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Abstract 

This work reports the evolution of transfer charac-

teristics of tin-oxide TFTs with annealing performed in 

oxygen ambience. From the results of Hall measure-

ments and I-V characterization, we confirm that the 

properties of the channel films transform from an 

n-type tin-rich phase to an intermediate resistive state, 

and then to the p-type SnO phase. Impacts of the gate 

dielectrics in SnO TFTs on the transformation process 

are also revealed. 

 

1. Introduction 

 SnO has been pointed out as a promising oxide semi-

conductor for p-type TFTs [1]-[2], understandings about the 

effects of the underlying gate dielectric and annealing 

treatment are still insufficient. In this work, we show for 

the first time clear evidences about the transformation of 

thin film structure with annealing period in oxygen ambi-

ence and its impact on the device performance. The effects 

of the underlying dielectric on the crystallization are also 

explored. 

 

2. Device Fabrication 

Fig. 1 shows the conventional bottom-gated architec-

ture adopted in this work for fabricating p-type SnO TFTs. 

We started the fabrication on a silicon substrate capped 

with a 300 nm-thick SiO2. The bottom gate is 200 nm-thick 

Al and 20nm-thick three types of gate dielectrics, namely, 

SiO2, HfO2, and Al2O3 were employed. A 15 nm-thick 

tin-rich oxide channel layer was deposited by sputter. A 100 

nm-thick Ni film was deposited by an e-gun evaporator and 

lift-off process to form S/D pads. After the device fabrica-

tion, the annealing process was done in furnace in an oxy-

gen ambience (0.3 torr and 15 sccm O2) at 300oC. 

 

3. Results and Discussion 

Fig. 2 shows the evolution of transfer characteristics 

with increasing cumulative anneal (CA) time obtained from 

a device with SiO2 gate oxide. In this experiment the an-

nealing was interrupted several times by pulling out the 

wafers for device measurements, so the annealing time 

specified in the figure is“cumulative”. In the figure, the I-V 

curve is initially not able to be modulated (1st stage) by the 

gate bias owing to the high electron concentration. From 

the Hall measurements, the as-fabricated film is tin-rich, 

metallic and n-type with a high electron concentration (> 

1019 cm-3). Interestingly, the drain current is significantly 

dropped (2nd stage) with CA time of 15 minutes, owing in 

part to the oxidation of the tin-rich film which tends to re-

duce the electron concentration. When CA time is increased 

to 30 minutes, the film would be dominated by the SnO 

phase and, therefore, the device shows p-type characteris-

tics (3rd stage). Similar phenomena are also observed on the 

devices with HfO2 and Al2O3 gate dielectrics, although 

hindrances to the final transformation to p-type operation 

are found. The three stages in the evolution for various 

splits of devices are illustrated in Fig. 3 in which the cur-

rent at VG = -3 V is shown as a function of the CA time. 

During the study, we also found that the images of opti-

cal microscope (OM) taken on the devices can be used to 

monitor the crystallization status, as the color of the chan-

nel film changes from dark (Fig. 4(a)) to bright (Fig. 4(b)). 

Corresponding XRD results are shown below the OM im-

ages. Figure 5 shows OM images of the three splits of de-

vices with CA time of 30 minutes (the data encircled in 

Fig.3). Obviously it reveals that the crystallization of the 

tin-oxide layer is affected by the underneath gate dielectric. 

Fig. 6(a) shows the transfer characteristics of p-type SnO 

TFTs with various gate dielectrics after a sufficient anneal-

ing treatment. Fig. 6(b) shows well-behaved output charac-

teristics of an SnO TFT. Field-effect mobility values of the 

SnO TFTs are extracted and compared with the best results 

ever reported on devices with planar structures in the liter-

ature [2]-[4] in Table 1.  

4. Conclusions 

   In this work, an interesting evolution of transfer char-

acteristics of the devices having various gate dielectrics 

with oxygen annealing is observed and the trends are con-

sistent with the changes in the micro-structure of the 

tin-oxide layer. We’ve also shown that the OM images can 

be used to check the crystallization status of the tin-oxide 

layer. With a sufficiently long treatment, SnO TFTs with 

good device performance can be obtained. 
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Fig. 1. The bottom-gated TFT structure employed for fabricating 

the test devices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Evolution of transfer characteristics with increasing CA 

time for a TFT with a SiO2 gate oxide. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Evolution of transfer characteristics with increasing CA 

time for TFTs having various gate dielectrics. 

 

 

 

 

 

 

 

 

 
Fig. 5. OM images of the three devices characterized in Fig. 3 

taken at CA time of 30 minutes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. OM pictures taken on a sample (a) before and (b) after 

going through a long annealing treatment. Corresponding XRD 

results are shown below, indicating that the OM images can serve 

as a quick check for the crystallization status of the tin oxide 

channel film. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. (a) Transfer characteristics of SnO TFTs with various gate 

dielectrics and experienced sufficiently long annealing treatments. 

(b) Output characteristics of a SnO TFT with a SiO2 gate dielec-

tric.  

 
Table 1. Comparisons of major electrical parameters for SnO 

TFTs having different gate dielectrics reported in this work and 

previous literatures. 
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