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METHOD FOR THE MANUFACTURE OF AN
ACTIVE MATRIX OLED DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Theinvention described and claimed hereinbelow is
also described in German Patent Application DE 10 2009 007
945.5 filed on Feb. 6, 2009. This German Patent Application,
whose subject matter is incorporated here by reference, pro-
vides the basis for a claim of priority of invention under 35
U.S.C. 119(a)-(d).

BACKGROUND OF THE INVENTION

[0002] The invention relates to a method for the manufac-
ture of an active matrix OLED display wherein at least two
thin-film transistors and one storage capacitor are provided to
drive each pixel of the display.

[0003] The manufacture of active matrix OLED displays,
that is to say displays with actively driven pixels that have
organic light-emitting diodes (OLED), has hitherto required
at least five photolithographic process steps. Corresponding
methods of manufacture are described for example in “LTPS-
TFT Process for AMOLED Displays”, E. Persidis et al., ITC
International Thin Film Transistor Conference, 2007, in US
2007/0072348 A1, and in U.S. Pat. No. 6,515,428 B1.
[0004] Yet the costs of industrial production of AMOLED
displays are crucially governed by the complexity of the
process, and hence in particular by the number of photolitho-
graphic process steps.

SUMMARY OF THE INVENTION

[0005] The problem which lies at the basis of the present
invention is to provide methods for the manufacture of active
matrix OLED displays that are less costly than known meth-
ods, whilst the characteristics of the displays thereby pro-
duced are qualitatively at least equal to the characteristics of
displays manufactured by conventional methods.

[0006] The problem is solved by a method for the manu-
facture of an active matrix OLED display wherein at least two
thin-film transistors and one storage capacitor are provided to
drive each pixel of the display, that is characterized by the
following steps:

[0007] a.deposition of drain-source and column material
on to a substrate followed by photolithographic pattern-
ing of the drain-source regions and column lines;

[0008] b. selective deposition of a doped semiconductor
material and full-area deposition of an intrinsic semi-
conductor material and of a dielectric, by vacuum pro-
cesses;

[0009] c. photolithographic patterning of through-inter-
connections for electrically connecting the thin-film
transistors of the pixel circuit and the drain/source
region of the driver transistor to the OLED material
subsequently deposited;

[0010] d. application and photolithographic patterning
of the gate and row material;

[0011] e. application ofthe OLED material and of the top
electrode material for the OLED.

[0012] This method according to the invention involves just
three photolithographic process steps. Through the elimina-
tion of two or more of the photolithographic masking steps
required with known manufacturing methods, production
costs for the manufacture of active matrix OLED displays can

Aug. 12,2010

therefore be markedly reduced. Furthermore, the process is
highly advantageous because interruption of vacuum
between deposition of the doped and intrinsic semiconductor
layers can be avoided. The deposition of all the materials can
be performed by conventional vacuum processes such as
PECVD (plasma enhanced chemical vapour deposition). The
thin-film transistors formed during the manufacturing
method are so-called top-gate transistors, which, though their
use for LCD displays is considered to be problematic, are
readily usable for driving OLED displays, as has proved to be
the case with the displays manufactured in accordance with
the invention.

[0013] The invention also relates to a method for the manu-
facture of an active matrix OLED display wherein at least two
thin-film transistors and one storage capacitor are provided to
drive each pixel of the display, and wherein the semiconduc-
tor is patterned to separately, that is characterized by the
following steps:

[0014] a.deposition of drain-source and column material
on to a substrate followed by photolithographic pattern-
ing of the drain-source regions and column lines;

[0015] b. selective deposition of a doped semiconductor
material and full-area deposition of an intrinsic semi-
conductor material and of a first dielectric, by vacuum
processes;

[0016] c. photolithographic patterning of the semicon-
ductor islands;

[0017] d. deposition of a second dielectric by vacuum
processes;
[0018] e. photolithographic patterning of through-inter-

connections for electrically connecting the thin-film
transistors of the pixel circuit and the drain/source
region of the driver transistor to the OLED material
subsequently deposited;

[0019] f. application and photolithographic patterning of
the gate and row material;

[0020] g.application ofthe OLED material and of the top
electrode material for the OLED.

[0021] Patterning the semiconductor islands separately is
advantageous if an additional reduction in leakage currents is
desired. Furthermore, parasitic thin-film transistors are
simultaneously avoided. Moreover, additional passivation of
the thin-film transistors is not required, owing to the splitting-
up of the deposition of the dielectric. Nevertheless this kind of
arrangement does require a further photolithographic process
step for the patterning of the semiconductor islands.

[0022] The method according to the invention for the
manufacture of an active matrix OLED display wherein at
least two thin-film transistors and one storage capacitor
which are arranged underneath the OLED are provided to
drive each pixel of the display, is characterized by the follow-
ing steps:

[0023] a.asdeposition of drain-source and column mate-
rial on to a substrate followed by photolithographic pat-
terning of the drain-source regions and column lines;

[0024] b. selective deposition of a doped semiconductor
material and full-area deposition of an intrinsic semi-
conductor material and of a dielectric, by vacuum pro-
cesses;

[0025] c. photolithographic patterning of through-inter-
connections for electrically connecting the two thin-film
transistors of the pixel circuit and the drain-source
regions of the driver transistor to the OLED bottom
electrode to be subsequently deposited;
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[0026] d. application and photolithographic patterning
of the gate and row material;
[0027] e.applicationand photolithographic patterning of
a passivating and planarizing layer;
[0028] f. application and photolithographic patterning of
the bottom electrode material of the OLED;
[0029] g. full-area application of the OLED material and
of the top electrode material for the OLED.
[0030] Arranging the drive circuit underneath the OLED is
advantageous if the aperture of the pixel needs to be as large
as possible. This kind of arrangement does require a fifth
photolithographic process step for the patterning of the anode
of the OLED. On the other hand, the manufacture by state-
of-the-art methods of a display with a drive circuit arranged
entirely underneath the OLED requires at least seven photo-
lithographic patternings.
[0031] With these methods, the OLED material and top
electrode material can preferably be applied by means of a
shadow mask. Subsequent patterning of these materials is
therefore unnecessary.
[0032] The doped semiconductor material can be selec-
tively deposited by alternately depositing and etching the
semiconductor material, which undergoes a stronger bond
with the drain-source and column material than with the
substrate material. Owing to the weaker atomic bonding
forces between the semiconductor material and the substrate
material, the semiconductor material is etched away more
rapidly where it is applied directly over the substrate material
than over the drain-source and column material. Therefore by
choosing the cycle times for the deposition and etching of the
semiconductor layers accordingly, it is possible for the doped
semiconductor layer directly over the substrate material to be
completely stripped away again in every etching step, while a
thin semiconductor layer, which grows with every cycle step,
is left on top of the drain-source and column material.
[0033] Further advantages accrue if microcrystalline sili-
con is used as intrinsic semiconductor material. Microcrys-
talline silicon forms crystals primarily through superficial
growth, so that it is especially at the surface that the positive
characteristics of this material become effective. As the tran-
sistors in this method are top-gate transistors, the channel of
the transistors is located at the surface of the intrinsic semi-
conductor and directly beneath it. Hence it is precisely for this
type of transistors that microcrystalline silicon is particularly
well suited. By virtue of the crystallinity of the material,
highly stable thin-film transistors can be made with microc-
rystalline silicon in a relatively simple process. Furthermore,
the use of microcrystalline silicon is optimal because the
selective deposition of silicon is realized as a contact layer in
microcrystalline form. Microcrystalline silicon possesses a
suitable band structure for this purpose. However, the method
according to the invention can be realized with other semi-
conductors t0o.
[0034] Various metals can be used as drain-source and col-
umn material; but MoTa, with which the selective deposition
ofthe semiconductor material can be realized relatively easily
and with few cycles, can be used to particular advantage.
[0035] In a preferred variant of the methods, the overlap
capacitances of the thin-layer transistors can be utilized as
storage capacitor. This alone may suffice to maintain the
voltage at the pixel. Alternatively or additionally, a storage
capacitor can be formed by an enlarged region of overlap
between the gate and the drain-source region of the driver
transistor.
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[0036] Iffull-areaapplication of the OLED is desired, prior
insulation of the underlying drive circuit is necessary. There-
fore in this method variant, prior to the application of the
OLED material and top electrode material, a passivating and
planarizing layer is deposited and photolithographically pat-
terned before the OLED material and top electrode material
are applied over the full area of the display. Hence a fourth
photolithographic process step is required. For the applica-
tion of the OLED material and top electrode material, a
shadow mask is not required.

[0037] Themethodsaccording to the invention enable other
advantageous configurations to be realized. Thus, the line
resistances of drain-source and column patterns can be
reduced, and redundancies created, by making additional
through-interconnections and adapted gate patterns. In this
case, the layer stack is removed over the drain-source and
column patterns with the through-hole mask, so that in the
ensuing deposition and patterning of the gate material an
additional metallizing layer is applied to the drain-source and
column patterns in this region. This additional layer reduces
line resistance and increases the yield in industrial production
owing to the redundancies of individual patterns thereby cre-
ated. Likewise, leakage currents can be minimized by subdi-
viding patterns, especially the gate patterns. On the other
hand, the aperture of the pixels can be increased by avoiding
subdivision. Also, the through-interconnections can be pat-
terned in such a way as to prevent the creation of parasitic
thin-film transistors. In this case the through-interconnec-
tions are enlarged and/or additional through-interconnections
are made in the region of the subsequent gate patterns.
[0038] Preferred example embodiments of active matrix
OLED display manufacturing methods according to the
invention will now be described in detail with the aid of the
drawing.

[0039] The novel features which are considered as charac-
teristic for the present invention are set forth in particular in
the appended claims. The invention itself, however, both as to
its construction and its method of operation, together with
additional objects and advantages thereof, will be best under-
stood from the following description of specific embodiments
when read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 shows a typical circuit diagram of a pixel of
an active matrix OLED display;

[0041] FIG. 2 is a top view of a pixel of an active matrix
OLED display;
[0042] FIGS. 3a-3¢ are top views and cross-sections of

pixels of an active matrix OLED display during various stages
of a first manufacturing method;

[0043] FIGS. 4a-4d show variants of the first manufactur-
ing method with the aid of top views and cross-sections of
pixels of a display;

[0044] FIGS. 5a & 5b are top views and cross-sections of
pixels of an active matrix OLED display during the final
stages of its manufacture by a second manufacturing method;
[0045] FIG. 5c¢ is atop view of a pixel according to FIG. 556
with alternative patterning of the passivating layer;

[0046] FIGS. 6a-6g are top views and cross-sections of a
pixel of an active matrix OLED display during various stages
of a third manufacturing method;
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[0047] FIGS. 7a-7g are top views and cross-sections of a
pixel of an active matrix OLED display during various stages
of a fourth manufacturing method.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0048] FIG. 1 shows a typical circuit diagram of a pixel of
an active matrix OLED display, with two thin-film transistors
TFT1 and TFT2, a storage capacitor C, and a non-inverted
OLED. The row signal Vrow is able to select the pixel via the
transistor TFT1 (switching transistor), while the column sig-
nal Vcol controls the current flow through the OLED via the
second transistor TFT2 (driver transistor). The storage
capacitor C can be realized solely through the overlap capaci-
tances of the thin-film transistors. Other pixel circuits can also
be realized by the method according to the invention, for
example circuits with inverted OLEDs, or with additional
components to compensate for ageing phenomena.

[0049] FIG. 2 shows the drain-source material and column
material (drawn blank) and the gate and row material (drawn
barred) of a pixel with a circuit diagram according to FIG. 1.
The two thin-film transistors TF'T1 and TFT2 and the storage
capacitor of the pixel are is circled. The bottom electrode of
the OLED is also highlighted (dark square).

[0050] FIGS. 3a-3eillustrate the manufacture of four pixels
of an active matrix OLED display by a first method, the
storage capacitors of the pixels in this case being formed
solely by the overlap capacitances of the thin-film transistors.
The application and patterning of the drain-source and col-
umn material is shown (blank) in FIG. 3a. FIG. 35 shows in
cross-section the selective deposition by vacuum processes of
a doped semiconductor material, an intrinsic semiconductor
material, and a dielectric (semiconductor layer stack). In FIG.
3¢ the patterning of the through-interconnections is illus-
trated in cross-section and in top view, before the gate and row
material (shown barred) is applied and patterned in FIG. 34d. If
the materials are not to be etched selectively, the gate material
must cover parts of the column and drain-source pattern. This
is necessary in order that the column lines do not come into
direct contact with the OLED material. Finally, application of
the OLED material (ruled with straight lines) and top elec-
trode material (boldly barred) with the aid of a shadow mask
(tiled) is shown in cross-section and top view in FIG. 3e.
[0051] FIG. 4a shows a patterning of the gate material that
is an alternative to FIG. 3d and results in an improved leak-
age-current behaviour of the display. With the patterning of
FIG. 34, the gate material extends right across the columns
without any interruptions. That can lead to undesired leakage
currents through Schottky diodes. This can be minimized by
patterning the gate material as shown in FIG. 4a.

[0052] InFIG. 4b an enlarged region of overlap between the
gate and drain/source material of the TFT2 is shown, resulting
in the formation of a distinct storage capacitor C.

[0053] Lastly, FIG. 4¢ shows more clearly the patterning of
the semiconductor islands shown in FIG. 3¢; while FIG. 44
shows a variant patterning of the semiconductor islands in
which the formation of parasitic TFTs is avoided, as is par-
ticularly evident from the cross-section views of FIGS. 4¢ and
4d. The parasitic transistors present in FIG. 4¢ between the
source contact of TFT1, the gate and the D-S contacts of
TFT2 are absent in FIG. 44.

[0054] If the OLED material is to be deposited over the
whole area of the pixel, the method according to FIGS. 5a and
5b can be adopted. As FIG. 5a shows, prior to the application
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of the OLED material, a passivating layer (wavy lines) is
applied and photolithographically patterned. The OLED
material (straight lines) and the top electrode material (boldly
barred) can then be deposited over the whole area, as shown
in FIG. 5b. An alternative patterning of the passivating layer
to FIG. 5a, one that improves the leakage current behaviour of
the display, is shown in FIG. 5¢.

[0055] FIGS. 6a-6g show the carrying-out of a method for
the manufacture of an active matrix OLED display in which
the semiconductor islands of the thin-film transistors are pat-
terned separately. The steps shown in FIGS. 6a-6g corre-
spond in principle to the steps of FIGS. 3a-3c. First, however,
the semiconductor islands are patterned as shown in FIG. 6c,
and then a further dielectric layer is deposited over the whole
area as shown in FIG. 6d.

[0056] FIGS. 7a-7g depict the carrying-out of a method for
the manufacture of an active matrix OLED display in which
the drive circuits of the pixels are arranged entirely under-
neath the OLED. The steps shown in FIGS. 7a-7d correspond
in principle to the steps of FIGS. 3a-34, but in this instance a
bottom electrode for the OLED is not patterned. Next, as
shown in FIG. 7e, a passivating layer (hatched with wavy
lines) is applied and patterned, before—as shown in FIGS. 7f
and 7g—full-area applications are made of, firstly, the bottom
electrode material (which is photolithographically pat-
terned), then the material of the OLED proper, and, lastly, the
top electrode material of the OLED.

[0057] As FIG. 7c¢ shows, through-interconnections are
also patterned in the case of the columns. The subsequent
overlapping of these locations with row and gate material
(FIG. 7d) results in reduced line resistances and in redundan-
cies. The latter can be exploited in case of defects in the
patterning of the column material, thus enabling productive
yields to be increased. These redundancies and reductions in
line resistances can be applied wherever a sufficient distance
exists between the column or drain-source material and the
rows or TETs. This reduction in line resistances and facilita-
tion of redundancies can also be realized with the methods
using three or four lithographic masks (FIGS. 3a-3¢; FIGS.
4a-4d, FIGS. 5a-5c¢).

What is claimed:

1. A method of manufacturing an active matrix OLED
display wherein at least two thin-film transistors and one
storage capacitor are provided to drive each pixel of the
display, the method comprising the steps of depositing a
drain-source and column material on to a substrate followed
by photolithographic patterning of drain-source regions and
column lines; selectivelty depositing a doped semiconductor
material and full-area depositing of an intrinsic semiconduc-
tor material and of a dielectric, by vacuum processes;

photolithographically patterning through-interconnec-

tions for electrically connecting the thin-film transistors
of a pixel circuit and the drain/source region of a driver
transistor to an OLED material subsequently deposited;
applying and photolithographically patterning a gate
and row material; and applying the OLED material and
a top electrode material for the OLED.

2. A method according to claim 1, further comprising
applying the OLED material on top of a third material by a
shadow mask.

3. A method according to claim 1, further comprising
selectively depositing the doped semiconductor material by
alternately depositing and etching the semiconductor mate-
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rial, which undergoes a stronger bond with the drain-source
and column material then the substrate material.

4. A method as defined in claim 1, and further comprising
using a microcrystalline silicon as intrinsic semiconductor
material.

5. A method as defined in claim 1, and further comprising
using MoTa as the drain-source and column material.

6. A method as defined in claim 1, further comprising
utilizing overlap capacitances of the thin-film transistors as
storage capicator.

7. A method as defined in claim 1, further comprising
forming a storage capacitor by an enlarged area of overlap-
ping between the gate and drain or source of the driver tran-
sistor.

8. A method as defined in claim 1, further comprising prior
to applying of the OLED material and top electrode material,
depositing a passivating and planarizing layer and photolitho-
graphically patterning before the OLED material and top
electrode material are applied over the full area of the display.

9. A method as defined in claim 1, further comprising
reducing line resistances of the drain-source and column pat-
terns, and creating redundances by making additional
through-interconnections and adapted gate patterns.

10. A method as defined in claim 1, further comprising
preventing a formation of parasitic thin-film transistors
through a provision of enlarged and/or additional through-
interconnections.

11. A method of manufacturing of an active matrix OLED
display wherein at least two thin-film transistors and one
storage capacitor are provided to drive each pixel of the
display, and wherein a semiconductor is patterned separately,
the method comprising the steps of depositing drain-source
and column material on to a substrate followed by photolitho-
graphic patterning of drain-source regions and column lines;
selectively depositing a doped semiconductor material and
full-area depositing an intrinsic semiconductor material and a
first dielectric, by vacuum processes; photolithographically
patterning semiconductor islands; depositing a second
dielectric by vacuum processes; photolithographically pat-
terning through-interconnections for electrically connecting
thin-film transistors of a pixel circuit and a drain/source
region of a driver transistor to an OLED material subse-
quently deposited; applying and photolithographically pat-
terning a gate and row material; and applying the OLED
material and a top electrode material for the OLED.

12. A method according to claim 11, further comprising
applying the OLED material on top of a third material by a
shadow mask.

13. A method according to claim 11, further comprising
selectively depositing the doped semiconductor material by
alternately depositing and etching the semiconductor mate-
rial, which undergoes a stronger bond with the drain-source
and column material then the substrate material.

14. A method as defined in claim 11, and further compris-
ing using a microcrystalline silicon as intrinsic semiconduc-
tor material.

15. A method as defined in claim 11, and further compris-
ing using MoTa as the drain-source and column material.

16. A method as defined in claim 11, further comprising
utilizing overlap capacitances of the thin-film transistors as
storage capicator.
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17. A method as defined in claim 11, further comprising
forming a storage capacitor by an enlarged area of overlap-
ping between the gate and drain or source of the driver tran-
sistor.

18. A method as defined in claim 11, further comprising
prior to applying of the OLED material and top electrode
material, depositing a passivating and planarizing layer and
photolithographically patterning before the OLED material
and top electrode material are applied over the full area of the
display.

19. A method as defined in claim 11, further comprising
reducing line resistances of the drain-source and column pat-
terns, and creating redundances by making additional
through-interconnections and adapted gate patterns.

20. A method as defined in claim 11, further comprising
preventing a formation of parasitic then-film transistors
through a provision of enlarged and/or additional through-
interconnections.

21. A method of manufacturing an active matrix OLED
display wherein at least two thin-film transistors and one
storage capacitor which are arranged underneath an OLED
are provided to drive each pixel of the display, the method
comprising the steps of depositing drain-source and column
material on to a substrate followed by photolithographic pat-
terning of drain-source regions and column lines; selectively
o depositing a doped semiconductor material and full-area
depositing an intrinsic semiconductor material and a dielec-
tric, by vacuum processes; photolithographically patterning
through-interconnections for electrically connecting two
thin-film transistors of a pixel circuit and a drain-source
regions of a driver transistor to an OLED bottom electrode to
be subsequently deposited; applying and photolithographi-
cally patterning a gate and row material; applying and pho-
tolithographically patterning a passivating and planarizing
layer; applying and photolithographically patterning a bot-
tom electrode material of an OLED; and full-area applying
the OLED material and of a top electrode material for the
OLED.

22. A method according to claim 21, further comprising
applying the OLED material on top of a third material by a
shadow mask.

23. A method according to claim 21, further comprising
selectively depositing the doped semiconductor material by
alternately depositing and etching the semiconductor mate-
rial, which undergoes a stronger bond with the drain-source
and column material then the substrate material.

24. A method as defined in claim 21, and further compris-
ing using a microcrystalline silicon as intrinsic semiconduc-
tor material.

25. A method as defined in claim 21, and further compris-
ing using MoTa as the drain-source and column material.

26. A method as defined in claim 21, further comprising
utilizing overlap capacitances of the thin-film transistors as
storage capicator.

27. A method as defined in claim 21, further comprising
forming a storage capacitor by an enlarged area of overlap-
ping between the gate and drain or source of the driver tran-
sistor.

28. A method as defined in claim 21, further comprising
prior to applying of the OLED material and top electrode
material, depositing a passivating and planarizing layer
and photolithographically patterning before the OLED
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material and top electrode material are applied over the full
area of the display.

29. A method as defined in claim 21, further comprising
reducing line resistances of the drain-source and column pat-
terns, and creating redundances by making additional
through-interconnections and adapted gate patterns.

Aug. 12,2010

30. A method as defined in claim 21, further comprising
preventing a formation of parasitic then-film transistors

through a provision of enlarged and/or additional
through-interconnections.
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