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The Ambient Intelligence Dream

Secure, trustworthy computing and communication
embedded in every-thing and every-one.

A pervasive, context aware ambient,

sensitive and responsive to the presence of people
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Aml = Interplay of 4 Technologies

@ Embedded computmg
@ Ubiquitous wireless communication
@ Transducer networks i/f to physical world

@ Multi-mode, natural interfaces to the user

OISTAG
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Device Classes for Aml

i Internet IPV6

Stanonary Nomadic Transducer
“UPA” 1Gb/s

.\f MIMO, E..
ﬂ \\l/JVI\IfZE E)Es)é / energ
bls WPAN "1!'" DVC kh/s
Offlce 7 WBAN r%, MP3 \ e”er
DAVB F1- B|Gps
RAC|T
2 ar /V HC... J\

Hear, See, Feel, Show...

100Gop/s — 10 Gop/s 10Mop/s
10 Watt 1Watt 100mwW 100nMWV
‘Watt’ (mains) ‘Milliwatt’ (battery, f.c.)| ‘Microwatt’ (ambient)

“More Moore” % “More-than-Moore™——
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‘More Moore’ and ‘More than Moore’

Baseline CMOS

On-top-0f-CMOS

>

CMOS Memory MBS

‘More Moore’

Computing
Storage

) ¢

RF  passives

ambient

Mastering
Giga-Complexity
Low Power
Digital SoC
mbedded Software

Sensors Sources

‘More than Moore’

Interaction with user and

Ultra-Creativity

Ultra-low power
Multi-Tech

On-Top-of-CMOS

Power Displayé
Fluidics
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Source: Medea+

3D Integration technologies

Digital base band
Processing unit

imec
3D-SIP
Stacking of SIP sub-systems .
Excellent yield and manufacturabili i§
Relatively low 3D interconnectivity
Realisation of “e-Cubes”
Antenna
eCUBE rf circuit
Radio layer(s)
Application [ Sensor Function
layer(s) Power Management
Power Iayer{s) Power storage
Thin Chips Energy Scavenging
Feedthroughs (e.g. vibration,solar)
Dimec2004 | E Beyne Radio throughs
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UPA =
‘More Moore’ + ‘More than Moore’

v \k
Ary;ennae Sensors Actuators
[ 1
PASSIVES LSTP
. Flexible Applicati
’ ications
RE CMOS l¢/ multimode FI;FI)atform
RF BB Platf.
1 FE ] MAC,Power Mgmt <
— FE NI Mitigation QoS manager ]
2..60GHz J || _Comm. Mgr e
3D SiP .
N /
Embedded S/W
ISSCC-LES ESAT 7

SIP integration

3t pie
3"9pie
2" pie
5i - Spacer

1 Die
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Outline

e The Ambient Intelligence Dream

« More Moore: Managing Giga-Complexity
@ of digital Watt and Milliwatt SoC'’s

More than Moore: Ultra-Creativity
@ for ultra-low-power and -cost interfaces

e Conclusions
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Challenges for Digital Aml

Power Efficiency (PE): 10 to 200 GOPS/Watt

Part cost<10$ & NRE cost>50M$
@ PE two-orders-of-magnitude > GP microprocessor

at 1/20 th of part cost

Adaptive by embedded software
@ From Hw centric ASIC to Sw centric PLATFORM

Real-time stream based processing (MM, SDR)

@ Memory intensive (> 70% area, power)

ISSCC-LES ESAT
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Gaps between AmI-Dreams and
Nano-Scale Realities...

Software centric system specs

System
Design hh f sof
ESL I Archltectural gap Middleware
API's
Platform RTOS
Design 500M tr Platform archltecture

t
Uncertainty TAD*

Metrics! : ” éo(j) process
| xx nm Si IP Blocks kit mem° '
P
Creation
DFM I
CMOS
Scaling Hell of nano-scale physics

ISSCC-LESESAT *Techn. Assisted Design 11

1. The Architectural Gap

Create methods, tools and skills
for designing
flexible, yet power-efficient platforms
and API for mapping real-time
MULTIPLE S/W applications on them

@Flexible: programmability and/ or reconfigurability

Greatest Challenge:

Overcome Power-Flexibility Conflict

ISSCC-LES ESAT 12




Power-Flexibility Conflict

Power efficiency PE (GOPS/Watt) Source: T.Claasen (ISSCC99)
1000

100

Aml
32 bit IPE -

10

0.1

GP microprocessor

0.01
0.001
2 1 0.5 0.25 0.13 0.07
—— feature size(mm)
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Power-Flexibility conflict in practice

1000

100
% —a— ASIC
0 AT g ——— trend ASIC
/ f:/ . —o— altera
ﬁ“ P —— trend FPGA
=1 | & DzP
M + RIEC
&

>

GOPS/WW
9
” h”

. ol + intel
. - L4
LTI b "D —— trend WP U
4. * CELL
+ x *
0.01 - *
-
0.001
= — = — —
o o ol o o
=3 =3 Ij Ij =3
] [ u] = ] =
o n [mm) n [ ]
Year

Courtesy: Philips
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How to Reconcile PE and Flexibility?

Cleaning software for low power

@ Minimize # memory transfers, operations = energy
@ Regularize, vectorize code, min. data-size
@ Factor 5 to 10 lower power but tools and skills needed

Exploit parallelism to reduce power

@ Better to use 20 processors @ 100MHz than 1@ 2Ghz

@ But beware of nano-scaling (see later)

@ Urgent need for design methods, models, tools and skills to
support Hw/Sw co-design (devil is in the software!)

@ Just enough Vpp, Fy, 1,

ISSCC-LES ESAT

Use low power task specific processors

Exploit task level dynamism for sub 1 Volt op

Al

Overcome the Memory Wall...

Data

ALU

Power [T T

D$

)

Instr.

GHz

CPU

=

Compiler

ISSCC-LES ESAT

Reference codel
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Cleaning Software for Low Power

Data ALU Instr.

Power I [——
GHz

D$ CPU<Z>E|<:I

\ T/ ImBroyetemporal

Com+piler é)ﬂllty—ofdataj

ISSCC2003 p.9.1
Data Transfer and Storage Exploration
b

2 t010 reduction in power
|

|Reference code|
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Example: Cleaning Software for Low

Power
VGA quality MPEG 4 encoding on 1.6 GHz Pentium M
600 I DRAM 30
[ Cache

(] A

5001 [JRegister
E 25
A 0
g 400 § 20|
(%))
B 300 3 15l
3 /13 = *27
< 200 = 10l
o
i

1001 5

0 — . . : 0
Ref DTSE1 DTSE2 Opt Ref. DTSE1 DTSE2 Opt
Code code
Lower Power Higher Throughput

Tools available (www.powerescape.com) but far from solved for
EEEE I parallel / multi-tasking architectures ! -



http://www.powerescape.com)

DTSE Improves PE by 2 to 10

PE (GOPS/Watt)

1000
100 Al
, 32 bit IPE _—
1
0.1
0.01
0.001
2 1 0.5 0.25 0.13 0.07
—— feature size(mm)
Use Low Clock Speed Parallel
Architectures
Spatial locality of storage and computation
leads to low power /
AsiP/vLw N |Applications]
I
Task 1 Parallelization
S/W Cleaning
MAPPING
!
Task 2
© A_ 2DVLIW )
o D$ k= Task
Co-processor .
=y e Instruction
Task n X%C men Loop
! ) & Data //
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Vision Platform (VIP)

Courtesy : Infineon

i 130nm
..;.'-L:,;r 64mm?
| 37kB eSRAM
- 200MHz
760 mW
Ml Ll 100GOPS @ 8b
\ ' 25GOPS @ 32b
Hd Compiler ~ Y IPE
A
[VPL C extension]

Task Specific Processor Design...

RWTH AACHEN b Lisatek(CoWare);
IMEC b Target Compiler T, ARM Optimode
PHILIPS b Siliconhive; TENSILICA, PicoChip...

SysC specs Processor model  Silicon
1=0 O] S—
Courtesy: [ Lo J J
T;rgety :'i :_'1 HDL GENERATOR
Compilers T Applications D :‘
RETARGETABLE] ISA ( 7L synthesis]
COMPILER

| |

Miggg‘e INSTRUCTION SE]
. »| SIMULATOR
APAC St
SACH Y, 1 HDL l
NEG Model

LAR AR3, #X

Silicon
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Co-Design of Processor AND Compiler

| Retargetable C compiler | Coolflux Audio ASIP
b s w130 nm 0.9V 0.32mm2 24bit
s o e 2.0 mW MP3 incl. SRAMs
e e =x | 42 MOPS/mW (~1/4 IPE)
Courtesy: Philips-Target Compilers

| Retargetable C compiler | 41 Issue SDR VLIW

130 nm 1.2V 6.5mm?216 bit
30 operations / cycle (OFDM)
150 MHz 190mW (incl SRAMS)

' 41issue VLIW
i 24 GOPS/W (~ 1/5 IPE)

' 'PMEMORIES
issce.Les esatcourtesy: SiliconHive »s

2-D Low power coarse grain core
(IMEC ADRES Template Architecture)

| mreen DATA Cache i n Tight coupling VLIW <-> matrix
! Instruction decode H .
A [ D [ JILP : n VLIW exploits ILP

n Matrix exploits LLP

n Single memory space alleviates
communication bottleneck

3

1
o3

) From different src.
VLIW view

i L L

N N

3

1
i3

Ll

pred srcl src2

ie3
]

19Jinq
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g
T
3

T
[+
il pal =it s
ElEHE
‘
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| TNkp| 0| T D D= 0| Tk o) il e o] il v o] lal s lal!
i Bl i S g S E S B S G e =

N

Reconfigurable array view
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counter To different dest.
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Execution Model of ADRES

Unaccel.
code

contig

kernell

uolndaxa

Unaccel.
code

kernell

Unaccel.
code

config

kernel2

Unaccel.
code
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| Ooooo |
ooood
ooooog
ooooog
oooooO

VLIW mode

[DDDDD
DI_II_II_II:|
O matrixj
oooog
ooooo

Configuration mode

DDDDD]
DI_II_II_Ilj
Dmatrixj
ooooo
ooooo

Matrix mode

Execution of VLIW and the matrix are
alternated

25

ADRES is supported by retargetable
mapping tools

!

Source-leve transformation
DTSE, ISE loops

DRESC (Dynamically Reconfigurable
Embedded Systems Compiler ):

Bingfeng Mei et al, ICFPT2003

Ar chitecturg
description

Modulo scheduling:

' Architecture | Bingfeng Mei et al, DATE2003
IMPACT front-end parser mateng et etal
emor
Hierarc
Architecture i )
scalar loops abstraction Archltecture + Compiler
VLW path Smr—— Fully Operational on FPGA
Pt 3 o s S for 4*3 (MPEG 2, IDCT...)
[ Lvansiormaion | : ¢ | wansiormation | | 8*8: 300MHz, 4mm2, 250mW, 90nm
é : i : : MoZqu : 12 VOIt
i M : i scheduling :4_ 10 GOPS
| ] A 40 GOPS/Watt (est)

ISSCC-LES ESAT
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Other IMEC Experiment
FEENECS Very Wide L1, REG

EKBEyte SRAM Raghavan IMEC
_ 60 GOPS/W
130nm

96 Bits Adder mux-DEmux 960 VWR2 1.2V

360 VWRA1

Wide Scratch Pad

Oi Level-1
/ (Level-1 DM) Level-0 inst mem

5 |-Cache

VWR LB

i 3 date FEENCES:
SwWP | Complx 1 Tileina
q&; Shifer UL Platform
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“Estimated” State of the Art Processors

Courtesy: Raghavan IMEC

. Normalized to 130nm
Normalized Processors i
1.2V, 32-bit Ops

100 . PicoCtip . Including memories
0 //\\\
o A
(D CELL
5 oot 10..30//
& 10 - TiCax vt needed
S idge H T
[} Visconoti
o
C
©
E IRAM1
g 1]
[
o /
3 GP SR\ ect()LrT,I
o v\?oolfux

0.1 @ || |

1 10 100 1000
Energy Efficiency in 32-bit MOPS/mW

ISSCC-LES ESAT 28




All Close to IPE and Flexible...

PE (GOPS/Watt)

1000 \
VIP
100 SiHive __ |
Coolflux : Aml
Adres -
10 Feenecs
/
L .
0.1
0.01
0.001
2 1 0.5 0.25 0.13 0.07
—— feature size(mm)
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If we want more...

Ishibashi ULV device-
circuit research
1000 1 Isscc2003
100 al New HW/SWJ
rchltectures
/wrw—’
et |~ trend ASIC
10 ﬁ}f |
. —o— altera
2 r’% ‘/:—‘ SW —— trend FPGA o
z 1 - * = 4 OSSP l SiHive
S 1 B x RISC Coolflux
gt + intel
. ol st —wenameu | © IMEC
o | T . * CELL Feenecs
001 +—s— — @ 1.2V
-
0.001
3 3 3 3 3
g S 3 3 2
Year
IS 30




Example: Ishibashi ISSCC2003

Consuming Current of 32-bit Adder

VT =0.16 V 25°C 1
600} -é\‘e”
—e—AC (SAFBB) &
e DC (SAFBB)
400_---0--' DC (0 body bias) @3‘1,- 130nm

| SAFBB
1400Mops/mW @ 500MHz
5 Mops/mMV @ 50 MHz

Consuming Current (LA)

Parallel Architectures
Novel Compilers @ OS
Managing Variability

ISSCC-LES ESAT 31

Achilles’ Heel #1: Software Cost

Software productivity increase 5.8%/y <->58%/y Moore

80 -ﬁ/lvlerging of hw and software

cultures is people
i+ | management ...changing Hw depe.ndent
people is harder than Reql T!me
<0 +— installing and operating a Re"ab"'t.V.
= new litho machine! Dependability
= 50 2 y/ tech node Concurrency
& \ 7y | methodology l
- Heterogeneous
. Parallel
Hardware
_ Platform
Feature 0 4
Dimersizn 0.2 5um CL2Sarm O 13 0 13pm Frm
Teangistor Courty (2] i Y Ay BN}

Ref. Handel Jones,




In urgent need: multi-core design flow

Bus, microprocessor, ASIP, memories, accelerators

High level
IP models

‘ Platform definition

High level
Platform model

@\Iel/: ]

&
4 ‘ Oo

Algorithm: C(++) model

Platform independent
optimizations

DTSE M

Sequential to concurrent
model conversion

SPRINT

A 4

N Platform dependent MPSOC

optimizations

A 4

ethodology

Optimized C model

|

Concurrent
SystemC model

ptimized concurren
SystemC model

O

IP models
o

A4

latform mapping & debugging environmen|

A4 v

RTL/HDL model
platform

A4

RTL/HDL & embedded SW

é

RTOS, middleware
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Achilles’ Heel #2: Communication...
NEXPERIA DVP platform

UHAPI Bus Based Platform
T“' = m - - % U
| A e

! e
l L o
130nm 50M tr, 250MHz
1 MIPS, 2 Trimedia Buses don’t scale
60 IP blocks, 250 RAM's | And physics does not help either
Up to 100 Gops, 4 Watt
ISSCC-LES ESAT Courtesy: Philips o




2. Hell of Nano-Scale Physic

N e

| eakage power starts to dominate \

@ larger gate delay than scaling for performance predicts

Voltage headroom shrinks

@ makes A&RF guys deeply worried (sub 1 Volt circuits)
Interconnect claims the first role...

@ challenging timing, power, synchronism, signal integrity
Increasing device variability

@ jeopardizes predictability and yield, affects design process

New device architectures needed
@ Impact layout style, need for DFM and IP library design

35
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Leakage Power Issues

I:)sdleak ~W-Tj Zexp ('qVTH/n ij)

[ 2
1.2[\
1 - 'E
—_ h, - =1
E'u.a \ s
k S,
206 ~ Yoo Z1f
— "5.._ [ S
:-:::- T~ M
D.4 \ g -
<)
0.2 o =
\ Vi 0 DYNAMIC
u & ' a2 4 & @ a4
2002 '04 '06 '08 "0 "2 '14 16 2002 '04 '06 '08 "10 12 14716
Year Year
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Hence “LateCMOS” from 65nm on ?
T.Sakurai
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“LateCMOS” Device Architectures below
65nm

Gate leakage: Hi-k, metal (FUSI) gates (when?)
Mobility keeper:Strained Si, (Ge...)
SD leakage: Hi VT, M-VTP Hi-VDD
U dyn power, variability
lon boost: Multi-Gate, FINFET, DGFDSOI

SOURCE,

\ Satsrae ||| e

Emerald DGFDSOI /
STM Finfets, IMEC

2005 2010

s«scc BUT Late CMOS diversity must percolate to system level...

Different Things to Different People...

For Microprocessor, Servers

@100 Watt active power, 20W leakage acceptable
P low V44, high |,,, ABB to manage leakage yield

BUT for Aml...

Leakage mWatt nodes <10mW, mNatt nodes<10mA
P Scaling for low leakage at expense of gate delay
P More GOPS from more transistors O faster ones
P Wires more important anyway...

ISSCC-LES ESAT
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Scaling for Low Leakage Aml

230 kgate Standard Cell Layout for 10pA/mm sd Leakage
( Courtesy: Philips Techn. Modeling Group)

120017 Iy
+ FDSOI T
~~ ,\. 4
™ 1000! D T
g | o 0.8 =
= [+—— BULKICMOS —, E/ i B WIRES
o 800 5 B CELLS
o T > 0.6 L
T O
600 = 1 FDSOI
S 1 > 1 < BULKCMOS — «—
o 1 CT) 0.4 L
O 400] c |
> i L
© + o 0.2
= 200 >
I <
ol [
180 120 90 65 45 45nm 180 120 90 65 45 45nm
Tech. Node Techn. Node

Below 65nm new device architectures needed
Local wiring power does not scale well
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Nonlinear Scaling of Wiring

Hi-k Dielectric Barrier/Stop Layers don’t scale
Absorb flux

Cu('"Cu

Low k

Low k N
]

New dielectric barrier materials...
Keep wires further apart
Localize interconnect...

ISSCC-LES ESAT 40




Back to the Future for Local Wiring?

From Standard Cell P&R

L

_ ]
T ]
Eos I
L = WIRES
o | CELLS|
0.6 .
~ ]
=1 ESSCIRC2001
0.4 -
q) !
C !
L i
0702 F
>
<< |
0 L
180 120 90 65 45 45
Techn. Node
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Global Interconnect Issues

* Global Interconnect delay does not scale with logic
e Synchronous zones 45nm @ 500MHz < 2*2 mm?2
* Interwire capacitance jeopardizes timing closure

Source:
Z— Khatri DAC’99

VDD
* CMP Copper Thickness Variation up to 40%
Oxida Lazzs Di=himg Eraszian Tatzl Copper Lazs Sl.(l:rl;::l':::e
% V—— | BEN
pu—

e

=0l ated l=ol mted Dense Array Dense Array
Thin-Lines Wide-Lines Thin-Lines ‘Wide-Lines

| o Source: Preagasus Delay":Va’r'fation ;

b

o




_ Z w0t
| - Ayrl(WL)V
100
10 G Confinously Doped Device
Leakage 001 0.2 03 |:|L1.: E:ﬁ 06 07 08 05
Variability! 1‘.':I- I'-llr ] a i m T i L1] Tk
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35nm Transistor
Asenov, ESSCIRC’'04
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Variability Reduces Predictability

Low Standby Power CMOS; Min size transistors

VDD, VT (V) Gate Delay Variability
1.4 3 : . .
1.2
M 2.5
1t
0.8 25
0.6 1.5
0.4 [ .
1—— BULK — DGFDSOI
0.2} ! _g‘
0 L L L L 0 VTTBS DVlT 1 I 'l 3
18 130 90 65 45 32 180 130 90 65 45 \ 32
Techn. Node(nm) Techn. Node(nm)
gate 1
ez fd el
gate 2

ISSCC-LES ESAT N
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Are “Late CMOS” devices better?

Investigate variability origin of FD MUGFETS

60 _
Percolation model|[21
LP Metal-gate , . __ & ©O i
FD SOl [3] V' #4-2 Avt (mV.um) comparisan
Avt~29 & Technalogy nmes | pomos
40 : ] FOSOI 28 28
s i i L ||
i Lowi-Pover Bulk | 82 75
£
% Vandooren IEDM 2003
20 ™
et = 3 of impurities [1
Avt ~ 1
-
0 ] 10 15 20 25

1/47LW(1 /um)

[1] T. Mizuno et al. VLSI Tech. Symp, 19923. [2] A. J. Bhavnhagarwala, IEEE JSSC, 2001.
[3] A. Vandooren, IEDM, p. 975, 2003.

Source : T.Hiramoto VLSI 2005

ISSCC-LES ESAT 45

Vout2 (V)

Variability Impact

* Adds a new dimension to design space (P-A-T-Y)
o Statistical design, device sizing for yield crucial

« SRAM first victim...VDD scaling problematic
» Below 65nm new device architectures needed

1.0 0.31mm? 6T SRAM
FinFETs, FUSI gate
0.8 r N e :
0.6 = T [ !
'.b- ! r 1k

0.4 P _
0.2 :

35nm SRAM b=1 |

[ 1M

0. . . . . . .
00 02 04 06 08 10 _
Vo (V) 45nm FinFet

3D SRAM
ire Samsung isscc’05
Asenov Esscirc ‘04 SRAM IEDM’ 04 g
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Conventional vs UTB MOSFETSs

0.8+

0.6+

=)
o

= 0.4

0.2

10nm UTE SOI
0 I | | |
0 0.2 0.4 0.6 0.8 1
Voul‘l (V]
BISIMSOI is used for the UTB SOl MOSFET
ISSCC-LES ESAT Courtesy: Asenov o

A D

But System Design must change...

Better than worst case design else loose
advantage of scaling

Design reliable systems from uncertain
components

Allow errors to happen!

ISSCC-LES ESAT 4 48




]
Ways to Cope...

1. Adapt Vy,f,l at run time to whatever
mother nature provides and to dynamic
nature of software tasks

2. Use tile based GALS architectures,
networks-on-chip, and error correcting on-
chip communication techniques

ISSCC-LES ESAT Rap idChi P 49

Run Time Adaptive Design

DESIGN TIME
IndiViduaI TaSk SChedUIer M Pareto 0ptima| Mappings

A A :
IP Optimal
2 p
Processor, — I ¢ Tasks I Monitors| |scheduling
Processor, i@l 2 |[ 1 | [ 3 | . CB 1 tol. T J|F, Voo Vas
t D
Processor, (2] [ 3 ] [1]],
I t Software | |Hardware

cycle budget CB

Min S E
t,+t,+t; < CB

RTOS Platform

Courtesy: Catthoor isscc03 9.1
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GALS Platform of Future + NOC

[Applications]—-»cilgn

| Middleware, RTOS, API [

PA- Run-Time Controler

4 w
45nm Ma" ing 1Tt o
BusBased  Royter PPING Vv, 1, 0% 2
\MUMP7 a &
| [ §
m o2
nf= - S
|| =4 T I = =

ME € 8 2 A B @
TVIL— § fﬁ E = = Q_J ('BD
n 3
Local o
Memory Hierarchy ‘ <

SYNCH TILE

ISSCC-LES ESAT

ASYNCH Low swing Network-on-chip

51

2005-2020 Not Business as Usual!

RTL

AREA — TIMING — POWER— YIELD

HwlP Platform Software dominated

/INFET
FDSOI

=
&}
©
cC ateCMQO SM-Metalgate
o Hi-k Lo~k
StrainSiGe
L 0 R
° L ariability \ e’
8 (- i-k. M o Nvmem
c @ ! SUM...
P y SD
= 6 Manual M
© Design '
:Ej ™S Happy Scaling Dynamic Power
= tech+— sys 1/8 Low Cost, Power, TTM > F
° | | -
1980 1990 2000 2010 2020
500 250 180 130 90 65 45 32 22nm ... ???

ISSCC-LES ESAT
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More Moore ...

« Roadmap beyond 65 nm fairly bumpy: the end of
the SiO, era causes everything to change at the
same time

@ Managing giga-complexity faced with CMOS diversification
@ New design methods, tools and skills urgently needed

» Must reconcile the hell of physics with heaven of
Aml dreams

@ But easier to install equipment than to change people’s mind

@ New processing nodes 2 years, new design tools take 10
years,

* Not for the faint of hearth

@ A few platforms by industry alliances and disciplined armies
of engineers...

* Need to share cost of advanced R&D

ISSCC-LES ESAT
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Outline

The Ambient Intelligence Dream

More Moore: Managing Giga-Complexity
@ of digital Watt and Milliwatt SoC’s

More than Moore: Ultra-Creativity
@ for ultra-low-power and -cost interfaces

Conclusions

ISSCC-LES ESAT
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Interfacing to User and the Ambient

» Get to the ultimate limits of
@ Miniaturization (<1cm?)

@ Cost (< 1€)

@ Power ( < 100nm\W)
* Design for utmost simplicity
 Interact with non-E world
* A micro-system node in ad-hoc network

ISSCC-LES ESAT
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Sensor Node Challenges

< 500mV CMOS [16]
ULP radio

Avg.
/zT)mN 20mN 40mM\V 20mN Power
Sensor CE-ADC _Processor pjcoRadio
_,|DSP&storage
D’C Security RF
VAC <10kb/s
T r 1%
k Power Mgr /
100 MV
Avg power

Above IC MEMS, passives
Grain size packaging

ISSCC-LES ESAT
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Sensor Radio’s

Antenna .
4 GHz Radio

Protocol - |

T

Application

Processor

(EEC) 3D stack

Battery
Solar Cell PowerMgmt

| o

solar cell

(b) UCB PicoBeacon Tx [21.4] (c) IMEC 0.18m0.25 mm2 UWB Tx

1 2 4 GHz

1.9GHz, 400mW, 5kb/s 0.5nJ/bit @ 10 kb/s

ISSCC-LES ESAT

Above IC MEMS and Hi-Q Passives

P G _Q _;'; i E,_,-_
) i Poy-sice §
4 e, A =
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Above-IC VCOs on 90nm RF-CMOS
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Convergence on the Nano-Scale:
a_unique opportunity

NCI Alliarice for
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Merging BIOnics and ELECTROnics
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cochlear electrode array
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Concluding Thought

“Progress will be in the merger of
previously unconnected techno-cultures
driven by society needs”

Ambient
Intelligent
Systems

More Than
Moore

Life
Sciences

Computer
Science

62




Thanks to...

E. Aarts, G. Beenker, T. Claasen, E. Persoon,
J. Huisken, P. Christie, W. Weber, R. Mertens,
R. Roovers, |. Young, W. Redman-White,
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F. Catthoor, K. Maex, J. Bormans, J Vounckx,
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And so many others...
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Complexity is in the Compiler...

Original Code: . [ LB code for MMU:
P : for (i=0;i<n;i++)
for (IF0;i<n;i++) for (j=0;j<Ntaps%WS;j++)
for (jZO;j<NtapS;j++) - for (k=0;k<WS;k++)
C[i] += A[jJ*BJi+j] Load A[j to j+WS]
Load BJ[i+j to i+j+WS]
Store CJi]
LB code for VWR MUX:
for (i=0;i<n;i++)
for (j=0;j<Ntaps%WS;j++)
for (k=0;k<WS;k++)
Select Mux of A, B = k
*Select Mux of A, B =1 to Rem
Select Mux for C =i

LB code for DP:
: for (i=0;i<n;i++)
ord for (j=0;j<Ntaps%WS;j++)

il <« S| for (=Ok<WSk++)
Shifter = C[i] += A[j+K]*B[i+j*WS+K]

*CJi] += A[p]*B[p] for p = 1 to Rem
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Wide Scratch Pad
/




A Roadmap for Late-Silicon Age Design

Complexity

Embracing
Randomness

Error-resiliency

Self-Adaptivity
Concurrengy.
Power

And Flexibjifity _
Fully structured and regular fabrics
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