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Model convergence improvements
Customized 3D jfet model
1) Made model fully symmetrical (I@V=-(1@-V)
Shichman and Hodges Spice model, with 2 mode! petens 2) Used Verilog-A capability to prevent extremeusinins of Vdsat evaluation
customized to enable the modeling of 3D pinchingaff 3) Linearized model for very low voltages (expligiixpressed equation)
« Transconductanc&eta=-1/(2*Vto*R)
« Threshold voltageVto=Vto_inf/(1+2*xj/w)
Direct link to series resistance: R=Rsh*(I+deltg(w+delta_W)
Additional parasitic diodes for capacitance, leakagd BV modeling

» Advantages of improved model:
Model is universal and applicable in various HV macromodels
» Disadvantages of improved model:
although the convergence was significantly improved (no crash any more)

Limitations: poor fit for too lightly doped layers the simulation time is still relatively long due to implicitly
predefined number of terminals expressed equation in nonlinear area
Verilog-A model for very lightly doped Model improvement for
resistors with metal/poly flap [ Fast and precise pinch resistor

Pinch resistors don’t have top vertical pinchingszd by the metal/poly flap. Top

Gr*‘ H . : and bottom pinching has the same physical fundanteetonly difference is

/5/,)/ z 7 | “tub” and “surface” concentration.
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‘ These 2 concentrations were connected to one pteaared surface top pinching
was removed from the equation..
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DC model is voltage controlled current source confaing 3D pinching effects Ires rhor +d|){(W+dV\) Zmp\/wp+VlOIxo—a\/w+V10W1+/l queé]
v This allows for explicit solution of Vsat
o= ~teS (WdwW -2, 0 +V, | xo-a [+, —a, [yn+V, 1+ ) The simulation time was significantly decreased toéocomparable with
res rhO[(I+dI){ p\/ P 101 \/ 10 O\/ ° 111 queéj built-in spice models and the preciseness is stléry good.

%/—/

Lateral pinching Vertical pinching
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W built-in potential :

V0. -..pinch-off voltage caused by substrate-nwell pagivt, =f(Vres)
V,;....pinch-off voltage caused by metal plate potentigkf(Vres)

. . Idvd for various | and w Idvg — pinch-off voltage Idvd for various Vs-Vsub
(o PP pinching factor for various widths
Vres'.....auxiliary voltage used instead of Vres to keep the "
current constant in the saturation (finally adjdstg parametex) Model improvement for

Fast and precise part of HV device macromodels
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~ HV devices are often wide, or don't contain sidgesd
The side pinching is then negligible, so it was ogead from the equation.

Vsat REss Vsat Vres v
> VSAT CALCULATION : 'res™ rrorg )itdl)[(WJ’dV\)_ZWXo‘ax/wvlo_ao\/%wllll” Wres]
Vsat=peak of parabola (the first derivative of lxe8)
» PROBLEM : This enables for_explicit solution of Vsat
Too complicated equation - the solution &fderivative can’t be The simulation time was significantly decreased toéocomparable with
explicitly expressed built-in spice models and the preciseness is stiery good.

» SOLUTION:
The first derivative can be calculated by Spiceatiens during
simulation execution.
» HOW TO DO IT?
The Ftderivative can be split into 2 parts — let's caéri 11 and 12:
11+12=0 =» 11=-12
11 and 12 can be represented by 2 current souncese loop (Kirchhoff low).

‘ ‘ Scalable 700V HV LDMOS 700V H\( LDMOS with qyazisamration m»odeled by
ll l a a layout with drain bonding pad Verilog-A model of lightly doped resistor
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Conclusions
BASIC MODEL PARAMETERS:
- Concentrations (body, tub, side, surface) The universal Verilog-A model for very lightly dapeesistor was introduced.
. Dlﬁgsmn d_epth (X)) Mainly The model can be used in macromodel of differentdéVices (LDMOS, HV schottky
- Series resistance Physically diode, level shifter, pinch resistors, metal-pdapped lightly doped resistors, etc...)
- Geometry factors (dW, dL) Bacod In most cases the simulation time is comparabli stiandard complex Spice models
- Field oxide thickness Parameters The model is cleaned from convergence issues aablésto simulate up to extremes
- Correction and temperature parameters (temperature, bias, size)
Limitations: long simulation time REFERENCES
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