
 

3D sequential integration: 

an alternative path towards CMOS scalability

FDSOI

FinFET
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Outline

What is3Dsequentialintegration?

Why3Dsequentialintegration?

Keytechnologicalmodules
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Outline

What is 3D sequentialintegration? 

Why3D monolithicintegration?

Key technologicalmodules
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1/ BottomLayer process

2/ Top active creation

4/ 3D contact formation

3D sequential integration flow

3/ Top FET process
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Thermal budget limitation isneeded



Difference with 3D packaging

Packaging integration (e.g: TSV ) Sequentialintegration

1/ Wafers processedseparately

2/ Stacking and contacting

1/ Bottom Layer process

2/ Top layer process

3/ 3D contact formation
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Packaging integration: stackedMOSFETsprocessedin separatly
Sequentialintegration: stackedMOSFETsprocessedsequentially



Packaging integration(e.g: TSV ) Sequential integration

Tworeasonsfor the high 3D contact pitch: 
- Alignmentperformance
- 3D contact process

3D sequential integration: advantage & challenge

3D TSV contact pitch 3-8µm
3D contact density104 -105 /mm2

3D contact pitch <100nm
3D contact density> 108 /mm2

Major asset: Highest3D contact density

Major challenge:  Processtop MOSFET at low thermal budget
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Alignment performance with sequential 3D

 

[2]

Sequential3D: 
alignement obtainedby lithography. 
Litho stepper capability~ 3̀ =5nm
Packaging 3D:
alignmentmade duringbonding
Bondingstepper capability3 ~̀ 1µm 

SEQUENTIAL 3D

Blankettop active Standard lithography

PACKAGING3D

Bondingof patternedfilms
Alignment& bondingat the sametime

~µm

~nm

[2] P. Batude et al., VLSI 2011

[1]

[1]

[1] www.besang.com 7



3D contact integration scheme

Contact in an oxidewith a slightly higherdepth
No keepout of zone

ɲhmin=70 nm

Ø=35nm

14 nm nodetechnologyDRM

3D contact processsimilar to a standard planarW plug process
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[3,4]: P. Garrouet al., Handbookof 3D integration, Vol 1,2 (Wileyed) / [5]: B. Banijamali, ECTC2011
[6]: S-M. Jung et al., VLSI 2005 pp220 / [7]: P. Batude et al, ECS journal 2008, VO16,pp47

3D contact density

65nm node

[3,4]

[6]

[7] D=5x106/mm2

193 nm stepper

D=Density= Numberof 3D contacts per mm2
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Packaging

[5]

Sequential

D> 108 /mm 2

D= 105 /mm 2

D= 104 /mm 2

14nm node
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Parallel 3D

Sequential 3D

GranularityGranularity scalescale

1-Entire core 2-Logic bloc 3-Logic gates 4-Transistors

3D sequential

Partitioning levels

3D packaging
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Outline

What is 3D sequentialintegration

Why3D sequentialintegration

1-Road mapdrivenby FET performance 

2-Road mapdrivenby interconnectiondelayreduction

3-Opportunities of heterogeneouscointegration

Key technologicalmodules
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1- Roadmap driven by FET performance
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1- Roadmap driven by FET performance

28FDSOI

28nm 14nm 10nm 7nm é

14FDSOI

Electrostatic : Non 

planar / trigate

10FDSOI

2012 2014 2016 2018 2020

Mobility boost
Finfet

Performance boosters are different for N & PFETs

Independant N&P optimization is easier with P/N stacking
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Ą Enable to choose the best      - Material for each transistor

- Gate stack

- Strain

- Orientation

- Architecture

-

[1]:  P. Batude et al. , VLSI 2009

N/P configuration: boosting FET performance

[1] [2]

[1]

[2]

[2]: P. Batude et al. , IEDM 2009  14



The ultimate cointegrationIII-V and (Si)Ge

nFETIII-V and pFETGe processare highlydifferent: 

Dual active etching/ Dual Gatestack/ Dual RSD/ different optimum architecture/ Dual 
salicidation/Substratefabrication: dual material(epi with ART or III-V bondingon GeOIύΧ

T. Irisawaet al., VLSI 2013 (AIST)

Processingindependantlyn&pFETon distinct levelsenableto savea lot of 
lithographylevelsand processco-integration challenges.

Additionnaly, III-V and Ge transistors
requires lower thermal budget process.
Thesedevicesare well adapted to 3D
sequentialintegration.
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ex 1

ex 2 FDSOI

FinFET

Choice of architectures

Forbottom level, everyexistingtechnologycanbe used

Ontop level, all the thin film technologycanbe used
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Parallel 3D

Sequential 3D

GranularityGranularity scalescale

1-Entire core 2-Logic bloc 3-Logic gates 4-Transistors

Partitioning levels

Packaging 3D

N/P or P/ N stacking

Ą IC Gain obtained by boosting FET performance

Sequential3D
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2- Roadmap driven by interconnection delay
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2- Roadmap driven by interconnection delay

�,�&�·�Vperformance are strongly limited by interconnection delay

M. Sellier, et al., ISQED 2008

Wirelength must be reduced to benefit from gate delay reduction
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