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or the picture electrode by means of said energy beam in order to detect
the functioning or non- The invention relates to a method of testing by
functioning of the switching element. ans of an energy beam a part of a
display          The energy beam may be, for example, an device comprising
a picture electrode of a pixel to   5   electron beam or a light beam,
particularly a laser be formed and a switching element between at
beam. least one drive line and the picture electrode.      In this respect
it is to be noted that testing by In this Application switching elements
are to be  means of a laser beam or an electron beam for understood to
mean, inter alia, thin-film transistors  semiconductor arrangements is
known per se from (FET's), diodes and, for example, MIM's (metal-  10  IC
technology. However, in this technology extra insulator-metal) but also,
for example, combinations  switching elements are generally provided such
as of diodes as are used, inter alla, in diode rings or  thyristors,
(German Patent Specification 28,31,787), switching elements comprising a
plurality of sub-  photosensitive switches (US 3,801,910) or addi- elements
for the purpose of redundancy.           tional supply lines (FR
2,316,728). In the parts to In larger display devices, notably active
liquid  is  be tested of a display device such extra provisions crystal
display devices which are organized as a  would render the manufacture of
such parts addi- matrix, the number of switching elements and      tionally
complicated. Similar drawbacks apply to hence the risk of non-functioning
or malfunctioning  the method of testing display devices as described
switching elements Increases rapidly. Since the   above in EP-A-0,143,039.
Moreover, the finished ance of rejection of the finished product in-  20
display device is tested in this case so that all creases, there is a need
to test intermediate pro-  above-mentioned drawbacks apply. In this method
ducts. A problem is that unlike, for example, semi-  a test on the presence
of connections is also conductor products, the product cannot be tested
performed by means of irradiation of additionally functionally at an early
stage.                   provided photodiodes, which is in
contradistinction The finished product cannot be tested elec-  25  to the
method according to the Invention in which trically or electronically
because the optical switch-  the actual switching elements are directly
tested by ing must be checked, for example, visually. Since a  scanning
them or the associated pixels with an finished product includes drive
electronics, it is a  energy beam. Such extra provisions are in principle
great advantage in view of cost considerations if a  entirely superfluous
when testing by means of the sub-product which in itself already comprises
a   3o   method according to the invention. large part of the overall
product such as, for exam-  The invention will now be described in greater
pie, a first supporting plate of a liquid crystal dis-  detail by way of
example with reference to the play device with switching elements, can be
tested  accompanying drawings in which In a simple manner (and repaired if
necessary). Not  Fig. 1 shows a first example of the method; only does this
lead to a reduced number of rejects  35  Fig. 2 shows a variant of this
method for another of the final product but also to material saving (inter
structural type of the display device; alia, liquid crystal material,
second supporting     Fig. 3 shows an example of the method of plates).
testing parts of the device as shown in Nether- A method of the kind
described in the opening    lands Patent Application No. 8,502,663, whilst
paragraph is known from EP-A-0 143 039. In this  40  Fig. 4 shows examples
of the associated test method the presence of interconnection lines is
characteristic curves and tested by irradiating photodiodes connecting to
Fig. 5 shows a method of testing and, if neces- said lines. Separate
picture electrodes can be test-  sary, repairing a similar part of the
device as ed by introducing a photodiode In each picture      shown in Fig.
1. element. Such extra provisions render the manu-  45  Fig. 1 shows
diagrammatically a part of a dis- facture of the display device extra
complicated,  play device 10 which is in the form of a matrix in and reduce
the effective area of the pixels. More-  this example. The matrix comprises
row electrodes over, the light-sensitivity of these photo-diodes may  11
and column electrodes 12. At the area of the influence the hold
characteristics of complete dis-  crossings of row electrodes and column
electrodes play device in a disadvantageous way.        50  liquid crystal
elements 9 are connected via a It is a purpose of the invention to provide
a test  switching element, in this example a thinfilm field method in which
these problems are overcome.      effect transistor 13, to the row
electrodes 11 and It is a further object to provide a test method In  the
column electrodes 12. The liquid crystal pixels which no extra provisions
in the display device are  comprise a picture electrode 17 which in this
ex- needed.                                      55  ample is arranged on
the same supporting plate as To this end a test method according to the
the electrodes 11, 12 and the transistors 13. Fur- invention is
characterized in that the switching ele-  thermore the pixels comprise a
counter electrode ment is tested by scanning the switching element  18 on a
second supporting plate which Is shown by 2    



3                 EP 0 290 066 B1                   4 means of broken lines
in Fig. 1.                      Fig. 3 shows diagrammatically a part of
another According to the invention the part of the de-  display device 10
with a drive circuit which is suit- vice which is present on the first
supporting plate is  able for the drive mode as described in Nether- tested
first before the two supporting plates are  lands Patent Application no.
8.502,663. Since all secured together and subsequently the space be-   5
diodes 23 are parallel arranged between the row tween the supporting plates
is filled with liquid  electrodes 1la, l1b, separate electrical testing is
crystal material and then closed. There are dif-  not possible. The pairs
(or each of the diodes 23 ferent possibilities for this purpose.
separately) may be irradiated by means of a laser According to a first
method the gate 15 of the  beam 5. The diodes 23 are considered to be man-
thin film field effect transistor 13 can acquire such   10  ufactured of a
photosensitive material such as, for a voltage via the row electrode 11
that the transis-  example, amorphous silicon. Under the influence of tor
13 is turned on. Simultaneously with the selec-  the irradiation a
photocurrent I  starts flowing tion of a transistor 13, for example, the
picture  between the row electrodes 11 a, 11 b whose char- electrode 17
connected to the drain zone 16 of the  acteristic can be tested in a manner
which is gen- transistor is given a quantity of negative charge.  is
erally known. (in this case the voltage at row elec- This may be done by
scanning the relevant picture  trode 11 a is assumed to be higher than that
at row electrode 17 with an electron beam 7. The charge  electrode 11 b).
present on the picture electrode can subsequently     The column electrodes
12 and the counter be detected via the conducting transistor 13 and
electrodes 18 are present on the other supporting 'the column electrode 12
(which is connected to the   20  plate and can therefore not be used in the
test. source zone 14 of the transistor 13) with the aid of  If one of the
two diodes is not connected or if a means which are generally known. The
detection or  connection is interrupted in another way, the photo-
non-detection of the charge is an indication of a  current does not lead to
a change in the current transistor 13 functioning properly or improperly or
measured. The current voltage characteristic (curve of interconnections
which are present or not  25  a in Fig. 4) may also show deviations due to
a too present.                                          high series
resistance (curve b in Fig. 4), or, for Conversely, the picture electrodes
17 can be   example, a too low parallel resistance (curve c In given a
charge via the transistors 13 by selecting a  Fig. 4) or a short circuit.
With the aid of the current transistor 13 via a row electrode 11 and by
giving  measured at, for example, a test voltage Vm (Fig. the source zone
14 such a voltage via a column   30  4) it is then possible, for example,
to test the electrode 12 that the associated picture electrode  presence of
the diodes 23 but also to realise a 17 is charged. The charge of the
picture electrode  certain form of process control and quality control. 17
can then be detected again by scanning with an  The diodes 24 can be tested
In a similar manner. electron beam 7 in a scanning electron micro-
In all examples shown it holds that the switch- scope. This provides the
possibility of fault detec-  35  Ing elements may have a multiple form for
the tion.                                             purpose of
redundancy. In Fig. 5 the field effect The row. electrodes 11 may be
selected di-    transistor 13 of the device of Fig. 1 is In a dual rectly
via connection terminals 6 but, if desired,  form of transistors 13a, 13b.
In principle the row \  also via an auxiliary circuit 8 in which a
plurality of  electrode 11 is connected to the gate of transistor
radiation-sensitive switching elements, in this ex-  40  13a and extends
almost as far as the gate of ample photo-sensitive diodes 19, are provided
be-  transistor 13b. If It appears that during a test as tween the
connection terminals 6 of the row elec-  described with reference to Fig. I
transistor 13 a is trodes 11 and a test voltage line 20. By Irradiating
not connected or is malfunctioning in another way, one of the diodes 19
with radiation 21 of suitable  it is possible to provide a joint 26 between
the row wavelength this diode becomes conducting and the   45  electrode 11
and the gate of transistor 13a by associated row electrode 11 acquires the
desired  means of the laser beam 25. If necessary, the voltage.
same laser beam 25 may also be used to remove Fig. 2 shows a part of a
similar matrix in which  the connection between the row electrode 11 and
the switching elements are now constituted by di-  the gate of transistor
13a or the connection be- odes 22, whilst the column electrodes 12 and the
so  tween transistor 13a and other elements (such as row electrodes 11 are
now arranged on different   the connection 27 with picture electrode 17).
On supporting plates. The part comprising the row    the other hand the two
transistors 13a, 13b may electrodes 11, the diodes 22 and the picture elec-
already be both connected in advance whilst after trodes 17 can be tested
similarly as described with  charging of picture electrodes 17 with an
electron reference to Fig. 1. The column electrodes 12  55  beam after
transistor 13a, 13b can be irradiated by (shown by means of solid lines)
and the counter   means of a laser beam so that a fault detection can
electrode 18 are arranged on the second support-  be carried out. If
necessary, the connection of a ing plate.
malfunctioning transistor can then be interrupted 3    



5                 EP 0 290 066 B1                   6 again by means of a
laser beam.                   5. A method as claimed in Claim 1,
characterized The invention is of course not limited to the     in that the
energy beam is a light beam (5), examples shown but several variations
which are      particularly a laser beam. all known to those skilled in the
art are possible within the scope of the invention. Switching ele-   s   6.
A method as claimed in Claim 5, characterized ments such as diode rings can
be alternatively       in that the switching element (13, 22, 23, 24)
tested by means of laser radiation; a condition is   includes at least one
photosensitive semicon- that the diodes associated with the diode ring are
ductor element which is scanned by the light laterally separated. The
method described with ref-   beam (5). erence to Fig. 2 may be
alternatively used for  10 switching elements other than diodes such as,
for  7. A method as claimed in Claims 1 to 6, char- example, varistors,
MIMs or other dipoles. Likewise   acterized in that the switching element
(13, 22, the field effect transistors in the example of Fig. 1  23, 24)
comprises redundant elements which, may be replaced by other threepoles. In
a possibil-   dependent on the test result, can be incor- ity auxiliary
circuit 8 the number of photodiodes 19   15  porated in or removed from the
interconnection may be alternatively reduced by connecting one
between the drive line (11, 12) and the picture photodiodes 11, whilst
radiation-sensitive resistors  electrode (17). instead of photodiodes can
be used altematively. rnally the parts of the devices to be tested need  8.
A method as claimed In Claim 7, characterized It necessarily form part of a
display device which  20  in that a laser beam is used for establishing or
is organised as a matrix, whilst the invention can    interrupting the
interconnection. be alternatively used for display devices other than
liquid crystalline devices.                       9. A method as claimed in
Claims 5 to 8, char- acterized in that the photosensitive semicon- Claims
25      ductor elements are laterally separated. 1. A method of testing by
means of an energy      PatentansprUche beam (5, 7) a part of a display
device (10) comprising a picture electrode (17) of a pixel  1. Verfahren
zum Prtfen mittels eines Energie- to be formed and a switching element (13,
22,  3o  btndels (5, 7) eines Tells elner Anzeigeanord- 23, 24) between at
least one drive line (11, 12)  nung (10), mit elner Bildelektrode (17)
eines zu and the picture electrode (17) characterized, in  formenden
Bildelements und mit elnem Schalt- that the switching element (13, 22, 23,
24) is    element (13, 22, 23, 24) zwischen wenigstens tested by scanning
the switching element (13,     einer Steuerleitung (11, 12) und der
Bildelek- 22, 23, 24) or the picture electrode (17) by   35  trode (17),
dadurch gekennzeichnet, daO das means of said energy beam (5, 7) In order
to      Schaltelement (13, 22, 23, 24) durch Abtasten detect the
functioning or non-functioning of the  des Schaltelements (13, 22, 23, 24)
oder der switching element (13, 22, 23, 24).               Bildelektrode
(17) mittels des EnergiebOndels (5, 7) geprift wird, um die gute odor nicht
gute 2. A method as claimed in Claim 1, characterized   40  Wirkung des
Schaltelements (13, 22, 23, 24) in that the energy beam is an electron beam
zu detektieren. (7). 2. Verfahren nach Anspruch 1, dadurch gekenn- 3. A
method as claimed in Claim 2, characterized      zeichnet, dall das
EnergilebOndel ein Elektro- in that the picture electrode (17) is charged
by   45  nenbOndel (7) ist. the electron beam (7) and In that the function-
ing or non-functioning of the switching element  3. Verfahren nach Anspruch
2, dadurch gekenn- (13, 22, 23, 24) is tested by discharging the
zeichnet, daD die Bildelektrode (17) vom Elek- picture electrode (17) via
the switching ele-     tronenbrndel (7) aufgeladen wird, und daB die ment
(13, 22, 23, 24).                    50      gute odor nicht guts Wirkung
des Schaltele- ments (13, 22, 23, 24) durch Entladen der 4. A method as
claimed in Claim 2, characterized      Bildelektrode (17) Uber das
Schaltelement (13, in that the picture electrode (17) is provided    22.
23, 24) geprtft wird. with a charge via the switching element (13, 22, 23,
24) and in that the supply of charge to  55  4. Verfahren nach Anspruch 2,
dadurch gekenn- the picture electrode (17) is tested by means     zeichnet,
dal die B1ldelektrode (17) Ober das of a scanning electron microscope.
Schaltelement (13, 22, 23, 24) mit einer La- dung versehen wird, und dall
die Lieferung der 4    (err) 



5                 EP0290 066 1                       6     (err) again by
means of a laser beam.                    5. A method as claimed In Claim
1, characterized The invention Is of course not limited to the      in that
the energy beam is a light beam (5), examples shown but several variations
which are       particularly a laser beam. all known to those skilled in
the art are possible within the scope of the invention. Switching ele-   5
6. A method as claimed in Claim 5, characterized ments such as diode rings
can be alternatively        in that the switching element (13, 22, 23, 24)
tested by means of laser radiation; a condition is    includes at least one
photosensitive semicon- that the diodes associated with the diode ring are
ductor element which is scanned by the light laterally separated. The
method described with ref-   beam (5). erence to Fig. 2 may be
alternatively used for  10 switching elements other than diodes such as,
for  7. A method as claimed in Claims 1 to 6, char- example, varistors,
MIMs or other dipoles. Likewise   acterized in that the switching element
(13. 22, the field effect transistors in the example of Fig. 1  23, 24)
comprises redundant elements which, may be replaced by other threepoles. in
a possibil-   dependent on the test result, can be incor- ity auxiliary
circuit 8 the number of photodiodes 19   15  porated in or removed from the
interconnection may be alternatively reduced by connecting one
between the drive line (11, 12) and the picture photodiodes 11, whilst
radiation-sensitive resistors  electrode (17). instead of photodiodes can
be used alternatively. Finally the parts of the devices to be tested need
8  A method as claimed in Claim 7, characterized A necessarily form part of
a display device which   20  in that a laser beam is used for establishing
or is organised as a matrix, whilst the invention can    interrupting the
interconnection. be alternatively used for display devices other than
liquid crystalline devices.                        9. A method as claimed
in Claims 5 to 8, char- acterized in that the photosensitive semicon-
Claims                                        25      ductor elements are
laterally separated. 1. A method of testing by means of an energy
PatentansprUche beam (5, 7) a part of a display device (10) comprising a
picture electrode (17) of a pixel  1. Verfahren zum Prlfen mittels eines
Energie- to be formed and a switching element (13, 22,  30  bandels (5, 7)
elnes Teils einer Anzeigeanord- 23, 24) between at least one drive line
(11, 12)   nung (10), mit einer Bildelektrode (17) eines zu and the picture
electrode (17) characterized.in   formenden Bildelements und mit elnem
Schalt- that the switching element (13, 22, 23, 24) Is     element (13, 22,
23, 24) zwischen wenigstens tested by scanning the switching element (13,
einer Steuerleltung (11, 12) und der Bildelek- 22, 23, 24) or the picture
electrode (17) by   35  trode (17), dadurch gekennzeichnet, dal3 das means
of said energy beam (5, 7) in order to       Schaltelement (13, 22, 23, 24)
durch Abtasten detect the functioning or non-functioning of the   des
Schaltelements (13, 22, 23, 24) oder der switching element (13, 22, 23,
24).                Bildelektrode (17) mittels des EnergiebUndels (5, 7)
geprfft wird, um die gute odor nicht gute 2. A method as claimed in Claim
1, characterized   40  Wirkung des Schaltelements (13, 22, 23, 24) in that
the energy beam is an electron beam        zu detektieren. (7). 2.
Verfahren nach Anspruch 1, dadurch gekenn- 3. A method as claimed in Claim
2, characterized      zeichnet, dall das Energieblndel ein Elektro- in that
the picture electrode (17) is charged by   45  nenbUndel (7) ist. the
electron beam (7) and in that the function- ing or non-functioning of the
switching element  3. Verfahren nach Anspruch 2, dadurch gekenn- (13, 22,
23, 24) is tested by discharging the      zeichnet, daD die Bildelektrode
(17) vom Elek- picture electrode (17) via the switching ele-
tronenbUndel (7) aufgeladen wird, und daB die ment (13, 22, 23, 24).
so       gute oder nicht guts Wirkung des Schaltele- ments (13, 22, 23, 24)
durch Entladen der 4. A method as claimed in Claim 2, characterized
Bildelektrode (17) Uber das Schaltelement (13, in that the picture
electrode (17) is provided     22, 23, 24) geprUft wird. with a charge via
the switching element (13, 22, 23, 24) and in that the supply of charge to
55  4. Verfahren nach Anspruch 2, dadurch gekenn- the picture electrode
(17) is tested by means      zeichnet, dal die Bildelektrode (17) Ober das
of a scanning electron microscope.                 Schaltelement (13, 22,
23, 24) mit elner La- dung versehen wird, und daD die Lieferung der 4    7
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Ladung zur BlIdelektrode (17) mit Hilfe eines     tion (13, 22, 23, 24).
Rasterelektronenmikroskops geprllft wird. 4. Proc~d4 suivant la
revendication 2, caracteris4 ,5. Verfahren nach Anspruch 1, dadurch gekenn-
en ce que l'electrode d'image (17) est pourvue zeichnet, daB das
EnergiebUndel ein UchFbOn-   6  d'une charge par l'intermediaire de
l4lement del (5) ist, und insbesondere ein Laserbfndel.    de commutation
(13, 22, 23, 24) et en co que la fourniture de la charge a l'4lectrode
d'image 6. Verfahren nach Anspruch 5. dadurch gekenn-         (17) est
testde au moyen d'un microscope zeichnet, daB das Schaltelement (13, 22,
23,      dlectronique a balayage. 24) wenigstens ein photoemptindliches
Halblel-  io torelement enthalt, das vom UchtbUndel (5)     5. Procede
suivant la revendication 1, caracteris6 abgetastot wird.
en ce que le faisceau d'6nergie est un faisceau lumineux (5), en
particulier un faisceau laser. 7. Verfahren nach Anspruch 1 bis 6, dadurch
gakennzeichnet, daR das Schaltelement (13,   5   6. Proc6d6 suivant la
revendication 5, caract&ris4 22, 23, 24) redundante Elemente enthalt, die
en ce que l'6l6ment de commutation (13, 22, abhangig vom Prl~fergebnis in
die Verbindung      23, 24) comprend au moins un 6l6ment semi- zwischen der
Steuerleitung (11, 12) und der       conducteur photosensible qui est
balaye par le Bildelektrode (17) eingeschaltet odor daraus      faisceau
lumineux (5). entfernt werden k6nnen.                   20 7. Procedd
suivant les revendications 1 a 6, ca- 8. Verfahren nach Anspruch 7, dadurch
gekenn-         racterise en ce que l'lement de commutation zeichnet, daB
ein LaserbUndel zurn Herstellen     (13, 22, 23, 24) comprend des 6lements
redon- odor Unterbrechen der Verbindung verwendet        dants qui, en
fonction du resultat de test, peu- wird.
26      vent 8tre incorpords dans l'interconnexion en- tre la ligne
d'activation (11, 12) et 1'4lectrode 9. Verfahren nach Anspruch 5 bis 8,
dadurch           d'image (17) ou 8tre retires de cette intercon-
gekennzeichnet, daB die photoempfindlichen        nexion.
Halbleiterelemente lateral voneinander getrennt werden.
30  8, Proc~d6 suivant la revendication 7, caract&ris6 en ce qu'un falsceau
laser est utilise pour Revendicatfons                        .tablir ou
interrompre l'interconnexion. 1. Proc6de pour tester au moyen d'un falsceau
9. Proc6de suivant les revendications 5 A 8, ca- d'6nergie (5, 7) une
partie d'un dispositif d'affi-  S5  racterise en co que les dl6ments
semi-conduc- chage (10) comprenant une 4lectrode d'image       tours
photosensibles sont separds latdrale- (17) d'un pixel & former et un
6l6ment de         ment. commutation (13, 22, 23, 24) entre au moins une
ligne d'activation (11, 12) et l'6lectrode d'image (17), caractdris6 en ce
qu'on teste  40 I'element de commutation (13, 22, 23, 24) en balayant
l'Mlement de commutation (13, 22, 23, 24) ou l'electrode d'image (17) au
moyen du faisceau d'energie (5, 7) afin de d~tecter le fonctionnement ou le
non-fonctionnement de   45 I'element de commutation (13, 22, 23, 24). 2.
Proc~d6 suivant la revendication 1, caracterise en ce que le faisceau
d'4nergie est un faisceau d'electrons (7).                         No 3
Procede suivant la revendlcation 2, caract~ris4 en ce que I'dlectrode
d'image (17) est charg~e par to faisceau d'ielctrons (7) et en ce que le
fonctionnement ou le non-fonctionnement de   55 I'6l6ment de commutation
(13, 22, 23, 24) est teste en dechargeant l'electrode d'image (17) par
l'interm6diaire de l'element de commuta-             * i   L          M   i
. 5                      L       S    


