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B k dBackground

3D Technique Network on Chip 3D Technique
• Low latency 

H t  i t ti  

 Network-on-Chip
• High bandwidth

E ll t l bilit• Heterogeneous integration 
• Manufacture challenge

• Excellent scalability
• Large p2p latency

 3D Network-on-Chip 3D Network-on-Chip
• High bandwidth
• Excellent scalability

• Low latency
• Heterogeneous integration• Excellent scalability

• Manufacture challenge
• Heterogeneous integration



3D N t k Chi3D Network-on-Chip

3D Mesh bus hybrid architecture 3D Mesh-bus hybrid architecture
 True 3D fabric architecture
 3D symmetric architecture
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3D IC M f t  Ch ll3D IC Manufacture Challenges
Reliability challenge     ICCAD083D IC     DAC09 y g

Chip area challenge        ITRS09
Routing congestion        SLIP09

p g

TSV for 
3D-SOC

TSV for 
3D-SIC

Transistor 
Size

2009 TSV pitch 
8-16um

TSV pitch
2-4um

ASIC M1
0.054um

2015 TSV pitch 
4 8

TSV pitch 
1 6 3 0

ASIC M1
0 0214-8um 1.6-3.0um 0.021um



Observation

TSV tili ti 0 15TSV utilization = 0.15 
when load = 0.3

TSV utilization = 0.08 
h l d 0 1Uniform when load = 0.1

TSV confliction = 0.02 
h l d 0 3when load = 0.3

TSV confliction = 0.01 
when load = 0.1



TSV S i  S hTSV Squeezing Scheme

Squeezing Scheme with 4:1 Router Modification



R t  Mi hit tRouter Microarchitecture
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N C O i ti  f  TSV S iNoC Organization for TSV Squeezing

2m 0, 2, 3

2n

Corner case A
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E i tExperiments

a) Uniform b) Shuffle

Experiment set upExperiment set up
Topology: 4x4x2 Mesh
Buffer: 2VC x 8flits per port
Router: Two-staged PipelineRouter: Two staged Pipeline
Routing: DOR (XYZ)

c) Hotspot



A bit ti  A l iArbitration Analysis

Uniform



A  O h dArea Overhead



C l iConclusion

Propose a TSV squeezing scheme according to  Propose a TSV squeezing scheme according to 
the observation of TSV utilization

 Save more than 60% TSV footprint

 Less performance penalty including network Less performance penalty including network 
latency especially zero-load latency, throughput 
compared with previous workcompared with previous work



Questions?Questions?



Thank You!Thank You!


