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Practical Applications of High-Performance Fluorinated Resin
with Low-Content Aligned Carbon Nanotube

N SO < N O R B K WO fie ol B o & A 30 G
MIYOSHI Kentaro  YAJIMA Takeru SAKAI Toru NAKAYAMA Yoshikazu FUGETSU Bunshi

WL, PV a R EICEERB L —R T ) Fa—7 (LT, EREM CNT) (B
100 pm LA b)) 28 L TR Y, 7 v BFIRICEREM CNT 2480 & (0.01~1%(weight)) #RANL,
B - BN - BRI B AL T RRRE T o BBIIE ORGSR b A B R L CHEZ E L T\ 5,
F72NEDO OZEFEFHE THHHIT /) I — R URPBHEEmIE) (2012 4£5) <TIE, 7 v BBRERL T
FIAITRREM CNT Z &4 « BEL S ElomgRe 7 » EBIEOE LB 2 FEw Lz, T,
R 7 v BEIEORE T 0 & X OMEB L O 2T o7, TOMR, BEAFDRAMMEZ
15%(weighty & Te il fh (ARHHIR 22X 10* Q - cm, BMRER 0.54 W/(m + K), P
MD 5%Up, JEHETRE FEE 0D 24%Down) Zxf L, ERAELM CNT % 0.01~1%(weight) & Lo =i
HEZ » HEMHIEIT, AR 24X107 Q - cm, EUYRERE 0.64 W/m - K, #HiiFHmE £ 42%
Up, JEFETRE FH D 19%Down OVEREZ /R LD ED I —R ) ) Fa—TkETe 7 v Hil
JEIZRW T H EVERRZ FF ORI R T X Tz,

We made Aligned carbon nanotube(CNT),which is Multi-walled CNT(length;100 um over) on Silicon
wafer. As consistency of an application use, We made High-Performance fluorinated resin with good
conductivity by doping 0.01-1%(weight) of Aligned CNT for practical applications of High-Performance
fluorinated resin that have preferable electrical, thermal and mechanical characteristics. This study was
supported by Leading Research & Development of innovative nanocarbon material Research Grant
Program in 2012, New Energy and Industrial Technology Development Organization(NEDO). We
impregnated CNT on a fluorinated resin surface to make a High-Performance fluorinated resin and we
evaluated its properties. As results of evaluation tests, We confirmed that volume specific resistance was
2.4x107 Q + cm , thermal conductivity was 0.64 W/(m*K) , bending stress rose by 4.2% and compressive
load descended 19% by doping 0.05%(weight) or less of Aligned CNT. On the other hand, in case
commercial material doped with existing carbon fiber of 15 % (weight), volume specific resistance was
2.2x10* Q + cm , thermal conductivity was 0.54 W/(m-K) , bending stress rose by 5% and compressive
load descended 24%. High-performance fluorinated resin doped with CNT of 0.01-1%(weight) has

superior in physical properties to the marketed material.
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=R F ) Fa—TELF, CNDIL, T/ A XDE
P& Ff o T HER D IRFRER TH 0, BIRIGEMEA S
T LB RN EZ S T2 R FREE 72 D,

L2>L, #HEH~ CNT 0¥ —EA % BHTEL,CNT 28
L UK &N D7 0,CNT ORMNEZKRT 5 & o
HEMESCAREE 2B O VRIICH D,

7 v RBIEARKORHEZ DT, I—Ro 7 4 F—
WINEZM D7 L, Do, Y 2 7 DRV EHEHE
AR FEBLT 27201, B RELM CNT il & & tem
e 7 v FRIENEEN TV D,

2. XEFEOLMERITEBE

ARBAFETIL, 7 v FHAEICE B L CNT IR =D T
TS TR OEEN: - BMLGM: - BRI 722 & ofkee
NETHZ 2B LR,

INETOLEROMIERFICI T 7 v FEBAE DR
B (BLF, 7 v F/FIERI 1) OFEIZ CNT 2 E% -
BEELLI =R 7 4 7 —EMEE TS 2 &3 ATHE
ThHDHZ EEBRICHE L2 2, A THEKRD CNT LV
WHER OFEV, EREM CNT  (Fig.1, £ & 100 pm LA 1,
EAR 14 nm) % WS Z & T, BEICkd 5 CNT
FME 2SI S LZERIC, mWEEENELND
AREMEICOW TR L TE 72 Y,

S
W16 4mm 115. OkVEX800  100um

Fig.1 Fe-SEM image of Aligned CNT

ARBRFED HIIE, mtRE” v BHIFREICHBWT, &
D fGE - BPERT T o3 X o &Y v B ER
W AOREEIT) ZLIh D, mbkRET v RiE
OYERERRITLL T oY & LT,

1) EEM
7 v FRAEICH L TR REA CNT $INE 0.01%
(weight) PATIZRWT, 7 v FEIEOBEHEHER 100~
108 Q-cm,
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2) PR

7 v FREICKR L CRERELM CNT #INED

1%(weight) L4 FIZ 3B\ T, BVRE SR 1 W/(m-K) ,

3) BEARARIE

7 v FHIBICRE L CRRELH CNT HINE 1%(weight)
PUTIZBWT, 7 v EBIIERM D 2~3 505 Em L,

3. EHkEE T v RBIE IR A A

7y BBIRICBDEO T —R T/ F2—TIRINT
HENE - BV - R E O M) B A2 BRI EHRIC
SLTH—IZh—R o/ Fa—Tao@mEEsr ¢
NUFETH D, KBTI, —Ro T ) F a2 —7 2Rt
HIZH — S e iR 2 ER L, 2 0% 7 v # R
LR EIRGH%, 7 v BRI —Ich—R T/
Fa—TENSBIELFEERIRLT,

BUR D5y BUEITK (LT KRHIK) & A F T
s~y (BUFMEK 2y B0iR) o 2 % 1R, i
PR DY ZFIHL, 7y BBABRLTREIC 0.01~1%

(weight) OFEFIZIBWTRREM CNT &4 - @&k
T 52 L TEkREY v EBELRIEL, FhEho”
& A % Table.1 {275 L7= (Process A, Process B) .

CNTIE, 4 ROK S 100 p m PLE,  [EAE 14nm CVD
WL DHERREDOEED as grown ¥4 7L CVD #
2,600°CC 2 FFEDELER %2l UKS st 2 7~ anneal
A TN, £, 7 v FREIRIT S A % TEKAS

R A M-18 (PTFE : “EHJRIFE 25 um) & e,
<Process A: K EE>
E-T E-TH H=TH EmTHE
CNT# % wEE PR EERRE
wu | =P | zsmnim| =P [Fnome | =P | me
-ZukitiEL OB RE CNTEEBEE
AR E
BETE
= [E- HRER
<Process B: MEK% 8>
I e
Vs ird =
ws | =P |EmEe | =P ma | =P [HR-BRER

Table.l Fabrication process of High-Performance fluorinated resin

M, AR, BRI OFmIL, BIBA TORE
fiti 2 SEH L 72728, OFERDT 15 2RISR T,

EIREHE 7 RBIEHL 1 & IR AR, FEIEMERY
B (A o #2 B Y =S MH-50) 261 L C,
WRJET) 40 MPa DM TRIEAIT VL EE 2.1 glem®
D7 FE TR 21572, £ O%,mIERE Y ~ SR
NEPiE 2 BZ2ERUE Ot —E v A7 o2&
AL 22K » 7 A 4F MB-888-V) 12T 360°C,4 RERIHEM
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MEK 4538 & Vi 7 a & 2R,
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=
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CNT concentration in a fluorinated resin [wt%)]
Fig.2  Electric conductivity performance of

High-Performance fluorinated resin

MEK 78R (2> b 1) ZAWCTER L7-miiE T v
FEHHEIE, BRI 2% CNT A8 0.01%(weight)iZ 38
WT 10" Q- em OEFEMENE LN, 5T, Filny
MIIZZDDIEE2ERH DO, HERMEHL T
ROBIRZE FAVWCER L mgkae 7 » FBRIEL 0 b,
BHRERBRIFTH D 2 L MR TE =,

KRABEERND5E, 7 v FERHIRICKHT k0N
HEYLET DO BEE = ) — VT 5 0N
NhHY, =& ) —IEHED CNT OEHE Y R 7 flvE
7 ut 2AOEHLOFEN H - 72, MEK ik A fv
536, MEK L 7 v FE otz E 7 5
TR ARRETH Y SHIRIEREZIC T v BRIRR
M-BET BB ANEBITTE DAL D, F£72,MEK
STRURDGE, HEMHEYNE Th D iR Ko
TREHE LT 15 THLZELAEE LTHET LN,
el e > FREIOIE B> & 13,MEK Bl o CNT 73,10
um IS ST e 2 & SRR O CNT O R &2
HEODERELTCW I ENERTHDIEBZLOLND,

4.2 RMzEMHFHERER

EREMR CNT O FE & M (anneal ¥ 4 7' L as
grown % A 7O ER) ORI % CNT 2 W CEBRE~ v
FRINE & VERL U B8 & 54 U 72 /5 % Figl 1R,
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Fig.3 Thermal conductivity performance of
High-Performance fluorinated resin

FRECLHE CNT FIE 1 %(weight)IZF\)T,E X A% 300
pmEL ED CNT 2 W54 RSN 10 um L FO H D &
PR U CEMAE M h) | (BMAEER © 0.69 W/(m - K))
% EAVHEE LT,

300 um BL_EOE RELA CNT % 72380807 13, IR O
BB WT ONT BEEL T DT H b b T, &
WEMREM NS BT,

BB M BHIE T O CNT D43 8Ll EIZCNT O &
D77 X —BRESHEBERIETHOEZZOND,
F£72,50~150 pm OE R CNT (I 0.05%(weight)) %
&7 v F#HIEIL,anneal # A 7D CNT (0.64 W/ (m + K)
23,as grown Z A 70 CNT (BMREH : 0.45W/ (m - K)
IR U CEMRE DS 1.4 512 &M BT 2 Z &I L
7=o FEEMEDEY anneal ¥ A 7D CNT ZIRINT 5 53,
BREMgEZ KRE<MESEDLZENTRETHD Z N
B Tx 5%,

7 v FHRIZERELE CNT 0.05%(weight) il L 7= 55
A IR D 2.6 FOBMBE RN XA TE -,

4.3 B STl AER

7 v FMRICRT AR RNELR CNT ORINEE 2T Lz
EIHERE 7 v SRBIIE 2 (F Y U B ME IS D TR R, Bl U,
[EHEHRPE 2 ST QIS K7137-2 1ZHEL) L7-f5 % Table.2
[ I
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Table.2 Mechanical characteristics of High-Performance fluorinated resin
material PTEE PTFE PTFE PTFE PTFE
Material/ addition concentration CNT/1 wt% CNT/0.1 wt% CNT/0.01 wt% Carbon fiber/15wt%
The maximum point ~
tensile load [N] 237.67 209.00 147.69 125.91 90.9 (3%¢)
Tenslle The maximum point
charseteriatics | tensile _stress [MPal 20.62 16.40 12.25 10.60 7.4(3%¢)
Elastic modulus 298.09) 142.17 613.75 195.06 586 (3¢)
[MPal
tensile strain [%] 339.25 280.09 137.98 31.78 17.2(3¢)
Elastlc modulus
Rendi [MPal 589.00 752.00] 656.34 614.22 831.5
char:c’;:elrr;:ﬁcs (0.05-0.25%)
The maximum
bending stress[MPa] 13.88 17.15 14.51 14.42 14.65
Compressive Compressive load
charactoristios [kN] 1.35 1.22 1.50 1.10; 1.02

3¢ tension rate ; 5 mm/min
£ RECLE CNT A0 1 Ye(weight)iZ 38\ T, B EH
L0 b 5E JEMEOMMAERED TRl> 72, CNT @IEN
ZNZLICRINT D7 4 T —DBENERTHY, 7«
T — BN WA IR 23 T AN 2 MR A fE i &
M CTE 5,

£ RFELA) CNT HsANE: 0.1 %(weight),0.01 %(weight)?D 5|
R BHIEEM &2 40~60% T [E] 5 [7 % = L7225, #h
e JERRREEIE 10%1E 8 BT D 2 L AR TE T,

#hEE

=]

5.

MM, BRI BB AR I D i O RE A 27 S RE
7 v EBIEOEMILE BIE L, 7 v HEk 7RI (B
KifE 25 um @ PTFE Ki1-) 12 0.01 ~1%(weight)D & AL
M CNT %% - HELT 2 7 a2 C,mMEEY »v Ff
NE DA - FF-AM 2 FEHE L 7=,

OFE C BN BV B M B P 2 O & o miRe
7 v EBIEDRE T 1 v 2 D& &2 1TV MEK ki
ERWEEHEY v BRIEORE T v A2 HLT D
TEMTE,

WML, CNT FRANEE 0.01% (weight) (23T
FEHEHIE 2.4 X107Q ~om ZHEsd L, AR &R CTE 12,

—J7, BMZEME, CNT BN 0.05% (weight) (2
BWTEYRER 0.64W/(m-K)Th V HEMEERICIZEDS
Rholz, —KEIC, CNT O S, Rtz En 5 L,
CNT [FAENSEWVICHEER LT <720, LVEELR
3K 725, CNT O@EfEf bic LY CNT BRDEMRE M
I ES- U2s, BRI U CRFTIIC ONT 2SERERE
LTEY, #IEOALOFERNEVMEEEHEL T\ D L
s,

BEWURFIE LB U T, JERETRE BRI C 10% R
O ERHEFE S NTZA, WTHo CNT IIEIZE W T

b BAEMERICIIE S -7, EisEE Y v FIE Y
RIZI, CNT ORREFLIR CERMAAE L T D Z & % SEM
BEIC Lo THERLTEY, HEROMEIC X - T2ER
WBRREE RS> T Ty I NRAETHZENERE T
Hand,

AR L CmiERE 7 v RBIE O &Mkl xE LT,
CNT 04 #E, B, fmtED/7 A —2 B RIETHHER
ZEMERNCEMET D 2 LN TE T, 41k1E, CNT D4
P, BE, BmEof T 2 —F OERNRIE AR
T 5 & & BT, B EMME SR 7 CNT 285
HICH— S TEx 27t A0%FBICE D A TN
FETHD,

BB ARBISE A D D12 B 72 ) R RMISHE & s

Ha Y E UTMNATBIEN BT = L% — - PEFEEINBA
FEREIEFEA - BB T T 0 m DRI RS BALH
LEs,

SE X
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HKFL AR EL BB OBk & FFM
Synthesis and Evaluation of Deuterated OLED Material
T F I

(N
SUGIYAMA Yoko

BHEEL 731 A BHOL B R E CENTHEARD, T LEAT 4 AT LA R
OB COFARPHINTND, LELRREETRTIANDT—T 4 AT LA 2 HK
S HINE, A B E R T I E O TN RCM A DO TD L < OBENFE SN TR Y
b n=pb o,

TIT,INOHEE RIS 5 FE L UCHRAEMBIOEAZICER LM OKSE
Y (H) #FEAFFRT (D) CBEMHZ D2 L THLNIMRERIE L, 40N, A1
EL 734 ZADFNMELE LT E L OMFEN 2SI TWA Tris (8-hydroxyquinolinato)
aluminum (Algs) %% —7" > b & UCEAKBDOERIERTE & 7 /31 APEREETAMN & K
L7z, FEEKFLIEE Algs-hig & BEARSBEAEL Algs-dig Z FLBIZ AW T /3 R 2 {ERY
U LERRET 21T o T2 5 3R B2 3, T ANE & 12 Algs-tig D 5753 Algs-hyg £ W BTV B Z
LERRH L,

Organic light-emitting diode (OLED) has outstanding features, such as self-emitting light, wide
viewing angle, low-voltage drive and flexible structure. With these features, OLED is expected to
be applied for extensive use including display and illumination. To make full-color display,
luminescent materials for red, blue and green are required. However, there are bottlenecks to go
through such as luminous efficiency and durability before OLED applied more commonly.
Expecting to solve these issues, we try deuteration on a luminescent material to examine luminous
efficiency and durability comparing to non-deuterated material in this study, we use Alg; a most
common aluminum complex among OLED materials. Fully deuterated Algz-d;g was prepared to
study photochemical property in solvent and device to find that more fluorescence quantum yield

and durability comparing to non-deuterated Algs-hys.

o

SHIMODAIRA Haruki
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Hi% EL SR TH 2 BBV BHCER =RV
X —% G5 2BE (=R X —0NEVREE) &8 i
KB B RERRIE (LERRIE) ~KIET HEERITHK
HEnzzo g X =2 LTRYEHTHLZZ W)
DoRFHI A EL 71 A O A Fig. 1107,
Bl Z I X =T E D% A, T AR EOFEIIBERIC,
IEFLEISE B R E TR E EREBNSER DN
5, BIBIL,BEBFLELOBRELOEE L T 5K
A MMELE OB EIO R EH S K—s2 MR

* o BASE-zy =) RER o AFHRFERT ALF A TS
B TR

D2WAFZTHREND Z LN, —RINTHD ?,
RNFHIT,O~@D TRICEvHHEn s 29,

DOF A ZZEBELZENT 5 & &R HIEA
ENTXY VT ThHHELN, ELREREO%E
DLy FEEEBEIT 5,

@BHBMmN DIFTEASNEZSE D —HDOF X VT
T 5 IEAIE, LGB OE T M55 T
LB BEIT 5,

@i ¥ U TITFIEIE~ & A S B A FHEA
T 5,

@E/BAICRL VB ENTZZ XA —NRIED
HHES T ORMEREZTER LRELT D,



AR EL T84 AL 30 FEL A DHEICED F
TSN TEY KR T 0 A7 L 4 M
HAICHER 2SN TVWEIR A ERIEDD
T HEBRBEBNEERBESEL-00 85725 AW
Ko\ b EEEREOZOOMAMER L vo 7z
MENBT S5 Y,

TN OB ERRT D 2T, 36 oM BHE
ENFFICEETH Y FRx R AEMEIREE ST
&7, TOMBEILFERRICKFLAEHC, SR
PERR EZIKIT -0 FICEN S ER OIS RE
B BHRIEOBEAEIZLIZB b ERONTE 2,
L2ALRA 5 BUEICB W T H @ W R R & it A
HEEfEROMBHIZ < R FICEARE L E R T
MEHZE > TR ML R T b OBIT LA LR
Wy,

A Al FE S RROM AN & Vo 2 W ET B
FELELTEAMB AW T 2 0HED S bKkFEE
EARRICEEZHA D L (EAHF) THEH L,
HARFIIAKRED 2 HOEREEZFTH7- 0L DY
PEICE N E BT 2 ERMbILTNDG Y

2O XD BREAKRFE RO ITEAKRFEED
BB RLECTH Y GRFEORBEBAART
& Do R TILBERF ORI B2 FARE L AR

AR E R O T XA ZAEREIZ O W THRETA L
=D THET D,
B%#E
ETHERE _{j
AR — e w’j
- gm

3

R— V%R L
Emission

Fig. 1 General Structure of OLED

2. RE&

21 EXKFLYDERK

RG L LT RHAMEHT, 2 < ORI & TWn5 b
UA@B-%/Y /7 M7/ =172 (Tris (8-hydroxy
quinolinato) aluminum : LAF Algg) & L7z, FEFREKFEME
Algg-hyg & O LLESEHH 0 72 30, FEKFEM B Algs-dig %Gk
L7z, b ofER% Fig. 2 1277,

HRFEE LB THD 8-F /Y ) —LER
JEROG CTHEAFML,Z D%, AKRBIZLDHNNIFEA LR
WES T A I =y A ERIEEED T & TR EAT
W Algs-dig 21572, EEBEIZIEE (NMR) 04T, & Y
B (MS) SHHC L0 Algs-dyg DFRIE & BAFRILROR
H & i L7z, % OF5E,99 atom%D LAk & v 5 vk
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ﬁ'ﬂﬁ#‘@ Alq;; dlg ZJ)/\EEVC% 7o Z BRI T,

H H D D
H-{ D
S/ Al Y/ Al
H O D (0]
H D
3 3

Alg_-h Alq_-d

3 18 3 18
Fig. 2 Chemical Structures of Algz-h;s and Algs-d 15
2.2 SALFHEETE
FEF KT EE Algg-hig &, ARk L 72 AR EL Algs-dag
DIERZ2NALFREEZAIE, 77 b=~ ) i ToR
AT DVl A R SV HOE B IR, HO R b
PRSI A D T ERIBTREE L 72,

2.3 FINA RELE

FHIBIZAR R M (Algg) OHREFH LT SA 2 (a)
& IR A A (MADN : 2- 2 F/1-9,10- (2-F 7
FN) T hFEY) &K= M (Algs) D 2 RSy
A LT NA 2 (b) % ,Algs-hig,Algs-dig DZEH
TRt 4 FREEIERL U7, Fig. 3IC/EBL L7 EL 7 /31 A
% T,

TAB ERAWT IR EAERO 7O O AN R T 2h
O M AN T _ERERR 0D 72 80 D JE FE D FRBEZE AL % I E
L IHBE D HRGE A L7z,

= Al
LiF UF
Alg-hy; or Alg.-d;p A M“D:hrd
3135 OF 12
i NED
ITO
(a)
(b)

Fig. 3 Schematic structure of fabricated devices
(a):luminescence layer is Algs;

(b):luminescence layer is MADN doped with Algs

3. HRRUER

3.1 HAeFE4FiEETAE

Fig. 4 12 Algg-hig & Algs-dig @ UV-vis BT 222 kL
T, Alds-hyg,Algs-dig 312 383 nm IZHR KRN 2 3
LEERD AT MR E R LTc, i+ HT7-h £
<bH b\ﬁ‘l’:%?:%UIXTZo & LRTE Th 2T/ ROLR
HHiZ LTHYZERENENT VLT,

mb‘f,zﬁj‘nzf\7 b &t IR A HE LTz,
Fig. 5 (AR ML ETRT, UVevis I AR kL
ERBETAALY MV RIZ 72 < i e R I R i
FEIEI 529 nm,528 nm &R LT,



FOERETIE ¢ 13BN (b)) 12 8 » THFICIR S
ﬂt%%ﬁti%’;ofmméﬂt%%&@mfb
D FEER A RO T R BT INEERIEIC LV kDT,
Algs-dig (¢ =0.15) 1Z,Algs-hyg (¢ =0.11) & bl L T,40%
DI EZR U=, ZHid Algsg-dig 28 Algg-hig £ 9 & WY
LT RISERE L THHLTND Z L 2R
7
DA, BT R A T E L e 2 J I L7,
B AR A Fig. 6 12T, wOLFHG LI WEITEE
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Development of Green NF;'™
-Lowering the Cost and Environmental Impact of NF; through the Use of Additives-
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Bxl3r ) —=r 77w R EHEND NF;, TAORADEAM ET5Z 812k -
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We have developed Green NF;™, with the objective of reducing the amount of NF;
used in a cleaning process as well as to improve the utilization of NF; in the process.
This is achieved by introducing a CO, additive into the NF; which forms in-situ cleaning
species in the remote plasma source that are more effective than the NF; by itself. Using
this approach, the amount of NF; can be reduced by up to 10% on an original equipment
manufacturer (OEM) tool. This paper discusses the development and results obtained

with Green NF; technology during both in-house laboratory feasibility studies and OEM

tool beta tests. Insights into approaches for improving the throughput are also provided.

1. Introduction

NF; is traditionally used in chemical vapor deposition

(CVD) chamber cleaning processes for silicon
semiconductors. However, the largest use of NF; is in
the manufacture of thin film transistor (TFT) displays,
where the cost of NF; is a significant portion of the
non-capital cost structure of the fab. Reduction in the
usage of NF; for flat panel display chamber cleaning
would therefore have a large impact on the running
expenses and profitability of many fabs.

Additionally, as the semiconductor industry moves to
more stringent regulations
(GWP) gases,
emissions are coming under scrutiny. A recent report

estimates that NF; has a GWP impact of 17,000 CO,

regarding high global

warming potential NF; usage and

* Advanced Technology Center, Matheson Tri-gas Inc., Longmont,
Colorado, USA

equivalents, which make the molecule a very high
potential contributor to global warming over other gases
used in the semiconductor industry").

Our experiments

established that the addition of CO, to NF3, called Green

concept and feasibility have
NF;™  can reduce the amount of NF; needed in a
cleaning process while maintaining the cleaning rate.
Tests were also conducted at a customer site on a TFT
plasma enhanced CVD (PECVD) tool, demonstrating the
real-world benefits of Green NF;™,

Overall, the environmental impact of NF; usage is
lessened through better utilization of NF; radicals and
fragments as a result of the addition of CO,. The better
utilization of NF; in the process significantly reduces the

amount of NF; molecules in the process emissions.



2. Theory

Ideas behind better utilization and/or reduction of NF;
in a cleaning process revolve around the complexation of
other molecules and molecular fragments to create new
in-situ cleaning molecules that are otherwise difficult to
deliver due to packaging stability or toxicity issues.

CO, was chosen as the first NF; additive, due to it’s
simplicity of use and fragmentation in a plasma. Fig. 1
shows the concept and theory of the Green NF;
chemistry. Fragmentation of NF; and the CO, additive in

the plasma results in the production of CO and F radicals.

These then react further to generate in-situ COF and
COF,; species that have enhanced cleaning properties.

PLASMA \

F;, NF,, co, co,0 )

| NF\N;\CO%L

O + 2F - COF,

Fig. 1. Illustrative theory behind Green NF;™ NF; +
CO, fragment reactions

SiF,

NF, co.

co2

COF, has already been studied>>* as a potential

replacement for Perfluorocarbon (PFC) and NF;
chamber cleaning gases because it has low GWP and no
ozone depletion potential. Acceptance by the industry
has been slow however because of the high gas cost and
the high capital cost of additional environment, safety
and health (ESH) controls that are required because of
the toxicity of COF,”

Our success in generating COF, inside the chamber
where it is needed is a great improvement and allows the
industry to use the cleaning capabilities of this material

without the additional concerns of safety and cost®.

3. Feasibility Experiments

Experiments were conducted in a home-built
Hastelloy chamber fitted with a remote plasma system
and using dilute mixtures of NF; and CO, in argon.
Various substrates were placed in the chamber and
etched to determine the effectiveness of the different
NF; and CO, ratios in the plasma. Ex-situ fourier
transform infrared spectroscopy (FTIR) of the chamber
effluent was peformed to determine the active species in

the plasma and chamber. Fig. 2 shows a schematic

-10 -
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diagram of the experimental set-up. For the feasibility
experiments, total argon flow was kept at 2.5 slpm in
order to keep the plasma conditions constant. Typical
process chamber pressure was 2 Torr and the plasma
power was kept at 2.6 kW. NF; and CO, flows were
varied in the argon plasma to test the effect of the

CO,:NF; ratio on the etch rate of various substrates.

I_u__u_ Ar
—p¢—— NF;
—>4————— o,

Remote
Plasma

Pressure

Etch
Chamber

amy
Coupon of sample

Exhaust

Auto Pressure
Controller

Fig. 2. Set-up used for feasibility experiments

Coupons of SiO, wafer samples (Boron Phosphorus
silicate glass (BPSG) or Tetraethyl orthosilicate (TEOS)
were used for the etch tests. The coupons were placed in
the chamber and then cleaning gas, which was activated
by the remote plasma system under set conditions of
composition, flow and pressure, etched the sample wafer.
The etch rate was determined by process time and film
thickness measurement using a reflectometer and
profilometer.

In order to understand the CO,/NF; reaction chemistry
in more detail, laboratory feasibility experiments were
carried out to investigate (a) the etch rate versus CO,
addition to NF; and (b) the concentration of NF; and
other gases in the chamber emisisons. As shown in Fig. 3
adding CO, to the NF; pre-plasma at a CO,:NF; ratio of
0.75:1 resulted in a higher etching rate than using just
NF; alone.

Results of FTIR measurements of the COF, and NF;
concentrations in the chamber emissions when different
CO,:NF; ratios were used in the chamber are shown in
Fig. 4. At a CO;: NF; ratio of 0.75:1 a large reduction in
NF; was observed in the emissions and this was
accompanied by an associated increase in formation of

COF,.
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Fig. 4. Reduction in NF; emissions with addition of CO,
measured by FTIR, during the etching of a Si0, (TEOS)
surface

We therefore conclude from these feasibiity studies
that (a) the cleaning rate can be maintained or improved
by adding CO, to the NF; and (b) that the improved
cleaning rate and reduced NF; level in the chamber

emissions are due to in-situ formation of COF,.
4. OEM PECVD Tool Testing

After demonstrating initial success on a diluted scale,
the Green NF;™ (NF; + CO, mixture) was tested at a
customer site on an OEM TFT PECVD tool.

A 300 nm silicon nitride layer was deposited inside
the PECVD chamber and varying amounts of NF; and
CO, were added to test the effect on the clean time of the
chamber. The NF; + CO, mixture was tested pre-plasma
at a flow of 20 slpm and the NF; was replaced with CO,
up to 20%. The

sub-atmospheric in-situ FTIR to analyze the gases

tests were performed with a
present. The etching rate and cleaning end point was
determined by measuring the pressure change from the
species produced in the chamber and by a visual check
(color change of chamber surface) made via a chamber

view port. Fig. 5 shows the etch rate as NF; was replaced

-1 -

KIEBEEIR No. 32 (2013)

by CO,. No change in etch/clean rate was observed with
up to 10% replacement of NF; with CO,, within the
measurement error.

% NF; Replaced (% CO, Replacement)

0 S 10 15 20
T T T T T
540 -
T swnd o [ T 7 Upto 10% Replacement Within
E |t it it et b T i e e e Error of Measurement_ _
™
= 500 h
£
5 N\
480
] \
© N\
o 460 \
e
2 \
4404 \+ i }
420

T T T T T T T T T
0.00 002 004 0.06 008 010 012 014 016 0.18

O : F Ratio (mol)

Fig. 5. Etch rate/clean time results on PECVD tool
as NF; is increasingly replaced with CO,

Fig. 6 shows the generation of in-situ COF, by NF; +
CO, in the remote plasma source under different
conditions. At the condition of 7.5% replacement of NF;,
NF; emissions are clearly the lowest as compared to just
a linear decrease in NF; concentration, which is also
shown Fig. 6. This indicates that the cleaning species has
been efficiently converted from available NF; that is not
already being consumed in the chamber cleaning process.
It is also evident that the COF, concentration increases
linearly with CO, replacement. Although the active
species may not be the emitted species due to
consumption in the chamber, it is reasonable to assume
that COF, is one of the main active species based on our
feasibility study. The highest efficiency condition is
achieved by maximizing the active species from NF; and

COF,.

10] % NF, °
04 e -
— N T——3 .Theor, Li ~
i ] B ™ hear 5
£ s N A~ 4 8
w 7] »
c : c
S e S
E N 43 ﬁ
2 0.6 NE* oy 2
w - w
° v -
@ 0.4 A 12 @
5 ] i coF, S
£ 1, E
502 v 5
Z ] 2

0.0 , ; . : —0

0 5 10 15 20

% NF; Replaced (% CO, Replacement)

Fig. 6. Creation of in-situ COF, as observed by in-situ
FTIR during Green NF;™ experiments on PECVD tool
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Fig. 7 shows how a response surface plot can be used
to optimize the etch rate, percentage NF; replaced and 1.00E-09 —— NF; 100%
the NF; tool emissions. The lowest NF; emission is Cleaning
around 10% CO, replacement. At this point in the
response curve the etch rate is maintained at 520 nm/min § 7.5% NF; Replaced
and the NF; emissions are also minimized. Some § >-00€-10 1 Cleaning
differences in NF; emissions were observed between the
feasibility data and OEM tool tests and this is due to the
different conditions used in the two experiments. 0.00E+00 Lize11 gy
However, monitoring NF; emissions and chamber NF; CF,
cleaning rates, the process chamber conditions can be Fig. 9. Million Metric Tons of Carbon Equivalence

optimized for the amount of CO, that can replace NF; in (MMTCE) evaluation for the optimized condition

the process.
Fig. 8 shows NF; and CF, emission concentrations as

T T a function of NF; replaced by CO,. It should be noted

T FT T T‘ T T . ‘

I:ZZ . EREN ‘"ﬂu\ that the effluent species were measured directly off the
7015 ‘ ‘ ::" §: process chamber upstream of the pumping system and
. 85:5 subsequent inert gas dilutions. With NF; only as the
8538 0o § cleaning process gas, 1000 ppm NF; was observed in the
I:::: 7:: ...%1 tool emissions. On the other hand, when NF; was
16808 0 = replaced with 7.5% CO,, the NF; concentration in the

% : el v S outlet emissions dropped to 600 ppm. It was noted that

= CF4 levels did increase as CO, was added, but the CFy

=% - L concentration was relatively low. Therefore, the Green

h NE;™ process enables ~40% NF; emissions reduction

Fig. 7. Response surface of etch rate, NF; emissions directly from the process chamber, which greatly
and % NF; replaced with CO, impacts the Million Metric Tons of Carbon Equivalence

(MMTCE) as shown in Fig. 9. The MMTCE is a gauge

T T T T T T T r
1000 |+ NF) b

E E S~ I”““% reduction 1 for evaluating global warming potential gas emissions.

2 600 et v In summary we have evaluated Green NF;™ on an
"Z"m 2005 : OEM PECVD tool and successfully demonstrated high
,E_ 88 j‘;ﬂ I ;A\_‘; I I 1 efficiency cleaning while replacing NF; with 10% CO,.
a L / \ ] Maintaining a constant etch/clean rate while using less
‘E’; 40 : A/ s : NF; is a major advantage of the approach. However the
o ol ) ) ) ) added benefit of reducing NF; emissions by 40% is also

0 5 10 15 20 very beneficial from an environmental standpoint.

% NF; Replaced (% CO, Replacement)
5. Future Directions to Improve Green NF;

Fig. 8. Change in effluent species during pre-plasma CO,

addition to NF; on PECVD tool Green NF;™ is a unique technology to generate

in-situ active etching species for chamber cleaning.
However, the method is limited to 10% NF; usage
reduction in order to maintain the etch/clean rate.
As the market demands for increased performance
continue to drive developments, there have been
calls for greater NF; reduction with higher etch

rates in order to realize high throughput and lower

-12 -



costs. We are currently working on improving
Green NF;™.
compensate F species by adding a more cost
effective PFC gas together with the CO,. This is

done to maximize COF, species and reduce NF;

One of the approaches is to

usage further. Although PFC gases also have global
warming properties, they are typically lower than
NF; if

plasma/reaction conditions are optimized. We

and may be decomposed effectively

believe in the future a new cleaning process with
high performance, low cost and low emission gas

can be developed.

-13 -
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Development of a Lap-Top Analyzer for the Specialty Gases
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High Speed Growth of Nitride-Based Electronic Device Structure
on Large Diameter Silicon Substrate with MOCVD
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Development of SiH4 Alternative Source for PE-CVD SiN Film
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Parts Cleaning Service for SiC Epitaxial CVD System
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