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Model Developer issues

« Complexity in model development has
shifted from model creation to model
implementation

 Fewer models implemented

* Models become more general to try to
handle all processes
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Model Developer issues

 Simulator model interfaces that are
powerful are complex.

* Model interfaces promote errors due to
complex math and program requirements.

« Software engineering aspects of
implementation are time consuming.
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Model Developer Issues

» EXxisting source-code interfaces are
inherently non-portable

* High burden on the developer to:
— Manually compute matrix stamp

— Manually compute derivatives

— Implement multiple, self-consistent entry
points for analysis types

* Requires close cooperation with the
simulator vendor
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End User Issues

 Want accurate, robust, tried and tested models.

« Want to use models confidently across different
simulation tools.

« Want all models to simulate efficiently.

« Want a wide range of models to be available
and easily obtainable.

» Want to easily modify the underlying equations
to suite their particular need.

tiburon design automation
www.tiburon-da.com



Vendor Issues

« Standard models, such as BSIM3, are a
necessary part of any analog simulator

— Supporting standard models offers no
competitive advantage.

* Multiple implementations of same
standard model increases risk of errors
— Always requires verification and testing.

* Potential model differences prevent new
customers from evaluating their product.
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Foundry Issues

« Standard models often do not provide
accurate enough representation of the
foundry process

* Foundries do not have sufficient resources
to support and verify all vendors’ tools.

— This can limit their customer base.
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Verilog-A

* Natural language for model development
« Concise

« OVI standard (proposed to IEEE)
* Implemented in many simulators
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Existing solutions

Current Verilog-A solutions

— Are not sufficiently fast for simulation with
typical compact models

— Are not universally available
— May not offer IP protection
— Don’t support all analysis types

— Do not provide a simple distribution
mechanism
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Proposed Solution

* Use Verilog-A for analog model definition

* Develop a Verilog-A model compiler and
support tools to create analog models that
can be used in a wide range of simulation

platforms.
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Proposed Solution

* Maintain simulation performance
comparable to existing C/C++ level
interfaces.

* Provide robustness better than existing
iImplementations.

* Support for all analysis types, e.q.
transient, harmonic balance, shooting,
nonlinear noise.
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Proposed Arc

* A Verilog-A compiler and simulator-

hitecture

specific run-time environment (RTE)

Verilog-A
Source

I

Compiler
CML*

—’ Simulator 1

ﬂ Simulator 2

—> Simulator 3

* CML = compiled model library

—’ Simulator 4
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Benefits to End Users

* Solves the problem of model availability
and compatibility.

 Models with source code available can be
modified.
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Benefits to Vendors

 Removes need to support complicated
standard models.

* Proprietary models can also be developed
Verilog-A and distributed in compiled form

— Provides IP protection
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Benefits to Foundries

* Model definition can be part of foundry kit

— Can be completely independent of simulators
and simulator versions.
* One parameter set to extract, distribute,
and support.

* Models can be modified to fit the foundry
process

— Parameter information and model changes
can be hidden to protect IP.
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Benefits to Model Developers

« Concentrate on model development, not
Implementation issues.

 Models and updates can be made
available immediately on all platforms.

 Model IP can be protected and licensed.
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Demonstration of Verilog-A based
Compact Models

* Support for popular models is necessary
for language acceptance

* Provides templates for generation of
similar models in Verilog-A

« Demonstration of language capability

 RTE implemented in two simulators:
— SPICE 3F5, HBsim.
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Examples:

« SPICE Gummel-
Poon

* Very old model
— Yet very popular

« Users often like to
modify model
slightly

— Kull-Nagel
— Thermal
— Avalanche

« ~300 lines in
Verilog-A

Gummel-Poon BJT

Tiburon Design Automation SEx

// Base-emitter diffusion
if (Ibel + AREA * ITF != 0.0)
begin
t0 =Ibel/(Ibel + AREA * ITF);
tff = TF * (1 + XTF * t0 * t0 * limexp(Vbe/(1.44 * VTF)) );
end
else
tff =0.0;

if (Vbe <= FC * VIE)

Qje = CIE_T * ((VIE - Vbe) * pow(VIE, MIE) / ((MJE - 1) * pow(VIE - Vbe, MIE)) - VIE / (MJE - 1));
else

Qje = CJE_T * F1 + CJE_T /F2 * (Vbe/2 * (2 * F3* VIJE + MIJE * Vbe)/VIE - F3 * FC * VJE - MIC * FC *

Qbe = tff * Ibel / Kgb + Qje;

// Base-collector diffusion

F1 = VIC/(1 - MIC) * (1 - pow(1 - FC, 1 - MIC));
F2 = pow(1 - FC, 1 + MIC);
F3=1-FC¥* (1+ MIC);

// Extrinsic
if (Vbex <= FC * VIC)

Qjecx = CIC_T * (1 - XCIC) * ((VIC - Vbex) * (pow(VIC, MIC)/(MIC - 1) * pow(VIC - Vbex, MIC) ) - VI
else

Qjcx = CIC_T * (1 - XCIC) * F1 + CIC_T * (1 - XCIC)/F2 * (Vbcx/2 * (2 * F3 * VIC + MIC * Vbex)/VI

// Intrinsic
if (Vbci <= FC * VIC) i
Qjci = CIC_T * ((XCIC) * (VIC - Vbci) * pow(VIC, MIC)/((MIC - 1) * pow(VIC - Vbci, MIC) ) - VIC/ (I
else
Qjci = CIC_T * (XCIC) * F1 + CIC_T * (XCIC)/F2 * (Vbci/2 * (2 * F3* VIC + MIC * Vbci)/VIC - F3 X F

Qbc = TR * Ibcl + Qjci; |

»

writable Insert 309:11
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Example of single model library
used in multiple simulators

* HISIM
— Hiroshima University STARC IGFET Model

* Popular drift-diffusion/surface potential
based model
— Smaller parameter set size
— Physically based

» Uses local Newton-Raphson loop
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HiSIM
Verilog-A
Source

Compiler

hisim.cml

RTE

RTE




New design capability

 Circuit designers can control level of
abstraction

* All levels can be combined in one
hierarchical implementation

Behavioral C
Verilog-A Verilog-A Verilog-A
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Behavioral model example: PLL

[ & Tiburon Design Automation Q@@‘

=T Eomplete PLL gy

electrical lo;

phaseDetector #(.gain(2)) p behaVioral

3

eRTlenE, e VCO control voltage
definition in O s M MY
res = tau/cap;

veur, 1) <+ o =@M E lIDrAry
I(out, ref) <+ ddt(cap*V(out,.re
end
5iendmodule
52
53// swept frequancy sinusoidal source used as input to the PLL
54 module sinRampSrc(p,n);
55 inout p,n;
56 electrical p,n;
parameter real fStart = 1, hzPerSec = 1;

out.

analog
V(p,n) <+ sin(2*" M_PI*(fStart+hzPerSec/2*srealtime())*srealtime( Ry

61endmodule
62
63// Test module combining the PLL and the swept source
64 module testPLL(rf, out, ref,if_); H ; H H ; H ; H H H
65 inout rf, out, ref, if_; . . . 30,0 40,0 50,0 60,0 70,0 80,0 90,0 100,0
66 electrical rf, out, ref, if_; tine s

parameter real tStop=1e-3, fStart=0, fStop=0;

ground gnd;

| Writable |Insert
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Performance

ical for acceptance

IS cri
* Myth of hand-coded equations

« Simulation speed of Verilog-A based compact
models
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Outstanding issues

* Verilog-A is quite capable of describing
compact models

« Addition improvements
— Parameter attributes

— Additional program functionality
* Function parameters
* Local declarations
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New Modeling Ecosystem

Develop once,

run everywhere Model validated

through design

success
Single
model
extraction _
Designer

N\

Vendor Veriloa.A
independent \hhasd
Implementation

Aulation flow
verification only

[
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New Paradigm

* Model interface is standardized on Verilog-A

Model definition no longer needs to be static
— Fit model to process
— Remove unneeded functionality of standard models

Models can be a competitive advantage
Models can have revenue potential

Users can choose simulators based on analysis
algorithms rather than model set.
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Conclusions

* Verilog-A has the capability to support complex
compact model implementations

* A Verilog-A compiler provides fast execution and
support for all analysis types

 Virtually all popular compact models have been
Implemented as a demonstration.

 Model implementation and distribution can be
greatly simplified.

— Model developers, simulation vendors, end users all
benefit.
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