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Analysis and modeling of the high electric field effect in

polycrystalline silicon TFTs
Student: Kai Chieh Yang Advisors: Dr. Hsiao Wen Zan
Institute of Electro-Optical Engineering National Chiao Tung University
Abstract

In this thesis, we investigated the current kink phenomenon in polysilicon
thin-film transistors and built a series of models from turn-off, subthreshold, linear to
the saturation regime. Firstly, through utilizing the samples from different process and
operation condition we find that the multiplication factor and threshold energy are
strongly related to the film quality (or trap density). Therefore, we modified the
threshold energy by the trap state.distribution and combined it into our above
threshold current model which:already includes the drain induced barrier lowering
effect. As to the trap state distribution was obtained from a computer minimization
method that is based on field-effect conductance measurements. Secondly, a
physically based numerical simulation that accurately models the abruptly switch-on
behavior of n-type poly-Silicon thin-film transistor (TFT) has been developed.
Considering both the trap dependent surface electrostatic potential model and the
parasitic BJT effect correlated with floating body potential, the abnormal subthreshold
swing at high drain bias in short channel devices can be modeled successfully. Based
on this model, body voltage can be raised even by the diffusion current under lower
gate bias. Finally, the new leakage current model of Poly-Si thin-film transistor had
been proposed. We introduced an empirical electrical field and the defect state
distribution in the traditional leakage current model which is based on SRH
generation-recombination model. This model could reduce fitting parameters

dramatically and enhance the insight of physics.
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The punch-through effect would become more obvious as the gate length
shrinks to 0.5um.

The drain induced barrier lowering effect with different gate lengths and
drain bias.

The charge sharing effect would pronounce only at small device
dimension.

The floating body effect in TFTs.

The top-view of the device which is used in our study.

Schematic cross-sectional view of devices with conventional top-gate
structure.

The SEM picture of as-deposited poly-silicon film.

The SEM picture of SPC poly;silicon film.

Each saturation voltage at various gate voltages can be defined from the
“first” minimum points of the conductance.

The kink current lxk can be evaluated by using the drain current at high
drain voltage to minus the:saturation-current, such that lxink = Ips-Ip saT-
Ib-Vp characteristics for as-deposit. and two hours NH3-passivation time
n-channel poly-Si TFTs with'various channel lengths: (a) L = 10um, (b) L
= 5um (c) L = 2um. The channel width W is kept as 10um.

Ib-Vp characteristics for SPC and two hours NHjz-passivation time
n-channel poly-Si TFTs with various channel lengths: (a) L = 10um, (b) L
= 5um (c) L = 2um. The channel width W is kept as 10um.

Ib-Vp characteristics for ELA n-channel poly-Si TFTs with various
channel lengths: (a) L = 13.5um (b) L = 4.5um (c) L = 3.5um. The channel
width W is kept as 12um.

(a) The extracted excess kink current versus the gate voltage with different
drain voltage. As-deposited, 2hr NHs-passivation time and W/L = 10/10
(um). (b) The multiplication factor versus the gate voltage with different
drain voltage. As-deposited, 2hr NHs-passivation time and W/L = 10/10
(Hm).

(a) The extracted excess kink current versus the gate voltage with different
drain voltage. SPC, 2hr NH3-passivation time and W/L = 10/10(um). (b)
The multiplication factor versus the gate voltage with different drain
voltage. SPC, 2hr NH3-passivation time and W/L = 10/10 (um).
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Fig. 2-3-8.

Fig. 2-3-9.

Fig. 2-3-10

Fig. 2-3-11.

Fig. 2-3-12.

Fig. 2-3-13.

(a) The extracted excess kink current versus the gate voltage with different
drain voltage. ELA, 2hr NH3-passivation time and W/L = 13.5/12 (um). (b)
The multiplication factor versus the gate voltage with different drain
voltage. ELA, 2hr NH3-passivation time and W/L = 13.5/12 (um).

(@) Threshold energy extracted figure form empirical ionization rate.
As-deposited, 2hr NHs;-passivation time and W/L = 10/10 (um). (b)
Threshold energy extracted figure form empirical ionization rate. SPC, 2hr
NHjs-passivation time and W/L = 10/10 (um). (c¢) Threshold energy
extracted figure form empirical ionization rate. ELA, 2hr NH3-passivation
time and W/L = 13.5/12 (um).

. Multiplication factor for n-channel poly-Si TFTs with different film
re-crystallized process. The channel length and width are both 5um.
Threshold energy for n-channel poly-Si TFTs with different film
re-crystallized process.

Multiplication factor versus gate voltage with different NH3-passivation
time. SPC and the channel length is 5um and width is 20um.

Threshold energy versus:gatervoltage with different NHs-passivation
time. SPC and the channel length.is 5pm and width is 20um.

Fig. 2-3-14. Multiplication faetor ' vs. = gate woltage under different ambient

Fig. 2-3-15.

temperature. SPC; 2hr NHs-passivation, and channel length and width
are both 10pm.

Threshold energy vs."gate voltage under different ambient temperatures.
SPC, 2hr NHs-passivation, and channel length and width are both 10um.

Chapter 3

Fig. 3-0-1.
Fig. 3-1-1.

Fig. 3-1-2.
Fig. 3-1-3.
Fig. 3-1-4.
Fig. 3-2-1.

Fig. 3-2-2.
Fig. 3-2-3.

The model derivation flow.

The relationship between saturation voltage and the square root of
saturation current is traced on one straight line means that the saturation
point occurs due to the conduction channel collapses.

The saturation voltage Vp sat and Vg-V14 versus the gate voltage Ve.

The threshold voltage increases with increasing trap density and
decreasing grain size.

Calculated potential barrier height which involves the drain induced
barrier lowering effect.

The band bending along the x axis at the SiO, and polysilicon interface.
The process flow of finding the surface potential.

Dependence of IT™ on temperature.
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Fig. 3-2-4. The solid line is the best fit of the experimental data with the theory for the
bulk and interface states distribution parameters.

Fig. 3-2-5. Energy distribution of bulk states of the SPC and 2hr NHs-passivation time
undoped polysilicon TFT.

Fig. 3-3-1. (a) A high energy entering electron hits the neutral trap which is above the
quasi-Fermi level and subsequently generated an electron-hole pair. (b) A
high energy entering electron hits the negative charged trap which is under
the quasi-Fermi level and subsequently “lift” this electron to the
conduction band edge.

Fig. 3-5-1. Comparison between measured and calculated Ip-Vps characteristics for
n-channel poly-Si TFT’s with W/L=10um /10um.

Fig. 3-5-2. Comparison between conventional threshold energy(1.68eV) and our
simulated threshold energy for n-channel poly-Si TFT’s with W/L=10um
/10um

Chapter 4

Fig. 4-2-1. Cross-section of the partially-depleted TET NMOS device.

Fig. 4-3-1. Plots of (a)lsu, IC, Inm, and My =L at Vs at 5 V for W/L = 10/6um and
(b)lsub, IC, Ihm, and My — Liat- Vgs-at-2:5 V.- for W/L = 10/1.5um.

Fig. 4-3-2. Plots of (a)lc, Inp, and Mp— 1 at Vs at 5V for W/L = 10/6um and (b)lc, Inp,
and Mp — 1 at Vg at 2.5 V for W/LL'= 10/1.5um.

Fig. 4-3-3. (a)The body potential vs drain voltage on the simulation model for various
gate voltage for W/L = 10/6um (b)The body potential vs drain voltage on
the simulation model for various gate voltage for W/L = 10/1.5um.

Fig. 4-3-4. The relation of transport factor and trap density for various channel length.

Chapter 5

Fig. 5-2-1. Schematic energy band diagram of the near the drain side.

Fig. 5-2-2. The electrical field in the depletion region.

Fig. 5-3-1. The relationship between the Vps and enhance factors, under constant Vg
= -4V, W/L = 6/12(um).

Fig. 5-3-2. The relationship between the Vg and enhance factors, under constant Vps
= 5.1V, W/L = 6/12(um).

Fig. 5-3-3. Leakage current versus gate voltage (at Vp = 5V) for different values of
parameter « for our model.
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Fig. 5-3-4.

Fig. 5-3-5.

Fig. 5-3-6.

Fig. 5-3-7.

Leakage current versus gate voltage (at Vps= 5V) for different values of
parameter £ for our model.

The relationship between the trap position of donor-like trap in the energy
gap and enhancement factors.

The relationship between the trap position of acceptor-like trap in the
energy gap and enhancement factors.

Fitting result. W/L = 6/6 ( 1 m) and the drain voltage Vps is varied from 4
to5V.



Table Captions

Table 3-2-1. Parameters of the bulk state distribution of the SPC and 2hr
NH;3-passivation polysilicon TFTs.
Table 3-5-1. The parameters set that is used in our numerical model.



