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Figure S1. Output curves of the standard TFTs prepared at the different IGZO
annealing times: (a) 10, (b) 20, (¢) 30, (d) 60, and (¢) 90 min

Table S1. Representative (Vs = 40V) gate leakage currents of the standard TFTs
prepared at the different IGZO annealing times.

Active Layer-Annealing Duration (Vi(;i (4A3V)
IGZO-10 1.8x10¢
IGZ0O-20 5x10¢
I1GZ0-30 1.2x10°
1GZ0-60 2.1x10°3
(72020 4.7x10%

Table S2. Relative intensities of the individual peaks in the O 1s XPS spectra of the
IGZO films prepared at the different annealing times (Figure 3) and the respective

relative weights of the metal hydroxides and oxygen vacancies with respect to M-O.

ig?:: M-O M-O,,, M-OH  O,(M-OH/M-0) O, (M-O,,/M-0)
1GZO-10 48.1 21.9 30.0 0.62 0.45
1GZ0-20 51.4 26.6 22 0.43 0.52
IGZO-30 53.5 28.3 18.2 0.34 0.53
1GZ0-60 55.1 30.4 145 0.26 0.55

IGZ0-90 56.8 322 11 0.19 0.57
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Figure S2. Output curves of the standard (a) and Mg-ion-engineered (b-¢) IGZO
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Figure S3. Output curves of the standard (a) and Al-ion-engineered (b-e) IGZO TFTs.



Table S3. Electrical parameters of the pristine and Mg and Al ion engineered IGZO

TFTs.
Active Layer Mobility Lo SS v, D,
(cm?/Vs) 10" (V/dec) V) (cm? eV
ABZO- (:6.3;9) (367923) (f4.1674) (f 1".47) 6275 1™
Mg-5% (il(i.2471) (56.14?7) (iisg) (126.;) 270 x 107
MG L (fd%(?g) (36%257) (369547) (lji .7(?) A IS
Mg-15% (36.3077) (fd.lzlﬁ) (126.2322) (lfé 1 10) 1.65x 10
LA (36.103 1) (356.7134) (36.1266) (lfi ?(?) Lz 10
Al-5% (36.3;9) (f6.6820) (1‘11%) (iﬁé) 3.16x 107
A% D o als sy Mx10n
AlF15% (36.1539) (56?333) (36?748) (23;.22?) 228 x 107
AU (:l:(l)..ZS) (56.9199) (36?.573) (E'i) L2210
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Figure S4. O 1s XPS spectra of the standard (a,b) and Mg (a) and Al (b) doped IGZO

films. The spectra are decomposed in several individual peaks (see text for details).

Table S4. Relative intensities of the individual peaks in the O 1s XPS spectra of the
standard, and Mg/Al doped IGZO films and the respective relative weights of the

metal hydroxides and oxygen vacancies with respect to M-O.

Activelayer M-O M-O,,, M-OH O,(M-OHM-0) O, (M-0,,/M-0)

IGZO - 60 54.8 31.9 13.3 0.24 0.58
Mg - 10% 59.5 27.0 13.5 0.23 0.45
Mg - 20% 67.1 20.6 12.3 0.18 0.30
Al -10% 57.3 29.9 12.8 0.22 0.52

Al -20% 60.5 26.8 12.7 0.20 0.44
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Figure SS5. (a-c) Results of the PBS measurements for the standard (a) and Mg (b) and
Al (c) engineered IGZO TFTs as well as (d) the respective threshold voltage shifts as

functions of bias stress time.

Table S5. Thicknesses of the MgO (M) and AIOX (A) interlayers at the different

annealing times (30-120 min).

Interlayer-Annealing Duration Thickness (nm)

M-30 6.5

M-60 6

M-90 5.5
M-120

A-30

A-60 55

A-90 5

A-120 4.5
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Figure S6. Output characteristics of the MgO-engineered IGZO TFTs fabricated with
annealing of the MgO interlayer for 30 min (a), 60 min (b), 90 min (c) and 120 min (d).
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Figure S7. Output characteristics of the AlOx-engineered IGZO TFTs fabricated with
annealing of the AIOx interlayer for 30 min (a), 60 min (b), 90 min (c) and 120 min (d).
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Figure S8. Gate leakage current of the MgO (a) and AlOx (b) engineered IGZO TFTs

as a function of Vgg.

Table S6. Representative (Vs = 40V) gate leakage currents of the MgO (a) and AIOx
(b) engineered IGZO TFTs.

Interlayer-Annealing Duration (Vl(isiﬁ))v)
M-30 2x10°3
M-60 1.5x10-
M-90 1.9x10¢
M-120 1.9x10¢
A-30 7.5x10¢
A-60 9.4x10¢
A-90 8.4x10¢

A-120 4.6x10
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Figure S9. O 1s XPS spectra of MgO (a) and AIOx (b) films. The spectra are

decomposed in several individual peaks (see text for details).

Table S7. Relative intensities of the individual peaks in the O 1s XPS spectra of MgO
and AlOx films (Figure S9) as well as respective relative weights of metal hydroxides

with respect to M-O.

Interlayer M-O M-OH O,(M-OH/M-O)

M-30 43.9 56.1 1.23
M-60 60.7 39.3 0.64
M-90 62.3 37.7 0.61
A-30 67.1 32.9 0.49
A-60 68.6 314 0.46

A-90 68.9 31.1 0.45
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Figure S10. Results of the NBS measurements for the standard (a), MgO (b) and
AlOx (c) engineered IGZO TFTs.



Figure S11. TEM EDS mapping of (a) IGZO, (b) MgO/IGZO0, and (c) A1Ox/IGZO.
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Figure S12. XPS depth profiles of (d) MgO/IGZO, (e) AlOx/IGZO



Table S8. Leakage current of the PMMA, PMMA/MgO and PMMA/AIOx films

Leakage current

An:l&ec;llivlfng;‘z:;;ion density at 10V
(A/cm?)
PMMA 1.1x10*
M-30 4.8 x 107
M-60 4.1x107°
M-90 3.3x 1010
M-120 29x1010
A-30 5.7x 1010
A-60 5.7 x 10°10
A-90 3.4x 1010

A-120 3.4x 1010




