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Abstract 
Electrical stress degradation of low temperature, 

amorphous silicon thin film transistors is reviewed, and 
the implications for various types of flexible circuitry 

including active matrix backplanes, integrated drivers 

and general purpose digital circuitry are examined. A 

circuit modeling tool that enables the prediction of 

complex circuit degradation is presented.    

1. Introduction

There is current interest in extending amorphous 

silicon (a-Si:H) thin film transistor (TFT) technology 

to flexible substrates [1,2] for lightweight, rugged 

displays conformal to shaped surfaces (Fig. 1). 

Eventually, wearable, flexible displays integrated into 

clothing will be useful in applications such as 

providing real time situational awareness for soldiers 

and emergency personnel. The application of flexible 

electronics beyond displays has already begun with 

the integration of a-Si:H row and column drivers and 

general purpose a-Si:H digital logic such as 

programmable logic arrays [3-5].  

Ultimately, one can envisage fully flexible systems 

including sensors, microcontroller, display and 

flexible power sources, enabling applications such as 

a ‘smart’ medical bandage capable of sensing and 

displaying patient information and vital signs. 

The a-Si:H TFT developed at the Flexible Display 

Center is a bottom gate inverted staggered structure 

fabricated with a low temperature (180°C) process 

amenable to flexible substrates, e.g., stainless steel 

and heat stabilized polyethylene naphthalate [2]. The 

saturation mobility is 0.8 cm2/Vs with an on/off ratio 

greater than 108. The subthreshold slope is 

approximately 0.6 V/decade with a threshold voltage 

of a slightly greater than 1 V after fabrication. The 

hysteresis between forward and reverse sweeps of the 

drain-source voltage is also approximately 1V. 

2. Threshold Voltage Instability 

A primary consideration in circuit design with a-

Si:H thin film transistors is that they are unstable 

electrically, primarily due to an electric field induced 

threshold voltage (Vth) shift [6]. This gradual increase 

in Vth limits the lifetime of active matrix backplanes 

and is more severe on low temperature processes 

required for flexible backplanes [7]. Fig. 2 shows the 

measured Vth shift ( Vth) on some of our prototype 

devices. Furthermore, Vth is a strong function of 

aggregate time a transistor is biased on, accentuating 

the increase in threshold voltage for general purpose 

digital circuitry where, unlike the TFTs in a display 

backplane, the transistors operate continuously. 

The two mechanisms responsible for the Vth  in a-

Si:H TFTs are charge injection in the silicon nitride 

(SiNx) gate insulator and creation of defect states in 

the a-Si:H conducting channel [8]. Field-effect 

experiments have provided evidence that mobile 

carriers are responsible for breaking the weak Si–H 

bonds resulting in the creation of charged defect states 

(dangling bonds). 

Fig. 1. An active matrix QVGA electrophoretic 

display fabricated on flexible stainless steel.  
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Fig. 2. Threshold votlage shift vs. time for positive 

and negative gate voltages with and without elevated 

drain voltages for FDC TFTs. 

Extending techniques used to localize hot electron 

degradation in MOSFETs, experiments in our lab have 

localized the degradation of a-Si:H to the gate 

dielectric/a-Si:H channel interface [9]. The TFTs were 

subjected to gate bias stress in the linear and 

saturation modes, and the drain source current was 

measured in the forward (drain and source the same as 

during the application of stress) and reverse (source 

and drain interchanged) configurations. For gate bias 

stress in saturation, increased drain source current 

measured with the source and drain reversed indicates 

localization of Vth to the gate dielectric/amorphous 

silicon interface.  

Further experiments in our lab on a-Si:H thin film 

transistors demonstrated Vth recovery of several 

volts after room temperature rest with no applied 

voltage (supplies floating) [10]. Inverters and 10 

transistor latch circuits were were stressed with a 50% 

duty cycle input and rested at room temperature 

without any applied voltage. Substantial recovery of 

the threshold voltages was observed. However, 

subsequent electrical stress rapidly degraded the 

threshold voltage to the pre-rest value. Hence, the 

threshold voltage recovery observed in a-Si:H circuits 

after periods of rest is temporary, and cannot be used 

to extend the total operational circuit lifetime. This 

response is similar to that observed with negative bias 

stress instability in bulk CMOS circuits, which may 

indicate similar physical mechanisms. 

3. Impact on Circuit Performance 

In spite of the rapid Vth increase with positive gate 

voltages, long lifetimes are possible in active matrix 

backplanes since each transistor in the backplane is 

only on, i.e., its channel occupied by carriers, when 

the row it is in is activated. The duty cycle of an 

individual transistor is one out of N rows. For a 

QVGA display, there are 240 rows and 320 columns.  

Each transistor in the backplane has a duty cycle of 

0.4% resulting in a small average gate voltage. Since 

the time dependence of the rise in threshold voltage is 

sub-unity (~0.3), dramatically increased lifetimes are 

possible for active matrix backplanes. Some displays 

apply a negative VGS when the row is off, achieving 

further reduction in threshold voltage shift by 

allowing some recovery during the off time. 
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Fig. 3. (a) Pixel circuit including parasitics for 

electrophoretic display and, (b) Measured voltage at 

storage node initially and after 3 hr, 1 week and 2 

weeks of continuous operation. 
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Electrical stress degradation measurements were 

made on an active matrix backplane pixel for 

electrophoretic QVGA displays (Fig. 3). The pixel 

TFT is turned on with a +20 V gate voltage allowing 

the data on the source line to be stored on the storage 

capacitor. The TFT is on for one row time and off for 

the remainder of the frame which is ~16 ms for a 60 

Hz frame rate. The off gate line voltage is -20 V. For 

this experiment, the source line data alternated 

between plus and minus 15 V corresponding to black 

and white states of the pixel. As can be seen in Fig. 

3(b), there is negligible degradation of the stored pixel 

voltage after 2 weeks of continuous operation even for 

our low temperature a-Si:H TFT process. For higher 

temperature a-Si:H processes typical of glass active 

matrix backplanes for LCDs, TFT lifetimes have been 

measured to be more than 10,000 hours at 70°C [6]. 

Integrated column drivers are more challenging 

since they must be continuously active to provide data 

to the columns during every row access. This implies 

a large duty cycle and shorter lifetimes before the Vth

rises to unacceptable levels. We have developed 

integrated a-Si:H column drivers for flexible, 

electrophoretic displays [11] in order to reduce the 

number of column interconnects off the flexible 

backplane, improving both reliability and cost. A high 

speed shift register to bring the column data in on a 

single interconnect is not achievable with the low 

mobility and slow speed of a-Si:H circuitry. 

Consequently, the design we developed uses parallel 

shift registers to achieve the necessary bandwidth. The 

compromise architecture reduces the number of 

column interconnects from the display to the 

controlling board by over 3x. The circuitry for a single 

column (Fig. 4(a)) is composed of a series of dynamic 

latches and inverters that translate 2 bits of digital 

information into one of the three column voltages. 

This integrated a-Si:H column driver was operated 

continuously at typical display speeds driving 30 V, 

15 V and 0 V sequentially onto a column (see Fig. 

4(b)). Due to electrical stress degradation of the final 

TFTs driving the column voltages, the 30 V column 

signal rapidly decreases. After 10,800 seconds, the 

highest column voltage has decreased 10%.  

Therefore, amorphous silicon column drivers are 

not suited for continuous motion video display 

operation, but are for applications with occasional 

image updates. Such applications include commercial 

signage, smart card displays, electronic maps, and 

smart medical bandages. For example, flexible, 

lightweight, robust bandages could incorporate 

sensors and an a-Si:H microcontroller that are 

powered down most of the time. Once every few 

minutes, the circuitry would awaken, take a 

measurement, perform simple calculations, display the 

result on an integrated, bistable flexible display and 

return to sleep mode. Both of these applications can 

successfully utilize flexible, digital a-Si:H circuits and 

have product lifetimes of months or years. For this 

column driver design and our low temperature a-Si:H 

process, we estimate that over 2x104 image updates 

every half second are possible before the threshold 

voltage rises by 20%, where the circuit will still be 

fully operational. 
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Fig. 4. (a) Schematic of integrated a-Si:H column 

driver for an electrophoretic display, and (b) 

Measured sequential column voltages of 30 V, 15 V 

and 0 V after various periods of time of continuous 

operation. Note that the 30 V output has degraded to 

~27 V after 10,000 seconds.  

In a-Si:H circuits, each device experiences a 

different average gate voltage and hence degrades at a 

different rate. It is important to have a circuit 

simulator that can predict the complex post-
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degradation response of arbitrary a-Si:H TFT circuits. 

To this end, we have developed a computer model of 

the Vth and incorporated that model in SPICE circuit 

simulator [12]. The Vth degradation model is added to 

the Spice 3.0 TFT device model to obtain a composite 

model and is verified by comparing the simulated Vth

shift with measured data in a TFT latch circuit. 

The Vth can be given by  

.
n

A
GS DS th,0th

E
V t A exp t V V -V

kT   (1)

where k is the Boltzmann constant, T is the absolute 

temperature, and t is the bias stress time duration. EA

is the mean activation energy of the transistor aging 

process with A being the degradation rate.  and n are 

process related constants. Due to the non-linear nature 

of (1), an intermediate parameter Age, which is a 

linear function of the stress time is introduced. The 

Age parameter provides the means to quantify the 

degradation suffered by individual TFTs in the circuit 

and is related to (1) by 
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where VGS and VDS are the biases during the 

simulation time-step ti = ti-ti-1. The incremental 

Age’s ( Age) are summed to obtain the total Age at 

the end of the simulation time (tstop) after which the 

total Age (i.e. Age(tstop)) is extrapolated to a user 

specified post-stress circuit age (tage), to give the net  

Vth experienced by the a-Si:H TFT. The Vth model 

assumes that the stimulus applied for the simulation 

period to obtain the total Age can be approximated by 

a periodic application of the stimulus used in (2) to 

give the extrapolated Vth, i.e., a periodic stimulus is 

assumed. The Vth model has been added to the RPI 

Level-15 ATFT model and to the BSIM3 model, 

which we have found can fit our a-Si:H TFTs well, 

where the combined models are incorporated into the 

NG-Spice (Spice 3.0) circuit simulator. The model 

was previously verified with a 10 TFT latch circuit 

over several hours of continuous operation [12].  
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