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Part 1: hp-ITZO Thin Films



» Metal Oxide (MO) TFT Technology
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[5] J. E. Medvedevaq, et al. Adv. Electron. Mater., 3(9), 1700082, 2017. 4
[6] J. F. Wager, Info. Display, 32(1), 16-21, 2016..



Website link/LG Rollable OLED TV R _ LG SIGNATURE.html
Website link/September Event 2019 — Apple - YouTube.html
Website link/News release - Imec, TNO and Cartamundi develop flexible tags that communicate with standard touch screens _ imec.html

Call for Higher-Mobility MO TFTs in Displays
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. Mobility Boost in AOS Materials

» For common amorphous oxide semiconductor (AOS)
materials 2 element composition modification (e.g.,

In3*1)
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[1] H. Hosono, J. Non. Cryst. Solids, 352(9-20), 851-858, 2006.

[2] M. Lokanc, et al. NREL., 2015.

[3] K. A. Stewairt, et al., J. Non. Cryst. Solids, 432, 196-199, 2016.
[4] K. A. Stewart, et al. J. Soc. Info. Display, 24(6), 386-393, 2016.
[5] J. E. Medvedeva, et al. Adv. Electron. Mater., 3(?), 1700082, 2017.




Hall Mobility vs. Crystallinity in In,O; Films

Hall mobility of In,O, film with different crystallinities InO polyhedra interconnection in In,O; films
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+ hp-ITZO Thin Film Deposition

Poly-ITO + Poly-ZnO
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v hp-ITZO thin films: an amorphous matrix with a number of columnar nanocrystals (including ZnO, ZnsIn,O,,
n,n,0O,, etc.) embedded.

O Similar XRD spectrum and HRTEM image - Hall mobility peak?

S. Deng, et al. Appl. Phys. Lett., 109(18), 182105, 2016.
S. Deng, et al. IEEE Trans. Electron Devices, 64(8), 3174-3182, 2017.
Best Oral Presentation Award, 2016 PG workshop on Display Research.
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*hp-ITZO = ITO-stabilized ZnO

Device Number

v' The utilization of corner-shared InO,
polyhedra rather than the increase
of In content for mobility boost.

— Cost-effective TFT channels

[1] T. M. Pan, et al. IEEE Trans. Electron Devices, 64(5), 2233-2238,
2017.

[2] T. Takasu, et al. J. Soc. Info. Disp., 23(12), 593-599, 2015.

[3] K. Nomura, et al. Appl. Phys. Lett., 95(1), 013502, 2009.

[4] S. Yamazaki, et al. Jpn. J. Appl. Phys., 53(4S), 04ED18, 2014.

[5] H. U. Li, et al. IEEE Electron Device Lett., 36(1), 35-37, 2014.

[6] Y. Shao, et al. Adv. Func. Mater., 24(26), 4170-4175, 2014.

[7]1S. Deng, et al. IEEE Trans. Electron Devices, é64(8), 3174-3182, 2017.



b

Part 2: (Cost-Effective) hp-ITZO TFTs

Self-aligned (SA) TFT Etch-stopper-layer (ESL) TFT

11



TG-BC TFTs
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. SA hp-ITZO TFTs (1)

i

Target

Advantages:
v Minimized parasitic capacitance - RC delay
| & AV, | & accurate signal control

v' Strong device scalability = higher-resolution
displays

v One photolithography step removal = cost-
effective manufacturing

Key issue:

d Formation of highly conductive & thermally
reliable S/D regions (e.g., plasma treatment?
lon doping?)

— Two different PECVD SiO, capping layers +
differentiated O, annealing strategy

S. Deng, et al. [EEE Electron Devices Lett., 38(12), 1676-1679,2017. 12
Distinguished Poster Award, IDMC’17.



. SA hp-ITZO TFTs (II)

* How to form conductive & stable S/D region?

II:I oooo

Si depth profile in hp-ITZO with difference capping layers
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SiH,-SiO0, = silane-sourced PECVD SiO, S. Deng, et al. IEEE Electron Devices Lett., 38(12), 1676-1679,2017. 13
TEOS-SiO, = tetraethyl-orthosilicate-sourced PECVD SiO, Distinguished Poster Award, IDMC'17.



_ SA hp-ITZO TFTs (Il

» Process flow 10*
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Distinguished Poster Award, IDMC’17.
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S. Deng, et al. [EEE Electron Devices Lett., 38(12), 1676-1679,2017.
Distinguished Poster Award, IDMC’17.



ESL hp-ITZO TFTs (1)

* Process flow (for AM-FPD backplanes)
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« Simplified process flow (w/o 15t & 2nd thermal annealing) - Device FO
l «  General process flow (w/ 15t & 29 thermal annealing) - Device Fl

S. Deng, et dl. J. Soc. Info. Disp. 29, 318-327,2021. 10
Distinguished Paper Award, SID DW'2021.



. ESL hp-ITZO TFTs (II)
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Distinguished Paper Award, SID DW'2021.



Int.[X)Int.[O]

* TOF-SIMS analysis in Device FO

F diffusion

Bl Glass

Glass
Device FO before PLN

ACGI

Device FO after PLN

10°

0

400 80¢ 1200 1600
Sputter Time (sec)

Glass

173773737 wl

Conftrol device FO*

Int.[X]/Int.[O]

Int.[X]/Int.[O]

ESL hp-ITZO TFTs (111

5
4000 4500 5000 5500 6000
Sputter Time (sec)

10" ES AC GI
J—F —c¢

10— si ZnO
10"{r
107
107
1

400 800 1200

Sputter Time (sec)

Similar F- & C- ESL= Device’F%C — =
profiles — 10" Solid: Before PLN
e Dash: After PLN
t 107 _Rgslldot: Control device
P qo*RediF S - = - o
— s - == = on T
© 10" {BIue: C
Diffusion of fragments 2 10
like CF radicals from = e e
X - T . - r’}f‘\
the F-PI PLN fhrough 10750253502,
the ESL ingp the AC Channel Depth (nm)
-4
Oxygen deficiency 10 vV, =51V
passivation by F 10°
species
- -8
5; 10 Device FO
— 10" Before PLN
- After PLN
10°
Improved e : gg‘r:itgzl
performance 107" M= ; ;
-10 -5 0 5 10
Ve (V)
18

S. Deng, et al. J. Soc. Info. Disp. 29, 318-327, 2021.
Distinguished Paper Award, SID DW'2021.
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Part 3: Practical Applications
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. AMOLED Prototype Display

é ) é
— TFT: TG-BC hp-ITZO
— Cs: double-layer cap.
— OLED: top emission

— Pixel circuit: 2T1C
— Pixel density: 287 ppi
— Resolution: 200(H) x 600(V)

22

r

-0
-20 -10 0 10 20
)

v' By following the simplified process flow, the hp-ITZO TFT technology

is applicable to low-cost AM-FPDs.

9x10°
Scan Line Power Line
N v
Vscan dd |
F6x107° L c [ C
g< Viata TT s | T g ,
c;_’ T1 Vp 1 2 s %
) @ a
3 8 £ B
F3x10
g V=
(=]
Vcom v

— Panelssize: 2.2 in.
— Frame rate: 60 Hz
— Chip Assembly: COG

— AR: 40.7%
\.

S. Deng, et al. J. Soc. Info. Disp. 29, 318-327, 2021.
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+ Integrated Circuits (ll)

* 1-volt zero-V inverterl!! (oower-delay product=0.35 pJ) « Capacitor-booststrap amplifiert4! (Gain=32 dB,
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. Conclusion

 Multicomponent hp-MO thin films have been developed by modifying
both element composition and crystal morphology. Their electron
mobility can surpass the upper limit in the amorphous counterparts.

e The hp-MO channels are applicable to high-performance TFTs with
various structures. The cost-effective SA and ESL hp-ITZO TFTs have been
demonstrated through device and processing innovations.

e The hp-MO TFT technology can support the implementation of energy-
efficient, fully fransparent electronics applications.
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