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Background (1)Background (1)

Advances in semiconductor technologiesAdvances in semiconductor technologies
Larger variations in transistor performance
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Background (2)Background (2)

Advances in semiconductor technologiesAdvances in semiconductor technologies
New types of faults

NBTI (N tiv  Bi s T mp r tur  Inst bilit )NBTI (Negative Bias Temperature Instability)
occurs in PMOS Tr. stressed with negative gate 
voltages at elevated temperatures

GateGate Dielectric Trapped positively charged 
hydrogen  H+

N
P P

HCI (Hot Carrier Injection)
Threshold voltage VT increased, absolute drain 
current I decreased ⇒ increased delaycurrent IDsat decreased ⇒ increased delay
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GoalGoal

DegradationDegradation
statically caused

slow transistors due to process variationslow transistors due to process variation
dynamically caused

slowdownsslowdowns
in low voltage, high temperature (local) area
by NBTI, HCI, etc

G lGoal
obtain

correct functionality
almost non-degraded performance
t sl  ith  s   it  its  autonomously with no spare or monitor units  
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ApproachApproach

Use asynchronous circuit implementationUse asynchronous circuit implementation
Simple synchronous circuit implementation 
causes sudden inc rrect perati n unless lar e causes sudden incorrect operation unless large 
timing margins are given
As h s i its  l s t  Asynchronous circuits can always guarantee 
correct operation without unnecessary margins
Still ibl  d  t  f  d d ti  Still possible due to performance degradation 
that producing final results is delayed and 
deadline is misseddeadline is missed

Send less data to degraded functional units 
b  l i  i l b d d fl  lby completion signal based data-flow control
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Targeted applicationTargeted application

AssumptionAssumption
Several or many functional units that can 

 h h   il blcover each other are available
No spare units are needed
Used for performance improvement

Many parallel computation algorithmsy p p g
SIMD style computation
Running example in this work: linear equation g p q
solver based on Gauss-Seidel method
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Gauss-Seidel MethodGauss Seidel Method

System of linear equationsSystem of linear equations
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ImplementationImplementation
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Asynchronous circuitsAsynchronous circuits

Dual rail encoding methodDual-rail encoding method
0
0 Non-code
0

Dual-rail codes0
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Correctness is not affected by degradation
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Many stuck-at-faults can also be detected
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Data-flow control can be easily implemented 

using completion signal0
0
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Completion
Monotonic function

using completion signal
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Proposed architectureProposed architecture

No spare or centralized control units 

Naturally autonomous data-flow control

Degraded units are also utilized as long as
they perform some computation

Dispatcher
Sends less data to degraded functional units

they perform some computation

g
completion signals indicate busy/idle information
data can be sent to an idle direction

Dispatchers also give completion (Ack) signals to 
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Dispatcher design (1)

Bundled data method

Dispatcher design (1)

Bundled data method
Explicit request signals are used, instead of 

d d dencoded data
Delay elements are used to decide timings

Simple, quick, and suitable for non-data 
manipulating circuit blocksp g

in_data0
in_req0
in ack0

out_data0
out_req0
out ack0ch

er

in_ack0

in_data1
in_req1
in ack1

out_ack0

out_data1
out_req1
out ack1

di
sp
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c
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Dispatcher design (2)

Two phase signaling protocol

Dispatcher design (2)

Two phase signaling protocol
in_data0

in_req0

in_ack0

out_data0

out_req0

out_ack0

out data1 in_data0
in req0

out_data0
out req0er_

out_req1

out_ack1

in_req0
in_ack0

in_data1
in req1

out_req0
out_ack0

out_data1
out req1

k1

di
sp
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ch

e
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Dispatcher design (2)

Two phase signaling protocol

Dispatcher design (2)

Two phase signaling protocol
in_data0

in_req0

in_ack0

out_data0

out_req0

out_ack0

out data1in data0 out data0 _

out_req1

out_ack1

in_data0
in_req0
in_ack0

in_data1

out_data0
out_req0
out_ack0

out_data1di
sp

at
ch

er
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Dispatcher design (3)Dispatcher design (3)

1, if requested 1, if idle

input
port0

output
port0port0

i

port0

input
port1

output
port1
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Experiments (1)Experiments (1)

ASIC implementationASIC implementation
32 16-bit-variable solver using 0.13um 

 h lprocess technology

2009/6/28 WDSN 2009 19



Experiments (2)Experiments (2)

EvaluationEvaluation
Normal mode / dispatcher-through mode
Delay fault injection

Delay fault injection to Ack signaldispatcher-through mode
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Experiments (3)Experiments (3)

1.4
proposed w.o. dispatcherdispatcher-throughnormal

1
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0

no delay el. 1 delay el. 2 delay el.
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ConclusionConclusion

Propose a method to give degradation Propose a method to give degradation 
tolerance to a hardware accelerator 

i h ll l f i l iwith parallel functional units
Based on asynchronous circuit technologyy gy
Data-flow control based on completion 
signalsignal

A linear equation solver is implemented 
   t das a case study
Much better degradation tolerance is shown
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