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We report simultaneous measurements of the threshold voltage shift under positive 
bias stress and transient discharge following such stressing, on amorphous silicon - 
silicon nitride thin film transistors (a-Si:H TFTs). The discharge transients exhibit 
two components which are both due to emission from deep states within the a-Si:H.

1 Introduction.
ct-Si:H TFTs exhibit a shift of threshold voltage AVt, resulting from prolonged gate 

field applications. Such behaviour has traditionally been interpreted in terms of 
tunnelling into the insulating layer.1' 2 However, the authors recently proposed a new 

instability mechanism based on the creation of metastable silicon dangling bonds under 
accumulation conditions.3 Recent measurements on ambipolar TFTs have shown that 

both instability mechanisms occur, the relative contribution of each depending on the 
applied gate field.4 Herein, we discuss the processes involved in the dark discharge of a 

TFT and relate these to the possible instability mechanisms.

2 Experimental technique
The experimental technique (discharge technique)3 monitors the trapping and 

subsequent neutralisation of excess charge within a TFT (figure l). With the source 
and drain electrodes tied together and earthed through a sampling resistor, a positive 
voltage (Vg) is applied to the gate of the TFT for a time tg, attracting electrons to 
.the insulator interface, where they (mostly) become trapped. During a delay time t<j 
(in which Vg=0), the nett excess negative charge will progressively fall. This decrease 
may be monitored directly (in the dark) using an electrometer. Alternatively, a pulse 
of illumination causes a discharge transient from which the nett residual charge may be 
determined (as a function of tj). Measuring AVt directly provides an independent 
assessment of the trapped charge, and in the present study we have combined the two 
techniques. A discharge measurement is conducted between two determinations of Vt. 
The device is then stressed and the measurement sequence repeated. The charge to 
which both techniques are sensitive may then be compared.
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Figure 2.
Comparison of the charge to which 

both techniques are sensitive

3 Results.
In figure 2 we plot, as a function of Vt, a comparison of the net excess charge (td=l 

sec), determined by the discharge technique, and AVt. Both techniques measure the 
same charge, equal to CAVt, thus establishing that the discharge measurement provides 
a valid measure of the charge responsible for the threshold voltage instability. The 
influence of tg (and thus Vt) on the discharge characteristics is shown in figure 3. A 
new finding is that the discharge is characterised by two thermally activated 
components. For the second component a well defined activation energy of " 0.7eV 
and attempt-to-escape prefactor of " 109Hz are obtained for Vt values from 4.5V to 

18.IV. At elevated temperatures the first component disappears rapidly and only a 
rough estimate of the activation energy can be made. The characteristics, however, are 
estimated to have similar values to the 0.4eV and lCrHz found for the curve labelled 1 
in figure 3. The sample-to-sample variation in the activation energy of each component 
is “ O.leV. Additionally, a Meyer-Neldel type relation apparently exists between the 
activation energy and attempt-to-escape pre-factor (figure 4).

4 Discussion
There are two separate mechanisms contributing to the observed threshold voltage 

shift, those of charge tunnelling into the insulating layer1, 2 and creation of metastable 
silicon dangling bond states3’ 5. In order to assess the influence of these two charge 

trapping processes on the decay observed in the discharge experiment, we have to be 
able to interpret the neutralising processes occurring under the experimental conditions. 
Wherever the charge is trapped, it may be neutralised either by electron release from 
these slow states or via the accumulation of positive space charge within the a-Si:H.
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Figure 3. Figure 4.
Influence of stressing time on Relationship between the activation energy
the discharge characteristics and attempt-to-escape pre-factor

Thermal release from a distribution of states (DOS) may be characterised by a release 
function of form

Q(t) = Q„[n(E)cxp dE

J Nt { t(E,T) )

where Q(t) is the charge remaining as a function of time, Q0 is the total charge 
trapped in these centres by the gate voltage, t(E,T) = v exp(E/kT) and 
Nt = /N(E)dE. If the DOS is highly structured then the decay of the charge will 
have corresponding features. On the other hand a featureless DOS will render a 
featureless decay curve.

The accumulation of positive charge within the a-Si:H may occur via a process akin 
to xerographic depletion discharge6, in which a positive space charge is built up via 

electron emission from donor-like states in the gap. For such a process a neutralisation 
time constant can be defined; the value being dependent upon the magnitude of the 
charge in the surface or interfacial layer, and upon the energetic depth of the centres 
through which charge generation is occurring.

The time constant of the first component in figure 3 increases approximately linearly 
with the magnitude of the trapped charge. Therefore, a large fraction of this trapped 
charge is neutralised via the build up of positive space charge. The trapped charge, 
which is being neutralised, can be either in the nitride or deep created states and is 
emitted with time constants longer than those for the build up of positive space charge. 
Also in this figure, it can be seen that the second component is very similar to the 
broadened exponential expected for release from a distribution of states, suggesting that
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some of the occupied centres are releasing their charge.

It has been suggested8, 9 that our previously-reported results (in particular, the

release activation energy) are representative of charge removal from the nitride. 
Trapping into the nitride is a very slow process in device quality material and,
therefore, the consequent shift in Vt would occur over an extended stressing period. 
Significantly, threshold voltage measurements performed immediately before and after a 
discharge measurement return the same value for Vt, despite the fact that the charge 
responsible for the threshold voltage has been completely neutralised via a dark 
discharge mechanism during tj. Therefore, since no extended stressing period is
incorporated between the discharge and measurement of Vt, charge is not emitted from 
the nitride during the discharge process. Additionally, reproducible discharge curves are 
obtained without any stressing between measurements - a feature which would not be 
observed if the discharge curves were representative of charge emission from the nitride. 
However, charge trapping into the nitride layer can still occur, in which case
neutralisation of the trapped charge is via the establishment of a positive space charge 
layer in the a-Si:H as discussed above.

5 Conclusions and Future Directions
The above data show that two distinct processes are occurring during the dark 

discharge of a TFT. One process is related to the build up of positive space charge to 
neutralise electrons trapped in very slow states. The other process is the release of 
electrons from states occupied as a result of a gate voltage application. Both processes 
observed in the discharge experiment are confined to the a-Si:H layer only. Therefore, 
this technique is useful in monitoring the trapping and emission characteristics of 
a-Si:H. A full analysis of the experimental data is underway including computer 
simulation studies. A positive identification of the created states, as silicon dangling 
bonds, may be achieved through ESR studies. We hope to conduct this study in the 
future.
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