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2D and 2.5D ICs







3D ICs vs. 3D 
Packaging





Manufacturing 
Technologies



Manufacturing Technologies

● Currently 4 ways to make 3D ICs

http://www.monolithic3d.com/3d-ic-edge.html



1. Monolithic
● Components and wiring 

built in layers on single 
wafer, then diced into 3D 
ICs

● (+) Only one substrate
○ No need for aligning, 

thinning, bonding, or 
“through-silicon vias” 
(TSVs)

http://www.gtcad.gatech.edu/www/papers/isqed12-1.pdf



2. Wafer-on-Wafer ● Components built on 2+ 
wafers, which are then 
aligned, bonded, diced into 
3D ICs

● (–) Can reduce yields (if 
any chip in a 3D IC is 
defective, entire 3D IC is 
defective) 

● (–) Wafers must be the 
same size, but many 
materials manufactured on 
smaller wafers than 
CMOS/DRAM

http://www.cadence.com/rl/resources/white_papers/3dic_wp.pdf



3. Die-on-Wafer

● Components built on 2 wafers
● One wafer diced, then aligned and bonded 

onto die sites of second wafer
● Additional dice may be added to stacks 

before dicing



4. Die-on-Die ● Components built on 
multiple dice, then aligned, 
bonded

● (+) Each component die 
can be tested first

● (+) Each die can be 
“binned” beforehand, to mix 
and match process corners 
to optimize 
power/performance

http://www.cadence.com/rl/resources/white_papers/3dic_wp.pdf



Design Styles



Design Styles

● Gate level vs. board level integration



Gate-Level Integration

● Separates “cells” between multiple dies
● (+) Wire length reduction, flexibility
● (–) Many TSVs required
● (–) Requires 3D place-and-route software
● (–) Can’t test “blocks” before die stacking
● (–) Amplifies die variation



Board-Level Integration

● Assigns whole “blocks” to different dies
● (+) Reduces TSVs
● (+) Allows separate optimized processes
● (+) Only requires 3D tools for 

analysis/thermal sim
● (+) Easier to adapt 2D “blocks”



Simulators



IntSim ● Free, open source
● Java-based

Download: http://www.monolithic3d.com/simulators.html





HeatWave ● Proprietary software from Gradient
● Creates temp profiles for 2D & 3D ICs

http://www.gradient-da.com/products/heatwave.php



Synopsis 3D-IC EDA Suite
● Full EDA suite for 3D ICs
● Proprietary software
● Testing, layout, verification, simulation

http://www.synopsys.com/Solutions/EndSolutions/3D-IC-Solutions/Pages/default.aspx



Benefits



Benefits of 3D-IC

- More than “Moore” integration
- Advantages over conventional 2D-IC

- alleviating the communication bottleneck
- integration of heterogenous materials
- enabling novel architectures



Example - 3D-SRAM

Word lines

Bit lines





Emulation Result



Challenges



Challenges
- Misalignment
- Heat control 
(overall speaking)





Future
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Questions?



Thank you.


