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Interposer-based IC  
also called “2.5D IC” 

Side-by-side dice on an Interposer,  
also called “2.5D-IC” 

Vertically stacked dice, 
called “3D-IC” 

Source: YOLE 

PoP SiP 

Mostek 
MK 38P70 

~1980s ~1990s ~2000s 

~2010 

*: OSAT = 
Outsourced 
Semiconductor 
Assemby and 
Test company 

~ 25 µm contact spacing 

2,500 µm contact spacing 

http://www.i-micronews.com/lectureArticle.asp?id=8836
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* : SOURCE: YOLE Developpment, France 

3D 

Geometries range from 10 to 800 um …. ! 
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http://www.theregister.co.uk/2013/04/22/sandisk
_q1_2013/  

http://semimd.com/blog/2014/01/29/3d-nand-to-
10-nm-and-beyond/  

Monolithic vertical memories are in development as building block for 2.5D/3D-ICs 
Monolithically integrated logic requires additional EDA capabilities to succeed 

Monolithic integration of heterogeneous functions --- TBD  ? 

http://www.theregister.co.uk/2013/04/22/sandisk_q1_2013/
http://www.theregister.co.uk/2013/04/22/sandisk_q1_2013/
http://semimd.com/blog/2014/01/29/3d-nand-to-10-nm-and-beyond/
http://semimd.com/blog/2014/01/29/3d-nand-to-10-nm-and-beyond/
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Cost per Gate Trend with Reduction in Feature Dimensions 

http://www.eetimes.com/author.asp?section_id=36&doc_id=1321674&image_number=1  

Source:  
International 

Business  
Strategies, Inc. 

http://www.eetimes.com/author.asp?section_id=36&doc_id=1321674&image_number=1
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http://www.newelectronics.co.uk/electronics-technology/the-
economics-of-chip-manufacture-on-advanced-technologies/35562/  
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x = “Sweet-Spots” of the  
Cost per Component in an IC 

 
“2D ICs” are hitting economic 

C O M P L E X I T Y    L I M I T  !!! 
 

Partitioning into smaller dice 
increases # of gross dice per wafer and yield  

 Both reduce total unit cost   

x 0.000001 
~ ~ 

http://www.newelectronics.co.uk/electronics-technology/the-economics-of-chip-manufacture-on-advanced-technologies/35562/
http://www.newelectronics.co.uk/electronics-technology/the-economics-of-chip-manufacture-on-advanced-technologies/35562/
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Derived from: 

ITRS Roadmap 

Many systems need non-digital functions  
to interact with the real world 

 

For                . 

Information 
Processing 
 

Digital only 
  2D SoCs 
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Low Power 
Dissipation 

High Bandwidth 
CPU  <-> DRAM 

Low Latency  
IC <-> IC 

Heterogeneous 
Integration 

Form-
factor 

Cellphones and 
esp. Smartphones 

Compute Servers, 
Network Routers   

Tablets and other 
Mobile Devices 

Standard PCs and 
Workstations 

Automotive 
Applications 

Additional decision factors:  Unit Cost, System Cost Savings, NRE, Time-to-profit, Risk,… 

Market 
Benefit 

Extremely 
Valuable 

Very 
Valuable Valuable 
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Copper 

Multi-Physics Design Challenges 

Electrical 

Thermal Mechanical 

Performance 
and 

Reliability 

Electromigration Electro-thermal 
interactions 

Thermo-mechanical  
stress Source:  

A. Wilde, P. Schneider, P. Ramm, DTC 2010 
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http://www.future-fab.com/documents.asp?d_ID=4988  

Silicon 2.8  131  0.28 

0.35 117 17.0 

Materials 

http://www.future-fab.com/documents.asp?d_ID=4988
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Decision 
Criteria 
& Risks 

$ 
System Cost Savings / ROI 

NRE Unit Cost 

Time to  
Profit 

Size + Weight 
Formfactor 

Integration of 
Logic + Memory + Analog + MEMS,…  

 

Power Dissipation 
Battery Life 

Internal  
Resources 

Supply Chain 
Materials, Equipment, Manufacturing Flows, Design Flows, Business Models  

Business  Technical 

Market 
Value 
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Electronic System Vendors 

Semiconductor Vendors 

EDA & IP 

Wafer Fabs 

Equipment & 
Materials  

> $ 3,000 B 

$ 300 B 
$  7 B 

$ 40 B 

$ 40 B 

OSATs $ 10 B 

Design Companies 

Manufacturing Companies 
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Source:  
Jeffery Moore, 1991 
http://www.amazon.com/Crossi
ng-Chasm-Marketing-Disruptive-
Mainstream/dp/0060517123  

Smaller 
Chasm 

 

The 
 

Big 
 

Scary 
 

Chasm 

Innovators    Early Adopters                Early Majority     Late Majority         Laggards 

Peak of  
inflated expectations 

Plateau of productivity 

Trough of 
Disillusionment Tech- 

nology 
Trigger 

Hype Cycle 

http://www.datameer.com/blog/big-data-analytics-
perspectives/big-data-crossing-the-chasm-in-2013.html  

Where is 2.5D and 3D ? 

http://www.amazon.com/Crossing-Chasm-Marketing-Disruptive-Mainstream/dp/0060517123
http://www.amazon.com/Crossing-Chasm-Marketing-Disruptive-Mainstream/dp/0060517123
http://www.amazon.com/Crossing-Chasm-Marketing-Disruptive-Mainstream/dp/0060517123
http://www.datameer.com/blog/big-data-analytics-perspectives/big-data-crossing-the-chasm-in-2013.html
http://www.datameer.com/blog/big-data-analytics-perspectives/big-data-crossing-the-chasm-in-2013.html
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https://www.si2.org/open3d_index.php  

https://www.si2.org/open3d_index.php
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https://www.si2.org/open3d_index.php
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Plan System 
Architecture 

Path-Finding, 
Partitioning into ICs 

Floor Planning for 
Individual ICs 

Logical- & Physical 
Implementations 

Logical- & Physical 
Verifications 

Packages & PCBs 
Development 

System   Specification 

Release to    Manufacturing 

Availabilities, 
technical-  and 
cost estimates 

Inputs 

Key Design Challenges 

Complexity 

Power Density / Heat 

PI and SI 

Noise, Coupling 

Testability 

Multi-physics effects 

Floor Planning for 
Individual ICs 

Logical- & Physical 
Implementations 

Logical- & Physical 
Verifications 

Packages & PCBs 
Development 

Floor Planning of 
Individual ICs 

Logical- & Physical 
Implementations 

Logical- & Physical 
Verifications 

Packages & PCB  . 
Development     . 

Constraints: 
- Materials  
- Wafer-fab  
- Assembly  
- Test 

IC Design Steps 

System Design Steps 
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http://www.apache-da.com/products/redhawk/redhawk-3dx  

http://www.apache-da.com/products/redhawk/redhawk-3dx
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http://www.atrenta.com/  

http://www.atrenta.com/
http://www.atrenta.com/
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http://www.mentor.com/solutions/3d-ic-design/  

http://www.mentor.com/solutions/3d-ic-design/
http://www.mentor.com/solutions/3d-ic-design/
http://www.mentor.com/solutions/3d-ic-design/
http://www.mentor.com/solutions/3d-ic-design/
http://www.mentor.com/solutions/3d-ic-design/
http://www.mentor.com/solutions/3d-ic-design/
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• 2D to 2.5D/3D shift is happening now 
• Cooperation & Standards will accelerate transition 
  

• 2.5D/3D-ICs need 2D-ICs as building blocks 
 

• EDA is small, but very important for the EcoSystem 
– It’s the bridge from idea to product manufacturing 
–EDA reduces risk, TTM, IC cost and assures reliability 
– IP blocks for SoCs  Die-level IP for 2.5D/3D-ICs 

• Q & A  
2014-04-11 42 
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• Handbook of 3D Integration: Volume 3 – 3D Process Technology  by Phil Garrou, Mitsumasa Koyanagi and Peter Ramm (June 2014) 
• Design and Modeling for 3DICs and Interposers  by Madhavan Swaminathan and Ki Jin Han (Jan 2014) 
• Design-for-Test and Test Optimization Techniques for TSV-based 3D Stacked ICs by Brandon Noia and Krishnendu Chakrabarty (2013)  
• Advanced Flip Chip Packaging by Ho-Ming Tong, Yi-Shao Lai and C.P. Wong (Apr 4, 2013)  
• Designing TSVs for 3D Integrated Circuits (SpringerBriefs in Electrical and Computer Engineering) Nauman Khan, Soha Hassoun (2012)  
• Through-Silicon Vias for 3D Integration by John Lau (Sep 20, 2012)  
• Chips 2020: A Guide to the Future of Nanoelectronics (The Frontiers Collection) by Bernd Hoefflinger (2012)  
• Handbook of 3D Integration: Volumes 1 and 2 - Technology and Applications of 3D Integrated Circuits Garrou, Bower and Ramm (2012)  
• Electrical Modeling and Design for 3D System Integration: 3D Integrated Circuits and Packaging, Signal Integrity... by Er-Ping Li (2012)  
• Design for High Performance, Low Power, and Reliable 3D Integrated Circuits by Lim, Sung Kyu (2012) 
• Design Technology for Heterogeneous Embedded Systems by Nicolescu, Gabriela, O'Connor, Ian and Piguet, Christian (2012)  
• Semiconductor Packaging: Materials Interaction and Reliability by Andrea and Chen (2012)  
• Handbook of Wafer Bonding by Peter Ramm, James Jian-Qiang Lu and Maaike M. V. Taklo (2012)  
• Handbook of 3D Integration: Volumes 1 and 2 - Technology and Applications of 3D Integrated Circuits by Garrou, Bower, Ramm (2012) 
• Stress Management for 3D ICs Using Through Silicon Vias:: International Workshop on Stress Management for 3D ICs... Ehrenfried Zschech,   Riko 

Radojcic, Valeriy Sukharev and Larry Smith (2011)  
• 3D IC Stacking Technology by Banqiu Wu, Ajay Kumar and Sesh Ramaswami (2011)  
• 3D Integration for NoC-based SoC Architectures (Integrated Circuits and Systems) Abbas Sheibanyrad, Frédéric Pétrot ,Axel Jantsch (2010) 
• Reliability of RoHS-Compliant 2D and 3D IC Interconnects (Electronic Engineering) by Lau, John H. (2010)  
• More than Moore: Creating High Value Micro/Nanoelectronics Systems by Zhang, Guo Qi and Roosmalen, Alfred (2010)  
• Wafer Level 3-D ICs Process Technology (Integrated Circuits and Systems) by Tan, Chuan Seng, Gutmann, Ronald J. and Reif, L. Rafael (2010)  
• Three Dimensional System Integration: IC Stacking Process and Design by Papanikolaou, Antonis, Soudris, Dimitrios, Radojcic, Riko (2010)  
• 3D Integration for NoC-based SoC Architectures (Integrated Circuits and Systems) by Abbas Sheibanyrad, Frédéric Pétrot and Axel Jantsch (2010)  
• Ultra-thin Chip Technology and Applications by Burghartz, Joachim (2010)  
• 3-Dimensional VLSI: A 2.5-Dimensional Integration Scheme by Deng, Yangdong and Maly, Wojciech P. (2010)  
• Three-dimensional Integrated Circuit Design (Systems on Silicon) by Pavlidis, Vasileios F. and Friedman, Eby G. (2010) 

http://www.amazon.com/s/ref=nb_sb_noss?url=search-alias=stripbooks&field-keywords=ISBN: 978-3-527-33466-7
http://www.amazon.com/Modeling-Interposers-Advanced-Integration-Packaging/dp/9814508594
http://www.amazon.com/Modeling-Interposers-Advanced-Integration-Packaging/dp/9814508594
http://www.amazon.com/Advanced-Flip-Chip-Packaging-Ho-Ming/dp/1441957677/ref=sr_sp-btf_title_3_29?s=books&ie=UTF8&qid=1380159141&sr=1-29&keywords=3D-ICs
http://www.amazon.com/Designing-Integrated-SpringerBriefs-Electrical-Engineering/dp/1461455073/ref=sr_sp-btf_title_1_6?s=books&ie=UTF8&qid=1380158202&sr=1-6&keywords=3D-ICs
http://www.amazon.com/Through-Silicon-Vias-Integration-John-Lau/dp/0071785140/ref=sr_sp-atf_title_1_13?s=books&ie=UTF8&qid=1380158553&sr=1-13&keywords=3D-ICs
http://www.amazon.com/Chips-2020-Nanoelectronics-Frontiers-Collection/dp/3642223990/ref=sr_sp-btf_title_3_35?s=books&ie=UTF8&qid=1380159141&sr=1-35&keywords=3D-ICs
http://www.amazon.com/Handbook-Integration-Technology-Applications-Integrated/dp/3527332650/ref=sr_sp-atf_title_2_14?s=books&ie=UTF8&qid=1380159374&sr=1-14&keywords=3D-ICs
http://www.amazon.com/Electrical-Modeling-Design-System-Integration/dp/0470623462/ref=sr_sp-btf_title_1_12?s=books&ie=UTF8&qid=1380158356&sr=1-12&keywords=3D-ICs
http://www.amazon.com/Er-Ping-Li/e/B005HSPC5I/ref=sr_ntt_srch_lnk_12?qid=1380158356&sr=1-12
http://www.amazon.com/Performance-Reliable-Integrated-Circuits-ebook/dp/B00AKIEXT6/ref=sr_sp-atf_title_3_25?s=books&ie=UTF8&qid=1380159141&sr=1-25&keywords=3D-ICs
http://www.amazon.com/Technology-Heterogeneous-Embedded-Systems-ebook/dp/B007EL4D92/ref=sr_sp-btf_title_7_81?s=books&ie=UTF8&qid=1380159981&sr=1-81&keywords=3D-ICs
http://www.amazon.com/Semiconductor-Packaging-Interaction-Reliability-ebook/dp/B008KZUHH8/ref=sr_sp-atf_title_1_1?s=books&ie=UTF8&qid=1380161187&sr=1-1&keywords=Materials+Interaction+and+Reliability
http://www.amazon.com/Handbook-Wafer-Bonding-Peter-Ramm/dp/3527326464/ref=sr_sp-atf_title_1_1?s=books&ie=UTF8&qid=1380161129&sr=1-1&keywords=Handbook+of+wafer+bonding
http://www.amazon.com/Handbook-Integration-Technology-Applications-Integrated/dp/3527332650/ref=sr_sp-atf_title_1_14?s=books&ie=UTF8&qid=1380158553&sr=1-14&keywords=3D-ICs
http://www.amazon.com/Stress-Management-Using-Through-Silicon/dp/0735409382/ref=sr_sp-atf_title_1_3?s=books&ie=UTF8&qid=1380158202&sr=1-3&keywords=3D-ICs
http://www.amazon.com/3D-IC-Stacking-Technology-Banqiu/dp/007174195X/ref=sr_sp-btf_title_1_8?s=books&ie=UTF8&qid=1380158356&sr=1-8&keywords=3D-ICs
http://www.amazon.com/Integration-NoC-based-Architectures-Integrated-Circuits/dp/1441976175/ref=sr_sp-btf_title_1_11?s=books&ie=UTF8&qid=1380158356&sr=1-11&keywords=3D-ICs
http://www.amazon.com/Reliability-RoHS-Compliant-Interconnects-Engineering-ebook/dp/B004GNFPE8/ref=sr_sp-btf_title_2_17?s=books&ie=UTF8&qid=1380158553&sr=1-17&keywords=3D-ICs
http://www.amazon.com/More-than-Moore-Nanoelectronics-ebook/dp/B008BA6834/ref=sr_sp-btf_title_1_4?s=books&ie=UTF8&qid=1380161360&sr=1-4&keywords=More+than+Moore
http://www.amazon.com/Process-Technology-Integrated-Circuits-ebook/dp/B00A9YG6QO/ref=sr_sp-btf_title_1_1?s=books&ie=UTF8&qid=1380161432&sr=1-1-fkmr1&keywords=Wafer-level3D+IC+process+Technology
http://www.amazon.com/Three-Dimensional-System-Integration-ebook/dp/B008BAHF36/ref=sr_sp-btf_title_4_40?s=books&ie=UTF8&qid=1380159469&sr=1-40&keywords=3D-ICs
http://www.amazon.com/Integration-NoC-based-Architectures-Integrated-Circuits/dp/1441976175/ref=sr_sp-atf_title_1_1?s=books&ie=UTF8&qid=1380161272&sr=1-1&keywords=3D+Integration+for+NoC-based+SoCs
http://www.amazon.com/Ultra-thin-Chip-Technology-Applications-ebook/dp/B008BBTH40/ref=sr_sp-btf_title_4_41?s=books&ie=UTF8&qid=1380159592&sr=1-41&keywords=3D-ICs
http://www.amazon.com/3-Dimensional-VLSI-2-5-Dimensional-Integration-ebook/dp/B004M17DVC/ref=sr_sp-atf_title_5_62?s=books&ie=UTF8&qid=1380159852&sr=1-62&keywords=3D-ICs
http://www.amazon.com/Three-dimensional-Integrated-Circuit-Systems-ebook/dp/B0048EJXOS/ref=sr_sp-btf_title_8_91?s=books&ie=UTF8&qid=1380160128&sr=1-91&keywords=3D-ICs
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European 3D TSV Summit 
20-22 January 2014, Grenoble, France 
International Solid-State Circuits Conference (ISSCC) 
9-13 February 2014, San Francisco, CA 
International Symposium on Quality Electronic Design (ISQED) 
10-12 March 2014, Santa Clara, CA 
IMAPS Device Packaging Conference 
11-13 March 2014, Scottsdale/Fountain Hills, AZ 
Design, Automation, and Test in Europe (DATE) 
24-28 March 2014, Dresden, Germany 
Electronic Components and Technology Conference (ECTC) 
27-30 May 2014, Lake Buena Vista, FL  
Design Automation Conference (DAC) 
1-5 June 2014, Austin, TX  
SEMICON West 
8-10 July 2014, San Francisco, CA 
IEEE International System-on-Chip Conference 
3-5 September 2014, Las Vegas, NV 
SEMICON Europa and Advanced Packaging Conference 
9-11 October 2014, Dresden, Germany 
International Symposium on Microelectronics (IMAPS) 
13-16 October 2014, San Diego, CA 
International Wafer-Level Packaging (IWLPC) 
11-13 November 2014, San Jose CA 
3D Architectures for Semiconductor Integration and Packaging (3D ASIP) 
10-12 December 2014, Burlingame, CA 
 
 
 
 

http://www.semi.org/eu/node/8566
http://isscc.org/
http://www.isqed.org/
http://www.imaps.org/devicepackaging/
http://www.date-conference.com/group/date
http://www.ectc.net/
http://www.dac.com/conference+program+special+sessions.aspx?event=476&topic=3
http://semiconwest.org/
http://www.ieee-socc.org/
http://www.semiconeuropa.org/
http://www.semiconeuropa.org/ProgramsandEvents/TestandAdvancedPackaging/CTR_030446
http://www.imaps.org/imaps2014/index.htm
http://www.iwlpc.com/
http://www.3dasip.com/
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