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++ Introduction: why a-IGZO? and facing problems

+ Selected results of a-IGZO TFTs and circuits:
1. carrier transport, interface, and reliability physics

2. several ways to improve device performance

+ Summary
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Market and industrial needs

XiEBRFmHEEELY, —EZ“REZE’, MEREERRAX L
REHO. BRETEIEER, RIEE20134F, XBhi# & EHRE O K
FRIEZN5001ZE T £, URTFEMBEE (232212%5T) - Al (2196
{ZE5T) MY A (105712E7m) , HEZMAL,

Future development needs
-BEENERRF|RS Y. KIFE. SiE. KR~ 3DEYRIEAR
B, MTFTEYEREEKHERMS, EXTFTRAIBERS. RiAXL
X, FOXS. HEBEER). HEIZHEMEN. S5KXERE
EMER MRS

« System on panel (SOP)

’

{3 l" At -lﬁ P

Snapshot from “Mihority report” 8 i | )

AR ARS B (hailu@nju. edu. cn)




a-IGZO TFTRYL B
a-Si:H TFTHY SR : . T

- RERRIERZER(<1cm?/Vs)
cREEFEIE (E;~1.7 eV)
- AREMEFRABRE T HRREEA.

LTPS TFTHIEPR:

« HIEREAS, 5a-SiTFTIZHRAME
<EME, TUARTREREKX

a-IGZO TFTHIBIEM .

1. ReaERFEBER

2. SRIAFEDR (E;>3.0 eV)
3. REImEAR, {RIh#E

4. REIHIEIRE, KAAE

What is a-1IGZ0O?
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Basic transfer I-V characteristics of IGZO TFTs
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Smaller and more compact, components of the new IGZOTFT
{thin-Alm transistor} result in a clearer picture

Conventional transistor Mew transistor

IGZO technology vs. a-Si TFT

The Sharp IGZ0 transistor has more piels-per-area and thinner
wiring than current a-5i transistors, resulting in higher reselution.

IGZO is 30-50 times higher than that of a-Si,

the on-current of IGZO TFTs is considerably higher. As a result, the IGZO

transistor can be made smaller

and the width of the signal line narrower.

* For LCD panels, the higher the resolution, the more difficult it is to achieve
larger aperture ratio. But the IGZO technology enables high resolution while

keeping aperture ratio large.

 Large aperture ratio is essential to retain brightness, or the body of the
transistor would block too much light. It means less back-lighting is needed.
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Advantage 2

Less Power Consumption
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Most important advantage in my view!

 Currently, a panel needs to be refreshed or “driven” continually because
leakage current causes the cell to discharge.

* Due to their ultra-low leakage, IGZO panels can retain their active state
longer. It’s then possible to save significant power by skipping drive
cycles.

A comparative study reported in 2012

a-Si LCD R Pioi Drving P a-IGZO LCD
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* Panel driving power is reduced by 62%:;
» LED backlighting power is reduced by 50%;

» Approximately 56% less power is used in standard operation with an
IGZO LCD as compared to an a-Si LCD. This will benefit hand-held and

other battery-powered devices by dramatically extending battery life. 10
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Facing problems in a-IGZO TFT development

242 e /f““ 1. Reliability is the biggest issue,
— e P including performance shift under
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2. Further improving carrier mobility.
Can a-IGZ0O compete with LTPS for

@?’"ﬂ: . driving AMOLED?
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There are tons of defects in
a-IGZO; the interface quality

is also hard to control. 11

Development of a-IGZO TFTs at NJU
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a-IGZO film deposition and device fabrication
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Typical DC parameters of the fabricated a-IGZO TFTs
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- field effect mobility: 8-15 cm?/Vs

* sub-threshold swing: 0.2-0.5 V/dec

* on/off current ratio: >10°

* Threshold voltage: tunable and process dependent

- off-state leakage: <1 pA o
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Low contact resistance of the a-IGZO TFTs
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Based on TLM measurement, the resistance of the Ti/Au-based source/
drain contact is less than 1/100 of the channel resistance in the studied
temperature range. 15

Seven-stage a-IGZO ring oscillator with
Oscillation frequency over 1 MHz
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THz modulator with a-IGZO TFT-based
metamaterial structure
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Carrier transport mechanism of a-
IGZO TFTs
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Temperature dependent |-V characterization
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The decrease of SS as a function of temperature indicates that the filling
status of localized trapping states is changed. suggesting that the carrier
transport properties of the TFT could change considerably under different

temperature and biasing conditions 19
Temperature dependent mobility and
conductance analysis
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* The large variation and complex variation trends of U .. again suggest
that the carrier transport process within the TFT is likely governed by
different transport mechanisms at different operation conditions.

* The temperature dependent channel conductance is tested by various
transport models.
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Carrier transport models in a-IGZO TFTs

+ Electron

_ e

Gate Dielectric a-IGZo Gate Dielectric a-1GZo Gate Dielectric a-IGZOo
(@) Low T, low V, (b) high T, relative low V,  (c) high T, high V,

* In low temperature range, the dominant carrier transport mechanism

is hopping between localized band-tail states; As temperature increases,
multiple trapping and release plays a role in the whole carrier transport
process; in high gate bias range when the Fermi level moves above the
mobility edge, band transport with percolation conduction starts to

dominate. 21
Solid-state Electronics, 86, 41, 2013

Mobility degradation mechanism in band transport region
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» Coulomb scattering weakens at higher carrier density
(proportional to V) due to the enhanced screening effect,

while phonon scattering follows the opposite trend Coulor_nb
because of the increased electron-phonon interaction. scattering
» Coulomb scattering would also reduce while phonon -

scattering would strengthen at higher temperatures
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Interface properties and interface improving
technique of a-IGZO TFTs

23
Interface-related reliability issue of a-IGZO TFTs
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* Under positive gate bias stress, V,, shifts towards positive direction
due to carrier trapping at interface states.
+ Since there is no change for SS and U .. in our case, new defect
generation mechanism could be excluded.
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Photo-excited charge-collection spectroscopy (PECCS)
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 High density interfacial trap states of
more than ~10'2cm-2eV-1 at certain
energy levels is revealed by PECCS.

* The DOS peaks matched well with the
theoretical deep electron trap energy

Diclectric  ndGZO levels in bulk ZnO. o5

VA

“border trap” information revealed by 1/f noise analysis
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Sample A, B and C are post-annealed at 250, 200, and 150 °C for 1 h, respectively.

* The extracted “border trap” density within the range of 14~19 A of the
gate oxide ranges from 1078 to 1020 cm-3eV-'.

* The LFN results suggest that annealing at higher temperature has a more
remarkable effect on removing “border traps” than traps closer to the

channel/dielectric interface. 26
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Enhanced bias stress stability of a-IGZO TFTs by inserting
an ultra-thin InGaZnO:N interfacial layer
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* During the InGaZnO:N sputtering deposition, the Ar and O, flow rates
are fixed at 36 sccm and 6 sccm respectively, while the N, flow rate is

selected to set between 0 and 6 sccm.
27

Appl. Phys. Lett. 102, 193505, 2013

The TFT is stressed at a high gate voltage of 20 V for a total time up to 5000 s
while keeping both its source and drain electrodes grounded.
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0 3.5 8.6 0.53 >10° 2.2
2 4.5 8.5 0.53 >10° 141
4 5.0 8.4 0.55 >10° 0.8
6 5.2 8.6 0.55 >10° 0.7

The new device shows enhanced bias stress stability with significantly
reduced threshold voltage drift under positive gate bias stress. -
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LFN analysis XPS analysis
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* Low-frequency noise measurement indicates that the interface quality of
the a-IGZO TFTs is improved, which agrees with the enhanced bias stress
stability.

- Based on XPS analysis, the concentration of oxygen vacancies within the
a-IGZO:N layer is suppressed due to the formation of N-Ga bonds, which
may explain the decrease of interface trap states upon nitrogen doping. 29

Performance shift of a-IGZO TFTs
under illumination

30
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LED backlight

* Because the TFTs are inevitably exposed to visible light emitted by the
underlying backlight unit in AMLCD panels or the self-emitting radiation
in AMOLED panels, the susceptibility of oxide TFTs with respect to
illumination must be minimized.

* The instability of a-IGZO TFTs under NBIS has been reported to be
induced by two main mechanisms: photo generation of ionized oxygen
vacancies and trapping of photogenerated hole carriers at the
channel/insulator interface. 31

Electrical instability of a-IGZO TFTs thin film under
monochromatic light illumination
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* An increase of the SS is observed when the illumination wavelength is
below 625 nm (~2.0 eV), The SS degradation is accompanied by a
simultaneous increase of U ) of the TFT, which then decreases at even
shorter wavelength beyond 540 nm (~2.3 eV).

* However, the above variation can recover after a few minutes under dark.
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The purposed physical model for performance degradation
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The variation of SS and 1 . is explained by a physical model based on
generation of singly ionized Vo+ and double ionized Vo2+ within the a-IGZO
active layer by high energy photons, which would form trap states near the
mid-gap and the conduction band edge respectively. 33
Appl. Phys. Lett. 100, 243505, 2012

How to utilize the light-induced instability ?
— V,, modulation by UV laser treatment
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9 7.0 12.5 0.37 >10° 34
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XPS analysis of the UV laser annealed a-IGZO films
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* Based on XPS analyses, the negative V,, shift can be attributed to the

increase of oxygen vacancy concentration within the device channel
upon laser annealing.

* The increase of oxygen vacancies is likely caused by breaking the
weak chemical bonds upon laser irradiation. 35

Full-Swing a-IGZO Inverter With a Depletion
Load Induced by Laser Annealing

(a)

Source - Dirain

Mo

F

* As mature p-type oxide with good electrical properties is not readily
available, until recently most logic circuits based on oxide TFTs have
been implemented with only n-type TFTs.

* To improve the performance of inverters, two n-channel a-IGZO TFTs
with distinctly different threshold voltage (V,,) are highly desired. =<
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Nearly 100% full swing is achieved
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* The output voltage gain (-dV  /dV, ) are —1.5 and —20.5 V/V for the
enhancement load inverter (untreated) and the depletion load inverter
(annealed with radiation dose of 9 J/cm?) respectively, while their
output swing range are 1.3-14.7 V and 0.02-20 V respectively.

* The laser-treated inverter with depletion load also demonstrates good
dynamic performance with its rise and fall time both ~1.0 us.
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Summary

1. Wide bandgap amorphous oxide semiconductors are very
attractive for next generation display applications due to their
various benign physical properties.

2. The carrier transport mechanisms, interface properties, electrical
instability under bias stress and illumination of a-IGZO TFTs are
preliminarily studied.

3. Several proto-type a-IGZO TFTs or structures fabricated by using
new processing techniques are demonstrated successfully. In
particular, the developed laser annealing technique is highly
flexible to modify individual device performance and is promising
for re-functionizing a-IGZO TFT-based logic circuits.

Compared with Si-based TFTs, there are much more unknowns
in oxide-based TFTs, which is still a very young field !
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