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3D sequential integration:
analternative path towards CMOS scalabilit
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What s 3D sequentialintegration?

Why 3D sequentialintegration?

Keytechnologicalmodules
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Whatis 3Dsequentialintegration?




3D sequential integratio-n' flow

1/ Bottom Layemrocess
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2/ Top activecreation A
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Thermal budget limitatioms needed

3/ TopFETprocess
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4/ 3D contact formation
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Difference with 3D packaging
Packagingntegration (e.g TSV) Sequentialintegration

1/ Wafers processed separately 1/ Bottom Layer process
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2/ Top layer process

2/ Stacking and contacting A0 0 0 0 8 6 M
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3/ 3D contact formation
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Packagingntegration: stackedMOSFETgrocessedn separatly
Sequentialintegration: stackedMOSFETgrocessedsequentially




3D sequential integration: advantage & challenge

[Major asset Highest3D contactdensity ]

Packagingntegration(e.g TSV ) Sequential integration

3D TSV contact pitch&um 3D contact pitch <100nm
3D contacdensity10*-10° /mm? 3D contacdensity> 13 /mm?

Tworeasondor the high 3D contact pitch:
- Alignmentperformance
- 3D contactprocess

[Major challenge: Processop MOSFET dbw thermal budget ]




Alignment performance with sequential 3D
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Alignment& bondingat the sametime

Bondingof patternedfilms
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3D contact integration scheme

=35nm

h,,,,=70 nm

| 3D contactprocesssimilarto a standardplanarW plug processl

Contact in aroxide with aslightly higherdepth
No keepout of zone




3D contact density

D=DenS|ty— Numberof 3D contacts per an
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[3,4]: P.Garrouet al.,Handbookof 3Dintegration, Vol 1,2 {ileyed) / [5]: B.Banijamali ECTC2011
[6] SM. Jung et al., VLSI 2005 pp220 / [7]: P. Batude et al, ECS journal 2008, VO16,pp47




Partitioning levels

Vdd
— = d2d vias
Multiple <
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Granularity scale

3D packaging
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Why 3D sequentialintegration
1-Roadmapdrivenby FET performance
2-Roadmapdrivenby interconnectiondelayreduction
3-Opportunities ofheterogeneousointegration

Keytechnologicaimodules




1- Roadmap driven by FET per'formance




1- Roadmap driven by FET perforrpénce
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Performance boosters are different for N & PFETs

Independant N&P optimization is easier with P/N stacking




N/P configuration: boosting FET performance

A Enableto choosethe best - Material for each transistor
- Gate stack
- Strain

- Orientation =

- Architecture
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Theultimate cointegrationlll-V and (Si)Ge

NFETII-V andpFETGeprocessare highly different:

Dualactiveetching Dual Gatestacld Dual RSDdlifferent optimum architecture/ Dual
salicidatio Substratefabrication: duamaterial (epi with ART or #V bondingon GeOb X

Processingndependantlyn&pFETon distinctlevelsenableto savea lot of
lithographylevelsand processco-integration challenges.

1) InGaAs-Ol top layer

/Additionnaly, lI-V and Ge transistors\
requireslower thermal budget process
Thesedevicesare well adapted to 3D
\sequentialintegration. p

T. Irisawaet al., VLSI 2013 (AIST)




Choice of architectures

Bottom transistor
BULK ex 2 Trigate
FinFET » _
o . ex 1 *® FINFET
Trigate . FDSOI

Forbottom level, every existingtechnologycanbe used
Ontop level, all the thin film technologycanbe used




Partitioning levels
Sequential3D

2-Logic bloc 3-Logic gates 4-Transistors

e
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Granularity scale

Packaging 3D

N/P or P/ N stacking
A IC Gain obtained by boosting FET performance




2- Roadmap driven by interconnection delay




2- Roadmap driven by interconnection delay

, & Pérformance are strongly limited by interconnection delay

M. Sellier, et al.,, ISQED 2008

Wirelength must be reduced to benefit from gate delay reduction




