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7) ABSTRACT

Provided is a display apparatus. The display apparatus
includes a base substrate, a first transistor disposed on the
base substrate and including a first semiconductor layer
including a first layer and a second layer disposed to come
into contact with a first layer and including a compound
made of at least two materials of a Group IV elements, a first
control electrode overlapping the first semiconductor layer,
a first input electrode connected to the first semiconductor
layer, and a first output electrode connected to the first

semiconductor layer, a second transistor and an organic light
Sep. 12,2017 (KR) cvoveeveeeerenes 10-2017-0116795 emitting diode.
D8
~
¥
, NPXA , PXA . NPHA
§ ' OLED i :
H i " w1
| Ci‘\ﬁ Ch2 C}\iB CZ‘{‘M i AE HCL El\fL EGL ED,
i | o i I
; i } i i b l? } /i
| | a | I
f. | ; It '. /
} £ \ 7 3
h 7 v /
i ,/ Y / \
!‘ l/ \\\ //' \\:
| ’/ \\ /
i ; ! | .
v = ST -~ a
7 7 Vi 1
bos 3 f { e 4
{ H , \ H | |
1 ] ! i [
it } | B T
R s - | I
lI \\ / ! x // \‘\ \‘ I
i 5 / \ y e B0
[ S / \ VR \ ]
Y RN / \ / | !
T R U VWY A Y R At
s ' — ! ¥ i '
/ “- \- Yoy i ! &\ Ij
( ooy | \\ [- SUB
4 { / ! i : i | ” |
i / ! [ [ i y ;
ot 20 | | I f
I i i / ! i
3 ALY Cet et 1E2 CE2 ALZ {ez
HaE!




Patent Application Publication Mar. 14,2019 Sheet 1 of 10 US 2019/0081121 A1

FIG. 1

TC vy
J -
: ¢
jo;m o DCS, D-RGB -
LONTTo e
Data Driving Circuit
5C5
se | oL DL2 L3 » =+«  |Otm FF
J Lo ELVDD
I A T
Si§ | P e e o o g r |
L , : |
i } Cap i pxyy |
;; 1 ?
!E s T S TFT2 PP
'g ® ] 2 i
§ GLEGMI |
H
§ NN 1
ol ELVSS! i
o — — x
| { i |
| j | i
t 3 § |
| | H—PX |
Scar ! | ! !
. ! ] ] !
Driving | ; ; |
. . { i
Circuit g g g §
3 i
L3 e — - !
1 |
z !
i 1
| |
n x
» | » !
» : ® i
o | N |
i |
i |
! |
! |
SLa, |
i a
e e o o it i ottt o e s kA o o A o o ot o o A -4

DRZ

DR1



US 2019/0081121 A1

Mar. 14,2019 Sheet 2 of 10

Patent Application Publication

AR L1l
ZI Tw 2N 23 130 130 LW =l
j P | I A et
/ L) L 00z 0oL |
, N. — | I S A ,
ans | A w M Vo .
S [ . ooy b ”
m \ m m ,w ; M M \ \ /,.,, w m
O ../ i / \ \ / A v \ \
| \ / \ / N /M w -
02—~ \ | ——— , / Vo N
i ,, x\ i \ A
{ M 1 m\ PR \.w % s W
| |

N, Ji w
~ ; |
/ \ \ \
N // 7 M
A RV M
0303 W M T w0 e |
| ER) “
TN Wd = Ve .
i
e
50

¢ 9I1d



US 2019/0081121 A1

Mar. 14,2019 Sheet 3 of 10

Patent Application Publication

ARl b-fidl
1-230 =g 1230 el I~130 1-10 L=V 113
[ M\ | L 1-002 1-001 |
m | L] /
| I M. Y
M., \ M, \ / / M,,/ W/ wﬁ, w
ans - \ ,V M_ \ / IR A \
R .r.~ N rw H x.. F | L A »W‘ o ..\\ ] /; H
0L Mm ; /w \ m ‘ w /M /
Yo j I / \ [ m ]
i 7 N el \ R
08— ) N / RN VAl
i | | |
! \ ! i
L-GHO  L-PHD  L-€HD L-ZHD LMD

¢ DId



Patent Application Publication Mar. 14,2019 Sheet 4 of 10 US 2019/0081121 A1

FIG. 4A




Patent Application Publication Mar. 14,2019 Sheet 5 of 10 US 2019/0081121 A1

1o
i

i
A 10
J
T\«SBB
%

N
o T
= e o
d Od
e Lid-
< €S
=7 0
L0 L0

FIG.




US 2019/0081121 A1

Mar. 14,2019 Sheet 6 of 10

Patent Application Publication

T S

- R 7 T P P PR 7 7, g - WAEErey X < i’ - are z
f £ : i
| ! / 7
| \ { m,
gl <dn 00y O0E

as "9OId

| M
07—~ J
245 o s > % s \ RS 5




Patent Application Publication Mar. 14,2019 Sheet 7 of 10 US 2019/0081121 A1

oo
[ j] s
™y -~ [V
Voo ;
Y S
S e S S S
N ]
é w ""'\\\\\.ﬂ o
£2 Y
T BT
=
-
proonernd
g
R R N N
PO
™
A §
5
P2 N
R
e
Mttt S ST e




Patent Application Publication

Mar. 14,2019 Sheet 8 of 10

T
3

-
&
}

i
10

e

b

')\/338
|

T

US 2019/0081121 A1

100 200
S
AL

¥
i




US 2019/0081121 A1

Mar. 14,2019 Sheet 9 of 10

Patent Application Publication

214l LLdL
ZW 23 ﬂmw 0 130 Ly a
o m .| ooz oor
w. m m m . |
/ i
Vo | L
. M ooy L |
N M N _,,, N // // / w,
\ ] \ LU y
u\ 3 \.\ \ M W \
] A / 3 | \
N/ m \
% 7 LTSI IR Aty ] ¥
! { M y i M
.W ..
/ z N

PHO €HO &HI tH

L2

D& OId



US 2019/0081121 A1

Mar. 14,2019 Sheet 10 of 10

Patent Application Publication

cldl bidl
NWO m.._w,ﬂ mmo Nwm _wmm W\MQ W.Mq www
/ [ w L] ooe ool |
R RN
i 4 ﬂ ' M
{ ! ”/ L § !
M | m ! ,w ,,,ﬂ d,, w
/ \ 3 \ § i
.
\.\ 1 M \ x/ .\
m. PRPAAI \\M s \\N z ] wﬂ “
M \ R
| / | |
4 ] \\, /
" - ", M
\ / x
N\ \\ w
) i 3
s X a
3 1 ;
\ | | o
m ﬁ M | | M, \ M
mwu T3 N oW Y PHO  EHO oHO LHO

e




US 2019/0081121 Al

DISPLAY APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This U.S. non-provisional patent application
claims priority under 35 U.S.C. § 119 of Korean Patent
Application No. 10-2017-0116795, filed on Sep. 12, 2017,
the entire contents of which are hereby incorporated by
reference.

BACKGROUND

[0002] The present disclosure herein relates to a display
apparatus and a method for manufacturing the same, and
more particularly, to a display apparatus including a tran-
sistor having a multilayered structure, which is improved in
performance, and a method for manufacturing the same.
[0003] A display apparatus includes a plurality of pixels
and driving circuits (e.g., a scan driving circuit and a data
driving circuit) controlling the plurality of pixels. Each of
the plurality of pixels includes a display device and a pixel
driving circuit controlling the display device. The pixel
driving circuit may include a plurality of transistors con-
nected to each other.

[0004] A semiconductor layer of each of the transistors
may be used as a channel layer. In general, a polycrystalline
silicon layer may be applied to high field effect mobility and
a high-speed operation circuit and be widely used as the
semiconductor layer for the transistor. The thin film transis-
tor using the polycrystalline silicon layer may be mainly
used for an active device of an active matrix liquid crystal
display device (AM-LC) and a switching device and a
driving device of an organic light emitting device (OLED).
[0005] In an upper switching transistor of the existing
multilayered structure, IGZ0, ITZO, and the like, which are
oxide materials, have been used as the channel layer. This is
done because, when an annealing process is performed on a
channel layer of a lower driving transistor, the channel layer
of the upper switching transistor is damaged due to diffused
reflection or thermal problems.

[0006] The channel layer of the switching transistor may
be formed by depositing IGZO and ITZO, which are oxide
materials, through a sputtering process. When the deposition
is performed through the sputtering process, particles may
be generated. Also, since there is a technical limitation in
achieving uniform crystallization of a large area, it is pointed
out that there is a limitation in terms of productivity such as
yield.

SUMMARY

[0007] The present disclosure provides a display apparatus
including a transistor having a multilayered structure, in
which a seed layer and a compound crystallization layer
made of at least two materials of Group IV elenients are used
as channel layers of a switching transistor to improve
performance, and a method for manufacturing the same.

[0008] An embodiment of the inventive concept provides
a display apparatus including: a base substrate; a first
transistor disposed on the base substrate and including a first
semiconductor layer including a first layer and a second
layer disposed to come into contact with a first layer and
including a compound made of at least two materials of a
Group 1V elements, a first control electrode overlapping the
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first semiconductor layer, a first input electrode connected to
the first semiconductor layer, and a first output electrode
connected to the first semiconductor layer; a second tran-
sistor disposed on the base substrate and including a second
semiconductor layer spaced apart from the first semicon-
ductor layer, a second control electrode overlapping the
second semiconductor layer, a second input electrode con-
nected to the second semiconductor layer, and a second
output electrode connected to the second semiconductor
layer; and an organic light emitting diode including a first
electrode electrically connectied the first transistor and the
second transistor, a second electrode disposed on the first
electrode, and an emission layer disposed between the first
electrode and the second electrode.

[0009] In an embodiment, the first layer may have a
predetermined crystal, and at least a portion of the second
layer may have the same crystal as the first layer.

[0010] In an embodiment, the compound may include at
least two materials of Si, Ge, and C.

[0011] Inan embodiment, the second semiconductor layer
may include polycrystalline silicon.

[0012] In an embodiment, the first semiconductor layer
and the second semiconductor may be disposed on the same
layer.

[0013] In an embodiment, the display apparatus may fur-
ther include at least one insulation layer disposed between
the first semiconductor layer and the second semiconductor
layer, wherein the first semiconductor layer may be disposed
on the insulation layer.

[0014] In an embodiment, the first electrode may be con-
nected to the second output electrode.

[0015] In an embodiment of the inventive concept, a
method for manufacturing a display apparatus includes:
forming a first transistor including a first semiconductor
layer, a first control electrode, a first input electrode, and a
first output electrode on a base substrate; forming a second
transistor including a second semiconductor layer, a second
control electrode, a second input electrode, and a second
output electrode on the base substrate; and forming an
organic light emitting diode including a first electrode, an
emission layer overlapping the first electrode, and a second
electrode overlapping the emission layer, wherein the form-
ing of the first transistor includes: forming a seed layer by
depositing a gas comprising at least two materials of Group
IV elements; forming a crystallization layer by depositing a
same material as the seed layer on the seed layer; and
patterning the seed layer and the crystallization layer to form
the first semiconductor layer.

[0016] In an embodiment, in the forming of the crystalli-
zation layer, the same material as the seed layer may be
grown with the same crystal as the seed layer to form the
crystallization layer.

[0017] In an embodiment, the forming of the second
semiconductor layer may include: depositing amorphous
silicon; and annealing the amorphous silicon to form the
second semiconductor layer.

[0018] In an embodiment, the forming of the seed layer
may be performed after the annealing of the amorphous
silicon.

[0019] In an embodiment, in the forming of the crystalli-
zation layer, the same material as the seed layer may be
deposited through chemical vapor deposition.

[0020] In an embodiment, after the forming of the second
transistor, the method may further include: forming the first
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input electrode; forming the first output electrode; and
forming an organic light emitting diode connected to one of
the second input electrode and the second output electrode
and including at least one emission layer.

[0021] In an embodiment of the inventive concept, a
display apparatus includes: a base substrate; a first transistor
disposed on the base substrate and including a first semi-
conductor layer including a first layer and a second layer
disposed to come into contact with a first layer and including
a crystal made of at least two materials of a Group IV
elements, a first control electrode overlapping the first
semiconductor layer, a first input electrode connected to the
first semiconductor layer, and a first output electrode con-
nected to the first semiconductor layer; a second transistor
disposed on the base substrate and including a second
semiconductor layer spaced apart from the first semicon-
ductor layer, a second control electrode overlapping the
second semiconductor layer, a second input electrode con-
nected to the second semiconductor layer, and a second
output electrode connected to the second semiconductor
layer; and an organic light emitting diode electrically con-
nected to the first transistor and the second transistor and
including a first electrode, a second electrode disposed on
the first electrode, and an emission layer disposed between
the first electrode and the second electrode.

[0022] In an embodiment, the first layer may have a
predetermined crystal, and the crystal of the second layer is
made of a compound.

[0023] In an embodiment, the second layer may include
the crystal made of at least two materials of Si, Ge, and C
of Group IV elements.

BRIEF DESCRIPTION OF THE FIGURES

[0024] The accompanying drawings are included to pro-
vide a further understanding of the inventive concept, and
are incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the
inventive concept and, together with the description, serve to
explain principles of the inventive concept. In the drawings:
[0025] FIG. 1 is a block diagram of a display apparatus
according to an embodiment of the inventive concept;
[0026] FIG. 2 is a cross-sectional view illustrating a por-
tion of the display apparatus according to an embodiment of
the inventive concept;

[0027] FIG. 3 is a cross-sectional view illustrating a por-
tion of the display apparatus according to an embodiment of
the inventive concept;

[0028] FIGS. 4A and 4B are transmission electron micro-
scope photographs illustrating a crystal structure of a semi-
conductor layer according to an embodiment of the inven-
tive concept; and

[0029] FIGS. 5A, 5B, 5C, 5D, 5E, 5F, 5G, and 5H are
cross-sectional views illustrating a method of manufacturing
a display apparatus according to an embodiment of the
inventive concept.

DETAILED DESCRIPTION

[0030] Hereinafter, embodiments of the inventive concept
will be described with reference to the accompanying draw-
ings. In this specification, it will also be understood that
when one component (or region, layer, portion) is referred to
as being ‘on’, ‘connected to’, or ‘coupled to’ another com-
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ponent, it can be directly connected/coupled on/to the one
component, or an intervening third component may also be
present.

[0031] Like reference numerals refer to like elements
throughout. Also, in the figures, the thickness, ratio, and
dimensions of components are exaggerated for clarity of
illustration. The term “and/or” includes any and all combi-
nations of one or more of the associated listed items.

[0032] It will be understood that although the terms such
as ‘first’ and ‘second’ are used herein to describe various
elements, these elements should not be limited by these
terms. The terms are only used to distinguish one component
from other components. For example, a first element
referred to as a first element in one embodiment can be
referred to as a second element in another embodiment
without departing from the scope of the appended claims.
The terms of a singular form may include plural forms
unless referred to the contrary.

[0033] Also, “under”, “below”, “above”, “upper”, and the
like are used for explaining relation association of compo-
nents illustrated in the drawings. The terms may be a relative
concept and described based on directions expressed in the
drawings.

[0034] The meaning of ‘include’ or ‘comprise’ specifies a
property, a fixed number, a step, an operation, an element, a
component or a combination thereof, but does not exclude
other properties, fixed numbers, steps, operations, elements,
components or combinations thereof. Hereinafter, a display
apparatus according to an embodiment of the inventive
concept will be described in detail with reference to the
accompanying drawings.

[0035] FIG. 1 is a block diagram of a display apparatus
according to an embodiment of the inventive concept. FIG.
2 is a cross-sectional view illustrating a portion of the
display apparatus according to an embodiment of the inven-
tive concept. Hereinafter, a display apparatus will be
described with reference to FIGS. 1 and 2.

[0036] A display apparatus DS includes at least one tran-
sistor. FIG. 1 illustrates the display apparatus DS according
to an embodiment of the inventive concept. Hereinafter,
although the display apparatus DS is exemplified, the dis-
play apparatus DS according to an embodiment of the
inventive concept may be realized according to various
embodiments and also may not be limited to a specific
embodiment.

[0037] The display apparatus DS may include a timing
control unit TC, a scan driving circuit SDC, a data driving
circuit DDC, and a display panel DP.

[0038] The timing control unit TC converts data format of
input image signals to match an interface specification with
the scan driving circuit SDC to generate image data D-RGB.
Also, the timing control unit TC outputs various control
signals DCS and SCS.

[0039] The scan driving circuit SDC receives a scan
control signal SCS from the timing control unit TC. The scan
control signal SCS may include a vertical start signal for
starting an operation of the scan driving circuit SDC and a
clock signal for determining an output timing of the signals.

[0040] The scan driving circuit SDC generates a plurality
of scan signals, and the plurality of scan signals are succes-
sively outputted to a plurality of scan lines SL1 to SLn.
Although not shown, the scan driving circuit SDC generates
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a plurality of emission control signals in response to the scan
control signal SCS to output emission control signals to a
plurality of emission lines.

[0041] The data driving circuit DDC receives the data
control signal DCS and the image data D-RGB from the
timing control unit TC. The data driving circuit DDC
converts the image data D-RGB into data signals to output
the data signals to data lines DL1 to DLm. The data signals
are analog voltages corresponding to gray values of the
image data D-RGB.

[0042] The display panel DP includes the scan lines SLL1
to SLn, the data line DL1 to DLm, and the plurality of pixels
PX. For convenience of description, the plurality of pixels
PX are indicated by a dotted line in one area.

[0043] The scanlines SL.1 to SLn extend in a first direction
DR1 and are arranged in a second direction DR2 perpen-
dicular to the first direction DR1. The data lines DL1 to
DLm are installed from the scan lines SL1 to SLn and cross
the gate lines SL.1 to SLn.

[0044] The plurality of pixels PX are connected to corre-
sponding scan lines of the scan lines SL1 to SLn and
corresponding data lines of the data lines DL1 to DLm.
Although not shown, the plurality of pixels PX may be
connected to corresponding emission lines of the emission
lines.

[0045] A signal diagram will be described in detail using
one pixel PX11 of the plurality of pixels PX. Constituents
provided in the pixel PX11 may be equally applied to the
plurality of pixels, and thus, duplicated description will be
omitted.

[0046] The pixel PX11 includes a first transistor TFT1, a
second transistor TFT2, a capacitor Cap, and an organic light
emitting diode OLED.

[0047] The pixel PX11 receives a scan signal from the first
scan line SL1 and also receives a data signal from the first
data line DL1. Also, the pixel PX11 receives a first power
voltage ELVDD from a power line PL.

[0048] The first transistor TFT1 includes a first input
electrode TE1, a first output electrode OF1, a first control
electrode CE1, and a first semiconductor layer AL1. The first
transistor TFT1 outputs a data signal applied to the first data
line DL1 in response to a scan signal applied to the first scan
line SL1. The first transistor TFT1 may be a control tran-
sistor for turning on-off the pixel PX.

[0049] The capacitor Cap charges a voltage corresponding
to the data signal received from the first transistor TFT1.
[0050] The second transistor TFT2 includes a second input
electrode 1E2, a second output electrode OE2, a second
control electrode CE2, and a second semiconductor layer
AL2. The second transistor TFT2 may be disposed on a base
substrate SUB. The second transistor TFT2 is connected to
the organic light emitting diode OLED. The second transis-
tor TFT2 may control driving current flowing through the
organic light emitting diode OLED to correspond to a charge
amount stored in the capacitor Cap.

[0051] The organic light emitting diode OLED includes an
anode electrode AE connected to the second transistor TFT2
and a cathode electrode receiving a second power voltage
ELVSS. The second power voltage ELVSS may have a level
less than that of the first power voltage ELVDD. Also, the
organic light emitting diode OLED includes an organic
emission layer EML disposed between at least the anode
electrode AE and the cathode electrode ED. The organic
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light emitting diode OLED emits light during the turn-on
period of the second transistor TFT2.

[0052] The constituents of the plurality of pixels PX may
be realized according to various embodiments, and also may
not be limited to a specific embodiment.

[0053] The display apparatus DS includes the base sub-
strate SUB, the first transistor TFT1, the second transistor
TFT2, a pixel define layer PDL, the organic light emitting
diode OLED, and a thin film encapsulation layer TFE. Also,
although not shown, the display apparatus DS may include
the capacitor Cap (see FIG. 1).

[0054] The base substrate SUB has a top surface that is
defined by the first direction DR1 (see FIG. 1) and the
second direction DR2 (see FIG. 1). The base substrate SUB
may be a base layer on which a plurality of electrodes,
insulation layers, and semiconductor layers are disposed.
The base substrate SUB may include a plastic substrate, a
glass substrate, a metal substrate, and the like.

[0055] Although not shown, a buffer layer for improving
coupling force between the base substrate SUB and conduc-
tive patterns and semiconductor patterns may be disposed on
the base substrate SUB. The buffer layer may be selectively
disposed or omitted.

[0056] The first transistor TEFT1 and the second transistor
TFT2 may be disposed on the base substrate SUB.

[0057] The second semiconductor layer AL2 may be dis-
posed on the base substrate SUB. The second semiconductor
layer AL2 may be connected to the second input electrode
IE2 and the second output electrode OE2. The second
semiconductor layer AL2 may overlap the second control
electrode CE2. The second semiconductor layer AL2 may
include a polycrystalline semiconductor material. For
example, the second semiconductor layer may include poly-
silicon (poly-Si).

[0058] A first insulation layer 10 may be disposed on the
base substrate SUB. The first insulation layer 10 may cover
the second semiconductor layer AL2. The first insulation
layer 10 may include at least one of an inorganic material
and/or an organic material. For example, the first insulation
layer 10 may include silicon nitride and/or silicon oxide.
[0059] The second control electrode CE2 may be disposed
on the first insulation layer 10. The second control electrode
CE2 may be disposed to overlap the second semiconductor
layer AL2.

[0060] A second insulation layer 20 may be disposed on
the first insulation layer 10. The second insulation layer 20
may cover the second control electrode CE2. The second
insulation layer 20 may include the same material as the first
insulation layer 10.

[0061] The first semiconductor layer AL1 may be disposed
on the second insulation layer 20. The first semiconductor
layer AL1 may include a first layer 100 and a second layer
200. The first semiconductor layer AL1 may be connected to
the first input electrode IE1 and the first output electrode
OF1.

[0062] The first layer 100 may be a base layer, on which
crystals of the second layer 200 are grown, as a seed layer
for controlling the crystals of the second layer 200. The first
layer 100 may be made of at least two materials of Group IV
elements.

[0063] The second layer 200 is disposed to come into
contact with the first layer 100. The crystals of the second
layer 200 may be grown by the first layer 100. The grown
crystals of the second layer 200 may be made of the same
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material as the at least two materials of the Group VI
elements and also be a crystallized compound. For example,
the compound may be made of at least two material of
silicon (Si), germanium (Ge), and carbon (C).

[0064] A third insulation layer 30 may be disposed on the
second insulation layer 20. The third insulation layer 30 may
cover the first semiconductor layer AL1. The third insulation
layer 30 may include the same material as the first insulation
layer 10.

[0065] The first control electrode CE1 may be disposed on
the third insulation layer 30. The first control electrode CE1
may be disposed to overlap the first semiconductor layer
ALL.

[0066] A fourth insulation layer 40 may be disposed on the
third insulation layer 30. The fourth insulation layer 40 may
cover the first control electrode CE2. The fourth insulation
layer 40 may include the same material as the first insulation
layer 10.

[0067] The input electrodes and the output electrodes of
each of the first transistor TFT1 and the second transistor
TFT2 may be disposed on the fourth insulation layer 40. The
first input electrode IE1 and the first output electrode OE1 of
the first transistor TFT1 and the second input electrode [E2
and the second output electrode OE2 of the second transistor
TFT2 may come into contact with the first semiconductor
layer AL1 and the second semiconductor layer AL2, respec-
tively. The input electrode and the output electrodes of each
of the first transistor TFT1 and the second transistor TFT2
may come into contact with the semiconductor layers
through contact holes defined by the insulation layers,
respectively.

[0068] For example, a first contact hole CH1 and a second
contact hole CH2 may pass through the third insulation layer
30 and the fourth insulation layer 40.

[0069] The first input electrode IE1 and the first output
electrode OFE1 may be connected to the first semiconductor
layer AL1 through the first contact hole CH1 and the second
contact hole CH2, respectively.

[0070] For example, a third contact hole CH3 and a fourth
contact hole CH4 may pass through the first insulation layer
10, the second insulation layer 20, the third insulation layer
30, and the fourth insulation layer 40.

[0071] The second input electrode IE2 and the second
output electrode OE2 may be connected to the second
semiconductor layer ALL2 though the third contact hole CH3
and the fourth contact hole CH4, respectively.

[0072] A fifth insulation layer 50 may be disposed on the
fourth insulation layer 40. The fifth insulation layer 50 may
cover the input electrodes and the output electrodes of each
of the first transistor TFT1 and the second transistor TFT2.
The pixel define layer PDL and the organic light emitting
diode OLED may be disposed on the fifth insulation layer
50. The anode electrode AE may be disposed on the fifth
insulation layer 50. The fifth insulation layer 50 may include
the same material as the first insulation layer 10.

[0073] The anode electrode AE may be connected to the
second output electrode OE2 through a fifth contact hole
CHS passing through the fifth insulation layer 50.

[0074] An opening OP may be defined in the pixel define
layer PDL. The opening OP of the pixel define layer PDL
may expose at least a portion of the anode electrode AE.
[0075] The plurality of pixels PX may be disposed on a
pixel area on a plane of the display panel DP. The pixel area
may include an emission area PXA and a non-emission area
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NPXA that is adjacent to the emission area PXA. The
non-emission area NPX A may have a shape surrounding the
emission area PXA. In the current embodiment, the emission
area PXA is defined to correspond to the anode electrode
AE. However, the embodiment of the inventive concept is
not limited to the above-described emission area PXA. That
is, the emission area PXA may be any area as long as light
is emitted from the area. The emission area PXA may be
defined to correspond to a portion of the anode electrode AE,
which is exposed by the opening OP.

[0076] A hole control layer HCL may be disposed on the
pixel define layer PDL. The hole control layer HCL may
include at least one of a hole injection layer, a hole transport
layer, or a single layer having a hole injection function and
a hole transport function. The hole control layer HCL may
control movement of holes. A hole control layer HCL may
be commonly disposed on the emission area PXA and the
non-emission area NPXA. Although not particularly shown,
a common layer such as the hole control layer HCL may be
commonly disposed on the plurality of pixels PX.

[0077] The organic emission layer EML may be disposed
on the hole control layer HCL. The organic emission layer
EML may be disposed on only an area corresponding to the
opening OP. That 1s, the organic emission layer EML may be
formed to be separated from each of the plurality of pixels
PX.

[0078] An electron control layer ECL may be disposed on
the organic emission layer EML. The electron control layer
ECL may be an electron transport layer including an electron
transport material or an electron injection/transport signal
layer including an electron transport material and an electron
injection material.

[0079] The cathode electrode ED may be disposed on the
electron control layer ECL. The plurality of pixels PX may
be commonly disposed on the cathode electrode ED. The
cathode electrode ED may receive a voltage opposite to the
anode electrode AE. The cathode electrode ED may be made
of a material having a low work function so that electrons
are easily injected.

[0080] The thin film encapsulation layer TFE may be
disposed on the cathode electrode ED. The thin film encap-
sulation layer TFE is commonly disposed on the plurality of
pixels PX. The thin film encapsulation layer TFE covers an
entire surface of the cathode electrode ED to seal the organic
light emitting diode OLED.

[0081] The thin film encapsulation layer TFE may include
a plurality of inorganic layers. Each of the inorganic layers
may include at least one of silicon nitride or silicon oxide.
[0082] Although not shown, a capping layer covering the
cathode electrode ED may be further disposed. Here, the
thin film encapsulation layer TFE may directly cover the
capping layer.

[0083] According to the current embodiment, the first
transistor TFT1 and the second transistor TFT2 may be
disposed on layers different from each other. Thus, the
transistors may not affect each other during the process.
[0084] FIG. 3 is a cross-sectional view illustrating a por-
tion of the display apparatus according to an embodiment of
the inventive concept. In FIG. 3, for convenience of descrip-
tion, the organic light emitting diode OLED (see FIG. 2) and
the thin film encapsulation layer TFE of FIG. 2 will be
omitted. Hereinafter, constituents corresponding to those of
FIG. 2 may be denoted by similar reference numerals, and
their duplicated descriptions will be omitted.
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[0085] A first semiconductor layer AL1-1 and a second
semiconductor layer AL2-1 may be disposed on a base
substrate SUB-1.

[0086] A first insulation layer 10-1 may be disposed on the
base substrate SUB-1. The first insulation layer 10-1 may
cover the first semiconductor layer AL1-1 and the second
semiconductor layer AL2-1.

[0087] The first semiconductor layer AL1-1 may include a
first layer 100-1 and a second layer 200-1.

[0088] The first layer 100-1 of the first semiconductor
layer AL1-1 may be made of a material corresponding to that
of the above-described first layer 100 (see FIG. 2), and the
second layer 200-1 may be made of a material correspond-
ing to that of the above-described second layer 200. Thus,
the first layer 100-1 may be a base layer, on which crystals
of the second layer 200-1 are grown, as a seed layer for
controlling the crystals of the second layer 200-1.

[0089] The second semiconductor layer AL2-1 may
include a polycrystalline semiconductor material.

[0090] A first control electrode CE1-1 and a second con-
trol electrode CE2-1 may be disposed on the first insulation
layer 10-1. The first control electrode CE1-1 and the second
control electrode CE2-1 may be disposed to overlap the first
semiconductor layer AL1-1 and the second semiconductor
layer AL2-1, respectively.

[0091] A second insulation layer 20-1 may be disposed on
the first insulation layer 10-1. The second insulation layer
20-1 may cover the first control electrode CE1-1 and the
second control electrode CE2-1.

[0092] Input electrodes and output electrodes of each of a
first transistor TFT1-1 and a second transistor TFT2-1 may
be disposed on the second insulation layer 20-1. A first input
electrode IE1-1 and a first output electrode OE1-1 of the first
transistor TFT1-1 and a second input electrode IE2-1 and a
second output electrode OFE2-1 of the second transistor
TFT2-1 may come into contact with the first semiconductor
layer AL1-1 and the second semiconductor layer AL2-1,
respectively.

[0093] For example, a first contact hole CH1-1, a second
contact hole CH2-1, a third contact hole CH3-1, and a fourth
contact hole CH4-1 may pass through the first insulation
layer 10-1 and the second insulation layer 20-1.

[0094] The first input electrode IE1-1 and the first output
electrode OE1-1 may be connected to the first semiconduc-
tor layer ALL1-1 through the first contact hole CH1-1 and the
second contact hole CH2-1, respectively. The second input
electrode 1E2-1 and the second output electrode OE2-1 may
be connected to the second semiconductor layer AL2-1
though the third contact hole CH3-1 and the fourth contact
hole CH4-1, respectively.

[0095] A third insulation layer 30-1 may be disposed on
the second insulation layer 20-1. The third insulation layer
30-1 may cover the input electrodes and the output elec-
trodes of each of the first transistor TFT1-1 and the second
transistor TFT2-1. A fifth contact hole CH5-1 may be
defined in the third insulation layer 30-1. The second output
electrode OE2-1 and the organic light emitting diode OLED
(see FI1G. 2) disposed on layers different from each other
may be connected to each other through the fifth contact hole
CHS5-1.

[0096] According to the current embodiment, the first
transistor TFT1-1 and the second transistor TFT2-1 may be
disposed on the same layer. The transistors may be disposed
on the same layer to reduce a thickness of the display
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apparatus DS. Also, the electrodes constituting each of the
transistors may be formed through one mask to reduce a
process time and process costs.

[0097] Although not particularly shown, the insulation
layers of the first transistor TFT-1 and the second transistor
TFT2-1 according to an embodiment of the inventive con-
cept may be changed in lamination structure.

[0098] FIGS. 4A and 4B are transmission electron micro-
scope photographs illustrating a crystal structure of the
semiconductor layer according to an embodiment of the
inventive concept.

[0099] The photographs of FIGS. 4A and 4B illustrate
experimental examples of the crystal structure of the first
semiconductor layer AL1 (see FIG. 2) corresponding to the
first transistor TFT1 (see FIG. 1).

[0100] The photograph of FIG. 4A illustrates crystals
grown by the seed layer that is the first layer 100 (see FIG.
2) when a ratio of silicon (Si):germanium (Ge) is about
27:75.

[0101] The photograph of FIG. 4B illustrates crystals
grown by the seed layer that is the first layer 100 (see FIG.
2) when a ratio of silicon (Si):germanium (Ge) is about
50:50.

[0102] Table 1 below is for Embodiments 1 to 3. In detail,
Table 1 shows experimental values in states of each of
compounds forming the crystals when ratios of masses (%)
of silicon (Si):germanium (Ge) are about 25:75 (Embodi-
ment 1), about 50:50 (Embodiment 2), and about 75:25
(Embodiment 3). Each of the embodiments represents an
intrinsic carrier density, a melding point, and mobility of
electrons and holes, which are measured under the same
temperature and pressure.

TABLE 1
Ttemn Embodiment 1 Embodiment 2 Embodiment 3
Intrinsic Carrier 1.8 x 10%? 1.2 x 10%? 0.6 x 104
Density (eV)
Melting Point 1056.5 1176 12955

¢C)

Mobility 3300¢eseomony 7790 t0crom) 2100 srecrom
(sz/v ) 15375 10 (hale) 8125016
[0103] Referring to Table 1, as a rate of the mass (%) of

germanium (Ge) gradually increases, experimental values,
in which melting points are gradually lowered from Embodi-
ment 3 to Embodiment 1, are shown. In case of a low
melting point, a temperature for the crystallization may be
reduced. As a result, since the process is performed at a low
temperature, damage of other factors constituting the tran-
sistor due to heat may be reduced.

[0104] As described above, the first semiconductor layer
AL1 (see FIG. 2) constitutes the first transistor TFT1 (see
FIG. 1) controlling the turn on-off of the pixel PX (see FIG.
1). Thus, the charge mobility of the first semiconductor layer
AL servers as an important index for evaluating the per-
formance of the transistor. The more the charge mobility is
high, the more efficient current application may be possible,
and a degree of integration of the device may increase. The
charge mobility may increase as the crystal size of the first
semiconductor layer ALL (see FIG. 2) is larger. Also, the
more the size of the crystal is small, the more the charge
mobility is low. When a ratio of masses (%) of silicon
(Si):germanium (Ge) is about 50:50, the electron mobility is
about 7700 (cm2/V-S) and thus is the most excellent.
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[0105] According to one example of the experimental
examples, a compound having crystals may be formed by
using at least two materials of Group IV elements having
physical and chemical properties similar to those of silicon
(Si): germanium (Ge) to form the semiconductor layer
having the high charge mobility like the experimental
examples.

[0106] When the compound having the crystals is used as
the semiconductor layer of the control transistor, a display
apparatus which has high field-effect mobility, 1s applicable
to a high-speed operation circuit, and is improved in per-
formance, may be provided.

[0107] FIGS. 5A to 5H are cross-sectional views illustrat-
ing a method of manufacturing a display apparatus accord-
ing to an embodiment of the inventive concept. Hereinafter,
the manufacturing method will be described with reference
to FIGS. 5A to SH.

[0108] Referring to FIG. 5A, a second semiconductor
layer AL2 may be formed on a top surface of a base substrate
SUB. Although not shown, the second semiconductor layer
AL2 may be formed by depositing a crystalline semicon-
ductor material on an entire surface of the base substrate
SUB and then patterning the semiconductor material.
[0109] Thereafter, referring to FIG. 5B, a first insulation
layer 10 may be formed on the base substrate SUB. The first
insulation layer 10 may be formed by depositing, applying,
or printing an inorganic material or an organic material. The
first insulation layer 10 may cover the second semiconductor
layer AL2.

[0110] Although not shown, the second control electrode
CE2 may be formed by depositing a conductive material on
an entire surface of the second insulation layer 20 and then
patterning the conductive material. A second control elec-
trode CE2 may overlap the second semiconductor layer AL2
and be formed on the first insulation layer 10.

[0111] Thereafter, referring to FIG. 5C, a second insula-
tion layer 20 may be formed on the first insulation layer 10.
The second insulation layer 20 may be formed by deposit-
ing, applying, or printing an inorganic material or an organic
material.

[0112] A seed layer 300 may be formed on the second
insulation layer 20. The seed layer 300 may be formed by
depositing a seed material on the second insulation layer 20.
Here, the seed layer 300 may have a predetermined crys-
talline structure. The deposition process of the seed material
may be performed through a physical vapor deposition
process (PVD) or a chemical vapor deposition process
(CVD). The seed layer 300 may cover the second insulation
layer 20. Since the seed layer 300 may have the predeter-
mined crystalline structure, the seed layer 300 may be
disposed on a lower portion of a layer on which crystals will
be grown and thus serve as a base layer.

[0113] Thereafter, referring to FIG. 5D, a crystallization
layer 400 may be formed on the seed layer 300. The
crystallization layer 400 may be formed by depositing a
semiconductor compound on the seed layer 300. The depo-
sition process may include the PVD or the CVD. The
semiconductor compound includes at least two materials of
Group IV elements. For example, the semiconductor com-
pound may include at least two materials of SI, Ge, and C.
[0114] The crystallization layer 400 may be deposited on
the seed layer 300 and then grown along the crystalline
structure of the seed layer 300. Thus, the crystallization layer
400 may have the same crystalline structure as the seed layer
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300, and the seed layer may control the crystalline structure
of the crystallization layer 400.

[0115] Inthe current embodiment, the seed material form-
ing the seed layer 300 may include the same material as the
crystallization layer 400. For example, the seed layer 300
may be formed by depositing a semiconductor compound
including at least two materials of the Group IV elements.
Here, the seed layer 300 and the crystallization layer 400
may be continuously formed within the same chamber. In
the method for manufacturing the display panel according to
an embodiment of the inventive concept, the crystallization
layer 400 having a multilayered structure may be formed
without additionally performing a crystallization process.
Also, the method for manufacturing the display panel
according to an embodiment of the inventive concept may
include a process of forming the seed layer 300 to easily
control the crystalline structure of the crystallization layer
400.

[0116] Thereafter, referring to FIG. 5E, the seed layer 300
and the crystallization layer 400 may be patterned to form
the first semiconductor layer AL1. The first semiconductor
layer AL1 may be formed by patterning the seed layer 300
and the crystallization layer 400 at the same time by using
one mask. Thus, the first semiconductor layer All may
include a first layer 100 and a second layer 200, which have
the same shape.

[0117] Thereafter, referring to FIG. 5F, a third insulation
layer 30 may be formed on the second insulation layer 20.
The third insulation layer 30 may be formed by depositing,
applying, or printing an inorganic material or an organic
material.

[0118] A first control electrode CE1 may be formed on the
third insulation layer 30. Although not shown, the first
control electrode CE1 may be formed by depositing a
conductive material on an entire surface of the third insu-
lation layer 30 and then patterning the conductive material.
The first control electrode CE1 may be formed to overlap the
first semiconductor layer AL1.

[0119] Thereafter, referring to FIG. 5G, a fourth insulation
layer 40 may be formed on the third insulation layer 30. The
fourth insulation layer 40 may be formed by depositing,
applying, or printing an inorganic material or an organic
material. Input electrodes and output electrodes of each of
the first transistor TFT1 and the second transistor TFT2 may
be formed on the fourth insulation layer 40. Although the
input electrodes and the output electrodes are not shown, the
input electrodes and the output electrodes may be formed by
depositing and patterning the conductive material.

[0120] Each of the input electrodes and the output elec-
trodes may be connected to the corresponding semiconduc-
tor layer. The first insulation layer 10 and the second
insulation layer 20 may be etched to form a first contact hole
CHI1 and a second contact hole CH2. Thus, a first input
electrode IE1 and a first output electrode OE1 may be
connected to the first semiconductor layer AL1 through the
corresponding contact holes, respectively. Also, the first
insulation layer 10, the second insulation layer 20, the third
insulation layer 30, and the fourth insulation layer 40 may be
etched to form a third contact hole CH3 and a fourth contact
hole CH4. Thus, a second input electrode IE2 and a second
output electrode OE2 may be connected to the second
semiconductor layer AL2 through the corresponding contact
holes, respectively.



US 2019/0081121 Al

[0121] Thereafter, referring to FIG. 5H, a fifth insulation
layer 50 may be formed on the fourth insulation layer 40.
The fifth insulation layer 50 may be formed by depositing,
applying, or printing an inorganic material or an organic
material.

[0122] The fifth contact hole CHS may be formed by
removing a portion of the fifth insulation layer 50 through an
etching process.

[0123] An anode electrode AE may be formed on the fifth
insulation layer 50. The anode electrode AE may be formed
by depositing a conductive material on the fifth insulation
layer 50 and then patterning the conductive material. The
anode electrode AE may be connected to the second output
electrode OE2 through the fifth contact hole CHS.

[0124] Thereafter, a pixel define layer PDL may be formed
on the fifth insulation layer 50. The pixel define layer PDL
may be formed by depositing, applying, or printing an
inorganic material and/or an organic material. A portion of
the pixel define layer PDL may be removed to form a
predetermined opening OP. The opening OP may expose at
least a portion of the anode electrode AE. A hole control
layer HCL, an emission layer EML, an electron control layer
ECL, and a cathode electrode ED may be successively
formed on the pixel define layer PDL. The anode electrode
AE, the hole control layer HCL, the emission layer EML, the
electron control layer ECL, the cathode electrode ED may
constitute an organic light emitting diode OLED. Each of the
hole control layer HCL, the emission layer EML, and the
electron control layer ECL may be formed through a single
process or a plurality of processes.

[0125] A thin film encapsulation layer TFE may be formed
on the cathode electrode ED. The thin film encapsulation
layer TFE may be formed by alternately depositing at least
one inorganic layer and at least one organic layer.

[0126] As described above, since the first semiconductor
layer AL1 and the second semiconductor layer AL2 are
formed on layers different from each other, damage due to
foreign substances or heat, which occurs during the process,
may be reduced to provide the display apparatus having the
improved reliability.

[0127] The present disclosure may provide the display
apparatus which corresponds to the large area of the display
panel and includes the multilayered transistor having the
improved performance such as the improvement of the
process yield.

[0128] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
inventive concept. Thus, it is intended that the present
disclosure covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

[0129] Hence, the real protective scope of the inventive
concept shall be determined by the technical scope of the
accompanying claims.

What is claimed is:

1. A display apparatus comprising;

a base substrate;

a first transistor disposed on the base substrate and
comprising a first semiconductor layer, a first control
electrode overlapping the first semiconductor layer, a
first input electrode connected to the first semiconduc-
tor layer, and a first output electrode connected to the
first semiconductor layer, the first semiconductor layer
comprising a first layer and a second layer disposed to
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come into contact with a first layer and comprising a
compound made of at least two materials of a Group IV
elements;

a second transistor disposed on the base substrate and
comprising a second semiconductor layer spaced apart
from the first semiconductor layer, a second control
electrode overlapping the second semiconductor layer,
a second input electrode connected to the second semi-
conductor layer, and a second output electrode con-
nected to the second semiconductor layer; and

an organic light emitting diode comprising a first elec-
trode electrically connected the first transistor and the
second transistor, a second electrode disposed on the
first electrode, and an emission layer disposed between
the first electrode and the second electrode.

2. The display apparatus of claim 1, wherein the first layer

has a predetermined crystal, and

at least a portion of the second layer has the same crystal
as the first layer.

3. The display apparatus of claim 2, wherein the com-

pound comprises at least two materials of Si, Ge, and C.

4. The display apparatus of claim 3, wherein the second
semiconductor layer comprises polycrystalline silicon.

5. The display apparatus of claim 1, wherein the first
semiconductor layer and the second semiconductor are
disposed on the same layer.

6. The display apparatus of claim 1, further comprising at
least one insulation layer disposed between the first semi-
conductor layer and the second semiconductor layer,

wherein the first semiconductor layer is disposed on the
insulation layer.

7. The display apparatus of claim 1, wherein the first
electrode is connected to the second output electrode.

8. A method for manufacturing a display apparatus, the
method comprising:

forming a first transistor comprising a first semiconductor
layer, a first control electrode, a first input electrode,
and a first output electrode on a base substrate;

forming a second transistor comprising a second semi-
conductor layer, a second control electrode, a second
input electrode, and a second output electrode on the
base substrate; and

forming an organic light emitting diode comprising a first
electrode, an emission layer overlapping the first elec-
trode, and a second electrode overlapping the emission
layer,

wherein the forming of the first transistor comprises:

forming a seed layer by depositing a gas comprising at
least two materials of Group IV elements;

forming a crystallization layer by depositing a same
material as the seed layer on the seed layer; and

patterning the seed layer and the crystallization layer to
form the first semiconductor layer.

9. The method of claim 8, wherein, in the forming of the
crystallization layer, the same material as the seed layer is
grown with the same crystal as the seed layer to form the
crystallization layer.

10. The method of claim 8, wherein the forming of the
second semiconductor layer comprises:

depositing amorphous silicon; and

annealing the amorphous silicon to form the second
semiconductor layer.
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11. The method of claim 10, wherein the forming of the
seed layer is performed after the annealing of the amorphous
silicon.

12. The method of claim 8, wherein, in the forming of the
crystallization layer, the same material as the seed layer is
deposited through chemical vapor deposition.

13. The method of claim 8, after the forming of the second
transistor, further comprising:

forming the first input electrode;

forming the first output electrode; and

forming an organic light emitting diode connected to one
of the second input electrode and the second output
electrode and comprising at least one emission layer.

14. A display apparatus comprising:

a base substrate;

a first transistor disposed on the base substrate and
comprising a first semiconductor layer, a first control
electrode overlapping the first semiconductor layer, a
first input electrode connected to the first semiconduc-
tor layer, and a first output electrode connected to the
first semiconductor layer, the first semiconductor layer
comprising a first layer and a second layer disposed to
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come into contact with a first layer and comprising a
crystal made of at least two materials of a Group IV
elements,

a second transistor disposed on the base substrate and
comprising a second semiconductor layer spaced apart
from the first semiconductor layer, a second control
electrode overlapping the second semiconductor layer,
a second input electrode connected to the second semi-
conductor layer, and a second output electrode con-
nected to the second semiconductor layer; and

an organic light emitting diode electrically connected to
the first transistor and the second transistor and com-
prising a first electrode, a second electrode disposed on
the first electrode, and an emission layer disposed
between the first electrode and the second electrode.

15. The display apparatus of claim 14, wherein the first

layer has a predetermined crystal, and

the crystal of the second layer is made of a compound.

16. The display apparatus of claim 15, wherein the second

layer comprises the crystal made of at least two materials of
Si, Ge, and C of Group IV elements.
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