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INTRODUCTION
3D ASSEMBLY BY CHIP OR WAFER STACKING

£ Multifunction Devices (heterogeneous integration)
£ Higher Packaging Miniaturization

Repartitioning

= Reduces area of individual chips (Yield improvement)

= Reduces number of mask levels per die (Cost reduction)

= Results in much shorter global interconnect lines for better
performances
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INTRODUCTION

£ Established 3D Packaging Technology

Stacked Dice interconnected using Wire
bonding technology is widely used

= Peripheral, Long wire bonds
= Low-density interconnects

£ 3D-Integration, Memory stack with
TSV
= Higher 3D-Interconnect density
" Increased performance
Shorter connection
Lower Capacitance and Inductance
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GLOBAL ROADMAP FOR 3D-IC WITH TSV (2009)
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3D TSV PACKAGING APPLICATIONS / PLAYERS
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MAIN SET DEVICE BONDERS APPLICATIONS
PIXEL DETECTORS (IR, UV, X-RAY)

1978: 32x32 G
‘ 20023 & X 2K

IR FPAs CAN NEVER HAVE TOO MANY PIXELS!

¢ Small bumps (< 5 um) 1988: 256x256

¢ Fine Pitch (< 10 um) ;

- High Accuracy Placement and Tight
Parallelism Control

Radiation
Detector
HgCdTe, GaAs,
InP, etc.
Requirements for assembly of 3D Interconnect
- using High Density TSV technology converge
il with those of IR-FPA assembly which have

Indium bump

N demonstrated for decades, successful
Silicon sub-board ) ; ;
“fanout” or read out Heterogeneous Integration of Low Pitch devices.
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IR-FPA CHALLENGES: SMALLER PIXEL/BUMP SIZE
—> SIMILAR TO 3D-IC REQUIREMENTS

Indium-bumped IR-FPA

Conventional flip-chip solder ball Today Tomorrow
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¥ High Accuracy Parallelism and
Alignment, Process Flexibility
and Heterogeneous Integration
are available

¥ High Throughput Required for
3D-IC adoption, still need to be
addressed
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PLACEMENT AND BONDING SCHEMES

PLACEMENT
£ Wafer-to-Wafer Bonding (W2W)
¢ Die-to-Die (D2D / C2C); Die-to-Wafer Bonding (D2W / C2W)

BONDING
£ In situ Bonding

" Thermocompression

" In-Situ Reflow

£ Sequential placement followed by gang bonding
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WAFER TO WAFER (W2W) BONDING

Wafers are bonded Face-to-Face (F2F) Face-

© High Throughput

@ Chip and wafer size must be identical
® Yield Issues
@ Overlay very challenging

8 Failed Stacks
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DIE TO WAFER (D2W) BONDING

Dice are bonded Face-to-Face (F2F) or Face-to-Back (F2B)

LS LS
® Lower Throughput LS LS
/. /

- Single Chip Placement

/ /
ao g LT
© High Yield ey
4_/!" ./L_/z.- -
- Known Good Die lee S bee
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- -
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- Good Overlay
© Flexibility

- Component and wafer sizes

= =

© Heterogeneity !
- Different Technologies

- Different suppliers, ...
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DIE-TO-WAFER BONDING
IN-SITU BONDING PROCESSES

Thermocompression ] [ Reflow } [ Direct
|

l . | l
Temperature, Force Temperature Temperature Low
Gap control Gap control Fluxing F0|I'ce

| l 1 :

‘ ‘ \ 4 v
Bumps Bumps Au, Ni/Au with PbSn, SnAg, PbSn, SnAg, In Cu—Cu
Au, In, Cu... Adhesive AuSn, In Bumps Bumps (+ flux) Ox-0x

l } | v

ACA ICA
I

| !

4————-

Device Bonder
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DIE-TO-WAFER BONDING
IN-SITU BONDING PROCESSES

Reflow Soldering

£ T > Solder Melting Point

¥ CTE Mismatch makes Alignment more and more difficult as
Pitch decreases and chip size increases

¥ Oxide protection or removal is required

¥ Die Warp and Smaller Bumps make Self Alignment reflow
impossible

Thermo Compression Bonding

¥ T < Solder Melting Point
¥ Force increases with the number of interconnections
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DIE-TO-WAFER BONDING
IN-SITU Vs COLLECTIVE, TEMPERATURE PROFILE

Sequential D2W bonding N = 5
Temp. e 2 8
© High Accuracy capability, T - R T
controlled by the bonder =2 =2 =2
® Time consuming
® Landing wafer sees several L
bonding T-cycles time
Wafer population Collective bonding
Collective D2W bonding Lo, Gueferievel |
© Time efficiency Temp. - E g : 23
© Landing wafer sees only one I3 Zf E 3 5
temperature cycle 2! g !
o3 | =
@ Accuracy depends upon pre- Sho IR i
attachment method and global R RS S R P
bonder ﬂﬂ [\ S
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2-STEP APPROACH D2W BONDIN
THERMOCOMPRESSION — MICRO INSERTS

¢ Flip Chip Technique @
Using micro-tubes and solder pads | |

Ultrafine Pitch < 10 pm %

High Bumps Count (2000 x 2000)

Adapted to heterogeneous imaging

arrays fabrication

s

s

s

Demonstrator IR-FPA (Indium Bumps)

£ 4-million ptubes Array @ 10um pitch
£ Aligned on 6 x 6 um? metallic pads

£ Micro-tubes height: 2.5~ 2.8 um

- Die-to-Wafer Parallelism is critical to successful
insertion and bonding yield
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2-STEP APPROACH D2W BONDING
THERMOCOMPRESSION — MICRO INSERTS

¥ Flux Less

= Gold plated ptubes break the native solder oxide establishing
electrical contact

= No flux cleaning is required

¥ Low Pressure

= Sharp ptubes geometry and indium solder ductility, enable
insertion at low force (< 0.5 mN / connection)

= Can be handled by conventional FC Bonding equipment even for
high very pin counts (i.e. > 4 millions connections)

¥ Room Temperature
= No CTE mismatch issues
= Bonding step can be completed by solid-solid diffusion
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2-STEP APPROACH D2W BONDING
PHOTO PATTERNED DIELECTRIC GLUE

¥ Cost effective processing by segmentation of 3D assembly

Die Pick and place Collective bonding
Pick-and-place tool

Patterned \ Wafer-level bonding tool

dielectric  Tgv_die 111 l

glue \ l

Landing wafer Landing wafer

£ Die placement (SET-FC300)
M Die is picked, aligned and Placed :
W It is secured by the Patterned Polymer

¥ Collective Bonding (Wafer Bonder)

B Force and temperature are increased
® The Polymer is reflowed

W Critical step: die shifting might occur
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2-STEP APPROACH D2W BONDING
PHOTO PATTERNED DIELECTRIC GLUE

Top Die
25um thick

Landing Wafer
Landing Wafe

ey WD HFWY |
W TLD | 200kv | 9619x

10 pm ’
2 . X85 ZB8Mm Y33 38

‘ 52° | 5.5mm
B
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2-STEP APPROACH D2W BONDING @?
THERMO DECOMPOSABLE ADHESIVE ~ *

TSV wafer with bond and probe pads.
Spin coat thin layer of sacrificial adhesive.
Die Bonder > Tack dice sequentially

Wafer Bonder - Apply heat/force to
decompose the adhesive and bond all dice in
parallel.

-l o

Heat + Force

BAEEEEEEEEREN

N, Environment
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2-STEP APPROACH D2W BONDING
DIRECT METALLIC BOND

Evolution with annealing

% Advantages 90° I 90° 1207 120°
" Low force and room (o Difyclon cones
TiN1 !
temperature attachment cult cul
process Cli2 cu2
TIN2 TiNZ H trinmlan A NAAdiililkea
n H|gh Strength attachment at T-Shape Triple junctions Tri;'igfdlr;c't‘inonsat equilibrium
placement, no risk of shifting : : , .
) Direct Metallic Bond after annealing (2h @ 400°C)
at collective bond step , , ;o ,
¢ Challenges

= Ultra clean equipment
(SET-FC300, special design)

= High planarity and clean
surfaces with low roughness
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2-STEP APPROACH D2W BONDING
USING PICK & PLACE USING DIRECT METALLIC BOND

¢ Multi-partner project partially financed by the French
Ministry of the Industry to develop equipment and process
for direct metallic bonding

(FUI, FEDER, Region Rhone Alpes and Aquitaine)
se t% S74 ﬂw\ °&Isf Leti &=

Design and Manufacturing Forum
Caonference & “interconex™ Exhibition

"

MINATEC
3, Parvis Louis Neel
Grenoble, France

MiNaPAD Forum 2011 =T ey 1142, 2011



COPPER PADS / PILLARS
REMOVAL OF OXIDE PRIOR TO BONDING

Problem with Copper - OXIDATION

¢ Cu oxidizes at STP, oxidizes rapidly at elevated temperatures
£ Metal oxides inhibit mechanical and electrical integrity

¥ Oxides must be prevented, removed, or circumvented

Requirements for Oxide Removal Process
Rapid and effective

Inert to surrounding materials
Minimal or no residue

EHS Compliant

Long-lasting

Low-cost

fs s dfs o s s
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REMOVAL OF OXIDE PRIOR TO BONDING
IN-SITU CONFINEMENT CHAMBER (D2D VERSION)

Bond Head
| _ + |
Nitrogen Protective curtain nnl—'}ﬁ |
Gas Vapor and Nitrogen exhaust <::|l]ﬂ Substrate Heating Chuck
Formic Acid Vapor Injection we—>

¢ Initially design for Die-To-Die bonding
£  The Semi-Open Confinement includes two parts
= The Chamber itself and a Contactless Cover Plate attached to the Bond Head
= Formic Acid Vapor is injected towards the components
Gap between components is programmable
= The Exhaust Ring prevents process gas dissemination in the environment

= External Nitrogen curtain prevents Oxygen introduction in the Confinement Chamber
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REMOVAL OF OXIDE PRIOR TO BONDING
IN-SITU CONFINEMENT CHAMBER (D2W VERSION)

Bonding Arm

Formic Acid Vapor Injection ®"=——=>
Gas Vapor and Nitrogen exhaust <:ﬂﬂ Chip Heating Chuck

Nitrogen Protective curtain wn—>

Substrate heating chuck

¢ In the Die-to-Wafer version of the Confinement Chamber, the chamber part is attached to
the bond head, the contact less cover function is performed by the wafer itself

¢ This experimental set up has some challenges
B Local areas of the wafer see several gas reduction cycles

m During wafer population, exposed areas oxidize
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REMOVAL OF OXIDE PRIOR TO BONDING
REDUCTION CHAMBER HARDWARE
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REMOVAL OF OXIDE PRIOR TO BONDING
EXPERIMENTAL RESULTS SEMATECH

¥ Cu-Cu Bonding Procedure

= Alignment at process
temperature

= Nitrogen purge and Formic
Acid Vapor scrub

= Bonding

e Temperature of Bond Head and
Chuck: 325 °C/ 300 °C

e F=1000N

* t=900s

£ Five MM2 die were successfully bonded to an M1V1 wafer
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REMOVAL OF OXIDE PRIOR TO BONDING
EXPERIMENTAL RESULTS

¥ Evidence of copper transfer between MM2 and M1V structures

SEMATECH

Note: oxidation not seen on M1 lines and pads because the M1
structures are protected by a TEOS layer
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SUMMARY

£ High density 3D integration is moving to production

£ D2W bonding with a 2-Step Hybrid Approach is a cost
effective, high yield and flexible solution for 3D-IC
assembly

¢ Avariety of bonding technologies exist to enable
HVM implementation of 3D schemes using D2D or
D2W approaches

Micro/Mano-Electronics Packaging and Assembly,
Design and Manufacturing Forum

Conference & “intaerconeax™ Exhibition

MiNaPAD Forum 2011




