| MPROVEMENTS | N OR RELATI NG TO RANGEFI NDERS AND | MAGE SENSORS THEREFCR The
present invention relates to automatic rangefinders and i mage sensors for
use thegei.n; and 5 nor e part|cularly to such rangefinders of the type
iff \Noeam of light is projected on a scene to forma spot-of light on
and an array of photosensors sense the |location of the |ight
‘ I mge of the scene to determne the distance to 10 t etﬁﬁ
in the ehe. Automatic rangefinders are=~known in which a beam of #I4 §& dﬁé
prQLgcted upon an object in a scene to forma spot of light on the object.

An i mage of the scene i e'ﬁgEﬁfg iugak ﬁfEﬁTIN@ éﬁﬂgﬂﬂﬁgﬂﬁﬁég% | i near

array of photosensors. . t al ong
the |inear array S detern1ned ;Ac BREEPRt he di stance to

the object in the scene. Suther Eéﬁﬂdiﬂeeﬁ’@ﬂéﬁeﬁeﬁfe#w,adﬁmﬁwp' e,
I n automati c focusj ener a ékFan ement , of

el enents and node 5Fg§8§E§FF5ﬁ fﬁ'dsﬁ’t“,ﬂgﬁ ﬁﬁﬂﬁxﬂt? aﬁ%ﬁfﬁ‘?ﬁjl cBR 11 be
descri bed wit# refnoeacparbiﬁhl’hr]ly wasuch(raqgei.’mdem of tentyfpe i ght is

shown, by way of eygg S [
|l ens 12. The beany g%?’o’; gc‘t’g ?ong %ﬁg&%fg‘?‘f %Qi % ‘Ea&g?atf | ght on .
an object [err] int@rRcangpotRt |%P|ﬁ%. qRiient o ant (ﬁﬂjqnnﬁy onto a
linear array 17 ofpnbchSﬁﬂﬁﬁBSseﬁhé €h@NBbSa PLe USE ey ﬂ?ntp IS Or S

the 11ant spot i n thetaage k£ Erane 6 defpimine ik AIBHARGE o
di stance to the ob;hetob}ecshbnntha §téhel, the apparent p05|t!on of t he
to the ob] ect. t“ﬁofciﬂeokfeé?*%ﬂ&% e FEARE o 'ty HfePd " 1
beam of light is projected upon an object in a scene
to form a spot of light on the object. An image of
the scene including the light spot, is formed on a
15 linear array of photosensors. The location of the
image of the light spot along the linear array is
determined and used as a function of the distance to
the object in the scene. Such rangefinding devices
, are used, for example, in automatic focusing cameras.
2V The general arrangement of elements and mode
of operation of such a known rangefinding device will
be described with reference to FIG. 1. Means for
projecting a beam of 1ight is shown, by way of
: example, as a light emitting diode (LED) 10 and a
25 lens 12. The beam is projected along a path 14 to
form a spot of light on an object 0: in a scene.
The scene is imaged by a second lens 16 onto a linear
array 17 of photosensors. The signals produced by
the photosensors are analyzed by control electronics
30 20 to determine the position of the light spot in the
scene and pfoduce a signal 21 representing the distance
to the object. '
_ As shown in FIG. 1, the apparent position of
the light spot in the scene is a Function of distance
35 along light path 14 to the object. For an object
O: located at a distance D: from the




" 2- rangefi.ndi ng device, the image of the light spot will fall on the array
at a location S1. For an object [err] at a further distance Da, the_dygage
of the spot will fall on the array at a location [err] By exam ning .
out put of the array 17, the control electronics 20 determ nes (for 2l e,
by conparing the outputs of the elenents to determ ne that output |
a maxi num) theé location of the light spet in the scene and thereby the
di stance to 10 the object. Wien the anbient illumnationis relatively

bri ght, the scene Hﬁ%f%mt;ﬁg@:)#@p@e,ofﬂw%dgfqbfgﬁb l‘a’ghk BpoEUGEL1l

subst anti al nodul agli 0 ot osensor_ arrdy. -Under s cl Fcunst ances,
it may 15 not be pb@&1pPB £RE JRFERYi ke 3 NI & -of FRE BRght spot

mer el yI _byhexam' nLnebybetOgi Eﬁtsaofui'ﬂeeﬂfmlm | whrm, the C.inhg@':]s ﬁf gnbi ent
scene |ight can be_reppye we Vy PPEL €. sensor, W t he beam
of f and agai nswi t h® hggée ?r?gn‘f{gdgi{gt?%gﬁ%%}f&?y ta%e asiELSREILC§°Br oduced
thereby. The”inf oBamat i By ¢xanindng ftthe outpus fofilthi% agwlayl £7hrom the |i ght
A 4274735 In Lna cobEBoTdeliuerohies BY MtohiReC (o crlanle, by
memory capaci tors SQERRATLRG £BA QutRpts, m&gﬁﬂ'gﬁsi%"t Hﬁxﬁrﬁé € The
capacitors are sel tbatveugpubtrwhichile 4 maxdmypotthelosation bifclthecf f ect
~transistor (FET) sy§ €, e dlide ! HQ?EB e Oe@aN
associ at ed dig er emégﬁ g?r%?irﬁer. Iér?é()tfoeeraaai(f(l#l, a %gtagsg%ggrhﬁfg Flal‘ st 30
connected to one ofBehebi@Bkeitors while the light beamis off. The

_photosensor I's then cpnnectwﬁe§0ghéegﬁ$£uﬁg(xuxuﬂiﬁatﬂdﬁIﬁa1aa;ddﬁy@nybgam
(5 o acos ! 2 e SREEYhE: o neAeh BRREE Yol ER"hghen e 1
spot, will produce substantial modulation of the
photosensor array. Under such circumstances, it may

not be possible to determine the location of the

light spot merely by examining the outputs of the
photosensors. The effects of ambient scene light can
be removed however by operating the sensor with the
beam off and again with the beam on, and subtracting

the signals produced thereby. The information in the
difference signal is solely from the light spot. One
way of accomplishing this subtraction is described in
US=-A-4274735. 1In US-A-4274735 there is described a

device having a pair of memory capacitors associated
with each photosensor in the array. The capacitors
are selectively connectable to the photosensors by
field effect transistor (FET) switches, and each pair
is further connectable to an associated differential
amplifier. In operation, a photosensor is first
connected to one of the capacitors while the light
beam is off. The photosensor is then connected to
the other capacitor while the light beam is on. Both
the capacitors are then connected to the differential
- amplifier to produce a signal free from background
information. The signals are compared in an array of
comparators to determine the location of the light
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35 information. The signals are conpared in an array of conparators to

dete;nine'the | ocation of the |ight -3- spot by sensing the |argest

dlffer e si gnal produced by the array of differential anplifiers. To
QJ)/reane the relatively large b ckground S|gnal fromthe-

' ‘gfy smal|l signal 5 due to the 1igm~ spot. each of the differential

anplifTeérs nust have very good common node rejection. Furthernore. so that

the anmplifiers v (0] n ern noise ifito
the oibnal s chepoi,oy Benbdnd°tneTinBtyEE QLFENRSROLIGAERIE T D RO SE TN
plurality of c|agaﬂycndtbueaheuatsnrnpradiaﬁprentﬁat amprisiersi gh price on
any attenpt tO i ncrease &Qee?!ﬂ@%hvBQynﬂbﬁﬁvéaihQ Pél&@fmgﬁy fﬁ% i um

Furt her nor e. e of an rra arators to determ
di fference 15 sﬁ@ﬁ roppd, & @nGXfngEnggalr&ﬁﬁF*Y?%Ns‘!ﬁ#&ﬂ#kﬁﬂ%k t he
si gnal proce55|ﬂgecmbcmhbryigihespouQSeacneeﬂ théeabfpéentinsi mplify the

si gnal processi n g d mprovi ng the o
si gnal -t o- n0|segg ?nggg |g§§ agg Yég? §Lb& ?zngggﬂﬁ%ﬂL@ft of the present

i nvention to ov&PJIBREiLRe aSHVEhBFBBFEnssoAEEGFdthg amplifienesent

i nvention theretn%mamwdedoanbenﬂﬁitedeéehé%f%@ﬁ’mg gty ecting a 25

sensor for sensh8 SPniarpyRher pagndlt . cFudy A8 fﬁ%%arw Spray T
represent at t9e mpscbefl. amlerraaad fespanplumal ity hetf selpsedly matahsidect i ng
the position Ofdibieiﬁﬁilﬂi hifiiridrs "exs6€8% 101l pice on any
attempt to increase the signal to-noise ratio of the
device. Furthermore. the use of an array of
comparators to determine the maximum difference
15 signal from the differential amplifiers complicates
the signal processing circuitry.
' There was a need, therefore, to simplify the
s1gnal processing electronics of the rangetinder
while improving the signal-to-noise ratio achievable
20 therein.

It is an object of the present invention to
overcome the above problens.
According to the preéent invention there is
provided a rangefinder having means for projecting a
25 beam of light to form a spot of light on an object in
a scéng. an image sensor for sensing the light from a
scene and producing signals representative thereof,
and means responsive to the signals for detecting the
position of the spot of light in the scene'to
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-4- deternimne the distance to the object, said rangefinder including neans
for renoving fromthe signals produced by the i mage sensor conponents—atker
fhan. those derived fromthe light in the beam by 5 sensing the scg
~ the light beamturned on and again with t he#k ght beam turned off,
formi ng differencé signals fromthe photosignals produced thereby, sard-
I mge sensor including 1) an array of photosensors for pr.oducing signals

rel ated to the 1098kFRiNGctRe A18%ANGH tocthe (ohiack. vadd 2) first and
second anal 0@1I shi li:_h?beﬂ?.ﬁaefsixlxélﬂ:h@fﬁltnélhﬁal azdngy:?ofqtfiw Cﬁ@iﬁth he }‘or
receiving a pluralit sigpal s, i ralJel and shiftin e .signals
serial ygt 0 gn ouféaﬁagscB{:a@_W"%)gﬁf’é? & ARARPL rezﬂ@”éﬁ"’&z?t gﬁl‘fg

| ocat ed respecti vehanbthesendebhived r fxomf tipd ol gt sk thendbeams byr st and
second anal o hi IS S ' | r

phot osi gnal s%?od&%gggg? %’ﬁé 'sﬁéﬁ%séeﬁé%%sﬁiyﬁ*%g'%?%-gp@%\#er&?nFfltd
registers, wherebP9aiReWithnthe DHoht b Lurned off . jand formimgur ned on
are transferred tairferéncetsigndls r£xomithe phvtddignalgProauceduced with

the shift registeriseBYs d4Fa, FRLTG Hoaso DAL ) AH decafl o ory o
to a differenci ngpbpteagnsorscteor cpeoducinesianald (nelaveddodaderi bed, by
way of exanpl go “ahB1ieh8ecoEC1ignE S tited O FodBedtivalF 0T DA
drawings, in which o feSond !aﬁaflogscgf élx.?egdisa ors qdjaar‘]:elnr!r:a %eBgrgfgy
of photosensors, for receiving a plurality of signals
in parallel and shitting the signals serially to an
output location., 3) first and second transfer gates
15 located respectively between the array of
photosensors and the first and second analog shift
registers, for selectively transferring the |
photosignals produced by the photosensors into the
respective shift registers. whereby, the signals
20 produced with the light beam turned on are
trangferred to the first shift register, and the
signals produced with the light beam turned off are
transferred to the second shift régister. and'thg
shift registers are read out simultaneously to
25 deliver the signals to a differencing circuit. -
| _ The present invention will now be described,
by way of example, with.téterence'to Figs. 2 to 9 of
~ the accompanying drawings, in which:- B
| FIG. 2 is a schematic diagram of an image
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sensor.,, including a photosensor array and a pair of analog shift registers,
accordrng to one aspect of the present invention; FIG 3 is a partial plan
Vi e \gm ng the 5 el ectrode and channel structure of the inmage sensor
A\ FIG 2; FIG 4 is a schematic cross-sectional view and potenti al
di agramYof the i mage sensor show ng the photosensor array and r.eadout shift
s taken 10 along line IV-1Vin FIG 3; FIG 5 is.a schematic block
di agram showi ng the signal processing and control electronics of a- = .
rangefinder according to another aspect ofcthe present invention; 15 o
FIG 6 is an electrical circuit schematic aragranrshomnng t he signa
processing electronics for differencing and peak detecting; FIG 7 is a

f2'OOW chart show @gnfsg,% ae1aking e&%hBEo@én&@ﬁ dfrdpidddied piifige 5 and

are |n1n useful _in Iarn ng the
operation of the GFS#Pﬁe gPr Bgohe on §d???ééﬁeﬂ i mage
sensor 18 accordiche b@ehbﬁtpinventibnventlon The |nage sensor 18 i ncl udes
a linear array of photose Iy h p t odi odes
22, and a p?#r of charge goru:pl éd ge%rg ?(‘l.'f:b {’QE n,{, reg |s ers 24 and 24
Correspondi My el electrode and chenued gnrﬂctuegreietbea#@sﬁ \E8NEGR same

reference nuneralghR(if $ P IG erzents of register 24" will be distingui shed

by 30 th f ' t f 26 bet th
pKOtOdIOngu;S gndpEEngh&m@'rég#§[grgf € téthSBFg gggg%?%ﬁ%?r{?¥n

charge (in the digndpioventiadr ﬂcwgr).()n bfothehimaget pensoe ssidwing cthere
Sho o ks 57 DRI W Bl JRLEE Ry it
transferring thaajeong dinee IV-IV in FI
- : FIG. 5 is a schematic block diagram showing
the signal processing and control electronics of a
rangefinder according to another aspect of the
present invention;

15 FIG. 6 is an electrical circuit schematic
diagram showing the signal processing electronics for
differencing and peak detecting,

' FIG. 7 is a flow chart showing the general
operation of the. rangefinder of Fig. 5; and

20 FIGS. 8 and 9 are timing diagrams useful in
explaining the operation of the rengefinder of Fig. 5.

FIG. 2 shows a solid state image sensor 18 .
according to the present invention. The image sensor 18
includes a linear array of photosensors, in the

25  present embodiment photodiodes 22, and a pair of
charge coupled device (CCD) shift registers 24 and
24'. Corresponding elements of the two CCD shift
registers are given the same reference numerals and
the elements of register 24' will be distinguished by
30

the use of primes ('). A transfer gate 26 between
the array of photodiodes 22 and CCD shift register 24
is actuable for transferring charge (in the direction
of arrows X) from the photodiodes 22 into the shift
register 24. A second transfer gate 26' between the
35 array of photodiodes 22 and the second shift register
24' is actuable for transferring charge (in the



" 6- direction of arrows X ) fromthe photodi odes 22 to the second shift
registéer 24'. In this enbodi nent, the CCD shift registers are of the buried
.channel varlety to mexinize their transfer efficiency and hence the 7+
si gnal -t o-noi serati o of the device, and the transfer channels created
the transfer gates 26 and 26' are surface channels thereby enabling a
singl e | ow vol t age power supply (e.g. 5 Volts) to be enployed to po
device. 10 The signals in the CCg.shift register 24 are sh
serially in the direction of arrow Y to an output di ode 28 by applying
four - phase clock signals [err] to the transfer el ectrodes of the CCD shift-

regi stferf Theggl ahraz%&ri%m%t@@mw%t xgbefeugpuhelﬁhdtedﬂob 28% 22 &o the
preanplifier ich i nf i,gur e as, descr e

. operate fromthe s‘??‘n‘b‘?’éds %gﬁcfo rte(%i@%ﬁ §upa’ %hg §°$g“§ ta\’\ﬁ‘h pl an

view illustrating GOl shidint mntd.sand'sclaanenelf sheubtmi.ed ehanmllvmabetzo
phot odi ode array S S 2 The
buri ed channe S fgérw% Sth} |sters %‘f‘ffﬂ:iéﬁﬂg ki°néfice *tne

: mprising for_exanple
_n-type regi ons 32,84k8nale ﬁ?é'@tqixﬁél }'Blt 0q O F?ﬁedsT’l‘-FEQnaBﬁbE‘ﬂ?a BAngEer shown

/by dotted lines. Qtﬁﬁt%lﬂcﬁi%ﬁﬁﬁ ][:ems Q&&naferB mzeai1 26i andt 26' are
respective outer e e i ft i s S : 'y angl_conpri si ng,
for exanple, (p+) %ﬁi?QQﬂﬁhﬁﬂ? d%&eger hgén5|§|ﬁ§8&}ﬁef °¥re shown by
chain lines. The proltagedowex? &amp]iyor(m(g.b)S Volrs)ype bHef ewployedi Bot he

areas defined betw@(}wm‘ge shaped channel stoppl ng regions 36 in the
centre of thejgevice. Two | evels of ponS|I|c%% rI |n28&he ch nnels

define the el ectrode structihe &fgnals dn, ithe ster are

shif;ed serially in the direction of arrow Y to an
output diode 28 by applying four-phase clock signals
®1-4 to the transfer electrodes of the CCD shift
register. The signals are detected at the output
15 4iode 28 by a preamplifier 30 which is specially
~ configured, as described below, to operate from the
single low voltage power supply. .
F1G. 3 is a partial plan view illustrating
the electrode and channel structures of the linear
20 photodiode array and associated CCD readout shift
registers 24, 24'. The buried channels for the CCD
shift registers 24, 24', comprising for example n-type
regions 32,32! respectively in a p-type silicon
substrate, are shown by dotted lines. Channel stopping
25 regions 34, 34'confining the respective outer edges of
the CCD shift registérs'zh, 24' and comprising, for
example, (p+)-type regions under a thickened field oxide,
are shown by chain lines. The photodiodes 22 are formed
by (n+)-type diffusions in the areas defined between
30 dhmbbell-shaped channel stopping regions 36 in the
centre of the device.
Two levels of poly51llcon overlying the
chennels define the electrode structure of the device.
A first level of poleilicon regspectively defines the
35 phase-2 electrodes (38, 38') and phase-4 eiectrodes
(40, 40') of the CCD shift registers 24 and 24'.




A first level of polysilicon respectively defines the 35 phase-2 el ectrodes
(38, 38 ) and phase-4 el ectrodes (40, 40') of the CCD shift registers 24

and Y -7- A second level of polysilicon respectively defines the
phat Iectrodes (42, 42'). and phase-3 el ectrodes (44, 44') of the CCD
_shif *-»lsters 24 and 24' and the transfer gates 26 and 26' .The 5

phas&2”7el ectrodes 58, 38' and the transfer gates 26, 26' forn1surface _

- channel' s that coupl e the photodi odes 2%t0 the CCD shift registers 24, 24" .
FIG 4 is a partial, cross-sectional view of the inmage sensor 18 taken
along line 1V-IV in FIG 3, 10 showi ng the channel structure of the image

chgsgr 18d |Hage ?3?'S%Q\.'orlggfl'eireﬁ.obﬂ‘ego%?sﬂlﬂct)ﬂpﬁespé¢tNEBwhS§[fJgIesd46 2-2|'he
uri ed channe re define Pe,.5eqL9pn odi odes

are formed by (n+) ﬁgl gﬁé ?ﬂg ?Q ? é%drﬂi'g%sdlomde overlies
t he doped reglonseﬁedﬂnamkw«ﬁéh GAdDnolfi the50CRephtft reglisr®Enti a

profile across th whem 40 £y |E§ah§f§9p aeé t@GtéﬁﬁtZ@mszMuﬁateS 26
and 26’ and5vo|1?25|s&:%tﬁ %(E}d % é ?:tr des 38 and._ 3 h

Potential bar3 er Phs %ﬁ?tﬁ'?de?egﬁ’caér g@nge Re FERS lrt‘h%atp?ﬁ)t odi ode
from flow ng lntc)zﬂ;lnsw dformhaudfBcehichannelsstkat. cotipbe vidhie s i s applied

to either transfer %)(% 2o Eebeg%\l%ﬁlg p%%{%gérg@gr o4t

52' t hereunder is I e positi-on sh ines 54 or 54' 25
respectively and all ovvs t herbhagpgd 13 g3t Oéﬂgﬁ-fsﬂciggﬁ’al”{rﬂe%th

e I L fsaﬁ‘sfafta%&sew bl BiE ot the
transfer gate jagnd smn’@sﬂné Hamiek tstrietiteob £38he Lhageosensozl 18¢! |
thereunder - - Image sensor 18 is formed in a p-type
silicon substrate 46. The CCD buried channels are
defined by n-type regions 32. The photodiodes 22 are
- formed by (n+)-type regions. A layer 48 of silicon

15 dioxide overlies the doped regions of the device.
Chain line 50 depicts the-potential profile across
the device when 0 volts is applied to the transfer
gates 26 and 26' and 5 volts is applied to the
‘phase-2 electrodes 38 and 38'. Potential barriers 52

20 and 52' keep charge generated in the photodiode from
flowing into either of the CCD shift registers. If 5
volts is applied to either transfer gate 26 or 26',
the potential barrier 52 or 52'thereunder is lowered
to the position shown by dotted lines 54 or 54'

25 respectively and allows the charge in the photodiode
to flow into the respective CCD shift register
beneath the phase-2 electrode via the surface channel
created thereunder. When the 5-volt potential is
removed from the'transfer gate and the pheseez

30 electrode 38 or 38', the potential well thereunder
collapses as shown by broken lines 56 and 56'.

Charge in the shift register is moved in a direction
perpendicular to the plane of the drawing by pulsing
the four-phase transfer electrodes in the

35 conventional manner for moving charge in a CCD shift



col | apses as shown by broken lines 56 and 56'. Charge in the shift register
Is noved in a direction perpendicular to the plane of the draw ng }
_pul sing the four-phase transfer electrodes in the 35 conventi onalf
for nmoving charge in a CCD shift: -8- register. The use of a sqr~gL
-channel to coupl € the photodiode 22 with the buried channel CCD shitt _*
regi ster enabl es the sensor to operate % a single low voltage (e.g. 5
volts), thereby sinplifying the 5 power —Ssupply requirements for the device.
eferring nowto FIG 5, overall control of the rangefinder is provided by
a progr anmmed nicrapmdmassnr The usa odnacaurface chanpelctocedupldOthe The

moroprocessor 108xotoaypal 99 Wik Ehil Brifasinaghal e anpteck ci rouit

104 and with roma battery
Four - phase clock §ﬁ§¥ﬂq§’[éﬂﬁP &ﬁdtPFaHGPéPrsFﬂnanfQFeahG 1e$ ?Skﬁe

supplied to the i qpge ro ##f; ontr ol
of m croprocessor 15 1’(?8%? {ﬁ 5]o'gta&gjép nafélwkuo{nl?p ﬁ%%
registers of the PANEY, spppl rements fptehedeeices registers are

supplied to a differenci ngkefetnn.hglﬁew tO F16@! ehif covertiEl cantablcE by the

differencing circ e circuit 114.
The out put of thewagak &(ﬁcﬁoarégg#rlsc régiaegeggl?&ﬂ%% d[ch circuit 116.
Latch circuit 116m#§reaﬁﬁ§es§attb Pheia conventtonaliidriver cinaudtsi1s.
Counter 118 recel W02.a Thechierop echsaaé P0G | 18 NgLuppldd whieh feikawigng t he

atoh o roult HieetEnedR LN ?Qgiﬁcﬁ SERLREY 49% R RBEF Vido 2 The
driver circuits 1u@im:p@wpaweuitzh 1Q6 from a battery 108. Four-phase
clock signals @,-. and transfer signals T; | '
and T2 are supplied to the image sensor 18 from the
driver circuits 102 under control of microprocessor
15 100 to produce output signals from the CCD shift
registers of the sensor 18. The signals from the CCD
shift registers are supplied to a differencing
circuit 110. Difference signals produced by the
differencing circuit 110 are supplied to a peak
20 detector circuit 114. The output of the peak
detector circuit is supplied to a latch circuit 116.
Latch circuit 116 is connected to the outputs of a
digital counter 118. Counter 118 receives a reset
signal R and a timing signal ¢p having the same
25 £frequency as the four-phase clock signals ¢:-a.
The output of the latch circuit 116 is supplied to an

input port of microprocessor 100.
The driver circuits 102 also power LED 119

and an output device 120 such as a range display or a
30 range servo. LED 119 preferably emits infrared light.

FIG. 6 is a more detailed circuit schematic
of the signal processing electronics shown in FIG.
5. A portion of the CCD shift registers 24 and 24'
including output gates 122 and 122" and output diodes
35 28 and 28' is shown.
The preamplifier 30 is an on-chip, sense and




and an output device 120 such as a range display or a 30 range servo. . LED
119 preferably emts infrared light. FIG 6 is a nore detailed circuit
schemafi g.of the signal processing electronics shown in FIG 5. A portion '
- of tHEQSCD shift registers 24 and 24' including output gates 122 ahd 122

| 2l di odes 35 28 and 28" is shown. The preanplifier 30 i-s an

on-chr'p; sense and ~reset anplifier including a sense FET 124 and a reset
FET 126. The sense FET 124 is a surfae®-channel device and the reset FET:

126 is a buried channel device, so that a single | ow voltage pomer-suppl?*’

can 5  be usedrédet @MPliftePHRVIRIding &\ sesee FETNA24candER t38eits

connect-ed betwe raiga of the E nd earth.in a,const,ant current
configuration f?ztgﬁ%gh iﬂbet%%n%%rﬁ%ﬁc% &7 £ me vol t age at

node A 10 device Hnd dilié aremett RETi126uils Bl burdedpchasgedul ti pl exi ng
FETs 130 and 132 for sanpling the qutputs at ngdes A and A", a_detection
capaci tor 134, SeYiss % mhat; 4 dngle; 1oy, yoitage PPVeE, s¥pply can

D fferenci ng cirseidsddOto npoweetire wppdratusl hd dukiedpehianaelcBEPri sing
a sanpling FET 1. _ J.1Q ' n Lf4 s e peak
det ect or ci rcui'tfgq‘fscgéﬁﬁrl?%gts%%‘} gneﬁ%a?l}g% P?irrgbblgg,r %ﬁf&e?;e[?ence
capaci tor 148, zeawyiplime FERshEntccurzentysenfiguratioreforo  switch 152.

The peak detect cdorfvérting lthfe WuHstd Tharge onhdiiddeckBi 88 RoVbieage -

conprising a preset FFTwimntch 154 connecting capacitor 148 to earth, and a
t hreshol d settiri'bt ®w*tch 156 connecting the 5 volt power supply to
capaci tor 1¥3 through a rHse sAiiff@ferding Wixroyidr 3ili0gn compriisesangef i nder

wi Il now be multiplexing FETs 130 and 132 for sampling the
outputs &t nodes A and A', a detection capacitor 134,
a clamping FET switch 136, and an amplifier 138.
Differencing circuit 110 includes a sample and hold
15 portion comprising a sampling FET 140, a storage
capacitor 142 and an amplifier 144.
The peak detector circuit 114 comprises a
differential'amplifier 146, a reference capacitor
148, a sampling FET switch 150, and a timing FET
20 switch 152. The peak detector circuit 114 contains a
threshold setting'portion comprising a preset FET
. switch 154 connecting capacitor 148 to earth, and a
. threshold setting FET switch 156 connecting the 5
volt power supply to capacitor 148 through a resistor
25 158. ' . ;
o The operation of the rangefinder will now be
described with reference to FIGS. 7, 8 and 9. FIG. 7
48 a flow chart showing a control program for the
microprocessor 100 (see FIG. 5). To begin, for
30 example upon closure of main power switch 106 at time
to, (see FIG. 8) the microprocessor 100 initializes
- the photosensor array by transiérri@g any accumulated
charge from photodiodes 22 into shift register 24 by
applying a T: transfer'pulse'td_transfer QAte 26,
25 (FIG. 8a) while ﬁhase two (¢2) of the four-phase
clock signals is held high, and then applying the



described with reference to FIGS. 7, 8 and 9. FIG 7 is a flow chart
showi ng a control programfor the mcroprocessor 100 (see FIG 5). \
,Joegin, for 30 exanple upon-closure of nmain power swtch 106 at ti 2% T ]
-(see FIG .8) the mcroprocessor 100 initializes the photosensor a
transferring any "accunul ated charge from phot odi odes 22 into shif gl st er
24 by applying a [err] transfer pulse to transfer gate 26, 35 (FIG 8a)
whi ke phase two [err] of the f our - phasé Cl ock signals is held high, and
t@ apptying the -10- four-phase clock signals [err] to both CCD shift
regi sters to enpt §°&H‘;7PF‘é§Fdﬁ&P°Bh§igBalﬂe’PIarn o botiR GCD mhikfki | ¢, at

tinme [err] the mi &b@Ws‘t@Q&SQb &2 toxaayt Qésidﬁh!!‘?cﬂ&i?& tRéféid O(REGYMUl ate
background 5 - c@g duewég anbl é scepe
phot osensor array. te Pa und
A L8ra9t| H‘f BF thel dronrasesdng 4o

'EPSLQthSaBQ?ESLﬁ PBEutgs d0rib deliy B 05 drtlainiee badpgtoundo L0
time [err] tRe mi Ei‘&ﬁ%&eeQESrtYOBmi’ZFHE sreng ﬁ'@‘fm{]@{e’r‘}]’: & held
ahghh(Sﬁe FI GS. |8phandsadborLE£ra ¥#9 |5ftepgctmefdslsyrt¥4<xtIbmmd ﬂurlng

ich the signal proc t he
t hreshol d of gt he pédk g ggtcob;: H"L?E% 1;#&%{&#{@3{@? FIG 6) is
turned on nonent arﬁilt}stbﬁcgeshﬁ-&tl ngs&s!:err?l&pbzsbolmseh( hlkglrI G 8e) to

earth capacitor 1 t S n y<el: 0] d for
a period [er;b (Sé%dFtE 1o, ?E sg'Wgt gggﬁg?gg %%S%c??oﬁg)gtoya %ﬁlaur:a

det erm ned by~t he*¢i‘ne constant of resistor 158 and capacitor 148. At tine
[err] the LED 10 is turnedNekk, at Eimebeskothentictopracdspdmtid0 gnal s

generated by the {enSQ oA L®Y 319, while 8, is held high (see FIGS.
' 8c and 8d). LED 119 is kept on for a perlod‘(_‘l,
during which the signal processing circuitry is
15 initialized to set the threshold of the peak
detector circuit 114. FET switch 154 (see FIG. 6) is
turned on momentarily by generating a Qpreset pulsé (see
FIG. 8e) to earth capacitor 148. Then, FET switch 156
is turned on by a pulse By for a period Y, (See FIG. 8f)
20 - to charge capacitor 148 to a value determined by the time
' - constant of resistor 158 and capacitor 148. At time
t,» the LED 10 is turned off. The background plus

LED photosignals generated by the sensor array are

25 transferred to the second CCD shift register 24' by

 applying a pulse T: to transfer gate 26° (éee

FIG. 8b). Both CCD ghift registers 24, 24'are then
read out simultaneously to generate the range signal
. by applying the four-phase clock signals ¢:-, to

30 the four-phase transfer electrodes 38, 38', 40, 4O' 42,
42t 4L, and 44' (see FIG. 8c).

- Processing of the signals from the CCD's
will now be described with reference to FIG. 9. The
four-phase clock signals ¢;-, are shown in FIGS.

35 9a-d. While the signal charge resides under the
phase-3 and phase-4 electrodes, 44, 44! and L0, 40!
respectively, (?; and ¢, simultaneously high)



25 ﬂtransfe_rred to the second CCD shift register 24' by applying a pu] se

T2 to-tYapsfer gate 26' (see FIG 8b). Both CCD shift registers 24, 24'are

then ) Y gerizout simul taneously to generate the range signal by applying the
@cl ock signals [err] to 30 the four-phase transfer el ectrodes

0, - 40' 42, 42' 44, and 44' (see FIG 8c). Processing of the

signal s fromthe CCDs w Il now be described with reference to FIG 9. The

four-phase clock signals [err] are ST in FI GS. 35 9a-d. Wiile the = -

signal charge resides under the phase-3 and phase-4 el ectrodes, 44, 44' axd/

40, 40' respecti feFpsetepulse Iﬂ-moppiﬁ-gdhtghreseta r eset puI se [err] is

lied t t 6 aggd t 8,
Fecei ve tﬁerE?SnFm;é?ée’“ 126D thopeepare tha oltodl afodes o 28 1a
shift registers §8°P4Ve she ﬂ*@ﬂ‘ieﬁ hargego A% 'FhES potntndtloy)) .  Wien the
[err] transfer gahegfleesﬁ 81d K9"B£0fhé 'ECH sHPEt FEPiktery g eV the

t put t t t tot t diate
Cevel 202 | noF chtedk 18¥aTok20b RS PRSI OF £hd Yey g % SR8 the phase-4

transfer gate gophakew3 transfersggtelgodsbew, sscma/ebtf tt.(hd higuntlput di odes

28 d 28 dt [ t t

Ievglns 204 :2 shg\%na%tepgi’gign ei‘ t@b@&fht%ﬁgf n‘nﬁé Jﬂé’ac{u:}ln of t he
period that 15 @ﬁ@dﬁbnandstbﬁaﬂutm@ss‘ar@r# eimteequimﬂ. a
pul se [err] is appR ed FIGEhe9Eaghdi 9g. nniﬁapifXIm:FE:Bel%Cbl

a1 he DAk EhRUpHlshete! cBLESEDL LIRSk canac e 134&%.5‘33 E'E?
switch 136 to estchargehishmovedt tgetheecsetputtdivdies L2&ham 128crande on
capaci tor the output signal at A and A' go to their final
signal levels 204 as shown in FIGS. 9f and 9g.
‘During an initial portion of the period that
15 the final signal levels are present at nodes A and
A', a pulse $Ei1 is applied to the sampling, |
multiplexing FET 130, thereby storing the background
level present at node A on capacitor 134 (see FIG.
9h). During the ¢E: pulse, a pulse ¢CL i8 |
20 applied to clamping FET switch 136 to establish the
voltage present at node A as a_reference on capacitor
134. During a later portion of the period that the
final signal level is present, & pulse ¢E:z is
applied to sampling, multiplexing FET 132. The
25 resulting voltage on the capacitor 134 is the difference
between the "background" signal and the "background
plus the LED" signal. The output at node C of
amplifier 138 follows this difference as shown in
FIG. 9k. The ‘difference level 206 is sampled and
30 held on the output of amplifier 144 at node D by
pulsing FET 140 with a sampling pulse 9S/H (see
FIG. 91).

_ - The voltage at node D is a step-wise smooth
curve representing the successive values of the
35 difference signal (see FIG. 9m). Differential
amplifier' 146 compéres the first sample with a
threshold value V. (see FIG. 9m) stored on



134. During a later portion of the period that the final signal |evel
present, a pulse [err] is applied to sanpling, multiplexing FET 132.
Jesulting voltage on the, capacitor 134 is the difference between thg
"background" signal and the "background plus the LED' signal. The outptt at
- node C-of anplifier 138 follows this difference as shown in FIG 9k.. The
~difference level 206 is sanpled and 30 held on the output of anplifier 144
at nQde D by pulsing FET 140 with a sanpling pulse [err] (see FIG 91). The
vigl yage at node D is a step-wi se snoo curve representing the successive
values of the 35 difference signal (S¥€ FIG 9n). Differential anplifier

tored on - 15 cepREiRBEARey ' Reochd ERRELEq Palle 14 {4EC idh

stored on -12- pacitor . ess tnan

threshol d val ue, threshepdt valuasptheieutput of suplifierifthat medeovever

I f the sanpl ed vak#e exieedi t he thresho*g val ue, the output at node E goes
~R§ LA

high. 5 At a poift T88f »SBoFe¥e i f khe samplad wplue exceeds | (see
FIG 9n) is appli ¢he thrieshojdPiralaeit theld@tput dtnode tE\goed highn E is

| ow at this tigne, ath a | e | h ; f.sanpling FET
150 and w I | aveAtr'fo-‘aekggﬁcl%é -Egg%héhgos%éee%éf%ée’ g‘l ?‘?&ﬁ’tﬂnli rrrﬁovveger,
the vol tage at no8d8mals®gi (reet FAGn §n) vhs uepplied (ko fining EEY t he gate
of FET switch 150 gwitehed523pplLEi glet $618ageatebdé o oL & Mok \et tetdss L O

Chor by catsi ng t As8a bAE- kv satae §iih oY sentfed oot mate 1T "o
| ow (see FI G 90) sampilingr §EIs1500andnwiil haveund reffeetiiupomithevde E each
time a - 10 state of the circuit. If, however, the voltage at
node E is high, the high value will be applied to the
gate of FET switch 150,'thereby applying the new
higher reference voltage to capacitor 148. The new
reference value is equal to the input at node D
15 thereby causing the output at node E of differential
" amplifier 146 to go low (see FIG. 90). This process
continues, producing a pulse at node E each time a
new greater difference signal is received from the
difference circuit 110.

20 At the start of the sequence, counter 118 is
initialized. Each time a new charge packet is read
from the CCD shift registers, counter 118 is advanced
(see FIG. 5). The pulse train produced by the peak
detector at node E is applied to latch circuit 116

25 which latches the output of counter 118 whenever a
new pulse is produced by the peak detector. After
all the charge packets in the CCD shift registers
‘have been read out, the count held by latch circuit
116 is indicative of the location of the sensor

30 element having the greatest illumination from the LED

' above the threshold level. At this poiant, the
microprocessor 100 retrieves the range data from the
latch circuit 116 by interrogating its input port.

~ The range data are then used in known manner

35 to drive an output device such as a range display or

a range servo. '



new geeater difference signal is received fromthe difference circuit .110.

20 . At the start of the sequence, counter 118 is initialized. Each
ti me\&®¢w charge packet is read fromthe CCD shift .registers, counter 118 ¥
is advariced (see FIG 5). The pulse train produced by the peak detéctor at

node E_irs applied to latch circuit 116 25 which | atches the output of
counter 118 whenever a new pulse is produced by the peak detector. After .
all the charge packets in the CCD shifLjgegisters have been read out, thé -
count held by latch circuit 116 is indicative of the |location of the sensw’
30 el enent having the greatest illumnation fromthe LED above the
threshold level. At this point, the mcroprocessor 100 retrieves the range
data fromthe latch circurhuslé PEnpefthdiggtdevgiceéshashbeemport. The range

data are then useg in kn nner . bV, 0 jce such as a
range displ ay orggngﬁaﬁa\ggf“r'ngps' an_%é?qﬂ%% :gm%enge tl%lgl ggy%levi ce has been .
cl act romi c8 a1 f on g e e aha b b ds Lo Ceegh SRR A s Dol ng S
operated froma é‘i"ﬁ?@%geﬁg\ﬁﬁ'ég‘g}agg'go%erg gg%gﬁygﬁl?h‘g? y élaé)rrgl I%I g the-
power suppl y5r eqopegateds foom: acsiingleclow voltage powa¥ suPPA¥angefi nder
having means for ¢iediedyt isithpd 1F§30gOLhe PBiret OsppIy aré@@irdientyif on

: - the device. - |



an obj ect in a scene, an image sensor for sensing the 5 light froma seene
and producing signals representative thereof, and neans responsive to the

gidgnals for detecting the position of the sgot of light in the scene _
" determine the distance to the object said raftigefi nder including meay 3%,
grner

renmoving 10 from’the signals produced by the image sensor conponent

than those derived fromthe light in the beam by sensing the scene With
the Light beam t ulTHHMR+ and again with the light beamturned off. and .
fagm ng difference signal s if.rom rhagefdhderghavingSmeansdesed thereby, said

elated to the amiteinerisd o bedh, 3, R13hes 8 hEn ] 6B 6F Pt X
second anal og shi fan robd Qﬂﬁerg 3 8cavent anhinagegensophfonseensing ﬁhﬁ

receiving a plu a'l'itg\htOfft%Ql 3 geehe hﬂd%kéhﬁéiné”ﬂ;?ﬂéi&}”g the si ggggtsed
rans

serially to an o Ioc e

resLecther bet éwqﬁﬁg gy’ %Lﬁﬁ8935eﬂ§ r BeanG fﬁﬁp??7§&°gﬁﬁ ond
anal og shift regi signalsf (Sptsdle@slcll’-\iogythﬂaliQS&t-ibngof heh@Sspehasi gnal s
produced by the Phalghteiapivhe Bodnkh o’ dabEchiie eHe!di4cMhed o wadier eby.

the signals produc Fﬁg ggt ean1 grne gn are transterred o the
first shift regi s % 45 r3ngesipAsg daginALng i Means 5L HEARRYinthed
off are 30 traesf ol the siignadsopdodicéd dbpgthécimag@dsédeorshi ft

egisters are read oty b3A80UEhun! OndEb! YSELUEE PLOR LR ‘Fidhe 1o

differencing circult erein the
phot osensors are & &ﬁ‘&de?Ys&Péséﬁal 65‘353939“'1?%9?%! ckight beam i ed

channel charge COltH:Qﬁddw Qaasmghinreﬁtnt thé. meﬂcsséihtwmé@romt es are
actuabl e for fOFﬁ]%% %%rn ng SQQQQ%L%ce 8 gnalgafron the photosignals
' 15 produced thereby. said inage sensor including 1) an
array of photosensors for producing signals related
to the amplitude of light on them. respectively, 2)
first and second analog shift registers. adjacent the
array of photosensors, for receiving a plurality of
20 signals in parallel and shifting the signals serially
to an output location, 3) first and second transfer
gates located respectively between the array of
photosensors and the first and second analog shift
registers. for selectively transferring the
25 photosignals produced by the photbsensors into the
respective shift registers. whereby, the signals
produced with the light beam turned on are
transferred to the first shift register. and the
signals produced with the light beam turned off are
30 trépsfsrred to the second shift register, and the
_ shi¥t registers are read out simultaneously to
. deliver the signals to a differencing circuit.
| 2. A rangefinder as claimed in Clajim 1,
wherein the photosensors are photodiodes, said analog
35 shift registers are buried channel charge coupled
device shift registers, and said transfer gates are
actuable for forming surface channels between said

* C L M s



-15- photodi odes and said buried channel CCD shift registers, whereby the

I mge sensor may be operated by a single | ow voltage power supply. 3. A
rangeptqder as claimed in CCaim2. 5 further conprising sense and reset
xplifiers associated with each of said CCD shift registers: wherein
FET of said preanplifier is a bHTed channel PET and.the sense
FET i s~ surface channel PFT, whereby said sense and reset 10

P ngeri nder oo ehaFhghonns cakd #aid itk Led ' ehagnel Gl QIS oF o Hescr i boties
with reference tagkstérs? whefeby thie Imagensenson wdy bewperated 25 30 35
. by a single low voltage power supply.
' 3. A_rahge:inder as claimed in Clainm 2,
5 further comprising sense and reset FET preamplifiers
' associated with each of said CCD shift registers.
‘wherein the reset FET of said preamplifier is a
buried'channel_rzr_and'the_sense FET is a surface
channel'EET, whereby said sense and reset .
10 ptéanpliriers are operated by the single low voltage
power supply. o | '
_ 4, A rangefinder as claimed in Claim 1
substantially'as hereinbefore described with
| reference to Figs. 2 to 9 of the accompanying
15 drawings.
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