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Covalent semiconductors, Post-transition-metal
(a) for example, silicon oxide semiconductors (b)
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B 1 (a) a-SiH(Z) M a-IGZO(F) B T = /R 3 [ (b) S AR & 1GZ0 B/RIEB R EE; (c) a-IGZO My Bk il £
(d) a-IGZO B I SEM EIE; (e) IGZO MRS 1B F: 4, IR 125 nS/pm@ Vs = 1 V; () a-IGZO SR R M4k, =
LI 350 pA /pm@( Vs Vo = 3.0 V, Vg = 2.5 V); (g) CAA-IGZO SR E R El; (h) CAA-IGZO FRE# i TEM E1%; (1) CAA-
IGZO SR BRI (CD = 50 nm)Bo 4143

Fig. 1. (a) Electron cloud schematics of a-Si:H (left) and a-IGZO (right); (b) schematic of hole mobility in crystalline and amorph-
ous IGZO; (c) output curves of an a-IGZO transistor; (d) SEM image of an a-IGZO transistor; (e) transconductance curve of an IG-
ZO transistor, with a maximum transconductance of 125 pS/pm @ Vpg = 1 V; (f) output curves of an a-IGZO transistor, with an
on-current of 350 pA/pm @ (Vgg — Vo = 3.0V, Vpg = 2.5 V); (g) schematic of a CAA-IGZO transistor; (h) cross-sectional TEM
image of a CAA-IGZO transistor; (i) transfer curve of a CAA-IGZO transistor (CD = 50 nm) [ 4145,

B TFT G5 SHEAR MR, W35 B 1m] 1 JE, T S A LA A S L AT I BE 5
FERIE T TETE 44, Duan 45 05 75 2021 4EQ1H VERe. & 1(h) JRR Tz A A& B9 B A 130 nm
PEHB AR Y T B IIE (chanel-all-around, CAA) T OB RST A 50 nm VA IE K BE 9 & 8 19 #T TEM
B IGZO TET(WNE 1(g)). %A 68 T E B, 2808 BA KT 30 pA/um AT 25 # 3 AR
Jr1a), YEIE A5 1A R GEM AR , A RS K TV TE e T 1.8 x 1017 A/pm BIBART IR (A1 1(1)).
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3 MM a-IGZO TFT i K 4
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K2 (a) WMl a-IGZO S ARG L5 19 7R & (b), (c) B a-1GZO & A48 1 6 B Rtk il 2 LA K S0 BB 4208 (L, = 30 nm); (d) 3
EOUME IGZO &R (9 # TEM EIE; (c), () T B AU IGZO SR 7 R Rt th 2 LI 25 5, S5 LA 45.5 pA/pm@ (Vi +

1) V (L = 120 nm)Ho47

Fig. 2. (a) Schematic diagram of a dual-gate a-IGZO transistor structure; (b), (c) transfer characteristic curve and subthreshold

swing of the dual-gate a-IGZO transistor (Lg, = 30 nm); (d) cross-sectional TEM image of a vertical dual-gate IGZO transistor;

(e), (f) tramsfer characteristic curve and transconductance of the vertical dual-gate IGZO transistor, with an on-current of

45.5 pA/pm @ (Vg + 1) V (Lg, = 120 nm)! 647,

TR, 32 TS S5 i P BHL S 45 0O 1 T, e mT g
FUR A EIEREEAL, BB —E R BRI
B AR PR PERE SR T R4 a-IGZO TFT
TEVAE K B J7 T E O 5 R, ARG
EMROKRGZ A BECH ARG SR, AE4%
Sl b FEE AL - ik P ELAS 8 ol L B SR T A 4
PR CHERAE L, ik 2 RGEVEM TR TT 58, JX sk
Fik A ) 24 S 0 i AR 1 B e B B 5 B
PLLREPERETT ) A R A S SR

AN TET 7ERGHMERE R, el B LY
[ H i W2, © RO 2 AR RE S TH ) G, ST

[ 42 A S IR (RPR AR 2024 4F, W 45 1S AR
XUHE TGZO I iy A A7 ) fk 4 JBE ol SR T 17 R
AR SEE PRS0 5 1 i s A5 R DU
&0E, LHTALE 340 Q-pm W HEMBEE (R,) 5

1.72x10°7 Q-cm? A3t L R (p,). TRV, 381K
MK (Le) M 300 nm %45 %) 20 nm, & BLK
BT B F A e TG I AR Ak, 1 e A 3 A R R L
Le/NF 30 nm BFPERE 25 % (WA 3(c)). 4L,
Wu & 18] il & T kAl ik 80 nm (Hid Le 4
40 nm ., I K FE Ly, 9 40 nm) 8 Pk AE R Ve
i (AN 3(b)), ZAMESEEL T 68.4 pA /um B
RS 83.4 mV /decade FORIT B (E20R.
R 7RG PR 5T Ml R B AR, AR A4 ik
RH., I 7050256 U5+ B EL & i) e e e s ) 5 4
IR K AR, B PR AR TA KB S i
K BE 4 U A 4% AT S 5 R B, Zhao S5 1)
HE— 5t SRS TGZO THIE 5 A4 TT R F
5%, PRI HAE R B N 200 nm f(45 & 40 nm B
FITERE. BFFE 25 SRR, XU IGZO fRE BA
SEPERE (WA 3(d)): FERRAME T, #FsEm T
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B3 (a) B2 MmbETEE | 322 Ml A< B DL 7830 1 8 2 SOR B (b) 32 Al A1 B S 80 nm A4 Y41 38 7% (T TEM % (c) #1122 Ml 4
M 40 nm %45 2] 30 nm W A FE RS PRI 4 (Lo, = 40 nm); (d) 557 GE UM IGZO & A4 # i TEM B4 ; (e) B 47 i CGP &AL
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Fig. 3. (a) Schematic diagram defining contact pitch, contact length, and channel length; (b) cross-sectional TEM image of a short-

channel device with a contact pitch of 80 nm; (c) transfer characteristic curves of devices when the contact length is scaled from

40 nm to 30 nm (Ly, = 40 nm); (d) cross-sectional TEM image of a high-performance dual-gate IGZO transistor; (e) cross-sectional

TEM image of an ultra-scaled CGP indium oxide transistor; (f) transfer curves of transistors with L., = 80 nm and a channel thick-

ness of 2 pum, as the contact length (L) is scaled from 1 pm to 40 nm [

60 mV /decade FJ AR V. [ {E $22 1% ; 24 I 2 T s &2
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SPECIAL TOPIC— Semiconductor physics and devices

Research progress on scaling technology of amorphous indium
gallium zinc oxide thin-film transistors”

HAN Yuenan  YANG Guanhua LU Nianduanf LI Ling?

(State Key Laboratory of Fabrication Technologies for Integrated Circuits, Institute of Microelectronics of
Chinese Academy of Sciences, Beijing 100029, China)

( Received 19 December 2025; revised manuscript received 20 January 2026 )

Abstract

In the post-Moore era, oxide thin-film transistors (TFTs), particularly wide-bandgap semiconductor
transistors represented by amorphous indium gallium zinc oxide (a-IGZO), have attracted significant attention
due to their low-temperature fabrication process, excellent compatibility with back-end-of-line (BEOL)
processes, and outstanding electrical performance. These devices have been widely applied in fields such as
displays, monolithic three-dimensional (3D) integration, and memory technologies. This article focuses on the
dimensional scaling technology of a-IGZO TFTs, especially two key dimensions—channel length (Ly) and
contact length (Lc)—to enhance density and performance. For channel scaling, architectural innovations such
as dual-gate structures have been instrumental in mitigating short-channel effects, enabling devices with Lg,
scaled down to 30 nm to achieve a near-ideal subthreshold swing of 63.4 mV/decade and a high
transconductance of 559 pS/pm. Concurrently, vertical transistor designs, like channel-all-around architectures,
have successfully pushed L, to 50 nm while maintaining excellent gate control and leakage currents below
10" A/pm. Regarding contact scaling, interface engineering and optimized deposition processes have reduced
the contact length to 20-40 nm, achieving a minimal contact pitch of 80 nm and a low specific contact
resistivity. These developments highlight the strong potential of scaled a-IGZO TFTs. This article also
summarizes and prospects their application potential in monolithic 3-dimensional integration and high-density
memory fields.

Keywords: amorphous indium gallium zinc oxide thin-film transistors, scaling, single gate, dual gate, contact

resistance
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