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General Requirements for Compact Models

—High accuracy for the description of the electrical behavior of
the device and the simulation of the corresponding circuit

—Short simulation time

—Convergence

—Avallability in the important/used simulator

—Parameter extraction availability

—Model documentation availability

—Long term management for model development and support.
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Compact models are defined as models for circuit elements which are sufficiently

accurate for circuit design and simple to incorporate into circuit simulators.

Simplicity
Universality

Physical

Accuracy

Number of parameter
Empirical
Extendibility
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Presenter
Presentation Notes
I found a very interesting definition of Compact models in the book “Compact Modeling” from Prof. Gildenblat. It says: ….
But requirements for circuit designs are very different and not all models can cover all needs. Effort and need are mostly controversial.
Specially the effort increases dremondosly if you want to make everything perfect. So what are the physical effects which should be taken into account for HV transistor models:
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SPICE Model Trade Off cleap sheadinanes

Simplicity

Extendibility Universality
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HV CMQOS Transistor Types
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Increased junction breakdown voltage (BV)
of the drain diffusion is achieved
by using a deep drain well

Small on-resistance and high BV are contrary effects.
The optimization of the tradeoff between
both quantities is of major interest.

The gate length is extended beyond the body-drain
well junction, which increases the junction BV.

The gate acts as a field plate to bends the electric field.
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Presenter
Presentation Notes
LDMOS transistor LDD, simple structure up to 10-12V also used for RF applications.
HV CMOS using special drain well for increasing the D-S and D-B breakdown voltage.
Isolated one
HV PMOS
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Following physical effects must be taken into account ~ *****" "
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Presenter
Presentation Notes
I found a very interesting definition of Compact models in the book “Compact Modeling” from Prof. Gildenblat. It says: ….
But requirements for circuit designs are very different and not all models can cover all needs. Effort and need are mostly controversial.
Specially the effort increases dremondosly if you want to make everything perfect. So what are the physical effects which should be taken into account for HV transistor models:
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FOMSs for HV Transistors

approval

 RON (On Resistor) (high vgs, low vds, and temp.)

e VT long & short (Threshold Voltage)

e Cgg & Cgd (Miller Cap)

e gds, gm (analog parameter for long channel length)
o |DSAT (Saturation Current)

e FT, FMAX RF Parameter (transit frequency and
maximum oscillation frequency).
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State of the Art HV Compact Models and new Developmén

BSIMx Sub-circuit Model
HISIM_HV
—CMC Standard model version 1.1.2 :1.2.1: 2.0

EKV HV Transistor
—Under development within the EU Project COMON

PSP HV - Transistor Model
—In development based on PSP surface potential model

MM20

—asymmetrical, surface-potential-based LDMOS model, developed by
NXP Research
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Presenter
Presentation Notes
Simple sub-circuit can be used for LDD transistors LDPMOS with less quasi-saturation effect.
Symmetrical HV PMOS, less quasi-saturation
Unsymmetrical HV MOS high quasi-saturation and length scaling effect.
Substrate current injection
Symmetrical HV CMOS with all ugly features of HV CMOS you can imagine.
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Sub-circuit Model Features and Limitations

HV MOS Transistor Model Features:

*Basic MOS FET Model Features (BSIM) Model Limitations:

*Basic geometrical and process-related aspects such as oxide ~ *RF modeling
thickness, junction depth, effective channel length and width +SH modeling

*Geometry scaling, Short-channel effects
«1/f and thermal noise equation.
“Temperature Modeling for RON, VT, IDSAT *Graded channel

«Effects of doping profiles, substrate effect *Impact ionization in the drift region
*Modeling of weak, moderate and strong inversion behavior *High-side switch (sub-circuit extension needed)

Material may not be reproduced without written approval

*RON modeling

Quasi saturation region and the saturation
region

Bulk (Substrate) current

«Parasitic bipolar junction transistor (BJT).
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BSIM3v3 Sub-Circuit (Trade Off)

SlmpI|C|ty

+ Extendibility  Universality =

== Empirical Physical ™=
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VDDP Interner Knoten


HiSIM_HV
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Complete Surface potential-based:

HiSIM_HV solves the Poisson equation along the MOSFET
channel iteratively,

including the resistance effect in the drift region.

high flexibility
20 model flags
scales with the gate width,
the gate length,
the number of gate fingers
and the drift region length.
In addition, HiSIM_HV is capable of modeling
symmetric and asymmetric HV devices.

The following effects are also included:
Depletion effect of the gate polycrystalline
silicon (poly-Si).

eQuantum mechanical

*CLM

eNarrow channel

oSTI

oL eakage currents
(gate, substrate and gate-induced drain leaka
(GIDL) currents).

eSource/bulk and drain/bulk diode models.

*Noise models (1/f, thermal noise, induced g
noise).
*Non-quasi static (NQS) model.
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Current-Voltage Characteristics

Relatively Low Breakdown Voltage

4.5 ; 4.5 %
Llne H|SIM LDMOS S
4.0¢ Symbol:2D-Dev Sim. 4.01 £
3.5¢ 3.5} 5
:Ft 3.0 Vgs=15V (2] 3.0} %
S 2.5 S 2.5} :
—2.0 —2.0} g
S 1.5} & 1.5} :
1.0} 1.0¢ E
0.5} | 0.5} | :
O = N N N 0_0 n—
0002 12 16 0

Vgi [V]
Relatively H|gh Breakdown Voltage

1.8

4.0

0.0

3.5|
__3.0}
D 25|
= 2.0f
£1.5}
4.0}

0.5}

©2011 - austriamicrosystems AG.
of austriamicrosystems and may only be used for noncommercial educational purposes.

All rights reserved.

8 12 16
Vds [V] amicrosystems



BSIM3v3 sub-circuit v. HISIM_HV
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Empirical Model: Issues on HISIM_ HV 1.1.2

lds - Vgs
: Gmvs. Vgs H
Care must be taken when adjusting critical parameters describing the Vgs dependence:
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Presentation Notes
Conditions Parameter RDVG11 und RDVG12 (extreme transistor nmos50t)
unphysical behavior
 Result of the empirical model
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e Subcircuit: bad fitting quality, especially in accumulation.
 HISIM_HV: good fitting quality in all regions.
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HiSIM_HV (Trade Off)

Simplicity =

+ Extendibility | % Universality +

: Empirical Physical :
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Compact Modeling Netvork
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EKV HV

Model Features

o Laterally non uniform effect (inner MOS)
 Mobility reduction due to vertical field effect
e Quasi-saturation

region

e Geometrical small dimension scaling
 Sub-threshold barrier lowering (a.k.a. DIBL)
» Reverse Short Channel Effect

e Channel length modulation

o Temperature effects

» Self-heating effect

 Impact ionization current

» Dynamic Model (capacitances)

e Extrinsic parasitic elements

@? austriamicrosystems

a leap ahead in analog

e First order high field mobility reduction in drift

Model Limitations

Layout dependences
Non-quasi-static behaviour
Noise

Symmetric structures
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50V HV Transistors, A. Bazigos, Mingchun Tang
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l Blue: Simulation; Red: Measurement l

All rights reserved.

28 © 2011 austriamicrosystems



@? austriamicrosystems

|DVG fOr h|gh VD a leap ahead in analog

EFFLHY v1106 NN

Material may not be reproduced without written approval

of austriamicrosystems and may only be used for noncommercial educational purposes.

©2011 - austriamicrosystems AG.

I EPFL_HV v1.106 I HISIM_HV v1.1.2 I!SIM Sub-Circuit V3iil

l Blue: Simulation; Red: Measurement l

All rights reserved.

29 © 2011 austriamicrosystems



@? austriamicrosystems

Log(ID)_VG fOr h|gh VD a leap ahead in analog

EFFLHV vL.105
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50V HV Transistors, A. Bazigos, Mingchun Tang
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Plot HiSIM_HV_SPICE3/C_Gate_SDB_me/Cgg_cap/Csdb_g
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EKV HV (Trade off)
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Analog design requirement
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1/f Noise Modeling for HV Transistors

Mobility fluctuations as well as charge carrier fluctuations

HISIM_HV:
NFALP which is applied for the mobility fluctuation phenomenon

: 1o, |
M _ NFTRP which is applied for the ratio of trapped density
Rk to attenuation coefficient.

il ~ CIT, a capacitance parameter applied for interface-trapped carriers.
Normally it is fixed to zero.

Material may not be reproduced without written approval

The BSIM3v3 approach has a different formulation for operating regions
vg > vth + 0.1V and vg < vth + 0.1V,

Therefore a discontinuous flicker noise model may occur
HISIM_HV which uses one common formulation for strong and weak inversion oper
regions.
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Sid & Svg Benchmark

Sid... Output referred Noise
Svg... input referred Noise
IC... Inversion Coefficient

e \Vds=3V

 short channel and a long channel
device

 Sid current noise density [A%/Hz],

41

Sid * Freq (A%
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BSIM sub-circuit v. HiSIM_HV 1.2.1 for 120V Transistorg™ """
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HV NMOS output and transfer characteristic of a typical wafer. W/L=40/0.5,
VGS=2.9,4.8,6.7,8.6,10.5,12.4, 14.3,16.2, 18.1, 20 V, VBS=0 V. &
VBS=0,-1,-2,-3,-4V,VDS=0.1 V.

+ = measured, full lines= BSIM3v3 model; dashed lines = HISIM_HV 1.2.1
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Isolated HYMOS: High-Side Switch Modeling #leap sheadn anelos

- HYMOS used on the low-side of a load:
Source and Substrate hold at the same potential
- HYMOS used on the high-side of a load:
Both Source and Drain can be placed at high potential -
=> Ron is changing with Vg,

Transfer Characteristics
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HISIM_HV 1.2.1: Vsub modulates the effective depth of the drift region: Rdrift(V, )
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Table of Model Capabilities (1/3)

Physical Effects BSIM3/JFET Subcircuit HiSIM_HV EPFL-HV <
Technology Related Device Effects: %
Symmetric / Asymmetric Device 4 | asymmetric %
only E
Quasi-Saturation V1 | V] %:
RON 7 1 v fi w
Mobility o % o s
Carrier Velocity Saturation 4 | V1 . %
Channel Length Modulation 4 | V1 é
Impact lonization current extrinsic model | V] é é
Poly-Silicon-Gate Depletion Effects | | éf%
Geometry Scaling: s
Short Channel Effects V1 | | % %
Reverse Short Channel Effects 4 | v . %
Narrow Channel Effects V1 | | 2 é
Drain Induced Barrier Lowering 4 | V] Z s
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Table of Model Capabilities (2/3)
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Physical Effects BSIM3/JFET Subcircuit HISIM_HV EPFL-HV g;
Asymetric MOS Capacitances: g
Intrinsic Capacitance | | il é
Overlap Capacitance | | il E%
Fringing Capacitance ¥ | g
Bulk Diodes: % !
Diode Current | | | g <—§
Diode Capacitance ol o o %
Temperature Modelling: o g
Threshold Voltage | o ! %é
Mobility | o 7 é 2
Quasi-Saturation | | | § g:
RON 7 o 7 ¢ j
Bulk Current ol o o % g
Self-Heating o o é%
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Table of Model Capabilities (3/3)

Physical Effects BSIM3/JFET Subcircuit HISIM_HV EPFL-HV %
Noise: é
SPICE Noise model v E;
Flicker Noise Model v ! g
Short Channel Thermal Noise Model M % ]
Induced Noise in Gate 7 g_g
Induced Noise in Substrate V] %
RF Modeling: s %
Gate resistance model ¥ ! ‘éi g
Substrate resistance model v 7 é ;i
Multi-finger transistors | V1 g g
Non-Quasi-Static (NQS): : g
NS “ ¥
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Speed comparison

Benchmark case: 27-Stage Ringoscillator, VDD=3.3V

BSIM based
sub-circuit
Simulation 187s
Time
Peak 40.1MB

Memory used

Fast on/off switching dramatically extend the simulation time for HISIM HV.

HiSIM HV HiSIM HV
2.0 without | 2.0 with self-
self-heating | heating

HiSIM HV

1.1.2 with
self-heating

35.2MB 33.1MB 33.2MB
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Summary

HV-Transistor Model Benchmarking:
General requirements & Model trade off for

BSIM3v3 Sub-circuit
HISIM_HV
EKV HV
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