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Abstract

The bottom gate type and piezoelectric gated SnO/AIN two-dimensional composite thin film FETs
were prepared on n-type Si substrates with masked magnetron sputtering deposition technology.
And the crystalline structure, morphology and composition of the synthesized thin films were
analyzed by XRD, SEM and EDX analysis equipment, respectively. It was found the synthesized SnO
and AIN thin films with smooth surface and higher single crystal growth trend. By using the pie-
zoelectric characteristics of the AIN thin film deposited on the SnO thin film, the external stress
applied on the AIN thin film can be transformed into gated voltage and acted on the p-type SnO
semiconductor channel of SnO/AIN composite thin film FETs. It can result in the Ips current of the
FET devices to change with the increases or decreases of the external stress. Our research found
that the synthesized SnO/AIN composite thin film FETs had a better response characteristic and
sensitivity, with a sensitivity of about 1.564 x 103 pA/N-cm? and a response time of about 0.9 s. The
new type of piezoelectric gated two-dimensional SnO/AIN composite thin film FETs proposed in
this paper is expected to be applied in the fields of flexible electronic devices and wearable elec-
tronic products.
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TERZERDE . TP, BURGIE R AEY ST TSR, KGR ZHF RSN Ry
FE MBI, EIMEREER T e, R A R NSRRI [1] [2]. a4k, PR FA R A e
R R SRR R al, Bk, R U ) S R S0 AU SR 3R 7 AT 3k EE AL [3]

FAL T (SNO) &AL p B B2 B & i S AR RL, 257 B0 2.7 eV (300 K), H Al
MCF RV, H B 2R A A T SR AR — 4 s 28 A0 p VT8 ) RO o A
(TETS) il 8 S SLF A 52 3 7 AATEIRCR i . sk, WHAE e kI, @I AFIGERMB S, Sno &
1 5 T SRR 5 BRE P, EUAE ZnO 452 T4k p B 5 HURRIEAS 5 SEILIK R R,  SnO - S A4 1 XA
TR VETE AN & 8 AL SR 2R (CMOS) il 5 B FH e B 5 KK S AN [4] [5] [6]- AIN 2%
9 (6.2 eV, 300 K)ELHE, 42 Mhlr, (b2 KAdaEtt, W C HIAKR AIN EEA RIS iR,
Hil% L2 5HA 1C LZMAVELF, 1E 8 AF 0 K b 270 A AR s i1 A AR B e[ 7] 8], e
I BRI PZT A1 ZnO #£ CMOS Ab BT FE i A7 4515 4L KU

FIF SnO —4E M g R GEHy, B AHAR ) Sn-O-Sn 2 8 158 A TE 4 FL R Wi fE FH[9], 7 SnO —4
e ARG TE EISH AR AR — 2 AIN s R, 5k n) T] s FRL R 2 344 TE 1) SnOJAIN i A
BraEk, FEH T B R H I Y SnO/AIN Ji L% 4 B A I BN SR, Wi 1 s

AR BRI AR, BA n B Si A, R A BRITRHIR , £8 Si0, 4% )= Ll #% 1 L SnO/AIN
R HL 4% AR A I SN e AR o AN [E1U S RT [R] £ SnO A AIN SRR R4 . 70 32 20 i LA B kT T
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Table 1. The parameters of SnO and AIN thin film samples under different preparation conditions
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Figure 1. (a) Schematic diagram of the SnO/AIN thin-film field effect transistor; (b)
Schematic diagram of the circuit connection of the device
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Figure 2. (a) XRD patterns of SnO thin film; (b) XRD patterns of SnO(110) crystal-
plane; (c) XRD patterns of SnO/AIN; (d) XRD patterns of SnO/AIN(002) crystal plane
[& 2. (a) SnO I XRD [Eli; (b) SnO(110)&&MH AT XRD [EliZ; (c) SnO/AIN B XRD
&3 ; (d) SnO/AIN(002) & TE B XRD [Elig

K 2(c) M7 1 H il AN E SnOJAIN & A8 i) XRD X EERE, AT EL, BT SnO FIRFEIESN, &
7260 = 33.2°, 36.0°. 37.9°. 59.3°. 66.0°4bHI 1 HHINTHIIE, L 5hrAERIE PDF76-0702 XfLL, H4il
%A AIN ff1(100). (002). (101). (110). (103)&hifi. XFEL R BN, FEEE A TR B K o, AIN &2
(1 JE P BE 2 30, {5 AIN S AT SR e R 255, 0 B &% 5 AIN SR, SURRE R A B,
252 AIN 45 8L A 2(c)nT 0, PORRIR[R] 9 60 min B, il () AIN (B 9 (002) 77 7] FRFEAT
SPIGRRRE R, Wi C B AE KB &L PRI, 200°C, 1 h BB KA AT B R 203 SnO/AIN

GRS . B 2(d)%hH TAREIR KRB AR EE 5 1) SnO/AIN &4 1) XRD X} bk B3k [10]

3.2. EIER K EDS gEiX 9
N T T A B B Moo R Ak, BATIEHEAT T EDS 2 HT. K 3()F11E 3(b) 77N
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O. Al. N JCE MG, JBIEXAF 24 T #i] % 5 SnO/AIN # K[ EDS REIG BT EL, &I 4 Fiock
OB AR — B, 35 B ) 4% 1 52 6 LR 5 SnOJAIN 5245 e

Figure 3. (a) EDS spectra of SnO thin film; (b) EDS spectra of SnO/AIN com-
posite thin film
3. (a) SnO S#ARHY EDS BEE[E; (b) SNO/AIN £ &TEERY EDS REik[El

3.3. BEmHIFEIR ST

& 4 25 1 7 IR SnO S IRINA] A 15 min, TR AIN 3R 8] A 60 min 2617 T #14 ) SnO/AIN B &
VRIS 1) 22 T A AR T SEM R . 4] 4(a) %8 200°C . 1 h BB K ALBE S AIN KT 9 SEM B, iKY
SnO Y SEM B F. WA H, B KAEAEAE KN AIN SR 280 T BIRK RS, k20 fEE, K
BN TR AR AIN R0 G 7E SnO WERER T, 6 BB KA BE AT AIN &R SRR . 4] 4(a)
{147 P i By i Bl S 1) 46 1) SnO IR TS S B0%, JIE-P8E, hIAIRD, &A Tl &8N 21
e GARVEE . & 4(D) £ 1 SnOJAIN 524 AT 1 SEM BE R . B =ANEi Sk A48 T Si 41K
17 AIN. SnO 1 SiO, 5)Z . FHALTT SEM & 7 FIRE S L i RO AT B JEL B0, P A5 SR8 2% 44 T il 4% 1) SnO
R R )0 16 nm. F4E SnO SR Z R PYAS O JRFF1—A> Sn JHF# s IS S5 MM B2 2928 2 nm
%, SnO LI H 8 N & TFIEEMAR, BT /)2 2 4 SnO 2 SR G, FIFERT & FHl& 1
AIN JELZ 1B K200 46 nm [11] [12],

Figure 4. (a) surface SEM image of AIN thin films (Inset is a SEM image of the
unannealed SnO surface ; (b) A cross-sectional SEM image of SnO/AIN compo-
site thin film

4. (a) AIN R SEM B (PIHEE JRIR A SnO REHI SEM ER); (b)
SnO/AIN £ & & ERIEHE SEM Elf&
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3.4. SNO/AIN FEE| THEIA% B & A B Y BB SR 455 1
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MHEHLE Vos = -3 V. B EH, AHIA Vos AXHEAR T, FlVAIE % 3G R, J5IR IR 1os FI4aXt B8 1L
HHT/N . 24 Vps 10 V B, #84F Ips L0 S AE 7E 28~39 pA Ya . Horr, VA3 58520 50 um 2844,
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Figure 5. 1A% R & FERY IV $5EER%L; (a) SnO FETs with channel width of 50 and 100 um, re-
spectively; (b) SnO FETs with channel width of 50 pm and deposition time of 15, 30 and 45 min, re-
spectively; (c) SnO/AIN gated piezoelectric composite film FET with different channel widths; (d)
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Figure 6. (a) the 1V characteristic curve of SnO/AIN piezoelectric FETS; (b) the transfer cha-
racteristic curve of the SnO/AIN piezoelectric FETS; (c) The response time of the SnO/AIN
piezoelectric FETs under different stress conditions, the inset is a response time variation
curve; (d) the Ips current versus different stress
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