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— European Nanoelectronics Access

The Challenge

Increasingly (in)accessible nodes as scaling progresses...
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GF Puts 7nm On Hold

A= OREEa «

fo 7 forms ASIC

AUGUST 27TH, 2018 - BY: MARK LAPEDUS /‘fi

GlobalFoundries is putting its 7nm finFET program on hold indefinitely

and has dropped plans to pursue technology nodes beyond 7nm.

The moves, which mark a major shift in direction for the foundry, involve a
headcount reduction of about 5% of its worldwide workforce. At the same
time, the company is alse moving its ASIC business into a new subsidiary.

As a result of GlobalFoundries’ announcement, there are only three
foundries that will provide 10nm/7nm technologies in the near term—
Intel, Samsung and TSMC. There are also fewer foundry customers that
can afford advanced nodes. This, in turn, has some ramifications
throughout the equipment industry and supply chain.

GlobalFoundries, which originally announced its 7nm plans in 2016, said
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.. an infrastructure for the global nanoelectronics
modeling, characterization, and design communities
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State-of-the-art 14 nm FDSOI Fabrication facilities for State-of-the-art 14 nm FinFET

CMOS & nanowire nanowires & 2D materials CMOS

Advanced transistor and Advanced nanowire and Advanced transistor and

interconnect test structures nano- electrode test interconnect test structures
structures

Electrical & nano- Electrical & nano- Electrical & nano-

characterization platforms characterization platforms characterisation platforms
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European Nanocelectronics Access

e
Items for Device Analysis

300mm wafers with planar FDSOI and Nanowire devices

SPICE models and model cards for digital: target and preliminary

e 14nm FDSOI
e 10nm FDSOI
e 10nm FFSOI

e 7 nm Stacked-nanowire

TCAD decks

« FDSOI MOSFET
« Trigate SOl Nanowire
« GAA Nanowire MOSFET (mainly electrostatics)

€ Tyndall @ec 4




A ascgmnt LETI offer

Iltems for Circuit Performance Analysis

* Preliminary PDK for Full custom IC design
 14nm planar FDSOI technology
 10nm planar FDSOI technology (preliminary)
« DK for IC demonstrators
« 28nm FDSOI technology (ST Microelectronics)
* Near future:
« PDK 10nm including libraries

€ Tyndall @ec 4




Alascent LETI offer

— European Nanoe lectronics Access

Electrical Characterisation Capabilities

e Parametric testers with 300mm full auto probers

e General purpose I(V)-C(V) 200/300mm testers

« Temperature range for test on wafers: 2K = 600°C
e Test systems for memories

e HF tests up to 40 MHz, Noise measurements

« Reliability tests: hot carriers, TDDB, charge pumping, ...
e Internal Photo Emission

o Electrical test under calibrated strain

e High power tests (10kV, >100A) on 300mm prober
 Deep Level Transient Spectroscopy

» Electrostatic discharges, Electromigration




E le f Leti -
A ascent xample from Leti

=== | uropean Nanoelectronics Acces Nanowire wafer for characterisation
T
Access to LETI 300mm wafers with Nanowire devices for characterization and

study of advanced nanodevices in the characterization facilities of the
Nanoelectronics Lab of Univ. Granada.
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— European Nanoelectronics Access

Range of cleanrooms designed for flexible process & product development

« Silicon MOS Fabrication

e MEMS Fabrication

e Compound Semiconductor Fabrication
e Photonics Fab Training Facility

e e-Beam Lithography

e Non-standard nano-processing
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Fab Access

Access to Tyndall FlexiFab for non-standard processing

Test Chips

Si nano-wire test chips with range of devices

Electrical Characterisation Access

Access to Tyndall electrical test labs

Physical Characterisation Access

Access to Tyndall device characterisation facilities
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— European Nanoelectronics Access

Fin & STI module

NEET wells 11 Access to state of the art process technology
PFET wells I/l
;t i::;te NFET — post epi Experiment 1

NFET extension I/l
PFET extension I/l
Extension RTA

NFET SiN dep & etch
NFET recess

NFET epi

PFET SiN dep & etch
PFET recess

T T T T T
L Chigtslla s dl, ESSDEAC |
o o o o B
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Id_sat[pA/pm]

PFET epi State-of-the-art devices with dedicated
Laser anneal experiments ready on 300mm Silicon
ILDO wafers.

RMG 8..10 nm finCD Main features: Bulk finFET, Replacement
LI and BEOL 45nm Fin Pitch

Metal Gate, S/D epi with Local Interconnect
and silicide-last integration using single
metal BEOL

€ Tyndall
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I FinFET test chip documentation .
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= Documentation of process assumptions for the test chips
= |nventory of test structure types available on the test chips

= 300mm wafers with Bulk FinFET devices = Jogembinssicieacete
= Silicon EPI nFET/pFET CMOS fully integrated vehicle
= Embedded Si:P / SiGe S/D CMOS fully integrated vehicle

= Replacement Metal Gate [RMG] with Local Interconnect

Electrical Characterization Capabilities

Available systems and methods:

=500 m? of test labs, ~25 semiauto/manual 300mm probers
Statistical data treatment in JMP
Fully automatic 300mm parametric testers

= Single level BEOL metal

= Digital and Analog/RF existing test chips

= Complete suite of test structures for Reliability/ESD/Matching/Local Layout ef-
fects/...

= Standard devices up to circuit level [Ring-Oscillators, ...]

= State-of-the-art bulk FinFET device baseline

Semiautomatic 300mm parametric testers

Temperature range for test on wafers 77/10K = high T

Fast Pulse testing, Self-Heating characterization

s HF testsup to 50 GHz

Noise measurements

Reliability tests: hot carriers, TDDB, charge pumping, ...
High power tests {10kV, >100A) on 300mm prober
Electrostatic discharge LAB
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Semisuto tester 300mm chuck  Full Auto tester 300mm chuck

RF semiauto 300mm tester

with T capability with T capability
Testchip Documentation
STD Test-chip Content State-of-the-Art Device . . .
. and Simulation Scientific & technical support

Whenever necessary and upon request of the User, imec can offer scientific support
for in-depth data interpretation.

€ Tyndall {imec 3

= SPICE models and model cards for digital
= SPICE models for Layout effect

leti
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A ?chmnt How to Access

Step 5 Step 6
Access Report

€ Tyndall Qm,ec ez

Step 2

Enquire

Step 3 Step 4
Apply Selection




i\ ?chmnt Step 1- Sign-Up

|Q| http://www.ascent.network/contact/signupform/ P2~C | Sign-up Form | Ascent

A

Home Sign Up Access Events Workshops News Partners Q

Slgn-up Form 1 minute ASCENT

overview
Please fill your details below. By signing up, you become a member of the ASCENT net-

work. Members will receive specific information by e-mail on ASCENT technologies, details
about upcoming events and news.

For a more detailed technical enquiry regerding access, please fill the ASCENT Enguiry form fllcu n"‘mOm“"nt"m" Biice

You TR

Tweets vy @ascentau

Your name *

Your e-mail address ™

ASCENTaccess
Comments NTeu

FD-SOI Expands, But Is It Disruptive?
Interesting articke on EETimes from San
How did you hear about AS- Jose ubm.io/1SGki5b

CENT?
Sign Up

Tyndall simec &=

National Institute
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i\ ?chmnt 347 members of ASCENT Network

ASCENT Network Membership September 2018

Ireland, 30 = |rezland
= Germany
= France
= Rornania

= Bulgaria

Paland, 3
=LK
Brazil, & Germany, 38
= Spain
Austiia, 5 w Belgium
m iy
Groece, &
B Sweden

m Netherlands
W Serbia
Inetia, 13
o lapan
mLSA
Wingdia

usa, 7 W roece

ance, 27 .
France, 2 o Avstria

m Erazil

W Paland

B Armenia
Serbia, 7 .
B Mexico
W algeria
Netherlands, 9 W Cromtia
m Venszuela

Rormania, 21 ® Ukraine

Korea

Sweden, 11
L1

B Costa Rica
Iraq

Italy, 12 Portugal

Bulgaria, 17 Hussia

Singapare

Shovenia
Belguem, 16
Denrmitk
Switeerland, 16

Malta

Taiwan

Spain, 25

) Unknown
UK, 29

£ € Tyndall \imec =
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* National Institute
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A ascent Step 6 - User Feedback

—
Recent on-line survey to all members - 68 replies

85% : Yes, programme is relevant to their research
75% : Have not applied for access yet

44% : plan to apply

88% : Rated application process at highest option

100% : Would recommend this programme to colleagues

€ Tyndall @ec 4




A ascgmnt What’s new for MOS-AK 2018 in Dresden?

What’s new for MOS-AK 2018 in Dresden?

Leti presents an advanced SPICE model for 3D mosfets:
the Nanowire Surface Potential Model (Leti-NSP)

€ Tyndall @ec 4
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* State-of-the-art today for advanced design (<7 nm): BSIM-CMG, limited to
FinFET and 1 squared NW

®* Qur solution is Leti-NSP model dedicated to advanced GAA MOSFET.
Leti-NSP model can simulate:

» Vertically stacked GAA MOSFET (nanosheet and/or nanowire)
» Vertical channel GAA MOSFET (nanosheet and/or nanowire)
» FinFET / Trigate MOSFET (SOI & bulk)

f=] GATE

SOURCE ) SOURCE
Bottom GAA

Vertically stacked GAA MOSFET Vertical channel GAA MOSFET FinFET/Trigate MOSFET

National Institute
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— European Nanoelectronics Access Innovative SOlUtiOn for SPICE mOdeling

* Advances offered by Leti-NSP: stacked nanosheet with variable W & Tch
GAA MOSFET architecture and its asymptotic cases

Infinite W W-T., R > Ty /2

IlIN
/

Double-gate Nano-sheet Nano-wire Cylindrical
(SDG) (NS GAA) (NW GAA) \ (C-GAA)
v,

O. Rozeau, IEDM 2016

NSP model only supports all nanosheet GAA CMOS technologies

€ Tyndall {imec 3
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A

Overview of Model features (1/3)

For all device sizes

Model features: Leti-NSP model v1.0.0
Interface states

Nano-sheet

/4

Mobility model including sidewall effects

350
Quantum mechanical effect (GAA, finfet) 200 Wide  N-hannetsingle
Channel doping effect 2 250 .

: E 200 Narrow .
Management of SiGe channel for pfet > 150
= W=38, 18, 98,
op o . . . 2
Mobility model including sidewall effects 2 100 218nm
50 S ymbols.' fexperimental data
Temperature scaling and self-heating effect . Hmes: LetrNSPmode!
L . . 0 02 04 06 08 1 12
:/glrdatlon of quantum confinement modeling Channel doping effect (x10% cm?2)

E 4'0 . odel ) _ 8814 redlines: TCAD simulations 280 —
. Line: ode NS N e o~ - . _ -

:_u"-‘ 3.5 Symbols: TB_SIM | StaCkef,nis.t\-:v" £ 7814 | Black dots: NSP-model Eiig Wide

5 3.0 - T Z At N, ,=8x1012cm?2

e & g SE-14 £ 220

8 53 V 4 s 4E-14 undoped -2200

‘S < _ I 4 Single NS . £ £

S 15 | Llrm g ,...---""‘" X 8 3t14 N 3 189 Narrow

8 10 Tn=8NM B o™ ummnenpwioafecns S e P channel doping: s 160 _ .

o R=1nm ...:. - '"",.4.:. coec 1] 1018, 5018, 7018 and 140 Symbols: experimental data

% 05 F x—ov &5 /=5, 16 and 24nm & 1E14 1019 3 Lines: Leti-NSP model

O oo LY A% oEr00 eldcm 120 N-channel single NS MOSFET

0.0 0.5 1.0 1.5 0 0.5 1 15 2 100
Gate voltage (V) Gate voltage (V) 0.000 0.050 0.100 0.150 0.200 0.250

Channel width (um)

€ Tyndall \imec
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— European Nanoelectronics Access Ove rVi ew Of Mo d e l feat u res ( 2/ 3 )
T

* Short channel effects 250 S cked Ns: 157m
— T,.=0.7nm, T,=6nm, R=1nm, sesssssssssns
. o 200 -mezzsnml et ® sses®
Model features: Leti-NSP model v1.0.0 3 W o e odel
P G Symbols: TCAD
Threshold voltage roll-off s 4
L-scaling of mobility model 8100 | F gemememmttt
o o?
. . . = 4 V,,=0,4V to 1V
Drain Induced Barrier Lowering £oso t& ’
Velocity saturation o B , ! -
Channel length modulation in saturation oo 02 04 06 08 10
Drain voltage (V)
Series resistances with bias dependence 1.E+04 —_—
. n age.,, T,,=0,7nm, T,,=6nm, R.=1nm,
1543 3 stacked NS: L=15nm y o0 :1.E+Dz - '._"":. -y o -25hnm W,0=29nm
1.E-04 }T,=0,7nm, T,,=6nm e 500 Y O RS DR A E XX T f”””.c””
2 R=1nm, .'.. o". E‘—' 5 NPT, F—— |
S LE0S Py reem, o o S £ LE+00
= ? ’ o {1 400 © S
5 1.E-06 b Wy=29nm p 4 p 4 c S .
4 4 ] c - L sesslsessssssssseses
g 1.E-07 P o 4 1 300 © 8 L0z cseesscsses *
o o P 4 .g pud Line: Mode! V=0V to 1V
= 1E-08 P ..' J d 200 € ‘s 1E-04 B Symbols: TCAD —
= sshsssssssssas
E 1.E-09 F o. : 8 (] .....-l....l... -
(o] / g | Line: Model 4 100 & 1.E-06 . . " X
LE10 Be \ _qy & Symbols: TcAD © '
1611 it : : o F 0002

Draln 1ll.rolt..':lge ’
00 02 04 06 08 10
Gate voltage (V) éTynda" Qmec @

leti
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90
ops - L,=30nm e
* Other parasitic effects o 80 Jw=30mm -~
< 70 |FP=50nm -
Model features: Leti-NSP model v1.0.0 g 6o |XOW-20mm & NGCON=1
® ¢
Inner and Outer fringe capacitances S 50 it
s : : : w40 NGCON=2
All external parasitic capacitances including o 1 -
device to substrate capacitances 2 0 n--m---
External access resistances 10 [ et o aisrieas woget
0

Gate resistance with scaling effects
0o 1 2 3 4 5 6

Number of actives NC

IIIIIII.III|I|I.II|‘III||II

Gate tunneling currents
GIDL/GISL currents n

3 vertically stacked NS

C -
. %= - Short ch [ MOSFET
Junction currents and charges = [ onon channe
gl
o
% " Symbols: TCAD
o Sourc regon Gate contact @ [ Lines: model

e [Trew & [
. . ':'Wl L [ v L
Dedicated instance ﬂ;_:g Sr
parameters for all | 1Hlee Lne : LLH O
. i & g 3 L

GAA geometr]es e:-:‘%_ ?anoshget [‘9] 3 B M ' ‘ |

i_lf_l 1 [Fxew

L

X6 Gt comac Gate voltage (V)
NGCON=1 I-|=- Gate contact § Ty n d a I I gm cC @
NGCON=2

leti
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* Leti-NSP model: Verilog-A code and manual are available

5] LeiNSP_v100_siphabva £ #ENSP100_alphat_manualpdf - Adobe Reader _(ofx]
1997 gis = fact_sce % Df * inv Bap % Da; Fichier Edion Affichage Fenétre Aide %
end else begin o7 ‘ s Remplir et signer | Commentaire
qis = fact_sce * (xg - x_8);
end =
qieffs = k% s

/- ®#kxxazxaxss. Electrical fields at-the source side ¥¥x¥x#kzsx
- _exp(qieffs / “FIELD_SMTEH, templ)
‘FIELD SMTH * templ:

= eta % esurfs;

Jf wewmasswwed Quantum mechanical corrections at the source side FFRERAREEH

=] if (QMC > 0.0) begin
// Dark-space calculation
giseff_gmd = eta * gis;
giseff0 gm = = sgrt(giseff gm0 * giseff gm0 + gilim0 sq qm)
ds0_s = qu0 * exp(- INV3 % ln(giseff0 am s + _ )
qiseffc_qm s = sqrt(giseff_qm0 # giseff gm0 + gilimc_sq_am) ;
asc_s = que * esp(- INV3 * In(qiseffc gm s + 1.0=-20));

// -Gate capacitance correction

Tinvo_s TOX_i + epsratic * dsoO_s;
= 50! i : i i
CoxOp_am_s FSCH / Tinvo_s Leti-NSP 1.0.0 User’s Manual
Tinve s = TOX i + epsratio * dsc s/
rpmax _qm 5 = rpmin + 1. * deltaSo * Tinve s / r0;
Wooxc_gm s = 2.0=06 % Tinve s * deltaS0 / In(rpmax qm s / rpmin);

Weox_aqm_s = 2. 6 % (Ten + Weoxe_am s - # Relim) ;
Coxcp_qm s = 'EPSOX / Tinve_s * Weox gm s / WECO:
Cox0Prime_am s anwd % CoxOp_am s;

CoxcPrime_gm_s
CoxPrime_qm_s

anwe % Coxcp_am_s;

CoxOPrime_qm s + CoxcPrime_gm s; O. Rozeau, T. Poiroux, S. Martinie, J. Lacord, F. Triozon,

S. Barraud and J.C. Barbé

£ q0_s = CoxDPrime gm s/ CoxPrime gm s:
£ ac s = CoxcPrime_gm s / CoxPrime_qm s:
end else begin L | CEA-Leti, MINATEC Campus, Grenoble, France
£ a0_s = £_q0:
fqge s = f_agc:

end

/f - *x*xxxxxxxxx Mopility partitioning-at the source side *=xxxxxxxxx

betaos = BEIN_t:
petnes = 0.0 (© CEA-Leti, September 2017
=] if ((SWSIDMOS > 0) & (SWGEO != 1)) begin
betnos = £.g0_s * BEIN t;
betnes = £ gc s % BETNS t:
end
betneffs =- betnOs -+ betncs;

[/ Anmsssassss Mobiliry. antenuation rw: series Tesisrance At rhe sonrce. =ide _'_l
»

NSP model is ready for standardization (presented to the CMC)

imec @

leti

4
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European Nanoe lectronics Access

Hig

hlights to Ascent & Advanced models:

* Ascent provides a unique platform for access to advanced technologies,

electrical & physico-chemical characterization, models thanks to Leti,

Tyndall and IMEC as leading European RTO & European subsidy

347 members have already joined.. Go ahead, join, to meet your own
targets!

As an example of offered platform within ASCENT advanced models - Leti NSP

Unique SPICE model for 3D Mosfets: from Symmetrical DG to Circular GAA,
passing through different aspect ratio of nanosheet MOS

Stacking possibility is enabled

Fundamental effects included with brand-new emphasis triggered by
customised device features (corner effect, quantum confinement, mobility
degradation including sidewall effects...)

Validated on several technologies.

€ Tyndall @ec 4
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Join our community:
www.ascent.network

email: olivier.faynot@cea.fr; paul.roseingrave®@tyndall.ie
Phone: +353-21-2346268

Please join us in this exciting opportunity for nanoelectronics research

ASCENT is funded by the European Commission
under H2020 Research Infrastructures Programme
Grant agreement 654384

© 2015 — ASCENT Consortium
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