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Hysteresis Characteristics
in Low Temperature Poly-Si Thin Film Transistors

Hoon-Ju Chung®, Dae-Hwan Kim®, and Byeong-Koo Kim ™

Abstract

The dependence of hysteresis characteristics in low temperature poly-Si (LTPS) thin film transistors (TFTs) on the gate-
source voltage (Vgs) or the drain-source voltage (Vds) bias is investigated and discussed. The hysteresis levels in both p-type
and n-type LTPS TFTs are independent of Vds bias but increase as the sweep range of Vgs increases. It has been found that
the hysteresis in both p-type and n-type LTPS TFTs originated from charge trapping and de-trapping in the channel region

rather than at the source/drain edges.
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1. Introduction

Active matrix organic light emitting diode
(AMOLED) displays have many advantages, such as wide
viewing angle, fast response time, low cost, and thin
- thickness [1]. Recently, many companies have been trying
to penetrate into the small-sized application market for
mobile phones, personal digital assistances and digital still
cameras.

However, there are still some critical issues that need
to be resolved in order for AMOLED displays to be
competitive in the display market. Such problems include
reliability of OLED materials and TFTs and uniformity in
electrical characteristics of driving TFIs. The non-
uniformity in brightness of AMOLED display is induced by
non-uniformity in electrical characteristics of driving TFTs.
This is due to the fact that the luminance of pixels is too
sensitive to the electrical characteristics of driving TFTs
with the conventional pixel structure of two transistors and
one capacitor. The degradation of OLED materials and
driving TFTs causes the residual image, the variation of
panel brightness, and color change in display panels. The
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residual image is classified into two types. One is
irrecoverable residual image which is caused by the
degradation of the OLEDs or driving TFTs with emitting
time. The other is the recoverable residual image, which is
related to the hysteresis of driving TFTs [4]. As a result, it
is very important to understand the origin of the hysteresis
in order to improve the recoverable residual image of
AMOLED display.

In this paper, we investigate the hysteresis cha-
racteristics of p-type and n-type poly-Si TFTs with Vgs and
Vds. |

2. Fabrication

Poly-Si TFTs with a top coplanar structure were
fabricated using excimer laser annealing method. SiO,
buffer (3,000A) and a-Si:H (500A) were deposited on a
glass substrate by plasma-enhanced chemical vapor
deposition (PECVD). The a-Si:H film was crystallized by
excimer laser annealing after dehydrogenation. Following
the active layer patterning, the gate oxide (1,500 A) and the
gate metal (Mo) were deposited by PECVD and sputtering,
respectively. After patterning the gate metal, n” doping was
performed to form a lightly doped drain (LDD) region and
n+ and p+ doping were carried out using a PR mask to
produce source and drain electrodes of complementary
metal oxide semiconductor (CMOS) TFTs. Then, rapid
thermal annealing was performed to activate the dopant.
The interlayer was depostited by PECVD and contact holes



Journal of Information Display, vol. 6, no. 4, 2005

were formed using a buffered oxide etchant (BOE). The
source/drain metals (Mo/AINd/Mo) were deposited using

sputtering. Then, the SiINx film was deposited for

passivation. After contact holes were formed in the
passivation layer,  the indium thin oxide (ITO) was
deposited and patterned for pixel electrodes. The electrical

properties were measured using a HP 4155A parameter
analyzer.

3. Hysteresis Characteristics

Fig. 1 shows the Ids-Vgs transfer characteristics for
forward gate voltage sweep (Vgs sweep from 15 V to 20
V) and reverse gate voltage sweep (Vgs sweep from -20 V
to 15 V) in p-type poly-Si TFT. As shown in Fig. 1, the
difference in the threshold voltage (Vth) is indicated by the
gate voltage sweep direction. The figure shows that the
| Vih| of reverse gate voltage sweep 1s larger than that of
forward gate voltage sweep.

In MOS structure, the potential balance equation can
be expressed as follows,

Vs =Wox TWs + us

where, Vg is the externally applied voltage between the
gate and the silicon, y_ is the potential drop across the
oxide, y_  is the surface potential, and 4, . is the
difference in the work function of the metal and the silicon,
respectively. Because ¢ . is a known constant, any change
in Vgp must be balanced by changesin y_ and y _:

AVC-EB = AWOX + AWS

The charges in MOS structure must be balanced for the
overall charge neutrality as follows,

Q,+Q,+Q. =0

where, Q; is the charge per unit area on the gate, Q, is
the effective interface charge per unit area, and Q_ is the
charge per unit area in the semiconductor under the oxide,
respectively. If the charges per unit area in the semicon-
ductor have the same value for the same drain current, the
charge balance equation can be written as [5]

AQ,. +AQ, =0.
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Fig. 1. 1ds-Vgs transfer characteristics for changing the sweep
direction of Vgs in p-type poly-Si TFT.

The difference in the threshold voltage according to
the gate voltage sweep direction, can be explained by the
effective interface charge. The hysteresis of p-type poly-Si
TFT is induced by hole trapping in the oxide trap states and
interface trap states between the poly-Si layer and gate
insulator [6, 7]. Holes can be trapped and de-trapped
repeatedly depending on the applied voltage. As hole
trapping occurs at the negative starting gate voltage under a
condition, so called a reverse gate voltage sweep, the
transfer characteristics exhibit a parallel shift toward the
negative voltage. This causes, the | Vth| to increase and
the channel current to decrease in proportion to the quality
of the trapped charge. For positive starting voltage in the
forward gate voltage, the trapped charge should be de-
trapped, which would cause the | Vth| to decrease and the
channel current increase. o

In order to investigate the dependence of hysteresis
level on Vgs, the negative voltage of forward and reverse
gate voltage sweeps was changed from -5 V to -20 V in
steps of -5 V. Hysteresis level is defined as the difference in
the threshold voltage measured for changing the gate
voltage sweep direction.

Fig. 2 shows the Ids-Vgs transfer characteristics and
hysteresis levels for various sweep ranges of Vgs in p-type
poly-Si TFTs. The transfer characteristics for the forward
gate voltage sweep conditions have the same shapes
because they have the same starting voltage of the forward
gate voltage sweep. However, the transfer characteristics
for reverse gate voltage sweep conditions show a parallel
shift toward the negative voltage due to hole trapping
increment as the negative voltage of reverse Vgs sweep
decreases. This causes, the hysteresis level increases as the
sweep range of Vgs to increase.
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Fig. 2. Ids-Vgs characteristics (a) and Hysteresis levels (b) for
various sweep range of Vgs in p-type Poly-Si TFT.

Fig. 3 shows the 1ds-Vgs characteristics and hysteresis

levels for various Vds conditions in p-type poly-Si TFTs.

As | Vds| bias increases, both transfer characteristics for
forward and reverse Vgs sweeps show a shift toward

positive voltage and the hysteresis level remains unchanged.

Fig. 4 shows the Ids-Vgs transfer characteristics and
hysteresis levels for various sweep ranges of Vgs in n-type
poly-Si TFTs. The threshold voltage of forward gate
voltage sweep (Vgs sweep from negative voltage to
positive voltage) is smaller than that of reverse gate voltage
sweep (Vgs sweep from positive voltage to negative

voltage) in n-type poly-Si TFT. As electron trapping occurs

at positive starting gate voltage in the reverse gate voltage
sweep, the transfer characteristics exhibit a parallel shift
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Fig. 3. Ids-Vgs characteristics (a) and Hysteresis levels (b) for
various Vds conditions in p-type poly-Si TFT.

toward the positive 'voltage. Therefore, the threshold
voltage increases and the channel current decreases in
proportion to the quality of the trapped charge. For negative
starting voltage in the forward gate voltage, the trapped
charge is de-trapped and the threshold voltage decreases
and the current transfer
characteristics for the forward Vgs sweep conditions have
the same shapes due to the same starting voltage of the
forward gate voltage sweep. However, the transfer
characteristics for reverse gate voltage sweep conditions
show a parallel shift toward positive voltage due to the
increase in the electron trapping as the positive voltage of
reverse Vgs sweep increases. Therefore, the hysteresis level

channel increases. The

increases as the sweep range of Vgs increases.

Fig. 5 shows the Ids-Vgs characteristics and hysteresis
levels for various Vds conditions in n-type poly-Si TFTs.
As Vds bias increases, both transfer characteristics for
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Fig. 4. Ids-Vgs characteristics (a) and Hysteresis levels (b) for
various sweep range of Vgs in n-type Poly-Si TFT.

forward and reverse Vgs sweeps show a shift toward
negative voltage and the hysteresis level is not changed.

In summary, the hysteresis in n-type and p-type LTPS
TFTs are dependent on the applied Vgs sweep ranges but
independent of the applied Vds bias values. The hysteresis
in p-type and n-type poly-Si TFTs are induced by the
charge trapping in the channel region rather than by that at
source/drain edges. In order to solve the recoverable
residual image problem in AMOLED displays, the
hysteresis of driving TFTs should be reduced or a pixel
structure, which can compensate the dependence of
threshold voltage on Vgs bias, including the ‘current mirror
pixel structure, the current copy pixel structure, and
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Fig. 5. Ids-Vgs characteristics (a) and Hysteresis levels (b) for
various Vds conditions in n-type poly-Si TFT.

the self-compensated voltage programmed pixel structure,
should be apphed.

4. Conclusions

We investigated the dependence of hysteresis
characteristics of driving TFTs on Vgs or Vds. The
hysteresis for forward and reverse gate voltage sweep was
found to be caused by the changes in effective fixed oxide
charge concentration induced by the trapping and de-
trapping of carrier charges. The hysteresis level was found
to increase as the sweep range of Vgs increased. However,
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it was also found that the hysteresis level is independent of
the applied Vds values. This means that the recoverable
residual image problem can be resolved by adopting the
pixel structures that can compensate the dependence of
threshold voltage on Vgs bias.
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