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The preseMO BRI tion rel ates to a | anp for- an external vvarl’thf@“ﬂ"(ancl
particularly for use in an aircraft navigation light. 5 It is
known to fit infra-red light emtting diode (IR LED) | anps adapted with
bayonet fittings in place of filament bu n the navigation lights of an
aircraft to suit it for covert night flying. The IR LED | anps enabl e
the aircraft to be seen by the pilot of a conpanion aircraft using
ni ght vision goggl Fhe pidient invention relates fd glanp\fos anex@agd Wasnihgtightsi f y

i mges, whereby a small nunber of IR LED chi ps can be used. An

equi val ent nuRd&eulay faraise incan aiggmaft naviggsiondight.t i ng di odes (VL LEDs)
vwul d be sgarcely visible to the hunman eye at nore than a few tens of
netres. 5 The object of the present invention is to provide a
VL LED filament | apgls known td #0infi& 8EHght emitting diode ﬂIR LEBY kfipd 'aHﬁth&w‘iﬂﬂe
invention, there is provided a |lanp for an external warnin

conprising a bwyetpﬁtaogsjmm@aca of filament buihs incthe andgatwrehghtmo? o aivonadt to sultzm

i odes. (w1 LER WPl nfoP SHENK Terplamps 2petiE i i i Fdsest By th il of
current limt h@gmgmbﬁglrmlﬂg,gg night visiofidogbRst he body for limting current
drawn by the VL LEDs, the current  |imting device. bei ng connected in

series with the array of VL LEDs, with the array and the limting
current being conn ted bet we %Epthe dri.ve termn and t he retyrn termnal .

25 R S O R TR A -
- Co-operate w Emp@can be use@am%hwfdlehi ﬁd?ﬂoe?%?%ﬁfble H%l?t %m%nﬂtrtfng Qiddes gVﬂal

being a central "termnal and the return ber ng~bayon
fitting | ugs. LED8Ppwould be scarcelyvisiti¢ tctthelmmaneye at mior¢ thag ad‘emtm ofettesd

wi thin the body can be sinply a resistor; the preferred device is an
integrated circuit device in series with the VL LEDs, which is

adapted tpglimt f ?B%eﬂctccgglﬁ;[gplteséﬁﬂ anéﬂﬁor# ‘P@ﬁﬂe%hﬁ. LEbeﬁlhﬁ)temgrﬁp

falls on heating in us ona rd vol tage regulation
resi stor can hsplacement.

According to the invention, there is provided a lamp for an external warning
light comprising a body providing a drive terminal and a return terminal, a
20  series/parallel array of a plurality of visible light, light emitting diodes (VL LEDs)
arranged on a carrier mounted on the body and a current limiting device mounted
within the body for limiting current drawn by the VL LEDs, the current limiting device
being connected in series with the array of VL LEDs, with the array and the limiting

current being connected between the drive terminal and the return terminal.

25
Preferably, the body is a bayonet fitting body adapted to co-operate with a
bayonet fitting socket, with the drive terminal being a central terminal and the return
terminal being bayonet fitting lugs.
30 Whilst the current limiting device mounted within the body can be simply a

resistor; the preferred device is an integrated circuit device in series with the VL
LEDs, which is adapted to limit forward current through them when their resistance

falls on heating in use. Additionally, a forward voltage regulation resistor can be
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connect edVO@ 821817 es with the VL LED array.and the integrateci/cGB703091,
forward current limting device. 2 Normal Iy, the carrier

wi Il conprise a ceram c substrate on which the VL LED 5 array is nounted
and cover ed iconnectadspaeriastwittothe MIaLEDwirtdy andehe tegrated sirbsit, fatvearth eirrent
nmount ed on a.netal ,heat sink. The material can be a rigid potting materi al
or a flexibl 4miting devige. syl ant . In accordance with an

I mportant preferred feature of the invention, the lanp 10 can include at
| east one infra-red light emtting diode (IR LED) arranged on the carrier
in |ike manner t o Ndremaly, th&Bsriet will ddmprisBaseraniic sitseradéon whichthaYLIEDg
respectivglyax(_)ljgyosi tely, connected between the drive termnal and the return

term nal, Hfaews qveEad; 18 frapspagent imatesiab s with the serasmip sybsfiate being

opposi f6. pot BTy el Bl Sk The mteridt 86 W Farpdtfe Y4 RE 2At0R. |

LEDX s) . encapsulant. \Whilst a plurality of the IR LEDs can be arranged in
anot her series/parall el array or a parallel array; there wll
normal |y be an order of nagnitude nore VL LEDs than IR LEDs. 20

I n one enbodi nent ; ' i ' the IR LED S) being
pl aced adj acent tﬁ'étagﬁr?%"léﬁ “@‘E‘?&i‘én?gﬁr@g‘tﬁ% ﬁgealag'rﬁg’?@?nmﬁ%mgpr@ﬁ i n use
for the 10  can itludeaeRadtionblinfiarrdddightremitank dipue (IBSLED) ¥rrithddd drltBe SafrREN

I ntercepting downward infra red light. 25 Preferably, an

el ectrical piblikecmamer tethedd. LERs:. thel IRILED(s) andithe Vo LERyarray being r egul at i on

resi stor and/ . LRV I Libm ting di,ode, wl/l connected i,n

seri es 8o iy SHpR S Pr et BRI e gphinat and € ARG ERRRA0, ¢ e
!_EDS and t he wiefsbly appidatih of ¢6ltdgedfay bsﬁﬁ;y/\dvill| illiinate eit,hersﬂféfIRtL*’Bb(sB Be l'anp
is adapted to be powered at one voltage (with one polarity) for

i |1 umi nat i onthef VERERS andepitage of the eppesitepsilarity avill illuntinate theopthergs)tof the VL
polarity)sf OF EDs and tiule hijﬂimg)' on of the IR LED(S).

Whilst a plurality of the IR LEDs can be arranged in another series/parallel
"array or a parallel array; there will normally be an order of magnitude more VL LEDs
than IR LEDs.
20

In one embodiment, there is provided an optical screen, the IR LED(s) being
placed adjacent the optical screen, whereby the lamp can be arranged in use for the
infra red light to be emitted upwards only with the screen intercepting downward infra
red light.

25

Preferably, an electrical protection device, typically a forward voltage
regulation resistor and/or a reverse voltage limiting diode, will be connected in series
with the IR LED(s).

30 Normally, the values of the LEDs and the electrical protection devices will be
such that the lamp is adapted to be powered at one voltage (with one polarity) for
illumination of the VL LEDs and another voltage (with the opposite polarity) for
illamination of the IR LED(s).
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I n accor dYR®BHPT anot her aspect of the invention there i SPEHEBIHEN
aircraft lighting circuit for operati3ng one or nore |anps of the
I nvention, the circuit including an opposite voltage generation
circuit and a switch arranged to switch the polarity of 5 vol t age
applicable to | anp Lt LQ; ' ' Lt d ' ' i he. ith -
one pol ari tyigtral%é&trﬁée%ck %"{h@%&\%ﬁ? {’ﬁéh%i[“#e‘?ﬂ%gf’%@?% é'f.a)%ld\éh ah%l?éraw
Preferably, tlightiig croaftifor ostatingdons ¢ratbie lamps ofihs invediidd, ehetirdud indlid@ing f i er
circuit to whi,ch the switch is connected for switching on alternative
i nputs of the3aBRPPPNtEoltagRiZenenation girswis and aspiteh airargedito switch theepalarigy ofie VL

nvent i on, Y a SRERbble s gy Srid nbg Bt Rr S A G Bl o vy

of exanple angol&ﬁtyhrfdetheHkﬂﬂ)(tspvvithehaéﬁ:@ﬁwNdyng drawi ngs, in whi ch:
15 igure 1 is a partially sectioned side view of an LED | anp of

t he inventi on, Figure 2 is a circuit diagramof the LED | anp,
Figure 3 is a crossg.sectional .side.view of a.second pf the_inyention,
Figure 4 is a si rrp?i"?st?@hlypp}fr?"“ff . ‘%qtlngﬁgcﬂ‘%ﬂcifﬁéﬁéﬁ%qg&'%@V‘H. T HGWETG at e
of the s@ehnte s@itBh istBnnected for switthip bR aRefnatide ﬁh{lﬁl&f&héjé fffép?&f athe
second Ia%), . Figure 6 is a circuit diagramof an aircrart

| i ghting t9r capwer outpuhcisduitdonpowering thedfuLERscdrithe R LER§Ss). according to the
I nventi on, Figure 7 is a circuit diagramof a driver for the
aircraft lighting circuit, : Figure 8 is a circuit diagramof a

third lamp of the mVRMS Ldbrstéiing of the invenﬁi)lg,gfﬁe&ﬁh%ﬂoﬂiﬁW&ﬁSﬁoﬁ‘%%h&g 3

Figure 3 of a fourth |anp of the Tnvention an

view sinm | ar bedeicgibed by way of kxaripleand withrrpference to the accompanyiigf drawings, iho
Figures 1 and %lf the LED | anp there shown has a tubul ar netal ~ body 1
havi ng bayonet¥ ah ¢ | ng lugs 2 and a central insulated contact 3 at its

b ) h 30 ' ]
ase. Thepe C@srgmggg% 2 p%@llfﬁé&@ﬂ%ﬁg&%v@%ﬁ@%@g &9{,% BMeQ@%ﬂﬁgﬁ

fitting of a filane angl and has a
smal | netal plate Figee 2iina piotdii diggaenpftthedE®D lamp, arranged flush with the
angl ed top 4. The %l ate_5 has two arrays 7,8 of LEDs nounted on it.

They are prot ect ed "H}F&3 /1% Erosypeqtionnlyde Wew bpraseanddamp o thedpvantion,

Figure 4 is a simplified plan view of the LED arrays on a ceramic substrate of
the second lamp,
20 Figure 5 is a circuit diagram of the second lamp,
Figure 6 is a circuit diagram of an aircraft lighting circuit for an aircraft
equipped with lamps according to the invention,
Figure 7 is a circuit diagram of a driver for the aircraft lighting circuit,
Figure 8 is a circuit diagram of a third lamp of the invention,
25 Figure 9 is a view similar to Figure 3 of a fourth lamp of the invention and

Figure 10 is a view similar to Figure 4 of the fourth lamp.

Referring to Figures 1 and 2, the LED lamp there shown has a tubular metal
body 1 having bayonet fitting lugs 2 and a central insulated contact 3 at its base. These
30 components are arranged in the manner of the bayonet fitting of 2 filament lamp. The
| top 4 of the body is angled and has a small metal plate 5 set in potting compound 6
arranged flush with the angled top 4. The plate 5 has two arrays 7,8 of LEDs mounted

onit. They are protected by a layer of transparent plastics material 9.
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The LEDs WORBNT sible |ight LEDs, and up-to eighty of th®GTFEO7AR®4nged in
a series/parallel array 70. The LEDd 8 are infra-red LEDs, with four

arranged in a series parall el array 80. The cathodes 71 of the LEDs 7
on the cathode side of the array 70 5 and the anodes 82 of the LEDs 8 on
t he anode si de of . I : | 11 to
the body 1. L] g e BB oha o cigh Y UIRLR Srd bflgBlE 0

are connect edenNéstparallelirr®n70. The LEDS Biatd infrasred LEDS] witR four driigedintd Sories
contact 3. Simlarly the cathodes 81 on the cathode 10 side of the_ array

80 are connedaeadielareay80: clhercathodes 7 hgkthe LIS hen thesathods sigepf shearraye?ft
[imti i St 14 .t h t \ Wh th
cent a1 Ccont 48 e aiogeosd BERETEOY of B aBhe die ofthearray 80 250 coMPBIYS 1 he

VL LEDs 7 ar eogé&ctddéla 1eadéll P18 thelbo8fy, whilst the IR LEDs 8 are not

excited. The 15 current limting resistor 12 limts the forward current
passi ng through the individual VL LEDs 7, even when they have been

operating for so tinme.ang their resist e " has dr ed due to their
Conporat ure rise. MDA A HLITEGROGT R0 ELAF apra 7R o8 Sonpaed v o cifrghf
restrict the ]fn%ﬂﬂ%fe%?s&l{ﬁﬂtb e Ehtraf confdc 3 A8l ahe 8dthédesR drBe cathode
i1lum nation of the VL LEDs, the reverse voltage [imting diode

connect ed0i n siderafgbe avirayh8Q dre cofhecEDovid a miversse X0ltage limiting darded 3vapidtaagereatr oss

them . . Accordli ng to the vv;?vel ength of the LEDs and the
number of t hdifiting Fesistqy) 14,tp $he Central gontachdher i'n parallel with each ot her,
the brightness can be that of the equival ent filament bulb. The LEDs

can be all red or all green according to whether they are for 25 port or
starboard |ights. When the centngd costattdras a pokitive voltage applida to inofisayt28rltsf theed,
green and ue, LEDs

.can be used. ) When the, pglarity is
reversed, theVbk a’&reéc'éﬁgcf“i‘gﬁméﬁ&’t'ew{‘“ the 18 LEDs $-age not exc‘tf"ilre%bﬁ LEDs

are not epci té}‘xgregtllgﬁitihg TG Ui Yhe FOFWAHDEurtdAE Rg&r@had'ruﬁlh‘iﬂé%ﬁﬂ)idnﬁﬁ by 30

the resistor t reverse voltage across t s restricted by
t he nunber ofVL LEDs 7, leeén whersthey have been operating for some time and their resistance

has dropped due to their temperature rise. Mounting them on the metal plate 5 helps
.to restrict the temperature rise as it acts as a heat sink. During illumination of the VL
LEDs, the reverse voltage limiting diode connected in series with the IR LEDs limits

20  the reverse voltage across them.

According to the wavelength of the LEDs and the number of them, particularly
the number in parallel with each other, the brightness can be that of the equivalent
filament bulb. The LEDs can be all red or all green according to whether they are for

25  port or starboard lights. If the lamp is for a white tail light, a mixture of red, green and
blue LEDs can be used.

When the polarity is reversed, the IR LEDs are excited and emit IR light and
the VL LEDs are not excited. The forward current through the former is controlled by
30 the resistor 14 and the reverse voltage across the latter is restricted by the number of

them in series.
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PCT/ GB97/ 03091 Thus by use of the LED repl acenent | anps, an
ai rcraft' sWORBHTi on |ights can be switched from nor REL/GBI7/0309¢r t
sinmply by reversing the polarity of the volgage supplied to them

5 Where visible navigation lights only are required, as in civil
aircraft, the IR  Thusbyrmps of the IJeD seplacenient lamps aneaitcsafpls navigation lights can

and - o th SHenRF Bl AoHRER o Sr R Y Eersa e BplaFct el B vokaas o

t han shown andyy héu)tothaﬂ.rticul ar it is envisaged that they may be set at
1

90 to the axis of the tube.. It is envisaged that the two
current limting resistors 12,14 could be replaced by a single one in
the line 11, but b use .t.he val resistance requiyred for the VL and

| R LEDs respectivel ) gk YiQle naygat W@fghtsd?fﬂ}' a‘Fee‘?ﬂ‘é'fQSﬂ* as ‘I‘Zc“ﬂ[la'&iféﬂﬁ‘%mrred
15 LEDJHéﬂ%@&nﬁ&Wffd?nﬁ{eQ%ES 3 to 6, there is shown a second

| anp according to invention. It also has a tubular netal body 101
wi th bayonet fitting Iugs 102 and a central insulated contact 103 at

Its base. The end 104, of h bqd ri ght angles to its length
and carries a snal |1t heuld 15Pate tﬁ%@fthmhthmmbg dientolltigureckhasitstop disadr at e

20 106 for ttH@d&de?:}’a‘ie 5 Heitnetn s%aren BB of BB thall Anbiy adBEY 27 ©

prot ected by ng®mater|

substrate ]JOS ofarti@rar it lstenvmagedehat\ﬂm)i miy be set at 90reroh@bdls bftheftubd.eel , in
order to provide conpatibility of thermal expansion. A pair of
contact |eads 110,111 extend back fromthe substrate, through the plate 105

and a further Ao R , rrures with,insylatin

1 13. The plates Zét?%?%éhgitgeﬁgﬁﬁé ﬁlﬁ'%ﬁﬁéreggﬁg; ng“ H{RF @f’?

band 114, whi chsigle onen thotifle 11, but beda@ss thevalue GPRésReinch éqUmen féhﬁeN@&:ﬁi 105
and the body 104. The LEDs 107 are visible |ight LEDs (VL

LEDs) and the IREFEDS erspagtivelyrverigs, the individugbiresisss 12. R’ peprpfenetiey are
avai | abl e 4fsr om Opt o Di ode Corporation of Newbury 30 Park, California.
Typical Iy 'one hundred and eighty of the VL LEDs 107 are arranged in a

series/parallel arrpyn g%wm:g@%s Bao6, therd iESRowY 8 s@:!oﬂd@irﬁﬁ‘ﬁ&%‘i'dlh%t%‘tnl]

par al | el array 18 ure 4 is dlagrammtlc in shomng a f
the VL LEDs. meentron It abgtbgsaatb@laxm&tﬁdp@dwﬂumtﬂnbagmmlﬂmngalpgsmzanda

115,116, 117 Orl:eh{ral J&?atgae ESith t%O} ]atr’itéL %ase. The end 104 of the body is at right angles to

its length and carries a small metal plate 105. To this is adhered a ceramic substrate

20 106 for two arrays 170,180 of LEDs 107,108 mounted on it. They are protected by a _
layer of transparent potting material 109. The substrate is of beryllium oxide, whilst
the plate is of steel, in order to provide compatibility of thermal expansion. A pair of
contact leads 110,111 extend back from the substrate, through the plate 105 and a
further backing plate 112, via apertures with insulating bushes 113. The plates

25 105,112 are clipped to the body énd 104 by a crimped band 114, which ensures good
electrical contact between the plate 105 and the body 104.

The LEDs 107 are visible light LEDs (VL LEDs) and the LEDs 108 are infra-
red LEDs (IR LEDs). They are available from Opto Diode Corporation of Newbury
30  Park, California. Typically one hundred and eighty of the VL LEDs 107 are arranged
in a series/parallel array 170; whereas four IR LEDs 108 are arranged in a parallel
array 180. Figure 4 is diagrammatic in showing a few only of the VL LEDs. The
substrate 106 has conductive gold deposits 115,116,117 onit. The deposits 115,117



WD 98/ 21917

PCT/ GB97103091 are
ternmi nal VOIHIHE whilst the deposits 116-forman array. W'EIGW’@EQ!S 107
are adhered with conductive adhesiveé to the deposits 116 with their
anodes 172 leading to t he next deposit. The | ast anodes 1721 lead to

t he terninal aa@mrrtal depmsitsyyelstthg deprsits 116 formpamarray7 SBheaVb LEPHIG B8 t 0

the VL tact f

cat hode | eadadbeB Palngbhis pRoupb BHRHEL E R ydindodts 172 e lg e,
cat hode | eadghd Adwt dl\e/ﬁé‘sﬁ't UThel 1A aRbddse 729 deadwbitkditetRinaBddpbsit cwsrrmsbnb@aﬁadeal
for both t he and |R LEDs. The latter, typically four of them are

mount ed on t Heids 142 dee connected tatdie 3L contactdead 4 l’detb@gther Icathodajend of thei r

t hode | eads 18 to t 1.
g)? aociGrcg?t S%@Xﬁgge?gﬁchqgaéféﬁ ﬁi‘?ag;f’ Eer%'thgr ttef"BHﬁd‘g gi tﬁg Jﬁé"ﬂéf’lrranged
a 12R fcama«'ae%au@ hy BORad e&meqﬂate 05 85hiSK RIrmb 2e tdmMEA t@mindll £d? tolie | R
LEDs. A 4.7R (for red d yellow LEDs) or 6.8R (for green LEDs

forward vol t abe ViLeand IR LEDSs.r é‘be latt@r. typicaliydour of theropara awuated on their laesda/vl th
t he VL LEDs, I S.an |nt rat Irc rd nt 15 1|i [

tovi oo 193" Sl PG torpiital festst i yibhais cafhodrasti B! Beine conpmriad oy
only does it IkéHnEach%dflq"iward current through the LED array, it
progressively restricts this current if the |lanp overheats for any

reason aldove 150[err]C. For its protection, it is provi ded with

reverse voltage protection, di 124 and_ an anti-pscill ation capacitor
125. 20 Gn 2 Bwﬂﬁﬁ getrigal protegion 40°H'°§%Fhf€§ IS 31738 ml%R

d the - l f »
|mt nles ggnvenl ent tooé%;vre uﬁuorﬂ&ﬁ&%‘- AT ?&Es%tlﬁgfe Fg[%t %Qteir?g o) ;/gges

cl ose to 28 vandtyelloWwLEDS) od BIBR (fhlagltécn LE®spforberd 'ﬁﬂtagRregulatlonlrEdikiommis be
only small, wthout kK the need for series, array. Thus i %s convenient to
25 drive. t fogBetpd 1 SSrBLITh P £¥ Panjpieemind Grcuts, forward curfent Ay

aircraft ysi ghfrﬁlﬂg%gévu\fg 153, rﬁma%‘y]tﬁ@ i ﬂ LM P7Er9 Hoin Nsatl Q\S'eﬂl?(%n\%étgr aNgiM tch

151, swi tchab tween a Vi si position, uces +24

volts on its only doesdtlimit the folﬂﬁaﬂf&lrmhdtmnghrthé BEDsd'rawiilﬁrDmsm\Vbly/\ﬂ’emmsl t
produces -4.0 volts on line 152. e drive circuit 150 is
driven from tthis carmept i the lgmmz)ser\heatﬁ §°"sq!i‘p$;5F%F°“ FB?vedlrﬁq/?n dfor its proteqiiony iRl FDs

W th -4.0 vol g SuidbdGith rbdetld vdifagh BARECHRN didheS128'hd GFf hid-08&dioh GHpdcithp3 T or
125,
20
Due to the number of VL LED:s in series, typically nine, and the normal DC
supply voltage of an aircraft being 28 volts, it is convenient to drive the lamp for
visible light with a voltage close to 28 volts. On the other hand, the number of IR
LEDs need be only small, without the need for a series array. Thus it is convenient to

25  drive these with a much lower negative voltage.

An aircraft lighting drive circuit 150 for the lamps is provided with a switch
151, switchable between a visible light position, in which it produces +24 volts on its
output line 152 and an infra red position in which it produces -4.0 volts on line 152.
30
The drive circuit 150 is driven from the aircraft’s +28 volts supply. For driving

the IR LEDs with -4.0 volts, the circuit includes an inverter/rectifier circuit 153 for
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gener at i nWQ 98289470l ts. The circuit 153 is conventional and RGI/GBITA3091e
described in nore detail. 7 The drive circuit 150, as

shown in Figure 7, also includes differential anplifier 5 and power
circuits 154, g&teratifigesd wlts. Jhesireudit | 53 istdopventiongitandovillnotbd described frs | i nes
156, 157. The svvitgh 51 switches -5 volts to either of two visible I|ight
(VL) and infr@oredetall, oq (| R) jnputs 158, 159. A TLE2021 oper ati onal
anplifier Ul drives a 680R | oad resistor R4. The positive or negative
current driven into resistor R4 nust pass through t he power supply

pi ns of the oper at Thedrivaniptuit 1 4, ad)Showrhiarfigure 7 else irdhetes differbrdtiag emphfier
across respectiyve 3k3, oagl [ Yoltage is fed to the

I e?" tf s R1, R2. TEI,S ,
gates of an TRrCHyS &4 sie éesietarq Rowered gointly By 2@ wolbhand o voltsises he
't ; ' kg . A . b
o s v 39850353 T iy 954 ST SPGBl Y o

reduci ng the gai@Rpinputsel S30691 ATLEQD21 opéiafibriad amplifdrU] drives F680R/I0agduce
t he high frequency gain of the anplifier to reduce spurious oscillations.
15  The out pERSISETR4 rkhepositive Pr pegagive cwaentidrivan intp sesistor Ré must pass ghrough

resi stance an - di | [ )1 I : FETS,.. Wher eby
the circuit cgln %esu r%y g}u?g?gl*e?ﬁ%@&?gﬂrﬁﬁlﬁ%fgﬂrrpé/h%%& E%{ﬁ'ﬁé%g ‘@ﬁ?ﬁﬁn in
Figure 6.10 across respective 3k@®loat ¢ésistoral, R2Dhik VoRdgels Fed td tﬁ%ﬁﬂeﬂﬂf ed as a
differential input operational 20 anplifier circuit. The | nput 158

fromthe sw t MOSEETHQAL2 avhese ipdends o turn ghem gaand drive thequtputseoltags oglkige

i stor R12 apg. . 5K6 T s RO, Thej unct i f 1h
osistors s conCRPSARGHirechomaf Ehee s npied FEISPRIY ofho R AS.g 1 nput
161 of the  provides@egitivefeddbackotedliting thélgairbbinke pober uaandﬂddlm«ssiséoﬁg s

connected to the non-itnvertin Input 162 via a potential divider
conmpri sed of RE8IRT redueg the highfrequgney gaim dEthezmptifier tor reducet spurizaoscilitions.

| mver (1 ngLf npahe eput FRERARRIEY QLR ST Rinf o e Feqnakantgbmgr e

val ue of R3 dissipatiinviti OEM/ df@he MOSFETs, Wharebly tREIiERfcall Frive |ahrKLEIia'ﬂgs solx
e -5,

capacitors Cl,C2 connect” thé non- Inverting input 162 to t

vol ts |ine 15ampsd60hsuchpeshownindfiganed.i fi er out put 163 to the
inverting input 161, respectively. 30 Wth the swtch set to
i.ts of f position 164, the inputs 161,162 are both at 0 volts and the

output 163 and t he Thedgerhfiéndl amplifiét YPIsl onfigured as WRiffGerd? Input operational
PCT/ GB97/ 03091 -
20  amplifier circuit. The VL input 158 from the switch is connected a potential divider

comprised of 3k9 resistor R12 and grounded 5k6 resistor R9. The junction of these
resistors is connected via a further 20k resistor R8 to the inverting input 161 of the
operational amplifier U1. Similarly the IR input 159 is connected to the non-inverting
input 162 via a potential divider comprised of 18k resistor R11 and grounded 2k

25  resistor R10. 180k feedback resistor R3 is connected from the output line 152 to the
inverting input 161. The nominal gain of the amplifier is the ratio the value of R3
divided by R8, i.e. 9. High frequency gain limiting capacitors C1,C2 connect the non-
inverting input 162 to the -5.0 volts line 157 and the operational amplifier output 163

to the inverting input 161, respectively.
30

With the switch set to its off position 164, the inputs 161,162 are both at 0
volts and the output 163 and the line 152 is at O volts.



8 Wth the switch set to the IR input 159, the inverting

I nput 161 is at 0 volts, whi | st the non-inverting input 162 is held
by the poW823917di vi der R10,R11 to -5.0 x 2000 / (2GeG/cBorASE:) ,

i.e. -0.5 volts. The effective resistance gf the input 5 resistor R8 and
the source resistance of the potential divider R12, RO is 22.3k. Thus

the effective non-inverting gain of the anplifier is R3/22.3, i.e. 8.07.
The out put voltage is thus 8 07 x -0.5 i.e. nomnally -4 volts.

Wth the switch set &t'bﬂleﬁ@"‘\‘? sehtgithe B gpuf hed.the nvettmietngyy ik suet Owalts, s at
0 10 vol ts. i | bet tg :l [ LeDRklly b Wyl earth.

Thi s pl aces ré‘;s@g%tgé ﬁ&gwhmgqﬂpmelf@é%ﬁé’lﬁ ﬁyﬁge?%(?tggwlvﬁlﬁ@%é&lg@ﬁg{o R9,
giving this | e§00f2000¢ (pantentl BAO0)dH.e/i-08rvolts 2 TRE effective resist@SdeSFaRSRpaf
4.38k. Thug the,inverting input 161 is held by the potential divider

R12, RO to 25. desistor Rigand {hg squrce gesistgnceiof the patemial divides RIZIRD is22cdkt i Thysgai n

of the P f 1 |,S: = - W | S1:.9,. the r | 1 ng out put
voltage is -2. 24&?(&{-'2&, “‘?‘f"é‘?%ﬁa‘rﬁ‘\é%‘ﬁ%?‘r’i}"ﬁﬂf 39&3& $e £87. 'the g“tP“t
Thus accor di ngokagetif chus @07 % @15 dfe. hbMinaWy L£Golthe | R LEDs are driven at

-4volts, or the VL LEDs are driven at approximately +24volts. 20
Turning now to Figure 8, there is shown a circuit diagramfor a | anp which

i i denti cal g h th ' .4 & 5 t that.the IR
LEDs are omtted T te'sWiich3fothe VARG o8, e notoucrine o 18hisab S hat
it can beldri wels. din'tBigicbidifib® Thé meeenin[g inpuii§ & Vifulal garagvm;; ﬁlaéébg?%]igf)@s%

visible light, filament bulb |anp replfacenent. 2

Fi gures 9 & 16ffedtdmparallelvidynesistiov R pivingt thisdeg of the ipotgnsial dividergR12)R9\AL

LEDs 207, the_ | R LEDs apd thei.r subsirate 206.. The steel plate 205, on
whi ch t ﬁ%siftwgoﬂ%'gﬁl('eﬁ“? COPYI R EPYS Fﬂ igheld I?Yc‘ﬂﬁf’g?eéﬂﬁidé‘f' p- st and
2051. The regiRaD RA0RZ5.0 x 4.389Y$D + 4835 YRSIX 64 GoltsS Tid ihGsund exi bl e,
transparent, silicone en)éapsu}(ant 209? g%vir@éflhg&e{x\%ggggfmeate 2091.
This is retai aowlifisy in-RIRBevwhich éx -9, apd Be58sulting trepB0voltagp ixt-aréd. x Bhi.s.

arrangerrerin% avoi ds p_ri_?ﬁgenf} whi ch can arise due to differenti al

expansi on”of f‘ﬂ@mﬂ t e frpound 109 and the other conponents, which it
covers. This lanmp includes a further upstand 2061 fromthe substrate
206, with the IR LEDs 208 arranged adj acent this further upstand.

This arrangenent sdheearsording tathegositidn of the switch the IR LEDs are driven at -4volts,
" or the VL LEDs are driven at approximately +24volts.

20 Turning now to Figure 8, there is shown a circuit diagram for a lamp which is
identical with the lamp of Figures 3, 4 & 5, except that the IR LEDs are omitted. The
components of this lamp can be chosen so that it can be driven directly from the

aircraft’s 28volts supply as a visible light, filament bulb lamp replacement.

25 Finally Figures 9 & 10 show an alternative structure for encapsulating the VL
LEDs 207, the IR LEDs 208 and their substrate 206. The steel plate 205, on which
they are mo.unted, is provided with an circumferential up-stand 2051. The region 2052
over the substrate is filled with a flexible, transparent, silicone encapsulant 209,
covered by a glass plate 2091. This is retained by a turned over lip 2053 of the

30  upstand. This arrangement avoids problems which can arise due to differential
expansion of the potting compound 109 and the other components, which it covers.
This lamp includes a further upstand 2061 from the substrate 206, with the IR LEDs

208 arranged adjacent this further upstand. This arrangement screens the infra red
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| i ght froWO#82a®7enmitted in the direction of the arrows S IRCIFCBIT8092. Thi s
i s useful preventing the infra red |igght being directed downwards
froman aircraft using covert i ghting. 5 The | anps of

t he i nventi onlightdvomddetng\emittedjip the diveaicndifithe arowb83m Figukade This is usefulbul b
| anp repl acenent for

i siple nayigatiqgn lights. Alsg for covert |ighting
appl i cat i ons, PFaY&pUng %\?i“&f&a Efdﬁgéhge‘%% 85?%‘?)‘?6‘?‘?4'@‘”%@ %ﬁ@'l & piEerpft WAINg Kovath

pr oduce lisghRctively infra red or visible light. This has the
“attendant adva tégg of avoiding the need for hard wiring two |ighting
circuits into an aircraft. This is a mjor expense. 10 - 10 -
CLAI V5.

1. A |l amp r.an external warning |ight conprising:
[err] a tdbul ar bdd lﬂﬂmfrdﬁﬁwvsnmn previde advaniagedn providiag arabuss filimeat |

of the 5 " DubapRtpAEaY ise hibiguERINE, A RIS BRI on (e
heat sink,  applicatiohsthey éﬁoﬁ% f @sdaﬁ@bmxbeidi@rLdE%ﬁsr%leianﬂo whiehahh pyodake Vi si bl e
e !

light, light emtting diodes (VL . arranged on the carrier,
the array havpelectivepiinfrared 9r \isibledighe sThie has the ettendant advantage ofi avaidigg she

Connect et i n BesbFBpR{PRENSE HeBiRght et i SiElaf? TSR a5ei mpepre

transparepd material on the carrier over the VL LED array, [err]
an integrated circuit, current limting device for limting current drawn
by the VL LEDs, the current limting device being:-

[err] mounted within the tubular body and 15 [err] connected in
series with the series/parallel array of VL LEDs to limt

forward current through them when their resistance falls on heating in use,
the VL LED array and the current limting device being connected between
the drive termnal and the return termnal. 2. Alamp as clained in
claim1l, including a forward voltage regul ation resistor 20 connected in
series wwth the VL LED array and the integrated circuit, forward current
limting device.




3. Alamp as clainmed in claiml1l or claim2, wherein the body is a

bayonet fitting ay ggldto col operate with a bayonet fitting
socket, wWW@SEOITri ve @r’ 8% SR{ .a central term rroT/cEl/036e
return termnal being B‘é% i #37 g-lags.j025 4. Alanp as clainmed in
claiml1, claim2 or claim3, wherein the carrier conprises a ceramc

substrate. CLAIMS: A lanp for an external warning |light conprising a
body providing,a drive term aal and.a return term nal,

a .
series/ paral | el ar r &/39p for 30 gxterpplwarping Jight gamprisingia body providingjaidrivgi ¢ t i ng
di odes (VL LEDg}mfHal &0£ rj &k .
current limting g{g{/i ce %@ﬂttggﬁ@dx,tiﬁlegﬁ%}g%gﬁf Sggﬂuﬁﬁﬂﬁlﬂg&gﬁﬁ%ﬁf’ h&'mévm
by the VL erhifldsg dibHes (ML LEDk) arranged bg adentiee mouated ®nahebedy &1l 4 curséiti €S

with the aryay,of, VL, . LEDs, wi.th the array .and the limting current
bei ng connett eliMpivgeice mauntediwithin the body for limaiting perrer draven bir thet\G: FERS! ;

wherein the | a | ;o ate o . ' - i ' .
-11- emmtgtc}lﬂjgéhﬂ?@gggﬁ‘ﬁ%gg@? gﬁéaeg‘ %’ﬁgsf k‘etg ?:ﬁ ket rOfi\g“ FF‘P@ Wéthner
to the VL LEDsthetamy and thel lifitifg¢srrer being ltonnécted Hatvadenalie B8V @rmpabPamithy el v

oppositely connected hetween the drive termnal and the return
termnal, wher BBASHINati on of voltage of one polarity will

illumnate either t or VL LE nd vol.tage af .the ' 5
opposi te pol ar?‘ty vmhqu“lnﬁla%t%%it'g c{a%'ﬁﬁof”hgjrét"s%e g?‘%f K& t\?lg'leé%é“%%dtyhe | R
LED(s). 10 6adaptedAolcargpepte WithiaBagone figtiriti s8cket. Witk ke tenﬂhwb%idgar of
the IR LEDs arranged in anot her series/ par allel array or a par el
array. 7. centrajtermingl and the etwincteqminal bgingbayongh ttisgrugsher e are an or der
of magni tude re t.hapn.l R LEDs. ,10, 8. A lanp.as clained in
claim5, clai ?n?’G orAclfHQ%{%s %E%e C'Pffg'frﬂd A aHBtzr g/gFregbqhggw,renthmmPg]ée\f@g Isa
LED(s) bei ng ptegigrd. adj acent the optical screen, whereby the | anp can be
arranged in use for the infra red light to be emtted upwards only with the

screen i nf-er ceftlamp aslelaimearia claim dzorclaim 2( wherein the cuiSent limiting dexcesis
clained i ny f elains,5.t0 8, .1ncluydi electrical. 1 rotection
devi ce, pPleS?er Oiﬁge.ggat?%(f\?\%vtod%y&ef’éé@ef@'@@IL{E? %%%iagﬂgf*é %iﬂ‘?‘ﬁ?"'&&’gverse
vol tage |imtigagreit G#6ug-MBMGMEAdhéiPreRianESTallk bA hedtRig iRudeED( S) - 10.

A lanp as clained in any one of claims 5 to 9, wherein the val ues of the
LEDs and $-he eAdamp s glhimeddn elaim dnindledingadonvard soltdget regalativrerdsistar i S
adapted to be powered. at . ... QN I e (W one pol.arity). for

i || uni nation ofVREEYM ieﬁﬁéwﬁhghi}{ﬁr%? gV@F '{’"ﬁglge ?ﬁegrEWFH°¥‘KJ°BWS§PF§“t
polarity) for fhitipidagtéon of the IR LEX(s). 11. A lamp as cl ained
in any one of clains 5 to 10, wherein the body is a bayonet fitting

body adaptZd t® co-Apgenpascluimed in apapmeoeting ¢lait, mdessdrcthetcarrisr cbmiphigesdy | ve
]E IG,[ ,[nl Egl. | B gls _ngce?ang% W s&‘}até &t {;rvilnrgzi?)‘lthé’j1 O‘E ﬁé]lg agrg)t' grrrr\]oén%émn%aclovgreeid rgr? trgr?%%peentt
material.
7. A lamp as claimed in claim 6, wherein the ceramic substrate is mounted on a
metal heat sink.
25 8. A lamp as claimed in any preceding claim, including at least one infra-red light
emitting diode (IR LED) arranged on the carrier in like manner to the VL LEDs, the
IR LED(s) and the VL LED array being respectively oppositely connected between the
drive terminal and the return terminal, whereby application of voltége of one polarity
will illuminate either the IR LED(s) or the VL LEDs and voltage of the opposite
30  polarity will illuminate the other(s) of the VL LEDs and the IR LED(s).

9. A lamp as claimed in claim 8, including a plurality of the IR LEDs arranged in
.

eet Ha.s Been Replaced

e "

another series/parallel array or a parallel array.




12. A lamp as cl ai ' N:Iaims 5 to 11, wherein the current
limting @og&\g;e'gﬂ&ﬁ&& B 1 13. A lanp as clained in any one
of clainms BOPEAPYT \wher ei nREMACERr rent] i mi-ting devi RET/GBEIP3091
integrated circuit devtte Th series with thé VL LEDs, adapted to limit
forward currenj. thr h them when their resistance falls on heating in use.
14. - A lanmp a@o'cl a&t‘%ﬂp I"‘Sh(‘?](a:l | rW‘i'%',ml n%’r‘?fm"rf 18 aFBFQ\ﬁF‘E"S’%FP&@‘@’*é@?ﬂeat i on
resistor 30 conneEdEHan REEDses Wth the VL LED array and the integrated
circuit, forward current limting device. 15. A lanp as clained
in any one of EIl.ai nd l&mp es daimedtieclainm 81 ¢tleincor tleim ¢0nipcluding an optical sereemn ¢
substrate on i VL.LED arr I S unted and caqvered, in

transpar ent m\;\@E &R 2;}l:l_if(s) being Baced aad_)placent the opttica screen, whereby the lamp can be

12 - 5 Ifrangedd ABRorthe SR B Bttt WRRES| SLAILC
Substrate is rmurrl1 gd on amat(ﬁe‘Mﬂ%\eljtggI@kghtr(;tét)?J eﬁ“ﬂﬁ%‘?“p %?h@&'ﬂﬁﬂ%’ls&% ft

| i ghting ci rcunterdepting dewatardgnfaesddigheror e | anps as cl ai med in any one

of claims 5 to 16, the circuit .includi ngf an opposite voltage generation
circuit and 5 12-a siilapanelpimeddyapponsplicdaims 8doJd) includipgam ejestricade

applicable to A ' @B? i |t il Lung nati the VL LEDs
with one pol aré@{ﬁgﬂéh%\h@qptﬁi g)fom/z}rﬁ V[J ﬁ%e re&ﬁ’la%énlhgsns cglagp}l]o??reverse 18.
An aircraft Ii'{zlma'gélﬁmﬁlxi]g(dild)de, asnnekred i skried wilhah8 TR LED(E! udi ng a

differenti al anplifier circuit to which the switch is connected for

swi t chi ng h alX er nAtlampas ¢lpimed in any onsfofidlaima $3pil2i whergincthe vploesof thellEDs
circuit for powari V| bs or.the IR L s) at re ctive:-

vol tages in ac%@rthé;glgéetg% ltﬁo&%ﬁéonp%esv 17 81 581“1_1 thad ﬂﬁﬁ\%”? 1 :a&patedstgg)_e pow{ﬁqed at
aircraft |ightémeoroltagehith e solaitypfdr illnthaion HtheoVIAEDhdBanothg Vaitded he
opposite voltage generation circuit is adapted to generate a voltage %f one
pol arity thethe pppasite polasty) der ituniniationl of thedRILEPGAt t hat of the ot her
polarity. 15 14 ' ‘

An aircraft lighting circuit for operating one or more lamps as claimed in any
15  preceding claim, the circuit including an opposite voltage generation circuit and a
switch arranged to switch the polarity of voltage applicable to lamps fitted in the
circuit for illuminating the VL LEDs with one polarity and the IR LED(s) with the
- other polarity.
15.  Anaircraft lighting circuit as claimed in claim 14, including a differential
20 amplifier circuit to which the switch is connected for switching on alternative inputs of
the amplifier and a power output circuit for powering the VL LEDs or the IR LED(s)

at respective voltages in accordance with the position of the switch.
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