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Call me stupid:
What defines a node?

In the 14nm node, there is nothing that is 14nm (perhaps
the gate spacer?)

So what is a node name!?
» A combination of Metal Pitch and Poly Pitch
» A combination of secondary rules

— Fin termination,metal tip to tip, special constructs

» Technology readiness (when can be yield)
» A ton of marketing to capture the market! Yes!

imec
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LOGICSCALING LANDSCAPE
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» MP x CPP determines logic
cell area

» Choices of MP, CPP

— Patterning cliffs, cost
— Layout style (1D,2D)
— Electrical performance
= Reduced CPP forces trade-off
between device electrostatics
(gate-length) and parasitics
(spacer, contact sizes)

* Reduced MP leads to steep
increase in BEOL resistance

4
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LOGICSCALING LANDSCAPE
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» MP x CPP determines logic
cell area

» Choices of MP, CPP

— Patterning cliffs, cost
— Layout style (1D,2D)
— Electrical performance
= Reduced CPP forces trade-off
between device electrostatics
(gate-length) and parasitics
(spacer, contact sizes)

* Reduced MP leads to steep
increase in BEOL resistance
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POWER CRISISDUETOVDD SCALABILITY

(A) PPA93e)|0A A ddng

1000.0
— 2
Power = OLCVdd f+ Ileakagevdd
~
.Q— 100.0
=
U CMOS Technologies
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Power-source limited
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(Adapted from various sources Ye ar

Indudes T.Masuhara, IEEE-SSCM 201 3)
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* Higher-Perf & Mobile
Processors are power limited

* Vyq scaling slowing
* Device utilization

diminishes
= “Dark Silicon” Syndrome?



SOC SCALING CHALLENGES

Need to reduce supply voltage to

be able to effectively use the growing
number of devices on a die and

beat dark silicon syndrome.
» Requires a device with good
electro-static control

imec

& “‘a//,,g i op
Area x0.5 x0.5
Voltage x0.7 x|
Capacitance x0.7 x0.7
Frequency x1.4 x|
Power CV2f x0.5 | x0.7
W/mm?2 x| x|.4

When power exceeds thermal
dissipation limit,cannot power up
all transistors on the die:dark silicon.
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imec

SOC SCALING CHALLENGES

Need to reduce supply voltage to
be able to effectively use the growing
number of devices on a die and

beat dark silicon syndrome.
» Requires a device with good
electro-static control

Patterning complexity drives up node to

appy Sca), Dar/v sip
g ‘o

Area x0.5 x0.5
Voltage x0.7 x|
Capacitance x0.7 x0.7
Frequency x1.4 x|
Power CV2f x0.5 | x0.7
W/mm?2 x| x|.4

When power exceeds thermal
dissipation limit,cannot power up
all transistors on the die:dark silicon.

node wafer cost increase beyond traditional 15%
» Need to scale transistor density by more than 50% to maintain node-to-

node transistor cost reduction of x0.6.

8
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Ring Oscillator Delay (s)

WHY ELECTRO-STATICSARE KEY

Increased variability at \]
low Voltage )

g Rapid performance loss
at low Voltage

0.9
Vaa (V)

Log (lds)

Sub-Threshold Swing (SS)

% Nanowire FinFET}

FET '

mr FET
1

Lower V. |

GAA Nanowire

ol--------

dd

\'
Vg (V)

* Circuit performance loss & variability limits V44 scaling
* Transistors need to improve electrostatics, drive, & mitigate variability
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DEVICE ARCHITECTURE IMPACTS ELECTROSTATICS

|
g 120 UILI;a-Thin Fin !"‘\l Straight Fin :,/"‘\“ ':'apered Fin
> FinW=5nm : FinW=7-8nm [ FinW=7-10nm
é 110 T : - :; I:'. I
o0 100 Lmin~ 18nm {1 | Lmin~ 2%-24nm £ i Liin~ 28nm
5 U X A\
< 90 (:} Gate-AII-A\rou\nd Nanowire 28-32nm
2 O Nanowire =7nm \ Bulk Planar
$ 80 | < (Vgg ~0.9-1.0V)
< “" Lonin~ 15nm |
s 70 oo _ <1 FinFETs
60 N5 N7 NIO ===, ~ NJ4 2 (V4q ~ 0.7-0.8V)
10 15 20 25 30
Lg (nm)

» FinFETs offered a Low-Voltage transistor option wrt bulk planar.

» To maintain electrostatics, simple FinFETs will hit limits

mecC 10
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SOC SCALING REQUIREMENTS

Need to reduce supply voltage to be able to effectively use the
growing number of devices on a die (beat dark silicon
syndrome).

Requires a device with good electro-static control (steep sub-
threshold slope):FinFET outperform planar devices.

When scaling gate length to improve performancealso need to
scale fin-width to keep good electro-static behavior or introduce
gate-all-around devices

©IMEC 2015/ CONFIDENTIAL



100

FP=24nm, FH=35nm, FW=5nm 0.7V
$S=7ImV/dec (fin) N 7
= 80 -SS=62mV/dec (NW) o _
3
b 0.65Vv
S 60
O
o 0.6V
c
°>~ 40 - 0.55V .
0.5V g
= 0.5V RO FO3 |
! 300CPP BEOL load
ol 7.5Tracks (3fins) |
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Freq[GHz]
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Device options for N7 target

T

same Iddq I5nA

T T
LVT device, all devices at

T

Lg=18nm, EOT=1.Inm,
~spacer=5nm
PP=42nm, MP=32nm

lon per fin [uA]

Boost drive current

* Electro-statics
90 . . .
* ~Strain engineering
Channel material
80 Series resistance
70 g
Vdd=0.7v " ﬁ./
60| s 10 ref-
Vdd=0.65V. /
50 | Vdd=0.6V
F\equca Scaled to N7
device FEOL - jimensions
40 capacitances
30 40 50 60 70 80 90 100

Cfeol per fin [aF]

REMARK: HFIN, NFIN, increase both Cfeol and ION

12
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Performance elements for FEOL

Device Channel Contact
: Stress Spacer
structure material scheme
FinFET | nSipSi S/D Stressor | | EPI diamond SION
shape
)
Lateral NW L nSi/pSiGe SRB _ V‘rf;ag,@fc‘;" SICBN
. J \. e’ — Ne——
I’ __________ \ )
' Contact 1 .
_E resistivity . Air gap
MOBILITY
ELECTROSTATICS SATURATION VELOATY RSERIES CPARASITICS

mecC 13
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CMG - PARASITICMACRO MODEL - PEX

iy » Everything above red dashedline is handled by
""""""""""""""""""""""" - PEX g PEX deck

» Everything below the red-line is taken
care off by parasitic macro model.

Macromodel
. with @ . : : :
analytical » Parasitic capacitancescrossing the red-line

) formus boundary are taken care of by PEX deck.

14
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OURBENCHMARKFORTARGETING

Ring oscillator with INVin 9T or 7.5T version

Fanout 3

BEOL load of 300 CGP equivalent length of Mx

| "H?; "ﬂ? ‘

imec
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stress in
channel

SiGe
Ge > 40%

Performance elements for FEOL

Seesoy 05GP
:i/g::(')% 0.75 GPa
::zBe 159 1 GPa

:iF:;Be 21 15 GPa

Strained
SiGe
channel

— Relazed
s

Channel

material

nSi/pSi

) —

nSi/pSiGe

PFET NFET

SiGe SRB (~25% Ge)

Si sub

Strained Si

Stress

)

S/D Stressor

MOBILITY
SATURATION VELOCITY

200 3
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3 < 16
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40 —e—SiGe Lg=18nm 1.2
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g
0,
§ 120% N
&
< 110% +20%
100%
90%
0 0.5 1 1.5
PEET channel stress [GPa] .
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Performance elements for FEOL

—O—EPI 10x10e-9 ohm.cm2
1000 —O—EPI 7x10e-9 ohm.cm2
900 —O—EPI 5x10e-9 ohm.cm2
200 —— WPC 10x10e-9 ohm.cm2
——WPC 7x10e-9 ohm.cm2
2 700 ——WPC 5x10e-9 ohm.cm2
£ 600
=X
' 500
2 a0 40%
=
@ % o600
300 == o=
200
100
' N7
10 15 20 25 30 35 40 45 50
Fin pitch [nm] NFET
Vg Sensitivity
200
Vs _]_ vd 190 Rho [ohm.cm?]=0
, 2
Vs vd' 180 Rho [ohm.cm2]_2
M/ Rho [ohm.cm?]=5
\/ 170 Rho [ohm.cm?]=10
Rs x Ids Rd x Ids _ 160
5
fa 150
P
R
g 140
o
= 130
120
110
100
90
30 35 40 45 50 55 60
- HFIN [nm]
mecC

Contact

scheme

EPIl diamond
shape

Wrapped on
fin (WACQC)

Contact

RSERIES

—_——————

Scaling fin pitch quickly
reduces contact area

Large contact areaand
growing with fin height.

17
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Performance elements for FEOL

—o—FinFET nSipSi EPI

20% .
15% i .
10% o=1.3 £=4.5 £=55

Frequency increase overs N10
N
N
X

5% Air gap SN SION

i
!
0 1 2 3 a 5 ¢

Dielectric constant spacer

For all options :
contact resistivity 5x10? Q.cm?
channel stress 0.5GPa

imec

Dynamic power ratio to N10
3
N

—e—FinFET nSipSiGe EPI
—o—FinFET nSipSi WPC

—e—FinFET nSipSi EPI
—e—FinFET nSipSiGe EPI
—o—FinFET nSipSi WPC

e

i g=1..3

i Airgep

1 2 3 4

e=4.5
SiCN

5

Dielectric constant spacer

&=5.5
SiON

Spacer

—  SiON

—  SiCBN

—  Airgap

CPARASITICS
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%0 Absolute value
90 ,
Performance N
@ — 70
T 80 < -\\'\-\-
By = 60
o £ —&— |offTarget [nA]=0.03
DeVlce .g. 75 ‘g 50 —a— loffTarget [nA]=15
structure ® 70 2 49
v [*]
N g5 = 30
20
| FinFET ;
72 14 16 18 20 22 24 26 28 30 32 0 65 70 75 80 85 90
»  Gateilength [nm] ~ SSsat, [mVidec]
f ) '/ ! 100 Sensitivity
{ Lateral NW :
1
\ ) : 90!
= 3
At Lg=18nm ' = 80 | wep----l
Nanowires SS:61 to 65 mV/dec s HP device (LVT):
. 3 700 boooooNC +10% for 10mV/dec
FinFETs SS:68 to 72 mV/dec 8 .
w LP device (HVT):
[ELECTROSTATICSJ %0 +25% for 10mVidec
) %0 65 70 75 80\85 90
tmec SSsat, [mV/dec] "
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ELECTROSTATIC CLIFFS FOR DEVICE
ARCHITECTURE

FINFETs: SSsat Vs. Lgate W Nanowire: SSsat vs Lgate %

90

el
o

— A - FW7 / FH50, —e—NW 5nm
85 —&—FW?7 / FH30 85 —8—NW 7nm N N7
- @ — FW5 / FH50 NW 9nm
80 —e&—FWS5 / FH30) 80 ——NW 12nm
)
2
S o
I5‘75 ‘;)m“ 75
= (%]
4
70 70
.\ ~—
65 65 = — 3
60 60
5 10 15 20 25 5 10 15 20 25
Lgate[nm] Lg[nm]

» Fin of width 5nm or nanowire of width 7nm option for N7/CPP-42nm
» Nanowire of width 5nm (or finwidth of 3nm) option for N5/CPP-32nm

mecC 20
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40%

EPI7 mEPIS5 WPC 7 mWPC5 34.6%
< 35% 1 31.9%
= 30% — 28.5%
9
g 5% 2 22.89 24.1
s .
B20% —--- - mm e m - —————————= - - - - -
14.0%
S 15% . 12.0% 12.00.0%°% 1 5%
£ 10.0%, 0% 9.0%
T 10% 6.0%
= 5%
0%
0GPa 0.5 GPa, S/D stress 0.75 GPa, S/D stress 0.5 GPa, S/D stress 1 GPa, SRB15% 1.5 GPa, SRB21%
J\ J
L .
nSipSi nSipSiGe
Power ratio to N10 at constant frequency
9
= 75.0% J0.6% 71-5% . EPI7 mEPI5 = WPC7 mWPC5
= 70.0% fB-8%
o 65.2% 65.6%
Z 65.0% o, 61.9%
) 61.0% 59.7%  59.2% s as 60.6% '
: 60.0% 56.8% - '[66.29 57.3f
2 55.0% P-4 p4-2281 o :
o e 53.9% ey % 51.2%
B 50.0% 8.7% 47, %-?
§45.0% -——— -- -———— -———— - - I----' 8% _ |-
& 40.0% ' ..
0GPa 0.5 GPa, S/D stress 0.75GPa, S/D stress 0.5 GPa, S/D stress 1 GPa, SRB15% 1.5 GPa)SRB21% |
T U
tmec nSipSi nSipSiGe

N7 FINFET

OPTIONS

Frequency improvement over N10 at cst dynamic power

Minimum risk/
complexity

options for this

target speed

Corresponding
dynamic power

higher than target

45% from N 10

RO FO3INV
Wire length 300CGP
NFIN=3

Vdd= 0.65V
Rbeol = 135 ohm/um
Cbeol = 0.16 fF/um

21
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All nSipSiGe

40%
X 35%
£ 30%
-

£ 25%

59.3% 58.8%
£56.7%3, 55.4%
1.9%1.1%

45.4%
| B --I----ILS%H*-

N7 NANOWIRE OPTIONS

EPI7  MWEPIS WPC7  EWPC5
25.096:1%
21.5%
0GPa 0.5 GPa 0.75GPa
dyn power
75.4% EPI7
70.5%

6.6%5.29% 63.6%

0GPa 0.75 GPa

Frequency improvement over N10 at cst dynamic power

33.9%5:1%

28.199-3% 29.5%
24.3% 25.7
20.9%

1GPa 1.5GPa
WEPIS WPC7 BWPC5
55.1%
51.5%

8.7%47.8% 48.7%

1GPa 1.5GPa

LNW options for N7 in similar
performance range as FinFET

22
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LOWERRISK OPTIONSTO MEET N7
TARGET 20% SPEED IMPROVEMENT

Device Channel Stress Contact Contact Spacer Sub lon per lon per Freq.increase @ Power ratio
scheme resistivity dielectric @ slope fin NFET  fin PFET from N10 to N10
[x10°Q.cm?] | constant @cst power @cst speed
FinFET nSi pSi 0.75GPa WPC 5 5.5 71 mV/dec 72.1 uA 69.8 UA 22.8% 58.2%
S/D stress
FinFET lnSi pSiGe 0.5GPa 7 5.5 71mV/dec 5.2 uA 75.8 uA 23.7% 54.2%
S/D stress
FinFET [nSi pSiGe | [1 GPa ] EPI 5.5 71 mV/dec  66.7 uA 71.5 uA 23.9% 52.8%
) SRB
NWs 3 nSi pSiGe | 0.5 GPa WPC 7 5.5 61 mV/dec 53 uA 60 uA 21% 56.1%
S/D stress
NWs 2 nSi pSiGe ) 0.5 GPa WPC 7 5.5 61 mV/dec 37 vA 42 uA 58 %
) S/Dstress
FinFET nSi pSi 0.5 GPa EPI [ 5 ] [ 4.5 71mV/dec  60.8 uA 63.4 uA 20% 56%
S/D stress
RO FO3 INV LVT device,all devices at
Wire length 300CGP same Iddq 15nA
NFIN= 3 Lg=18nm,EOT=1.1nm,
Vdd=0.65V spacer=5nm

Rbeol = 135 ohm/um PP=42nm,MP=32nm

Cbeol = 0.16 fF/lum

FH=35nm, FW=5nm



FIN HEIGHT, NUMBER OF STACKED WIRES

Increasing drive current by increasing effective
width (Fin height, Number of wires) also
increases

_ N FO3, 300CGBR for different Cfeol and Rseries
) FEOL capacitances (gate, parasitics)

120 Sensitivity Sensitivity
2) Voltage drop over Rseries (increasein =~ | DS T
drive current) 16/ ! oo
3) Dynamic power Bl =
=12t &
> — L
§110 %140
From (1) and (2) g — g
 the frequency increase saturates e “\_\. 120]
* is always smaller than the dynamic power 1 10
increase 10020 25 50 35 4‘0 4‘5 5b 55 Gb 65 70 10020 2-5 3‘0 3‘5 4b 45 sb 55 6‘0 6‘5 70
HFIN [nm] HFIN [nm]
imec
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FINFET VERSUS NANOWIRES

[=2]
o

HENNEREN N ok s ® . . .
s er.\_\’_\-\- » Both Fin and NW performance saturate when increasing
> g . . .
& s0 heightand number of NW, respectively,while power keeps
ey pdREL . .
2 45 e, increasing.
= / 1
g 40 ¢ E"—F‘"FETS — Increased FEOL capacitance

w
[5,]

TEb i i — Larger voltage drop over Rseries (because of higher current)

_ > ././_/_/.x'"" » FinFET vs.Nanowire
3,0 EsREes. — At same “height”, finFET beats NW.
% iﬂ T — To beat FiInFET need 3NWV and taller structure with additional
£ zg o ::j::c;:k process complexity
!

— NW offer a power advantage (even at same speed) due to lower gate
capacitance.

10

1
20 30140 50 60 70 80
fin height [nm]

25
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silicon area [nm?]

FINFETSVERSUS NANOWIRES

®  —=—FinFETs

10 --@--NWs

0 10 20 30 40 50 60 70 80
fin height [nm]

.® B FinFETs
--@--NWs

0 10 20 30 40 50 60 70 80
fin height [nm]

imec

60

Cgd per fin [aF]
[ N w S 1%
o o o (=] (=]

o

0

—@— Cparas FinFET 80 —— Cgate FinFET 650
--®-- Cparas NWs - 0 | ~®-CgateNWs 2 600 o
-7 w = N,
Seo £ 550
£ 2 N
+50 o & 500 e
Q ~
240 ] Ssel
” ° 2 450 @
o %30 2 5 ®
&0 Saa & 400
e K} —l— FinFETs
® ]
10 @30 __g--nNws
0
0 10 20 30 40 50 60 70 300
10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80

fin height [nm]

fin height [nm] fin height [nm]

@ Increase in current density at same Vdd due to SS (6| mV/dec vs 70 mV/dec)
@ Benefit of quantization on charges/ transport

@ Penalty due to smaller silicon cross section vs. process complexity of stacking
@ Penalty of increased series resistance (especially in extension)

26
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DEVICE LEVEL CONCLUSIONS —

Scaling to N7 has many paths, key requirements include: g
» Stress Engineering /\)
» Contact Engineering N—"

» Gate spacer

Fin vs NWVs

» have similar performanceas FinFET at N7 both in speed and power
because of process complexity (NWs stacking) and saturation of
performance with Fin height/ number of wires

» Will be more beneficial under smaller BEOL interconnect due to their
smaller gate capacitance

» Would make large differenceat N5 due to better electro-static behavior.

mecC 27
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OVERALL IMPACT ONWAFER COST

BEOL Stack:

MI,3Mx, 6My, 2 WideMtl

Mint for N7-193i and N7 EUVBLK,
Mint for all N5 options.

EUVL tool cost |.6x of 193i tool,
utilization of all litho tools assumed to
be 60%, non-litho 70%; 1 93i TP = 200

Assuming 75WPH EUVL throughput
for EUVL introduction in N7

25% Assuming | 25WPH
° EUVL throughput
mem FEOL mwmi MOL mwmBEOL —— 15% cost increase 1% 0% for N5 wal

36%  cq

» At wafer level, every patterning alternative costs significantly more than the 15% increase per node.

» N5 wouldneeda matured EUVL technology with improved throughput

» A holisticscalingapproach would help us to bring down the costat a die level

imec
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AREA SCALINGIS CRITICALTO STAY
ONTHE 0.6 X COST/TRANSISTOR CURVE

1.00 —Cost per transistor (55%

Single Multiple patterning area scaling, 100% of die
0.90  patterning Scaling)
o 0.80
80.70
g 0.60
£0.50
5
z 0.40
7 0.30
£0.20
0.10
0.00 . . . .
With multiple patterning, transistor cost
1.0 .1 1.2 1.3 1.4 1.5 1.6 . o
scaling exceeds historical 0.6x target
N+ /N Wafer cost
imec 29
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AREA SCALINGIS CRITICALTO STAY
ONTHE 0.6 X COST/TRANSISTOR CURVE

1.00 0.80 — Cost per transistor (55%

Single . Multiple patterning area scaling, 100% of die
0.90  patterning 0.75 Scaling)
. 0.80 0.70 o
30.70 065 &9
20.60 060 & 32
-2 N '; .
2 0.50 055 5 —Area scaling to meet $/tr
go 40 ' 050 T 5 (100% of die scaling)
N I I 2=
— 0.30 == 045 o
+ i c B
0.10 \/ 0.35
0.00 0.30 To compensate, area needs to scale with
1.0 1.1 1.2 1.3 | 4 1.5 1.6 more than traditional x0.55
N+1/N Wafer cost
imec 30
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AREA SCALINGIS CRITICALTO STAY
ONTHE 0.6 X COST/TRANSISTOR CURVE

—Cost per transistor (55%

1.00 0.80
Single Multiple patterning area scaling, 100% of die

0.90  patterning 0.75 scaling)
2 0.80 0.70 o “ —Cost per transistor (55%
S0.70 0.65 © 9 area scaling, 75% of die
20.60 060 g3 scaling)
20.50 0.55 b0 g —Area scaling to meet $/tr
5 .40 050 T (100% of die scaling)
< 5
T 0. 4 i
% 0.30 045 E 'g)')’ —Area scaling to meet $/tr

0.20 0.40 £ (75% of die scaling)

0.10 0.35

0.00 0.30

1.0 I.1 1.2 1.3 |.4 [.5 1.6
If part of the die does not scale (e.g.analog/RF),
N*I/N Wafer cost even more area scaling needed
imec 31
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LOGIC SCALING ROUTES

0.5 GR

scaling -
CPP not MP scaled
scaling by 0.7 with > 0.7
Scaling

scenarios

Track reduction

to compensate
Additional (for cost)

scaling
by design

mecC PRAVEEN RAGHAVAN 2
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LOGICSCALING LANDSCAPE

90 4 : : A
- 1E e Fdry N16
] R ] \
80 - §3 Eg = Fdry NI4T\ ¢ 90,80
|3 pa A
| ] \
70 - | 5 | < (DN \ \ » MP x CPP determines logic cell area
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TRACK SCALINGTO GET EXTRA SCALING

CPP SDC SDC
Tracks fins
Scaling happened in first 64 48 36 75T 3

generation FinFET
; technology Can the next node go 42 32 24 75T 3

towards a further scaled

track height? 42 32 24 6T 2
x0.65 x066 x0.66 043 (7.5T)
0.34 (6T)
I | | | | l » 7.5T cells
- traditional scaling path
» 6T cells
- more aggressive areascaling

- Performance depends on reduction of
device parasitics to benefit from taller fin

9T — 4fins/FET 75T — 3fins/FET 6T — 2fins/FET
- Goodfor power.

imec
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TRACK SCALINGTO GET EXTRA SCALING

» Keeping 7.5 tracks while scaling pitches

70 9T/4Fin
60 e N7 Pex_100CPP : \ — Traditional scaling path
50 e 9T/4Fin — Area scaling with x0.43
34 7.5T/3Fin — Performanceand power benefit
-g 30
< 6T/2Fin
20
. ok » Reducing track height to 6 tracks with
. respect to previous node (7.5 tracks)
S — gives extra area scaling at cell level (~15-
20%)
RO FO3 INV LVT device, all devices at same Iddq _ Reduce Power
Wire length 100CGP Lg=18nm, EOT=1.1nm, spacer=6nm
dd=0.6 PP=42nm, MP=32nm . .
Rbeol 135 ohmyum FHe3snm — However at the cost of limited/no
cheol =018 frium performance gain (wrt previous node)
imec 3
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AGGRESSIVE METAL PITCHSCALING

 Homere done sl PP s N

Tracks fins

» However don't scale FP as aggressive
to keep gate process simpler S R 757 3

» Scaling of Gate Pitch limited R I 73T 2
x0.65  x0.5 x066  x033

Remove » Aggressive area scaling x0.33

one fin
» Performance would depend
on ability to reduce device
‘ parasitics to benefit from
taller fins.
Shrink MP (Make » Good for power.

cell shorter)

» Status quo for PnR
7.5T — 2fins/FET

7.5T — 3fins/FET
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AGGRESSIVE METAL PITCHSCALING
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7.5T FO3 300scaled CPP

-8—N7_MP32_3F

N7_MP24_2F

30

1&—26%
1
1
E §<_20/, o w—
i ; 27% |
Pl J, 45%
1

40 50 60 70

Frequency

LVT device, all devices at same Iddg
Lg=18nm, EOT=1.1nm, spacer=6nm
PP=42nm, FH=35nm ,FW=5nm

» Aggressive MP scaling would allow to obtain

aggressive power savings node to node of
around 70%

- 45% from N7 MP32 to N7 MP24
on top of ~45% savings from N10 to N7

However at the cost of limited/no
performance gain (wrt previous node)

— 26% drop in performance from N7 MP32 to N7 MP24 is

about
equal to performance gain from N10 to N7

Performance gap can be further improved by
continued contact and mobility enhancement
and BEOL Cap reduction
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imec

CONCLUSIONS

Going to heavy multi-patterning era needs ‘extra’ scaling
» But multi-patterning has a lot of technology development

» To compensate for this need for Design-Technology-Device
cooptimization

» Implies more technology half/quarter nodes/( )

Scaling beyond 0.5 needed to keep Moore’s law alive
» However we can-not gain in power “and” performance “and”
cost “and” area

» Technologies likely to diversify to give more gains in one or
other metric

38
©IMEC 2015/ CONFIDENTIAL



