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Effect of insulating layer material and structure
on performance of thin film transistors
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Abstract: The paper focuses on analyzing the performance of thin film transistors with different insu-
lation material and different insulation layer structures, based on semiconductor simulation software
Silvaco TCAD and combined with experimental validation. The research model is based on the bottom
grid structure, and the semiconductor layer is made of amorphous IGZO material. The insulation layer
is made of different combinations of SiN, and HfO, with overlapping structure. The simulation and ex-
periment results show that the performance of transistors with high-k overlapping insulation layer
structure is better than transistors with single SiN, layer. For SiN,/HfO,/SiN, structure, 40 nm-
thickness HfO, is more appropriate. For transistors with 3 or 5 insulation layers containing high-k ma-
terials, the symmetric structure with the same thickness for each layer is the best. The device struc-

ture parameters of TFT obtained by simulation can guide the actual production of TFT devices.
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Tab.1 Simulation and experimental results of transistors with different gate insulation materials and structures
sample V.V  p/(em’ « V'es ) I, (uA) I (uA) Ton/ Lo S(V/®) Cu/(Fecm )

T 4.785 5. 8809 158. 881 7. 84e-5 2.027¢6 0. 2285 1.31e8

5 H 11 4.383 5.4691 207. 607 8. 25e-5 2.516e6 0. 0975 1. 68e-8

1l 4.398 5. 4566 208. 246 8. 33e-5 2. 499¢6 0. 0135 1. 68e-8

1 4. 403 5. 4451 58. 6368 4. 45e-4 1. 318¢€5 0.4128 4.43e-8

S il 4. 055 6.1020 272. 409 6. 40e-5 4. 256¢6 0.3059 6.63e-8

I 3.913 4.1681 188.118 3. 66e-5 5. 140e6 0. 2732 6. 63¢-8
MR T LLE 7 55 L a5 R F— o S 0

. AR E LA FT DL R 0K % Tt
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Tab.2 Simulation and experimental results of transistors with different gate insulation thickness

HIO, J&E/nm Vu/V  plem? « V'es ) Tow/pAA Los/pA Lo/ Lot SV/%) Cux(Fecem ®)
40 4.138 6.0477 262. 149 9.19e-5 2. 853e6 0.0913 3.42e-8

5 . 50 4.170 5. 4665 253. 757 1.67e-4 1. 520e6 0. 0975 3.32e-8
100 4.327 3.6787 218. 867 1. 35e-3 1.621e5 0. 1485 2.89%e-8
40 3.913 3. 9496 204. 611 7.91e-5 2.587e6 0. 4449 6.69e-8

S 50 5. 796 3. 8855 126. 872 8.19e-5 1. 5496 0. 3697 6. 63e-8
100 4.719 3. 2874 170. 400 1. 96e-4 8. 694ed 0. 3979 6.12e-8
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Tab.3 Simulation results oftransistors with different gate insulation structure

Sample Vau/V plem® « V71 e s Iow/pA Lo (A Lo/ T SV/% Co (F/cm®)
i} 4.38321 5.46910 207.607 8.25e-5 2.516€6 0.0975011 1.68e-8
Il 4.39822 5.45659 208.246 8.33e-5 2.499e6 0.0134783 1.68e-8
v 4.39822 5.45772 208.246 8.32e-5 2.503¢e6 0.0695638 1.68e-8
Vv 4.45565 5.34860 205.413 1.03e-5 1.994¢e7 0.100227 1.66¢-8
Vi 4.31052 5.41187 221.549 2.45e-5 9.043e6 0.0863811 1.78e-8

HfO, /SiN, 50 nm FJ P EER AL . B SIN, X FR &5+ nm ANEE 2B N R)ZBZEW . 0T E
=282 TFT Y mif; B4 )Z B R E R 150 2E B % SiN, 30 nm/HfO, 30 nm/SiN,30 nm/
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