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Abstract

This thesis studies the uniformity issue of low temperature poly-silicon thin film
transistor (LTPS TFT) with a statistical method. By measuring devices from different
device layouts and adjusting the distance-between devices, the relationship of device
behavior variance with respect to device.interval*is examined. In particular, we adopt
the “crosstie” layout to get rid of the macro variation coming from process control and
demonstrate that the device variation actually varies as the device distance increases.

Firstly we aim at the nature of device variation. We classify the variation as
macro variation and micro variation. Since devices from typical layout are coupled
with macro variation and micro variation, the “crosstie” layout is introduced to banish
macro variation from micro variation. By analyzing the variance of electrical behavior
with respect to difference device interval, we confirm that the main source of
variation for the neighboring devices comes from the micro variation. It is discovered
that macro variation changes with device distance. It is further found that micro
variation does not change as device distance increases.

Next we objectively demonstrated the difficulties in analyzing circuit



performance and device reliability with device behavior variation. In the prediction of
device reliability, devices under the same stress condition will exhibit similar
degradation behaviors. However, it is shown that TFTs with slightly different
threshold voltages will exhibit apparent diverse degradation behavior under a critical
stress condition. The degradation behavior under this stress condition is found to be
very sensitive to the threshold voltage of the device. It can therefore be seen that the
variation of device behavior will lead to difficulties in predicting reliability.

In the aspect of circuit performance, we start from a simple component, namely
the source follower, to examine the behavior as the transistor is replaced by a LTPS
TFT with electrical behavior variation. As the transistor is replaced to the LTPS TFTs
with similar threshold voltages and different subthreshold swing, the charging
behavior and the output voltage are quite different.from our expectation. This reveals
that in addition to the gradual transfer region compared to IC devices and the resulting
unsaturated output voltage, the variation—of device behavior will bring extra
difficulties to circuit designers.

Most papers about LTPS TFTs are focusing on the improvement of device
performance. Few papers aim at the device variation and the corresponding influence.
However, before LTPS TFTs can be widely used in flat panel displays, the variation of
these devices in mass production must be well-controlled. This thesis suggests the

importance and necessity of the device variation of the LTPS TFTs.



