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Abstract: Metal oxide thin film transistors (MOTFTs) have great potential for application in large-sized organic
light-emitting display driver backplanes due to their high carrier mobility and good electrical stability. In addition,
the fabrication processes of MOTFTs are compatible with amorphous silicon thin film transistors’ , resulting in their
lower manufacturing costs and strong market advantages. However, the trade-off between mobility and stability which
are the key indicators for measuring MOTFTs limits their high-end applications. Therefore, developing MOTFTs that
combine high mobility with high stability has become a research hotspot and industry competition focus. Numerous
studies indicate that rare earth (RE) doped oxide semiconductor materials is promising for achieving this goal. This
paper focus on reviewing the design of RE doped oxide materials that achieve both high mobility and high stability, as
well as the characteristic indicators that MOTFTs have reached, and discuss the changes and development potential

of RE doped MOTFTs (RE-MOTFTs).
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(a) The schematic diagram of electron transmission pathways of covalent semiconductor and ionic oxide semiconduc-

tor™, (b) The local coordination structure of some oxygen vacancies.

FAL Y 1GZO By FL Tk BB, LT B R
e, XA S A Bk S A AR AT Y, X R B4 AT L
B AL SR A AT RS, Nomura 26 & B 24
LV B NI T B ¥R B N, = 3x10° em”
IF, 2000 3 B A 5 5 2 NI 2 & T N
BT s AR S RO S, = IR N I ERE
BB MN~1 em® V' es IR ME] > 10 cm® V'es"
PRI, b1 RE Y N 2200 5 T N, AR 52 3R ok
SR ST R,
2.2 BRBE5EEMA

R 25 — 1 B 57 In,04 A1 ZnO 45 R 4%
ke B8 (T LT , 45 SR R WY, 76 00 25 Al A
PR, Vo i dic 5 8 10 R UBR B 100 AS J2 [ B 46 ) P
BT & S AR S R S5 R A R A7 8 Vo
Bl R 7 N T VA s 7 NN 1 - 9 A
PO =< B S SRV I S N R el 2
(A 1(b)) & FHORRE R Bk BE R BLIG . R
B B I B RE 48 A2 R Vo A 4B A9 Tn 51 Zn RETE AL
R B & 8 (M-M)dE . T Vil & SR8 i
F(PPO)I G, HEEEM (V) HAERFHM
BB o JEE I, 25 MIRAE D " TR A B 3717
[, Vo 86 B & 7= A WA S, IR R 4~ 7
£ CBM Bt MR RB LA IR B Vo Bl LS
Vo' B R T) 7 A8 T v e R &2 OF HLOVo/E R
PR &R iy F A B WS T (F Hhoc 38 5 48 R
Forp R BH B s R T AR I T RABE) OB IR R AT
Fgepe 4 @ i BT, 4l In,05 F1 ZnO P H B 800 7
WA WUR . AT B 2% R IR A A4S
AT LA AE Vo IR FE S Vo Wy 10°~10" em™
i, n R AL P R B O\ 4 R 3 4 R i e L HL
BE Vo ¥l BE (58, H S R — 2B iR m Y OE
Vo5l & 7B 807 1 A4 B, 530 PPC &L,
13 MOTFTs 706 IR N R B 8 25 AR 1

2.3 BEEARMREIT

H G, T TFTs B9 — 0 #8469 2 1n,05, ZnO,
Sn0,, = JCE ALY U InZnO, InGaO il ZnSnO, PU JG
A ALY I InGaZnO Hl InSnZnO, B A & #0 1 W
B S8 2R A Ak W BT 1z FHAE n B MOTFTs 1947
IR )2 B A R K Z 8058 2% MOTFTs R In
FEE ALY 0 A & HA B B BRI In 41
R R A R RER . PRV, B 22 BOR W] 7 i
AALY AR R R R R U Vo gl
fPPC IR . B4 (W i 4540 | AR S5 1) 25+
B MBSO R R FEE BN R B
Z WA 50T B T 32 % AR RE B AR A R R —
SO AR S5 25 S 3 RS R C 7 AR SR ORI
BT AL R M (R A B AN AS AT DB Ok i
Pl 9, Pan S HF5T & (H) 42 % a-1GZ0 B9
Som e IUBEE H A SE N, HODL G R 41 ) R 5
A7 Ry it A Y e B P R — 2P R A Oy 2 R i
RER P Vo2 T B H Y8, i Hofe 42 oy 52 £
LR . M A (F) B 1 0] DURRARIR R v, &
LA N H i 25 BE AT 4 8 2 1 AE & H IR B T
1 Fe o MR, SR A A (N)/H 4248 28 19 a-1GZ0
TFT, H il FiE B R ol LI 8 45.3 cm® V' s, F
BEJR T N RN H BB A R 0 vk B O o
Zn-N FIN-H BB AL Vo BB — Se I 1 4
J B AL, 2 Tl W LA B
1 Sk i S5 B 0 RN 2 3 1 R 4B A A AR R
SR 40 a-IGZ0 . InZnO . ZnSnO 45w, D) ol 35 8% 14
B4 s S R 2 E AT i X 25 RS E Ml ok
— 3 WY FE I (X Oy TH R B AR D

i 48 R 1E 22 T ik b kL rh 28 0] R A5 18 25 AR
S, PRHE FL AT AU R 07 R o 1Y) 4 R -4 i e
AT LA 0 AL SR B Vo A3 Y
W E  AH TETs a7 B RO i AL = 1 I 56



4 -

¥R

P T HC R B9 R 3 45 4 A B I A 6 D
e IRAR E P

3 AMAMERLKREHBHLEN

3.1 S MOTFTs IS4+

& 58 MOTFET [ 25 14 &5 A4 AR 95 A 4 437 & 1 A
), W7 3 Shy JEC A 245 A R TR 45 A, SRR A 18 )23 1
TE I VR U F AR A R 7 AN TR T 43 Sk T 4 ik
JEG 2 ik o TR 2 O DO D 28 1 S5 R 1 s L AR IO
RSS2 R85 Tt A RE , T A %
AN AR A T2 SR 4y Ol A I E 2l 25 R
(BCE) F1 2| i BH 4 2 2544 (ESL) . BCE 4544 /& FL

Substrate

FEAEA IR 2 L 20 i 5 U A L Dy o 5 Z1 ol B 450 SR
APZEMAEAB)Z Efl g T — )2 200l B2 B
ESL £5 44 . 8 Z0 il B $45 )2 2 34 I 120 0 B K al
A% B L H AT £ R A BCE 2544, 93 1 48 4k U8 U
e ) 20 ok T 208 R AR A A IR 2 i 4
e 3k T U T A 22 on TR 2 (B AF AR
5 R fu rb B o IS 45 440 1 A TR 2 o8 4 2R R
A, #0422 W Sio, . ALO; B
MgO &5 £ 2% DU Uk H A2 1k o T 45 4 AT i 5k
2 RAE A5 F RS E Ve L (B A 2 A A A
SRR AT RE S E A R 1 AR R R N, B AT
Al 522 % FH UM 454

Substrate

P2 Ca) RN T fih 205 4 B R AT 52 85 2548 ) 5 () Jie MG 422 fih 445 ) C R0 2 17 45 440 ) 5 (o) TOUMI VG 432 fioh 445 49 C U0 TOUANE 22 5

S5H) 5 (d) TS TOUH2 fh 25 4y C B TOOAME AC T 45449 )
Fig. 2

(a) Bottom-gate top-contact (Staggered bottom-gate) , (b) Bottom-gate bottom-contact (Coplanar bottom-gate) , (c)

Top-gate bottom-contact (Staggered top-gate) , (d) Top-gate top-contact ( Coplanar top-gate).
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Tab. 1 The optimal comprehensive performances of RE-MOTFTs with single channel
SS
Active Film @ (cm’-
) I VA G0 B oW (v/ Stability Time
layer Technique  V'-s™)
decade)

Sc: In,0, Sputtering 25.4 -1(V,) 1.0x10’ 0.20 PBS: 0.12 V; NBS: -0.37 V 2016
Y: ZnO Spraying 41.35 2.61 - 0.232 - 2021
La: In,0,  Sputtering 34.7 -3.4(V, ) ~1.0x10° 0.19 PBS: 0.2V; NBS: -0.6 V 2016
Ce: InZnO  Spultering 2.5 0.22 2.4x10" 1.00 NBS: 5.2V 2013'%
Pr: InZn0O Sputtering 26.3 -0.9 ~1.0x10° 0.28 PBS: 1.0 V; NBS: 0.5V; NBIS: -2.0V 2019'"
Nd: In,0,  Sputtering 46. 4 -4.2(V_) ~1.0x10° 0.23 PBS: 0.2 V; NBS: -3.8V 20167
Sm: In,0, Solution 21.51 2.14 ~1.0x10° 0. 66 PBS: ~1 V; NBS: ~-1V 2020
Eu: SnO, Solution 4.5 -7.3 9.5x10° 0.8 - 20207
Gd: In,0, Solution 9.74 -0.27 ~1.0x10°  0.079 PBTS: -0.25V 2017 7
Tb: In)O,  Sputlering 45.0 -L1(V, ) ~1.0x10° - NBIS: -3.9V 2022
Dy: In,0, Solution 7.60 1.78 1.2x10° 0.77 PBS: 5V; NBS: -5V 20207
Ho: In,0, Solution 3.8 1.51 2.2x10’ 0.12 NBS: -0.75 V; NBIS: =3.70 V 2024 7
Er: In,0, Solution 17.55 0.91 1.7x10’ 0.16 PBS: 0.1V; NBS: -0.09 V 2023
Tm: SnO,  Sputtering 5.5 -2.3 5.0x10’ 0.618 PBS: 12.3V; NBS: -11.7V 20197
Yb: In,0 Solution 13.32 0.11 3.9x107 0.38 PBS: 1.27 V 2023

#FaAE Pk (Stability) 45 RE-MOTFTs 76 1 i & (PBS) S Bk & (NBS) AL G Al G IR (NBIS)IR TV, 80V, MRS . R vk S5

WA C.

* The stability sheet means the V, or V_ shift of RE-MOTFTs under positive bias stress (PBS), negative bias stress (NBS), negative bias illumina-

tion stress (NBIS). Stability is also related to the test conditions.
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