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An RC oscillator using amorphous silicon thin film 
transistors was developed. The oscillation frequency and 
its dependence on resistance and bias voltage were studied. 
The frequency was controlled by adjusting the feedback 
resistance of the oscillator. The highest measured 
frequency of the oscillator was around 140 kHz, which is 
acceptable for low-end radio frequency identification 
(RFID). Since a low-end RFID circuit needs low cost and a 
simple process, an amorphous silicon oscillator is suitable. 
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I. Introduction 

An oscillator is a basic unit for operations of most circuits, 
and many kinds of on-chip integrated oscillators have been 
suggested based on different principles [1]-[6]. An exact 
frequency is required for the accurate operation of a circuit; 
therefore, precise control of frequency is necessary. For this, 
some crystals such as quartz are being used. High frequency 
with low phase noise is necessary for high-speed 
communication [6]. 

On the other hand, there is an increasing technological 
interest in low-frequency application because of the demand 
for a low-cost circuit. Since amorphous silicon or an organic 
thin-film transistor (TFT) can be manufactured using low-cost 
processes, they are adequate for low-cost circuits. However, 
their mobility is low and their applications are restricted to the 
low-frequency region.    

Organic TFTs have been studied for low-cost circuits on 
glass or flexible substrates [7]-[15]. Radio frequency 
identification (RFID) and displays are typical applications of 
such low-cost circuits.   

RFID is a means of storing and retrieving data through 
electromagnetic transmission to an RF-compatible integrated 
circuit. RFID uses three different effective frequency ranges: 
low, intermediate, and high. At low frequency, below several 
hundred kHz, RFID can be used for an inexpensive system as 
access control with low-reading speed. On the other hand, a 
high frequency system, up to several GHz, can be used for high 
speed reading. For low cost, several technologies can be used 
such as nanoblocks, or amorphous or poly-crystalline silicon 
TFTs [16 ]-[19]. 

Hydrogenated amorphous silicon (a-Si:H) TFTs can also 
provide a low-end RFID. The a-Si:H TFT is widely used as a 
switching element for liquid crystal displays (LCDs), and even 
with the low mobility of amorphous silicon, gate driver 
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integration with a-Si:H TFT is applied to TFT LCDs [20], 
active-matrix organic light emitting displays [21], and sensor 
circuits [22]. Amorphous silicon is of interest for devices 
requiring low cost and a large area. 

The RFID frequency ranges from below a hundred kHz up 
to GHz, and therefore a-Si:H TFT can contribute to the low 
frequency region. We fabricated and analyzed an a-Si:H TFT 
RC oscillator for use in low-end RF applications.  

It is known that an a-Si:H TFT exhibits a threshold voltage 
shift by applying gate bias to the gate [23], [24]. This is due to 
the charge tapping and dangling bond creation in the channel.  
This instability can reduce the lifetime of circuits made of a-
Si:H TFTs. In this paper, we studied the degradation of an a-
Si:H resistive-capacitive (RC) oscillator with operation time. 

To accomplish the proper operation of an oscillator, it is 
important to optimize each design parameter because the 
mobility is low and the parasitic capacitance and threshold 
voltage are high. Therefore, we optimized the design 
parameters for the best operation of the oscillator before 
making it. 

II. Experiments 

An oscillator made of conventional a-Si:H TFTs was 
designed and fabricated. Figure 1 shows a schematic of the 
oscillator studied in this work. The frequency of the oscillator is 
determined by RC time and the inverter output current. The 
conventional back-channel etched TFT structure was used. 
Figure 2 shows the transfer characteristics and schematic cross-
sectional structure of the a-Si:H TFT used for the oscillator.  

The TFT process was as follows. A chromium layer was used to 
form the gate electrode. After gate patterning, three layers of silicon 
nitride (400 nm), a-Si:H (150 nm), and n+ a-Si:H (50 nm) were 
deposited by plasma-enhanced chemical vapor deposition at 
280 °C. The silicon nitride was deposited with a mixture of 
SiH4 (50 sccm), N2 (200 sccm), and NH3 (100 sccm). The 
undoped a-Si:H was deposited with a mixture of SiH4 (300 
 

 

Fig. 1. A schematic view of an oscillator made of a-Si:H TFTs. 
The output frequency is determined by R1, C, and the 
inverter characteristics. 
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Fig. 2. The transfer characteristics and cross-sectional view of the 
a-Si:H TFT with back-channel etched structure.
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sccm) and H2 (90 sccm). The n+ a-Si:H layer was deposited 
with a mixture of SiH4 (300 sccm) and PH3 (9 sccm). 

After forming a-Si:H islands by dry etching, a chromium 
layer (150 nm) for the source/drain electrodes was deposited by 
sputtering and patterned by wet etching. The n+ a-Si:H layer 
between the source and drain was etched away by NF3 plasma.  
The contact hole was formed after the silicon nitride 
passivation layer. The ITO layer was used as material of 
resistors R1 and R2. We fabricated the oscillator with several 
different R1 and R2 resistances and compared the oscillation 
frequency between them. Two samples, sample 1 and sample 2, 
were measured, but unless otherwise indicated, the results 
shown in this paper are for sample 1 only. 

III. Results and Discussion 

Figure 3 shows an optical image of an RC oscillator made of 
a-Si:H TFTs. Since only N-channel enhancement is possible in 
an a-Si:H TFT, we used a bootstrapped inverter for greater 
performance [25]. 

Figure 4 shows a schematic of a bootstrapped inverter. At the 
 

Fig. 3. The optical image of an oscillator made of a-Si:H TFTs.
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Fig. 4. An inverter circuit used for the oscillator. The
bootstrapped inverter was used to avoid voltage drop in
output [25]. 
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Fig. 5. Output waveforms of the oscillators with VDD =30 V. The 
left waveform (a) shows higher frequency than the one on 
the right (b). 
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high voltage of the output node, the gate voltage of T1 
increases over VDD due to the bootstrapping through the 
capacitor of 2 pF and the parasitic capacitance of the T1 
transistor. Due to the overdrive of the T1 gate, the high voltage 
output of the output node can be as high as VDD. For proper 
operation of the bootstrapping, we optimized each design 
parameter by circuit simulation. The width/length of the drive 
TFT was as large as 6000/5 for enough current capability.  

The oscillator functioned over a wide range of supply 
voltages. We applied the power voltage from a minimum 
operation voltage up to 30 V. 

Figure 5(a) shows an output waveform of the RC oscillator 
when R1 = 50 kΩ, R2 = 10 kΩ, and C = 5 pF with a supply bias 
of 30 V. An oscillation frequency of 111 kHz was measured as 
voltage swung from 3.0 to 15.8 V. The voltage swing is large, 
and the frequency is enough for the low frequency RFID. The 
oscillation frequency can be adjusted by changing the resistance 
or capacitance, which is shown in Fig. 5(b).   

Figure 5(b) shows an output waveform when R1 = 500 kΩ, 
R2 = 100 kΩ, and C = 5 pF with a supply bias of 30 V. Due to 

 

Fig. 6. Output waveforms for VDD = 20 V. The frequency 
decreased compared to VDD = 30 V. The left waveform 
(a) for the lower resistance shows higher frequency. 
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Fig. 7. The frequencies increase with increasing VDD. The 
oscillator does not operate at a VDD less than 9 V. 
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higher resistance, the frequency decreased to 63 kHz compared 
to the 111 kHz of Fig. 5(a). The output voltage swung from 3.4 
to 16.9 V.  

The output waveforms for the lower supply voltage of 20 V 
are shown in Figs. 6(a) and 6(b). The lower supply voltage 
results in lower swings of output voltages and lower frequency 
due to the decrease of inverter output current. 

Figure 7 shows how the frequency changes as a function of 
supply voltage for the a-Si:H oscillators. Frequencies for two 
samples are shown. The frequencies decrease with decreasing 
supply voltage and there exists a minimum supply voltage to 
sustain oscillation. Since the process conditions affect the 
characteristics of a TFT, the frequencies change from sample to 
sample. Therefore, we need a reproducible process and some 
noble schematics that keep the frequency constant. 

The frequency change was measured as a function of time 
with VDD = 20 V. Since a-Si:H TFT has a threshold voltage 
shift with gate bias stress, frequency decreases with increasing 
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Fig. 8. The frequency shift as a function of stress time. 
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operation time. 

Figure 8 shows the time dependence of output frequency 
shift for samples 1 and 2, and the inset is the frequency vs. 
stress time. Since the threshold voltage of the TFT increases, it 
decreases the output current of the inverter. This results in an 
increase of charging and discharging times. Therefore, the 
output frequency decreases.  

The increase in threshold voltage results in the decrease of 
output voltage, as shown in Fig. 9. As the threshold voltage 
increases, the output voltage shifts to the lower voltage. 
However, as the bootstrapped inverter supplies high gate 
voltage to the load transistor, the voltage decrease is rather 
stable compared to the frequency change. Sample 2 also shows 
the same trend except for the start voltage. The Vout-high at t = 
0 of sample 2 was 11.2 V, which is a little smaller than sample 
1. The Vout-low at t = 0 of sample 2 was a little higher than 
sample 1. This means the swing voltage decreased a little for 
higher operation frequency. 

Since the frequency can be controlled by the resistance or 
capacitance, the frequency shift can be compensated by control 
of resistance or capacitance. We can use an active device such 
as a TFT for the feedback resistor instead of R1 of Fig. 1 to 
suppress the change of frequency. A frequency-dependent gain 
loop can control the gate voltage of the TFT, which results in 
the resistance change of the TFT and can stabilize the 
oscillation. 

Though the organic TFT provides a convenient and low-cost 
process such as printing, and low temperature process, the 
lifetime of the organic TFT is very short. On the other hand, 
amorphous silicon provides a well-established process and 
relatively stable operation suitable for a one-time operation or 
short use period of RFID. Further research would be on a 

 

Fig. 9. The dependence of high output and low output voltages on 
stress time. 
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reproducible operation frequency.  

IV. Summary and Conclusion 

We developed an a-Si:H TFT RC oscillator and studied its 
frequency and output waveform. We achieved good oscillation 
by optimization of each design parameter using circuit 
simulation. The performance of the oscillator was good enough 
for low-end RFID application. The frequency can be controlled 
by control of the resistance or capacitance. The oscillation 
frequency decreases with stress time and the output voltage 
shifted to a lower voltage with increasing operation time. The 
frequency shift can be compensated by adopting an active 
device combined with a frequency dependent gain loop instead 
of a simple resistor.  
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