Chapterl

| ntroduction

1.1 Background

Low temperature polycrystalline silicon (LTPS) tHim transistors (TFTs) has
been widely investigated as a material for actiarim liquid-crystal display
(AMLCD) applications such as high-definition telenin, portable devices, and
projection displays. Poly-Si TFTs afford the higlobiity and the capability of
realizing integrated circuits on glass. In receaary many groups have respect for
ambient light sensors, because it may contributéowo power consumption and
improve visibility by detecting ambient light aralithe display panel and controlling
the brightness of the display panel. However, tisadVantage is the increase in the
volume of the display module and- difficulties iretmanufacture. Therefore, if we
integrate the ambient light sensor with the sam@% Technology used to fabricate
the display, the fabrication cost can be reduced,the process can be simplified.

On the other hand, the photosensitivity of LTPS K3 a significant design
consideration for achieving high-image-quality désppanels since it will affect the

leakage current. We should figure out the mechawisphoto leakage current.

1.2 Review of Unit-Lux Current
In order to figure out the photosensitivityesff for poly-Si TFT, Unit-Lux
Current (ULC) is a newly introduced parameter tpicethe photo induced current. It

is used to analyze the effects of illumination arPIS TFTs.



1.2.1 Definition of Unit-Lux Current

The definition of Unit-Lux Current (ULC) is firstedcribed in the paper [1]. We
already know that the off current increases with ititensity of the incident light and
weak gate bias dependence under high illuminakon different bias conditions, the
relationships between drain current and illuminmatiotensity in the off region are
shown in Fig. 1-1 [1]. It exhibits good linear degence between each other. Thus,
we define this slope as Unit-Lux Current, (ULC ibbeeviation.) which is an
important index for analyzing the photosensitivity LTPS TFTs. The physical
meaning of Unit-Lux Current is the photo leakagerent induced “per unit-photo

flux” and independent of the dark current [1].

1.2.2 Field Effect on Unit-Lux Current

Fig. 1-2 [1] shows how Unit-Lux Current enlargeshwdlrain bias under different
gate biases. It is noticed that drain bias affébts photo leakage current in an
anomalous way, and different gate biases also salisenct increments. On the other
hand, the change of Unit-Lux Current is not obviedth gate bias under different

drain biases.

1.2.3 Anaysis of Unit-Lux Current

From the same report [1], as shown by the arrow imFig. 1-2 [1], the linear
ULC curve at low drain bias can be fitted, and iki®ne of the two components of
the total ULC. This component which increases witfain bias linearly and
independent of gate bias is defined as YL.O'hen, the second component which
subtracts ULG; from the total ULC curve is called Ul It's obvious to notice that
ULCc; increases with drain bias exponentially when VDaigge. Therefore, it is
proposed that Unit-Lux Current can be expressed lmyear combination of these two

components:



ULC =ULC,, +ULC,, (L.1)
ULC., =(aVD + f5) (1.2)
ULC,, = y [exp VP -72e) (1.3)

Wherea, g, vy, 11, andy2 are all fitting parameters. The first term U@
proportional to VD and independent of VG. The secdarm is UL, which
increases with VD and VG exponentially. As shownFig. 1-3 [1], this empirical
formula agrees with our experiment data very wehjch supports our hypothesis
that Unit-Lux Current, is composed of two differéekage current components. The
values of fitting parameters are also listed initiset.

Fig. 1-4 [1] shows the ULC in the range of low drdias is significantly
affected by temperature, while that in the high@irdbias range is gradually and less
affected by temperature. So the conduction mechamsproposed to explain the
photosensitive effect on the leakage current of RTH-T [1]. For the case at low
drain bias with light irradiation, when the gatadis changed, similarly to the abrupt
p+n junction, the electric field of the other pirthe LDD region is invariable. Thus,
the gate voltage independence of WhL€an be explained. As for the Vd effect, the
lateral depletion region increases linearly withidrbias. The conduction mechanism
of the leakage current in the low drain field iertinal emission. On the other hand,
for the high drain bias with light irradiation, thedectric field across the lateral
depletion region is large enough to fully deplete DD region. Therefore, the
increase of drain voltage will increase the eledigld within the limited LDD length
pinched by the n+ region. In such a case, the megative gate bias will also result
in a larger field with the same depletion widthtbé LDD region. The conduction
mechanism of the leakage current at the high dralitage is field-enhanced emission

in the space-charge region.
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1.3 Motivation

However, under the consideration of applying LTHS's on light sensing, we
know Unit-Lux Current is a new index for definingngiosensitivity, In order to
understand the characteristics of ULC further, wit explore the major factors that
influence ULC via more experiment. In this thedisst, we confirm that the photo
leakage current occurs mainly on the drain side.alge will modify the empirical
formula for ULC. The newly revised formula even maonforms to well describe
the photo induced current under the measure condiof defect states, and
temperature. Finally, we will analyze the effecté defects and discuss the

mechanisms of ULg and ULG:, respectively.
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Chapter?2

Sensing Area Consider ation

Some previous paper [2, 3] reported that the eladiole pairs generated by

irradiation in depletion region. Therefore, we cammise that the most sensitive part
inside LTPS TFTs to the illumination is at the draide. We design two experiments
for verification. First, we use two different types TFT. The only distinction is one
have unilateral LDD length, the other have bildtefey. 2-1 shows the IDVG curve
contract between unilateral LDD length and bildtefaD length at VD=6V. It makes
no big difference of the photo leakage current wbeth kinds of TFT are conducted
based on the same background of measurement process

The second experiment is exploited a special lapbube TFT with U-shaped
source and drain electrode configuration, as shiovkig. 2-2. Twenty-five TFTs are
arranged in parallel and separated into two grokpsh size of TFT is W=20 um,
L=8um. The inner electrodes (about @3 distance) of the TFTs in these two groups
are shorted together and so are the outer elestf@deut 59+m distance) to form the
U-shaped TFT. An irradiation optical beam with @%- light spot radius has been
used to directly shine on the device. By scannegiteam along the channel direction
of the U-shaped TFT, the leakage currents of theLXTFT are measured in two
cases with the inner or the outer electrodes am.dfs shown in Fig. 2-3, two
anomalous peaks of the off current are observecriitie measurement is performed
with outer electrodes as drain, the distance gelafabout 6m). On the other hand,
when the inner electrodes are used as the drardisitance is shorter (about 3&).
The distance between the pair peaks is consistéht the device’s real junction

distance.



Two experiments above reveal the fact that the g@hmatuced current occurs at

drain side only. Hence, the following discussiontbé mechanism of Unit-Lux

Current will focus only on the drain region.
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Chapter3

Effects of Defects Creation

3.1 Defects Created by Hot Carrier Sress

3.1.1 Review of Degradation Mechanism and

Experiment Content

Degradation of the electrical characteristics duédt carrier (H.C) effect is an
important issue in TFTs circuit application. Extemsinvestigations have shown that
hot carrier induced defect states could be gernerattehe grain boundaries close to
drain junction [4].

When a gate bias slightly greater than thresholthge and a large drain bias
applied on a TFT, high electric fields from the tagle difference between gate and
drain will present in the junction depletion regiomhis field accelerates the
electron-hole pairs to “hot carriers” with high &tic energy and strike the lattice
structure in this region. Avalanche multiplicatidne to impact ionization takes place
at the drain end of the channel, thus leaves largeunt of tail state strain bond
defects here.

This degradation phenomenon causes severe decedle device mobility, as
shown in Fig. 3-1. ID-VG curves at VD=0.6V, 5.3VQ\ after stress altered
significantly in both on and off region, and thekage current increased because the
defects act as a transient transfer center forecarconducting, In the on region,
however, these defects trap carriers would decrémesamount of carriers which are
collected by drain electrode.

In our experiment, we stressed our devices at V&/=and VD = 12V, and
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measured at different stress times of 1, 5, 25, 500, 1000 sec to investigate the
variation of Unit-Lux Current owing to the creatatkfects. Table3.1 list the

experiment conditions in detail.

3.1.2 Photo Current Variation after Stress

Fig. 3-2 shows photo leakage current measured a6V, VD = 10V after
different stress times. We can find that the phle@mkage current rises with the
increase in stress time. The variation of ULC vdiffierent H.C stress times measured
at VG=-5V thereby is shown in Fig. 3-3. It appeiduat the total ULC is lifted up with
the stress times, but the photo-induced curremhsde decrease under the high drain

bias. We will elaborate this phenomenon in detathie next section.

3.1.3 Analysis Unit-Lux Current after Stress

As mentioned in the very first of introduction, ampirical formula for fitting
Unit-Lux Current was previously proposed [1].Insthihesis, we find that the previous
empirical formula is not universally correct foll #ie cases in our experiments. In
order to discuss the change of Unit-Lux Curren¢radiiress, we slightly modify the
empirical formula. The new empirical formula wilfqvide better fitting results for

the various behaviors of ULC. The modified ULC atsm comprise two components:

ULC =ULC,, +ULC,, -
ULC,, = Allfexp™ "™ -1} + X (3.2)
ULC,, = A20exp ™ {exph0-¥>) _1} .

Al, A2, bl, b2, X, n are all fitting parameter&\1 andA2 are the scaling factor of
ULCc; and ULG, respectivelybl andb2 are parameters corresponding to the effect

of drain voltage, and the drain bias is relatedoymit depletion area. We will discuss
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the effect of ULC after DC stress which reflectsite parametefl, A2, bl andb2 in
section 3-1-4 and 3-2-4.

n is related to the VG effect on Ukg VDx is the drain voltage reflecting the
boundary of ULG; and ULG:,. X represents the ULC at VD = VDx. As shown in Fig.
3-4, the curves calculated by the modified empiritmula agree with the
experiment data very well. The values of fittinggmaeters are listed in the inset of
Fig. 3-4.

Fig. 3-5(a) shows the variation of Ug{at VG=-5V with different H.C stress
times. We find that ULg; is lifted up continually when the stress timeaader. On
the contrary, in the case of Uk& the more stress time, the greater decrease in
ULCc; at VG=-5V as shown in Fig. 3-5(b). In the next sattwe will analyze this

variation by the fitting factors for UL& and ULG:, from the new empirical formula.

3.1.4 Variation of Fitting Factors

In order to further discuss the causes that lealdealifferent behavior of UL&
and ULG:, after H.C stress, the fitting parameters are et@chfrom Fig. 3-5. Fig. 3-6
shows the fitting factors of UL&versus stress time. As shown in Fig. 3-6£),is
severely degraded in the early five seconds. Thanpeterbl related to drain bias is
massively increases. The parame{also rises after stress tim&Px is the voltage
at the boundary of UL& and ULG.,. The boundary voltage is somewhere around
6.3V before stress. As shown in the figure, theigdlardly changes when stress time
increased. Therefore, we will further look intanitsection 3-3.

Fig. 3-6(b) shows the fitting factors of Ukg at VG=-5V. As shown in
parameter tendencyd2 is reduced considerably to almost zero in theyetve
seconds. This tendency reminds us the similar behat the effective mobility after

H.C stress [5]. We can observe that the tenden@®iofA2 and effective mobility are
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all strongly degraded before the stress time of $86onds. The time for the
parameteAl, A2 to drop seventy percent is 25 seconds, whichnosil the same as
that of the effective mobility. This phenomenontkias that the parametat andA2
might be closer related to the factors which cdluémce the effective mobility.

The related drain bias parameldris massive increased with stress time and so
is b2. It is assumed that the increase of drain biaswwilen the depletion region for
VD<6.3V and than enhance the electric field for \@BY. The model represents the
change ofbl andb2 on ULC:; and ULG, as shown in Fig. 3-7. We know that
electron-hole pairs generated by light illuminateme separated by the large field in
the depletion region to make the photo current. S€qoently, we infer that the
parametebl andb2 may correspond to the generation of carrier irletggm regionn,
the parameters related to gate bias, is lineadsease with stress time. It also implies
the VG dependent field in the depletion that playsmportant role in ULE,.

Based on the behaviors of UkCand ULG,, we infer that the rise in UL& is
attributed to the increase bfl and X, while the decline in ULE; results from the
vanishment ofAl. Associating the variation in different parameterth that in ULC
leads us to understand the mechanism of ULC.

Consequently, we will further look into it in semrti 3-3.
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DC stress

Condition :

Hot Carrier
Stress

VG=3(V), VD=12(V), VS=0(V)
Stress time =0, 1, 5, 25, 100,
500, 1000 (sec)

Self Heating

VG=14(V), VD=14(V), VS=0(V)

Stress Stress time = 0, 1, 5, 25, 100,
500, 1000 (sec)
. . . Illumination
EXPERIMENT | Gate Bias (V) |Drain Bias (V) Intensity (lux)
-5
0.6 ~ 12
VG step -7.5 Interval: 0
VD sweep e 0.4071V 1566
5940
0.6 14486
VD step -2~ -10 5.3 26460
VG sweep Interval:0.4VvV 10 51300

Table 3-1 Experiment conditions for DC stress aij VG effects on photo

leakage.
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0 —0—VD=5.3V
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aatll —0—VD=5.3V
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Fig. 3-1 ID-VG curves before and after Hot Carggess.
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Unit-Lux Current(A/lux)
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Fig. 3-4 Experiment data (symbols) and empiricaifola (solid lines)
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3.2 Defects Created by Self Heating Stress

3.2.1 Review of Degradation Mechanism and

Experiment Content

LTPS TFTs, in most applications, are fabricatedgtass substrates with poor
thermal conductivity. Therefore, as the applieds\and \bs are high, the heat
resulting from the high current flow and voltagdfetience in the channel may be
difficult to dissipate. The accumulated heat caukesSi—H bonds to break, which in
turn increases the deep states dangling bond ichiéwenel. This degradation is known
as Self Heating effect [6].

The states created by self heating stress apparaitect the transfer
characteristic of the device mainly in on- and #uleshold region. Fig. 3-8 is the
IDVG curve at the VD = 0.6, 5.3, 10V after self hieg stress. Except the lower
mobility, serious threshold voltage shift is theshonportant feature of self heating
stress. The physical meaning is that there are rausealeep states in the mid gap to
be filled before the device is turned-on.

In our experiment, we stressed our devices at V¥ and VD = 14V, and
measured at different stress times of 1, 5, 25, 500, 1000 sec to investigate the

variation of Unit-Lux Current.

3.2.2 Photo Current Variation after Stress

Fig. 3-9 shows photo leakage current measured a6V, VD = 10V after
different stress times. We can find that the vamabf the photo leakage current with
the increase in stress time is slightly. The ULCaswed at VG=-5V with different
S.H stress times thereby is shows in Fig. 3-1@pfiears that the ULC is decreased

with the stress times. We will elaborate this phreaoon in detail in the next section.
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3.2.3 Analysis Unit-Lux Current after Stress

Fig. 3-11(a) shows the variation of UgCat VG=-5V with different S.H stress
times. We find that ULg; is decreased continually when the stress timengdr. On
the contrary, in the case of Ukgat VG=-5V as shown in Fig. 3-11(b). The decrease
is slightly with the increase in stress time. le thext section, we will analyze this

variation by the fitting factors for UL& and ULG:, from the new empirical formula.

3.2.4 Variation of Fitting Factors

In order to further discuss the causes that leath¢odifferent behaviors of
ULCc; and ULG; after S.H stress, the fitting factors are extrédétem Fig. 3-11. Fig.
3-12 shows the fitting factors of Ulcgversus stress times. As shown in Fig. 3-12(a),
Al which might be influenced the effective mobility degraded in the early five
seconds. The parametel related to the generation of carrier per unit deph area
is decreases, and the paramet@iso decreases after stress timé3x is the voltage
at the boundary of UL& and ULG. The boundary voltage is equal somewhere
around 6.3V before stress. The value hardly chamipes stress time increased.

Fig. 3-12(b) shows the fitting factors of UkLat VG=-5V. As shown in
parameter tendenc@2 is degraded slightly after S.H stress. The relatedn bias
parameteibl is also decreased, the parameters related to gate bias, is almdst no
changing

Based on the behaviors of UkCand ULG,, we infer that the rise in UL& is
attributed to the increase éfl, bl andX, while the decline in ULE; probably has
something to do with the sharp declineAizy b2 andn.

. Associating the variation in different parametesth that in ULC leads us to
understand the mechanism of ULC.

Consequently, we will also further look into itsection 3-3.
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3.3 Comparison and Discussion the M echanism of

Unit-Lux Current

Base on the results described 3-1 and 3-2, insétion, we try to propose the
model to explain the effect of different defecttetain the energy gap on photo
leakage current of UL& and ULG..

Fig. 3-13 illustrates the model of both paraméteandbl of ULCc; (small VD)
for unstressed devices. Wd indicates the lengtidegletion region at the drain
electrode side where electron-hole pairs can bergéed under illumination in the
poly-Si film. Let’'s take a look at the part of tparametebl first. As mentioned in
3-1-4, we know that the parametet is drain bias dependent on the amount of
carriers generated per unit depletion area, whesesiticed depletion ared X
diagram (a) is enlarged and shown in diagram (bjhis figure, we list several paths
of carriers that will probably affect the parametgtl. First, the path (a) is
band-to-band transition of carrier. It may overcoarge energy gap, so the path (a)
generally requires short wavelength light. The gsécgath (b) is the carrier
photo-excited from the trap near the valence baheén, the third path (c) is carrier
thermal-excited from the traps. In previous repthr, behavior of ULg; (VD<6.3V)
is explained by thermionic emission [7]. Thus, wéer that the path (c) is strongly
correspond to ULg;. Additionally, the path (d) is dominated by figlor tunneling)
that carriers excited from traps. Last, the pajige¢he electron-hole pair recombined
through the trap. In the following, we will go thugh the above cases to propose the
model for the behavior dfl after DC stress.

The main defects that H.C stress produces arsttd@s. Tail states locate close
to either conduction band or valance band. Theeefahen the LTPS TFT devices

after H.C stress are under optical illumination, imker that path (a), (b) and (c) will
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increase. So we are able to know that the paranbdteises with stress times as

shown in Fig. 3-6(a). In order to confirm the asption, we have done another

experiment to investigate the variation of the phletakage current with respect to
wavelength of light. Fig. 3-15(a) shows the phatakiage current before stress and
after H.C stress (1000 sec) at VD=0.6V, VG=-5Vislbbserved that the carrier can
be excited from the trap by long wavelength lighis attributed to the increase of tail

states. Subsequently, we can find that the phakalge current increases after H.C
stress in this figure regardless of the wavelength.

On the other hand, the main defects that S.H spesduces are deep states.
Deep states locate closely to the mid-gap. Thezefahen the LTPS TFT devices
after S.H stress are under optical illumination, infer that the path (e) will have a
massive increase. Even though carriers might adsexbited by the extra defects such
as the path (a), (b) and (c), but we can find thatparametebl reduces with stress
times when these effects of paths are combinechasrsin Fig. 3-12(a). We also
have done the experiment to investigate the vanatif the photo leakage current
with respect to wavelength of light. Fig. 3-15 @)ows the photo leakage current
before stress and after S.H stress (1000 sec) aO\Y, VG=-5V. We can observe
that the photo leakage current reduces after Sddsstegardless of the wavelength.

Later on, let's turn to discuss paramefdr We know that the parametéd
might be closer related to the factor which carugrice the effective mobility in
section 3-1-4. Thus, we also try to go through ssvgossible paths of the carriers in
the diagram (a) to discuss which will affect thegmaeterAl. First, the path (x) is the
moving of carrier in the conduction band. It copasds to the scattering (lattice
scattering and coulomb scattering) and the mechmaofsscattering are dependent on
temperature. Thus, we will have a further discusanathe chapter 4. The second path

(y) is that the carriers are captured by the shattap, and then re-excited to the band.
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Above paths may delay the effective mobility.

While the tail state increases after H.C stress,infer that the path (y) is
relatively increasing. So we can obtain that theapeterAl decreases with stress
times as shown in Fig. 3-6(a). On the other harftermthe deep state increases after
S.H stress, we infer that the path (e) increasihglypens as well, but this path may
not affect the carrier velocity. A few of tail statare generated after S.H stress in
energy gap. There is still an opportunity that pg@hwill happen. Therefore, we can
also obtain that the paramefet decreases with stress times as shown in Fig. 8¢12(

Summing up these effects, UkCincrease with rise in H.C stress time and
decrease with rise in S.H stress time as showingin3Fs(a) and Fig. 3-11(a).

Fig. 3-14 illustrates the model of the paramé®randb2 of ULCc;, (large VD)
for unstressed devices. Let’s take a look at thieqfahe parametdnl first. We know
that the depletion region for large VD is full diet LDD region. Therefore, the
increase of drain voltage will increase the eledigld within the limited LDD length
pinched by the n+:region. Such being the caseptiameterb? is related to the
electric field. In Fig. 3-14(b), we also proposemhmbly paths of carriers that will
affect the parametd2. The path (d) is the carrier excited from the tbgpfield (or
tunneling) same as that in Fig. 3-13(b). We knowt tthe behavior of ULE
(VD>6.3V) is explained by field emission or tunmgi[8]. Thus, we infer that the
path (d) may correspond to Uk& In addition, the path (e) is the same as th&tign
3-13(b). If the tail states increases in the enggy, and then the probability of the
path (d) will also increases. Therefore, we cau fimat the parametdi2 also rises
with H.C stress times increasing as shown in Fig(l§. On the other hand, if the
deep states increases in the energy gap, thenttdthie path (e) will occur. Despite of
this, we still infer the probability will reduce,ebause the velocity of carriers is

enhanced by the electric field increases, resultiniipe probability of recombination
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decrease. Thus, we can obtain that the pararb2tarakes no big change after S.H
stress as shown in Fig, 3-12(b).

Then, let’s turn to discuss parame®@ We infer that the paramet&2 might be
closer related to the effective mobility in secti®fl-4. Now, we try to go through
several possible paths of the carriers in Fig. @JL#b discuss which will affect the
parameteA2. What is worth mentioning is that the paths (dgymrdelay the effective
mobility. Compare to the path (d). The path (d't@sidered that the carrier does not
always excite directly from the trap to band. Ishhe tunneling possibility that the
carriers may be hindered by the nearby tail stéteen, we further discuss the
changing trend of the parameter A2 with differeatedt states. While the tail states
increases after H.C stress carriers move througlp#th (d’) may occurs. Therefore,
we can observe that the paramed@rdecreases with stress time as shown in Fig.
3-6(b). On the other hand, when the deep statesases after S.H stress, the path (e)
will occur. Nevertheless, the path (y) may happee t a few of tail states generated
after S.H stress. Moreover, the velocity of cagier enhanced by the electric field
increases similarly, thus, we can find that theapeaterA2 decreases slightly with
S.H stress times as shown in Fig. 3-12(b).

Synthesizes above effects of the param&feaindb2, we can observe the results
for ULCc, as shown in Fig. 3-5(b) and Fig. 3-11(b). The phl#takage current
decreases with the rise in H.C stress time angbtioto leakage current makes no big
change with rise in S.H stress time. We have dbeeekperiment to investigate the
variation of the photo leakage current with resgectvavelength of light similarly.
Fig. 3-16 shows the photo leakage current on gl& VD=10V, VG=-5V that we
subtract ULG; (VD=10V, VG=-5V) from the total ULC (VD=10V, VG=3). As
show in Fig. 3-16(a), we can find the photo leakagaent on ULG; is decreased

after H.C stress. On the other hand, the photoalgakcurrent on ULE; is also
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decreased slightly after S.H stress.

Vg <0
cj;te vVd >0
<|:>
Channel Region N~ N+

v

LDD Length

The parameter A1

The parameter b1

Fig. 3-13 Propose the model of the paramafieandbl on ULC:;.
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Fig. 3-14 Propose the model of the paramagandb2 on ULCq,.
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Chapter4d

Effects of Temperature

4.1 Unstressed
4.1.1 Analysis Unit-Lux Current

In order to verify the mechanism and the physiaggtificance ofAl andbl, we
designed the experiment for increasing temperaituran attempt to analyze the
variation of ULC. The following Table4-1 lists thexperiment systematically.

First of all, we must confirm that the relationshigetween Iphoto and
illumination intensity at high temperatures isldiilear. Thus the extraction of ULC
can still make sense. Fig. 4-1 shows how the teatpes influence on photo leakage
current under a certain bias condition where (VIg)\£ (10V, -5V). Photo leakage
current was measured under 25, 40 -and 60 Celsigseele It increases with
temperature.

Fig. 4-2 shows drain bias dependence of ULC atewdfit temperatures. It
reveals that ULC rises with the increase in tentpeea Hence, we investigate
individual change for ULg; and ULG:; in detail.Fig. 4-3(a) shows the variation of
ULCc; at different temperatures versus drain bias at \3@=It also appears that the
ULCc; is lifted up with the rise in temperature. On tiker hand, the ULE; has no

correlation with temperature. The result is showfig. 4-3(b).

4.1.2 Variation of Fitting Factors
Fig. 4-4 shows the change tendency of the paraméteassociate with the
empirical formula fitting ULG3;. We can seél decreases with rise in temperature.

On the other hand, the parameldr increases with rise in the temperatusx
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maintains at 6.3V, and the parameXeincrease with temperature. We will discuss in
more detail by comparing the cases of unstresseeh®s those of hot carrier stress

and self heating stress in section 4-4.

Temperature |25 40, 60(°C)

. . . Illumination
EXPERIMENT |Gate Bias (V) [Drain Bias (V)| yoioncity (lux)
-5
0.6 ~ 12

VG step -7.5 Interval: 0
VD sweep o 0.4071V 1566
5940
0.6 14486
VD step -2~ -10 5.3 26460
VG sweep Interval:0.4V 10 51300

Table 4-1 Experiment conditions for temperature ¥bq VG effects on photo

leakage.
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4.2 Caseof Hot Carrier Stress

4.2.1 Analysis Unit-Lux Current

Again, we need to confirm that the relationshipasn Iphoto and illumination
intensity after hot carrier stress with temperatarstill linear. Fig. 4-5 shows how the
temperature influence on photo leakage currenh@®fltFT after H.C stress under the
bias condition where (VD, VG) = (10V, -5V). Fig.&4shows drain bias dependence
of ULC at different temperature. It also revealattbLC rises with the increase in
temperature. Hence, we investigate individual ckaiog ULC:; and ULG:; in detail.
Fig. 4-7(a) shows the variation of UkCat different temperature versus drain bias in

VG=-5V. It also appears that the UgCis lifted up with the rise in temperature. On
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the other hand, the UL& remains to be independent of temperature. Thdtriesu

shown in Fig. 4-7(b).

4.2.2 Variation of Fitting Factors

Fig. 4-8 shows that the change tendency of thenpetexs that we use the new
empirical formula fitting ULG1. We can seél1 decreases with rise in temperature.
On the other hand, the parametdr increase with rise in the temperatukéddx

maintains in 6.3V, and the parameXeincrease with temperature.

40



9.00E-011

8.00E-011
~—~ 1
s 7.00E-0111 | _o g
0111 | —e—40
o 6.00E-011+ o
O 5.00E-011-
= ]
o 400E-011 a

3.00E-011 /
2.00E-011 é
1.00E-011 - ,‘/

0.00E+000

(I) I 10(|)00 I 20(|)00 I 30(|)00 I 40(|)OO I 50(I)00 I 60000
illumination intensity (lux)

Fig. 4-5 The temperature effect on photo leakageentiafter hot carrier stress under
a certain bias condition (VD, VG) = (10V, -5V)

1.90E-015
1.80E-015- _

1.70E-015+ VG _'5\/
1.60E-0151
1.50E-015- =:="'

1.40E-0154 0®5H

4 [ ] u
1.30E-0154 o::-"

1.20E-015+ ooum
1.10E-015- =1L tempel
1.00E-0154 ,:i. —e—40

9.00E-016- ‘

Unit-Lux Current (A/lux)

Fig. 4-6 Drain bias dependence of Unit-Lux Currafter H.C stress at different
temperature

41



1445015 VG=-5V

1.36E-015+

1.28E-015+

1 —m—25
1.20E-0154 —e—40

—40

1.04E-0154 60

N\ N\

9.60E-0164

Unit-Lux Current C1 (A/lux)

0 1 2 3 4 5 6

VD(V)

Fig. 4-7(a) The variation of UL&; after H.C stress at different temperature versus
drain bias in VG=-5V.

VG=-5V|

—~

X

3 3.00E-017
Sy
<
e

c |

Ieh) 2.00E-017 Y

— m— 25
S e 40
O 60
< 1.00E-017 4

o

—

1 [ |
= /
:C) 0.00E+000 T T T T T T T T T T T

6 7 8 9 10 11 12

VD(V)

Fig. 4-7(b) The variation of ULE; after H.C stress at different temperature versus
drain bias in VG=-5V

42



1.00E-016 035
0.304
8.00E-017
— 0.254
x o~
= 6.00E-017 | 2 o020
2 =2 SO R
:,:' 4.00E-017 _E' 0151
0.104
2.00E-017
| AL @] -2.0286e-19+ t + 9.4398e-17 | Aux | 0.05 Lo [ 7.7673e4x0 + 0.23819 [ v |
0.00E+000 T T T T 0.00 T T T T
20 30 40 50 60 20 30 40 50 60
temperature(°c) temperature(°c)
(a) b)
1.50E-015
7 ././.
1.20E-0154
6
< 5 g 9.00E-016 -
\>/ = X
= B ETEVoN <
[a) > 6.00E-016
> 3
) 2000164 X n®) | 1.1503e-16%In(t)+8.7651e-16 | Arlux |
. I (constant)l 6.46 I \ I
0.00E+000 T T T T
0 T T w T 20 30 40 50 60
20 30 40 50 60 temperature(°c)
temperature (°C)
(©) (d)

Fig. 4-8 The variation of ULE; fitting factors (a) Al (b) b1 (c) VDx (d) X versiD
after H.C stress at different temperature.

4.3 Case of Self Heating Stress
4.3.1 Analysis Unit-Lux Current

Similarly, we need to confirm that the relationshigetween Iphoto and
illumination intensity after S.H stress with temgteire is still linear. Fig. 4-9 shows
how the temperature influence on photo leakageentirafter S.H stress under a
certain bias condition where (VD, VG) = (10V, -5\Drain bias dependence of ULC
at different temperature as shown in Fig. 4-10ceilteals that ULC rises with the
increase in temperature. Hence, we investigatevishadl change for ULg, and
ULCc; in detail.Fig. 4-11(a) shows the variation of Uk{at different temperature
versus drain bias in VG=-5V. It also appears thatWLC:; is lifted up with the rise
in temperature. On the other hand, the YiCQemains to be independent of

temperature similarly. The result is shown in EgL1(b).
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4.3.2 Variation of Fitting Factors

Fig. 4-8 shows that the change tendency of thenpetexrs that we use the new
empirical formula fitting ULG1. We can seél1 decreases with rise in temperature.
On the other hand, the parametdr increase with rise in the temperatukédx

maintains in 6.3V, and the parameXeincrease with temperature.
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4.4 Summary

We already know the change-in the parameters oh#ve empirical formula
fitting ULCc; for the conditions of unstressed, H.C stress amtl fress. As we
mentioned in the previous discussion, the paranktemay relate to the effective
mobility. Fig. 4-13 shows the variation of relati& normalized to the value at room
temperature versus temperature for the cases tfegassd, H.C stress and S.H stress.
We can see that the parameddrof the unstressed device decreases more than those
devices after H.C stress and S.H stress with rédpethe rise in temperature. We
conjectured that it is because the lattice scatjelincreases with the rise in
temperature for the case of unstressed [9]. Haheegffective mobility reduces more
with the temperature. On the other hand, becausw ewxtra defects are created after
H.C stress and S.H stress, the defect scattermglgimb scattering) becomes more

important. Since the defect scattering exhibits atigg temperature dependent,
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opposition to the lattice scattering, the temperstependents oAl for the TFTs
after H.C or S.H stress are less that for the assé&d one.

On the other hand, we surmise that the paranidienay correspond with the
number of carriers generated in per unit deplegi@a in section 3-3. Referring to Fig.
4-13(b), our supposition will be verified as followhe number of carriers re-excited
from the tail state in unit-area in depletion regioncreases with the rise in
temperature, but decreases owing to the recombm#éty deep state. Therefore, the
slope ofbl for hot carrier stress is greater than that fer hstressed device, while

the slope obl for self heating stress is even smaller.
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Chapter5

Conclusions

In this thesis, first of all, we confirm that thbqio leakage current occurs mainly

on the drain side and focus on that region. We asse the empirical formula for
ULC to provide even more accurate description ef photo induced current under
the presentation of defect states and temperature.

A ULC model for TFT is proposed to explain the mHiunation behaviors
corresponding to the defects created after hoterastress and self heating stress. For
low drain voltages (ULEy), hot carrier stress creates tail state defea@s @éhhance
photo leakage current by thermal or photo re-ewwiat, but self heating stress
creates deep state defects that reduce photo keakagent by recombination. For
high drain voltages (UL§3), because the carriers may be hindered by thdypeail
state in transport process, that will decreasectreier mobility. Thus, the photo
leakage current reduces after hot carrier stress.t@ other hand, because the
velocity of carrier is enhanced by electric fieldcieases, so the probability of
recombination is decreased. Therefore, the phakalge current reduces slightly after

self heating stress.
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Appendix

In this experiment, the device we used were theveational top-gate structure
n-channel LTPS TFTs. The cross-section views dfanoel LTPS TFTs are shown in
Figure below. The process flow of TFTs is descriladfollows: First, the buffer
oxide and 50 nm thick a-Si:H films were deposited glass substrates with
plasma-enhanced chemical vapor deposition (PECVYDg samples were then put
into the oven for dehydrogenation. The XeCl excitaser of wavelength 308 nm and
energy density of 400 mJ/émvas used to recrystallize the a-Si:H film to pSly-
After poly-Si active area definition, 65nm gateulsgor was deposited with PECVD.
Next, the metal gate was formed by sputter and tiefimed. The lightly doped drain
(LDD) and the n+ source/drain doping were formed RH3 implantation with
dosage 210" and %10™ cn? of PH, respectively. The LDD implantation was
self-aligned and the n+ regions were defined wisleparate mask. Then the interlayer
of SiNx was deposited. Subsequently, the rapid thermadaimy was conducted to
activate the dopants. Meanwhile, the poly-Si filnmsnvhydrogenated. Finally, the
contact holes formation and metallization were grenied to complete the fabrication
work. The channel width of TFTs is 20m and channel length isgogm, while the
length of the LDD region is 2,5m.

The current-voltage characteristic of LTPS TFTs weeasured by HP 4156A
semiconductor parameter analyzer. We had focusedattention on the leakage
current in the off-region under illumination. Phdémkage current was induced by a
halogen lamp irradiation stream with several initégss through the objective of a

microscope, and the light intensity was measured 8igital luminous flux meter.
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