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Abstract 
We report on the fabrication of ZnO-based thin-film 

transistor (TFT) inverters with top and bottom gate 
structures with Al2O3 dielectrics grown by atomic layer 
deposition (ALD). Since the top gate ZnO-based TFT 
showed somewhat lower field effect mobility than that of 
the bottom gate device, our ZnO-based TFT inverters 
were designed with identical dimensions for both 
channels. This TFT inverter device demonstrated an high 
voltage gain at a low supply voltage of 5 V and clear 
dynamic behavior. 

 
 

1. Introduction 
 

Due to their potentials toward a driving component 
for liquid crystal display and other applications, ZnO-
based thin-film transistors (TFTs) have received much 
attentions [1]–[4]. While bottom-gate ZnO-based 
TFTs with inorganic oxide dielectrics and high-
voltage operations have initially been reported, top-
gate devices and low-voltage operations are recently 
on focus with such expected applications as logic and 
memory devices on glass or plastic substrates [5]–[9]. 
And we previously reported a few top-gate low-
voltage ZnO-TFTs with low-k organic/high-k 
inorganic double dielectric or organic–inorganic 
nanohybrid dielectric structures aiming at such device 
applications [8], [9]. To fabricate the inverters using 
only one type TFTs needs the control of the threshold 
voltage for each device. Generally, many engineers 
use the width/length (W/L)-ratio difference between 
the driver and load TFTs. But to fabricate this kind of 
inverter, we need the more space than that of the 
complementary type inverter circuit. So we 
demonstrate the simple method to fabricate the 

inverter circuit using simple process with identical 
dimensions for both channels. 

 
 

2. Experimental  
 

To fabricate hybrid-type ZnO TFT inverter, we 
have fabricated two types of ZnO-TFTs 
simultaneously: bottom-gate and top-gate ZnO TFTs 
with ALD-grown Al2O3 dielectrics. For both devices, 
the glass substrate was cleaned with acetone, 
methanol, and deionized (DI) water, in that order. 
Subsequently, for the gate electrode of bottom-gate 
device and the source/drain electrodes of top-gate 
device, Al layers were patterned with a width of 200 
µm using shadow mask. Then 120nm-ZnO channel 
layers for top-gate devices were deposited by RF 
magnetron sputtering system at room temperature 
(Ar : O = 6 : 1) . After the deposition of channel layer, 
20 nm thick Al2O3 films were deposited by ALD at 
200°C (the precursors were trimethylaluminum and 
H2O). And 60nm-ZnO channel layers for bottom-gate 
devices were deposited by RF magnetron sputtering 
system at 100 oC. Then 200nm-Al electrodes were 
deposited for the source and drain electrodes of 
bottom-gate devices and the gate electrodes of top-
gate devices. Finally, to complete the inverter devices, 
the drain electrode of top-gate device, the source 
electrode of bottom-gate device, and the gate 
electrode of bottom-gate device were connected. All 
the current-voltage characteristics of top-gate ZnO 
TFTs and bottom-gate devices were measured with a 
semiconductor parameter analyzer (HP4155C, Agilent 
Technologies). 
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3. Results and discussion 
 

We have fabricated n-channel inverter device with 
the top and bottom gate structures simultaneously. 
Using this hybrid structure, we could easily control 
the threshold voltage of the load and driver TFT. 
Figure 1 shows the schematic of our ZnO TFT 
inverter with hybrid structure. 

 
Figure 1. The schematic of inverter circuit. 

 
 

Figure 2 shows the drain current-drain voltage (ID-
VD) output curves obtained from (a) top-gate and (b) 
bottom-gate ZnO-TFT. Here, we can observe the ideal 
output curves of both devices and the large difference 
between the drain currents of top- and bottom-gate 
device. The top gate ZnO-based TFT showed lower 
field effect mobility of ~0.1 cm2/Vs than that of the 
bottom gate device (~2.4 cm2/Vs) and our ZnO-based 
TFT inverters were designed with identical 
dimensions for both channels.  

 

 
Figure 2. Drain current-drain voltage (ID-VD) output 
curves obtained from (a) top-gate and (b) bottom-gate 
ZnO-TFT. 

 

Figure 3 shows the dynamic behaviour of our ZnO 
TFT inverter at 1 Hz. Rising (tr) and falling times (tf) 
in our inverter appeared ~116 and 20 ms, respectively. 
So we can realize the inverter device without the 
variation of W/L ratio in each TFT device. This TFT 
inverter device demonstrated an large voltage gain at a 
low supply voltage of 5 V and clear dynamic behavior. 

 
 

  
 

Figure 3. Dynamic behaviour of our ZnO TFT 
inverter at 1 Hz. Rising (tr) and falling times (tf) in our 
inverter appeared ~116 and 20 ms, respectively. 

 
 

4. Summary 
 

Because the top gate ZnO-based TFT showed 
somewhat lower field effect mobility of 0.1 cm2/Vs 
than that of the bottom gate device (~2.4 cm2/Vs), our 
ZnO-based TFT inverters were designed with identical 
dimensions for both channels. This TFT inverter 
device demonstrated an excellent voltage gain of ~41 
at a low supply voltage of 5 V and clear dynamic 
behavior. 
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