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Logic Wear-Leveling for Anti-aging ﬂ(IT
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= a post-fabrication self-adapting circuit-level

N . . ASIC Logic Paths
approach to mitigate timing degradations. Pipeline with Tail
Stages Distribution

= Mitigate Transistor Aging due to BTl and HCI thus
reducing the energy wastage due to conservative

Aglng/PV Resilient

: Timin
selection of guardbands. Energy-Aware cmic;ﬂ
Requirement Gates

How to leverage Dark Silicon???

= aging-critical logic portions of the circuit are area of chip which cannot be operated due to
targeted for protection = minimal overhead constrains of simultaneous operation of all
- o _ transistors which are:
= power-gating is effective in reducing BTl and HCI. = cooling cost

Switching activity (p) effects the shift in V,, " power cost

AVin(t) o (pt)"
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Potential Benefits of Logic Wear-Leveling ﬂ(IT
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Need addressed | Approach

CF-2016

Transistor Aging
elements

Energy

Consumption bands

De-emphasized role of

voltage regulators

Selective Redundancy

Power-gating of critical

Reduced voltage guard

Reduced lifetime delay
degradation
through stress reduction

Low energy requirement with
narrower
margins for longer periods

Circumvent conversion
inefficiencies
and switching losses

Power-gating lowers the
leakage energy
overheads
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Related Works
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i Overheads
. Anti-Aging Design Requirements/ Adaptab.lllt.y
Technique Characteristics/
Strategy Parameters Throughput Power Area
Degree
Worst-case Design
MD-RoD/ VM: High
VM, FM Static Margin AVpp, None FM: High (Dynamic & None
AFomina Leakage)
MD-RoD; Extended Std.
. . . Lib.; Medium (Dynamic
Gate-Sizing Static Margin Multi-obj. Opt./ None None & Leakage) Low (Gate-level)
AB;, V gates i
MD-RoD annotated Std.
Lib.; Low-Medium
Re-Synthesis Static Margin Aging-aware None None (Dynamic & Low (Gate-level)
Synthesis/ ABi, Leakage)
AVy;V gates i
Dynamic Operating Conditions
Timing Sensors; . .
DVES Dvnamic Marain Feedback Control/ Yes/ Fully Low Medium (Dynamic Medlu\r?R((;n chip
4 g AV (1), AF(), Autonomous & Leakage)
sSensors)
AV ()
. .| Medium (On-chip
. . MD-RoD/ Medium (Dynamic
SVS Dynamic Margin AVoo(t +0t) Yes/ tyep None & Leakage) VR)
Static Margin + MD-RoD/ Medium (Workload{Medium (Dynamic
GNOMO Power-Gating (Vop,gr ticte) None Dependent) & Leakage) None
Adaptive Resource Management
Proactive Mngt. | Modular Redundancy/ . High (Module-
SD + Power-Gating Sleep Interval Yes/ Sleep Interval None High (Leakage) level)
Proactive Mngt. Exploit App. Yes/ Task Medium (Workload
ITL schemes . Redundancy/ . None None
+ Power-Gating dle time Scheduling Dependent)
Proposed herein
Proactive Fine-
LWL Grain Mngt. + CPRT/ Sleep Interval |Yes/ Sleep Interval None Minimal (Leakage)| Low (Gate-level)
Power-Gating
Proactive Fine- Timing Sensors;
) Feedback Yes/ Fully - Low (Gate-level &
.+ .
CF-2016 RR Grain Mngt_ Control; CPRT/ Autonomous None Minimal (Leakage) sensors) slide 4
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Aging-Sensitive Logic Domains
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1) Path distribution of OpenSPARC ALU

P=10%
%u.nﬁ
2 oo 40%
. ‘ 35%
Caantll oo
0 005 01 045 0.2 0.25 0.3 035 0.4 045 05 0.55 0.6 065 0.7 073 0.8 OBy 09 055 1 9_—
Mormalized Path Lengths '325%
[G. Hoang et al.“Exploring circuit timing-aware language and %2OCV
compilation,” SIGPLAN Not., vol. 47, no. 4, pp. 345-356, g ?
Mar. 2011.] g15%
g
0%
5%
0%

3) LWL covers logic paths having delays:
[Dcritical(t) * (1000/0 — P)'Dcritical(t)]

» P is top-path parameter
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2) Parameter P can be traded-off
against area overhead incurred.

—--C880 =15 frg2 —=<alu4d seq

4

N

// Variation of P allows varying
p'aths plrotected

quantity of near-critical paths
1 2 3 4 5 B 7 8 9 10

protected
Top-path parameter P (%)

» based on near critical paths due to aging and/or PV effects

» P=10% used herein
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L Critical Path Remodeling Tool (CPRT) ﬂ(IT
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stress and post-stress
simulation

N

—>
[
RTL Sources — '
CPy
Standard . . Critical PO
Cell LibaW Synopsys DC & PrimeTime _
Gate-level Netlists STA data o N e Near Critical PO
Circuit Before Critical Path Replication
CPRT (Critical Path Synopsys
Remodeling Tool) TetraMAX
Functi 2
unction ®
Verification o — >
= crl '}
@ = / _B_\_,
Synopsys HSPICE MOSRA = pre- @ E
cpP? )—" ‘—EL | Critical PO*

CcP}
Critical PO?

;

Power & Delay Analysis for
Fresh and Aged Designs

)

Near Critical PO*

To other
non-critical
paths

i

Near Critical PO?

Circuit After Critical Path Replication
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Effect of Switching Interval Q(IT
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LWL: Proactive resource switching to balance stress among replicated
components.

870
First Instance
865 //GTEEEQ e S K1
\ reduction

0860
@
7]
2355
>
©
g5 A/
T _
5845 7 Y Y v/ |
©
8840
o
5835 | Second Instance Activated

830

—+—Sleep Interval 3 months —=Sleep Interval 1.5 months
825
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Age (years)
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LWL Reduction of
Delay Degradation [ALU4]
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NanGate Library based on 45nm Predictive Technology Model is used.
Built-in models for BTl and HCI are utilized for HSPICE simulations

1.06

LWL maintains delay in narrow range throughout lifetime

RN
(@)
Y

©
©
o

LWL provides 2.95-

------ 7\

LWL:
5.04%

fold reduction in
delay degradation
wrt VM

Increase ¥

VM:
14.87%

Increase

Propogation Delay (nsecs)

o

(@)

—_—
.\

——Nominal Uncompensated Design
—a—VM - Critical Path
LWL - Critical Path
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Delay Degradation SKIT
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Delay degradation (% inc in delay from initial time) over a lifetime of 10 years.
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% Delay Degradation
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Wi has more degradation as
compared to nominal, due to
17.34% higher voltage

|‘11ﬁ ||I

frgz alud s

LWL &leep interdal
is set to 3 months
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13.97%

11.69%
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% Energy Reduction

| LWL Energy Savings ﬂ(IT
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Delay reduction factors are calculated by taking the ratio of VM’s degradation
and LWL's degradation.

The reduction factors are seen to correlate with the energy savings achieved.

30% 4 35% 35%

LWL enables reduction in delay

25% degradation, which directly translates 35 30% 30%
' to energy savings over lifetime
3

25% 25%
20% -
25 © S
¢ S 20% 20% 3
c B o
15% 2 8 S k-
.- E
o o 15% 15% <
7] ©
15 o s g
10% N Z 5 &
2 5 10% 10% 3
! R 2

w1
=
(%)
=

5% 0,
b 0.5 °
, N 0 N |

C880 i5 frg2 alud seq cg880 i5 frg2

(=
=
o
=

EmEnergy Saving guardband reduction  =e=delay reduction factor I3 yr Energy Saving B 10 yr Energy Saving
3 yr guardband reduction =#=10yr guardband reduction
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Implications of Tighter
Timing Specifications
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Implications of reducing delay headroom towards that of a baseline circuit

operating at nominal voltage
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% Energy Reduction

35%

30%

25%

20%

15%

10%

5%

0%

LWL realizes tighter timing
specs than related works

cg80

EmTiming Spec 5%

High energy savings are realized
with more tighter specs

i5

EETiming Spec 0%

frg2
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400%

350%

300%

250%

200%

150%

100%

50%

0%

% Relative Energy Saving
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& Area Overhead gg(lT
v w.r.t. Related Works =g
= 45nm-based Intel Penryn multicore processor
= based on [9], 46.1% of total die area is considered as Core-area

= only 39.03% of a single core area is occupied by execution unit
= 65.5% of execution unit can be considered as aging-critical portion
—> aging-critical portion = 11.7% of die

= SD and BubbleWrap: 4.36% to 23.03%
= LWL: 0.79% to 2.7% ~

JiraSPARC-T2 (e5nm)

= For SD: aging-sensitive logic is J  pennymiasom)
replicated

= For LWL.: utilization model with P =
7% of paths in arithmetic unit

T1-DC-6d4 {22nm)

'I'|]

0% 5% 10% 15% 20% 25%
% Perspective Area Overhead
CF-2016
BubbleWwrap BESD B[ \WL
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LWL provides an adaptive technique for anti-aging using a spatial
redundancy and power-gating to enable BTI recovery

Accurate aging modeling - unnecessary

as circuit degradation is determined using operational conditions

LWL is shown to successfully reduce the guardband with delay
reductions ranging from 1.92-fold to 2.84-fold over nominal values with
5% timing margin

Favorable energy savings as high as 31.98% with 0% timing margin are
obtained due to further reduction of operating voltage

Area cost is traded for energy reduction by minimizing AV,
Dark silicon effect has inspired us to allocate unused space to reduce
aging impact in critical region of circuit

— reduce energy consumption,

— avoid need for precise aging models, and

— intrinsically accommodate the process variation within the actual as-
built circuits
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