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existing compact models

MOS Model 20

website
http://www.semiconductors.philips.com/Philips _Models




existing compact models: MM20

» surface-potential-based (MMm11)
 mobility reduction due

to vertical field (Mm9)
 velocity saturation (MM9)
e channel length

modulation (MM11)
e DIBL (MM11)
e static feedback (MM11)




existing compact models: MM20

 surface-potential-based (Mm11) e accumulation
 mobility reduction due e depletion
to vertical field (MM9) * bulk current
« velocity saturation (MM9) * mobility reduction due
e channel length to vertical field
modulation (MM11)  velocity saturation
* DIBL (MM11)

e static feedback (MM11)




existing compact models
12V SOI-LDMOS: T, .= 38nm, W = 17um, L = 1.6um, T = 25°C
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existing compact models
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existing compact models

MOS Model 20 RF-LDMOS
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conventional sub-circuit approach

channel region drift region
MOS model JFET model
g or resistor




conventional sub-circuit approach

channel region drift region
MM11 MM31
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conventional sub-circuit approach
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conventional sub-circuit approach

Cec (fF . .
G (35)0 overestimation of
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conventional sub-circuit approach

=) testing internal drain voltage (V)




conventional sub-circuit approach

device simulations
TCAD




conventional sub-circuit approach

device simulations sub-circuit
TCAD simulations

Internal drain voltage too large !




conventional sub-circuit approach
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conventional sub-circuit approach

=) |imitation of conventional models

Vig Vas>0

d

JFET models or resistors are not capable
of sustaining large voltages at low currents
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missing phenomena in drift region models
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physics of a gate-less drift region

E : electric field
|4, - current

1D Poisson eguation
dE . ‘

N, : dope concentration

=qgN, 1-
X qNDAVdr A I Cross section area

=
dr 1+‘E‘

_—>X

e charge dlstrlbutlon
o electric field distribution

. drift velocity




operation modes drift region
“phase” diagram
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operation modes drift region
“phase” diagram

Ohmic transport
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norm. field 0 2 4 .6 81012
Eid/Esat =P NOrm. current Idr/Ihc




operation modes drift region
“phase” diagram

Ohmic transport
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operation modes drift region
“phase” diagram

Ohmic transport
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operation modes drift region
lateral depletion @@_@@:@@@@
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Integration MOS and drift region

 Kirchoff’s laws: voltages and currents
are equal at the internal drain

e extra boundary condition: continuous lateral
electric field at internal drain




lateral electric field in channel

linear region E_ =- has_
HWQ

saturation E., =-E_.cosh(AL/I_)

sat

| current, mobility
W width, Q, inversion charge

Esat
AL,l. channel length modulation

velocity saturation field




simulations with new model

Vig (V) V4s=0,5,..30V v (V)

Vgs (V) Vgs (V)

physical solution for internal drain voltage
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comparison device simulations
lbs (MA) O (MA/V)

TCAD
new model




comparison device simulations
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comparison device simulations

Cp (FF) feedforward capacitance
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comparison device simulations

output capacitance
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comparison device simulations
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comparison measurements
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comparison measurements
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comparison measurements
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comparison measurements

cut-off frequency
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Implementation In circuit simulators

lateral electric field in channel

terminal voltages ‘ current |

Viga, Vg, Vs Vi elec. field E




Implementation In circuit simulators
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summary

 new physics-based high-voltage LDMOS
model for RF applications
— based on lateral electric field continuity
— Inclusion of partial lateral depletion
— sound physical solution for internal drain voltage

e model validation with device simulations

and measurements
— DC-characteristics
— Y-parameter bias sweeps (including f;)




summary

* new physics-based high-voltage LDMOS
model for RF applications

e model validation with device simulations
and measurements

e Implementation in circuit simulator
— additional terminal for lateral electrical field







