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MOS Model 20: challenges
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MOS Model 20: DC-model

Kirchhoff’s current law (KCL): Ich = Idr
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1. determine VDi :

2. DC-current: IDS = Ich

approach: 



essential to first determine VDi since

MOS Model 20: DC-model
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MOS Model 20: internal drain potential

Ich (VDiS, VGS, VSB) = Idr (VDDi, VGDi, VDiB) 
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• strong inversion
• mobility reduction due to vertical field
• velocity saturation

Ich = Ich (VDiS, VGS, VSB) 

MOS Model 20: internal drain potential

determine:

include:

neglect 2nd-order effects
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MOS Model 20: internal drain potential

Include:
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• mobility reduction (surface scattering)
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MOS Model 20: internal drain potential

Ich (VDiS, VGS, VSB) = Idr (VDDi, VGDi, VDiB) 
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• accumulation
• depletion
• bulk current
• mobility reduction due to vertical field
• velocity saturation
• pinch-off

MOS Model 20: internal drain potential
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MOS Model 20: DC-model

Kirchhoff’s current law (KCL): Ich = Idr
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1. determine VDi :

2. DC-current: IDS = Ich

approach: 



also include 2nd-order effects

MOS Model 20: DC-current
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MOS Model 20: DC-model

• surface-potential-based (MM11)

• mobility reduction due                 
to vertical field  (MM9)

• velocity saturation (MM9)

• channel length                 
modulation  (MM11)

• DIBL (MM11)

• static feedback (MM11)
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MOS Model 20: DC-model
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MOS Model 20: experimental data
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MOS Model 20: experimental data
12V SOI-LDMOS: Tox= 38 nm, W = 17 µm, L = 1.6 µm, T = 25 oC
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MOS Model 20: experimental data
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MOS Model 20: experimental data
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12V SOI-LDMOS: Tox= 38 nm, W = 17 µm, L = 1.6 µm, T = 25 oC

MOS Model 20: experimental data
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MOS Model 20: experimental data
12V SOI-LDMOS: Tox= 38 nm, W = 17 µm, L = 1.6 µm, T = 25 oC
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MOS Model 20: experimental data
12V SOI-LDMOS: Tox= 38 nm, W = 17 µm, L = 1.6 µm, T = 25 oC
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MOS Model 20: experimental data
12V SOI-LDMOS: Tox= 38 nm, W = 17 µm, L = 1.6 µm, T = 25 oC
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MOS Model 20: quasi-saturation
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60V SOI-LDMOS: Tox= 38nm, W = 20µm, L = 2.6µm, Llocos= 3.5µm, T= 25 oC
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60V SOI-LDMOS: Tox= 38nm, W = 20µm, L = 2.6µm, Llocos= 3.5µm, T= 25 oC
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60V SOI-LDMOS: Tox= 38nm, W = 20µm, L = 2.6µm, Llocos= 3.5µm, T= 25 oC

MOS Model 20: quasi-saturation
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60V SOI-LDMOS: Tox= 38nm, W = 20µm, L = 2.6µm, Llocos= 3.5µm, T= 25 oC

MOS Model 20: quasi-saturation
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MOS Model 20: nodal charge model
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MOS Model 20: gate and bulk charges
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MOS Model 20: experimental data
14V SOI-LDMOS: Tox = 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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MOS Model 20: experimental data
14V SOI-LDMOS: Tox = 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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MOS Model 20: experimental data
14V SOI-LDMOS: Tox = 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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MOS Model 20: experimental data
14V SOI-LDMOS: Tox = 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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MOS Model 20: source and drain charges
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MOS Model 20: source and drain charges
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MOS Model 20: experimental data
14V SOI-LDMOS: Tox= 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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MOS Model 20: experimental data
14V SOI-LDMOS: Tox= 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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MOS Model 20: experimental data
14V SOI-LDMOS: Tox= 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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interpretation of h.f. measurements
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interpretation of h.f. measurements
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interpretation of h.f. measurements

gg

contact

g
22

sheetg
gate 3 LW

R
Lcontactfold

RW
R

⋅
+

⋅⋅⋅

⋅
=

standard, fold = 1, contact = 1

fold = 4, contact = 1 fold = 4, contact = 2

G G G

G

S
D
S
D
S

S
D
S
D
S

S
D

Ω= 340gateR



MOS Model 20: experimental data
14V SOI-LDMOS: Tox= 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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MOS Model 20: experimental data
14V SOI-LDMOS: Tox= 60 nm, W = 50 µm, L = 5 µm, T = 25 oC

-5 0 5 10
0 

50

100 

150 

200 

V GS [V] 

C
 DG

[f
F]

V DS = 5V
1V0V

0 5 10
50

100 

150 

200 

V DS [V] 

C
 DG

[f
F]

V GS = 5V

V GS = 7V

V GS = 9V



MOS Model 20: experimental data
14V SOI-LDMOS: Tox= 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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MOS Model 20: experimental data
14V SOI-LDMOS: Tox= 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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MOS Model 20: experimental data
14V SOI-LDMOS: Tox= 60 nm, W = 50 µm, L = 5 µm, T = 25 oC
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MOS Model 20: parameters

• 24 DC parameters 
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MOS Model 20: parameters

• 24 DC parameters 
• temperature scaling

• 6 parameters
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• 24 DC parameters 
• temperature scaling

• 6 parameters
• width scaling

• 7 parameters
parameters of electrical model
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number of devices in parallel MULT48
temperature offset to ambient temperatureDTA47
thickness of oxide above channel regionTOX46
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MOS Model 20: self-heating
• self-heating network inside model:

• temperature-dependent model parameters

• derivatives w.r.t. temperature (ac and transient)
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C th
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MOS Model 20: temperature scaling
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MOS Model 20: temperature scaling
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MOS Model 20: width scaling
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MOS Model 20: width scaling
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MOS Model 20: width scaling
12V SOI-LDMOS: Tox = 38 nm, L = 1.6 µm, T = 25 oC
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MOS Model 20: length scaling drift region
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MOS Model 20: noise

included: noise from the channel region

• 1/f noise
• thermal noise
• induced gate noise
• correlation

as in MOS Model 11



MOS Model 20: noise

1/f noise: comparison LDMOS - CMOS

experiments

VDS=5V



MOS Model 20: noise

1/f noise: dependence on drift region

experiments

VDS=5V



MOS Model 20: noise

included: noise from the channel region

• 1/f noise
• thermal noise
• induced gate noise
• correlation

as in MOS Model 11

supported by experiments
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MOS Model 20: circuit behaviour

• MM20 tested for wide variety of HV-MOS  
(LDMOS, EDMOS, 12-300 V)

• MM20 tested in many different circuits

• excellent convergence behaviour

• simulation times equal to 
subcircuit models



accurate DC/AC
derivatives of terminal currents and node charges 
charge conservative
voltage-drop across source- and drain

1a

drift region resistance, incl. velocity saturation1b

drift region capacitance1c

parasitic effects1d

1/f, thermal, gate-induced noise1e

OK
OK

OK
drain OK 

OK

OK

via sub-circuit

OK 

MOS Model 20: “must have” list



Vsupply up to 200V
T = – 50 till 200 oC

2

self-heating and temperature-dependence parameters3

quasi-saturation, and gm fall-off4

CGD drop5

source-drain resistances, and junctions6

OK, till ~100V

OK

OK

OK

OK

via sub-circuit

OK substrate current7

MOS Model 20: “must have” list



geometry scaling, with one parameter set
drift region length as parameter

8

reverse working (VDS < 0)9

both p-type and n-type10

breakdown behaviour11

good convergence in circuit simulation12

OK

OK

can be added

OK

X

OK

MOS Model 20: “must have” list
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MOS Model 20: concluding remarks

• MOS Model 20 gives good description of
• currents 
• capacitances 

of LDMOS devices (verified up to 100V)
• good convergence behaviour
• most items on CMC list included



MOS Model 20: concluding remarks

• on website
http://www.semiconductors.philips.com/Philips_Models
documentation and source code available

• C-code
• interfaces directly to e.g. Spectre, ADS, …

• supporting institution:
• Eindhoven University of Technology
• A.C.T. Aarts: a.c.t.aarts@tue.nl



• A. Aarts, N. D’Halleweyn, R. v. Langevelde,
“A surface-potential-based high-voltage compact LDMOS
transistor model”,
IEEE Trans. Electron Devices, Vol. 52, No. 5, 2005

• A.C.T. Aarts and W.J. Kloosterman
“Compact modeling of high-voltage LDMOS Devices including
quasi-saturation”,
IEEE Trans. Electron Devices, Vol. 53, No. 4, 2006

MOS Model 20: literature
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