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Abstract. A unified physical-based model parameter extraction technique for excimer laser annealed lower tem-
perature polycrystalline silicon (LTPS) complementary thin film transistors (TFTs) is for the first time proposed.
For two well-known compact models of LTPS TFT, Rensselaer Polytechnic Institute (RPI) V1 and V2 models, our
approach sequentially optimizes the model parameters in the regions of linear, subthreshold, saturation, and leakage.
Compared with the measured results, the extracted ID − VG , ID − VD , transconductance, and output conductance
are within 3% of accuracy. The agreement with the experimental data is excellent for the n- and p-type LTPS TFTs
with different length and width. This extraction technique bridges the fabrication of LTPS TFTs and the design of
complementary system on panel circuits.
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1. Introduction

Excimer laser annealing technique has recently been
proposed in the fabrication of LTPS TFTs, in particular
for active matrix liquid crystal display (AMLCD) [1–7]
and system on panel (SOP). Equivalent circuit models,
such as RPI V1 and V2 models [4–6] are important
for designing the embedded driving circuits in LCDs
with laser annealed LTPS TFTs. The RPI V1 model
involves piecewise functions and the RPI V2 model has
improved some nonphysical effects. Any computation-
ally effective and physical-based extraction techniques
will benefit the semiconductor display industry. Unfor-
tunately, it is still lacking a unified, robust, and accurate
optimization technique to extract RPI TFT models’
parameters.

In this paper, we successfully develop a unified
model parameter extraction technique for the param-
eter extraction of LTPS TFTs. Based on the physi-
cal properties of the LTPS TFTs and the mathemati-
cal behaviors of the RPI compact models [7–9], our
approach sequentially optimizes the model parameters
in the regions of linear, subthreshold, saturation, and
leakage. For a set of given measured data, extraction of
ID − VG , ID − VD , transconductance (Gm), and output
conductance (Gds) is simultaneously performed with
numerical optimization technique [9]. Compared with
the measured results, the extraction is within 3% of ac-
curacy. Extraction of several fabricated n- and p-type
LTPS TFTs with different dimensions is verified with
the proposed method. Optimization experience shows
this approach is robust and accurate for the parame-
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ter extraction of RPI V1 and V2 models. This method
can be implemented in electronic computer aided de-
sign (ECAD) tool for TFT model parameter extraction,
and therefore can provide the necessary parameters for
AMLCD product design and SOP circuit simulation.

This article is organized as follows. Section 2
states the extraction procedure of the RPI V1 and
V2 models for LTPS TFTs. Section 3 shows the
extraction results of LTPS TFTs. Section 4 draws
conclusions.

2. The Parameter Extraction Technique

The drain to source current, used in the RPI V1 and V2
models [4–6], is given by ( Ia×Isub

Ia+Isub
+ Ileak)×(1+�kink).

When the gate bias is greater than the threshold voltage,
Ia becomes significant. Similarly, the leakage and sub-
threshold regions can be identified separately. Accord-
ing to this observation, the proposed extraction tech-
nique consists of the following several steps to com-
plete the model parameter extraction. A set of mobility
parameters is firstly optimized for the linear region of
ID − VG curves. The optimization kernel is with the
Levenberg-Marquardt algorithm [9]. It is a trust-region
modification of the Gauss-Newton algorithm. We then
extract the threshold regions of ID − VG curves by
choosing the parameters of zero bias threshold volt-
age and subthreshold. For the parameters of saturation,
DIBL and kink effect, we thirdly extract the satura-
tion region of ID − VD curves. Finally, we optimize
the leakage region of ID − VG in the log scale. All
notations and physical meanings follow [6]. To run a
complete extraction, there are more than 200 I-V points
have to be optimized, simultaneously. A programming
procedure corresponding to the extraction technique is
shown below.

The Proposed Extraction Procedure
Begin

Load(measurement data)
Select(model:RPI V1 or V2 model)
For linear region of ID − VG curves
Extract(mobility parameters:
MMU and MU0)

End For
For subthreshold region of ID − VG

curves
Extract(zero bias threshold
voltage and subthreshold
parameters:

VTO and ETA)
End For
For saturation region of ID − VD

curves
Extract(saturation and DIBL
parameters: ASAT, VST, VSI
and VST (for V1 model)

ASAT and VMAX (for V2 model))
Extract(kink effect parameters:
VKINK)

End For
For leakage region of ID − VG

curves
Extract(leakage region parameters:
IO, IOO, DD and DG)

End For
Output( extracted parameters)

End The Proposed Extraction Procedure

Figure 1. ID − VG characteristics of the n-type sample.

Figure 2. ID − VD characteristics of the n-type sample.
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Figure 3. Transconductance of the n-type sample.

Figure 4. Output conductance of the n-type sample.

3. Results and Discussion

The length and width of fabricated n- and p-type
laser annealed LTPS TFTs are equal to 6 µm and
the oxide thickness is equal to 100 nm. ID − VG ,
ID − VD , Gm , and Gds are examined with respect
to the n- and p-type samples. Figures 1–8 show the
comparison among measurement, extraction with RPI
V1 model, and extraction with RPI V2 model, where
dots are the measurement, lines are the result of RPI
V1 model, and dashes are the outcome of RPI V2
model, respectively. Comparisons show that the max-
imum RMS error of extracted physical quantities is
less than 3%. Comparison confirms that the RPI V2
model does have more accurate prediction of the
LTPS TFTs’ characteristics. Figures 1–4 are the re-
sults of the fabricated and measured n-type LTPS TFT,
respectively.

For the fabricated p-type LTPS TFT, the current-
voltage, transconductance, and output conductance are

Figure 5. ID − VG characteristics of the p-type sample.

Figure 6. ID − VD characteristics of the p-type sample.

shown in Figs. 5–8, respectively. For ID − VG and
ID −VD , comparison among three results are with good
accuracy. However, compared with the results of n-type
sample, Gm of p-type LTPS TFT, shown in Fig. 7, is
much poor due to the intrinsic limitation of the RPI TFT
model. One of reason is that the RPI mobility function
fails at the high gate bias conditions [7]. Therefore,
Gm calculated by the RPI V1 and V2 models with their
associated mobility function loses the accuracy at the
high gate biased condition. The error is increased when
the drain bias is increased.

The RPI TFT model overestimates the current level
at the high gate biases and underestimates drain current
at the low gate bias conditions. The RPI V2 model has
improvement in the pare, but we believe that a physical-
based mobility model is still necessary for LTPS TFTs’
simulation [7]. To verify the validity of the extraction
technique, we also test the extraction for the LTPS TFT
with different dimensions. Figures 9 and 10 show the
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Figure 7. Transconductance of the p-type sample.

Figure 8. Output conductance of the p-type sample.

extracted ID − VG and ID − VD curves of the p-type
LTPS TFT. The second sample is with W/L = 8/4
[µm/µm], respectively.

4. Conclusions

A unified physical-based model parameter extraction
technique for LTPS TFTs has been successfully devel-
oped. By investigating the RPI V1 and V2 models, we
have compared the simulation results with the mea-
sured data. After our optimization, the RPI V1 and V2
models have shown their accuracy. It has been found
that the accuracy of the LTPS TFT models can be fur-
ther improved. This extraction technique can be in-
corporated into ECAD tool for display industry and is
useful in complementary SOP circuit simulation. For
multi LTPS TFTs, development of advanced compact
model and corresponding parameter optimization tech-
nique are the most important issues. We are currently

Figure 9. ID − VG characteristics of the second p-type sample.

Figure 10. ID − VD characteristics of the second p-type sample.

working on intelligent optimization algorithms [8,9]
for LTPS TFT parameter extraction.
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