WO 2016/085570 PCT/US2015/053305

1/22

DICING LINE 104 DIE 106

WAFER 100

ORIENTATION 102

FIG. 1



WO 2016/085570 PCT/US2015/053305

2/22

106 \‘

| LAYER 214

| 1AYER212
| LAYER 210

T TP
7]

WELL 202 WELL 204 WELL 208 WELL 206

FIG. 2



WO 2016/085570 PCT/US2015/053305

3/22
300
\\ VGATE
314
GATE INSULATOR GATE 304
320 VDRAIN
VSOURCE 3 16
312
SOURCE 302
SUBSTRATE

\ 08

VSUBSTRATJ
318 DRAIN 306

CHANNEL 310
SYMBOL 322 \
SOURCE 302
SUBSTRATE 308
GATE 304 DRAIN 306

FIG. 3



WO 2016/085570 PCT/US2015/053305

4/22

400

410

|~ DRAIN 306

SN

GATE 304

320

SOURCE 302

{SUBSTRATE

FIG. 4



WO 2016/085570 PCT/US2015/053305

5/22

500
Full merged EPI

FIG. 54

\\ Partially Contacted EPI 70 degrees

FIG. 5B



WO 2016/085570 PCT/US2015/053305

6/22

600

W

Wrap-around contact

610 610 610

FIG. 6



WO 2016/085570 PCT/US2015/053305

200 7/22
~
MIS 732 T34 712 702 704 73 74 MIS
COI\7I"3F(1)%CT 55 ) ) \ . [ COI\7I"3FOACT

A D bbbttt
— N =

C7}aiv6e/ I I7I1I4Iy,."l a2 Ifl
N-type e N-type

—~740

740~
FIN

X
FIG. 74 720
750~y
DIRECT 782 T84 762 752 74 782 784 DIRECT
COI\7I"§(1)%CT ; ) E) __________ \ - / ) ; COI\%OACT
Gete | 764/V‘f
P-type 766 P-type 790
790—
\ FIN

\
FIG. 7B 770



PCT/US2015/053305

WO 2016/085570

8/22

LLS

ALVD
018

SRR )
7

o

s

N

.

e

Y NG )

088/0¢8 R O
-l o "3

10BJU0)) S SN T 08
oI L N R R S S L
Joo1Id/SIIN Tssssssnndasssarrsasad ) 1ooedg aren

768~ |

[BLISTBIN |

[1t4 3083U0)
008
908 JVS
100eds Uty



PCT/US2015/053305

WO 2016/085570

s
S
(o)}

FIG. 94

40«0.44
YL T

A S i
ey

\ =
o S ,.’ o
\.«.mwuou%u?&

Ry

3 o

/ i " 2
LSS TETTN
Attty §
Y L N

L
&

904
Gate Spacer

O
=%
S

A e :
4 e i -
A Ty
; e ?&sr#b#hﬂ*ﬂ»

<5

.8
\ \ SE
oo ARy,
S s

\ S
atetelelelaltiria

904
Gate Spacer



WO 2016/085570 PCT/US2015/053305

10/22

HM
901

Fin Spacer
906

Gate
910
FIG. 9D
904
Gate Spacer
HM
901
Fin Spacer
906
FIG. 9F
970
S/D
904
Gate Spacer

FIG. 9F




WO 2016/085570 PCT/US2015/053305

11/22

Fin Spacer
906

904

Fin Spacer




WO 2016/085570 PCT/US2015/053305

12/22

Fin Spacer
906

FIG. 9]

Q
& \\\\y
ity

o LR

904

o
.‘&

FIG. 9K

Fin Spacer
906

¥ ,"
’//4//{'01’*“ ’01&”‘,% Y | MISDircct
o ///// 1| Contact
930/980

904



WO 2016/085570 PCT/US2015/053305

13/22

1000

FIG. 104
HM
................ 1001
RIS~ D Gate Spacer
_—— 1004
FIG. 10B
HM
T L 1001
Gate Spacer ......... inl(S)ggcer
1004
ﬁt
| FIG. 10C

[ \\\\\\

[ \\

TN



WO 2016/085570

PCT/US2015/053305
14/22
HM
1001
; ] Finl(S)ggcer
Gate Spacer ::::5:
1004 § FIG. 10D
[
@
Gate i
1001
HM
1001
T Fin Spacer
N 1006
o %i FIG. 10E
‘ \ .
|
‘//&gi
QGate W
1001 S 1070
Gate Spacer E FIG. 10F
1004 — '&
a ——1006
E e Fin Spacer




WO 2016/085570

Gate Spacer
1004 —]

PCT/US2015/053305

o0

FIG. 10G



PCT/US2015/053305

16/22

WO 2016/085570

1006

Fin Spacer

Gate Spacer
1004

1020
GAA

)
Q
% 2,
Wm ........... &
A= M

1004

‘nrrw\.\\\\\\.ﬂw.ﬂxﬂﬂ & _
.n? ___________ g3\ /¢8
— g St T - N A 7
g Wﬁiﬁﬁﬁ § ...... m - W
X “\\““\\W“\V ° = M

FIG. 10H



WO 2016/085570 PCT/US2015/053305

17/22

Gate Spacer |

FIG. 101



WO 2016/085570 PCT/US2015/053305

18/22

Y PMD
iR | 1008

7
'4
)

Gate :
1010 :

QO
O 3
Y S

FIG. 10J

_ N

FIG. 10K

[
(]
o
i
S

AN

1032
1000, \ T T

/ R
2 di""§§§§§§§; 5$3;L///,€%££§
Fin Spacer i /
1006

L L

[T

Gate
1010

1| FiG L

1004

Gate Spacer 1030/1080

MIS/Direct
Contact




WO 2016/085570 PCT/US2015/053305

19/22

START
1102

PATTERN WAFER TO FORM DUMMY POLY GATE
PATTERNING. DUMMY POLY GATE HAS A HARD MASK.

l 1104

FORM GATE SPACER ON SIDEWALLS OF THE DUMMY
POLY GATE AND THE HARD MASK.

l 1106

FORM SOURCE/DRAIN (S/D) SPACER ON SOURCE/DRAIN
REGIONS OF THE DUMMY POLY GATE.

l 1108

RECESS ETCH SOURCE/DRAIN REGIONS. SOURCE/
DRAIN REGIONS ARE RECESSED THROUGH THE S/D
SPACER AND INTO THE GATE SPACER TO FORM
REGROWN S/D PORTION.

l ~ 1110

EPITAXIAL GROW TO FORM REGROWN S/D PORTION
WITH CONTROLLED <111> FACET FORMATION WITHOUT
MERGING. 1I-V S/D CAN ALSO BE REGROWN FOR
FINFET AND GAA NANOWIRE FET.

l 1112

DEPOSIT PRE-METAL DIELECTRIC (PMD) USING
FLOWABLE CVD FOR THE PMD.

TO 1120

FIG. 114

1100




WO 2016/085570 PCT/US2015/053305

20/22

FROM 1112
1120

CMP PMD OXIDE TO STOP ON POLY DUMMY GATE.

l 1122

FORM HIGH-K LAST REPLACEMENT GATE INCLUDING
DEPOSITION OF HIGH-K DIELECTRIC FOLLOWED BY
N/P-TYPE WORK-FUNCTION MATERIALS AND FILL
DEPOSITIONS. CMP GATE TO STOP ON PMD.

l ~ 1124

RECESS ETCH GATE FOLLOWED BY DEPOSITION OF
SAC (SELF ALIGNED CONTACT) ETCH STOP LAYER
AND CMP.

l ~ 1126

SAC ETCH TO REMOVE BOTH PMD OXIDE AND THE
FIN SPACER IN THE CONTACT CAVITY.

l 1128

DEPOSITION TO EITHER FORM MIS CONTACT OR
DIRECT CONTACT ON REGROWN N-TYPE S/D, AND
SIMULTANEOUSLY FORM DIRECT CONTACT ON
REGROWN P-TYPE S/D.

l 1130

DEPOSIT CONTACT FILL MATERIAL AND CMP TO
COMPLETE CONTACT WRAP AROUND STRUCTURE.

1100

END

FIG. 11B



WO 2016/085570

1200

1240

1290

1220

PCT/US2015/053305

21/22

NS

EE
1290
=== ] 1240

/
1225B

1290 1290

FIG. 12



WO 2016/085570 PCT/US2015/053305

22/22

1300

1303

- 1301

1304

FIG. I3



