
Reliability of Improved CAAC-IGZO FET satisfying NOSRAM performance 
 

Tsutomu Murakawa, Kazuaki Ohshima, Masashi Tsubuku, Daigo Shimada, Nozomi Kamata,  

Tetsuhiro Tanaka, Akihisa Shimomura, Masayuki Sakakura, Yoshitaka Yamamoto and Shunpei Yamazaki 
 

Semiconductor Energy Laboratory Co., LTD. 398 Hase, Atsugi-shi, Kanagawa, Japan 

Phone: +81-46-248-1131 E-mail: tm0866@sel.co.jp 

 

Abstract 

 A c-axis aligned crystalline indium-gallium–

zinc-oxide (CAAC-IGZO) field effect transistor (FET) 

has a feature of low off-state leakage current. We have 

prototyped a non-volatile oxide semiconductor random 

access memory (NOSRAM) as an application of the 

CAAC-IGZO FET to a memory device. The reliability 

of the CAAC-IGZO FET is important for a stable oper-

ation of the NOSRAM. In this report, we have im-

proved the CAAC-IGZO FET, and a bur-

ied-channel-type FET having a layered structure has 

been formed. By employing the buried-channel-type, we 

have succeeded in fabricating a CAAC-IGZO FET 

which satisfies the actual operation of the NOSRAM. 

 

1. Introduction 

C-axis aligned crystalline indium-gallium-zinc-oxide 

(CAAC-IGZO) is an oxide semiconductor with 

c-axis-aligned crystallinity. A CAAC-IGZO field effect 

transistor (FET) including the CAAC-IGZO in its active 

layer has extremely low off-state leakage current, and 

therefore, the application of the CAAC-IGZO FET to 

memory devices has been proposed [13]. We have previ-

ously proposed and prototyped a non-volatile oxide semi-

conductor random access memory (NOSRAM) as a 

memory device including the CAAC-IGZO FET with low 

off-state leakage current [4]. 

The NOSRAM functions as a non-volatile memory only 

by an on/off operation of the IGZO FET. However, at the 

time of driving the NOSRAM, a bias stress is applied to the 

IGZO FET. This bias stress is one factor of changing the 

characteristics of the IGZO FET, and the instability of the 

IGZO FET leads to abnormalities in writing and data reten-

tion and becomes a serious problem. The stability of the 

IGZO FET is very important. 

In this report, we have improved the CAAC-IGZO FET 

to ensure its stability, and a buried-channel-type FET hav-

ing a layered structure has been formed. By employing the 

buried-channel-type, we have succeeded in fabricating a 

reliable CAAC-IGZO FET which satisfies the actual opera-

tion of the NOSRAM. 

 

2. Design of NOSRAM 

We designed and prototyped a 1-kbit NOSRAM mod-

ule. Fig. 1 shows the cell circuit, and Table I shows the op-

eration specifications. Data can be rewritten with an  

on/off operation using the CAAC-IGZO FET. Electric 

charges are taken into or out of a floating node (FN) 

through a word bit line (WBL), so that data can be rewrit-

ten with an on/off operation. With characteristics of an 

CAAC-IGZO FET having extremely low off-state leakage 

current, the electric charges in the FN can be held only by 

turning off the CAAC-IGZO FET. 

Fig. 2 shows Id-Vg characteristics of our fabricated 

CAAC-IGZO FETs. The CAAC-IGZO FET is designed 

with a 180-nm channel length L. Normally-off characteris-

tics and sufficient off-state characteristics are obtained from 

these FETs. 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 1-bit memory cell       (b) Micrograph image 

Fig. 1 Cell circuit of NOSRAM 

 

 

Table I Specifications 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Id-Vg characteristics of fabricated CAAC-IGZO FETs 
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3. Improvement of CAAC-IGZO FET's reliability 

  A Few have reported the reliability of miniaturized 

CAAC-IGZO FETs[5]. For the purpose of improving the 

FET's reliability, an IGZO film with a layered structure was 

formed so that a buried channel was made as shown in  

Fig. 3. The IGZO film consists of three IGZO layers 

formed of materials having different band gaps, and the 

layer where a current flows is buried (Fig. 4). With this 

buried channel, the area where current flows can be con-

trolled. And the capture of electric charges in trap states at 

the interface with the gate insulator or the base layer, which 

might cause reliability degradation, can be prevented. 

  The stress applied to the CAAC-IGZO FET in the 

NOSRAM under actual operation can be simulated using 

two kinds of bias temperature (BT) stresses. One is positive 

gate-bias temperature (GBT) stress applied in rewriting, 

and the other is positive drain-bias temperature (DBT) 

stress applied at the time of retention. In actual operation, 

the required lifetime under DBT stress at the retention is 

overwhelmingly longer, and the reliability under DBT 

stress is crucial. 

  Fig. 5 shows results of GBT stress test on FETs 

with/without buried channels. The buried channel produced 

a difference in reliability in the results of GBT stress test. 

The results revealed that the buried channel formed in the 

IGZO film with the layered structure can, as we assumed, 

improve GBT resistance, that is, resistance against rewrit-

ing stress. On the lifetime that Vsh is 0.1 V, the FETs with 

the buried channels can withstand more than 10
11

 cycles of 

stress tests even at 150C and have enough reliability for 

actual rewriting operation. Vsh is defined as the gate voltage 

at a drain current of 1E-12 [A]. 

  Figs. 6 and 7 show results of DBT stress test on the 

buried-channel-type FETs. This DBT stress test was car-

ried out at 150C for 300 h. Vsh was suppressed to be 

lower than 0.1 V and the FETs showed favorable reliability. 

Since the stress at 150C for 300 h can be converted into 

the stress at 85C for 10 years, the FETs have enough relia-

bility for practical usage. 
 

4. Conclusion 

NOSRAM is a memory device using a CAAC-IGZO 

FET, and the CAAC-IGZO FET was evaluated under a BT 

stress test in which the operation of the CAAC-IGZO FET 

was simulated. We have found that the CAAC-IGZO FET 

has high reliability by having a layered structure with a 

buried channel. Thus, we have succeeded in fabricating a 

CAAC-IGZO FET which satisfies the actual operation of 

the NOSRAM. 
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Fig. 3 Cross section of CAAC-IGZO FET in the L direction 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Band model of buried channel. 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Results of GBT stress test. 

corresponding to rewriting 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Results of DBTstress test (Id-Vg curve). 

corresponding to retention 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Results of DBT stress test (change over time). 

corresponding to retention 
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