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=
Summary muRata @

B To lower package inductance, a thin and flat capacitor should be closer to MPU.

B Chip-on-Wafer (CoW) integration by bumpless Cu interconnects
between Si capacitor and a re-distribution layer (RDL) was achieved.

B Bump-less interconnected technology is promising
to lower both electrical resistance and heat resistance.

B This 3D functional interposer provide room to integrate not only capacitor,
but also bridge, converter, inductor, and optical circuit.
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Capacitance Density

>
Another History of Scaling muRata

INNOVATOR IN ELECTRONICS
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Another History of Scaling muRata

Input Output Decoupling
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>
Voltage Scaling Slow Down, 3d Era Comes muRata §.

INNOVATOR IN ELECTRONICS

IRDS2018 Table MM-11 Power and Performance Scaling of SoC
YEAR OF PRODUGTION - 2018 2020 2022 2025 2028 2031 2034
G54M36 G4BM30 G45M24 G42M21 GAOM16 G4OMIETZ | GAOM16T4
L ogic ind| "Node Range" Labeling (nm b "5 e 3 21" "4.5" *1.0 eq” "0.7 eq”
IDM-Foundry node labeli 017 715 513 EEFX] 24115 i.5e-f1.0e | M.0ef0.7e
Lagic device structire option FinFET finFET PeEF LGAA LGAK
LGAA VGAA
Mainstream device for logic TinFET finFET
1
= [ ]
T [ S
-D
= \“»"""
I_ Vdd (V) 0.75 0.70 0.70 0.65 0.65 0.60 0.60 :
AL L LU 20 TS 13 T 1z z ra
Number of stacked tiers 1 1 1 1 1 2 4
Number of stacked devices 1 1 1 3 3 4 4
Digital block area scaling - node-to-node 3 0.60 0.75 0.82 0.79 0.57 0.50 91
Gell height limitation - HD device MO MO MO MO M0 [0 . . - . . -
SoC area scalling (stacked) - node-to-node . 0.70 0.79 0.84 0.83 0.60 0.60 1320 1320 2000 2010 20ac 2030 2040
CPU frequency (GHz) 2.90 343 327 3.64 4.02 3.46 3.30 _ . _
Fi scaling - node-to-node = 0.08 0.04 0.11 0.10 014 0.05 —g— ARN IEDM2011 —e—ARN EDM2014
GPU frequency at constant power density (GHz) 2.90 1.92 1.69 2.14 1.93 1.25 0.72
[ oueiatisotroquency—iodetorode =8 it 536 020 83 S ety SRR
r Power density - relative 1.00 1.64 1.94 1.70 2.08 2.78 4.55 !
1.0 5 2 S5 — m— —a— irtel{Wikichips) Vidd
Bl After 2028 there is no room for 2D geometry scaling.
Transition to 3D integration are projected. (IRDS2018)

Power density problem is getting worse,

Pio; =Nygre* @y Croga * Vagq’ * Fre
LSI gate “av  -Load " "dd 1 but Vdd scaling doesn’t contribute much for power saving.

https://news.mynavi.jp/article/computer_architecture-1/
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Interconnect Is the Key for Higher Performance/Cost muRata .

INNOVATOR IN ELECTRONICS

A A. llic et al., IEEE Computer Architecture Letters (2014)
. (O] e e
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* Asthe output power goes up, some form of integrated voltage regulation is needed to bring in power at a higher voltage
and keep routing losses manageable

* Reach a point of diminishing returns beyond Vin=5V
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uOhms] to keep roufing losses in check

—e— BGA Ball

Source: 1.Yole Status of the Adv Pkg Ind 2020 report.
2.IRDS2018
K. Bharath et al. ECTC 2021 3.https://pc.watch.impress.co.jp/img/pcw/docs/1208/397/html/04_o.jpg.html
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Wafer-on-Wafer Cu-Cu Hybrid Bonding muRata '

TSMC Tech Symposium 2019 ECTC2020

Chip Stacki ng Scali ng Therio-compression bonding (‘bumpless”) for TSMC SoiC 30 stacking Table TI. Comparison ol blund\\-'idlh L?t:t‘l&iil.v\-' and power
consumplion between conventional 12-Hi DRAM and LT-
SoIC 12-Hi DRAM

VLSI 2020

+» 8-stack > 12-stack (Dimensional Scaling) > 16-stack (New technology)
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=‘€ T-=[' Zz—‘{ IF' N — mis - front-side of the top die is attached pow
I i | i i ; F Package T
{ } ( } f{ r I 1 == - o @ carrier, and thinned to expose front-side to front-side ackage Type
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"o ® 8 e — :
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= — —— - Bonding for 3D IC Stacking’,
\J L; k_) w Seaiai [ 2012 |IEEE International Interconnect
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Die thick D2w bondin: 3 .
1ETIChIIESS 8 Structure Z-form factor 1X 0.64X | 050X | 036X
[source: anandTech. "1i-Laver 30 TSV CRAM"]  [Source: AnandTech, “DEI Ultra Interoonnect ] {die thickness) {50um) {45um) [(35um) | {25um)
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PaperlD {5CZ.8) 2020 Symposia on YLS| Technology and Circuits i ;i Electrical (Randwidth  area) X LIEX | 127X [ 128X
Performance | puwer Cl!r.lhl.llr!p[l[Jll 1X 0.92x | o86% | 0.81%
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Candidate Technologies of In-PKG Capacitor

TSMC
IEDM201 9 S.Y.Hou et al.

SoC SiInterposer
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VLSI2020 A.Roth et al.
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\ ™
s \ .
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Fig. | The schemati e of iCap depicts the armay of TTC i the 100
it thick Si interposer. The sili ains TSY and metal
routing layers to accommeodate the hagh routing capacity demand,

ECTC2020 W.T.Chen. et al.
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Fignre 1. A concepmial steture of HPC syatem on new CoWos plarform.

Samsung
ECTCZOZO E.Song et al.
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INNOVATOR IN ELECTRONICS

3-plate Mim
(Metal-insulator-metal)

DTC I1sC
(Deep trench cap.)

(Integrated stack cap.)

Structure
Cap. density X1.0 X7.5 X7.5
ESR X1.0 X 1.5 X15
Cap. Height X 1.0 X 15 X110
Reliability Relatively Good Poor Relatively Good

ECTC2021 M.Lee et al.

BEOL
{50 ehip Interconneet)

Active skle | L

* I [R-Dirop Improvemeal

Baskshal REGL (RS-TDN)

3D Bonding (WoW)

High Deusity Silicon Cap (15€) | -

* High-Frequency Neise Improvement

Fig, 3. ISC = Backside PDN, ISC with backside PDN stiueture will
optimize the power delivery, The wafer with BEOL side consists of BS-
PDN will be artached to the wafer of high density silicon cap (ISC) through
WoW 3D Bonding
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Heterogeneous Integration of Passive Dies

Area of Decouping Capacitor is only 2-5%
of Package size.

8.0 2
]
6.0 o 15
.
=
- ® b =
o 1
< a0 o 1 =
= -] =
[ & &
8 > w &
2.0 05
0.0

2016 2017 2018 2018 2020 2021

Bottom side of A14
(iPhonel12)

oIn-PHG Cap: (Est. fromVdd)  @In-PKG Cap.  « Vodd - - - - - - - -
Fig. 1. Package structure: (a) ASIC or processor. (b) HBM (c) integrated

passive device or active device and (d) bridge die for ASIC to memory
interconnection.

az: United States Patent

Ramachandran et al.

(10) Patent No.:
(45) Date of Patent:

US 11,069,665 B2
Jul. 20, 2021
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| |
i~ d 3y N
{717 Applicanl: Apple Tne., Cipuerting, Ca (1T5) . ] \ Y [ Ny \ eni g
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| https://www.intel.com/content/ww
w/us/en/newsroom/news/intel-
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replay.html 26m40s

Cu post & Bridge Molding, RDL & ASIC/HBM C4/Dicing

Chip on Substrate

Copyright © Murata Manufactur
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Interposer RDL fabrication on wafer
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Co-Packaged Optics
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muRata'

INNOVATOR IN ELECTRONICS
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_—— stEp2
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Chi — ) * Intra-chip optical signal
Silicon photorics chip 15'3?;%?{; connaeione: processing (< 1 cm)

ASIC: application specific integrated circuit

Applied Physics Letters PERSPECTIVE scitation.ergoumalap!

N.Margalit et al.
Pluggsblo oslics Appl.Phys.Lett.118 (2021)
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Optical integrated circuit(OIC) also need to be integrated in package.
Passives for decoupling and iVR would be integrated in this space.

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 04 October 2021 12



B uF -

3pF |

1pF |

Thin Capacitor Candidates
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Process Development of Bumpless “CoW” muRata @

INNOVATOR IN ELECTRONICS

Conventional Advanced (1) Voidless bonding process developed

Capacitor ]
(embedded in interposer) Capacitor

/ Wafer

Thin Adhesive

-/ §§5pm

Si interposer Capacitor

PKG-SUB

Void Disappeared

process optimization

Capacitor

ot ===l (2) Warpage contoroll achieved

Mold Resin Thickness

L | i
PKG-SUB . PKG-SUB (I o g § warpage

Siwafer

wire length : 5-30 mm wire length : 20-50 um
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Process Development of Bumpless “CoW” muRata #

<|ssues in Each Step >

A : ,
@ Adhesive Coat bbbl - uniformity of adhesive thickness

B
@ Dummy Si i Baee Waler « wid in adhesive

Bond ~

Si Capacitor Die - die placement accuracy

& C » die shift in adhesive curing

DieAttach Si Base Wafer « void in adhesive i I

— Typical issues

® o « wafer warpage

Resin Mold SiBase Wafer

Si wafar

E . .
& Thinning S Base Wafer » planarity of thinned wafer surface

F i Base Wafer
@ Carrier Wafer - wid in adhesive

Bond Carrier Wafer

[ - - - |

& ?hinning cmw;_,,_ ' + planarity of wafer surface

H TSV/RDL
® TSVRDL I S S I . csistance between TSV and capacitor pad

Formation Carrier Wafer - leakage current between TSVs
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Problems in Die Attaching Step muRata @

INNOVATOR IN ELECTRONICS

Die Placement Accuracy Void in Adhesive
As Mounted After Adhesive Cure
s |
o !
= 1
a
=1 o
g. 1 I
l_. A
= T AcMouned
2 2mm
=t ]
=1 =
ﬂn_ -1po -TE -ED -25*25 50 75 100 v
[il] -25 X (pmj
E £
TE

B Die placement accuracy; as mounted and after the adhesive curing step

Dominant cause of die shift is “Void in adhesive”
Y.Satake et al., SSDM 2020
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INNOVATOR IN ELECTRONICS

>
Improvement by Heat and Pressure Profiles muRata @

Before improvement After Cyclical Pressure Curing introduced
As Mounted After Adhesive Cure 1.25 As Mounted After Adhesive Cure
—_— Cyclical Pressure —
£ 490 —— — e . -
_:._g:' E {] ?5 | n mm[—}; : q'l__lD
2 o i s T EE STER =R 85
g | ] N 05 _:3
- E :
g_ 1 Kt 2025 g
0 02 04 06 08 10 |®
- - Mormalized Time -
E i Astouned E | Aley; Z i AsMounied T T A
L E 5 o Fubesie Cure = = 18 Frazsurs Curs
g = 50 5] g = e = .
= 2 N = 25 25
on %, on aflse
ﬂ? -ipp 78 B0 —25*25 50 TE 100 -ipd 75 -BD -%g 5 75 140 E -ipd -TE -BD 2B e 25 ED TS 100 -ip0 -T5 -B0 —2#25 50 TE 100
I 25 ¥ {pm) .- o B i} [i1] <25 X {m} Z® X [}
a_. 50 50 a L 5D
5 -TE -T5 -T5
e

B Voids and die shifting are dramatically improved
with a cyclical pressure technique in the adhesive curing step.

Y.Satake et al., SSDM 2020
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Wafer Warpage (mm)
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h-:_ ‘iffA“___ - - —
Die Attach
Resin Mold
Thnning_Resin Mold
Carrier-wafer Bond
— Thinning_Si
250 °C,1h
-150 -100 -50 0 50 100 150
X (mm)
ety
g
[ ]
o
E
w
Die Resin Thinning Carrier Wafer Begining of
Attach  Mold Bond  Thinning TSV/RDL

B Thinning, heating process developed
B Flat enough to form TSV/RDL.
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TSV/RDL Connection Achieved muRata @

INNOVATOR IN ELECTRONICS =

=

@A Thinning

afor

Base Wafer

@B. Litho. and Etching for RDL AUISSIVE

R - - "

Si Capacitor

" Resin

Adhesive

Carrier Wafer 100 ym

@C. Litho. and Etching for TSV

@D. Liner Deposition and Etch-back

Base
Wafer

Adhesive

11.9 pm Adhesive

Si Capacitor Ni Pad

15.0kV 5.1mm X5.00KESE-COMP30PS ' 10.0pm’ | 15.0kV 5.0mm X1.50k BSE-COMP 15.0kV 5.1mm X5.00k BSE-COMP 30Pa N 10.0pm'

@F. Planarization

L
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DC Test Result muRata

E-test Setup Resistance of TSV
(Kelvin Method)

— | |
| Current | aq -
=]
} g _
II Voltage II D.E il \g E 0
! R
£ -
Si Capacitor Pad o 0.7 - | ] 3
L 1 PoRe-
- : e ®hE ' iE
RDL TSV = L i
e ) | g @
g - & i 5
i I:Iu::' | -: -E=P I
o b A . V. E [],4 | ;
i thel ' 3 |
E 03 ;
L 5 10 15 20 25 30 35
D.E 4 Interconnect diameter / um
RDLE E E i i E E E 0.1 © This work
E- _ : ! | —4—T5V resistance calculasted from pure Copper resistance
Si.Capac'rtor Pad D'U 1 ! . . . . - ——TSV resistance vs TSV diameter by Intel [1]
|:| ‘l D '_I‘D 3[] 4|:| SD —— Splder and IMC resistance by CEA-Leti[2]
R (m()

B The resistance of TSV is 10 mQ and has excellent uniformity.
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Results

Capacitance (uF)

RF characteristics shows that
the bumpless CoW process
doesn’t have any electrical loss.

On Wafer

A4

0.95 uF
In Interposer

W

108 10* 10° 108 107 108 10° 1010

Frequency (Hz)
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Thermal Conductivity Improved muRata @

INNOVATOR IN ELECTRONICS

. A E  Heat transfer surface
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B Bumpless interconnects technology has been developed in WOW alliance.

Hm Our tech enables more stacks, bandwidth, and good thermal conductivity
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Summary muRata @

B To lower package inductance, a thin and flat capacitor should be closer to MPU.

B Chip-on-Wafer (CoW) integration by bumpless Cu interconnects
between Si capacitor and a re-distribution layer (RDL) was achieved.

B Bump-less interconnected technology is promising
to lower both electrical resistance and heat resistance.

B This 3D functional interposer provide room to integrate not only capacitor,
but also bridge, converter, inductor, and optical circuit.
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