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An optical encoderuseful for an understanding of this invention is
described in U.S. Patent No. Background of the Invention
4,691,101, by Leonard, the subject matter of which is hereby incorporated
by reference. FIGS. 1 to 4 are This invention relates to position sensors
or en-   5   from that patent. FIGS. 1 to 3 are common to practice coders
such as an optical shaft angle encoder which  of this invention as much as
practice of the invention produces electrical signals indicative of the
angular  in the Leonard patent. FIG. 4 is representative of the position of
the shaft. In particular, it can improve ac-  prior art as represented by
the Leonard patent. curacy by balancing leakage currents to photodiodes  In
an embodiment of this invention as illustrated which detect changes in
position.             10  In FIGS. 1 to 3, an encoder module 1 provides a
col- Incremental optical motion encoders are used to  limated light beam
and has light detectors 7 to receive resolve the position and movement of
an object along  the light beam after it has been modulated by a code a
particular route. Such encoders generally Include a  wheel 3. A light
emitting diode 9 provides light having light source for emitting a light
beam, light modulation  a wavelength of approximately 700 nanometers, how-
means for modulating the light beam in response to  15  ever, any frequency
of electromagnetic radiation hav- movement of the object along the route
and a detector  ing a wavelength substantially shorter than the rele-
assembly for receiving the modulated light and pro-  vant dimensions of the
encoder may be utilized. An ducing electrical signals indicating the
amountof light  emitter lens is positioned to receive the lightfrom the
received by the detectors. As the light is modulated In  LED 9 and provide
a collimated beam of light response to the movementof the object, each
electri-  20  The code wheel 3 is concentrically mounted on a cal signal
from the detector assembly produces a  shaft 5 to rotate with the shaft and
modulate the light wave form. The position of the object along its route
beam with its optical track 17. The optical track has determines the
position of each signal on its particu-  alternating transmissive sections
13 and nontrans- larwave form; that Is, the phase of each signal. Thus,
missive sections 15 of equal width. One transmissive the electrical signals
from the detectors can be used   25  section and one nontransmissive
section make up to indicate the change In location of the object along  one
pitch of the code wheel. As the wheel rotates, the the route. Two or more
properly out-of-phase signals  alternating sections permit light from the
LED to pass from separate detectors can be used to indicate both  or not
pass, thereby Illuminating or not illuminating change in location and
direction of movement.     the photodetectors 7. Foran Incremental motion
encoder to produce an   30  In an exemplary embodimentthe code wheel has
indication of the absolute position or location of the  500 transmissive
sections and an equal number of object along its route, an index pulse is
generated at  nontransmissive sections. These sections have a tra- least
once along the route. The incremental signals  pezoidal shape since they
are located immediately can be used to count Incremental movement from the
adjacent to one another on a circular track. An exem- index pulse and if
the position of the object is known   35  plary nominal width of each
transmissive section is 62 at the index pulse, the absolute position of the
object  microns, and the radial length of each section is 750 atany place
along the route can be determined. Thus,  microns. The code wheel is made
of an optically opa- to provide an indication of absolute position, change
que material, such as stainless steel, and has a diam- in location, and
direction of movement, an incremen-  eter of approximately 22 millimeters.
The transmis- tal encoder generally requires three channels of Infor-  40
sive sections may be holes masked and etched mation. Two channels are
derived from two or more  through the disk. out-of-phase encoder signals
that are produced       In one embodiment illustrated in the Leonard pa-
throughout the route of the object and the third Is an  tent and reproduced
In FIG. 4, there are several index signal that is produced at least once
along the  groups of four light detectors 7a to 7d. A group of four route
and at a known position of the object.  45  light detectors has
approximately the same size and In an exemplary embodiment such a position
en-  shape of one transmissive section 13 and one non- coder or movement
detector may be used for meas-  transmissive section 15 on the code wheel.
Individual uring the angular position of a shaft. Depending on  light
detectors 7a to 7d have a trapezoidal shape with the use of such a shaft
angle encoder, a high degree  an exemplary maximum width of 33 microns, a
mini- of resolution and accuracy may be needed. It is not  50  mum width of
approximately 29 microns with a gap of unusual to specify a resolution of
2,000 Increments  about 8 microns between individual light detectors.
perrevolution of the shaft. Accuracyof the correlation  The light detectors
are photodiodes fabricated on between the signal from the encoder and the
actual  a semiconductor chip using standard bipolar semi- mechanical
position of the shaft or otherobject is also  conductortechnology. As
illustrated in FIG. 4, a group of importance. Mechanical alignment
discrepancies  55  of light detectors are placed in a one dimensional ar-
in assembling apparatus can adversely affect accu-  ray as close to one
another as the bipolar semicon- racy. It has also been found that
electrical effects can  ductor technology will allow. Dummy photodiodes 10
degrade accuracy.                                 and 12 are located on
each end of the array to mini- 2   



3                   EP 0 376 538 B1                   4 mize the effect of
stray light on the functioning light  Drawings detectors 7a to 7d. In a
shaft angle encoder, the pho- todiodes are in an arc having the same radius
as the  These and other features and advantages of the track 17 on the code
wheel.                       present invention will be appreciated as the
same be- With such an arrangement of four light detectors,   5   comes
better understood by reference to the follow- four output signals are
produced having the same  Ing detailed description when considered in
connec- shape but offset from one another by multiples of 90  tion with the
accompanying drawings, wherein: degrees (electrical degrees). These four
signals in   FIG. 1 is an isometric view of an exemplary shaft quadrature
are compared for determining the amount    angle encoder constructed
according to princi- and direction of rotation of the code wheel.  10
pies of this invention; In an embodiment as mentioned in the Leonard
FIG. 2 is an enlarged view of a portion of the opt- patent there are seven
groups of four light detectors.  ical track on the code wheel of the shaft
angle en- The signals from the "a" detectors in all the groups are  coder,
combined. Similarly, all of the signals from the seven  FIG. 3 is a
transverse cross-section of the photo- "b" detectors are combined, etc. By
having plural  15  detector module and a fragment of the code groups, a
largerdetector area is illuminated forgreat-  wheel of FIG. 1; er signal
strength while still maintaining high resolu-  FIG. 4 is a fragmentary view
of the code wheel tion. Regardless of the number of groups, there are   and
a group of photodetectors as provided in the four signals and two channels
of information. Com-    prior art and described hereinabove; mercial
embodiments have been built with 12 groups  20  FIG. 5 is a partly
schematic face view of a portion offourdetectors each. In such an
embodiment, 48 ac-   of a semiconductor chip on which photodiodes tive
detectors are arrayed in an arc with one dummy   are arrayed; photodetector
at each end.                            FIG. 6 is a fragmentary schematic
cross-section As described in the Leonard patent, one channel   through a
portion of such a semiconductor chip; of output information is obtained by
summing the out-  25  FIG. 7 is a partial face view of the "base" areas
puts of the "a" and "b" detectors, and comparing that  diffused into such a
semiconductor chip; and with the sum of the outputs of the "c" and "d"
detec-  FIGS. 8A and 8B are schematic circuit diagrams tors. The other
channel of information is obtained by  for a fragment of the semiconductor
chip. comparing the sum of the "b" and "c"  detectors with the sum of the
"a" plus "d" detectors. The relevant log-  30    Description ic equations
are [err] and [err] Asource of error in accuracy of the correlation be-
FIGS. 1 to 3, as described hereinabove, illustrate tween the actual
position of the code wheel and the  a typical shaft angle encoder suitable
for use in prac- electrical signals, is a so-called duty cycle error. The
tice of this invention. This is a convenient embodi- logical output of each
channel of information should  35   mentfor purposes of exposition. It will
be understood, be one state (for example, ON) for 180 degrees (elec-
however, that principles of this invention may be used trical) and the
other state (OFF) for 180 degrees. This  in other incremental optical
motion encoders such as permits accurate location of the beginning and end
of  linear encoders. It will also become apparent that each transition
between illuminated and not illumin-  some aspects of this invention may be
employed with ated. A duty cycle error occurs when the two states  40
other embodiments of integrated optics such as opt- are not each 180
degrees but are appreciably differ-  ical receivers where leakage currents
may have an ent from each other. Under those circumstances, the  effect.
actual position of the code wheel cannot be known     It has been
discovered that a substantial duty cy- with the same accuracy.
cle error may occur when a small number of sets of There are times when it
is desirable to reduce the   45  photodiodes are used. The error is
aggravated on the number of groups of photodetectors for manufactur-
information channel having a logic equation [err]. ing, processing, and
testing considerations. In such  It was found that current leakage from
outside the embodiments it is sometimes found that duty cycle  photodiode
arrays was greater for the end photo- errors of as much as 35 electrical
degrees, may occur.  diodes in the array than for photodlodes further from
It is desirable to provide means forreducing such duty  50  the end of the
array, despite the presence of a dummy cycle errors. It is also desirable
to provide such a tech-  photodiode at each end of the array as mentioned
in nique in a single step in the process forfabricating the  the Leonard
patent. semiconductor chips on which the photodetectors are   Leakage
current is a current that results from formed.
light generated minority carriers being produced out- The features of the
invention are defined by  55  side the depletion region of the photodiode
junction. Claim 1.                                          Such minority
carriers may drift to active photodiode junctions and contribute to the
current flow, and hence, to the apparent light flux. 3  
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therefore provided for equalizing leak-  considered an emitter. Thus, the
terms collector and age current differences by assuring that each active
base are used herein for purposes of exposition, rath- photodiode In the
array has substantially symmetrical  er than as terms of limitation.
boundary conditions In each direction along the         Various areas on
the semiconductor chip are iso- length of the array. Thus, the leakage
current to the   5   lated from each other by introducing dopants to form
end photodiodes is substantially the same as the    a high conductivity
electrical isolation barrier 23. The leakage current to photodiodes remote
from the end  isolation barrier is typically connected to electrical of the
array.                                       ground and isolates
transistors from each other, and Preferably, this is accomplished by
providing a  in this case, Isolates photodiodes from areas occu-
pluralltyof inactive photodiodes at each end of the ar-  10  pied by
transistors. In the jargon of the industry, the ray, with each of the
inactive photodiodei having a  area within an electrical isolation barrier
is sometimes width and electrical properties effectively the same  referred
to as a tub. In the bipolartechnology descri- as the active photodiodes in
the ariy. Such an ariy  bed herein, the isolation barrier Is somewhat like
two is Illustrated in FIG. 5, which is a partly schematic  opposite diodes
which provide ilectrical isolation. In view of the face of a representative
semiconductor   15   CMOS technology, other electrical isolation barriers
chip on which photodiiodes, transistors, electrical  may be used. ieads,
and the like, are fabricated forforiing the eleiii  High conductivity
electrical connection regions tronic circuitry of an optical encoder. Three
areas of  24 may also be introduced for making electrical con- the chip are
of interest in practice of this invention,  nection from the surface of the
epitaxial layer to the with two of the areas being substantially similar to
20   buried layer. i   each other. The balance of the area in the represeni
After forming the various electrically conductive tative chip iii filled
with conventional transistors and  regions in the semiconductor chip, the
surface is civ- other components of the circuitry which form no part  ered
with siliciorglass, and metal electrical leads are of this Invention. Those
portions of the chip are there-  applied for making electrical connections
to various fore indicated only with diagonal shading. It will be un-  25
areas of the chip (not shown in the drawings). It Is con- derstood,
however, that those portions of the chip oii  ventional to apply a
passivation layer over the entire cupied by transistors and the like are
made In the  chip, including the metal leads, for environmental proii same
proiessing sips as the photodiodes employed    tection when the chip is
completed. If desired, an ipa- in practice of this invention. The processes
are con-  que layer (for example, of metal) may be deposited on ventional
techniques for forming bipolar integrated   30  the chip to provide a light
mask for components on the circuitsi
chip. Such a mask may be applied over transistors in Typically, a
semiconductor chip comprises a sub-  the circuit, for example, so that they
are not phoiosen- strate 18 (Fig. i) of single crystal silicon orothersem-
sitive. iionductor material. One face of the chip is modified   Such
fabrication of bipolar devices on a semicon- by diffusion or implantation
of impurities to affect the   35  ductor chip is, of course, quite
conventional. It will conduction properties of the silicon. In this case, a
rel-  also be understood that these manufacturing techni- atively high
conductivity N doped buried layer 19 is  ques are appropriate for the
bipolar devices used in formed in the silicon substrate for making
electiical  describing this Invention, and for CMOS other tech-
connections. A layer of iightly doped N-type epitaxial  nologies may be
employed for fabricating suitable silicon 21 is deposited on the substrate.
Selected   i0  semiconductor chips. areas of the epitaxial layer are doped
with electron   It is desirable to economize on manufacturing donors to
form a highly doped N-type material in eleci  costs of semiconductor chips
by forming chips for va- triial contact with the buried layer.
rious models of shaft angle encoders, or the like, on Dopants are then
diffused Into silected areas of  similar substrates with similar electrical
isolation bar- the N-type material to form P-type material. Although   45
riers, buried layers, collectors, and the like, with the not material to
practice of this invention, N-type do-  differences between various models
being restricted pants are then diffused into such P-type regions for  to
the basi layeri Thus, the same masks may be used forming NPN transistors,
or the like. Those transis-  for a variety of different models, with the
differences tors may be connected so that the N-type epitaxial  being only
in the masks employed for the base layer. layer forms the collector. A
P-type area forms the   i0  In keeping with this, FIG. 5 illustrates a face
of the base of the transistor and the final N-typi material
semiconductorchipiithavarietyofsomewhatsuper- foris the emitter.
imposed features, and FIG. 7 is limited to a showing Since formed by the
same processes used In       of the basi layer fora representative chip
made in ac- forming the transistors, in the phoiodlodes described  cordance
with practice of this invention. herein, the N-type epitaxial layer may be
considered   55  In this embodiment, there is an area or tub in as a
"collector" and the photodiodes 22 are formed of  which photodiodes 26, 27
are arrayed and isolated P-type "base" material. It will be apparent that
polar-  from the balance of the chip by an isolation barrier 28. Ities may
be reversed and the epitaxial layer may be  Near each end of the photodiode
tub, there Is a high 4 



7                  EP 0 376 538 B1                 8 conductivity region 29
implanted for making electrical  active photodiodes is, therefore, the
same. contact to a buried layer (FIG. 6) which makes good  As indicated
above, the duty cycle where the out- electrical contact with the epitaxial
collector layer.  side photodiodes in a group are compared with the in-
Four metal buses 31 on top of glass insulation (not  side photodiodes of a
group may not be symmetrical, shown) provide electrical contact for the
four photo-   5   thereby introducing an accuracy error. It has been diodes
in each of the several groups of photodiodes  found that the apparent
source ofthis erroris leakage in the tub; there being eight groups in the
Illustrated  current from outside the array of active photodiodes
embodiment. As can be better seen in FIG. 7, narrow  being different from
leakage current from within the "leads" 32 of base layer extend from each
active pho-  area occupied by active photodiodes. todiode 26 to a pad 33 to
which electrical contact can   10  Asubstantial portion of the tub in which
the array be made by the respective metal bus.              of photodiodes
is placed is illuminated during opera- in the exemplary embodiment, there
are a plural-  tion of the encoder. A line 38 is shown in Fig. 5 around ity
of active photodiodes 26 which are connected to  the area occupied by the
phoiodiodes, and within the the metal buses. In this case, there are
thirty-two aci  boundaries of the tub (as defined by the electrical iso-
tive photodiodes, in eight groups of four each as de-  15  iation barrier
28). Areas outside the line 38 have an scribed hereinabove and in the
ieonard patent. At  opaque coating of metal applied over the passivation
each end of the array of active photodiodes, there is  layer, and areas
inside the line remain exposed to il- a plurality of additional inactive
photodiodes 27; nine  iumination. This Illumination generates hole and
eleci ateach end in the illustrated embodiment. Each of the  tron pairs,
not only in the depletion region of the base- inactive phoiodiodes is
formed of the basi layer so as  20  collector iunction of the photodiodes,
but also in the i   to have the same width and electrical properties as
collector material. the active photodiodes. The Inactive photodiodes are
The holes have a relatively long lifetime and may shorted together by pads
34 of base layer, one of  diffuse laterally to be additive with current
from the which is connected to the high conductivity area 29  active
photodiodes. The leakage current may arise leading to the buried layer and,
hence, the collector.  25  from collector beneath the base layer of the
photo- in other words, the inactive photodiodes are electri-  diodes, from
the small amount of collector layer ex- cally shorted to themselves as
indicated in FIG. 8B.  posed between adjacent photodiodes, and from por- A
comment can be made about the appearance     tions of the tub exposed to
light outside of the array of the base layer as illustrated in FIG. 7. In
this draw-  of active and inactive photodiodes. ing, it appears that the
leads 32 are separate entities  30  To make the leakage current to the end
active from the active photodiodes 26 and the connection  photodiode in the
array the same as the leakage cur- pads 33, or that the larger pads of base
layer 34 are  rent to an active photodiode remote from the end of separate
from the inactive photodiodes 27. There is,  the array, a plurality of
inactive photodiodes 27 are however, continuity between those base areas.
The  provided at each end of the array. With the leakage drawing is left
with what appear to be overlapping  35  to the end and inner active
photodiodes being equal, base areas, since itis believed to beclearerthan
if the  asourceofduty cycle error is eliminated. The inactive overlapping
lines were deleted. The reason for this  photodiodes have a width, spacing
and electrical configuration is that the base diffused areas are de-
properties substantially the same as the active pho- fined by plural
exposures to form the mask for defin-  todiodes. A sufficient number of
such inactive photo- ing the base areas, with some parts of the plural ex-
40  diodes are provided at each end of the array that the posures
overlapping. Thus, for example, the base  end photodlode is located in what
is effectively a sym- areas forming all of the photodiodes and the connec-
metrical array. Thus, there are a sufficient numberof tion pads 33 are
defined by one exposure to form the  inactive photodiodes between each end
active photo- mask and the leads 32 and connection pads 34 are  diode and
the edge of the illuminated area that the defined in a second exposure.
45  leakage current from these inactive photodiodes to The electrical
connection of the active photo-  the end photodiode is substantially the
same as the diodes is the same as in an encoder as described in  current
leakage to the active photodiode from the the Leonard patent and in various
commercial em-  other active photodiodes in the array. In other words,
bodiments. Each of the similar photodiodes in the  the leakage current to
each of the active photodiodes several groups are connected to the same
metal bus  50  in the array is substantially the same. This symmetry so
that their currents are additive. Each metal bus is  minimizes duty cycle
error. in turn connected to an operational amplifier 36, the  The number of
inactive photodiodes at each end other lead of which is connected to the
common col-  of the array is a function of a number of factors. Gen- lector
for all of the photodiodes. The feedback for the  erally speaking, it is
desirable to have as many inac- operational amplifier employs a diode 37.
By con-  55  tive photodiodes as possible so that the array of in- necting
the active photodiodes across an operational  active photodiodes extends to
the edge of the illumin- amplifier, the voltage across the active
photodiodes  ated area in the tub. Is essentially zero and the voltage of
the shorted in-  A factor in selecting the numberof photodiodes to 
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desired equality of leakage current for the  the array of active
photodiodes is counterproductive end and inner photodiodes is the number of
groups of  since the end active photodiodes then see less leak- photodiodes
connected together by the metal buses  age current than active photodiodes
remote from the for each channel of information. The larger the num-  end
of the array, thereby increasing duty cycle error. ber of such groups, the
less significant the current   5  As mentioned hereinabove, index apertures
41 leakage problem is, since the effect on the end pho-  are provided on
the code wheel for indicating the ab- todiode is essentially averaged with
the other photo-  solute position of the code wheel. Preferably, a plur-
diodes with which is is connected. Similarly, the size  ality of such
apertures are formed on a circumferen- of the tub, or at least the
illuminated area of the tub,  tially extending trackradially inwardlyfrom
the optical also has an effect. The larger the Illuminated area, the  10
track 17, and another plurality of index apertures are more inactive
photodiodes are desirable. As indicated  provided radially outwardly from
the optical track. above, it is preferable to essentially fill the tub or
its  Similarly, a plurality of photodiodes 42 are provided illuminated area
with the active and inactive photo-  in each of two tubs 43 radially
inwardly and radially diodes.
outwardly from the array of photodiodes 26 and 27. The thickness and
properties of the epitaxial lay-  15  It is found that such index
photodiodes may also erforming the collector are also factors. Athicker
lay-  be sensitive to leakage current, which, if unbalanced er permits the
current carrying holes to diffuse fur-  between the inner and outer tracks
of photodetectors, ther laterally before being swept up by the junction of
leads to duty cycle errors and uncertainty in the ab- an inactive or active
photodiode. Electrical properties  solute position of the code wheel. In
practice of this of significance include the lifetime of the holes (ion-
20  invention, the magnitude of such leakage currents is ger lifetime
requiring more inactive photodlodes) and  greatly reduced by providing a
layer of base diffusion the ability to form electron-hole conduction pairs
in  44 which closely surrounds the index photodiodes the collector
material. This latter is also a function of  and essentially fills all
illuminated areas of the tub In the frequency of light used in the encoder
since the  which the index photodiodes are fabricated. absorption
coefficient of the semiconductor varies  25  A portion of the base layer
filling the balance of with frequency. The widths of the active and
inactive  the illuminated area extends laterally to make electri-
photodiodes and the space between adjacent photo-  cal contact with the
isolation barrier. This causes a re- diodes also have an effect Shallower
photodiode   verse bias on the photodiodejunction between the in- junctions
tend to produce greater leakage current as  active base layer44 and the
underlying collector. Be- dowiderstrips of exposed collector between
adjacent  30  cause of the surrounding reverse biased junction,
photodiodes.                                     there is little leakage
current from most of the tub to It should be noted that the decrease in
leakage  the index photodiodes and significant improvements current
carriers from the outside of the array of inac-  in duty cycle are
obtained. tive photodiodes decreases exponentially. This tends  Although it
Is preferred to reverse bias the photo- to reduce the number of inactive
photodiodes re-  35  diode junction surrounding the index photodiodes, it
quired to obtain substantial symmetry of boundary  will be apparent that
improvement in leakage current conditions for all of the active
photodiodes, since only  is also obtained by shorting the base of the
inactive a fraction of the leakage current to each photodiode  photodiode
area to its collector. What is to be avoided diffuses in turn to the
following photodiode. For ex-  is a forward bias of the surrounding
photodiode junc- ample, in one embodimentthe minimum numberof in-  40
tion. active photodiodes is four. It is also desirable to have  It will be
appreciated that this means for shielding symmetry so that the number of
inactive photodiodes  a photodiode from leakage current is not only useful
at each end of the array of active photodiodes is the  in a shaft angle
encoder or other movement encoder same.
but would also be useful In other integrated optics It should also be noted
that current leakage from   45  where photo-responsive features are
fabricated on a the ends of the elongated photodiodes is not a signif-
semiconductor chip. icant problem since the areas at the ends of all the
Although one principal embodiment of encoder photodiodes from which current
may leak is approxi-  has been described and illustrated herein, many mod-
mately equal. In otherwords, the boundary conditions  if ications and
variations will be apparentto those skil- at the ends of all of the active
photodiodes are about  50  led in the art. For example, the numberof
photodiodes equal. Further, having small areas near the edge of  in each
group may be six instead of four, or the num- the illuminated area which
are not occupied by inac-  ber of groups may be increased or decreased as
de- tive photodiodes has little effect since the leakage  sired for a
particular application to obtain the desired current falls off
exponentially.                  resolution, accuracy and contrast. The
number of in- As mentioned above, it may be desired to provide  55  active
photodiodes added to each end of the array of light shielding for parts of
the tub in which the photo-  active photodiodes may be varied to obtain the
de- diode array is located. This tends to improve duty cy-  sired degree of
equality between the leakage current 



cle error. However, shielding all of the area outside of  to the end
photodiode in the army as compared with 6    11             EP 0 376 538 B1
12 the leakage current to a photodiode remote from the  4. An optical
encoder according to Claim 1, wherein end of the array. Although described
In the context of  each photodiode comprises an N-type collector a bipolar
construction on a silicon substrate, other  (21) common to the photodiodes
and a P-type techniques and semiconductor materials may be em-   base (22),
the P-type base (22) of each active ployed. Further, although as described
herein the   5  photodiode (26) being connected to one input of photodiodes
are not biased, it may be desirable in  an operational amplifier (36), the
collector (21) some embodiments to reverse bias the photodiodes    being
connected to another input of the opera- to enhance light-current
conversion efficiently and  tional amplifier (36); the base (22) of each
inac- sensitivity.                                        tive photodiode
(27) being connected to the col- Many other modifications and variations
will be  10  lector (21). apparent and it is therefore to be understood
that with- in the scope of the appended claims the invention  5. An optical
encoder according to any of the pre- may be practiced otherwise than as
specifically de-  ceding Claims wherein the code member (3) is a scribed.
code wheel operating as a shaft angle encoder. 15 6. An optical encoder
according to Claim 5, wherein Claims
the active photodiodes (26) are provided for dis- tance measurement and at
least one index pho- 1. An optical encoder comprising:
todiode (42) is provided on a track separate from an array of active and
inactive photo-  20  the array of said active photodiodes (26), at least
diodes (26,27) on a semiconductor chip;          a portion of the area (43)
of the semiconductor a code member (3) having alternating        chip
around the index photodiode (42) also being areas (13,15) for alternately
illuminating, and not  illuminated, in response to movement of the code
illuminating the array in response to movement of  member (3), the
principle balance of the illumin- the code member (3);
25      ated area not occupied by said index photodiode means (36,37)
connected to the active      (42) being a shield photodiode (43).
photodiodes (26) for measuring current from the active photodiodes (26);
7. An optical encoder according to Claim 6, wherein characterised in that
the inactive diodes  the shield photodiode (43) Is doped the same as (27)
are provided as a plurality of Inactive diodes  30  said index photodiode
(42) and wherein the shield (27) between each end active diode on the end
photodiode (43) is electrically connected to of the array and an edge of an
illuminated area of  ground. the array, the same plurality of inactive
photo- diodes (27) being provided at each end of the ar-  8. An optical
encoder according to Claim 6, and fur- ray, each of said Inactive
photodiodes (27) having  35  ther including means for biasing the shielding
a width, spacing and electrical properties sub-  area photodiode junction
with eitherzero bias, or stantially the same as each of the active photo-
reverse bias. diodes (26), a sufficient number of said Inactive diodes (27)
being provided at each end of the ar- ray so that the leakage current
therefrom to the   40  PatentansprOche end active photodiode (26) is
substantially the same as the leakage current to the end active di-  1. Ein
optischer Codierer mitfolgenden Merkmalen: ode (26) from the other active
photodiodes (26)  elnem Array von aktiven und inaktiven Photodi- on the
array, wherebythe leakage currentto each  oden (26, 27) auf einem
Halbleiterchip; of the active photodlodes (26) in the array Is sub-  45
elnem Codebauglied (3) mit alternierenden Be- stantially the same to
minimise duty cycle error.  reichen (13, 15) zum alternierenden Beleuchten
und Nicht-Beleuchten des Arrays als Reaktion 2. An optical encoder
according to Claim 1, wherein  auf sine Bewegung des Codebauglieds (3); the
inactive photodiodes (27) are electrically   elner Einrichtung (36, 37),
die mit den aktiven shorted to themselves.                   50
Photodioden (26) verbunden !st, zum Messen el- nes Stroms von den aktiven
Photodioden (26); 3. An optical encoder according to Claim 1, wherein
dadurch gekennzeichnet, daB die inaktliven Di- said photodlode array
(26,27) is within an area,  oden (27) als eine Mehrzahl von inaktliven
Dioden on the semiconductor chip, separated from other  (27) zwIschen jeder
aktiven Diode an dem Ende areas on the chip byan electrical isolation
barrier,  55  des Arrays und einem Rand einer beleuchteten the inactive
photodiodes (27) extending from the  FlAche des Arrays vorgesehen sind,
wobel die 



respective end photoactive diode (26) substan-   glelche Mehrzahl von
inaktiven Photodioden (27) tially all of the way to the Isolation barrier
(23).  an jedem Ende des Arrays vorgesehen ist, wobel 7    11
EP 0 376 538 B1                 12 the leakage current to a photodiode
remote from the  4. An optical encoder according to Claim 1, wherein end of
the array. Although described in the context of  each photodiode comprises
an N-type collector a bipolar construction on a silicon substrate, other
(21) common to the photodiodes and a P-type techniques and semiconductor
materials may be em-     base (22), the P-type base (22) of each active
ployed. Further, although as described herein the   5  photodiode (26)
being connected to one input of photodiodes are not biased, it may be
desirable in   an operational amplifier (36), the collector (21) some
embodiments to reverse bias the photodiodes      being connected to another
input of the opera- to enhance light-current conversion efficiently and
tional amplifier (36); the base (22) of each inac- sensitivity.
tive photodiode (27) being connected to the col- Many other modifications
and variations will be  10    lector (21). apparent and it is therefore to
be understood that with- in the scope of the appended claims the invention
5. An optical encoder according to any of the pre- may be practiced
otherwise than as specifically de-  ceding Claims wherein the code member
(3) is a scribed.                                              code wheel
operating as a shaft angle encoder. 15 6. An optical encoder according to
Claim 5, wherein Claims                                                the
active photodiodes (26) are provided for dis- tance measurement and at
least one index pho- 1. An optical encoder comprising:
todiode (42) is provided on a track separate from an array of active and
inactive photo-  20  the array of said active photodiodes (26), at least
diodes (26,27) on a semiconductor chip;            a portion of the area
(43) of the semiconductor a code member (3) having alternating         chip
around the index photodiode (42) also being areas (13,15) for alternately
illuminating, and not  illuminated, in response to movement of the code
illuminating the array In response to movement of  member (3), the
principle balance of the illumin- the code member (3);
25      ated area not occupied by said index photodiode means (36,37)
connected to the active       (42) being a shield photodiode (43).
photodiodes (26) for measuring current from the active photodiodes (26);
7. An optical encoder according to Claim 6, wherein characterised in that
the inactive diodes   the shield photodiode (43) is doped the same as (27)
are provided as a plurality of inactive diodes  30  said index photodiode
(42) and wherein the shield (27) between each end active diode on the end
photodiode (43) is electrically connected to of the array and an edge of an
illuminated area of  ground. the array, the same plurality of inactive
photo- diodes (27) being provided at each end of the ar-  8. An optical
encoder according to Claim 6, and fur- ray, each of said inactive
photodiodes (27) having   35  ther including means for biasing the
shielding a width, spacing and electrical properties sub-   area photodiode
junction with either zero bias, or stantially the same as each of the
active photo-  reverse bias. diodes (26), a sufficient number of said
inactive diodes (27) being provided at each end of the ar- ray so that the
leakage current therefrom to the   40   Patentanspriche end active
photodiode (26) is substantially the same as the leakage current to the end
active di-  1. Ein optischerCodlerermitfolgenden Merkmalen: ode (26) from
the other active photodiodes (26)   einem Array von aktiven und inaktiven
Photodi- on the array, whereby the leakage current to each  oden (26, 27)
auf elnem Halbleiterchip; of the active photodiodes (26) in the array is
sub-  45  elnem Codebauglied (3) mit alternierenden Be- stantially the same
to minimise duty cycle error.  reichen (13, 15) zum alternierenden
Beleuchten und Nicht-Beleuchten des Arrays als Reaktion 2. An optical
encoder according to Claim 1, wherein   auf elne Bewegung des Codebauglieds
(3); the inactive photodiodes (27) are electrically    einer Einrichtung
(36, 37), die mit den aktiven shorted to themselves.                    50
Photodioden (26) verbunden ist, zum Messen ei- nes Stroms von den aktiven
Photodioden (26); 3. An optical encoder according to  Claim 1,wherein
dadurch gskennzeichnet, daB die inaktliven Di- said photodiode array
(26,27) is within an area,  oden (27) als sine Mehrzahl von inaktiven
Dioden on the semiconductor chip, separated from other   (27) zwischen
jeder aktlven Diode an dern Ende areas on the chip byan electrical
isolation barrier,  55  des Arrays und einem Rand einer beleuchteten 



the inactive photodiodes (27) extending from the  Fliche des Arrays
vorgesehen sind, wobei die respective end photoactive diode (26) substan-
gleiche Mehrzahl von inaktiven Photodloden (27) tially all of the way to
the isolation barrier (23).  an jedem Ende des Arrays vorgesehen ist, wobei
7    13                 EP 0 376 538 B1                14 alle inaktiven
Photodioden (27) elne Breite, eonen  ist. Abstand und elektrische
Egoenschaften aufwei- son, die im wesentilchen die glelchen wle die der  7.
Ein optischer Codierer gemrnM Anspruch 6, bei aktiven Photodioden (26)
sind, wobel eine ausrel-  dan die Abschimmungsphotodiode (43) gensuso
chende Anzahl der inaktven Dioden (27) an je-   5  dotlert Ist wie die
Indexphotodiode (42), und be! dem Ende desArraysvorgesehen Ist, derart, daB
demdieAbschlrmungsphotodiode(43)elektrisch derLeckstrom von denselben zu
deraktliven End-   mit Masse verbunden ist. photodiode (26) Im wesentlichen
der gleiche wie der Leckstrom zu der aktiven Enddlode (26) von  8. Ein
optischor Codierer gemrnM Anspruch 8, der den anderen aktiven Photodioden
(26) auf dem   1o  ferner eine Einrichtung zum Vorspannen des Array ist,
wodurch der Leckstrom zu jeder derak-  Photodbodenflbergangs
derAbschirmungsfliche tiven Photodioden (26) in dem Array im wesent-
entweder mit einer Nuilvorspannung oder einer lichen gleich bst, um elnen
Arbeitazyldusfehierzu  Ruckwirtsvorspannung aufweist. minimieren. 15 2. Ein
optischer Codierer gemall Anspruch 1, bel  Revendicatlons dem die Inaktiven
Photodioden (27) elektrisch miteinander kurzgeschlossen sind.
1. Un enoodeur optique qui comprend: un riseau de photodiodes actives et
inac- 3. Ein optischer Codierer gemfil Anspruch 1, bei  20  tives (26, 27)
sur une microplaquette semi- dem das Photodiodenarray (26,27) in elnem Be-
conductrice; relch auf dem Halbleiterchip liogt, der von ande-     un
element de codage (3) qui presente des ran Bereichen auf dem Chip mittels
elner elektri-  zones agencees en alternance (13,15) de manie- schen
Isolatlonsbarrlere getrennt ist, wobel sich  re A eclairer et A ne pas
eclalrer, en alternance, die Inaktiven Photodioden (27) im wesentlichen  25
le riseau en reponse A un deplacement de l'616- Olber den gesamten Weg der
Isolatlonsbarriere    ment de codage (3); (23) von der jeweiligen aktiven
Endphotodiode          un moyen (36, 37) relie aux photodiodes (26)
erstrecken.                                 actives (26) pour mesurer un
courant produit par les photodiodes actives (26); 4. Eln optischer Codierer
gemrin Anspruch 1, bel  30      caracterise en ce quo les diodes inactives
demjede Photodlode enen N-Typ-Kollektor (21),    (27) sont agencees sous la
forme d'une serie de den die Photodioden gerneinsam haben, und el-
diodes inactives (27) disposees entre chaque ne P-Typ-Basis (22) aufweist,
wobel die P-Typ-   diode active d'extremite situee sur I'extremite du Basis
(22) ,oder aktiven Photodiode (28) mit e0-  reseau et un bord d'une zone
eclairee du reseau, nem Eingang eines Operationsverstirkers (36)  35  la
meme serie de photodlodes inactives (27) verbunden fat, wobel der Kollektor
(21) mit einem  etant disposee a chaque extremite du reseau, anderen
Eingang des Operationsverstirkers (36)   chacune desdites photodiodes
inactives (27) pre- verbunden ist; wobel die Basis (22) jeder inakti-
sentant une largeur, un espacement et des pro- ven Photodiode (27) mit dem
Kollektor (21) ver-  prietes electriques qul sont sensiblement les me-
bunden ist.                              40      mes quo pour chacune des
photodiodes actives (26), un nombre suffisant desdites diodes Inacti- 5.
Ein optischer Codierer gemai einem beliebigen    ves (27) etant agenci A
chaque extremite du re- dervorhergehenden AnsprOche, be! demdas Co
seau pour quo le courant de fuite qui en provient debauglied (3) ein
Coderad ist, das als ein Wel-  vers la photodlode active d'extremiti (26)
soit lenwinkel-Codierer wirksam ist.          46      sensiblement le meme
quo le courant de fuite qui va vers la diode active (26) d'extremit& A
partir B. Ein optischer Codierer gemAS Anspruch 5, bei     des autres
photodiodes actives (26) du riseau, dem die aktiven Photodioden (26) zur
Abstands-   grAce A quoi le courant de fuite qui va vers cha- messung
vorgesehen sind und mindestens eine      cune des photodlodes actives (28)
du reseau eat Indexphotodlode (42) auf einer Spur, die von dem   so
sensiblement le mime de fagon A minimiser une Array der aktiven Photodioden
(26) getrennt ist,  orrour de cycle operatoire. vorgesohen Ist, wobei
zumindest ein Tell der FIA- che (43) des Halblelterchips urn die
Indexphoto-  2. Un enoodeur optique solon la revendication 1, diode (42)
herum als Reaktlon auf eine Bewe-     dans lequel les photodlodes inactives
(27) sont 



gung des Coderads (3) ebenfalls beleuchtet ist,  a5  electriquement mises
en court-circuit sur elles- wobei der hauptsachliche Rest der beleuchteten
memes. Flache, der nicht von der Indexphotodiode (42) besetzt ist, eine
Abschirmungsphotodiode (43)  3. Un encodeur optique selon la revendicatlon
1, 8.    15                 EP 0 376 538 B1               16 dans lequel
leditreseau de photodiodes (26,27) est situ6, our la micropiaquette
seen-conductrice, A I'intvrieur d'une zone e6paree d'autres zones de la
microplaquette par une barriere 6lectrique- ment isolanto, les photodlodes
inactives (27)   5 s'etndantsensiblementsurtoutle trajetallantde ha diode
photoactivo respective d'extrdmitd (26) jusqu'A la barriere isolantb (23).
4. Un encodeur optique solon la revendication 1,  i1 dans loquol chaque
photodiode comprend un col- lecteur (21) de type N commun aux photodlodes
et une baso (22) de type P, Ia base (22) de type P de chaque photodlode
active (26) 6tant reliee a une entr6e d'un amplificateur operatbonnel  15
(36), le collecteur (21) etant reiI6 A une autre en- tree de
l'amplificateur op6rationnel (36); la base (22) de chaque photodlode
Inactive (27) Atant re- lio au collecteur (21). 20 5. Un oncodeur optique
solon i'une quelconque des revendications pr6c6dentes, dans loquol I'6i-
ment de codage (3) est une roue de codage fonc- tionnant en tant
qu'encodeur angulaire d'arbre. 25 6. Un encodeur optique slon la
revendication 5, dans lequel les photodiodes actives (26) sont agenc6es en
vue d'une mesure de distance et au moins une photodiode (42) d'lndex est
dispoose sur une pisto separ6e du r6seau desdites photo-  3o diodes actives
(26), au moins une partie de la zone (43) de la microplaquettb
seml-conductrice qui entoure la photodlode d1ndex (42) Itant elle aussi
6clairee, en reponse a un d6placement de I'element de codage (3), Is mate
principal de la  35 zone 6clair6e non occupee par ladite photodlode (42)
d'index etant une photodiods d'ecran (43). 7. Un encodeur optique solon la
revendication 8, dans loquel Is dopage de la photodiode d'6cran  40 (43)
set le meme quo celul de ladito photodiode (42) d'index et dens loquel
laditb photodlode d'ecran (43) est 6lectriquement relieea Ala masse. 8. Un
encodeur optique solon la revendicat1on 6, in-  45 cluant en outre un moyen
de polarisation de la jonction de photodiode de zone d'ecran, soit se- ton
une polarisation nulle, soit elon une polarisa- tion inverse. 50 9    


