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o2 IMS Outline

Connecting Minds. Exchanging Ideas.

* Introduction - UTBB FD-SOI

» Self-Heating (SHE)

* Output conductance measurements
* Back-Gate/substrate modeling

* Conclusion
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an imMS Introduction

Connecting Minds. Exchanging Ideas.

* Device downscaling is accompanied by introduction of
— New materials
— New architectures

* Two main contenders:
— UTBB FD-SOI
— MuGFET

Vertical nanowire 2021

‘ Monolithic 3D 2024

2016 IEEE Spectrum 53(9):9-11
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an imMS Introduction

Connecting Minds. Exchanging Ideas.

UTBB FD-SOI
— Thin Si film and buried oxide (BOX)
— Excellent variability control
— Very good control of short channel effects
— Tunability of electrical performance

— Very good digital, analog and RF
performance

# FD-SOI is foreseen as a competitive technology platform for
low power wireless applications, loT, 5G,...
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onIMS Self-Heating Effect (SHE)

Connecting Minds. Exchanging Ideas.

* Higher current density due to aggressive downscaling

* Reduction of thermal conductivity with gate length and film
thicknesses reduction

* Low thermal conductivity of SiO, buried oxide (BOX)

# Channel temperature rise
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onIMS Self-Heating Effect (SHE)

Connecting Minds. Exchanging Ideas.

 Temperature rise of 87 K in FD-SOI in
28 nm FETS atV,=V,=1Vin[1]

 Effects: D@’

— Degraded device performance
— Mobility reduction
— Lower output current } At higher

— Reliability issues V, bias n-well
- VTH Shlft p-sub

# Need characterization and extraction techniques in order to properly
model SH

1] S. Makovejev et al., Solid-State Electronics 2016.
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o0 IMS Self-Heating Effect (SHE)

Effect apparent in the Y-parameters
-> Output conductance g, 5 = R{Y 51}

A

dds
Low frequency High frequency
+ gaswithstaticand ~ foo-ooooooooo el * gas Wit static SHE
dynamic SHE

Dynamic SHE  No dynamic SHE
because temperature
cannot follow HF signal

f
fsy shifts to higher frequency for advanced architectures (with small volumes) from
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onIMS Self-Heating Effect (SHE)

Connecting Minds. Exchanging Ideas.

Extraction of self-heating is not straightforward

—V,=062V|  __ neasured: SHE + SEff )
A= V=0.70V ~-- Only SHE
35| Ye= 0BV S u bStrate
_ 7 —v,=0s80V
2 5 ! effect
§ 2.5 i
: . : (SE)
N } —>
¥ SHE i1
<! i
0.5 :I . .
; * Coupling between source and drain
sl dLMAT,=0DY, = Vikgy through BOX
100 k 1M 10 M 100 M 1G 10 G

Frequency (Hz)  Complex back-gate/substrate network
L. Nyssens et al., VLSI-TSA 2021.
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onIMS Self-Heating Effect (SHE)

Connecting Minds. Exchanging Ideas.

Extraction of self-heating is not straightforward

S « Same frequency range as SHE
— V=062V — Measured: SHE + SE ’ .

H=Vemorov —-- Only SHE Sub * Neglecting SE can lead to an error as
] o ubstraté |arge as 60% in Ry, for low-V, range
ERRl : effect T e
— . W g -

T 257 ! o —V,=0.75V
s o ‘! (SE) % =0 : '
= ¥ &
& SHE 1 < 150
<! i 5

05 : % 100 P = S=maa

0 5

o5l AT, =0 Y= Vingd S 50! A

100 k 1M 10 M 100 M 1G 10 G o — w substrate

Frequency (Hz) -== W/0 substrate *,
oL ik . S i

- e L. Nyssens et al,
100k 1M 10M 100M 1G 110G
L. Nyssens et al., VLSI-TSA 2021. e IEEE EDL 2021.
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onIMS Back-Gate/substrate modeling

Connecting Minds. Exchanging Ideas.

Layout Dimensions

* L,=20nm

* W,=0.5pum

* N;=16

* Ny=2
Multiplicity = 4
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onIMS Back-Gate/substrate modeling

Connecting Minds. Exchanging Ideas.

Two devices with different back gate connections
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onIMS Back-Gate/substrate modeling

Connecting Minds. Exchanging Ideas.

Output conductance g4, = R{Y 4}

2.5 V, = 0.62V
2| V=08V
1.5} ng =0V

LI With large R
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0.5
Substrate effect

94 — 94(100 kHz), (mS)
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onIMS Back-Gate/substrate modeling

Connecting Minds. Exchanging Ideas.

Small-signal equivalent circuit

S G D Gat%__ﬁi & - I D’ _i%_oDrain
M J_ gd m.ivg‘s'.- mb, 1Vb$ M
Tcss ﬁl.-gcl.i
CovT S _l_ CEI:
R, Csb
Source BGi
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onIMS Back-Gate/substrate modeling

Connecting Minds. Exchanging Ideas.

Output conductance g4, = R{Y 4}

2.9

2L

1.5+

1k

0.5

gq — gd(100 kHZ), (mS)

0

(RS HE MRS MR EERSHE MR R B S A I
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Frequency (Hz)

V,=0.62V
Vy=0.8V
Vpe =0V
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o IMS Conclusions

Connecting Minds. Exchanging Ideas.

* Connecting the back-gate via a large lumped resistor
creates an additional transition in the measured output

conductance.

 Substrate effect related transition also appears in the
measured output conductance.

» Calls for accurate compact models capturing not
only intrinsic elements but also second order
effects relative to the back-gate and substrate.
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