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Dry etching for the planarization layer of
thin film transistors
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Abstract: In order to reduce the parasitic capacitances of thin film transistor (TFTs), a new type of
planarization material was adopt. However, neither reactive ion etching (RIE) nor enhanced capacitive
couple plasma (ECCP) could well etch this film. Accordingly. the combination of RIE and ECCP was
proposed to improve the etching effects. When the thickness of planarization layer was 2.0 pm, we
first etched 1.5 um of the planarization layer by RIE mode (7 kW /20 Pa), then etched the rest as well
as the underneath silicon nitride film by ECCP mode (5 kW-+4 kW /8 Pa); the surface of via hole was
smooth without undercut issue, and the via hole critical dimension (CD) was 6.12 um. These results
lay a solid foundation for the design and fabrication of the high-resolution and low-power products
with this new planarization layers.
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PRI g 5% A5 A 9 7 & CTFT-LCD) A
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BRSO A BT LI R HR 23 Y R RE A% 3 A AR AT
FHAE R SRS, TFT-LCD 15 N8 3h ik & %
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VA ST ] — B2 o 32 7 ] e g R,
R UL D T R TE TET 284 rh ikl 7 A
A i fL(Via Hole) [l %8 (1 7 3L )21, il i B AR
I E B A A AR BRI AE . th THRAHIER
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JEE .

e PN A/ 3l T FH 14 SF 3H A ) Dy O L, O
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5] L8 8P 38 A6 B4 H-—PTS(Planarizing
Thermally Stable Material, 2 J& 35 /R A Fl 4 7)) , J&
— P AR B B A PLRE E b A B W FLAE T A T R
J5 BT IR L AL, 2 5 R R TR DG
RH, il 202 T2 HIE L, fE T2 T2
e 3E A A5 B T R (Plasma) AR, B Xt A4
A G 1) 20 ok 32, T LIRS ok LA R A 4 A B
Sy BRAEL, PR A RO BB R | BR 8% i A 1 LA T
/N AL

ASCHEAE S T PTS MR R Tk 200 T2,
BRI 20 o 7 12 T ¥ AR AR Y LR
s e, FATT R IF B Uk 1 — ek g i) ik 2 o
TR 2R T RAF iy fL 20 i RCR

2.1 HREH
B 1 ARSI R AR M Ak (a-SO TFT 2%

PRy B s A AR ARG IE ] T %Y
FF 4 AP (Fringe Field Switching,FFS), 7£T.
YERZE T AZ ZFEH M (PixeD W EIH L A B A
F L, 5 (Common) Z [0 B 3, £ 1il] b 77
Wb o> T R A5 0], TR R 3 S B A A7 H
P W G5 9 AR 2R A RN S AR, PR A3 4R
B KGR AR S TFT. £ 28 (Data
Line) P & FF 5 2k (Gate Line) Z [0 [ FF , 6E 9% I
IMER B A R

Via Hole

Bl 1 AR AR TET 844450 R B '
Fig.1 Schematic cross section of the a-Si TFTs used

in this study

2.2 fn & A0

SEH Ik RS 2w AR R 5 AR Sk B
ML JERE 0.4 mm, ]R5F 1 100 mm X1 300 mm,

(D fl AKT-15K PECVD % %, 16 3% 55 3%
T DT A R AL R (SIN, D) AR, BT 300 nm

()i il DNS SK-1100G #% %% , VL 8% 4% &1 1%
(Slit Coating) J7 UAE LB FaM IR BT PTS ik
WHEMERE A0 mm/s, IWEBRE 2 pm; Z 5 # 17
HERE 254K 110 °C/2min;

()i il ESPEC HSC-VI Oven % 4% #47 [#
1k, &AM 250 °C /60min;

() ffi F§ DNS SK-1100G &. Canon MPA7800
WA T PTS 2 L7 ik G EE 5

(5)ffi Jl TEL Dry Etcher i% #5347 PTS 2
Tz,

SEIR A 5T T I B F 2 ikt (Reactive Ton
Etching, RIE)"*' 1 34 5% i1 25 4% & 45 55 1 ZI ih
(Enhanced Capacitive Couple Plasma, ECCP )L
T A4 B Z0 Pl R . RIE A5 20 ol 5 56 2% 14
mFE 1 Prox, ECCP # x ZI i 52 49 45 7F tn 3k 2
B .
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Tab.1 Processing conditions for RIE mode

LU Gas Flow Rate
Power/W  Pressure/Pa

1 (SF; ¢ O, : He)
A 3 000 8
B 4 000 8
C 5 000 8 500 : 500 ¢ 500
D 5 000 20
E 7 000 20

%2 ECCPENXLIGHEH
Tab.2 Processing conditions for ECCP mode

L4 Power (Source + Pressure/  Gas Flow Rate

A Bias) /W Pa (SFs : O,  He)
F 4000 + 4 000 8
G 5 000 + 4 000 8 1000 : 1 000 & 800
H 5 000 + 4 000 20
1 5 000 + 4 000 8 1 000 : 500 ¢ 800

(6 Z0 e A I 1, S 6 DL B S A
B Z PR E] 30 s o 20 ol 5 A BB AR 45 50
B9 AL EDI R 8 i 1 T 2 OB (SEMD il
W R PTS J2 5 B 35 4 A Z& F X
PTS JZ B9\ 1] 1 %) il g R, 347 nm/ min,

(D ik LI B S fLARAG I . 3 2 Wy i SEM
I SEAGARE A M T - 91 58, SR P 4 o 0 L 0
1R E N

3 #R54%

3.1 ZMEEMKXLER

L2 S 20 o AR I 25 2R, b RIE B2
Ziph il R B AR 94.9 nm/min, &% & 263.5 nm/
min; ECCP # 2 Z1 i ¥ 3R £ Ik 459.7 nm/min, &
5 567.7 nm/min,

AT LA 7R Al 20 ol T2 2 0N [ 8 15 1
T ARG X PTS A 20 ol o ek, ik
— X R B ECCP A2 i T 48 17 A0 4% Ml 5
SSPAHL IR, BB S TR T A B ARSI R B 1 %
iy HOXS PTS B4 REAY A ) 20 Pl 3 B 2555 T RIE
B,
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Experimental conditions

Bl 2 RIESEE 4T PTS ZI ih i %

Fig.2 Etching rates of PTS at different experimental

conditions

32 TAEHEME

BT RFATEE T RIE fl ECCP # =X % K
2o RS, B A& E R HL 4 BIER A TN B
SUR{NESTTi 2T

&l 3(a) ky RIE #0514 E (932 FL SEM Wik
15, AT LA B L LR 8 H O PTS)Z T 7

) "‘\%\\‘\

| EREART SRR0R S P ST

1L
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K3 Al SEM Witdif%. () 048 E; (b) 4/ H.
Fig.3 Cross sectional SEM photograph of via hole.

(a)Condition E; (b) Condition H.
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Fig.4  Etching rates of PTS and SiN, for different

etch modes
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By SiN, #3204l 5 7™ 5 F) IR B (Undercut) B
LRSS FEUR E R TCE S AR IE B S

SZIIZ S5 PTS Ml SIN, J2 21 il % 24 5 5 R
FHZ 2 4.5 %), WK 4 iR, XEK T ER
B4,

Kl 3(b) 2k ECCP #1044 H il flL SEM
W TS, & B0 3k Lt B ™ SR T VA AR A L X SR
F1% ECCP #i:X O, /SF, l il s . S 845 11k
X BEL Y 20 ik R R T i B PTS BRJE, BT il
Z\ it B (1K S B 2o LR 5 g i i Ok
B FLAE G LGB AR I (9 1 B0 T 15 12 Wk 5% 7 5 5
NI e T TR AL SRS T s e 73
ZAEXE PTS A1 SIN, 2 1) 2 ok 3 %6 2% 52 45/,
4 Fim 0 b3 Z0 el i R e 2 ke N F L
Ji) 20 ot o 5, R SIN, R AT BLR Y,

5 Z&AF T4l SEM Wi {2
Fig.,5 Cross sectional SEM photograph at condition “I”

BAIHGIN T SF 1oL SEM Wi, 400 1 1)
O, Wi A& H W —2 0] LUE L FERRAIK O, 3R
T A5 g T O B R R D L ) L 3R A A
G E) — B AN 5 BT L (H O 0 R K AR
TR 5 28 R B8 R A a5 .
3.3 oy

O3AT RS A R IRAT R B AEXS PTS Z ik
i RIE F1 ECCP 2 ph 5 = 4 L s e AR 2, RIE
BP0 A2 20 ol 0 o L 3R TP 9 5 R k)
PTS Fl SIN, 21t 5 28 A0 22 558 K, A7 I8 ) [a) 8, AN
FF RS2 % . ECCP #iaU i &5 . %F PTS
HSIN, Z ot 58 e 422 307, JC IS D) ) 805 L AL B

T3 i L BRI FE ARG RE o LR B

ARG AT 5 S R

BT LA E AN R, AT I 24 T —
flt RIE 1 ECCP AH41 & Y 2 i 88 =, 7] A 1
TEL Dry Etcher &%, BRI EMT .

(1R JH RIE Z) i =, 0 47 3 AL i #0F £L .
PER 4 E Z00h PTS 2, 2R E 1.5 pm;

) FF I I & IR, VI3 S ECCP ZI fl AR =X,
e & 1T 200k % 4% PTS )2 I SiN, 2.

E 6 RIE F1 ECCP 4 A4 # it fL SEM W 1 1%
Fig. 6

Cross sectional SEM photograph of
RIE&.ECCP combined mode

FATHIN T M AL L SEM Wrie , 4n &l 6
s, ATLLESL BT E R T RIE Z bl A
K AL R, Z 5 H oG PTS 2
SiN, FLi e T ECCP # X, Hx PTS #
SIN, Z b 3R 5 30, e A% )2 3 20 ol st (]
PR L V82 HE LRG0 1) A ) o, oA 3 o ok L % i
&,

T
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After-develop Inspection After-etch Inspection

Kl 7 ADIFI AET i fL #4209 I 1K 25
Fig.7 Diameters of the via holes measured by ADI

and AEI

FRATHR N T b 20 by 32 e 3R AR B 1R 3 AL AL

o A3 S g T 20 phoET Y O BH BB L 42 CADI
CD)%H%J’EEE’J PTS 2 EEfL1%& (AEI CD) , i
FHE 45 R Hitachi £& 98 00 & AL, F 3% 55 3L A 1 1
SIREEL 54 A S HEAT I &, WSS SR E 7 BT
/R-ADI CD ¥ {H R 4.09 pm. AET CD ¥ {4
H6.12 pm, 2k SEAE L (CD Loss) A 2.03 pm.,

5 Ji B B TH WA RS 2E G R A T FLAICR
T 7R RIESE . 1 5 32 b REAS B 1 JoT K o 2 T
ZUREVERZ A L B AP S AR R R Ao FLABTA A AL
AN H R 23° IR () i, AR 28 T T 21 T2
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Fig.8 Cross sectional SEM photograph of via hole.

(a) Planarization layer using photosensitive

material; (b)Planarization layer using PTS.
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