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|. Silicon-on-Insulator (SOI)

Partially Depleted vs. Fully Depleted

RSN 3 AT i S e e R
<<70
70 - depletion nm
200 <400
nm guasi-neutral Si nm
<400 buried oxide (BOX)
nm

Vin # ((Teox: Tsi)

Vih = (Teox: Tsi)

— Less industrialized

— Easier to (only OKI 0.15 um),
manufacture

at present but higher promises
(IBM, AMD...) (UTB, FInFET...)
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Basic |-V behavior

UCL
Partially Depleted vs. Fully Depleted
R RN R . T
depletion
— | quasi-neutral Si

buried oxide (BOX) »\
\ Vth,frqnt = 1:(VGb)
Vth,front '-/" 1E(VGb) But “near and
But sqrt (V ) lower coupling
As in bulk CMOS vs. Bulk and PD

In both cases, to 1st order, |-V curves as in bulk
= Similar models but with adequate parameters :
BSIMSOI (+ EKV, PSP under development) !
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. Specific SOl Phenomena

Partially-depleted SOl MOSFET

Floating substrate node V

N
AN

N
AN

Impact lonization, Gate tunneling
— Hole current in n-MOS
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Drain current

- normal operation:V g -V g
h-Vg - Yasinbulk

- far in saturation :

VB>VS_’Vth ,|DT

r——-=-=-=-==-=-=-7

« KINK
Effect »

Drain voltage

Also parasitic bipolar effect !
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@ NMOS (W=10y, L=0.25) @ VGS=1V

.,f 1.40E-03 FD SOI
PCI: 1.20E-03 - PD SOI FB
catholique
de Louvain I
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VD (V)

T P+ - substrate contact

dn  To source or ground

PD SOI

BT =
Trade area vs FBE, but

care with tie efficiency,
l.e. resistance !

« Body tie »
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(&) NMOS (W=10y, L=0.2511) @ VGS=1V

,,;F 1.40E-03 ED SOI
PCI: 1.20E-03 - PD SOI FB
catholique
de Louvain S
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PD SOI : FB = Floating body
Beneficial for current increase, i.e. speed,
But dynamic couplings can be detrimental !

D. Flandre , Microelectronics Laboratory, CeRMiN MOS-AK 14/09/2007



ﬁ Delay Time between DC point measurements
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What is DC ?
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ﬁ% Floating-body effects (FBE) compact modelling

Rde

.
o

\" Case/| BOX

All static and dynamic Gnd

Body (B) couplings to
G, ij E) ;nd gndg Introduced in major

models : BSIMSOI ...
But requires careful
parameter extraction !

—> * History effects
* AC/RF effects on
small-signal parameters
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Output conductance vs. Frequency

+V,
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'|| —©— DC measurements
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V. =iy. R=g,.v,.R 0 0.5 1 1.5
=> g, = (v,,/v, )R Drain voltage [V]

Wideband frequency measurements
= solution for parameter extraction !
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fEy
Bl Output conductance vs. Frequency
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Wideband = from DC to ...
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@ Output conductance : Modelling
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@ Output conductance : Modelling

UCL iag D
eatholione T~ ~— @
I 8 bdsi- Vdsi A

Embi Vbsi |8 4 Cdi ngi

T 1T 1
Cb.i‘f be

PS
f ik 1 \/gbd::igbbi
O,kink —
2TT \%deicbbi
Obbi = Gipsi + ipdi + Rpe™ Cobi = Cpsi T Cpai T Cpgi

D. Flandre , Microelectronics Laboratory, CeRMiN MOS-AK 14/09/2007



ﬁ Output conductance : Modelling with BSIM
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Need for extraction : Cyp,, Gps, Cpss pgr Chq:--- !
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- Self-heating

de Louvain Observations : large Vg and Vd -  negative conductance
Istatic < ldynamic

rapid scan (20 ns)

slower scan (1 ps Origin :  buried oxide = thermal isolator

power not dissipated in substrate

U

device temperature 1

U
|1,|Dl

Drain current

Drain voltage

important for device characterization , not for LVLP circuit operation

motivation to scale BOX to increase heat evacuation ?
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Frequency response of output conductance

Self-heating Floating body (PD)

Jintr no SH Gintr | body | O
. | R-coupled

kink-effect before kink
f~105-107 Hz f~102-106 Hz f~102-108 Hz

J(N=0inyt9sh(F)+9es(1)

W. Jin, W. Liu, S.K.H. Fung, P.C.H. Chan, and C. Hu , “SOI thermal impedance extraction

methodology and its significance for circuits simul ation”, IEEE Trans. Electron Devices , vol. 48, no.
4, pp. 730-735, 2001.
B.M. Tenbroek, W. Redman-White, M.J. Uren, et al.,, “Identification of thermal and electrical time

constants in SOl MOSFETs from small signal measureme  nts”, Proc. of 23 "4 ESSDERC, Grenoble,
France, Sept. 1993, pp.189-192.
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lll. Recent scaling effect
S
= | ength and BOX scaling
= SFBE: Substrate Floating Body Effect on g,, and g4
High __ 7|  FDSOIMOSFET : L=0.16um,
frequency = | W=16x6.6um, Vy=Ve=1V
exp. o .
= 5t Substrate coupling ?
=
=T
DC value % 2
C 1} due to SH (in part)
0

0 05 1.0 15 20 25 3.0 35 40 45

Frequency [GHZ]
Kilchytska et al, IEEE EDL, 2004
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;egﬁ .
&) Experimental results : Low frequency
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Feel FD SOI MOSFET : L=90nm, W=5pm, Vp=1.5V, V5=0.5V
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Not compatible with SH !

Kilchytska et al, IEEE EDL, 2007
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UCL :
ot | | | With substrate
Calle ol Brd transiti
5 L=1 pm, Vp=Vg= 1V
wid4 N VA
& 2nd transition substrate
O ; |
t .
§ 13 |15t transition [ sUB
G
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E W s D
8 19 3 | | | _heating. ' | @ _1e=
102 104 106 108 1010
Frequency, Hz SUR
1st and 3" tr. still present 1st and 3" tr. disappear
for simulation without SH for simulation without
substrate

Kilchytska et al, ESSDERC, 2002
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fE : : _
{90 2D Atlas simulations: Influence of substrate bias
3 L=0.25um; VD:VG:1V

AnalogyW|th I\/IOS capacnor | | | | o,
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Reduced Output Conductance
Ggp = Ggp (f) = Ggp (10 Hz), pS/pm
o
oo

100 102 104 108 108 10
Frequency, Hz

accumulated BOX-substrate interface =a@ly 39 tr. in Ggp(f)

inverted BOX-substrate interface  ==#st and 3" tr. in G4 (f)
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Ul Analytical substrate model

U‘EL
acccumulation Inversion |
p © LE == Cpox
\ BG
1sttr. In Ggp(f) l
Rsc — Cqc
\‘ HF
1 UHF Rsi — Cy
3 tr. in G (f) v

1sttr. is due to inertia of minority carriers

3'd tr. is due to inertia of majority carriers
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o -
{30 Equivalent macro compact model

e Fully-depleted

= v o A
%GS GSD = Os + J soaub
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Substrate Coupling : Scaling trend

Universite gate SGFD SOl L=0.17um; Vg=0.7V;Vvd =15V
de Louvain e 100 -
| | Teox=20nm 2D Atlas simulations:
source channel drain . Tgox=150nm
~ >~ — E 89 Tyo=400nm
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Si substrate § 20
-
©
O
X 20
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source channel drain Frequency (Hz)

Amplitudes of substrate elated transitions
in G gp increase very strongly with BOX thinning!!!

Si substrate

Kilchytska et al, ULIS 2007
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Conclusions

SOl specific « floating body » phenomena =

* special concern for new devices / circults
 characterization methods (wideband)
 modelling and simulation
* process engineering / optimization

* deserves attention for correct
* performance assessment
e parameter extraction
 application (avoid detrimental effects,
exploit benefits, opportunities)
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