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1. —®HRALEEMGFiE, G

HRBEE—BNFE (201) P HELEMAE (202), FIRF—EANK
B (201) AAEAY R £, PR EddE (202) B ARMORENELZER
% (204);

B E—wANRE (201) HERATRRES L XK (204) 45304
EHREZEAA (203);

FEATARE LERIR (204) LW RIEE (211);

FEFrid & Z BAH (203) AFTR18 B (211) EIRARS ABAEIuie

(221); A
Y FiE %A IARA] (221) 495 Frid 5 — BEAHH (203 ) ARE6G30 5
BRI AR B K,

2. R F|ER 1 FE, LaiE:

RS —UANRE (201) B LEATE BRE 6 25 X% (204) $9PTE
P B RAK AR (240) F A8 RIE ¥ AR P L % A8 B ALARA) (221)
Fafiik % = BATAE (203),

3. 4eRRA|ERK 207 E, EaiE:

FEF R RE ARG A B R AP RIE & (211) LIRARE ZwN S

(251).

4. B AEBR 1 F K, LFAEFE B (203) A FEKEAA,

5. WwRFER 1 HFE, BRI ZEMH (203) B4 20A £4
800A #4/8/%..

6. 4R AN BR 18 F ik, EFArRE ZEMA (203) VAR,

7. R ABR1GFE, LPATEE ZEAH (203) RELZK.

8. 4B AIBR 1495k, HPAEFZEMH (203) ZFF4K.

9. 4o A ER 1 M9F ik, HPPRLHEMHIE (202) €454 A Cu. AL
AlCu 7= W H) s 49 4149 #1 4.

10. 2o AR 1 8975 %, EFARE—wNRE (201) RIGAEF
HATHE.

11, doBFER 16975 %, EFHEFE—RNFE (201) B4 % 500A
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£#5 10000A 92 /4.

12. oA EK 1 7%, EFAREE (211) REFLH LI W, P,
B. Sn A= Pd 894069 41#H645 Co &4

13. doAR AR 12 497 %, HF AR E (211) B4 % 50A 2]#5 300A
SVEN

14. doAR A1 2R 1 895k, P ATEME 2 (211) 494tk § €45 CoSnP.
Pd #= Ru #4948,

15. JoA R ZR | 9k, RPRAEE (211) BABRARE.

16. 4o AIZR 1 o9F ik, EPATE S ARIRA (221) REAFSR
—38 (A) REIIEA (231) FF =40 (B) LERA (232) &AL
IR,

17. 4o A1 2R 16 897 ik, HF Frd mAR AR R A] (221) £A #9 50A
£ £ 1000A # B /Z.

18. 4o FIZK 16 6975k, EPAIEE—4 (A) REIFRA (231)
QIERL . HHSE Aok § @360, B, &4 hydrosy #9269 44, ATk
% =40 (B) HEIikA (232) ELAY.

19. 4o FIEK 16 5%, EFATESE —48 (B) AEIEA (232)
PP —A0 (A) REIFAEH (231) BA 56 a1z,

20. 4o F) B K 16 845 i, iE GI5HRFTiE F —AB( A R SR (231)

o F IR,
21. 4o F|ERK 3 5%, RPAESE —SNFAHH (251) RAENE
F AT

22. —Hr Ak, €3

BESE—VNRE (201) PHYEEFIE (202), PTEFERAE (202)
BEABERGREHEERIR (204);

AR RENEHERIR (204) EHTEE (211);

BEFTRE—SANFE (201) 9B Leprid RE6) Lk KK (204) 8930
P AR AR (240); A

FEPTRARR A LM (240) F & (211) L& H A A (251).

23, —FPEiE4H), WiE:

WAL —WNFE (201) e EESFE (202), PR E&ESAE (202)

3
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AHBEENGEREN L RK (204);

BEPARENLERRK (204) L&1EE (211);

EFAS—aATE (201) RS EREN EiE XK (204) 4935
b k mARATHE (241) &Hy; A

FEFTRARR AR A (240) Fo18 & (211) Lo 5 AR (251).
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A O R AR Bk kM

PAARIR
ARPERGBEFHRBHE, EEARET, TRAELNRET E
WA (air gap) 697 ikFetd#

FERHEAR

MEEFRBEHREE ), DEETOREBRNENTERLE, LiEZ
BB AN ER AT R FARR. XFHER(E TR KNS
ik B,

A TRy w3%3ER 4 BEOL (/Z 8 back end of line) Zi&£4(4, 44
ZERALBEENR (K 4.0 69 k1A) K 3.0 89 kAR k BRIRAK,
ATH—FEne, s THAENRTFETLEMGREE (kDT 25).

TR S IURKk RNMRRELE, Ad, SRECNAAEL, S
% A A AR B A A4 . AT T 4 AT49 BEOL T2 s, Xk
SEEHR I L ERELE AT EAIK. Pldo, FH CMP (ALFHARM
H) TEREAIRAIAIARAEE % LA, FHPVD (5F & FIRAADLAR)
T ABAREARAREES LN R B ERBRIFHEES.

BT BEANEFTRRECRGF —RAREFERINFEAR., BAR
FACEE A K2 4.0 F ERAGANBFH, [2RAGNLFEXLH 1.

£+ #) No. 5949143 (Bang)Z£ARAR A L EZ AT AR, ZAR
WY RIS EE 2 L RBRBLEERLE, ARATS LEWLIEEDER.

£ [E % #) No. 6440839 ( Partovi ) i it /£ & 18] AR (interlevel dielectric )
LAz «i@iEMEE (tenon-wetting )” MIAE 1A Fa 4 ko Ar #1428 09 ILAR, VALEAR
ARG T B ik Z M AN B AU, I AROR PR 2 A 1) BE 69 B iE A Y A,
G AR,

£ B+ 4] No. 6861332 (Park) A FF T4 A HAILEELNR FHARAR,

£ B 4] No. 6780753 (Latchford ) iXAFM R AM: A-FRZ LR G
INRAA, EFARAFENRZ LRREILE, RERE S ILENFRZE
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AR B RARAAT, ARG T AR,

£ B/ No. 2005/0062165 ( Saengar ) T a3t M 6 AR ik 454 .

% B 2FF No. 2006/0019482 (Su) # %M EikAE (stake) Fo % N2 B
Z 18 AR .

Rk, &AM, ARZJLENTEN, HIA BEOL LA,

AE R —A B 692813 S BA T AP A AR RR B A A
LR &

AE P H—AB 8 R A5 IE ¢ BEOL AL IRARK 6 7 R RAEIZ 2 20
£ T BR AL AT 6 A R 64 % FLR AT

AW %

AL PRM—FF L E M, O3 RAEF—OUNREF W LEFIE, AT
# B LA AR REN L KK, PrE R E ) Ak KR L TEAE;
B ik 5 — AR Bt B e PR B ed Ak BR3P AR AR M A
PR AR A TR A A01E B L4 B — B AR A4

BB —Fkbld, RgE—FLiELM, O3 REF—SLNMEFHE
BWAFAE, PTALEREAABENARENEERXS, HERENELLERE
LB, RS — AR EGBRTEREGLERRN I FHRLK S
NS AR MY, VAR PT IR AR ARG M Ao 18 & L6 5 A,

T ALY 7 — Tkl F, RgE—FHRLESHGF X, O3 B
REF—WNFEF L EFIE, FTEF—SNREAREMRL, AL
HRFEAABREMGRENLERSE, AAS — MR EHBERTERE
) B ik R LR E — BMA ERTE R LiE RIS L AR TE &;
FEFiE 3 = B Aa T i 08 B LIRAR B AR B IARA]; vARIFPTE % AR LE
FARF) 84 5 ik 5 = B A AHARE 6 30500 B AR R AR A AT B R

BH LA — N R EABSPTERE N L& RIRTE
Ay FHRAARAIR, FA M RIE LT XRPTE S ABARRAEH FoATiEF =
EAtA, % kiR QIS E TR R ARG AR B R AT A NG B LIRS b
AR A HE.

ik — BRI B EREAE. TAS — EMAE LR A 4 20A £
% 800A 9 B E. PRk # — BAHMRAR SR, BEARRFFR,

6
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Pk Bk S AER 4 L4538 B Cu. Al. AlCu F» W MR A48 69 FH 4. Frik
¥ — WA B R F A, BB 49 S00A £4) 10000A 49
BE.

FriZ 8 Bk R Co A4, B CoArit § @46 W. P. B. Sn#v Pd &9
LE AR, PTATE BALiL B 44 50A 34 3008 9 B E. AL ERES T,
B E#t 4L B €35 CoSnP. CoWP. Pd A= Ru #9401, F7ikE Bk EA K
A&,

BEARERHRG T, FriESARREIRAREAFE 4 (A) ABFALRA
Fafh =48 (B) REIUEA 4RI A . Prid A B AU A L B
H 4 50A £% 1000A 9 BE.

Brid 8 —40 (A) AREIFIRAIRL OIERE . AAS AL § CLI60E,
BLiE. @A« hydrosy #94L&AHH, PTRH =48 (B) ABIUikAIRERRKE
Y. EREERB T, FESE A (B) ARIIRAAFEE—48 (A) £
2 & W Sl R o Logs Ul

FHERTOEFRTEE A (A) ARFEH TR, FEFH %
NIR A e RARA- 7 B ATH

o

M B 458

ARAE AR KA SR AE R AT GG, AR I 69 R b ELAR R R T AT B ARAY
ZR¥, BUN TR, BARRZEA. Am, LEAY, LALEMT
RBM T, BLLSRTEHLEEWEF ML THEITER. WET:

A 1A-1D R FE WA, = d LA DR E IR LE M,

B 2A-2E 2 7 &M ANE, T HRBEARALALEEREM FH R T
=

B 2F(a)f= 2F(b)2 F & MW AMNE, THRARERL PR LIIRLEHN.

LV T

KA A SR A P SRR A A A M A R
B4,

AR LA R AR A AR ) (34 3 A0SR A A
A) HET EABMHLE. AL EIAH BEOL TEARKE, FHL

7
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TR A ehAEse A F 5 A4k 40 5 (etching profile ). EAFe4MEIBER Z. &
¥ CMP L%,

ABA 1A-1D, FH A FAERREMT ZEARGFAT EHTEH.
B 1A THAEBANT LR PO Lk L BHERR, B 1B T HERE
EthmAn, B 1C 7B iRARFLIEEAE (block mask) A THEENF1RZ]. B
1D 7 i TR B 45 Bk 6 A Bl b T s AT

BT EEFIMIEAE, FEM G RAF LM, AR S FLEE
AR B B R AHY B R A AEAR K 6938 K49 T R K.

RIEALY, RRLH DAL RE (LA ET12)) A EH0 LA TR 4%
%l ik Btk 09 B AR KB 4R A A 4o Diblock = & A K BARARXAREEE,
BP 5 I 4 Cu A% TV R A M A AR FIr AR LT . KA
L RAR KT IA 7 k. ALREEH BAFHARY AM, BARL
TP TFAEAT 4% 6 A ATHE

A 2A-2F i8R KL AR E RS R L& M) iFms ik, WAL
RBE 2A, §9EE 202 SRALLARE 201 Bla /&AL F B A F B
#1203 ¥, FEMH 203 ik AA EREE AR TE R EILE
MWARS B, HAGFEELE 202 A RFALLLGA 201 THRER®D
204,

% = EAr# 203 498 E AR LA 20A £ 800A Z 17, F = EATH 203 7T
VAR AR AR IR, F 8 B A 202 k32 Cus Al Al(Cu)
RW. Hikb, BERE 201 £BEAE 500 £ 10000A Z 8] 94K k #H.

RNAEARE 2B, Lik-F48 202 #) R FE R0 204 #EA B0 S vATE & 211,
1B 211 £k A CoWP, HEEAE4ALEX AT ML E, Hikk, 1§
B 211 89 2B/ 50 & 200A Z 18], 2T CoWP X4, €44 3e CoSnP.
Pd F= Ru #. 2 ] Foboh 6569 REFIEL, LRI EAA 211 BA “BAK” X
B TERYEMNMEE R, ZABHRBARER L BHIHHR

(topography ) vARRAEMFL RE AT, FFHKEEEIBRE 211 ok

K ey AR AR AL R & 203.

NAEARE 2C, %AABAEH A 221 RAEEEAR 203 F215 & 211
thED L, ERETESL T, %IRRT AH 221 2 FBABRB TR 5]
4o Diblock. A8 IARH] B 221 ik EA 50 £ 1000A Z Mty BE. %

8
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—A8 (A) ik a3EHL . AASE A, BLE (amide). & (aldehyde)
K hydrosy. % =48 (B) 4tk R FAM R HEITIRA] .

NEABE 2D, EiBdAMA 2D (a) F2HE 2D (b) ~& T HE
KB FARF A 221 Ao B RFE—48 (A) 231 ##% =48 (B) 232, AR
B AR AR 4 B it UV B R ARIER AT, UV BT £ F L6 UV
B A8 &b AT FLiZ 4 MR E 4 100C £ 4 400CHAMBELZ A UV B
A IR,

[ IR AR dn T IR AR AT ARG A 69 1 DU T AT UV 3Rk,
Bk R K AR @35 4) 4 He. Ar. Xe. Npo REAG RS, FTiEH RA
Whlanh NyfOy. Tikd, HFFBARTMAZ|RERAMRFT, HFEH
SR T 045 Hy. CHy =T REAK (trimethylsiliane ). 2 3 A &
# X, HSiRR R, #9247 449, £ R.R, A= R, 7T vAAE R K AR F) ik f F K.
. mA. THA. RFE. FARER CRAMANAL.

B ik B AP R B AR 69 A AL e 3 B AR 694 20 e . BRI A4
%, % —A8(B 232 s —A8( A)231 BA & 5 6974k %) 14 (etching-resistance).
408 2D (b) FiF®, #aBEHELE T RA FRKEBFE ZEHH 203
L. EZAHASBLOHRBIETFE, EHMFIEEIRTEE 21l FEZ
BATH 203 LI HEE.

iZ B AR B s P AR B IR A 221 BB Z EAAT 203 (S ERE
2t ) X Ae AR KB IR 221 HIEE 211 (RAAMS HLL) LA AR 4
REFHEsIR, AT REEEGEREEN, TARET LB FRZAM
R@FERE A (A) 231, xBRFETARERR. FHFHRILSHFAX
IE . TOMER #IR AR B L 6T 6 AL A 84 F 4% (TMAH)
VE AL F B2 R T F .

NAERBRE 2E, 7Hi@id RIE TEMABLMEE 211 4955 R4 LK
FARF) 2] T @ 054K 201 ¢ B K445, 4 RIE 42 %] FBARADL B 69 LK
FARF T & 49 48444 201 7 BAERS SR 4 M) 240, TEE 211 T @ a94etk
A 201 RZ Rk, TRRATEIREGEE LR FEAILR, B BHAR
RIE ZEHE A FARRAREM, AdmEt—F B RELGELEE (dielectric
capacitance ). W1 F % —AHA (B) 232 )b & —Aa4tH (A) 231 BAH £54)
rRZ M, FTAS —AR#H (A) 231 & RIE $4%04%, Rm % T

9
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AL AR (B) 232 6940 AR,

NAELARE 2F, HF %K HH 251 RERBREETG AIRLEH 240 F=
BE 211 thA& LA R Fit—H 3. hikdh, HoBBARE 251 ZIKKk A
. B 2FQFTTHERB T, PFHAie B s hitat 251 AR
AT = A 3Rk SR A (two-k dielectric material ) 241, ZXAH LT,
B K 251 A RE SO T B — 54K 201 ¢ B F HOAAMAT R B AR
B ARG kA, |

T2 B 2F(b)FF Tt hik 5240, PTILAREG B 424k 252 RP AN
AR, BFARMARLLEN 240 F.

st FAABBEAAR M EFRRGAE, ERBBRLPHFAPGHILT, T
VAAR i B LIRS K 69 5256 ) st R L A AT e 15 . Blsh, XEAE L
EAEFMABRANER T2 RLAGTEA.

I akiE M

AL BRSBTS SR B R A AR E T A AR.

10

Page 369 of 616



SR /i

200780026288. 8

EEEE xS

¥,
l.‘x :
%
p 0.9 : :
XX
QXXX
- ' : X X e
Q
" X L 53 etetatetole’ %
p 4

2 14 B/ 1C

WA HAK

B AR

23
RIS
SIS

R

) &9 0 4 X X
3

B —
K ", "’

& 1B

11

Page 370 of 616



200780026288. 8 WO B W 2/4M
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i The present invention relates to the high tensile stress
capping layer which has on the Cu interconnection it re
duces the Cu transportation and atom gap in the Cu /
dielectric interface. It is formed that the multi layer of
a dielectric material in which the high elasticity dielectri
¢ film is thin is deposited and each layer is approximatel
y, the thickness less than 50 A (5nm). Before each diel
ectric layer deposits each following dielectric layer so t
hat the dielectric material cap has the inside tensile str
ess it is plasma processed.

The dielectric, the extension, and the copper
interconnect .
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P9 HY Scope of Claims

P 18 Claim 1:

BEE X AX0H QOiA, OIS LS MEd ASEH0 £2 The semiconductor device including the dielectric layer,

HOZ WHE & ix{l% g?! HMOE 5o HE & ASE2  the multiple deposition extension capping layer contacti

I BEote UsS & UH #E 5, & = ng at least one conductive phase call connected, and t

St A M BIHEN SL BH he compressibility capping layer contacting the dielectri

Hat5t= BHER AR ¢ layer and has on the same plane as the extension ca
pping layer as to the semiconductor device, and as to
the dielectric layer, at least one conductive phase call
connected is partly input.

3 28 Claim 2:

22 As for claim 1, the semiconductor device which further
A includes the diffusion barrier layer surrounding at least
one conductive phase call connected

3 38 Claim 3:
Rigtof UG, &0 0 HEEE =X8Cz SHE EE  As for claim 1, the semiconductor device consisting of
2 FNEHE 2 BEX AR layers in which the successively the extension capping
layer is deposited.
T 48 Claim 4:
K1 YA, &0 iE HEEES OjMS #_/t(S;OZ), = As for claim 1, the semiconductor device in which the
TA{Si3N4), ¥ SiCxNyHzo 74 St 2(H A, x, y € z extension capping layer consists of silicon dioxide (SiO
= JIHEEQ WRS0HZE IR ZUiA d2E g»ﬂ; 3 (SB)2(/SB)), and the material selected from the group
MEi= 20 8BS R AK consisting of silicide (the here the x , and they and z

are the variable percentage) of the SIC x Ny H z and si
licon nitride (Si(SB)3(/SB)N(5B)4(/SB)).

Page 2 of 14

Page 375 of 616



3 58 Claim 5:

H1gol AUA, &9 ol
Cls, =oi, 84, &b, 2

S0 Z0AH CEE S8 PHEE BHEH

f2  As for claim 1, the semiconductor device consisting of

e ¢} the material in which at least one conductive phase cal

AR | connected is selected from the group consisting of th
e aluminum, copper, tungsten, silver, gold, aluminum-c¢
opper and nickel.

ol
o
gis}

o il

r
o
0z

foli

12
Lol 2

P 68l Claim 6:
Bre A AR MM UMM, ZHE LS 824 45 As to the semiconductor element manufacturing
H&0 2202 HE SMUSS HE26i= o3 — 42 method, the step and the step — compressibility cappi
MG Sl MM ASEE0 A2 TH2 A0 8IS ng layer removing the compressibility capping layer fro
O HEiY AZNCOZE S HOHY — ; MY REMES 2 AJF m the extension capping layer are formed on the dielec
HUT oL B NS A E BESES S&6te tric fayer and it remains in contact with at least one co
CHH — A QI Z BOE2 AD BOHE §HLIS A E4H A5 T nductive phase call connected that the step: step — e
£ BES — AD| OIR MTIE AN Z2A0F KelE 43 xtension capping layer removing the part of the extensi
Bhe CHH: ADI SEME AN AJf oI & Z4mlZo el §  on capping layer on the dielectric layer deposits the co
HEte Ol — A QIR BTES AT HOS SHLEO Mo mpressibility capping layer on — : extension capping la
MASHET HES0 S0 US — ; AJ| QIE BEE U SE YEr and dielectric layer the step — extension capping |
HE AN OSSN WEES SRS OH, QAT UES N ayer in Yvhich it is the coplanar the top surface of the
LES A 0R BLEOZ UG MHSIS Ol — AD o conductxvef Phase cal.l conn.ected of the step — at leas
HABLES A SRS AN AT D A O BEE 2 t one proyxdmg the dielectric layer in which gt least on
HOl QIS — 2 ZE6iD, A0 0N NEE2 AT SR & e cgnductlve phase call conpected is partly mgut subst
O A ROG SO MEA AS NS A BOjE 2819 = antially depos&t.s the gxtens;on capping layer_' with the s
IE =R Q ZoiR0F HE SHO O SRS [1E S & o urface of the dlelectr}c layer on — : dielectric fayer and
TEQID, A O BEES A MO A ASES9 EOly at least one conductive phase call connected contacts
M OB ASHAS NEIS HITH ATIC WEL at.least one conductive phase call connectted of pgrfor
! ming the plasma processing on — : extension capping |
ayer it is in the extension capping layer vicinity it inclu
des ; and the extension capping layer is the multiple de
position capping layer deposited on the dielectric layer
and at least one conductive phase call connected with
the sequential vapor deposition and plasma processing
step of at least two times. The semiconductor element
manufacturing method in which the extension capping |
ayer adds the compressive stress on the surface of the
conductive phase call connected.
Hp 78 Claim 7:
SFE R AXNR M AELHM UMM, B0HE StLIS &4 A5 The semiconductor element manufacturing method in
HE0] 2EMO2 UM RENEE a6 @3; 471 8 which it includes the step of providing the dielectric lay
S 2 A EUE oL B A4S TE A =4 2 er, the step of depositing the compressibility capping la
L=s Zaicle S A H0E 5HLUS MM A5 8<% yer on the dielectric layer and at least one conductive
AIA AT UEL HTEC URE HHG= S a4 2 phase call connected, the step of removing the part of
=L WLS U AMD HNT oHLIS BT ASEL A o1& the compressibility capping layer on at least one condu
WLWES ZRFH= CHY; Y AD OIR BMBES A =4 ctive phase call connected, the step of depositing the
HMEL=OZ S HISle CHAHIS EE6D, (A, AD} oI & extension capping layer on the compressibility capping |
BEES M) UEN WEUS U A BUS 5L ME& A A ayer and at least one conductive phase call connecte
SEZ NN BOE 299 =& =2 o Zo A0 el & d, and the step of removing the extension capping laye
O oS SEE = SR MEEC BT R AXS MEgte, 1 from the compressibility capping layer as to the semic
onductor element manufacturing method ; and here the
extension capping layer is the multiple deposition cappi
ng layer deposited on the compressibility capping layer
and at least one conductive phase call connected with
the sequential vapor deposition and plasma processing
step of at least two times, and as to the step of, at le
ast one conductive phase call connected is partly inpu
t.
23 8&: Claim 8:
Hos = K780 UMA, 22 A HEES 7 Torr(933  As for claim 6 or 7, the semiconductor element
Pa)of &, 4001% 2%, ¥ 600 WattsS DX 0 IH¢ € 0 manufacturing method in which the extension capping |
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KB T H7TSW UM, 471 U BHE2 0337,
HE7A U SICxNyHz SEHS R4, Eh, BA US40 5
BE(0IN, x, y ¥ 2= I8 SIES0(CHE 0120 20|
N HEE QT SO BSH AR HELY

7 108

XI6°‘3ﬂ U A, é,*] EctXE0F Mele 5 Torr(667 Pa)el &
g, 400Ty 25, ¥ 500 Watts_.i L0 IR 2 0 Watts
of M0 MHRolA Malsle B &4 MEgE.

ayer is deposited in the pressure of 7 Torr (933 Pa), an
d the low frequency power of the radio frequency pow
er of the temperature of 4007 and 600 Watts and O W
atts with the chemical vapor deposition.

Claim 9:

As for claim 6 or 7, the semiconductor element
manufacturing method which is a dielectric material in
which the extension capping layer is selected from the
group consisting of the silicon dioxide, the silicon of the
SiC x N y H z form and silicon nitride, carbon, and comp
ound (the here the x , and the y and z are the variable
percentage) of hydrogen and nitrogen.

Claim 10:

As for claim 6, the semiconductor element
manufacturing method in which the plasma processing i
s processed at the pressure of 5 Torr (667 Pa), and th
e fow frequency power of the radio frequency power of
the temperature of 400T and 500 Watts and 0 Watts.

H==20t Technical Field

=2 dye Uex &8 2 2(IC#394s)0 28 X0|3, 2L} The present invention relates to the semiconductor IC

AHGIHE B-NE-22-[{-2t2I(BEOL) A5 &L DAY 2 (integrated circuit) (IC's). And more specifically, it is a

st Qi) bout the back-end - of -, more, - line (BEOL) interconn
ect structure.

idis Background Art

ol A EEMA ﬁt#dgi SO S IR &2 ¥ The introduction of the reduction to the small size and

H-k-RdA2 T2 82 E84E S0HA2= XU 221 low-K - dielectric in the copper interconnect is caused

S O 2 A2 2= MM XS |010] S0 2t& X 4F by the reliability problem it adds to increase the comple

S&ES R2E 20 A, 8= Ol s(Electromigration, EM)2  xity of the process and of receiving the greater concer

2= Oh2 09 S(metal failure mechanism)Q2 52 A] n. In the semiconductor interconnect structure, the ele

|
J

=2 ULH EM2 Ui 2 722 I X(VLSI) 20 Uiet &
Tet cigld EAOILEH

N
i o

Cu/SNM HHE [ ¢M85ts MIi1E 0l s TS VLSI &
2 SEHM TR AL 2HZA SLAED UL Cu 249!
Ol CHEF &0 et 25 22iuAS S TD—HTI ME =
™ Si3N4, SIC 2 SIC(N,H), 2S5 2 Cull AHS G2t &
Mat= 240] HEZUCH Cu/ﬁ 15 HZHMA Cu *s 2R
I} E(atomic voiding)S ZAAIZI= ZHE2 MEIES 23HAI3]
O Rlet B UM FE =00

tw

E 12 45 /&?Eﬁ—i-' X 29 CGHEOCH 2 45 E

£(10)2 21E g S H(inter level dielectric, ILD) &
(20)2 S ML Ol0IA, ¥=20] U= BES(30)2 &4
B FIE(10) ILD(20)2 =5 EY 0 84E0. &
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ctromigration (Electromigration, EM) is regarded to the
metal failure mechanism. EM is the serious reliability pro
blem toward the integrated (VLSI) circuit of the large s
cale.

It is regarded as the reliability problem that the
electromigration damage generated according to the C
u / dielectric interface is principal in the VLSI circuit ap
plication. In the Cu line, it was observed that the gap
at the metal line was generated according to the bulk t
ransportation according to the dielectric, for example, t
he Si 3 N 4, the SiC and SiC (N,H), and the interface o
f the Cu and capping fayer. In the Cu / dielectric interf
ace, it is the purpose of being principal in the semicond
uctor industry for strengthening the reliability to reduc
e the Cu transportation and atom gap (atomic voiding).

Figure 1 is a cross-sectional view of the normal

interconnect structure. The copper interconnect {10} i
s formed with the interlevel dielectric (inter level dielec
tric, ILD) material (20). Subsequently, the capping laye

Page 4 of 14



10A BCXE S0 HEES 2XRE0A, U 2=H
BEHEH(B0)2 H2L CvD ST HHZ Ml 2= BEE
2 CHeF 250A (25nm)0 HE A0 =2 SEHE. Ol 220

0 :
A, 8 BEE2 Cu LEOE Q13 AE A(tensile

stress)E =clietll. CVD &2 Hi2iliH= HER2Z (e
2.4 Torr(320 Pa)2l &8, LHEr 400C 25, 2 1= 1,17

0 Watts2| HF L}%, CH2F 130 Watts2] LF 0L JtA
A8 2 FE2S HMEECZ SiH4 Hef 250 2 ABUE 7
Bl HiEIGIE{(sccm), N2 TS 19,000 sccm, & NH3 Chef
1,300 scemOiLt.

r (30) in which it has the compressive force is formed o
n the exposed surface of the ILD (20) and interconnect
structure (10). In the normal interconnect structure w
hich is seen in fig. 1, the single compressibility capping
fayer (30) is provided to the single CVD deposition ste
p. The compressibility capping layer is deposited to app
roximately, the typical thickness of 250 A (25rm). In thi
s case, the compressibility capping layer causes the te
nsile stress within the Cu interconnection. The typically
the CVD deposition parameter is approximately, the pre
ssure of 2.4 Torr (320 Pa), approximately, the tempera
ture of 4007, approximately, the HF power of 1,170 Wa
tts, approximately, the LF power of 130 Watts. The ty
pically the gas melting and flux are the SiH 4 , approxim
ately, 250 per-minute standard cubic centimeter (scc
m), and N 2 , approximately, 19,000 sccm and NH 3, a
pproximately, 1,300 sccm.

In the Cu interconnection the Cu transportation at the

Cu / interface and atom gap is reduced, with the comp
ressive stress is created it is disclosed in the invention.
The electromigration resistance effect excellent than t

he Cu interconnection having the high compressive stre
ss is caused in comparison with the Cu interconnection
at the prior art having the tensile stress. The high com
pressive stress is generated in the Cu interconnection t
o deposit the extension film on the upper portion of the
Cu interconnection and do or deposit the compressibilit
y film on the Cu interconnection around and it is moreo
ver disclosed in this specification to this improve the E

M resistant in the Cu interconnection but beneficial.

Therefore, in the object of the present invention is the
Cu / dielectric interface, in order to reduce the Cu tran
sportation and atom gap the tensile stress capping lay

er high toward the upper portion of the Cu interconnec
tion is provided. It is formed that the high extension di

electric film deposits thin a dielectric material of the mu
iti layer and each layer is approximately, the thickness |
ess than 50 A (5rm). Before each dielectric layer deposi
ts the connected dielectric layer so that the dielectric

material cap has the inside tensile stress it is plasma pr
ocessed.

Detailed Description

Cu/HBMAS Cu =3 2 BT ES ZaMFleXECu
SESNA SRY AEHAS FEGHE H2Z = 2B
AMEL Y AEYAE 2= S JisliNY Cu 8S8S
Ol HiotK, =2 254 ABEHASE A= Cu dsdsEs 20
g HOIH 018 g 24€ el Cu 428589 &
SO ¢ 2SS SHCL/GIHU Cu 45 8% FHY &=
& 2SS SHSE A2 CU S ERUA =2 54 AEd
A5 BHATID, 0HE Cu dSES0A EM NS HAA
J=0 OE0= 2201 = SISO E8F JRAELE

Ui, 2 228 =52 Cu/FEM HAB0H Cu =8 & &
S8 ZAAMII FGHY Cu ST 58 MR 22 UY
2Eg~ HEES MBoks 0L == 2 REN €82
Uss d2 »aN =25 S&sts X222 gdHL, 248
=2 4= 50A(5rm) OISt SHOILH 228 REN B2 R
S O R AUY AEHAE AET 229 00l lie /A
HMEs S o Sct=0 Maiett

dHEd

S LIS Y ASEEH0 FENCZ HME REHS,; ¥
Hed dedsi ISols Uy HEES £E€0ts B2
2XE Mzl € €82 FANs) S0t 254 8
SE 0 XEEL BEX A% 858 45845 FEHC
2 SciMte M E(diffusion barrier layer)2 O Z8E
=0 UL R BELES 2UNCZ ZXE FEE F8HE
20} BHEFRGICH,

2

o
U

HE S™, SiCxNyHz (BI1A, x, vy 2 z= JHHES O
HENHE Z0A d8iE S22 FEE=E 20

HSELHE g=20ls, 7el, 82, 4

L= )
ol
H

0¥ Ar 0o
1
oh O™
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The invention provides the semiconductor device
comprising the dielectric layer in which the conductive
phase call connected is partly input and the extension
capping layer contacting the conductive phase call con
nected. The compressibility capping layer in which the i
nvention contacts the dielectric tayer further is include
d. The diffusion barrier layer in which the semiconducto
r device partly surrounds the conductive phase call con
nected further can be included. It is the be desirable t
o consist of layers in which the successively the exten
sion capping layer is deposited.

It is the be desirable that the extension capping layer

consists of silicon dioxide {(SiO(S5B)2(/SB)), the silicon n
itride (Si(SB)3(/SB)N{SB}4(/SB)) and silicide, and the m
aterial selected from the group consisting of for exampl
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e, SiCx Ny Hz(the herethe x , andtheyand zaret
he variable percentage). It is the be desirable to consis

.t of the material in which the conductive phase call co

nnected is selected from the group consisting of the al

uminum, copper, tungsten, silver, gold, aluminum-copp

er and nickel. It is the be desirable to consist of the m

aterial in which the diffusion barrier layer is selected fro
m the group consisting of the ta, taN, &, tiN, ru, ruN, r
uTa, ruTaN, W and WN.

The invention further provides the semiconductor
element manufacturing method comprising the step of
providing the dielectric layer, the step of depositing th
e extension capping layer on the dielectric layer and co
nductive phase call connected, the step of performing
the plasma processing on the extension capping layer,
the step of removing the part of the extension capping
tayer on the dielectric tayer, the step of depositing the
compressibility capping layer on the extension capping |
ayer and dielectric layer, and the step of removing the
compressibility capping layer from the extension cappin
g layer, and as to the step of, the conductive phase ¢
all connected is partly input.

It is the be desirable that the extension capping layer
is deposited in approximately, the pressure of 7 Torr (9
33 Pa), approximately, the temperature of 4007, appro
ximately, the radio frequency power of 600 Watts, appr
oximately, the low frequency power of 0 Watts with th
e chemical vapor deposition. The chemical vapor deposi
tion comprises approximately, the SiH 4 of 150sccm, ap
proximately, N 2 of 8,000 sccm, approximately, the gas
melting of the NH 3 of 2,500 sccm, and the flux.

A dielectric material in which the extension capping
layer is selected from the group consisting of the silico
n dioxide, the silicon of the SIC x N y H z form and silic
on nitride, carbon, and compound (the here the x , and
the y and z are the variable percentage) of hydrogen a
nd nitrogen is the be desirable.

The plasma processing is in approximately, the pressure
of 5 Torr (667 Pa)}, approximately, the temperature of 4
007, approximately, the radio frequency power of 500
Watts, approximately, the low frequency power of 0 W
atts. The plasma processing includes approximately, 40
second, approximately, the gas melting of N 2 of 8,000
scem and the flux. It is the be desirable that the exten
sion capping layer and plasma processing are performed
in the proper place (in situ).

It is the be desirable that the compressibility capping
fayer is removed from the extension capping layer to th
e chemical mechanical polish. The extension capping la
ver is the be desirable on the dielectric layer and cond
uctive phase call connected the deposited multiple dep
osition capping layer by the succession deposition more
than 2 and plasma processing step.

The invention further provides the semiconductor
element manufacturing method comprising the step of
providing the dielectric layer, the step of depositing th
e compressibility capping layer on the dielectric layer a
nd conductive phase call connected, the step of remov

Page 6 of 14



H, A OF NISS A A=L BEECZ2EH MM ing the part of the compressibility capping layer on the
Sle CHHlE Easte BT f AKO HEgE S M8}, conductive phase call connected, the step of depositin
g the extension capping layer on the compressibility ca
pping layer and interconnection, and the step of removi
ng the extension capping layer from the compressibility
capping layer, and as to the step of, the conductive p
hase call connected is partly input.
NI OIHE BEHEES §BF 7 Torr(933 Pa)s) &=, H2F 400T It is the be desirable that the extension capping layer
ol 2, 2 iz 600 WattsS 030 Iy 2 D{P—* 0 Watts is deposited in approximately, the pressure of 7 Torr (9
o M0 OIRoA aler 521 S0 2iok S35 = 210 81 33 Pa), approximately, the temperature of 400C, appro
SHEGICH A2 e B0 =Y e 2 150scem?) SiH4,  ximately, the radio frequency power of 600 Watts, appr
[42t 8,000 scem® N2, & 02t 2,500 sccm@ NH3Sl JtA  oximately, the low frequency power of 0 Watts with th
Tt Y Kas e e chemical vapor deposition. The chemical vapor deposi

tion comprises approximately, the SiH 4 of 150scem, ap
proximately, N 2 of 8,000 sccm, approximately, the gas
melting of the NH 3 of 2,500 sccm, and the flux.

AT UL BEEE MG A, BERA £ SiCxNyHz aEH A dielectric material in which the extension capping

of i, Ba, EA 2 A GES(HIIAM, x, ¥y & z= layer is selected from the group consisting of the silico
HEES0LHZ 0IRNHE Z20A 88 REM 820} H} n dioxide, the silicon of the SiC x N y H z form and silic
RSHCH AD Z2bR0F Mais [i2F 5 Torr(667 Pa)el gtz on nitride, carbon, and compound (the here the x , and
42 40000 25, ¢ 012 500 WattsS D30 I & ¢ the y and z are the variable percentage) of hydrogen a
g 0 WattsS! M0 IIS0iA OICH AD] Za1=0F "als nd nitrogen is the be desirable. The plasma processing i

oS = =75

Oim MWET A ZRIRO M2l KA proximately, the temperature of 4001, approximately, t
H’ra‘&si. ' ’ he radio frequency power of 500 Watts, approximately,
e the low frequency power of 0 Watts. The plasma proce
ssing includes approximately, 40 second, approximatel
y, the gas melting of N 2 of 8,000 sccm and the flux. It
is the be desirable that the extension capping layer an
d plasma processing are performed in the proper place

42 8,000 sccm N22t 2tA =4 o 9 S in approximately, the pressure of 5 Torr (667 Pa), ap
!

(in situ).
AU YL BUS2 0] 28 BES22FH NS It is the be desirable that the compressibility capping
ECiAo =2 HMHEE X0 ot HGDH & A BEES2 & layer is removed from the extension capping layer to th
HREMESM M 3 H dSds M0 20i42 &% 52 e chemical mechanical polish, The extension capping la
2L SohR0F M2l DA e SEE U5 S B S 20| yer is the be desirable on the dielectric layer and cond
HH&t = GHDE uctive phase call connected the deposited multiple dep
osition capping layer by the succession deposition more
than 2 and plasma processing step.
OOl thst 2tHst 29 Brief explanation of the drawing
= 282 2Fci= TH=E UAZAHS 220t US &AlS  The invention relates to the example drawing attached.
ST And it refers and it is more particufarly explained.
T 12 SN MSHESE FXE BHST= S HHEEO] Figure 1 is a summary cross-sectional view showing the
Ch. interconnect structure of being normal.
T 2= = LYo HiEMNE FEHHE EHT= WSS SH Figure 2 is a summary cross-sectional view showing the
S 0iL}. implementation doing with the desirable of the inventio
n.
TS 3IWA 122230 E BIeXe 222 20Ha== i Figures 3 through 12 are the summary cross-sectional
2ER Ol ©HO T OO}, view showing the structure of doing with the desirable
according to the present invention.
2LALO Example(s)
Ol Xt SYOlA, UYs E3 g5, 0iE 89, ST 2=, In the connected description, the various particular
A%, 22, 37|, S ©H 2 Ja0] 2 LH2 e 0jof  item, for example, the specific scheme, component, ma
E MZTE0 [oh SEECH DU, SIS0 Qiol 0lS £  terial, size, processing stage and technology are explai
M E= Q0 = etEE AAIE 2 Q0D OISHE 240l0t 12 ned in order to provide the understanding of being thor
BIONA, & LA PE = TF Cs wrys o40ista 5t ough of the invention. But person skilled in the arts will
=212 [5D 25H0 AAS| S ST Y=L make out because of performing the invention without

these particular items. In the dissimilar example, so tha
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t the well known structure or the processing stage avoi
d making the invention confusing it is not explained.

It directly can have on the case of being mentioned in

the member " phase (on) in which the layer, and the m

ember such as the domain and substrate are different i
n the " (over) with 34, and the member in which this is
different or because the interposing member {intervenin
g elements) can be existent it is understood. On the ot
her hand, the case of being mentioned in the member ”
phase in which the member is different to the direct (di
rectly on) in the " the upper part to the direct {directly
over) with 34, and the interposing member are nonexist
ent. Moreover, the of being mentioned in the member “

bottom (beneath) in which the member is different to t
he #34 # (under) " with 34 case directly can have or b
ecause the interposing member can be existent or it is

understood under the case, and the member in which t
his is different. In the other side, the case of being me

ntioned in the member ” bottom in which the member is
different to the direct (directly beneath) in the " lower

part to the direct (directly under) with 34, and the inte
rposing member are nonexistent.

The implementation doing with desirable of the
invention is shown in fig. 2. The multiple deposition ext
ension capping layer (40) is formed on the copper inter
connect (10). The single deposition compressibility cap
ping layer (41) is formed at the ILD (20) surface. In th
e present invention, so that the characteristically adju
sted CVD deposition parameter provide the tensile stre
ss capping layer on the interconnection, it assembles b
etween the capping layer deposition with the latter hal
f deposition surface processing and the interconnection
is used. In the implementation doing with desirable, the
single deposition will be deposited to approximately, 50
A (57m) under. In the implementation doing with desirab
le, the muiti layer extension capping layer (40) consists
of the layer which is deposited to the subsequently an
d is processed more than three times.

Referring to Figure 3, the implementation doing with
desirable of the invention is more particularly illustrate
d. Figure 3 is a summary cross-sectional view of the mi
croelectronic member or the chip it is provided by the ¢
onductivity interconnect material (101) formed in the o
pening part in which multiple metal interconnectses are
patterned. Figure 3 shows the manufacture process th
at the interlevel dielectric layer or the "ILD#34 # (102)
is formed,

The low-K material such as the SiCOH and SiLK the ILD
{102) material is the be desirable. The ILD (102) materi
al typically more typically has approximately, the dielec
tric constant of 2.8 or less than the with approximatel
y, the dielectric constant of 4.0 or less than the . All di
electric constants mentioned by this specification relat
es to the vacuum it is not differently indicated. These
dielectrics has a dielectric material generally having the
high dielectric constant more than 4.0 and the low par
asitism cross-talk (lower parasitic cross talk) comparing
but.

i It is provided within the ILD (102) in the form of the

line pattern which it horizontally extends in such surfac
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e which it perpendicularly extends as the direction of t
he major surface (105) in which multiple patterned ope

i ning parts are typically restricted by the top surface of

the dielectric layer (102). Under barrier metal (103} is d
eposited within the patterned opening part according t
o wall and bottom surface of each opening part and so
that the conductivity interconnect material (101) fill up
the space remaining within each opening part it is depo
sited to the then. These steps are typically connected
to the planarization step, for example, the chemical me
chanical polish ("CMP") process and the metal of the ar
bitrary excess of quantity contacting the exposed top
surface {(105) of the ILD (102) external side of the ope
ning part in which this is patterned is removed.

In the dielectric layer {102), it is the precious metal in

which preferably the conductivity interconnect material
{101) filling up each opening part the metal, for exampl
e, the break down - corrosion (destructive corrosion) d

: oes not go well and having the conductive property of

being excelient. But in the BEOL manufacture of the se
veral metal and the circuit in which the metal alloy is in
tegrated or the chip, it is prominent that it is especially
suitable because of forming the conductivity interconn

ect lines. Such metal comprises aluminum, the copper,

tungsten, silver, gold, the aluminum-copper, and nickel.
In the specific implementation example, the obligatorily
the conductivity interconnect material (101) fifling the

patterned opening part in the dielectric layer (102) con
sists of the copper.

{ The copper easy the conductivity interconnect

material (101) diffuses through a dielectric material or t

2 he case, of including the dissimilar metal in other word

s, the metal is the " are in that case, it has the diffusio
n coefficient ", and the conductivity interconnect mate
rial (101) are the be desirable it is formed on the layer
of the metal functioning as the diffusion barrier or the
metal compound. Under barrier metal (103) prevents th
e copper from diffusing from the conductivity interconn
ect material (101) to the ILD (102) near to wall and bo
ttom surface of the metal line.

Under barrier metal (103) is the dissimilar material can
provide as the obstacle which prevents preferably the
Ta, the TaN, the Ti, the TiN, the Ru, the RuN, the RuT
a, the RuTaN, W, WN and conductive material passing
that and diffusing. Under barrier metal (103) the barrier
{103) does not affect the conductive property of the ¢
onductivity interconnect material (101) or it or does no
t interact with the conductivity interconnect material
(101) in order to interact with a dielectric material of t
he ILD (102) affecting its dielectric property. The depo
sition is formed with ***, for example, the atomic layer
deposition (ALD), the chemical vapor deposition techni
que {CVD), the chemical vapor deposition technique (P
ECVD), which plasma is enhanced the sputtering, and t
he chemical solution deposition or the plating.

The substrate which is not shown comprises the

i semiconductor type material, the insulating material, th

e conductive material, or their arbitrary combination. T
he case where the substrate is made up of the semico
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nductor type material, and the arbitrary semiconducto

r, for example, the Si, the SiGe, the SiGeC, the SiC, th

e Ge alloy, the GaAs, the InAs, the InP and the other II
I/V orthe II / VI compound semiconductor can be us

ed. Even in case the invention is the semiconductor, in
which the semiconductor substrate is comprised the la

yer for example, the Si / SiGe, the Si/ SiC, and the sili

con-on-insulator (SOIs) or the silicon germanium on ins
ulator (SGOIs) it includes besides the semiconductor ty
pe material enumerated with these of the type.

In case the substrate is the insulation material it can
become the combination in which the insulation materia
{ includes organic insulator, and the inorganic insulator
or their multi layer. The substrate may include the com
bination in which in case it is the conductive material t
he substrate includes for example, the poly Si, the ele

. mental metal, the alloy of the elemental metals, the me
" tal silicide, and the metal-nitride their muiti layer. At le

ast one semiconductor device, for example, the comple
mentary metal oxide semiconductor (CMOS) device of t
he substrate can be the semiconductor type material m
anufactured in case the includes in the upper part. The
substrate can show the lower interconnect level of the
interconnect structure where the substrate is comprise
d the multi layer the combination of the conductive ma
terial and insulation material in case the includes.

The deposition of the first dielectric capping layer
(215) is illustrated with reference to fig. 4. In the imple
mentation doing with desirable, the CVD depagsition par
ameter is approximately, the pressure of 7 Torr (833 P
a), approximately, the temperature of 400TC, approxima
tely, the HF power of 600 Watts, approximately, the LF
power of 0 Watts. It is the gas melting and flux, approx
imately, the SiH 4 of 150sccm, approximately, N 2 of
8,000 sccm, approximately, the NH 3 of 2,500 scom.

The combination of the arbitrary a dielectric material
maintaining the relative stress even the line pattern in
which the first dielectric capping layer (215) is filled wit
h metal or the dielectric material is include might. Prefe
rably, the obligatorily the first dielectric capping layer
(215) consists of the combination of a dielectric materi
als selected from the group consisting of a dielectric m
aterial more than the kind or the silicon dioxide (SiO(S
B)2(/SB)), the silicon nitride (Si(SB)3(/SB)N(SB)4(/S
B)), and the dissimilar dielectric silicide, for example, Si
CxY yN z (the here the x , and the y and z are the v
ariable percentage).

Preferably the time when the first dielectric capping
layer {215) is extended, and the high temperature and
radio frequency plasma processing are selectively unde
rgone after the deposition as ammonia and nitrogen sp
ecies (the NH 3 and N 2 ) using the hydrogen (H(SB)2
{/SB}). In the implementation doing with desirable, the
plasma processing parameter is approximately, the pres
sure of 5 Torr (667 Pa), approximately, the temperatur
e of 4007, approximately, the HF power of 500 Watts,
approximately, the LF power of 0 Watts. The gas melti
ng and flux are approximately, N 2 of 8,000 sccm. The
plasma processing is for approximately, 40 second.

In the dielectric material cap deposition and after
Page 10 of 14



st 2F MHUMH = oLt Ol HZE BHES = S22 plasma treatment is the proper place, or it that is is th

St EOHGIA =38Ti= 240! BIE RS ol8 2A0 A, ILDE e be desirable in the same processing chamber to be p

HEHES Zct20 Mol &0 /0K B2 S0 /A Z2HE  erformed in the same tool having connected chambers.

PHIUNEE 5202 MHE B0 28T 8ie&s  In such mode, it is the surface of ILD performed withou

TEUGA, ¥ 1 S8 Y S(215)= ILD(102)2 ==& & t the need to manually remove the substrate from the

SO UM A S G0 CHeEr 50A(5qrr) gict chamber in order to deposit the dielectric material cap

o SHE SRECH S5 H 1 BOEM 2 £(215)2 =&  after the plasma processing. In the implementation doin

S AR T D(225)= M 2 Z2t=0F ®elZ2 #e=0. M 2 2+ g with desirable, so that the first dielectric cap layer (2

XOPRElE OB AEYAS M1 SFM 2 S(215)0 Lie  15) cover the top surface and the exposed conductive

Ol== SIE 20} phase call connected of the ILD (102) it iscdeposited to
approximately, the thickness less than 50 A (5a). The
exposed top surface (225) of the first insulator cap lay
er (215) undergoes the second plasma processing after
the deposition. It has the effect that the second plasm
a processing distributes the tensile stress to the first di
electric cap layer (215).

£ 5(a) A & 5(b)E &=xotH, M 2 &M BH £(226) So that the second dielectric capping layer (226) cover

S X1 Y BIE(215)0 2= A2 HBH(225)2 @2 the exposed top surface (225) of the first dielectric ca

ol S0 M1 ST BES(215)3 01X 2, & 2 pping layer (215), Figure 5(a) is deposited with referen

SEX HES(226)2 IR 2 S0A(5m) DiRief £3  ce to 5 (b). The second dielectric capping layer (226) i

2 EE0H M 1 XM BHS(215)% DIEIJINR, M 2 8 S deposited to the preferably like the first dielectric ca

M VLE(226)2 AEYAS SN £ Y= U0 SFH Qping layer (215) to the thickness less than about 50

SR G OFY SESO XH2S EAE & Q0. gEIE A (5mm). The combination of the arbitrary a dielectric m

H, M2 SEM VUTLE(226)2 L5 0|M0 SEM 28 T= aterial in Whigh the second diefectric capping !aygr (2‘2

OlMBIRA, B4 2 SIOKNYHZS HEIZ R4, B4, B 6) can maintain the stress or the dielectric materials is

, Aol Elmio ot R e e include might like the first dielectric capping layer (21

& 2 L8 SES(0IN, x, y 2 zs JHERC RE S0 5). Preferably, the obligatorily the second dielectric ca

CHZ 0ENHE 20N JEE S2E2 ZEEZ E5FH0=2 p ¢ ; .

Seern pping layer (226_3) consists of the ‘combu_ﬁatfon of the ma
terials selected in the form of a dielectric material more
than the kind or the silicon dioxide, and the silicon nitri
de and SiC x N y H z from the group consisting of silico
n, carbon, and compound (the here the x , and the vy a
nd z are the variable percentage) of hydrogen and nitr
ogen.

Het =G, d 2 &M 28E226)2 Hl 1 K85 & &3t Preferably, the obligatorily the second dielectric

Sois SNM SER2 EAFO2 RAHEC} M 1 RAM 282 capping layer (226) consists of the same dielectric mat

=(21 5) FOIEOINR, M2 SEM HTE(226)9 =& & erial as the first dielectric cap layer. In order to control

= EH(230)2 T8 :Oc;p ogﬂ HiztXiai M 1 XAy 2o the tensile stress of the second dielectric capping layer

Z(215)2 EE0 Mol SO AIRE SUF M0 S(s (226) deposited using the kind (species) and the same

pecies)Z MBI SEHS K 2 SEM BES(226) oiF parameter in which preferably the exposed top surface

AEYAS HOIBD] S5 %E X0l ®EDF MMED, 2 = {230) of the second dielectric capping layer (226) is us

'LSLOLSB} é‘ﬁzgl == ed after moreover, the deposition for the plasma proce
ssing of the first dielectric capping layer {215), the pla
sma processing is progressed like the first dielectric ca
pping layer (215). For example, the plasma processing

comprises ammonia with the reactive species and the

mixture of the nitrogen, selectively, hydrogen. In case
of the first dielectric capping layer (215), it is the be d
esirable that these deposition and plasma treatment pr
ocesses are together performed in the proper place.

R

ok 0
O, Eci20 Mol= S8 SeEMN &
E L= de8No2 A8 EEE
2F

E(215)8 ZL0 A 0
=2 HAeloid 8= EO‘ Higt &G

=Jt2, & 5(a) Uixi & 5(b)0l 2tot(d, M 2 K& B S Additionally, so that the third dielectric capping layer

(226)2 =2 Y Z2tX0F M2i0 Of0iA, Hi 3 S WS (236) cover the exposed top surface (230) of the seco
(236)01 M2 QY MTS(226)0 == A2 EH(230) nd dielectric capping layer (226), Figure 5(a) is deposit
=gl Yl L0, M1 AN HES(215) Y H 2 g ed about 5 (b) following the deposition and plasma pro
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cessing of the second dielectric capping layer {226). 7
he third dielectric capping layer {236} is formed with th
e thickness less than about 50A like the first dielectric
capping layer (215) and the second dielectric capping |
ayer (226). The combination of the arbitrary a dielectri
¢ material in which the third dielectric capping layer (2
36) can maintain the stress or the dielectric materials i
s include might like first and second dielectric capping |
ayers {215, 226). Preferably, the obligatorily the third d
ielectric capping layer {(236) consists of the combinatio
n of the materials selected in the form of at least one
a dielectric materials or the silicon dioxide, and the silic
on nitride and SiC x N y H z from the group consisting o
f silicon, carbon, and the compound of hydrogen and ni
trogen.

Preferably, the obligatorily the third dielectric capping
layer {236) consists of the same dielectric material as f
irst and second dielectric capping layer. In the third die
lectric capping layer (236) after the exposed top surfa

4t ce (240) silver deposition, of the plasma processing, pe

rformed in first and second dielectric capping layer the

third dielectric capping layer (236), in order that the te
nsile stress is controlled or it produces preferably the pi
asma processing is progressed for the plasma processin
g of first and second dielectric capping layer using the

parameter and the used same kinds. For example, the p
lasma processing comprises ammonia with the reactive

species and the mixture of the nitrogen, selectively, hy
drogen. In case of first and second dielectric capping |

ayer, it is the be desirable that these deposition and pl
asma treatment processes are together performed in th
e proper place.

The extension dielectric capping tayer {200) in which
the object of the deposition and the successive plasma
processing of the dielectric capping layer have the insi
de tensile stress is to be obtained. Internally, the diele
ctric capping layer {200} stressed with extension acts
the compressive stress on the surface of the conductiv
ity interconnect material (101) contacting this. Conseq
uently, the tensile stress tends to be less operated on
the metal feature (features) contacting this in which it
can become the problem that the conductivity intercon
nect material {101}, for example, the copper is above-
mentioned.

It does not have the significance in which the dissimilar
parameter associated with the number of used dielectri
C capping layers and their manufacture are principal. R
ather, much more, the size of the inside tensile stress

of the dielectric capping layer and stability are importa
nt. Therefore, the size and the case , and the single g

enetic entity capping layer of being deposited in order

to have the required inside tensile stress of property ar
e sufficient the monolayer of the dielectric capping mat
erial is required. Selectively, if it is required so that suc
h dielectric capping layer more than the force obtain th
ese properties it need to be deposited according to the
method in which the dielectric capping layer described i
n the above is three times above-mentioned and it be

plasma processed. In the implementation doing with de
sirable explained in Figure 5(a) and Figure 5(b), it consi
sts of the layer in which the tensile layer (200) is depo
sited to the consecutively and the plasma processing is

Page 12 of 14



performed.

S 62 5N SAFQ AT 2 A2 ST ol Referring to Figure 6, it shows that lithography and the
ILD(102) 20} oI & BE=(200)2 22D} BMHEE 22 etching process of being normal get rid of the part of t
SOHEC &7 240U0 S22 IEHMNAEE M85 he extension capping layer (200) in the ILD (102) surfa
O, TERNAEE @RS HE22 YA =EAF= ¢ ce. The lithographic process comprises the step of dev
S LES YUAES EAS0 HIAE SHALKZ 8aAFi1= eloping with the normal regist developer the step of ap
CHHE EEE0 AD) A2 Cs HE A2r 2 E &l giet plying the photoresist, and the step of exposing the ph
A2V D = (S0 XS EEst 4 QL. #3424 Al Otoresist radiation to the required pattern and the expo
#3449 BO= = THAMUA B2 oj2 Az, o2y sed resist. The equation angular step may include the

AI2t ZRIROHAI2F ©= F01H M (laser ablation)® Z dry etching process, and the wet chemical etch proces

s or their combination. In the term of the " dry etching
" is this specification, the reactive ion etching, the ion
beam etch, and the etching such as the plasma etchin
g process and laser ablation are shown.

T 78 2X5610, SAN ST Qs oy XM FHME Referring to Figure 7, the deposition of the single
(416)2 =32 0= 283! (blanket) 32 21 8 & compressibility dielectric layer {416) by the process of
i 2)0 A

T BTES(200) ¥ ILD(10 21 being normal is shown. The blanket deposition deposits

Ol AEH REHES(416)2 ST the compressibility dielectric layer (416} on the top sur
face (105) exposed with material - of the ILD (102) an
d extension dielectric capping layer (200).

L 82 50, CMP 22| 2R E &S CiES(200) Referring to Figure 8, the structure after CMP is

A SRS AN S SE HHE B4 4582 28(1 illustrated. The one of the compressibility layer material

01) A0C BAS TIE S 1% HTE(200)2 =24stCh.  deposited on the tensile layer (200) causes the formed

crol =xt ot= SEUS(416)2 ILD(102) ITHOS &4 muitiple deposition extension capping layer (200) on th

S0 HIENE 2 2EH0A, O 55 oix #ES(200)2 € conductivity interconnect material (101). The single

HEiol emo2 SR8 Y YoiE E02 RMED) deposition compressibility dielectric layer (416) is forme
d in the ILD (102) surface. In this implementation doing
with desirable, the multiple deposition extension cappin
g layer {200) consists of the layer which the consecuti
vely is processed with the deposition of the Severn.

= 95 o, 2 280 U2 PEHMS &0, A2 £ The dissimilar implementation of the invention is

HE g 201, 84 MASES BEE(101)2 o dle 88 illustrated with reference to fig. 9. As shown in it is ab

H(ILD) GX‘(lOZ)E SHEN MoH 458% SE(101) ove-mentioned the conductivity interconnect material

I ILD(102) AFOIOf SCBF &AL Bed 2E(103)0) 2 201 (101) is formed with the interlevel dielectric (ILD) mate

O Z29 Oy o424 SEIS(416)00 UL rial (102). It will have moreover, under barrier metal (1
03) between the conductivity interconnect material (1
01) and ILD (102). It has the deposited single compres
sibility dielectric layer (416).

T 102 50, Same 2l 2 A2 SO 28t Referring to Figure 10, the partial the one of the single

MM ASHEE SX(101) BE A0 &2 =4 2 XS compressibility dielectric layer (416} is illustrated on th

° i St e conductivity interconnect material (101) surface by t

he normal lithography and etching process.

T 112 ZI6!0, QIS S&EAM HES(200)2 S22 838t Referring to Figure 11, the deposition of the extension

Ch. Szl =22 =M SHMS(416) L M ASE=  dielectric capping layer (200) is illustrated. The blanket
SE((101) §dl & é XJXJ[ Z£(200)2 ==& 2:0\C}, izt deposition will deposit the extension dielectric layer (20
Zah = RHEMMA, UEE(200)2 T2 PHMMAM gz 0) on the compressibility dielectric layer (416) and con
T Y S 4% 500 A ég;_ Hier 200} Ci=0 gm0z == ductivity interconnect material (101). It is deposited to
oD EEEQ WD aus 202 DA the consecutively of muiltiple and it as described in det

ait in the drawing 4 and 5 the tensile layer {(200) is expl
ained in this implementation done with desirable in the
conventional embodiment example consists of the layer
in which the plasma processing is accompanied.

The structure after CMP is illustrated with reference to

(416) A0 | DIAIE 2 & : 22 fig. 12. The one of the tensile layer material deposited
&(101) 20Tt EHE LiE g; O &t 7'»!*(200)% x2st on the compressibility layer (416) causes the formed m
Ch S =2 otz s SANS(416)2 ILD(102) E® oot & ultiple deposition extension capping layer (200) on the
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SEC conductivity interconnect material (101). The single de
position compressibility dielectric layer (416} is formed i
n the ILD (102) surface.

22 2= ®e B E?%Oﬂ olat ;%%2 FHMO}E 2102 o
= |
=

Of THOLOl 232 BXo HAUZS IW ESUL 2 2X4= ALY AE Ioi RO} %OFO gle= %P_
== ol DB & AIAEN HESO MM, SAHL BiIEE £+ 882 A= ULH

{(The document produced by using the hlgh -tech machine translation system for the pate
nt and science & technology literature. Therefore, the document can include the mistrans
fation, and it should not be used as a translation by a professional translator. We hold n
o legal liability for inconsistency of mistranslation, partial omission, and data generated
by feature of system and network. We would like to inform you that the document canno
t be regenerated, copied, and distributed by being stored in DB and system for unauthori

zed general public without our consent.)
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Warnings:
Information:
10891807
2 Foreign Reference CN1420560A_w_Abstract.pdf no 89
89266f1a5be265735ca892f12daa60340223]
Warnings:
Information:
1882845
3 Foreign Reference CN101490825A_w_abstract.pdf no 15
247d1b2863823c2637dbad0655dae99c58
Warnings:
Information:
8694606
4 Foreign Reference Km020(19008|5266—V\2{—fEn9h5h— no 14
ransia |0n.p 60200986cf239b8e54b3efabacbc0259232
328c7
Warnings:
Information:
2480652
5 Non Patent Literature P38794CN_OA4_09_12_17.pdf no 7
958459a44388886€379da9c60672f7db758
d5831
Warnings:
Information:
5171091
6 Non Patent Literature P38794CND—OdAf1—08—1 2.17. no 10
p 42b5bc718da6f51668ec5c087983cf1d3c S8
e819
Warnings:
Information:
193270
7 Non Patent Literature P38794KR‘D2—Z?A—07—1 8.17. no 5
p dc9ecOb1e876de7e0aeS6f714c6f921d8ace]
7a49
Warnings:
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Information:

Total Files Size (in bytes)# 29808948

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Page 390 of 616



CERTIFICATION STATEMENT
Please see 37 CFR 1.87 and 1.98 to make the appropriate selection{s):

D That each item of information contained in the information disclosure siatement was first oifed in any communication
from a foreign patent office in a counterpart forsign application not more than three months prior 1o the filing of the
information disciosure statement. See 37 CFR 1.87{eX1).

OR

L—_] That no item of information contained in the information disclosure statement was cited in a communication from a foreign
patent office in a counterpart foreign application, and, t0 the knowledge of the person signing the ceriification afier making

reasonable inguiry, no item of information contained in the information disclosurs statement was known to any individual

designated in 37 CFR 1.56(¢) more than three months prior (o the filing of the information disclosure statement. See 37

CFR 1.97(e}2).

OR

E None

[:I The 1DS Filing Fee inn the amount of $180.00 as set forth in 37 CFR 1.17{p} has besen submitted herewitl.
X uis regueastad that any requisite fees be debited from Deposit Account 50-0383.
SIGNATURE

A signaturs of the applicant or represeniative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of signature.

' A
pplication No. | 15/477 506
INFORMATION DISGCLOSURE Fiing Date | April 3, 2017
STATEMENT BY APPLICANT Fistinventor | Boyan Bovanov, et al.
Aunt | 2888
{Not for submission under 37 CFR 1.99) Exaimer | FORTICH, RODOLFC D
\_ Attorney Docket No. | PIB794UISDC 111548-227283 y
( DUTY OF DISCLOSURE STATEMENT )
in accordance with the duly of disclosure, enclosed is a copy of an information Disclosure Statement (ID8) Cilation Form
PTQISBAR or PT(-1448, together with copies of the documents ciied on that form, except for copies not required o be
submitted {e.g., copies of U.S. patents and U.8. published patent applications need not be enclosed). This IDS and D8
Citation Form are being submitted before the mailing of the first Office Action on the merits. | is respecifuily requested
that the cited references be considered and that the enclosed copy of PTO/SB/08 be initialed by the Examiner to indicaie
such consideration and a copy thereof refumed 1o applicant(s).
The submission of this Information Disclosurs Statement is not to be construed as a represantation that a search has bee
n made in the subject application and is not (o be construed as an admission that the information cited in this stalement is
material o pateniabiiity.
\, J
r “

Signature | /Michael A, Bernadicow/ Date (MM-DD-YYYYY | 12-42-2017

Name/Print | Michael A. Bernadicou Registration Numbser | 35,834

{ hereby certify that this correspondenca is being submilted efectronically via EFS Web on the dafe shown beiow.

Sheri Villarreal [ Sfey Villvwmead]

iy o
raaue

" nadion,
Cfcor U o\ P08 T SERD TO: Commissioner for Patents, P.O. Box
145Q, Alexandria, VA 22313-1450.

\.

J/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/477,506 04/03/2017 Boyan Boyanov 42P38794DC
CONFIRMATION NO. 2892
31817 PUBLICATION NOTICE

SCHWABE, WILLIAMSON & WYATT, P.C.

o/o CPA GLOBAL (R RO
900 2nd Avenue South, Suite 600 00000009

MINNEAPOLIS, MN 55402

Title:METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Publication No.US-2017-0207120-A1
Publication Date:07/20/2017

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁaﬂ;\;ﬂ;ﬁ,g\&:@ma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/477,506 04/03/2017 Boyan Boyanov 42P38794DC
CONFIRMATION NO. 2892
45209 POWER OF ATTORNEY NOTICE
BLAKELY SOKOLOFF TAYLOR & ZAFMAN

1279 Oakmead Parkway

A
Sunnyvale, CA 94085-4040 00000009278318

Date Mailed: 07/17/2017

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 07/12/2017.

» The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/mabebe/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁaﬂ{‘\;ﬂg,g\g\tgma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/477,506 04/03/2017 Boyan Boyanov 42P38794DC
CONFIRMATION NO. 2892
31817 POA ACCEPTANCE LETTER
SCHWABE, WILLIAMSON & WYATT, P.C.

c/o CPA GLOBAL

RO
900 2nd Avenue South, Suite 600 000000092783195

MINNEAPOLIS, MN 55402

Date Mailed: 07/17/2017

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 07/12/2017.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/mabebe/
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PTC/SBIAC (11-08)

Approved for use through 14/30/2011, QMB 0851-003%

U.8, Patent and Trademark Office; U3, DEPARTMENT QF COMMERCE

Under the Papenwark Reduction Aot of 1885, no parsans are required o respend 1o a collection of information unless it displays a valid OMB contrel number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

i hereby revoke all previous powers of attorney given in the application identified in the altached statement under
3" CER 3.73(h.

| hereby appoint:

E Practitioners associated with the Customer Numbper: 31817
OR

Praciiioner{s) named below (if more than {en patent praciitioners are o be named, then 3 customer nuniber must be used):

Name - Ragistration
MNumper

Mame Registration
Mumber

s aﬁo'nay(s; or aqe;‘tfs") to repreqem the unﬁemigned before the United States Patent and Trademark Office (LSPTG) in g

aﬁaah% o i}‘;s “om* irt awurﬁavce w-"? 37 LFR 3. 7’*(b)

Flease change the correspondence address for the 3pphcatmn identifiad inthe czt‘achs*d statement under 37 CFR 3.73(b) to:

H
5‘"{ The address associated with Cusiomer Number: 31817

I i Firm or
oo individual Name
Address

ity ' ' ' ' [ Slate “TFip

Couniry

Telephone Email

- Assignes Marie e Adivssss

P

intsl Corporation
2200 Mission College Boulevard
Santa Clara, California 85084

A& copy of this form, together with a statement under 37 CFR 3.73({b} (Form PTOISEISE or equivalent) is required (o be
filad in each applcation in which this form is used, The statement under 37 OFR 3.73{b} may be completed by one of
the practitioners appointed in this form if the appointed practilioner is authorized o act on behaif of the assignes,
and must identify the agplication in which this Power of Attorney is to be filed,

SIGNATURE of Assignes of Record
The individual whose signature and fitle is supplied below is authorized to aot on behali of the assignes

Signature ; o -\ sl ‘ Date 24 June 2018
Name N Lisa Hopi\msan . Telephone 480.715.9827
ﬁ\dmmstra?c:r of Paiem%

gt by 37 OFROLS L2 aand 1,33, St e SoEhY or retaiy sl by i iy o il (and
tivn, Confidentiaiity is governed by 35 U.8.00 122 and 37 OFR 144 and 1,14, This collaction is asfimated to take 3 mirnses
to complete, including gathering, preparing. and submi rtmg the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to compiete this form andfor suggestions for reducing this burden, shouid be sent {o the Chisf information Officar,
1.8, Patent and Trademark Office, 1.8, Department of Commarcs, P.O. Box 14560, Alexandra, YA 22313-145Q. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS, SERD TO: Commissioner for Palenis, P.O. Box 1450, Alexandria, VA& 22313-1450.

if you nead assistance in completing the form, call 1-800-FT0-8138 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: Intel Corporation

Application No./Patent No.: 15/477,506 Filed/Issue Date: 04/03/2017

Titled: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Intel Corporation _a corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1 From: BOYAN BOYANOV ET AL. To: INTEL CORPORATION

The document was recorded in the United States Patent and Trademark Office at

Reel 027334 , Frame 0408 , or for which a copy thereof is attached.
2 From: BOYAN BOYANOV ET AL. To: INTEL CORPORATION

The document was recorded in the United States Patent and Trademark Office at

Reel 031022 , Frame 0160 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

3. From:

STATEMENT UNDER 37 CFR 3.73(c)

To:

4. From:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

5. From:

The document was recorded in the United States Patent and Trademark Office at

6. From:

Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Nathan R. Maki/

Signature

Nathan R. Maki

07/12/2017

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

Date

Printed or Typed Name

Reg. No. 51,110

Title or Registration Number
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 29767628
Application Number: 15477506
International Application Number:
Confirmation Number: 2892
Title of Invention: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS
First Named Inventor/Applicant Name: Boyan Boyanov
Customer Number: 45209
Filer: Nathan Robert Maki/Aileen Lee
Filer Authorized By: Nathan Robert Maki
Attorney Docket Number: 42P38794DC
Receipt Date: 12-JUL-2017
Filing Date: 03-APR-2017
Time Stamp: 20:57:59
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(BYtes)/ Multl' ‘Pages
Number Message Digest | Part/.zip| (ifappl.)
291283
1 Power of Attorney P38794USDC_POA.pdf no 1
b44d4b465c228ecc8c76323aa21b1be9bff|
2a89c
Warnings:
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Information:

120399
) Assignee showing of ownership per 37 P38794USDC_373c.pdf no 3
CFR3.73
58f3f61da771970ab212e82ed77027b1db7|
afcd1

Warnings:

Information:

Total Files Size (in bytes)# 411682

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Substitute for form 1449A/PTO ;
Complete if Known

Application Number 15/477,506

INFORMATION DISCLOSURE | Filing Date April 3, 2017
STATEMENT BY APPLICANT | First Named Inventor Boyan Boyanov

(Use as many sheets as necessary) G rOup Al’t Unlt 2898
Examiner Name Not yet assigned
Sheet 1 of 1 Attorney Docket No: 42P38794DC

US PATENT DOCUMENTS

Pages, Columns,

Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No ' Number MM-DD-YYYY of cited Document Figures Appear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Pages, Columns, Lines,
Examiner Cite Country Code/Number/Kind Code Publication Date | Name of Patentee or Applicant of Where Relevant Passages
Initials* No ' (if known) MM-DD-YYYY cited Document or Relevant Figures Appear | T

CN 1575508A 02-02-2005 Christopher Thomas et al.

*= Machine Translation in English
OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No' country where published. T2
EXAMINER DATE CONSIDERED

Based on PTO/SB/08A(09-06) - Substitute Disclosure Statement Form (PTO-1449) as modified by BSTZ 03/26/07
* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is fo place a check mark here it English language Translafion is attached
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. Publication

. number CN1575508 A

. Publication .

type i

. Application L
 number CN 01818870

. pOT

\.?—- . I/ 51
e PCT/US2001/051183
. Publication Feh 2. 2005

. date

 Filingdate  Cct 29, 2001

z;‘g“y Nov 15, 2000
published  EP1338031A2, WO2002045142A7, WOZ002045142A3 WOZD0204514209
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Inventors WEEEHER LU BN MOME
Applicant HHRAE

Export

Citation HiBTex EnoNoie HefMan

Referenced by (3, Classifications (81 Legal Evene @0
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Copper alloy interconnections for integrated circuits and
methods of making same

SRR ENE LSS &
§ARE YA TR RSE §
LR L B i S Y

ABSTRACT wanslay

Freparation of copper alloy interconnects on integrated circuits, including copper plated onto the seed

layer, the copper, the concentration of doping slement can be controlled, so that the core part of the
copper inferconnect lings in low concentration doping element and a higher concentration of doping
element surface of the copper interconnects in. Copper alloy at different current densities are plated to
provide rich interface elements doped. Thus, the surface portion of the interconnect element has a higher
doping concentration, which can improve electromigration resistance, and at the same time, maintaining
the internal interconnect a much lower conceniration of doping elemenis, which will interconnect the ideai
Low resistance remainsd.

DESCRIFTION

Copper alloy interconnects for integrated circuits and manufacturing method thereof

n Chinese

Technical Fisld

The present invention relaies generally io the field of integrated circuit fabrication, and more particularly
refaies to a copper alloy and its preparing interconnects {interconnection).

Background

Advanees in semiconductor manufacturing technology have led 1o the development of muiti-laver
interconnection lines of integrated circuits. In such an intsgrated circuit, the conductive malerial between
the patternad and patterned interconnect layer of conductive material on the other one interconnect layer,
such as silica or the like by a thin film of electrically insulating material is maintained. Such conductive
materials are typically metal or metal alloy. The interconnection between the different conductive material
layer, and to provide an opening through the conductive structure is formed in the insulating layer and 1o
be connactad so that the conductive material is localed between different patternad interconnect layer on
tha slecirical connection can be maintained. Such conductive structure generally rafers to contacts or
micro-channel (via).

Othar developments in semiconductor manufacturing technology, resulting in the intsgration of millions of
transistors, sach of which is capable of high-speed switching transistor. The so many fast switching
transistors can be integrated into an integrated circuit consequence is that the increase in energy
consumption during operation. Ons capable of reducing power consumption while increasing the speed of
the technigue is that the traditional aluminum and aluminum alloys for an integrated circuit interconnects,
replaced with smaller resistance metal, such as copper. Electrical skilled in the art that, by reducing the
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rasistance, ths electrical signal path through the interconnect on an integrated circuit sprasad

faster. Further, since the resistance of copper is much smaller than the resistance of aluminum, and
therefore, as compared with the aluminum interconnection ling, the cross sectional area of the copper
interconnects can be smaller, without causing resistance based intarconnects generated increased signal
propagation delay. Further, since the electrical capaciiance between the two nodes is a direct function of
the area belwssn the nodes, and thereforg, the use of smaller copper interconnects would reduce
parasitic capacitance. Thus, the aluminum-based interconnscts replace the copper-based interconnscts,
depending on the choice of the size, provide less resistance, smaller capacitor or both.

As mentionsd earlier, copper has some advantages on electricity, such as lower unit cross-sectional area
of resistance, the ability to provide a smaller parasitic capacitance, and greater resistance o
electromigration. For all these reasons, IC manufaciurers have found that the copper included in their
progucts is ideal.

When ussd in integrated circuit infsrconnects, although copper and aluminum have an advantage
compared to some of the electricity, but copper interconnects may stili produce some of the defects and
electromigration.

Therefore, a need o provide a stronger resistance to slectromigration of the copper-based integrated
circuit interconnects.

Briet Dascription

Figure 1 is a plating embedded struciure (damascene structure) is a cross-sactional schematic view,
according o one interpretation of indirect parcel of the present invention {(encapsulaton) scheme in which
the dopant concentrated on the surface of the metal film.

Figure 2 is a cross-sectional schematic view plated embedded struciure, according fo one interpretation
of indirect parcel of the present invention, which has been fully dopant diffusion, so that it remains on the

surface of the metal fiim.

Figure 3 is a cross-sactional schematic view plated embedded structure, according 1o one interprefation
of indirect parcel of the present invention, showing the aggregation of dopants in the Cu intarface.

Figure 4 is a cross-ssctional schematic visw of the structurs of the plating embedded explainad according
to an aspeact of the present invention is directly wrapped, wherein the dopant metal film is focused on the

botiom surface, side surfaces and an upper surface.
Figure 5 is a cross-sectional structure of a plating embedded diagram explains the parcel in accordance

with a direct aspect of the present invention, which has been fully dopant diffusion, so that it remains on
the surface of the metal film.
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Figure 6 is a cross-ssctional structure of a plating embsdded diagram explains the parcel in accordance
with a direct aspect of the present invention, showing the enrichment of the dopant in the Cu interface.

Figure 7 is a cress-sactional schematic visw of an interconnect structure, elemental copper alloy is
preferably formed at the interface portion of the interconnect structure.

Figure 8 is a cross-sactional schematic view of an interconnect structure, alloying elements Cu is
preferably formed on the upper surface of the interconnact structure.

Figure 9 is a flow chart showing a process according to the invention in operation.
FIG. 10 is a flowchart showing a process according o the invention in operation.
DETAILED DESCRIPTION

We have demonstrated that by adding a smali amount of copper 1o second metal interconnect lines can
be greally improved eleciromigration lifetime coppsr interconnects. However, after the introduction of
such a second matal, a common consaquence is that comparad to copper, conductivity decreasss.

in one smbodiment of the present invention, a Cu-Sn-based sulfonic acid plating bath, such that in ths
electrodsposition process control in real time the percentage of Cu in Sn becomes possible. in this
manner, a second metal, e.q., 8n, may be placed in those areas {e.¢., the surface of copper inferconnect
lines) are more likely to occur is known slsctromigration, while only a few are placed interconnecting lines
Sn those who do not wish to decrease the area of its conductive {s.g., metal french {trenchy) inside). Such
electroplating process according o the present invention, enabling the deposited copper body (bulk) in
preciss, very small amount {e.g., horizontal ppm) of Sn (or other doping element). At room emperalurs
after annsaling or after grain growth, Sn primarily accumulated in the grain boundaries. Sn in the copper
grain boundaries suppresseas grain boundary diffusion of Cu and slectromigration activation snergy is
increased to about 1.3ev. In addition to Sn, the doping elements othar available include, but ars not
limited to, in, Cd, Zn, Bi, Sk, Mn, Mg, Co, Cr, Ni, Pb, Re, Ru, Rh, Pd, Pt, Os, W , G, C.

According to the present invention, a schematic of the plating bath, comprising a low concentration of
sulfuric acid and sulfonic acids, the doping slement to the copper ion-containing doping elements piating
solution "super fill (superfil}” and deposited. Sulfonic acld aids in adding carbon {o the coaling. Since the
solubility of carbon in copper is low, followed by annealing operation can be driven o the interface

area. Moreover, according to the present invention, the plating process by real-time changes in current
densily, while the alloy doping element concentration 1o be reguiated. That is o say, can be made of
copper inferconnects, the inner body doping concentration of <0.5%, whils the doping concentration in the
interface or the surface portion of the interconnect line may be> .5%. The current density can be varied
by varying the applied voltage. For exampie, if the substrate is made of negalively charged more, then it
will be more strongly attracted to the positively chargsd ions to the subsirate.
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Terms Term chips, integrated circuits, monolithic devices, semiconducior devices or componsnis,
microelectronic devices or components and similar terms and expressions, in the art are often used
interchangeably. All terms described above may be applied to the present invention, because in this field,
they are generally able 1o be understood.

The term metal wire, frace (trace}, wires (wire), wire, signaling and signal media are all related. The above
terminology generally interchangeable, in accordance with the specific 1o the general order of
appearance. in this areg, the wira is sometimes called iraces, wires, lines, interconnect, or simply referrad
fo as metal.

The term "contact™ and "micro-channel” refers o electrical connection betwaen the conductor of the
different interconnection layers. in the art, these terms ars sometimes used 1o describe the insulator can
be formed in the above-daescribed structure in which an opening can also be used to describe the
structure itself is formed. For the present invention disclosure, contacts and micro-channel refers fo the
structurs formed.

NHE refers to the standard hydrogen electrode.
The acronym refers to the millionth ppm.

Substrate, the wafer may also be referred 10 as {wafer). The wafer may be a semiconductor material, a
non-semiconducior material, or a semiconductor material and the non-binding made of semiconductor

maferial. I may have a multi-layer film formed of different materials on a silicon wafer. Other materials

may be a wafer, e.g., GaAs, silicon {(silicon-on-sapphire} sapphire, or a silicon on insulator (silicon-on-

insulator, SO,

Ag used herein, the terms vertical, refers to the suriace of the subsirate substantially al right angles.

Embodiments of the present invention there is provided a plating bath, Cu alloy may be deposited onto
the Cu or Cu alloy seed layer (seed layer) on. Cu alloy piating include, but are not limited to, Culn, CuC,
Cus, Culn, CuCd, CuCr, CuZn, GuBi, CusSh, CuPb, CuMn, CuMg, CuCo, CuNi, CuRs, CuRu, Cuw,
CuPt, CuPd, CuRh, CuOs . Cu alloy sead laysr include, but are not limited to, CuSn, Cubg, CuAl CuTy,
CuTa, CuW, Culn, CuSbh, Cuin, CuPd, CuMn, Culr, CulNi, CuRu, CuRh, CuAu, CuBi, Culd, CuPt, Culr,
CuOs, CuRe, CuMo, Cudr, Cuw.

For purposes of the present invention is considered, the seed layer, either Cu or Cu alioy, can be by
physical vapor deposition {PVD), chemical vapor deposition (CVD), atomic layer deposition (ALD), or any
other suitable for forming seed crystals It is deposited in layers. Cu alioy seed layer with or without the
case biocking layer may be used. Copper diffusion blocking iayer inciudes, but not limited to, Ta, TaN,
TaSiN, W, WN, WSIN, Ti, TiN, TiSIN, Co. Biocking layer may be deposited by PVD, CVD or ALD.
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Embodiments of the pressnt invention comprises a plating deposition process. The plating bath according
to the present invention, an exemplary embodiment can be combined together fo form the following
materials: a conceniralion in the range of 5-100g / | of Cu ions; conceniration in the range of 1-50g /1 {in
the plating bath, by weight meter laas than 10% suifuric acid); the concentration range of 10-100mg /i of
Clion; one or more acid; and Sn (11} ions. One or more slements may be co-doped with copper
deposition, including Sn, In, Cd, Gr, Zn, Bi, Sb, Pb, Mn, Mg, Co, Ni, Be, W, Ru, Pi, Bh, Pd, C, S,

Os. Selected doping element is included in the plating bath. In addition, organic additivas include, but are
riot imited to, an anti-inhibitors, e.g., an akyl sulfonic acid thiol esters; one inhibitor, such as polysther
{e.g., polyethylene glycol (PEG), polypropylene giycol (PPG)); and a lsvelers, such as polyimide or
polyamide, can also be used in the plating bath. Complexing agents, such as but not limited to, citric acid
{ester}, tartaric acid {ester), ethylenediaminetetraacetic acid {(EDTA) and acetales, may also be included
in the plating bath, the copper that is deposited to provide a more negative potential , which will help
those co-deposited with the sisctrode potantial of Cu (NHE + 0.34V) largs difference in the occurrence of
glements Cu, such elemenis as Cr, Mg, Mn (NHE-1.18V), Co (NHE- 0.8V}, Zn (NHE-0.76Y), In (NHE-
$.35V), Ni (NHE-0.25V). Complaxing agents can also be used o provide a more negative electrode
potential of a nobls metal, such as Pd (NHE + 0.98V), Rh (NHE + 0.8V) and Pt (NHE + 0.73V).

in the above-described exemplary plating bath, Cu ions can be provided starting materials include, but
are not limitad to, copper suifate, copper nitrats, copper chioride, copper methanesulfonate, copper
ethangsulfonate, copper propanesulfonic acid, benzene acid copper and copper triflate. Clions can
provide a starting material including, but not limited to, HCL Suifonic acids including, but not limited to,
methanesuifonic acid (MSA), sthanesulfonic acid (ESA), propionic acid (PSA), benzenesulfonic acid
(BSA) and trifiuoromethanesulfonic acid {triflic acid-TFA), available conceniration range of 0.005mol /1
2.5mol /1 May be provided Sn {11} ions starting materials include, but ars not limited to, iin sulfais (11}, tin
acetate (1}, tin bromide (11}, tin chioride {H}, tin fluoride (11}, iodide, tin (11} oxide and tin (i}, the
concentration range of 0.1-200g /1.

Producing an alloy structure in the llustrative embodiment of the present invention, the plating current
density is in the procass of change, because change in accordance with the present invention, the current
densily in the plating bath, can conirol the conceniration of copper deposition occurred doping

slements. Thus, it can be on a specific area inferconnect structure to form enriched in one or more doping
elements Cu alloys. Specifically, to create a kind of copper-based interconnects, and an alloy in the outer
region of the interconnect or interfacs.

in the initial stage and the end of the deposition stage, said current density may be graaler (s.g. 30-
100mA / cm2 within the range), so that Cu can be dopsed with a higher concentration of elemsnis {s8.g., by
weight,> .5%) occurred deposition. Conversaly, the smaller the deposition current density {e.g. 0.5-
30mA / cm2) enables Cu doped with a low conceniration of elemenis {s.g., by weight <0.5%) deposition
occurred. in the same plating too!, it can quickly annealing operation or immediaisly after the deposition,
to form and fixed Cu alloy microstructures. The annaaling operation may be driven 1o the doping element
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interface and grain boundaries. Annealing temperatures can be varied within a certain range: when the
first operation, the annealing temperature is low, below 250 °C, fo increase the grain size of the copper
and impurities driven to the inferface; while in the second operation, higher annealing lemperaturas (>
250 °C), so that the interface is preferably Cu alloy.

in another embediment of the present invention, the chemical mechanical polishing (CMP) after annealing
is performed so that the doping element can diffuse 1o the interface and form a wrap-around structure. In
this annealing operation after CMP can at (low and high) of different temperature for annealing chamber
plating tool in the comprehensive, independent furnace or rapid thermal processing (RTR)

sguipment. Annealing operation carried out at the CMP afler to be in the etching stop / ILD deposition
during or before.

On its surface with Cu interconnects Cu alloy was prepared according to the following embodiments of
the interconnect structure in accordance with one embodimeant of the present invention: the use of high
current density at the end stage of the deposition operation, such that one or more Species doping
slement prefarably co-deposited with Cu; and deposited mostly in the relatively smailer current density in
order to make Cu can be deposited with a lower concentration of one or more doping element {<0.5%)
occurred . After completion of the plating deposition annealing operation, so that one or more doping
slements Ou can diffuss to the top of the fillad trench, while the low concentration of &n (i.e., <100ppm)
remains in the body of the crystal grains of copper on the border.

Figure 1-3 A more detailed explanation of the structure and processes. Figure 1 shows a partiaily cross-
sectional view of the wafer processing to a parl. More specifically, FiG. 1 shows an interlayer dislsctric
(ILD} 102, which has ILD102 patterned fo form trenches 101 in which the passage 103 and

micro. Partially processed wafer is placed in a plating bath containing Cu ions and one or more eiements
doped ions. Then, on the ILD 102 copper plating layer 104, 30 that the grooves 101 and 103 are filled
with micro-channel, and the upper surface ILD102 also coversd with a layer of coppsr 104, When coppsr
is alsc used in the plating bath 104, the current densily is increased, so that the plating bath is present in
one or more elemenis doped with coppsr ions codeposition occurs, the coppsr alloy layer 106 is

formad. Current density is the rasuit of choice, so that the amount of the copper layer 104 doping atoms
in less than 0.5% by weight, and the copper alioy layer 106 doping atoms in an amount greater than 6.5%
by weight.

Referring fo Figure 2, the operation is completad after annealing, FIG. 1 shows the structure of if. In this
embodiment, an annealing operation at a temperature below 450 °C in the 0.5 {o 180 minutes of time, N2,
Ar, or N2 + HZ {i.e. forming gas) smwironment compisted. Embodimant, the annealing operation carrisd
out in two steps in another embodiment: First, at a temperature of 100 °C 10 250 “Cinthe 0.5 10 180
minutes of time, N2, Ar, or N2 + H2 (i.e. forming gas) environment first annealing is performed once; and
then, at a temperature of 250 °Cto 450 °Cin the 0.5 to 180 minutes of lime, N2, Ar, or N2 + H2 {i.e.
forming gas} a second annealing environment. This annealing operation aduiterated slement 104 through
the top of the copper layer driven out from the coppsr alloy layaer 106. Some dopant atoms have been
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driven to move ths interface 1o the copper layer 104, the copper alloy layer 108 is formed, as shown in
Fig.

Figure 3 shows a block diagram of complets chemical mechanical polishing (CMFP) after 2. The CMP
cperation removes [LD102 coverad on the metal surface, resulting in a single interconnect, which
interconnects portions 104 having a copper and copper alloy poriion 108 as shown in FIG. Shaped
copper alloy part is located on the swface of the interconnection structure is close 1o the vertical sides of
the irench areas is generally thin, but closer 10 the middle of the thicker interconnect structure.

Cu interconnect structure consists of Cu alioys wrapped in one embodiment of the present invention, as
described below was prepared based on copper interconnect siructures: Let copper and one or more
doping elemeanis there were depositad, and then piating Copper - sifu annealing dopant material, one or
more low solubility doping slement driven to interface portion interconnect structures. Such an
interconneact structure may also be prepared by the following method: using a larger current density in the
initial stage of deposition (> 30mA / cm2), with the higher concanirations of copper doping elemeant
happened plating {co-plating); Then the current density is small {<30mA / cm2) under copper, such that
the interior of the main body portion of the interconnect structure, a relatively low concentration of doping
element; and then, at higher current densities (> 30mA / ecm2) Under copper, 50 that the top of the
interconnect structure (that is, the post-depasition portion) in a relatively high concentration of doping
elemeants.

After the plating operation compisted, the annealing operation {o doping elemanis can spread fo the {op
of the copper filled trench.

Figure 4-6 A more delailed explanation of this structure and process. Figure 4 shows a cross-sectional
view of a porfion of the partially processed wafer. More specifically, Figure 4 shows an inleriayer dielectric
(ILD} 402, which ILD402 besen patterned and formed a trench in which the micre-channel 401 and

403. Partially processed wafer is placad in & plating bath containing Cu ions and one or more slements
doped ions. Then, on 1LD402 copper alloy plated layer 404, 50 that the surface grooves 401 and micro
channel 403 ars coveraed, and the upper surface ILD402 also covered with a layer of copper alloy 404. In
the embaodiment illustrated, Sn co-deposited with copper io form a copper alloy 404, the thickness of the
deposited layer is about 100 1o 500 angsiroms. By ong or more doping slements and copper deposition
from the plating bath CPC preparsd copper alloy 404. When still in the used copper alloy plating bath
44, the current density decreases, so that the presence in the plating bath doping elemenis are not co-
deposition of copper occurs 1o form a copper layer 406. 4, the copper layer 406 filiing the portion not
occupied and the copper alloy layer 404 of the trench 401 that the micro-passage 403, Current densily is
the resuit of choice, making the copper alloy layer 404 doping atoms in an amount greater than 0.5% by
weaight, and the amount of the copper layer 406 doping atoms of less than 0.5% by weight. After layer 406
is formed, the current densily increasss, so that one or more doping slement atoms from the copper
plating bath again CCF deposition, thereby forming a copper alloy layer 408.
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Referring to Figure 5, the operation is completad after annealing, FIG. 4 shows the struciure of it. In this
embodiment, an annealing operation at a temperature below 453 °C in the 0.5 {o 180 minutes of time, N2,
Ar, or N2 + HZ {i.e. forming gas) environment completed. Embodiment, the annealing operation carried
oul in two steps in anoiher embodiment: First, at a temperature of 100 °C o 250 °Cinthe 0.5 o 180
minutes of time, N2, Ar, or N2 + H2 (i.e. forming gas) environment first annealing is performed ones; and
then, at a iemperalure of 250 °C 10 450 °Cin the 0.5 10 180 minutes of fime, N2, Ar, or N2 + H2 {i.e.
forming gas) a second annealing snvironment. This annealing operation will be part of the copper laysr by
doping element 406 driven out from the copper alloy layer 406, as shown in FIG. By driving these doping
atoms to the inierface surface of the copper layer 406, a seli-wrapped copper area is formed. That is,
after annealing copper 408 is surrounded by a copper alloy 410.

Figure 6 shows a complete diagram of the chemical mechanical polishing (CMP) after the operation of the
structure 5. The CMP operation removes K.D402 covared on the metal surface, resulting in a single
interconnect, which interconnacts portions 406 having a copper and copper alloys portion 410 as shown
in Fig. Shaped copper alloy part is located on the surface of the interconneciion structure is close to the
vertical sides of the trench areas is generally thin, but closer to the middie of the thicker interconnect
structure.

in another embodiment of the present invention, after the excess metal removed by CMP annealed. in
this annealing operation after CMP can at {low and high) of different temperaiure for annealing chamber
plating tool in the comprehensive, independant furnace or rapid thermal processing (RTR)}

squipment. And in accordance with the present invention, this annaaling operation can be carried out
during the deposition process or the ILD eich siop layer, or before.

Figure 7 shows a cross-sectional portion of the wafer, the wafer having a copper layer surrounded by LD
interconnects and micro-passage. More specifically, copper inferconnects and micro passage has since
wrapping layer surrounding the core of their region. These self-wrapping layer is composed of a coppsr
alloy. Copper alloy according to the above can only be usad to improve the electromigration properties,
but also in the copper alioy, it does not require a separate copper diffusion blocking layer is formed, and
the copper diffusion blocking layer is present in conventional copper interconnection lines. Figure 8 is
similar to FIG. 7, but the present invention is explained an embodiment wherein the copper alioy layer is
formed on top of the copper inferconnects.

Figure 9 iliustrates a method according to the invention. As representad by block 902, at a first current
density, the copper piating from the plaling bath to the subsiraig, the plating bath containing sulfuric acid,
a sulfonic acid, copper ons, and ion doping. Then, as shown in Block 804, the currant density is changsd
to the second value, the copper plating in the plating bath from the same alicy has been previously
deposited onto the copper.

10 explains an embodiment of the present invention, which wrapped up the formation of a copper
interconnect structure. Parcel mean, the core of the copper interconnect or internal structure is
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surrounded by a copper alloy region. The biock shown in FIG. 10 1002, at a first current dansity, copper
alloy plating from the plating bath to the subsirale, the plating bath containing sulfuric acid, a sulfonic
acid, copper ions, and ion doping. The current density is the result of choice, so that there is in the platling
bath doping elemenis can be co-deposited with copper occur. This copper alloy layer is usually formed
previously been prepared on a good seed laver. As represented by block 1004, in the second smaller
current density, in the same slectrolvtic copper plating bath from the plating has been previously
daposited onto a copper alioy. As shown in block 1006, another from the same copper alioy plating bath
is plated onic the copper layer. The copper alloy is deposited at a current density of third down, third
current densily which is greatsr than the second current densily. The first and the third current density
may be equal o, but is nol reguired to be sgual. As shown in block 1008, the substirate is annealed s0
that the copper alioy region doping atoms are driven inio the copper layer portion, including the interface
portion, thereby forming a seif-wrapped around the core arga of the copper interconnect siruciure.

Conclusion embodiment of the present invention provides a composition of copper-based interconnect
struciurs, and methods for their preparation and chemisiry. More specifically, by using a plating bath
prepared based interconnects embedded copper plating bath which contains a mixture of a low
conceniration of sulfuric acid {<50g /1) and consisting of a sulfonic acid, can be doped elements "Super
filli" and co-plating. The concentration of doping elements can be by varying the current density in the
plating process is adjusted, thereby forming a higher doping concentration of the element in the interface
region of the interconnect structure, 5o as to not significantly lower resistivity undoped sacrificial Cu line
case, to improve the slsctromigration resistance. Between ths two without any significant delay, the
annealing after plating by, for example, in an infegrated annealing chamber having a plating tool
annealing, doping elemenis can be diffused to make the interface region, thereby forming an alioy at the
inferface . Annealing femperature may be low {e.q., <250 °C) to high {> 250 °C) vary so as {o preferably
form an alloy at the interface. Prepared according to the copper-based interconnect of the present
invention can be obtained by doping element alioys wrapped interconneacts. Preparation of Cu line is Re,
Ru or W wrapped, you can gel a buili-in blocking layer. In other words, by preparing a Be, Ru or W
copper, may be exiernal {i.e., interfacial area) to give doping interconnect alement alloy which serve 1o
reduce or prevent copper atoms into the surrounding dielectric layer diffused effsct. Cu interconnect
struciurs in accordance with the present invenition are prepared 1o be al the interface or the botiom of the
screen contains a copper alloy.

About CuSn slectroplating, combination, such as: (8} having a substantially uniform average, in a metal
plating film of Sn content is very low, Sn mainly at grain boundaries; bottom (b} and the micro-line
passage has a higher CuSn concentration; top (¢) onling and micro CuBSn path has a higher
concentration; the top and bottom (d} online and micro Cu8n path has a higher concentration. 1t should
also ba noted that the annealing may be performed after Cu plating, or copper layer is deposited after the
CMP, or after the Cu plating and CMP have been compleied.

10
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An advantage of some embodiments of the present invention is that the adsorption of copper interconnect
sificon nitride improves.

An advantage of some embodimsnts of the present invention does not require silicon nitride etch stop
layer.

An advantage of some embodimentis of the present invention is to improve the wear resistance of copper-
based inierconnects.

An advantage of some embodiments of the present invention is to hillock formation during annealing
operation is reduced.

An advantage of some embodiments of the present invention, relative to pure copper adsorption and
blocking layers, the adsorption of copper alloy and blocking layer improved, because the copper alloy in
the adulterated ingredient may be blocking layer {e.g., Sn-based copper alioy of Ta blocking layer) is
formed an intermetaliic compound.

An advantage of some embodiments of the present invention is made of a copper alloy coated coppsr
interconnect provides mechanical support to support copper. When inter-SiQ2-based layer of dislectric
material is replaced by a rigid worse and ulira low -K -k digleciric material, which is particularly useful.

For those skilled in the art, in the malerial after reading this disclosure, other modifications for the
apparatus described herein clear, cleaning solutions and processss carrisd out will be apparent. Thus, as
described in the appendead claims all such maodifications and changes will be considered to fall within the
spirit and scope of the present invention.

1. An electroplating bath comprising a mixture formed by the following materials: sulfuric acid, sulfonic
acid, copper-containing compounds, chlorine-containing compound and at least one doping element.
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21. An integrated circuit interconnect structure, comprising: a groove having at least one inter-layer

dielectric layer, said trenches having vertical sidewalls spaced apart; disposed in said at least one groove

metal conductors therein; wherein said internal metal conductor comprises copper, the copper contains

less than 0.5% by weight of the doping element, the top metal conductor, comprising an upper surface,

comprising copper, said Copper doping element contains more than 0.5% by weight, and the thickness of
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1. —Fea g, S8 A FAYERRRNBREY:

B, R, SHLEY. SENEYLURES—FiRATE,

2. IMERAFIER | BrRp s, HYmRa@bawitat T3
WAV RNEIA : TRERH . MEERMR. FAbH. FIBRR. 4. WiE
MR, ZREEERAE DA R = P R4

3. EBUCRIESK 2 Frid it e B, RS FE D—HFoa PR .

4. LENFEX 3 e s, KRR ED—RE PR InR%E
10 BHETFIHUEDMENA: REFBEREEL. BN, FEBTRELEBR

Ji o

5. HRBUNER 4 i g, EASES—HEEH.
6. HREAFIZEK 5 FrR i, KPR ZE D> —FEE70%E H i

THHAIWRA: LERES. frERERRs. A MBS EDTA.

15 7. BEAGRIESK 2 Frid g, KPR MBERIE 8 i THkaY
MBI : FRER, IR, AR, SHRESF PR, 3 LR
BRI ETE 0.005 BE/R/FH3) 2.5 BER/FHZ[H] .

8. MMBLNER 1 TR, HPidnEDb MRk TEiEs

HTFTEMBEMI4: Sn, In. Cd. Cr. Zn. Bi. Sb. Pb. Mn. Mg.
20 Co. Ni. Re. W. Ru. Pt. Rh, Pd. C. S. Os.

9. ILMMFIER 8 TR g, HPprdmBrIRkEREE 1-50

gl ZM; HH, HikRkERAERENEYH Cl BEFHIREEEE 10—

100 mg/1 2 8]

1032 BARFIERK 3 Frid MR gEgn, HPidMmBeRgnrEER

25 T 10%.

1L RBUFIER 6 Frd i mn, KPRRNEDL—MBRTER
Sn; HEHPIER Sn YERIMELE B B TRIMRMARIA: WMBRE). 2
R&HAD. W), EhBI). BB, BABSOMEEABJD.

12 2 BAUHE K 6 BT s, KPR m& 84440 HCL.

¥ ]
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13— Frpl &R al LNET RN ELERN HE, 85
ME—MELX ERFRNMEERES, FTRRMREZ P AEHE,
EFR BN AR EREMNE,
K& ETHTIMRERMERBRBEY D MK, —MH
5 R FWLeY. SEUSYUREDL—MBRETE;
EFRFE LR AR, ENRNREZ P8R TREN AR

E TR K

WAL EHURIL, BRI TR E .

10 1432 RRAIEX 13 Frid v, KPR ME R Zass:

XA RIS RELMRRE —RRE R &

Xof ey eI 58 — e IR MR RSE — s

IS BRAFIER 14 Fridfiris, KPS —aREE DT 30
mA/em’,

15 163 BAFESK 14 Bk, KRN E _RREEXT 30
mA/cm’.

17 ERAER 14 TEHIrE, KPR RciREERTIT
RAHRMA: Sn, In. Cdv Cr. Zn. Bi. Sb. Pb. Mn. Mg. Co. Ni.
Re. W. Ru, Pt Rh, Pd. C. S. Os.

20 18 EMBAER 14 Frid ¥, HP Rk ATER Sn. FRdK
FE—HEREFENT 30 mAlem’, FEHERAFE KT 30 mA/om’.

19 #2 AR E K 13 Frid )77 8:, PR KRR E .

X R A RN MR — R

XA REN SR i E MRS R &

25 bR A RN = B R DM R = R A

20 L MALRIE K 19 Fridiy s, Ko prRmE _—aREE hFE—
BHEN, FAE_AREE P TEHREE.

2L—MER BT NEESW, A

—ARFRAEELS— MY ER RN RE, TR EE IR

Page 419 of 616



01818870. 2 R # Ok B O#EIIW

FriEEMEE.
WEEIRHEL—MIENNER S
Kb IEMARaE s, MAMHESERERTPT 05
%A TE, TREBSENTR, SEE ERE, SFH, EKH
5 BEEHEREENKRT 05%NBRALE, HE, FIRTHKNER RS
FE = EL B [ BE TR 4L .
2 HEBARER 21 TANEESH, HFRENTEEE CuSn &
&, ¥ H, FFREOTIERNED AN E S W EE 2 [ o E A E
I8: 8 N
10
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F -8R Rl R B B A e T R BB T ik

s BeARATR
AR R E R RSP, ERAAHIE, SRS S&EE
£ (interconnection) K I #I%&.

HEBA
10 FREREEANER, SRTRESECEKNERBERHRE.
FEHRER R, —MNEER LMERASRMES S - EER BN
B AL T R R 2 ], BT In ZEAREZ J8 IR ek ) T £ e R 4
%. ERFHUMBERRERREREE. AANEER LM SHEEZ
6], EAELARE TR RO PR MTINLIERE, ATERALT
15 AREER EREBAS R Z REERFRESE. XRFBEHEY
Rie QB IEE (via) .
FPAEERARNL LR, FRTHUFTAHTHAEERER, ®
HEE - REERRERER R, Bl ZHRBHRETT K REE
BEIN—IEABBTHERE, RIEIEPHGEFREMN. — RS ER
20 RAERMFRINEREERNEAR, BEANWHETHEREBRBENESEH
EE, BHRAAEENERE, flmE. ARG AR A R
B, BdREEE, AFSaEdRRBE EN T EEREREER. ™
H, ATHEEEENRENMEE, Hit, SETESM, #WoE
ZIVRBHRTUE 8, MASRETEERKKRETERES
25 AERIERK EFr. bt RTRARTRZAERRY M A ESTR
ME%, B, EAEDMREERSEHFEEARD. X, BETE
MEESBHENET RN LES, WBTHEENRT, BETEA KA
. E/EIRFRFEESS.
WA, #AR—EaE ERNRA, FanERK A ERERN R
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M, REFEDHFERFRAES, URBERNIBIBOGE. bTHE
RERE, RREBEEENEN, THRABEMNNERA P RRER
.
ERTERERNEE&N, BAWSEMILAAT—Ba2e FR
5 %, AU EELIIRE R E— LS BITEA KRR,
i, WEERRTERRITBRMT RS TR SRS TEE.

Bt P 5 B
B 1 22—/ gk 4 (damascene structure) IR E < EHE,
10 R T EBAREN—[EEESE(encapsulation) T E, HPBREHEHT
SREMLERE.

B 2 B— 1 HEENRAXSHHRETRER, #R 7THERERHEN
—AEREETE, HPBRAMICLEITEH, FERCERESEBER L
RHE.

15 B3 B—PMHENBRASHNIRETREE, MR THRERENN
—MNEEAETR, BT TE CufH LERAFKEE.

4 BE— T HENRAREHNEEEAEE, BRTRELRHAN
—MEEAETR, HPBRAAEDPTEEBENERE. MM -EE.

5 B HENBARSGHIHEE ~EE, BB THEEEHEKN

20 —PMHEAESTR, HtBEAELR4T 8, FHCRBELBEN L
K.

B 6 R— P HEENBRAXGHIHBENER, BETIEREEARZEN
—NERAETR, BRTE CuRm EBRATINEE.

B 7 RN HESHMBRBANEE, fHeenEREEZaES

25 MR ETHT EEK.

B 8 & THELZHNHEHAERE, Co & nERNEREZTES
LWk, Jitll b A

B9 R—MHER, ERTEREALZHEN —AIBEPHERE.

10 R—1MEE, B7THREARER—MNIEFKERE,
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ABLiE A
BLIEH, BT ERPRMPOBNHE_FHERE, TRAKKHIE
EHEILELNEEBEW. B, SIARENE-fFHE&BZR, —MER
5 WERE, S4#Mtt, LSRR,
AR\ —NZHB P, —MHETEMERK Cu-Sn MR, FH4E
ARSI R P LA sert 5 0384 Cu b Sn E S HERECHETEE. BAXF TR,
B_FheR, Blin Sn, TLIMEEBETRECMERS KL BTN (F)
MPAEELKRE) , MRNAFTRDLH Sn HETHELRNBERTE
10 HIBRATEAXKE (FoeBEEE (trench) W) . HBEAREHE
MR EERE, FEEBEREAOuUKTIHRTRERBK., BB
(B ppm KD B Sn (ERFEARBRITE) . FEAEFHREEARAK
B, Sn FERESNDFLRE. EFMBLF LR Sn, fMIET Cu fkiid
FHY L, FHBREEELEREELN 13 eve BT Sn sk, HMaT A
15 BETEERE, EABT, In, Cd, Zn, Bi, Sb, Mn, Mg, Co, Cr,
Ni, Pb, Re, Ru, Rh, Pd, Pt, Os, W, S, C.
BRAZPTRK—M R BRSNS, SR ERENREAERE, U
ERBATENTEBRRARE TOHEBERED “ P IHET (superfill)”
MR N, BRNEREBTHRERNAZEEP. B THRERTHER
20 FEIR, WRAREE@EDE AREREFEIFAERE. ma, EEERH,
A EEN BT ET R R REE TSNS, MYa&hBaTiEN
WEEMLLEE ., MEtRE, LRGSR, HAMERNBIMRE
< 0.5%, MEZEELK R R DR HBRIRE L > 0.5%. HHREHET
BB B3 A m e ST AN ASKEE . fiin, MAFEHERFARES, T
25 AERSERIME T ERNETFRSIBER L.

RiE
REL . RAHE. B S, LSABAEUTE. B TFEER
THFUARRERIARENRIET R, EATRTEETUALREH. oLl
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ERMERMAENETARE, ERERSSY, eI R s,

RiEERE. TR (trace) . HER (wire) . B FTEBANES
HAMBHREY. EREMHRE—BRIRETUE RN, E#EdAA
F—MEMFHIAK. £XMIRE, SREENERYTE., Rk,

5 8. HiEER, BREHMFAEE.

ARTE “PhR” M “TER” BIEARLERZ NN SENBERE
o AT, XEREERTLUATHAER S ER LR %%
FHRRFFOD, MADATRBRFERNEHES. T TARBFAFHA
B, R NAM RIS,

10 NHE EigtrrEE ik,

FE ppm RIBEAHZ—.

R, HATURRANER (wafer) . &R, TTUBESEME. kLT
iR, WA MBS ELREMBEETIRIR. BRA ETUEE
EBA R RRER. A RRER A, I GaAs, B

15 A Lf%EE CGilicon-on-sapphire) , EFH #8444 L% (silicon-on-insulator,
SOD .

WA ERRAREEE, RIFESEAREESREA.

AR AR EREERAE T —Fr g, "TLUE Cu 5202 Cu sk Cu
HFEMEE (seed layer) k. H®E Cu A4B%E, BEARTF. CuSn.

20 CuC. CuS. Culn, CuCd. CuCr. CuZn. CuBi. CuSb. CuPb. CuMn.
CuMg. CuCo. CuNi. CuRe. CuRu. CuW., CuPt. CuPd. CuRh.
CuOs. EEMRERTE, BAMRT, CuSn. CuMg. CuAl. CuTi.
CuTa. CuW. Culn. CuSb, CuZn. CuPd. CuMn. CuCr. CuNi. CuRu.
CuRh. CuAu. CuBi. CuCd. CuPt. Culr. CuOs. CuRe. CuMo. CuZr.

25 CuW.

RTARAKNERER, MEE, MRE Cuilbi Cué4, #HLUE

HHHESABTIR (PVD) . LEHTR (CVD) . BFEIM (ALD)

BAEMEARRE S T REEMRENFRMUIR. Cu &M REERER

AWK THTER. Wy 8ENEaRE, BART, Ta. TaN.
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TaSiN. W. WN. WSiN, Ti. TiN. TiSiN. Co. FMKERLIEL PVD,
CVD EX ALD EAPT#R.
AR AR MR RRE - MR R . I RBAK W A N — A
FARELHEATTCLELE THMRASE—RBMEK: WEREN 5-100
5 glB CuBT; IWEHEEA 1-50 g/l (EEERTHRERTPT 10%) B
WiEe; WETEEN 10-100 mg/l M Cl BF; —FELHERE: L& Sn (D
B, ~MREMBRATEALSHNLNR, 8% Sn, In. Cd. Cr.
Zn. Bi. Sb. Pb, Mn. Mg. Co. Ni, Re. W. Ru. Pt. Rh. Pd. C.
S. Os. EHMPBETEHERTAERER T . KA, FVSFNFEE, 2
10 ARTF, —HFEMER, FlinmEEmmsERs; —FMEn, FnEs
(Bl Z.— K (PEG) « BA_E (PPG) ) : LLER—FSFHI, #ilin
TR, WAL THRES Y. 67, AuELSRT, g
B(Ee). HARE). 2 _BINZ% (EDTA) RZEEs, HMoEaiss
BERT, DUAHREEANITFRAES, MXBFEHTHRLES Cu WK
15 HFE (NHE +034V) HERKXHITES Cu REHR, XB7TLEM Cr.
Mg. Mn (NHE -1.18V) . Co (NHE -0.8V) . Zn (NHE -0.76V) . In
(NHE -0.35V) . Ni (NHE 0.25V) . B&FETHFIREBREE
f AR, I Pd (NHE +0.99V) . Rh (NHE +0.8V) ELE Pt (NHE
+0.73V) .
20 LR AEERERS, TURE cu BTFHELENaRE, BF
PR, RERM. FHERHH. FALH. WEMEMA. ZBB4. WEME. *
BWRALE=FPHERE. TR E LB TRREREER, EART,
HCl. TREEGHE, HART, FHEER (MSA) . LR (ESA) . KN
(PSA) . ZMRE (BSA) R=%FH® (triflic acid — TFA) , HTHHIK
25 JEJBEH 0.005 mol/1—2.5 mol/l. T LARGE Sn (I F ARG REIRRE, B
ARTF, WEREN). ZBREI). RAeB@). F44BAD. FAB@). B
BN EEIBI), WEREHD 0.1—200 g/l.

l| 1t A >
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EARRAMREEEER S, BEIETRBREFRENG, Bl
ERARPBEF RSB HIREE, DR SRR Ry
TERMRE. XH, MYLUELELNNSEXE L, BRES—MHRE
FPRATHEN Cu 4. B, SEHT -MHETHENEESL, #A

5 EHESHIMNIRANXZERAE &S,

FERHRRBBENBANERNE, ERKBATEATURK (FlingE
30-100 mA/em’ JTEE M) , DMEME cu MU EERIKEKBATE (Flink
HE >0.5%) REVB. HRH, BMTEAREE (FW 0.5-30
mA/em?) TTRME Cu SIGRERIRETE (FIIHEERIT <05%) RAER

10 . fEF—RETRES, AJRATERSE RS RHRETBISHTE K #E, L
FERFEE Cu SE&KHME . 2B X RAEH T LU R AR T E WS F
A FERA L. BRBRETUA-EHEEATE: EE—REEMN
B, BAKEERME, KT 250C, DRRHASRKRTIHEMRELER
b MESR_IIREN, BAKBERS (>250C) , MERIEHARE

15 LEEECueE.

EXRERMA—NTEHEH P, EhEVMIEE (CMP) ZE#1TE
X, NTTERBETERBYT HBAT LR EEREH. £ CMP 2
EREIX—R X8R, ATRAEARKERE (RO T, FHETAENES
IBKEE. WSS E A B (RTP) ®&THIT. &£ CMP ZEHNIX

20 —iBKk#ERME, AT LATERIZIBE IE/ILD AR M R AP a2 BTHEAT

FHEREAE Cu&E Cu HiEL
B TRGEHE T ERERAR— LG R EELEH: EHR
RENSGHNMBERABRANBRERE, E8—MREMBRTERNELS
25 Cu Fyi#: Tyl KH 2 REMS B ERE K TRTH, BER
Cu AT LGREMBH — ML FBRTE (< 05%) RENM. Eof
PURSERE AT B KRR, R —MERESFABRTETLRAEWR Cu K
RTS8 T RINRAGRER Sn (RHAE, <100 ppm) VAR B
FHERRILF L.

10
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B 1.3 BEHANERE T RERAEE. B 1 FHESL4ER SR E—
M HHEEE. FEEAKE, B 1 "HEREMNR (ILD) 102,i%
ILD102 D& E AL IR o iE 101 FIHGEEE 103, B & F 3
BETEF Cu BFUR—MEEMNBRATEETHBEERT. RE, &

5 1ILD 102 h¥E—Z4 104, AR 101 FIfdCE S 103 Mg 7%, JFH LD
102 (M ERERERE LT M 104, M4 TARER 104 RET
B, HARFERS, NMESEETRERTH Ml EMHRATER
TEHREELTR, RRAEGEE 106. BEEERLLERN, MTE
BHE 104 PERAMEFRHEZRERITDT 05%, FHFEEEE 106 b

10 #ETHEEREEIIKTO0S5%.

S E 2, FERXBRERRSE, B | NEHERTHRE. EX DL
B, BRBERTET 4S0CHIRE T, 7 0.5 B 180 F44HIETAIA,
TE Nav Ar B Np+H, (BHBRBESE) HEFTER. 5 — LM
o, BKIERESF LT Bk, 1C 100CE) 250°CHRIRE T, £ 0.5 3

15 180 FEFHUBTIRIA, #E Noo Ar 5% No+H, (REEBIRSE) FE 3T
H—UGB K RIS, 7E250°CH 450°CHEE T, 7E 0.5 £ 180 48 HIR[A)
A, 7E Niv Ar 8 N;+H, (BEERBRSHA) BEPHITE KRB K. b
B KRB RATRELSTHE 104 MMM E&Z 106 PIEHE. —
ERRFEFRERESENAEZE 104 HAEB3, BERFEEEE 108, WE

20 2 FiR.

3 SR T HEIMIEE (CMP) ZEHE 2 KEWH. % CMP
BERETESET ILD 102 LRENERE, WML TBAMEELE, X
Hew Eg BHME 3 BRI 104 &S5 108, M THIESH
FERNFESETHERE, £RFHAENEEMNEMH S —BRE#H

25 W, TIREEIE EIES M S ENERE.

Cusg Cu Bi&Egs
EXERBARH—NLHEEAT, BETRAZEHET —METHNEES
M: S5 —HREBMBRBTEREILNRR, REXTBENHE—BRNH

11
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BT EALIR K, B —HEREMEERERNRATER TR EEEHNA
H#S . EREH—AEEEHRBTTLLER TR IES%. TRV
BEAEKNBRERE (>30mA/m®) , FREESKRENBRETERE
3L S8 (co-plating); REEB/MUBRMFE (< 30 mA/em®) T4, {78

5 THEGHKABEFESSD, BRCENREENER: RE, EEX
FIFBIRERE (>30mA/em®) FHH, FHAETESWRIRS (HREKR
RIS PR REHNER.

EHRERETRE, #ITEXERE, UEBTET DRSNS

R TS B

10 4-6 BHAMPERTIXZ—GHMERE. B 4 B E g —
MEHoMEET. EEEHME, B 4 RUBERSBNE (ILD) 402,i%
ILD402 B2 ERALIFER PR THE 401 FIA0ER 403. MOLERH
WETEE Cu BFUR—WHEZMERAEEFREERT. RE, &©
ILD 402 FE—EHi&4 404, FEEMHE 401 FIRER 403 MR EHHES

15 4, ¥H LD 402 W EREWES LT —EHESE 404. FFERRKESHGI
1, Sn SHIFIHLUBBRAE S 404, ZETTHKERKAZE 100 F 500
%, B—MERESHEATRSHNBEBPHLTRTHBHEEE 404,
HLAETHREF S E 404 FAAEEPE, BRAREERD, ATEERE
TR IR TEASHE ST, UBREAE 406. WA 4 fr

20 75, G2 406 A T 401 FRUERR 403 TP BREEFAS SR 404
BTG EmEas. RREEESEEN, NTHEHEEE 404 pipE
THRIEZERWAT 05%, HHHE 406 T HEETFHERER /DT
0.5%. 7EJZ 406 BILE, IREBBRATHE, FHE—HBEMHBLATERETS
T RMNHERPIIH, WIHRAESE 408.

25 S RE 5, FEIRKBRETERE, B 4 MM EBRT Rk, X4 LH
B, BXBREREET 450CHEBET, 7 0.5 F 180 448 EA,
E Nov Ar B Np+H, GBS E) BT RN, 5 —ALhip)
th, BAXBELSFLET: HE, £ 1000CE] 250CHIRET, 7 05 3
180 8B, £ Now Ar 5§ No+H, (BERERSE) FighHT

12
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F—WKiBKk; KI5, 7£250°CE 450CHIEET, 7 0.5 3 180 44k nt )
A, £ Npv Ar B Np+H, (EBERERSE) FEP#ITE KB KA. It
B KBRS HRITETETHE 406 19 NEHEEE 406, 408 FIRE
i, mE 4 fra. BTXERKERT MRS 406 KA EREHRE, —
5 THEENAXEBRT. BHEH, H 406 HEAEHRES 410 BEE
KT .
B 6 mHTER THENMIY (CMP) BEZFHE 5 MEH. %
CMP #B{ElRZTESET ILD 402 FREHERE, ML T BN EE
£, XEHELATWE 6 FrnkHEHs 406 MASSHS 410, A TH
10 EEHERMOFASSHIOBRE, EREHEHENESMNEOME —K
REN, TSR EES R ELRE.
EARARA—NLHERA S, £ZL20&RET CMP BREZ FH#AT
BK. £ CMP ZEX—BK#8E, WUAEARKEE (K& T,
ERETRRNSGEB K. BB EIEALGE (RTP) B&T#T.
15 TEZEAER, X—BKEET A MZIEIEER LD 2R P
ZHBIHAT
B 7 AR AR AR R, %R A ILD BEHENEE
HELFACER. ERARG, WOEKMER AT ABEEFEMNNELK
BHERER. XEEABEERHFAGEHLAN. HE& A ETLEE
20 MEFTRHTHRERIBMR, MAAFHAMEGESE. BATERIERMN
Wy HEAN R, T SR FE TSN EELR Y. B 8 58 74
£, BRERTERAMN LY, HPHELERATHRIERNT
.
B 9 B8 THREARBE—FMrE. WiE 902 fiyx, AR —RREE
25 T, BEABRERPERER L, X ABBPESERE. PR, HE
TRBREF. BRE, WE 904 Prr, BREEESIE M, NE—
HEARPENEESEI LT CEITR T ROE L.
B 10 8 T ARBE—PEHY, HPER 7 EaEERknAEE
. SENERE, FHESHIBEOBYEAREFASSRKERG

13
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E. @& 10 FEHE 1002 fis, ER—-BRFET, BRASAEERS
HWEES L, ZRERTEENR. —FHER. WS THRAET. #h
RERELEREY, FHFETREAPRRATET U SHRER
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Ak, 7] =X 22L W, 7]F2 dE o] vEA 7A(PolySi), 4 5 (elemental metal), A& F
Fo] &=, 5 eHE, 55 HoE B H5S5ES LFstE o8 £ T 5 vk, 7o) vi=A|
248 ¥3s uf, o & E9°] CMOS(complementary metal oxide semiconductor) X} 72 s} o]ite] wix
A AA7E 2 el AFRE F Uk, JFe] A EFE 2 = ERe] 29SS 23w, 89 g5 dsdd
A FZA(multilayered interconnect structure)?] A1 AsAZ4d @S vepbd 4= o).

T BAGBG2)E F7) §1A me §7) A4S xdeles J99 Qe MW(interlevel) HFEE QJEZHW
(

intralevel) §F&AE T3}, {31 2Z(B2)2 Aol vl-v3ALd 5 Avk. Fxd SHG2)=EA AL
2 g Jd= A-dd FdA] £AHe o= Si0,, AA=FASAE, Si, €, 0 #H He] AAE Tt ¢ =39 A
(S, 27l E Aol E(organosilicates)), 723t Eglolddl o2 e 0E9 H5F5S XA,
olell A= AL ofHrt. "EeojdHul"olgtz folz £ oA A (bonds), FY Iel(fused ring)
= dE E9, A&, 7%, E#(sulfone), EFAI8E(sulfoxide), 2R I7|(carbonyl) T3 2 #|EA
A%t 5 (inert linking groups)ol] 23] 374 A o} F7|(aryl moieties) HFE= H|EAH oA ol Z7)
(inertly substitute aryl moieties)E EA3}7] &) A&},

T =262 drdgoe g o 4.0 o8ty FH ArE 7AW, FA A oF 2.8 o]l Aol ¢ PnkA o)
o & HAA ] dFE RE Fd AT 5EHE] 24 dFEHRA &= @ el B3 FXovk. ol
AAEL 4.0 B} ©] & 71 AF5E 7R 74 527 9 o dutdez o v 7 A5~ EL
(parasitic cross talk)E 7Fdoh.  F3d E2(52)9 FA= A8HE 3 S8 oy H3 E2(52) W
o] FHFo A& g uep W 5 vy, WAoo =m | AnkAl Aodd FxRAC dgEted, fd =2
(52)2 <F 50mmol Al <k 1000mme] 7S 747tk

A& vpe} o], x7] FRAGOE B Fd EZ(52)9] AN 39 A g% st= w350 E 2 g3
o}, st= wmp2A(G4) = AbskE, AgbE, A AZSME e olE9 99 > &2¢E xgst. o
Aol A Ft= mpA=(54)= o)4kEE FA(silicon dioxide)d 2L 2kgE<l vy T o} E A A YA =
nh2A(54) = Azl rA 2L HghEo|r.

Sle mpAH(54) = o E So], st 714} 3 & (Chemical Vapor Deposition; CVD), Z@}=w} 73} slst 7]4 ¥
ZF(Plasma Enhanced Chemical Vapor Deposition; PECVD), &}8} &< 32 (chemical solution deposition), %
ZH(evaporation) 2 E¥] 7|4 3] & (Physical Vapor Deposition; PVD)S X &sl= ZFdo H& Zgx4~E A

gt FAE. getdo=w 3= nfxA(54)= LE4FSH(thermal oxidation) % <23} (thermal
nitridation) & shvel] 93 FAd=2 4 ).

B oatge] AeHE S npag(54)9 SAE shs wpaz ZpAe] BAma ol o]= HFAsi=u Aled=
Zlz=el wet 9E 4 vk, dRkd e = ol= mpxH(54)E ¢F bnmellA] €F 100nme] FAE 7EAH, 2k 10nmel]
2] ok 80mme] FA 7t o] YukHe|r}.

oz, = 2bd =AW dte}l o], Holm shte] A(56)7F elaEd] B olAS AbEete] st= wmpz
a)s Fxd EFZH(5B2) = FALr. i ZEAsE st= mukA(54)  flo] ZEYHXEE
(photoresist ) (EAIE X ¢48)E PAsle @A, TEAXNAEESE dse Jde] il wZsls @A 2 F
o #A~E @dd(resist developer)& AHE3He] mEE XEHA2EES ddsts 9AE e, o) =
gAAE 2gte] oA ZaAa(dE Bo], vkA o] oA (reactive ion etching), ©]= % & (ion beam
etching), Z#=n} oA T oA ojEw el (laser ablation)) Z/Fx= F2 24e oA Z =2 A (wet
chemical etching process)E& Xggit}. Ut oz  wkgA o] AL Aok sh}e] F(656)E AlTsh=
g AbgdEn. duden, olFd ZRAAE ZTEIHARA2EC AFHE dEe] It= nlam(s)E A
(transferred)d = A1 ¥l HA} @A (first pattern transfer step)E XT38, FHEdE TEHXZEES
o] %ol ell4(ashing) ©A o] AALH, 1 vhgel A2 d¥ HAAL GAY} dEdR slE nfagzREe] g
Bl olgle] §1 EFH WE HdAler] 98 28"
A4 A= FA4dE dolx shve] AM(56)e] dol(Fxd B AN mHANE AT vty 7R
a Jor B Zd oA Faskxl &vh. A5 AAdelA, Holwm sl JFH(56)= FFH
THsiA AFE 5 vk, B e AAdelA, Holm ste] AT(56)E Fx EH(52) AHA
T & AAld A, Aeld zlole] A7 FAE 5 Ut

slhpe] AF-(56)= nvlo} sF(via opening), A1 JN(line opening) Z/Zx= Agtgl nlo}/A A+

2o o L

= g e o
K X e nil "

2
2
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(combined via/line opening)® & Ith. X 2boA], dE So] z}zte] AFe A AFaA TA1E).
hgom, % 2004 AR vhe} o], B2l F(58)E 1 kel Holw shite] ATE itels E 2bo] ®A)
2 =AY e x=Fd BY A (5, Zze] Agre 59 R uig ¥ olA) dolsle dhE vh=(54)
AN ZHs oel 490

SRR
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e Avleoma 7ed F

W ohe AlgsEE 24 '
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F A|=EZFL, o E Eo] CVD, PECVD, ALD ¥ PVDE %8l ZFdo AR T gz o3 IA

it

(52) YellA =d AHAE FAste) 2d EH(60)2, dE Eo] X 2do Z=AlE T3
Aolx Fal Ao n gloldd Holx sjite] AF(56) WA H-i ] . o
2 AAs7] 8l Az Ale] ZEA~v FEdn. 2 2-8(60)S HEA FA, SiGe, = F 2]
el =i F45E X¥eteE dF, 2 75 FEE e o8 e X3¢ & vl v e =,
st

= —n =
A EH60)2 CU, W, =5 AlY 22 =d FFo, Cu == Cu EF(dE 0], AlCwo] ¥ &

o
lo
f
oft
o,
i,
v
Jt

ok R

v 2A60)E Ao shfe] AT(6)E FEAon AgAY EE Hojw shte] ATF(56)E dAAow A
* ¥, =4 BAG0)S Fd A6 gy wY ok dus dAdGe=s FHE F ok, s )
SFOWD), Fehze) e} sk 214 IRPEOD), AW, shet gol W% ®

vhe] ATE vl ARy 92 A Qoo Fele A ZaAgsrt s o wEHsAE, e
(bottom-—up) =8 T A 27 AL8dT).

f
e

r(

1

(3
i

9[_1‘
_C:L
e

X
°

f
QL

A A AgEE Ze, = BH60)S] RS d¥Hew AAste oA TaAx f§1d 221(52) W
o] Aolx sfte] AT(56)E F-EAeRE 97 f1s) Ag=t.

thgo w2 Anl ARZ(planarization stop layer; 62)¢] Aolx s}t}o] 77(56)9] P& B o x#ut o}y
o Mol shpe] AT(56)9) 9 AT FAL P(58)(EE MEHe FE A=) o)A FAUC.
Anl AAF(62)S X8tz A3} FE2A|(resultant structure)?}, & o] &= 20 =A1ET. v AXSH
(62), A Bl &3 F4, A 74 R/FE A4 i 22 delrast 2o glele) ¥ BF me,
€

= = s
dAE Eo] T4 AY £4e P &5Y, FFE Ex AL Ta, Ry, Ir, ¥, Co, Ti W/EE Rhs} 2 )9
o) F% BAS AT, olsh o], dvp X620 A ¥ 4 2E Hd B TE FH BAR
A AA" 5 ok
An} AAF62)E, oo FAHE AL oplXw v, PECD, T2, et g W, 2uE" 2 2 /)4
A ZHPVD) S 2Fets Fele] A e s o5 P,

o5, &= 2fd] Al nfe} o], oE 59 g3 7144 Awnf(chemical mechanical polishing; CMP) %/
E= gkl (erinding) ¥ 2E dnp TaAsE Holx shite] AT(56)0] U7 U dgHE dn AXS
(628 F2& AAREE ASEY. Aok 9A F, Fa W % b= vpaas f1 BAGD BN, 5

_9_
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d owe] Ry AEn. oleh Aol ddnp maAzs (59 2W R ke 59 de]) % G4t AAei
2o o] 9A wot AAGA = vk AAT(62) 0] YHH] Fgel] o5 s FEAel w23
(60)= AFet.  <dnp AHe] ymx] w2 Hejm spube] A7 o] f1xske, a2 62)e] Ay wY
W oed WY e AR mue g
T o2fv @ wHe] A5AAAE mARY. malE nkep o], F ine] Ald FEAlE o 4.0 olske] &
A AFE e F 2462 1 FA 2AG2) el Midss 59 2US60X), vhe 2U60Y) H A #
H(602)& 2t =xd BH60)E E3shar, =i BH(60)9] A5 BU(602)S Fx B (52)9] A5 2U(520)
obeliel G, R we] Audd FaRAe 13 =4 =d60)°] FY FUE60X) H vhe 2A60Y) 4
ol f1Aek= Aol shve] U-F 4k AW(58)& xehath. @ age] dusld vaAs 513 = =26
0)e] A ®R602) Aol et A $40620)& e AAS Be 555E e, o A
AT FE FE5TE Holm ¥ Adel AN 59 xuEs date dx BEEEE e, 34 A 54
(62")& zt=rth
T o2gx A AET(600] = o2fc]l mAlE FEAL] =Ed w2 A FAHE de9Hl dadE
wA g G AYFT(6)L, oE B, SiC, SiNH, Si0,, V& =E dshE, dish i =ud v
Y S fe13 7]/2}

A SICINHD B o]Ee] Hagah 22 ddele] Hd fd A
7 A )

o)
A%, Feh=eh Fs ket 714 WF, ek g WA, FH Y A4S DD} gL Yoo Feo NF T2
27k A f4 ABF60E G4 AeE £ Aok K4 ABFG6D] FAE o8 FgsEd A
B 7)ERR ohe 3 % 23

A, Ao, {2 ABS(64)2 oF 15mmel] A oF
o

= o] Mg AAlde] disl FARLR EAIH TjeHe L 7E
ARl gl A Zlol Wy % vE dFe] & dwe] ARt HE Hlelyx
= o&d ¢ . wEkd, B IR Vieda =" Add du 2 AN

=347 9ol W9l ebol et

F4 7€)
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HicH o] oo x| Title of Invention
=2 58 NEE 4= H45ddA K| The mutual linking structure having the hi
gh leak resistance.

ok Abstract

CEHMM ON(ZF, = 28)7 S 39| & Itis not conducting feature (in other wor

2 goa 59 Mo{o| ofL| 1, CjAlof =&  ds, the conducting material) the same pla

2X0| 98 2709 A2 HEH ofzfo] 2/HA neas the top surface _of _the dielectric mat

Ele ASZ N7t HaECH o 25 erial and the mutual linking structure in w
o o L o M hich the conducting material is instead of

o &2 BT Of2io] 2N == AEEF oL ,

3} = oo M2 AS I mAK| o] T recessed under the top surface of the diel

oo =c 1oL :':::]E— = o = ectric material is provided. The conductin

=382 2= BH(S, 54 ﬁEE' o:"iind g material of the mutual linking structure

A HHE HEH)O| =i HH SO 28 21  according to the present invention all surf

-

MOICE B 7|0 4= #+ZAMHS1=  ace (in other words, the side wall surface
Eg|, 2MAEl =X 2Zo| AE FM 20| the top surface and bottom surface) are s
XSt A EAL g|MAEl =M 228 urrounded with under barrier metal it is r
Z3HSl= J) ot S| QK| SHC}. ecessed under the top surface of the diele
ctric material. It is positioned with the op
ening including the conducting material in
which the barrier material positioned on t
he top surface of the conducting material
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recessed to the mutual linking structures
of the prior art is recessed.

[ # = H (Representative drawing)
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A7 8 2 Lo 0jZ(embedded)s|=
S EDIS, BT ED U 48 BRS 2
=X 8F - 47| EF 200 47| 45 B
2 7| 9F o M5 B offo| YXIE

Scope of Claims

Claim 1:

Approximately, the mutual linking structu
re which comprises side wall surfaces tha
t become within the dielectric material :

dielectric material having the dielectric co
nstant less than 4.0 with the padding (em
bedded), the bottom surface, and the ins
ulating layer or the metallic layer

having the diffusion barrier attribute (diff
usion barrier properties) which has edge

areas contacting with upper sidewall surf
aces of at least U- type obstacle it is locat
ed on surface the top surface of the cond
ucting material and at least one U- type d
iffusion barrier (U-shaped diffusion barrie

r):

located on surface side wall surfaces and
bottom surface of - :

conducting material the top surface of the
conducting material - conducting material
having the top surface is positioned under
the top surface of the dielectric material.

Claim 1:
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CH2F 4.0 O|8}e| S M4E zt= X E3,; Approximately, the mutual linking structu
re which comprises side wall surfaces tha

bedded), the bottom surface, and the ins
ulating layer or the metallic layer

A7 9™ 23 Lo Of2 (embedded)x|= t become within the dielectric material :
NS EGHE, U B W AR BAES o _—
EX 2X - A7 EX 20| A7 AE BEO dielectric material hav!ng the dlele_ctrlc co
o A7| OF Exo| ALE T of2fof 2| X|Bt nstant less than 4.0 with the padding (em

~

= < T =
ngl %'Ij ﬁél%l é,*zl jﬂ ﬁﬁ? E‘Ioé’wlsd having the diffusion barrier attribute (diff
HREr EH YO YX|5t= HO{E 5tLto| U-&  ygion barrier properties) which has edge
g4t g8 (U-shaped diffusion barrier); 3 areas contacting with upper sidewall surf
aces of at least U- type obstacle it is locat
s 7H ISt ed on surface the top surface of the cond
1, Mo &7 U-& Z-o| M2 =8 B ucting material and at least one U- type d
2 zt=, st &t iffusion barrier (U-shaped diffusion barrie
2 A (diffusion barrier properties)S Zt= )

located on surface side wall surfaces and

conducting material the top surface of the
conducting material - conducting material
having the top surface is positioned under
the top surface of the dielectric material.

T 2g: Claim 2:

H 10| QA0 A, As for claim 1, the mutual linking structur
e which further includes the heredity cap

o ol stAL & ping layer (dielectric capping layer) locate

= ZaZX0| A d on surface the top surface of the insulat

- O~ -_ R . .

74 o = (dielectric N9 layer having the top surface and diffu

capping layer)S O matsi=, Atsoizg o SION barrier attribute of

Z=H. dielectric material or the metallic layer.
H 2gh: Claim 2:
H12Hof AO0jA, As for claim 1, the mutual linking structur
e which further includes the heredity cap
A7 ©F EXo| A7| A 5O gl A A ping layer (dielectric capping Iayer)llocate
B AMS ZHe MY| MYE e Z2Z0| A d on surface the top surface of the insulat
S oo Al Bl tlALL O PN A ittt ING | having the top surface and diffu
2 BH Ao K|Sl 9 LS (dielectric N9 'AYer 9 P

sion barrier attribute of

i
o
ot
I'|I'
o
o
e
!
-

capping layer)2

= , , . ,
Z=H. dielectric material or the metallic layer.
M4 3%: Claim 3:
H22H0| JAO0{A, The mutual linking structure of claim 2, w
herein
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A7| 8™ F|TEL SiC, SizsNH3, Si0,, EtA heredity capping layer comprises the SiC,

SIS ASIE Ol XA &4 IR ERSt the Si 4 NH 3, the SiO 5, and the oxide w

A SIC(N,H) = 8|2 z3tsl=, A5z hich is carbon doped and one among the

eI A -doped silicon carbide SiC (N,H) nitroge
n and hydrogen.

XM 38 Claim 3:
H2&H0| JAO{A, The mutual linking structure of claim 2, w
herein

iC, Si4NH3, SiO,, Bt

o 110
n

heredity capping layer comprises the SiC,
the Si 4 NH 3, the SiO 5, , and the oxide w

hich is carbon doped and one among the

0
oH
rin
R
fot
Mo
p =
n2
N
lo
+
i
n
oH
rn
rm
_I-'O_I-
=

TEA| -~ . : :
A -doped silicon carbide SiC (N,H) nitroge
n and hydrogen.

HI 4 Claim 4:

M1g LHX| H3e & o= 3t 20| A0 A, As for any one of claim 1 through claim
3, the mutual linking structure including o

A7 8™ EXL Si0,, AMAF A (silses ne of oxide and the A -doped thermosetti

ng property polyarylene ether (thermoset

; P ol Ho| QIAIE S T sts
quioxane), Si, C, O & Ho| AXSS 22} ting polyarylene ether) Cs wherein

= C =8& == 8l E€8=1d E2(oEH

Of|E| 2 (thermosetting polyarylene ether) yiolectric material includes the atoms of

59| StLtE EeSt=, 2 HE XX, H and SiO 5, , the silsesquioxane, the Si,
C, O.
M 4% Claim 4:

H1g WX H3% T 0= o S0 A0 A, As for any one of claim 1 through claim
3, the mutual linking structure including o
A7 S EE L Si0,y, AMAF24t(silses ne of oxide anc: the IA -dopﬁd t?(;rmosetti
. . = =1+ Ng property polyarylene ether (thermoset
quioxane), Si, C, O & He| |XI=E E&s} . )
L C SmE ARBE O GZstA Eaofa ting polyarylene ether) Cs wherein

Of[E{| 2(thermosetting polyarylene ether) yig|ectric material includes the atoms of

59| olLIE EFots, &f=2HE 4. H and SiO »,, the silsesquioxane, the Si,
C, O.
3+ 5% Claim 5:

H1g LK M4 = ol st 0 QJAO0{A], As for any one of claim 1 through claim
4, the mutual linking structure wherein

=]

=

: RuN,oRu_'Tla_, ouTaN, W = WNS =3+ U- type diffusion barrier includes the Ta, t

She, AFS I LR he TaN, the Ti, the TiN, the Ru, the RuN,
CreTEE ' the RuTa, the RuTaN, W or WN.

3 58k Claim 5:
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H1g WX Mg = o= ok g0 JAO0{A, As for any one of claim 1 through claim
4, the mutual linking structure wherein

|=;|

=

A7 U-o =H4aF B2 Ta, TaN, Ti, TiN, R

u, RuN, RuTa, RuTaN, W = WN° st U- type diffusion barrier includes the Ta, t

AL Al ol e ~  he TaN, the Ti, the TiN, the Ru, the RuN
= Al I_7=| _JF_X . ’ 7 I 7 7

She, 28 72N the RuTa, the RuTaN, W or WN.

g+ 63 Claim 6:

H1g WX X58 = o= 3t 20| U0 A, As for any one of claim 1 through claim
5, the mutual linking structure wherein th
A7 =M EE0F A7| U-8 EHAF ZHE ALO| 0 € U- type plated seed layer the U- type pl
QK|El= U-Y £ 2 A= o ZshstDm, A ated seed layer positioned between
7l U-g =5 A|ESE2 Cu, r , , oo
ol; RU o Illu R TS, ABOIH conducting material and U- type diffusion
Hx% —= =e= =/ ©= =% bparrier further is included includes the C
TEH. u, the Cu alloy, the Ir, the Ir alloy, the Ru
or the Ru alloy.

HL 6% Claim 6:

H1gt LHX| H|58 = o] 3k 30| JAO0{A, As for any one of claim 1 through claim
5, the mutual linking structure wherein th

A7 BN SR TF A7| U-8 EHAF BHE ALO| o € U- type plated segc_l layer the U- type pl

QIK|8l= U-8 £ 2 A|==S o mststn, A+ ated seed layer positioned between

721 U-d E3 A|[EE2Cy, C Ir ) . L

612 8=s Iliu ot o masrl. Almoyz conducting material and U- type diffusion

o T =0= = == barrier further is included includes the C

TEH. u, the Cu alloy, the Ir, the Ir alloy, the Ru
or the Ru alloy.
Hp 7% Claim 7:

H1g LHR| N6 = 0= S $H0f| U0 A, As for any one of claim 1 through claim
6, the mutual linking structure wherein
C

7| EX BEL 24 EEH3Y CU, W _ . _

Ll A2 T3, ASHA XA conducting material includes the napiform
or the alloy type Cu, and W or the Al.

XM 7 Claim 7:

H1g LR N6 & 0= St 3H0f| QUO0A, As for any one of claim 1 through claim
6, the mutual linking structure wherein
C

87 = 222 =52 E=s gad Cu, W _ o _

Ee AlS Z8HSs, ArS A7 XA conducting material includes the napiform
or the alloy type Cu, and W or the Al.

3+ 8¢ Claim 8:

Hig WA X7e = o= st 20| A0 A, As for any one of claim 1 through claim
7, the mutual linking structure wherein th

S zZhe AM7| HAE 5:_5 2«4 e insulating layer or the metallic layer ha

[=]
, e 72, Haot 44 £H Vi
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g EtSlgA Y 49, 829 E= Mgty T diffusion barrier attribute includes one a

a, Ru, Ir, W, Co, Ti 9 RhZEE| MEig]= mong the metal material selected from th

Ta 23 = SILUE ZESHe, AR 1x € silicon carbide and the A -doped napifor

. m the silicon carbide, the silicon nitride, a
nd nitrogen and hydrogen, and the alloy t
ype or the nitride type Ta, the Ru, the Ir,
W, the Co, the Ti and Rh.

7 8g: Claim 8:

H1g WAl N7E = 0= ot 30| A0 A, As for any one of claim 1 through claim
7, the mutual linking structure wherein th

BIAL A M2 2 AT S T 22 e_insulating layer or the metallic layer ha
52 Ete} P, el A4, Wk 4 =7 Ving
5| EFSIA Ol A4S St3Y e ASIE T _ _ _

e 2 e Ol B D e A e +°|_ diffusion barrier attribute includes one a
a,Ru, Ir, W, Co, Ti &l Rh2FE MEIE|= .
24 DA = SIS ZESIS, AS A X mong the metal material selected from th
;I'l_' =9 = FB"l=r o=2 T e silicon carbide and the A -doped napifor

m the silicon carbide, the silicon nitride, a
nd nitrogen and hydrogen, and the alloy t
ype or the nitride type Ta, the Ru, the Ir,
W, the Co, the Ti and Rh.

g+ 9g: Claim 9:

CHEF 4.0 O|5}e| | M2 4= 8 =%, Appro_ximately, _the mutual linking structu
re which comprises side wall surfaces recl

A7 9™ 23 Lo o2l gl =9 gHE, aimed within the dielectric material :

HIEf M Sl 848 EOHE 4= 72 g/ . . : : : :

HEE - A 28| S0 T 2E 0| Ab7| Ab dielectric material having the dielectric co

H o A7 S8 2X0o| A2 T oo nstant less than 4.0, the bottom surface,

T ECT o/ e 884 o Bl and the insulating layer or the metallic la

FxE -
yer

g7l 72| gw B 529 97| 54 BES having the diffusion barrier attribute whic

A 7] HE 2H &0 /X|o= HO{Z Lt h has edge areas contacting with at least

of U-Y =it HH; 9l upper sidewall surfaces of at least U- typ
e obstacle it is located on surface the top

A7 ENM SO M7 A8 HH A0 X5t surface of the conducting material and at

T, Moz A7| U-& AtEio| Mol AtE = least one U- type diffusion barrier :

H 2HED Yote OX| RESE #=, it _

X &MS ZHe HOS £l JaS located on surface side wall surfaces and
bottom surface of - :

2 TESle AFS O A

S EZRfsts, 20d 7EA copper-containing conducting material th
e top surface of the copper-containing co
nducting material - copper-containing con
ducting material having the top surface is
positioned under the top surface of the di
electric material.

X 9% Claim 9:
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Approximately, the mutual linking structu
re which comprises side wall surfaces recl
aimed within the dielectric material :

dielectric material having the dielectric co
nstant less than 4.0, the bottom surface,
and the insulating layer or the metallic la
yer

having the diffusion barrier attribute whic
h has edge areas contacting with at least
upper sidewall surfaces of at least U- typ
e obstacle it is located on surface the top
surface of the conducting material and at
least one U- type diffusion barrier :

located on surface side wall surfaces and
bottom surface of - :

copper-containing conducting material th
e top surface of the copper-containing co
nducting material - copper-containing con
ducting material having the top surface is
positioned under the top surface of the di
electric material.

Claim 10:

As the method for forming the mutual lin

king structure, another part of the insulat
ion material which has the top surface in

which the step - conducting material whic
h partly fills in the opening of the step :

at least one which has the patterned hard
mask in which the step - dielectric materi
al forming at least one opening within the
dielectric material having the dielectric co
nstant less than

about 4.0 is located on surface the top su
rface of the dielectric material has the op
ening and above-mentioned patterned ha
rd mask of - :

at least one as the diffusion barrier with t
he lining (lining) with the conducting mat
erial is positioned under the top surface o
f the dielectric material has the diffusion

barrier attribute on the upper part of not
only the top surface phase of inside of th
e opening of - :

7/24
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7] HO|= sfLtol T LHO| Tat HH £
s 47| MY 2 EE 34

= =2
A5t &7 HOE S

tLtkef 7

~

SHA A £HES A M7 HY 2R EE
=25 EFO MV ECHE BE2 MY 9
SO MY M BHI S HH A9|(copl
anar) 48 B2HZ 21, 47| =H EE2 4
72| = 23| EY EHE U HE BEH A
o AT 47| U-& shat ZE0f| o3 2tF G|
SYMO|H, St 2 £48 ZH= A7 BA
A9 MY ECIE BES M| =8 EE9|
A7 AR HEH M X SE, 4=HE X
X = .

AT 10%:

MSAA LXHE HYSIE LHO R A,

ot 4.0 0|go| 9™ A48 Z= W 2 Y
2 MO Lo |7 E "M THA - A
72l 9 SES MY /R ERo MR BT
A0 X|st= EH = StE OtA3E JHA -
;

A7 o=

StLto| 7 2ot AH7| i E{ L=l &}
OtAZE 4t ZEHo 2 210| H(lining)st
THA(;

L=}
—
=

47| Mo eiLte Jj7E =H BYE 2E
Moz ML B2 - 47 EH B2 47|
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at least one and conducting material but
also the diffusion barrier doing lining the
above-mentioned patterned hard mask or
the insulation material having the diffusio
n barrier attribute within the step :

of forming the metal material and at least
one opening or the metal material is main
tained and the U- type diffusion barrier is
formed within at least one opening. A mu
tual linking structure formation method c
omprising the steps of: the step of remov
ing one part of the above-mentioned hard
mask which being patterned positioned o
n the top surface of the dielectric material
and diffusion barrier and the insulation m
aterial having the diffusion barrier attribu
te or the metal material is included; anot
her part of the insulation material or the
metal material having

diffusion barrier attribute has the same pl
ane top cloth (coplanar) top surface as th
e top surface of the dielectric material; co
mpletely surrounding with the U- type diff
usion barrier in which the conducting mat
erial is located on surface the side wall su
rfaces and bottom surface of the conducti
ng material; and another part of the insul
ation material having the diffusion barrier
attribute is located on surface the top sur
face of the conducting material.

Claim 10:

As the method for forming the mutual lin

king structure, another part of the insulat
ion material which has the top surface in

which the step - conducting material whic
h partly fills in the opening of the step :

at least one which has the patterned hard
mask in which the step - dielectric materi
al forming at least one opening within the
dielectric material having the dielectric co
nstant less than

about 4.0 is located on surface the top su
rface of the dielectric material has the op
ening and above-mentioned patterned ha
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78 =Eo| o4& B of2fof fIX[st=
BHS 7MY -

7| MO otLto| 77 Lot &7 =

ol 7| &5 2H 4ET OfL[2t 7| oj

= StE OtA3E 20| dote & 7] =it

=1 Ll
of Qlofl At AW AN W= HH EH T
L 22 232 "4slE o U
47| MO|E siLto| |7 Lhof Bt T &
S 2te 47| B 23 w32 2o &
CtE B2 981 A7| MO BfLte
T o) U-8 2t 2 "agst, A
H 20| 47| A2 BE o YXIEHE A
I E Y=l SE OfATQF AH7| 2HAF AHH
7] Bt A aMe 2 Y 23 EE
& 270 YRES HHlE CHHE BY
ol

~
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2 rd mask of - :

at least one as the diffusion barrier with t
= he lining (lining) with the conducting mat
L, erial is positioned under the top surface o

w [ the dielectric material has the diffusion

barrier attribute on the upper part of not
only the top surface phase of inside of th
e opening of - :

< at least one and conducting material but

£  also the diffusion barrier doing lining the
7} above-mentioned patterned hard mask or
| & the insulation material having the diffusio

n barrier attribute within the step :

= of forming the metal material and at least
a

one opening or the metal material is main
tained and the U- type diffusion barrier is
formed within at least one opening. A mu
tual linking structure formation method c

(=) En P S E=2 L d | = . .

S Y 9= 4= H7| EU =22 £ omprising the steps of: the step of remov
= . .

=25 22 M7 EOE 222 &7l %  ing one part of the above-mentioned hard

SEO 7| A5 EHt 5 HH 42|(copl mask which being patterned positioned o

anar) 42 BEHE 270, 47| = S22 A n the top surface of the dielectric material

7| EM 2xo| =8 gHE ol giet X A+ and diffusion barrier and the insulation m

Of 9X|BF AF7| U-& SHAL Ateof| o|&fi @+Ais| aterial having the diffusion barrier attribu

=IO, SHAF RFE 2M S ZHS AMY| " O te or the metal material is included; anot

= ’ - o7 |JoE X © = . . .

S x|o| Ab7| IE C}2 HEO A} ~ =x 0| her part of the insulation material or the

EE—' 07| - I:l.t T o7| E|_ EE—' metal material havin

AF7| AFE TOH AMO| QK|S AFS O 1x 9

A7 A8 BH A0 YX|5ts, 4=2¢HE X

M e L.

diffusion barrier attribute has the same pl
ane top cloth (coplanar) top surface as th
e top surface of the dielectric material; co
mpletely surrounding with the U- type diff
usion barrier in which the conducting mat
erial is located on surface the side wall su
rfaces and bottom surface of the conducti
ng material; and another part of the insul
ation material having the diffusion barrier
attribute is located on surface the top sur
face of the conducting material.

Technical Field

7| = E0f
= g

et

o] Z

[

He dte X 2XN|Qf 0|o] A= Ht|0] The invention relates to the semiconducto
Zio|ct, &2 gt@e o AN F oz Ats rstructure and manufacturing method th
1 2™ K| (interconnect dielectric)e| At= ereof. The invention relates to the mutual

HEOHO| L2 =AM XES JjE ot ofL|g}, 2 linking structure of the semiconductor wit
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&M X2 (metalllc residues)(0f| &

, 2 %) g HEXo ABeZ %mxﬂ
ot O|9f M= Yo 2ot Z0|Ct d=HA
FENQ 47 BEHOAM 359 HR=(CUE
=0, 2e3)0| gl= AS motEM, o

SHE =N Wel +4dAgo| 744 ECt.

Hjg7|=

hout the metallic residue (metallic residu

es) (for example, deformities) more speci
fically, it has the high leak resistance on t
he top surface of the interconnection diel

ectric (interconnect dielectric) and manuf
acturing method thereof. In the top surfa
ce of the interconnection dielectric, while

it avoids that the metallic residue (for exa
mple, deformities) is formed the leak resi
stance within the mutual linking structure
is improved.

Background Art

Yty o 2 Bt X HX|S2 BLe A 7|T &0
HzEl= §H22(IC)E g¥stes 559 3
2EE EZECH Mz ZEE0 5T HESA
= gutdo 2 7|He| B 4o 2xE 32
AXESE HESH7| {8l 2t 2 EICH X0
XN ol MsSo| HEHel 2t gL of
£ 50| 42 £ FY CIoRA BN 7x(da
mascene wiring structures)?} 22 HE|Y|
#l o= Ct=(multilayered) 7|H &2 @S
QASHCH HHM xR E= QHiM o2 12|, Cu
T Cu gE8 EesHEL|, 0|& Cu 7|8 4
zﬁéﬂﬁﬂaol °*EDIE, Al 7|4t ”zomiﬂa
D HDHES O =2 SreA & 4o 2
of EUT|AES APO|9| B £ £E B

&9
&S MSot7| W&o|ct.

ety ol 4= HZE A=A Lo, 55 H|ot
=(vias)2 Ht=x| 7| Eof| =Z{5HA HH°“'E|-T'-
=5 U2 N 7| Tof| BdotA HiE e

H

Ch @529| IC Xﬂa HE2 4.0 0/10te fH
dE A= 78 220 25 M3t 35 4
O=(0E =9, E A J.le1 (conductlve f
eatures))2 Oj & (embedding)E 22 M, Al
© £EO| FIHMOl gt QIS 45 M
E9| M (#34#A2AE A (crosstalk)#34
#=2 2ef3)e A8 HYotfict.
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Generally, it is multiple circuits in which s
emiconductor devices form the manufact
ured integrated circuit (IC) on the semico
nductor substrate included. It is routed ci
rcuit devices in which the generally the co
mplex network of the signaling paths is di
stributed on the surface of the substrate
are connected. Such efficient routing of t
he signals demands for example, the for
mation of the multi-level like single or the
dual damascene interconnection structure
(damascene wiring structures) or multi la
yer (multilayered) techniques through the
apparatus. The wiring structure many sig
nal transmission of the speed of being mu
ch higher between the transistors of the n
umber on the complex semiconductor chi
p is due to be provided compared to this,
Cu base interconnects aluminum, and Al
base interconnects generally, the copper,
and the Cu or the Cu alloy are included.

The metal via (vias) is perpendicularly arr
anged in the semiconductor substrate an
d metal lines are arranged in the general
mutual linking structure parallel to the se
miconductor substrate. IC device chip of t
he todaies achieved the reduction of the s
ignal (it is known by the " cross-talk (cros
stalk) ") adjacent to the additional improv
ement of the signal speed of metal lines
metal lines and metal via (for example, t
he conducting feature (conductive feature
s)) in the dielectric material having the di
electric constant less than 4.0 as the pad
ding (embedding) box.

10/24
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Ao Bt N A4S AUA XN E0 A=, TD In current semiconductor mutual linking s
DB(time-dependent-dielectric-breakdow tructures, the TDDB (time-dependent-diel
n)7t Cu 7|dt 2&Z(metallurgy)t % k ectric-breakdown) is the Cu base metallic
93 23 (low K dielectric materials)2 = layer (metallurgy) and low k dielectric ma
S8hs O|2fo] AFS A TRNSO| Chst =9 terial (low K dielectric materials) grasped
N2 BHE 0| stLI2 mIOtEIC, #34#T due to one of majo_r re_liability problems t
DDB#34#= AS Xz 1xH o M ZX0| oward the mutual linking structures of th

— N =1 e future included. It means that the dama
A ZHO| Hapetof it &0 7| 7] A|Efetrt ge begins to happen as the dielectric mat

= AS onjettt. R 2F2 242 4= erial of the mutual linking structure of tim

4 12N E THIS5= 82 4=2HE /™ £ e as to the "TDDB", passes. While prepari

Aol HEH M0 HME|= XY £Ct(intrinsic ng for the mutual linking structure the da

means) = Z3S0| o3l St=l £ QICt. mage of the dielectric material can be cau
sed by the intrinsic means or the deformit
ies formed on the surface of the intercon
nection dielectric material.

e
Y

XM EHE O2tA| LIEILI= 22 The metal ion, showing up according to t
u 0|29 L=AM0| TDDBO|| 7|0{s} he interconnection dielectric surface espe
2 xM 2 7L Zcz nietsict, £ cially, the leakage of the Cu ion is perceiv
0|2{3t RIA =A SHAS LIEFLYS My ed <:!ue to the_ major intrinsic damage mec
Ao SR H(10)0|CH THEO hanism contributing to TDDB. Figure 1a is
= A_|6H°7|AO|EM§0471 XA Cu TN a mutual linking structure (10) of the prio
o E el O BAl1e o sre r art showing such intrinsic leakage phen
(14)7t OEE 78 =2 (12)E ZEICEL C gmenon. Specifically, the mutual linking s
u OX(14)= dEtH o= it FH(diffusio tructure of the prior art includes the diele
n barrier; 16)0 2lsf ™ SH(14)ELE ctric material (12) in which the Cu featur
22| =ICH 838 7| Y ZH(dielectric capping | e (14) is reclaimed. Generally the Cu feat
ayer; 18)2 9™ 2%ZI(14), &4t &E{(16) ure (14) is separated from the dielectric
9l Cu mA(14)° =3 Ao =X|3IC}. & 1a mgterial (_14) by the diffusion_ barrier_(diff
oA SHAES LS T A|S HIQF 2H0] A4S HZ usmn((l;grlrle;:. 16). T_he r;eredltyiscfpplpdg I

xtllo] AbH TTHO LAl =xda ayer (dielectric capping layer: resides
;Eﬂi&é&ﬁ?& [glig; ié(inf;% above the dielectric material (14), and th
L = e e surface of the Cu feature (14) and diffu
FEA[SICH A[ZO] Fuelof e, O|E1°-_{ CU " gion barrier (16). In the drawing 1a, arro
O|2529| +22 TDDBE otL|2t Y= AHA s indicate the leakage (diffusion) of Cu i
TEAM o HXE| =42 HYAIZICH ons from the conducting feature (14) whi
ch as shown in the figure, is generated ac
cording to the top surface of the mutual i
nking structure. As time passes the leaka
ge of such Cu ions generates the damage
of the apparatuses within not only TDDB
but also the mutual linking structure.

T 1b0j| = A| =l H}Q} ZH0|, TDDBO] C{3t & As shown in FIG. 1b, another contributing
C2 7|0 QA= ZEtap ARt of QICh & factors about TDDB is related to the defor
Moz, £ 1bt Cu RHEE(20)(0|2 Sof, Mity. Specifically, ﬁlgure lbis a mL_JtuaI Ii_
Zeho| 8 2(12)2 4% Eex s 7 NKIng structure (10) of another prior an |
I %(18) AF0| 9| OlE{m[0|A0| =xjst ¢ ncluding the components illustrated in Fig

_ . ure la the Cu residue (20) (for example,
al ==X (=] = = . - . .
iaﬂl Eilf—l Ef L‘jfa i Zefots E O the deformity) existing in the interface be
i 7lg2 d=HZ FZH(10#39#)0ICt tween the top surface of the dielectric ma

rr 2 ox
m -
rto ot

i
Brlr 1
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terial (12) and the heredity capping layer
(18). While the Cu residue (20) Cu featur
e (14) (the deposition of the Cu within th

e opening formed within in other words, t
he dielectric material (12) and grinding (p
lanarization)) are formed it is formed. Pos
t grinding Cu residues providing the defor
mity on the surface of the dielectric mate

rial are one among the main causes of th

e TDDB damage.

In the upper part, specifically the Cu was

explained in connection with the mutual li
nking structures of the prior art. However
the above-described leakage and the defe
ct problems have to note occurring in for

example, the dissimilar conductive metals
of the type such as the Al and W.

When it lights to the leakage problem illu

strated in Figure 1a and residue problem i
llustrated in Figure 1b , the metal leakag

e, especially, the Cu ion diffusion and met
allic residue, especially, the Cu residue ev
eryone are on the decrease from the mut
ual linking structure or it has the continuo
us necessity to provide the mutual linking
structure which perfects can be removed.

Description of Embodiments

By referring to the following description a
nd drawing attached to the application w

hich the invention providing the mutual li

nking structure without the metallic resid

ue having the high leak resistance and ex
ists on the surface of the dielectric materi
al and the method for manufacturing the

mutual linking structure looks it will be m
ore described in detail. The drawing of thi
s application is only provided for the purp
ose of being illustrative and it has to note
that drawing was not illustrated according
to accumulation.

In the following description, so that the n
umerous detailed detail article like the sp
ecific scheme, component, material, dime
nsion, process step and technology provi
de the understanding of being whole of th
e invention technology is provided. But it
will be clear to the person skilled in the ar
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t of this technical field that the invention
can be performed without such detailed d
etail article. In another example, in order
to avoid that the well known structure or
the process step ambiguously makes the i
nvention it is not described.

When the layer, and the element such as
the domain and substrate are called in an
other element " phase to be positioned at
the " the upper part with 34 , it can be in
the dissimilar element, immediately, the
upper part or the intervention element m
oreover can exist. On the contrary, when
it is called that the element is positioned
with another element ", immediately, the
" or the ", immediately, on top ", the inte
rvention element is nonexistent. When th
e element is connected to another eleme
nt with " the element is combined with 34
it is with 34 and it is called , it is connect
ed directly to the dissimilar element or th
e element can be combined or the interve
ntion element can exist. On the contrary,
when the element is connected directly to
another element with " the element is dir
ectly combined with 34 it is with 34 and it
is called , the intervention element is non
existent.

As described above, the present invention
is to provide the mutual linking structure

without the metallic residue which exists

on the surface of the dielectric material it
has the high leak resistance and the met

hod for manufacturing the mutual linking

structure. TDDB in which the mutual linki
ng structure of the invention is improved

than the structure of the prior art inventi

on is shown.

In the mutual linking structure of the inve
ntion, the conducting feature (in other wo
rds, the conducting material) is not in the
same plane as the top surface of the diele
ctric material. However the conducting m

aterial is instead of recessed under the to
p surface of the dielectric material. Itisr

ecessed under the top surface of the diele
ctric material. In addition the conducting

material of the mutual linking structure of
the invention every respect (for example,

13/24
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the side wall surface, and the top surface
and bottom surface) surround with under
barrier metal. The side wall surface of the
recessed conducting material within the o
pening and bottom surface are lined to th
e U- type diffusion barrier. The recessed t
op surface of the conducting material is li
ned to the insulating layer or the metallic
layer and all of them has the diffusion bar
rier attribute. If the upper sidewall surfac
e or the U- type plated seed layer of the
U- type diffusion barrier exists the edge a
rea of the insulating layer or the metallic |
ayer doing lining the top surface of the co
nducting material contacts with the select
ive U- type plated seed layer.

There is no direct contact between the co
nducting material and the dielectric mater
ial recessed in this application and it mor
eover has to note that the extended grind
ing (planarization) of the conducting mat
erial is not used on the surface of the inte
rconnection dielectric since such conducti
ve stringer is not formed in the top surfac
e of the mutual linking structure like the
case at the prior art mutual linking struct
ure. The conductive metal residue (for ex
ample, the deformity) on the dielectric su
rface is reduced but sun has the notable
effect.

Referring to Figure 2a-2g, figure 2a-2g sh
ows the basis process step of being used

to form the semiconductor mutual linking
structure of the invention. Figure 2a show
s the initial configuration (50) including t

he hard mask (54) located on surface the
surface of the dielectric material (52) and
dielectric material (52).

The initial configuration (50), in other wor
ds, the dielectric material (52) can be loc

ated on surface (is not illustrated in the d
rawing of this application) substrate. The

substrate which is not illustrated may incl
ude the semiconductor material, the insul
ation material, and the conducting materi
al or their arbitrary combination. When th
e substrate is made up of the semiconduc
tor material the arbitrary semiconductor li
ke the si, siGe, siGeC, siC, ge alloy, gaAs,
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£ £0{ Si/SiGe, Si/SiC, SOI(silicon-on-in inAs, inP and the other III / V or the II /
sulator) = SGOI(silicon germanium-on VI compound semiconductor can be used.
-insulator)Q} Zt2 A =3}E Btz K@l e Evenin case moreover, the semiconducto

T E{iCt, r substrate is for example, the Si / SiGe,
= the Si/ SiC, and the layered semiconduct
or such as the SOI (silicon-on-insulator) a

nd SGOI (silicon germanium-on-insulato

r) the enumerated invention not only the
semiconductor material of the type consid

ers.

Z|oo| M 22 M, M EA2 27| H When the substrate is the insulation mate

OlX, 27| MK £ 2A=2 mststs 0| rial it can be their combination in which t
I}, 7|mo| =& 2% mj, he insulation material includes organic ins

so =ge £ Ut 2 : el
7|B2 o|= Sof CtAX FA(PolySi), YA ulator, and the inorganic insulator or the
:1A As Sof s F‘t (:1 ss=  Mmulti-layer. The substrate the substrate i
T 2(elemental metal), 4 2£9| ¢ 2, . X
e A sl L Oama —w S the conducting material, for example, c
=% n2tE, 55 8= E= 5752 Z® 55 comprise their combination including t
ol= o|Eo| RS2 mStoh & o||:|. 7|r|+o| P . . . 9
St S CEE SRS T M he polycrystalline silicon (PolySi), the ele
TN 2HE ZYF O, 6lE S0 CMOS(c mental metal, the alloy of the elemental
omplementary metal oxide semiconducto metal, the metal silicide, and the metal-ni
) 423 aof it S, ride or the multi-layer. When the substra
r) YAt Z2 StLt O] fe| Bh= & FX|7} 2 trid th Iti-| When the subst
20 =2 £ ULt 7|=o| MH E& 9 = te includes the semiconductor material fo
M 2% xote Zstet [f, 7|Tt2 CtE A rexample, at least one semiconductor de
3017 LxH|(multilayered interconnect s Vice like the CMOS (complementary metal
tructure)©| X1 ASGIZ S LIEIY 2 oxide semiconductor) apparatus can be m
=" anufactured for the upper part. When the
M substrate includes the combination of the
conducting material and insulation materi
al the substrate can show the first interco
nnect level of the multi layer mutual linki
ng structure (multilayered interconnect st
ructure).

Z(52)2 27| 8MN == 87| 8™ The dielectric material (52) is used in ord
= @lo|o| ol 3| (interlevel) er to express the aryl residue (aryl moieti
I3y (intralevel) 97 K2 zZgtst es) which includes the A -doped oxide (in
=) E(52)2 CHEAO0| 7L} H|-CHEA other words, the organo silicate (organosi
ol A OICt ©F 2X(52)2A AFRE & 9 licates)) C, and the thermgsettln_g propert
L X QMo 29| O SiO,, AlAA y polyarylent_e (_ather or their mt_.lltl-la_yers a
= TEL T e = 2r = nd however it is not thus restricted is cou
FZ4 Si, C, O 2 He| MAE Z5t= C  pled together in the application which the
CEE MIE(F, 2714 2|#H 0| E(organo term called the " polyarylene " this looks
silicates)), @434 Zz|o}2 @ 0E|= £+ with the combination (bonds), and the co
JE9| 48 IsHsX|O, 0|0 $t¥ = ndensed cycle (fused ring), for example, t
742 OfL|C}. #34#Z 2|02 2 #34#0|2t= he deactivation bonding group (inert linki
20| 2 =0|A ZA3H(bonds), =3t 1z NI groups) like the oxygen, sul_fur, the su
(fused ring) = G2 S0, AtA, 03, & Ifone, the sm_.|lfoxy cargo (squOX|d_e), _the C
A A arbonyl radical etc. Or the deactivation, s

ig‘—l(sulfone), %E;Algf%c(,sulfoxide)iafgfl ubstitution, the aryl residue (inertly subst
E7|(c:_arl?onyl) st d2 E”%tg 721‘% 1&(i jtute aryl moieties) including the predeter
nert linking groups)0i 2|5 &7 Z& &l O mined example of the arbitrary interlevel
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2l Xt7|(aryl moieties) EE= H|ZH CJA| o including the inorganic dielectric or the or

2 Xt7|(inertly substitute aryl moieties)& ganic dielectric substance or the proper di

B8 sf AFREIC electric which can be used as the dielectri
¢ material (52) it can be the non-porous t
he dielectric material (52) is the porosity
it includes the intralevel dielectric is the S
iO 5, the silsesquioxane, the Si, C, O, an
d the atom of H.

8™ BA(52)2 YHIMo 2 9f 4,0 0|8}2] Generally the dielectric material (52) has
O AAZ JIX|H, SF At ok 2 8 0|8} the dielec_tric co_nstant less _than about 4.0
Ol 40| O YHFEO|C}. 2 HAA 0| HZEl and the dielectric constant is more gener

= OX AIAL EA =1 or al about 2.8 or less. As long as all dielectr
RE RN o= EHY| CEA ALK & . . . AP
L & RIZ0| B3t 2x[o[Ch. 0|t SHHS C constants mentioned in this specificatio
S "1-0'—;[} |:-|I_-:-<;r°7<1 A= ;}x-ll-r'—l_°§l n are not specially differently mentioned i
= L e T o= CIE TTE tis the value about the vacuum. Such die
=21 H|ue O AUy o= O K2 7(d

2 |ectrics generally it has the lower parasiti
24 E3(parasitic cross talk)E 7Tt /& sm cross-talk (parasitic cross talk) compa
M 2H(52)e FH= M8k ™ SE® red to the dielectric material having the d
ot otL|2t ™ 22 (52) LHe| R =2 M= ielectric constant which is much higher th
Sk 740 et HE 4 QICH YHtH o=, 9 an 4.0. It can change according to the co
HHE Ol 4B A LXK 0f Cistol, M 22 rrect number of the dielectric layer within
(52)2 2 50nmojjA| 2 1000nme| == Not only the dielectric material in which t
7bEICH, he _thlckness of the d|elef:tr|c n'_1ater|al (_5
2) is used but also the dielectric material
(52). Generally, in the dielectric material
(52) about the general mutual linking str
ucture, is about 50nm, it has the thicknes
s of about 1000nm.

Madst HiQl 20|, £7| £EN|(50)= E3H S As described above, the hard mask (54) i
M EZ(52)0 A mM Ao X3t = O n which the initial configuration (50) is lo
A (54)E Z3tsic), st OjAA(54)= A+ cated on surface moreover, the top surfa

o N2, AFSIESIE i 0|S9| Qoo C& of the dielectric material (52) is includ

o=, & Skelg=y . .
x RSO TIBFBLEL Ol Al == ed. The hard mask (54) comprises the oxi
CS ZUS RAciCh S SA0I0|M, 5= de, the nitride, the oxynitride, or their ar

=
Dfﬁﬂ(s‘q% 0| &=} 2 (silicon dioxide) bitrary multi layer combination. In one e
i g2 tebEl g, E CHE A0 mbodiment, whereas the hard mask (54)
St Or2A(54)= 2%t 2t 22 ESE s the oxide like the silicon dioxide it is th
O|Cf. e nitride such as the hard mask (54) is th
e silicon nitride in another preferred emb
odiment.

SIE OFAF(54)= 0| & 50, 3tst 7|4 m%F The hard mask (54) is formed using the c
(Chemical Vapor Deposition; CVD), Za} onventional deposition process including f
=0 23} $}8t 7|4+ T A (Plasma Enhanced ©F example, the chemicallv_apor depositio
Chemical Vapor Deposition; PECVD), & N (Chemical Vapor Deposition: CVD), the
st 204 mAH(chemical solution depositio plasma enhanced chemical vapor depositi
=x} tion) @ =a| 7| A TAHPh on (Plasma Enhanced Chemical Vapor De
n){ S %i(evapora X = oC . 1t position: PECVD), the chemical solution d
ysical Vapor Deposition; PVD)E Zetot=  epgsition, deposition (evaporation) and p
oo | T2 A5 M85 FHELE  hysical vapor sticking (Physical Vapor De
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mal oxidation) %! &&3}(thermal nitridati

fe AL
sy

[OtX o 2, 8t= OpAZ(54)= AISHther
In

on) & StLtof 2|5 UL

L YO A E|= StE OrAZ(54)2] FH
StE OrA = AHA|e| S #D OfL[2t O] &
Got=H AHEE= 71=0f et HE =
. YUMoz, 8l OpA3(54)= 2 5nm
OlM 2F 100nme| =HE 7HX[H, 2F 10nm
Ol A 2F 80nme| =7t I YerXO|L}.

otnrrrix

CH2o =, & 2b0f| ZA|E HieF Z0[, Mok
StLtel i (56)7t 2laeim| 3 o &S A
8919 ol OtAA(54)2F 7T =E(52) W
2 FEECH g|adefE ZEMA= SHE O
A3A(54) 99 Z=E5X|AE(photoresist)
(ZAIZ[X] %Z)E YHst= B, ZEH XA
EE ¥ot= I EHO| HhAL0| E5t= BHA o
=olio| HAIAE AU (resist developer)S
MBS tEE ZEYHXAEE HYSHE=
HE Zgoict o TEMAE E210| o H
ZENA(0E 50, 284 0|2 of &H(reacti
ve ion etching), 0|2 ! 0f| Al (ion beam et
ching), E2t=0} 0| F =& 2{|0|X o{Zg0|
M(laser ablation)) Y/E= &4 318t of &
= Z M|A(wet chemical etching process)&
Zototch dut¥ o=, B8 O|2 o2 H
O = StLte| 7H7(56) & M Sot=0 AFEE
Ch YutMo =z, oAl Z2MAE ZEH KA
Eo| M&Skl= jHO| st= OfAS(54)E H
AH(transferred) | = A1 D& M A} SHA|(firs
t pattern transfer step)E Z&s|H, IiEH
E ZEPX[AE = O|F0f of4l(ashing) THA|
O 2|5 AMAZH, 2 CHE0 A2 oiE ™A
THAI I JE StE OiASZREHO| IjH S
ofgfel M =& LHE MAISH7| sl AtEE
Ct.

78 22(54) L2 S8E Hol otLte| 7Y
T(56)°] HO|(FH =22 ¢4F RBYME
B 7 Tto| BtE WA SFE)=s BHE & AU
o 2 280 UM S2BHA| BLf. L7
AAO0 A, HO{ = StLte| Ji1(56)= +T
=2 S 24| S AT =+ UL =

CHE HAINI0A, MO & BtLtel 7H7(56) &
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position: PVD). Alternatively, the hard ma
sk (54) is formed by one among the ther
mal oxidation and heat-nitriding (thermal
nitridation).

The thickness of the hard mask (54) poss
ible to be used in the present invention ¢
an change according to not only the mate
rial of the hard mask itself but also the te
chnology which is used to form this. Gene
rally, in the hard mask (54) is about 5n
m, it has the thickness of about 100nm a
nd the thickness of about 80nm is more g
eneral in about 10nm.

Next, as shown in FIG. 2b, at least one o
pening (56) is formed using lithography a
nd etching within the hard mask (54) and
dielectric material (52). The lithographic
process comprises the step of developing
the step of forming the photoresist (phot
oresist) (not shown) on the hard mask (5
4), and the step of exposing the photores
ist to the radiation of the desired pattern
and the photoresist exposed using the co
nventional resist developer. The etching p
rocess includes dry etching process (for e
xample, the reactive ion etch (reactive io
n etching), the ion beam etching, and the
plasma etching or the laser ablation) an
d/or the wet chemical etching process. G
enerally, the reactive ion etch is used wh
en at least one opening (56) is provided.
Generally, the first pattern transfer step i
n which the pattern in which the etching
process is provided to the photoresist con
sists of the hard mask (54) with the impri
nt (transferred) is included and the there
after the patterned photoresist is remove
d using the ashing step and it is used in 0
rder to transfer the pattern from the hard
mask in which and then, the second patte
rn transfer step is patterned within the fol
lowing dielectric material.

The non-critical as to the application whic
h it looks at while the depth (in the top s
urface of the dielectric material, it is mea
sured to the bottom wall of the opening)

of at least one opening (56) formed withi
n the dielectric material (54) can change.
In some embodiments, at least one openi
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S EA(52) AHA| oA H=C}. &= C}2 ng (56) completely passes the dielectric

AA|O| A, AtO|8F Z10]o| i 7} B AIE 2 91 material and it can be extended. In anoth

C}. er preferred embodiment, at least one op
ening (56) stops in the dielectric material
(52) itself. Another operation ornamental
seal characters, and the opening of the di

fferent depth can be formed.

0| StLto| 7§ 71(56)= H|OF 7|7+ (via ope At least one opening (56) may be the via
ning), M 7§ (line opening) 3/ = Z%  aperture (via opening), and the line openi
| H|O}/M 7§ (combined via/line openin NG and/or the combined via / line opening
9)2 £ QICt. T 2bOjA, 0|2 S0 2t2to) (combined via/line opening). In the drawi

A e ng 2b, each opening is for example illustr
e dATEA EAED ated as the line opening.

CI2o 2, & 2coA] TA|=l HIQF Zto|, &4 Next, as shown in Figure 2, it is formed
It (58)2 1 Qo Ho| = 3Lto| 7|tE = on exposed surfaces of the structure illust
Sl & 2b0j EA|E XA ZE =g ratedin Figure 2b in which the diffusion b
B AO|A (=, 2+2to| 7j10| =1 gl HpEt arrier (58) includes at least one opening i
B ALO M) I-I-o|-,OIh s I:IfA-_‘-l_(l54)°| o N the inside according to the top surface
EE;O EI:}E}E*M;“EII_I:} - = — ©T of the hard mask (54) remaining.

_= % o= .

=

AP ZHE(58)2 Ta, TaN, Ti, TiN, Ru, Ru The diffusion barrier (58) comprises the T
, RuTa, RuTaN, W, WN == =& Zxl0| a, the TaN, the Ti, the TiN, the Ru, the Ru
ORS En510] SAE|S 7S HHX|St= A N, the RuTa, the RuTaN, W, WN, or the di
oz M 7|53 & 9l= olojo| [}2 2xg x SSimilar material functioning as the obsta

SFSIC}. BHAF AHEH(58)0| Sl AFR 5| I cle which prevents it is diffused the condu
;LEEIAW:HHEFOM EFAF;?-EiL e Oﬁ_EEPEP cting material passes through that place.

_'*TA OI—"'—' 'Euu o SM ';FE o  ltcan change according to not only the d

B ¢ UL FEH2 R, U YH(58)2  eposition process where the thickness of t
of 2nmOf|Al ¢f 50nme| =& 7HX|MH, % 5 he diffusion barrier (58) is used but also t
nmojlA 2f 20nm2| 747t o YEHEO|CH.  he used material. Generally, in the diffusi
on barrier (58) is about 2nm, it has the t

hickness of about 50nm and the thicknes

s of about 20nm is more general in about
5nm.

A A (58)2 O|E S0, 2tst 7|4 m*  The diffusion barrier (58) is formed by th
(CVD), =0} 23} 343t 7|4 m|2H(PECV e deposition process including for exampl
D), 9IXI= m%HALD), 22| 7|4 D|2HPVY & the chemical vapor depqsition (CVvD), t
D), AT{E{ Y, 3}&+ 8 it O £2S =3 h.e_plasma enhanced chemlcal vapor dgpo
AL %l T L = sition (PECVD), the atomic layer depositio
ot= HE 2 M 20 oo d-dElCt. : e

n (ALD), the physical vapor sticking (PV
D), the sputtering, the chemical solution
deposition and plating.

2 ot

QH AAIOOf RUO{A, MEEE Ol =2 A|EZX As to the some embodiment, the selectiv
(= 2c LYo TM™OZ ALK %2)2 & e plated seed layer (the drawing 2c, speci
At &bE{(58)0 B Ao M A E £ g, fically, not shown) can be formed on the

SHAb &b (58) AO|A €2 o0|D XX F oz surface of the diffusion barrier (58). It ha
SiMdCl Ex =xl10| 2Ol ol _ ey S in case of the conducting material succe
Bdils = 220 320 AOME, = (G0 ond which is directly formed on the

Hol =3 Al=50| vt Yot HF ol

diffusion barrier (58) and the selective pl
http://engpat kipris.or.kr/pmt/patent/patentRTT.jsp
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BlEl =M 2& == 2 ated seed layer is not necessary. It is use
Z(electroplatin d the successive electroplating of the con
o|sh AFREICH A ductive metal in which the selective plate
d seed layer is pre-selected or the metal
TaRu 312) E = alloy is selectively promoted. The preciou
! =07 — = s metal (noble metal) or the dissimilar pr
verpcfentlal)g 7t oper noble metal alloy in which the selecti
I*.—E.l—_'.—(noble meta ye plated seed layer has the Cu, the Cu al
= g 4 ALt Cu B oy, the Ir, the Ir alloy, the Ru, the Ru all
£0| 7§5+(56) L{of Moo= ML= oy (for example, the TaRu alloy) or the lo
4%, gHtdo 2 C Cu g2 =2 A|E w metal plating overvoltage (overpotentia
Z=0| AFB=IC}. I) is include might. Generally the Cu or th
e Cu alloy plated seed layer of the Cu me
tal is used in the opening (56) with case
of being consecutively formed.

==

>
N
mrﬂ

Pl

rx OH

H1 ym 1o |1

Do

> |0
rrx

ap 110

ro Ol
n KU g

7
u, Custz, Ir, Ir et

% Jj rorx
ro r
ot

@]

12 mjo por OH

e

[}

, Ru, Ru gta(

b
20
<L

o mjm

re H et s n
Jpy 0% 4,

E

0 |:|IJ
&>

H1

H

l-'J_

F

AN op Jm Qg H

rir rjo

A

2lolo| o

) ££ A2 23

|1t

n

C

S > o

H
rir

L MEYX Q| =2 A|E It can change according to not only the m
2} 0|2 #Msl=0 At aterial of the plated seed layer in which t
b ol oz A he thickness of the selective seed layer is
L — ey ] 7 = . . .
C 22 o 2nmojlA| 2 80nm selective but also the technology which is
— O - | . .
o| = 7RI} used to form this. Generally, the selective

= plated seed layer has the thickness of ab

out 80nm in about 2nm.

MEIE Ol =3 A|[EEL, 0|& £0{ CVD, PE The selective plated seed layer is formed

CVD, ALD 4l PVDE Z3tsl= Z=ajo| u|at by the conventional deposition process in
T2 M A0 o8 HAE 4 QICh cluding for example, CVD, PECVD, and AL
D and PVD.

(&7 22(52) YoM =EF IHE Y45} ('!'he co_nductive_ feature is formed in_the
L) =X 22(60)8, O£ =0 doj =A| dielectric material (52)) The conducting
5| AXKE M2t HO|E SA RO = material (60) is partly formed in at least
ato| Sl MO| T stLo| 7 (56) LHOjA] & ©On€ opening (56) lined to at least diffusio
SMoz SAEIC HEMOoZ HAE TAK | barrier providing the structure illustrate
E_‘*“:WPOI ?,lgH xl;';;ﬂ_lorﬁiiﬂ*;f s dinFigure 2d for example. In order to pr
S o o rlodn o cien o oduce the formed structure the time cont
ICt. = 23(60)2 CHEE 114, SiGe, = 1o process is partly performed. The cond
H =% HOE otLtol =H 558 Z8H= ucting material (60) may include the alloy
2, =8 8% slE ££ 0|2 Z8E  including the polycrystalline silicon, the Si
F 4= QICH HIEHAISHA =, E™ SE(60) Ge, the conductive metal, at least one co
, W, E= Alnp 222 =™ 22£0|0, Cu nductive metal, and the electric conductio
u (2 S0f, AICu)o| £ gto| n metal silicide or their combination. Pref
HC} HF2HRISIC} erably, the conducting material (60) is C
U, and the conductive metal such as W a
nd Al and the Cu or the Cu alloy (for exa
mple, the AICu) is the be desirable than t
he invention.

oM E2(60)2 MOk stLto| 7§11 (56)E  After the conducting material (60) partly
HEMo g Lt = Mojr sfLto| 7)3 fills up at least one opening (56) or on th

T —

(56)2 MMXoZ K 5, =M 23(60)2 © whole, at least one opening (56) is fille

= o d up it can be formed by recessing the co
S SA(52)0 M= FMH o2l BHE 2|4 . .
78 22(52)2 4% Fei = A nducting material (60) to the top surface

|.|-|
N

r
o ©

o ~

0O

$0 R rlo Hl et
Ir oo
cn
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SO EM Fgd 5 Ut Bte} 7|4 D H(C
VD), SEt=0p 23} 218 7|4 m|A(PECVD),
AME Y, ot 8N IA = =33 ZH5t
£, HO{= 3ILIO| TS HIEO|AM2E 9|2
e olof Sefo| mA T2MA7F ASE
= ACh HEESHA =, g4 (bottom-up)
L3 ZRMA7L ALEEICH

2 M4 BT ALSElE B, = 2(60)
o mEg MuEoz XASE oY TAA
7t 8 2(52) Lol HOIE sfLto| H47(5

6)E FEH2Z M27| fIsH AHEEICE.

Ct2o =, doF HX|=(planarization stop la
yer; 62)0| 0|k stLtC| 7 F(56)2 H2
2E oA 2 OtL{2t, HOl = SfLte] 77
(56)2| R ZE AYE[= &4t FH(58)(E=
MR Ol 34 A|E5)0| 9lojN HHEICH o
OF HX[&5(62)2 =etdt= A1 T+ (resul
tant structure)?}, 0 & S0 T 2e0| T A|=
CH. Aot EX[5(62)2, o o Btz A,
c o

= =
==
5 74 Y/EE DAt wa Ehot
|.

=kl el

20t €2 Yoo 2 =2 Ex=, K& =9
git B S8 d= oY, €89 £
239 Ta, Ru, Ir, W, Co, Ti 8!/E&= Rhe}t
€2 Yool 5% 2ES Zect. o|t &
O|, ot FA|S(62)2 =t Y £H8= &=
2 SR = 25 EEM AHE = N
Ct

ol0t YX|5(62)2, 0|0 HHEE HL ofL

X[t CVD, PECVD, B4}, 3t 89 m4f

TE Y W 22| 7|4 T&(PVD)S Zkets
A

CHEl 2, & 20| =A|E Hiet 20|, O & =
o gtst 7| A|H HOt(chemical mechanical
polishing; CMP) 3i/t&= 219l Y (grindin
g)it Z2 ot ZENAE= MO L 5Lt 7|
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lower level of the dielectric material (52).
The arbitrary conventional deposition pro
cess filled up can be at least one opening
including the chemical vapor deposition
(CVD), plasma enhanced chemical vapor
deposition (PECVD), sputtering, chemical
solution deposition or plating used in the
bottom surface. Preferably, the bottom-u
p plating process is used.

So that the etching process which selectiv
ely removes the case where the recessing
step is used, and the part of the conducti
ng material (60) partly fill up at least one
opening (56) within the dielectric material
(52) it is used.

Next, the polish stop layer (planarization
stop layer: 62) is formed at the upper par
t of the diffusion barrier (58) (the metal s
eed layer which is or selective) in which it
is extended to the outside of at |least one
opening (56) inside of the part of at least
one opening (56) remains. The structure
(resultant structure) is illustrated in for e
xample, the drawing 2e as a result of incl
uding the polish stop layer (62). The polis
h stop layer (62) comprises for example,
the silicon carbide, the arbitrary insulatio
n material, like the A -doped silicon carbi
de the silicon nitride and/or nitrogen and
hydrogen or the napiform having for exa
mple, the diffusion barrier attribute, the a
lloy type, or the arbitrary metal material |
ike the nitride type Ta, the Ru, the Ir, W,
the Co, the Ti and/or the Rh. In this way,
it can be called as the insulation material
or the metal material in which the polish
stop layer (62) has the diffusion barrier a
ttribute.

The polish stop layer (62) is formed by th
e conventional deposition process which i
s not thus restricted but includes the CV
D, PECVD, the deposition, the chemical s
olution deposition, the sputtering and phy
sical vapor sticking (PVD).

Next, as shown in FIG. 2f, for example, t
he grinding process like the chemical mec
hanical polishing (chemical mechanical po
lishing: CMP) and/or the grinding is used
when the part of the polish stop layer (6
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7(56)2] YT 9= HFElE
2)0| 222 RH3EH ALS
=0}

[« =y

O|et 20,

OI T S J(1I71EI7<I M= dor X5 (62#

39#)2| LIHX| FZ20 °|3H 25 =M

ol = =H(60)2 AMSctct. Aot HHOl Lt
|
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o, 9 2
Ao &

(22| 4% A 5 B
2 J}zICH.

AlEl Bt 20

ru
N
b
b
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2|

o]

rg

o £ 23(60)2]
BHE(60X) 8 v ZEA(60Y) Mol §I%
R (58)8 X
|.|:|. % I:II-Igol AI-20:|7=| __I.I.Kx-lll— El:o|- =
of A% HDI(60Z) A0 SIX[3}

7IX= 84

S8 maei0], o|2{S HAS &

T |
Off x| —‘?‘——HrE(E)E A, "

M IHLH(64)0| = 2f0| EAIE
B EE YOI HAEE MY
2 HYH(64)2

KIPRIS < A} 7| A H Y
olo} HX|=(6 2) upwardly extended with the entrance o
ZICH, SOf CHA|
it e 9 SlE OfASE 98 23
(52)9] &%, =8 B =R H HIHEJEL
A0r Z2M|As (59 20 S
Cf B AMO|) U-3 EfAH AHe D}, & digyo)

f at least one opening (56) is removed. It
first of all, the upper portion of the dielect
ric material (52), and the consolation of t
he horizontal surface gets rid of the diffus
ion barrier and hard mask for the polishin
g step. In this way, the conducting materi
al (60) in which the grinding process is co
mpletely surrounded with the remaining p
art of (on the side wall surface and botto

m surface) U- type diffusion barrier, and t
he polishing stopping layer (62') which is

not removed for the two-step of the inve

ntion is provided. The remaining part of t

he abrasive barrier has the top surface of
the dielectric material (52) it is positioned
within at least one opening and the same
top surface on plane.

Figure 2f shows the interconnect of the in
vention. As shown in the figure, the mutu
al linking structure of the invention includ
es the dielectric material (52) having the
dielectric constant less than about 4.0, an
d the conducting material (60) having the
= side wall surface (60X) reclaimed within t
he dielectric material (52), and the botto
m surface (60Y) and top surface (60Z) an
d the top surface (60Z) of the conducting
material (60) is positioned under the top
surface (52U) of the dielectric material (5
2). The mutual linking structure of the inv
ention includes moreover, the side wall s
urface (60X) of the conducting material
(60) and at least one U- type diffusion ba
rrier (58) located on surface the bottom s
urface (60Y). The mutual linking structur
e of the invention has such insulating lay
er or the metallic layer is upper sidewall s
urfaces of at least U- type obstacle the in
sulating layer or the metallic layer having
the phase obstacle attribute (62') located
on surface the top surface (602Z) of the co
nducting material (60) the moreover is in
cluded and the diffusion barrier attribute
(62') having the edge area (E) contactin

g.

Figure 2g shows the selective embodimen
t which is formed on the exposed surface
of the structure in which the heredity cap
ping layer (64) Lee is illustrated in 2f. Th
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SiC, SigNH3, SiO5, Bt T T & At
A9t =4 T E Etet g4 SIC(N,

|22 Ex&1 22 Yoo HH st
=3 gtotCt ol E =9, ztet
t, ECt=0t 23t 2tst 7|4 | %, 3t
A XS oA 22 ¢
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7|&#pt otL2t Fo 7+ SHo|
%= QICI YUHtxoz, @M I LH(6

F15nmOj|A| &F 100nme| =7 E 7HX|
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e heredity capping layer (64) comprises f
or example, the SiC, the Si 4 NH 3, the A
-doped silicon carbide SiC (N,H) the SiO 5
, the oxide which is carbon doped, and nit
rogen and hydrogen, or the proper heredi
ty capping agent like their multi-layer. Fo
r example, it can be used to form the her
edity capping layer (64) in which the arbi

trary conventional deposition process like
the chemical vapor deposition, the plasm

a enhanced chemical vapor deposition, th
e chemical solution deposition, the deposi
tion and atomic layer deposition is selecti

ve. It can change according to the config

uration element of not only the technolog
y which is used to the thickness of the he
redity capping layer (64) form this but als
o the layer. Generally, in the heredity cap
ping layer (64) is about 15nm, it has the

thickness of about 100nm and the thickn

ess of about 45nm is more general in abo
ut 25nm.

The direct contact does not have for the
method of the invention between the con
ducting material (60) and dielectric mater
ial (52) and the grinding of the extended
conducting material is not used on the su
rface of the dielectric. Therefore the cond
uctive stringer is not formed. The conduct
ive metal residue (for example, the defor
mity) is reduced on the dielectric surface
but sun has the notable effect. Therefore,
the mutual linking structure having with r
eliability and the method of the invention
can be massively manufactured is technol
ogically expandable is provided.

Was specifically illustrated and the inventi
on was described about the preferred em
bodiment. But it can understand that defo
rmation and the other deformation of in
which the person skilled in the art of this
technical field states above about the for
m and detail article can not deviate from
thought and range of the present inventio
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estricted to the correct form and the deta
il article in which the invention is describe
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INFERCONMECT STRUCTURE WITH HIGH LEAKAGE RESISTANCE

Ficld of the Invention

The present mvention relates fo a semiconductor structure, and a method of fabricating the
same. More particularly, the present invention relates to a semiconductor interconnect
structure, and a method of fabricating the same, having a high leakage resistance as well as
1o metallic residues (e.g., defects) present at the upper surface of the interconnect diclectric,
The leakage resistance within an interconnect structure is improved, while avoiding the
formation of metallic residues (e.g., defects) at the upper surface of the interconnect

diclectric.

Background of the Invention

Generally, semiconductor devices include a plurality of circuits that form an integrated
circuit (1C) fabricated on a seraiconductor substrate. A complex netwaork of signal paths will
normally be routed to connect the circuit elements distributed on the surface of the substrate.
Efficient routing of these signals across the device requires formation of multilevel or
muiltilayered schernes, such as, for exaraple, single or dual damascene wiring structares. The
wiring structure typically includes copper, Cu, or a Cu alloy since Cu-based interconnects
provide higher speed signal transmission between large numbers of transistors on a complex

semiconductor chip as compared with aluminum, Al-based intercounects.

Within a typical interconnect structure, mctal vias run perpendicular to the semiconductor
substrate and metal lines run parallel to the semiconductor sabsirate. Further enhancement
of the signal speed and reduction of signals in adjacent metal lines (known as “crosstalk™)
are achicved in today’s 1C product chips by embedding the metal hines and metal vias {e.g.,

conductive features) in a dielectric material having a dielectric constant of less than 4.0.

In current semiconductor interconnect structures, tirne-dependent-diclectric-breakdown
{TDDB) has been identified as one of the major reliability concerns for future interconnect

structures that include Cu-based metallurgy and low k diclectric materials. By “TDDB” it is
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meant, that over time the dielectric material of the interconnect structure begins to fail. The
failure of the diclectric material may be caused by intrinsic means or by defects that are
formed on the surface of the interconnect diclectric material during the course of preparing

the interconnect structure.

Leakage of metallic 1ons, particularly Cu tons, along the mterconnect dielectric sarface has
been identified as the major mfrinsic failure mechanism that attmibutes to TBDB. FIG. 1A s
a prior art interconnect structure 10 which illustrates this intrinsic leakage phenomenon.
Specifically, the prior art interconnect structure includes a dielectric material 12 having a Cu
feature 14 embedded therein. The Cu feature 14 is typically separated from the dielectric
material 14 by a diffusion barrier 16. A diclectric capping layer 18 is present on the surface
of the dielectric material 14, the diffusion barrier 16 and the Cu feature 14, In FIG. 1A, the
arrows designate the leakage (diffusion) of Cu ions from the conductive feature 14 which
occurs along the upper surface of the infcrconncct structure as shown. Over time, this
icakage of Cu ions results in TDDB as well as failure of the devices within the interconnect

struchiure.

Another contributor to TDDB, which is illustrated in FIG. 1B, is defect related. Specifically,
FIG. 1B is another prior art interconnect structure 10° including the components as shown in
FIG. 1A in which Cu residues {e.g., defects) 20 ave present at the interface between the
upper surface of the dielectric material 12 and the dielectric capping layer 18, The Cu
residues 20 are formed during the formation of the Cu features 14 (i.e., deposition and
planarization of Cu within an opening formed into the dieleciric material 12). Post
planarization Cu residues, which provide defects at the surface of the dielectric material, are

one of the root causes of time-dependent-diclectric-breakdown (TDDB) failure.

1t is noted that although Cu is specifically mentioned with respect to the prior art
interconnect structures mentioned above, the above leakage and defect problerns occur
{although at different rates and extents) with other types of conductive metals such as, for

example Al and W.
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In view of leakage problem illustrated in FIG. 1A, and the residues problem illustrated in
FIG. 1B, there is a2 continued need for providing an interconnect structure in which metallic
feakage, particularly, Cu ion diffusion, and metallic residues, particularty Cu residues, can

both be reduced or completely eliminated from an interconnect structure.

Summary of the Invention

The present invention provides an interconnect structure that has high leakage resistance and
no metallic residues present at the upper dielectric surface of 4 particular interconnect level
of an interconnect structure. As such, the inventive mterconmect structure exhibits an
improved time-dependent-diclectric-breakdown (TDDB) as compared to prior art

interconnect structures.

In the inventive interconneet structure, the conductive feature (1.c., conductive material) is
not coplanar with the upper surface of the diclectric material, but instcad the conductive
material is recessed below an upper surface of the dielectric material. In addition to being
recessed below the upper surface of the diclectric matenial, the conductive material of the
inventive imterconnect structure is surrounded on all sides (i.e., sidewall surfaces, upper
surface and bottom surface) by a diffusion barrier material. The sidewall surfaces and the
bottom surface of the recessed conductive material are lined with a U-shaped diffusion
barrier. The upper surface of the recessed conductive material is Hned with an insulating or
metallic layer. Edge portions of the insulating or metallic layer lining the upper surface of
the conductive material are in contact with upper sidewall surfaces of the U-shaped diffusion
barrier or, if present, an optional plating sced layer. The insulating or metallic layer lining
the upper surface of the recessed conductive material both have diffusion barrier properties.
Since the recessed conductive material is completely surrounded by a ditfusion barrier
material, leakage of metallic ions at the surface of the dielectric material is substantially, if

not coropletely, eliminated.

Unlike prior art interconnect structures, the barrier material located on the upper surface of
the recessed conductive material is located with an opening inchiding the recessed

conductive material in the present inventive interconnect structure. fn prior art interconnect
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structures, any barrier layer formed atop the conductive feature (i.¢. conductive material} is
present atop, ¢.g., spanning, the opening, not within the opening containing the conductive

material as is the case in the inventive interconnect structure.

1t is turther noted that in the present interconnect structure there is no direct contact between
the recessed conductive material and the dielectric material and no planarization of the
conductive matenal extending oun the surface of the dicleciric material is employed as such
no conductive residues are formed at the upper surface of the interconnect dielectric material
as is the case with prior art interconnect structures. The above features have a significant
benefit on sabstantially reducing or even clirpinating conductive metal residues {¢.g.,
defects) on the dielectric surface. As such, the present invention provides a reliable and
technology extendible interconnect structure that can be fabricated in high volumes.

In general terms, the interconnect structure of the present fnvention compriscs:

a dielectric material having a dielectric constant of about 4.0 or less;

a conductive material having sidewall surfaces, a bottorn surface and an upper surface
embedded within said diclectric material, wherein said upper surface of said conductive

material is located beneath an upper surface of the dielectric material;

at least a U-shaped diffusion barrier located on said sidewall surfaces and said bottom

surface of said conductive material; and

an insulating or metallic layer having diffusion barrier properties located on said upper
surface of said conductive material, said insulating or metallic layer having diffusion barrier
properties having edge portions that are in contact with upper sidewall surfaces of at least

said U-shaped barrier.

In some embodiments of the interconnect structure of the present invention, a dielectric
capping layer is also present and is located on the upper surface of the diclectric material and

an upper surface of the insulating or metallic layer having diffusion barricr properties. In
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such an embodiment, the dielectric capping layver may comprise one of SiC, SiuNHs, Si(r,, a

carbon doped oxide, and a nitrogen and hydrogen doped silicon carbide SiC{N,H).

In a further embodiment of the inventive interconnect structure, the dielectric material,
which may be porous or non-porous, may comprise one of Si0;, a silscsquioxane, a C doped

oxide including atoms of S1, C, O and H, and a thermosetting polyarylene ether.

In a yet further embodiment of the present invention, the U-shaped diffusion barrier within
the inventive interconnect structure may comprise Ta, TaN, Ti, TiN, Ry, RuN, RuTa,

RuTaN, W or WN.

In another embodiment of the inventive interconnect structure, a U-shaped plating seed layer
is also present and is located between the at least one conductive material and the U-shaped
diffusion barricr. In this instance, the cdge portions of the insulating or metallic layer are in
direct contact with the upper sidewall surface of the U-shaped plating sced layer. The U-
shaped plating seed layer is used when the conductive material is formed by a plating
process. When present, the U-shaped plating seed layer may comprise Cu, a Cu alloy, Ir, an

Ir alloy, Ru or a Ru alloy.

In stili another embodiment of the inventive interconnect structure, the at least one
9

conductive material may comprises Cu, W or Al in pure or alloyed form.

In a preferred embodiment of the invention, an interconnect structure is provided that

COMPIISSS:

a diclectric material having a dielectric constant of about 4.0 or less;

a copper-containing conductive material having sidewall surfuces, a bottom surface and an
upper surface embedded within said dielectric material, wherein said upper surface of said
copper-containing conductive material is located beneath an upper surface of the dielectric

material;
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at least a U-shaped diffusion barrier located on said sidewall surfaces and said bottom

surface of said copper-containing conductive material; and

an insulating or metallic layer having diffusion barrier properties located on said upper
surface of said conductive material, said insulating or metallic layer having diffusion barrier
properties having edge portions that are in contact with at least apper sidewall surfaces of at

least said U-shaped barrier.

In some embodiments of the preferred interconnect structure of the present invention, a
dielectric capping layer is also present and is located on the upper surface of the dielectric
material and an upper surface of the insulating or metallic layer having diffusion barrier
propertics. In such an embodiment, the dielectric capping layer may comprise one of SiC,
Sty NHz, 510;, a carbon doped oxide, and a mitrogen and hydrogen doped silicon carbide
SHC(NH).

In a further embodiment of the preferred interconnect structure, the diclectric material,
which may be porous or non-porous, may corprise one of 310y, a silsesquioxane, a C doped

oxide including atoms of Si, C, O and H, and a thermosetting polyarylene cther.

In a yet further embodiment of the preferved interconnect structure, the U-shaped diffusion
barrier within the inventive interconnect structure may comprise Ta, TaN, Ti, TiN, Ru, RuN,

RuTa, RuTaN, W or WN.

in another ernbodiment of the preferred interconnect structure, a U-shaped plating seed layer
is also present and is located between the conductive material and the U-shaped diffusion
barrier. In this instance, the edge portions of the insulating or metallic layer are in direct
contact with the upper sidewall surface of the U-shaped plating seed layer. The U-shaped
plating seed layer is used when the copper-containing conductive material is formed by 4
plating process. When present the U-shaped plating seed layer may comprise Cu, a Cu

alloy, Ir, an Ir alioy, Ru or a Ru alloy.
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~3

In addition to the interconnect structures mentioned above, the present invention also

provides a method of fabricating the same.

forming at least one opening into a dielectric material having a dielectric constant of about
4.G or less, said diclectric material having a paiterned hard mask located on an upper surface

thereof;

tining the at least one opening and the patterned hard mask with a diffusion barrier;

partially filling the at least one opening with a conductive material, said conductive material

having an upper surface that is located beneath an upper surface of said diclectric material;

forming an insulating or metallic material having diffusion barrier properties within the at
icast onc opening and on the upper surface of said conductive material as well as atop the

diffusion barricr lining the patterned hard mask; and

removing a portion of the insulating or metallic roaterial baving diffusion barrier properties
and the diffusion barrier and the patterned hard mask that lay above the upper surface of the
dielectric material, while maintaining another portion of the insulating or metallic material
having diffusion barrier propertics within said at least one opening and forming a U-shaped
diffusion barrier within said at least one opening, wherein said another portion of the
insulating or metallic material having diftusion barrier properties has an upper surface that is
coplanar with the upper surface of the dielectric material, and said conductive material is
compiletely surrounded by the U-shaped diffusion barrier located on sidewali surfaces and a
bottom surface of said conductive material, and said another portion of the insulating
material having diffusion barrier properties located on the upper surface of the conductive

material.

In one embodiment of the inventive method, a dielectric capping layer is formed on the
upper surface of the dielectric material and on an upper surface of the another portion of the

insulating or roetallic material having diffusion barrier properties that reruains in the at least
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one opening. When present, the dielectric capping layer may comprise one of SiC, SisNH;,

Si(h, a carbon doped oxide, and a nitrogen and hydrogen doped silicon carbide SiC{IN,H).

In another embodiment of the inventive method, the diffusion barrier may comprises Ta,
Tal, Ty, TiN, Ru, RuN, RuTa, RuTaN, W or WN, and is formed by chemical vapor
deposition, plasma enhanced chemical vapor deposition, atomic layer deposition, physical

vapor deposition, sputicring, chemical solution deposition and plating,

In yet another embodiment of the inventive method, a plating seed layer is formed between
the conductive material and the diffusion barrier, and the plating seed layer voay comprise
Cu, a Cu alloy, Ir, an Ir alloy, Ru or a Ru alloy. In embodiraents wherein a plating seed
layer is employved, the plating seed layer is formed by chemical vapor deposition, plasma

enhanced chernical vapor deposition, atomic layer deposition or physical vapor deposition.

In a further erabodiment of the inventive method, the conductive material may comprise Cu,

W or Alin pure or alloyed form.

1o a still further embodiment of the inventive method, the partially filing the at least one
opening with the conductive material comprises a deposition process selected from chemical

vapor deposition, sputtering, chemical solution deposition and plating.
In an even further embodiment of the present invention, the partially filing the at least one
opening with the conductive material comprises completely filling the at least one opening

with the conductive material and recessing,

In still an even further embodiment of the inventive method, the removing step comprises

chemical mechanical polishing.

Brief Description of the Drawings

Embodiments of the present invention will now be described, by way of exarople only, with

reference to the accompanying drawings in which:
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FIGS. 1A-1B are pictorial representations (through cross sectional views) depicting prior art

interconnect structures. FIG. 1A shows Cu leakage, while FIG. 1B shows Cu residues; and

FIGS. 2A-2G are pictorial representations (through cross sectional views) depicting the basic
process steps that are employed in the present invention in fabricating a highly reliable and
iechnology extendible interconnect structure having a high leakage resistance and no

metaltlic residues present at the surface of the diclectric material.

Detailed Description of the Invention

The present invention, which provides an interconnect structure having high leakage
resistance and no metallic residues present at the surface of the diclectric material and 2
method of fabricating the same, will now be described in greater detail by referring to the
following discussion and drawings that accompany the present application. it is noted that
the drawings of the present application are provided for illustrative purposes only and, as

such, the drawings are not drawn to scale.

In the following description, nurnerous specific details are set forth, such as particular
structures, components, materials, dimensions, processing steps and technigues, in order to
provide a thorough understanding of the present invention. However, it will be appreciated
by one of ordinary skill in the art that the invention may be practiced without these specific
details. In other instances, well-known structures or processing steps have not been

described in detail in order to avoid ohscuring the invention.

{t will be understood that when an clement as a layer, region or subsirate is referred to as
being “on” or “over” another element, it can be directly on the other element or intervening
elements may also be present. In contrast, when an element is referred to as being “directly
on” or “directly over” another element, there are no intervening clernents present. It will
also be understood that when an element is referred to as being “connected” or “coupled” to
another element, it can be directly connected or coupled to the other element or intervening

elements may be present. In contrast, when an element is referred to as being “directly
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connected” or “directly coupled” to another element, there are no intervening elements

present.

As stated above, the present invention provides an interconnect structure having high
feakage resistance and no metallic residues present at the surface of the dielectric material
and a method of fabricating the same. The inventive interconnect stracture exhibits

iraproved TDDB than prior art mvention structures.

In the inventive interconnect structure, the conductive feature (i.e., conductive material} is
not coplanar with the upper surface of the dielectric material, but instead the conductive
material is recessed below an upper surface of the diclectric material. In addition to being
recessed below the upper surface of the dielectric material, the conductive material of the
mventive interconnect structare is surrounded on all sides {i.e., sidewall surfaces, upper
surface and bottom surface) by a diffusion barricr material. The sidewall surfaces and the
bottom surface of the recessed conductive material within the opening are lined with a U-
shaped diffusion barrier. The upper surface of the recessed conductive material is hined with
an insulating or metallic layer, both of which have diffusion barrier propertics. Edge
portions of the insulating or metallic layer lining the upper surface of the conductive material
arg in contact with upper sidewall surfaces of the U-shaped diffusion barrier or, if present, an

optional U-shaped plating seed layer.

1t is further noted that in the present application there is no direct contact between the
recessed conductive material and the dielectric material and no planarization of the
conductive material extending on the surface of the interconnect diclectric s cmployed as
such no conductive residues are forraed at the upper surface of the inferconnect structure as
is the case with prior art interconnect structures. The above features have a significant

benefit on reducing conductive metal residues (e.g., defects) on the dielectric surface.

Reference is now made to FIGS. 2A-2G which illustrate the basic processing steps that are
used in forming the semiconductor interconnect structure of the present invention. FIG. 2A
illustrates an initial structore 30 that comprises a dielectric material 32 and a hard roask 54

located on a surface of the diclectric material 52.
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The initial structure 50, i.¢., the diclectric material 52, may be located upon a substrate (not
shown in the drawings of the present application). The substrate, which is not shown, may
comprise a semiconducting material, an insulating material, 2 conductive material or any
combination thereof. When the substrate is comprised of a semiconducting material, any
semiconducior such as Si, 8iGe, 85iGeC, SiC, Ge alloys, GaAs, InAs, InP and other IE/V or
T/VT compound semiconductors may be used. In addition fo these histed types of
sermiconducting materials, the present invention also conternplates cases in which the
semiconductor substrate is a layered semiconductor such as, for example, Si/SiGe, Si/8iC,

siicon-on-insulators {SOIs) or silicon germanium-on-insulators {(SGOIs).

When the substrate is an insulsting material, the insulating roaterial can be an organic
insulaior, an inorganic insulator or a combination thereof inchuding multilayers. When the
substrate is a conducting material, the substrate may include, for example, polySi, an
clomental metal, allovs of clemental metals, a metal silicide, a metal nitride or combinations
thereof including multilayers. When the substrate comprises a semiconducting material, one
or more semiconductor devices such as, for example, complementary metal oxide
senconductor (CMOS) devices can be fabricated thereon. When the substrate comprises a
combination of an insulating material and a conductive material, the substrate may represent

a first interconnect level of a multilayered interconnect structure.

The diclectric material 52 comprises any interlevel or intralevel diclectric including
inorganic dielectrics or organic dielectrics. The dielectric material 52 may be porous or non-
porous. Some exampiles of suitable dielectrics that can be used as the diclectric material 52
include, but are not limited to: Si10;, silsesquioxanes, C doped oxides (i.¢., organosilicates)
that include atoms of 8i, C, O and H, thermosetting polyarylene ethers, or nultilayers
thereot. The term “polyarylene” is used in this application to denote aryl moieties or inertly
substituted aryl moieties which are linked together by bonds, fused rings, or mert linking

groups such as, for example, oxygen, sulfur, sulfoune, sulfoxide, carbony! and the like,

The dielectric material 52 typically has a dielectric constant that is about 4.0 or less, with a
dielectric constant of about 2.8 or less being even more typical. All dielectric constants

mentioned herein are relative to g vacuum, unless otherwise noted. These diclectrics
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generally have a lower parasitic cross talk as compared with dielectric materials that have a
higher dielectric constant than 4.8, The thickness of the dielectric material 52 may vary
depending upon the diclectric material used as well as the exact mumber of dielectrics layers
within the dielectric material 52. Typically, and for normal interconnect structures, the

dieleciric material 52 has a thickness from about 50 to about 1000 nm.

Az mentioned above, the nitial structure 50 also mncludes a hard mask 54 located on an
upper surface of dielectric material 52. The hard mask 54 comprises an oxide, a nitride, an
oxynitride or any multilayered combination thereof. In one embodiment, the hard mask 54
1s an oxide such as sthcon dioxide, while in another embodiment the hard mask S4is a

nttride such as silicon nitride.

The hard mask 54 is formed utilizing a conventional deposition process includmg, for
example, chemical vapor deposition (CVI), plasma enhanced chemical vapor deposition
(PECVD), chemical solution deposition, evaporation, and physical vapor deposition (PVD).
Alternatively, the hard mask 54 may be formed by one of thermal oxidation, and thermal

mitridation.

The thickness of the hard mask 54 emploved in the present invention may vary depending on
the material of the hard mask itself as well as the techniques used in forming the same.
Typically, the hard mask 54 has a thickness from about 5 to sbout 100 mum, with a thickness

from about 10 to about 80 nm being cven more typical.

Next, and as shown in FIG. 2B, at icast one opening 56 is formed into the hard mask 54 and
the dielectric material 54 utilizing lithography and etching. The lithographic process
includes forming a photoresist (not shown) atop the hard mask 54, exposing the photoresist
io a desired pattern of radiation and developing the exposed photoresist utilizing a
conventional resist developer, The etching process inchides 4 dry etching process (such as,
for example, reactive ion etching, ion beam etching, plasma etching or laser ablation), and/or
a wet chemical etching process. Typically, reactive ion etching is used in providing the at
feast one opening 36. Typically, the etching process includes a first pattern transfer step in

which the pattern provided to the photoreist is transferred to the hard mask 54, the patterned
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photoresist is then removed by an ashing step, and thereafier, a second pattern transfer step is
used to transfer the pattern from the patterned hard mask into the underlying dielectric

material.

The depth of the at least onc opening 56 that is formed into the diclectric material 54
{measared from the upper surface of the diclectric matenal to the bottormn wall of the
openingy may vary and it not critical to the present application. In some embodiments, the at
least one opening 56 may extend entirely through the dielectric material. In yet other
embodiments, the at least one opening 56 stops within the dielectric material 52 itself. In yet

further embodiments, different depth openings can be formed.

1t is further observed that the at least one opening 56 may be a via opening, a iine opening,
and/or combined via/line opening. In FIG. 2B, and by way of an example, cach ofthe

opemngs 18 shown as linc openings.

Next, as shown in FIG. 2C, a diffusion barrier 58 is formed on all exposed surfaces of the
structure shown in FIG. 2B including within the at least one opening (i.e., on sidewalls and
the bottom wall of cach of the openings) and along the upper surface of remaining bard mask

4.

W

The diffusion barrier 58 comprises Ta, TaN, Ti, TiN, Ru, RuM, RuTa, RuTaN, W, WN or
any other material that can serve as a barrier to prevent a conductive material from diffusing
there through. The thickness of the diffusion barrier 538 may vary depending on the
deposition process used as well as the material emploved. Typically, the diffusion barrier 58
has a thickness from about 2 to about 50 nmy, with a thickness from about 5 to about 20 nm

being more typical.

The diffusion barrier 58 is formed by a deposition process including, for exarople, chernical
vapor deposition (CVD), plasma enhanced chemical vapor deposition (PECVD), atomic
layer deposition (ALD), physical vapor deposition (PVD), sputtering, chemical solution

deposition and plating,
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In some embodiments, an optional plating seed layer (not specifically shown within FIG.
2C) can be formed on the surface of the diffusion barrier 58, In cases in which the
conduactive material to be subsequently and directly formed on the diffusion barrier 38, the
optional plating seed layer is not needed. The optional plating seed layer is employed to
selectively promote subsequent electroplating of a pre-selected conductive metal or metal
alloy. The optional plating seed layer may comprise Ca, a Ca alloy, Tr, an Ir alloy, Ru, a Ru
alloy (e.g., TaRu alloy) or any other suttable noble metal or noble metal alloy having a low
metal-plating overpotential. Typically, Cu or a Cu alloy plating seed layer is employed,

when a Cu metal is to be subsequently formed within the openings 56.

The thickness of the optional sced layer may vary depending on the material of the optional
plating seed layer as well as the technique used in forming the same. Typically, the optional

plating seed layer has a thickness from about 2 to about 80 um.

The optional plating sced layer can be formed by a conventional deposition process

including, for example, CVD, PECVD, ALD, and PVD.

A conductive material 60 (forming a conductive feature within the dielectric material 52) is
partiafly formed within the at least one opening 36 that is now lined with at least diffusion
barrier providing the structure shown, for example, in FIG. 2D A time-controlled process is
performed 1o result in the partially formed structure. The conductive material 60 may
comprise polySi, SiGe, a conductive metal, an alloy comprising at least one conductive
metal, a conductive metal silicide or combinations thereof. Preferably, the conductive
material 60 is a conductive metal such as Cu, W or Al, with Cu or a Cu alloy {such as AlCu)

being highly preferred in the present invention.

The conductive material 60 may be formed by partially filling the at least one opening 56 or
by fully filling the at least one opening 56 and then recessing the conductive material 60 to a
level below the upper surface of the diclectric material 52. Any conventional deposition
process including chemical vapor deposition ({CVD), plasma enhanced chemical vapor

deposition (PECVD), sputtering, chemical solution deposition or plating that fills the at feast
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one opening from the bottom upwards can be used. Preferably, a bottom-up plating process

is employed.

When a recess step is employed, an etching process that selectively removes portions of the
conductive material 60 is used to provide partial filling of the at feast one opening 56 in the

diclectric material 52.

Next, a planarization stop layer 62 is formed within the remaining portion of the at least one
opening 56 as well as atop the diffusion barrier 58 (or optional metal seed layer) that extends
outside of the at Jeast one opening 56. The resultant stracture including the planarization
stop laver 62 1s shown, for example, in FIG. 2E. The planarization stop layer 62 comprises
any insulating material such as, for example, silicon carbide, silicon nitride, and/or a
nitrogen and hydrogen doped silicon carbide or any metallic material such as, for example,
Ta, Ru, Ir, W, Co, Ti and/or Rh m pure, alloyed or nitrided forms which have diffusion
barricr propertics. As such, the planarization stop layer 62 may be referred to as an

insulating or metallic material having diffusion barrier propertics.

The planarization stop layer 62 is formed by a conventional deposition process including,
but not limited to CVD, PECVD, evaporation, chemical solution deposition, sputtering, and

physical vapor deposition (PVD).

Next, and as is illustrated in FIG. 2F, a planarization process such as, for example, chemical
mechanical polishing {CMP) and/or grinding, is employed to remove portions of the
planarization stop layer 62 that extend above the mouth of the at least one opening 56, ltis
noted that during the planarization step the diffusion barrier and the hard mask are removed
from atop the upper, horizontal surface of the dielectric material 52. As such, the
planarization process provides a conductive material 60 that is completely surrounded by a
U-shaped diffusion barrier (on the sidewall surfaces and bottorn surface) and by the
remaining portion of planarization stop layer 62” that was not remaoved during this step of the
present invention. The remaining portion of the planarization stop layer is located within the
at least one opening and it has an apper surface that i1s coplanar with the upper surface of the

dielectric material 52,
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1t is emphasized that FIG. 2F illustrates the inventive interconnect of the present invention.
As shown, the inventive interconnect structure includes dielectric material 52 having a
dielectric constant of about 4.0 or less; and a conductive material 60 having sidewali
surfaces 60X, a bottom surface 60'Y and an upper surface 607 embedded within dielectric
material 52, wherein the upper surface 60Z of the conductive material 60 is located beneath
the upper surface 52U of the dielectric material 52. The inventive interconnect structure also
includes atf least a U-shaped diffusion barrier 58 located on said sidewall surfaces 60X and
said bottom surface 60Y of the conductive material 60. The inventive interconnect structure
also includes an insulating or metallic layer having diffusion barrier properties 62” located
on the upper surface 607 of the conductive material 60, said insulating or metallic layer
having diffusion barrier propertics 627 having edge portions E that are in contact with upper

sidewall surfaces of at least said U-shaped barrier.

FIG. 2G illustrates an optional crabodiment in which a diclecine capping layer 64 1s formed
on the exposed surfaces of the structure shown in FIG. 2F. The diclectric capping layer 64
comprises any suitable dielectric capping material such as, for example, SiC, SuNH;, Si0;, a
carbon doped oxide, a nitrogen and hydrogen doped silicon carbide SiC(N,H) or multilayers
thercof. Any conventional deposition process such as, for example, chemical vapor
deposition, plasma enhanced chemical vapor deposition, chemical solution deposition,
evaporation, and atomic layer deposition may be used in forming the optional dielectric
capping layer 64. The thickness of the dielectric capping laver 64 may vary depending on
the technique used to form the same as well as the material make-up of the layer. Typically,
the dielectric capping layer 64 has a thickness from about 15 to about 160 nm, with a

thickness from about 25 to about 45 nm being more typical.

1t is noted that during the method of the invention, no direct contact between the conductive
material 60 and the dielectric material 52 is made and no planarization of a conductive
materia] extending on the surface of the dielectric is emploved as such no conductive
residues are formed. The above features have a significant benefit on reducing conductive
metal residues (e.g., defects) on the dielectric surface. As such, the inventive method
provides a reliable and technology extendible interconnect structure that can be fabricated in

high volumes.
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While the present invention has been particularly shown and described with respect to
preferred embodiments thereot, it will be understood by those skilled in the art that the
foregoing and other changes in forms and details may be made without departing from the
spirit and scope of the present invention. It is therefore intended that the present invention
not be limited {o the exact forms and details described and illustrated, but fall within the

scope of the appended claims.
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CLAIMS
1. An interconnect structure comprising:

a dielectric material having a diclectric constant of about 4.0 or less;

a conductive material having sidewall surfaces, a bottom surface and an upper
surface embedded within said dielectric material, wherein said upper surface of said
conductive matenal is located beneath an upper surface of the diclectric matenal;

at least a U-shaped diffusion barrier located on said sidewall surfaces and said
bottom surface of said conductive material; and

an insulating or metallic layer having diffusion barrier propertics located on said
upper surface of said conductive material, said insulating or metallic layer having diffusion
barrier properties having edge portions that are in contact with upper sidewall surfaces of at

lcast said U-shaped barrier.

2. The interconnect structure of Claim 1 further comprising a dicleciric capping layer
located on said upper surface of said diclectric material and an upper surface of said

insulating or metallic layer having ditfusion barrier properties.

3. The interconnect structure of Claim 2 wherein said dielectric capping layer comprises
one of 5iC, SisNHs, Si0,, a carbon doped oxide, and a nitrogen and hydrogen doped silicon

carbide SiC{N,H).

4. The interconnect structure of any preceding Claims wherein said dielectric material
comprises one of 510;, a silsesquioxane, a € doped oxide mcluding atoms of Si, C, G and H,
and a therrosetting polyarylene ether.

3. The interconnect structure of any preceding Claims wherein said U-shaped diffusion

barrier cornprises Ta, TaN, Ti, TiN, Ru, RulN, RuTa, RuTaN, W or WN.

6. The interconnect structure of any preceding Claims further comprises a U-shaped

plating seed layer located between said conductive material and said U-shaped diffusion
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barrier, said U-shaped plating seed layer comprises Cu, a Cu alloy, Ir, an Ir alloy, Ruora Ru

alloy.
7. The interconnect structure of any preceding Claims wherein said conductive material

comprises Cu, W or Al in pure or alloyed form.

8. The interconnect structure of any preceding Clairos wherein said insulating or
metaltic material having diffusion barrier properties comprises one of silicon carbide, silicon
nitride, a nitrogen and hydrogen doped silicon carbide, and a metallic material selected from

Ta, Ru, Ir, W, Co, T1 and Rh in pure, alloyed or nitrided forms.

9. An interconnect structure comprising:

a dielectric material having a diclectric constant of about 4.0 or less;

a copper-containing conductive material having sidewall surfaces, a bottom surface
and an upper surface embedded within said diclectric material, wherein said upper surface of
said copper-containing conductive material is located beneath an upper surface of the
dielectric material;

at least a U-shaped diffusion barrier located oun said sidewall surfaces and said
bottom surface of said copper-containing conductive material; and

an fnsulating or metallic laver having diffusion barrier properties located on said
upper surface of said conductive material, said insulating or metallic layer having diffusion
barrier properties having edge portions that are in contact with at least upper sidewall

surfaces of at least said U-shaped barrier.

10.  The interconnect structure of Claim 9 further comprising a diclectric capping layer
lecated on said upper surface of said diclectric material and an upper surface of said

imsulating or metallic layer having diffusion barrier properties.

11.  The interconnect structure of Claim 10 wherein said dielectric capping layer
comprises one of 5iC, SiyNHz, Si0;, a carbon doped oxide, and a nitrogen and hydrogen

doped silicon carbide SIC(NH).
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12.  The interconnect structure of any Claims 9 to 11 wherein said dielectric material
comprises one of 8i0;, a silsesquioxane, a € doped oxide inchuding atoms of Si, C, O and H,
and a thermosetting polyarylene ether,

13, The interconnect structure of any of Claims 9 to 12 wherein said U-shaped diffusion

barrier comprises Ta, TaN, Ti, TiN, Ru, RuN, RuTa, RuTaN, W or WN.

W

14, The interconnect structure of any of Claims 9 to 13 further comprises a U-shaped
plating seed layer located between said conductive material and said U-shaped diffusion
10 barrier, said U-shaped plating seed layer comprises Cu, A Cu alloy, Ir, an Ir slloy, Ruora

Ru alloy.

15, The interconnect structure of any of Claims 9 to 14 wherein said insulating or
mctallic material having diffusion barricr propertics compriscs onc of silicon carbide, silicon
15 nitride, a nitrogen and hydrogen doped silicon carbide and a mctallic material selected from

Ta, Ry, I, W, Co, Ti and Rh in pure, alloyed or nitrided forms.

16. A method of forming an interconnect structure comprising;
forming at least one opening into a diclectric material having a diclectric constant of
20 about 4.0 or less, said dielectric material having a patterned hard mask located on an upper
surface thercof,
lining the at least one opening and the patterned hard mask with a diffusion barrier;
partially filling the at least one opening with a conductive material, said conductive
material having an upper surface that is located beneath an upper surface of said dielectric
25 material;
forming an insulating or metallic material having diffusion barrier properties within
the at least one opening and on the upper surface of said conductive material as well as atop
the diffusion barrier lining the patterned hard mask; and
removing a portion of the insulating or metallic material having diffusion barrier
30 propertics and the diffusion barrier and the patterned hard mask that lay above the upper
surface of the dielectric material, while maintaining another portion of the insulating or

metallic material having diffusion barrier properties within said at least one opening and

Page 499 of 616
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forming a U-shaped diffusion barrier within said at least one opening, wherein said another
portion of the insulating or metallic material having diffusion barrier propertics has an upper
surface that is coplanar with the upper surface of the dielectric material, and said conductive
material is completely surrounded by the U-shaped diffusion barrier located on sidewall
surfaces and a bottom surface of said conductive material, and said another portion of the
msulating material having diffusion barrier properties located on the apper surface of the

conductive material.

17. The method of Claim 16 further comprising forming 4 dielectric capping layer on
said upper surface of said diclectric material and on an upper surface of the another portion
of the insulating or metallic material having diffusion barrier properties that remains in said

at least one opening.

18, The method of Claim 16 or Claim 17 wherein said diffusion barricr compriscs Ta,

TaN, T4, TiN, Ru, RuN, RuTa, RuTaN, W or WN.

19, The method of any of Claims 16 to 18 wherein said diffusion barrier is formed by
chernical vapor deposition, plasma enhanced chemical vapor deposition, atoc layer

deposition, physical vapor deposition, sputtering, chemical solution deposition and plating.

20.  The method of any of Claims 16 to 19 further compriscs a forming a plating sced
layer located between said conductive material and said diffusion barrier, said plating seed

fayer comprises Cu, A Cu alloy, Ir, an Ir alloy, Ru or a Ru alloy.

21, The method of Claim 20 wherein said plating sced layer is formed by chemical vapor
deposition, plasma enhanced chemical vapor deposition, atomic layer deposition or physical

vapor deposition.

22.  The method of any of Claims 16 to 21 wherein said conductive material comprises

Cu, W or Al in pure or alloyed form.
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23, The method of any of Claims 16 to 22 wherein said partially filing the at least one
opening with the conductive material comprises a deposition process selected from chemical

vapor deposition, sputtering, chemical solution deposition and plating,

24, The method of any of Claims 16 to 23 wherein said partially filing the at lcast one
opering with the conductive material comprises completely filling the at least one opening

with said conductive material and recessing.

25.  The method of Claim 16 to 24 wherein said insulating or metallic material having
diffusion barrier properties comprises one of silicon carbide, silicon nitride, a nitrogen and
hydrogen doped silicon carbide and a metallic material selected from Ta, Ru, Ir, W, Co, Ti

and Rh in pure, alloyed or nitrided forms.
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* NOTICES *

PO and INPIT are not responsibls for any

damages causad by the use of this transiation,

1.This document has been transiated by computen So the transiation may
not

reflect the arigingd precissly.

2.%%%% shaws the word which can not be transiatad,

3.0In the drawings, any words are not trensiated.

CLAIMS _

{Cladmda)} )
{Ciaim 1] 2% a8 20
A process of providing a semiconductor subsirate so that & semiconductor | ¥
substrate may be covered with an active circuit, HE
& process of forming 2 pattarned dislectric which has & cavity above the
active cirguit, :
& process al which g diffusion barder Is formed above o patterned dislectric,
and a cavity is backed with a difusion barries, and the upger surface of 3 :
gatterned dislectric s covarad by diffusion barries

A procass of forming & conductive laver above & diffusion barrier so that 8
conductive layer may be fllad ug by cavity,

A procass of removing a conductive layer from the upper surfacs of &
siffusion barrer by stching & conductive layer without remaving almost ait
portions of & diffusion barriar,

A procsss of forming a retreating region so that 3 retresting region may be
placed at a conductive laver in a cavity down the upper surface of @
pattermed diviecte,

A provess of Hiling up a rebrpsting ragion with a cap layer,

A diffusion barrier on the upper surfacs of 3 patterned dislectric and a part
of cap laver are removed, A manufacturing method of & semiconductor
devics with which a diffusion barriar s removed fram on the upper surface ;
of a patterned delectrie, and the substantially Gat surface is provided with s |
process formad batwean the upper surface of a patterned disfectric, and the |
upper surtace of 3 Lap laver :
{Clalm 2]

The sforementioned process of stching 8 conductive {aver,

A process of carmying out chemival mechanical polishing (M9},

& vasthod accarding to claim 1 provided with & process of performing

M
E
%

Yoy
{43
R
-
i

:
f
f

e
o
e

I

r

Repregsantative drawing

Reprasentative drawing |

eehing using & chemical stchant which shows salecthvity between a
diffusion barrier and & conductive Byer after carrving aut OME
{Clatm 3]
A maethod according to claim 1 of rernoving 8 diffusion barrier and a part of
e fsver betwaen chamiss! mechanical-nolishing (OM5Y down straam
hfipsherwwd - plalpst inpit go ffogi-binfran_web ogl_ sifefus g fwad fpiatpat npit goiengd anelation 20T P03 20004 aRISIRNeT FaTas1 JEARETMNR.. 13
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PIOCSSSInG i & provess of removing & difusion barrler on the upper surface
of & pattarned dislectric, and & part of cap layer

{Claim 4]

& vy sccording o olaim L the aforemantionad patternsd diglactnic consists
of & low & disfectrie, the sforementioned conductive layer consists of copper,
the aferemantionad diffusion barrier consists of tantaium, and the
sforamentioned ap laver conststs of cobalt,

{Claim 8]

& way according to clzin 4 8 cap layer containg tungsten and horon further,
{Claim 83

& methad according te caim L of holiowing & part of conductive layar in a
cavity, and forming & retragting reglon by carrving out TMP and removing a
conductive layer on the upper surface of 8 patierned dislectrie in 8 process
of atching a8 conductive laven

{liaim 71

& method accerding to claim § of making cobalt ¢ tungstan 7 boron deposit
asiectively In & provess with which & retreating region is fillked up.

fCadm 8]

A mgthed according to daim 7 of applving 3 solution containing horans,
cobalt sulfste and sodhsm tungstate, or tungstic acid in 8 proosss mads o
deposit selectively,

{Clabm B}

A& maethed according 1o caim § of carryving out slectrobytic plating of the
coppar in 8 process of forming & conductive layen

fllaim 141

At the sforementinned process of oiching a conductive laysy,

CMP -~ 3 congduetive layer on tha upper surface of 8 patternad dislschric -~
removing all substantially

By OMB remove @ conductive laver from on the upper surface of a
patterned dislectric complutaly, and at keast 1 portion of & difusion barrer
is made to remain above the upper neface of 2 pattarned dislectrie, and |
ceachas, A method sccording to daim 1 of carrying sut stehback of the
senductive laver in @ cavily, and forming o retraating region,

{Chabm 113

& rpethod accarding (o claim 1 of camrying out CMP in @ process 0 ramove.
{Claim 123

A progess of providing 8 semiconductar substrate 50 that 8 semicondustor
stibsirate may be covensd with an active cirout,

& procass of forming 8 patbernad disfecteie which has a cavity above the
acthvg clroull,

A process al which a diffusion barrier is formed above 3 pattemed disleatric,
and 8 cavity is Dacked with o diffusion barrier, and the upper surface of &
patternad distectrie iy coverad by diffesion barriar,

A progess which forms & conductive laver above a diffusion barrier and with
which 2 conductive laver s Slled up into 8 cavity by piating,

A process of ramoving & conduntive faver on the upper surface of a
patternad dislectric is carriad out, U s the residuat process of carryving out,
and ramoving 2 part of conductive laver in a cavity, and forming a retrsating
region down the upper surface of a pallerned dislechric, ahove the upper
surface of 8 patternad dislectric about at least 1 portion of & diffusion
haeriern

A procesy of Alling up a retreating region with a cap laver by the sslection
depositing methad, and making it the upper surface of & cap layver begome
higher than the upper surface of 2 patterned dislectric,

& manufacturing method of 3 semizonduclor devics ywhich comprises a
progess of forming the substentially fat surface bebyesn the upper surfacs
of 3 patterned diglectric, and the uppar surface of 3 cap ayss, by carrving
aut & progess of removing & diffusion barriar on the upper surface of a
pattemead dislectric, and removing o part of cap layen

{Claimy 13]

A method according to oalim 13 of carrying out CMP In 8 process of
ramoving & diffusion barmer,

C M T Y

Aipscfwwed j-platpat inpilgo dpiogi-binfran_wab ogt_sfiePushitonfiwwed foplaipal inpit go jpfengfiransialionf201 FO3RINM4I00032087TETEE 1 38485704883, 23
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A method sccording to caim 12 of carrying out CMP in 2 peocess of
remaving & conductive laven
{Claim 15}
A msthod according to clalm 14 of performing stching using stchant which
shows selectivity betwean o conductive laver and & diffusion barrien and
forming s retreating region further, at a process of remaving a conductive
e
fClaim 18]
& way aceording to claim 12 the sforementioned conductive layer consisis
of copper and the aforemantionad cap layer consists of cohalk,
{Claimy 17
Aoy ascarding Lo cdaim 16 the afuremantioned diffusion barrler consists of
tantalim,
{Claim 18]
& process of proviging a semivenductor substrate so thet 2 semiconductar
substrate may be oovered with an active girody,
& process of forming a patterned dislectric which has & savity shove the
acthve circuit,
& procass at which a diffusion barrier is formed above a patternad dislactric,
and g cavity is backed with a giffusion barrier, and the upper surface of a
patierned diclactrie is coverad by diffusion barrer,
& promess of forming @ conductive laver above a diffusion barder so that e
conductive layer may ba 8lled up by cavity,
& provess 2t which a diffusion barrier is sxposed by faltening & conductive
Eatyaan
A& process of forming a retreating region so that 3 retresting region may be
placed at a cavity down the upper surfacs of 3 patberned dislectrie,
& provess of Slling up & retresting reglon with a cap layer,
A& manufacturing mathod of & semiconductor device provided with & process
of removing & diffusion barrder on the upper surface of 3 patterned disdectric
by Hattening the vpper surface of 3 patterned dislectric and a cap laven
fClaim 18]}
A way sccording o chaim 18 the aforementioned conductive laver consists
of cupper; the sferemantioned difusion harrier consists of tardalum, and &
wap fayer consisis of cobhailt.
Clalm 403
& method accordbg 1o claim 18 by which » process of fattening the upper
surface, and 8 provess of fattening a conductive laver are performad by
CMF
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CLAIMS DETAILED DESCRIPTION
CRAWINGS

* MOTICES *
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DETATLED DESCRIPTION

{Dstailed Desoription of the Invention]
{Figkt of the Ivvention]

L] :
The prasent invention relatas to a semicongductor generally and relates to 36“"‘“£\
the method of fprming espacially a cap layer on a semiconductor davice, '
{Background of the Invantion)

{0002]

in an Integrated croult, @ surrgunding insulation of the interconnecting
wiring of o chip s parformed using a disfectric laver, Although a plurality of
signals can be ransmitted more {0 8 high speed through interconnection
afse by making capacity valus of an insulating material small exactly the
samea with the ability of the Inside of 3 chip {0 be transmitted for a signal at feprosentative deawing
high spesd with the intergonnection material whish enables mprovament in

the spead fike o copper wiring, This is because that these signais Imterfere
aach other decraases, Most difused dislectric materials are sliicon dioxide,
Hawevar, i the semiconductor industry, development of the dislectric
materiats of the comwnmroially usefd low capadity always written as a low
dislectric constant material or low k materiad generally is performead,

{4003}

When forming intarconnaction, a diclectric layer 5 patterned and cavities,
such as 2 trench and & Degr opening, are formed. Next, a cavity is filed up
with a conductive material ke copper In order o prevent slrctromigration
o giffusion, & very thin barrier layer is formed on 2 distectrie, and coppar is :
formed on & barvler layen A barriar layer 15 usually formed by Ta {tantalum), |
(:em@r and & barrier ieaygr @'&3 removed fram on & dislectric iayfaf using a ; Representative drawing | 1121314158
chemival mechanical-polishing (CMF) process, Cobalt (Co) fimof the former ¢

which removes o copper garbage and embeds coppar it a cavitv and by

which slemants, such as lungsten (W), molybdenem (Mo}, and a rhanium

[
%
b
]
..
B

r"“‘“‘"««m £y TS,
i

{Re}, were addad s formad on copper and copper pravents the
phenomenan which diffuses 1o the swrounding dislsctric materials. Sy this
processing, coppar can be formed with high density using low k material, 8y
capping copper with these types of materisl, slectromigration resistance can
be imoroved and refiability can be moroved. In order to realize a reliabis
https e joplatost inpit go fpfogi-tinfran_web ogf_siiefushitpfwwwd f-platpal inph o jnfengie s st on 20 T 2025 | DRSS 1208 T BO0R4T 344D 1 40838 Ve

Page 523 of 616



AT Falent & Wity Model Mumnbaer Search{Detaii} § J-PlatFat

semiconducton i i necessary 1o maks these Bims deposit in the deposition
Drocess using vary high selectivity, Formation of 8 cap fayver changes largely
according to the state of 8 copper surface.

fOR04]

Usuaily, 8 coball fHim is made o deposit by electraless deposition an coppern
The cobalt 8im which has a mushroom meld configuration is formed by the
plating process. Mushroom mold structurs axtends on the surfase of 3
diglectric, and loakage current nonpermissibie among & pluraiity of
conductors aceording to mushroom mold struclurs genarates & The surface
of & cobalt filrn becomss very coarse By & plating procsss,

{Desoription of the Invention]

{Frobiam to be aalved by the invantion]

{2003]

Tharefore, 8 smooth cap layer i formed an copper and the method of
supprassing the leskage current behwasn a plursiity of conducines to the
mirdmium s nesded,

{Mauns for solving protilem]}

{8008]

I sumearizing #, the present inventian provides the methad of forming in
the upper part of the electric conduction metal fayver Rlled up with a cap
aver by & boar opening or Savity ke 8 tranch In the taroonnection faver of
a8 semiconductor devies, A cap iaver {s provided in order that slectris
conduction metal may prevent the phenomaenon which diffuses to the
interconnection laver formad b an slement 3t & fuliowing process.

{Bsst Mode of Carrying Out the Invention)

{8007

An active clrouit laver is formed on @ substrate, An interconnection ayver
makas a divlectric layer depasit on the uppear part of an acthve clrouit faver,
and patterns g dislectrig {ayven, and is formed by forming the gavity whith
can be used 35 3 basy opening, 2 trench, ate. A& diffusion bartier laver ks
tantaium o antalom nitride s mads o deposit on 3 patternsd dislactric
ayer, and the upper part of & cavity and & patiernad diglectric laver s
backsd with a diffusion barrier {aver Electric conduction metal ke copper is
mads W deposit on 8 difusion barrier laven, and & cavity is fllsd up with
matal, and o blanket 8l i3 formed on 8 patterned dislechric layven &
diffusion barrigr laver funclions as alsciric conduction matal praventing the
phanomenan which diffuses to 2 dislectrin layer The blankaet film which
comprises slactric conductian matal is removad with a chemical machanicai-
polishing mathod (CMP)} or other fiattening methods, and siectric conduction
mets! s mads to remain it oavity, & diffusion barrier layer does not
abmost have i hardly being removsd with the Mankst filpn which comprizes
slectric conduction metal, or baing removed with & blanket §im in anothsar
flattening process, and ramaing on the surface of 3 patternad dislactric. This
restdus! diffusion barrier fayer funclions as protecting so that the damags
gocording & disledtrie iayer o another procassing ke CMP may nt e
recebvad, Mexd, the garbage of the residusl electric condustion matal to
carry out is removed by selectivity chemical etching in a8 cavity, or s
ramoved by polish of fow dishing by CMP or other planarizing procassss in
i, and slectric conduchion metal is embedded in 2 cavity, Nexd, the cap laver
which comprises cobalt or the cobsilt which added sther condustive
glemants s made o deposit according o slaciroiess deposition or othser
deposition processes, snd the retraating reghn on slectrio conduction mstsl
it sxosssheady flnd p with 3 cap layen A single CMP process or other
plananizing processes remdve the oap layee of the portion which extands
above a cavity and sxiands on the upper part of 2 paiterned dislectric faven
The swrfacs roughnass of & cap aver is raeducsd acording o this
planarizing process, and leakage current §s rnade smigll

{O008]Y

After ramoving an electric condection metat layern, o diffesion barriar layer
by | residual § carrying out on the upper part of & patterned dislectric layer
& disleciric surfage, While making the cap laver depesit, it does not exposs,
or it doas not sxposs hetwean almost all the time at the time of pearforming

i it v by s Ndbaming w8 o acm fename e dd daemasend a8 Shae AR AT Tosnseionen
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layar, When keeping 2 diglectric layer from being exposed in the deposition
process of 3 cap laver diffusion of the meterie! used In the deposition
process of @ can laver becomes very small, When malking & cap layver
deposi In an slectroless plating process, 8 residust Jiffusion barrier laver
acty s that most diffusion of the matsd o K & dislsctric layer may be
praventad, and reduces the leskage current which occues by catching a
conductive material, & residus! diffusion barrlar layer acts so that the
mechanical strangth a3t the tme of remeving flatiening of a cap layer and
most diffusion barrier lavers simultanesusly may further be raised, and &
ruduces the damags to s dislectric 8im. The advantage which redules a
machanica! demage and reduces diffusion of the poliutant 1o & dislectric
fayer beoomnes much more remarkable, when a dielectris faver s 8 low
clelectric constant material, Tha method of forming & cap layer is ehimplifed
oy parforming {0/ i 2 separstn process, thers i nothing then and § one
process process | processing which fsttens a cap layery, and proosssing
wiich removes the residusd diffeston barrler layver to carey out on a dislectric
fayar
fONES]

Fig. 1 shows sorne ress sectional views of tha samiconductor waler 18, &
semiconductor waler i3 processed ang the semiconductor device which
maounted the integrated greuit is formed. The semiconductor wafer 10
includes & plurality of structures { ke a transistorn, a diods, 3 resistor, and
athar clrouit elements | whose sctive clrcult laver is including the substrate
12 and the sctive clreuit faver 14, A transistor can be used as a
complemeantary-type metal oxide semivonductor (CMUOS) transiston, for
example, The substrate 13 can be used as silicon, 8 silicon on insulaton,
siticon germanium, or other semiconductor materials, The interconnaction
iaver 16 is formad in the surface of the chrouiiey faver 34, The
interconaection layer 16 comprises the dislectnic layver 18, patterns this
disiectric layer, and forms the cavity 15 and s residuat vertics! structurs
using & conventional photolithography and eiching process. The cavity 1S
can be used 35 @ bear opening, & tranch, ate, Ascording to the smbodiment
of 1; athough the dislectric layer 18 i3 carban content silicon oxide, it can
e used as silicon dioxide, npurity content sificon dioxide, or 3 porous ow
diglectrie constant material, The diffusion barrler fayer 20 15 mads to daposit
on the diclectrie layer 18, and the side wall and dotiom surface of the upper
part of the pattemed dislectric laver 18 and the cavity 15 are backed with
the diffusion barrier layer 20, & difusion barrler s made 0 deposit oy
physical vapor growth {PYD), 8 chamicabvapor-daposition method {(CVD),
or other depositing mathods of & certain, dcgording to the smbodiment of
1, although a diffusion barrier layar can be made Nt tantalum (Ta), it can
e used as tanialum nitrids (Tal ), ttaniurm nitride (TN}, or othay
condurctive materials, I the electvic conduction mekal layer 22 8 made to
deposit on the diffusion harriar layer 20, the cavity 15 will be flled yp with
tha glectric conduction metal layer 22, and it will come 1o form the Bankst
fayer in which the slectnic conduction maetal layer 22 covers the patterned
digiactnic layer L8 and the diffusion barrler 20 continunusty, The slectric
conduction metal ayer 23 can be used ay copper or other slectric
conduction matal, and is made to deposit with the combination of
glectrolytic plating, & PV method, other depositing methods, or these
methods, The electric conduction metal fayer 22 can form a copper sead
fgver with 8 PVD mathod {not shown), and, saxt, can make copper depasit
by slectrolytic plating on the wpper part of & seed laver In the embodiment
of 3.

fo0in}

Fig. 2 showes the cross sectiona! vigw of the semconductor device 10 of the
Fig. 1 after ramoving 2 part of slectric conduction matal laver 22 using the
canventionsl chamical mechanicat-polishing {CMP) procass or anather
flattening methad ke alsctrochemistry machanical polishing (sCMPY. As
shown in Fig. 3, axcepst for the portion of the metal with which the cavity 15
is flled up, all the slectric conduction metal lavers 22 arg removad, The
diffusinn basrier laver 20 s hardly removed in & CMP prossss. By lsaving aff
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the portions on the patterned dinlectric favar 18 among the difusion barrier
favers 20, or almost aff portions, it can protact so that § may not be subjest
o the nfluence of down stream procassing of succassion o the patterned
dialastric faver 18,
SRR
Fig.d shows some cross sactionad views of the semiconductor wafer 10 of
Fig.d after removing a part of residual alectric conduction metal layer 22 to
carry oub i the cavily 15, forming the relreating region 24 in & and making
i the uppsr swrface of the reslduat elecirie conduction metal layer 22 be
placed at i€ down the upper surface of the patterned dislectric laysre 18, The
retraating region 24 v the metal fayer 22 can be formad by alternative
charidead stching o polish of low dishing by OMB oOMP or other planarizing
proceszes. Mere, please nots that are the diffusion barrier layer 20 st this
provessing Ums, and 1 s not removed, The diffusion Darrler layer 20
protacts the distectric laver 18 so that £ may not be sublect 1o the Influsncs
of the poliutant and damage which the dislectric layer 18 may generste by
following down stresm processing.
{0013}
Fig.d shows the cross sectional view of the semiconductar waler 10 of the
Fig. 3 after making the cap leyer 38 deposit selachively, Aowarding o the
embodiment of 1, although the cap layer 26 is mads to deposit by
alechroless daposition, i can uss other selaction deposition technsiogy. The
cap laver 38 b elpctric conduction metal ke cobalt {Cad, and can add other
elemnents ke tungsten (W} or boron {8} to the cap laver 26, Accorging o
the smbodimeant of I, the cap layer 35 contains coball {To), tungsten (W),
and boron (B} AU an Hhustrated smbodimant, the solution containing
bovang, coball suifate and sodivm bungstate, or tungstic aoid is applisd by
the processing on which the cap layer 26 Is made o deposit. To the cap
fayer 36, nickst {mickel), muolyhdanum (Mo}, @ rhenium {Re), and an
atemant ke o phosphorus (P can be addsd, After making R deposit ideally
untif the filling to the retraating reglon 34 completes the cap lavar 38,
depasilion of 3 cap laver is stopped, However, sincg R cannot say that the
processing onowhich the cap lpyer containing cobalt, tungsten, and boron is
magde to deposit is controlied casily and correctly, rather than the materiat
nesdad, much matarial it mada to deposit and it 8lls up with 3 retrasting
ragian sufficlently rellably. By this, the cap layer 38 comies 1o have the
mushrgom mold structure shown in Flg.d. The cap layver 28 functions as
oopper naver diffusing to the interconnection laver formed at 8 naxt
process. The cap laver can function ss reducing siactromigration.
(o013}
Fig. ¥ reamoves 8 part of cap iayer 26 and the difusion barrier laver 20 on
the patterned ciebectric faver 18 at 1 time of & process with the
cunventional CMB eCMR or gthar fattening methods, Some oross ssctionst
views of tha samiconductor wafer 10 of the Fig.4 after making it the whale
upper surface of the dislectrie laver 18 and the cap ysr 38 hecome flat are
shown. The swiaee roughness of the cap laver 28 is raduced by 1 time of 8
flatlening process, and Jeskage surrant is reducad, Platen {ratary surface
plata) of 8 OMP device Only one sat is used and both the cap lever 36 and
the diffusion barrier layer 20 are remioved at 1 tme of 8 TP treatment
process. I can lower by this reducing the number of OMP processes
requirad in order to form a semiconductor devics for 8 manufaciuring cost.
It protects so that & may not be sublact to the influencs of down stream
provessing of succession to the dislactrie dyer 18, untll & is removad as the
diffuaion barrler layer 20 shows Fig.S by { residual § carrving out after OMP
ramaves the copper layer 32 which shows the difusion barslar layer 20 1o
Fig.2. In not performing protection by the diffusion barrier laver 20, there is
2 possibiiity that contamination or & demage may ooour in the dislectric
fayer 18 by foliowing down stream processing. By { residuat § carrving out,
the dislzotric fayer 18 only exposes a barvier layer n the stage of the last of
the OMP process of the Fig.§ for remaving 8 barrier layerfcap ayern
{ogia]
Yhile referring to an ambodiment suitable about the presant invention, i
has described, bul i | i3 & parson skiled iy the art of this tachnical feld, &
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will be able to understand that many embodiments other than the
ambodiment which could changs the prasent invention by many meathods,
and was disciosed in the siill mors spacific form, and was desoribad
upwards can be teken, Tharafore, an attachad claim thinks that all the
sdeformation of tha prasent invention contained i true technical soops of
the prasent invention is incheded.

{ouisy

It has desoribed upwards about 8 specific smbodiment sbout the solution
sver an affect, other advantages, and 2 technical probiam. howavearn no
alemants {groupt which bring about an affect, an advantage, 8 probleme
solving method, ong of effects, an advantage, or 8 probiamesolving method,
or can bhe made st more ramarkable should e interpreted as i being the
reguired or fundamental characteristics or an shament with one of clabms, or
a#l the indispangable claims.

{Briaf Dascription of the DReawings]

{aoisl

{Erawing 1Soms cross ssctiona! visws of the semiconductar wafor after
faerning an intergonnection iaven

{Drawing 2]%ome cross sectional views of the samiconduchor walfer of the
Fig 1l after removing a part of metal laven

{Drawing JiSome cross sectional views of the semiconductor waler of the
Fig.d after removing ancthar portion of & metat laven

{Brawing 91Some cross sectional views of the samizonductor wafer of the
Fig. 3 after forming a cap laven

{Drawing TiSome oross sectionat views of the semivanductar waler of the
Figd after removing & part of cap laven
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(57) Abstract: A method for making a semiconductor device includes forming a patterned dielectric (18) overlying active circuitry,
the patterned dielectric having a plurality of cavities (15). A diffusion barrier (20) is formed over the patterned dielectric (18). A
conductive layer (22) is formed over the diffusion barrier in the plurality of cavities. The conductive layer is etched back to be
below a top surface of the dielectric, forming recessed areas (24) over the conductive layers in the plurality of cavities. The recessed
areas are then filled with a capping film (26). The capping film and the diffusion barrier are removed to provide a relatively smooth
planarized surface. Providing a relatively smooth planarized surface reduces leakage currents between conductors.
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METHOD FOR FORMING A CAPPING LAYER ON A SEMICONDUCTOR
DEVICE

FIELD OF THE INVENTION

The present invention relates generally to semiconductors, and more particularly, to a

method for forming a capping layer on a semiconductor device.

BACKGROUND OF THE INVENTION

In integrated circuits, a dielectric layer is used to provide insulation around the
interconnect wiring of the chip. Just as faster interconnect materials such as copper allow a
signal to move faster through the chip, decreasing the capacitance factor of the insulating
material also allows signals to travel across the interconnect faster because they have less
interference with each other. The most common dielectric material is silicon dioxide.
However, the semiconductor industry is constantly searching for commercially useful, lower
capacitance dielectric materials, commonly referred to as low dielectric constant or low k
materials.

When forming interconnects, the dielectric layer is patterned to form cavities such as
trenches, vias, and the like. The cavities are then filled with a conductive material such as
copper. To prevent electro-migration or diffusion, a relatively thin barrier layer is formed on
the dielectric and the copper is formed on the barrier layer. The barrier layer is typically
formed from Ta (tantalum). A chemical mechanical polishing (CMP) process is used to
remove the copper and barrier layer from over the dielectric. The copper is recessed in the
cavities and a conventional cobalt (Co) film doped with elements like tungsten (W),
molybdenum (Mo), thenium (Re), etc. are formed over the copper to prevent diffusion of
copper into the surrounding dielectric material. This can enable integration of copper with
low k materials. Also capping copper with these types of materials can enhance reliability by
increasing electro-migration resistance. In order to be successful a very selective deposition
of these films is required. Also, formation of the capping layer is highly dependent on the
condition of the copper surface.

Typically, the cobalt films are deposited on the copper by electroless plating. The
plating process may produce a cobalt film having a mushroom shaped profile. The

mushroom shape extends above the surface of the dielectric and may cause unacceptable

-1-

Page 531 of 616



10

15

20

25

30

WO 2007/024470 PCT/US2006/030823

leakage between conductors. In addition, the plating process results in cobalt film with a
relatively rough surface.
Therefore, there is a need for a method to form a smooth capping film over copper

that minimizes leakage currents between conductors.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a cross-sectional view of a portion of a semiconductor wafer after
formation of an interconnect level.

FIG. 2 illustrates a cross-sectional view of a portion of a semiconductor wafer of FIG.
1 after a portion of a metal layer has been removed.

FIG. 3 illustrates a cross-sectional view of a portion of a semiconductor wafer of FIG.
2 after a further portion of a metal layer has been removed.

FIG. 4 illustrates a cross-sectional view of a portion of the semiconductor wafer of
FIG. 3 after formation of a capping layer.

FIG. 5 illustrates a cross-sectional view of a portion of the semiconductor wafer of

FIG. 4 after removal of a portion of the capping layer.

DETAILED DESCRIPTION

Generally, the present invention provides a method for forming a capping layer on top
of a conductive metal layer that fills a cavity, such as a via or trench in an interconnect level
of a semiconductor device. A purpose of the capping layer is to prevent diffusion of the
conductive metal into subsequent interconnect levels within the device.

An active circuitry layer is formed on a substrate. The interconnect level is formed on
top of the active circuitry level by depositing a dielectric layer and patterning the dielectric
layer to form cavities, which can be vias, trenches, and the like. A diffusion barrier layer,
such as tantalum or tantalum nitride, is deposited over the patterned dielectric layer such that
the cavities and the top of the patterned dielectric layer are lined with the diffusion barrier
layer. A conductive metal, such as copper, is deposited over the diffusion barrier layer,
filling the cavities and forming a blanket film over the patterned dielectric layer. The
diffusion barrier layer prevents diffusion of the conductive metal into the dielectric layer.

The blanket film of the conductive metal is removed by chemical mechanical polishing

-
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(CMP) or other planarization method and the conductive metal remains in the cavities. The
diffusion barrier layer is not substantially removed with the blanket film of the conductive
metal, or in a separate planarization step, and remains on the surface of the patterned
dielectric. This remaining diffusion barrier layer protects the dielectric layer from damage
from further processing, such as CMP. The conductive metal remaining in the cavities is
then recessed through selective chemical etching or deliberate dishing through CMP or other
planarization process. The capping layer of cobalt or cobalt doped with other conductive
elements is then deposited through electroless plating or other deposition process such that it
overfills the recessed area above the conductive metal. The capping layer extending above
the cavity and the barrier layer on top of the patterned dielectric layer is removed by a single
CMP process or other planarization process. The surface roughness of the capping layer is
reduced through this planarization process resulting in reduced leakage.

By leaving the diffusion barrier layer on top of the patterned dielectric layer after the
conductive metal layer is removed, the dielectric surface is not exposed during the deposition
of the capping layer or during a substantial portion of the simultaneous planarization of the
capping layer and removal of the diffusion barrier layer. By not exposing the dielectric layer
to the capping layer deposition process, diffusion of materials used in the capping layer
deposition process is significantly reduced. In the case of electroless deposition of the
capping layer, the remaining diffusion barrier layer substantially prevents the diffusion of
metal ions into the dielectric layer resulting in reduced leakage caused by trapping of
conductive materials. The remaining diffusion barrier layer also provides additional
mechanical strength during the simultaneous planarization of the capping layer and
substantial removal of the diffusion barrier layer resulting in reduced damage of the dielectric
film. The benefits of reduced mechanical damage and reduced diffusion of contaminants into
the dielectric layer are greater when the dielectric layer is a lower dielectric constant material.
Furthermore, the method of forming the capping layer is simplified by planarizing the ‘
capping layer and removing the diffusion barrier layer remaining on the dielectric layer in

one process step rather than in separate steps.

FIG. 1 illustrates a cross-sectional view of a portion of a semiconductor wafer 10.
The semiconductor wafer is processed to produce semiconductor devices having integrated
circuits implemented thereon. Semiconductor wafer 10 includes a substrate 12 and an active

circuitry layer 14 containing a plurality of structures such as transistors, diodes, resistors and
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other circuit elements. The transistors may be, for example, complementary metal-oxide
semiconductor (CMOS) transistors. Substrate 12 can be silicon, silicon-on-insulator, silicon
germanium, or other semiconductor material. An interconnect level 16 is formed on a surface
of the circuitry layer 14. The interconnect layer 16 consists of a dielectric layer 18 which is
patterned to form cavities 15 and remaining vertical structures using conventional
photolithography and etch processes. The cavities 15 can be vias, trenches and the like. In
one embodiment, the dielectric layer 18 is a carbon-containing silicon oxide but it can be
silicon dioxide, doped silicon dioxide, or a porous low dielectric constant material. A
diffusion barrier layer 20 is deposited on the dielectric layer 18 and lines the top of the
patterned dielectric layer 18 and the sidewalls and bottoms of the cavities 15. The diffusion
barrier is deposited by physical vapor deposition (PVD), chemical vapor deposition (CVD) or
some other deposition method. In one embodiment, the diffusion barrier layer is tantalum
(Ta) but can be tantalum nitride (TaN), titanium nitride (TiN) or other conductive material.

A conductive metal layer 22 is deposited on the diffusion barrier layer 20 which fills the
cavities 15 and subsequently forms a blanket layer atop the patterned dielectric layer 18 and
the diffusion barrier 20. The conductive metal layer 22 can be copper or other conductive
metal and is deposited by electroplating, PVD or other deposition technique or combination
thereof. In one embodiment, the conductive metal layer 22 can be deposited by forming a

seed layer of copper by PVD (not shown) then electroplating copper on top of the seed layer.

FIG. 2 illustrates a cross-sectional view of the semiconductor device 10 of FIG. 1
after a portion of the conductive metal layer 22 has been removed using a conventional
chemical mechanical polishing (CMP) process or another planarization method such as
electrochemical mechanical polishing (¢CMP). As illustrated in FIG. 2, all of conductive
metal layer 22 is removed except for the metal filling the cavities 15. The diffusion barrier
layer 20 is not substantially removed in the CMP process. By leaving all or a substantial
portion of the diffusion layer 20 atop the patterned dielectric layer 18, the patterned dielectric

layer 18 is protected from subsequent processing steps.

FIG. 3 illustrates a cross-sectional view of the portion of the semiconductor wafer 10
of FIG. 2 after removal of a portion of the conductive metal layer 22 remaining in the cavities
15 to form recessed regions 24 such that the top surface of the remaining conductive metal

layer 22 is below the top surface of the patterned dielectric layer 18. The recessed regions 24

4-
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in metal layer 22 can be formed by selective chemical etching or deliberate dishing through
CMP, eCMP or other planarization process. Note that diffusion layer 20 is not removed at
this time. Diffusion layer 20 protects dielectric layer 18 from contaminants and damage that

may be caused by subsequent processing steps.

FIG. 4 illustrates a cross-sectional view of the semiconductor wafer 10 of FIG. 3 after
selective deposition of capping layer 26. In one embodiment the capping layer 26 is
deposited by electroless plating but other selective deposition techniques may be used. The
capping layer 26 is a conductive material such as cobalt (Co) and can be doped with other
elements such as tungsten (W) or boron (B). In one embodiment the capping layer 26
comprises cobalt (Co), tungsten (W) and boron (B). In the illustrated embodiment, the
deposition of the capping layer 26 comprises applying a solution comprising borane, cobalt
sulfate, and sodium tungstate or tungstic acid. Also, the capping layer 26 can be doped with
elements like nickel (Ni), molybdenum (Mo), thenium (Re), and phosphorus (P). Ideally, the
capping layer 26 would be deposited until completely filling the recessed regions 24 and then
stopped. But because deposition of a capping layer comprising cobalt, tungsten and boron
may not be easily accurately controllable, more material than needed will be deposited to
ensure the recesses are adequately filled. This results in the capping layer 26 having the
mushroom shape illustrated in FIG. 4. The capping layer 26 functions to prevent copper from
diffusing into any subsequent interconnect level. Also, the capping layer may function to

reduce electro-migration.

FIG. 5 illusirates a cross-sectional view of the portion of the semiconductor wafer 10
of FIG. 4 after a portion of capping layer 26 and the diffusion barrier layer 20 on the
patterned dielectric layer 18 are removed by conventional CMP, eCMP or other planarization
method in one step such that the entire top surface of the dielectric layer 18 and the capping
layer 26 are planar. Also, the surface roughness of capping layer 26 is reduced by the one
planarization step resulting in reduced leakage. In addition, only one platen of a CMP tool is
used to remove both the capping layer 26 and the diffusion barrier layer 20 in one CMP
process step. This may reduce manufacturing costs by reducing the number of CMP steps
required to manufacture the device. Also, by leaving the diffusion barrier layer 20 on after
the CMP removal of copper layer 22 illustrated in FIG. 2, the dielectric layer 18 is protected

from subsequent processing steps until it is removed as illustrated in FIG. 5. Without the
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protection provided by diffusion barrier layer 20, the subsequent processing steps may cause
contamination or damage to the dielectric layer 18. By leaving the barrier layer on, the
dielectric layer 18 is only exposed at the end of the barrier layer/capping layer CMP step of
FIG. 5.

While the invention has been described in the context of a preferred embodiment, it
will be apparent to those skilled in the art that the present invention may be modified in
numerous ways and may assume many embodiments other than that specifically set out and
described above. Accordingly, it is intended by the appended claims to cover all

10  modifications of the invention which fall within the true scope of the invention.

Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any element(s) that may cause any benefit, advantage, or solution to occur or become
more pronounced are not to be construed as a critical, required, or essential feature or element

15 ofany or all the claims. As used herein, the terms "comprises," "comprising," or any other
variation thereof, are intended to cover a non-exclusive inclusion, such that a process,
method, article, or apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such process,
method, article, or apparatus.

20
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CLAIMS
What is claimed is:

1. A method for making a semiconductor device, comprising:
providing a semiconductor substrate having overlying active circuitry;
forming a patterned dielectric over the active circuitry, wherein the patterned
dielectric has a cavity;

10 forming a diffusion barrier over the patterned dielectric wherein the cavity is
lined with the diffusion barrier and a top surface of the patterned
dielectric is coated with the diffusion barrier;

forming a conductive layer over the diffusion barrier wherein the conductive
layer fills the cavity;

15 etching the conductive layer to remove the conductive layer from over the top
surface of the diffusion barrier, without removing a substantial portion
of the diffusion barrier;

forming a recessed region in the conductive layer in the cavity, wherein the
recessed region is below the top surface of the patterned dielectric

20 layer;

filling the recessed region with a capping layer; and
removing the diffusion barrier from over the top surface of the patterned
dielectric and a portion of the capping layer, wherein the diffusion
barrier is removed over the top surface of the patterned dielectric and a
25 substantially planar surface is formed between the top surface of the

patterned dielectric layer and a top surface of the capping layer.

2. The method of claim 1 wherein the etching the conductive layer, comprises:
performing chemical mechanical polishing (CMP); and
30 after the performing the CMP, applying a chemical etchant that is selective

between the diffusion barrier and the conductive layer.
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3. The method of claim 1, wherein removing the diffusion barrier from over the top
surface of the patterned dielectric and a portion of the capping layer comprises removing the
diffusion barrier and the portion of the capping layer during one chemical mechanical

polishing (CMP) process step.

4. The method of claim 1, wherein the patterned dielectric comprises a low k dielectric,
the conductor layer comprises copper, the diffusion barrier comprises tantalum, and the

capping layer comprises cobalt.

5. The method of claim 4, wherein the capping layer further comprises tungsten and
boron.
6. The method of claim 1, wherein the etching the conductive layer comprises

performing CMP to remove the conductive layer over the top surface of the patterned
dielectric layer and dish out a portion of the conductive layer in the cavity to form the

recessed region.

7. The method of claim 1, wherein the filling the recessed region comprises performing

selective deposition of cobalt tungsten boron.

8. The method of claim 7, wherein the performing the selective deposition comprises:
applying a solution comprising borane, cobalt sulfate, and sodium tungstate or

tungstic acid.

9. The method of claim 1, wherein the forming the conductive layer comprises electroplating

copper.

10. The method of claim 1 wherein the etching the conductive layer comprises:
removing by CMP substantially all of the conductive layer over the top surface
of the patterned dielectric;
completely removing by CMP the conductive layer from over the top surface
of the patterned dielectric and leaving at least a portion of the diffusion

barrier over the top surface of the patterned dielectric; and
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etching back the conductive layer in the cavity to form the recessed region.

11. The method of claim 1, wherein the removing comprises performing CMP.

5 12.
10
15
20
25
13.

A method of forming a semiconductor device, comprising:

providing a semiconductor substrate having overlying active circuitry;

forming a patterned dielectric over the active circuitry, wherein the patterned
dielectric has a cavity;

forming a diffusion barrier over the patterned dielectric wherein the cavity is
lined with the diffusion barrier and a top surface of the patterned
dielectric is coated with the diffusion barrier;

by plating, forming a conductive layer over the diffusion barrier wherein the
conductive layer fills the cavity;

performing a step for removing the conductive layer over the top surface of
the patterned dielectric, leaving at least a portion of the diffusion
barrier over the top surface of the patterned dielectric, and removing a
portion of the conductive layer in the cavity to form a recessed region
below the top surface of the patterned dielectric layer;

filling the recessed region with a capping layer by selective deposition,
wherein a top surface of the capping layer is higher than the top
surface of the patterned dielectric layer; and

performing a step for removing the diffusion barrier over the top surface of the
patterned dielectric, removing a portion of the capping layer, and
forming a substantially planar surface between the top surface of the

patterned dielectric layer and a top surface of the capping layer.

The method of claim 12, wherein the step for removing the diffusion barrier

comprises performing CMP.

30 14.

The method of claim 12, wherein the step for removing the conductive layer

comprises performing CMP.
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15. The method of claim 14 wherein the step for removing the conductive layer further
comprises applying an etchant that is selective between the conductive layer and the diffusion

barrier to form the recessed region.

16. The method of claim 12, wherein the conductive layer comprises copper and the

capping layer comprises cobalt.
17. The method of claim 16, wherein the diffusion barrier comprises tantalum.

18. A method for making a semiconductor device, comprising:

providing a semiconductor substrate having overlying active circuitry;

forming a patterned dielectric over the active circuitry, wherein the patterned
dielectric has a cavity;

forming a diffusion barrier over the patterned dielectric wherein the cavity is
lined with the diffusion barrier and a top surface of the patterned
dielectric is coated with the diffusion barrier;

forming a conductive layer over the diffusion barrier wherein the conductive
layer fills the cavity;

planarizing the conductive layer and thereby exposing the diffusion barrier;

forming a recessed region in the cavity below the top surface of the patterned
dielectric layer;

filling the recessed region with a capping layer; and

planarizing top surfaces of the patterned dielectric and the capping layer and
thereby removing the diffusion barrier over the top surface of the

patterned dielectric.

19. The method of claim 18, wherein the conductive layer comprises copper, the diffusion

barrier comprises tantalum, and the capping layer comprises cobalt.

20. The method of claim 18, wherein the planarizing the top surfaces and the planarizing

the conductive layer are performed by CMP.
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date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 0or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/477,506
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
o o) N/A N/A N/A N/A 280
SEARCH FEE
A o) N/A N/A N/A N/A 600
EXAMINATION FEE
A A N/A N/A N/A N/A 720
TOTAL CLAIMS ) .
(37 CFR 1.16(7)) 7 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS ) .
(37 CFR 1.16(h) 1 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART II
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total . i “ =
= (37 CFCF)E ?.15(1)) Minus = OR |«x =
a Independent * Minus | ** =
E (37 PR 1.16(h)) = OR |«x =
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Golumn 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** = =
= (37 OFg ?.Ie(r)) OR |x =
% Independent * Minus | *** = = OR |«x =
w (37 CFR 1.16(h)) B B
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(}))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UTILITY PATENT APPLICATION TRANSMITTAL
(Only for new nonprovisional applications under 37 CFR 1.53(b))

Attorney Docket No. 42P38794DC

(maximum 12 characters)

First Named Inventor Boyan Boyanov

Title: _METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Filed by EFS-WEB on: __ April 3, 2017

ADDRESS TO: Commissioner for Patents
P.0O. Box 1450
Alexandria, Virginia 22313-1450

APPLICATION ELEMENTS
See MPEP chapter 600 concerning utility patent application contents.

1. Fee Transmittal Form (e.g., PTO/SB/17)

(Submit an original and a duplicate for fee processing)
2. Applicant Claims Small Entity Status. (37 CFR 1.27)
3. X Specification (Total Pages _25 )

(preferred arrangement set forth below)
- Descriptive Title of the Invention
- Cross Reference to Related Applications
- Statement Regarding Fed sponsored R & D
- Reference sequence listing, a table,

or a computer program listing appendix
- Background of the Invention
- Brief Summary of the Invention
- Brief Description of the Drawings (if filed)
- Detailed Description
- Claim(s)
- Abstract of the Disclosure

4. X Drawings(s) (35 USC 113) (Total Sheets _10 )
5. X Oath or Declaration (Total Pages _3 )
a. Newly Executed (Original or Copy)

b. X Copy from a Prior Application (37 CFR 1.63(d))
(for Continuation/Divisional with Box 18 completed)

DELETIONS OF INVENTOR(S) Signed statement attached deleting
inventor(s) named in the prior application, see 37 CFR 1.63(d)(2)

and 1.33(b).
C. Unsigned.
6. X Application Data Sheet. (37 CFR 1.76)
7. CD-ROM or CD-R in duplicate, large table or Computer Program (Appendix)
8. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, all necessary)
a. Computer Readable Form (CRF)
b. Specification Sequence Listing on:
i CD-ROM or CD-R (2 copies); or
ii. paper
C. Statement verifying identity of above copies

-1-

Based on Form PTO/SB/05 (08-03) as modified by BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP on 09/12/03.
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ACCOMPANYING APPLICATION PARTS

9. __ Assignment Papers (cover sheet & documents(s))

__ X a. Separate 37 CFR 3.73(b) Statement (where there is an assignee)

_ X b. Power of Attorney

11. __ English Translation Document (if applicable)

12. _ X a. Information Disclosure Statement (IDS)/PTO-1449
__ b. Copies of IDS Citations

13. Preliminary Amendment
14. Return Receipt Postcard (MPEP 503) (Should be specifically itemized)
15. Certified Copy of Priority Document(s) (if foreign priority is claimed)
16. Nonpublication Request under 35 U.S.C. 122(b)(2)(B)(i}. Applicant must attach
form PTO/SB/35 or its equivalent.
17A. Claim for Foreign Priority
17B. _X  Other: _Transmittal For Power Of Attorney To One Or More Registered Practitioners
17C. X Pursuant to 37 C.F.R. 1.136(a)(3), applicant(s) hereby request and authorize the U.S.

Patent and Trademark Office to (1) treat any concurrent or future reply that requires a petition for
extension of time as incorporating a petition for extension of time for the appropriate length of time and (2)
charge all required fees, including extension of time fees and fees under 37 C.F.R. 1.16 and 1.17, to
Deposit Account No. 02-2666.

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information
below and in the first sentence of the specification following the title (e.q., by way of preliminary
amendment), or in an Application Data Sheet Under 37 C.F.R. 1.76:

X_  Continuation Divisional Continuation-in-part (CIP)
Of Prior Application No.: 14/675.613 Examiner _Fortich, Rodolfo D. Group Art Unit 2898

Which is a divisional of prior application no. 13/991,899 filed June 5, 2013, now issued as U.S. Patent No. 9,373,584
issued June 21, 2016, which is a national stage entry of PCT/US2011/059453 filed November 4, 2011..

Applicant(s): Also include a Preliminary Amendment to amend the specification to claim priority.

For CONTINUATION AND DIVISIONAL APPS only: The entire disclosure of the prior application, from which
an oath or declaration is supplied under Box 5b, is considered a part of the disclosure of the accompanying
continuation or divisional application and is hereby incorporated by reference. The incorporation can only
be relied upon when a portion has been inadvertently omitted from the submitted application parts.

19. Correspondence Address
X Customer Number or Bar Code Label 45209
or (Insert Customer No. or Attach Bar Code Label here)

Correspondence Address Below

NAME _ Tatiana Rossin
ADDRESS BLAKELY, SOKOLOFF. TAYLOR & ZAFMAN LLP
1279 Oakmead Parkway

CITY _Sunnyvale STATE _California ZIP CODE _94085
Country U.S.A. TELEPHONE _(408) 720-8300 FAX _(408) 720-8383
Name (PRINT/TYPE): _Tatiana Rossin Registration No.:_56,833
Signature: /Tatiana Rossin/ Date: __April 3, 2017
-2

Based on Form PTO/SB/05 (08-03) as modified by BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP on 09/12/03.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS
First Named Inventor/Applicant Name: Boyan Boyanov

Filer: Tatiana Rossin/Juanita Briscoe

Attorney Docket Number: 42P38794DC

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suﬁ;l’g(t:)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 280 280
UTILITY SEARCH FEE 1111 1 600 600
UTILITY EXAMINATION FEE 1311 1 720 720
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Page 555 of 616



Description Fee Code Quantity Amount Suﬁ-;l';(t:)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1600

Page 556 of 616




Electronic Acknowledgement Receipt

EFS ID: 28815387
Application Number: 15477506
International Application Number:
Confirmation Number: 2892
Title of Invention: METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS
First Named Inventor/Applicant Name: Boyan Boyanov
Customer Number: 45209
Filer: Tatiana Rossin/Juanita Briscoe
Filer Authorized By: Tatiana Rossin
Attorney Docket Number: 42P38794DC
Receipt Date: 03-APR-2017
Filing Date:
Time Stamp: 15:00:59
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1600
RAM confirmation Number 040417INTEFSW00001563504238
Deposit Account
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
111610
1 Application Data Sheet P38794DC_ADS.pdf no 9
fb8cf68d25194ec9b03c721442e47b4c5545)
Warnings:
Information:
This is not an USPTO supplied ADS fillable form
140535
2 P38794DC_Application.pdf yes 25
159082135 1bfe9aalb4c0f865e18b24b4b85)
87d8
Multipart Description/PDF files in .zip description
Document Description Start End
Abstract 25 25
Claims 23 24
Specification 1 22
Warnings:
Information:
143856
3 Drawings-only bIaFk and white line P38794D_Figures.pdf no 10
drawings
8771bd039dc1ff97e9e0937caal4e44 108304
bb9c
Warnings:
Information:
357722
4 Oath or Declaration filed P38794DC_Declaration.pdf no 3
67558cbc8869bdf767fdc62876acc64b699)
baa7
Warnings:
Information:
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Power of Attorney

P38794DC_POA.pdf

261885

8def335236e70b70cbd1be7dfd0367b4edbd

no

Warnings:

Information:

Transmittal Letter

P38794DC_IDS.pdf

17747

39364b6d914€3496a2998365fa86c243fc2()
4b61

no

Warnings:

Information:

Information Disclosure Statement (IDS)

Form (SB08)

P38794DC_1449.pdf

161851

30fef2alf5aelcla3cd557c88a6a25882112

no

Warnings:

Information:

This is not an USPTO supplied IDS fillable form

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

35992
. L 42P38794DC_Utility_Transmitt
8 Transmittal of New Application Lodf Y- no
a p 2f59487aa275cfd6b4al6a63c56cebsf510b|
49e8
Warnings:
Information:
34956
9 Fee Worksheet (SB06) fee-info.pdf no
9696407a5be0df421e2c79969db00b7dceel
cade6
Warnings:
Information:

Total Files Size (in bytes){

1266154

Page 559 of 616




This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | 42P38794DC
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Boyan Boyanov

Residence Information (Select One) (8 US Residency (O Non US Residency (O Active US Military Service

City | Portland | State/Province | OR | Country of Residencd | US

Mailing Address of Inventor:

Address 1 15760 NW Rondos Drive

Address 2

City Portland | State/Province OR

Postal Code 97229 | Countryi us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Kanwal Jit Singh

Residence Information (Select One) (@ US Residency (O Non US Residency (O Active US Military Service

City | Hilsboro | State/Province | OR | Country of Residence | US

Mailing Address of Inventor:

Address 1 1055 NE Creeksedge Drive

Address 2

City Hillsboro | State/Province OR
Postal Code | 97124 | Countryi us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 42P38794DC

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

[] An Address is being provided for the correspondence Information of this application.

Customer Number 45209

Email Address

Application Information:

Title of the Invention METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Attorney Docket Number| 42P38794DC Small Entity Status Claimed [ |
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 10 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country -
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: @® Customer Number | O US Patent Practitioner | O Limited Recognition (37 CFR 11.9)
Customer Number 45209

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

42P38794DC

Application Number

Title of Invention

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.
Prior Application Status | Pending
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 14675613 2015-03-31
Prior Application Status | Patented
Application A Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
14675613 Division of 13991899 2013-06-05 9373584 2016-06-21
Prior Application Status | Pending
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
13991899 a 371 of international PCT/US2011/059453 2011-11-04
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number

Countryi

Filing Date (YYYY-MM-DD)

Access Code (if applicable)

Add button.

Additional Foreign Priority Data may be generated within this form by selecting the

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications

EFS Web 2.2.12
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PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | 42P38794DC
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 42P38794DC

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 42P38794DC

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1
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ABSTRACT

At least one conductive line in a dielectric layer over a substrate is recessed to form a
channel. The channel is self-aligned to the conductive line. The channel can be formed by
etching the conductive line to a predetermined depth using a chemistry comprising an inhibitor
to provide uniformity of etching independent of a crystallographic orientation. A capping layer
to prevent electromigration is deposited on the recessed conductive line in the channel. The

channel is configured to contain the capping layer within the width of the conductive line.
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CLAIMS
What is claimed is:
1. An apparatus, comprising:

at least one first conductive line in a dielectric layer over a substrate, the dielectric layer
having a top boundary;

a channel in the dielectric layer on the at least one first conductive line, the channel
comprising a sidewall between the at least one first conductive line and the top boundary,

and

a first capping layer comprising cobalt deposited in the channel on the at least one first
conductive line comprising copper and cobalt and on the sidewall to prevent electromigration,
wherein a top of the first capping layer is not higher than the top boundary .
2. The apparatus of claim 1, wherein the first capping layer is self-aligned to the first
conductive line.
3. The apparatus of claim 1, further comprising

a second capping layer selectively deposited on the second conductive line within second
sidewalls of the dielectric layer, the second conductive line being at a first spacing from the at
least one first conductive line, and wherein the second capping layer is at the first spacing from
the first capping layer.
4. The apparatus of claim 1, wherein the at least first conductive line is at a depth from 5
nanometers to 50 nanometers from a top surface of the dielectric layer.
5. The apparatus of claim 1, wherein the first conductive line is at a depth from a top
surface of the dielectric layer that is from 10% to 50% of the thickness of the first conductive
line.
6. The apparatus of claim 1, wherein the at least one first conductive line is an interconnect

incorporated into a data processing system.
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7. The apparatus of claim 1, wherein a spacing between the at least one first conductive line

and a second conductive line in the dielectric layer is from 5 nm to 500 nm.
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METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a continuation of co-pending U.S. Patent Application No.
14/675,613 filed on March 31, 2015, which is a divisional application of U.S. Patent Application
No. 13/991,899 filed June 5, 2013, now issued as U.S. Patent No. 9,373,584, which is a U.S.
National Phase application under 35 U.S.C. § 371 of International Application No.
PCT/US2011/059453, filed November 4, 2011, entitled “METHODS AND APPARATUSES
TO FORM SELF-ALIGNED CAPS” and claims the priority benefit thereof.

FIELD

[0002] Embodiments of the present invention relate to the field of electronic device
manufacturing, and in particular, to forming interconnect structures.

BACKGROUND

[0003] As the feature size of electronic devices shrinks, reliability of interconnects becomes
critical to integrated circuit performance. Generally, electromigration refers to the transport of
material caused by the movement of the ions in a conductor due to the momentum transfer
between conducting electrons and diffusing metal atoms. The effect is especially important in
applications where high current densities are used, for example, in microelectronics structures
involving logic devices. Typically, a metal capping technology is used to prevent
electromigration.

[0004] Figure 1A is a cross-sectional view of a typical interconnect structure having metal
electromigration caps. As shown in Figure 1A, metal interconnect lines, for example lines 103
and 104, formed on a dielectric substrate 101 are originally spaced apart at a line spacing 105.
The electromigration caps, for example, caps 111-113, can be grown on the respective
interconnect lines above a flat surface of the substrate using electroless plating. Generally, the

growth of the electromigration caps on the interconnect lines is isotropic. The electromigration
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cap can grow on the interconnect metal line vertically as well as laterally above the substrate.
The lateral growth of the metal electromigration caps may generate overhang structures, for
example, an overhang 109 that protrude over the substrate 101 outside the width of the
interconnect lines. As shown in Figure 1A, the lateral growth of the metal caps reduces a line-to-
line spacing from spacing 105 to spacing 107.

[0005] Typically, the size of the overhang 109, is about 50% of the cap thickness. For example,
if the two neighboring metal caps have the thickness of about 10 nanometers (“nm”), the total
size of their overhangs can be about 2x5nm. As such, the line-to-line spacing can be reduced, for
example, by a factor of two from about 20 (nm) to about 10 nm.

[0006] Figure 1B is a top view of a typical interconnect structure having metal electromigration
caps electrolessly grown over a flat surface of substrate 121 having interconnect lines, such as
an interconnect line 123. As shown in Figure 1B, the lateral growth of the metal caps above the
substrate increases the line edge roughness (“LER”) and reduces line-to-line spacing. As shown
in Figure 1B, the line-to-line spacing, for example, a line-to-line spacing 1235, varies
uncontrollably. Both the increased LER and reduced line-to-line spacing negatively impact on
the reliability of the interconnect structures, increase the risk of current shorting that may lead to

the failure of the entire integrated circuit device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is illustrated by way of example and not limitation in the figures of
the accompanying drawings, in which like references indicate similar elements, in which:
[0008] Figure 1A is a cross-sectional view of a typical interconnect structure having metal
electromigration caps.

[0009] Figure 1B is a top view of a typical interconnect structure having metal electromigration
caps.

[0010] Figure 2A shows a cross-sectional view of a substrate to fabricate an interconnect
structure according to one embodiment of the invention.

[0011] Figure 2B is a view similar to Figure 2A, after a dielectric layer is formed over the
substrate according to one embodiment of the invention.

[0012] Figure 2C is a view similar to Figure 2B, after a photoresist layer is deposited over the
dielectric layer to form one or more openings in the dielectric layer according to one
embodiment of the invention.

[0013] Figure 2D is a view similar to Figure 2C, after one or more openings are formed in the
dielectric layer according to one embodiment of the invention.

[0014] Figure 2E is a view similar to Figure 2D, after a conductive layer is deposited over the
dielectric layer according to one embodiment of the invention.

[0015] Figure 2F is a view similar to Figure 2E, after portions of conductive layer and the base
layer are removed from the top surface of the dielectric layer outside the openings to form
patterned conductive lines according to one embodiment of the invention.

[0016] Figure 2G is a view similar to Figure 2F, after conductive lines in a dielectric layer over
a substrate are recessed according to one embodiment of the invention.

[0017] Figure 2H is a view similar to Figure 2G, after capping layers are selectively deposited
onto the respective recessed conductive lines in the channels to prevent electromigration

according to one embodiment of the invention.
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[0018] Figure 3A is a three-dimensional view 300 of an interconnect structure after recessing
the conductive lines in a dielectric layer over a substrate according to one embodiment of the
invention.

[0019] Figure 3B is a view 310 similar to Figure 3A, after capping layers are deposited into the
respective channels formed by the recessed conductive lines according to one embodiment of the
invention.

[0020] Figure 4 is a top view of an interconnect structure 400 having capping layers selectively
deposited within channels formed by the recessed conductive lines in a dielectric layer over a
substrate according to one embodiment of the invention.

[0021] Figure 5 shows a block diagram of an exemplary embodiment of a data processing
system 500 having one or more electronic devices, e.g., transistors, memories, such as a memory
504, and a memory 518, processing logic devices, such a processing logic device 526, and any
other integrated circuit and microelectronic devices that are built using methods described

herein.
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DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0022] In the following description, numerous specific details, such as specific materials,
dimensions of the elements, etc. are set forth in order to provide thorough understanding of one
or more of the embodiments of the present invention. It will be apparent, however, to one of
ordinary skill in the art that the one or more embodiments of the present invention may be
practiced without these specific details. In other instances, semiconductor fabrication processes,
techniques, materials, equipment, etc., have not been described in great details to avoid
unnecessarily obscuring of this description. Those of ordinary skill in the art, with the included
description, will be able to implement appropriate functionality without undue experimentation.
[0023] While certain exemplary embodiments of the invention are described and shown in the
accompanying drawings, it is to be understood that such embodiments are merely illustrative
and not restrictive of the current invention, and that this invention is not restricted to the specific
constructions and arrangements shown and described because modifications may occur to those
ordinarily skilled in the art.

[0024] Reference throughout the specification to “one embodiment”, “another embodiment”,
or “an embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present invention.
Thus, the appearance of the phrases “in one embodiment” or “for an embodiment” in various
places throughout the specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments.

[0025] Moreover, inventive aspects lie in less than all the features of a single disclosed
embodiment. Thus, the claims following the Detailed Description are hereby expressly
incorporated into this Detailed Description, with each claim standing on its own as a separate
embodiment of this invention. While the invention has been described in terms of several

embodiments, those skilled in the art will recognize that the invention is not limited to the
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embodiments described, but can be practiced with modification and alteration within the spirit
and scope of the appended claims. The description is thus to be regarded as illustrative rather
than limiting.

[0026] Methods and apparatuses to control a line edge roughness (“LER”) and line-to-line
spacing in deposition of self-aligned metal caps are described herein. At least one conductive
line is recessed to form a channel in a dielectric layer over a substrate. A capping layer to
prevent electromigration is deposited on the recessed conductive line in the channel. The
channel is self-aligned to the conductive line. The channel is configured to contain the capping
layer within the width of the conductive line. That is, the interconnect line is recessed to contain
the cap growth within a channel self aligned to the interconnect line. The channel can be formed
by etching the conductive line to a predetermined depth using a chemistry comprising an
inhibitor to provide uniformity of etching independent of a crystallographic orientation, as
described in further detail below. Methods and apparatuses described herein can be used to
control the increase in LER associated with selectively deposited electromigration caps, for
example, electroless cobalt caps. That is, an increase in LER and reduction in line-to-line
spacing typically associated with the electromigration caps selectively deposited on the metal
interconnect lines can be prevented by containing an electroless cap within a recess that is self-
aligned to an interconnect line. Eliminating an increase in LER and preventing from reducing of
the line-to-line spacing can decrease the risk of failure and increase the manufacturing yield of
the electronic devices having reduced (e.g., nanometer scale) dimensions. The electronic devices
can be, for example, computer system architecture devices, e.g., transistors, memories, logic
devices, and any other integrated circuit and microelectronic devices.

[0027] Figure 2A shows a cross-sectional view 200 of a substrate to fabricate an interconnect
structure according to one embodiment of the invention. In one embodiment, substrate 201
includes a monocrystalline silicon. In one embodiment, substrate 201 includes a silicon-on-

insulator (“SOI”). For alternate embodiments, substrate may comprise compound
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semiconductors, e.g., indium phosphide, gallium arsenide, gallium nitride, silicon germanium,
and silicon carbide. In another embodiment, substrate 201 may include e.g., glass, and quartz.
Substrate 201 may include one or more metallization layers of integrated circuits having active
and passive devices, e.g., transistors, switches, optoelectronic devices, capacitors, resistors,
interconnects (not shown). The one or more metallization layers of integrated circuits of
substrate 201 may be separated from adjacent metallization layers by a dielectric material (not
shown), e.g., interlayer dielectric. The adjacent metallization layers may be electrically
interconnected by vias (not shown).

[0028] Figure 2B is a view similar to Figure 2A, after a dielectric layer 203 is formed over the
substrate 201 according to one embodiment of the invention. In one embodiment, dielectric layer
203 is an interlayer dielectric (“ILD”). In one embodiment, dielectric layer 203 is a low-k
dielectric, e.g., silicon dioxide, silicon oxide, and carbon doped oxide (“CDQO”), or any
combination thereof. In one embodiment, Dielectric layer 203 includes a nitride, oxide, a
polymer, phosphosilicate glass, fluorosilicate (“SiOF”) glass, organosilicate glass (“SiOCH”), or
any combination thereof. In one embodiment, dielectric layer 203 includes a spin-on low-k
dielectric material. In one embodiment, dielectric layer 203 is silicon dioxide. In another
embodiment, dielectric layer 203 is silicon nitride. dielectric layer 203 may be deposited using
any suitable deposition technique. In one embodiment, dielectric layer 203 may be deposited
using blanket deposition technique, for example, chemical vapor deposition (“CVD”),
sputtering, spin-on, or another thin film deposition technique. In one embodiment, dielectric
layer 203 is deposited to the thickness in the approximate range of S50nm to 2pm.

[0029] Figure 2C is a view similar to Figure 2B, after a photoresist layer 204 is deposited over
dielectric layer 203 to form one or more openings in dielectric layer 203 according to one
embodiment of the invention. In one embodiment, photoresist layer 204 is deposited on a hard
mask layer 202 formed on dielectric layer 203, as shown in Figure 2C. In another embodiment,

photoresist layer 204 is deposited directly onto dielectric layer 203. As shown in Figure 2C,
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photoresist layer 204 and hard mask layer 202 are patterned and etched to form openings, such
as an opening 220. Patterning and etching of the photoresist and hard mask is known to one of
ordinary skill in the art of microelectronic device manufacturing. Patterning and etching of the
photoresist may be performed using one of the techniques known to one of ordinary skill in the
art of microelectronic device manufacturing. The technique may include masking the photoresist
layer, exposing the masked layer to light, and then developing the unexposed portions to remove
the portions of the photoresist layer that are exposed to light to form a window in the photoresist
layer. In one embodiment, the process of exposing to light and removing the photoresist layer
may be performed in a plasma reactor. The opening in hard mask 202 may be etched to expose a
portion of dielectric layer 203 using a dry etching, e.g., reactive ion etching (“RIE”), wet
etching, or any combination thereof techniques.

[0030] Figure 2D is a view similar to Figure 2C, after one or more openings, such as an
opening 206, are formed in dielectric layer 203 according to one embodiment of the invention.
In one embodiment, the openings are, such as opening 206, is etched through openings in hard
mask 203, such as opening 220. In another embodiment, the openings are formed by etching the
dielectric layer through the openings in patterned photoresist 204 deposited directly onto
dielectric layer 203. In one embodiment, the openings in the dielectric layer 203, for example,
trenches, are formed using an anisotropic dry etching, e.g., plasma etching. In another
embodiment, the openings in the dielectric layer 203 are formed using dry etching, wet etching,
or a combination thereof techniques known to one of ordinary skill in the art of microelectronic
device manufacturing. In one embodiment, the openings in dielectric layer 203 has the width in
the approximate range of 0.005microns (“um ) to 5 pm, and the depth in the approximate range
0f 0.005 pm to 10 pm. In one embodiment, the size of openings is determined by the size of a
conductive line formed within ILD 203 later on in the process.

[0031]  After forming the openings, such as opening 206, the photoresist and hard mask are

removed. Removing of the photoresist and the hard mask from dielectric layer 203 is known to

Page 580 of 616



P38794DC

one of ordinary skill in the art of microelectronic device manufacturing. In one embodiment, the
photoresist and hard mask may be removed using a chemical technique, mechanical technique,
or both.

[0032] Figure 2E is a view similar to Figure 2D, after a conductive layer 205 is deposited over
dielectric layer 203 according to one embodiment of the invention. As shown in Figure 2E,
forming of the conductive layer 205 involves filling the one or more openings in dielectric layer
203 with a conductive material to form one or more conductive lines. In one embodiment, a base
layer (not shown) is first deposited on dielectric layer 203 covering the internal sidewalls and
bottom of the openings, and then a conductive layer 205 is deposited on the base layer. In one
embodiment, the base layer includes a conductive seed layer (not shown) deposited on a
conductive barrier layer (not shown). The seed layer can include copper, and the conductive
barrier layer can include aluminum, titanium, tantalum, tantalum nitride, and the like metals.
The conductive barrier layer can be used to prevent diffusion of the conductive material from the
seed layer, e.g., copper, into ILD 203. Additionally, the conductive barrier layer can be used to
provide adhesion for the seed layer (e.g., copper). In one embodiment, to form the base layer,
the conductive barrier layer is deposited onto the dielectric layer 203 covering the sidewalls and
bottom of the opening, and then the seed layer is deposited on the conductive barrier layer. In
another embodiment, the conductive base layer includes the seed layer that is directly deposited
onto dielectric layer 203 covering the sidewalls and bottom of the openings. Each of the
conductive barrier layer and seed layer may be deposited using any thin film deposition
technique known to one of ordinary skill in the art of semiconductor manufacturing, e.g., by
sputtering, blanket deposition, and the like. In one embodiment, each of the conductive barrier
layer and the seed layer has the thickness in the approximate range of 1 to 100 nm. In one
embodiment, the barrier layer may be a thin dielectric that has been etched to establish

conductivity to the metal layer below. In one embodiment, the barrier layer may be omitted
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altogether and appropriate doping of the copper line may be used to make a “self-forming
barrier”.

[0033] Conductive layer 205 fills the openings, such as an opening 206, and covers portions of
the base layer (not shown) outside of the openings that are on top of dielectric layer 203. In one
embodiment, conductive layer 205 e.g., copper, is deposited onto the seed layer of base layer of
copper, by an electroplating process. In one embodiment, conductive layer 205 is deposited into
the openings using a damascene process that is known to one of ordinary skill in the art of
microelectronic device manufacturing. In one embodiment, conductive layer 205 is deposited
onto the seed layer using one of selective deposition techniques known to one of ordinary skill
in the art of semiconductor manufacturing, e.g., electroplating, electroless plating, and the like.
In one embodiment, the choice of a material for conductive layer 205 determines the choice of a
material for the seed layer. For example, if the material for conductive layer 205 includes
copper, the material for the seed layer also includes copper. In one embodiment, conductive
layer 205 includes e.g., copper (Cu), ruthenium (Ru), nickel (Ni), cobalt (Co), chromium (Cr),
iron (Fe), manganese (Mn), titanium (Ti), aluminum (Al), hafnium (Hf), tantalum (Ta), tungsten
(W), Vanadium (V), Molybdenum (Mo), palladium (Pd), gold (Au), silver (Au), platinum Pt, or
any combination thereof.

[0034] Figure 2F is a view similar to Figure 2E, after portions of conductive layer 205 and the
base layer are removed from the top surface of dielectric layer 203 outside the openings to form
patterned conductive lines, such as a conductive line 208 according to one embodiment of the
invention. Portions of conductive layer 205 may be removed chemically, e.g., using etching,
mechanically, e.g., using polishing, or by a combination of thereof techniques, e.g., using a
chemical-mechanical polishing (“CMP”) technique known to one of ordinary skill in the art of
microelectronic device manufacturing. In one embodiment, one or more patterned conductive
lines are formed within dielectric layer 203 using methods described above. In another

embodiment, the conductive lines are formed by patterning and etching of the conductive layer
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deposited on the top surface of dielectric layer 203. Patterning and etching of the conductive
layer deposited on the top surface of the dielectric layer 203 is known to one of ordinary skill in
the art of microelectronic device manufacturing. In one embodiment, the thickness of the
conductive line, for example, a thickness 211 is in the approximate range of 0.015um to 1um. In
one embodiment, the width of the conductive line, for example, a width 209 is in the
approximate range of Snm to about 500nm. In one embodiment, the spacing between the
conductive lines, for example, a spacing 207, is from about Snm to about 500nm. In one
embodiment, the spacing between the conductive lines is from about 2nm to about 100nm.

[0035] Figure 2G is a view similar to Figure 2F, after the conductive lines, for example, a
conductive line 208, in a dielectric layer over a substrate are recessed according to one
embodiment of the invention. As shown in Figure 2G, channels, such as a channel 212, are
formed in dielectric layer 203. As shown in Figure 2G, channels, such as channel 212, have
sidewalls made of dielectric layer 203, such as sidewalls 214 and 216, and a bottom made of a
respective conductive line, such as a bottom 218 made of conductive line 208.

[0036] In one embodiment, the channel has depth, such as a depth 213 from about 5 nm to
about 50nm. In one embodiment, the depth of the channel is from about 2 nm to about 20nm. In
one embodiment, the channel has depth that is from about 10% to about 50% of the thickness of
the conductive line, such as a thickness 211 shown in Figure 2F. In one embodiment, the
conductive lines are recessed to the depth, which is determined based on the thickness of a
capping layer, as described in further detail below.

[0037] Figure 3A is a three-dimensional view 300 of an interconnect structure after recessing
the conductive lines, such as a conductive line 305 and a conductive line 304, in a dielectric
layer 303 over a substrate 301 according to one embodiment of the invention. Substrate 301,
dielectric layer 303, and the conductive lines 305 and 304, can be, for example, any of the
respective substrates, dielectric layers, and conductive lines, as described above. As shown in

Figure 3A, channels, such as a channel 302 and a channel 307, are formed in a dielectric layer
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303 over substrate 301 by recessing the conductive lines. As shown in Figure 3A, the channels
are self-aligned to the respective conductive lines. For example, channel 307 is self-aligned to
conductive line 305 and channel 302 is self-aligned to conductive line 304. As shown in Figure
3A, the length of the channel, e.g., a length 315 is along the length of the conductive line, and
the width of the channel, e.g., a width 307 is along the width of the conductive line. In one
embodiment, the length of the channel is substantially longer that the width of the channel. In
one embodiment, the width of the channel is less than 100nm, and the length of the channel is at
least 500nm. In one embodiment, the width of the channel is from about 5 nm to about 500nm,
and the length of the channel is from about a few hundred nanometers to about a few hundred
microns. As shown in Figure 3A, the conductive lines, such as conductive lines 305 and 304 are
separated by a distance, such as a spacing 309. In one embodiment, the spacing between the
conductive lines, such as lines 305 and 304 is from about Snm to about 500nm. In one
embodiment, the spacing between the conductive lines, such as lines 305 and 304 is from about
2nm to about 100nm.

[0038] In one embodiment, recessing the conductive lines, such as line 208, lines 304 and 305,
involves wet etching the conductive lines uniformly independent of a crystallographic
orientation using a chemistry containing an etchant, an oxidizer, an inhibitor, and a solvent.
That is, adding an inhibitor and a solvent to the etchant provides uniform etching of the
conductive material independent of a crystallographic orientation, by forming, during etching, a
passivation layer (not shown) on the conductive material. The wet etch chemistry containing an
etchant, an oxidizer, an inhibitor, and solvent provides control over the depth of the etching of
the conductive line, so that only a portion (e.g., 5% to 50%) of the conductive line can be
recessed.

[0039] In one embodiment, the chemistry to wet etch the conductive lines to provide a channel
that is free from a pattern dependence and a crystallographic preference comprises between

about 1% to about 40% by mass of an etchant, between about 1% to about 10% by mass of an

12

Page 584 of 616



P38794DC

oxidizer, and between about 0.1% to about 1% by mass of an inhibitor, and between about 1 to
about 60% by mass of an organic solvent. In one embodiment, the chemistry to wet etch the
conductive lines comprises an etchant from about 0.1% to about 70% by mass (depending on the
etch rate of the etchant), an oxidizer from about 0.1% to about 10% by mass (depending on the
strength of the oxidizer), an inhibitor from about 50 parts per million (ppm) to about 1% by
mass; and a solvent between about 1 to about 60% by mass.

[0040] In one embodiment, the chemistry to etch the conductive lines can include an etchant,
for example, a glycine, an ethylenediaminetetraacetic acid, an alpha-amino acid, a
polycarboxylic acid, or a combination thereof; the oxidizer, for example, a peroxide, an ozone, a
permanganate, a chromate, a perborate, a hypohalite, or a combination thereof, an inhibitor, for
example, an azole, an amine, an amino acid, a phosphate, a phosphonate, or a combination
thereof, and a solvent. The solvent can be an aqueous system (preferred), e.g., water, or an
organic solvent. The examples of an organic solvents are propylene carbonate, sulfolane, glycol
ethers, methylene chloride, and the like.

[0041] For example, regarding the etchant in the chemistry to etch copper conductive lines, Cu
metal is typically in a zero oxidation state. In order to etch copper, the copper needs to be
oxidized into a O+n oxidation state where ‘n’ can be any of 1,2, 3 or 4. Typically, 1* state and
29 state are more common oxidation states of copper. For any molecule to act as an etchant, it
needs to be able to bind copper in one of its oxidation states 1, 2, 3 or 4. This binding typically
occurs through the use of group 15 (Nitrogen family), group 16 (Oxygen family) or group 17
(Halogen family) atoms in a molecule. In one embodiment, the etchant to etch copper
conductive lines is an organic etchant, for example, any of glycine, ethylenediaminetetraacetic,
alpha-amino acids, polycarboxylic acids (for example, citric acid that is a tricarboxylic acid),
oxalic and malonic acids.

[0042] For example, an oxidizer in the chemistry to etch copper conductive lines is used to

change the copper oxidation state from an insoluble copper metal to a soluble copper ion. The
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oxidizer can be chosen from any of the oxidizers, for example, any of peroxides (e.g., hydrogen
peroxide), ozone, permanganates, chromates, perborates and hypohalites, and the like.

[0043] For example, to etch the copper constituting the current carrying line in a uniform and
non-crystallographic orientation, it is important to add an inhibitor to the chemistry. The role of
an inhibitor is to form a passivation layer (a polymeric compound formed from the molecules of
the inhibitor binding copper in a specific and periodic manner). The formation of this
passivation layer during the controlled etch of copper is critical to ensure uniformity of etching
and preventing etching attacks (e.g., forming voids) along crystallographic (e.g., grain)
boundaries. For example, any inhibitor that is not decomposed in the chosen oxidizer and
etchant combination may be used in the chemistry to etch copper conductive lines. The classes
of inhibitors are known to one of ordinary skill in the art of electronic device manufacturing. For
example, any of organic inhibitors including azoles, amines, amino acids, phosphates and
phosphonates can be used in the chemistry to etch the copper conductive lines.

[0044] In another embodiment, the conductive copper lines are recessed by wet etching using
a chemistry comprising a citric acid and peroxide. A chemistry comprising citric acid and
peroxide, however, typically has high etching rate that can be difficult to control. Additionally,
an etching rate of the chemistry comprising citric acid and peroxide depends on a
crystallographic orientation that may produce rough etched surface. Addition of a corrosion
inhibitor, for example, benzotriazole (“BTA”) to the chemistry, and dilution of the citric acid
and peroxide in organic solvent can slow down the etching rate dramatically and eliminate the
crystallographic nature of the etch, such as etching the voids in Cu along the grain boundaries
producing a smooth surface.

[0045] In one embodiment, the conductive lines are recessed by wet etching that involves any
of spraying, and pouring the etching chemistry onto the conductive lines. In one embodiment,
the conductive lines are recessed by wet etching that involves immersing the conductive lines

into the etching chemistry solution. In one embodiment, the conductive lines are recessed by wet
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etching at a temperature from about 15°C to about 50°C for a predetermined time. In at least
some embodiments, the conductive lines are recessed by dry etching, e.g., plasma etching.
[0046] Figure 2H is a view similar to Figure 2G, after the capping layers are selectively
deposited onto the respective recessed conductive lines in the channels to prevent
electromigration according to one embodiment of the invention. The conductive lines etched
using the chemistry as described above, have a smooth uniform top surface to adhere the
capping layer. As shown in Figure 2H, a capping layer 215 is deposited onto recessed
conductive line 208 within channel 212. In one embodiment, the channel, such as channel 212,
is configured to contain a capping layer within the width of the conductive line, e.g., width 209
shown in Figure 2F. That is, the recessed conductive line creates a channel which contains the
growth of the capping layer within the channel that mitigates the reduction in line-to-line
spacing and increase in LER. As shown in Figure 2H the capping layer 215 is located on the
conductive line 208 within the sidewalls of the channel 212. In one embodiment, the capping
layer is deposited on the recessed conductive line by an electroless deposition (e.g., plating), a
chemical vapor deposition (“CVD”), a physical vapor deposition (“PVD”), or any other
selective deposition techniques known to one of ordinary skill in the art of electronic device
manufacturing. In one embodiment, a conductive line, such as line 208, comprises a first metal,
and the capping layer comprises a second metal other than the first metal to prevent
electromigration of the first metal from the conductive line. In one embodiment, the metal for
the capping layer is heavier than the metal for the conductive line to prevent electromigration.
[0047] For example, the conductive line can be made of any of the metals including copper,
aluminum. In one embodiment, the capping layer, such as capping layer 215, is made of cobalt
(“Co”), cobalt electroless alloys, e.g., CoBP, CoWBP, CoWP, CoWB, CoWP, or a combination
thereof. In another embodiment, a capping layer, such as capping layer 215, is made of nickel
(*Ni”), Ni electroless alloys, e.g., NiBP, NiWBP, NiWP, NiWB, NiWP, or a combination

thereof. In another embodiment, a capping layer, such as capping layer 215, is made of platinum
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(“Pt”) group metals, for example, Pt, Pd, Ru, Ir, Rh as pure elements or alloys. The typical alloy
elements for Pt group metals are W, B, P. In yet another embodiment, a capping layer, such as
capping layer 215, is made of refractory metals, for example, Ta, W, Mo, or a combination
thereof.

[0048] In one embodiment, the Co capping layer is deposited within a channel onto the
recessed Cu conductive layer. In one embodiment, Ni capping layer is deposited within a
channel onto the recessed Cu conductive layer. In one embodiment, refractory metal capping
layer is deposited within a channel onto the recessed Cu conductive layer.

[0049] In one embodiment, the capping layers comprising a Pt group metal, Co, Ni, or a
combination thereof, are deposited onto the conductive layers, e.g., copper, aluminum, using any
of an electroless deposition, and a vapor phase deposition, e.g., CVD. In one embodiment, the
capping layers including refractory metals are deposited onto the conductive layers, e.g., copper,
aluminum, using any of a CVD and PVD techniques known to one of ordinary skill in the art of
electronic device manufacturing. In one embodiment, the thickness of the capping layer, e.g., a
thickness 221, is from about 2 nm to about 50 nm. In one embodiment, the thickness of the
capping metal layer is sufficient to prevent electromigration from the underlying conductive
layer. In one embodiment, the capping layer has the thickness that is no greater than the depth of
the channel within which the capping layer is deposited.

[0050] Figure 3B is a view 310 similar to Figure 3A, after capping layers are deposited into
the respective channels formed by the recessed conductive lines according to one embodiment of
the invention. As shown in Figure 3B, capping layers, such as a capping layer 311 and 319 are
selectively deposited into respective channels, such as channel 302 and channel 307, as
described above. As shown in Figure 3A, the capping layers are contained within their
respective channels. As shown in Figure 3B, the capping layer 319 is separated from capping
layer 311 by spacing 309. In one embodiment, the spacing between conductive lines 305 and

304 and the spacing between the capping layers 319 and 311 is the same.
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[0051] Figure 4 is a top view of an interconnect structure 400 having capping layers
selectively deposited within channels formed by the recessed conductive lines in a dielectric
layer 401 over a substrate according to one embodiment of the invention. As shown in Figure 4,
the LER of the interconnect lines, such as an interconnect line 403 is substantially reduced, the
edges of the interconnect lines are smooth, and a line-to-line spacing, such as a line-to-line
spacing 405 is increased and maintained between the lines. In one embodiment, the line-to-line
spacing is increased by 2x cap thickness. This can result in rather dramatic decreases in electric
field and time to dielectric breakdown, especially, for a future technology node having 20nm
lines and 20nm spaces. The minimum cap thickness known to work today is Snm. This means
that with a conventional approach the line-line space would be 10nm instead of the 20nm drawn
on a mask. Furthermore, currently, the size of the protrusions in the overhang tends to be about
50% of the cap thickness. For a typical cap thickness of 5-10nm using methods described above
LER can be decreased by 3-5nm independent of line width. For a future 20 nm technology
node, decrease in LER by 3-5nm can result in 15-20% increase in line-to-line spacing of an
interconnect structure.

[0052] Figure 5 shows a block diagram of an exemplary embodiment of a data processing
system 500 having one or more electronic devices, e.g., transistors, memories, such as a memory
504, and a memory 518, processing logic devices, such a processing logic device 526, and any
other integrated circuit and microelectronic devices that are built using methods described
herein. As shown in Figure 5, data processing system 500 includes a processor 502 having
processing logic 526. In at least some embodiments, processing logic 526 contains at least one
conductive line in a dielectric layer over a substrate, a channel in the dielectric layer over the
one conductive line; and a capping layer on the at least one conductive line in the channel to
prevent electromigration, as described herein. In at least some embodiments, each of the

memories 504 and 518 contains at least one conductive line in a dielectric layer over a substrate,
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a channel in the dielectric layer over the one conductive line; and a capping layer on the at least
one conductive line in the channel to prevent electromigration, as described herein

[0053] In alternative embodiments, the data processing system may be connected (e.g.,
networked) to other machines in a Local Area Network (LAN), an intranet, an extranet, or the
Internet. The data processing system may operate in the capacity of a server or a client machine
in a client-server network environment, or as a peer machine in a peer-to-peer (or distributed)
network environment. The data processing system may be a personal computer (PC), a tablet
PC, a set-top box (STB), a Personal Digital Assistant (PDA), a cellular telephone, a web
appliance, a server, a network router, switch or bridge, or any machine capable of executing a
set of instructions (sequential or otherwise) that specify actions to be taken by that data
processing system. Further, while only a single data processing system is illustrated, the term
“data processing system” shall also be taken to include any collection of data processing systems
that individually or jointly execute a set (or multiple sets) of instructions to perform any one or
more of the methodologies described herein.

[0054] The exemplary data processing system 500 includes a processor 502, a main memory
504 (e.g., read-only memory (ROM), flash memory, dynamic random access memory (DRAM)
such as synchronous DRAM (SDRAM) or Rambus DRAM (RDRAM), etc.), a static memory
506 (e.g., flash memory, static random access memory (SRAM), etc.), and a secondary memory
518 (e.g., a data storage device), which communicate with each other via a bus 530.

[0055] Processor 502 represents one or more general-purpose processing devices such as a
microprocessor, central processing unit, or the like. More particularly, the processor 502 may be
a complex instruction set computing (CISC) microprocessor, reduced instruction set computing
(RISC) microprocessor, very long instruction word (VLIW) microprocessor, processor
implementing other instruction sets, or processors implementing a combination of instruction
sets. Processor 502 may also be one or more special-purpose processing devices such as an

application specific integrated circuit (ASIC), a field programmable gate array (FPGA), a digital
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signal processor (DSP), network processor, or the like. Processor 502 is configured to execute
the processing logic 526 for performing the operations described herein.

[0056] The computer system 500 may further include a network interface device 508. The
computer system 500 also may include a video display unit 510 (e.g., a liquid crystal display
(LCD), a light emitting diode display (LED), or a cathode ray tube (CRT)), an alphanumeric
input device 512 (e.g., a keyboard), a cursor control device 514 (e.g., a mouse), and a signal
generation device 516 (e.g., a speaker).

[0057] The secondary memory 518 may include a machine-accessible storage medium (or more
specifically a computer-readable storage medium) 531 on which is stored one or more sets of
instructions (e.g., software 522) embodying any one or more of the methodologies or functions
described herein. The software 522 may also reside, completely or at least partially, within the
main memory 504 and/or within the processor 502 during execution thereof by the computer
system 500, the main memory 504 and the processor 502 also constituting machine-readable
storage media. The software 522 may further be transmitted or received over a network 520 via
the network interface device 508.

[0058] While the machine-accessible storage medium 531 is shown in an exemplary
embodiment to be a single medium, the term “machine-readable storage medium” should be
taken to include a single medium or multiple media (e.g., a centralized or distributed database,
and/or associated caches and servers) that store the one or more sets of instructions. The term
“machine-readable storage medium” shall also be taken to include any medium that is capable of
storing or encoding a set of instructions for execution by the machine and that cause the machine
to perform any one or more of the methodologies of the present invention. The term “machine-
readable storage medium” shall accordingly be taken to include, but not be limited to, solid-state
memories, and optical and magnetic media.

[0059] In alternative embodiments, Figure 5 illustrates a computing device 500. The computing

device 500 houses a board 530. The board may include a number of components, including but
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not limited to a processor 502 and at least one communication chip 508. The processor 502 is
physically and electrically coupled to the board 530. In some implementations the at least one
communication chip 508 is also physically and electrically coupled to the board 530. In further
implementations, the communication chip 508 is integrated within the processor 502.

[0060] Depending on its applications, computing device 500 may include other components that
may or may not be physically and electrically coupled to the board 530. These other
components include, but are not limited to, volatile memory (e.g., DRAM), non-volatile memory
(e.g., ROM), flash memory, a graphics processor, a digital signal processor, a crypto processor,
a chipset, an antenna, a display, a touchscreen display, a touchscreen controller, a battery, an
audio codec, a video codec, a power amplifier, a global positioning system (GPS) device, a
compass, an accelerometer, a gyroscope, a speaker, a camera, and a mass storage device (such as
hard disk drive, a solid state drive, a compact disk (CD) drive, a digital versatile disk (DVD)
drive, and so forth).

[0061] The communication chip 508 enables wireless communications for the transfer of data to
and from the computing device 500. The term “wireless” and its derivatives may be used to
describe circuits, devices, systems, methods, techniques, communications channels, etc., that
may communicate data through the use of modulated electromagnetic radiation through a non-
solid medium. The term does not imply that the associated devices do not contain any wires,
although in some embodiments they might not. The communication chip 508 may implement
any of a number of wireless standards or protocols, including but not limited to Wi-Fi (IEEE
802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term evolution (LTE), Ev-
DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth,
derivatives thereof, as well as any other wireless protocols that are designated as 3G, 4G, 5G,
andbeyond. The computing device 500 may include a plurality of communication chips 508.
For instance, a first communication chip 508 may be dedicated to shorter range wireless

communications such as Wi-Fi andBluetooth and a second communication chip 1006 may be
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dedicated to longer range wireless communications such as GPS, EDGE, GPRS, CDMA,
WiMAX, LTE, Ev-DO, and others.

[0062] The processor 502 of the computing device 500 includes an integrated circuit die
packaged within the processor 502. In some implementations of the invention, the integrated
circuit die of the processor includes one or more devices, such as transistors or metal
interconnects, that are formed using methods and apparatuses to control a line edge roughness
and line-to-line spacing in deposition of self-aligned metal caps as described herein. The term
“processor’”’ may refer to any device or portion of a device that processes electronic data from
registers and/or memory to transform that electronic data into other electronic data that may be
stored in registers and/or memory.

[0063] The communication chip 508 also includes an integrated circuit die packaged within the
communication chip 508. In accordance with another implementation of the invention, the
integrated circuit die of the communication chip includes one or more devices, such as
transistors or metal interconnects, that are formed using methods and apparatuses to control a
line edge roughness and line-to-line spacing in deposition of self-aligned metal caps as described
herein.

[0064] In further implementations, another component housed within the computing device 600
may contain an integrated circuit die that includes one or more devices, such as transistors or
metal interconnects, that are formed using methods and apparatuses to control a line edge
roughness and line-to-line spacing in deposition of self-aligned metal caps as described herein.

[0065] In various implementations, the computing device 500 may be a laptop, a netbook, a
notebook, an ultrabook, a smartphone, a tablet, a personal digital assistant (PDA), an ultra
mobile PC, a mobile phone, a desktop computer, a server, a printer, a scanner, a monitor, a set-
top box, an entertainment control unit, a digital camera, a portable music player, or a digital
video recorder. In further implementations, the computing device 500 may be any other

electronic device that processes data.
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[0066] In the foregoing specification, embodiments of the invention have been described with
reference to specific exemplary embodiments thereof. It will be evident that various
modifications may be made thereto without departing from the broader spirit and scope of
embodiments of the invention as set forth in the following claims. The specification and

drawings are, accordingly, to be regarded in an illustrative sense rather than a restrictive sense.
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A reeord ivcihis system of records may be disclosad, as a routing use, fo ancther fnderal
ageroy for purposss of Netionad Setwrity review (35 US.C. 181) and for review pursuant fo
the Atomic Energy Act (42 U.B.C. 218

Arecord from this system of records may be disclosed, 28 a routine use, to the Administrator,
General Sarvices, or hisfher designes, during an inspection of records conducted by 8SA as
part of that agancy’s responaibllity 1o recommend improvements in records management
practives and programs, under suthority of 44 U.S.C. 2904 and 2208, Such disciosurs shall
be mads in accurdance wilh fhe GBA ragulations goveming inspection of records for this
purpose, and any other relevant {{ga.. G3A or Coramerce) directive. Such disclosure shall nat
be used fo make determinations abowt individuals.

Acreoord from this system of records may be disclosed, as a routine use, 1o the public after
sither publication of the application pursuant to 38 U8 T 1223{k} or issuance of & patent
pursuant e 35 LSO 181, Further, a record may be disclosed, subject o the limitations of 37
CFR 1,14, as a routine uss, 10 the public if the record was filed in an application which
became abandared or in which the praceedings ware terminated and which application s
referencnd by sither g published application, an application opan to public inspaction or ab
msued patent.

A seeord from thig system of records may be disclosed, as s routine use, io a Faderal, Siate,
o locat faw rnfororment agenay, § the USPTO becomes aware of a viglation or polertial
violation of law or regulation.
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Approved for use through 04/31/2014. OMB 0651.0032

1.8, Patent and Trademark Office; 4.8 DEPARTMENT OF COMMERGCE

Under the Papernwork Reduction Act of 1695, no persons are required o respend to & coifection of information unless it displays @ valid OMB controt number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

invention

As the below named inventor, | hereby declare that:
This declaration !
is directed to: bt

E United States application or PCT international application number 14/ 6?5’61 3

March 31, 2015

The aftached application, or

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.
g

I hereby acknowiedge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1007
by fine or imprisonment of not more than five (5} years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to stipport a petition or an appiication. If this type of personal information is included in documents submitied to the USPTO,
petitioners/applicants shouid consider redacting such personal information from the documents before submitting them 1o the
USPTO. Petitioner/applicant is advised that the record of a patent application is avaitable to the public after pubtication of the
application {unless a non-publication request in compliance with 37 CFR 1.213(a} is made in the application) or issuance of a
patent. Furthermare, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Date (Opticnai)

Kanwal Jit Singh

Signature:

Note: An application data sheet (FTO/SBI14 or equivalent), including naming the entire inventive entity, mast accompany this form or must have
been previously fled. Use an additional PTO/AIA/1 form for each additional inventor,

This cotlection of infarrnation is required by 35 U.8.C. 115 and 37 CFR 1.63. The information is requited 1o cbtain or ratain a benefit by the pubiic which is to file (and
by the USPTQ o process) an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This coliection is sstimated io take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time w vary depending upon the individusl case. Any
comments on the amount of ime you require fo complete this form and/or stgge: s for reducing this burden, shouid be sent to the Chief infarmation Officer, 1.8,
Patant and Trademark Offics, 1.8, Dapartment of Commerce, P.O. Box 1458, Alexancria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESE. SEND TO: Commissioner for Patents, P.O. Box 1458, Afexandriz, VA 22313:1450.

if you need assistance ir; complating the form, cait 1-800-FTO-8199 and select option 2.
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Substitute for Form 1449970 Comafeie i Koows
ENFQRM AT@QN g:}g SQ L{:} Sij RE Applination Number Mot vel assiinsd
Filing Data April 3, 2047
STATEMENT ‘;S?E; AP?L? CANT Firsl Named Invanton Bovan BOYANGY
458 A% many shoeis 5§ NeCesss .
f ¥ S8 Ast Unit Nt vet assianed
Examiner Names Mot val assigned
Shasat 2 of ! 3 Aftorney Dockst Number | 42P387880C
LS, PATENT DOCUMENTS
Examinar Lae No” Punlication Datg Namz of Patentes or Pages, Columng, Lines,
initials® Document Number MM-DDYYYY Apphicant of Ciiad Dosument Whave Belsvant
Fassages of Relovant

NumbarKind Coda®(s ke Flgures Appese

us. 7.338.508 83-04-2008 | Koos st al

- Q7082008 | Van Bchravendik

- 7,388 758 B Bart et al.

$5 2008-0001328 81-08-2008 | Andricacos sl al.

U 2008/0128144 At 85-15-2008 | Hywun-Mog Park af al,

N 20080127047 A 85-21-2G08 | Chen Kei-Wead el gl

s SOGR0ZR3480 A4 11-18-2008 | Mayer Sleven T, st al,

NON PATENT LITERATURE DOCUMENTS
& xaminer Cite nclede name of the author {n CAPITAL LETTERS). tille of the articls {when appropriate), tile of the T
Initials® Mo #tem {hook, magazing, jowmal, serigl, symposium, calalog, sin), date, pege(s), volume-issus

numiberis), publisher, oty andfor country where published

STA, Takashi, st al, “Experimental Evaluation of Qub-of-Plane Distortion of Blectrosialioally

Chucksd EUYV Raticke,” Proo, Of SPIE Vol 8821, 882138, (2008)

.M ANTORLUEVIC et al, "Copper Corrasion Inhibitors, A reviaw”, Int J. Elsctrocham Sel,

Vol 3, 2008, 28 pages.

T. BAITO el gl 'A Robust, Deep-Submicron Copper Interconnect Struchure using Sell
Aligned Metal Capping Method®, IERE, 2004, 3 pages.

PLT Intemnational Search Report and Writlen Opinion for POTAISZOTOS8483, malled July

16, 2012 {14 pp.).

Tahwan Patent Application Mo, 101140538, Office Action and Taiwan IPQ Search Report

{with English ransiation), dated November 27, 2014, {15 pages) [P38784TW].

International Preliminary Report on Palentability {Chapler 1 of the Patent Cooperation

Traaly) for PUTAIS2011/0584583, mailed May 6, 2014 (B pagss}

Examiner
Signahure

Clate
Considered

*“Examiner. infia! F reference considerad, whathar or nol oiation & in condormeance vath MPEP 808 Qraw ine through cllation i not i conformancs and not considorsd. includs
copy of this form wih ned cowsnunication 1o sppiicant,

"Applicant's unigus clistion designation numbar doptional. SAppiicant i o place & chesk mark hers § English Transiation 18 stisched.
This colisotion of dformation i reguired by 37 OFR 188, The information 18 required 10 oblaln of retain & banalt by the public which is io fie (and by the USPTO R process) an
spplicative, Sonfidentiality is governed by 35 U8B0 122 pnd 37 OFR 114, This solleofion & estiimated (0 taks 2 hours to complals including gathering, preparing, and submitting
he complated application form to the USPTD. Time Wi vary dopanding upon the indhvidual case. Any commonts on the amount of ime you roeguls to complets s fanm andfer
sugpastions for redusing e buvden, shouid 5o sent to the Chis! infannetion Gfficer, .5, Palont and Trademark Office, B O Box 1450, Alexandiia, YA 23313-14580. RO ROT
SENT FEES OR COMPLETED FORMS TO TriB ADDRESS. SEND ¥8: Commissioner for Patents, PO, Sux 1488, Alsxands, Virglals 333431450,
¥ you nead 2saisiines in complating the form, call $-800-PTO-S188 {1-800-785-3 199! snd aaisat option 2.

Based on Fomys PTOSROSS {08-03) as modiBed by BLAKELY, SOKOLOPF, TAYLOR & ZAPMAN LLP an 0811033,
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Bubstitute for Form 1448FTO Comoiaie ¥

INFORMATION DISCLOSURE Sonkication Number

Fifing Date

STAT&M E NT BY APP Lg GA NT Firgt Named Inventon

{188 83 many shopls as nevessang

Art Linll
Examingr Mams 3
Shest 3 of g Aftorney Docket Numbsy AINANTHIBG
U8, PATENT DOCUMENTS
Ezamingr Gl Mo’ Patlication Hame of Psiantes o Nages, Columng, Lings,
initizls® Dooumeant Number Dalg Apphicant of Clisd Dooument Where Helevant
MMADIYYYY FPaszages of Releward
Mumnber-Kind Sode’{s s Figures Appear
118, 5470788 11-1885 | Misawa
US  2008/0283408 11-2008 | Mayer ef al,
US-t 2010/0081276 A1 04-2010 | ishizaka
LB-1 2009./0283488 At 11-2008 | Maver
US| 20100081378 At 04-20110 | Mishizaka
Ug 1 2008/0283488 A1 11-2008 | Maver
FOREIGK PATENT DOCUMENTS
Exariner Cilgi Foraign Palent Document Rublication Mame of Palenise or ¥, ‘Caiumns, T
rutiate® | MO Lhate Appicant of Ciied Dooumsnt Whare Ralevant

SEREDO-YYYY
Countsy Code® Numbort Kind

WO 20021045142 AZ QEH0B/2002 Chrislopher THOMAS, et gl

HON PATENT LITERATURE DOCINENTY
Examiney Include name of the author (n CAPITAL LETTERS), titls of W
fnftiada” item {bock, meagazine, joumsd, sarlal, symposium, oalalke
numbar{s, ;zubiasha:, ety andéor cou
NELY Korean Patent Application No. 10-30316-7003215
sransiation, dated April 1, 2016 (3 pages) {PIRTH
NPLD Tatwan {R.0.C.) Patent Application No, 181141 Bnglish
transiation}, dated April 19, 2016, (14 pages) {1
Examines
Signature

“Examines Inlal Freferencs soneidersd, whethes or no ofaiion I8 H ooafmands with
copy of thig form with next communication 1o applicant.

"Appficant's uique citation designation number fopionaly. Sappl
This cotection o information is requived by 37 OFR 188, Theld
sppication. Confidentiality is governed by 35 U R L 122 and 37 {
the completed spplication form o the UEPTO. Time will vary depe
suppesiions for reducing thiz burden, should be sent to the Shisi )
SENT FEES OR COMPLETED FORMSE T THIE AGDRESE. BEND

# you novd sssistance iy cumpist

RN CHAHHT ST I SORTOITRANCS S Sof sonsidennd, nclede

Y

Based on FPonn PTOSEAORA (0803} st modified by BLAKELY, SOKOLOPF, TAYLOR & ZAFMAN LLF on 88803
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TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application
to which the Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are
identified in the Power of Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the
application to which the Power of Attorney is directed, the Power of Attorney will not be recognized in the application.

Application Number Not yet assigned

Filing Date April 3, 2017

First Named Inventor Boyan Boyanov

METHODS AND APPARATUSES TO FORM SELF-ALIGNED
. CAPS

Title

Art Unit Not yet assigned

Examiner Name Not yet assigned

Attorney Docket Number | 42P38794DC

SIGNATURE of Applicant or Patent Practitioner

Signature /Tatiana Rossin/ Date (Optional) | April 3, 2017

Registration
Name Tatiana Rossin Number 56,833

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature
requirements and certifications. If more than one applicant, use multiple forms.

X  *Total of 1 forms are submitted.

SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Based on Form PTO/AIA/82A (07-13) as modified by Blakely, Sokoloff, Taylor & Zafman LLP on 3/07/2014.
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Do Code: PA.

§ Mresarrintrgms e ) BFYOMABIB (07-15:
Bocument Description: Power of Attomey  Approved for use frsasgh THINROT4, ONE 0661-008+
: ’ .8, Patent and Tradeowrk Office; U5 DEPARTMENT OF COMMERCE

Under the Papercomk Raduction At of 1885, 70 prrsions are tecuires 1 sespond 1o & collection of informatian unloss K displays & vadit OMB conteod Brisriber

POWER OF ATTORNEY BY APPLICANT

{ hereby revoke all previous powers of attorney given in the application identifisd in sither the attached transmitia! lotter or
the boxes below. ‘

Appiication Number ‘ Eiling Date

(Note: The boxes above @é&,ﬁ)e leR blank #information is provided on formy PTQIAIBIBZA.)

I'nereby appoint the Palent Practitionen(s} associated with the following Custémer Number as mylour aftornew(s) orageni(s), dnd
to ransact Ml business inthe Uniterd Stetes Patent and Trademark Office connectad therewith for the application refersnsedin
Ahe altached fransmittal letter form PTO/AIAGERA) or identified above:

4% 45209

D { hersby appoint Reactitionar(synamed tn the alinched list (form PTOMIAIBEC) a5 mviour attorneyls) ot agenifs), and o transact
all business in the United States Patent and Trademark Dffice’ connected thsmwith for the paitent application referancad in the
attached ransmittal letler (form PTO/AIAERA  of identified above. (Note: Complete form PTORIAERE )

VF&ease recognize or change the correspondence address for e application identified in the attached transmittal
latter or the boxes asbhove fo:

The address assosiated with the above-mantionad Customer Number
OR

D The address associated with Customer Number:
OR
Firmor
individual Name

Address

City 1 , EXTE N ER T
Couniry '

Telophone | Emal P

Fant the Applicont (f the Applicant iy o jursic antity, st the Applinant name in the Sox)

INTEL CORPORATION

m inventoror dc:«iht Inventor (title not required below)

D Leoal Rapresentative of a Deceased or Lagally Incapaciated Inventor (il nut required beldw)

Assigries or Persorin Wha the Inventoris Under an Obligation to Assign {provide signher's title if applicantis @ urislic entity)
D Person Who Qtherwise Shows Sufficlent Proprietary interest (e.g., a petition under 37 CER 1.46{b)2) was grarded 6 the
application or fs concurrently being flad with his docursent} fprovide signer's tlle il applicantis g juristic entity}
SIGNATURE of Applicant for Patent
The undersigned {whuse tte fe supptieg below) is authorized fo sef on behalf of th
Signature & g

e Eres!shant-Tiredo, o | ki TE.
pplicant inacoordance witt' 27 OFR 1,33, Ses

and certifications. i more than one applicent, use mulliphe forms.

]
+
b

E]Tma? of fanms ars subinitted.

Thiz collaglien of irsit»rma;i‘mf\\‘t saquirsd by 3T-GFR 1131, 132, and 133 The information s required to obtaliy of estein 2 beneht by the puliic-which 16 o fle-{and by the
UEFTQ-tnpocess) an applivation. Confidaniiality i goverhed by 38 U800 122 and 37 £FR 117 and 114 This tollection 1§ astimated 1o take 2 minuies 1o camplate;
inichuding gatheririy, preparing, ang subrailing the curmplelad application furs to the USPTO. Time will vary depending upon the individus! case. ARy somments on e amoun
S time you reqifive (¢:complete s forn andfo supgestions dor reducing ihis burise, should be zant fo'ihe Chisf Infonnation Officer, 113, Palent and Tradeiark Offe, U5,
Oopatment of Commerce, PO Box 1450 Alexangria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORME TO THIS ADDRESS, SEND 1O Commissioner
Jor Patents, PO Rex 1458, Alaxandrly, VA 223131480,

Fyou need asslstanns in conplating the Torm, sell £-800PTO-9158 and select aplion 2.
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Atty. Docket No: 42P38794DC PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Examiner: Not yet assigned
Boyan Boyanov
Art Unit: Not yet assigned
Application No.: Not yet assigned

Filing Date: April 3, 2017
For:  METHODS AND

APPARATUSES TO FORM
SELF-ALIGNED CAPS

e’ N N N e N N N N N N N

Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

Applicant hereby requests consideration of the enclosed Information Disclosure
Statement pursuant to 37 C.F.R. §1.97(b).

Pursuant to 37 C.F.R. §1.98(d), copies of the references are not being provided herewith
since they were previously sent to the Patent and Trademark Office during the prosecution of
prior Application No. 14/675,613 filed on March 31, 2015, and prior Application No. 13/991,899
filed on June 5, 2013. These previous applications are relied upon for an earlier filing date under
35 U.S.C. §120. Please consider these cited documents in the currently pending §1.53(b)

continuation application filed on April 3, 2017.

CERTIFICATE OF ELECTRONIC FILING
I hereby certify that this correspondence is being deposited with the United States Patent and Trademark Office via electronic
filing through the United States Patent and Trademark Electronic Filing System on:
April 3, 2017

Date of Deposit

Juanita Briscoe

Name of Person Filing Correspondence

/Juanita Briscoe/ April 3, 2017
Signature Date
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Pursuant to 37 C.F.R. § 1.97, the submission of this Information Disclosure Statement is

not to be construed as a representation that a search has been made and is not to be construed as

an admission that the information cited in this statement is material to patentability.

Dated: April 3, 2017

1279 Oakmead Parkway

Sunnyvale, CA 94085
(408) 720-8300
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Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

[Tatiana Rossin/
Tatiana Rossin
Reg. No. 56,833






