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= Compact modeling
e PDSOI MOSFET modeling

* Energy harvesting modeling

G. Coram, "Tutorial: How to (and How NOT to) Write
a Compact Model in Verilog-A", 2004 IEEE Behavioral
Modeling and Simulation Confence (BMAS 2004)

=  Compact modeling for technology development
* Examples of parameter extraction methods
e FOSS-based project for CM characterization

= Compact modeling for IC design

e CDF-based method for the yield-oriented ID design
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Compact modeling (CM) - DC and AC (NQS) model of PDSOI MOSFETs

Phenomena: S IGf D

* Transport at the Si-SiO, interface
(diffusion/drift)

e Diffusion in the floating body + recombi-
nation of the minority carriers

* Thermal generation/recombination in the ) TR

space-charge areas \\s
* Avalanche ionization pace charge

* Displacement currents (AC analysis) ‘ G
b

ic(t) + lGF (t) +ip (t) +igp () =0 H.-K.Yu, et al., "A Physical Model of Floating Body Thin Film Silicon-
On-Insulator nMOSFET with Parasitic Bipolar Transistor", IEEE Trans.
El. Dev., Vol.41, pp.726-733

M

sat’lchan

vy, t) =V(y) +v*(y)- plwt S.E.Laux, "Techniques for Small-Signal Analysis of Semiconductor
Devices", IEEE Trans. El. Dev., Vol.32, pp.2028-2037

IS+IGf+ID+IGb:IS+ID:0_)VBS l;‘l‘l;f‘l‘l:u)‘l‘l;b:o—)v;s

v’c"f — (v;fs — v:hf) — [1 +jw-F + (]-a))z CF2 4. ]f(ch) g’c?):li-lec/v;/s‘;c;e;ingzgiigsqa/ Properties
F() — integral operator . IEEE Trans. El. Dev., Vol.12, pp.605-618
Vep — (vgfs - vthf) ~[1+jw- F]f(ch)
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Compact modeling (CM) - DC and AC (NQS) model of PDSOI MOSFETs
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Compact modeling (CM) - DC and AC (NQS) model of PDSOI MOSFETs

D.Tomaszewski, A.Jakubowski, J.Gibki, T.Debski, M.Korwin-Pawtowski, "Influence of Silicon Film
Parameters on C-V Characteristics of Non-Fully Depleted SOl MOSFETs", in: "Perspectives,
Science and Technology for Novel Silicon-On-Insulator Devices”, Ed. P.L.F.Hemment, V.S.Lysenko,
A.N.Nazarov, NATO Science Series, Series 3. High Technology, Vol. 73, 2000 Kluwer Academic
Publishers, pp. 295-305,

D.Tomaszewski, K.Domanski, L.tukasiak, A.Zareba, J.Gibki, A.Jakubowski, "DC and AC Models of
Partially-Depleted SOl MOSFETs in Weak Inversion”, in: "Progress in SOl Structures and Devices
Operating at Extreme Conditions", Ed. F.Balestra, A.N.Nazarov, V.S.Lysenko, NATO Science
Series, Series Il. Mathematics, Physics and Chemistry, Vol. 58, 2002 Kluwer Academic
Publishers, pp. 289-298

W.Grabinski, D.Tomaszewski, L.Lemaitre, A.Jakubowski, "Standardization of the compact
model coding: non-fully depleted SOl MOSFET example", Journal of Telecommunications and
Information Technology, vol. 1, 2005, pp. 135 - 141
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Compact modeling (CM) — energy harvesting

charged electret

conductor - cold plate
— S.Boisseau, G.Despesse, S.Monfray, O.Puscasu, T.Skotnicki,

"Semi-flexible bimetal-based thermal energy harvesters”,
Smart Materials and Structures 22, 1-8, 2013.

‘-“‘-lIIIIIIIII......
ay

conductor - hot plate

oscillating bimetallic plate

D. Tomaszewski, K. Domanski, P. Prokaryn, "Qucs-based Development of an Energy Harvester
Compact Model", 22nd Int. Conf. Mixed Design of Integrated Circuits and Systems, MIXDES,
June 25-27, 2015, Torun, Poland
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Compact modeling (CM) — energy harvesting

Platform: Quite Universal Circuit Simulator (Qucs)
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Compact modeling (CM) — energy harvesting
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CM for technology development — parametr extraction methods

Extraction of the source/drain resistances in MOSFETs

D.Tomaszewski, G.Gtuszko, J.Malesinska, et al., "A simple method for characterization of
MOSFET serial resistance asymmetry", Proc. 2015 Int. Conf. on Microelectronic Test Structures,

Tempe, AZ, 2015, pp. 116-121.

V Vp
ID1 i ID2¢
Ry= Re=
Vb 1V
VedF—Vs VedF—Vs
U Ve

Two measurement configurations for
the MOSFET with serial source / drain
resistances.

In saturation range:

, 2
Ip1z)y = 0.5 (VG —Vai2) VT) -
2
= 05 . IB . (VGSU_ VT - IDl(Z) ) RS(D))

VIpi2) =05 B Vgs — V) =
— 05-6- ID1(2) 'RS(D)

V;, B from non-saturation range;

Ideally ( linearity, (0.0) offset of regression )

RS(D) = = [\/ 2/,3 IRV, ID1(2 - (VGS - VT)]/IDl(Z)
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CM for technology development — parametr extraction methods

S. E. Laux, "Accuracy of a n Effective Channel
Length/External Resistance Extraction Algorithm for

MOSFET's", IEEE Transactions on Electron Devices, Vol. 31,

No. 9, 1984, pp. 1245-1251
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:%_ 1263
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CM for technology development — parametr extraction methods

Characterization of the MOSFET threshold voltage and junction capacitance

D.Tomaszewski, G.Gtuszko, J.Malesiniska, "A method for combined characterization of MOSFET

threshold voltage and junction capacitance eliminating channel current effect”, Proc. 2016
EUROSOI-ULIS, Jan 25-27, 2016, Vienna,

D.Tomaszewski, G.Gtuszko, L.tukasiak, K.Kucharski, J.Malesinska, "Elimination of the channel

current effect on the characterization of MOSFET threshold voltage using junction capacitance
measurements"”, Solid-State Electronics, 128 (2017), 92-101

ATLAS
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Microns

Electron Conc (fcm3)

0 0.1 0.2 03 0.4

Microns

& 10

20
18
16
14
12

05

Electron conc. below gate {cm-3)

1.0E+18 ;
1.0E+16 ;
1.0E+14 4
1.0E+12 4
1.0E+10 ;

10648

L :
/
/ / / VBS=
E / l ov
] / -1V
A
W=
/AT g
v/
y
1.0E+6 L e S e B e S A B s B B B e R A S
0.00 0.25 0.50 0.75 1.00 1.25 1.50

MOS-AK ESSDERC/ESSCIRC Workshop, Sept 11, 2017, Leuven

Gate voltage (V)

4.0E-16

- 3.56-16
3.0E-16
2.5E-16
2.0E-16
: 1.5E-16

| 1.0E-16

Substrate-source capacitance Cbs (F/um)

14



CM for technology development — parametr extraction methods

|
& S
~ (Q\
_ N
@ -
i) .
5 n 5|8
] _ N
o i~ e
+ ~ ~—
x S o
Q Q]
~ o
o + > o I .
© — N~ )
o - <= o .
(o g S S 2
ey V ey LN
~ - =~ 3
e
+ o _
S S S
~ ~ ~
: : ™
i i EEIl
1 1 3 I (r
: : oo |t
1 1 w w L
L L n n (S
; : z-I "=
1 1 I
N T )
i TREELEEEEY FEEEEE SR >
W < i | r I
—_ X < 1 1 r =
g & 7 _“_.ﬁ i | Tz
L Add N Te3
S |, £ £ £ 1 b ! L " Z
cESEEE L O\ [ -
V_ lmlb bl o o o ] _A,.' 1 H
0. 88 & & & [ HP\- N [~
£ 5 m £ £ £ 1 | N -
> > - = = i AN F
1 1 1 1 &) =
Q <1 e _ _ _ ] ] 1 [&) L
I 1 1 I
-t —t+ —t T 00
< - ~ o < b e
¢ © 9 S 9 9
(A) o'YIA-YIN
- < Q
1 1 1 1 1 T o
0 d m
S R
> | ! 1 1 1 Pl -
: s aaatt B LR )
S| | | PO 4 | o
(U] < |1 1 1 a4 “ﬂ
RE=JNC R =3 S S . 5 O B o £
v V_t_mm 1 1 1 @® A 1 ~N 0
0 ool 1 1 @ 1 >
== | o | 3
I.—Im ..Im ..Iml.qllll_llll..wlﬁubllu-llll_: IIIII w m
= > > I e | | ]
. Q < 1 1 @ 4l 1 1 b
1 13 49 1 1 1 0 3
i _ H i - @
1 1 4 1 1 1 =
1 1 @ q! 1 1 1 =]
1 e q | 1 1 1 wn O
IR R T o @
1 [} A_ 1 1 1 1
doq ! 1 1 1 1
ooda \ \ \ \ o
T T T T T T I T T T T [ T T T T [T T T T [ TT T T [TTTT o
Q a = - ~ m = n
S 9 % 5 5 9 & o

(A) @3eyjon pjoysaiyyL

CJ- (1=t Vgs/Vo)™™

Cbs

C] = Cps(0)

R [ —

P p—

P, N R ——

I 1
1 1
I 1
| « ¢ -
o o _ ! -
...... [ < P U TRNPRPUNEY IR i
1 1 1
1 1 1 -
1 1 1
1 1 -
" " EEIL
1 1
|||||||||||||||| demeecdecceLlo ] © O [
I + 1 ] 1 un
i H i H o | r
I I 1 I 1
| | i | i 2T
1 1 1 1 1 =
I I 1 I 1 1
T Tt L B e o e o o e T
L Q L < n < v <
o (40} o o — — o o
(A) saA seiq ayensqns
[ T
1
1
1
1
1
1
1
SR N
1 =
1 Q
| =%
| =)
! )
1 >
1 H =
5 o
||||"||L/3 ||||||
-
9
1 [=]
T A
1 [
| [¢]
, =
T T T T T T T T
o0 o0 o0 o0 o0
— — — — —
W w W w W
Q i Q n Q
M~ w o [Fe} [Te}

{4} sqD ooueyioed

[9v]

2

-20

-40

-60
Cbs / (dCbs/dVBS) (V)

1.0 2.0 3.0 -100 -80

Substrate voltage (V)

0.0

15

MOS-AK ESSDERC/ESSCIRC Workshop, Sept 11, 2017, Leuven



CM for technology development - FOSS-based project

D.Tomaszewski, G.Gtuszko, M.E.Brinson, V.Kuznetsov,
°ee W.Grabinski, "FOSS as an Efficient Tool for Extraction of
MOSFET Compact Model Parameters", Proc. 23rd Int.
Conf. Mixed Design of Integrated Circuits and Systemes,
meas. meas.
data data MIXDES, June 23-25, 2016, Lodz, Poland
> model card e
G m 0.004 [~ -“"959‘5&55”\"3"3 B o T S = =
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. S E——
data Import . T model 2| 7 M e
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electrical simulation programs
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CM for IC design — yield-oriented design optimization

* To develop a design methodology oriented towards parametric yield maximization by
incorporation of a process variability

* To use in a practical way results of a statistical modeling (BPV method)

e CDF-based approach & FOSS environment

e Solution in D domain:

Ny Nx
max< P ﬂ(Xi,min < X;(D,M) < X;max) | ¢ = max 1_[ P(Ximin < X;(D,M) < X; max)
i=1 i=1
Nx
= H[CDFi(Xi,max - Xi(D: Mnom)) _ CDFi(Xi,min _ Xi(D: Mnom))]
i=1

M.Yakupov, D.Tomaszewski, "Analysis of selected methods
for CMOS integrated circuit design for yield optimization”,
Proc. 18th Int. Conf. Mixed Design of Integrated Circuits and

Xmi% - X(D,Mng

Systems, MIXDES, June 16-18, 2011, Gliwice, Poland £ 05 &8 m  Xmax- X(DMnom)

i By ¢
M.Yakupov, D.Tomaszewski, "Parametric Yield-oriented IC *_gzz | % %:\
Design based on Cumulative Distribution Function and Eﬁ}:o:l_ y / | @)
Open-Source EDA Tools", MOS-AK/GSA Workshop at 0_:3- - 2/ 1// % - \2 —
ESSDERC/ESSCIRC, Bordeaux, Sept 21, 2012 X [arb. unts]
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CM for IC design — yield-oriented design optimization

Case study: 5-stage ring oscillator
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CM for IC design — yield-oriented design optimization

Monte Carlo

frequency yield; |_n = 0.6um, |_p =0 Bum, Vdd = 33V
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CDF

power vield cdf; L_n=0.6um, L_p = 0.6um, Vdd = 3.3y frequency yield edf; |_n=0.8um, |_p=0.6um, Vdd = 3.3V
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