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Motivation and Sub-Vt Basics

Energy Consumption per Operation (pJ)

» Energy minimum operating
voltage in sub-Vr.
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» Circuit operates at critical
path speed, idle time is
Energy . . .
Leakage —=— minimized.
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Why Sub-threshold?
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Scale Vpp aggressively and reduce energy dissipation.

Optimum supply voltage value for lowest energy per operation.
Low-energy applications where speed is not constraint.

Leakage energy decreases exponentially, dynamic decreases quadratically.

Delay increases exponentially = Scientific Challenge.
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Sub-threshold Energy model

Keap-logic
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No standard/commercial flow
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Description VCS Simulator
Synopsys Synopsys
Design Prime —————
Compiler Time >
| 2
Standard
Cell Library
| 4
| 4
n
Synopsys c
HSPICE | int
o | 4
| 4

available which characterizes
I .ua  designs with Vpp <400 mV.

High-level Energy Model

Conventional EDA tools.

SPICE-accurate in a
fraction of SPICE
simulation time.

Any RTL design.

Standard- and full-custom
based designs.

Custom developed scripts.

Asynchronous/
synchronous designs.
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Energy Model Application

Simulation and measurement of a cardiac event detector in 65nm LL-HVT.
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Simulated and measured data.
Energy minimum at Vpp= 320 mV
(20 kHz).
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Technology Selection
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Energy dissipation for varying supply voltages
across technology nodes.

I
With special low-power process
options, it is beneficial to
migrate to smaller technologies.
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Throughput Improvement by Parallelizing

A Half-band filter is characterized in the sub-V+ domain.

org—Hvt.’"; » Throughput is increased
5o by a parallel processing
401 \_/ = reduce Vpp.

Energy per sample [fJ]

s uf2-Hvt > Area (and leakage)
20 - . _ : increases accordingly.
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Energy vs. throughput for original and unfolded
architecture.
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Fabricated ASICs

An synchronous and an asynchronous Sub-V 1 ASIC were
fabricated in 65 nm LL-HVT.

» Measurements confirm energy simulations.

» ASICs are functional downto 250 mV (as expected).
» Naked (no protection).
> In-house RTL-GDSII flow.
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Analog Completion Detection- Current Sensing

VDD VDD

Delay E Delay Vsense
control Low Vit ‘ control
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Combinational Combinational
Logic Logic

e - Idle

Computation signature is detected as the temporary drop of the supply voltage
at the drain node of the transistor.

We are interested in the computation phase signal.
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Throughput Gain
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Power Domain Separation

Current (UA)
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230 240 250 260 270 280 290 300 > Traditional synchronous
Time (us) design flow.

Current drawn by the registers is dominant. To retrieve processing time,
independent power domains for combinational and sequential gates are
introduced (Synopsys DC).

Joachim Rodrigues, Lund University, Sweden



Some Measurements...
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Oscilloscope measurements of the
ASIC in- and output signals.

clk

||

34

T~ s00mv  Ch2 500

ChY vV W50.00s Chd OV 1 Apr 2010
Ch3 s500mv @®iE soomv 16:00
Tek Stop: 5.00MS/s 773 Acas
r i .
2 7o Measurement of the completion
C3 +width - .
31sele detection signal
The completion detection signal
(inverted) is measured and plotted
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The Device

ASIC 65 LL-HVT

> Implemented as part of a multi
project die in a 65 nm digital
process.

> ASICs are fully operational
down to 250 mV.

> Asynchronous design: Core
area increases by 8.2 % (power
domain separation),
completion detection circuit
adds another 4.6 %.
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Propagation delay of the critical path is measured.
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Conclusions

v

A high-level energy estimation flow for sub-V 1 domain
characterization was presented.

v

The flow is applicable to standard-cell and full-custom design.

v

A self-timed (asynchronous) and synchronous ASIC were
fabricated in 65 LL-HVT CMOS

The ASICs are functional down to 250 mV
ASASAP (as soon and simple as possible)

v

v
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