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Introduction

] Device downscaling is accompanied by introduction of new materials and
new architectures, affecting Analog/RF FoM

] Main contenders: UTBB FDSOI MOSFETs and MuGFET (FinFETs, NWs,...)
J We do not target to answer “Which technology is better for Analog/RF?”

] But review methodological approaches enabling a fair assessment
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Analog / RF Figures of Merit

Key-factors: We link FoM with device physics
MOSFET-level 3 Transconductance g,
i :T I/(2:7-Cyg) < 4 Drive current, |
s Ar\“ax o g, =  Output conductance, g4
0 m'9d —
/\I/ ~ = depends on 3 Early voltage, (Vea=l4/9,)
(gm d)
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Methodology g/l Technique

1/S

Baseband applications = .
(High gain, High precision) Vg =-03 >3V @

V,=1V

gmlld ~

N

(z'p'cox/n'ldnorm)

4 independent on V-

1 independent on L (except
SCE)

J ease comparisonvs V_,,
and vs T (in terms of purely

[V. Kilchytska et al. IEEE JEDS, 2021]
10-12 10-10 108 106 10*  physical parameters)
Normalized drain current, 1,/(W/L) (A)

0

‘ Allows fair comparison of different devices & at different conditions & T
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d./l4 Technique
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1) Effect of high-T

BL=30nm 5 =
E]] ~ T-0.18
O . T-0-31
G, /I, =10V ,
gy-1 V. Kilchytska et al. SSE 2012
0 50 100 150 200 250

Temperature, °C

4 limited 1 ., reduction,
20-30% over 200°C

d related to p and R
degradations
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2) Effect of Vg5

L=100nm i
| R

L=30nm

[
=
(]
=>

o

S

5 ]
= 10V-1
Gunly 152,\’1 V. Kilchytska et al. SSE 2012
2 ) 0 1 2

Substrate bias, V_,, V

4 V., — positive
E> Id normT Of 5'10%

Q Sign of beneficial
effect of y 1

I, /(WIL), pA

Examples
3) Effect of Wy,
*8$,

L=107 nm

-
o

V. Kilchytska et al. SSE 2015

-

10

10

NW width, Wy, (nm)

4 long-L: | ,/(W/L) is
almost const

d short-L: | /(WI/L) is
improved by W,y scaling
O due to improved SCE
control in narrow devices
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d./l4 Technique

4) strain introduction

> FinFETs
='5 30/ L=50nm
£
O
201
10 w/ strain
V. Kilchytska et al. —
Short Course at SOl Conf 2012 WIO strain
Qoo — 10-8 | 106 | 10+

| I,/(WIL), A

dnorm?

Q ubooster = G T, 1,7
Q SCE control ¥ = S Tand DIBL T'= Vg, ¥
U Tradeoff for Analog 7?7

O Depends on application / bias point of interest

gm/ld (Vl)

Examples
5) Cryogenic temperatures
100 — L=90nm m 300K
20 _/(\A----Lg=25nm ® 77K
60 4 S
40

——_.-
-~

20

d B. Kazemi Esfeh et al. SSE 2019

0 I T T iy T T rrmmyg Ty
1E-11  1.E-09  1.E-07  1.E-05
lo/(W/L) (A)

QA SY with TV (~kT/g)

Qg porm T With T ¥ duetop 7
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V., extraction d(9,/14)/dV,

—~~ >C7
~ 1.2
> analyt. model. O | HIBS0IMOSFET  gaey —=—dCgc/dVy
~—" 40 ! - o- Atlas 2D simul. |-200 —> 1.04 b oy -d( N )’dv
o ' d = 8 " |due to p(V,) £ et
<E max| — (g—mj E 2 ] 9/ 4 —o—dyldV2
dv | 1 ® 0.8- ’
O 30+ e\TD /) 45y O Z 4
_________________ 42 /d 2 © o 0.6-
anV Vg max I E 1
204 - --100 -g 0.4
o
Z v
| ! 0.2 fgoo® .
10 o --50 B,
i ' o I. Rudenko et al. IEEE EDL, 2012]
g 0.2 0.4 0.6
0 I '[D' I_T/and’:e. et:?/' IE'EE EIDL’ 2'010] 0 Front Gate Voltage (V)
0.2 0.3 0.4 0.5 0.6

Gate Voltage, V (V) _
O Three methods allow assessing of
2 2 2 2 i i
d d2(1nl 42 d“Q;n/dV¢?|max (@°@4/dV 2| i) criterion,
Em | _ (nzD) _ 4 ¢; namely dC . /dV, d?l,/dV 2, d(g,/l4)/dV,
dVg I, dVg kT dVg

d dC,/dV, is tricky for small-area

Q Position of d(g,/Ip)/dV, |, coincides with that 4 d(g,,/14)/dVy is much less sensitive to
of d2Q;,, /dV 2| nax the p(V,) and V, than d?l/dV 2
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Methodology d..-A, Analog Metric

= Short:L
£
o7
Lo
__n d analogue of I — | digital
e metric
/. u
. SCTE, Req Q very visual

4 for analog: both g,, and A,
are wanted to be high

4 independent on V;

V=V;,10.6 V V. Kilchytska et al. EuroSOI 2014
Intrinsic gain, A,

Fair benchmarking of different fabrication processes, bias conditions, T
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dm-A, Analog Metric Examples

1) Effect of Wy 2) Effectof T

2 1700
= Wyw =15 nm 25nm
= 1500 -
) Wyw =45 nm \@
E1s ae 1300 -
W=10 pm A £ 1100 -

E quasi-planar_® >
= = 900 -

1{ J® u® =

= < 700 - M
* cop |m vd=ve=1v,300k “ % @
A Vd=Vg=1V, 77K g
0.5 300 4@ Vvd=vg=0.8V, 300K
V=1V L=17 nm ... 1ym N 100 +° Vd=Vg= 0.8 V, 77 K B. Kazemi Esfeh et al. SSE 2019
d ¢ T T T T T T
0 Vg=VTh'I|'0.6 \' 20 | V. Kilchytlska et al. S.SE 201560 15 20 25 30 35 40 45 50
0 40 :
Intrinsic gain, A , (dB) Gain, A, (dB)

U quasi volume inversion operation O T reduction is beneficial for analog
conditions + improved SCE control application as :
= lyand g,, are improved Q Gain T
:VEAT&A\/T ng/]\

= on the condition that R, interfaces,
ud, etc. are well tolerated
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d..-A, Analog Metric

3) Effect of V,,,in UTBB FDSOI
T 1.6
==
7p)
\%1 2;
E :
£
(@)
0.8/
0.4
- d T 1 T | % V. Kilchytska et al.
NATO ARW 2015
% 22 = 28 32 |

A Veup = "+ = Oy & lgnormT 0f 5-10% (p 1)

AV, “—"=> Vg1 (DIBL ) &G, /1 1

36
Ay (dB)

(V; shift) = one can win ~ 5 dB in A, max

= Choice of V, “+" or

targeted applications (either I, T or A, T)

(13

-"depends on
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G/W, pS/pm

200

0

Examples
4) ADG or QDG regimes

400 -

\Vi * 9 \/
V. Kilchytska et al. SSE 2013 | p— 1
- sourcel channell drain
= BOX|
E_
Si substrate
Y R
\“\J;I\
O-- ‘- O g
- - Ql"“ =
& SG i SN AEE
Oﬁ‘D5G *--0_ 9
B k= V=1V, Vi
O k=10 Ny 9
A k=15 ADG.Vbg V
AKk=20 _QDG: Vy = k'Vg
15 25 35 45

Av, dB

4V, modulation in ADG & QDG mode is
accompanied by S, DIBL ¥ and | z=const
(Contrarily to the V,, bias in SG mode)

Qlyand G, 77 +DIBLY +A,77 can
actually be exploited for analog applications

O impact of parasitics??? dynamic
performance reduction ???
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d..-A, Analog Metric

190 Ry §_.._.Iilﬂakovejev et al. SSE201 5Vg —\y=10V
” —~a ~e— 100 kHz
E420 & 1 MHz
& f7 +— 10 MHz
E 110 E . —4— 100 MHz
8 L1 v 1 GHz
= arameters
-E 100 H VNAS4I:) kHz—t>4GHz
H !
E a0 - S, — Y;conversion
T |
I|: a0 - de-embedding
1 ..
?[] 9d|= Re(Yqq) | | | |

30 40 50 60 70 80
Intrinsic gain, dB

f-range

d.,, — A, analogue metric is
strongly f-dependent

= Performance prediction from DC
data is insufficient

= Frequency-dependent effects:
floating body, self-heating, substrate
coupling, ...

9y () & gy, () = Gain (1)

— Quest for wide-f characterization

200100 4 7 AV¢ with f 7

94(f) = Giner + A9y ra(f) + A9y su(f) + 494 sus(f)
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Methodology Wide-f range approach

= Allows for distinguishing of different non-stationary effects

UE) 4 S parameters L=100 nm ¢ \
VNA 40 kHz — 4 GHz gate
S 1 noGP SUB _
0 | [de-embedding source : chanrlel rain
% 3 ] 4\ = Cphoy =’ BOX
3 | S“ N Yu conversion S H Ag é........EG.. """""""E substrate
= 1 d_sue Cinv Response of
y o) i W A R C i minority carriers
c 2 - gq= Re(Yq) I Csupi "CR SCt fisus ~ (Csc'Rer)!
Q AQqy_sH N f
(&) Vg—Vd—1V __________________ o Rg; T Csi maﬁasrliot;ncsaer:i)ers
\ fzsUB - (Cs,"Rsy
1A L
VGs
V=0.6V; V=1V e Agy sup=(n—1)-g,-
A e - I v~ Cron Vs,
0 o~ . . - - - BGS = C C C C DS
DC 104 106 108 1010 86p T Lo T Cape T L
S. Makovejev et al. SSE 2012 Frequency, Hz V. Kilchytska et al. IEEE EDL 2003

—Two main reasons of gy(f) variation are: SH and SUB-related effects

9o(1) = Gintr + AGac£6() + A9y sul0) + 494 sus(?
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Effect of technology downscaling on g, (f)

/EI phonon boundary scattering 7 (when smal/er\ (E] S-to-D proximity A
than phonon mean _free path 105'300 nm) [ Inversion in the substrate (by Vv, over
4 thermal capacitance Cy, the whole S-to-D distance )
] use SOl-like architectures
 high Jg \ )

\ SH SUB ~N
)  high J
LY 7 7 A 1 interface proximities = interface

effects 7

; -
Tsi ¥ 7\\ / —\U thermal conductivity v = Ry, 7 )
W, J ) J
1
BOX J A [ coupling through the
/ ' \\\ substrate reduces
 thinner thermal barrier [ stronger coupling through the substrate
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Methodology Wide-f range approach

UE> 4 S parameters L=100 nm
VNA 40 kHz — 4 GHz
S 1 noGP SUB
g 3 | de-embedding
© :
"6 | |'s; - Y, conversion SH A9y suB
= | -
y o S\ W A
cC 2 - gqs= Re(Yyq)
O A
O V=V, =1V I 9a_s
14
| Vo0 L Y e
04~ | | | | |
DC 104 106 108 1010
S. Makovejev et al. SSE 2012 Frequency, Hz

— g4 degradation in f-range can be very strong (2-5 x of its DC value)
—Two main reasons of gy(f) variation are: SH and SUB-related effects

— SUB-related degradation can be even stronger than SH-related one in UTBB
devices without GP
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Wide-f range

GP introduction

Examples

o0
Vy=Vg=10V A
--== tgox = 10 nm, Lz = 100 nm £
E40 - — taox=25nm, L, =84 nm
7] ;
= substrate effect p-substrate
ESD - e noGP
= | | suB
= 20 L self-heating et
= — GP allows to suppress SUB-
E'% 10 L related g4 (f) variation
4 self-heating — SH is the main reason of g4(f)
9 S. Makovejev et al. ULSI 2014 variation
10° 10° 107 10° 107
Frequency, Hz
9olf) = G+ A1) * A0 ) + 2Tpays(
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Wide-f range Examples
UTBB versus FINFET
10 pe—————————— e ————— . 1.0
_ ~10% ) ) 1sh
Zoo | N fsuB
‘:f' @_o_a -
308 no GP <
¥
Vg-Vi=04V,Vg=1.0V -
— no GP - [
| p— p-type GP Wi = 12,22, 32,42, 82 nm
. Vyg=Vy=10V
\S. Makovejev et al. SOI Conf. 2011 i 'S Makovejey PhD Thesis 2012
105 108 107 108 10° 108 108 107 10° 108

Frequency, Hz

Frequency, Hz

SH is the main reason of g,(f) variation
both in UTBB FDSOI and SOI-based FinFETs
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Wide-f range

Examples

Different ways for SH reduction

= Geometry optimization

= Lower bias

= BOX thinning

= Use of high thermal conductivity materials
= Heat sink implementation in the BEOL

= ~20-30% of Ry, reduction

30

A. Halder et al, SSE 2021
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BEOL Heat Sink

Top Metal 234 jm by 174 um

M5 to M10

Above Device | s

vage—Connected Vias
/ﬂuu

Device

(® G,

—3 Hot Channel

Silicon Substrate

Ry, reduction,

B B O Method 2 from Im(Yye)
i & B Method 1 from Re(Y,y)

\ \ N

N \ \

N NN \

N TR N

SN NN N

N AR N

NN VAN N

R N \\\- N N

N N W
N N N
N N N
NN A N
N N N
NIR NN RN
NN VR NN
NRY N N
RN AN N
RN RN L INNN RYAN

Die 1 Die 2 Die 3
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BE ve=v,=09V
BE v,=08V,v,=09V
BE v=09v v,=08V

AL
A

A,

)
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Wide-f range

Examples

SH features extraction using RF (S-param) method

R

284 s = (AT =R, 1V,

" (]d +gd_LFVd)dld/dTa

160

-
NS
o

Output conductance, uS/um
=
Qo
|

(@)
o

UTBB, Ly = 100 nm, tgox = 25 nm
V= kg Na= L0 100 MHz € 1.6 ns

3.2MHz< 50ns

~33 K

~r "

S. Makovejev et al. ULIS 2012 ATrr~ 695 K

40
10°

10° 10’ 10° 10°
Frequency, Hz

O Volume / surface is drastically decreasing

1/surface, Cy, ~ volume

4 t,,=Ry-Cy, (nanoseconds — RF is needed)

B UCLouvain viC’tearn

Symmb. | Techmology Reference | tgoy mm | tg nm
E [ |urss 51 10 8
150 =t 4+ | ureB 51 25 75
-g W | UTBB 6] 10 7
O | UmB M 145 10
# | 28mmFDSOL | [8] 25 7
4 W N * A | B FDSOL | tswerk | 25 7
100 e = A | Bombulk | s wodk -
.-"H._ :F:
| + :+_-
L -
L D -

Thermal resistance, K- p

S. Makovejev et al. EuroSOI-ULIS 2015
| i i

=

=0 100 |50 200
Gate length, nm

d Ry, in bulk is lower than in any of
benchmarked FDSOI

4 C,, is higher in bulk than in FDSOI due to
larger Si volume available for generated heat

O Temperature rise due to self-heating
» ~32 Kin bulk and ~87 Kin FDSOI

SBMicro— 26/08/2021 — Valeriya Kilchytska — UCLouvain 22



Wide-f range Examples
FDSOI versus Bulk

13
Ve=Vg=10V 14 Vg=Vg=1V

12 hollow symbols: 100 kHz

i 13 full symbols: 1 GHz
= -
310 51‘2
) n
8oL 11 -
= 5

a 10 —

[ 09

s —— S. Makovejev et al. SSE 2016 O
6 i | 08 ! ! | l I i
10° 20 _ 40
Frequency, Hz Voltage gain, dB

O In spite of stronger SH effect (Temperature rise due to SH is ~32 K in bulk and ~87 K in
FDSOI), FDSOI outperform bulk in terms of Analog FoM in entire frequency range

O While thermal effects are stronger in FDSOI, their influence on device parameters is limited
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Wide-f range Examples

SH in cryogenic

e — T, =Tk | P | | '
A= A 25nm
' Th=100K 30 | A 30nm ||
— T4 =150 K A 35nm
~0.95} 7:,4 = 200 K| | 45nm
. Ty =300 K 251 90nm [
nZ
=
= 09} LA
<
—~~
N 0.85
9 L=30nm
V=1V, V=1V Vy=1V,Vy=1V ﬁ
0.8 ..1r A M | - A AL“.l- PR S U WA | i A..,..L( A JAT300~105K a | 1 | 1
10° 100 10° 10° 107 100 50 200 250 300
Frequency [GHz| Ambient temperature [K]

L. Nyssens et al. ESSDERC 2019

U SH-related degradation of Analog FoM is slightly reduced at cryogenic temperatures
O Thermal time constant is further reduced at cryo = RF technique is even more relevant

O Device temperature is particularly different from ambient at cryo = crucial for modelling
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Wide-f range Examples

Variability UTBB versus FINFET

24 60 | - '

2 b L, =60 nm . Effect of inter-die variability

20 S A0AN N U. Monga et al. A
S i«” P, IEEE EDL 2011
E .~
1 S 308
$ P L=70nm

16 £ 204 Vy=Vg=1.2V

5
14 : or
. S. Makovejev et al. ESSDER 20 T 0 L— . - R s
Frequency, Hz freq (Hz)

O Behavior in term of die-to-die variation is very different

» FDSOI: small and almost f-independent

» FIinFETs: strong low-f inter-die variability and f-dependent (suggested SH)
d SH depends on device dimensions (Tg;, Tgox, €tc.) = subject to variability

O 3D architecture = control over the fin geometry is more challenging = SH-related variability
is stronger (dominates?) in FInNFETs
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Wide-f range  Separation of SHE and SE

Extraction at ZTC point allows for separate SHE and SE analysis

60 — 2.5 , : : : , ' -
—300 A V.=054V 3=V =05V ]‘
g\ g kit IS TSI RIS i
50 |——320 —~ 2{|O V=062V »M 5 — V=062V Subst.
3 : = X V,=0.70 V 8 9 —V,=075V A
10 350 ] g >3( s
40 i 7w ~ 1.5} - e S
— 370 = X ==
s . 4 |
E 30| |——39 == X | g
P z, 3 =
20 % o5l a5 0
5 = bstrate—20)
10 ZTC point: o0 (RN ap ~ [ = W SU Sb"a e Subst.
. V, zrc = 0.62 V 2 -== w/o substrate
-0.5 , i ey . 1 . . : '
0 0.2 0.4 0.6 0.8 1 f()}() k 1M 10M 100M 1G 10QG 100k 1M 10M 100M 1G 10 G
Vg (V) Frequency (Hz) Frequency (Hz)

L. Nyssens et al. IEEE EDL 2021, VLSI 2021 ] ] ] ]
= misestimation is ~5%, for large I

— can reach ~50% for lower Id in M.I.

= At ZTC point g, (f) variation is SHE free
= Allows for “clean” (SHE-free) extraction of Substrate/Back gate network

= Substrate Effect-free extraction of SHE parameters
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Wide-f range

Examples

Mobility extraction using split C-V

-
]
a

strong GIFBE on DC curves

0.20

0.15

GIFBE is completely suppressed at 1 MHz

0.10 -

Transconductace (mS)

0.05 -

0 02 04 06 08 1 12 14 16 18
Gate Voltage (V)

g 300 Standard method:
g Overestimation of Pa¢ max
= by ~20% due to GIFBE
g 200 - C
% 150 | Revised method:
£ 100 3 Mer IS free from GIFBE “hump”
u%, 50 A

0

0 0.2 04 0.6 0.8 1 1.2 1.4 1.6
Gate Voltage (V)

V. Kilchytska et al. EDL 2005

Standard split C-V

P
lLleff = Ve 2

VD ) '[CGC (VG )dVG

Revised split C-V

O an integral of high-frequency
transconductance instead of the DC
drain current to suppress influence of
GIFBE on extracted ¢

O allows for extraction of non-
stationary effects-free mobility
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Outline

v Introduction
v Analog/RF Figures of Merit
v Methodology used for device assessment

—> DC-based Techniques

—> Wide frequency range measurements

—> RF characterization methodology

v’ Conclusions

W UCLouvain _/cteam SBMicro— 26/08/2021 — Valeriya Kilchytska — UCLouvain

28



Methodology

lllllll

10 —

nge

Metal contact
Gate polysilicon
cgdi

Buried oxyde

Substrate

‘Ai 4

Inolading
Extrinsic

J.-P. Raskin J. of Telecom. a
Information Technology 2009

Planar bulk

llllllll

100
B UCLouvain </Cteam

L, (nm)

RF Characterization

O With devices downscaling importance of extrinsic device
parasitics enormously increases. They can even dominate.

Q Particularly important for advanced architectures

O It is important to separate “intrinsic” and “extrinsic”

elements Cpu= Cpaet €,
1 G
R, i ,.Cdl ....... |ntrms|c ....... R,
Gate o—\N\ + f - \/\/\—oDrain
Cpe= Cpue* Cpui = | C+) T o= 10, = Cypo* Coy
Cgse chi d:I_ dse
RS
Em 1 Source
2-7-C,, C C
’ (H ng++°(gd (.72 ) ng
gy Cgs
= 1
4-7-C,, C l 1 /C C
& 1+7gd Igd.(Rg)—i_gd..gm-l_gd
Co V 2\C,, C,
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RF Methodology
FinFETs

350 — fT 350 fmax
L=60nm T R
300 — 2 3004 g
-
C. 5
N 250 inner 8 250
2 S Cinner
W 200 — R +R é 200 —
2 L lC. S 2 R.*tR
® 150 4“outer ﬂ 0 150+ S d
[ J\\ outer
L _] Wt i
100 Il ,, 100
G
50 — E 50 —
>
]
04 | | | | 04 | | |
FT1 ' FT2 ' FT3 ' FT4 ' FTi FMAX1EMAX2FMAX3FMAX4 FMAX]

J.-P. Raskin J. of Telecom. and Information Technology 2009
Wu and Chan (IEEE TED 2007

con

Examples

Q 60% of f; ¥ isdueto C,,.,
O 15% due to C ., + Rgp
0 40% of f,, | is due to R,
d 30% dueto C, .,

— Cir IS @ big bottleneck for
FInFET's RF performance

— Specific for 3D

— Largest effect is due to coupling
between S/D side walls and G
wrapping between the fins

= Ciner IS predicted to be re-duced
by S;,¥ or by Hg /Wy, 1




RF Methodology Examples
UTBB - Leti sw

0
c)L,=30nm L,=350nm L =100 nm

Parasitic R 700 } 3
2000 — O  (ITRS)
T = 600 | + 27 nm
: . §
E1500 g g s00 b .. 2013
= o
& 1000 | 2 = ! -
E = & g 2
cg 500 | = 300 | hz_ -
= o =
= 200 |} D E
0 ﬂc
L=30nm L=50nm L =100nm 100 } ir—

Parasitic Cg_ge

n
(2]

_ no - GP Q Increased impact of Rgy and C g, as L4
= 2.0
= 4 particularly nge Cygi > Cyge in 100 nm-long
= devices, but C, > C, in 30 nm-long ones
o L";:?m) O Process was not optimized for RF

o A f; as high as requested by ITRS for LP

0.0 applications is achievable if ITRS requirements

L=30nm L=50nm L =100nm
M.K.Arshad et al, SSE 2014 for Ryg and C,, are respected
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RF Methodology Examples

Parasitic R, 28FDSOI vs UTBB - Leti fr

’ 300
: +gme,This waork . 750 “
45 “ -é—gme,Previouswork [3] | &
4 x —&-g_., This work 250 F ; —p—T ,ThES work
= Y —8-g_., Previous work [3] - 600 \ T ;
% e ' il S5 —6—t_, Previous work [3]
.E. 3 N Reg » This work . a5g E_
> 25 \\ Ry Previous work [3] | G —— T 200 '10 G Z
i 2 ZXI ) % 3 2
£ S - 300 2
: 1,5 “"\_‘_‘_ - 225 ~ 150 |
i Tl 350 X
0,5 75 wr
0 0 ~ 100 F
0 50 100 150 200 250 -
Gate length, L, [nm]
. 20 F Thiswork-28FDSOI ===-._ ]
. ParaS|t|C ngp - Previous work — UTBB (Leti)
\e -O-ngi,Thisu.vork o0 0 1 1 1 1 1
' e e 0 50 100 150 200 250
gge’ i
T ’ ﬂ”igg;f;'e":);’sw"’m] 1w B.K.Esfeh et al, S3S 2014 Gate length, LE , [nm]
'.‘.‘_::: & -A—RZ’, Previous work [3] | —E_
= i
- 800 ¢y
t'-’?15 - 4 600 E
F 19 5x 28FDSOI to UTBB (Leti) improvement of parasitics
1 b u 4 400
05 | ‘ll 200 (de, Rg, ng_ext) = fT ~ zsoGHZ and fMAX ~ 250 GHZ
0 : - : - d o slightly lower than requested by ITRS (f;=322 GHz,
0 50 100 150 200 250
Gate length, L, [nm] fmax = 284 GHz for L =24 nm) = further improvements?
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RF Methodology Examples

Newest 28FDSOI

500

@ DUTBB with back-gate, (this woek)
430 - OUTBB. (& werk)
) I OOG HZ ® m Bulk, (this work)
400 - OUTEB
350 - X Bulk
330 ® g@' ® Bulk with stram
~ 300 - & $UTB
N O g@i @ + PD-SOI
250 - . & PD-SOI with strain
) & O FuFET
i 200 :
- - l'-"|+ @ é X
150 4 B— Bx.
o $f
100 a-+i0
Q a
50 - -
. B.K.Esfeh et al, ESSDERC 2017%....~T
10 '.~5Cl 1000
Gate Length (nm)

d g,,: about 10% increased
d Cg,: ~20% reduced

4 f; ~360GH:z fits ITRS requirements
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RF Methodology Examples

28FDSOI at cryo

N'400 | | | 1 »250
(55 : O \Y4 ’ fr E
e o
E &
~-300 £200
- o)
200
150
100}
— Extrapolatio
o.® | = —Formulae | | (b) | | | | 1000
0 100 200 30! 0 100 200 300
Temperature (K| Temperature (K)

B. Kazemi Esfeh, IEEE JEDS 2019
L. Nyssens et al, IEEE JEDS 2020

4 130 GHz increase of f; and 75 GHz of f__, for the shortest device (30% increase)
4 Due to g,, increase (~40%) (related to y) and Rg reduction (for f_,)
4 Cg, and Ry, are almost constant vs T
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Conclusions Take away

300 =
n 4 =
E L =100 nm . W, = 500 u::
8 N, = 80
g0 oo _% S0
ER & 500 1 3
(=]
5% = 400 | o5
o “ 300 | E &
1 / ..."“_r: -
200 | o E
1 V,=0.6V; V=1V - s
A L
o Frequency, I-!z L =30nm L=50hm L = 100nm
O Performance prediction based exclusively on DC 0 Impact of parasitics on device FoM
data may be inaccurate (device benchmarking may enormously increases with L
be misleading)
—> appropriate techniques allow for fair benchmarking linked to Acivesone

the device physics and operation conditions

Ground
Signal

—> wide-band analysis is required for the fair FoM assessment

Ground

—> separation of “intrinsic” and “extrinsic” elements

Measurements

related performance is mandatory

—> adequate structures (with RF access pads) to be included in the layout from the
very beginning of the technology development
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