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introduction: LDMOS devices
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LDMOS applications = accurate modelling
important
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pro’s con’s

- flexible » uncontrolled node

 charge partitioning - computation time /
channel / drift region convergence
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pro’s

con’s

* no uncontrolled node -« charge partitioning

e convergence

channel / drift region
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Ich = Idr

Continuity eq:




MOS Model 20: DC-model

Ich = Ich (VDiS! VGS, VSB)

 strong inversion
* mobility reduction due to vertical field
 velocity saturation




MOS Model 20: DC-model

Idr = Idr (VGDi 3 VGD , Vbis)

e accumulation

 depletion

 bulk current

* mobility reduction due to vertical field




MOS Model 20: DC-model

internal node Di expressed analytically from

Ich (vDiS! VGS, VSB) = Idr (VDiS! VDS! VGS! VSB)




MOS Model 20: DC-model

S I G 5 surface-potential based
Ips = Ien (WsLs Weo)

Vso = Vso (Vsps Via)
VsL = VoL (Voigs Vae)

« weak and strong inversion

- saturation in channel region

« accumulation and bulk current in drift region
* mobility reduction

* DIBL and static feedback

- weak avalanche




MOS Model 20: DC-model
I G
S D

« 21 dc-parameters

- temperature scaling (6 parameters)
» self-heating

» width-scaling

* length scaling
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MOS Model 20: experimental data
12V SOI-LDMOS: T_,= 38 nm, W=17 um, L= 1.6 um, T=25 °C
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MOS Model 20: experimental data
12V SOI-LDMOS: T_,= 38 nm, W=17 um, L= 1.6 um, T=25 °C
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MOS Model 20: experimental data
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MOS Model 20: experimental data
12V SOI-LDMOS: T_,= 38 nm, W=17 um, L= 1.6 um, T=25 °C
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MOS Model 20: nodal charge model




MOS Model 20: gate and bulk charges

L
Q, channet = W [ (Qiny + Qiep + Qi) dlx
|

QB,channeI =W (Qt'iep + Q:;\cc ) d




MOS Model 20: gate and bulk charges

Ldr
QG,drift region — -W j (Qinv + Qdep + Qe ) dx

)
Ldr

QB, drift region — 4 _“Qi'nv - dx
0




MOS Model 20: gate and bulk charges

QG,LDMOS = QG,channeI + QG,drift region

QB,LDMOS = QB, channel T QB,drift region




MOS Model 20: gate and bulk charges

QG,LDMOS = QG,channeI + QG,drift region
c,=(2

QB,LDMOS = QB, channel T QB,drift region




MOS Model 20: experimental data
14V SOI-LDMOS: T .= 60 nm, W= 50 um, L=5 um, T= 25 °C
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MOS Model 20: experimental data
14V SOI-LDMOS: T .= 60 nm, W= 50 um, L=5 um, T= 25 °C
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MOS Model 20: source and drain charges

inv acc
D

‘ channel region in
strong inversion

Ward-Dutton (uniform MOSFET)

L+Ly,
QD LDMOS — WI L+l vadX+ 4 I L+ L Qaccdx
dr dr

L L+Lg,
L+L;, —x
r_~q,dx+W I

L+L, —x
QS, LDMOS — Wj L+l ar
0 dr

Q...dx
L+ Ly ace




MOS Model 20: source and drain charges

D
‘ channel region in
weak inversion

all charge in the drift region attributed to the drain

L+Lg,
QD, LDMOS — 4 _[Qaccdx

L

Qs, LDMOS — 0




MOS Model 20: experimental data
14V SOI-LDMOS: T .= 60 nm, W= 50 um, L=5 um, T= 25 °C
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MOS Model 20: experimental data
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MOS Model 20: experimental data
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quasi-saturation

B/S
High-voltage
M - drift region

saturation may occur in drift region




quasi-saturation

MM 20

B/S

new MM 20: includes quasi-saturation
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quasi-saturation

e accumulation

* bulk current

* mobility reduction due to vertical field
 depletion

* velocity saturation




quasi-saturation

drift ,Ll
— == eff 2 _ Heti
1+ 6" . V. L
3 DDi,eff drift * Vsat
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quasi-saturation

sub-circuit




quasi-saturation

60V SOI-LDMOS: T_,= 38nm, W= 20um, L= 2.6um, L

= 3.5um, T= 25 °C
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quasi-saturation

60V SOI-LDMOS: T, = 38nm, W= 20pm, L= 2.6um, L, .= 3.5um, T= 25 °C
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drift region drift region
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summary

MOS Model 20
* single model
- for low-voltage (< 30 V) LDMOS
 extension to medium-voltage (< 100V) LDMOS

by inclusion of guasi-saturation

* includes dc-, charge- and noise model
e accurate description of dc- and ac-currents

* improvement in simulation speed compared
to sub-circuit model
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