%25 % B w5 B O Vol. 25, No. 1
2010 4 2 J Chinese Journal of Liquid Crystals and Displays Feb. ,2010

Article ID:1007-2780(2010)01-0029-05

Analysis of TFT Array Erosion Defect
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(Beijing BOE Optoelectronics Technology Co. Ltd. . Beijing 100176, China, E-mail ; uniquelily@ 126. com)
Abstract; There are hundreds of defects happening during TEFT-LCD process, especially during
array process. Eroded array metal line is one of defects that can cause bright line or thin
bright line defect. In this paper, this typical defect was analyzed by SEM, FIB, EDS and
statistical software such as BO (Business Objects) and CIM (Computer Integrated Manufac-
turing). The results show that the defect occurred mainly when the metal layer was eroded
by hydrochloric acid gas between Gate Etch process and Multi-Deposition process, and the
leakage source of acid gas was identified. The hump in defect position was formed when
vacuumizing during Multi-Deposition process. In addition, the emergency measures for this
defect were also discussed.
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Introduction

TFT-LCD is one type of display device ad-
dressed by thin film transistor(TFT) active ma-
trix. So the array making process is one of the
for TFT-LCD. It

needs 4~6 runs of thin film depositions, photo-

most important processes
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It is a kind of vital defect that metal lines
were eroded in array process. The metal lines
(gate line, data line and common line) were
mainly made of Mo, Cu, and Al or their alloys,
etc. Among them, the aluminum alloys prefer to

react with most active chemical gas. As a result,

EBR AW A978—) , 20 L T8 AL LW gE A F B J7 1] R R s 5



30 i3

R %25 %

the resistance of metal line will become very
large to lead to bright line or thin bright line
etc. in cell or module %',

In this paper, this kind of defect was ana-
lyzed by SEM, FIB, EDS and some statistic
software etc. , such as BO (Business Objects),
CIM (Computer Integrated Manufacturing) and

so on. The emergency measures for this defect

were also discussed.

2 Instruments and Sample

2.1 Instruments
SEM and FIB come from American FEI
Company’s Nan lab double beam system Nova
200, Semiconductor material needs vaporizing
and plating platinum (Pt) less than 10 nm in
thickness. The sample is observed at the accelera-
ting voltage of 10 kV.

EDS

EDAX Company. The spectra of sample can be

spectrum instrument comes f{rom
got from the accelerating voltage of 15 kV
during 100 s using the ZAF arithmetic while no
referenced sample to qualitative analysis.

FIB incises the sample via the method of
physics sputtering to deposit the platinum (Pt)
of 300 nm in order to protect the surface of the
target sample when the ion beam attacks. The
sample was observed with the accelerating
voltage of 30 kV and the current of 30 nA. And
the depth of the cuneiform incision is large than
2 pm,

2.2 Sample
The sample was the TFT-LCD products

with bright line defects. After decapping and

Fig. 1 Microscope picture of the defect area (X 100)

cleaning, the TFT array substrate was observed
under the microscope. The array defect was con-
firmed to be frog egg, and the microscope pic-

ture was shown as Fig. 1

3  Results and Discussion

3.1 SEM,EDS & FIB Analysis

It can be confirmed that this defect can lead
to gate open or common open by array test -,
Under the microscope, it can be seen that the
defect distributed on the gate or common line only.
In our array process, gate and common line come
from the same metal layer. So we think the
defect problem belongings to the first metal layer.
The further analysis as shown as follows.

From the SEM picture of the defect surface
in Fig. 2, it can be seen that these defects are

some continuous protuberance. And their shape

looks like lots of frog eggs.

Fig. 2 SEM picture of the defect surface

Fig. 3 is the EDS spectrum of defect surface.
It can be seen that the defect surface mainly

contains the elements such as N,O,Al, Si,Pt,In,

1/a.u.
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Fig. 3 EDS spectrum of defect surface
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etc. And these normal elements come from the
gate layer, G-SiN, gate insulator layer, PVX
layer, ITO layer and Pt layer.

The continuous protuberance was split by
FIB with the 52° view angle. The picture was
shown as Fig. 4. There were too much small
holes at the section picture. And there were ob-
vious protuberance on the gate layer. GiN, layer
have the same thickness on the protuberance as
normal gate layer. There are the same conclusion

with above.

Fig. 4 FIB picture of defect section

From the EDS spectrum of the defect
section in Fig. 5, it can be seen that this protu-
berance is made of O, Al,Si,Cl, etc. element. Cl
element is not the ingredient of normal TFT-
LCD. But during the array process, the Cl ele-
ment was only used to dry etch gas as Cl, and

wet etchant as HCI or other acid.

2.3
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Fig. 5 EDS spectrum of defect section

Gate line was made of two layers: Mo and
AINd. AINd is so active that it is more easily to
be eroded by some active gas or liquid. So the

hole appeared at the gate metal layer.

The defect section was observed clearly
after dipping for a while in BOE (Buffered Oxide
Etchant) solution. From the SEM picture in Fig. 6,
it can be seen that the layer distribution: gate
metal layer, SiN, gate insulator layer, active
layer, source/drain metal layer and PVX SiN,
layer stacked. The thickness of all layers is nor-
mally except that of the gate layer. There are so
many holes in the first gate layer. And there is
an unknown something existing between the
gate layer and GiN, nonmetal layer. So this de-
fect occurred before the deposition of GiN, non-
metal layer. When these metal layer surface is
permeated with the acid gas, the different metal
has different electric voltage on their surface. As
anode, active Al and Nd lost their electrons in

the electrochemistry reaction.

SiNx

Al/Nd Mo

Fig. 6 SEM picture of defect section

Al—3e=Al""
Nd—3e=Nd*"
O+2e=0""
Cl+e= Cl”
When the
starting from the anode (Al/Nd), metal Al and

electrochemical reaction was
Nd transformed to ion state, and interfused to
electrolyte or other layer. Then the hole was
produced. With the process ongoing, the corroded
area spreaded. At last, the Al/Nd/Si/Cl/O com-
pound with very low conductivity was produced.
The gate line was influenced by the compounds
and the holes. The turn-on voltage is deficient,
and resulted in the resistant of gate line becom-
ing higher and higher. At the normal white
mode of TFT-LLCD, it shows that the bright line
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or thin bright line are based on the situation of
erosion. The further analysis on process reason
of defect was shown as below.
3.2 Process Analysis

At first, all the inspection pictures of this
defect panel was traced all through the array
process. The earliest defect pictures were found
after the same process—Multi-Deposition. The
vacuumizing deposition condition of Multi-Depo-
sition lead to the protuberance defects appea-
ring. So we can find it after Multi-Deposition
On the other hand, all the

occurred on the gate line or the common line.

process. defects
From the position of the defect, we can conclude
that the defects appeared after the forming of
gate and common pattern. It is that to say the
defect occurred after Gate Etch process.
Secondly, the path of all defect panels was
analyzed by CIM (Computer Integrated Manu-
facturing). We found all the defected panels had

passed through one same position in the same
stock equipment between the Gate Etch and
Multi-Deposition. The position in the stock
equipment and the pipe under the equipment
were all checked. A tiny leak was found on the
HCI etchant pipe near the equipment.

Lastly, the relevant relation between the
defect ratio and delay time which is after Gate
Etch process and before Multi-Deposition
process was obtained by statistic software BO
(Business Object), as in Fig. 7. The defect de-
creases as delay time goes down, and especially
the incidence is very low when delay time is
smaller than 300 min. In practical, by means of
controlling the delay time less than 300 min, this
erosion defect incidence can be very low. As the
same time, it 1S an emergency measure to in-
crease the speed of cycle wind in the product line
if this defect appears. But the exactly leakage

point have not been found.
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Fig. 7 Relation between erosion defect ratio and delay time

4 Conclusion

This erosion defect results in Gate line or
Common line open, which causes vertical bright
line or dim bright line in TFT-LCD;In SEM pic-
ture, there are so many irregular knotlike protu-
berance between Gate layer and Gate Insulator
layer in FIB section. So judging that the defect
formed before Multi-Deposition process, which
is caused by erosion of substrate containing Cl
element,

and the protuberance is caused by

vacuum of Multi-Deposition process; By process

analysis and statistic software BO (Business Ob-
ject), CIM (Computer Integrated Manufactur-
ing), it can be concluded that erosion happened
between Gate Etch process and Multi-Deposition
process. And by tracking the product process,
the leakage position can be confirmed. The rea-
son is HCI enchants leakage; By statistic soft-
ware, the defect incidence decreases as delay
time going down between Gate Etch process and
Multi-Deposition process. So when the defect
occurred massively, controlling the delay time

below 300 min will minimize the loss.
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& in lin=2.54 cm

* Torr 1 Torr=133. 322 Pa
2R KA mmHg 1 mmHg=133. 322 Pa
£ KR AE mmH, O 1 mmH,0=9. 80665 Pa

LR ce 1 cc=1 mL

B4R sb 1 sb=10" c¢d/m’

Je 4% nt 1 nt=1 cd/m*
BB D ID=1m"'

AR FIRE M 1 M=1 mol/L

FAERAE atm 1 atm=101. 325 kPa




