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SubHyeshold oferatton

[ Gpportunities for Ultra-Low Voltage

= Number of applications emerging that do

nat need high performance, only extremely
low power dissipation

Examples:

= Standby operation lor mobile compenents
—Implanted electronics and artificial senses

- Smar cbjects, fabrics, and e-textiles

« Need power levels below 1 mW (even uW

in certain cases)
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Although  keeping  the
power density constant is
one mativation for the con-
tinued scarch to lower the
EOP, another, maybe even
mare imporant, reason is
the exciting applications
that only become feasible
at very low encrgy/power
levels.  Consider.  for
instance, the digital wrist-
watch.  The  concep,
though  straightforward,
only  became anractive
once the power disipation
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iven the importance of this
evpresmion, a quick derivae
tion i warth sndcrtaking
We awume that ar these
low opermtional  whages,
the Sramustons operate only

for & MOS transstor in
wirthnehokl  mode was
presented in Chapuer 2, and

of clarity. For low vabus of Fre. the INBL effect can be ignored.
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The static) voltsge trander

O U] = 1: 2= 208+ 1)
P i

IVTC) of the
wmverier is derived by
oquating  the  current
through the MMOS and
PMOS  trandiston.  The
dernalion B sulssatially
amplified if we assume
ket two deviees
exactly the same strength
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Sub-threshold inverter
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thermal voltage leads o
reasonable noise marging
{assuming n = 1.5). This is
approximately  equal 1o
10mVY.
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Simalatioms (for 3 $0nm
sechnology) confirm thew
resulis. When plolting the
minimam  wpply volage
3 fmcton of the
PMOSNMOS  mta, a
minimam Gan b obened
when the imerer is com-

NMOS  mrassuiors  have
entical drive sovagih
Any deviation from the
symmetry cuuses Vg 10
Ase. This implies that wan-

s nasiong will play a rode b the devgn ol i mune-volls pe caruits
Also worth noticing i that the vimslatef miniemam voltage of 60mY s lghily higher than the

point. AL S m Y.
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Newmann { s reported in [von Neumann, 196471 Landaser eer cxabihed v
cane for “logeally Errvenibls’ opeations in 2 phytcal cmpeter thal dmspaic megy by
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[Landauer, 1961}
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GRAND CHALLENGES IN THE NEAR-TERM (THROUGH 2020) AND
LONG-TERM (2021 AND BEYOND)

L SCALING DEVICES, AND s,

DEVICES, FRONT Mo AND SIMULATION, AND METROLOG Y]

The comvemtional path of scaling plansr CMOS will face significant challenpes set by performance and power
commmption riqure—.

Redaction of the equivalent gate oxide thickness (EOT) will continse 1o be & difficult challenge in the near term despine
me inerextsctaon of high-x metal gate (HKMG). Imegration of higher « materials while limating the fundamental increase

_m;mhlummn:“dm»umukhﬂmmnwulnm
\;nqmunwdlutr piimi for best deviee P

New device architechure such as. mnlhple«# MOSFETs fe.g fnFETs) and ultea-thin body FILSOL are expected. A
m)’dulﬂmll fssue is the contred of the | includiag s variahiduy. of these ulera-thin MOSFET The
B o il

High mebiliry channel masevials such as Ge and III-¥ have been considered as an enhancement or replacement for $i
channcl for CMOS logic applications. High-x mctal gate dicloctrse with low istcorface trap dennaty (INT), low balk trap
and leakage. wapinned Formi bevel and low ohmis contact resistances ane major challenges.
MEMORY DEVICE SCALING DEVICES, s,
ﬂme‘" -END Mo A

The challenges for DRAM devices are adequate mummmm”u.hn«ﬁmm
4F nype cell w increase bal density nb-upmdmmmnl n‘na?hmmlrmwmmm
SrUCTunes.

become a new FEOL technobogy driver for critical dimension scaling, materials and processing

il ¥. ciching, eic.} techmology, shead of DRAM and bogic. Continued Flash density improvements in the mear
team pely on the thickness scaling of e tunnel avide and the istergate deeloctne. To gaarsntee the charge retostion ssd

endurance roquircments, the insrodection of high- macrials will be nocessary. Cost effoctive i of 3D
SANIH flash beyond 256 Gb with MLC and acoeplable relsability performsance Temmss 3 L 3

wach an

725 alio Tnd oty TYpes and Morage concepts
magnesic RAM (MBAM), phase change memory (PCM), Resistive RAM ReRAM and ferroslectric RAM (FeRAM).




