-1- | MPROVEMENTS I N OR RELATI NG TO RANGEFI NDERS The present

n relates to rangefinders, and nore particularly to rangefinders

‘beam of lLight is projected on a scene to 5 illumnate a small

anfoquct, and an i mage sensor senses the |location of the smal

area in an inage of the scene to determne the distance t%i%,,%%ct in
0

the- scene.  Automatic rangefinders are known in which a 1 | i ght
is projected upon an object in a scenesto forman illumnated small area on
the object. An inmage of the scene, including the illunm nated snall area, is
formed on a linear image sensor. The |ocation of the inmage of the

11 uninated smal| 1WrRQVEMENTY 200 O'RELARSRGO TOSRANGEFSRDERS! ned by the
Ct TT_ tIEe SCene. _Conver..

range of the obje e object can

be determ ned from kn&ﬂ%@&@%%%ﬁ%?ﬁlﬁée@n&& of the illuninated
?r ea is ilnci d@ﬁgamme:&w,_cm?i e pard e 1daliyc ¢ o 'wﬂ:gleﬁhuieeation 20_f
or exanple in _an.autonatic sing. canmera. Tne gereral arrangenent o
el enent s andwﬁﬁfgi@f aog’agra iotﬁig‘?hguéﬁ 3rQ38\f/;£e§a§8ePi ﬁﬁFHS _8vi ce wll be
describéd wi il lhnsfisrane e tamdlliGarka saan fob)ewta) and By dmagem of light is
shown by Way goh B Hlia &5 the T oRaB o&Mihlel BRad1002ebLER) oh and a | ens
along a path g to 1l- te a F

2. The beam s projecte unm nate sma area on an

obj ect Ol inidazemE the scan to defaradng thesddstancenso1td8t o an i nage -

sensor conpriobljeeta in RE} seeha)y, S5 of phot osensors. The 30 signal s
produced by, the Dot oot & S 8 4 e IR,
produce 18 si peaim 6f dightedlsi pyojeecedngpoal ahhebjececin Assebaen by
In the scene

image of the scene, including the illuminated small

area, is formed on a linear image sensor. The

location of the image of the illuminated small area

15 along the image sensor is determined by the range of

the object in the scene. Conversely, the range of

the object can be determined from knowledge of which

sensor the image_ of the illuminated area is incident

upon. Such a rangefinding device finds application

exanpl e in Fle@ fhrd U IARATardA ool Wrdd b £hS Lbjudenatgd smll area

20 for example in an automatic focusing camera.

Tne general arrangement of elements and mode
of operation of such a known rangefinding device will
be described witn,refeéence to FlG. 1. reans for

. projecting a beam of light is shown by way of example
25 as a light emitting.diode (LED) 1 and_a lens 2. ‘Lhe
beam is projected along a path 3 to illuminate a
small area on an object O in a scene. The scene
is imaged by a second lens 4 onto an image sensor
comprising a linear array 5 of photosensors. The
30 signals produced by the photosensors are analyzed by
" control electronics 6 to determine the position of

the illuminated small area in the scene and pfoduce a
signal 7 representing the range of the obiect.

As shown bj exampfe in FIG. 1, the apparent

35 position of the illuminated small area in the scene



is\/a functikon of distance along light path 3 to the object. For an object. -

Ol | ocated at a distance D1 fromthe rangefinding device, the image o
i I'luminated spall "area will fall on the 5 ~array 5 at a location S
an object 02 at a further distance D2, the inage of the small area wi
fakl on the array 5 at a location Sl1. By exam ning the output of the array
the control el ectronics 6 determnes (for 10 exanpl e, by conparing the
oukputs of the sensors to determine that oufput which is a maxinum) the
| ocation of the illunminated small area in tHe scene and t hereby the range
of the object. Wen the anbient illumnation is relatively 15 bright, t he

Substant 1al  odular B o b e, S1Ets 1 E‘F E‘”‘ 'é‘PF?ﬂ”n%‘?ances
it may not be poss?ibf% t cg?’érm rf‘g’f?&: I%cé‘t“ér?’g] 85A0GS ed snal |
area nerely by 20 D eﬁmrrhej péngefindfng tﬁe\tﬂti,plth‘eo eraf The effects

of anbi ent scene I fﬁﬁlﬂﬁ ﬂ[;rw \V at he sensor with
t he beam of f _and agal n g eam oi]n%\%rﬁl"s"% %Qg'?’ § si gnal's o

produced the|5eby amray & &t |Mﬁﬁi°ﬁh§1255'°rdhnf obdmet Qpgatl is solely
fromthe illum natedhsreér Q{m‘&ge Ufslghag hﬁli subtraction

of momory capaci { AXSAIENE Fakt @R Fﬁeé?%%ﬁ rg‘aﬁ%ﬁ@%%%%?“ oy
Tpfeg?p?f;tnglr:tg; Sasel By &yt iexaninimg) ¢hiea butput blfethbot osensors by ;ibleladto'
:n associ at eciggl ff‘ﬁ'F'rT# %%%(fprpr%l er. é%q*o erat % fa%%@ﬁj_ %gg gg? s first
connected tolbhe Sxamplessby copRarisgs the | PEtPRSBI pénthecasnsorsito The
phot osensor is theleterutne ahdt dutHut WML laCial flaxinun) the '
location of the 1lluminated small area in the scene
and thereby the range of the object.
: When the ambient illumination is relatively
15 bright, the scene itself, regardless of the
illuminated small area, will produce substantial
modulation of the photqgensor array. Under such
circumstances, it may not be possible to determine
the location of the illuminated small area merely by
20 examining the outputs of the photosensors. The
effects of ambient scene 1ight 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
25 difference signal is eolely from the jlluminated
 small area. One way of accomplishing this
subtraction is described in US-A-4274735.
US-A-4274735 descrlbes'e device having a pair of memory
capacitors associated wi:h each photosensor in the
30 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,
photosensor is first connected to one of the
35 capacitors while the 1ight beam is off. The
 photosensor is then connected to the other capacitor




- while the light beamis on. Both the capacitors are then‘'connected to
e nifferential anplifier to produce a signal free from background _
kyati on. The signals are conpared in an array of conparators 5 to s
i e .the location of the illuminated small area by sensing the |argest -
-rence|5|gnal fromthe array of differential amplifiers. To effectlvely
remove the relatively large signal_gdue to background |ight fromthe
relatively 10 smal | signal due t@the illumnated small area, each of thé'
differential anplifiers nust have very good common node rejection-.

Furth t {f t :
osgrmﬁ;m%liaﬁgﬁ%ws%@nig t Z Si gmegﬁg ﬁgﬁae%?kgeagglrjce cl osely
mat ched. theR ¢pureqtad Lo theidiie Q?-Teltﬂi@gelaylpllé-tféﬁmtel fferentlal

anpl i fi efp‘rdiii.ﬁfdsa%i@rﬂl Fﬂseae ﬁ%mashcﬁhi-sﬁaa lﬁfbfﬁ&fiéﬁ the signal -
"to-noise gLatio he devi ce. ;gt er nore. n_array of_ 20

conpar at otAe t%im AR GORP e Pﬁ@Pgn8§u§Pﬁ‘ﬁﬁF‘FPBﬁ1 t he '
di f Ser entticldetrgxnimnes the: duatdomeo £ khesijdaninavedssmadlcircuitry. It is

an obj ectg t 5§§§% f g processing :
el ectroni cis)éaofw)ﬁl % %ﬂgﬁnquﬁk&qie%fl%lhgél %g %g' g?gﬁal -to-noise ratio
achi evablthe srah o frddsterential smpdifders i nvention there is provided a
device for findingd rsﬂamarar Femdvecthe Relseivaty Leegudi ng means for

ol it Sff{%q@?%ﬁ“osens%ﬁs bl Yo, dashs; TR, En8 FRERELP Sﬁ of the anplitude
of [li0ght sme:l eakgnal duentio ehe dd[iemﬂ.lmeﬂosmndﬂsaﬁat,heashene i ncl udi ng
portions g¢ ¢Hd 'l FEbrenitl4 adp11%1e?3 BAsE AhveNGery good
common mode reJection. Furthermore, ‘80 that. tne
amplifiers themselves do not introduce overwhelming
-pattern noise into the signals, they must be very
15 closely matched. The need for a plurality of
- closely matched differential amplifiers exacts a
high price on any attempt to increase the signal-'
- to-noise ratio of the device.
Furthermore, the use of an array of
20 comparators to determine the paximum- difference
signal from the differential amplifiers complicates
the signal processing circuitry. _
It is an object of the preSent invention to
_ simplify the gignal processing electronics of a _
25 rangefinder while improving the signal-to-noise
ratio achievable therein. '
According to the present invention there is
provided a device for finding the range of an object
in a scene, including means for projecting a beam of
30 1light to illuminate a small area on the object,'a
plurality of photosensors for producing signals
indicative of the amplitude of light incident on
them from respective portions of the scene including
portions at different ranges along the path of the
35 beam, means for identifying the photosensor upon
which is incident light from said small area on the




35 beam -nears for identifying the photosensor upon which is incide

nt % - :
light fromsaid snall area on the -4- object, said identifying neags &)/
i icl udi ng charge storage means for storing charge discretely from eac f; '

phot osensor, swi tching neans for selectively Cﬁhnectlng t he phot osenso
the storage neans to 5 add charge to the storage neans when the |ight beam
is“turned on and to renove charge fromthe storage means when the |ight
"bemis turned off. the greatest stored charge after a conplete cycle of
char ge -addi tion ARSI 9w &AL & didantdLydndameans inclodingechavgesensor upon

which |ight fromdevragd hedil lrot’ Storing ehdede aiBErbBATH PhohNe OD) eCt

bei ng determ nabl e from know ed phot'osensor has” associated with
it said greatest A%t ARqRpgenso I5switeﬂing mepns,foRoe81eAkbVelyy be a

phot odi ode and tmmu;mgsf%amgmmsm‘ mbctudeseoabyéahéaﬁs%o?i g_dez.'
e Boud nnecting, eac ot odi ode
TN n9s oy THardy ek el bebiaBy BhahE (AR ey P GRE b0

to its respec orag dlode I'n
The phot osensor s i SUnnAY paaadditop semaven chargrefronr the. sfbragaar ge

remai ning in eachedny agrendicdide 1dight’ beanoiB! ehensaCBSrCOEﬁL' tutes a

diff I further,_include a_charge coupl ed
evi ceshi f1 Fogiaeatests eaked tnatgel Shcata; Gpnprars: Erefacofne. -
di fference signalchangemadddtioar agd dendvsli bepngassebciated tateishift
register whejgby tnee pdthbaenos %b%abaidﬁ' ueﬁed:igﬂﬁtﬁb ﬁi‘aft register

may. be conpared to | ect resent

invention will n aﬁg d%%%r#ﬁe3%°ég ;ngﬁeefaﬂﬂPe°fmFPﬁ 9%3%9 nce to

being determinable from knowledge of which
photosensor has associated with it said greatest
stored charge. _

15 Each photoseﬁsoz may be a photodiode and
the charge storage means- may include a plurality of
diodes. The switching means may include FET
transistors connecting each photodiode to its
respective storage diode in a bridge configutatidn.

20 The photosensors pretetably are disposed
in a linear array. _

. The charge remaining in each storage diode
after a complete cycle constitutes a difference
signal. The device may further include a charge

25 coupled device shift register and transfer gate
means for transferring the difference signals from
the storage diodes in parallel into the shift
register whereby the difference signals delivered
from the shift register may be compared to

30 determine the range of the object.

The present invention will now be
described, by way of example, with reference to
Figs. 2 to 11 of the accompanyinq drawings, in
which: -

s

o :



2 to 11 of the acconpanying drawi ngs, in which:- 35 -5- HG 2 is
¢hgnmatic diagram of a bridge network photosensitive elenent for-use in
yelge sensor in an enbodi nent of the present invention; 5 .~
} is a schematic diagramof an inage sensor |nclud|ng a brldge net wor k
phq_@sensrtrve elenment as illustrated in Fig. 2; FIG 4 is a partial plan
vi ew showi ng the storage di odes ane5eharge transfer .gates of ‘the. 10 - =~
charge coupl ed device shift register in an integrated | mage sensor as W
illustrated in Fig. 3; FIG 5 is a partial plan view show ng the bridge
network of sw tcheEI(indetretasmM&im diagram axff & &ridgsye sensor; 15

G OoiS 2, PRELUBELY pRESKEBRALEYvEoE FERELE “Fod ik SfiPUd0 e channel s “and

el ectrode stryucture-o e ne es-and the photosensor;
FIG 7is a séﬂé&ﬁt?%nﬁ?ﬁckn ﬂ?dﬂ? %Hﬁﬁﬁr&f Ahe presente sjgnal processing
and control ekeeenetong of a ran ef i nder, havrng the bridge network inmage

sensqr, according th esen n Fl G schemati c di agram
shovmsng t he signal E‘gr oc§ g?nﬁ %#13 #Bﬂ ‘@?Qﬁ e°a§|% %355 and peak
det ecti ng t hesehgonl ipcbading a\bridge m;ﬁva;zkrspjtqtdiaasisir@ a flow chart

showi ng the ggnemdhtOR8r fL1a8tPhLE aaﬁaﬂgfflztder illustrated in Figs. 2 to

8; and. 30 % 10 and 11 are tim ng dragrans useful I n
expl ai ni ng t he ope?ggro $ §Rar fRiaRview showing t

, storage diodes. and charge transfer gates of the
10 charge coupled device shift register in an
- integrated image sensor as illustrated in Fig. 3;
FIG. 5 is a partial plan view showing the
bridge network of switches and photosensors in .
the integrated image sensor; | |

15 . FIG. 6 1is a partially broken-away
perspective view showing the channels and
electrode structure of the bridge network of
switches and ‘the photosensor ;-

FIG. 7 is a schematic block dlagram snowing

20 the signal processing and control electronics of

| ' a rangefinder, having the bridge network image
sensor, according to the present invention;
FIG. 8 is a schematic diagram showing the
signal processing electronics for reading out
25 and peak detecting the signal produced by the.
~ image sensor; .
FIG. 9 is a flow chart showing the general
operation of the rangefinder illustrated in
Figs. 2 to 8; and .

30 FIGS. 10 and 11 are timing. diagrams useful
in explaining the operation of the rangefinder
embodying the present invention.

Referring first to FIG. 2, a photosensitive
element, generally designated 1V, includes a

35 photosensor, such as a photodiode 12, charge storage

means, such as a storage diode 14, and four FET



eﬁﬁbdylng the present invention. Referring first to FIG 2, a
phot osensitive el ement, generally designated 10, includes a 35
pliot osensor, such as a photodi ode 12, charge storage means, such as a

storage di ode 14, and four FET 6. switches 16, Ib, 20 and 22 forni Kg”d/

brt dge network for controll ably connecting the photodi ode 12 between a bias
voftage [err] VB and the cat hode:of storage ®iéede 14. Wien FET switches 16
armg;20 are 5 open, and switches 18 and 22 are closed, the photodi ode 12

s connected to the stor age]'d#ode 14 anode-t o-cat hode and current generated
by the photodi ode B¥¥4chas kf x 1 »iid%h andod 2 formingoni bridgewnetyork

accunul ate charge Qﬂotwant#bﬁnéhﬂyﬁtdﬁhéﬂli Qh@gghStgagoaé 12C0nverse|y

when FET swi tches &qu""ﬁ?ﬁ ire 0%9[1 & anddZOhare ch@g

phot odi ode 12 is CONNEC 5F§§b 8891 ke, EAb ?o°gathode and

current generated [Btarageiddcd® dde 1WhenoFET swibehdsri6tand 20 ahe -

phant om 15 asromsoﬁéhregm/es lﬁeﬁ flf@ntdhg gﬁaggog%adetﬁé The state
tr br i

of PET switches Ib gnd. IS con é e contrdl “srgnal_ [err]"
applied to their r &aded s seanertedt tecthe starageidiede 1M+ and 20

is controlled by amommmsdesuagmlcmeher th&i-ataaebﬁl €He 14 is

charge coupled to tqr. har oupl e eyi ce

(CCD) shift reglsténﬁ¥%gﬁﬂgﬁblza Q2?ﬂ§yd§r9? g?eagggk %ghomm in

phantom since it i B¥KAWS £ Rccumlk ﬂt@f cmtcgeonel:her kapaoibaaqel okve

element 10). Nd Chiticiagtc @4odeaad OCopversd FETSediednds 169 10
e trans

e of the transt et B4 ik OPRD @iib ke AR %neaégatpseﬁe o gste =t
photodiode 12 is connected to the storage diode 14
cathode-to-cathode and current generated by the
photodiode 12 flows in the direction of the phantom-

15 arrows to remove charge from the stqrage diode 14.
The state of FET switches 18 and 22 is controlled by -
a'bridge.conttol signal ¢B: applied to their
respective gates, and the state of FET .switches 16
~ and 20 is controlled by a bridge control signal
20 ¢B;.

Storage diode 14 is charge coupled to the
charge transfer chanﬁel of a charge coupled deyice
- (CCD) shift register (not shown in FIG. 2) by a
transfer gate 24 (shown in phantom since it is not.a °
25 part of bridge network photosensitive element 10).
Net charge accumulated on storage diode 14 is
transferred to the CCD,deviée_by applying a transfer
signal T, to the transfer gate 24. One of the.
transfer electrodes 26 (shown in phantom) of the CLD
30 shift register is shown in FIG. 2.

The CCV shift register is arranged to
transfer the charge in a direction generall
perpendicular to the plane of the drawing ih FiG..2.

In operation. the bias voltage Vg is

35 set for earth and bridge control signals. ¢Bz
and ?B: are applied to momentarily close all



"
30 shift register is shown in FIG 2. The CCD shift register is arranged
Frotransfer the charge in a direction generally perpendicular to the plane
CoR \he drawing in FIG .2. In operation, the bias voltage tVB is. 35 set -«
) !i‘ earth and bridge control signals.[err] and [err] are applied to
pfient ari |l y cl ose all -7- four FET switches Ib, 18, 20, and 22 to
initialize the phot odi ode 12 and the storage diode 14. Next, bridge .
control signals [err] and [err] ard applied to the FET swi tches to conneci‘r

t he photod | ode 5 12 to the storage di ode 14 anode-to-cathode and a
positive ﬁgﬁ:‘ g ( 5 I p gverse bias the -
photodiod§$14 Th éh %? &8+ ‘Pskgypg?ega kh? hgi?or a predet erni ned
time duritide Qﬁpéﬁ%ﬁ%r dhorage ¢4 “NexGnage di ode 14.

Then, thepdad Ebd-‘d%ﬂédD'si m@ ame@hhaugz[ ag&] are reversed to connect the
photodiode the St 14 cat hode-tog-catho d the polarity
of the bi%RP afg‘é ttW g"%]g ﬁ‘&ﬁ% & cBnget. h@oph’g) °Fo ﬁﬁl ntain the
revebse 152 t@lbhéCﬁﬁQrﬂsqﬁﬁﬁaﬁh(ik;dﬂhdéﬂteqmamhodeode 12 is exposed to
i ght for n | e h charge is

afid SF PPOEL EXRIY G4V ddd VR +3UbRe YL

renoved fromt orage Af Ber exposure, bridge

control SARMdied [tg- rt]e‘fﬁ?@ﬁ é’r‘-ﬂ‘ e B@"SESFLPQG °d| TBgnRBELo20  the
phot odi odgi e fionid lecpoisedage diigHe Fér arpi-@eeeéﬁrﬁfn@a accunul ati ng and

e 19 I el B R O e S bRt gbiel SROBREY o2veT ol (1 TS
ratibUof sterage| d:todem{e- clithem, The baidge n@rmrqlhsis gage diode 14 is
the di ff%fﬁ%@@ﬂf%é %@P&‘&g‘ o c%'&%% EHQ' bﬁgtédiéd'é storage diode 14
and the anDunt of arge renove
to the storage diode 14 cathode-to-cathode,
and the polarity of the bias voltage -Vb is
inverted (e.g. «5 volts) to maintain the reverse
15 bias on the photodiode 1? The photodiode 12 is exposes
to light for a second predetermined time interval
during which charge is removed from the stora;e
diode 14. - ‘After the second exposure, bridge control
. signals ¢B: and ¢B, may be applied to disconnect
20 the photodiode 12 from the storage diode 14, or
the steps of accumulating and removing charge from
the storage diode 14 may be repea*ed several times
before disconnecting the photodiode 12, to improve the
signal to noise ratio of the device. The charge _
25 renmaining on the storage diode 14 18 the’ difference -
between the amount of charge applied to the storage
diode 14 and the amount of charge removed. As
explained below, this feetnre is employed in a
rangefinder to remove the contribution due to the
30 ambient illumination from the charge produced by the
photosensitive elements.
Referring now to FIG. 3, a linear image
sensor, generally designated 28, includes a linear
array of bridge network photos ns1tive elements 1u
35 each as described above. The storage diodes 14 are
charge coupled to a CCD shift register 3u by



e;bla[ned below, this feature is enployed in a rangefinder to renove the . .
contribution due to the 30 anbient illumnation fromthe charge produced .

by the photosensitive elenents. Referring nowto FIG 3, a linear inmage/ %
sensor, generally designated 2 , includes a linear array of bridge net
phot osensitive el enents | U 35 each as desgii.bed above. The storage
diodes 14 are charge coupled to a CCD shift register 30 by transfer gate
245%:CCD shift register 30 is a conventional four-phase buried channel CCD

snift register conttﬂdﬂéﬂ)}gafwaﬁphaeembnﬂftstagggge{-ego] igngd having an .

out put diode 32. A Lifie cts on the
out put di ode 32. Cﬁg?Hés accurmla"t%‘g{:lmEI ehéugﬁgg EaBPﬁg §L§4g§£tt
transferred.in par #4gdist@ricontzolied dby foansphaselgha¢kT§tgmélsn t he
direction of arrows,X,lQGnd iHiwW. ﬂ};g f i gyer re then
shifted serially |nlthe q[ tléﬁFg arr?GtYh&%ggrgcontggl @?g?ﬁ
four - phase cl otk siBRfd™P {giﬁ g&tests thecsignatnensthaputpye det ect ed
at the output dioddi®@ebB2aut put preanplifier 34. 15 Preferably,
the array of bridge network ensi nd t he shift
resister 30 are integrated gﬁﬂ&&%%nggnhg¥§§?P§”§ Fnﬁ ?sewﬁgﬁﬁ
i'ntegrated circuit fed¥®nt¥gnsfexredrbndparallel underntentrokdfage
sensor will now 20 tmm&cwﬂg@dmmhiheg%eag_geﬁ g C§§ é‘r'%-éw%‘nﬂ 6. FIG 4
es

is a partial plgn yiew illu bm%t e stora
phot osensi tive el e ks¥es Q&FE QQ; aﬂﬂ aFe then:shiftedd
channel structure Gﬁrﬂ.hélecbnshhétdlltgcsien of) arPow Y under cod¥rdEVice

was constructed usigi efdl leothURaE¥OE162R" bEghATE LG USSE 2 P el T 35
on an diode 32. The signals are detected at the output
diode 32 by output preamplifier 24, ‘

15 Preferably, the array of bridge network
photosensitive elements 10 and the CCD shift
register 30 are 1ntegr§ted on a common substrate,
using well known integtated circuit techniques. An
embodiment of the integrated image sensor will now

20 be described with reference to FIGS. 4, 5 and 6.

FlG. 4 is a partial plan view illustrating
the storage diodes 14 of the photosensitive elements
10, the transfer gate 24, and the electrode and
channel structure of the CCL shift register 3Q.

25 The device was constructed using well known

-CMOS fabrication techniques in a p-well 35 on an
n-type silicon substrate 36. The device is
constructed in isolating wells using CMOS technology
so that the photodiodes described below will be

30 electrically isolated from the rest of the circuit.
The CCD shift register 30 is of the buried channel
variety, employing an n-type region 38, as shown By
chain lines in the p-well 35, to form the buried
charge transfer channel. The storage diodes 14 are

35 formed by n+-type regibns-in the p-well substrate =.
Channel stopping regions 4U shown by cross-hatching



N/

n-type silicon substrate 36. The device is constructed in isolating wells

N\hg CMOS technol ogy so that the photodi odes descri bed below wi || be 3U .
ADdctrically isolated fromthe rest of the circuit. The CCD shift regi ster
*1s of the buried channel variety, enploying.an n-type region 38, as
shown by chain lines in the p-well 35, to formthe buried charge transfer
channel . The storage diodes 14 are_g5 formed by n+-type regions in the.
p-wel | substrate 36. Channel st oppi Ag regi ons 4U shown by cross- hat ching 3’
-9- surrounding the storage.diodes 14 and the CCD shlft reglster channel ,

[ h 'd Co
o) SRR R g Oopdhere e ontac
t he p- welFQ&?SQSEth!PnPﬂatR@mﬁﬁéﬂﬁel foropxanp GegPth§°&ﬁ°Bé ween the

fStor age duﬁfdei- thieRenklde £11H08x88e 0 CHELALD é&léﬁerwﬂrrﬁmdal Idow t he
[on ™t LOnaY gty $57Qblask UToRd b ISROLHS ReibepioRRf0C & odes 1,
surfice anf the pdweldnF5.sCapsi A2 inethﬁaﬁbﬁéFebl%EQPE%ESstructure of the
SFDDEP;LTFT cﬁﬁgﬁpﬁggiwﬂehgﬁgér aﬁ e9§1842§ n?er electréhggr?24lgxgl
46 respectiegdiop 3§ of, &t ' ?S4 Fe§P§R§$e§O gfﬁ “second | evel defines
the IO][1ase1:Iheariiilu'n:hmﬂfen%4 of Oﬁtlfﬁd:QSchéﬁnCnd Eangeﬂneattuglrg)m?g? tgtee ot and
the phasePatHedR ?hé =9 PgA UEbARE" 2o RR LhE 6B BELE o001 9502 70 ¢
t he Qannmeﬁiﬂﬁqn .regi ons 40, thereby charge coupling the storage diodes
14 with the CCD shitide l%ﬂb%%ebf3solysilicon overlying the
surface and buried channels define the transfer.
electrode structure of the CCD shift tegister 30 and
the transfer gate 24 § = :
15 A first level of polysilicon defines the
phase-Z and phase-4 transfer electrodes (44 and 46
respectively) of the CCD ghift register 30, and a
second level defines the phase-l and phase-3
eiectrodes"(48 and- 50 respectively) and the transfer
20 gate 24, When voltage is applied to the transfer
gate 24 and the phase-2 electrode 44, a surface
channel is formed along the gaps 42 in the channel
stopping regions 40, thereby charge coupling the .
storage diodes 14 with the CCD shift register 30.
25 FIG. 5 18 a partial plan view of the bridge
network and the.photodiqde'of'the-photosensitive
eleménts,'wherein features have been added to each
successive column starting on the left and
culminating in a fully formed bridge network
30 photosensing element in the column on the far
right. The FET gwitches 16, 18, 20 and 22 and the
photodiode 12 are formed inm p-wells 52 (see first
column) in the n-type substrate 36. As illustrated
in the second column of FIG. 5, n-type regions 54 in
35 the p-wells 52 form the sources and drains. of the-FET

switches, and the junction for photodiode 12. p+-




25 : FIG 5 is a partial plan viewof the bridge network and t
phot odi ode of the photosensitive el enents, wherein features have been A
to each successive colum starting on the left and culminating in a f
formed bridge network 30 phot osensi ng el enent in the colum on the
right. The FET switches 16, 18, 20 and 22 and the photodi ode 12 are form
inp-wells 52 (see first colum) in the n-Lyge substrate 36. As illustrated
i md he second colum of FIG 59 n-type regions 54 in 35 the p-wells 52
formthe sources and drains of the FET switches, and the junction for

phot odi ode 12. pitype régtods 56 r&llicwW o6 oNnli®Vcontaet'to benmade t0 be

made to the substrgte i ET_sw iches t gde <Jhot odiode 12.
As shown in the thﬂ’d‘%ﬁﬁﬁ‘g?‘ﬁﬁé,éh%f@d "'rﬁ%‘ I‘@gelt% ‘8’ Silicon
is patterned to deofrphotodiade Al2conductors 58 and the second |evel of
polysillcon is patterned toglefy tye- Y diif Y $AE.0% ¢he he
gates for the_FET gg.tchf;]. @?E‘?@t‘ %%% patétdg'rn G%ef-i ngil,ss’l%
i nterconnect ed gatEkTaY i8VebP¥ Rolusiligon: s pastarges todpddne oy A
second conduct or phabtizontsl dedndectors 58 Gt At gatord Qevaldo®d of FET
switches 16 and 2 L vel. [ Al the e far rd ght shows
the bridge netmr%ﬁﬁpﬁ%‘f%ge&/nssiﬂ%adm ‘fﬁ%@l‘&% hu?ﬁ’cﬂf uct or
patterns that conplatercemanections of\ the@ates far che FEL swistchess :
voltage [err] to tAeEHRyE (Eenduetdy pdtdrd U wﬂgms- 22 and 16
respectively. A cogductor 78 cganect-s t & dr iéb]. gj ET 22 to 20
cat hode 82 of 1fhot bRFeHEORBECted SALRS | @éc r&’i EL switohesss Sy FeT
16 to the anode S8amd 22atespexiiviely A ®Féctnd cdaduetoc pattierncsibhode
‘ defines interconnected gates 62 and 70 of FET
switches 16 and 20 respectively. Finally, the
- column on the far right shows the bridge network
15 'photoseusitive3elemeu:~w£th-aluminium'conductor
patterns that complete the circuit. A conductor 72
connects the bias voltage :Vh to the sources 74
and 76 of FET switches 22 and 16 respectively. A
conductor 738 connects the drain 80 of FET 22 to the
20 cathode 82 of photodiode 12. A conductor 84
connects the drain 86 of FET 16 to the anode 8% of
photodiode 12. A conductor 9V connects the cathode
82 of photodiode 12 to the source 92 of FET 20. A
conductor 94 connects the anode 88 of the photodiode
25 12 to the drain 90 of FET 18, and a conductor 9%
connects the drain 10U and the source 102 of FETs 20
~and 18 respectively to the cathode of storage diode
14 (see FIG. 4). Finally, conductors 104 connect
the substrates of the FET switches 16, 18, 20, and
30 22 to the horizontal conductors 58 for applying a
substrate bias. " '
FIG. 6 is a perspective view of a portion
of one of the bridge network photosensitiye elements
with the_sugsttate broken away to reveal a cross
35 section of the device along a line through the ]
middle of the FETs 16, 18, 20 and 22 and photodiode



: ' o
\of phot odi ode 12 to the source 92 of FET 20. A conductor 94 connects, the
de 88 of the photodiode 25 12 to the drain 96 of FET 18, and a
TOMguct or 98 connects the drain | OU and the source 102 of FETs 20 and 18
r&spectively to the cathode of storage diode 14 (see FIG 4). Finally,
conductors 104 connect the substrates of the FET switches 16, 18, 20[err] -
and 30 22 to the horizontal condugjgrs 58 for applying a substrate bias. -
FIG 6 is a perspective view of a portion of one of the bridge network "
phot osensitiye elenents with the substrate broken away to reveal a cross 35
secti on oflZhe Nt istowtl dig FIG. 6 arler thuyhesrrbctdl e of the FETs 16, 18,

20 d 22 di h | f
st oA Bie netundle Pl 16 10yais bt VoS ©

al umi ni umpediyaidiieon Aﬂd<ﬂ1umiaimmomn@GQCEnr§.kwbﬁﬁ ﬁer accordlng to
wel | kno%ﬁovidéci‘tf‘ﬂr Y&tb rnﬁﬂ:%: m&%%@ Welllnkaown

Referring now to Qvera e rangefinder is prOV|ded by
a prébramﬁﬂ$QGqﬂﬁﬂﬂwﬁiiﬁﬂit nanufacturing: techpiapedict n cust om i nt egrat ed

circuits deS| gneel- tmsta‘:fnlgnﬁd\e tRRIGL0 7, _WlQn%owttdlnbigr ated on the
same chip or nvent i driver circuits 108.
The mcro c qéh |F§8gﬁggﬁ'$ikﬁﬁg §5§ﬁ$|s froma clock circuit
110 and vmntcwmc«@pr 106 (ox ammlxmﬂwcyszm oma battery
114. 15 e:EB tRe spfeal Talerr] bias

YiOInEa ItV an %ﬁé%ng%%‘fo troI t@al S A‘“ﬁanf@wﬂr r.!?ha e zggt)lrl):ado;o t he
m cropr ocehmge ‘s¥hgor ) rthtougi’ @onventionali griverf cdreutesCCD shift
register ofpde TRGPfcrsProtesdor 15 eI Wipblied wike €okink
signals from & clock circuit 110 and with power via
a main power switch 112 from a battery 1ll4.
15 Four-phase clock signals $1-0, a transfer signal -
T., bias voltage ch and b:idge cqntrol _
signals ¢B. and ¢B: are supplied to the .
linear image sensor 28 from driver circuits 1U8
under control of micibprocéssor:106-to produce
20 output signals from the CCD ghift register of the
-image sensor 28. The signals from the CCD shift
register are sampled by a sample and hold circuit
111 and are supplied to a peak detector 113 that
produces a pulse each time a signal larger than any
25 previous signal is produced by image sensor 28. The
output of peak detector circuit 113 is supplied to a
latch circuit'lls. Latch circuit 115 is connected
to receive the output count of a digital counter
116. Counter 116 receives a reset signal R and
30 a timing signal ¢, having the same frequency as
the four-phase clock signals ¢:-+. The output
of. the latch circuit 115 is supplied te an input
port of microprocessor 106.
The driver circuit 108 also powers an LED 117
35 and an output device 118 such as a range display.or
a range servo. LED 117 preferably emiEg infra-red
light.




reglster are sanpled by a sanple and hold circuit 111 and are supplied to
peak detector 113 that produces a pulse each tine a signal |arger than g
26 preV|ous signal ‘is produced by inage sensor 28. The output of pea
detector circuit 113 i's supplied to a latch circuit 115. -Latch circuit \l4
I's-connected to receive the output count ofejpdLigital counter 116. Count
116 receives a reset signal R and 30 atimng signal OT[err] havi ng the
sage frequency as the four-phase clock signals [err] The output of the
latch circuit 115 is suppl|EGGLOSaﬁslapubreodetlilmdGﬁt#&utnﬁshheduﬂic'The

driver circuit 108@ %‘i‘teOBWQiﬁca rhﬁﬂpﬂhaﬁ 4a€€ ogﬁ% {le 118
such as a range di ge se EB 1 y em

infra-red |ight. 3%41 heFFG‘P e and hold eireuitd mmd the@ealt c of the
out put preanpl|f|eﬂe&écmbrtn&3unage octtoh 88, tagacg@qpﬁffgugh thgeircuit

LiL, 20 L0 BESk 89! G6kgtal o oOLRRE 40 Sl S %ia%%ﬁwdt” P

out put preanplifi ear® alsoaghownechi p sense and reset anplifier including a

sense FET 122 and a reset Fﬁﬁeléﬁ;gage%§ggﬁglfﬁgnnéfadg ﬁgf%h{rcatgo

channel device and reset FET 12 uri e

si nplifying the pof@PRSSuppHyTeeqt suptitieniingluding 4 sense FET d(?zchannel
FET 126 is connect asdbat pesett Berdman O'Théhfeffé_laﬁ? B2y 100'd gdrEdte

di'ode 32 to antbur SHend8iraBRlse tadcres st B 8 £ %%dé%néi&l
i ncl udes a cl anpi ngeydeeio ﬁhevabylslnglﬁfytmgeshexynunt(Euﬁbl&

requirements of the circuit. A buried channel FET
126 is. connected between the drain of the FET 122
and earth in a constant current configuration for

15 converting the sensed charge on diode 32 to an

_output voltage at node A. .
The sample and hold circuit 111 includes a

clamping portion comprising a series capacitor 127,
a clamping FET 128, and a buffer amplifier 129; and

20 & sample and hold_portion comprising a sampling FET
130, a storage capacitor 131, and an amplifier 132.
Samples of the signal vbltage at node A are taken by
applying a clamping pulse_?cﬂ to the gate of FLT
128 while the voltage at node A is at the Treset

25 1level, then applying a sampling pulse Qb/H to
the gate of FET 130 when the voltage at node A is at
the final signal level, thereby removing any
variations from the signal caused by reset noise.
The final signal voltage is stgred on capacitor 131

30 and reproduced at node B_by/;dgaifier 132 until the
next sample is taken. | '

- Peak detection of the voltages at node B is
accomplished by a comparetor 134, a reference
capacitor 136, a sampling FET switch 138, and a

35 timing FET switch 140. The peak detector circuit
- 113 includes a threshold setting portion comprising




a clanplng FET 128, and a buffer anplifier 129; and 20 a sanple and hald

rtion conprising a sanpling FET 130, a storage capacitor 131, and an
G%%Eilfler 132. Sanples of the signal voltage at node A are t aken by

ying a clanping pulse [err] to the gate of FET 128 while the voltage at
Ais at the reset 25 | evel , then applying a sanpling pulse s/Hto

the gate of FET 130 when the voHnﬂ%?%u node A is at the final signal L

| evel , thereby reaning any vari ations fron1the S|gnal caused by reset L= d

noi se. The final is st .red. ca i tor 30 and

repr oducef Bfeﬂﬁﬁebgﬁ "%ﬁﬁﬁaﬁ$§r°955? ? ?R;) gﬁ#ﬁ i s taken. Peak
det ect i on eafrthhe lnﬂtsgehreshn&desGtttngczﬁmptwttem Y4 a conparator 134, a
ref erence ﬁH%ﬁ timng FET
switch 148838$§hmgaéﬁ§e‘f'§€§g¥?%#%ﬁ??ﬁl@ﬂ%%%s a ‘}eshol d setting _
portion c8mpEee Mg, threughaapresdsteETl4fitch 142 connecting capacitor 136
to egrth, and a tiphesBpetatebhi 6¢ €hé ﬁu%éﬁédé:cmm%wg the capacitor

136 to CO{; al | ed,vol tage sou ce Verr ;gsngaf;o:e%g?enge to-

The opera egeriped ¥ EfFﬁ gre ?It
FIGS. 9, FIGan@® 1is. sFIE(Eow9chara showingaatcontrohprograt rfdr progr am f or

th f |

Closur o oPbA-REERbRIOeelSCE OB (odd FIQ° POV Bldean 07 AP S LOOT
sensor. vmrtsagiogecsenpile,uuppnacleeurgyog@piq.p@weontrol signals [err]
and 101 1] giy@eehMILR2agEOEERE €) OBY ﬂbitiﬂlizf&i 16, 18, 20, and 22

e e e ke b tpsc stk P e 2, (s08 FIGS 10
supplying control signals OBx and ¢B; to
simultanecusly close all four FET switches 16, 18,
20, and 22 while the bias voltage V is held at

15 the earth potential (see FIGS. 10 d, e,f), thereby
earthing the anodes and cathodes of both the
photodiode 12 and the storage diode 14._ Next, the -

_ microptocessor 106 sends a reset signal R to
" counter 116 to initialize the counter 116. Then, at

20 time t1, the microprocessor 106 turns on the LED 117,
sets the bias voltage :VB on the sensor element
positive (+), and opens FET switches 16 and 2V by
commanding ¢B2 low, thereby connecting the
photodiodes 12 to supply charge to the tespective

25 storage diodes l4. This condition is maintained for
a time period 1i while charge generated by both
ambient scene illumination and the light in the
small illuminated area of the ooject_supplied by LED
117, is accumulated in the storage diedes 14. At time

30 tz2, the LED 117 is turned off, the polarity of the

' bies voltage :V is reversed, FET switches 18
and 22 are opened, and switches 16 and 20 are closed
(see FIG. 10c-£). The photodiodes 12 are now
connected to remove charge due to ambient scene

35  illumination from the storage diodes 14. This
condition is maintsihed for a time period T, to



phot odi ode: 12 and the storage diode 14. Next, the m croprocessor
106. s ends a reset signal Rto counter 116 to initialize the counter
THen, at 20 ,time t[err], the microprocessor 106 turns on the LED 1
sets the bias vol tage tV]| err] on the sensor elenment positive (+), and opens
FET switches | b and 20 by commanding OB[err]., | ow, thereby connecting the
phot odi odes 12 to supply charge to the resp'é’cﬁ‘r ve 25 st orage di odes 14.
Thig condition is maintained for a tinme period [err] while charge generated

by bot h anbi ent sc || and the |i snal | |IIumnated
area of the object Qgﬁﬁgﬁ gﬁ‘ﬁgi ¢, %ang anq @ﬁﬁmgt%‘%‘fw

di odes 14. At ti meésiwas mdded 1nt I:heLﬁbeYiBuasetapneo‘l‘béfchthepoI arity of
the bias voltage t ehae F r and
swi tches 16 and 20¥§$igllggega Ehe Ef'-%ix\*%ca idééhﬂg%%f;l%‘dp%re now
connected to renovdRERST eaHﬁFéﬁﬁ Trche due solely ittt fromthe
storage di ode§ 14. liﬁlhﬁftwthtonsbslml nAditeetlatovey| | tite PStépsl dLrr] to

-14- renove exactl f k as was, added in
the previous step. X‘thﬁgzggg“afgﬁﬁh n§P€§ %Q%r%e&qu%%fter t he
second integrati oncherge ydthoghe| LED| off may belupubedm'nrell ight from
the LED 117. Al teraﬁbgehg ﬁ&g&iagpgh?f E’ é\}& t he LED
eat ed severa |
aak

on and renovi ng charge nmes to
i ncrease the final 8 M"“I‘Q\?BV #FF&&P’-?BgF sey thereb¥i ng the noise,

t hereby 10 lOprotmpgovhngstbeahigﬂeheteenéﬂieOriiiéf&fcfhh(HhvfﬁelInE
final tihe period [err] i1 A% Bl fis BFI8H eo fRelorn ?n{ﬁ”] fra
processi ng ci rcui t the second timecperiodeta (or the final time
period T; if several repeats are employed), the
signal. proceesing circuitry is initialized to get
15 the threshold of the peak detector circuit. FET
switch 142 (see FIG. 8) is turned on momentarily by
generating a ’preeet'Pulse (FIG. 10g) thereby earthing
capacitor 136. Then FET switch 144 is turned on
. by apulse ¢TH for a time period't'z (FIG. 10h) to
20 charge capacitoril§6 to a value determined by the
time constant of resistor 146 and capacitor 1%6. At
time t, the charges remaining in storage diodes 14
are transferred to the CCD ghift register by
applying a pulse T: to the transfer gate 24
25 = while the voltage on the phase-2 electrode ¢: 1is
held high (see FIG. 10a and b). The CCD shift
register is then read out to generate the range
signal by applying ﬁhe'four-phese clock signals
- ®1.4 to the transfer electrodee 44, 46, 48, and
30 50 (see FIG. 10b)

Proceeeing of the signals from the CCD will
now be described with reference to FIG. 11. The
four-phase clock signals ¢1-+ are shown in FIGS.
1lla-d. While the signal charge resides under the

35 phase-3 electrode 50 and the phase-4 electrode 46
(¢s and ¢+ simultaneously high) a reset




;
ol

s turned on nonentarily by generating a preset pulse (FI G [0g) thereby

rthing capacitor 136. Then FET switch 144 is turned on by a pulse [err] '«
for a time period [err] (FIG [GCh) to 20 charge capacitor 136 to a value
determ ned by the time constant of resistor 146 and capacitor 16. At tinme
t[err] the charges remaining in stofgge diodes 14 are transferred to the -
CCD shift register by applying a pulse T[err] to the transfer gate 24 25 w -
while the voltage on the phase-2 electrode [err]2 is held high (see FIG
| 0a and bpﬂ'ﬁ@?shpbﬂ.iedgtot PETi 324hén oevbpubut to generate the range

- signal 1.0 el RK 8118 g{sd{@aé] to the transfer
el ect rodes b 35 8?§§Sr seé é d? Processing of the

signal s f A@ntchaecedvs signel shause@r.Asdtmhpobmesenhe to FIG 11. The
four - phas ¢l tfge Hedoad l.{tehro]deaheg'i:'&%"""to' & bk mraidcpabl l e the signal

char resi de e ha el ec e, 50 he phase-4

el ectt ode ¥#® ‘?{‘gr:ﬁ‘ f}mgﬁt ﬁhegi rﬂ?‘l _ e@@?lt"' ﬁ ﬁﬁ') tﬁerg p’ -15- pulse
Eiieo::i]e |32 aiEdtarbdeo SGEIsl%emolvedut(pUt gpeeatph())f,leoma%fo pr epgr gttgﬁt gﬂt put
node A goese{o _afﬁﬁe inagﬁg%’ %%‘r tﬁ; E’t')‘lt'éll'g tP? ig\ﬁé Higﬁvol t age

appl i ed tdsth@lﬂh&§e33féxéétPeﬁen5®als ¢eﬁﬁv§Ue(?%¢P?tg®b%d¢omb sonme of
the charg@2patiiidg SR violtage! Qe naahelleet ﬁwhtsh ahs held at a fixed

Dot S0 7tk R Reada R IR 0k 30Z 1, EEESHT) | L RIRM s e Rrec ol | 20 on’
t he phasetdmewmdmmgﬂeoaﬁt@hephpsgeéseleomroﬂe 4émgdadier of the signal =
charge isgoes low, the remainder: r of the signal cherge is

moved to. the output diode 32, csusins the voltage at

node A to reach its final value (2U4 in Flb. 11£).

15 : while the signal is at its reset level 200,
a clamping pulse ¢, (see FiG. 11g) is applied
to clamping FET 128, then when the final signal
value is present at node-A, a sampling pulse
®s/H is applied to sampling FET 130 (see FIG.

20 11h) thereby storing the final voltage on storage
capacitor 131. 'The voltage on capacitor 131 is
followed by amplifier 132 and produced at node B
of the circuit (see FIG. 11i).

The voltage at node B is a step-wise smooth

25 curve representing the successive values of the
signals from successive photosensitive elements of
the image sensor. Compsrator 134 compares the first
sample with threshold voltage VTH (see FIG.
11i) stored in capacitor 136. 1If the sampled value

30 1is less than the threshold value, the output of
comparator 134 at node C remains low. If, on the
other hand, the sampled value exeeeds the threshold
value, the comparator produces s'hign:output at node
C. At a point during'the'presence ot the sampled

35 wvalue, a sample signal °S (see FIG. 11j) is
applied to FET trsnSistor 34 switch 140. 1f the

655, the threshol d of the peak detector circuit. FET switch 142 (see FIG
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EBVed to the output diode 32, causing the voltage at node A to reach it .
“final “val ue ([err]4 in FIG IIf). 15 Wiile the signal is at _.f;?
reset leve | 20, a clanmping pulse [err] (see FIG 11g) is applied to '
clanmpi ng FET 128, then when the final signal value is present at node-A, a
sanpl i ng pul se 20 is applied to sanpling,FET 13U (see FIG 20 I'1 h)

ther eby storing the final voltage on stora “capacitor 131. The vol tage on
caQaC|tor 131 is followed by anplifier 132 and produced at node B of the

cirouit (see FIG vbithgeThe #ohbagesa'1500Fe Gfy %fggﬂr PO

curve representin :He succe |ve val ues o succ 3 ve
phot osensi tive el ?ebPPP eﬁnﬁgetQBnSGFe °€bﬁb r%ﬁ%ﬂsﬁiﬂptdmﬁares t he

first faanSGWAthswhtehhmBﬂ,VﬁhiaFewﬂiﬁrmivéS&E’éfficﬁ'ﬁ%}ﬁﬁé”&%iﬂeﬂd I
capaci t or S va S n the thre val ue,
the output of conﬁhrgﬁgrgggﬁggf gg g??@ﬁﬁfnsg?%dygfkﬁgedﬂFﬂﬂﬁﬁ% ver -hand,
the sanpl ed Wal ueiexbdghs the hhghsvlolthgalmﬂltﬁm appidedity thieoduces a
hi gh-out put at no nget sanpl ed 35
val ue, a sanple si §t% of%hf gggsf—'gg’* Qf g@éeélgsfjfeﬁ 'ﬁ% transi stor of
switch 140. It tfBPlylnggt eowaghi&heﬁoﬂef@em Nelne 9 sapaedtome | ow
value will be appli3éd tWhEhaegarefefeﬁEE'i&B@é'ﬁiqe lfﬁ%tﬁﬁhiiﬂiuﬁM“ ch

Vol tage. at - -nodout 048”8, StabfeBy Lafefif the quepnt A¥ e EA ca 1o

the gate of thfe t BEndPW: £Besr FIGit Lhk) 2, Thhermcqmlqom ues jew hi gher

ref erence val ue t?rgagagh goa é@ﬁseTg@ ﬁlﬁ‘d\ér@f }q_ﬁg’i h W g0 the
ode 0

ot node & [igeely Taialog tre ity o ne ST YO Cees
: At the start of the sequence, counter 116
was initialized. Each time a new charge packet is
15 read from CCD shift reglster 30, counter 116 is
advanced (see FIG. 7). The pulse train produced. by
the peak detector circuit 113 at node C is applied to
latcn circuit 115 which captures and holds
output of counter 116 whenever a pulse ig/fZ§;ived
20 from the peak detector circuit 11%., Aftér all the charge
packets have been read out of the CCD shift
register 30, the count held by latch circuit 115 is
indicative of the location of the sensor element
receiving the greatest illumination from the LED
25 above the threshold level Vo At this point, the
' microprocessor 106 retrievesrtﬁ; range data from the
latch circuit 115 by 1nterrogacing its input port.
The range data are used in a known manner to drive
an output device 118 such as a range display or a
K1V range servo.

35



preduci ng a pul se at node C each tine a greater output vatue ts ) .
ﬁﬁgg-lved fromthe sensor array. At the start of the sequence counter 116

initialized. Each tine a nem/char e pack rom CCD shift =
regi ster 30, counter 116 is advanced ¥ e FI ‘mﬂ !H B train
produced by the peak detector circuit 113 at u to latch

circuit 115 which captures and hol ds the output of counter 116 whenever a,~~
pul se is eceived 20 fromthe peak detector circuit 113. Afte all the -’
charge p@QLAEMS have been r.ead out of the CCD shift register 30, the count

hel d by latch cirguity 1&§vif tpgl.[t cﬁﬂ ftﬁ¥ronﬁt&{gﬂof t he sensor

el ement receiving the greate un1n 25 above the
thresholqbﬂeleinﬂ?1scﬂnetkﬂﬂﬂ¥ﬂﬂiﬂ9 means o H RLieesdngl@6 retri eves the

range dabgam’of" ibentaéshn:mﬁms:ellé dia N ¥ L BH ivhe | tS input port. The
range data,are used E&fa @Enne to drlve an out ut device 118 such as
lu Y%ﬁ%ﬁ

a rarye APiBFRy 3P \Rpengers for pro SCLAIMS 1. A ‘device
for findshgnate indbeativenodthetanpl btuwbe ot lllmﬂmdlmg.dmatns for

perJ elctltaﬂ En R oF Stk iwﬁ%cépvélﬁmmi@&r </ lgcdned on the 5 object, a
pl urali

otosens rs-for uci n nal's indicative of the a Iltude
of i ght %‘F@ g B?F? f?'bré){égﬁfe?ﬂ‘?g g the, paths e | nclmadl ng
'portlonsoattﬂefhealntmeamgesoajtdgptiﬂyingttnﬁ pghordessmorneans for
| denig f Yapon ! bfy O O} £ SEiSHerd) 14100 mmm i zdd G 1 Om sal d
ent g

small" are sal d | nmeans |nclu ng charge storage

ect
nmeans fth%tﬁpiﬂﬁt réﬁﬁ @ﬂ%’&?iﬁ!—:’r%ﬂfﬂ ERdEI® swi t chi ng neans
for sel egtorege means for storing charge discretely from each :

photosensor. switching means for selectively
connecting the photosensors to tne storage means to -
15 adad cnarge to the storage means when the light beam is
turned on and to remove charge from the storage means-
when the light beam is turned off, the greatest stored
charge arter a complete cycle of charge addition and
removal being associated with the pnotosensor upon
20 which light from the said small area is incident, the
range of the object being determinable from knowledge
of which photosensor has associated with it saiad
greatest stored charge. "
2. A dev1ce as. claimed in claim 1, wherein
25 each photosensor is a photodiode, the charge storage
means includes a plurality of diodes. and the |
switching means includes PET transistors connecting
each photodiode to its respective storage diode in a
bridge conriguration. | | '
30 3. A device as claimed in claim 1 or 2,
wherein the photosensors are disposed in a linear

array.
4. A device as claimed in claim 1, 2 or 3,
wherein the charge remaining in each storage diode
35 after a complete cycle constitutes a difference
signal, the device further including a charge



:f:’dnnecti ng thé photosensors to to 15 add charge to e
storage means when the |ight beaﬂmﬂhﬁ‘ﬂi Hﬂg d to renove charge

¢ he storage neans when the |ight the greatest sf= ,
charge after a conplete cycle of charge additi on and removal being
associ ated Wi th the photosensor upon 20 which light fromthe said s

area is incident, the range of the object D2l ng determ nabl e from know edge
d&s whi ch phot osensor has associated with it said greatest stored charge. 2.

A device as cl ai %}J 1ed ddvich sm?iebagggﬁef’aﬁﬂdp@?&lﬁ’éf&soéa%é odes. and

phot odi ode, the cha ftora ans In
t he switchi ng mediR804&, ‘I’“Ek1 Tingi sherdi ggﬁﬁ@é??ng &%&]ﬂspﬁ?ﬁ%dl ode to

its respective sttdraigtod'la@éed&bdasblndﬁ&rﬁbﬂélgﬂlﬁﬁélﬂila siift A

devi ce as cl ai rre}.éé]_ﬁ&a‘l h]"%!’zth@n@&?fﬁr%?% fg 3§fi%§$€' sposed in

a linear array evi ce as-clal in the
char ge remai §i ng fuem she §Mﬁ§g§esﬂ-euet3&xfbercmw@ﬂ t@ determine

constitutes a di fefifd PurgeSicE ¢he bBgedeyi ce further including a charge
coupl ed device shift regi ter nd transfei gat ;rean:g?for trahéferr %the
di fference signals fromt Y3E&®dRSdE a'-'ﬁega o ¢taind Sy

‘regi ster whereby a&eherha‘ﬁrmeam degnalibedekiithreelfe-ﬁezhc:e)ntdi gl f2 to

regi ster nmay be Cﬁr’rq;feq a‘é‘?:toﬁxrb?}'x%nkhﬁ éggggﬁof the object. 5. A device

as clainmed in claim htt';'stantl er el nbéf ore described with
reference tol%igs. 2 to 35 |1)11of the acconpahvina draw ngs.
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