A 65nm Sub-V, Microcontroller
with Integrated SRAM and

Switched-Capacitor DC-DC
Converter

Joyce Kwong'!, Yogesh Ramadass', Naveen Verma',
Markus Koesler?, Korbinian Huber?, Hans Moormann?,
Anantha Chandrakasan’

"Massachusetts Institute of Technology
2Texas Instruments

ISSCC 2008



Motivation

1.2V »Q

Voltage scaling enables

drastic energy and power

Programmable
switched-capacitor

s DC-DC
reduction in sub-V, SoC 0.6V>0.3V =
[ |
Sub-V; 16b Sub-V;
) p-controller|| 8T SRAM
—~ 100 |
310 ///7,////'7 ETOT 1
' ] "; _ — 2
;.: 10” Epcr=CVpp? 1 ;110
5 10° :
o 10 1 g
> 3 — e
m 107} Ereak = | lieacVopdt & 10
: Op : 2
02 04 06 08 1 1.2 o
Vo (V) - 04 06 0.8




Outline

Logic design challenges
SRAM design challenges
Timing verification
DC-DC converter
Prototype measurements
Conclusions



Sub-V, Microcontroller

 16-bit RISC architecture

« Supports 27 instructions and 7 addressing modes of
the standard MSP430 instruction set
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Power Management Features
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Power Gating

* On-chip PMOS sleep transistor
— Sized for 5% delay penalty at 300mV
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Sub-V, Design Challenges

(2 Process variation
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Sub-V, static CMOS gates exhibit variation in
logic levels (Vyy, Vo)




Sub-V, Logic Functionality

Degraded logic levels adversely impact

functionality
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Sub-V; Logic Design

Functional metric Ovp «/7v1w_
necessary to manage 5 QA
sizing trade-off
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Sub-V, Standard Cell Library

Above-V; Library @ 0.3V
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Sub-V; SRAM Challenges
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SRAM Architecture and Bit-Cell
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Peripheral assists allow sub-V, writing and sensing

Buffer eliminates read SNM limitation

12



Peripheral Assists

Write

‘i1 7

Read

( 2N N J 00
janen No sub-V,
leakage
- ‘ -~
\ v 4 RITTTE. [
0.4 - - !
_"17 (256, 64 Cells) 4
Q 03 i -
g “17 (256 Cells)
S 0.2} :
- «. 17 (64 Cells)
@ \N 4
0 0.1 ¢ '
14 “0” Y
0 X




Sub-V, Timing Analysis Challenges
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Timing Analysis Methodology

Focus on hold time violations
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Path Selection

« Select paths with large
olu:

(1) Consider effect of
transistor sizes on o/ of
logic gates In path

(2) Assign weighting to each
path according to logic
depth
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Timing Analysis Methodology
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Simulation and Buffer Insertion

 Monte Carlo simulation of selected paths gives
accurate hold time margin distribution

* Delay buffers added as necessary to reduce
probability of hold violation
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Comprehensive Timing Simulations

Simulation of 30000 timing paths illustrates
trends in sub-V, delay variability
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DC-DC Converter Architecture

Programmability helps maintain efficiency over

wide range of voltage and power levels

Viar

Charge ceaos (15w Adjustable
recycling | Sharge LV «~ switch sizes
Vi
Vo Non-Ov. enq\)N 202 ?nwit?h 1C L
Vier|COMP Clock D, A
I Generator| S V4
—_— - ~ S~
_— — = . ~ ~
TS e e e ——— =
I VBATO_21 22 Veat 0_91 92 TOpOIOgy for I
12Cs | VL 6Cg V. <0.4V |
| —0
I 22 91 92 —o V. I
e v "o Multiple gai
| Topology for GCJ v Wultiple gain
B "
| V< 0.6V ®, o, settings
|



Charge Recycling

Reduce losses due to bottom plate parasitic capacitance
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DC-DC Converter Efficiency

Measured efficiency while delivering 500mV
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Test-Chip Summary

Process 65nm CMOS
Area
DC-DC Converter 0.12mm?2
SRAM 1.36mm?2
Logic 0.14mm?
Performance
Minimum _
Energy Point Vop = 500mV
Minimum _
Functional V, Vop = 300mV

Core logic DC-DC

(2 power domalns) converter
A T T

1.86mm

2.29mm
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ergy/clock cycle (pJ)

Measured Energy and Frequency
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Measured Standby Power

Dynamically scale V,, to 300mV during

standby
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Conclusions

* Demonstrated 65nm SoC functional down to
300mV

* Sub-V, design techniques mitigate effects of
process variation in logic and memory

« Switched capacitor DC-DC converter
provides efficient power delivery with low
area overhead
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