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Fabrication and Properties of MFISFET Using LiNbOs Ferroelectric Films
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Abstract - MFISFETs with platinum electrode on the LiNbOgs/aluminum nitride/Si(100) structures were successfully
fabricated and the properties of the FETs have been discussed. Ip-Vg characteristics of MFISFETs for linear region (that
is, 0.1 V of the drain voltage) showed hysteresis loop with a counter-clockwise trace due to the ferroelectric nature of
LiNbO; films. A memory window (i.e., threshold voltage shift) of the fabricated device was about 2[V] for a sweep from
-4 to +4[V]. The estimated field-effect electron mobility and transconductance on a linear region were 530[cm®/V - s] and
0.16[mS/mm)], respectively, The drain current of 27[uA] on the "on” state was more than 3 orders of magnitude larger
than that of 30[nAl on the "off” state at the same "read” gate voltage of 1.5[V], which means the memory operation of

the MFISFET.
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Fig. 1 Structures of (2)LiNbOs and (blaluminum nitride.
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Fig. 2 MFISFET fabrication flow chart.
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Fig. 3 AFM photographs of the LINbO3 thin film according to
the thermal annealing temperature.
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Table 1 Surface roughness of the LINbO3 thin film.

800[C] j 850[°C] | 900[CI | 950[C]

Area Ra [nm) : 4 goany | 45759 | 70360 | 83455
average roughness
Area RMS [nm] :

root mean square | 51714 | 54742 | 9.3926 | 10.5021

roughness
Avg. Height [nm] | 20.2173 | 22.8012 | 28.8304 | 37.4080
Max. Height [nm] | 26.1541 | 33.4584 | 67.2703 | 68.3306
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Fig. 4 XRD patterns of AIN/Si(100) structure.

a9 4= AHLFu)E/Si(1000 +2¢ XRD H8@E H
RAolrh, AzATolFE ue F3= RF vl EE A¥EH
g A2"Eg ol gttt Jlw X 400[TlelA 0.01-0.02
fnv/slel % £X2 20lnm]9 ZLFErFS FEsAh

AggFulE vyt F3 A WA ZE Ard NpE 102

137



BEBRWE 57PE 23t 2008% 68

9 ¥ g2 ARty on, et S3A UFEE 8 [mTor]2
RSP FHo] B AHNLFvE DLE ex-situ A
1000[TC], N2 B47)ellA 1| 82t 2 #4 dAdsgde). o
"ol B ukel Zol 2[6] 71 oF 36[°1 F2elA AINQ02)
Azt yetde 28 3A¥ & ded, oA F3yF
ol AAFHUSE gnisle Aol o HAug vigo B
W HaaBolE AAZ 9o ¥4 LiNDO; #efe] cF )
o] 7% hexagonal TEEHeE W& 7A¢EHY, By &4
T LiNbO; 2AA4E 4% + dedz 7igdd

2% 5% e &EE sidshd &8 Addels RF 9I8E
100[W1E 1AAA Z2¢F LINbO/SI(100) 729 | A 2800
[T], 80[s], O2) B F2 XRD #el ZAsjelr), YoM B
% gl%0] as-deposited B%& amorphous o HEHYS &
F x, ExE Fo LiNbO: wuhe LiNbO:e) F mag)
(012), (104), (110), (024), (116) % single phase® Zt& oA
A LiNDO; HIZo] BHEE #AY F Yt} ol 1A
e Az B¢ 3 dAY FAHE 3 LiNbO; #efe)
poly & A% F&27 LS ¢ & sk

28 62 Pt M=EE A8 MFISFETY H¥99
(Vp=01[VDelX g = AF-AE A% 54 ¥ A
) =4

olth, LiNbQ; wehel ZFfdAdoz gty sladra &
o) #EFE U 4 e, o A wHEA vy
T3 HET = Ue JMeAS B Aol AoE AY
o] £ 4[V] Wl FETY dH=# 9x% (memory
window)& o 2[V] ojt}, EgZ2RE AEF Axbe] A4
AP O1EE ppE oF 530[cmV - s] oW, RE YR
gne ¢ 0.16[mS/mm] ot

a9 7€ Pt AIFL AHEE MFISFETY =dd AF-=
Hel A EA4E 29l RAojuh oM AMoz HAG
RE AolE Ao +4[V]g 27 A¢E 1 2 F¢ QA3
¥ ZAHE B4 FHolxm, HAL AolE AT -166[V]d
27 AYE 1 2 B¢ L F AT AF-HYE F49
th AelE Agke O[VIdlA 3VIAA 05VIH #7118 &
3], Vo7b 4lVIelA &7 A& +4V] ¢y AgE 15V]
A7kek A, =g 23 AFE 27[vAl (ondE)eiAx, W
271 ALE -1660V], 97 AdS 15(V] A7k Ao
= 30[nAloffA ottt &, e ¢y A Ls[VIelA

e

rl

Si{200)

after RTA

Intensity [ arb. unit ]

as-deposited

20 30 40 50 60
2 Theta [ degrees ]

¥ 5 LiNbOJ/SI(100) F=2f dxjal & %o XRD me!™
Fig. 5 XRD patterns of LINbO3/Si(100} structure.
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Fig. 6 The ID-VG characteristics of the MFISFET.
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Fig. 7 The |D-VD characteristics of the MFISFET.
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