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Introduction to OpenVAF

Verilog-A compiler for compact models

Compiles all CMC models without manual intervention

Fast compilation

Fast models

Uses LLVM to create a dynamic library

OSDI API for using/accessing the compiled model

Verilog-A >> AST >> HIR >> MIR >> LLVM IR >> dynamic library
Written in Rust



OpenVAF performance

Compilation time in seconds for various Verilog-A models

PSPv103 BSIM4 EKV2.6 JUNCAP200 HICUM/L2v3.0

OpenVAF 3.48 6.7 0.23 0.61 0.72
Xyce ADMS 109 25.1 9.6 16.6 22
ADS 33.9 27.0 2.5 51 7.7
Spectre 27.4 - 6.1 11.4 19.7

Runtime of HICUMIL2v2p4p0 characteristics simulation

Case Time [s] Case Time [s]
Ngspice (OpenVAF) 9.16 ADS (Verilog-A) 8.63
Ngspice (builtin) 14.64 ADS (builtin) 7.01
Xyce (ADMS) 36.42 Spectre (Verilog-A) 52.61
Xyce (builtin) 26.56 Spectre (builtin) 25.33

Source: https://openvaf.semimod.de/docs/details/performance/



History, OpenVAF-reloaded

Pascal Kuthe @ SemiMod GmbH, development stopped in December 2023

Forked Pascal’s repository in January 2024
https://github.com/arpadbuermen/OpenVAF

Motivation: development of a new simulator (VACASK),
with a device model library implemented as Verilog-A modules.
Critical bugs in OpenVAF were fixed to bring VACASK to life.

Renamed to OpenVAF-reloaded in July 2024

Collection of bugfixes authored by
Arpad Blrmen, Geoffrey Coram, Dietmar Warning

Introduced OSDI 0.4 API with new API functions

Binaries available at
https://fides.fe.uni-lj.si/openvaf/download/


https://github.com/arpadbuermen/OpenVAF
https://fides.fe.uni-lj.si/openvaf/download/

Squashed bugs in chronological order

incorrect $analysis() reporting

$discontinuity(-1) BL']I’men
incorrect handling of branches with voltage contribution when $mfactor!=1

a bunch of preprocessor bugs Coram
empty module not working .
ceil() support Warn I ng

$limit with 1 argument not working

singular matrix with single node voltage contribution

string parameter ranges

PSP model derivatives issue

preprocessed files (dumped with --print-expansion) now compile
noise $mfactor handling for voltage noise contributions

singular Jacobian for a node with only a voltage noise contribution
correct noise scaling with $mfactor

crash in LLVM under Windows



New API features in OpenVAF-reloaded
(OSDI 0.4)

OSDI 0.4 — almost binary compatible with OSDI 0.3

Minor changes needed in simulators supporting OSDI 0.3 to support OSDI 0.4.
Ngspice pre-master-44 now supports both 0.3 and 0.4, uses only 0.3 features.

New features provide advanced functionality (used in VACASK)

Checking parameter given flags
Simplifies simulator code, easier de-allocation of strings.

List of model input quantities
Needed for Gnucap style instance evaluation bypass algorithm.

Access to individual Jacobian contributions
Needed for Gnucap style instance evaluation bypass algorithm.

Loading Jacobian contributions with offset
For building the Jacobian matrix in harmonic balance analysis.



LLVM support, OpenVAF org

Latest LLVM is version 19, OpenVAF is based on LLVM15
Dietmar Warning managed to compile it with LLVM 16 and 17

LLVM 18 port by Kreijstal based on OpenVAF-reloaded
https://github.com/Kreijstal/OpenVAF
Needs reviewing and testing.

OpenVAF organization on Github
Bdrmen, Coram, Warning, Kreijstal
https://github.com/OpenVAF

OpenVAF-reloaded + LLVM18 port + webpage, ...
Goal is to join all development in one place.

Plan: test the LLVM18 port, then start releasing binaries.
Stop backporting fixes to OSDI 0.3 branch (will save time).


https://github.com/Kreijstal/OpenVAF
https://github.com/OpenVAF

Projects that rely on OpenVAF
Ngspice

H

https://ngspice.sourceforge.io/

\—NGSPICE

Analog and mixed-signal simulator
SPICE3-based

XSPICE extensions for mixed-mode simulation
CIDER for semiconductor device simulations
Uses OpenVAF to access Verilog-A compact models
Supports new OSDI 0.4 API, uses only OSDI 0.3 features



Projects that rely on OpenVAF
Verilog-A Circuit Analysis Kernel (VACASK)

https://codeberg.org/arpadbuermen/VACASK

New simulator, not SPICE3 based

Separation between models and analyses (Xyce, Freeda, Spectre)

Uses OpenVAF to build its library of compact models, uses OSDI 0.4 API
Spectre-like syntax

OP, DCXF, AC, ACXF, noise, transient, (multitone) harmonic balance
Sweep anything with arbitrary depth

Alter anything (even switch topology) without restart

Fast, short (44k lines in C++), few dependencies (KLU)



Projects that rely on OpenVAF
Verilog-A Distiller

https://codeberg.org/arpadbuermen/VADistiller

Converter for compact models: SPICE3 C >> Verilog-A

Written in Python, based on pycparser

Converts Ngspice pre-master-44 models
Once complete - should also work on all BSIM group models.

Validates generated models
At this point handles passive elements, work in progress on diode, JFET, BJT

Main problem: SPICES3 style limiting is not equivalent to Verilog-A $limit.
Must make minor changes in OSDI support of Ngspice.

Funded by NLNET



Some benchmark results (FSIC 2024)

Circuit Integrator
Rectifier, builtin diode Gear 2
*Trap
Gear 2
(converted SPICE model) Gear 2
Cascade, builtin diode Gear 2
Gear 2
(converted SPICE model) Gear 2
Diode logic AND N/A
* N/A
N/A
N/A
Ring oscillator (BSIMBULK) Trap
Trap
Xyce 7.6.0
Gnucap 2024.02.20
Ngspice 42
VACASK

Simulator

Xyce
Gnucap
Ngspice
VACASK
Xyce
Gnucap
Ngspice
VACASK
Xyce
Gnucap
Ngspice
VACASK
Ngspice
VACASK

1000002
1000011
1000008
1000004
540282
failed
521489
507582
1002001
1000000
1002001
1002001
20173
20170

50.45
33.39
16.30
14.93
30.3
failed
9.56
9.30
84.47
26.17
12.84
9.36
9.62
8.75

Points (n) Time[s] Timeln [us]

50.45
33.39
16.30
14.93
56.08
failed
18.33
18.32
84.30
26.17
12.81
9.34
476.88
433.81

Model
Native
Native
Native
OpenVAF
Native
Native
Native
OpenVAF
Native
Native
Native
OpenVAF
OpenVAF
OpenVAF

VACASK is faster than Ngspice — a fair assessment of OpenVAF
vs. native SPICE3 model execution speed should be possible

once VADistiller supports conversion of advanced models.



Roadmap for OpenVAF-reloaded

Would be great if we had a manual of OpenVAF internals (by Pascal Kuthe)
More realistic scenario - reverse engineer the OpenVAF code

Maybe rewrite OpenVAF someday in a more readable form ... one can dream...
Backend (MIR >> LLVM IR) is reverse-engineered to great extent

Next: reverse engineer MIR and HIR data structures

Write access to param_given flags (make parameter 'not given' via API)
... a small exercise in backend programming

Access Verilog-A module and parameter attributes, expose them in API
... arealistic goal, but not trivial... and while at, it also expose natures and disciplines

Automatic detection of initialization code is not optimal when $simparam is present... hard
A better way to do $limit, allow limit in conditional statements ... even harder

Fix bugs along the way

Document OSDI 0.4 API, improve documentation of OSDI 0.3 API
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