Chapter 4

Analysisof Hot-Carrier Induced Degradation in

Hydrogenated Low Temperature Poly-S TFTs

4.1 Introduction

For the redization of system-on-panel (SOP), one of the most highly expected
next generation systems, the role of LTPS TFTs is getting more and more important.
Since high-speed circuits such as processors, memories, drivers and so on are needed
to be integrated with a pixel array:on the same glass substrate; further advances of
performance and reliability of- LTPS TFTs: are strongly required. However, hot
-carrier degradation phenomena restricts-the-design of large-scale integrated circuits,
increase the power dissipation and decrease the reliability of digital circuits[1-5]. It is
worth pointing out that due to the high density of trap states lozalized at the grain
boundaries in poly-S [6-8], electric field will be enchanced [9], even at moderate
biases. It is therefore essential to investigate the hot-carrier induced degradation in
order to determine the long-term reliability of LTPS TFTs.

In this chapter, the stress gate voltage dependence of TFTs dagradation was
carried out to determine at what stress gate voltage the maximum device degradation
will happen In order to further understand the degradation related to hot carriers the
on-current (lon) and off-current (lorf) variation measured at different drain voltage
were extracted under various stress modes. Finally, the mechanism of device

degradation under these types stress conditions was proposed.
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4.2 Experimental details

The samples used in this experiment were the conventional hydrogenated ELA
poly-Si TFTs mentioned in the chapter 2. The fabrication flows were described in Fig.
2-1.

The HP4156 precise semiconductor parameter analyzer was used to perform
stress measurement on the TFTs and extract the transfer characteristics after applying
bias stress.The stress was performed at various gate voltages with a fixed drain
voltage of 20V and source grounded. The Iy, and | were defined at the gate voltage
of 5V and drain voltage of 25V and -7V, respectively. The variation of I, and o were
defined as (lonstress — lonjinitial)/ lon,nitia X100 and (loft stress — loft,initia)/ loft,initia X100
where the bninitia and lonsress &€ the measured |, prior to and after the electrical

stress; loif initial @Nd loff sress @€ the.measured lgss prior.to and after the electrical stress.

4.3 Results and Discussion

4.3.1 Stress gate voltage dependence of TFTs dagradation

Fig. 4-2 and 43 show the Iy and Iy variations under various static stress
conditions. For b, degradation, while Vgsaress ~ Vin (2.5V), the channel was not
formed and therefore the current was small, which led to a smal |, degradation
observed. As Vggess iNCrease, the current increased and depredated device serioudly.
This is due to the impact ionization induced lots of hot carriers’ generation near the
drain side, which causes lots of trap states in the poly-S.. This phenomenon is also
called drain avalanche hot carrier injection or DAHC. As Vggess larger than 15V, the
electric field of the pinchroff region is depressed and the acceleration of carrier
dropped, small derogation of I, was found. In this case, it has been report that weak

bonds can be broken and causes lots of interface states due to the high temperature
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created by large currents. These interface states are believed to distribute uniformly
located in whole channdl instead of at drain side. That is why we obsreved a small

variatiorns of |, and lgss.

On the other hand, br the Iy variation, the first stage shows a lowering by,
which is due to many positive charges trapped in oxide near the drain side. These
positive charges can be attributed to a high electric field formed between the low gate
voltage and the high drain voltage stress conditon [10]. In this cast, hot holes are
favoerable to be injected into gate oxide above channel near the drain side and ease
the local electric field to reduce the lotr. With Vi gress increases, lots of DAHC induced
trap states increase and dominate the lqf; variation, leading to a large increase of. 1.
As Vi gess larger than 15V, the variation is reduced.

Therefore, three stages can be' distinguished:' As Vgsress Vi, small current
induce dlight trap states. However, in‘this-case, high eectric field caused positive
charges trapping reduce the lor. ASVin Vgares 15V, lots trap states, induced by
hot carrier impact ionization (or DAHC) near the drain side dominate the increase of
the lotr. ASVeeess 15V, the degradation of devise decrease with the eectric field in

the channel near the drain side.

4.3.2 ON/OFF current variation at various drain voltage after hot-carrier
stress

To clarified this assumption, the ?lys defined as los sress — loff initia Versus different

drain voltage was measured in Fig. 4-4. It is well known that loss can be attributed to

thermionic emmission at low electric filed and field-enhanced generation (or filed

emission) at high electric filed. This electric filed is relative to (VpsVas)/dox. The
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different curves are obtained by applied three types of Vg gress (OV, 10V and 20V) with
Vb aress Of 20V and stress time of 1000sec. We found that a great of ?les can be
observed as Vps 8V dut to fidd-enhanced generation occurred. At Vg gress = OV
(type-A), favorable positive charges trapping trend to decrease lots. With V g gress = 10V
(type-B), the impact ionization increase during stress and cause a lot of trap states in
poly-Si and poly-Si interface. In this case, | arise due to trap assisted |eakage current
and |y increase with increaseing measured drain voltage. As Vg gess = 20V (type-C),
the lotr become nearly unchanged. It is deduced that the stress induced interface
states uniformly distribute in the whole channel, not especially near the drain side.
Therefore, the Iy don't be affected strongly.

Fig. 4-5 shows the the variations rate (? lon/loninitia) Of lon Versus drain voltage
with three types of stress conditions, First, the 21on/lonintia decrease with the drain
voltage. This indicates that the trap.states near the drain junction will affected by the
applyed drain voltage. It is believed that-when the drain voltage increases, the
potential barrier established by trap staies near-the drain side will be pulled down, and
thus reduce the influence of trap states for carriers. The description of such effect is
illustrated in Fig. 46. At Vgaress = OV (type-A), the ?lon/lonjniia become positive
when Vp 8V. Thisimplies that after the lowering of the barrier of trap states, the
positive charges trapping in gate insulator governs and trends to cause channel
shorting near the drain junction, thus incraese the arcurrent. With Vg gress = 10V
(type-B), the serious impact ionization causes damages near the drain junction, and
thus create lots of trap states, which lead to serious lo, degradation. As Vg gess = 20V
(type-C), the ? lon/loninitia 1S 1ess affected with the drain voltage due to interface states
generated uniformly in the whole channel. According to all the results observed in our
experiments, the device degradation model has been proposed in Fig. 47, 4-8 and
4-9.
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4.4 Summary

In this chapter, we propose a systematic experimental study of the on-current
and off-current variations of ELA and hydrogenation processed poly-S TFTs by
applying a various static stress conditions. We found that the on and off-current are
strongly affected by the applied static stress conditions. This is due to different
amount of charge trapping in gate oxide and trap states generation in poly-Si caused
by applying different stress conditions. These results help us to understand more about

mechanisms responsible for the degradation of poly-S TFTs under static stress.
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Fig.4-1 Schematic diagram of poly-Si TFT device structure and the applying stress

conditions.
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Fig.4-2 Stress gate voltage dependence of TFTs on-current degradation.
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Fig.4-3 Stress gate voltage dependence of TFTs off-current degradation.
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Fig.4-4 Off-current differences versus drain voltage at three types of stress condition,

where ? lott = loff stress — loff,initial-
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Fig.4-5 On-current differences versus drain voltage at three types of stress condition,
where ? lon = lon,gress — loninitial-
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Electron

Fig.4-6 Schematic diagram of drain voltage related barrier variation of the trap states
near the drain region.
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Fig.4-7 Schematic diagram of device cross section of the type-A stress (V g stress = 0V,
VD’ stress = 20V)
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Fig.4-8 Schematic diagram of device cross section of the type-B stress (V g sress = 10V,
VD’ stress = 20V)
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Fig.4-9 Schematic diagram of device cross section of the type-C stress (V g siress = 20V,
VD’ stress = 20V)
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