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Figure 1 TFT and two kinds of gate electrode with stacking structure.
(a) TFT structure; (b) Al/Mo dual-layer; (c) Mo/Al/Mo triple-layer
(color online).
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Figure 2 The fabrication process of gate electrodes in TFT devices
(color online).

PR (photo-resist) strip Wet etch

THU 3 Mo & B 6 A1/Mo3H; B 1 11 5 i 3d o Le S 1
AIS2/5 ;. AUMoAIMo/Al/MoE s 45 #6) 2 7] (56 B 7
J, JEIE HEASIAIS3M H; S4~ST74x A1 5B ) 45 2R,
AL 52 T Mo F1ES Mo J5 & X Mo/Al/Mo HiL AR JE 3
[RIRZIA; Mo/Al/Mo LRI FE A B i ZI i [a] A8 4k, 8
I A S3FIS645 3.

Ub Ak, AVRTM o [ J& Tl i A bl fR A 2% T A
(CHI660E)BEA Tl &. ¥ Al (280 nm/£). Mo (120 nm
JEYIUARRTE B B AR b, SRIG VIS emx5 emFIFE i, B
mn IR AT 22 R =tk Rgdb Tl =, Hd, AIF

2081



P RRUST v S 7 A FH VR ot M4 AL-Mo B2 45 FEURR3 B B pi i A 5 v 458 5

Mokt A TAERB (1 emx1.5 cm). HEAH K AR AN
(2 emx2 cm)Z3 B2 L AR A AR B EAR, 20 I
AMA-CA03 PANZ ZI bk

3 GREW®R

A[EMo & 1 Al/Mo 1Mo/ Al/MoHE B Hi A 7E /R[]
Z ke () 220 b s, A oW SR W B3 B, AR
FICDA AR INEL AT (1) SI5S2HiE,
AVMoA JEEEANAR, THEMo 5 R LU 34 b, FICD A
FE 340800, (2) S15S3HMEL, B hnEMofE )2 J&, FICD
ML AR (3) S4~STR AR THMo M EEMo/&
JE 4 RS20, AT FICDARALE /N, {E3 7 A8 4k,
R (4) S35 S6MILL, ZIPhi [HIE K, FICD5 3 FE £
BN

3.1 THMoJS FEXTAVMo HUBR 3% B2 £ A 5

W FTR, SIMS2EEF KL AUMoZE /b Bk, iR
JZ R 9360 nm. 4 TiMo 5 A3 N, FARFICDAI
FEMI TR, fERE LA T, Moy ALZID#E =7
B°49.3 nm s” ' F14.2 nm s~', MoZI)ihud % & T Al (€4).
M AYMo i JEFEAAR, H8 N THMo 5L, FELA B Ak 21l i3
RIENN,  WCAEAR R 2 st [R) R, THMo & FEE EL 431 384 o,
FICD#/. B Z thadb AT, T AR 78 55 PRIIMo bk %1
Tk, YEPRANALZ [T A IE] BR(IES), 2P w4 12 18]
BIB N, 4 T0Mo [ FE #8 in, 181BE 2= (34 n, ZIihiiiz A
142 RN [a) 2] P i, 35 5 # 9/)N.

3.2 Al/Mo. Mo/AlV/MoZ| it #2 58k i M i 2% 7

L TS IS 45 3, wl WL Al/MoHiLA)
B nEMols, AH R Z i 18] R, FICDAISE /15 T B,

F 1 AFMoEJE KA i 7] T Al/Mo S Mo/ AUMoSL £ Hi Ak ({FICD R 1

Table 1 FICD and PAs of Al/Mo and Mo/Al/Mo electrode after etching with different Mo thickness and etching time
Electrode structure No. Bottom Mo (nm) Al (nm) Top Mo (nm)  Etch time (s) FICD (um) PA (°)
S1 0 280 80 A 4.044 63.82

Al/Mo

S2 0 240 120 A 3.678 45.16
S3 15 280 80 A 3.714 58.75
S4 45 280 120 A+ 3.457 47.84
Mo/Al/Mo S5 45 280 80 A+ 3.486 50.99
S6 15 280 80 A+ 3.532 52.62
S7 15 280 120 A+ 3.595 50.30

oty . o=y

AVMo 280/30nm AUMo 2401200m  s00nm

SUB000 10.0kV 9.

-
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& 3
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500n:

SU8000 10.0kV 9.3mm x35.0k S

ANFESAE T BRI SR SEME: (a, b) AUMo K, (c~g) Mo/Al/MoHL

Figure 3 SEM images of electrode morphology after etching under different conditions. (a, b) Al/Mo electrode, (c—g) Mo/Al/Mo electrode.
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Figure 4 Schematic etching rate. (a) Mo etching; (b) Al etching (color
online).
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Figure S Gap formation process between Al and PR after the top Mo
etching (color online).
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Figure 6 Schematic electrode etching and formation process of
profile angles. (a) Al/Mo electrode; (b) Mo/Al/Mo electrode (color
online).
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Bl 7 AIFIMofEPANZI TR H IR AL il 2k (W05 iR 5])
Figure 7 Polarization curves of Al and Mo in the PAN etchant (color
online).
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Figure 8 Galvanic effects during Mo/Al/Mo etching. (a) Bottom Mo
exposures to etchant. (b) Bottom Mo and Al sidewalls are connected to
form a primary cell. (c) The passivation layer is formed on the Al
sidewall. (d) The difference in the etching rate between the top and
bottom of the Al layer (color online).
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Figure 9 Effect of top and bottom Mo thickness on Mo/Al/Mo profile
angles and the regression equation (color online).
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Figure 10 Pudding effect in wet etching electrodes, causing the
etchant remaining at the bottom of the electrode (color online).
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Abstract: The profile angle (PA) of gate electrodes has a significant impact on thin film transistor (TFT) performance

and yield. The influence of film structure, Mo thickness, and etching time on the PAs of Al/Mo and Mo/Al/Mo

electrodes of a-Si TFT etched in phosphoric-based acid solution was investigated. The results showed that in the Al/Mo

dual-layer structure, the PAs decrease with the increase of the thickness of the top Mo layer, owing to the enhanced

lateral etching caused by the easier invasion of the etching solution as the gap between Al and photoresist (PR)

increases. In the Mo/Al/Mo three-layer electrode structure, as the thickness of the bottom Mo increases, the galvanic

corrosion occurs between the bottom Mo and the adjacent middle Al sidewalls. An oxide passivation layer is formed on

the Al sidewalls, which slows down the etching of Al and reduces the PAs. Due to the pool effect, the residual etchant at

the bottom of the electrode hinders the contact between the fresh etchant and the bottom metal, resulting in a lower

etching rate at the bottom than that at the top; thus as the etching time is extended, the difference in the etching rate

between the bottom and top further increases, leading to a decrease of PAs. The regression equation between PA and the

thickness of top and bottom Mo layers was obtained, providing a basis for adjusting PAs and optimizing Mo thickness.

The proposed adjustment technology of electrode PAs may provide a reference for ensuring the yield and performance

of TFTs.

Keywords: TFT, Al electrode, profile angle, stacking structure, pool effect, galvanic corrosion
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