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Resilient platforms

Resiliency for performance, efficiency & reliability
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Dynamic adaptation & reconfiguration

Adapt & reconfigure for best power-performance
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Voltage-frequency range limiters

Reliability & functional failures limit range
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• Reliability
• Thermals
• Power delivery

Vmax/Fmax limiters

• Circuit functional failures
• Soft errors
• Steep frequency roll-off
• Aging

Vmin limiters
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Voltage-frequency margins
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Array voltage
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Multi-voltage cache
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shifters for wordline & shifters for wordline & 
write drivers minimize write drivers minimize 
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Read Write Retention
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Dynamic multi-voltage cache
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Transistor count 6.2M

Chip Area 0.91mm2

Vcc 1.1V-0.7V

Testing interface membrane 
probe card 

Wordline underdrive for read Dynamic voltage collapse for write

45nm dynamic multi-V testchip
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Reduce cache size @ low V/F by eliminating failing words/bits
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Low-voltage logic design
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Low-voltage motion estimation engine
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65nm CMOS
70K transistors

Die area ~1mm2
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0

50

100

150

200

250

300

350

400

450

0.2 0.4 0.6 0.8 1 1.2 1.4

Supply Voltage (V)

G
O

PS
/W

at
t

P1264, 50°C

9.6X

0

50

100

150

200

250

300

350

400

450

0.2 0.4 0.6 0.8 1 1.2 1.4

Supply Voltage (V)

G
O

PS
/W

at
t

P1264, 50°C

9.6X

0

50

100

150

200

250

300

350

400

450

0.2 0.4 0.6 0.8 1 1.2 1.4

Supply Voltage (V)

G
O

PS
/W

at
t

P1264, 50°C

9.6X

0

50

100

150

200

250

300

350

400

450

0.2 0.4 0.6 0.8 1 1.2 1.4

Supply Voltage (V)

G
O

PS
/W

at
t

P1264, 50°C

9.6X

412 Gops/Watt

@ 320 mV!

1

10

100

1000

10000

0.2 0.4 0.6 0.8 1 1.2 1.4
0.01

0.1

1

10

100

Supply Voltage (V)

Fm
ax

 (M
H

z)

Wide V-F range

Source: Intel Source: Intel



11

11

Dynamic V & F adaptation

Clocking 

Input 
Buffer

Sensors
& Analog

DAB

TCP/IP 
Processor 
Core

JTAG

N
oi

se
 g

en

N
oi

se
 g

en

TCP/IP 
processor

PLL0

PLL1

DAB 
Control

Thermal 
sensor

Div

PMOS 
CBG

NMOS 
CBG

core clk

gate

Droop 
sensor

Time

Te
m

p

Time

Vc
c

PLL2

NMOS body bias

PMOS body bias

I/O clk

Noise 
injector

C
LO

C
K

IN
G

C
O

N
TR

O
L

F0

Input buffer

O
utput port

F1

F2

1st droop

2nd droop 3rd droop

ctrl

PL
L 

co
m

m
an

d

VR
M

• Adapt F/V to V/T change reduce V/T margin
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Prototype chip in 90nm

Source: Intel
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Resilient circuits
• Detect errors in critical path FFs
• Propagate error signals
• Correct errors by re-execution
• Feedback to adaptive V/F

Error Detection Sequential (EDS)

65nm resilient circuits testchip
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Resiliency experiments
Response to voltage droops

0

50

100

150

200

1.0 1.5 2.0 2.5 3.0

Throughput (BIPS)

Po
w

er
 (m

W
)

Conventional Design

Resilient Design

21% Throughput Gain
OR

37% Power Reduction

0.0

1.0

2.0

3.0

4.0

5.0

2100 2400 2700 3000 3300 3600
Clock Frequency (MHz)

Th
ro

ug
hp

ut
 (B

IP
S)

1.0E-13

1.0E-10

1.0E-07

1.0E-04

1.0E-01

1.0E+02

Error R
ate (%

)
Conventional Design 

Max TP

Resilient Design
Max TP

Nominal: VCC=1.2V & Temp=60°C
Worst-Case: 10% VCC Droop & Temp=110°C

VCC & Temperature
FCLK Guardband

0.0

1.0

2.0

3.0

4.0

5.0

2100 2400 2700 3000 3300 3600
Clock Frequency (MHz)

Th
ro

ug
hp

ut
 (B

IP
S)

1.0E-13

1.0E-10

1.0E-07

1.0E-04

1.0E-01

1.0E+02

Error R
ate (%

)
Conventional Design 

Max TP

Resilient Design
Max TP

Nominal: VCC=1.2V & Temp=60°C
Worst-Case: 10% VCC Droop & Temp=110°C

VCC & Temperature
FCLK Guardband

Source: Intel

Source: Intel



14

1414

Summary

• Resilient platforms offer better performance, 
energy efficiency and reliability

• Resiliency, dynamic adaptation and reconfiguration 
will be critical in scaled CMOS

• Logic and memory design innovations will be 
needed to keep pushing the voltage scaling limits
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