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A three-dimensional integrated circuit comprising top tier nanowire transistors formed on a bottom tier
of CMOS transistors, with inter-tier vias, intra-tier vias, and metal layers to connect together the various
CMOS transistors and nanowire transistors. The top tier first begins as lightly doped regions on a first wafer,
with an oxide layer formed over the regions. Hydrogen ion implantation forms a cleavage interface. The
first wafer is flipped and oxide bonded to a second wafer having CMOS devices, and the cleavage interface
is thermally activated so that a portion of the lightly doped regions remains bonded to the bottom tier.
Nanowire transistors are formed in the top tier layer. The sources and drains for the top tier nanowire
transistors are formed by in-situ doping during epitaxial growth. After oxide bonding, the remaining process

steps are performed at low temperatures so as not to damage the metal interconnects.

EEREAE



1543336

TW 1543336 B

100,

110 106 104 112 106 104
™~ 122 ™~ 128
124 . i it 126 130 o 2 o 132

108~ Sl (i) W RN FiLy () W

pIEES R A nEBE R RS

z

[ 120
y
114 106 104 116 106 104
™~ 134 ™~ 140
136 . g7 o 138 142 et — et 144

108 R\ Sdey (BERD W 108 RN Fdch (A W
R ] PRI EE R

[ 1

KK

iRl ER A

100« « - 2Kk E 5
B
102+« « RAR-HiE-
pEy el

104 « « - AR

106+ « - NEH

108« « + N EHB
110+ » «p HHHHE
L Y
112+ « - nEE5H
L Y
114« « ~n A REH

BRRGE LR

116« » - p A R#E

BERRREHHE

118+ » « AR A&
120+« - B A
122+ » « j§iE
124« « - RiBE
126+« - BiRE
128 « »  j§iE
130« « - RiBE
132+ « - Bi&RE
134+ » « j§i#
136« + - RiBE
138+ « - BiRE
140 « » - j§iE
142« « - RiBE
144 - - - BiRE



1543336

CELEEE I NS N

X EBISEZEE 1 103107662
X EAZEH : 2014 403 B 06 H XIPC 4ME :

-

C:EEE D MG S Horw ¥) (8 200601
PR ERE SRR S Lot 21f31b 2006.00)
MONOLITHIC THREE DIMENSIONAL INTEGRATION OF

SEMICONDUCTOR INTEGRATED CIRCUITS

(] |
~EZ M B AR CMOSE & B M E B L i
ERFAGELS ZAEBEAIN  BAEALNLE
B+ 8 L6 ¥ 8B CMOS T8 8 70 5% K 44 T &8 18 8 4 7 —
€ HBEAMAERE - RELOERREE ALy
BRANEEL - GHFEAMKSENE - BHE—
RE LB EECYESHRECMOSEBMNE — SH -
WARECSBNE > UES—HH CRREREES
® BB  EEFRAVAFRATELE - EHENELER
12 FF o 1T A 18 2 R T A TH B 25 oK 40 BB B 8 0 9B 4B A
R - ERUVELR CEBRTHATHRNEE S B
 UREES B -
(3]

A three-dimensional integrated circuit comprising top tier
nanowire transistors formed on a bottom tier of CMOS
transistors, with inter-tier vias, intra-tier vias, and metal

layers to connect together the various CMOS transistors
!
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and nanowire transistors. The top tier first begins as
lightly doped regions on a first wafer, with an oxide layer
formed over the regions. Hydrogen ion implantation forms
a cleavage interface. The first wafer is flipped and oxide
bonded to a second wafer having CMOS devices, and the
cleavage interface is thermally activated so that a portion
of the lightly doped regiqns remains bonded to the bottom
tier. Nanowire transistors are formed in the top tier layer.
The sources and drains for the top tier nanowire
transistors are formed by in-situ doping during epitaxial
growth. After oxide bonding, the remaining process steps
are performed at low temperatures so as not to damage the

metal interconnects.
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