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MO TFTs with Instability Issues

Known electronic structure of a-IGZO with

Energy

subgap defectsl®

CB

23-42 meV.
v

Barrier
A I ~0.1eV

Almost no tail states (E, ~ 26 meV) ™ CBM
Donor level: 0.10 - 0.13 ev [6]

Traps in as-deposited a-1GZ0: ~0.2 eV [90]

Traps in H-poor a-IGZQ: ~0.3 eV

I Passivated by H [77]

Deep levels
(~2x10% cm3/eV)

~3.2eV
Near-VBM states (>1020 cm-3)

(i) V,, with void [103]
(ii) Weakly-bonded O [113]
Undercoordinated O [108]
(iii) ~OH [122]
(iv) H-[110]
Tail

o\

Log (DOS)

VBM

Main defect forms:
+ Oxygen vacancy/deficiency

 Weakly-bonded/
undercoordinated oxygen

* Peroxide
* Low valence state cations
* Hydrogen

voltage shift

A typical Vy, shift degradation occurred
during stress
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« Macroscopic structural defects
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Thermal Annealing/Oxidation for MO TFTs

A typical process flow of ESL MO TFTs in HKUST

///////// s

B Gate deposition & patterning

m Gate insulator deposition

Channel deposition & patterning

Large Bore VerficallFurnace # Etch stopper deposition & patterning

(VFS-4000, Koyo Thermo Systems Co., Ltd.)

m Source/drain deposition & patterning

® Post-annealing

Positive impacts of thermal annealing!'l:
« Oxygen vacancy compensation
Weakly bonded species removal

« Donor level and conductivity control
 Structural relaxation

» Efc.

500

Annealing . o< H|gh ane(]”ng ’rempero’rure &
Long annealing time

— Large thermal budget

Temp. (°C)

— NOT cost-effective
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, Advanced Annealing/Oxidation Techniques

* Annealing in different gases!'-i3l « Irradiation assisted annealing!ll”!
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Fluorination Treatments for MO TFTs

« Fluorine: the largest electronegativity (3.98) among
all elements.ll

« Bond-dissociation energy (Dg): Dy(In-F)= 516 kJ/mol
or 5.327 eV > Dy(In-O) = 346 kJ/mol or 3.586 eV

v" Fluorination is more efficient to passivate oxygen
vacancy sites than thermal annealing/oxidation

% However, many prevalent fluorination
treatments are performed under relatively
harsh conditions.

— Physical bombardments on MO channels,
result in SS deterioration and newly emerged
instability issues.

— Befier device stability & less thermal budget. oo 1o of 015 for 1620 < Additional fluorination steps are inserted into
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» Unanticipated AV, in TG MO TFTs after PLN (I)

 Before PLN vs. after PLN

PLN Sub. preparation Electrical performance of TG MO TFTs
S/D pad dep. & pat.¢ o ... ... before/after PLN and confrol device

AC dep. & pat. PLN coating,
Gl dep. pat., & curing

E\. GE dep. & pat. Annealing 10® Vc|
i IB\E ILD dep. & CT Data line dep. &
i Glass opening pat. — 10-8
a—a TG MO TFT after PLN <
o

Active area

Before
After

Scan driver

TG MO TFT before PLN

Control
Sub. preparation 10" . d?‘"ce
S/D pad dep. & pat. Annealing -10 -5 0 5 10
AC dep. & pat. i Vgs (V)
Gl dep. curing

GE dep. & pat. Annealing TFT :)Le':ore TFLESer CDIon.iroI
G = Top-Gate {7777 77 ILDdep.&CTq gDataline dep. & evice
BL = Buffer Layer opening pat VTh (V) -1.4 0.15 -0.4
S/D = Source/Drain Control device -
Gl = Gate Insulator AV, (V) - 1.55 1

AC = Active Channel

GE = Gate Electrode

ILD = InterLayer Dielectric v" Noft only the curing step but also the F-PI PLN layer is helpful for improving device performance.
PLN = Planarization

e - — The PLN process is more efficient than conventional thermal annealing. 7
F-PI = Fluorinated Polyimide



* Underlying mechanism & Device uniformity

TOF-SMIS depth profiles of F-and C-in
the AC of the TG MO TFTs

Gl = = AC =

Solid: Before PLN

F diffusion PLN (F-PI) — - Dot: Control device

O, 1071 pash: After PLN
- i
=
=
Q
| -
o

BL —

Glass b=

107

0 10 20 30 40 50
Channel Depth (nm)

v Alarger AV,, = High fluorine and carbon content in the AC bulk

- Fluorination treatment brought by PLN.

v' Excellent electrical uniformity > An effective fluorination method

for large-area displays and electronics.

¢ TG MO TFTs > BG MO TFTs (with no metallic GE between the PLN and the AC)

» Unanticipated AV, in TG MO TFTs after PLN (ll)

107 9
107 =
o
. 10° 0 X
< =
=10 <
3 = .
1072 =

-14
10 20 10 0 10 200

V__ (V)

Key electrical parameters of 10 samples TG MO TFTs (after PLN)
selected from the top, bottom, left, right, and center of a 4-
inch glass wafer

Msat v, (V) SS On-off
(cm2/Vs) th (mV/decade) ratio
Ave. 18.36 0.23 84.8 4.7x107
S.D. 0.56 0.20 0.9 1.5x108
8



luorination Treatment on BG MO TFTs via PLN (1)

* Process flow of BG MO TFTs (for active-matrix flat-panel display panels) -
prm—— & &
BL ' BL ' BL ' BL

Glass Glass Glass Glass

Substrate preparation GE deposition & patterning Gl deposition AC deposition & patterning ITO-
Al (100 nm) + Mo (100 nm) SisN, (50 nm) + SiO, (75 nm) stabilized ZnO (50 nm)
1t thermal annealing »
PLN ond thermal (at 300 °C in air for 2 h)
annealing

(at 300 ‘Cin

air for 2 h) o P y
AC y AC
v
- BL
Glass Glass Glass
Fluorinated PLN coating & patterning S/D deposition & patterning CT opening ESL deposition
& curing (at 300 “C in air for 2 h) Al (150 nm) SiO, (300 nm)

«  General process flow (with 15t and 29 thermal annealing) = Device F1
- Simplified process flow (without 15t and 279 thermal annealing) - Device FO ¢



* Planarization efficacy

200 | ‘ “w/o PLN

Height (nm)
o

Before PLN After PLN
ng‘ height 423 nm 158 nm
difference
RMS roughness 133 nm 43 nm

Fluorination Treatment on BG MO TFTs via PLN (l)

* Insulation efficacy

30
< Mesh structure
2 207 (75x75 strips)
g 10 ..-w
o -10
©
© -20-
3
;Y 1 ) —
20 10 0 10 20

(T

Bias Voltage (V)
75 horizontal strips (200-nm-thick Mo)
by 75 vertical strips (150-nm-thick Al)

- 11,250 sidewalls and 5,625 overlapped mesas (10 um*10 um)

v The fluorinated PLN layer has a good planarization and
insulation properties and are applicable to general display

applications.
10



orination Treatment on BG MO TFTs via PLN (lil)

» Device F1 before PLN vs. after PLN Electrical performance of Device F1 before/after
PLN and control device
-4
PLN ) 10
(F-PI) Sub. preparation
GE dep.&pat.¢ ¢ ... ... 10° Vis
Gl dep. PLN coating,
AC dep. & pat. pat., & curing I 10°®
1st annealing* 27 anpnealing* -
. Glass ESL dep. & -CT S.’D dep. & pat- _-U 10-10 Before
Device F1 after PLN opening - After
10 Control
10 device
Gl 10 5 0 5 10
Device F1 before PLN 2 2 2 2 2 2 2 ) Vgs (V)
A A A | Sub. preparation
GE dep. & pat. Device F1  Device F1 Control
Gl dep. before PLN after PLN Device F1*
AC dep. & pat. curing vV (V) 59 -0.7 -1
1st annealing* 2nd annealing* AV Y Yy 53
S E g E g E g ESL dep. & CT ¢ ¢ S/D dep. & pat. i (V) ) : :
opening Hysteresis (V) ~0.4 <0.1 ~0.4
Control device F $S (mV/decade) 130.2 80.8 107.8

v" The PLN process also works for improving the performance of BG MO TFTs. 1



« Device F1 vs. Device FO

20

(@)

-

N

Processing Time (h)
o

Estimated processing time of Devices F1 and FO

#® 2nd thermal annealing*
m S/D deposition & patterning
# ESL deposition & CT opening
# 1st thermal annealing*

AC deposition & patterning
m Gl deposition

PLN coating & patterning & curing

10° After PLN
Vds=5.1 \'

L -10 -5 0 5

Ve (V)

150

5 % m GE deposition & patterning _ Vgs= 0~20V, Step=5V
/ m BL deposition 120_ After PLN
Substrate cleaning J L~ "
Device F1 Device FO 2 ] 7
. . . . _'U 60- 7 o - T -
v Comparable and uniform electrical performance in Device FO . S
— The PLN process itself is efficient to passivate defects and 301 « /_, - = =
activate MO TFTs even with no need for annealing before PLN. =
: 0
— A shorter production cycle and a lower process thermal budget 0 5 10 15 20

for more cost-effective manufacturing.

lyorination Treatment on BG MO TFTs via PLN (1V)

Ve (V)

Key electrical parameters of
Devices F1 and FO

Device Device
F1 FO
Msot (CM?2/Vs) 12.8 22.3
Vi, (V) -0.7 -0.8
On-off ratio 4.1x10° 1.5x10'0
(mV/dSeScode) 80.8 81.6

*Record low SS among fluorinofé% MO TFTs
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* TOF-SIMS analysis in Device FO

Glass
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Similar F & C-
profiles

Diffusion of fragments
like CF, radicals from
the F-PI PLN through
the ESL into the AC

Oxygen vacancy
passivation by F
species

Improved
performance

Jjorination Treatment on BG MO TFTs via PLN (V)
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lyorination Treatment on BG MO TFTs via PLN (VI)

» Device FO vs. Device NFO 10" 10'{NF-P! ES AC Gl
' : F C
0 0]
L -~ Si —— 700
. 107] . 107] —
BLN F|IEU|§)|rir§T§d polyli:r(;]ide £ 107 = 107
- evice ' '
(F-PI) X 4o % 10°
= 10* = 10"
Non-Fluorinated polyimide 208
_ . 5 . : . 1073+ . r r r
(NF-P1) > Device NFO %000 4500 5000 5500 6000 %500 1000 1500 2000 2500
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ESL= - AC—= - Gl
o] Solid: FO/NFO (before PLN) 10— Device FO
S 10”1 pash: Fo (after PLN) }—O—Device NFO
— 10 Dot: NFO {(after PLN) 0
£ 10 ]
= 1
« Fluorine and carbon mainly origins from the F-PI PLN. (&) 0™
— 1
« Increased carbon intensity in the AC of Device NFO is i: :
helpless for performance improvement. g !
[ =
v A fluorinated PLN layer is the key, and performance > - . - .
4 Y P 0 0 10 20 30 40 50

improvement after PLN is attributed to a cost-effective

fluorination tfreatment. Channel Depth (nm}




Fluorination Treatment on BG MO TFTs via PLN (VII)

» Device stability against electrical, thermal, and illumination stresses

o—a—e—t—a—a—a,

-SIpBs: —m—F1 (before)
10V =V, +20V —e— F1 (after)

15} —A— F0 (after)

AV, (V)

10-'NBs:
1 5 '_Vslress=vth—2 OV

AV, (V)

Ofp—n—a—nw g |
: ==

-5 }PBTS: \.\
'1 0 -'Vstress=vth+20V

A5[Temp=85°C_

AV, (V)

stress

AV, (V)

A0}V, =V, -20V

St 2
-15 FWhite Ilght(36m,chm).

10° 10’ 10? 10°
Stress time (sec)

After PLN, both F1 and FO exhibit significantly improved stability.

PBTS: | AV (FT)| < | AV (FO) | € more defects in Device F1 are compensated
< longer thermal annealing tfreatment for Device F1.

NBIS: [AV(FT) | > [AV4,(FO) | € Dy(M-F)>Dy(M-O) € more V5 are passivated
by F € Device FO is not annealed before PLN.

— Fluorination treatment prior to oxidation tfreatment may lead to an enhanced

|||inro’rion stability? \ r r \ r
Xy Xp Xy Xy

- - -
L 4 - - - - -
-t - @

Device FO before PLN Device FO after PLN Device F1 before PLN Device F1 after PLN

15

*The results of Device FO before PLN is not shown because of short-circuit.



2.

4,

. Conclusion

We demonstrate a PLN process using fluorinated polyimides that can improve
the electrical performance of MO TFTs even without the need for additional
thermal annealing steps.

The underlying mechanism is aftributed to the diffusion of fluorine species from
the PLN layer to the AC layer and the following defect passivation during the
thermal curing of the F-PI.

Both TG and BG MO TFTs fabricated with the PLN process exhibit significantly
enhanced electrical characteristics and stability.

This study provides a cost-effective fluorination method to reduce the thermal
budget and shorten the production cycle in the fabrication of AM-FPD panels.
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