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Geometries

4

ILVsParallel 3D Monolithic 3D

• ILV: Inter-Layer Via

Si5µm
0.1µm

TSV: 3µm×3µm

Conventional vias: 
0.3µm×0.3µm
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Parallel 3D Monolithic 3D

• PDN: Power Delivery Network

PDN



Key Result for Monolithic 3D

6

M
ax

 c
hi

p 
te

m
p.

 (°
C

)

ILVs /mm2
20K 40K

System thermal 
constraint



Key Result for Monolithic 3D
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Key Result for Monolithic 3D
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Key Result for Monolithic 3D
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Key Result for Monolithic 3D
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OpenSPARC T2 core-on-core
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Lateral Conduction Challenge
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Lateral Conduction Challenge
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3 Grades of PDNs
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Global PDN (M9, M10)

Local PDN
(M1, M2)

Intermediate PDN 
(M3 – M8) 

• All copper

Silicon
ILV



Finite Element Method
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Comsol (25μm × 25μm block)

Does not complete



Our Analysis Methodology
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3D IC 
layout

Power 
distribution

3D IC temp. 
distribution

Full chip thermal analysis

Abstraction Convolution

Step 1 Step 2



Step 1: Abstraction
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Step 1: Abstraction
• kz = Effective thermal conductivity in z direction
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kz Computation
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Copper blocks



kz Computation
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kz Computation
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∆z

Heat flux q
Ttop(x,y)

Tbot(x,y)

kz = 
q ∆z

Ttop - Tbot

X : mean of X

FEM



Step 1: Abstraction
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Detailed Abstract

Intermediate PDN

Local PDN

Thin Si

Intermediate PDN

Local PDN

Layer 2

Layer 1



Step 2: Convolution
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Temp. distributionConvolution
Impulse response

Power distribution 

• 3D IC: linear system [Kemper THERMINIC  06]



Step 2: Convolution
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Temp. distributionConvolution
Impulse response

Power distribution 

Abstract

Thin Si



Step 2: Convolution

24

PD
N

Temp. distributionConvolution
Impulse response

Power distribution 

Abstract

Thin Si

Impulse heat flux



Step 2: Convolution

25

PD
N

Temp. distributionConvolution
Impulse response

Power distribution 

Abstract

Thin Si

Impulse heat flux

FEM
-50

0

50

-50

0

50

0

0.5

1

Thermal response



Step 2: Convolution
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Step 2: Convolution
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Step 2: Convolution
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Step 2: Convolution
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Step 2: Convolution
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Step 2: Convolution
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Model Verification
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Our results

Published results 
[Etessam-Yazdani ICPES 06]

#1 #2 #3 #4

M
ax

 te
m

p.
 (°

C
)

Sample ID
#1 #2 #3 #4

Sample ID

Relative error: 2-5% 



Thermal Analysis: Example 1
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Air cooling: 2 W/K·cm2

Layer 2Layer 1
Power distribution map

9 112
Power density (W/cm2)
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Example 1 Results
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• Monolithic 3D IC: big temperature benefit
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Example 1 Results
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• Parallel 3D IC: area benefit
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Example 1 Results
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• Parallel 3D IC: area benefit

1K 2K1.5K0.5K

18X

Max. temp. (°C)
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Thermal Analysis: Example 2
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Air cooling: 2 W/K·cm2

Layer 2Layer 1
Power distribution map

25 281
Power density (W/cm2)Temp. drop on heat sink: 125°C

• Average: 125 W/cm2 per layer
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Thermal Analysis: Example 2
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External liquid cooling: 10 W/K·cm2

Layer 2Layer 1
Power distribution map

25 281
Power density (W/cm2)Temp. drop on heat sink: 25°C

• Average: 125 W/cm2 per layer

2mm
2mm

ILVs



Example 2 Results
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No PDN in model 

With PDN

20K 40K30K10K

• Monolithic 3D IC: significant temperature benefit

Max. temp. (°C)

(up to 268°C)



Thermal-Aware PDN
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With PDN

20K 40K30K10K

• Thermal-aware ILV density selection 

Max. temp. (°C)

Electrical integrity [Kim ISSCC 2012][Kim ISSCC 2012]



Thermal-Aware PDN
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With PDN

20K 40K30K10K

• Thermal-aware ILV density selection 

Max. temp. (°C)

Electrical integrity
System thermal constraint

[Kim ISSCC 2012][Kim ISSCC 2012]



OpenSPARC T2 Core
• Industrial design: 45nm 

• Power distribution for Black-Scholes application
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Core-on-Core Stacking
• Significant temperature benefit
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Cache-on-Core Stacking
• Further temperature reduction
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Technology vs. Application
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Technology vs. Application
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Technology vs. Application
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Key Result for Monolithic 3D
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Key Result for Monolithic 3D
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Backup slides
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Layer 2 silicon Thick (> 1μm) Thin (100 nm)

ILV density* Low (400/mm2) High (40K/mm2)

Parallel vs. Monolithic 3D

5
2

Parallel 3D Monolithic 3D

ILVs
3μm 
TSV

300nm

500nm 
Layer 2 
silicon

Conventional 
vias

* 3% chip area

10μm 

[Batude ECST 2008][Batude ECST 2008]



Existing Tools
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PDNs Wide range of 3D ICs

Hotspot
[Huang TVLSI 06] ×

3D-ICE
[Sridhar ICCAD 10] ×

This work


