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Definition of “Paradigm Shift"

Merriam-Webster states :

an important change that happens when the usual way of
thinking about or doing something is replaced by a new and
different way
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—

What is considered “An important change”

* A means to provide new capabilities of value to the
iIndustry within a short horizon
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What is considered “An important change”

* A means to provide new capabilities of value to the
iIndustry within a short horizon

* A means to enable a more cost effective solution to the
industry’s needs
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What is considered “An important change”

* A means to provide new capabilities of value to the
iIndustry within a short horizon

* A means to enable a more cost effective solution to the
Industry's needs

* Where both are being provided then this must surely be

An important change DX
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Industry Direction
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Today — Monolithic SoCs Tomorrow — Heterogeneous SoCs

Source: Intel Source: DARPA

Heterogeneous SoC:
A high performance SiP based on 2.5D or 3D interconnect
Created through integration of chiplets vs. monolithically

Using standardized, high bandwidth, low power, low latency interfaces
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Deca Technologies Overview
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Advanced wafer level electronic interconnect foundry
Providing WLCSP turnkey services on 200 & 300mm wafers

Private company — fully diluted ownership

Cypress Semiconductor 49%
e ASE21%
* Large customer 18%
SunPower 2%

* Employees 10%
Shipping WLCSP in high volume to all leading handset OEM’s

e > 80% of our business is in mobile market

Introduced M-Series FOWLP
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Our Heritage - Solar to Semiconductors

WLCSP Fan-Out
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M-Series Basic Process Flow

Wafer Prep

-
@

Multi shape feature
capability in Cu stud layer
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Panelization

Die Attach to Carrier

Molding

Carrier Removal

Panel Top Grind

v

Die Location Meas.

Polymer Coat,
Pattern, Cure

Package Finishing

Panel Backgrind

RDL Pattern and
Plate

Backside Laminate

v

Polymer Coat,
Pattern, Cure

Laser Mark, Saw,
TnR

UBM Pattern and
Plate

v

Ball Drop and Reflow

) Deca Technologies
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M-Series™ Fan-out Technology

Chips-first, chips-up fan-out technology with fully Backside Epoxy
encapsulated active region

Silicon

Device active region

Planar patterning surface: 5um line & space with 2um line & cu
space in development Stud

Cu RDL

Adaptive patterning to enable high yields in scaling to 13 layers

advanced silicon with tight 10 pitch

Excellent board level reliability with silicon protected by
molded stress buffer

Unique structure enables low fan-out ratios with excellent Embedded
manufacturability

Chip

Planar

Full opaque encapsulation for light sensitive devices Surface 3D&
Only Deca’s M-Series™ & TSMC’s InFO™ provide advanced face-up fan-out technology gvsf‘.!l-f/”?
/o semr /) Deca Technologies 28-30 JAN 2019
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M-Series Breakthrough BLR

* M-Series outperforms standard WLCSP by over 250%

~H0.000 1000000 12223.000

6x6 mm die in WLCSP and in 6.25 x 6.25mm package, 0.5mm thick
Board level temperature cycle on JEDEC 1mm board, SAC 405
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Die shift - #1 challenge in fan-out

* Precision of monolithic silicon is lost - semiconductor devices are singulated &
recombined in a physically different format to re-create a 300mm wafer (in plastic)

* Two major sources of positional variation

Die placement tolerance L Die shift during molding

4

~
S Pid

s Nominal designed positions -

Resulting chip position in fan-out wafer (panel)

Nominal designed positions

Actual measured positions 3 D &
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M-Series™ Basic Process Flow

Panelization

Die Attach to Carrier
[

Molding
|

Carrier Removal
|
Panel Top Grind
v
Die Location Meas.

300mm plastic wafer (panel) post planarization 3D&
SYSTEMS
SUMMIT
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Adaptive Patterning™

Adaptive Alignment Adaptive Routing

Align the entire RDL pattern to the Dynamically adapt RDL routing to the
measure d die position measure d die position

S
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Adaptive Patterning™ Example

6X6 mm die

8x8mm package

Radial shift limit

e =42.5um
* Die shift yield
¢ =100% 3D
SYSTEMS
R SUMMIT
/> semi /) DecaTechnologies 28-30 JAN 2019




RF Application Example Detall

Adaptive Alignmen Adaptive Alignmen ton
on Die i

Multi-mode Adaptive Patterning™ P —
TR
Precise fixed RDL pattern alignment f"‘_b

for both devices A
Y

100% routing yield for mul-ie ﬁ

Roadmap for differential pair matching

Adaptive Routing on Die
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Scale of Adaptive Patterning

LSST - Large Synoptic Survey Telescope
World’s largest camera, 8.4m primary mirror
Coming online in 2022 in Chile
Maps the entire sky every two nights

LSST Camera Specs:

3.2 Gigapixels every 20 seconds 3 D &

160 Megapixels per second SYSTEMS
SUMMIT
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Scale of Adaptive Patterning

LSST - Large Synoptic Survey Telescope Deca’s Adaptive Patterning _
*  World’s largest camera, 8.4m primary mirror *  1%real-time design in manufacturing

e Coming online in 2022 in Chile * Inproduction since 2018
«  Maps the entire sky every two nights *  300mm round reticle in single GDS Il file

Adaptive Patterning Specs:
*  300mm designed & exposed each 28 seconds 3D&
SYSTEMS

*  600mm next gen 2um system
* 36 Terapixels in 140 seconds SUMMIT

5 semili « 257 Gigapixels per second JAN 2019

LSST Camera Specs:
* 3.2 Gigapixels every 20 seconds

. 160 Megapixels per second * 90 Gigapixel file, 3.2 Gigapixels per second
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Wafer Level Autoline — Via Cell
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Why Large Panel M-Seri

€S

Wafer Processing Cost
300mm round baseline*

= Depreciation
Materials
) _ Labor
*Estimated industry average COGS
of M-Series with Adaptive Patterning = Fac, Ovhd, Other

Estimated capital to install 30k per month capacity
(300mm round panel equivalent)
1.2
300mm’
300mm
1 0 round
450mm
round
08 I 500mm’
512mm?*
06 600mm’
04
0.2
0.0
70.7 90 159 180 250 262 360
Panel area in k mm2 'Equivalent edge dimension if square
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Scaling to Large Panel ... In cooperation with ASE *ﬁ}

ASE GROUP

Initial Production 600mm Future Production

=

300mm round

',/ ‘/’}‘ | y
\ y’ s
(post chip attach) (post mold & debond) 3 D &
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M-Series Building Blocks

LEURIESS 120 16 2y ) Sagbskry

8um Isolated Line 5um Isolated Line*
Multi-Layer, Multi-Thickness RDL & Dielectrics |l| || I I I | | | | | | | | l"lllll""l"lll“ll .
8um Nested Lines 5um Nested Lines*

BEEBEDR (N AN NEN 3D&
Direct Connect Cu Stud Polymer Isolated Via gum lines 5um lines* gYs[\.!;E/]M|$
Low contact resistance, CPI stress isolation, et e U A W A ey T U
6 semit multi-via capture tighter design rules 28_30 JAN 2019

*Note: 5pm not yet released for production
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Heterogeneous SoC
Enabling cost-effect 2.5D with M-Series

* Silicon interposer replacement

2um line & space, roadmap to 0.8um

M-Series as Si
Interposer
replacement
SoC + HBM

3 layer RDL, roadmap to 4 layers

No reticle size limitations
*  300mm round GDS Il file (whole wafer)

*  600mm square GDS Il file (whole panel)

Very low CPI risk (low-k dielectrics protected from flip chip reflow stress)
* High power dissipation path possible
M-Series as PCB

replacement

Key initial applications
SoC + SerDes

* Next generation mobile AP + memory ; oy Z
e Split die for yield enhancement (GPU, CPU) D "
* HBM to processor integration B 3D&
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Validation - Additional Investors in 2016

ﬁ ASE GROUP

Qualcomm

/psemr

$60 million equity investment Jul’16

Signed TTLA (Technology Transfer & License Agreement)
* M-Series, Adaptive Patterning™ & Autoline

* Up-front NREs and ongoing royalties over 10 year
term

Strong knowledge & experience base supporting
Deca’s success

S50 million equity investment Jul’16
Signed multi-year supply agreement

M-Series targeted on multiple mobile device
applications
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Wrapping Up

- Heterogeneous integration forms the track of the future for SoCs
* M-Series™ fan-out structure provides an ideal integration platform

- Adaptive Patterning™ (AP) enables high yield while scaling to fine
pitch

 Elimination of stepper reticles with AP removes barriers to very large
scale integration (80mm x 80mm test chip in process)

* Ability to scale from 300mm round to 600mm square creates
breakthrough cost
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However......

» The technical capabillities are progressing rapidly
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However......
* The technical capabillities are progressing rapidly

» But what about the supply chain ?

* SO0 many unanswered questions....risk, liability, ownership
etc.etc.

- How do we eliminate (or reduce) margin stacking to meet the
cost targets ?

» Failure to do so will imit the heterogeneous integration IDX
Implementation SIS
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In Computer Programming Logic

Look inside ¥
Hardcover  Other Sellers
ADVANCES $145.00 from $145.00
EMBEDDED ano _
FAN_OUT Pre-order vprime $145.00
VVAFE R L EVE L This title will be released on February 6, 2019. i i Pids Gligkartas:
Ships from and sold by Amazon.com. 1 New from $145.00

PACKAGING
TECHNOLOGIES

Edited by

© Deliver to Garry - Ayse 74130

This item ships to Ayse, France. Learn more ' Qty: 1 v |

Beth Keser, Ph.D. | Steffen Kréohnert

l Pre-order: Add to Cart

\u Pre-order now

More Buying Choices 1 New from $145.00
1 New from $145.00 ‘ See All Buying Options i
b
IEEE PRESS
; rime student ipping iv

ISBN-13: 978-1119314134 P - College student? Get FREE shipping and exclusive deals JEZXINEElelH3

ISBN-10: 1119314135

Why is ISBN important? v &
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Questions ?

» Garry.Pycroft@Decatechnologies.com
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