconpanyi ng drawnngshnmhereln. FIGS. 1A and 1B are I||UStLEE#éyEgﬁH:1F=f:TTT'
ni ght vision scope wherein a voltage supply circuit according to the

present invention may be used; FIG 2 is bl ock diagramillustrating y
el ements of a night vision scope; FIG 3 s an illustration of the elements

of the image intengifi ehddlgHdd dia Fhite fhifed S1datidn $26EEEH O rbhe

vol t age source
micro channel plate 34 exits the micro channel plate

and strikes phosphor screen 36. Phosphor screen 36
generates a visible light image corresponding to the
S image received through objective lens 14. Phosphor
screen 36 in the preferred embodiment acts as means for
converting the electron pattern generated by
photocathode 32 into a visible light ihage of the
received image.
10 Since the objective lens 14 inverts the image of
, the observed object 38, input image 40 is upside down
during the image intensification process and results iﬁ
an upside down image on the output of phosphor screen
36. Accordingly, output image 42 must be inverted for
15 observer 26. _

Output window 22 transmits output image 42 to eye
piece 12 and observer 26. Output window 22 is made of
optical fiber. In order to invert output image 42, the
optical fiber output window 22 is softened and rotated

20 180~ from its origin to the output during manufacture.

Observer 26 will observe a correctly oriented
output image 42 through eye piece 12 as a virtual image'
44. In this case virtual image 44 is magnified in size
due to objective lens 14 as well as its light being

25 intensified.

FIG. 4 is a simplified circuit diagram of the
voltage supply 24. Voltage supply 24 includes battery
50, a step-up circuit 52, a rectifying circuit 54, and
a low battery indicator circuit 56. Preferably,

30 battery 50 is a commercially available 1.5 volt
alkaline battery. 1In this
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enbod vention, an exanple of which is illustrated—Tm the
acconpanyi ng drawngs. A ni ght vi sion scope utilizing the teachings of the
presently preferred enbodinent is illustrat in FIG 1. N ght vision scope
10 intensifies a received i mage. Night vision scope 10 includes an eye

piece 12, a | engpbdqiddntnl 0¥ edHd Ipreifitte fvertifor) Vo146 supply

: circuit 24 produces an output voltage V.. which is greater

than the voltage supplied by battery 50. In the preferred

embodiment, voltage V,,. is two times the voltage supplied

5 by battery 50, i.e., 3 volts. Other voltage values and
proportions may be used.

The voltage of battery 50 is input to step-up
circuit 82. Step-up circuit 52 includes an inductor L1
and a switching circuit S1. The output of step-up circuit

10 52 is fed to rectifyihg circuit 54.

Step-up circuit 52 operates by oscillating switch S1
open and closed. When the switch is closed, current
builds up in the coil, creating a magnetic field. Next,
switch S1 is opened and the magnetic field collapses in

15 inductor Ll. Accordingly, the voltage across the inductor
reverses pclarity.' This voltage across the inductor L1l
adds to the voltage of battery 50 to produce a total
voltage which is gi'eater than the voltage produced by
battery 50 alone.

20 In order to supply a constant voltage at V..,
rectifier circuit 54 is utilized to smooth out the
variations in voltage due to the cycling of switch S1i.
Rectifier circuit 54 includes diocde D1 and capacitor C1l.
Rectifier circuit 54 works in a conventional manner to

25 smooth out voltage variations at V..

A zener diode D2 is included in rectifying circuit 54
to facilitate utilization of a battery 50 which supplies
a voltage greater than the voltage required by night
vision scope 10. Zener diode D2 has an operational value

30 slightly greater than the required voltage. Accordingly,
voltage V,,. does not exceed a maximum value determined by
zener diode D3. Preferablyﬂezen'er diode is rated as a
3.3 volt zener diode so that the output voltage has a
maximum output of 3.3 volts. _

35 For operation of the present preferred embodiment in
extremély cold temperatures, the 1.5 volt alkaline battery



“an ope 5 and cap 13 for the single batterylwhi ch.games es a|
vol t ag i on scope 10. The single battery is"__‘.;lggaseé}:t:n—'—a—"’——"’:’“‘”'}
battery chamber which includes cap 13. Th&-chanber cap 13 is sealed with a
standard Oring. Uilizatiopn of an O ring reduces the c |l exi;ty and
constructi on RT N ?ﬁ%ﬁ?lgﬁoﬁéoﬁeriynceTgﬁrGEPtheasﬁngfV@Hénent may be
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a light recmdﬂéghgm¥g¥t;§g 6&fei¥ipge§nlimited to a maximum value
of 3.3. wvolts. As the lithium battery wears down
5 below the required output voltage of 3.0 volts, voltage

step-up 52 will function to increase the battery

| T ght TRIOSHKe:@1ak BELA Riglacedt hOUSIi Ng 18 contains the el ectronics feg——y
requi rjwmﬂgﬂlﬂ En of the invention. Munted on a f fmggﬁie"ng 48N g
r

voltage as described above.
In order to detect a low voltage condition of
battery 50 a low voltage detecting circuit 56 is
10 provided. This low voltage circuit produces a
reference voltage ég:‘which is compared to the voltage
of battery 50 by comparator 58. If the battery voltage
is lower than the reference voltage V., current flows
through resistor R1 and through light emitting diode
15 LED1. Accordingly, light emitting diode LED1l will -
light when the.voltage of battery 50 goes belcocw V_..
In a preferréd embodiment of the invention, battery 50
 produces a 1.5 volt output, and V.. is selected to be
1.17 volts. - |
20 Iin the preferred embodiment of the invernticn a
switching circuit which is used to implement switch Sl
is an off the shelf component. In the presently
preferred embodiment a Maxim Low Voltage Step-Up DC-DC
Convertor, catalog number MAX657 manufactured by Maxim
25 1is utilized.

FIG. 5 illustrates the application of output
voltage V., to the elements of night vision scope 10 of
the presently preferred embodiment. That is, as
discussed above, output V.. is applied to image

30 intensifier 20 and its associated components. The
voltage V,,. is also applied to provide voltage to an
infrared light source 16 and the light emitting diode

(LED) infrared indicator 60. LED infrared indicator 60
indicates the status of infrared light source 16. That

35 is, infrared light source 16 can be elected to be
either off or on at two different power settings.

, Infrared light sourcz 16 may be selectively
activated with switch S2. If position 1 of switch S2
is selected, '

40



i mage. e resent preferred enbodi nent, lens 14 rECEI_ﬁﬁ_Lhe—LFGEEL. =y
i mage and elﬂmn user of night vision scope 10 plla¢gg discenas BEEN F
adjacent t%ﬂ to observe the resultant intensifi recnggACED i
i mage. I nf rce 16 may be activated to emt i nfieared=s =/ -
the direction mhlch Iens 14 is directed. Preferably, infrared Ilght source

16 is an infrared light emtting diode. A focus lens 17 is nounted on sw ng
arm 19 to be optionally positioned over infypared Iight source 16. Lens 17

may be positioned over infrared |light source 16 to focus the infrared

light, such as zr&éd royf r?ﬁlérdiﬁ-éé Pea fhs BGact SHd arl:d %o 4nfrared

illustrates a blo agran1 e functional el enents of ht, vision
scope 10. UhaghﬁﬁkﬁeﬁBétﬁﬁﬁeraﬂg RQﬁii%R?l?b@stV&%Fﬂr@ is chosen,

Accordingly, FlaG 1w power condition of infrared 1light source is

activated and LED infrared indicator 60 indicates this low
5 power status. That is, a low level of infrared light is
emitted from infrared light source 16. This low level of
light is generated because of the low level of power
supplied through resistor R4 to infrared light source 1s.
Further, LED infrared indicator 60 is activated but at a
10 low level due to the amount of power supplied through
resistor R3. The LED infrared indicator 60 is located so
that it may be viewed through eye piece 12 of night vision
scope 1l0.° -
A high level or high intensity of infrared light will
i5 be emitted from infrared light source 16 if position 3 of
switch S2 is selected. The LED infrared indicator 60 will
indicate this higher intensity output of infrared light
source 16. The higher intensity of infrared light emitted
from infrared light source 16 will be due to the increased
20 power supplied to infrared 1light source 16 through
resistor R2. Resistor R2 will be selected to have a lower
resistance value than resistor R4 since greater power must
flow through resistor R2 for a fixed voltage. Likewise,
the resistance of resistor Rl will be chosen to be less

25 than the resistance of resistor R3.

' The two different levels of infrared light emitted
from infrared light source 16 allows the user of night
vision night scope 10 to select two different modes of
infrared light emission. In the low level mode the user

30 of the night vision scope 10 can inspect maps with the aid
of image intensifier 20 at night or do other tasks at
Close range requiring a low level of illumination. If a
higher level of infrared light is required for viewing
objects in, for exarple a room in a house which is dark,

35 the high level of infrared light emitted from infrared
light source 16 may be selected.



illustrates objective lens 14 and infrared |ight source 16.j THN GHEEVHSBIFEEN |
scope 10 further includes an inmage intensifier 20, an out pqt ‘Wi ndei AT Eahd “
vol tage source 24. Voltage source 24 supplies the voltage t'e=peth tnirared "~
i ght source 16 and inmage intensifier 20.,.An image is received through |ens

14 and transmtted to image intensifier 397 After | mage intensification a

visible imge is oulputfr i intensi fj & t.put, W 22.
Qobserver 26 views ?F‘e%?.rl]{le%g f#%%%ier?%g?al r?Hou ep%hﬂn%ﬁggf%{%gﬁ
illustrates theatnugeipusensdiifdmaitdons eaek vamiamnmcdwid we made - -
structural el grephs aighea%sliahe@%b?eeroﬂf&he | g d i8Rt i 20 1 ncl udes:
an i nput w ndow 30, a _photo cathode 32, a mcro channel plat %e34, and a

p
phosphor screghthgut ARParkisgefrol &Rsofcomne QF spirit of t

S invention. As an example, night vision scope 10 may be

P

altered to eliminate the infrared light source 16 to
reduce its cost. Further, the invention may be used in
a device that takes the form of a single viewing device
with optics for two eyes, or two viewing devices for

10 both eyes.
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t he present invention the elenents of inmage intensifier 2 ek
in a wafer tube—eeﬁ%rgUTaTTﬁﬁ'mAth the el enents being con |5HF%%H%%TMﬁ$éE£N

Phot o cat hode 32 n i nput wi ndow 30 and nilgro cﬁﬁﬁh&CEﬁlate
- 34. On the opposﬂﬂ amr“m\mﬁ channel plate 34 is |ocated p

screen 36 at the' L0 eut put* wi ndow 22. The eye piece receives the -
out put from output w ndow 22. An observer:ﬁB observes an intensified out put

i mage t hrough ece 12. During operation of night vision scope 10 the
light from ob% i s received through object@ye lens 14. In the

presently preferred enbivehtagebumplyeciemsid4fos a night visicn
scope, the circuit being arranged to provide low

voltag ?§gr input to an image intensifier and
5 comprising a battery means (50) for generating a first
voltage, characterised ln that said battery means
comprise a single battery and there are voltage step-up
circuit means (52), coupled to said battery means, for
generating a second voltage grom the first for
10 application to an image intensifier, the second voltage
» being greater than the first, and limiting circuit
means (D2) for limiting the second voltage to a
predetermined value. .
2. A voltage supply circuit according to claim
15 1, for a night vision scope having an infrared source
(16), the circuit comprising infrared light source
(s2,21,243,24)
control meansvfor supplying first and second power
levels from the second voltageYtL activate the infrared
light source to generate reSpective first and second
20 corresponding light levels.
3. A voltage supply circuit according to claim
2, wherein the means for supplying first and second
power leve%ﬁui?zgrlses a resistive voltage dividing
arrangementvand & multi- -position switchy the switch
25 Dbeing arranged in one position to provide illumination
of the infrared source“@ith a first voltage level via
the voltage dividing arrangement, and in a second
position providing a different illumination of the
infrared source via the voltage dividing arrangement.
30 4. A voltage supply c}rcuit according to claim
1, .2, or 3, including means*for detecting if sa d
é&ﬁzgug voltage drops below a predetermined valuef )
5. A voltage supply circuit according to anyone
of the preceeding claims, and including means for
35 minimizing variations in the voltage output from said
\
* This Sheet Has
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a convex Iené‘VWTTﬁrxﬁﬁ+ﬂa%&—LLghi and magni fies the imge. § DEsSES. ar A
t hr ough |nput onto otocathode 32. Phot ocat hod [TQES §§E BEEN
to the recelwa I;i neratlng a nunmber of el ectripns i % ol

to the intensit ght. The nunber of electrons are

proportional to the |nten5|ty of ‘the FECf%;ed light to forma pattern of
el ectrons corresponding to the recei ved” Phot ocat hode 32 is sensitive

t f d |ight I h I
e?et?rgﬁ;earelgrod gege v?igﬁggsgu#gl%n rareéib Sc§8§8&5§”£%0tﬁg§b A the

obj ective Ienrshemelinnpan.d\/\mmummemng pﬁanecannédéesza Ebé.d;tagsns from
photocathode:§ ﬁg1&£gg i 0 b6 mcro channel plate 34. The energy of
the el ectrons ron1p ot ocathode 32 is_increased because of a voltage
appli ed across the7two RavedtagenFuPBlyhghreHipl aceczding\vter gny one

5 of the preceding claims, wherein said limiting circuit
, . . QU
means includes a zener diodet
8. A voltage supply circuit according to any one

of the preceding claims, wherein said predetermined

value is 3.3 volts.
10 9. A voltage supply circuit according to any one
» of tﬁgzprecedlng claims, w%sreln said voltage step up
means includes an inductorvand a switch c1rcu1t*
10. A voltage supply circuit according to claim
9, wherein said switch circuifvis operable to oscillate
15 between open and closed.
11. A voltage supply circuit according to any one
of the preceding claims, wherein said first voltage is
1.5 volts.
12. A voltage supply circuit according to one of
20 the preceding claims wherein the battery means
comprises a substantlally cylindrical battery chamber
for housing said single batteré'
13. A voltage supply c1rcuﬂ; according to claim
12, wherein said battery chamber includes a caévénd an
25 0-ring for sealing said cap.
14. A night vision scope for intensifying a
received image, comprising:
light receiving means (14) for receiving light
conveying an image; (20)
30 image intensifier means including:
light converting means (32) for converting
the received light into electrons in proportion to
the intensity of the received light to form a
pattern of electrons corresponding to the image,
35 energization means (34) for increasing the
energy of the electrons in the electron pattern,

“‘ﬁﬁ‘iimi‘iitﬁﬂi“uﬂin
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channel plate 34 consists of a disk of optical fibers eaghTifs th}_SrEH&é'B@Ny

cylindrical >r“ mﬂmummﬂ rallel to the direction o receREedAcr
el ectrons fro mr The optical fibers in m

ate--

34 are held toget ffer “wi ¥h feff ective cl addi ng between the fibers. Further,

each face of mcro channel plate 34 has gy el ectrode deposited thereon so

that a potential nay be generated between the two faces to accelerate and
energi ze the electrgps entering the optic fibers. Mcro channel plate 34

al so nmultiplies the nunber of electrons by addi ng additional el ectrons.
The energi zed and nul ti Rie%E PR IIVIEPaIRS ReRREm(36) for converting

the electron pattern into a visible light image
corresponding to the received light; and
5 ) low voltage battery-operated supply circuit
ng) for supplying power for the image intensifier
means, the circuit being according to any one of the
preceding claims.
15. A night vision scope according to claim 14,
10 including an infrared light source (16) operable to
direct its light at a target forming part of the image.
16. A night vision scope acceg?ing to claim 15
wherein said voltage sunply circuitvis coupled to
supply said second voltagg~to said infrared light

15 sourcd
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‘m.cr.0 channel plate 34 exits the mcro channel pl ate and stri kes phosphor
screen. 36. Phosphor screen 36 generates a visible |ight imge correspondi ng
to the i mage received through obj-ective |l ens 14. Phesphor screen 36 in the
preferred enbodi ment acts as means for cdf¥erting the electron pattern
generated by photocathode 32 into a visible |light image of the received

I mge. Since the objective lens 14 inverts the inage of the observed object
38, input image 40 is upside down during the image intensificatipgn process
and results in an upside down inma e o 4$# of phosphor :é een 36
Accordi ngly, output inmage 42 mus¥¥b efte ® observer 26£ § {
w.-ndow 22 transmts output inmage 42 to eye -




"pi.eee 12 and observer 26. Qutput wi ndow 22 is nade of optical fiber. In
order to invert output inmage 42, the optical fiber output w ndow 22 is
softened and rotated 180- fromits origin to the output during manufacture.
Qbserver 26 will observe a correctly orieg%id out put i mge 42 through eye
piece 12 as a virtual inmage 44. In this c virtual inmage 44 is magnified
In size due to objective lens 14 as well as its |ight being intensified.
FIG 4 is asinplified circuit diagramof the voltage supply 24. Voltage
supply 24 includes battery SO a step-up circuit 52, a rectifyin A cuit
54, and a |low battery indicator circuit 56. Preferabl batter 0fs a
commercially available 1.5 volt alkaline battery. In S
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enbodi nent of the pr esent i nwention, vol tage supply circuit 24 produces an
out put voltage [err] which is greater than the voltage supplied by battery -
‘50. «In the preferred enbodi nent, -voltage [err] is two tines the voltage
supplied by battery 50, i.e., 3 volts. OQher voltage val ues and proportions
may be used. The voltage of battery 50 is_ipput to step-up circuit 52.
Step-up circuit 52 includes an inductor Li/gnd a switching circuit S1. The

out put of rstep- tP—€t+GeH+4— 82—s—f-ed—te rectifying circuit 54. Step-up
circuit 5$operat es by oscillating swigch S1 open and cl osed. When t he
switch istclosed, current \&J L\fg’
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builds up in the coil, creating a magnetic field. Next, switch Sl is opened
and the magnetic field collapses in-inductor -I.L1. Accordingly, the voltage
across the inductor reverses polarity. This voltage across the inductor Li
adds to the voltage of battery 50 to produce a total voltage which is
greater than the vol tage produced by battery 50 alone. In order to supply a
constant voltage at [err], rectifier circuit 54 is utilized to snooth out
the variations in voltage duesto the cycling of switch S1. Rectifier
circuit 54 includes diode DI and capacitor Cl. Rectifier circuit 54 works
in a conventional manner to smooth oNpggYRW(AEe variations at [err] A zener
diode D2 is included in rectifying cfrcult to facilitate utilization of

2 battery 50 WhiNRs#WISIBN SCOPE WITH IMPROVED VOLTAGE SUPPLY

A night vision scope (10) which includes an improved voltage supply
(24). A battery (50) generates a voltage which is proportionally increased
by a voltage step-up circuit (52) to provide a voltage to an image
intensifier (20) and an infrared light source (16) of the night vision scope
(10). ' The voltage supply (24) includes circuitry (56) for limiting the
voltage output of the voltage supply circuit (24) if a battery (50) is used
which generates a voltage greater than that required by the elements of
the night vision scope (10).

(Figure 1A)
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a voltage greater than the voltage required by night visi nRBEmm&EMENTzHEET'E
di,ode D2 has an operational value slightly greater than tlje regﬂbdﬁﬁv |
vdltage Accordingly, voltage [err] does not exceed a max 1mm

determ ned by zener diode D2. Preferabl-y- the zepggtitdnse

3.3 volt zoner di Odeﬁéﬁ %Ié@gg%g %;%kg@ Qgﬁgngggpmm out put of 3.3

vol ts. For operation extrenely cold

tenperatures, ‘the fhd ¥obdndldal f@ea@&teéymgheoe&s@% EeBgkisoanproperly.
Therefore, a 3.9 volt lithiumbattery iIs uﬁﬁi in voltage supply circuit 24.
r

Qut put vol t ad@YA9q $PRherF}FFuies) ?Beﬁe mum val ue

Night vision scopes are used generally by military
and law enforcement personnel for operations in low
light conditions. This enables military and law
enforcement personnel to use the night vision scopes to
observe conditions at night and in dark buildings. A
night vision scope allows the user to continue to make

tactical advances and observe hostile tactical
advances. New night vision scopes are also designed to
‘assist pilots of helicopters and planes to more easily
fly at night. '

Early night vision scopes allowed the user to
cbserve light in the infrared spectrum. To do so,
sufficient infrared light, invisible to the human eve,
had to be supplied by beacons to illuminate an area.
These scopes were usad for only a limited period of
time because of the cdncern that hostiis forces could
use similar night vision sccpes to locats the inirared
beacon and its user.

Currently, night.visién scopes utilize image

intensificaticn technologies. That is, the night
vision scope re¢teives ambient light from the
environment and intensifies the image to produce an
output image which is visible to the human eye. The
Present generation of night wvision scopes operate to
intensify low levels of visible light and make visible
the light from the infrared spectrum.

The image intensification process involves
conversion of the received ambient light into electron
patterns, intensification and energization of the
electron patterns,
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: g OHEET
of 3.3. volts. As the lithiumbattery wears down bel ow t he ﬁéﬁfiﬁﬁf*‘eﬂ“’c‘r‘df‘pﬂt LI
voltage of 3.0 volts, voltage step-up 52 will function to iiflicrease §hwuy 3% ‘
battery vol tage as described above. In order to detect a lo K)@Pt ag_';"_';'i;_;_;w e
condition of battery 50 a | ow voltage detecting circuit 56 |~s—13r‘0\71 ded.” ™

This | ow voltage circuit produces a referenge volta _ V\:g'Ch npar ed
to the voltage of battery 50 by corrparator 8. If t LE"P:F Meis

|over Lhen, U VELENGALLRAYE Lo S boll e NOUUNAR AL
LEDL will |ight Shdhe w@samqge of" battery So goes below [err] In a

preferred enbodi ment ye e 1Y %&bezmie ok ied 50 ARar B rtyl paridnhel

out put, and [errc{J Jis sel cted to
ring actlve engagenent with hostile forces regquires that

the night vision scopes be rugged and light weight.
Further, it is important that the voltage supply for the
night vision scope be dependable, light weight, and easily
renewed. In constructing a rugged night vision scope it
is important for the scope to be inpervious to shocks and
environmental conditions, such as moisture. Accordingly,
the voltage supply wmust also be impervious to
environmental conditions.

Night vision scopes require batteries to supply the
power. Either a single specialized battery or two
conventional batteries can be used. Typical night vision
SClpeés use two batteries. Use of two batteries instead of
one increases the weight of the night vision scope which
is 2 significant disadvantage.

Since night vision scopes are designed to be light
weightz, using one battery is preferable to using two
batteries. However, due to battery design constraints
single batteries of suitable size which provide the
correct voltage for night vision scopes are nut generally
manufactured. Thus, specialized batteries must be custom
designed and manufactured at great expense.

Any battery used in a night vision scope must be
easily rep.‘_l.aceahle but sealed against water leakage into
the battery area. When using two batteries, such as 1.5
volt DC batteries, the container for these batteries must
be oval shaped to accept both batteries. The oval shape
of the battery container makes it difficult to seal the

container to make it water tight because specialized seals
are required.

If only one battery is used, a single cylindrical
battery container car be used in combination with an
O-ring of conventional construction to accomplish the seal



1.17 volts. In the preferred enbodi nent of the invention a [s\WEpERCAMENT SHEET ]
circuit which is used to- I npl ement switch S1 is an off the |ghel f conponent.

In the presently preferred enbodi nent a Maxi m Low Vol t age St andR. 5 A0
Convertor, catal og number MAX657 manuf act uded by MuSibstiibtate fhede /B8 =15
|Ilustrates the application of output voltage [err] to the elenents of

ni ght visi on scepsiredef thewﬁaseasl?lgcn$e¢deﬂbeweodsnngle Ghatersesas

‘di'scussed abovemugut But ch@EB]'n mAqaPpbi § owaen@ﬂ@ em?@éw@i &g gf@v' ts
associ at ed corrponegtggs The voltage [ert] is al so app ol Vol t age
0

to an infrared BRiB Yi&donsSGRREt heT §§hY°%ﬁ$$%|h§ ﬁ$%d%9 T&¥%, infrared
i ndi cator 60. LEDgi.nbfaatdutndi #8lek, 68equired to supply the image

intensifiex.
US-A-4734573 and US-A-4755725 disclose such a
night vision scope wherein a voltage supply means

supplies 3 volts, in this case from two batteries.
Voltage step-up circuitry is then reguired to achieve
electrode operating voltages in the image intensifier.

The present invention is concerned with such night
vision scope voltage supply means for delivering a low
voltage to thé image intensifier; by a low voltage in
this context we mean a voltage of a level suitable for
supply by one or two conventional batteries, e.g. a
voltace of the order of 3 wvolts. _

Ac?ording to the present invention, there is

rovided a voltage supply circuit for a night vision
cope, the circuit being arrangeé to provide low
voltage for input to an image intensifisr and

Prising a battery means for generating a firstc
voltage, characterised in that said bactery means
comprise a single battery and there are voltage step-up
circuit means, coupled to said battery means, for |
generating a second voltage from the first for
application to an image intensifier, the second voltage
being greater than the first, and limiting circuit
means for limiting the second voltage to a

predetermined value.



i ndi cates the status of infrared |ight source 16. That | LAfd @

source 16 can be elected to be either off or on at two dlﬁfereaig \
settings. Infrared |ight source 16 may be selectively activaged. MAth svw,ﬂjlai
S2. If position 1 of switch S2 is sel ectedr- t he Sﬁﬂnaté .
remains inactive and no infrared light is emtted. If p05|t|on 2 of switch
S2 is chosen, a | ow power condition of infrared |ight source is activated
and LED infrared indicator 60 indicates this | ow power status. That is, a

|l ow | evel of infrared light is emtted frominfrared |ight source 16. Th|s
| ow | evel of For a better understanding of the invention an o

show how the same may be carried into effect, reference

will now be made, by way of example, to the
accompanying drawings, wherein:

FIGS. 1A and 1B are illustrations of a night
vision scope wherein a voltage supply circuit according
to the present invention may be used;

FIG. 2 is a block diagram lllustratlng elements of
a night vision scope;

FIG. 3 is an illustration of the elements of the
image intensifier of FIG. 2;

FIG. 4 is a circuit diagram of the voltage source
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light is generated because of the |low | evel of power suppl|| ed through
resistor R4 to infrared light source 16. Further, LED infrabDeagh LN@V@ﬁﬂﬁ
is activated but at a | ow | evel due to the amount gqf _ r ' -
resistor R3. The LED infrared indicator 605-s Iocagﬁﬁggﬁgt y be
vi ewed through eye piece 12 of night vision scope 10. A high |level or high
intensity of |nfr%ﬁQRF4¥QﬁthMQhe BEV@HFFPEd ?F8n1|nfrared |'i ght source 16
if position 3 of sw trRIG5% iis elcdecadt dhagr&d shdéwimedhowdraegicretts w | |

higher | nt enai 1P FHAT o Sucineedke; pea PBREreq Skef Wb T 0% ¢

wi'll be due to ttwliags essutep@feFISupplied to infrared |ight source 16

through resistor R2. mResd e RAIW hbwbBeSphaE! 8 dérdifVerd 4 P¥isent
preferred embodiment of the invention, an example of
which is illustrated in the accompanying drawings.

A night vision scope utilizing the teachings of
the presently preferred embodiment is illustrated in
FIG. 1. Night vision scope 10 intensifies a received
image. Night vision scope 10 includes an eye piece 12,
a lens 14, an infrared light source 16, and an infrared
light source lens 17. A housing 18 contains the
electronics and optics required for operation of the
invention. Mounted on a face of housing 18 is an
operating switch 15 and cap 13 for the single battery
which generates a voltage for night vision scope 10.

The single battery is housed in a battery chamber
which includes cap 13. The chamber cap 13 is sealed
with a standard O-ring. Utilization of an O-ring
reduces the compleiity and construction costs of night
scope 10 since an off the shelf element may be used.

F-e Q-




resistance value than resistor R4 since greater power Wuafﬁfk_bamthr*&bugﬁ?’ij
-resistor R2 for a fixed voltage. Likew se, the resistan e of regﬁw &6
wi'll be chosen to be |ess than the resistance of resistong@%m{ﬂ:.ntmot::;:;ﬁ

different levels of infrared light emtted frominfrared !Li:gma"'—c‘" =

al lows the user of night vision night scope 10 to et 1t Ment
modes of infrared light enmission. In the Tdw | evel he uséer of the

ni ght vi sion scope 10 _can.inspgct S_ W h ' ui [t Lfier 20
at night or do ot he#ﬁc§§kﬁ§'“§t g%os‘f‘g’%ﬁ) a%%\éeégr*é%qiqrn ?Jrelgtg'gpégvﬁx? %/Ae"l’_ g?ﬁ&t:h

i |lum nation. |Scepehilghdncludes aflightt xeceivightmeans kR IRaFeiying ani ng
obj ects in, forjReple @ reqe i&ééﬂusﬁr&b'éfﬁedseﬂﬁbhimbhe,hiﬁéhé eygl of

infrared light emtted frominfrared | ig source. 16 may be sel ected.
receives the light image and magnifies 1it.

The user of night vision scope 10 places his eye
adjacent to eye piece 12 to observe the resultant
intensified received image. Infrared light source 16 may
be activated to emit infrared light in the direction which
lens 14 is directed. Preferably, infrared light source 16
is an infrared light emitting diode. A focus lens 17 is
mounted on swing arm 19 to be optionally positioned over
infrared light source 16. Lens 17 may be positioned over
infrared light source 16 to focus the infrared light, such
as for using light source 16 for a spot light.

FIG. 2 illustrates a block diagram of the functional
elemegnts of night vision scope 10. Like reference
numerals indicate like structures. Accordingly, FTIG. 2
illustrates objective lens 14 and infrared light source
18. Night vision scope 10 further includes an image
intensifier 20, an ocutput window 22 and voltage source 24.
Voltage source 24 supplies the voltage to both infrared
light source 16 and image intensifier 20.

An image is received through lens 14 and transmitted
to image intensifier 20. After image intensification a
visible image is output from image intensifier 20 to
output window 22. Observer 26 views the intensified image
in output window 22.

FIG. 3 illustrates the image intensification process
in conjunction with the structural elements of image
intensifier 20. Image intensifier 20 includes an input
window 30, a photo cathode 32, a micro channel plate 34,
and a phosphor screen 36. 1In a preferred embodiment of
the present invention the elements of image intensifier 20
are constructed in a wafer tube configuration with the
elements being configured as wafers.



It will be apparent to chose skilled in the art that valirErLAGEMENTSHEDD

and variations could be made in the night vision scope pf thed t

i nvention wi thout departing fromthe scope or spirit of

an exanpl e,

tDege i.AVBRE}-OR:-AS {

ni ght vision scope 10 may be altered to eli et -

| i ght source 16 to reduce its cost. Further, the invention may be used in a

device that takes the formof a single vi@me)devigﬁsﬂhkgéggg§§ugpr t wo

eyes, or two view ng devices for both eyes.

Photc cathode 32 is located between input window 30
and micro channel plate 34. On the opposite face of micro
channel plate 34 is located phosphor screen 36 at the
input to output window 22. The eye piece receives the
output from output window 22. An observer 26 cbserves an
intensified output image through eye piece 12.

During operation of night vision scope 10 the light
from object 38 is received through objective lens 14. 1In
the presently preferred embodiment, cbjective lens 14 is
a convex lens which gathers light and magnifies the image.
Light passes through input window 30 onto photocathode 32.
Photocathode 32 responds to the received 1light by
generating a number of electrons in proportion to the
intensity of received light. The number of electrans are
proportional to the intensity of the received light to
form a pattern of electrons corresponding to the received
image. Photocathode 32 is sensitive to infrared light as
well as light in the visible spectrum so that electrons
are produced in response to infrared light passing through
the objective lens and input window onto photocathode 32.

Electrons from photocathode 32 are emitted into micreo
channel plate 34. The energy of the electrons from
photocathode 32 is increased because of a voltage applied
across the two faces o©of micro channel plate 34. Micro
channel plate 34 consists of a disk of optical fibers each
of whose primary cylindrical axis is oriented parallel to
the direction of received electrons from photocathode 32.

The optical fibers in micro channel plate 34 are held
together with reflective cladding between the fibers.
Further, each face of micro channel plate 34 has an

electrode deposited thereon so that a potential may be -

generated between the two faces to accelerate and energize
the electrons entering the optic fibers. Micro channel

plate 34 also multiplies the number of eiectrons by addiny
additional electrons.



CLAI M5 1. A Vol tage supply circuit (24) for a night V|s|dhE@m%m%MEMh§hfZT f
ciorcuit being arranged to-provide |ow voltage [err] for ipput ,x.g N‘{Wl we ,
intensifier (20) and conprising a battery nmeans (50) for - ] !
vol tage, characterised in that said batterysaeans corfpetis

(50) and there are voltage step-up circuit neans (52), coupled to sald
battery neans, for geﬁéFa?Pﬁggazgéc%mélmuﬂQ¥ﬂ*;ePeﬁﬂFcFrgn1phetérns£’¢mw

aﬁpl :ccat i on tg ?mem‘agehaﬁhemspiaeé,si hae ;L Ahd mk:tragehbﬁheg Siseéerl than
o a predet or mi ndlt, PSsReS HhoaPRa bediad . ERbbRRB= 8t 5R R nhe 1o cl ar
generates a visible light image corresgonding to tae
image received through objective lens 14. Phosghor
screen 36 in the preferred embodiment acts as means for
converting the electron pattern generated by
photocathode 32 into a visible light image of the
received image.
Since the objective lens 14 inverts the image of
the observed object 38, input image 40 is upside down
during the image intensification process and results in
an upside down image on the output of phosphor screen
36. Accordingly, output image 42 must be lnvereed for

cbserver 26.

Output window 22 transmits output image 42 to eye
piece 12 and observer 26. Output window 22 is made of
iber. 1In order to inver: output image 42, the
iber output window 22 is softened and rotated ‘

th

180~ from its origin to the oucput dufing manufacture.

Observer 26 will observe a correctly orientad
output image 42 through eye piece 12 as a virtual image
44. 1In this case virtual image 44 is magnified in sizas
due to objective.lens 14 as well as its light being
intensified.

FIG. 4 is a simplified circuit diagram of the
voltage supply 24. Voltage supply 24 includes battery
50, a step-up circuit 52, a rectifying circuit 54, and
a low battery indicator circuit S6. Preferably,
battery 50 is a commercially available 1.5 volt
alkaline battery. 1In this




1, for a night vision scope having an infrared source (1 BEPhACEMIEmigHEET;P
conprising infrared Iight source control neans (52, Rl, R4, R3,
-oDafage?Egrﬂqy,tlggg..

supplying first and second power |levels fromthe second
activate the infrared |light source to generate respective .
corresponding light levels. 3. A vol tage supply circuit according to
claim 2, wherein the nmeans for supplying fgest and Sibstinte Seeaet/NObc| s
conprises a resistive voltage dividing arrangenent (RlL, R2, R3, R4) and a
mul ti-position mpdﬁ.n(aﬁﬁ) of hethmni priesieaitng inveanimm, i rvqimaqaosistuip@ﬂyt o
provi de i || um naen e hgzaaﬁéﬂsﬁ SEHRAE vditagll Vh, Audidi!is Pkaeg,) evel

via the voltage di vi |ng rangenent second“p03| I on ro |ng a
different illunm eaf Ske Y°¥"-’Fﬁ9q ﬁFPH;-éGdsB%r’%%“xﬁ%’ fle In the pre-e:red
embodiment, vocltage V.. is two times the voltage supplied

by battery 50, i.e., 3 volts. Other voltage values and
.proportions may be used. ' -.

The voltage of battery 50 is input to step-up
circuit 52. Step-up circuit 52 includes an inductor L1
and a switching circuit Si. The ocutput of step-up circuit
52 is fed to rectifying circuit 54.

Step-up circuit 52 cperates by oscillating switch S1
open and closed. -When the switch is closed, current
builds up in the coil, creating a magnetic field. Next,
switch S1 is opened and the magnetic field collapses in
induc‘.:ar Ll. Accordingly, the voltage across the inductor
reverses polarity. This voltage across the inductor L1
adds to the voltage of battery 50 to produce a total
voltage which is greater than the voltage prcduced by
battery 50 alone.

In order to supply a constant voltage at V..,
rectifier circuit 54 is utilized to smooth out the
variations in voltage due to the cycling of switch S1.
Rectifier circuit 54 includes diode D1 and capacitor Cl.
Rect:.t:.er circuit 54 works in a conventional manner to
smooth out voltage var:.at:.cns at V..

A zener diocde D2 is :.ncluded in :ecti:ying circuit 5S4
to facilitate utilization of a battery 50 which supplies
a voltage greater than the voltage required by night
vision scope 10. Zener diode D2 has an cperational value
slightly greater than the required voltage. Accordingly,
voltage V. does not exceed a maximum value determined by
Zener diode D2. Preferably, the zener diode is rated as a
3.3 volt zener diode so that the output voltage has a
maximm output of 3.3 volts. '

- Por operation of the present preferred embodiment in
‘extremely ccld temperatures, the 1.5 volt alkaline battery
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vol tage dividing arrangenent. 4. A vol tage supply circu
claim1, 2, or 3, including neans (56) for detecting if sg
drops bel ow a predetermined value [err] 5. A vol tage supplby_c
according to anyone of the preceeding claiTl- and iﬁgpﬂa'"- Eam
mnimzing variations in the valtage output fromsaid 11111111 1111
111111111111111  99%3) 3y S 9% r’FBBﬁ’s'.EYa. fh‘?f%rteagé q%pf’?i%ircuit
according to cl ai kiShisrerkattexy dsmusedi $hngoluage supplydesrguit| 2dge
rectifier circuito(pfle voltage V. is then limited to a maximum value

of 3.3. wvolts. As the lithium battery wears down

below the required output voltage of 3.0 volts, voltage
step-up 52 will function to increase the battery
voltage as described above.

In oxrder to detect a low voltage condition of
battery 50 a low voltage detecting circuit 56 is
provided. This low voltage circuit produces a
reference voltage V.. which is compared to the voltage
of battery S0 by comparator 58. If the battery voltage
is lower than the reference voltage V., current flows
through resistor Rl and through light emitting diode
LED1. Accordingly, light emitting diode LEDl1 will
light when the voltage of battery 50 goes below V...

In a preferred embodiment of the invention, battery 50
produces a 1.5 volt output, and V., is selected to be
1.17 volts.

In the preferred embodiment of the invention a
switching circuit which is used to implement switch S1
is an off the shelf component. 1In the presently
preferred embodiment a Maxim Low Voltage Step-Up DC-DC
Convertor, catalog number MAX657 manufactured by Maxim
is utilized.

FIG. 5 illustrates the application of output
voltage V., to the elements of night wvision scope 10 of
the presently preferred embodiment. That is, as
discussed above, output V.. is applied to image
intensifier 20 and its associated components. The
voltage V.. is also applied to provide voltage to an
infrared light source 16 and the light emitting diode
(LED) infrared indicator 60. LED infrared indicator 60
indicates the status of infrared light source 16. That
is, infrared light source 16 can be elected to be
either off or on at two different power settings.

Infrared iight source 16 may be selectively
activated with switch S2. If position 1 of switch S2
is selected,



7. A vol tage supply circuit according to any one of the pméapﬁ%uﬁ"ﬁﬁ%
wherein said I|n1t|ng circuit neans includes a zener diodd| (D2)

vol tage supply circuit according to any one of the precedi|ph§atsi: a+ 13 TR
wherein said predeterm ned value is 3.3 volts. 9. A vol t '

circuit according to any one of the preceding claiggﬁF@m% ljéjf’g?voltage
step-up nmeans (52) includes an inductor (21~ and a circui 51). 10
A vol tage supply circuit according to claim9, wherein said switch circuit
(51) is operablth& dndFaredalichtispRTre Fanadng dnassive1and no dntzgzesuppl y

circuit accordiyigHtO ) eritedd. t TF RoRGHioNd 2CloF BRri WDl 1S dhdbskn' St

voltage is a2 low power condition of infrared light source is
activated and LED infrared indicatér 60 indicates this low
power status. That is, a low level of infrared light is
emitted from infrared light source 16. This low level of
light is generated because of the low level of power
supplied through resistor R4 to infrared light source 16.
Further, LED infrared indicator 60 is activated but at a
low level due to the amount of power supplied through
resistor R3. The LED infrared indicator 60 is located so

that it may be viewed through eye piece 12 of night vision
scope 10.° . -

A high level or high intensity of infrared light will
be emitted from infrared light source 16 if position 3 of
switch S2 is selected. The LED infrared indicator 60 will
indicate this higher intensity output of infrared light
source 16. The higher intensity of infrared light emitted
from infrared light source 16 will be due to the increased
power supplied to infrared 1light source 16 +thr-ough
resistor R2. Resistor R2 will be selected to have a lower
resistance value than resistci' R4 since greater power must
flow through resistor R2 for a fixed voltage. Likewise,
the resistance of resistor Rl will be chosen to be less
than the resistance of resistor R3.

The two different levels of infrared light emitted
from infrared light source 16 allows the user of night
vision night scope 10 to select two different modes of
infrared light emission. In the low level mode the user
of tne night vision scope 10 can inspect maps with the aid
of image intensifier 20 at night or do other tasks at
close range requiring a low level of illumination. If a
higher level of infrared light is required for viewing
objects in, for exarple a room in a house which is dark,
the high level of infrared light emitted from infrared
light source 16 may be selected.




1.5 volts. 12. A voltage supply circuit according to one of mﬁﬁfbfé&éﬁmngsarrr H
cl ai ms wherein the battery neans conprises a substantially cyllndrrd§FQOV‘mgﬁ J
battery chamber for housing said single battery (50). 13. A vohhage supply
circuit according to claim12, wherein said battery chanber TNCrFodes™a cap

(13) and an O-ring for seal i ng said cap. 1&2-A night sietitoie Secps/1156
intensifying a receiv conprising: |ight rece|V|ng nmeans (14) for
recei ving |ight conve§ n"é" ?rﬂ%ﬁ?a?%é:‘? RRARS r§lerl iwhi® PO &%l udi ng:
light converti ngchaamsafddys fusd LivEt iddy ddd variioithd icplld BleOmade

electrons in properé{d@Mmidhe vision scope of the present invention
without departing from the scope or spirit of the
invention. As an example, night vision scope 10 may be
altered to eliminate the infrared light source 16 to
reduce its cost. Further, the invention may be used in
a device that takes the form of a single viewing device
with optics for two eyes, or two viewing devices for
both eyes.



the intensity of the received light to forma pattern of el4 HEShACEMENT SHEET
correspondi ng to the inmage, energi zati on neans (34) for i Breas'nﬁnvhﬁgﬁ
energy of the electrons in the electron pattern, and electrdn_éﬁ A 11 T
means (36) for converting the el ectron patt®?n into ?Eafﬁé ITEge =
corresponding to ceived light; and | ow voltage battery-operated
supply circuit (2&#5%@5 suppl yi ng power for the inmage intensifier neans,
the circuit being accoidi ngAtvokiageosuppllyt kdrenit etR4ly fomiannight

vision scope, the circuit being arranged to provide low

voltage (V,,) for input to an image intensifier (20)
and comprising a battery means (50) for generating a
first voltage, characterised in that said battery means
comprise a single battery (50) and there are voltage
step-up circuit means (52), coupled to said battery
means, for generating a second voltage (V) from the
first for application to an image intensifier, the
second voltage being greater than the first, and
limiting circuit means (D2) for limiting the second
voltage to a predetermined value.

2. A voltage supply circuit according to claim
1, for a night vision scope having an infrared source
(16), the circuit comprising infrared light source
control means (52, R1,R2, R3, R4) for supplying first
and second power levels from the second voltage (V)
to activate the infrared light source to generate
respective first and second corresponding light levels.

3. A voltage supply circuit according to claim
2, wherein the means for supplying first and second
power levels comprises a resistive voltage dividing
arrangement (R1l, R2, R3, R4) and a multi-position
switch (52), the switch being arranged in ore position
to provide illumination of the infrared source (16)
with a first voltage level via the voltage dividing
arrangement, and in a second position providing a
different illumination of the infrared source via the
voltage dividing arrangement.

4. A voltage supply circuit according to claim
1, 2, or 3, including means (56) for detecting if said
first voltage drops below a predetermined value (V).

5. A voltage supply circuit accofding to anyone
of the preceeding claims, and including'means (54) for
minimizing variations in the voltage output from said

* [ L M S *



15. A ni ght vision scope according to claim 14, including
source (16) operable to direct its light at a target formi
i mage. 16. A night vision scope according to claim15 er
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supply circuit (24) is coupled to supply sat¥ second ta

infrared 1ight soyree (d6leep-up means.

6. A voltage supply circuit according to claim 5
wherein said minimising means includes a voltage

rectifier circuit (54).

7. A voltage supply circuit_according to any one
of the preceding claims, wherein said limiting circuit

means includes a zener diode (D2).

8. A voltage supply circuit according to any one
of the preceding claims, wherein said predetermined

value is 3.3 volts.

9. A voltage supply circui: according to any one

of the preceding claims, wherein said voltage step-up

means (52) includes an inductor (21) and a switch

circuit (51).

10. A voltage supply circuit according to claim
9, wherein said switch circuit (S1) is operable to

oscillate between open and closed.

"~ 11. A voltage supply circuit according to any one

of the preceding claims, wherein said first voltage is

1.5 volts.

12. A voltage supply circuit according to one of

the preceding claims wherein the battery means
comprises a substantially cylindrical battery chamber

for housing said single battery (50).

13. A voltage supply circuit according to claim

12, wherein said battery chamber includes a cap (13)

and an 0-ring for sealing said cap.

14. A night vision scope for intensifying a

received image, comprising:

light receiving means (14) for receiving light

conveying an image;

image intensifier means (20) including:

light converting means (32) for converting
- the received light into electrons in proportion to
the intensity of the received light to form a

pattern of electrons corresponding to the image,
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energization means (34) for increasing the
energy of the electrons in the electron pattern,

and i

electron converting means (36) for converting
the electron pattern into a visible light image
corresponding to the received light; and
~ low voltage battery-operated supply circuit
(24) for supplying power for the image intensifier
means, the circuit being according to any one of the
preceding claims.

15. A night vision scope according to claim 14;
including an infrared light source (16) operable to
direct its light at a target forming part of the image.

16. A night vision scope according to claim 15
wherein said voltage supply circuit (24) is coupled to
supply said second voltage (V,,) to said infrared light
source (16). |
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