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Modulation of Electron Transport Properties of Amorphous
In—Zn—O Films with Varied Zn Concentrations

Yuzhang Wu!, Yusaku Magari?, Prashant Ghediya?, and Hiromichi Ohta?

Unformation Science and Technology, Hokkaido University, NI4W9, Sapporo 060-0813, Japan
2Research Institute for Electronic Science, Hokkaido University, N20W10, Sapporo 001-0020, Japan

Transparent amorphous oxide semiconductor-based thin-film transistors (TFTs), particularly amorphous
In-Ga-Zn—O (a-IGZO) TFT, have received considerable attention due to their superior properties such as
high field-effect mobility (ure) of over 10 cm? V7! s7!, extremely low leakage current, low process
temperature (<350 °C), and large-area scalability.[!] Although the urg of a-IGZO TFTs is more than ten times
higher than that of conventional a-Si:H TFTs (<1 ¢cm? V™! s71), further improvement of urg is required to
expand their range of applications such as next-generation display, memory, and logic circuits. In-rich oxide
semiconductors such as In,03, In—Zn—0, and In—Ga—O show high urr because the large spatial spread of the
In 5s orbital with a large overlap population can provide a facile electron transport path with a low carrier
effective mass.[?l However, the electron transport properties of In—Zn—O with various Zn concentrations
have yet to be clarified. In this work, we have fabricated amorphous In—Zn—0 (a-1ZO) films and TFTs with
varying atomic ratios of Zn composition for TFTs to systematically investigate their effect on the electron
transport properties of a-IZO films.

30-nm-thick a-I1ZO films with different Zn concentrations ranging from 0 to 85.7 at.% were deposited on
alkali-free glass substrates by pulsed laser deposition without substrate heating. Then, the films were
annealed at 300 °C in air for 0.5 h. Electron transport properties of the films were measured by Hall effect
measurement using the van der Pauw geometry at room temperature.

The carrier concentration of a-IZO slightly decreased with Zn at.% before annealing, whereas that of after
annealing sharply decreased with Zn at.% (Fig. a), indicating that a number of oxygen vacancies significantly
decreased via the annealing process for the Zn-rich a-1ZO. The Hall mobility of both the as-deposited film
and the annealed film decreased as the amount of Zn increased (Fig. b), indicating Zn suppresses the carrier
transport in a-1ZO films, indirectly clarifying the interatomic distance of In atoms is one of factors in a-1ZO.
The on-current of the a-IZO-TFTs monotonically decreased with increasing Zn, accompanied by a positive
shift of the threshold voltage (Fig. c). This result is consistent with the results of the electron transport
properties of the films. In order to understand the electron transport properties of the a-IZO-TFT in more
detail, we will perform electric field thermopower modulation analyses.
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Fabrication of piezo-based strain tuning device and modulation of QD emission energy
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“RTMETH DT 7 2 F, RN, T, EEEREIIRE, FRikihie E BN R A
bOZEMDBRERELEZED TWD[13]. @A N7 2%, KgE, &WHER, ot
—72 CRIAW G AOISAPIRE S LTWD. 777 = 0E, —EAIC CuX° Ni 72 L OEBR SR
Al U TRV DR AERRE (CVD IE) [4-8], & 2WIEEIRIKRIR 268 LT 25 2
LIS TREEES[9,10]. ESETLT T 7 20 2T 3 ASHAT12%, —&icrs 77
xRV AL T YNBATFTLVPMMA)THRELTEIZTRBEE VY oy F 7L, HERE
WCHRE T HMERNHD. L, BT 7 72 U N Z &R0, PMMA 37 7 7 =
KAIESTLEIREICED 777 2 VWEDOIKRTAMEE 72> T, BBEAREDT T 7 =
VEEOHREBED LN TWD., EHETEAREO ST 72 R E LT, NidBREAAE, [EiRRSE
ZEEE UTe @O IIEEN 2T B 5[9,10]. MEAFIZ 35U T, RFEE1-H3 Ni fRHIZIER L,
MHEIFIC KA & Ni-SiO2 AT - FHTT 22 LIC L > T/ 77 =V 3R 5. LavL, ik
BOMBEDRENVIETH LR EORELH 5.

AL, RF & =y VO J@EAMBE FWCT YT 7 v AR EE R R S5 b
FHBE LT, RFEE =y IFNVOBEEOKIFEZ TN, SiO2 HEiR S ALOs FEMR DH 72 2 Ttk 4 H
WHZ EIZXRY, NiftEOfEsatE s 7T 7 = etk & OBMR 2~

Fig. 1 [3ZMEV% D SiOy FA E D Ni/C — @D SEM 8 27/~k3. XXV, EOREED C DFAT
b NI DEEET 2 2 & phole. KBZELSTIUITDIFEEE LI NI RE R, /97
= VDRBEPRESRDLIEDTRTEDL. KFDRSKFMED T~ AT ML XD, REN
Inm DEEXT T 7 2 PR L TWRNZ LW ho Tz, [KFED 3Inm LA EOSGEITT 77 =0
WE L, 777 = OFMERIRF DL SITAFT D 2 L Dotz AbOs Rk D7 T 7 =
REAZOW T HHET 5.
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