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Signal Integrity & Thermal

UNIVERSITE MONTPELLIER 2
SCIENGES ET TECHNIQUES

Challenges

1.

2.
3.

Power Supply Noise

=

Current density increase

[ J
A 2. Supply voltage and transistor

Voltage drop scaling
~ N/ N/ Shrinking noise margin
Power supply noise propaga-
Ground bounce tion among tiers thru. PG grid

B W

Challenge 1. Signal integrity

Non-uniform
heat propagation !

Heat dissipation

Non-uniform thermal distribution

among layers

Thermal correlation among layers

Need effective and efficient thermal model
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§

Fast and efficient PSN analysis

v |

Power Supply Noise
Estimation

Our problem

Power supply noise aware PSN estimation with
task allocation thermal consideration
[Todri, ICCAD'08] [Hua, DAC'06]
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3D Integration

2= Thermal Evaluation
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Workload Assignment

Challenges on 3D MPSoCs

» Challenges
— Workload Characterization
— Power Supply Noise Coupling
— Thermal Coupling
— Efficient and effective method is required
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Workload

—

Mapping

MPSoC Platform

1. Different switching activities — different PSNs
2, Different running powers — different thermal
dissipations

3. PSN coupling through TSVs

4/11/2014 ASP-DAC 2014 9



« Workload characteristics

Current

— Switching activity A
« Switching period peak ===~ !
« Rise / fall time /\
Workload,

{leakage, peak current, rise/fall time, period, average power}

7

[ Power Supply Noise }

[ Thermal behavior ]
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Physical Parameters

for 2D MPSoC Power Grid

Segment length 100um Diameter 10um
Metal width 15um Aspect ratio 1:8

Metal space 15Uum Resistance 25m{
Segment resistance 122m{) Inductance 25pH

Segment inductance =~ 60pH
Segment Capacitance 152.7fF

Resistance 9.52m{2 Size 1.6mmx1.6mm

Inductance 12.65pH Mesh grid 16%16 / core
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Thermal Modeling

« PDE based theoretical analysis

dT(r,t :
pCp gt ) =k, V2T(r,t) + g(r,¢t) (Transient)

o Finitel. S orid based

differential methods
— Hotspot ...

« Thermal estimation by power information
— Easy to use for online thermal evaluation
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Thermal Evaluation by

Stack Power

« Concept of “stack power” for 3D MPSoCs

S Power (stack,) = Power (core, ) + Power (core, )
7 23 7

gy Power (stack,) = Power (core,) + Power (core, )
A W

« Power gradient

Power _ Gradient(stack,, stack,) = \Power (stack,) — Power (stackz)\
Vi’ J < Sstack

Power _Gradient(stack;, stack; ) =|Power (stack; ) — Power (stack;)| < P,
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Motivation - An illustrative@ ‘ ume: &

[irs

=

« Workload characterization
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Motivation - An illustrative@ ‘ ume Enrs

« PSN comparisons
120
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Power Supply Noise &

Performance Calculation

 Voltage drop & ground bounce

- j max{Vy —Vp O}t —1,)  Vipoiee = [ max{V

ss?

pn0|se gnoise O}dt /(te _ts)

V...=V . +V

noise pnoise gnoise

A

e Timing Variations due to PSN

D _q, kK, ——— AV +k,( AV 9
Do Vdd _Vt Vdd _Vt g
» Performance Evaluation R

p Effective Supply Voltage
MIPS, = IPC, 6 ' performance = > MIPS
10 i—1
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Problem Formulation

« (Glven,
— 3D MPSoC architecture AR(m,n,l) m=2n=2

rrrrr

o 1 stacking layers

Leakage

— Workload profiles — s=mm—

« Maximize: ZMIPS (PSN,)
— Where PSN, max{PSN }.Node( j) € PE,

|
r«——Switching Period———»!

_ Gv+C%: i, PSN | = ["max{v,, —v, O}t /(t, —t,)

e Constraint rower Gradient(stack,, stack ;) =|Power (stack;) — Power (stack; )| < P,,,
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Power Supply Noise

Estimation Method

« Challenge

— High computing overhead

e Main idea
— Estimate relative PSN magnitude
— Superposition PSN impact of individual task
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Power Supply Noise

Estimation Method (Cont.

e Procedure

— Store individual workload PSN impact into a
table for online reference

— Estimate relative PSN magnitudes based on
individual workload analysis

PSNY1 = PSNigi/ + ) APSN;*
t=1
« Advantage
— Easy to compute for online PSN estimation
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The Proposed Heuristic
Algorithm
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Experiment Setup

« Target platform

— 3 x3 x3 homogeneous
3D MPSoC

K Workload classification
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Experimental Results

Case 1

« CaseI: 3 high, 3 middle 3 low activity

workloads

PSN comparison
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Experimental Results

Case 11

e Casell

— 5 high, 2 middle & 2 low activity workloads
— Similar results as case 1
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Experimental Results

Case 111

e Case III
— 8 high, 4 middle & 4 low activity workloads
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Conclusions

« We explored the PSN minimization
problem with the thermal constraint from
the workload assignment angle

« We proposed an efficient PSN estimation
method to guide the workload assignment
effectively

« Experimental results indicate that the
proposed method can reduce PSN
significantly without violating thermal
constraint
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Thanks for your attention!
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