WO 2015/047255 PCT/US2013/061735
113

101

N

Receive a Substrate with a Patterned Mask
110

Etch a Pattern in at Least a Portion of One of More Layers
120

l

Backfill The Etched Pattern with a Sacrificial Material
130

l

Remove at Least a Top Portion of the Mask
140

l

Remove the Remainder of the Sacrificial Material Selectively
Relative to the Patterned Layer
150

l

Complete Device Fabrication
160

FIG. 1



WO 2015/047255 PCT/US2013/061735
213

‘u‘ \.\Y oy _.“ o e
o W G,

5 Ft A
P B &
Sl o 208 S
3 ST
[ 5 \_‘.’\f“.-" S c‘i_,-‘ o
& P i S P
L+ s S f‘f & & __.;.\" ‘}«“ J.:"e ).v“ K .-"‘\? .-'F
& o i ‘e‘:},&f
z A :

-\lll &i‘-

e

1\\.%

<
%,
e,

"

k3

205

E T e
& < J..«-f",.“"‘,.@“' FHE & a,?"{v‘d_\-\-»“ &
4 Lo @t o -

& & & & 5 "
1 (<] [ 208 ;“‘f»ﬁ’ S

& )*’y @

)
e
R
)

e
s

",
.‘_:-«, 3
",

rt"'.‘.\f 7 & o &
e & F &g il
& - A
z IR
& ! |
"'_,f S Ity
; 7
o St S
fy S & 4
o 1? e
n"‘?“' & S

iy

b

,

S

o,
3

“»,:'%
e,

\".
"5-»:

e,
S

.
",

SRR
WL

S ST S S

F
§
o
A

2
211 _ | N 30

N
e

e
i,

FIG. 2C



WO 2015/047255 PCT/US2013/06173S
313

\\\v«\\Q\\\\\\ <N

SN\ % '“\&"‘
AR RN

200 JIs

NS
o

FIG. 2E



WO 2015/047255 PCT/US2013/061735
413

301 \ @Substrate with Layer to Be Etched
305

Deposit A First Mask Layer over Substrate
306

l

Deposit A Second Mask Layer Over the First Mask Layer
308

:

Expose & Develop Pattem Into Second Mask Layer
309

:

Etch Pattern Into First Mask Layer (and Substrate Layer)
320

l

Backfill The Etched Pattern with a Sacrificial Material
330

:

Etch Back One or More Mask Layers
340

v

Strip Sacrificial Material & Any Remaining Mask Layer
350

l

Complete Device Fabrication
160

FIG. 3




WO 2015/047255 PCT/US2013/061735
5/13

FIG. 4A

\\x‘\ \\\\*“:\Q\\\.\ SN, \\\\
Z \\Q\;Q DNARNEANNRNY NN
AR ?\R?&\n\\k\\\k 406 \Q\
X \‘k\\&\\:\:l\\bb\ \{\\\\\\\\\\\\\\:i
AARARR AR R AR AR RN

205

& A )"’,l,,.-'f .-»..n',.-‘,.-' e -
*’ f "':“’..J'J :"/ /’! ‘e ’;// / Pl
/// f;% , 7 ;M
7|

\L

4
S
L y’yff’
’,-"". ;’z‘/*"‘f f”.- “r
\ '\ B

410

FIG. 4C



WO 2015/047255 PCT/US2013/061735
6/13

410
205
FIG. 4D
(‘320
3 g ::,:\_‘:: r/'/f‘j‘ 7/
A . 408 7~/
;E’: {.g f_’é /f«“x{/x"}
R NTEN
L NR
N LR
N R R
- s
FIG. 4E
f230
Ty

FIG. 4F



WO 2015/047255 PCT/US2013/061735
7/13

30

7
027

LI,
I;"’;/ 5 /;“?3//

B

205

FIG. 4G

L, L
: 2

FIG. 4H



WO 2015/047255 PCT/US2013/061735
8/13

Receive Substrate with a

Substrate Dielectric Layer to Be Etched Over

Gate Electrodes
505

v

Deposit Carbon-based Hard Mask Layer over Substrate Dielectric Layer
506

v

Deposit Second Hard Mask Layer Over
Carbon-based Hard Mask Layer
507
Y
Deposit One or More Photo-definable Layer Over Second Hard Mask
Layer
508

v

Expose & Develop Pattern Into Photo-definable Layer
509

;

Etch Pattern Into Second Hard Mask Layer, Carbon-
based Hard Mask Layer, and Substrate Dielectric Layer
To Expose Gate Electrode
520

501

N

Backfill The Etched Pattemn with a Sacrificial Carbon-
hased Material Planarizing Over the Dielectric Hard
Mask Layer
530

v

Etch Back Secpmd Hard Mask Layer &
F I G . 5 Overlying Sacrificial Carbon-based Material
240

v

Concurrently Strip Sacrificial Carbon-based Material &
Carbon-based Hard Mask Layer to Expose Etched Substrate
Dielectric Layer
550

v

Complete Device Fabrication
560




WO 2015/047255 PCT/US2013/061735
9/13

SENUESSENS
RO PSS IS8, K
3 X

: &
O OO
R RIEH KR RIHHKHAIAK

3
B U )@ TS E——
IR XX IR NN KKK
R R N N ]

N AN SN,

LN SOOI CSONSONRONRN NN

RN o b S R
‘ NS AN :\\:‘:‘Qk\\
X

N S N N t\“kx b\

. ‘ e \iiw" 5’» ‘\:.,:
SRR R AN
T A e AR R
Qf\,a‘\.}\»\;\_\,,',\_._\-..'bt.\:\__\;\ R R D R

A A A A

RN BRNNS ::;:a Q‘té.';oi::‘\ X RXRA KL RIS
R o e o R R R R R R R R SRR

3 oy ol ¥, Wl

o, o

hohataaR

"\.-\-,, Sttty ) S , . 3 3 .
. G T r_;‘_. '.‘_;f. -:‘. e G
J, w.’\\; % \\‘- _‘._\\\ %, e N \ %
X \,\fx?x,\,_\,‘\__x, c
~,

Ot
¢ ¥

——
PSRRI

iy o

£

‘,}%//7“/f;/f_,«;;-;fx A /z//f 7T // \
/,_;:,,:-,,yf/ﬁ;f,;{;,{;w;,;y /;if///;éf’ 7 508 ,/:/

,. % '.',‘\1\1'\'\-::\ v\'.':\ '\’-,\'fx'-\f.\
iy v N, 8 \V"‘.‘ % _-\G'*c-‘.
AN ?' 610

i
74

o

N\
; 3 R '.\‘.:‘a. R 1I . :
; R h RN R TR Y 2 ; ) W Tl el i A " *‘\‘ |
A RN 606 SN
T A NN
SR

RARRRRE AR IR AR RS

g

e

o

Y
7,

v 4 a7 d
7

%,

7,

Ry 15 bl
...... R 0, 2. ¢
R -*%%‘.- SRR 5

PSS I A D X 0 3 M M

FIG. 6D




PCT/US2013/061735

WO 2015/047255
10/13
211
77 O V1T 77777
/ f/ ,.-""’ P -"/ 1 b e / ‘ 608 _«"),.e'{.-f';,.:“ a"':
H,/ ﬂ:’/ ’,ff F ‘;.-"‘,-'" RoA%A% :;_,a‘)‘.-":‘,*’,f"r
LA TS ",-f } £ S g S
607
N, = 3 M NOR R \ N, =
OORX, :\\ :5 \\\3 N \\\ < x\ x‘\x\ xx *k \ SN,
z N, %, RN N L TR N R N
\\x:\x :“ _"\\.:\K'\\\\\\ \\\\\\\\\\\N‘\Q\f,
AR RN S
NN .\,\,\, \,\ ., x\ :\\ :\\Q‘ M N\
K \ "v_ “-:‘ "-'f, % " \.'-i- -
\‘\ NOUSAN \"\f\'\\ e '\"'x N '\
\\ N x N N AR h
604 605

— s—
k§M»ﬁﬁa

AN NENIEN

. %*@N%&§:%$ N
L NN \‘\\\ ‘**\‘Q; WERNTEIN
X @% NN
NN N N N

620}'

FIG. 6F

607

NEUEANRRARARN
AR
NN
(i“\\ NN N

\?b \““\ 1.\\ \ %)
605




WO 2015/047255 PCT/US2013/061735
11113

630
-f%)s\\\%,%\\\\\%\\\‘

OO AN NN NN

>
/]
&
¥

Ko sy

o IS IL LS SIS

M N
o ", o
_ .'_J_"\
SR . ] h
3 B < B3 605
R f’@ fé
SISO OITHON 9 OIS O DA O O GTH
R,

=
@
o
®

630

{/ P

Ll

wtolel YL
R

Y

Im

N

S
(S I (8 e
S T R R N T R R AR
R R I
FIG. 6H
z 620 —~
604
L X i 6_5

FIG. 6l



WO 2015/047255 PCT/US2013/061735

12/13
700
L
| BATTERY
5
705
106 .
sz "l \\\
\‘- bt B \\\
& MEMORY AND/OR T
PROCESSOR PATTERNED Ny
WITH SACRIFICIAL MASK !
Y BACKFILL !
% 750 .
N - ~
s A N
/ \
/" | INTEGRATED |
_______ ( SYSTEM }
—————— \ 10 /
- \ /
——————— \\ ,/,
720 Bt i

A TO BATTERY

730

735 - 725 TO
RFIC ANTENN‘A

TX/RX

PMIC

CONTROLLER

MEMORY AND/OR
TO PROCESSOR
MEMORY PATTERNED WITH

« SACRIFICIAL MASK
BACKFILL
150 710

FIG. 7



WO 2015/047255

13/13

PCT/US2013/061735

CAMERA

PROCESSOR

804

COMMUNICATIONS
CHIP 806

COMMUNICATIONS
CHIP 806

DRAM

DRAM

CHIPSET

ROM

GRAPHICS
AMP
CPU

GPS

COMPASS

TOUCHSCREEN
CONTROLLER

MOTHERBOARD
802

ANTENNA

SPEAKER

TOUCHSCREEN DISPLAY

BATTERY

COMPUTING DEVICE
800

FIG. 8



