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Overview

SPsim is an all new simulation suite for Analogue, RF and Microwave circuitry. Designed to be intuitive
and fully integrated, SPsim employs a slick user interface which has no legacy code and operates
using standard windows controls and keystrokes allowing circuits and simulations to be entered and
set up in seconds.

The on-demand simulation technology ensures all solvers are invoked intelligently depending on the
measurement contexts, only one simulate button is necessary.

The interface provides a multitude of interactive features such as dynamically scrollable
Noise/Gain/Stability circles, schematic DC probing and OpenGL 3D viewing modes for charts and
EMblocks.

SPsim also includes a comprehensive toolkit with features such as Filter synthesis, Transmission line
synthesis, Load pull contour mapping and Mixed-mode transforms.

There are also ample features to aid documentation such as the rich-text project notes editor, arbitrary
text on graphics objects and copying/pasting of selected schematic objects directly into MS-Word.

SPsim also includes the SPview instrumentation engine enabling novel features such the ability to
include live data from instrumentation in simulations.



Features Overview

Key Features

The following table lists just some of the features available in the initial SPsim release.

Full featured schematic entry with multi level undo/redo

Hierarchal parametized subcircuits.

Equations

Multi-port linear simulation engine

Noise analysis

DC simulation engine for voltage controlled components

3D EM geometry editor hooking to Sonnet Software's Sonnet EM Free, Lite and Professional
versions.

Simulate multiple EM blocks and link together within the schematic editor for linear simulation.
Large element catalogue of industry standard discontinuity models for Microstrip, Stripline,
Coaxial and Co-planar components.

Auto-EM modelling of selected discontinuities.

Ideal and block elements for many microwave components such as circulators, isolators,
hybrid couplers etc

SPICE non-linear elements to calculate DC operating conditions and extract S-parameters for
use in the linear simulator.

Multi-port touchstone file format S-parameter file import.

Multiple optimization goals and methods

Monte Carlo and max-min yield analysis.

Import and optimize circuit's elements with Load-pull data.

Put VNA elements on schematics and de-embed circuitry using NEG element in real-time.
Frequency and parametric sweeps.

Real time tuning.

Advanced charting system with dynamic pan/zoom and visual data editing

2D and OpenGL dynamic 3D charts.

Large range of measurements and post processing modes.

User defined symbol editor

Filter synthesis tools

Transmission line synthesis/analysis tools

RF calculator tool

Mixed Mode S-parameter transforms

Output files for outputting simulation results in touchstone format.

SPview style functions

Full SPview Instrumentation engine

Create multiple instances of instruments

One touch trace capture from VNA'’s, Spectrum analysers, scalar analysers and oscilloscopes
Multi-port S-parameter extraction using 1,2 or n-port VNA’s

Timed measurement utility

Arbitrary chart creation and trace math




Schematics

Intuitive Schematic editing

SPsim’s schematic editor system is de
features expected of modern software.

Schematic Features

Standard Edit Functions

signed to be intuitive and interactive, with all the advanced

Cut Copy Paste delete

Multi Level Undo/Redo

Common Windows keyboard shortcuts
Pan/Zoom

Component Placement

Large symbol/Element library
Place multiple copies

Automatic reference designators
Rotate

Wiring Auto wire tool
Automatic connect on node overlap
Auto wiring optimization
Math Comprehensive per-schematic Equation blocks

Subcircuit parametization.

Element properties

Independent Symbol/Property Text positioning
Comprehensive property editors.

User selectable element symbols

User defined symbol editor



EM blocks

Electromagnetic facilities

SPsim’s EM editor provides integrated facilities for creating arbitrary planar transmission line
elements. Multiple EM blocks can be created and simulated as separate entities or included as
subcircuits within schematics.

SPsim seamlessly utilizes Sonnet™ software’s free version as the EM solver engine

EMblock features

Physical - Multiple layers
- Multiple polygons per layer
Multiple edge ports
Inter layer vias
Comprehensive layer dielectric setup
Box size/material setup

Standard Edit Functions - Cut Copy Paste delete
- Multi Level Undo/Redo
Common Windows keyboard shortcuts
Pan/Zoom

Polygon editing - Place rectangular, circle and polygon metallization
Polygon union and subtraction tools
Measurement tool

Simulation - Simulation on demand
Uses Sonnet™ Software Free EM solver
Persistent result data stored with project

Viewing - OpenGL 3D view mode
- Pan Zoom and rotate functions



Charting

Charting

SPsim provides a number of chart types which are divided in 3 main classes

Vector charts
Grid charts
Tabular charts

Unlike other programs which provide individual charts for complex data, ie Smith, inverted smith
(admittance) and Polar, SPsim has one complex data chart and the overlay can be changed at any
time. The data readouts automatically adjust to the overlay that is being used (re/im, Mag/Angle, R/X
etc).

SPsim’s charts are powerful objects in their own right. They have a number of facilities that affect the
data display (such as trace math and trace smoothing). The charts can also be displayed in 2D or 3D
via the OpenGL interface.

Some of the main charting features are listed below.

Chart Features

Vector chart overlays ZSmith, YSmith, Polar, Log Mag
Dynamic Grid charts

2D and OpenGL 3D

Dynamic pan and zoom

Trace markers

Unlimited Data markers and Delta markers

Trace smoothing

Trace math

Peak and Min Find

Curve editing

Interactive visual data editing

Multiple curve segments per trace

Comprehensive curve property settings

Arbitrary chart creation (not owned by project)
Unrestricted cut/copy/paste of curves between charts
Direct Data capture into charts



Analysis

Analysis Modes

SPsim supports multiple analysis engines; Initial support includes integrated Linear, Noise, DC and
EM via external solvers. Additional solver engines are under development.

Linear

Measure S, Y and Z parameters.

Output to Smith, Admittance, Polar, Grid or Tabular charts.

Output transformed to time domain.

Post processed log mag, phase, group delay, VSWR, Stability and Gain on grid charts.
Display stability and gain circles with interactive freq sweep control.

Noise

Import and use touchstone format data files with embedded noise data.
Compute circuit noise response with added noise of lossy components.

Chart Noise figure, Noise factor, Noise Temperature and related measurements
Chart Constant circles with interactive frequency sweep control.

DC
Uses DC generating components such as voltage sources and dependant voltage/current
sources.
Uses SPICE non-linear components such as BJT, JFET, MOSFET and DIODE.
Parametized sweeping of both X and Y variables for charting of circuit responses Vs DC
operating point.
Extract S-parameters of SPICE components Vs DC operating point.
Enables use of DC controlled components such as PIN and Varactor diodes.
Plot IV curves
Interactively probe schematic nodes for DC voltage/currents
EM
Generate multiple arbitrary EM blocks within project.
Use EM blocks as sub circuits within schematics.
Simulate EM blocks independently or as part of larger circuit.
Auto EM simulation of discontinuity elements that have no analytical models.
Uses Free version of Sonnet™ software’s simulation solver engine.
All EM Simulation result data is stored with project, re-simulation only performed on active
changes.
Transient

TBA



Measurements

Measurements

SPsim provides a wide range of measurements groups and sub-measurements, additional modifiers

such as dB and Angle multiply the basic measurement list.

Measurement List

Port Group

S 'Y and Z parameters
Complex, Log magnitude and Phase

Stability Group

Stability factor K

Determinate D

Auxiliary stability factors B1 and B2
Geometric stability factors MU1 and MU2

Gain Group

Transducer Gain GU

Unilateral Power Gain GTM

Maximum stable gain GMSG

Maximum unconditionally stable gain GMAX

Linear Group

Voltage standing wave ratio VSWR
Group delay GD

Circle Group

Input stability circle ISTB
Output stability circle OSTB
Constant noise circle
Constant gain circle

Noise Group

Noise figure/factor NF

Noise temperature NT

Optimum noise figure match GOPT
Minimum noise figure FMIN

Noise resistance RN

Time Group

Impulse response TIMP
Step response TSTP
Time domain relfectometry TDR

DC

Defined X sweep vs Parameter sweep



Instrumentation

Remote control facilities

SPsim includes the SPview instrumentation engine. This engine contains drivers for virtually all
commercially available Vector, scalar and Spectrum analysers and also many mainstream
oscilloscopes.

The integrated drivers provide device independence, that is, each instrument classes drivers
translates SPsim’s virtual instrument commands into device specific commands for the particular
make/model that is being controlled.

The driver object model allows SPsim to treat each class of device as being a generic instrument
allowing the processing software to concentrate on algorithms rather that device-specific commands
needed to implement the algorithm. This model means that for any instrumentation facility that is
implemented, then it will automatically work for any connected instrument (of that class) for which a
driver is provided.

The auto S-parameter extraction facilities for VNA's are particularly relevant for SPsim as the data can
be used directly as simulation data.

The full range of remote control facilities is beyond the scope of this document, for more information
see the SPview document.

A list of some of the features provided by the Instrumentation engine are listed below

Feature list

Multiple Instrument instances.

Supports GPIB, RS232 and LAN interface connections.

Single shot 1 and 2- port S-parameter extraction.

Multi-port (3-99 port) S-parameter extraction.

SPview style direct function transforms- Stability, Gain, Group delay, VSWR etc
Individual VNA trace capture direct into active chart S11, S12, S21, S22, active trace and
memory.

Direct live S-parameter data input into simulations via schematic-VNA element.
S-parameter de-embedding using schematic-NEG2 element.

Live TDR transforms for distance-to-fault type measurements.

One button trace capture of Scalar and Spectrum analyzers and oscilloscopes.

Live trace, Single shot and snapshot capture modes.

Trace math

Output to touchstone(SnP), Autolab(alb), SPview(spv) or Comma separated variable csv
format files.

Timed measurement utility for all measurement parameters. Capture multiple measurements
at timed intervals and automatically store to disk.

Remote logging utility.

Instrument direct device communicator facility.



Instrumentation

Supported Equipment

The following table lists the currently supported equipment for the instrumentation interface, this list is

for equipment that is fully supported for automatic extraction. The Script system can access and
control any piece of equipment using its native command set.

\Vector Network

Spectrum Analysers

Scalar Analysers

Oscilloscopes

Analysers
HP/Agilent
HP8752/3 AB,C,D,E [8560/1/2/3E 8757 54xxx (series)
HP8510 A,B,C,D 8590/1/2/3/4
HP-PNA ESA
HP8719/20 PSA
HP8711/12 8566/7/8B
HP4395/6 4395/6
70000
IFR/Marconi/Aeroflex
2309/10 6501
2382/3/6 6200
6800 6800
2390
2399
Rohde and Schwarz
Z\/r (series) FSP
ZVA/BIT (series) FSE
Anritsu
360 (series) MS/MSA26xx
R37xxx (series)
MS642x
Advantest
R3762/3
R3751/2/3/4
R3860 R3267/73
Tektronix
TDS220
TDS400
TDS600
Lecroy

|Waverunner (series)




Scripting

Scripting facilities

Scripts allow users to write their own program code to add functionality to SPsim's standard features.
The scripting interface uses the windows scripting engine, this allows any programming language
supported by windows scripting host to be used. Standard languages supported are VBscript (Visual
Basic) and Jscript (Java).

The internal scripting environment provides a full syntax highlighted editor using the Visual Basic and
Jscript programming languages. Useful scripts can be added to the project tree and thus remain as
part of the current project.

The script window also provides an immediate line where any command can be entered and executed
immediately including calls to any function in the script code and calls to API functions. A Print window
is also available where numeric and string data can be sent.

Script programming environment

SPsim exposes a full programming API to the script language. This provides access to the project and
instruments/remote control system.

All instruments can be programmed without knowledge of the individual instructions sets. The internal
drivers convert a generic instruction set into the device specific functions.

Writ-through facilities, allow direct remote control reading and writing of any instrument.
GPIB/LAN/RS232 direct control allows any instrument fitted with these interfaces to be controlled via
SPsim using its native command set.

Once scripts are written and tested they can be added to the scripts section of the project tree This
allows commonly used scripts to be run as if they are part of SPsim’s interface.



Tools

SPsim toolkit

SPsim provides a number of tools and utilities to augment the design process. These tools are
designed to reduce the engineers reliance on third party utilities and accelerate the design process by
including all required design steps within the same environment.

The following lists the main tools in the toolkit

Filter synthesis
Transmission Line calculator
Scientific/RF calculator

Load pull contour mapping
Mixed-mode transformations

The following sections describe the facilities provided in a few of these tools

The Load Pull Utility

The load-pull tool can import data files produced from Focus and Maury Load pull test systems.
SPsim utilises 2D spline interpolation algorithms and then a mapping algorithm to produce contour

maps of any measurement data within the files. Multiple measurements can be overlaid on the same
chart

Contour mapping Load Pull Control Panel
The load pull control panel provides easy access to all the measurements contained in the data file
and gives user control on how data is presented on the chart.

Charts that display load pull contours provide dynamic cursor interpolation. This technique allows
interactive search within the contours for areas of improved response over the displayed data.



Tools

Mixed mode S-Parameters Utility

Mixed mode S-parameters are commonly used in signal integrity applications especially in the latest
high speed digital systems and microprocessor-PCB interfaces. This analysis mode can be used to
highlight such problems as crosstalk between interconnects.

4-port Single ended to Differential port mapping

Specialist VNA's are employed to measure differential S-parameters.

SPsim’s mixed mode S-parameter facility allows multi-port differential and common mode excited
networks to be measured and analysed using only a 2-port single ended VNA a software transform
algorithm is then applied to calculate the mixed-mode network responses.

SPsim’s transforms work with 4-98 port network data stored as touchstone compatible files.
Output data can be transformed and plotted in 4 modes

Common mode input and output.

Differential input to Common mode output.

Common mode input to Differential output.
Differential input and output.
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The Filter Synthesis Tool

The filter synthesis tool can automatically generate the schematic and component values for lumped
element filters to various topologies by the inputting of the desired shape and frequency response.

Tools

Filter Synthesis control panel

Main Features

Supports Butterworth, Chebychev, Bessel and Elliptic types

Supports Low-pass, High-pass, Band-pass and Band-stop filter shapes
Choose either Tee or Pi configurations

Order and Impedance can be specified.

Automatically generates schematic and adds into project.

Automatically generates appropriate chart/measurement and plots response

Automatically generated schematic for a 3" order Chebychev band-pass filter



Licensing

License options

SPsim can be supplied in 3 license options,

Software Nodelock Low cost single user single installation

Hardware Dongle More versatile single user Multi-installation.

Networked Multi-user Multi-installation
Support

SPsim is fully supported with regular updates downloaded from the ARK RF systems website.
Licenses include 12 months free upgrades.

Maintenance contracts are available which extend the support for 12 month intervals due on the
anniversary of the license issue date.

For more information or to request a quote contact Info@arkrfsystems

ARK RF systems, 1 CIiff Path, Sandown, Isle of Wight, PO36 8PN
Tel: +44(0)1983 400340 Fax: +44(0)870 0511518



