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Wide Dynamic Range in Energy Consumption and “B | P
Performance '

10° From EETimes Feb. 2005
“A paper from MIT may introduce a whole new
metric: lowest operating voltage. By aggressive
102 use of voltage-frequency scaling, subthreshold

circuit operation and supply voltage dithering,
the team was able to keep an adder circuit
operating over the full range from 1.1 V to under
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Subthreshold Operation: 300 mV.
Low performance, minimum This appears to be the lowest reported
. energy, long operation life operating voltage for a digital circuit at the
10 N conference.”
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Normalized V¢ Requirements for Successful
Ultra Low-voltage Operation:
V= 1.0V * Architectures, circuits and devices

1e-3 k7000w to reduce power consumption by

? % >100X yet mitigate throughput loss in
1E-4 \ deep sub-threshold operation

% 300_x power . . ] )
$ 1E5 4= 0.3y savings * Reliable operation with highly
g 22uw ¥ variable device components
g 1E-6 <4+—> \D\j  Wide-dynamic voltage range
1E.7 30x delay penalty capability to allow high performance
BEETEY B0 19 operation when needed
Delay (sec)
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F111 &5  Price to Pay at Low Voltages B IPA
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» Delay of logic increases, which must be compensated for through
architecture optimization (e.g., parallelism and voltage dithering)

» Leakage energy increases at extremely low voltages
* Increased variability requires wider margins, reduced performance
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Power Reduction with Sub-threshold
Operation Optimization

Sub-threshold

Operation

Device
Optimization

N
*aun** pPgrallelism .

Duty Cycle _Q| : Circuit/Architecture
&ls'z'”g Optimization

" Throughput
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Library for ULP Operation
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. Some cells fail
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_changlng the sizes £ 0.3 oo | [B
increases 5 Ul crimeas 1
switched ; 02 REPLICA
capacitance, but £ o1l D | RS,
allows lower VDD 3
operation ENERGY SENSOR
CIRCUITRY
+  What cells are 20
optimal for a Continuous feedback of energy/ power used to
certain design? set minimum energy point.
E and duty cycle
N N Q 10° o
ea !
Qn . FS Corner (strong NMOS, o[l == Eactive |
ch c weak PMOS) — N3 cannot 107" 1. —— Etotal

. hold a 1 when ¢c=0

. SF Corner (weak NMOS, )
strong PMOS) — N1 10
cannot hold a 0 when c=1

Total Savings can
increase dramatically
depending on Activity

Min Energy Point 40X Savings over

nominal case
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Making Use of Parallelism B

e  Ultra-low power circuits will require parallelism to make up for longer switching delays.

e How many extra devices are needed? Back

10

I I
Vpp decreasing Model using power law function:

1 R —_— Performance = (Devichelay
: If o = 2, then too much parallelism makes
— things worse.

0.01 |— -
oa =10 \-\-i 4 If o = 1, then parallelism works effectively.

0.001 — q =20

Normalized Power
o
~

10 100 1000
Circuits _~Die Cost . ]
° What types of computations/tasks can best utilize parallelism?

Implementation Clock vdd Energy # of
frequency /Operation | Transistors
+ Sub-CMOS 748 kHz 650 mV 19.1nJ 31k
+ Sub-CMOS 22 kHz 450 mV 247 nd 111k
(WEEEES 4 sub-Pseudo | 22 kHz 400 mV 1.77 nJ 86k
v 1 0 NMOS

‘wahtnn
. Parallel architecture lowers the clock rate, reduces power dissipation by 87%

. Pseudo NMOS logic styles provides another 28%reduction
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Time Constraint 'PI
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Dynamic Voltage Scaling with infinite levels saves S o |
energy per sample when the workload varies
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Closer to ideal over full range
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Shaving Voltage Margins with EC ‘| P\
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. Goal: reduce voltage margins with in-situ error detection and 60
correction for delay failures ,
. Proposed Approach: s 40 < | Zero margin
— Tune processor voltage based on error rate i '\ Sub-critical |
.. . . (] - 1
— Eliminate safety margins, purposely run below critical = Tmm ;
voltage € 204 \ ; —— Traditional
. 3] - ! DVS
» Data-dependent latency margins 8? 1 \_7_\_ :
- Trade-off: voltage power savings vs. overhead of e
correction

18x18-bit Multiplier Block at 90 MHz and 27 C
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L 35% energy savings with 1:3%error N
| >

L 30% energy saving
|

22% savin

Error rate

‘ ‘ T T T T T T T 0.0000000%
1.78 1.741.70 1.66 1.62 1.58 1.54 1.50 1.46 ]NSS 1.341.301.26 1.221.18 1.14

. , I . I . Supply Voltage (V)
EnV|rng)mfrét§|;/margln Sa(f@el)igsgm Zgoigirgln once every 20 Secondsl
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