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m Half-pitch scaling
& Cost, Power, Speed
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10 nm, 0.021 um2, IBM, 11VL T4-5

B The world smallest 6T-SRAM
B FINFET u/ Mixed EB and Optical litho. (MXL)

B Contacted gate pitch (CGP) scaling down to
50 nm
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~ Fig 15: Demonstration of a 0.021 pm?

| bitcell with a CGP and CFP of 50 nm

Fig 2: Design rules for the 6T SRAM bitcells investigated in this 12
work. Varying combinations of contacted gate pitch (CGP) and
contacted fin pitch (CFP) from 70 to 50 nm were used to explore
the behavior of bitcells with areas ranging from 0.035 to 0.021

pum? with Sratios of 1.
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Performance comparison

B Delay time
¢ (Cg+Cpara) Vdd / Ids = Cpara x Vdd / Ion @ Cg << Cpara
= Cix Lg xVdd / Ion @ Cg >> Cpara
& leff
B Power density [W/um2]
& Active fCV2 =1I/CV xCV2 =Vdd x Ion [A/um] / Lg [um]
¢ Standby J_leak x vdd

Device or Circuit Parameter  Scaling Factor (
Device dimension rox, L, W 1/K VOLTAGE,v—4 WIRING
Doping concentration Na K
Voltage V 1/K GATE | — W

= 1 n* _ nt T
Current [ 1/K \ L.m)/ \\ 'j‘kon"'ﬂ J /
Capacitance €A/t 1/K O N :}o /’

_______ -

Delay time/circuit VC/I 1/ L |
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Power dissipation/circuit V/ /K~
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Power density VI/A 1
R. Dennard, IEEE JSSC, 1974
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Voltage-scaling limited by random variability

B Threshold Voltage (Vth) M. Kanno, Sony, 2007 VLSI Tech.

Vth, whole wafer

variability

= SRAM variability

& Systematic € un-uniformity
¢®Random € Quantization

T. Skotnicki, STMicroeIectroqigs, IEEE T-ED, 2008.
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28nm, 0.6 V SoC, MIT/TI, ISSCC11 7.5/14.4
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To reduce random variability

Metal L

B Sigma of threshold voltage High-k
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Variability reduction, Intel gate-last
® Thin Tinv by M/Hk gate

H Gridded layout

Layout Restrictions

M. Bohr, Intel, ISSCC, 2009
65 nm Layout Style

32 nm Layout Style
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After gate pattering
» Bi-directional features » Uni-directional features

+ Uniform gate dimension
+ Gridded layout

» Varied gate dimensions
« Varied pitches

K. Kuhn, Intel, iedm 2008, 28.4

) Systematic Variation

Random layout
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Gate capacitance reduction by Lg scaling

B CV/I [sec] = Ci [F/lum2] x Lg [um] x Vdd / Idsat [A/um]
B Lg scaling by thin Tinv u/ M/Hk gates
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Sony’s Gate-Last M/Hk, VL0O9 T2A-1

S. Mayuzumi, Sony, iedmQ7
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CV/I vs. Node/Lg

B Slow down on hode E Speed up on Lg

€ Slow Lg scaling
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Harmonic mean of CV/I [psec]

CV/1I & V/I vs. power-density
B Need low voltage based on high mobility
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Voltage scaling by III-V, iedmO09, 13.
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The highest n Ge n/pFETs, iedm10 18.1
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SoC components, Intel 45 nm
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Sidewall image transfer (SIT)

H. Kawasaki, iedm09, 12.1
spacer

B Synchronized edges
= Small variability

V. S. Basker, 2010 Symp.

on VLSI Tech., 2.2
» S Bong Tae Park, 2010 Symp. on
VLSI Tech., 12.1

. 5: The schematic of the SIT process. Fu

H. Kawasaki, IWJT 2007, S1-1
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3D architectures

B Requirements:
Idsat/Wfootprint > Idsat/Weff
& Single Si nanowire FET
€ 2D-twin Si nanowire FET
€ 3D stacked nanowire FET

B Functionalities/chip area
€ SiP technologies

K.H. Yeo et al., IEDM, 2006. L.K. Bera, et al., IEDM, 2006.

Buried Oxide
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Huge systems
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Summary

B Benchmarks of CMOS scaling
€ Cost
¢ Power
€ Speed
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