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Outline

* Introduction
* Velocity saturation effects
* Parameter extraction

* Intrinsic capacitances including velocity
saturation and DIBL

* Circuit examples
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Introduction: democratizing IC design

@

Open source PDK

>
Open source EDA tools g

Open source IP & libraries @

Avallable compact MOSFET models

@

We propose: simple 5-DC-parameter
MOSFET model




Velocity saturation effects

Normalized current vs. ) _ (gs + qp + 2)
lized ch d it Ip = — (gs — qp)
normalized charge densities 1+ ¢lgs — qp|

short-channel parameter : _ (/L)

Vsat

¢

diffusion-related velocity /saturation velocity

Saturation current due to saturation velocity of the carriers

Ipsat — _WQDsatvsat Qpsst IS the saturation inversion charge
density at the drain end of the channel

or using normalized variables
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Physics-based saturation: desigh model

i _z i =(QS+QDsat+2) (CI —q )
Dsat = 7 ddsat P T T (s — dpsa)

\ I
|

S (1+1)2+2q5
dpsat ds C ( {

Unified Charge Control Model including the
effect of velocity saturation

Ve~ Vs =qs—1+Ings
at é,= 26 MV@ 300K
@ _ . +1n ds — 4psat
¢t ds — 4o dp — 4Dsat
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Effect of the maximum of iy(q,)
on the output characteristic iy(v;)

V —
DS ds — qp +In 4s — 4psat

br dp — 9psat \

P (gs + qp + 2)
P14+ ¢(gs — qp)

(qs — qp)

A 4

02 04 06 08 1 12 14
Vs (V)
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Output characteristics including DIBL and v,

Vps (V)

180 =

150

Vap = 400 mV

120
e~ —~
< <
E w e

Q

L &

601 L.

30 (

0 T T T T T
0 03 06 09 12 15 18

--------------
PG L
-

360 75
300 +—f————————— == 6.25 -
240 1 o1=="" 5
AT
Vi 800 mV <£
180 GB = Ll = 37
Q
ey
120 2.5
60 | 1.25 1 f¢
0 . ‘ . , . 0 |
0O 03 06 09 12 15 18 0 03

Vs (V)
| — 3PM=--- 5PM |

DIBL model: Vi = Vyg —0 (Ve + Vpg)

Transistor W/L V5o (mV)| Ig (uA)
(pm/pm)

NMOS2V

5/0.18
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r lg and n extraction:The g, /Ip rpethod

Im
_ w _ 215 -_— -
Ims = .ufncoxd)tQS— qthCIS Ip Vgm0 neg.(1+ qg)
Thus, at threshold (g5 =1) g,/Ip Is at
15 of its maximum value, Im . L
/ D max n¢t
-3
e I =088xl |"
ID (qS — 1' VDS — ¢t/2) = ng¢t/2 25 -~ APM 1105
_ 215 _ ( — BSIM
= — ¢ /2 =1I 20} 110-7
t - =
~— 15} 1,09 =<
88 1079 Q
IDl 10 I
. 10-H4
5 l ]
i ¢t ’ I .. 110~13
_’ VDS - — [] A T e -
7£ 2 03 0 03206 09 1.2 15 18
VGB__ VZ}'B (V)
7 Ve = Vro
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Extraction of oin WI ( MI) in saturation

Common Source Intrinsic Gain method

_Im_ 1 (1) 2

A Vg  YIm Ip sat o ¢ \n/ qs + 2 _ 1
v,cs — _  —  —— — _ -
Uy Imd Ima _2;.(52) 2 o

ID,sat qb n + 2

_20 - T T |

. — i, = 0.01
— 925} .- gy =1

|
—edeend

H

_5(3 |‘ | I ] . ] I |
)2 03 04 05 06 0.7 08 09 1
Vp.pras (V)
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28 nm FD-SOI technology DC characteristics

extraction

for L=60 nm LVTINMOS ~ 1pm/60nm  390.5 325 1138 0.018  0.039
LVTPMOS  1um/60nm  403.6  0.755 1.014 0.029  0.024

Model Verification: NMOS & PMOS TRANSISTORS

PMOS LVT 1pm/60nm VBD=0.5V

1072 : : ; ; 50

1072 20 250
----- 5-parameter
s eV 15 - - —UTSOI2
10 10%F {10 200
R R
s > 1 5
10 £ _ 10°} E =150
g < 1059
0 ()] [} Iy -
2 8 15 2 o
108 ] 108} £ =100
] 107
5-parameter ACM I3 o
® Measurements 10 f 5-parameter ACM | 15
10710 W/L=1um/60 nm - = s UTSOI2 PDK Model 10 e Measuremen ts 50
VDS=250 mV - = —4-parameter ACM W/L= 1um/60nm == L UTSOI2 PDK Model | o
Stttk Relative error % D VBSS0S M Relative error % ] T /
s 4-parameter ~
10_12 i i i i .50 10-12 L L ' h -25 0 . ' ' '
0 0.2 0.4 0.6 0.8 1 o 0.2 0.4 0.6 0.8 1 0 02 04 06 0.8 1
VG [V] VG [V] VBG IV1
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Intrinsic capacitances including
velocity saturation and DIBL

2 1+2a g5 —qpsat
= Long Channel (3PM) C = —-—WLC
aen 3PM + Uygy gs0 3 TA+a)1+ ds — 4psat
LO | f==e-- 3PM + o 5
C..=C lgmsl' (1 - a)
g5 79% " v, (1 + a)?
0.8 / _______________
D g% 0 6 ’0" ............................................
----- o o
@ "\ Cgs = Cgso (1= 2) = Cgao >
0.4 ' ~ a’ + 2a dp — 4Dsat
I RN N TA4+a)21+ dp — 4psat
o o
0.2 ng - ngo (1 7_1) - Cgso;
1 gmal (1 — @)?
ng — ngo - -

| . | | gnvsat (1 .+ a)?

0 iy 0.3 0.6 0.9 1.2 1.5 1.8
1+ 9p — Qpsat 7

a = Ldsat Vs (V) @V, =18V

l .
1+ qs — quati_d Edinburgh, June 2023 11
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VTC and

VOUT

ll SC

W,=W,=1um

L,=L,=60nm

SPM
= = UTSOI2

CMOS Inverter
short-circuit current in

28 nm FD-SOI

E VDD =08V VDD = 1V
1 Vpp =065V \
N ]
: E VDD=047V
S ]
2 Yop =03V}
. R
. i
0.1
0.0 0.1 02 03 04 05 06 07 08 09 1.0
VIN
28.0

I (uA)
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CMOS Inverter in 180 nm bulk
VTC and short circuilt current

v 1073 5
L \1'8 V 101
1.5 1077
1 ]
- 1.2V 107
Vour = ) = ;
1 - — 7
l = o 1073
wn
N ~ e
0.5 - 1079
; 10710 :
. L 10~
0.5 1 1.5 2 . !
Vin (V) Vin (V)

— BSIM =reee 4PM === 5PM

Transistor W/L V5o (mV)| Ig (uA) --
(pm/pm)

NMOS 5/0.18 5.52 1.37 0.027 0.056
PMOS 5/0.18 -525 1.82 1.40 0.024 0.035
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CMOQOS Inverter in 180 nm bulk
Output Voltage and pull-down current
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11- stage Ring Oscillator in 180 nm bulk

Output Voltage

-
lllll
-
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Conclusion

eFor the first time, a truly compact MOSFET model for
SPICE formulated with single-piece functions

e\With only 5 DC parameters that are extracted from
simple and direct methods (automatized) using SPICE

e Good matching with circuit simulations with BSIM and
UTSOI2 models

Edinburgh, June 2023 16
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