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3D Heterogeneous Integration: Common Heterogeneous Integration and IP Reuse Strategies (CHIPS)

“It may prove to be more economical to build
large systems out of smaller functions, which

are not packaged sepsrsiclypackuges —ang

but intimately interconnected.”
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— With apologies to Gordon Moore

Early attempts at monolithic Wafer-Scale-Integration
failed mainly due to yield limitations

Lets revisit this problem using advanced packaging
and build Heterogeneous Wafer Scale Systems

Gene kmdahl @Trilogy Systems ™

Our approach:

* Replace PCB with a silicon wafer with fine pitch wiring - the Silicon Interconnect Fabric (Si IF)
* Assemble heterogeneous dielets on the SI IF at 2-10 um dielet-to-Wafer pitches (vs ~500 um)
* Place these dielets as close as possible to each other i.e. 20-100 pm spacings (vs “mm )

You now have a Heterogeneous System-on-Wafer

Thermal Compression Bonding:

Cu terminated dielets to Cu pillars on Si-IF
Challenges:

* Surface roughness
* Surface cleanliness

Bonding pressure: 100 MPa
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Dielet (Si)

Process Parameters
* |nsitu cleaning
* Pressure

* Temperature

* Time

Si-Interconnect Fabric (IF)

Material Parameters:
* Diffusivity

e Plastic Deformation
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InP dlelets on Si IF

Si dielets on Si IF

* Upto4SilF wiring levels

* Pillar pitch 10um - legacy
compatible (> 200um)

* +/-1 um alignment

* Cu (Si dielets) or Au (llI-V dielets)
terminations - No Solder

* Both shear force and resistance
better than BGAs

2 wiring levels & 4 rows of pillars
=>Effective pillar pitch is <2.5um

Misalignment:
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50 nm Interconnect pitch 500 um This research was developed with funding from the Defense Advanced Research Projects Agency
Gate pitch == Diclet/chiplet size (¥ of circuitsy === 1/O complexity/power BGA/LGA (DARPA). The views, opinions and/or findings expressed are those of the author and should not be

Interpreted as representing the official views or policies of the Department of Defense or the U.S.
Government.
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