- & b = e ( o
Lo % - 3 | ~ e £ Y
17 : [t ! o e A.p.l“ : : G
| - 1 -A ’ z 8 ) - ¥ e . |
‘ [N ‘4\ { e

an( SPEC 'E

rnes!, Gabriel
. . Barragan3, And 2]
Marcio C. Schneider!, Sylvain Bourdel® and Carlo

o

|
T

.

lFederal University of Santa Catarina, 88040-900 Florf
- " 2STMlcrche;ctronlcs 38920 Crolles, Franc
3Univ. Grenoble Alpes CNRS, Grenoble INP, TIMA F- 38000 Gl

v h. =

- - -
- -~ |
. . - e,
- - v ' a »
-

.- AV puy -
- e
- - - . h .
# - " - I

S




Outline

A Introduction
A Velocity saturation effects
A Parameter extraction

A Intrinsic capacitances including velocity
saturation and DIBL

A Circuit examples

Edinburgh, June 2023



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. — ) M 7 < , ,
. - Q —— M )
normalized charge densities p —In N |
shortchanneparameter : (L %70)
V)
diffusion-related velocity /saturation velocity

Saturation current due to saturation velocity of the carriers

0O w U U Qpsst IS the saturation inversion charge
density at the drain end of the channel

or using normalized variables
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Physicsbased saturation: design model

, , P\ ¢n
f np?](p:)T

Unified Charge Control Model including the
effect of velocity saturation

w W , N
7 n p | R

o0 %o= 26 mMV@ 300K
W N (I
% 0 'hTH
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Effect of the maximum ofy(qp)
on the output characteristicj(vp)

M N o

o m M

A 4

02 04 06 08 1 12 14
Vs (V)
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Output characteristics including DIBL ang +

Vps (V)

180 =

150

Vap = 400 mV

120
e~ —~
< <
£ e

Q

L &

601 L.

30 (

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

0060¢ Qpy ® (W

Transistor

NMOS2V

T
(HOIMH 0)

--------------
am -
-

360 75
w1 f+ e 6.25
240 4 5o9=="" 5
AT
Vi 800 mV <£
180 GB = L = 37
Q
ey
120 2.5
60 | 1.25
0 | ‘ . , . 0 .
0 03 06 09 12 15 18 0 03

Vs (V)
| — 3PM=--- 5PM |

® )

i L

Edinburgh, June 2023

0.025

0.056



+ ls and n extraction:The K &, method
n !

Q" —&0 %N =—n 0, &%(p n)
Thus, at threshold (s =1) g, /lpis at _
15 of its maximum value, Q p
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Extraction of U in WI ( M) in saturation

Common Source Intrinsic Gain method
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28 nm FDSOI technology DC characteristics

extraction
for L=60 nm LVTINMOS 1pm/60nm  390.5 3.25 1.138 0.018 0.039
LVTPMOS 1pum/60nm 403.6 0.755 1.014 0.029 0.024

Model Verification: NMOS & PMOS TRANSISTORS
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Intrinsic capacitances including
velocity saturation and DIBL
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CMOS Inverter
VTC and short-circult current in
28 nm FD-SOI
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CMOS Inverter in 180 nm bulk
VTC and short circuilt current
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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
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