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Abstract

Low temperature polycrystalline silicon (LTPS) thilm transistors (TFTs) have
been widely investigated for flat-panel applicatpsuch as.for active matrix liquid
crystal displays (AMLCDs) and active ~matrix organight emitting diodes
(AMOLEDSs). The highsillumination intensity from'bldight increases the leakage
current of LTPS TFTs and results in the decreagexafl voltage and the increase of
cross talk. Therefore, photo effect on LTPS TFTwasthy of investigation.

In this thesis, we analyze the effect of back lighimination for LTPS TFTs
based on the photo leakage current. The leakagentuander back light can be
expressed by an empirical equation. We also comibergphoto behaviors of back
light with that of front light condition. Qualitate models are proposed to explain the
illumination behaviors corresponding to the defecesated after hot carrier stress and
self heating stress. Defect center behaviors winithence the photo leakage current
are strongly related to the energy level of trafecks. There are two kinds of defects

created by DC stress. We provide new insight onctiection between the energy



levels of the defects and the photo induced curmehich can further confirm the
characteristics of the defects. We believe thigstf the backlight induced leakage
current can be very useful in the design consideraand the leakage current

reduction in the TFT LCD.
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Chapterl

| ntroduction

1.1 Background

Low temperature polycrystalline silicon (LTPS) tHilm transistors (TFTs) have
been widely investigated for flat-panel applicaipsuch as for active matrix liquid
crystal displays (AMLCDs) and active matrix organiight emitting diodes
(AMOLEDS) [1]. Compared to _amerphous silicon (a-Si) TFTs, LTPSISI have
higher mobility and driving eurrent. A mobility @ PS TFTs over one hundred times
larger than that of the conventional amorphougaili(a-Si) TFTs can be achieved.
Increased electron mobility enables the reductioti® TFT dimension. The aperture
ratio and resolution of the display can:thus beeased significantly. Furthermore,
the LTPS TFTs panel can integrate-both the pixalyaand peripheral circuits on the
same glass substrate to realizea system-on-p&ad?)(display and thus reduce the
extra circuit cos{2]. Moreover,. the high mobility of LTPS TFTs can piae larger
driving current at low operating 'voltage, thus arere suitable for active type OLED

displays.

1.2 Motivation

The leakage current has a great influence on thagemquality of the
active-matrix liquid-crystal displays (AMLCDs). THeakage current results in the
decrease of pixel voltage and the increase of dalksBecause LTPS TFTs are top
gate structure, as shown in Fig. 1-1, it is allemiock light illumination. Exposure to

the backlight, the high illumination intensity ieases the leakage current of LTPS



TFTs, because of the generation of electron-holes.p@o understand this leakage
current under backlight illumination is very impamt. The photo leakage current is
even more significant when the temperature changkes thesis aims to propose
photo leakage current model of LTPS TFT for thePkimulation of pixel and
driving circuit design, as well as the mechanisiinhe leakage.
We know that DC stresses produce various defectkTiRS TFTs[3]. By

studying the extra defect created by DC stresscavecross check the relationship
between the defect distributions and the photoatitbaracteristics, which gives us

better understanding in both aspects of DC striésste and photo induced behaviors.

1.3 Thesis Organization

After the introduction-in Chapter 1, the:charaaigrs of photo leakage current
will be discussed in' Chapter 2. Then, it is follalN®y the comparison of TFT leakage
currents with front'light and back-light;-as-wed-after hot carrier and self heating
stress in Chapter 3 and Chapter 4, respectivehalllgj conclusions will be given in

Chapter 5. The section organization. of this thissisted below:

Chapter 1 Introduction
1.1Background
1.2 Motivation
1.3 Thesis Organization
Chapter 2 Characteristics of Photo L eakage Current
2.1 Definition of Unit-Lux Current
2.2 Experiment Method

2.3Behaviors of Unit-Lux Current



2.4Mechanisms of Unit-Lux Current

2.5 Comparison of Front and Back Light Effects

Chapter 3 Effectsof the Defects Created by Hot Carrier Stress
3.1 Degradation Mechanism and Stress Condition

3.2 Analysis Unit-Lux Current after Stress

3.3Comparison Front Light with Back Light after Stress
Chapter 4 Effectsof the Defects Created by Self Heating Stress

4.1 Degradation Mechanism and Stress Condition

4.2 Analysis Unit-Lux Current after Stress

4.3 Comparison Front Light with.Back Light ULCs aftaréss
Chapter 5 Conclusions
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Fig. 1-1 The cross-section views of n-channel LTFSs with LDD structure




Chapter?2

Characteristics of Photo L eakage Current

2.1 Definition of Unit-Lux Current

The relationships between leakage current and iilation intensity under
different bias conditions are shown in Fig. 2-1.e¥hall exhibit good linear
dependence. The same linear dependence was observked case of front light
illumination in the previous papé#]. The:slope of the current-Lux curve was firstly
named as Unit-Lux Current or ULC in abbreviationd aised as an important index
for analyzing the phetosensitivity, of LTPS TFTs.efmeaning of ULC is the photo
leakage current induced per unit-phota lux.

In this thesiszwe use the same definition of UhGhe analysis for the backlight
photosensitivity of LTPS TKTs to' study the factthat influence the photo leakage
current like bias conditions, temperatures, an@destates of LTPS TFTs under back
light illumination in detail. As:shown in Fig. 1-1#he channel region is block by the
gate metal and not shined by the front light." Thwis,further compare the results of

back light illumination to those of front light amliscuss their differences.

2.2 Experiment Method

The cross section of the TFT device under backt liggmination is shown in
Fig. 2-2. Nowadays, the light emitting diode (LEB)more and more used as the
backlight source of LCD to reduce the power and medhickness. Therefore, we
use LED as the back light source in our experimdntspite of passing through the

glass substrate and probably the buffer oxideb#uk light intensity hardly decreases



because the effect of the glass substrate anduffer loxide on transmission is too
little. On the other hand, the silicon film can attisthe back light to an amount. Fig.
2-3 shows the transmission and absorption rategbf at different wavelengths after
passing a silicon film with thickness of 65nm achiog to formulal(x) = I\, exp(-x

X), where |, and I,(x) are the input intensity and the intensity at diséan,
respectively, k is the absorption coefficient, andis the propagating distan¢g].
Based on the calculation, we know the total intigndecreases up to 10% when the
light comes to the channel surface of the TFT. Haxethe intensity of the short
wavelength light, which contributes a lot of theeaton-hole pair excitation,
decreases drastically. The photo current might@eduaore than 10% owing to this
fact.

The photo leakage current (Iphoto) IS measuredifegrent bias conditions to
study its field effeet. Table 2-1 lists the measueat conditions of the gate and drain
bias in detail. Two types of curves.are' measuracaty, with fixed the drain voltage
(VD) as the gate voltage (VG).sweeping.-and witkediX¥G and changing VD. In

addition, the above twaoicases of measurement eateg at various temperatures.

2.3 Behaviorsof Unit-Lux Current

The relationship between Iphoto and illuminatiotensity under different drain
biases or gate biases are shown in Fig. 2-4.dkeiarly seen that the linearity retains
whatever the bias condition changes, but only thpesvaries, which preserves the
privilege of using ULC as the index for our anadydtig. 2-5(a) and (b) demonstrate
the drain bias effect and gate bias effect on WieSpectively. It is noticed that drain
bias affects the photo leakage current in an anmusalvay, but the change of ULC is

not obvious with respect to the gate bias. These behaviors will be further



discussed in Section 2.4.

Referring to Fig. 2-5(a), it is observed that wltkzain voltage VD is lower than
8V, ULCincreases linearly with drain bi&sS], and while VD is large enough, ULC
increases with drain bias more rapidly. In the caséont light illumination, this
phenomenon was also observed and the front lighC Was separated into two
different parts[4]. Specifically, the first component is defined atQ4; which
increases with drain bias and independent of gai® bnd the second component is
defined as ULG,which is the total ULC subtracting Ulcg Here, in a similar way,
we plot ULG:; in Fig. 2-6. It is apparent that the log [Ut4f increases with drain
bias linearly, indicating that UL& increases with, drain bias exponentially when
drain voltage VD is large enough. Therefore,.thekdgght:ULC can be expressed by

a linear combination of these two components:
ULC =ULC, +tULGC,,

2.1
= (aVD +) + yexp(VD - n\G) 1)
ULC., =aVD # (2.2)
ULC,, = yexp@z¥D =1 VG) (2.3)

where a,5,7,n 1 and po are all fitting parametersa and 3 correspond
to the linear drain voltage dependence and the demn bias offset of ULg,
respectively. v is the scaling factor of UL&;, while 7. and 7 , are the parameters
about the exponential dependence on drain biasegative gate bias of Ul The
values of fitting factorsa, 5,7, 71 and 7 , are listed in Table 2-2. As shown in Fig.

2-7, the empirical formula fits the experimentaladeery well.

2.4 Mechanisms of Unit-Lux Current

In this section, we discuss the results of the ebwyo kinds of measurement

conditions. When the gate bias is fixed, we figirat the drain region of the TFT is

7



biased to a situation similar to the abrupt pjunction. In this case, the lateral
depletion region increases linearly with drain Hidls As the drain bias is fixed, the

lateral depletion region is fixed. The more negatgate voltage can increase the
concentration of the channel holes but the junci®mardly changed because the
concentration is high enough. Thus the gate bipemtence of Unit-Lux Current is

not obvious.

In equation 2.1, we separate the Unit-Lux Curretd itwo parts. As the drain
bias is lower than 8V, which corresponds to ULQhe lateral electric field is small.
Referring to Fig.2-8(a), the energy band is almitst at small VD. The main
mechanism is proposed to be the excess carriarsdifi. When device is under the
back light illumination;.electron-hole.pairs.arengeated. A part of electrons jump to
the conduction band from the deﬁﬂxs because: oftttBEmionic emission effect.
Therefore, the deminant mechanism of" WhCs excess” carrier diffusion and
thermionic emissiof8]. On the jother hand, as drain bias is large enowglth case
corresponds to UL&, the lateral“electric-field is large. ReferringRiy. 2-8(b), the
energy band is steep. The main mechanism is prdgodsee the excess carrier drift in
the large electric field, which results in the di@mission (or tunnelindg®]. A part of
electrons are tunneling from the trap to the cotidndand. Therefore, the dominant
mechanism of ULE; is excess carrier drift and field emission (omteimg).

To further confirm the proposed mechanisms, theptgature effect of ULC is
taken into account. We again confirm that the datien between Iphoto and
illumination intensity at different temperature g8ll linear before the extraction of
Unit-Lux Current. Fig. 2-9 shows the relationshipstween leakage current and
illumination intensity under different temperatuas25, 35, 45, and 5% under the
bias condition of (VD, VG) = (10.2V, -7.5V). As cdme seen, all the curves stay

linear.



Fig. 2-10 shows drain bias dependences of Unit-lGixrent at different
temperatures. The ULC is significantly offset byneerature. By separating Uk&
from total ULC, we can plot ULE; at different temperatures in Fig. 2-11. As can be
seen, all lines overlap completely in same plachjclv means that UL§; is
temperature independent.

Then, we further analyze on the temperature depmedef ULG;. Both
parametersy and 3 are plotted as the functions of temperature in Zig2. We find

that these two parameters increase with 1/kT exp@illy and can be expressed as

follow:
(#Can
a(T)=Ale (2.4)
(- o2 |
B(T)=Ble X (2.5)

In the above equations, A, By&and Eg are fitting factors, and their values are
listed in Table 2-3:#As.shown in Fig. 2-13, this prncal formula agrees with the
experiment data veryswell, which again supports™ bypothesis that ULC is
composed of two different components.

Since the temperature only affects the UWLCit is consistent with the
mechanism of thermionic emission. As for the terapee independence of Ukg; it
is because the field emission dominates the photoert over the thermionic

emission.

2.5 Comparison of Front and Back Light Effects
The similar behaviors of the front light ULC ancckdight ULC indicate that the

mechanism is basically the same. However, we diinfisti some differences. As



shown in Fig. 2-14, the magnitudes of the ULC afieent. The main reason is that
the sensing regions of illumination are differeftte gate metal shields the front light
so that the front light sensing region is onlyhe DD region. As for the back light
sensing, the region includes both the channel &1.1Therefore, more electron-hole
pairs are generated under the back light illumamatirhe involvement of the channel
region in the back light sensing also explains thateffect of gate voltage on UtE
for the front light case is larger than that foe ttase of back light, as shown in Fig

2-15 and table 2-2.
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Fig. 2-5 (a) Drain bias effect on Unit-Lux Currexitdifferent gate biases.
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Fig. 2-5 (b) Gate bias effect on Unit-Lux Currentdferent drain biases.
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Fig. 2-6 Second‘component of Unit-Lux Current (WkC/ersus drain bias at

different'gate voltages.

Fitting .
Value Unit
Factors
o 9.18954x103" | A/(V - Lux)
B 9.4937X10%° A/Lux
y 2.03656X10° A/Lux
n 0.40992 1V
N2 0.077404 1V

Table 2-2 The values of fitting factors in equat{@ri).
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Fig. 2-7 Expefiment data (symbbls,) and empiricaﬁda (solid lines).
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Fig. 2-8 (a) Proposed model of UgOmechanism for LTPS TFTs.
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Fig. 2-9 Photo leakage current at different temipeea
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Fig. 2-10 Drain bias dependence of Unit-Lux Curi@ndifferent temperature.
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Fig. 2-11 The second component of Unit-Lux-Curi@HtCc,) versus drain bias with
different temperatures under back light illuminatio
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a(A/(VeLux))
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Fig. 2-12'Dependence of paramete@ndp on‘temperature.

Fitting "
Value Unit
Factors
A 1.223X10% | A/(V - Lux)
B 1.086X10* A/Lux
E.a 0.0071 eV
E.s 0.0626 eV

Table 2-3 The values of fitting factors in equat(@) and (2.5).

19



Unit-Lux Current (A/Lux)

Unit-Lux Current (A/Lux)

4.0x10™° -

3.5x10™"° 4

3.0x10™° -

2.5x10™° -

2.0x10™° 4

1.5x10™°

1.0x10™° 4

1—e—35°C

|—v—s5C

o e 35°C

— 55°C

VG=-5V
—m— 25°C 4

45°C

Fitting
—— )5°C

e 45°C

10 12 14 16

Drain Voltage (V)

Fig. 2-13 Experiment data (symbols) and empirioainfula (solid lines).
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Fig. 2-14 Comparison with Front and Back Light df@)
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Chapter3

Effects of the Defects Created by Hot
Carrier Sress

3.1 Degradation Mechanism and Sress Condition

Degradation of the electrical characteristics daehot carrier effect is an
important issue in TFTs application.; Extensive stigation has shown that hot
carrier induced defect states could be generatdteagrain boundaries close to drain
junction [10-12]. In this thesis, we utilize this electric degraoiatto create defect
states and discuss the characteristics of phokadga current after the creation of
these extra defects.

Fig. 3-1 shows the damage region after-hot casigss. When a gate bias
slightly greater thanthreshold'veoltage and-a lahgen bias-applied on a TFT, a high
electric fields from the woltage difference betwegamte and drain presents in the
junction depletion region. This field acceleratés telectron-hole pairs to “hot
carriers” with high kinetic energy and strike thattice structure in this region.
Avalanche multiplication due to impact ionizatiakes place at the drain end of the
channel, thus leaves large amount of tail stagersbrond defects here.

This degradation phenomenon causes severe decnedle device mobility, as
shown in Fig. 3-2. IV curve after stress altergghdicantly in both on and off region.
The leakage current increases because the det@s a transient transfer centers for
carriers conducting. In the on region, howeversé¢helefects trap carriers would

decrease the amount of carriers which are colldayadtain electrode.
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In our experiment, we stressed our devices at V&/=and VD = 16V, and
measure them at different stress times of 25, 500, 1000 sec. In the later section,
we will show how the photo leakage current altérdifierent stress time. Table 3-1
lists the experiment conditions in detail. The desgiare characterized in forward and
reverse configurations, in which the damaged reggeme put in the drain and source,

respectively.

3.2 AnalysisUnit-Lux Current after Stress

We again confirm that the correlations. between iplamd illumination intensity
at different stress times.are still linear, as smawFig. 3-3, before extracting ULC
and using it to discuss the results of forward estrse measurement of ULC. With
fixed the gate voltage (VG) as the drain voltageb)\sweeping in the forward
measurement, assshown in Fig. 3-4, we can seehbdt/LCuincreases and distorts
slightly at lower drainibias with stress times. @amed to the unstressed device, the
ULCc; of the devices operating at'higher-enough draas becomes less obvious and
the total ULC is smaller.fOn the other hand, f@ tBverse measurement, we can see
that the ULC before and after ‘stress remain theesa® shown in Fig. 3-5, which
confirms the defects are only created near theciide.

With fixed the drain voltage (VD) as the gate vgiaVG) sweeping, we again
discuss the forward and reverse measurement of BeGhown in Fig. 3-6, generally
speaking, ULC increases with stress time, but atrtfore negative gate voltages,
ULC can be lower than its initial value. In Fig 3{fie coincidence of the curves in
the reverse measurement reconfirm that the sowg®mn is not damaged by hot
carrier stress. Therefore, we can discuss the meshay considering only the drain

side.
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Fig. 3-8(a) and (b) show the proposed band diagedomsy the channel direction
near the drain region for a device after hot casieess under the condition of VG<0
at low and high drain biases, respectivély.the drain voltage is low, the dominant
conduction mechanism is thermionic emission. Rifgrto Fig. 3-8(a), when the
LTPS TFT devices after hot carrier stress are unoaical illumination, the
additionally numerous electron-hole pairs from tireated shallow tail states are
generated in the lateral depletion region (Wd)indscated by the red arrow. Before
H.C. stress, this phenomenon is difficult to ocetith the long wavelength light with
low energy, because the energy is not enough &mtreins to excite to conduction
band. After stress, the created tail states lockatgely to either conduction band or
valance band, as indicated by the black.solid. linghis.case, the long wavelength
light can also generate electron-hoie pairs, agaveld by the red solid line arrow.
The excess carriers are thermally excited'to tmelection band, as indicated by the
blue solid line arrow, @nd move in the.conductiand) and thus increase ULC.

However, thererare mechanisms counteract the iseneahe photo current. One
of the mechanisms is.the lattice scattering andooolor'scattering occurring in the
path of conduction. The other'mechanism is thedra gf carriers can be captured by
the shallow traps and then re-excited to the basdndicated by the blue dotted line.
It can slow down the speed of the excess carflérsse mechanisms are less effective
than the increase of the photo-induced carrienms fitee extra states created, therefore,
the photo leakage current obviously increases.

As for the high drain voltage, as shown in 3-8 (g dominant conduction
mechanism is the field enhanced emission (or tumgel Under illumination, the
increment of electron-hole pairs at high VD shooédthe same as that in low drain,
but instead, the reduced ULC is observed. In thstressed device, most of the

carriers excited from the tail states go to thedemtion band via the field enhanced
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emission, as indicated by the blue solid arrow. éMheless, in the H.C. stressed
device, the carriers cannot tunneling directly tmdb because the possibility is be
greatly reduced by the nearby tail state, as ineicdby the blue dotted arrow.

Therefore, as shown in Fig. 3-4, the W.Cranishes because of the lack of the
tunneling paths. As the stress time goes by, ladsless tail states are created, and

thus ULC gently decreases with no trace of i@ occur.

3.3 Comparison Front Light with Back Light after

Sress

According to the previous papgf], we know thatsthe front light ULC on also
changes after H.C. stress. For both cases of ligittand back light, the result of the
reverse measurement after H.C. stress keeps samuh 18 consistent with the fact
the defects are created near drain side.

In section 2.5/ 'we explained.that-the-baeck-lightQJik larger than that of front
light by sensing regions of illumination. As shownFig. 39, during the whole H.C.
stress process, this phenomenon preserves at €vesy time.

In the previous study of H.C. stress, it is expdirthat the tail states created in
LDD near drain region. We again confirm the effiegtcomparing the change of ULC
under front and back light illumination. If the éets are created in the LDD region,
both the front and back lights can shine on thenselction 3.2, we explained that the
back light ULG:, with respect to the effect of field enhanced emisgor tunneling)
is not obvious because the tail states can reduugeling effect. As shown in Fig
3-10, we can also see the UgLunder front light condition is not obvious afterCH
stress. Fig.3-11 shows the difference of ULC anigdi initial ULCc; at different

stress time in forward measurement to comparedbescof front light and back light.
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This difference in ULC corresponds to the defectated by H.C. stress. We can see
that the ULC difference for the back light illumtren is never larger than that for the
front light illumination, which is very differentrém the comparison of the initial
front and back light ULC. For the same device afifeess, the amounts and the
locations of the created defects are all the sdtntkepicts that no defects are created
in the channel illuminated by the back light. Ferthore, the ULC difference under
back light illumination is even smaller than thader front light. It is attributed to the
decrease of the back light intensity, especiallystoort wavelength light, through the

silicon film as mentioned in section 2.2.
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Fig. 3-1 Scheme of damage region in a LTPS TFT aftecarrier stress.
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Fig. 3-2 ID-VG curves before and after hot cars&ess for 1000 seconds.
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DC stress Condition :

Hot Carrier Stress VG=3(V), VD=16(V), VS=0(V)
Stress time =0, 25, 100, 500, 1000 (sec)

Table 3-1(a) Experiment conditions for hot carrigiress

_ . lllumination
EXPERIMENT | Gate Bias (V) | Drain Bias (V) ,
Intensity (lux)
VG >
ste
o g 75 0.6 ~ 15 0
sweep
.10 3090
06 10800
VD step 19200
-0.8~ -10 2.3

VG sweep 16 ol 29900

Table 3-1(b)-Measuremen conditions for the pheikage

1.1x10"° +—= e
{ vG=5v. vD=10.2V." -
1.0x10™" Forward , (BL) %30«
1| —m— Stress-0s's ' oy
90x107 7 o Sttess 25s
8.0x10™4 4 Stress 100s
11 —v— Stress500s|
7.0x10°" Stress 10005 1 |

6.0x10™" -
5.0x10™ -
4.0x10™ 1
3.0x10™ 1
2 0x10™

1.0x10™ -
0.0 -

Iphoto (A)

-l.OXlO_ll T T T v T T T
0 10000 20000 30000
illumination intensity (Iux)

Fig. 3-3 (a) Relationship between leakage curradtlkeack light illumination intensity
after different H.C. stress times in the forwardasi@ement.
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Fig. 3-3 (b) Relationship betweenjleakage curradttzack light illumination intensity
after different H.C. stress times in the reversasneement.
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Fig. 3-4 Drain bias dependence of ULC at diffeddr@. stress times measured in the
forward mode.
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Fig. 3-5 Drain bias dependence of ULC at diffefidr®. stréss times measured in the
reverse mode.
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Fig. 3-6 Gate bias dependence of ULC at differe@.Hstress times measured in the
forward mode.
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Fig. 3-8 (a) A proposed model of ULC mechanismUbiPS TFTs after H.C. stress at
low drain bias.
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Fig. 3-8 (b) A proposed model of ULC mechanismLfﬁPS TFTs after H.C. stress at
high drain bias.
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Fig. 3-9 Relationship between ULC and stress tiftex different H.C. stress
measured in the forward mode.
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Fig. 3-10 Drain bias:dependence of ULC at diffetéri. stress times measured in
the forward-mode 'under front:light condition.
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Fig. 3-11 Tail state enhance photo leakage cuatet different stress time at
different illumination in the forward mode.
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Chapter4d

Effects of the Defects Created by Sef
Heating Stress

4.1 Degradation Mechanism and Stress Condition

LTPS TFTs, in most applications, are fabricatedgtass substrates with poor
thermal conductivity. Therefore, as,the.applied &@l VD are high, the heat resulting
from the high current flow and voltage differencetie channel may be difficult to
dissipate. The accumulated heat causes the.Si-ldsbtn break, which in turn
increases the deep states dangling band.in theneharhis degradation is known as
Self Heating effecil3-14}.

The thermal degradation phenemenon-inthe selirdgeatress may induce a lot
of defect states in the whole*poly-Si thin‘fijdb}. However, in this thesis, we use a
model of defect distribution in.the thin film asostn in"Fig. 4-1 to discuss the photo
effect for simplification.

The states created by self heating stress apparaitect the transfer
characteristic of the device mainly in on and suledhold region. Fig. 4-2 shows the
ID-VG curve of LTPS TFT after self heating stre$s. addition to the lowered
mobility, serious threshold voltage shift is the shamportant phenomenon induced
by the self heating stress. It depicts that theeenamerous deep states in the mid gap
to be filled before the device is turned on.

In our experiment, we stressed our device at VG5Y¥, Bnd VD = 15V, and

measured at different stress times of 1, 5, 50, 800, and 1000 sec. Table 4-1 lists
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the experiment conditions in detail. In our meameets, the devices are
characterized in forward and reverse configurationg/hich the damaged regions are

put in the different ways.

4.2 AnalysisUnit-Lux Current after Sress

We once more confirm that the correlations betwhdroto and illumination
intensity at different stress times are still lineas shown in Fig. 4-3, before
extracting ULC and using it to discuss the resofitforward and reverse measurement
of ULC. With fixed VG as VD sweeping in the forwvardeasurement, the ULC is
shown in Fig. 4-4. Compared to the unstressed devie can see that the ULC
decreases at higher drain bias with stress timéeWh.Ccy of the devices does not
change significantly. On the other hand, for, theerse measurement, as shown in
Fig. 4-5, we cangsee that the ULC increases witessttime and ULE; changes
significantly at high drain bias.'Based onthe mas study|3], the sensing region of
the front light is only in.the drain region. Thesués of back light ULC in reverse
measurement suggest the severe degradation dftBeatng stress.

With fixed VD as VG sweeping, we again discuss thevard and reverse
measurements of ULC. The result of forward measargns shown in Figure 4-6. It
is pointed out that the ULC decreases with strese faind the gate field has little
effect on it. Contrarily, for the result of reverseeasurement shown in Figure 4-7,
which corresponds to the change at the sourceigumcthe photo leakage current
increases just like the case of H.C. stress. Theselts indicate that the defects
created by S.H. stress in the source and draiomegire very different. We take them
into account to discuss the mechanism of S.H in filwing paragraphs by

considering the different kinds of the defectslomdrain and source sides.
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Considering the drain region of the poly-Si TFTeafelf heating degradation,
we propose the band diagrams along the channaitidinenear the drain region for a
device after self heating stress under the comditibVG<0 at low and high drain
biases as shown in Fig. 4-8(a) and (b), respegtiiliring self heating stress, the
high temperature makes the poly-Si film releasedyen atoms and causes plenty of
dangling bonds, which is well known as deep stalégse deep states located near
the middle level in the lateral depletion regionnche very helpful to the
recombination of the electron-hole pairs generatgdradiation. This is believed to
be the reason why the total current is reduced Sftd. stress.

As for the source region, Fig. 4-9(a) and (b).slmw proposed band diagrams
along the channel direction near the.source refgion device after self heating stress
under the condition of VG<O0- at .Iow and  high drairases, respectively. The
additionally numerous! electron-hole pairs.from &ddelly created shallow tail states
are generated in the 'lateral depletion region (V¥éd),indicated by the red arrow.
Before S.H. stress,this. phenomenon is difficulb¢our for the long wavelength light
with low energy. Without these tail states, longrelangth'light does not have enough
energy to excite the electrons to the conductiardbaAfter stress, the tail states care
created near to either conduction band or valaaoé bas indicated by the black solid
line in Fig. 4-9. In such a case, the long wavelenbgght can also generate
electron-hole pairs through the tail states, ascaidd by the red solid line arrow,
followed by the thermal excitation or tunnelingttee conduction band, as indicated
by the blue solid line arrow, and move in the cartiun band. Therefore, the photo
leakage current obviously increases due to thegttoto-induced carriers excited by

the lower energy part of light through the statested.
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4.3 Comparison Front Light with Back Light ULCs

after Stress

According to the previous pap€s], we know that the front light ULC also
changes after S.H. stress. Here we compare the cad$mnt light and back light to
study the effect of S.H. stress in the poly-Si TFdr the forward measurement after
S.H. stress, both the back light ULC shown in Hig(a) and the front light ULC
shown in Fig. 4-10(a) decrease with the stress.tiNevertheless, the results of the
reverse measurement after S.H. stress are vegydit, as shown in Fig. 4-3(b) (back
light ULC) and Fig. 4-10(b) (frent light ULC): Thefore, we focus on the difference
of back light and frontdight ULCs measured in tle@erse mode. In Fig. 4-11, we
compare the reverse measure of back light ULC wiéhfront light one in the same
scale. It is observed that the change of {ULC is:olotious under front light
illumination with stress time.“On the.contrary, 1HieC increases significantly under
back light condition with stress time=itsindicatiat the back light illumination can
shine on the defects' to generate the photo curi@rtt;those defects cannot be
illuminated by the front light,

Even though what the information revealed in theeree measurement is about
the degradation mechanism is only proven for filmgitt ULC, we assume it is also
valid for the back light ULC. Therewith, we explathe reason why the ULC
increases only under back light illumination rattan front light is that most of the
tail states created near the source region locaderugate metal and thus they are
only irradiated by the back light instead of thentfrlight.

The degradation model for S.H. stress in TFT stmects proposed as shown in
Fig. 4-12 to demonstrate the roles of defects ihheating stress. Self heating stress

can create both tail and interface states neaicsaegion. High electric fields from
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the voltage difference between gate and sourcepiesinder gate metal. This field
accelerates the carriers to be “hot” with high kmenergy and strikes the lattice
structure in this region, and thus leaves largelamof tail state strain bond defects
in this region. The spatial distribution of thedrfacial states depends on the intensity
of the electric field along channel from sourceltain. Therefore, more tail states and
interface states created along poly-Si channel theasource region.

This spatial distribution of defects after S.H.esi near the source region is
firstly observed by the study of back light ULC. jprovides complementary

information to the study of the self heating stress
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Fig. 4-1 Scheme of damage region in a LTPS TFT aft# heating stress
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Fig. 4-2 ID-VG curves before and after self heasigss
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DC stress Condition :

Self Heating Stress VG=15(V), VD=15(V), VS=0(V)
Stress time =0, 1, 5, 50, 200, 600, 1000 (sec)

Table 4-1(a) Experiment conditions for self heastrgss

) ) _ [llumination
EXPERIMENT |} Gate Bias (V) | Drain Bias (V) ,
Intensity (lux)
VG >
ste
o g 75 06~ 15 0
sweep
10 3090
06 10800
VD step i 19200
-0.8~ -10 5.3

VG sweep - il 29900

Table 4-1(b). Measurement conditions for the pheikage

ol i - '

8.0x10™ o
et WS “vF o e
] Forward w(BLJT 5 ..
flfor;ess.,Os
a1 | —®— Stress 1s.
6.0x1071 4 stressiBs _ =
—v— Stress 50s" | | R
Stress 200s
R 11 | ¢ Stress 600s
< 4.0x107" 1 Stress 1000s
2
S
e
2
2.0x10™" A
0.04
L)

v I v I v I
0 10000 20000 30000
illumination intensity (lux)

Fig. 4-3 (a) Relationship between leakage curradtaack light illumination intensity
after different S.H. stress times in the forwarchsweement
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1.0x10°4 —®— Stress 0s
—o— Stress 1s
Stress 5s
8.0x10™ 4 —v— Stress 50s °
] Stress 200s "
— —— Stress 600s ’
< 6.0x10™" Stress 1000s P
S 4.0x10™ 4
2
2.0x10™ - /
0.0- v
I v I I I
0 10000 20000 30000

illumination intensity (lux)

Fig. 4-3 (b) Relationship betweenjleakage curradttzack light illumination intensity
after different S.H:-stress times in the reversasuseement
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4.75x10"° 4 VD=0.6-15V VG=-5V u
4.50x10™° §:BL .
4.25x10*° Forward 34
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X 3.75x107° —e— Stress.1s i 4
S 350x107° Stress 5s o
= 3.25x107°] v Stress 50s 4
2 3.00x10 7 Stress 200s
a 2-75X10_15', —<— Stress 600s
x 2.50x10 Stress 1000s
3 2.25x107°
= 200x10°4 e
S .15 1
S 1.75x10™°- ot
1.50x10™° g
1.25x107°] @@=
1.00x10™°
I I v I I I I v I I v I
O 2 4 6 8 10 12 14 16

Fig. 4-4 Drain bias dependence of ULC at differ@mi. stress times measured in the

Drain Voltage (V)

forward mode
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8.0x10°4 VD=0.6~15V VG=-5V 4
{ BL
7.0x10*°4 Forward o
. { —o— Stress Os
3 6.0x10"°{ —©o— Stress 1s
< . Stress 5s
= 50x10™°4 —v— Stress 50s
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3 4.0x10™- < Stress 600s
x Stress 1000s
7 3.0x10™-
E I
2.0x10™° 1
1.0x10™°

0 .20 4 6 8. 10 12 14 16
Drain Voltage«(V)

Fig. 4-5 Drain bias dependence of ULC at diffei@i. stress times measured in the

reverse mode
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< —v— Stress 50s o
% ' Stress 200s /' M
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5 ,l./o/. /v/‘(‘
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o ] L
c -15 L L 0,2
D 2.50)(10 T ............................:. ... A;{:{“‘
PY e
aeeseaqeseneneqeeneeeest® iy i
P RTS o io a ar v en A
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-10 -8 -6 -4 -2 0
Gate Voltage (V)

Fig. 4-6 Gate bias dependence of ULC at differeHt Stress times measured in the
forward mode
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Unit-Lux Current (A/lux)
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Fig. 4-7 Gate bias dependence of ULC at differeht Stress times measured in

the reverse mode
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Fig. 4-8 (a) A proposed model of ULC mechanismUbiPS TFTs after S.H. stress at
low drain bias near drain side
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Fig. 4-8 (b) A proposed model of ULC mechanismlfoPS TFTs after S.H. stress at
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Fig. 4-9 (a) A proposed model of ULC mechanismUbiPS TFTs after S.H. stress
near source side at low drain bias
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Fig. 4-9 (b) A proposed model of ULC mechahisml.f‘ﬁPS TFTs after S.H. stress
“hear source side at high-draifi'bias
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Fig. 4-10 (a) Relationship between leakage cumedtfront light illumination
intensity after different S.H. stress times in fii@vard measurement
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Fig. 4-10 (b) Relationship-between leakage curaamitfront light illumination
intensity after different-S.H. stress'times inteeerse measurement
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Fig. 4-11 Relationship between ULC and stress after different S.H. stress
measured in the reverse mode
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Fig. 4-12 The degradation model for S.H. stresBRm structure
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Chapter5

Conclusions

In this thesis, we analyze the effect of back lighimination for LTPS TFTs
based on the Unit-Lux-Current. The leakage cumsedter back light can be expressed
by an empirical equation. We also compare the phelaviors of back light with that
of front light condition. Qualitative models areoppsed to explain the illumination
behaviors corresponding to the defects created ladtiecarrier stress and self heating
stress. Defect center behaviors which influenceptieo leakage current are strongly
related to the energyievel of trap defects. Tleeeetwo kinds of defects created by
DC stress. The tail state strain bond defects arehtre photo leakage current, while
the deep state dangling bond defects reduce thi pbakage current. We provide
new insight on the connection between the enengsldeof the defects and the photo
induced current, which,can further confirm:the ec#eristics of the defects. For the
hot carrier stress, the increase of ULC in the &ydumeasurement is correlated to the
tail state strain bond only created on the draite.sFor the self heating stress, the
decrease and the increase of the ULC for the fatveend reverse measurements,
respectively, indicate the creation of the deepestan drain region and the formation
of the tail states near source region. This studytlee photo current under the
backlight illumination reveals information that cemt be seen in the front light
experiment. We believe this study of the backligituced leakage current can be
very useful in the design consideration and th&dga current reduction in the TFT

LCD.
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