BRUGES
S-1=2 SEPTEMBER

iz ==ge=c U
=024

Overview and latest updates of
PSP and L-UTSOI standard model

let]

_|

S. Martinie, O. Rozeau, T. Bedecarrats, M. Alepidis, T. Poiroux
Univ. Grenoble Alpes, CEA, LETI, F-38000 Grenoble France.

sebastien.martinie@cea.fr
W5: MOS-AK: Compact Modeling Support for OpenPDK and FOSS IC Designs

UUUUUUUU



mailto:sebastien.martinie@cea.fr

Outline
[0 Introduction
[0 PSP 104.0 new non backward compatible model

HE E EEEET EEEERN

Summary of PSP version

PSP104 - Revise OP-output

PSP104 - Vdsat for long channel

PSP104 - Improved symmetry for low AX value
PSP104 - Improved Q-model in short channels

-UTSOI recent feature:

Summary of L-UTSOI version

L-UTSOI Computational Cryo issue & solution
Introduction of band edge defects

Cryo.: some illustrations

Leakages induced by edge transistors
Q-model decoupling

Conclusion

W5: MOS-AK: Compact Modeling Support for
OpenPDK and FOSS IC Designs



Compact model real life
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Small transistor : _ ( Gate leakage 1
effects [ Self heating effect J Narrow channel
“Quantum effect effects

[ Inner Fringe } Temperature
dependences

[ Mobility properties — Core’s model

- Long channel Doping

Channel length transistor

modulation

{ Access resistances

%\

}

vV N

Mechanical stress Saturation velocity J Parasitic J

\ effects | Short channel effects L capacitances
Impact ionization Well proximity[ GIDL ]
effect effects ]

[1] O. Rozeau et al “Surface potential based MOSFET model for iC simulation”.

Following industrial
expectation, compact

model is continually
improves.
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From equation to “standard model”: CMC
Od Why do we need device’s model (MOSFET, Bipolar ...)? S'-'J
IC design IC Compact Model

|IC schematic : : _ Coalition
MODEL |IC simulation manufacturing

0 What does “standard model” means?

: : L Foundries: | EDA soft.
M Continual Improvement M Quality Assurance M EDA tools Availability
O Why do we need CMC (Compact Model Coalition)?
y (Comp ) ind] WSynoPSys
M Standarization process M Worlwide collaborative M IC Manufacturers / EDA G A KEYSIGHT
management working groups editors / Model developers — —
h_f\l‘lllSUN
Q Who are the developers  wsve ovc PSP &L UTsOr
WATERLOO cea QEW

around the world | HISIM*
(transistor)? \ l ey

BSIM* /

Model’s developers

_ _ [ CMC ensure proven model simulation aligned with
Transistor Model: * MOSFET-like model; - BSIM* & industrial expectation (through Quality Assurance test
** Bipolar; *** Power model Other model EXTRAN é‘g:ﬂ"'“’i‘ ASM-HEMT* and Verilog-A checker VAMPYRE).

: : " AR ‘ *MOS
is dvp. By CMC (diode, ESD ...) s  Bipolar
*** Power
W5: MOS-AK: Compact Modellng Support for 4

OpenPDK and FOSS IC Designs




Outline

O
O

Introduction
PSP 104.0 new non backward compatible model

HE E EEEET EEEERN

Summary of PSP version

PSP104 - Revise OP-output

PSP104 - Vdsat for long channel

PSP104 - Improved symmetry for low AX value
PSP104 - Improved Q-model in short channels

-UTSOI recent feature:

Summary of L-UTSOI version

L-UTSOI Computational Cryo issue & solution
Introduction of band edge defects

Cryo.: some illustrations

Leakages induced by edge transistors
Q-model decoupling

Conclusion

W5: MOS-AK: Compact Modeling Support for
OpenPDK and FOSS IC Designs



PSP model =sge=c OF

[0 PSP is a surface potential based model for deep-submicron bulk MOSFET.
JUNCAP is a diode models part of PSP package.

[0 In December 2005, PSP has been elected a new industrial standard model by
the CMC. This initial version was based on MM11 (from NXP Semiconductors)
and SP (from Pennsylvania State University and later at Arizona State
University).

[0 PSP meets numerical requirements for Digital, Analog-Mixed Signal, and RF
circuit designs, in particular continuous derivation of currents and charges is
insured.

[0 Since 2015 CEA-LETI is in charge of model update.

Arizona State - Delft University PSP103.4 PSP 103.6 PSP 103.7 PSP 103.8.1 PSP 104.0
University of Technology ﬁ ﬁ ﬁ ili *
2005 2011 2011 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
PSP 103.5 PSP 103.8 PSP 103.8.2
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- Update JUNCAP 200.5
- Add SWEDGE for edge transistor.

U2l L - Add SWIGN for induced gate noise.
- Add short channel effect (PSCE ...).
08/2017 103.5 - Introduction of exponent dependence of CS (THECS).
12/2017 103.6 - Introduction of non-uniform DIT.
- Introduction of new parameter for gate leakage current.
Ly 1.7 - Add SWQPART for charge partitioning between source and drain.
Introduction of inner fringe charge model.
WLy 1L Introduction of extra overlap charge model.
04/2021 103.8.1 Update JUNCAP 200.6

TRISE, DTEMP and TREF.
06/2022 103.8.2 - Add SWEFIX for fix non physical behavior.

5th model version including JUNCAP 200.6.

New DIBL model based on quasi-fermi level correction including screening
effect in inversion.

Add new parameter to improve gm description in saturation: THESATT.
Capacitance reciprocity improvement using CTG/CTB parameters.

Presentation today focus

09/2023 New calculation of the drain saturation voltage for long channel transistor.
Improvement of S/D symmetry with introduction of new linear-saturation
transition.

Remove effective doping bias-dependence effect: VSUB, NSLP, DNSUB.
New binning equation with “hybrid” approach.
Revised DC operating

on the last release

W5: MOS-AK: Compact Modeling Support for /
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PSP104 - Revise OP-output gessV

[0 Motivations:
B Reduce the number of .OP variables (256 in PSP103 -> 101 in PSP104)
B Updated list of .OP variables provided by the WG members (STM, NXP)
B Configurable OP information with switches:

[0 Convention (SWOPPMOQOS flaqg):

= PMOS — All voltages and currents have signs related to the circuit simulation (e.g.
pmos Vth is negative)

= NMOS — All voltages and currents are represented as for nmos (cf. PSP103)
O S/D interchange (SWOPDRAIN flag):
= The drain is considered to be the electrical drain (e.g. Vds is always positive for nmos)
= The drain is considered to be the first terminal of the model in a netlist
[0 Effects of access resistances (SWOPREXT flag):
= QP variables include the impact of Rd/Rg/Rs
= OP variables don't include the impact of Rd/Rg/Rs

W5: MOS-AK: Compact Modeling Support for 8
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PSP104 - Vdsat for long channel 1/2

[0 Saturation drain voltage in PSP103

Considering the equation of the channel current
without saturation velocity effect :

W / x 2
Id:_L * Clox ™ Heff - (qi,s+a'¢T)'¢ds_§'¢ds
eff

dlq _ 0
O%ds| s =Wing

and using the condition:

[0 Saturation drain voltage in PSP104

Another condition, valid in all regimes, is considering

Yint =

qi,s
x

_+CI)T

the Poisson’s equation and the boundary conditions:

Simp. SP (Vg_qjd)z =Gf2'<¢d—q)T—q)T'eX db)
@ Source: ‘

Negligible in saturation

Simp. SP

l|"S_ S
@ Drain: (Vg B q;s)z =Gf" - (Lljs — P — O - exp< O b>>

W5: MOS-AK: Compact Modeling Support for
OpenPDK and FOSS IC Designs




BRUGES
S-1=2 SEPTEMBEBER

ESSERC .
=024

PSP104 - Vdsat for long channel 2/2

[0 Improve the accuracy of drain current in saturation for long channel MOSFET.

1.4 VT T T T T T T T T T T T T T T T 1E‘AEIIII§IIII§IIII§IIII
) ~ Dots: TCAD simulations - i ; :
1, | Bluedashline: iy, " Lines: PSP103.6 __l__gc_k_clf_agc_:u_rggy_\ o Zzl:é_glf;gg’;u’at’ons
. ' Black line: y; — 1, from direct 2 3 e ’ :
PSP 103: 1 | SPcalculationwith 854, = 0 ’,." oL e e e : _ Long Channel
VDSAT for long channel ‘ - i IEEI. Y— g D AU
g 0.8 h/ o\, \ o\, Lack of
. . .. — b d a X%
used derivative condition 2 o P s I -\ accuracy
] . . \
- 0.4 Sg ....................... \\
. . |
oL, |\ 0 | b . connnsssnnsssansnasnnnanas .
d =0 0.2
l,bd_g:lpinf 0 00 vd [E+0) ‘ ‘ 0. : T TR 2.0
0.000 0.500 1.000 1.500 2.000 vd [E+0]
/ 14 E LI s S S S S S B S BT T T T T T T T T T T T T T T \
12 Blue dashline: 1, _ Dots: TCAD simulation E ! Dots: TCAD simulation
' Black line: 14 — 1, from direct - Lines:PSP104 v Lines: PSP104
1 SP calculationwith 8,,, = 0 R 1T 11 11 s g
L ® 3 Long Channel
P SP 104 < 0.8 T [ .esseseeccessssssnsens
= = 10}.-
Solved by the use of a g 08 21 A esenssennasssssssnnse:
En
1 0.4 To
new calculation . e
02 —m—F — > — ——————{ [ ™  o8es8000000000000000000000000
sequence of Vdsat
0 PN 2Tt A A iy
0.000 0.500 1.000 1.500 2.000 0.0 05 1.0 15 : 0. ¥ 1.0 15 2.0
Gate voltage (V) vd [E+0] vd [E+0)
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PSP 103

id.s [E6]

Vds

Vdssat

AX=2,2.5,3, 4, 8,16

- S Vase =
(1 () == PSP 104

[E-9)

gd3.s

O PSP 103 limitation: V4 function is not Cco in regards to Gummel test for low AX-value
d PSP104: use a new mathematical function with Coo function (from K. Xia et al. TED 2020)
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PSP104 - Improved symmetry for low AX value
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TT T T TP T

2.1 + AR Vg, , 2
— 2 T 2 w. ((2)_ﬁ - 1)
VI+ARVas ;) 4 ar+ [(YLEARVas 1) L AR AR = —Z
Vdssat Vdssat 2 (2) AX — 1
: AR=10, 1, 0.2, i I
i §,[005,0001,0" \ |
. = )/

T T T 1

No new parameter |

OpenPDK and FOSS IC Designs

Default parameter PSP 103.8 : ?if:;/f\;?;/’: ;Zit;;;sp 1058 r fo r u S e rs
 —— — e e — 1 " L1 S Y I | | | | I | £ —t : ; -|DO_ I T O | N T Y I O O O
g [IEio] -15 =10 -5 5 10 15 0.0 v [1Ei0] -15 -10 -5 v [é}q] 5 10 15
W5: MOS-AK: Compact Modeling Support for 11



PSP104 - Improved Q-model in short channels

[0 Motivation: PSP 103.0 Q-model’s limitation in short channel
induced by DIBL model:

Artefact on CV

requires to set CFAC=0
Underestimation of Vg, for CV: requires THESATAC<THESAT

The lin-sat transition on CV is smoother compared to the one

of IV: requires AXAC<AX

Partial

depletion of overlaps:

in accumulation

Cgd

saturation. Requires a “negative” CLM

is overestimated

in

1.0

L P T )
e A
ESSERC ‘.
=024
Cg S (Vg s) -
- PSP103.8 nngggggéééggssagn

0.8

cgs-m ©gs.S [ qg)
oo

a
[a] ri e
oiY

& Vg from
- Oto 2V
"~ Red dots: TCAD

_Blue lings; mode] . L=60nm

-1 0 1 2

va [E+01

- PSP104.0

0 For PSP104.0.0 release: !
® Revisited DIBL model S NG
g
B Addition of flexibility on CLM parameters (ALP can be negative) :: J Vs from
for Q-model R 0'to 2V
r Red d_ots;: TCAD
B No new parameters for users ool Bluelingsimodel, , |
vg [E+0]
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L-UTSOI model e

[0 L-UTSOI is a surface potential based model dedicated to FDSOI technology.

Leti-UTSOI 1.x.Xx Leti-UTSOI 2.x.X L-UTSOI :
. . W. back interface
Wo. back interface Back interface agsumed |:> No assumption on back New model name
depleted/weakly inverted interface regime within CMC Lo Date: Messurements - Lines: Model
x 1 rLong/wide EG device with flip-well é 0:9 . .
% g.: > Gat S Gate ] ;i, 0.8 ~Backplane voltage from _,,V”ii’;’
g H ource S 0.7 --10V to +10V ;,-,f"
o fd/ /17{’ Source ate Drain Drain : o IIM
a > < IIIIIIIIi:::::::IIIIIIII IIIIIIIW!!!!!!!!!IIIIIIII 2 o5
£ 03 e ¢ §0.2
o AT | 5 01
g 0.1 2 0
1 2 ate voltage
Gate voltage (V) BaCk gate BaCk gate G Itag (V)
UTSOI 112 UTSOI 114 UTSOI 220 L-UTSOI standardisation  L-UTSOI 102.5 L-UTSOI 102.7

2012
UTSOI 111 UTSOI 113  UTSOI 200 UTSOI 210 UTSOI 230 L-UTSOI 102.4 L-UTSOI 102.6

W5: MOS-AK: Compact Modeling Support for 14
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Summary of L-UTSOI version =c=3
oo | B | veormwowmewsstenwres

- Introduction of impact ionization model (Samsung request).
- Introduction of extra gate to overlap current (STm request).

01/2020 102.4

01/2021 102.5 - Introduction of Gate Poly-Depletion model (Qualcomm request).
) - Enhancement of substrate depletion (STm request).

Presentation today focus

02/2023 . - Introduction of cryogenic model (All request).
on the last release

- Introduction of edge transistor (Samsung request).
- Charge decoupling for RF application (Samsung request).

06/2024

W5: MOS-AK: Compact Modeling Support for 15
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L-UTSOI Computational Cryo & solution 1/2 =0=<

Prgq (Xg3. Ppp) vs Vg @ 25°C

O L-UTSOI SPE:

0.8

0.6 old
f 5 Si film 0.4 As expected the shift
qz = k% (xgl - xsl) Aoexsl p~Xn S 02 is —Eq/(2.91)
2 ot new
4 q2 = k% (xgz - xs2) Agersze™n BOX 5 %9
T+ coth™ (—kl(xgl_xﬂ)) — coth~1 (X2%e2%s2) xgz—xsz)) =0 -
\2 q q 04
-0.6
0.0 0.5 1.0 1.5 2.0
. VGS (V)
L-UTSOI L-UTSOI : i
102.6 102. 7 lljsl (xsl. (I)T) Vs Vg @ 25, -200°C & -250°C
Energy E E Ev _ o S
Reference ‘ < Eref = Ei
B, <}
. N AT _
Ao X7 \/NCNVe 2kpT X Nely Energy Band Diagram 3
Ec =
Xgq E, - PsPEf - Ec
(strong ~ kT ~0 Eg
inversion) B Bi---mmmmmmmmoomom
’11112’(1) AO e 0Xoo=7? y/ NCNV - 0.0 05 10 15 20
= Eref = Ec vest)
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L-UTSOI Computational Cryo & solution 2/2 =0=<

IdVg @ diff. Temp.

O L-UTSOI SPE:

Si film

2
2 1,2 Xc1lh—Xx
q- = kl (xgl - xsl) 0€ s1 n

2 —
q2 = k% (xgz - xsz) Age*szpn

é + coth™? (—kl(xg;_xﬂ)) — coth~t (*2¥ez=¥s2) xgz—xsz)) =0

L-UTSOI L-UTSOI
102 6 102.7

A

T=25,

=l = )
Reference Ei Eref = Ei Energy ref.:
Ay X o N E¢
D=5 VNcNye ZkBT C v Energy Band Diagram S )
Xs1 Eg Ec Ef lletEf - Ec I
(strong 7 ~0 Eg
inversion) 2kpT Ej---n-mmmmmmmmmmm 0 0.5 1
Xg _
A Oxe=T NNy - Vi
Eref = Ec
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Introduction of band edge defects
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[0 SS Saturation as the temperature decreases. Mechanism: Localized Band tail states
acting as interface traps.

60+

B L-UTSOI: implementation temperature pinning:

- - In(10)ksT/e - ]
50+ = Model / f(E) N:°(E) E T+Ty+ (T—T0)2+B%
g0 Cwbimaos T K.T.. T.rr = W T,=T + A T
€ 105 SSriouom o, el eff = > Lo = Imn T Aty
= °°7 (L=w=2um, GO2) E E !
& 204 © SSn.sHort/Mz £ R
n (L=28nm, W=80nm, GO1) my=1.14
10 - . my = 1.23
0 .--..-:’:-.-----.*- ------- Vps=50mV, Vgack=0V Teff
5 10 50 100 0 e y=x
Temperature, T (K) y="Tymin + ATMIN T

H. Bohuslavskyi et al EDL -

2019

E 100
‘:é gp |- —— Diffusion Model =
% 33 e Meas. Vpg =5mV &
5 60
g 298 K
& ol -
S 30|~ Inflection 36 K.,.—" MIN /,/
5 - P
é D | LI]IIJl 11 Illll 1 LII.IlHl L1 1 Bigl ,/
2 0™ 107 10 107 10® 0
Drain Current, |ns (A) 0 TMIN
Beckers et al. TED - 2020 T
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Cryo.: some illustrations

|
C-V @ diff. Temp. (mod. Vs exp.) IdVg @ diff. Temp. (mod. Vs exp.)

Plot Extraction_UTSOIV02_n/nMOSFET capa_300K/CV/c_g_ds

N e 1E-3 I I I I I I I I i I I I I

- =
- ———r :
=

1E-4

____________

»

1E-5

[LOG]

1E-6

1E-7

: IIIHI'E: IIIH[E: III[HE: TTTI

1E-8

1E-9

Drain current (meas.) (model)

- L-uTSoI 1E-13 ot : b W f
- vs Meas. 0.5 0.0

Gate voltage [E+0]

vg [E+0]
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EDGE transistor

[0 Parasitic edge transistor is well known in bulk MOSFET
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Effect of edge transistors on main one [1]
S

[1] K. Sakakibara et al. JJAP, May 2014.

lps (A) in log scale

Main transistor
+
Edge transistors

= Total current

Hump effect appears
mainly in weak inversion

>
Ve (V)

W5: MOS-AK: Compact Modeling Support for
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Leakages induced by edge transistors 1/3

0 Short model description

Goal: accurate model in weak and
moderate inversions with limited
degradation of the CPU run-time

Charge calculation

_xn

qi = qi,wio-e %i.e

Qiwio-€ ™
=W, (20
di O( nfactor )

Simplified channel current calculation

1
> lqa = —lao [E (afq—dfs) + (qia — qi,s)]

. wo,
W|th: r -C ox ' Meff * q)TZ

Notice: V., IS the one of main transistor

95 [Log]

Id vs Vg @ Vd=50mV for Vb=-2 .. 2V
with or without edge transistor

1E-3 g
1E4E
1e.st. SWED(
1E-6
1E-7k-
1E-8L.
1E-9k-
1E-10k-
1E11 L.
1E-12}
1E13f

1E-14§ -//

1E_15:||||||||§||||
-0.5 0.0 0.5 10

vg [E+0]

hE=1

SWEDGE=0
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lllustration of model parameters effects
Id vs Vg @ Vd=50mV for Vb=-2 .. 2V

GE N

“:_35
1E-4
.- BETNE

1E-6L-

1E-5

1E-7 k-
1E-8E-
1E9f.
1E10f-
1E-1E-

DGE- A

112}
1E-13f-
1E-14C 5
05 00 05 10
vg [E+0]
1E3




Leakages induced by edge transistors 2/3
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[0 Issue: difficulty to fit experimental data at negative Vbs

Short & Narrow

device

[E-6]

id.m id.s
oo

E-6]

[

id.m id.s
oo

Ip-Vps (lin scale) Vgg=-0.9V

A
=]
=

&
=]
=]

n;IL‘I‘\LIII:

Vgs=-0.4 t0-1.1V

-1:_0 -0.8 -0.6 -0.4
vd.s [E+0]
-VDS (I|n scaI e) VBS—-O 9V

VGS:O'O tO 'O.5V

-1.0 -0.8 0.6 0.4
vd.s [E+0]

-0.2

-0.0

[LOG]

gd.m gd.s
oo

1E-2

1E-3

2 -1.0 -0.8 -0.6 -0.4 0.2 -0.0

Ops-Vps (lin scale) Vg=-0.9V

Vgs=-0.4 to-1.1V

vd [E+0]
Ops-Vps (log scale) Vgg=-0.9V

. - B
............
......
--------

nun‘nnnnn
& W= =T = =

10.0000

8.3333 [

66667 r-—

[E-9]

-id.m -id.s
oo

1.6667 [

0.0000

1E-3

5.0000 -

3.3333

0.0 0.2 0.4 0.6 0.8 1.0 1.2

Vs=0.0V

-vd.s [E+0]
Ip-Vgs (log scale) Vgg=-0.9V

1E-4 L

1E-5 L

[LOG]

id.m id.s
oo

1E-9 L

1E-6 ke

1E-T for--

1E-8 L

Vps=0.0, -0.9V & -1.8V

1E-10
-1,

-1.0 -0.5
vg.s [E+0]
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Leakages induced by edge transistors 3/3 ===
|
[0 Validation on experimental data
Io-Vps (lin scale) Vgg=-0.9V Jps-Vps (lin scale) Vg=-0.9V Ip-Vps (lin scale) Vgg=-0.9V & Vgs=0V
0|||;|||'\;_'|||:|||'5|||- 1E‘2:|||;|||;|||;|||5|||5||| 10-00{]0|||5|||;|||5|||;|||;|||
K - 8.3333 [ Vgs=0.0V
-200 L B L o
- _AE3f- 6.66867 | -
= g E Ves=-04to-1.1V 5 /
L =, [ w -
o 400 : B w | 5:0000[-
® X T C ]
Eo [ E g 1E4L e E o 3.3333) o N
2 " 500 5% F %= ; =0 - uﬂ"nn
B :nnn 1_666?_....DDD”D
: VGS:'O.4 tO-l.lV — @of - : o
'80£]1 2| 1 1 10| 1 I‘OBI 1 1 UBI 1 1 04| 1 1 02| 1 1 00 1E_51 2| F Iu 1D0|D |D 1 OBI 1 1 06| 1 1 04| 1 1 02| 1 1 00 0'00{]%0" 1 IOQI 1 |[}4| 1 IOBI 1 Iaal 1 I10 1 1 1 1 2
Short & Narrow v [E+0) s [E+
. -VDS (I|n scal e) VBS—-O 9V Ops-Vps (log scale) Vgg=-0.9V Ip-Vas (Iog scale) Vps=-0.9V
deVIce 0 k T < .| A o 1E-3 rr ., rr 1. o1 1T &7 1E-3 1T T I -| T T 7 T T T 1 LN B |
- 1E-4k-
""""" 1E-5L-
anl—
g aunl T el
o 8o = Vps=0.0, -0.9V & -1.8V
e _ 1‘2"| 1E-7L-
€0 gl =7 Eno
T o S o 1E8k-
~100 1E-9k-
— VGS:O'O tO 'O.5V
'120_| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1E_10 1 1 1 1 1 1 1 1 1 1 1 1
12 10 08 08 04 02 00 A A0 05
vd.s [E+0] vd [E+0] vg.s [E+0]
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Q-model decoupling
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Issue: Q-model shows accuracy limitations in Q-model decoupling is activated if SWQMOD=1

saturation regime for short channel r
transistors.

Solution for L-UTSOI 102.8:

Source/drain SP calculation using

standard parameters (VFB, PSCE,
CF, THESAT, etc.)

\

J

B Introduction of new switch SWQMOD for Q-
model decoupling.

B Addition of new model parameters dedicated to
Q-model

B This solution requires significant code changing
(charges are calculated twice when Q-model
decoupling is activated)

§, SWQMOD=1
2nd source/drain SP )

calculation using

new AC parameters
(VFBAC, PSCEAC,

SWQMOD=0 |\_CFAC, THESATAC, etc.) J

{

Currents calculation Charges calculation
(BC) (AC)
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Outline
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O

Introduction
PSP 104.0 new non backward compatible model

HE E EEEET EEEERN

Summary of PSP version

PSP104 - Revise OP-output

PSP104 - Vdsat for long channel

PSP104 - Improved symmetry for low AX value
PSP104 - Improved Q-model in short channels

-UTSOI recent feature:

Summary of L-UTSOI version

L-UTSOI Computational Cryo issue & solution
Introduction of band edge defects

Cryo.: some illustrations

Leakages induced by edge transistors
Q-model decoupling

Conclusion

W5: MOS-AK: Compact Modeling Support for
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PSP & L-UTSOI is used by different community ===

O Here some example of input file using PSP or L-UTSOI with code: we would to thanks the
https://github.com/dwarning/VA-Models/tree/main/examples participants of these websites

O Here OPEN VAF website with PSP example:
https://openvaf.semimod.de/docs/getting-started/examples/ OpenVAF Sors Comnlonts B

l.’(‘]:: (\4')
GETTING STARTED
Introduction
S Example 2: PSP MOS Inverter
Usage This example shows the simulation of a MOS inverter using the PSP model. First, create a
Examples folder psp_inverter that will be used for the circuit simulation
D Fil VA-Models gspi u}
In this folder, place the following files:
Faoen = dwarning change directory structure and unify test file name convent 7 sq0 ) History DETAILS
n = » the netlist shown below, together with the example modelcards. These files can be
Q e Performance
Roadman download here.

VerilogrA Standard Compliance + the PSP compact model Verilog-A source files can be downloaded here.

OSDI - Simulator Inferface The tree structure of your folder should then look like this:

O nmos_id_vd_vg_vb.sp
Compiler Internals
O nm g_vbss User Interface
D nmos_noises; p
[ nmos_pmos_id_vd_vg_temp.sp ange directory structure and unify test file name ention ths ag HELP
O pmos_id_vd_vg_v FAG
A Available compact models
J ps| r.5p
Contributing and Support
0O ps

Integration Service

FEFEFFEEEEEEERNREEEREEEERESR

!
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https://github.com/dwarning/VA-Models/tree/main/examples
https://openvaf.semimod.de/docs/getting-started/examples/

O Our team is a developer of the CMC (Compact Model Coalition) for 2 SPICE models: standardization
process, implementation in commercial IC simulators, strong interaction with users.

O L-UTSOI compact model is dedicated to FDSOI technologies:

https://www.cea.fr/cea-tech/leti/l-utsoisupport

O PSP is a surface potential based model for deep-submicron bulk MOSFET:

https://www.cea.fr/cea-tech/leti/pspsupport

O Our website contains: Release information, Model documentation for PSP and L-UTSOI and
Downloadable Verilog-A codes.

O Acknowledgement: Gert-J. Smit (NXP), A. Scholten (NXP), H. Lee (Samsung), P. Scheer (ST) and
all people that gives us feedback on our models to improve it.

O Code are also available through CMC link: https://si2.org/download-links/

A L-UTSOI paper in ESSERC: "Cryogenic L-UTSOI Model for 22nm pMOS FD-SO0OI, Including Stress
Effects”, miltiadis Alepidis, Sylvie Jarjayes, Thomas Bédécarrats, Sébastien Martinie, Mikaél Cassé, Christian Witt, Olivier Rozeau.
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https://si2.org/download-links/

EEEEEE
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Merci/thanks ==geec

let]

|

CEA-Leti, Grenoble, France
sebastien.martinie@cea.fr
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PSP104 - Improved binning rules

d New binning equations for PSP104: “hybrid” approach
B New generic binning equation template

L 1% L 1%
YYY = ficating - | POYYY + PLYYY - =% + PWYYY - —= + PLWYYY - =~ - —=~
Equation: type I

fscaling Captures the dominant first order scaling trend (differs between

parameters). Binning rule is always type-I

, L L W Lew W
O Examples: arp = 22Y.( poaLp + PLALP - ZEY 4+ pwALP - —EN 4 prwaLp - —EN . TEN
Lg Lg Wg L Wg
L. W L W Len W
IGINV = —£ £ . (POIGINV + PLIGINV - -EX + pWIGINV - —2X + PLWIGINV - -ZX.. ﬂ)
Len - Wen Lg Wg g Wg
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PSP104 - Improvement of G, in saturation

d Issue: need flexibility to

 Solution for PSP104: introduce a new parameter (THESATT) to adjust gate bias

dependence of Vpeat

adjust gm in saturation

15 T [ T [ 1 [ T [ T i T [ T [ E 15 [ [ [ [ i [ [ [ [ E [ T [ T i
- Red dots: TCAD sim. ~ Red dots: TCAD sim.
 Blue lines: model SATG [ Blue lines: mode——z#& THESATG
B _ _ - & THESATT
— 10— Inflexion point — 10—
W, can’t modify 1)
= THESAT g THESAT
[} o
£ 05— i E 05 ;
E O 'E EO .-5'_
m I U’j (5
2 f Vds:2V_ ; Vds:2V
4 PSP103.x VesVares 4' PSP104 Ve varies
Y Y 10 15 2.0 Y 1.0 15 2.0
vg [E+0] vg [E+0]
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Definition for low temp: generic example =0=4

The present Poisson equation is not representative of

0.8
L-UTSOI model. This is just to illustrate the concept s vs Vg @ 300K Old
with more manageable equation. 06
5 P~0V As expected the
2 DA k"T’/S : norm. electrostatic potential / s shift is 2
q 0.2 X 2.07
- : N
Poisson equation >4 0 1 15 R
_ q(p—n—N, ! Ng) o 01 / 1 15 300Kk 2
Si B 0.4 0k eV
USIng Boundary Cond|t|on 0.6 = Jsual 300K Usual 300K New 300K New 20K
2 _ 2 Inversion charge gi=(xg — x5)vs Vg Inversion charge gi=(x, — X;)vs
(Xg = Xs) = G* exp(xs) o @ 300, 100 & 20K s coron Temperature @ Vg=1V
|| Usual def. [ —
1.00E-01 3.50E-01
_Eg
n; ﬁ [N . N 1.00E-02 3.00E-01
' \ N Ny. e4®1 v 1.00E-03 2.50€-01
Xg Xg Xy — —= o ni —0 and/or )
g 2. P 1.00E-05 . .
T exponential explosion
1.00E-06
G 1 2. q - Dijnew - €ch 1.00E-07 5.00E-02
COX . (DT 1.00E-08 0.00E+00 " L0
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