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B Thermal-Reliability Issues in 3D Chips
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= 5-tier 3D stack: 10 heat sources and sensors- e

Run-Time Heat Spreading in 3D Chips
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= 3D systems require novel electro-thermal co-design
» Academic partners: EPFL and ETHZ
 Industrial: IBM Zirich
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/e NanoTera CMOSAIC Project: Design of
manisse 3D MPSoCs with Advanced Cooling

= 3D systems require novel electro-thermal co-design
» Academic partners: EPFL and ETHZ
 Industrial: IBM Zirich

3D stacked MPSoC chips: microchannels etched on
back side to circulate liquid coolant
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" Gate-level thermal model

" 2D tier modeled as heat flux
moving between adjacent cells

Compact RC-Based Tier Thermal Model
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[Atienza et al., TODAES 2007]
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L Complete 3D Chip Thermal Modeling
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= Multi-level execution for thermal convergence in 3D
Local (2D-tier) and then global (3D) propagation

Evaluate local
‘ Il: temperature for the cell

Feedback _ _
temperature Update with neighbour

— temperature difusion

|

. Go to next material layer

N iterations

Tier-level convergence

© ESL/EPFL 2009




MW 3D Thermal Model with Liquid Cooling
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= 3D stack modeled as iterative process
« Each tier and liquid cooling flow

= Flexible set of layers in 3D stack, extendible
« 3D stack (up to 9 tiers)
» Pre-defined layers:

Silicon, metal (10 layers), glue,
overmold, interposer, bump

= B5-Tier validation stack manufactured at EPFL;:

Liquid

© ESL/EPFL 2009 [Ayala et al., NanoNet ‘09]
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3D Thermal Model with Liquid Cooling:
Correlation with 5-Tier 3D Stack
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3D Chip, EPFL, Layer 3 characterization
Blue Curve: 3D current -heat model for D8
Pink curve: Heater current measured in D8

—&—Dev8
—&— D7HD8S

400 600 800 1000 1200

Heater Current (mA), applied to Dev 7

0 200

3D Chip, EPFL, multi-tier characterization
Bue/Pink Curve: D7 (tier 1) and D8 (tier 4)
Red Curve: 3D current-heat model for D8

—o—Dev6
—&—Dev7
=—&—Div6_lheat7

600 800 1000 1200 1400

400
Heater Current (mA), applied to Dev 7

0 200




© ESL/EPFL 2009

ECOLE POLYTECHMNICUE
FEDERALE DE LALISANMNE

Variations of less than 1.5% between 3D stack

Sensor Voltage (mV)

miwm 3D Thermal Model with Liquid Cooling:
Correlation with 5-Tier 3D Stack

3D Chip, EPFL, Layer 3 characterization
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Pink curve: Heater current measured in D8
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Holmm Run-Time HW/SW Thermal Modeling
I Framework for 2D/3D Chi

m Exploitation HW/SW (Atienza et al., TODAES 2007, THERMINIC ‘09)
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Holmm Run-Time HW/SW Thermal Modeling
I Framework for 2D/3D Chi

m Exploitation HW/SW (Atienza et al., TODAES 2007, THERMINIC ‘09)
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= 8-/16-Core Sun Niagara 3D Layouts (2 and 4 tiers)

Thermal Management for 3D Chips:
3D-Floorplans

« Web and server processing applications
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FEATURE SIZE
Die thickness 0.15mm
(1 stack)
Area/core 10mm?
Area/L2 cache 19mm?2
Convection 140 J/K
capacitance
Convection 0.1 K/W
resistance
Interlayer material | 0.02mm
thickness
Interlayer material 0.25m
resistivity K/W

[A. Coskun et al.,, DATE ‘09] **
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Thermal Management for 3D Chips:

Adapt3D Results

= 3D thermal manager with fixed and variable flow rates
* Proactive task sched., liguid cooling, floorplan-aware DVFS
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[A. Coskun et al., DATE ‘09,VLSI-SoC ‘09]
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