USOORE49166E
(19) United States
12y Reissued Patent (10) Patent Number: US RE49,166 E
Ono et al. 45) Date of Reissued Patent: Aug. 9, 2022
(54) DISPLAYS WITH SILICON AND (2013.01); HOIL 27/3265 (2013.01); HOIL
SEMICONDUCTING-OXIDE TOP-GATE 27/3276 (2013.01); HOIL 29/7869 (2013.01);
THIN-FILM TRANSISTORS HOIL 29/78675 (2013.01)

N _ (58) Field of Classification Search
(71)  Applicant: Apple Inc., Cupertino, CA (US) CPC oo HO1I, 27/1225; HO1L 29/7869; HO1L

2'7/1248; HOIL 27/3258; HO1L 27/3276;
HO1L 27/3262; HO1L 27/1222; HOIL
2'7/3248; HO1L 27/1255; HO1L 27/3263;

(72) Inventors: Shinya Ono, Cupertino, CA (US);
Chin-Wei Lin, San Jose, CA (US);
Ching-Sang Chuang, Sunnyvale, CA

(US); Jiun-Jye Chang, Cupertino, CA o HOlL: 29778675
(US); Keisuke Omoto, Odawara (JP); See application file for complete search history.
Shang-Chih Lin, Los Altos, CA (US); _
Ting-Kuo Chang, San Jose, CA (US); (56) References Cited
Takahide Ishii, Taoyvan (TW) U.S. PATENT DOCUMENTS
(73) Assignee: Apple Inc., Cupertino, CA (US) 0397,124 B2 7/2016 Choi et al.
9,466,615 B2* 10/2016 Miyairi ............... HO1L 27/1225
(21) Appl. No.: 16/845,526 0,494,833 B2  11/2016 Yamazaki et al.
9,543,370 B2 1/2017 Tsa1 et al.
(22) Filed: Apr. 10, 2020 9,768,323 B2* 9/2017 Ge .......coeevil HO1L 21/02565
(Continued)

Related U.S. Patent Documents

Reissue of Primary Examiner — Minh Nguyen
(64) Patent No.: 10,249,695 (74) Attorney, Agent, or Firm — Treyz Law Group, P.C.;
Issued: Apr. 2, 2019 Jason Tsai
Appl. No.: 15/729,330
Filed: Oct. 10, 2017 (57) ABSTRACT
U.S. Applications: An electronic device may include a display having an array
(60) Provisional application No. 62/476,551, filed on Mar. of display pixels on a substrate. The display pixels may be
24, 2017. organic light-emitting diode display pixels, that include
hybrid thin-film transistor structures formed using semicon-
(51) Imt. CL. ducting-oxide thin-film transistors, silicon thin-film transis-
HOIL 27/12 (2006.01) tors, and capacitor structures. A drive transistor in the
HOIL 27/32 (20006.01) display pixel may be a top-gate semiconducting-oxide thin-
HOIL 29/756 (2006.01) film transistor and a switching transistor in the display pixel
(52) U.S. CL may be a top-gate silicon thin-film transistor. A storage

CPC ...... HOIL 27/1225 (2013.01); HOIL 27/1222  capacitor in the display may include a conductive semicon-
(2013.01); HOIL 27/1248 (2013.01); HOIL ducting-oxide electrode.

2771255 (2013.01); HOIL 27/3248 (2013.01);

HOIL 27/3258 (2013.01); HOIL 27/3262 23 Claims, 14 Drawing Sheets
»j} U
438 433
\ P
,_Lj PDL \ f
T r T ANODE ) ;
s PLNZ
s (1 | [ ] [ ] (sm2]
?ﬁ\( e
432+ =] | 1 Cst ¢ N
& o o 5 y,){} N ?jl PLNE L
Y Vo & Gated > f ~or—~__
o~ e Iz { T omde. |\
N ' L7 L 5
b [ . SDI Y- SDI . SDI T SD1
114 \ 2 \
412 | ] & 4 ; /
4089 ;} ,/ ] | \ [ ﬁ”s@ _ . ! SO S—
A . L S— .
4024 / / / j ; /L_
; {‘ re—" { i P( ] ]
|
. R—-———-————-———

416 424 4181 406 418-2 420 426



US RE49,166 E
Page 2

(56)

9,799,677

2011/0309362

2013/0214279
2015/0055051

2015/0060814

2016/0043070

2016/0149042

2016/0163745

20
20
20

16/0276370
| 7/0141233
| 7/0287943

20

1'7/0352746

References Cited

U.S. PATENT DOCUMENTS

B2* 10/2017 Ge ..oocovvvvieriinnnn,
AlL* 12/2011 Yoon .....coovvnnen,
Al 8/2013 Nishimura et al.
Al*  2/2015 Osawa .....ooevvven.,
Al*  3/2015 Noh .......ccevinnl,
Al*  2/2016 Momo ..............
Al*  5/2016 Sato .....cocovvvrinnn,
Al*  6/2016 Chol .....covvvrenn. .,
Al* 9/2016 Miyairi ..............
Al* 5/2017 Shimomura ........
AL® 10/2017 Ma oo
Al* 12/2017 Yamazaki .........

* cited by examiner

HOIL 29/7869
GO2F 1/136213

257/59

HOIL 27/1225

349/48

HOIL 27/3272

257/40

HO1L 29/66742

257/296

HOI1L 29/7869

257/43

HOIL 27/1251

257/40

HOIL 27/1207
HOIL 29/7869
HOIL 29/24
HO1L 21/02565



U.S. Patent Aug. 9, 2022 Sheet 1 of 14 US RE49,166 E

14

138 18

24

FiG. 1



U.S.
Patent Aug. 9, 2022 Sheet 2 of 14 US RE49,166 E

vdd

34

36
Vss

FIG. 2



U.S. Patent Aug. 9, 2022 Sheet 3 of 14 US RE49,166 E

300
314-1 314-2

5 R,

308

"_——- 304
Substrate (¢« [/ /0000 0 302

| N+ !
306' ; 306 ACT \—-——3-?)'6: ;
FIG. 34

300

/

———
__—

N+ ACT N+
FIG. 3B

—_—
__—

N+ ACT N-+
FIG. 3C



US RE49,166 L

Sheet 4 of 14

Aug. 9, 2022

U.S. Patent

v OIA

OCF OCV c3ly 0T [=381t 1444 oY

I A A A N

e e e, . W, B S — W

'llul ———r /[ |psor

||| I A U ety
"' I N NN

1> l! e

, 8Tt
OSt

IN'Id
. . % .wn - h

>Ped
l s T

LN 9 FAN v A @M._w
4% 4 OV

FAN

3eb 3T

007



US RE49,166 L

Sheet 5 of 14

Aug. 9, 2022

U.S. Patent

§ OIA

144y
-

= s ey
E
I

H -J \_1as  Jj

!.ﬁa' IEE.'I
NG
INTd %@ _

e o

v
OLv
Y4



US RE49,166 L

Sheet 6 of 14

Aug. 9, 2022

U.S. Patent

V9 OIA

> (LY




U.S. Patent Aug. 9, 2022 Sheet 7 of 14 US RE49,166 E

-—
W
\O

4 ¢ N o
® V' N
O O
&

@\

O

7P
k- l

452
A

(ate3

1L.D1

o
-
FIG. 6B




U.S. Patent Aug. 9, 2022 Sheet 8 of 14 US RE49,166 E

N —
N o,

PLNI

___Oxide

FIG. 7

-

SD1
R =

430



US RE49,166 L

Sheet 9 of 14

Aug. 9, 2022

U.S. Patent

§ OIA

> COT

I.|||.| o
s %H

11 0 S S ra—

Imll

— $§© —

JAONY

Cly
0038

- a1en ‘ I qu

431

FEh




U.S. Patent Aug. 9, 2022 Sheet 10 of 14 US RE49,166 E

902 904

I'p
el

ANODE

FIG. 9



U.S. Patent Aug. 9, 2022 Sheet 11 of 14 US RE49,166 E

- i
5
5

300

(atel

1000

ANODE

I (Gatel I
L
406

FIG. 10

i

-
T
424

1000 -



U.S. Patent Aug. 9, 2022 Sheet 12 of 14 US RE49,166 E

i IFE%F I
l-ﬁl

1100

(atel

ANODE
(Gate2 u
| I (Gatel |
FIG. 11




US RE49,166 L

Sheet 13 of 14

Aug. 9, 2022

U.S. Patent

00l

HJAONYV

cl OIA




U.S. Patent Aug. 9, 2022 Sheet 14 of 14 US RE49,166 E

ANODE

FiIG. I3

1000



US RE49,166 E

1

DISPLAYS WITH SILICON AND
SEMICONDUCTING-OXIDE TOP-GATE
THIN-FILM TRANSISTORS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application claims the benefit of provisional patent
application No. 62/476,551, filed on Mar. 24, 2017, and is a
reissue of patent application Ser. No. 15/729,330, now U.S.
Pat. No. 10,249,695, which [is] are hereby incorporated by

reference herein in [its entirety] their entireties.

BACKGROUND

This relates generally to electronic devices and, more
particularly, to electronic devices with displays that have
thin-film transistors.

Electronic devices often include displays. For example,
cellular telephones and portable computers include displays
for presenting information to users.

Displays such as liquid crystal displays are formed from
multiple layers. A liquid crystal display may, for example,
have upper and lower polarizer layers, a color filter layer that
contains an array of color filter elements, a thin-film tran-
sistor layer that includes thin-film transistors and display
pixel electrodes, and a layer of liquid crystal material
interposed between the color filter layer and the thin-film
transistor layer. Each display pixel typically includes a
thin-film transistor for controlling application of a signal to
display pixel electrode structures 1n the display pixel.

Displays such as organic light-emitting diode displays
have an array of display pixels based on light-emitting
diodes. In this type of display, each display pixel includes a
light-emitting diode and thin-film transistors for controlling
application of a signal to the light-emitting diode.

Thin-film display dniver circuitry 1s often included in
displays. For example, gate driver circuitry and demulti-
plexer circuitry on a display may be formed from thin-film
transistors.

If care 1s not taken, thin-film transistor circuitry in the
display pixels and display driver circuitry of a display may
exhibit non-uniformity, excessive leakage currents, msuili-
cient drive strengths, poor area etliciency, hysteresis, and
other 1ssues.

It 1s within this context that the embodiments herein arise.

SUMMARY

An electronic device may be provided with a display. The
display may have an array of display pixels on a substrate.
The display pixels may be organic light-emitting diode
display pixels or display pixels 1 a liqud crystal display.

The display may include a display pixel with at least an
organic light-emitting diode (OLED) a semiconducting-
oxide thin-film transistor (e.g., a drive transistor), a silicon
thin-film transistor (e.g., a switching transistor), and a stor-
age capacitor coupled to the drive transistor. The switching
transistor, the drive transistor, and a light-emitting diode
may be coupled 1n series between a positive voltage power
supply line and a ground voltage power supply line. In
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2

particular, the drive transistor may be a top-gate semicon-
ducting-oxide transistor. The switching transistor may be a

top-gate silicon transistor. The storage capacitor may
include a conductive semiconducting-oxide as a first elec-
trode.

The silicon switching transistor may be formed on a
substrate, and the semiconducting-oxide drive transistor
may be formed above the silicon switching transistor. A
conductive routing path may couple the silicon switching
transistor to the semiconducting-oxide drive transistor. The
conductive routing path may be covered by an organic layer
formed on the drive transistor. An additional organic layer
may be formed on the organic layer. An anode layer of the
light-emitting diode may be formed on the additional
organic layer.

In an embodiment, an etch-stop liner may be interposed
between a source-drain terminal of the semiconducting-
oxide drive transistor and a contact of the conductive routing
path coupled to the semiconducting-oxide drive transistor.

In an embodiment, a dielectric layer may be formed below
the semiconducting transistor, and the conductive semicon-
ducting-oxide of the storage capacitor and semiconducting-
oxide material in the drive transistor may be formed on the
dielectric layer.

In an embodiment, the silicon switching transistor com-
prises a gate structure formed in the same layer as a
capacitor plate of the storage capacitor.

In an embodiment, a passivation layer 1s interposed
between the conductive path coupling and the organic layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of an illustrative display such as an
organic light-emitting diode display having an array of
organic light-emitting diode display pixels or a liquid crystal
display having an array of display pixels in accordance with
an embodiment.

FIG. 2 1s a diagram of an 1illustrative organic light-
emitting diode display pixel of the type that may include an
organic light-emitting diode with semiconducting-oxide top-
gate thin-film transistors and silicon top gate thin-film
transistors 1n accordance with an embodiment.

FIGS. 3A-3C are diagrams of illustrative top-gate indium
gallium zinc oxide (IGZQO) transistor structures in accor-
dance with an embodiment.

FIG. 4 1s a cross-sectional side view of 1illustrative pixel
circuitry that includes a top-gate IGZO drive transistor of the
type shown 1n FIG. 3A 1n accordance with an embodiment.

FIG. 5 1s a cross-sectional side view of illustrative pixel
circuitry that includes a top-gate IGZO drive transistor of the
type shown 1n FIG. 3B in accordance with an embodiment.

FIGS. 6 A and 6B are cross-sectional side views of 1llus-
trative pixel circuitry that includes a top-gate 1GZ0 drive
transistor of the type shown 1n FIG. 3A and a metal layer that
reduces a number of contact holes 1n a planarization layer in
accordance with an embodiment.

FIG. 7 1s a cross-sectional side view of illustrative pixel
circuitry that includes a top-gate IGZ0O drnive transistor of the
type shown in FIG. 3B and a metal layer that reduces a
number of contact holes in a planarization layer 1n accor-
dance with an embodiment.

FIG. 8 1s a cross-sectional side view of 1llustrative pixel
circuitry that includes source-drain metal layer formed
above a top-gate 1GZ0 drive transistor in accordance with
an embodiment.

FIG. 9 1s a cross-sectional side view of 1illustrative pixel
circuitry what includes a contact via formed in the same
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layer as a gate structure of a top-gate IGZO drive transistor
in accordance with an embodiment.

FIG. 10 15 a cross-sectional side view of illustrative pixel
circuitry that includes a protective metal film for contacting
source-drain regions of a top-gate IGZ0 drnive transistor 1n
accordance with an embodiment.

FIG. 11 1s a cross-sectional side view of 1llustrative pixel
circuitry of the type in FIG. 8 that further includes a
passivation layer 1n accordance with an embodiment.

FIG. 12 1s a cross-sectional side view of 1llustrative pixel
circuitry of the type mn FIG. 9 that further includes a
passivation layer 1n accordance with an embodiment.

FIG. 13 1s a cross-sectional side view of illustrative pixel
circuitry of the type in FIG. 10 that further includes a
passivation layer 1in accordance with an embodiment.

DETAILED DESCRIPTION

A display 1n an electronic device may be provided with
driver circuitry for displaying images on an array of display
pixels. An illustrative display 1s shown 1n FIG. 1. As shown
in FIG. 1, display 14 may have one or more layers such as
substrate 24. Layers such as substrate 24 may be formed
from planar rectangular layers of material such as planar
glass layers. Display 14 may have an array of display pixels
22 for displaying images for a user. The array of display
pixels 22 may be formed from rows and columns of display
pixel structures on substrate 24. There may be any suitable
number of rows and columns 1n the array of display pixels
22 (e.g., ten or more, one hundred or more, or one thousand
Or more).

Display driver circuitry such as display driver integrated
circuit 16 may be coupled to conductive paths such as metal
traces on substrate 24 using solder or conductive adhesive.
Display driver integrated circuit 16 (sometimes referred to
as a timing controller chip) may contain communications
circuitry for communicating with system control circuitry
over path 25. Path 25 may be formed from traces on a
flexible printed circuit or other cable. The control circuitry
may be located on a main logic board 1n an electronic device
such as a cellular telephone, computer, set-top box, media
player, portable electronic device, or other electronic equip-
ment 1n which display 14 1s being used. During operation,
the control circuitry may supply display driver integrated
circuit 16 with information on 1mages to be displayed on
display 14. To display the images on display pixels 22,
display driver integrated circuit 16 may supply correspond-
ing 1mage data to data lines D while 1ssuing clock signals
and other control signals to supporting thin-film transistor
display driver circuitry such as gate driver circuitry 18 and
demultiplexing circuitry 20.

Gate driver circuitry 18 may be formed on substrate 24
(c.g., on the left and right edges of display 14, on only a
single edge of display 14, or elsewhere i display 14).
Demultiplexer circuitry 20 may be used to demultiplex data
signals from display driver integrated circuit 16 onto a
plurality of corresponding data lines D. With this illustrative
arrangement of FIG. 1, data lines D run vertically through
display 14. Each data line D 1s associated with a respective
column of display pixels 22. Gate lines G run horizontally
through display 14. Each gate line G 1s associated with a
respective row of display pixels 22. Gate driver circuitry 18
may be located on the left side of display 14, on the right
side of display 14, or on both the right and left sides of
display 14, as shown in FIG. 1.

Gate driver circuitry 18 may assert gate signals (some-
times referred to as scan signals) on the gate lines Gin
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display 14. For example, gate driver circuitry 18 may
receive clock signals and other control signals from display
driver itegrated circuit 16 and may, 1n response to the
received signals, assert a gate signal on gate lines G 1n
sequence, starting with the gate line signal G 1n the first row
of display pixels 22. As each gate line 1s asserted, the
corresponding display pixels in the row 1n which the gate
line 1s asserted will display the display data appearing on the
data lines D.

Display driver circuitry such as demultiplexer circuitry 20
and gate line drniver circuitry 18 may be formed from
thin-film transistors on substrate 24. Thin-film transistors
may also be used 1n forming circuitry 1n display pixels 22.
To enhance display performance, thin-film transistor struc-
tures 1n display 14 may be used that satisty desired critenia
such as leakage current, switching speed, drive strength,
uniformity, etc. The thin-film transistors 1n display 14 may,
in general, be formed using any suitable type of thin-film
transistor technology (e.g., silicon-based, semiconducting-
oxide-based, etc.).

With one suitable arrangement, which 1s sometimes
described herein as an example, the channel region (active
region) 1n some thin-film transistors on display 14 1s formed
from silicon (e.g., silicon such as polysilicon deposited
using a low temperature process, sometimes referred to as
LTPS or low-temperature polysilicon) and the channel
region 1n other thin-film transistors on display 14 1s formed
from a semiconducting-oxide material (e.g., amorphous
indium gallium zinc oxide, sometimes referred to as 1GZ0).
It desired, other types of semiconductors may be used 1n
forming the thin-film transistors such as amorphous silicon,
semiconducting-oxides other than 1GZ0, etc. In a hybnd
display configuration of this type, silicon transistors (e.g.,
LIPS transistors) may be used where attributes such as
switching speed and good drive current are desired (e.g., for
gate drivers 1n liquid crystal diode displays or in portions of
an organic light-emitting diode display pixel where switch-
ing speed 1s a consideration), whereas oxide transistors (e.g.,
IGZO transistors) may be used where low leakage current 1s
desired (e.g., 1n liquid crystal diode display pixels and
display driver circuitry) or where high pixel-to-pixel uni-
formity 1s desired (e.g., 1n an array of organic light-emitting
diode display pixels). Other considerations may also be
taken into account (e.g., considerations related to power
consumption, real estate consumption, hysteresis, etc.).

Oxide transistors such as 1GZ0O thin-film transistors are
generally n-channel devices (1.e., NMOS transistors). Sili-
con transistors can be fabricated using p-channel or n-chan-
nel designs (1.e., LTPS devices may be either PMOS or
NMOS). Combinations of these thin-film transistor struc-
tures can provide optimum performance.

Embodiments below may be described with organic light-
emitting diode technology as an example. However, if
desired these embodiments may also be applied to liquid
crystal display technology

In an organic light-emitting diode display, each display
pixel contains a respective organic light-emitting diode. A
schematic diagram of an 1illustrative organic light-emitting
diode display pixel 22 1s shown 1n FIG. 2. As shown 1n FIG.
2, display pixel 22 may include light-emitting diode 26. A
positive power supply voltage Vdd may be supplied to
positive power supply terminal 34 and a ground power
supply voltage Vss may be supplied to ground power supply
terminal 36. The state of drive transistor 28 controls the
amount of current flowing through diode 26 and therefore
the amount of emitted light 40 from display pixel 22.
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To ensure that transistor 28 i1s held in a desired state
between successive frames of data, display pixel 22 may
include a storage capacitor such as storage capacitor Cst.
The voltage on storage capacitor Cst 1s applied across the
gate and source terminals of transistor 28 to control drive
transistor 28, thereby controlling the amount of current
flowing through light-emitting diode 26.

Pixel 22 may also include switching transistor 30 (some-
times referred to herein as enable transistor 30). Transistor
30 may be coupled between positive power supply terminal
34 and drive transistor 28. An enable signal may be coupled
to the gate terminal of transistor 30 to further control the
current tlow from positive supply terminal 34 to light-
emitting diode 26.

Pixel 22 may further include additional circuitry as indi-
cated by ellipses 200. In particular, pixel 22 may include an
additional switching transistor (distinct from switching tran-
sistor 30) that loads data into storage capacitor Cst. As an
example, the additional switching transistor may be con-
trolled by gate line G (as shown 1n FIG. 1) and may convey
information from data line D (shown 1n FIG. 1) to storage
capacitor Cst. When the switching transistor i1s ofl, data line
D 1s 1solated from storage capacitor Cst and the gate voltage
of transistor 28 1s equal to the data value stored 1n storage
capacitor Cst (1.e., the data value from the previous frame of
display data being displayed on display 14). When gate line
G (sometimes referred to as a scan line) 1n the row associ-
ated with display pixel 22 1s asserted, the switching transis-
tor will be turned on and a new data signal on data line D
will be loaded 1nto storage capacitor Cst. The new signal on
capacitor Cst 1s applied to the gate terminal of transistor 28,
thereby adjusting the state of transistor 28 and adjusting the
corresponding amount of light 40 that 1s emitted by light-
emitting diode 26.

Display pixels such as organic light-emitting diode pixel
22 of FIG. 2 may include transistors that use top-gate
thin-film transistor structures of the type shown in FIGS.
3A-3C. In particular, FIG. 3A shows top gate transistor
structure 300 formed by hydrogenation using silicon nmitride
or ion 1mplantation. Transistor structure 300 includes sub-
strate layer 302 and bufier layer 304 formed on top of
substrate layer 302. Additionally, an indium gallium zinc
oxide layer (1.e., IGZ0O layer) may be formed on top of buller
layer 304. In particular, the IGZO layer may include three
portions, active region 306 and two source-drain regions
306'. Source-drain regions 306' may be heavily n-doped
(e.g., heavily doped by electron donor impurities).

Gate msulator layer 308 may be formed on top of the
IGZ0 layer, and gate structure 310 may be formed over the
gate msulator layer 308 on top of a region directly above
active region 306 of the 1GZO layer. Insulation layer 312
may be formed over corresponding portions of gate insula-
tion layer 308 and gate structure 310. Contact holes 314-1
and 314-2 for source-drain regions 306' of the 1GZO layer
(1.e., source-drain of transistor structure 300) may be formed
by etching through gate insulator layer 308 and insulation
layer 312. Passivation layer 316 may be formed over contact
holes 314-1 and 314-2 for respective source-drain regions
306'.

In an embodiment, source-drain regions of transistor
structure 300 of FIG. 3A may be formed by a hydrogenation
process using silicon nitride. It may be preferable to use
s1licon nitride as 1nsulation layer 312 to diffuse dopants (e.g.,
hydrogen) into source-drain regions 306' in the hydrogena-
tion process. Additionally, dopants may also difluse into
active region 306 (sometimes referred to herein as channel
region 306), thereby shortening the effective channel region
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of transistor structure 300. These characteristics of the
hydrogenation step may lead to less source-drain region
dopant concentration control.

In an embodiment, source-drain regions of transistor
structure 300 of FIG. 3A may be formed by an 10n implan-
tation process. The 10on implantation process may necessitate
a thickness limit on insulation layer 312 (e.g., a thickness
less than 200 nm). For example, mnsulation layer 312 may act
as a mask when doping source-drain regions 306' using an
ion 1mplantation process. In such a way, the 10on implantation
process may provide better doping concentration control (as
compared to the previously described hydrogenation pro-
CEsSs).

In an embodiment, as shown 1n FIG. 3B, transistor
structure 300" may be formed using plasma treatment. Simi-
lar structure previously described in connection with FIG.
3 A will not be further described 1n FIG. 3B 1n order to not
unnecessarily obscure the present embodiment.

While transistor structure 300 of FIG. 3A may have a gate
insulator layer 308 that 1s patterned by contact holes 314,
transistor structure 300 of FIG. 3B may include gate 1nsu-
lator layer 308', which 1s patterned using gate structure 310.
For example, gate structure 310 and gate insulator 308" may
be simultaneously etched (e.g., etched 1n the same process-
ing step) to form the pattern as shown i FI1G. 3B using a dry
etch process (e.g., plasma treatment). Because source-drain
regions 306' may also be exposure during the plasma treat-
ment, source-drain regions 306' may increase 1n conductiv-
ity. If desired, additional plasma treatment (e.g., using
Argon, Hydrogen, Heltum) to further activate (e.g., increase
the conductivity of) source-drain regions 306"'.

In an embodiment, as shown in FIG. 3C, transistor
structure 300" may also include barrier layer 320 formed
over source drain regions 306'. Portions of barrier layer 320
may be etched away to form contacts to source-drain regions
306' (e.g., to form contacts 314-1 and 314-2). Barrier layer
320 may be formed from alumina to act as a hydrogen
barrier layer, as an example. Other suitable barrier materials
may also be used. In the scenario in which source-drain
regions 306' directly contact insulation layer 312 (as shown
in FIG. 3B), diffusion may occur across interface between
source-drain region 306' and sulation layer 312. The
diffusion may increase the resistance of source-drain regions
306, especially in high temperature settings, thereby leading
to lower thermal stability of source-drain regions 306'. By
forming barrier layer 320 (as shown 1n FIG. 3C) diffusion
out of source-drain regions (into insulation layer 312) may
be minimized

Top-gate 1GZ0 transistor structures (i.e., transistor struc-
tures 1n which the gating element 1s formed above the gate
insulator and channel region) as shown in FIGS. 3A-3C may
be implemented within various transistor circuitry of pixel
22. In particular, as shown 1n FIG. 4 drive transistor 28 may
be formed using transistor structure 300 as described 1n FIG.
3A. Circuitry 400 of FIG. 4 may also include switching
transistor 30 formed as a top-gate LIPS transistor and
storage capacitor Cst having a conductive IGZO electrode.

A cross-sectional view of pixel circuitry 400 1s shown 1n
FIG. 4. Pixel circuitry 400 may include transistors 28 and 30
formed over substrate and bufler layers 402. Portion 402 as
shown 1n FIG. 4 may include one or more semiconducting
layers, one or more insulation layers, a combination of
semiconducting layers and isulation layers, as an example.
A bufler layer may be formed as the topmost layer of portion
402. A polysilicon layer (e.g., an LTPS layer) may be formed
on the bufler layer, thereafter, patterned and etched to form
LTPS region 406. The two opposing ends of LIPS region
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406 may be doped (e.g., p-doped) to form source-drain
regions of switching transistor 30. As an example, the two
opposing ends of LTPS region 406 may be doped after
forming the gate structure of transistor 30. If desired,
switching transistor 30 may be formed with n-doped source
drain regions.

Gate 1sulator layer 408 may be formed on portion 402
and L'TPS region 406. A first metal layer (e.g., a first gate
metal layer) may be formed over the gate insulator layer
408. The first metal layer may be patterned and etched to
form gate structure Gatel of transistor 30. Dielectric layers
412 and 414 may be formed over gate structure Gate 1 and
transistor circuitry 30. Dielectric layers 412 may be formed
from silicon nitride, while dielectric layer 414 may be
formed form silicon nitride, as an example. If desired, any
suitable dielectric materials may form layers 412 and 414.
Portions of layers 408, 412, and 414 above a first source-
drain region of transistor 30 (e.g., the left source-drain
region of transistor 30 as shown 1n FIG. 4) may be etched to
form contact holes. A metal contact (e.g., via 418-1 or
contact 418-1) may be formed from metal contact layer
CNT1 (sometimes referred to herein as contact CN'T1) in the
etched region to contact the left source-drain region of
transistor 30. Portions of layers 408, 412, and 414 above a
second source-drain region of transistor 30 (e.g., the rnight
source-drain region of transistor 30 as shown 1n FIG. 4) may
also be etched to form additional contact holes. An addi-
tional metal contact (e.g., contact 418-2) may be formed in
the etched region to contact the right source-drain region of
transistor 30. Contact 418-2 may also be formed 1n metal
contact layer CNT1.

Metal portions SD1 may be all formed simultaneously. In
other words, a metal layer (e.g., interconnection metal layer
SD1, sometimes referred to herein as source-drain metal
layer SD1) may be provided, and thereaiter, patterned to
form metal segments 416 and 420 and metal segments on top
of metal contact layer CNT1 (e.g., capping contacts 418-1
and 418-2). Metal segment 416 (sometimes referred to
herein as metal structure 416) may form a portion of drive
transistor 28 to improve transistor performance (e.g., to
provide better current-voltage characteristics such as a flatter
saturation current profile). Metal segment 420 may form a
portion of storage capacitor Cst as a capacitor electrode
(sometimes referred to herein as a capacitor place or capaci-
tor terminal). Dielectric layer 422 (sometimes referred to
herein as a passivation layer) may be formed over metal
segments 416 and 420 and contacts 418-1 and 418-2.
Dielectric layer 422 may also form a portion of storage
capacitor Cst. In particular, a portion of dielectric layer 422
may be a capacitor dielectric layer.

An IGZ0 layer may be formed over dielectric layer 422.
The IGZ0 layer may be patterned and etched to form 1GZ0O
segments 424 and 426. As previously described 1n FIG. 3A,
an 1nsulation layer (e.g., gate insulator layer 428) may be
formed on IGZO segments 424 and 426 and portions of
dielectric layer 422. A second gate metal layer may be
formed on gate insulator layer 428. The second gate metal
layer may be patterned and etched to form a gating element
of transistor 28 (e.g., gate structure Gate2). Source-drain
regions of IGZ0 segment 424 and 1GZ0 segment 426 may
be doped as similarly described in FIG. 3A (e.g., via
hydrogenation, via 1on implantation). Passivation layer 430
may similarly be formed over gate structure Gate2.

IGZ0 segment 426 may form a {first electrode of storage
capacitor Cst. IGZO regions 424 and 426 may be formed 1n
the same semiconducting-oxide layer (e.g., a patterned
IGZ0 layer using the same mask). Metal segment 420 may
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form a second electrode of storage capacitor Cst. Portions of
dielectric layer 422 between segments 426 and 420 may
form the dielectric matenial between the first and second
clectrodes of storage capacitor Cst.

Contact holes for metal contacts to both source-drain
terminals of transistor 28, metal contacts to contact 418-1,
and both electrodes (e.g., electrodes 420 and 426) of storage
capacitor Cst may be formed by etching through one or more
layers of layers 430, 428, and 422. An additional metal
contact layer (e.g., metal contact layer CNT2, sometimes
referred to herein as contact CNT2) may be formed to fill the
ctched contact holes thereby forming respective contacts to
transistors 28 and 30, and capacitor Cst.

A planarization layer (e.g., planarization layer 432) may
be formed on passivation layer 430, and consequently, on the
transistor and capacitor structures. Interconnections between
the different metal contacts of transistors and capacitors
structures (e.g., interconnection metal layer SD2 sometimes
referred to herein as source-drain metal layer SD2) may be
formed on planarization layer 432. In particular, contact
418-2 may be coupled to a positive voltage power supply
(e.g., voltage power supply 34 in FIG. 2). Contact 418-1
may be coupled to the right source-drain terminal of tran-
sistor 28 via metal contact layer CNT2 and metal layer SD2
over planarization layer 432.

In other words, a conductive routing path may couple
transistor 28 to transistor 30. The conductive routing path
may include three vias, two of which are formed 1n metal
contact layer CNT2 and one of which 1s formed 1n metal
contact layer CNT1. Source-drain metal layer SD2 may
couple the two vias 1n metal contact layer CNT2 to each
other. The conductive routing path may include a first
terminal contact coupled to transistor 28 and a second
terminal contact coupled to transistor 30. The {first terminal
contact may include only one wvia, whereas the second
terminal contact may include two vias.

An additional planarization layer (e.g., planarization layer
434) may be formed on planarization layer 432 and over the
metal interconnections on planarization layer 432 (e.g., over
the conductive routing path). Planarization layer 432 and
434 may be formed from organic dielectric materials such as
a polymer. In contrast with layers 430, 428, 422, 414, 412,
and 480, which may be formed from inorganic dielectric
material such as silicon nitride, silicon oxide, etc.

Anode 436 may be formed over planarization layer 434
and may be coupled to the left source-drain terminal of
transistor 28 via the corresponding metal interconnection on
planarization layer 432. Pixel defining layer 438 (PDL 438)
may be formed over anode 436 and portions of planarization
layer 434. Pixel defining layer 438 may define active lumi-
nous regions of display pixels.

Additional structures may be formed over PDL 438 and
anode 436. For example, light-emitting diode emissive
maternal, cathode, and other structures may also be included
in pixel 22. However, these additional structures are omitted
for the sake of brevity.

Pixel circuitry 400 may also include encapsulation inter-
face region 450 and bending region 452. As shown 1n FIG.
4 portions of PDL 438 and planarization layers 434 and 432
may be removed to elimination any organic materials in
interface region 4350, thereby minimizing the amount of
moisture and contaminants that reach pixel circuitry from
outside of an encapsulated pixel region. Bending region 452
may be formed to include different signal lines and power
lines that are provided to the display pixels.

As shown 1n FIG. 4, drive transistor circuitry 28 may be
formed as an IGZO transistor that incorporates a top-gate
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design. In particular, the IGZO transistor may be of the type
as shown 1n FIG. 3A. Switching transistor circuitry 28 may
be formed as an LTPS ftransistor that also incorporates a
top-gate design. Furthermore, storage capacitor Cst may be
formed a capacitor that includes conductive 1GZ0O as a
terminal of the capacitor.

Similar features previously described in connection with
FIG. 4 are subsequently omitted from description 1n FIGS.
5-13 1n order to avoid unnecessarily obscuring the following
embodiments. Similar features (e.g., features with similar
structures, features with similarly labelled reference num-
bers, etc.) as shown 1n FIGS. 5-13 may be assumed to serve
similar functions as described 1n FIG. 4.

In an embodiment, drive transistor circuitry 28 may
include an IGZO transistor of the type as shown 1in FIG. 3B.
In particular, the pixel circuitry as shown 1n FIG. 5 having
drive transistor 28, which includes gate insulator 429. Gate
structure Gate2, gate insulator 429, and channel region of
segment 424 (1.e., IGZ0 layer 424 excluding doped source-
drain regions) may be self-aligned. In other words, gate
structure Gate2 and gate insulator 429 may be etched using
a same mask, as described in FIG. 3B. The source-drain
regions of the IGZ0O segment may also be formed using gate
structure Gate2 and gate insulator 429 as a mask during
plasma treatment (e.g., during dry etching of gate structure
Gate2 and gate insulator 429), as an example.

Referring back to FIG. 4, pixel circuitry 400 may include
multiple metal interconnections (e.g., source-drain metal
layer SD2 with multiple segments coupling diflerent tran-
s1stor and capacitor structure) above planarization layer 432.
As such, multiple contact holes (e.g., multiple vias CNT2)
are required to access diflerent terminals of transistors 28
and 30 and capacitor Cst to one another using the respective
metal interconnections 1n source-drain metal layer SD2
above planarization layer 432. As an example, pixel circuitry
400 1n FIG. 4 may require six total contact holes to couple
positive voltage supply source 34 to anode 436. In particular,
the six total contact holes include two inorganic contact
holes filed by contacts CN'T1 (1.e., contact holes formed in
inorganic layers), two organic contact holes filled by con-
tacts CNT2 (1.e., contact holes formed 1n organic layers) to
couple transistor 28 to transistor 30, and two additional
organic contact holes filled by contacts CN12 that couple the
transistor 28 to anode 436.

Because of the number and size of contact holes required
(c.g., three of the four organic contact holes are form 1n
planarization layer 432), layout design rules that specily
spacing requirements may be violated in compact designs.
Additionally, topology for planarization layer 434 may be
distorted because ol excess contact holes 1n planarization
layer 432.

In an embodiment, metal layer SD2 formed above pla-
narization layer 432 that requires contact holes within pla-
narization layer 432 may be reduced. As shown 1n FIG. 6 A,
an additional metal layer (e.g., metal layer 600, sometimes
referred to herein as gate metal layer Gate3) may be formed
on passivation layer 430. Metal contact layer CN'T2 may be
similarly formed on passivation layer 430 without forming
contact holes through planarization layer 432.

Metal contact layer CNT2 may have two respective
segments each coupled to a source-drain terminal of tran-
sistor 28, a third segment coupled to gate structure Gate2 as
a metal contact and a fourth segment coupled to the con-
ductive 1GZ0 plate of capacitor Cst. Metal layer CN'T may
also have a fifth segment coupled to contact 418-2 or metal
contact layer CN'T1. Metal layer 600 may couple transistor
28 to transistor 30 via metal layer CN12. As compared to
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pixel circuitry 400 as shown 1n FIG. 4, the pixel circuitry 1n
FIG. 6A only includes two organic contact holes, one of
which 1s in planarization layer 432 and the other one of
which 1s 1n planarization layer 434. As previously described,
an organic contact hole 1s defined as a contact hole formed
in an organic layer (e.g., planarization layer 432), whereas
an 1organic contact hole 1s defined as a contact hole formed
in an 1morganic layer (e.g., passivation layer 430).

As shown 1 FIG. 6A, bending region 452 may include
planarization layer 610 formed on a substrate (e.g., a sub-
strate 1n portion 402 as described 1n FIG. 4). As an example,
planarization layer 610 may be formed from organic poly-
mers, such as polyimide or polyacryl. Source-drain metal
layer SD1 may also include a segment (e.g., metal segment
612) formed in bending region 452. Segment 612 may be
formed on planarization layer 610, which may level (e.g.,
flatten) the topology 1n the bending region (with respectiul
to the pixel circuitry region) before depositing metal layer
SD1. Planarnization layer 432 may be formed over metal
layer SD1. Planarization layer 432 may also serve to flatten
the topology betfore depositing an additional metal layer on
top. Source-drain metal layer SD2 may also be formed in
bending region 452. In particular, metal layer SD2 may be
formed on planarization layer 432. Planarization layer 434
and PDL 438 layer may be subsequently formed over metal
layer SD2.

If desired, a portion of third gate metal layer Gate3 (e.g.,
segment 650) may be formed in bending region 452, as
shown 1n FIG. 6B. In particular, planarization layer 620 may
be formed on a substrate (e.g., a substrate in portion 402 as
described 1n FIG. 4) and serve a similar function as planar-
ization layer 610 1n FIG. 6 A. As an example, planarization
layer 620 may be thicker (e.g., have a larger height) than
planarization layer 610 1n FIG. 6 A because gate metal layer
Gate3 may be in higher level than metal layer SD1 1n a
process stack-up. Planarization layer 432 may be formed on
gate metal layer segment 650, and metal layer SD2 may be
formed on planarization layer 432. If desired, any number of
additional metal layers (with corresponding planarization
layers) may also be formed 1in bending region 452 to provide
a suitable number interconnections in bending region 452.
Planarization layer 434 and PDL 438 may be formed on
metal layer SD2.

Similar to FIG. 4, drive transistor circuitry 28 of FIGS. 6 A
and 6B may both be top-gate IGZO transistors of the type as
shown 1n FIG. 3A. Alternatively, drive transistor 28 may be
formed as a top-gate IGZO transistor of the type as shown
in FIG. 3B. In particular, as shown 1n FIG. 7, gate insulator
700 similar to gate insulator 429 as shown 1n FIG. 5. In other
words, transistor 28 1n FIG. 7 may include gate insulator 700
that 1s vertically aligned with gate structure Gate2.

Although FIGS. 5 and 7 described drive transistor 30 as
a type of top-gate 1GZO transistor as shown and described
in FIG. 3B, 1if desired, the IGZO transistor structure of FIG.
3C may also be used.

As shown 1n FIGS. 4-7, mterconnection metal layer SD1
may be formed between gate metal layer Gatel and 1GZ0
layer 424. If desired, interconnection metal layer SD1 may
be formed over gate metal layer Gate2, as shown 1n FIG. 8.
Forming metal layer SD1 1n such a configuration may
reduce a number of masks used 1n the fabrication process as
well as a number of 1norganic contact holes (as compared to
the pixel circuitry described in FIGS. 6 and 7).

In FIG. 8, transistor 30 may be formed on a topmost layer
(e.g., a buller layer) 1n portion 402. Gate insulator layer 408
may similarly be formed over a LTPS layer (similar to LTPS
region 406 1n FIG. 4). Because interconnection metal layer
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SD1 1s formed above passivation layer 430, the first gate
metal layer (in which gate structure Gatel 1 FIG. 4 1s
formed) may form both a gate structure for transistor 30 and
as an electrode for capacitor Cst (e.g., capacitor plate 812).
Theretfore, inter-layer dielectric layer 412 may cover both
gate structure Gatel and capacitor plate 812. Inter-layer
dielectric layer 412 may also be used as the capacitor
dielectric for storage capacitor Cst.

Similar to FIG. 4, IGZO portion 424 may be formed as a
portion of transistor 28, while 1GZ0O portion 810 may be
formed a portion of capacitor Cst (e.g., capacitor electrode
810). IGZO portions 424 and 810 may be formed 1n the same
IGZO layer during processing (e.g., by using the same 1GZ0
layer patterned by a single mask). Insulation layer 800 may
be formed over both IGZO portions 424 and 810. Insulation
layer 800 may also form the gate msulator of transistor 28.
Gate structure Gate2 may form the gating element of tran-
sistor 28. Passivation layer 430 may be formed over gate
metal layer Gate2.

Additionally, 11 desired, metal contact layers CNT1 and
CNT2 may be formed 1n the same step (e.g., using a single
mask) using etch holes formed through one or more layers
430, 800, 412, and 408. Alternatively, metal contact layers
CNT1 and CNT2 may be separately formed. Interconnection
metal layer SD1 may be formed over passivation layer 430
and may couple transistor structures and capacitor structures
to one another. For example, metal layer SD1 may couple a
source-drain region of transistor 28 to a source-drain region
of transistor 30. As another example, metal layer SD1 may
couple a terminal of storage capacitor Cst (e.g., capacitor
terminal 812) to a source-drain terminal of transistor 30.
Metal layer SD2 may also be connected to the portion of
metal layer SD1 coupled to both the terminal of storage
capacitor Cst and the source-drain terminal of transistor 30.
A positive power supply voltage may be provided to the
portion of metal layer SD1, 11 desired.

Still referring to FIG. 8, a conductive routing path may
also couple transistor 28 to transistor 30. In contrast with the
routing path referred to 1 FIG. 4, the conductive routing,
path of FIG. 8 only includes one via in contact CNT2, one
via 1 contact CNT1, and a source-drain metal layer that
couples the one via 1n contact CNT2 and one via 1n contact
CNT1. In other words, a first terminal contact of the con-
ductive routing path coupled to transistor 28 includes only
one via. A second terminal contact of the conductive routing
path coupled to transistor 30 also includes only one via.

Because the two contact holes (contacts CNT1 and
CNT2) formed to couple transistor 28 to transistor 30 have
different depth, contact 1ssues may arise when forming metal
contacts to fill the two contact holes. For example, an etch
process may etch through the right source-drain region of
transistor 28 while trying to achieve the correct depth of
contact CNT1 to access the left source-drain region of
transistor 30. Therefore, after forming the contact hole for
the left source-drain region of transistor 30, 1t may be
desirable to fill the contact hole as soon as possible. As
shown 1n FIG. 9, gate structure Gate2 may be formed 1n a
gate metal layer. In order to fill the contact hole of contacts
CNT1 separately from contacts CNT2, the gate metal layer
in which gate structure Gate2 1s formed, may also form
metal vias 900, 902, and 904. In other words, gate structure
(Gate2 may be simultaneously formed with contacts CN'T1 to
fill the formed contact holes immediately. Accordingly,
passivation layer 430 may be formed to cover gate structure
(GGate2 and metal vias 900, 902, and 904. Thereafter, metal
contact layer CNT12 and interconnection metal layer SD1
may be formed as previously described 1n FIG. 8.
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As shown i FIG. 10, an additional metal layer (e.g.,
metal layer 1000) may be formed before forming metal
contact layer CNT1, but following patterning based on the
metal layer CNT1 mask. Metal layer 1000 may be a pro-
tective metal film that prevents over-etching problems pre-
viously described in connection with FIG. 8. Metal layer
1000 may therefore sometimes be referred to as etch-stop
liner 1000.

Metal layer 1000 may be interposed between source-drain
metal layer SD1 and passivation layer 430. Additionally,
metal layer 100 may also be interposed between contacts
CNT1 and both source-drain regions of transistor 28. As an
example, Metal layer 1000 may be formed from Molybde-
num, Tungsten, or any other suitable materials. Metal layer
1000 may protect IGZO layer 424 from over-etching as well
as ensure good electrical contact to the source-drain regions
ol transistor 28.

As shown 1n FIG. 11, the pixel circuitry of FIG. 8 may
include passivation layer 1100 formed over interconnection
metal layer SD1 and portion of passivation layer 430. As an
example, passivation layers 430 and 1100 may be formed
from silicon nitride. If desired, any other suitable material
may be used as the passivation layers. The addition of
passivation layer 1100 may prevent moisture and other
contaminants from entering metal layer SD1.

In an embodiment, the pixel circuitry of FIG. 9 may
include passivation layer 1200 formed over interconnection
metal layer SD1. A configuration of this type 1s shown in
FIG. 12.

In an embodiment, the pixel circuitry of FIG. 10 may
include passivation layer 1300 formed over interconnection
metal layer SD1. A configuration of this type 1s shown in
FIG. 13.

The foregoing 1s merely illustrative and various modifi-
cations can be made by those skilled in the art without
departing from the scope and spirit of the described embodi-
ments. The foregoing embodiments may be implemented
individually or in any combination.

What 1s claimed 1s:

1. A display comprising:

a semiconducting-oxide drive transistor, wherein the
semiconducting-oxide drive transistor 1s a top-gate
transistor;

a storage capacitor coupled to the drive transistor, wherein
the storage capacitor comprises conductive oxide, and
wherein the storage capacitor 1s formed 1n the same
layer 1n the display as the semiconducting-oxide drive
transistor;

a silicon switching transistor coupled to the semiconduct-
ing-oxide drive transistor, wherein the silicon switch-
ing transistor 1s formed on a substrate, and wherein the
semiconducting-oxide drive transistor 1s formed above
the silicon switching transistor;

an organic layer formed on the semiconducting-oxide
drive transistor;

a metal layer laterally coupling a source-drain terminal of
the semiconducting-oxide drive transistor to a source-
drain terminal of the silicon switching transistor,
wherein the metal layer 1s not formed through the
organic layer; and

a conductive structure electrically coupled to a gate
conductor of the top-gate transistor, wherein the con-
ductive structure 1s not formed through the organic
layer.

2. The display of claim 1, further comprising:

a light-emitting diode coupled 1n series with the drnive
transistor.
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3. The display of claim 2, wherein the silicon switching
transistor 1s configured to selectively pass current through
the drive transistor to the light-emitting diode.

4. The display of claim 2, further comprising:

a first power supply line; and

a second power supply line, wherein the semiconducting-
oxide drive transistor, the silicon switching transistor,
and the light-emitting diode are coupled in series
between the first and second power supply lines.

5. The display of claim 1, further comprising:

a light-emitting diode coupled 1n series with the drive
transistor; and

an additional organic layer formed on the organic layer,
wherein the light-emitting diode has an anode layer that
1s formed on the additional organic layer.

6. The display of claim 1, further comprising;:

a conductive segment formed 1n a bending region of the
display, the conductive segment and the metal layer are
at least partially formed in the same gate metal layer.

7. The display of claim 1, further comprising:

a conductive structure formed directly below the semi-
conducting-oxide drive transistor 1 a given metal
layer; and

a storage capacitor coupled to the drive transistor, the
storage capacitor comprises a capacitor plate i the
given metal layer.

8. The display of claim 1, wherein the silicon switching,
transistor comprises a gate structure formed 1n a given metal
layer, the display further comprising:

a storage capacitor coupled to the drive transistor, the
storage capacitor comprises a capacitor plate in the
given metal layer.

9. The display of claim 1, wherein the semiconducting-

oxide drive transistor does not include a bottom gate.

10. A display comprising:

a drive transistor having a gate terminal and a source
terminal;

a metal segment formed directly below the drive transis-
for;

a capacitor coupled to the drive transistor, wherein the
capacitor comprises a {irst terminal formed from con-
ductive oxide and a second terminal formed from an
additional metal segment separate from the metal seg-
ment, wherein the additional metal segment 1s formed
in the same layer as the metal segment, and wherein the
capacitor 1s configured to store a voltage across the gate
and source terminals of the drnive transistor.

11. The display of claim 10, further comprising:

a light-emitting diode coupled 1n series between the drive
transistor.

12. The display of claim 10, further comprising:

a dielectric layer formed below the drive transistor,
wherein the drive transistor comprises semiconducting-
oxide material, and wherein the conductive oxide of the
capacitor and the semiconducting-oxide material of the
drive transistor are formed on the dielectric layer.
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13. The display of claim 10, further comprising:
a switching transistor coupled to the drive transistor,
wherein the switching transistor has a gate formed

below the metal segment.

14. The display of claim 10, further comprising:

a capacitor; and

an additional routing path coupling the capacitor to the
switching transistor, wherein the routing path and the
additional routing path include lateral routing portions

that are formed 1n the same layer.

15. A display comprising:

a drive transistor having a source-drain terminal;

a switching transistor coupled to the drive transistor;

a conductive routing path having a first terminal contact
that 1s coupled to the drive transistor and a second
terminal contact that 1s coupled to the switching tran-
sistor; and

a conductive etch-stop liner mterposed between the
source-drain terminal of the drive transistor and the first
terminal contact.

16. The display of claim 135, wherein the drive transistor
comprises semiconducting-oxide and the switching transis-
tor 1s a silicon transistor.

17. The display of claim 16, wherein the drive transistor
1s a top-gate transistor.

18. The display of claim 15, wherein the second terminal
contact of the conductive routing path comprises only one
via.

19. A display comprising:

a semiconducting-oxide transistor having a semiconduct-

ing-oxide laver,

a conductor formed directly below the semiconducting-
oxide layer of the semiconducting-oxide transistor; and

a capacitor coupled to the semiconducting-oxide transis-
tov, wherein the capacitor comprises a first terminal
and a second terminal that is formed from an additional
conductor separate from the conductor, and wherein
the additional conductor is formed in the same layer as
the conductor.

20. The display of claim 19, further comprising:

a light-emitting diode coupled to the semiconducting-
oxide transistor.

21. The display of claim 19, further comprising:

a switching transistor coupled to the semiconducting-
oxide transistor, wherein the switching transistor has a
gate formed in a laver below the conductor.

22. The display of claim 20, wherein the semiconducting-
oxide transistor comprises a metal laver that includes
molybdenum.

23. The display of claim 21, further comprising.

a first planarization laver formed over the semiconduct-

ing-oxide transistor; and

a second planarization layer formed on the first planar-
ization layer.




	Front Page
	Drawings
	Specification
	Claims

