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Enabling 3D Systems

Examples 

Project "SIMEIT" (IZM/WLSI/ASSID):

SIP Interposer Module with ASIC and MEMS

Interposer (JEDEC WideIO/Processor subsystem)

Medical implants (electronics enabled stent)



Enabling 3D Systems

The way from idea to product



Enabling 3D Systems

Multi-Physical



Advanced System Integration @ Fraunhofer

Holistic Approach covering Technology and System 

Design

MISSION

Find the most cost effective 

interposer-based (2.5D) solution for 

the customer considering following 

aspects:

ÁOverall system complexity (including 

cooling solution, PCB, é)

ÁManufacturability

ÁDesign complexity

ÁDesign implication for the chips

Á IP costs

ÁElectrical, thermal and mechanical 

constraints
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Technological Considerations

Different (silicon or glass based) cost 

effective interposer technologies on 

200/300 mm wafer available at 

Fraunhofer including

ÁCopper filled

ÁSiO-based interconnects

ÁPolymer-based interconnects

ÁMEMS 3D-WLP (150/200 mm)

ì Packaging technologies for the whole 

system 

ì Cooling solutions especially for high 

power applications
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Fraunhofer Cluster 3D-Integration

Technology Cu TSV Integration

Å Liner/full filled Cu-TSV, Via middle, Backside TSV, 

Via-Last,

Å High Aspect Ratio TSV >10,  small size TSV (<5 

µm),  Deep TSV depth (>250 µm)

Â Cu conformal liner fill

and full filled large TSVs

Â Cu TSV Fill 5/50 with low Cu OB 

to adjust CMP  process cost

effective, high throughput

Â Cu TSV Fill 10µm/100µm Via 

middle process

Deep Cu-

TSV 50x300

Deep Liner 

TSV

80x260

In cooperation with



TSV- Formation @ Fraunhofer IZM - ASSID

Á TSV-Middle, TSV Last, Via-First IP

Backside Via Last

Á Size: 20µm/100µm (AR5) 

10µm/120µm (AR12) POR

5µm/60µm+ (AR12+)

BS Via Last (40/250 µm)

Á TSV-Etch: DRIE

Á TSV-Isolation: thermal oxide or  deposition 

of SA-CVD/ PE-CVD-TEOS liner

Á Adhesion-/ Barrier-/ Seed Layer: Deposition 

of metal layer by high ionized PVD and/ or 

MOCVD, AR12 

Á TSV-Fill: Cu - ECD with ĂBottom-upñ fill 

characteristic TSV-filling up to AR12

Á TSV-CMP: Removal of Cu-overburden with 

stop in oxide liner

ASSID ɀAll Silicon System Integration Dresden



Technological Considerations

SiO2 vs polymer as dielectric material

Technology Parameters:

Þ 10 µm metal width

Þ 10 µm metal space

Þ 10 µm TSV

SiO2

Á 3-20 µm line/space

ÁUp to 4 layers on one side

ÁVery high interconnect density

Polymer

Á 5-20 µm line/space

Á 2 to 4 metal layers on each side

ÁHigher cost efficiency

ÁSuperior HF performance

ÁGood thermal behavior

ÁHigh interconnect density

Technology Parameters:

Þ 3 µm metal width

Þ 3 µm metal space

Þ 10 µm TSV
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Fraunhofer Cluster 3D-Integration

Technology

ïMEMS 3D-WLP for thin packages

ÁVia Last technology with HAR Cu 

TSVs using conformal Cu ECD

ÁApplicable to existing devices 

ÁMEMS design, fabrication, test

ÁExample here: 

ïHigh precision 2-axis accelerometer

ïPackage height: 350 µm

SEM cross section of final device Functional test before/after thinning

Via Last technology + thinning

System Design

Technology

Interposer 
Place &
Route

Simulation
/Analytics



Fraunhofer Cluster 3D-Integration

WL-SiP:  Device Integration

Á Thin wafer handling

ÁCu-Pillar with SnAg, solder free

ÁAssembly, low temperature flip 

chip bonding

ÁExample: Capping with Active 

Interposer (Cu-TSV in CMOS) 

with  MEMS and passive devices

ÁExample: Cu-TSV (Via Last, 

100µm) in CMOS device wafer 

(Wafer Level Assembly Capping 

by wafer bonding)

Project: Go 4Time
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Example Low Power Wireless Localization Node

Devices:

Â FFT-Co-Processor,  ADC

Â Fractional-N-PLL 

Â LNA, PA, Mixer, VCO, Muliplexer

Package

Â Thinfilm substrate

Â Integrated patchantenna

Â FC Device integration

RF ïSubstrate

Baseband-Substrate

Platine (PCB)

Patch-Antenna

Features: Working range 50m, 12mm accuracy 



System-specific Considerations

ÁSystem requirements and cost target 

define suitability of technologies 

available

ÁOptimization still necessary

ÁDeep understanding of technology 

and the dis-/advantages required for 

efficient system design

ÁSimplified Place and Route indicates 

optimization opportunities
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Design Implications

Challenges

Á 2,5 and 3D Integration including Chip/Package/Board co-design issues

Á Different tools, teams, and companies

Á IO-definition (planning, placement, optimization)

ÁStandardization (difficult across process borders)

ÁResponsible expert on system level required

ÁMultiple complexities

Á Design space complexity

Á Structural complexity

Á Process complexity

Á Collaboration complexity
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