-1- RPROVEMENTS | N OR RELATI NG TO SOLI D STATE | MAGE SENSORS FOR'USE 1N
l%@! RS AND RANGEFI NDERS USI NG SAME The present invention relates to
soli d ate 5 i mage sensors for use in rangefinders and to ran

finders using such solid state inage sensors. An autonatic rangejf@SrgSs
known whi ch pro- jects a beam of |ight upon an object in a scene to form a

smalT illuminated area on the object. An 10 =“lrmage of the scene, including &

thé~ lumnated area, is formed on a |linear imge sensor. The |ocation of
the image of the illum natga "Mée' enSOoL Al Sod i ned by
the range of the object my Mhe I mage

of 15 the illum nated ar cEMAGEBNSENSERS rEQR WSH SEN RANGEFINDERS:it i on of the

range of the object. Such a ranggrpfaife s;qjgi ssﬁ,fﬁ)l I cation, for
exanple, in an automatic focusi genent of
el ements and mode 20 of opBRetPTesent simvent mkmfﬁmcﬂ%@é\ﬁ#@

leLt be deﬁcrl.‘bgd Wﬁ.hhgéeﬁ%eaﬁs feerx& in fiﬂu%ﬁ a%ﬁiﬂ&\)?:a? (TOf
ig i's shown by exanpl e as i ode and a

l ens 12. The beam \Nglv'ﬁaﬁfﬁc't‘ngnél %ﬁ'i'bha %g{u‘i' s_L'iF‘E% 825 snall
area on an object [err]i n a Anenatoiheiccmeﬁndmgeth llgnm&zmmh Ipa:ns- 16
onto an i nmage senso I{ Y,

signal s produced byj?ﬁ %Es!gn‘ggrs re %%?yazné h&/ e%élc%t ron| cs 20

to determne the po Pﬂnoﬂ éﬂaéb 1-%111411%1%%&%@%@13 |Q1>l€m$-scéib and

produce a sig-1tal magepéfsamélmeﬁéle I@é‘ﬂﬁdfﬁ e ql!]l‘iﬁiinaﬁ%dsh@éﬁ ,by

exanple in FIG 1, hea arent po thelllumn d reajin t
scene is a functiont8f £ ?gn%'é g ﬁ*@e 8519£08PT , (Hhe Jipcation | t

For an'object QO Iotheethageaoﬂldieirtblﬁiﬂ&md tdrea alpelg thiendmage ce he
I mage of the sensor is determined by the range of the object in
| the scene. Conversely, the location of the image of
15 the illuminated area along the image sensor is an
indication of the range of the object. Such a range-
finding device finds application, for example, in an
automatic focusing camera.
The general arrangement of elements and mode
20  of operation of such a known rangefinding device will
be described with reference to FIG. 1. Means for
projecting a beam of light is shown by way of example
as a light emitting diode (LED) 10 and a lens 12.
The beam is projected along a path 14 to illuminate a
25, small area on an object 01 in a scene. The scene
is imaged by a second lens 16 onto an image sensor
comprising a linear array 17 of photosensors. The
signalé produced by the photosensors are analyzed by
control electronics 20 to determine the position of
30  the illuminated spot in the scene and produce a sig-
nal 19 representing the range of the object. '
As gshown by example in FIG. 1, the apparent
position of the illuminated area in the scene is a
function of distance along light path 14 to the ob-
35 ject. For an object 0, located at a distance
D1 from the rangefinding device, the image of the



-2- illumnated area will fall on the inage sensor at a |location Si. For |

an object 02 at a further distance [err], the image of the area will fall,.”
on the image sensor at a location [err]By exam ning 5 t he out put of
| mage sensor, the.control electron- ics 20 determ nes (for exanple, by
conparing the ‘outputs of the elenents to deta£n1ne t hat output which i
maxi mum .t he | ocation of the illumnated area*Tn the scene and thereby the
range of the object. v%en the anmbient illumnation is

relatively bright, fr the illum- nated area,
wi Il produce su‘bstan? %’ﬁfﬁggﬁ i 'r'% %#f?ﬁ%ﬂbﬁo‘f%gﬁfsgl’“%éf S9F4&F &uch
circunstances, it nipcasioneSpeossForean obieet Mnat e funthemn of the 15

illum nated area negely mg epamn g h se rs. The
ef fects of anbient ﬁﬁeng egb?_ cglngbjéﬁ%%noé/'fe%%mﬁ/eeér hﬁ']ﬁoqteéralatﬁ{g; t he
B +0a80 8§

sensor with thg bea BPOT VRE 1R t HREBERRR oty ’@?P&ni{l}tactl ng the
si'gnal s produc®d t hehebputpue offthe Phage ngénsor rthél&:dhﬁrfcﬂr @1 trop+al

tractionis shown i oo BRIGEEERALAEs (RS a0 Ranphr i, 12 SRt
a pair of nenory caﬁécFPﬁrSIEESBEFa%%dd%?ﬁ“%%%h’- t%#@(\ﬁ-'oﬁmmﬂtﬁé &rray.
The 25 capacit or smaxtms®) echeé vm«;/ammam atle #1dunifakled areacinotheby
Connectabl o t o an o8cghe Fid) cRULAEDSthe "iher e Y P dnll (10

phot osensor is 01¢| rst connectWhen cthﬂeandﬁettﬂa id.alpm:l.lmdsm,ﬁlsl eeﬂ.heiﬂaly
light beamis off. ngnehOEHéeQéaﬁe'fcs y UL O Rhe®11Tmi -

capacitor while the beam 1 s .on. t he tapaci tors

connected to the dl??'é?q %‘Fﬁ?al"’ia]rﬂplﬂqqdé’r“( Substantdad Gpﬂﬁéﬁéﬁeé eignal
free frominfornatithedghovesefsom srdaynt Urdure dudlhhif&hﬂs%laﬁ%@s% ake

compared in an arraﬁayfn&grg@rpagsogﬁle to determine the location of the

-

15 illuminated area 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 sub-
tract:l.ng the signals produced thereby. ‘The infor-

20_ mation in the difference signal is solely from the
illuminated area. One way of accomplishing this sub-
traction is shown in . US-A-4274735, US-A-427L735 |
describes a device having a pair of memory capacitors
associated with each photosensor in the array. The
25 capacitors are selectively connectable to the photo-
" sensors 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
30 light beam is off. The photosensor is then connected
to the otner capacitor while the light beam is on.
Both the capacitors are then connected to the differ-
ential amplifier to produce a difference signal free
from information derived from ambient scene light.
The signals are compared in an array of comparators'
to determine the location of the illuminated area by

35
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§h§P591HE§n§° aBFaéEHF°§HPB PYﬂEHPebPFEQ PaBEeFRcei ving the

N signals ImopahahbeliuBBOchbabigﬁamae tReySmast salﬁarﬁgciaeeﬁygnals

serially 30 to
cells. and tran
said N signals

ward. a a egj st er._neans havi ng 2N
EP&F“ ans 5358ﬁ§ ggg §?Bgﬂ?$% g% %g %¥ transferring -
mnonheﬂedétfayeutiphoampbﬁtisrseesects a high price

on any attempt to increase the signal to—noise

"ratio of the device. _ Furthermore. the use of an

15

acray of comparators to determine the maximum
difference signal from the differential amplifiers

complicates ‘the signal processing circuitry

20

25

According to the present invention there
is provided a rangefinder for finding the range of
an object in a scene, comprising a light source
selectively energizable for projecting a beam of
light to 111um1nate a small area on the object, a
solid state image sensor comprising a linear array
of N photosensztive elements, each responsive to
light for generating a signal indicative of the
amplitude of light incident on it, analog shift
register means, adjacent said linear array, for

'receiving the N. 31gnals in parallel into N

30

alternate cells and shifting the signale gserially
toward an output location. gaid shift register

' means having 2N cells, and transfer means
_responsive to a control signal for“traneferring

35

said N signals from the array'of photoeeneitive

L



-4- elements into alternate cell's of said shift regi ster neans, neans for
form ng an imge of a portion of the scene containing the illum nated snal
afea on the-array of.photosensi-tive elenents. 5 and control neans for

sending a contro
set of N signdls into the shift register nedns fromthe array,
signals to the analog shift register nmeans to sh

Eobhandd S HRoHR goiS SOURSE, pfhefs oheLaien

~clock. contro

signdls by 10 one
the light source,

signal to said transfer nmeans for’ transferring z

transfer a second misﬁen\lmagml meanse £ioxd fnirminghen| ighgesofirae on,

the shift register

| ocation, and sig

phot osensi tive el

e out put

1) -

t”'j
’ ybng

into

&R sl{anwwrwarmahoehesma $nhPelhe shift

regi-ster neans to shift the signal s t ere| serla

BRall ARRA;i9R, ‘r?@aﬁraﬂfn §°ﬁ€§ﬁ§tF8P ¢}epeRLBvying the
signals serially faminddwtmul meansocaix an) csfenaliagl angonteo3osigndif or m ng

f -dif di f t
Che si gnals of ead fgﬁl%eo#ﬂ%%cen SAnE ¥ brkhaBeck g, RS geb VOO
signals datocthey shidt aesfiﬁﬁnromeené fremecthe the

small illum nated a&r:eﬁr ZQ)O%wﬁyliw %IQEkt kontRani &Y ﬁﬁlef tbhexéd: fference
I d f on the detecte ocati on
of “the sl 111 uites R e oR. Wegnen oy sBigts Epecetansie it

pr edet er m ned 1 gronie c@itlentd)i eneirgighiagosbesilight 86ueteyea)s prior to

generatlng S|gnal%dJﬁdgyafyihgythguqq

a zero signa

or
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35

a const.ant, non-zero %
control signal to said transfer means to transfer a

second set of N signals, created with the light
'sourcé_on. into the shift register means, and 6)
supplying clock signals-to_the shift register means
to shift the signals therein serially to the output
location, and signal processing means, including

' means for 1) recezving the signals. serially from

the output location of the image sensor and forming
a series of difference signals representative of
the difference between the signals of each pair of
adjacent signals derived from the same
photosensitive element and 2) detecting the
location of the image of the small illuminated area
on the basis of the magnitudes of the difference

: signals._and forming a range signal on the basis of

the detected location of the small illuminated area.

Means may be provided for establishing a
predetermined signal content in the photosensitive
elements prior to generating signals in the array.
Sucﬁ a predetermined signal content may be a zero
signal or a constant non-zero signal.

gitpEQQQ%Er”EQegeﬁhﬂﬂél agcontent may be



-5- In a preferred enbodi nent, said photosensitive elenents are
phot odi pdes. said analog shift register neans is a buried channel charge
COLE ed device (CCD) shift register having 5 alternate cells aligned with , .
qt odi odes. said transfer nmeans is-a first transfer gate responsive
s».ntrol signal for form ng surface-8hannel s between sai d phot odi odes .
?d alternate cells of .said CCD shift reglster and wherein the neaqu
'or establishing a predetermned signal content in the photosensiti v
el emants conpri ses drai nlmmt%ﬂmwl!gh@idﬁfbﬁy dfaishot odi odes and a

second transf erpgeé SedipsPeive Vﬁéﬁhﬁ\:&%é Cﬁho"‘ddb’ﬁidésor gadw!l ing the
phot odi odes to %

he_drai n, nmean vant ageous! t he nmeans-for
detecting the’ I%E%ﬁ??wﬁ?ﬁ ?rﬁFQ#ﬁ&ﬁfcﬂeqqﬂaiﬁnﬂIbqqﬂéanqﬂﬁﬁéfxarea conpri ses
peak detector nettacgd Waaeﬂo&amieﬂmag}mﬂa favimigoduci ng a
pul se each td e, f HayG €4 eé‘élg{ dalﬁeﬂee&‘%cfdor Or' Jt%%"i' a[%% 23aTne peak

det ector means CONPT|Ses-a Storage capac _ g-1ast great est
di fference si grefansigpmeans ieahLigat jiranafer mtecmmqnsévme vol t age

on the Zt or agle wmmdﬂrw thélgm rﬂﬁf frbﬁﬁiﬁfgernﬂ:ﬁlwainaaméw OdECI nghan
out put 25 pu enever e erence r than the

“value on the ststl)?ta‘b%e’ba‘paajc‘* Pg}&‘;:%ﬁ‘{ddc W %&3 e& 80 the

out put pul se fof regid@CR sﬁiefisllgpmlsm.t m&mmmmm th the

greater di fffer efye sdeiilishihg a predetdfadhod @i giallcdntdnt g

i ntroduci ng a threshold val ye onto the st orage capacitor, prior to t he
operating of tH& %ii [ﬁéiﬁgiggsnﬁéﬁéﬂoﬁeﬁPﬁl now be

descri bed. by v&dljaﬁemb(enné arsay h)ﬂ ep‘nuwmdiﬁ and ‘a second
transfer gate responsive to a control signal_for
coupling the photodiodes to the drain means.
15 - "~ -’ Advantageously, the means'for detecting
" the location of the image of the small illuminated
area comprises peak detector means”responsive to
the difference signals'ror producing a pnise each
‘time a new greater ditference signal is received.
20 The peak detector means comprises a storage
capacitor for storing the last greatest difference
signal. Comparator means are provided for
conparing'the'voltage on the storage capacitor with
~ the next difference signal and producing'an output
25 pulse whenever the next difference signal is
: greater'than the value on the storage capacitor;
'SWitcning means are responsive to the output pulse
for replacing ‘the signal on the storage capacitor
with the greater difference signal.
30 ' Means may be provided for introducing a
' threshold value onto the storage capacitor prior to
the operatinq of the means for detecting.
The present invention will now be
described.'by way of example, with reference

35



'6- to Fi gs. 2 to 9 of the acconpanying drawings, in which:- FIG 2 is a
schematic di-agram of an inage sensor including a photosensor array and an
ana- log shift register; in accordance with the pre- sent invention; FIG 3

i's a partial plan. view showing the el ectrode and channel structure

i mage sen- sor.shown in FIG 2; 10 FIG 4 is da schemati
cross-sectional view and pot ent I al diagram.of the inmage sensor take
line/IV-1Vin FIG2; FIG 5is a schemat i conl ock di agram show ng the gnal
processi ng and control electronics of 15 a rangefinder according to

the present inventi B{I%Cfl G g o?.J e:ﬁter g‘?ﬁlg g &PQ\‘? %éc ghagram

showi ng the signal troni cs clng an peak
detecting; FIG 7 i swvleidhow chart show ng the general 20 operation
of the rangefinder; and FIGS..8 and 9 are tinming di agrans useful in

expl ai ning the operation of KHe rarigefa mrhenatic diagwems of erndmegennge

sensor 18 according to gditsdy Q&ﬁﬂtudiﬂigefﬂ Ip‘hl&to_EEﬁsbﬂ‘HﬁQri ﬁ& a8 gRa-
i ncludes a |inear array. “éﬁ to 2"21 such % es, _and a
charge coupl ed device (T®D) 7% Y °Fﬁ’é"deﬁﬁ SHAFE Fagi BFér has
2N cells | abel l ed | a, Qﬁnt;_’alnmtmg and Nb. A transfer gate 26 between
the array of photosensors 2rRad £GR Shiglreddy p1aR0YLEE" sRbwiAgaEhHaL! ©

for transferring charge (in oge dlrec I On ar rows
phot osensors 22 into al%kiSkR §GS§EFPEFerV\H‘ﬁ imag@ §eBr the

shift register 24. A se&nmdshmanslfrerFIghta 332 between the array of
photosensorsqg2 and a reset pig, 4 ig a schematic cross-sectional view
and potential diagram of the image sensor taken
along line IV-IV in FIG 2;
FIG. 5 is a schematic block diagram showing
the_signal processing and control electronics of
15 ‘a rangefinder according to the present invention;
' FIG. 6 is an electrical circuit schematic
diagram showing the signal processing electronics
for differencing and peak detecting; _
FIG. 7 is a flow chart shbﬁing the general
20 operation of the rangefinder; and
FIGS. 8 and 9 are timing diagrams useful in
explaining the operation of the rangefinder.
FIG. 2 shows a linear image sensor 18
according to the present invention. The image sensor 18
25 ’ includes a linear array of N photosensors 22, such as
photodiodes, and a charge coupled device (CCD) shift
' register 24. The CCD shift register has 2N cells
labelled la, 1b, 2a, 2b, Na, and Nb. A transfer gate
26 between the array of'photosensors'ZZ and CCD shift
30 register 24 is actuable for transferring charge (in
~ the direction of arrows X) from the photosensors 22 into
alternate cells (those subscripted with an "a") of
the shift register 24. A second transfer gate 32
between the array of photosensors 22 and a reset
35 drain 28 (to which is applied a voltage D)



35 drain 28 (to which is applied a voltage VOD) -7- is-actuable for
transferring charge (in the direction of arrows Y) fromthe photoSensors 22
into the reset drain 28. The CCD shift register 24 is of the buried channel ,
‘i‘3/to maximze its 5 transfer efficiency and hence the

¥)- t.o-noise ratio of the device, and the transfer channels created by.
_ .ansfer gate 26 are surface chanpnels. The signals in the CCD shift o,
regi ster 24 are shifted serially in the direction of arrow Z to an 10
out put di ode 34 by applying four-phase clock signals [err]to transfer

el ectrodes (not ggoggthgbﬁgcfog)tggngbgrggggsghéf éegiﬁter 24. The signals

are detected at t qt |o
partial plan viek QI %aﬁrﬁé I@ct%l%nget&ﬁdPE‘Hﬁﬂﬁgpsgfﬁug?ures of
the i mage sensor ih%o thawmegethdrhdneas.arrhy G€DpbhLftenegist@? 24d the

associ ated buried mgﬁPqﬁﬁo§ﬁ£*%§??§%&ﬁ '%%r&%& Egrmgﬁimi;geLQQV|ce mas

constructed usin cati,on te ques.on a p-type 2
silicon subsPrat 1393feThéfﬁéF#GBCEh&RﬁePePSF FHG etanshr?9 preis8ter 24

colr)rp{I SIt ngéSf or @@ﬁm _f ecmew?(:tem:ed,e&mncﬁe cran8Eep- t:haﬁn&ulsl con > an
substrate i s shown en_lin 0 r an
42' confine the Efﬁaﬁﬁd?ﬁyié esFEangzgnﬁcgﬁo?E 35% 9853358 Eﬁﬁ
conprise, for exanple, (pThe signadg d.mtbndéﬁbash&f-tkeﬂgdbteel dboarde
(shown by the shg the s%??)a;é 1yTi8 Egﬂt Pi‘f@é@iénzgf aPrbi éSEn

phot odi odes are orne u5|ons I'n_ the areas s ?
bet ween t helChanMHtRYt Yfé@P@ﬂ@“&Z °“rRE§éPedFlPﬁk28 &Ra8

scavenger drain @Q-(.V\/ltlocftm!rﬁfete(ee.le\e&&ouelst 46+ gRblAr gnf or med by (n+)-
type regions in g SYPURGe Bt sRiFS rUpaaterohll e QYEREYE"ErE"
detected at the output diode 34 by a preamplifler 36. -
' FIG. 3 is a partial plan view illustrating
15 the electrode and channel structures of the image
sensor 18, showing the linear array of photosensors
22 and the associated buried channel CCD readout
. shift register 24. The device was constructed using
well-known MOS fabrication techniques on a p-type
20  silicon substrate 38. The buried channel for the CCD
shift register 24 comprising, for example, an n-type
region 4U in the p;cype silicon substrate 38, is
shown by broken lines. Channel stopping regions 42
and 42! confine the CCD shift register 24 and photo-
25 'sensors 22 and comprise, for example, (p+)-type
regions under a thickened field oxide (shown by the
:shaded regions) The photosensors 22, in this case
' photodiodes, are formed by (n+)-type diffusions in
" the areas defined between the channel stopping
30 regions 42' Reset drain 28 and a scavenger drain 30
| (whlch also receives voltage VOD) are formed by (n+)-
type regions in the substrate.
‘Two 1evels of polysilieon, overlying the
- charnels, define the electrode structure of ‘the
35 device. A first level of polysilicon defines the
phase-Z and phase-4 electrodes (44 and 46 respective-
ly) of the CCD shift register 24, and the transfer gate




channel s, define the electrode structure of the 35 device. A t |evel
of polysilicon defines the phase-2 and phase-4 el ectrodes (44 _
respective- ly) of the €CD shift register 24, and.the transfer -81
32. A second | evel. of pol ysilicon defines the phase 1 and phas

el ectrodes (48 and 50 respective- ly) of the CCD shift regi'ster 24 and fhe
transfer gate 26. Alternate phase-2 electrodes 44 and the transfer 5 '
gaﬁe/26 form surface channels that couple thephoto- diodes to alternate

- cells of the CCD shift register 24. The transfer gate 32 forns a surface

channel coupling the_ photodi.odes to the reset drain 28. FIG 4 is a
partial, cross-sect?dnalAvsespnd level taf Holmpdildsemodefines gheng |ine

I]y-l_\/I in Flctii_ 3, dsh bzlhBG-llhﬁn& alé 3t%m§w&u0=f 48 RSU r%rsrp@éltl'ge: Layer
of silicon dioxide ov i es oped regions ice. Soli i ne
54 .depi cts the pote gtb?lq' &Pi ‘aé‘ﬁﬁs‘%‘ﬁfe \ﬂr%e %?eﬁ:r@n\? Pfs gpse
applied to the trangﬁer 4lhtexnate phiage- Lrel ectandes 4 apl ithe teansfer
phase-2 el ectrode 4 atgq@nﬂfﬁ AR d @ésﬂ%ql%% Q%alie%gsi g{ g?‘egﬁﬂgl&@t.ed in

t he phot odi ode fro 8 Info elther or the 20
drain 28. |f approx‘”’rﬁ %Fy ghresnate gptie et Fhs G shiditsregigses 26 or

32, the potential b24(i€Thé herdnsfarigiaties ID\RraE a0 sutEapeschafieihown by
broken ) nes 90 o 63ué??$e°t*bve'%9t%ﬂi°fke' & i, e, St 284 280001 [ oge 44
via the surface channel credlll hdes & rpartfial g&tres%Gser:tanhalt Weewr aifn 28
\rgl)?erl{]?alsulr]sa?@)ngcgg lr:(L)I:"in£ raﬁg?éejépgél%%étg?% J(fe ]’niq"qet hase- IZVV\g ect rod ZZ' t
the 30 potential wetBoWiRg dthfighannialy rﬁ-’é‘é“-‘éﬁslr%@r%tb? sensor array.
: A layer of silicon dioxide 52 overlies the doped
- regions of the device.
Solid line 54 depicts the potential profile
15 across the.device'when 0 volts is applied to the
transfer gates 26 and 32 and 5 volts is applied to
the phase~2 electrode 44. Potential barriers 56 and
58 keep charge generated in the photodiode from
flowing into either the CCD snift register 24 or the
20 drain 28. If appreximately 5 volts is applied to either
" transfer gate 26 or 32, the potential barrier there-
under is lowered to the position shown by broken
lines 6V or 62 respectively and allows the charge in
. the photodiode to flow into the CCD shift register 24
25 Dbeneath the phase-2 electrode 44 via the surface
channel created under transfer gate 26 or into the -
drain 28 via the surface channel created under trans-
fer gate 32. When the 5-volt potential is removed
. from transfer gate 26 and the phase-2 electrode 44, the
30 potential well thereunder collapses as shown by
' broken line 64. Charge in the shift register 24 is
moved in a direction perpendicular to the plane of
the drawing by pulsing the 4-phase transfer



broken |iné 64. Charge in the shift register 24 is noved in a direction

perpendlcular to the plane of the draw ng by pul sing the 4-phase transfer
sfect rodes in the conventional manner for noving charge in a CCD shift .

u“ r. Referring nowto FIG 5, overall control of the rangefinder is

¢d by a prograned nicro- 5 processor 100 via conventi onal driver..

s 102. The m croprocessor 100 is sigpplied wth timng signals froQ%g

clock circuit 104 and with power via a nain power switch 106 froma batte

108. Four-phase clock signals [err] , transfer signals [err] 10 and [err]
and drain bias widatgpodey rin ahe s:rmmle'nﬂ&d.ohalt hanherefori megéngensor 18
“fromdriver crrc q?ﬁt .oprocessor 10U to produce -
out put signals frorrlrsq%%c&;r reg |seg the sensor 18. The signal s

fromthe CCD shift regis®e ex_e:insam@ws@sprl@d S0 qveraldreastrg cPrfcwt

110. Differ- engge st ﬁﬂu&du@ewwﬂda wyf kep %@Iraﬁeal murb—llo are
supplied t} a peak detectgréferU|t 114.

th t ect
circuit 11 0 W&Fbﬁ°@ﬂ?8§#?nf}6 rEHFEhcéFFg iqgelgczgr
connected.to trthnnqinrngﬁoqeahqptlﬂo deursupplizd W@Ghn¢ém13385nsuélﬂes a
reset signal R afo,p 4 idiidegk 9:’2:%.1:[ 904l Ray ?chhﬁoé??eviéeguﬁgqlas the |

four-phase cl ock srgnals [err out put o ch circul 6 is
supplied to an iBRHAT pufkteh LOH from &, 800. Foyz-ghager circuits

102 al so power ldilaclﬂ%i%mflm mut..put-tzdmsﬂsljr &m@hiﬁf a range display or
det ai Tod o Coui P a1 aH HeHR YoreRda™ v Bre #Rpiaede: Coni oo shown
in FIG 5. A porttd mhe)flitmmm fstens@g:l sltﬂerf.rm dh‘d.mm'gcircuits
: 102 under control of microprocessor 10U to produce
output signals from the CCD shift register.of the
sensor 18. The signals from the CCD shift register
15 are supplied to a differencing circuit 110. Differ-
ence signals produced by the differencing circuit 110
are supplied to a peak detector circuit 114. The
output of the peak detector circuit 114 is supplied
. to a latch circuit 116. Latch circuit 116 is
20  connected to the outputs of a digital counter 118.
Counter 118 receives a reset signal R and a timing
signal ¢, having the same frequency as the
. four-phase clock gignals ¢:-+«. The output of the
latch circuit 116 is supplied to an input port of
25  microprocessor 100. :
_ The driver circuits 102 also power LED 119
and an output device 120 such as a range display or a
range servo. LED 119 preferably emits infra-red light.
. ~ FIG. 6 is a more detailed circuit schematic
30 of the signal proce381ng electronics shown in FIG.
- 5. A portion of the CCD shift register 24'showing
output gate 122 and output diode 34 is included.
The output preamplifier 36 is an ‘on-chip,
sense and reset amplifier including a sense FET 124
35 and a reset FET 126. The sense FET 124 is a surface
' channel device and the reset FET 126 is a buried



output gate 122 and output diode 34 is included. The output preanplifier 36
is an on-chip, sense and reset anplifier including a sense FET 124 35 and
a reset FET 126. The sense FET 124 is a surface channel device and the
reset FET 126 is a buried - -10- channel device. A'buried channel F}
1s connected between the drain of the FET 124gand earth in a constan
current configuration for converting the sensed charge on diode 34 to a
voiN-&ge at node A 5 - _ The differencing circuit 110 conprises a
first sanpling FET ¢hdnhel dewptéeng Alburiédutharingb®ET\ 128 dag ection

capacitor 132, a cl ' EET Ltch 4 | dherb €913
.Differencing cir- C%{H{&h%%&egl ggi%%ﬁuﬁég. %rs rrp‘?g %ﬁ% ##o? gl'zp%rafq}doneac%tnr% 10
prising a second. sakpl Bngongrantscurrent reerfigyratiion forl sonverting
anplifier 142. The perksdaked! ehatgbCuh!didde CIMTES SESVGLthdd Ytedd A.
anplifier 146,5a ref erence cQR%c& gg-148, a squgi FET switch 150, and a
timng FET 15 2 switch 152. e{) RTeREIRS F1ingyik,L10 | compriges, & o ns a
threshol d setting pdixistnsampidngi FETal fVefet danipking athd Dutputhatt i ng
capacitor 148 to ea ndga 14 syt C cting

t he supply voltage bggetg’cgﬁ\%ﬂ%?%ggb%gcﬁ&r%{ﬁ%% VM rqé%mia?&g ﬁge The
operation of the raf¥dfchddrw apdnan awPitsier pkbib. (Difkeranging cdom Gs.
7, 8 and 9. FIG 7 cait LLlOvalsorinchedés oa ssdnyllé And HRA'E PoreiocnCom-

2t tor(sb8F B¥IBings ApepnB BaBREiNs AT TRy 4 R E A nsor
array by transferri BgrahyOasndnan anplifiexjcdl42om phot o- sensors 22 into
drain 28 by applying a [err]theapaak’§et8etse ¢Lrdd AN Gilpgridad & G
8b). At time differential amplifier 146, a reference capacitor
148, a sampling FET switch 150, and a timing FET
15 switch 152. The peak detector circuit 114 also 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
supply'Voltage Vpp to capacitor 148 through a
20  resistor 158. '
- The operation of the rangefinder will now be
~ described with reference to FIGS. 7, 8 and 9. FIG. 7
is a flow chart showing a control program for the
microprocessor 100 (see FIG. 5). Upon ¢losure of
25  main power switch 106 at time to, (see FIG. 8) the
microprocessor 100 initializes the photosensor array
by transferring anﬁ accumulated chargé from photo-
sensors 22 into drain 28 by applying a T: trans-
fer pulse to_transfer gate 32 (FIG. 8b). At time
30 ‘t, after the T, transfer pulse, the microprocessor 100
executes a time delay of period T, to accumulate
- background charge due to ambient scene illumination
in the photosensor array. After time delay period
Ti1, at time t:, the "background" charge is
35  transferred to the CCD shift register 24 by holding
¢2 high and pulsing transfer gﬁte 26 with a




30 [err] after the [err]transfer pulse, the mcroprocessor 100 executes a
time delay of period [err] to accumnul ate background charge due to anmbient
sce' Il umi nation in the phot osensor array. After tirme delay period

[erfyKdat tinme [err], the "background" charge is 35 transferred to the
CCD_ f -t regi-ster 24 by holding [err]high and pulsing transfer 'gate 26
with a -11- Ti pulse (see FIGS. 8a andldy. The m croprocessor 100 thngj
commands a sequence of four-phase clock signals to advance all the signal
in the CCD shift register 24 by one cell, leaving 5 t he signal s under
themin the altefnpulghadse HGRk- &aram‘ed)et ween the photosensors (see
FIG .8c). The photosens r |

transfer pul se to t ansfofh%atéfed (see %—bf Qd%aéﬂe%g%ot&%a%@ ¥ %%ggleh%e
time [err], t he OF iﬁr&@%tEEBdlf@QC@séélFltGe 5), while

[err] is hel d hlgilgx(xashe 1 Ghe &ncIarshﬂﬁ regiRetl 24 bykeple @e1figr laapehigod

[err] duri whigh t he si-gnal SS r cui.tr I nktiali,zed to set

t he thresh(?d of&?%e Jgﬂh#]% dtj ?&@'}%% tf%ﬁ‘a%e a§\f/|'? Sl‘ £57 (see
FIG 6) is turncerefeschetivess ghephptnsensaors { sess FIGy 85 (sé'éeFI G 8d)
to earth capaci maso&soarma 1 laga 6 ind rdanized w hﬁl&hﬁ gsiol d

setting FET svmt riaod [er see FI G t 0 - charge
capaci tor 148 to'fza %?%P%%t%%%e? b"'f% 5 rﬁ?t&)r?sztagﬁte ési stor 158
and capacitor 148b).At tine [err], the LED 119 is turned off and the

"background @l us LED' si gfigts gﬁp?ﬁ;@q:ab Y tHE 1P ers@é,_ar% transferred
to the CCD shift q:ﬂ%Ster 24 i/ e]’pzlylngapul e totransfer gate
26 (see FIG ba)ty i 119 ((Aae EAG 2 4 Inowiddier lené-sshgﬂél s

representing badk{glwu(eeé IFIC8NBd Qihd igh)r | aapl 199 Bs kept on for a
period T) during which the signal processing C1rcu1try
is initialized to set the threshold of the peak detector

15  circuit 114.  FET switch 154 (see FIG, 6) is turned
on momentarily by generating a °preset pulse (see
FIG. 8d) to earth capacitor 148. Then, a pulse
: TH is applied to the threshold setting FET
switch 156 for a period 12 (see FIG. 8e) to
20 charge capacitor 148 to a value determined by the
' time constant of resistot 158 and capacitor 148. At
time tu , the LED 119 is turned off and the
"background plus LED" signals generated by the sensor
_ array are transferred to the CCD shift register 24 by
25 applying'a_pulse T: to ;ransfer gate 26 (see FiG.
a). The CCD shift register 24 now contains signals
representing background illumination, interlaced with
signals representing background plus LED illumi-
nation. Tne CCD shift. register 24 is then read out
30 to generate the range signal by -applying the
'four-phase clock signals ¢1.4 to the four-phase
transfer'electrodes 44, 46, 48, and 50 (see FIG. 8¢c).
' The effects of varying ambient light levels,
. such as the flicker experienced under fluorescent
35 illumination, may be removed by a synchronous
detection scheme. The image sensor is operated once

+
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signal s representing background plus LED illum - nation. The CCD .
shift.register 24 is then read out 30 to generate the range signal by

appl ying the four-phase-clock signals [err]to the four-phase transfer—=

el ectiodes 44, 46, 48, and 50 (see FIG 8c). The effects of varying armyifeht
light levels, -such as the flicker experlencegzunder ‘fluorescent 35
illum nation, may be renoved by a synchronols“det ecti on scheme. The et
sensdr i s operated once -12- with the light beam on and once with the

L el ol 125 s L 30862, vBUh bHCRnkDEnag WItL A CIMOeA ©

shifted back one cell regi s eis
repeat ed several 5 Ofﬂ:#ﬁedessnébeﬁySEQEﬁagbhﬁ %hﬁne#ﬂﬁfﬁQﬂﬂﬂkkqﬁﬁﬁi'n t he

anbi ent i lluni natlowhﬁgwawahaﬁfchhebabnnahé eI {he KERIIEE t register
24 will now be describ

_ th rﬁfe enc 0 FICi 9 The four-phasedgiock
signals [err]are sh&®# fﬁer’lﬁn ¢ L8 kergahed s resi de
under the phasé-3 amdqamasGharebwcaweteginBOOGQdanﬁ flyptuaticen yin [the | and

[err]5|nultaneouslyagbqghtaiigﬁﬁingg sg.lerr]is applled to buried channel
reset FET 12b to prepare the_output |od§ 34 to,15 ceive the first
h

signal charge. The first si 5ﬁ3F‘¥ﬁ$F‘§e° ghe; g 8%lls on dhe &R shife
backgr ound |Ilun1nategustemseﬂ #y11 hrowt be phes caitvadrwith tteferrenoe tonkdi.

(e Teset ol o 0% . il s Sohliel ELobCuskREY 20580 o 2 20 L0
| ow, sone of tBA& si gmrFI&Sar §a-dpi | ngAeetheheianabuehgages aresideaindeput
di ode 34, and the o%h@ubhgggs;;t gnahﬁhhg&.ez,ngﬁé@{fo& e's@fﬁ?nd gl G Of.
Finally, when the phase-fo ran fer gg g ikﬁ325 si gna
charge is noved to {IRFP awo 2138 “t f ultaneous y hig
8 reset pulse}bR is applied_to buried channel
reset FET 126 to prepare the output diode 34 to |
15 receive the first signal charge. The first signal
charge that is read out represents the background
illumination sensed by the Nth photosensor in the
.array. When the reset pulse ¢R is applied to the FET
126, the voltage at node A goes to a high level (200
20  in FIG. 9f). When the phase-3 transfer gate 50 goes
low, some of the signal charge spills over the output
gate onto the output diode 34, and the eutput goes to
the intermediate level 202 in FIG. 9f. Finally, when
the phase-four transfer gate 46 goes low, all the
25  signal charge is moved to the output diode 34 and the
" output signal at node A goes to its final signal
level 204 as shown in FIG. 9f.
While the final signal level 204 is present at
node A a pulse ¢ (see FIG. 9g) is applied to first
30 sampllng FET 130 ‘thereby storlng the "background" level
at node A on capacitor 132. Immediately thereafter, a

pulse ¢CL (see FIG 9h) is applied to clamping FET
switch 134 to establish this voltage as a reference

on capacitor 132. _ - |
35 ' The next signal charge is then read out,
representing the "background plus LED" signal. The




out put signal at node A goes to its final signal level 204 as shown in FIG
: the final signal |level 204 is present at node A a pul se[err}(see
FI G Is applied to first:- 30 sanpling FET 130, thereby storing the
"back nd" | evel at node A on capacitor 132. Imediately thereafter, a-
pul se OCL (see FIG9h) is applied to clanping FET switch 134 to establlsh
this voltage as a reference on capacitor J 35 ) The next signa
charge is then read out, representing the ackground plus LED" signal. '
-13- final voltage 206 (see FIG 9f) at node A represents the "background

50" Wl T o pol o6 chig Bttt bl LR t”"”ﬁﬁﬁ““”é.ﬁ% et S
(see FIG 9i) is t %B;P§F%§§§ %hp§e§§b€hgi 8B4tkg r@ﬁﬁ Bﬂ%? %d the
"background pl usaEEbieél §Rarapaadtonl 1&geb2q&11s;ixsg1rﬂ'e0ﬂ.m0bﬂﬂi dgon the
out put of anpllfpensa4% at maéergggytpﬁ sbggtgﬁg' %é% |ng pul se
e

t nod oth curve

1 Th
E:[);]egZﬁ? | nS {hohgg B, éFS&eEﬁ §ggffPhEhﬂl¢$€fm@%|WeqtseﬂlélG ok) .
Differential anpl' bGCRgeound'é sigmal eand hehd i Msdckli FdwiE s 1@ val ue 15

with a threshol dgyghit, VTfhéseglggééhg#% fécném%eﬂr]a4)0|tor 148. If the

val e.-out put of

sanmpl ed val ue is Iﬁgs e thr
anplifier 146 atPRbHeO® FW"H@‘P\F%W f ramplAdfiier fléhatsagdee € b3t ue exceeds

the threshol d vapuésﬂ.ngrrEThmsui,ﬂtm @tsﬂg?ipi 351?& digh At a point
a sanpling signa [err] (se%/ﬁié%efl s applied

during the pgnpl er
to FET switch 15 168¢ ???he vol t age at node Dislowat this tine, the | ow

‘value will be applled to The yoleagé 4tEmode C is a step-wise smooth
curve representing the successive values of the
difference signal (see FIG. 9k). Differential ampli-

| fier 146 compares the first difference signal value

15 with a threshold value V TH . (see FIG. 9k) stored on
capacitor 148. If the sampled value is less than the
threshold value VTH’ the output of ampllfier 146 at node
D remains low. However, if the sampled value exceeds

_ the threshold value VTH’ the output at- node ‘D goes high.
20 At a point during the sample period, a sampling
' signal ¢ (see FIG. 91) is applied to FET switch

152. If the voltage at node D is low at this time,
the low value will be applied to the gate of FET
switch 150 .and will have no effect upon the state of

25, ' the circuit. If, however, the voltage at node D 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 refer-
ence value is equal to the input at node C, thereby

30  causing the output at node D of differential ampli-
fier 146 to g0 low (see FIG. 9m). This process con-
tinues, producing a pulse at node D each time a new
greater difference signal is received from the
differencing circuit 110.

35 ' "~ At the start of the sequence, counter 118 is
initialized. Each time a new charge packet is read

i



‘switch 150 and w Il have no effect upon the state of 25 the circuit., If,
however, the voltage at node D is high, the high value will be applied to

Afhe gate of FET switch 150, thereby applying the new higher referencge
"voltage to capaci-tor 148. The new refer- ence value is equal to t )
a0

at_node C, thereby 30 causing the output.ps.node D of differentia il
fier, 146 to go low (see FIG 9n). This process con- tinues, producing a
ph‘l—ée at node D each tinme a new greater difference signal is received from
~the differencing Cfrl’dﬁulﬁhelm hift registerA2Ljheounder bi8the ad

counter 118.is initial 'Fﬁlfcg 52 &,gouhggsgl%gylﬁhgw&ueé%k tﬁerﬁ‘é’ék o T

fromthe CCD shift sre'la"'°g ter dvanc see Th_éa
pul se train producesttnr td:e"q@éekldé ateBe8f B isupPPiigdato n]n%l ? reul

applied to latch le@%&&ﬂ@a%h@% Ftﬁbees: uheo@uwuhtef TD8NVieenddSr a

- wh 5 duced .b 1
ALor a1 the champ piias 44 PHORCCCED Y ﬁepﬁé BhFebfoncbirdule iy

out, the count heI;df-&ar |z#1t3c FEhe] @ has-gien packetee iof thHeCCBcahiﬁ'Fl BeeipEer

phot osensor 22 hay, tesly | t e ftraglahg Lfg)tcnbpye ike 10
threshol d | evel. 'S pmePrf1 oluﬁjmwﬁ tn

e m croproces 0 ret [ eve ge
data fromthe |at dndl_llﬁwq wife itheg dacad Liots °.fn%§t? BapPEoseREC Fa 11}%V{‘lggare
then used in Knowngya@rges aﬁég-tdr:dl\n.@nﬁmaﬁiifowtfrﬁmvmhe E.Ebh abower thge di spl ay
or ara servo. At h el t noi se
ratlo of therﬁrq?nea’ﬁ"h?‘1""%}'{:;‘?51‘45gr‘?scﬁT 5’1% E’ \{: %Pﬁeglgr?%g??aggiggte traps
in the surface chal®O@lmetmiewas ithe tﬂ@gﬁ@@d‘@erﬁ?@iﬂstbg d8tche ¥hift

regis- 20 ter24.; éé@ﬁ%ciaggqﬁhﬁo%ﬁ the charge carriers in each
signal as the SI gna S are trans-
: The range data are then used in known manner

to drive an output device such as a range display or
15 a range servo. |
At low ambient light levels, the slgnal-
to-noise ratio of the linear image sensor 18 is limited
by the interface state traps in the surface channels
connecting the photosensors 22 to the CCD shift regis-
20 ter 24. These traps capture some Qf the charge
' carriers in each signal as the signals are trans-
ferred from the photosensors 22 into alternate cells of
the CCD shift register 24. At high ambient light
‘levels, this has little or no effect on the
25 signal-to-noise ratio, since the number of traps is a
" small percentage of the total number of charge
carriers. About the Same number"of charge carriers
are trapped from the '"background' signal and from the
"background plus LED" signal, leaving no net effect
30 on the difference signals. _
' ' "~ On the other hand, at low ambient light
- levels, the number of'traps representslg substantial
percentage of the total number of cha:ge carriers
'produced in a photosensor 22, and may exceed the number
35  of carriers produced. When this occurs, the
signal-to-noise ratio is reduced, thereby decreasing



ferred fromthe photosensors 22 into alternate cells of the CCD shift

regi ster 24.-At high aibbient light levels, this has little or no effect on
the 25 & \ -t0-noi se ratio, since the number of traps s a small .
per cent agk )XYt he total nunber of charge carriers. About the -same nunber of
charge ca $ are trapped fromthe "background" signal and fromthe -
"backgr oun us LED" signal, |eaving no mgg-effect 30  on the dlffereanH’

signals. On"the other hand, at |ow anbient light |evels, the nunber of
traps represents a substantial -percentage of the total nunber of charge
carriers producedthe 3igediheedsof aarrecﬂlyaaeEEceingttharﬁnﬂnﬁidﬁiofof

Cher eby  dbcr eas: nghe LAz IHinfEEted: atdd £ R o TQ%' dotecting the oo
| ocation.of the LED-illuni fBeec8igrab-ta-rotsecestio the eangingoi se

ratio of the rangagdiéevhey BBYERECHE tirdved wqmﬂﬂﬂdﬁig iy the 5
phot osensor sg 2

I or ation of .the i e se
constant ch '?ge P’i‘ﬁngﬁ3§°Fﬁe§£ff§5{°5ft‘? RE YL BT ﬁ&}{ﬁ”}@age
i | lum nation, thesehgotgpwivhng ¢dbmstamtathdrgeloi smirsathzs athe leffeytsor.
Referring now to
initialized, a trgkﬁgféeaggng ti’;‘@eﬂaéﬂ ra&&m%}gnﬁer gﬂfe ebbg to
| ower the potentléPPBGYiﬂért¥ﬁe$%£ﬁﬁ&ﬁtQTﬁQiﬂ§Iiﬂﬁﬂ°:9§)Qhﬂnﬂ¢QQ¢TFIG. 4.
The vol tage of transfer pukagei-gj_ﬁi h6wCEOSEIGS 4 48 | Rehdetle 220 i's

o O, M O LR dRenadtE oF Ehe Rl P e BURIAL, WS ransTer
the CCD array. Wik applpedetoi erahaferecgatediz, tttan‘bdmr gdte 32 |owered to
level 220, the b'&ét&&éi&ﬂ%iﬂi&r'&é%ﬁﬁéf iy nﬁ{@rl%%lo'hz‘i‘f YHdwn
in FIG. 4. The voltage of transfer pulse T: is
chosen such that the level 220 is slightly higher than.
15 the level 60 to which the barrier under transfer gate
26 is lowered when transferring charge from the
photosensor_zz into the CCD array. With the potential
_barrier under transfer gate 32 lowered to level 220,
the bias voltage V, is momentarily changed on drain
20 28 (e. -g. from 5 volts to 2 volts, see pulses indi-
' cated in phantom in FIG. 83) to £ill the photodiode 22
with charge, up to level 222 shown in FIG. 4. The
 bias voltage v, is then returned to its normal
value (e.g. 5 volts) and excess charge spills from
25. photodiode 22 over barrier 220, leaving behind a con-
” stant charge 224, indicated by shading in FIG. 4.
- This spill and fill technique is employed each time
 the photosensors 22 are initialized. This alternative
step is indicated in phanton in FIG. 7.

30 Alternatively, a constant charge can be
accumulated in the photosensors 22 by emptying the
photosensors 22 of charge, then exposing the photo-
sensors 22. directly to a source of 111uminat10n, such as
an LED, for a predetermined constant time, or by uni-

35 formly illuminating the scene, for example, by elec-
tronic flash, each time the image sensor 18 is operated.



20 28 (e.g. from5 volts to 2 volts, see pulses indi- cated j
FIG 8g) tofill the photodiode 22 with charge, up to | evel 2;
FIG 4. The bias voltage [err] is then returned to its normahky
5 vol ts) and excess charge spills from 25 phot odi 6de 22 over barrier 220
| eavi ng behind-a con- stant charge 224, i ndi Eat ed by shading in FIG . 4.

This spill and fill-technique is enpl oyed each tinme the photosensors 22 are
inNt¥alized. This alternative step is indicated in phantomin FIG 7. 30

Al ter natlvely, a constant ch&sgehgﬁrhé@-lgcmlﬂﬁ\qcai tgiﬁm(ttigqensors 22
by enptying  the phot nsors e, the 0 t he ors
22 directly to a soﬁ Ll if'l Eﬁ E?P gn%%ﬁ?} g% % Ifq BT %’ a%ble%&s

pr edet er m ned const&hlunimtion bevel)j -asd wheémwrit \is [lowy ezt ioperiite scene,
for example, by el cgnel geBsbr! 185Rorachekr 1408, | BROFBFEDIoviihd Yark
oper at ed. -16- Anot her neans &’Eov &%an initial charge im the

phot osensors 22 is FB’ESHEetPh%c%‘PFB‘F eiin Fhe Ahakosensors 224 when it is

| ow, to operate the sensor 18 for l-onger times, thereby allow ng dark 5

current to accunulate in the photosensors 22. 10 15 20.25 30 35 -17-
~CLAIMs: 1. A rangefinder for finding the range of an
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object_in -a scene, conprising a light source selectively energizable for
' a beamof light 5 to illumnate a snall area on the object, -a
i.-mage sensor conprising a linear array of N photosensitive
ach responsive to light for generating a signal indicative of"
ude of light incident on it, anal®dg shift regi ster neans, 10 o
adj acent said linear array. for receiving the N signalsin- parallel into N |
alternate cells and shifting the signals serially toward an out put \"
| ocation, said ShAIMS}egister means having 2N cells, and transfer neans

responsive to a control $igngl r;ﬁeéﬁaé@rﬁgrfi%ﬁ %}*J\Isalngﬁaﬁ omthe |

array of phot osensl ti v§ el enents 1nto ternate
regi ster means,°PRSRE 3R 2 858Rey SAPR Gfa Aight igauEse t he scene

cont ai ni ng t he sélectinekyl awﬁiﬁm dnut hﬁ:@iémxﬁf @M%'l&'

el enent s, Qﬁﬂ S trol si tosmd
transfer meansz€or rans e‘lf?ﬁgsga [ r st er‘%uorhf%ﬁ\lo Oqu?tl rﬁ%g' e shift
regi ster means 53349 t iRage regnsoy comprising @ dcimqm:ntmaysuognal s to the
anal og- shi ft rephotesemeitve mﬁuédtéh@&mlﬁ@dﬁé:ﬁﬁe t¢hlighd) for

th 5 di
2 cont rol st gnafefbatil if s {Gndl GREAGE ad ine Srpadiidoe SN
signal s. creat edight Hineddentmn sdur @analkog iahic t h:agihtfdr me@inst,er nmeans,
and 6) supnia/i g fd il 4% ALrddhe fﬁ%@ i ledcd bﬁ.tn? eiRage 1o shift the
srgna

signals therein serlalgafo t he output | ocation, pr ocessi ng

neans, incl udi it Pagallael.intey N Wétﬁr@ﬁz}l% cgé-rllsalalnﬂ fromthe
output_IocaIicnsnﬁfﬁﬂuglungystgnxmr &EﬁidrmyﬂﬂUWa&dﬁﬁh!%%t%htdlfference

;S):augpalofs 23] acea{ Sl gna !sv el(ralfv ftglcffnjgﬁﬁ%%%eﬁggb\aeg&gé ggéﬁégfenteaggd |
2) detecting t#d d&Ansfier means responsive to a control gsignal for
- 15 transferring said N signals from the array of
photosensitive elements into alternate cells of said’
shift register means, means for forming an image of a
portion of the scene containing the illuminated small
area on the array of photosensitive elements, and

20 control means for 1) sending a control signal to saiad
transfer means for transferring a first set of N
signals into the shift register means from the array;
2) supplying clock control signals to the analog-shift
register means to shift the signais by one cell, 3)

25 energizing the light source, 4) de-energizing the
light source, 5) sending a control signal to said
transfer means to transfer a second set of N signals,
created with the light source on, into the shift
register means, and 6) supplying clock signals to the

30 shift register means to shift the signals therein ,.
serially to the output location, and signal processing
means, iuclnding means for 1) receiving the signals
'serially from the output location of the image sensor

' and forming a series of difference signals

35 representative of the difference between the signals
of each pair of adjacent signals derived from the same
photosensitive element and 2) detecting the location

O



i% of the image pf’ihe small illum nated area on the basis of the .
magni tudes of the difference signals, and formng a range signal on the

hasis of the detected |ocation of the small illum nated area. 5
~ 2. Arangefinder as clainmed in claim1l. further conprising neans for
est abl i shing a predeterm ned signal content Tt Sai d photosensitive el ener

- prior to generating signals in said array. 3. A rangefinder as clained in

(clabm 2. 10 wher el gesphd Bagd' GF AE amd B 1 LY filed Sarbd’ Fnd cHelnal - 4.
A rangefinder as clained In alm 2. whereln sald predetermned signal
content. is a consbanis efHnthermagnigndes j1of the differpnce)signgdmi.n@dd as

claimed in claim2gopRErgi & Sandle PEDGHFE 61 il AR YL tiiee abfiteictdigodes.

sai d anal og shift [eqgister ans i s jed channel charge coupl ed devi ce
(CCD) shift regi stie?gﬁ!ab?%gggl the ﬂ%ﬁg{#gu%fqa}%ﬁ 4598t sai d phot odi odes.
said 20 transfe$ neans is a2firAtrangetimletjas ¢lsinediine claia aont r ol
signal for formng [  SA taQq)s "and said
alternate cells of sal shyTt, regl ster, an er.el n_sal d negns for
£3EERGE ORIl By MRS e o db RO S
establ i shing a precREedeFermined g#a?“%orﬁ%‘?ﬁ"% imsaid photosensitiye
el ements conpri seselliémentseptibon o cferietdwing regnalelivl ediiadazrand a

second transfer gate respongive,t C ol sj I f oupli.ng ..t he

"phot odi odes to said drain -Eiané %gqf%%ee# iar#dg{faaeé“g a%i%m%g'aiiﬂ'ggny one of
30 claims 1 tol®. wvhereim saldl predetexminad aignal centestadieod @erohe

I mge- of said snalki?ﬁéyninated area conprises peak detector neans

rencer Uit orence st gnat € ; R orasPindd A £ kel 0B sT30m ™ "
conprising a stor askeceimcsaid predeterninegd redgmat cpntanesiisdiaf f er ence
si gnal . conparatorcgﬁggghgfwnéiuggygrgaéﬂya)mﬂtage'on said
15 5. A rangefinder as claimed in claim 2,
wherein said photosensitive elements are photodiodes,
said analog shift register means is a buried channel
charge coupled device (CCD) shift register having |
alternate cells aligned with said photodiodes, said
20 transfer means is a first transfer gate responsive to
a control signal for forming surface channels between
said photodiodes and said alternate cells of saia ccp
shift register, and wherein said means for
establishing a predetermined signal content in the
25 photosensitive elements comprises drain means adjacent
the array of photodiodes and a second transfer gate
responsive to a control signal for coupling the
photodiodes to said drain means. _
6. A rangefinder as claimed in any one of
30 claims 1 to 5, wherein said means for detecting the
locéfion of the image of said small illuminated area
comprises peak detector means responsive to the
difference signals for producing a pulse each time a
new greater difference signal is received, said peak
35 detector means comprising a storage capacitor for
storing the 1ast greatest difference signal,
comparator means for comparing the voltage om said

O
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4 -19-. storage capacitor with the next difference signal and produci ng an

out put pul se whenever said next difference signal

on Storage capacitor.
pul r replacing the signal
f

di f

i s greater t han t he ‘val ue

and switching neans responsive to 5 said output

conprising neans for introducing a t hreshol'd val ue onto said storage
capacitor prior to the 10 operating of said neans for detecting. 8.

rangefinder as gl

with reference to

producing an output pulse whe e d nex

"dxtference signal is greater than the value on said

10

storage capacitor. -and switching means responsive to
sa1d output pulse for replacinq the signal on said

_storage capac1tor with said greater difference signal.

7. A rangefinder as claimed in claim 6,
further comprising means for inttoducinq a threshold
value onto_sald storage capaczto: prior to the
operating of said means for detecting, .

8. A rangefinder as claimed in claim 1

'substantially as hereinbefore desc:ibed with reference

15

20

25

30

35

to FIGS. 2 to 9 of the accompanying drawinqs._
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on said storage capacitor w th said greater
nce signal. 7. A rangefinder as ch imed in claim6. further
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