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Summary: 
Amorphous indium-gallium-zinc oxide (IGZO) is attractive for active thin-film transducer stacks pro-
cessed at near-room temperature. Here, dual stencil lithography with alignment was used to fabricate 
an IGZO thin-film-transistor (TFT) stack, without photoresist or wet etching, with a maximum process 
temperature of 150 °𝐶𝐶. The devices show clear field-effect operation, low gate leakage, and stable trans-
fer characteristics. A preliminary white-light switching test confirms an electrically measurable response, 
suggesting an all-dry route toward IGZO transducer platforms for processing-sensitive sensor systems. 
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Introduction 
Emerging sensing systems, such as agricultural 
or implantable sensors that need to degrade af-
ter their lifespan, increasingly require both sens-
ing elements and electronics on processing-sen-
sitive substrates. Amorphous IGZO is attractive 
for such a system because it can be deposited 
at room temperature while maintaining a mobility 
of 10 − 50 𝑐𝑐𝑚𝑚2𝑉𝑉−1𝑠𝑠−1  in amorphous films [1], 
better than a-Si:H or most of the organic semi-
conductors. Beyond electronics, IGZO TFTs 
have also been explored as optoelectronic and 
chemical sensing elements, suggesting that the 
same material can contribute to both electronics 
and sensing [2]. 

From a processing perspective, solvent-sensi-
tive, swelling-prone, or biodegradable polymeric 
substrates can benefit from resist-free and wet-
etch-minimized fabrication. Stencil lithography 
offers such a dry-patterning route through direct 
deposition or etching [3]. 

In our work, stencil lithography with deposition is 
used as a dry and resist-free route to create an 
IGZO-based active stack on a Si substrate. The 
highest temperature in the entire process 
reached 150 °C during annealing. Using two se-
quentially aligned stencils with an alignment ac-
curacy below 5 µm, sputtered SiO2, sputtered 
IGZO, and evaporated Ti/Au electrodes were in-
tegrated into a TFT configuration. The resulting 
device shows clear field-effect operation, with a 
saturation mobility of 4.88 𝑐𝑐𝑚𝑚2𝑉𝑉−1𝑠𝑠−1, a thresh-
old voltage of 9.93 V, and a subthreshold swing 
of 226 𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑𝑐𝑐−1. A proof-of-concept illumination 
experiment further reveals a distinct white-light-

induced current response from the IGZO chan-
nel. This dual functionality indicates that stencil-
defined IGZO can serve as a dry-patterned ac-
tive stack for both transistor and photo-respon-
sive transducer in emerging sensor systems that 
require low-temperature and solvent-minimized 
patterning. 

Methods 
Devices were fabricated on a 2 × 2 𝑐𝑐𝑚𝑚2  p-type 
Si chip used as the global back gate. A 100 nm 
SiO2 gate insulator was RF sputtered with O2 ad-
dition to reduce oxygen-deficient oxide formation 
[4]. A 10 nm IGZO layer was then RF sputtered 
through a first SiNx stencil as shown in Fig.1(a).  
The stencil-substrate gap was ~1-3 µm, esti-
mated by microscope focus plane. After remov-
ing the first stencil, a second stencil was aligned 
and placed with an alignment accuracy below 5 
µm, and 5/50 nm Ti/Au source/drain electrodes 
were evaporated. The representative transistor 
has a W/L ratio of 5/50 µm and was annealed in 
air at 150 °C for 1 h. The stack of fabricated de-
vices is shown in Fig.1(b). 

The patterns were characterized by optical mi-
croscopy and atomic force microscopy (AFM). 
Transfer and output characteristics were meas-
ured with a semiconductor analyzer. For a pre-
liminary light-response test, 𝑉𝑉𝑔𝑔 and 𝑉𝑉𝑑𝑑 were fixed 
at 20 V and 5 V, respectively, while a white-light 
source was manually switched on and off. 

Results 
Among 4 fabricated devices on the same chip, 
all of them showed measurable field-effect oper-
ation. The representative device in Fig.1(c) has 
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a clearly defined channel, with IGZO visible be-
tween the Ti/Au electrodes. The AFM profiles in 
both Fig.1(c) and (d) show that the evaporated 
metal edges are sharper than the sputtered 
IGZO edges, consistent with the more directional 
flux during evaporation. The IGZO edge blurring 
is approximately 1 µm over a 10 nm thickness. 
Therefore, the channel length is mainly defined 
by the evaporated source/drain electrodes rather 
than by the sputtered semiconductor boundary.  

 
Fig.1. Stencil lithography patterned IGZO device. (a) 
Stencil chip with alignment marks. (b) Schematic 
cross-section of the SiO2/IGZO/Ti/Au stack on a Si 
substrate. (c) Optical image of the device under test, 
with AFM scans from the marked regions. (d) Cross-
section profiles extracted along the AFM cutting lines. 

Fig.2. shows the field-effect operation of the fully 
stencil-patterned stack shown in Fig.1(c). The 
device exhibits 𝑉𝑉𝑡𝑡ℎ = 9.93 𝑉𝑉, an on/off current ra-
tio of approximately 105 , subthreshold swing 
𝑆𝑆𝑆𝑆 = 226 𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑𝑐𝑐−1, and 𝜇𝜇𝑠𝑠𝑠𝑠𝑠𝑠 = 4.88 𝑐𝑐𝑚𝑚2𝑉𝑉−1𝑠𝑠−1. 
The gate leakage remains near 10−11 − 10−10 𝐴𝐴, 
and the forward/backward transfer sweeps 
nearly overlap. These transfer, output, leakage, 
and hysteresis characteristics demonstrate that 
the dual-stencil-defined stack provides a func-
tional transistor-type transducer platform 

 
Fig.2. Characteristics of a representative IGZO TFT 
patterned by stencil lithography. (a) Transfer charac-
teristics at different drain voltages. (b) Output 

characteristics at different gate voltages. (c) Gate 
leakage current. (d) Forward and backward transfer 
sweeps. 

The same IGZO channel also shows a measur-
able light response, as shown in Fig. 3. Switch-
ing on white light increases the drain current, 
with a relative response of 65-75% calculated as 
�𝐼𝐼𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 − 𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑�/𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑. After the light is turned off, 
the recovery contains a fast component and a 
slower tail, suggesting a persistent photocon-
ductivity (PPC) [5].  

 
Fig.3. Time-resolved white-light response of the IGZO 
device patterned by stencil lithography, measured at 
𝑉𝑉𝑔𝑔 = 20 𝑉𝑉 and 𝑉𝑉𝑑𝑑 = 5 𝑉𝑉, under white light. 

In this work, dual-stencil lithography with align-
ment was used to fabricate an IGZO TFT device 
with a maximum thermal budget below 150 °C, 
supporting compatibility with processing-sensi-
tive and biodegradable substrates. The device 
shows transistor operation and a qualitative re-
sponse to white-light illumination. Further quan-
titative measurements are ongoing and will be 
presented at the conference. 
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