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PCT/ SE96/ 00728 Appar atus for reading and processing inmage information
TECHNI CAL SCOPE The present invention relates to a device for the

i nput and processing i mage i nformati on conprising sensor elenents
arranged in matrix formwhich are integrally formed on a substrate.
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‘Two-dimensional image sensors, which take the form of integrated circuits,
10 are used in image processing. Each two-dimensional image sensor comprises
a number of sensor elements, for example 256 x 256 sensor elements, which
must take up little surface area in order to facilitate design as an integrated
circuit. Each sensor element comprises a detector part which converts an optical
signal to an electrical signal suitable for further processing. In order to obtain a
15 compact image sensor, it is important that the detector part take up as little space
as possible, whilst at the same time it must naturally produce a reliable result.

A device for compensation of the image elements in a CCD camera, in which
"a CCD sensor delivers unamplified and uncompensated image element values to
20 a common serial output, where amplification and compensation are performed
centrally, is already known from US-A-4 875 098. In certain applications,
however, there may be a need for compensation and parallel output of the image
in all image points, which problem is not solved by the said device.

25 A device which combines photovoltaic cell with output electronics in each sensor
- element is already known from the conference paper "Standard CMOS Active

Pixel Image Sensors for Multimedia Applications” by A. Dickinson, B. Ackland,
El-Sayed Eid, D. Inglis, and E. Fossum, which was presented at the "16th
Conference in Advanced Research in VLSI" at Chapel Hill, North Carolina, on

30  27-29 March. A disadvantage to this known device is that variations in the
constituent electrical components give rise to so-called offset errors, which
manifest themselves as a fixed pattern in the output image. The said offset errors
are counteracted in columnar compensation electronics, which means that the
image must be moved from the sensor element before offset compensation can be

35 = performed. In certain applications, for example where there is processor capacity
in the sensor element, this transfer constitutes a disadvantage.
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10 sensor element. The said offset compensation is performed in each sensor
element independently of other sensor elements in the device, in case different
control signals are used for the various sensor elements.

With the design of sensor element according to the invention the offset
15 compensation can be performed locally in the sensor elements using a relatively
small number of components.

DESCRIPTION OF FIGURES

20  Figure 1 shows a first embodiment of a sensor element according to the
invention.
Figure 2 shows a second embodiment of a sensor element according to the
invention.
Figure 3 shows a third embodiment of a sensor element according to the
- 25 invention.
Figure 4 shows afourthembodxmentofa sensorelementaccordmg to the
_invention.
Figure 5 shows aﬁfthembodlment ofasensorelementaccordmgtothe
invention.
30 Figure 6 showsasmthembodlmentofasensorclementaccordmgtothe
invention.

PREFERRED EMBODIMENTS

The invention relates to offset compensation in a sensor element which forms part
35 of a set of sensor elements arranged in matrix form. All the sensor elements are

integrally formed on a substrate and each comprise a photovoltaic cell and output

electronics, for example an amplifier or comparator. Because of offset in the

output electronics in each sensor element and variations between the offset error
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be eliminated.

The invention will now be further explained with reference to the figures which
15 show a mumber of preferred embodiments of a sensor element according to the
invention.

The sensor element shown in figure 1 has two inputs, the first of which conmects a
compensating voltage Uy, to a capacitor C by way of a first change-over switch 1
20 and the second of which connects a reference voltage Ures to the same capacitor C
by way of a second change-over switch 2. The sensor element further comprises a
photodiode PD, the cathode of which is connected to a known reference level, for
example earth. The anode of the photodiode is conmected to the output electronics
and to the said capacitor C at a node Nj. In the case shown in figure i,theoutput
25  electronics consist of a comparator 3 comprising two cascade-connected field effect
transistors FET and a reset switch 4 in the form of a field effect transistor FET.

With the possible connection to two different voltage levels shown in the figure,
a compensation of an offset error in the comparator can be achieved in the sensor
30  element. In a first compensation stage the said reset switch 4 is closed and the
compensating voltage Uy, connected. The charge in the node N1 is determined by
. the offset of the comparator 3. Once the capacitor C has been charged with the
compensating voltage, the image information can be picked up by the sensor
element. Before input of the image information commences, the compensating
¢ 35 voltage Uy, is disconnected and the reference voltage Uper connected. The charge
in node N7 is varied in proportion to the difference between the reference voltage
Uyer and the compensating voltage Uyy,, which difference can be precisely
determined through the choice of the said reference voltage and compensating



I nventi on. Figure 5 shows a fifth enbodi mrent of a sensor el enent
according to the I nventi on. 30 Figure 6 shows a sixth

enbodi ment of a sensor el enment according to the i nventi on.
PREFERRED ENMBODI MENTS " The invention relates to offset conpensation
In a sensor elenment which forns part 35 of a set of sensor elenents
arranged i n nat woséamen Al |l the sensor elenents are PCtSEs6l0IE
formed on a substrate and each conprise a photovoltaic cell and output

el ectronics, for exanple an anplifier or conparator. Because of offset in
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conpensation is based on correl ated doubl e sanpling. Sanpling of a known
- Figure 2 shows a second embodiment of a sensor element according to the
invention. This sensor element differs from the sensor element shown in figure 1
10 in that a compensating voltage Uy, and a reference voltage Ures are directly
connected to the photovoltaic cell PD by way of a switch S;. The said
photovoltaic cell is capacitively connected by way of a capacitor C to the output
electronics, which in this case consist of a comparator 3 with a reset switch 4.

in

15 In a first compensation stage the compensating voltage Uy, is connected, thereby
setting a starting condition for charging in node N». The compensating voltage
Utn is connected by the closing of a first change-over switch 1. After the node
N2 has obtained a starting condition dependent on the compensating voltage,
image information can be picked up by the sensor element. Before input of the
20 . image information commences, the change-over switch 1 is opened so that the
compensating voltage Uy, is disconnected. The reference voltage Uper is
connected by closing of the change-over switch 2 and closing of the switch S1 for
a brief interval. The voltage in N is changed from the compensating voltage Ug,
to the reference voltage Uyes. The said voltage change is transmitted by the
25 capacitor C to N2. When the switch S3 is opened, the charge in node Ny is
discharged by the photocurrent through the photodiode. The comparator 3
_ switches over when the voltage in N1 has returned to the compensating voltage
'Up,. The discharge time is influenced solely by the photodiode PD.

30 Figure 3 shows a third embodiment of a sensor element according to the invention.
The sensor element shown comprises a comparator 3 with a reset switch 4 and a
photodiode PD. In this embodiment use is made of the capacitive characteristics
of the photodiode, which makes it possible to eliminate the capacitor C shown in
figure 1. In the same way as in the embodiment shown in figure 1, two different

35 voltage levels are used in order to bring about the desired elimination of offset
errors in the comparator 3. In a first compenshtion stage the reset switch 4 is
closed and the compensating voltage Uy, is connected. The charge in node N is
determined by the offset of the comparator. When the desired charge is attained in



cofrpensation value is first perfornmed during a first conpensation stage,

and t hen sanpling of an unknown val ue during an image information

i nput stage. In the exanpl es of sensor elenments shown in figures 1
to 6 a known value is sanpl ed with the reset switch and the unknown
val ue when the val ue of the output 10 el ectronics is outputted. Both

t hese val ues cowDasMiasédnst ant errors, here known as of froTiSE9Sp0728
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conpensati on of an offset error e conparator can be achieved in the
sensor 30 element. In a first conpensation stage the said reset switch 4

is closed and the Figure 4 sitowspefoarth embodimentafe stfiser el}zmem‘.rwlndtpﬂmitﬁ'he char ge
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somewhat from the comparator 3, described earlier in connection with figures 1 to
3, but the problem with offset error exists even for this type of comparator. Ina
first compensation stage in the sensor element, the reset switch 4a, 4b is closed and
the compensating voltage Uy, is connected. The charge in the nodes N1 and Np
20 are determined by the switch-over point of the comparator 5. The compensating
voltage Uy, is then disconnected and the reference voltage Ures is connected. The
reset switch is opened and it is possible to input the image information. The
charge in node N is corrected by (Ugef - Un)C. For the condition of the
comparator to be changed an equally large change must occur on the comparator's
25 second input in node N1 This change is controlled by the current through the
photodiode PD and, owmg to the compensation shown, is not affected by any
~ offset error in the comparator 5.

Figure 5 shows a further embodiment of a sensor element with local compensation
30 of offset. In the sensor element shown a type of comparator 5 is used which is

similar to the embodiment shown in figure 4. In addition to the comparator 5, the

sensor element comprises a reset switch 6, a capacitor C and a photodiode PD.

? A first compensation stage is performed in the sensor element, as described for
previous embodiments, by the connection of a compensating voltage Uy, In an
' 35  input stage the reset switch 6 is opened and the reference voltage Uper is connected

for a brief interval. At that moment the charge in node Ny is corrected by (Upef -
Un)CN1 where Cpiis the total capacitance in node Ny, which is essentially



el ement. Before input of the image information commences, the conpensating
35 voltage Uh is disconnected and the reference voltage U ef connected.
The charge in node Nerr] is varied in proportion to the difference
bet ween the reference voltage Uref and the conpensating voltage
Uerr], which difference can be precisely determ ned t hrough the
choi ce of the savossaa8er ence vol tage and conpensating PCT/SEV6100728
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proportion to de?@lﬂs'bﬁ‘tﬂ@ﬂ&cisﬁh%ﬁﬂictpﬁotoﬁﬂée di scharge tinme of the
capacitor C depends on the current through the capacitor and once
conpensation has been performed will depend sol ely on the precision

of the capacitor Cmyt mnwmwmwm@wsaphmmmmmsumfa
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of a capaci t orl0oC t alivitien betwpern the resistors Ry and Ry. The comparator switches over as a
function of the polarity of the charge.

The embodiments described above represent some examples of sensor elements
with local compensation of offset. The invention, however, is not limited to these

15 embodiments described, other sensor elements with local offset compensation also
being possible within the scope of the idea of the invention.



el ectroni cs, which in thi f a conparator 3 with a reset
switch 4. 15 In a f| E mmﬂbm mﬂmﬂstage t he conpensating voltage
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charging in node N err]. The conpensating vol tage Uerr] is
connected by the closing of a first change-over switch 1. After the node
N err] has obt awoesbidassat arti ng conditi on dependent on the conpgaFssHs 8
vol t age, i mge informati on can be picked up by the sensor el enent.
Bef ore input of the 20 i mge i nformati on conmences, the change-over
switch 1 is opened so that the conpensating voltage Uerr] is

di sconnected. The @%ce voltage Uerr] is connected by cl osing
of the change-over swich 2 and closing of the switch S[err] for a
brief interval. The voltage in Nerr] is changed fromthe conpensating
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3. Device according to any of the preceding claims, characterised in that the
15 sensor element comprises two change-over switches (1,2) which are adapted to
control the connection of two different reference voltages (Ughy, Urep) to the
sensor element.
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node N err], the conpensating voltage Uerr] is disconnected and the

reference voltage Uerr] connected. The reset switch 4 is opened and
it is possible to input the inage information. The charge in node
Nerr] is corr‘&ﬁgﬁﬂl@y [err]Q=(Uerr]-Uerr])err] as PCT/SE96/98728
enbodi nent sho Intigure 1 The discharge which is produced by 5

illum nation of the photodiode in this cagg therefore depends solely on the

pr.eci si on of the photodi ode. By using the capacitive characteristics
of the phot odi ode, the capacitor C (according to figure 1) can be

el i m nat ed, which nmay be of val ue fromthe point of view of

space- savi ng. ;qurg%ho of offset conpensation shown does not,
however, give C npFete offset conpensation as in the enbodi nent 10

shown“in figure 1, owing to the fact that the capacitange i n the phot odi ode
i s not ‘i ndependent of the voltage over the diode: ‘Figure 4
shows _a fourth enbodi nent of a sensor el enment which perm Db
conpensation of offset. The sensor el enent shown conprises'a

wth 15 a reset smﬁtc& 4a, 4b, a capacitor C and a Mbde PD. The
conparator differs somewhat fromthe conparat or i bed earlier
in connection with figures 1 to 3, but the prob pffdet error
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20 are determ ned by the switch-over point of the conparator 5. The
conpensati ng voltage U h is then disconnected and the reference
voltage Uerr] is connected. The reset switch is opened and it is
possible to input the imge information. The charge in node N2 is
corrected by (Uerr] - Uerr])C For the condition of the conpar at or
to be changed avoesmiadsl y | arge change nust occur on the conpapet/sgssse72b
second input in node N err]. This change is controlled by the current

t hrough t he phot odi ode PD and, omﬁﬂa to the conpensati on shown, is
not* af fected by any offset error in the conparator 5. Fi gure
5 shows a further_enbodi nent of a sensor elenent with | ocal conpensation 30
of offset. In th é&ﬁggr éBenent shown a type of conparator 5 is used which

IS simlar to the enbodi nent shown in figure 4. In addition to the
conparator 5, the sensor el enent conprises a reset switch 6, a
capacitor C and a phot odi ode PD. A first conpensagion stage is
perforned in the sensor elenent, as described for : evi ous V.
enbodi rents, by the connection of a conpensating voltage U I n""3n 35
i nput stage the reset switch 6 is opened and the referen ge Uerr]
i's connected for gdrief interval. At that nmonent the rge in
node N err] is corrected Ry (Uerr] - Uerr])d CLfrr] is
the total capaci hrge e Nerr], w@bph is_essentialfly WO
96/ 41464 N.
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6 dependent on the capacitance of the photodi ode PD. The di scharge
time in this case depends on the precision of the phot odi ode.
Firnally, in the sensor elenent shown in figure 6 a photoresistor R err] is
used for 5 converting optical information to an electrical signal. In a
conpensati on stage a reset switch 2 is closed and a reference

vol tage U err] wosaasect ed. The charge i n node N[ err] pcy/sSEasoer2si ned
by the conparator's switch-over point, that is its offset. In an

i mage information input stage the reset sUPtch is opened and Uerr] is

di sconnected. The charge in node Nerr] is corrected as a function of the
vol tage 10 ]}(}n tween the resistors R err] and R err]. The
conpar at or swi tches over as a function of the polarity of the

char ge. The enbodi nents descri bed above represent sonme exanpl es of
sensorsel enents _ wi th |l ocal conpensation of offset. The invention,
however, is not limted tp these 15 enbofi ments descri bed, other sensor
el enents with | ocal off et conpensation al so V..being possible within

t he scbpe of t?i dea of _the invention. ERQ 96/ 41464
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1.

¢ (87) Abstract

The present invention relates to a device for the input-and processing of information comprising sensor elements arranged in matrix
form, which are integrally formed on a substrats. Each sensor element comprises output electronics (3) and at least one photovoltaic cell
(PD),whxchxsadapwdtocmvertmopucﬂsignalmddemupmﬂmphotwdmcenmmelecmwsxgnal The device according to the
invention is characterised in that each sensor element is adapted to perform compensation of an offset exror in the output ¢lectronics (3)
forming part of the sensor clement and that each sensor element is adapted to perform the said offset compensation independently of the
other sensor elements in the device.




