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1.1

CHAPTER 1

INTRODUCTION

What is TINA and TINA Design Suite?

TINA Design Suite is a powerful yet affordable software package for
analyzing, designing and real time testing of circuits with analog, digital
& microcontroller components and components defined in various
Hardware Description Languages, VHDL, VHDL-AMS, Verilog,
Verilog A, Verilog AMS, SystemVerilog, SystemC and for designing
their PCB layouts. You can also analyze RF, communication,
optoelectronic circuits and mechatronics applications with 3D
interface.

Every year, electronic circuits become faster and more complex, and
therefore require more and more computational power to analyze
their operation. To meet this requirement DesignSoft engineers have
included the ability to utilize the increasingly popular scalable
multi-thread CPUs.

Since v12 TINA is available both in 64-bit and 32-bit editions. If you
purchase TINA both versions are provided. The 64-bit version
finally resolves the memory issues you may have experienced with
large project.

Since 2013 TINACIloud, the online version of TINA is also
available. If you have licenses for both products, you can store your
designs on the web and run anytime on any platforms without
installation, including PCs, Macs, thin clients, tablets, smart phones,
smart TVs and e-book readers. The program will run on our
powerful web server with the same high speed whether you use a
laptop, tablet or just a smartphone. You can then smoothly download
your design from the web to your PC. Should you change something
while you are on the road, continue the development off-line and
upload your design again. Now TINACloud also includes a new online
schematic editor with instant automatic saving of any changes you
make and an integrated PCB designer.
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In TINA 10 and later versions you can create and simulate

multidisciplinary designs. Disciplines now include electronics, 3D
mechanics and control engineering. This opens a rich new field of
applications in automotive engineering, sensing and control,
automation, robotics and more.

A unique feature of TINA permits you to bring your circuit to life
with the optional USB controlled TINALab II and LabXplorer
hardware turn your computer into a powerful, multifunction T&M
instrument. With LabExplorer, you can carry out remote
measurement which is great for distance education.

TINA is distributed in two major versions — TINA Standard and TINA
Design Suite. TINA Standard includes circuit simulation only, while
TINA Design Suite also includes the advanced PCB designer. This
fully integrated layout module has all the features you need for
advanced PCB design, including Multilayer flexible PCB’s with split
power planes, powerful autoplacement & autorouting, rip-up and
reroute, manual ”follow-me” trace placement, DRC, forward and back
annotation, pin and gate swapping, keep-in and keep-out areas,
thermal relief, fanout, plane layers, Gerber file output and much more.
TINA and TINA Design Suite also have different editions tailored
to customer needs. Some HDL languages and the Mechatronics
extension are optional. Both the Standard and the Design Suite ver-
sions are provided in 64-bit and 32-bit editions.

TINA can also be used in the training environment. Itincludes unique
tools for testing students’ knowledge, monitoring progress and
introducing troubleshooting techniques. With optional hardware it
can be used to test real circuits for comparison with the results
obtained from simulation. Of great importance to educators, the
package includes all the tools needed to prepare educational
materials.

Schematic Capture. Circuit diagrams are entered using an easy to
use schematic editor. Component symbols chosen from the
Component bar are positioned, moved, rotated and/or mirrored on
the screen by the mouse. TINA’s semiconductor catalog allows the
user to select components from a user-extendible library. An advanced
“rubber wire” tool is provided allowing easy modification of the
schematic diagrams. You can open any number of circuit files or
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subcircuits, cut, copy and paste circuit segments from one circuit into
another, and, of course analyze any of the currently open circuits.
TINA gives you tools to enhance your schematic by adding graphics
elements such as lines, arcs, arrows, frames around the schematic,
and title blocks. You can also draw non-orthogonal (diagonal)
components such as bridges and 3-phase networks.

Live 3D Breadboard Tool. You can take your design for a
solder-less breadboard (sometimes called a “whiteboard”) and
automatically build a life-like 3D picture of the breadboard. Now
when you run TINA in interactive mode, virtual components such as
switches, LEDs, instru- ments, etc. become “live” and will function
with satisfying realism. Students will use the Live 3D Breadboard
tool to prepare and docu- ment eye-catching lab experiments.

PCB Design. TINA Standard includes only circuit simulation, while
TINA Design Suite includes TINA’s advanced PCB designer. This
fully integrated layout module has all the features you need for
advanced PCB design, including Multilayer PCB’s with split power
planes, powerful autoplacement & autorouting, rip-up and reroute,
manual and “follow-me” trace placement, DRC, forward and back
annota- tion, pin and gate swapping, keep-in and keep-out areas,
thermal relief, fanout, plane layers, bus & differential drawing tools,
circuit block copying, 3D view from any angle, and much more. With
TINA Design Suite you can prepare a PCB in at least two ways: using
the G-Code control files to make in-house prototypes with milling
machines using the G-Code control files provided by TINA; or send-
ing Gerber files to PCB manufacturers.

Electrical Rules Check (ERC) will examine the circuit for
questionable connections between components and display the
results in the Electrical Rules Check window. ERC is invoked
automatically, so missing connections will be brought to your
attention before analysis begins.

Schematic Symbol Editor. In TINA, you can simplify a schematic
by turning portions of it into a subcircuit. In addition, you can create
new TINA components from any Spice subcircuit, whether created
by yourself, downloaded from the Internet, or obtained from a
manufacturer’s CD. TINA automatically represents these subcircuits
as a rectangular block on your schematic, but you can create any shape
you like with TINA’s Schematic Symbol Editor.
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Library Manager. TINA has large libraries containing Spice- and
S-parameter models provided by semiconductor manufacturers such
as Analog Devices, Texas Instruments, National Semiconductor, and
others. You can add more models to these libraries or create your
own Spice- and S-parameter library using TINA’s Library Manager
(LM).

IBIS model Support. IBIS (Input/output Buffer Information
Specification) is a method to provide modeling information about
the input/output buffers of integrated circuits. The good thing about
IBIS models that they are often available even for devices where
complete device models are not available from manufacturers. One
of the most popular uses of IBIS models is Signal Integrity Analysis,
including impedance matching and more. TINA currently supports
the most widely used IBIS 4.2 version.

In TINA you can convert IBIS models to Spice macros and then use
them in any circuits in TINA. You can also complete simplified
digital device models e.g. MCUs with IBIS models to better describe
their analog behavior. The use of IBIS models in detail is described
in the Advance Topics Manual of TINA.

Parameter Extractor. Using TINAs Parameter Extractor you can
also create component models that more closely represent actual real
world devices by converting measurement or catalog data into model
parameters.

Text and Equation Editor. TINA includes a Text and Equation
Editor for annotating schematics, calculations, includes graphic
output, and measurement results. It is an invaluable aid to teachers
prepating problems and examples. You can also create popup texts
wich are displayed when the cursor is moved above their title.

The Interpreter is a powerful tool which extends TINA’s usefulness.
It allows the evaluation of mathematical expressions, solution of
equations and systems of equations, calculation of derivatives and
integrals, plotting of results, and much more. The Interpreter is avail-
able at many parts of TINA, including the text editor, excitation edi-
tor, post processor, design tool, educational training tool and more.
A great feature of TINA that component names and values are auto-
matically available in the Interpreter as variables, so it can easily be
used for additional calculations, comparisons, post processing and
more. Examples for the use of Interpreter are available in the
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Examples\Interpreter folder. Interpreter in text editor of TINA can
be activated from the Tools menu by clicking the Interpreter.

Python. In addition to the Interpreter, from v14 of TINA the Py-
thon programing language (www.python.com) is also available in
TINA. Python is a modern high-level, general-purpose programming
language with extensive libraries and lot of free programs available
for various topics which can be use in TINA. You can find use ex-
amples in the Examples\Python and Examples\Design Tool folder
of TINA.

The circuit diagrams and the calculated or measured results can be
printed or saved to files in standard Windows BMP, JPG, WMF and
CFG format. These output files can be processed by a number of
well known software packages (Microsoft Word, Corel Draw etc.).
Netlists can be exported and imported in Pspice format and also to
drive popular PCB packages such as ORCAD, TANGO, PCAD,
PROTEL, REDAC and other programs.

DC analysis calculates the DC operating point and the transfer
characteristic of analog circuits. The user can display the calculated
and/ or measuted nodal voltages at any node by selecting the node
with the cursor. For digital circuits, the program solves the logic state
equation and displays the results at each node step-by-step.

Transient analysis. In the transient and mixed mode of TINA you
can calculate the circuit response to the input waveforms that can be
selected from several options (pulse, unit step, sinusoidal, triangular
wave, square wave, general trapezoidal waveform, .WAV file, White
noise and user-defined excitation) and parameterized as required.
For digital circuits, programmable clocks and digital signal
generators are available. Power dissipation end efficiency calculations

are also included.

Piecewise Linear (PWL) Solver. From v14, in addition to Spice
solver TINA also includes a PWL (Piecewise Linear) solver. A unique
feature of TINA that is automatically creates the PWL models of
semiconductors in PWL mode. This provides up to 10 times faster
solution depending on the structure of the Spice models. You can
find examples of PWL analysis with explanations in the
Examples\PWL folder of TINA v14. The solver for PWL analysis
can be selected in the Options dialog of the Analysis menu of TINA.
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PWL Analysis is also very useful at Multsine Analysis as it shortens
the Transient analysis included here.

Auto convergence. Convergence that is obtaining solution is one
of the most complicated task in circuit simulation as due to the strongly
nonlinear nature of electronic circuits. Although TINA is one of the
best converging simulator software on the market sometimes manual
parameter settings might be needed to achieve convergence. There
are several analysis parameter sets are available to be used in case of
convergence problems. In TINA 12 and later versions In TINA v12
and later versions these parameter sets are automatically applied in

case of need and the user can also add more settings.

Transient Noise Analysis. Noise effects are usually simulated with
linear AC noise analysis which is also available in TINA. However
when the noise influences the system behavior in a nonlinear way,
linear noise analysis is no more satisfactory and transient noise
analysis that is simulation in the time domain is necessary. A few

examples:

* Analysis of systems with low signal-to-noise ratio

* Noise analysis of oscillator circuits

* Analysis of noise effects in digital circuits
The voltage and current generators of TINA now include a
parameterizable white noise signal, and application circuits are
available to generate other typical noise signals, which makes

transient noise analysis possible.

Fourier analysis. In addition to the calculation and display of the
response, the coefficients of the Fourier series, the harmonic
distortion for periodic signals, and the Fourier spectrum of
non-periodic signals can also be calculated.

Digital Simulation. TINA now includes a very fast and powerful
simulator for digital circuits. You can trace circuit operation step-by-
step, forward and backward, or view the complete time diagram in a
special logic analyzer window. In addition to logic gates, there are ICs
and other digital parts from TINA’s large component library.

HDL simulation. TINA now includes all major analog, digital and
mixed Hardware Description Languages: VHDL, VHDL-AMS,
Verilog, Verilog A, Verilog AMS, System Verilog and SystemC to verify
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designs in analog, digital and mixed-signal analog-digital environments.
Your circuits can contain editable HDL blocks from the libraries of
TINA and Xilinx or other HDL components created by yourself or
downloaded from the Internet. TINA compiles HDL into highly ef-
ficient machine code for speed optimization. You can freely combine
HDL and Spice macros and the schematic components of TINA.
Also you can edit the VHDL, Verilog, Verilog A&AMS source of
HDL components then simulate and see the result instantly. With
the built in HDL debugger you can execute VHDL, Verilog, Verilog
A&AMS components step-by-step, add breakpoints, watchpoints, dis-
play variable information, etc. The SystemC source components you
can edit and compile with MS Visual C and then add to TINA as
high performance compiled components. Examples for use of
different HDL languages are available undetr the Examples\HDL
folder of TINA 14 and higher versions.

Microcontroller (MCU) simulation. TINA includes a wide range
of microcontrollers (PIC, AVR, 8051, HCS, ARM, XMC) which you
can test, debug and run interactively. The built in MCU assembler
allows you to modify your assembler code and see the result promptly.
You can also program and debug MCUs in C, using external
C compilers including the MPLAB-XC compilers. In TINA v12 and
later versions more than 1400 MCU models are are available in TINA
for simulation and PCB design.

Flowchart Editor and Debugger. Writing MCU assembly code is
often a hard and tedious task. You can simplify software
development and gain more time to design the electronics hardware
if, instead of manual coding, you use TINA’s Flowchart editor and
debugger to generate and debug the MCU code. This easy-to-use
tool works with symbols and flow control lines with which you can
represent the algorithm you want. TINA also supports other code
generators, the free-of-charge XMC code generation platform DAVE
from Infineon Technologies and the FLOWCODE graphical
programming language from Matrix Technology Solutions Limited.

AC analysis calculates, complex voltage, current, impedance, and power
can be calculated. In addition, Nyquist and Bode diagrams of the
amplitude, phase and group delay characteristics of analog circuits
can be plotted. You can also draw the complex phasor diagram. For
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non-linear networks, the operating point linearization is done
automatically.

Multisine analysis calculates the frequency response of circuits
without linearization using Transient Analysis with a special
excitation consisting of multiple sinusoidal voltages. This is
especially useful in case of SMPS circuits where AC analysis is
possible through special, so called average models only, which
cannot be automatically created.

You can find examples of Multisine analysis with explanation
in the Examples\Multisine folder of TINA v14.

Network analysis determines the two-port parameters of networks
S, Z,Y, H). This is especially useful if you work with RF circuits.
Results can be displayed in Smith, Polat, or other diagrams. The
network analysis is carried out with the help of TINA’s network
analyzer. The RF models of the circuit elements can be defined as
SPICE subcircuits (SPICE macros) which contain parasitic
components (inductors, capacitors) or as an S-parameter model
defined by its S (frequency) function. S functions are normally
provided by the component manufacturers (based on their
measurements) and can be downloaded from the Internet and
inserted into TINA either manually or by using TINA’s library
manager. In TINA v14 new S-parameter models such a Circulator,
Directional Couplers and more have been included. Examples with
RF components ate included in the Examples\RF folder.

Analytic SMPS and other device modelling. Using the powerful
featuers of TINA Interpreter and the integrated Python language
lighting fast simulation and design of SMPS circuits became
possible. This is especially important for semiconductor
manufacturers and their customer for quick initial design and
simulation of devices. In TINA Industrial v14 both Spice, HDL and
Analytic modelling is possible. You can find examples in the
Examples\Design Tool folder.

Linear AC Noise Analysis determines the noise spectrum with
espect to either the input or the output. The noise power and the
signal-to-noise ratio (SNR) can also be calculated.

Symbolic analysis produces the transfer function and the closed
form expression of the response of analog linear networks in DC,
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AC, and transient modes. The exact solution, calculated through the
symbolic analysis, can also be plotted and compared to the
numerically calculated or measured results. The built-in interpreter
can evaluate and plot arbitrary functions.

Monte-Carlo and Worst-case analysis. Tolerances can be assigned
to the circuit elements for use in Monte-Carlo and/or worst-case
analyses. The results can be obtained statistically, and their expected
means, standard deviations and yields can also be calculated.

Design Tool This powerful tool works with the design equations of
your circuit to ensure that the specified inputs result in the specified
output response. The tool offers you a solution engine that you can
use to solve repetitively and accurately for various scenarios. The
calculated component values are automatically set in place in the
companion TINA schematic and you can check the result by
simulation. This feature is also very useful for semiconductor and
other electronics component manufacturers to provide application
circuits along with the design procedure.

Optimization. TINA’s enhanced optimization tool can tweak one or
more unknown circuit parameters to achieve a predefined target
response. The target circuit response (voltage, current, impedance, or
power) must be “monitored” by meters. For example, you can specify
several working point DC voltages or AC transfer function
parameters and have TINA determine the values of the selected
components.

Post-processor. Another great new tool of TIN A is its
post-processor. With the post-processor, you can add new curves of
virtually any node and component voltage or current to existing
diagrams. In addition, you can post-process existing curves by adding
or subtracting curves, or by applying mathematical functions to them.
You can also draw trajectories; i.e., draw any voltage or current as a
function of another voltage or current.

Presentation. With TINA you can make quality documents
incorporating Bode plots, Nyquist, Phasor, Polar and Smith diagrams,
transient responses, digital waveforms and other data using linear or
logarithmic scales. Customize presentations easily using TINA’s
advanced drawing tools-you can print your plots directly from TINA,
cut and paste them into your favorite word processing package, or
export them to popular standard formats. Customization includes
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complete control over texts, axes, and plot style; e.g., setting line width
and color, fonts in all sizes and color, and automatic or manual
scaling for each axis. In TINA v12 and later versions the cursor dis-
play is integrated into the diagram window and it is possible to dis-
play all curves under the cursor.

Interactive mode. When everything is in order, the ultimate test of
your circuit is to try it in a “real life” situation using its interactive
controls (such as keypads and switches) and watching its displays or
other indicators. You can carry out such a test using TINA’s
interactive mode. You can not only play with the controls, but you can
also change component values while the analysis is in progress. In
addition, you can assign hotkeys to component values and switches
to change them simply by pressing a key. You will immediately see
the effect of the change. You can also test MCU applications in
TINA’s interactive mode. You can not only run and test them using
the several lifelike interactive controls e.g., keyboards, but you can
also debug them while the MCU executes ASM code step by step,
And displays the register contents and TINA’s outputs in each step. If
necessary you can modify the ASM code on the fly and test your
circuit again without using any other tool.

Virtual instruments. In addition to standard analysis presentations
such as Bode and Nyquist plots, TINA can present its simulation
results on a wide range of high-tech virtual instruments. For example,
you can simulate the time response of your circuit using a virtual
square wave generator and a virtual oscilloscope. Using TINA’s
virtual instruments is a good way to prepare for the use of real test
and measurement equipment. Of course it is important to remember
that the “measurement results” obtained with virtual instruments are
still simulated. From v11 TINA also includes virtual instruments (to
be found under the Meters component tab) for Efficiency, Average
values and Frequency.

Real-time Test & Measurements. TINA can go beyond
simulation when supplementary hardware is installed on the host
computer. With this hardware, TINA’s powerful tools can make
real-time measurements on real circuits and display the results on its
virtual instruments.

Training and Examination. TINA has special operating modes for
training and for examination. In these modes, under TINA’s control,
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the students solve problems assigned by the teacher. The solution
format depends on the types of problems: they can be selected from
a list, calculated numerically, or given in symbolic form. The
interpreter - providing a number of solution tools - can also be used
for problem solving. If the student cannot solve the problem, he/she
can turn to the multilevel Advisor. The package includes all the tools
needed to produce educational materials. A collection of examples
and problems worked out by teachers is also part of the package.
Another special educational function of TINA is the software or
hardware simulation of circuit faults to practice troubleshooting.
Using TINA, you can transform existing PC classrooms into
contemporary electronics training labs at low cost.

Mechatronics Extension. With this optional add-on package you
can create and simulate multidisciplinary designs currently
including electronics, 3D mechanics and control engineering, You can
place light sources, light sensors, motors and actuators in TINA’
mechanical window and connect with their counterparts in the
analog, digital mixed electronic circuits. You can control the
mechanics from the electronics part of TINA even with complex
software written in C or assembly language, then compile and
execute the code in the MCUs while running the electronic and 3D
mechanical simulation simultaneously.

Available Program Versions

Different program versions, tailored to meet various needs, are
available.

TINA is distributed in to major versions TINA and TINA Design
Suite. TINA includes simulation only while TINA Design Suite
includes our new advanced PCB designer too.

Both versions are available with the following features:

e Industrial version: Includes all of TINA’s features and
utilities.

e Network version: TINA can be used under most well known
networks including Microsoft, Linux, Novell, Citrix and more.
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OPTIONS:

This feature is especially recommended for corporate and

educational use.

Educational version: It has most features of the Industrial
version but parameter stepping and optimizations are allowed for
one parameter only, Stress Analysis and the Steady State Solver
are not included.

Classic Edition: It has the same features as the
Educational version above, except that Network Analysis is not
allowed, TINA’s large S-parameter component library and the
Parameter Extractor, Stress Analysis and the Steady State Solver
are not included. IBIS model support, Dissipation and Efficiency
calculation and the Autoconvergence tool are not included.

Student Version: Has the same features as Classic Edition
version except that the circuit size is limited to 100 nodes
including internal Spice macro nodes. The number of pads on
the PCB layout is also limited to 100. Global Parameters and
HDL extensions are not allowed.

Basic version: Has the same features as Classic Edition except
that the circuit size is limited to 200 nodes including internal Spice
macro nodes. The number of pads on the PCB layout is also
limited to 200. Global Parameters and HDL extensions are not
allowed.

Basic Plus version: Has the same features as Classic Edition
except that the circuit size is limited to 800 nodes including
internal Spice macro nodes. The number of pads on the PCB
layout is also limited to 800. Global Parameters and HDL
extensions are not allowed.

HDL Extension: Extends the default VHDL hardware
description language in TINA with VHDL-AMS, Verilog, Verilog
A and Verilog AMS, SystemVerilog and SystemC.

Mechatronics Extension add-on package: Create and simulate
multidisciplinary designs simultaneously including electronics, 3D
mechanics and control engineering.
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Optional supplementary hardware

1.3.1

TINALab 1l High Speed Multifunction
PC Instrument

With TINALab II you can turn your laptop or desktop computer
into a powerful, multifunction test and measurement instrument.
Whichever instrument you need; multimeter, oscilloscope, spectrum
analyzer, logic analyzer, arbitrary waveform generator, or digital
signal generator it is at your fingertips with a click of the mouse. In
addition TINALab IT can be used with the TINA circuit simulation
program for comparison of simulation and measurements as a unique
tool for circuit development, troubleshooting, and the study of
analog and digital electronics.

TINALab II includes a DC to 50MHz bandwidth, 10/12 bit
resolution, dual-channel Digital Storage Oscilloscope. Due to its
advanced equivalent-time sampling technology, TINALab can acquire
any trepetitive signal with up to 4GS/s equivalent sampling rate,
while in single shot mode the sampling rate is 20 MS/s. The full scale
input range is £80V, with 5mV to 20V /div ranges.

The synthesized Function Generator provides sine, square, ramp,
triangle and arbitrary waveforms from DC to 4MHz, with
logarithmic and linear sweep, and modulation up to 10V peak to peak.
Arbitrary waveforms can be programmed via the high level, easy to
use language of TINA’ Interpreter. Working automatically in
conjunction with the Function Generator, the Signal Analyzer
measures and displays Bode amplitude and phase diagrams, Nyquist
diagrams, and also works as Spectrum Analyzer.

Digital I/O for the high-tech Digital Signal Generator and Logic

Analyzer instruments allow fast 16-channel digital testing up to
40MHz.

The optional Multimeter for TINALab II allows DC/AC
measurements in ranges from ImV to 100V and 100 mA to 1A. It
can also measure DC resistance in ranges from 1Q to TMQ.
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1.3.2

You can also plug Experimenter Modules into the slot on the front
of TINALab II, allowing you to simulate, measure, and troubleshoot
virtually the whole range of analog and digital electronics.

Using TINALab II with TINA gives you the unique capability to
have circuit simulation and real time measurements in the same
integrated environment. This provides an invaluable tool for
troubleshooting and brings your designs to life by comparing
simulated and measured results.

LabXplorer: Multifunction Instrument for
Education and Training with Local and
Remote Measurement capabilities

LabXplorer turns your desktop, laptop, tablet or smart phone into a
powerful, multifunction test and measurement instrument for a wide
range of applications. Instruments, whatever you need, are at your
fingertips. LabXplorer provides multimeter, oscilloscope, spectrum
analyzer, logic analyzer, programmable analog and digital signal
generator, impedance analyzer and also measures characteristics of
passive electronic components and semiconductor devices.

LabXplorer can be used with its virtual instruments both stand-alone
or remotely through the Internet or LAN.

It also supports the TINA circuit simulation program and its cloud
based version TINACloud for comparison of simulation and
measurements as a unique tool for circuit development,
troubleshooting, and the study of analog and digital electronics.

In remote mode Labexplorer’s virtual instruments run on most OSs
and computers, including PCs, Macs, thin clients, tablets--even on
many smart phones, smart TVs and e-book readers. You can use
LabXplorer remotely in the classroom, computer lab, at home, and,
in fact, anywhere in the world that has internet access. LabXplorer
comes with various, remotely programmable, plug-in analog, digital

and mixed circuit experiment boards.
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CHAPTER 2

NEW FEATURES IN
TINA

This chapter describes the new features and changes in the latest TINA
v14.1,v14 and also in the previous v12, 11, 10, 9.x and 8.0 versions.
Many of the new features were suggested by TINA users, while
others were created by DesignSoft’s team. We are sure you will share
our excitement about these new features.

List of New features in TINA v14.1

Enhanced power dissipation and efficiency calculation
Enhanced PWL (Piecewise Linear) Solver

Grid view in diagram window for analytic solutions
Enhanced diagram window features

New DC-DC converters from Infineon and Wiirth

New Opamp, DAC and Voltage reference models from TI
DC/AC citcuit analysis course in Python

We are thrilled to introduce the Mechatronics add-on, a powerful
enhancement that allows users to visualize and conduct 3D
experiments within the TINA environment. This feature opens up a
world of possibilities for engineers and students, enabling them to
explore circuit behavior in a dynamic and interactive manner.
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List of New features in TINA v14

Multisine simulation

PWL (Piecewise Linear) Solver

Inverse Laplace Transform

New RF components: Circulator, 3 and 4 port Directional Couplers

User-defined Fast Analytic solver for SMPS and other devices both
in Interpreter and Python

7 HDL languages: VHDL, VHDI-AMS, Verilog, Verilog-A, Verilog-
AMS, SystemVerilog, SystemC.

Faster solution algorithms

Python support in the Design Tool and in a separate shell
DC-DC Converter Application Circuit Search

TINA and TINACloud e-book (440 pages) with Tutorial videos
TINA v14 runs on Mac with one step installation including Wine

New components and much more

New device models

Infineon XMC4400 MCU
Infineon Gate drivers: 2edf8275f, 2edf9275f, 2eds9265h, 2eds7165h

Infineon/IR POL regulator ICs: IR3823A, TIR3899A, IR3447A,
IR3846A, TDA38820, TDA38840

TT voltage reference models: REF7012, REF7025, REF7030,
REF7033, REF7040, REF7050

TT SAR ADC models: ADS79xx, ADS8860
STMicroelectronics: ST1540 DC step-down switching regulator IC
Sensors: Ultrasonic, Light, Infrared, PIR

List of New features in TINA v12

32-bit and 64-bit versions
Power dissipation and efficiency calculations

IBIS model import and analysis
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Integrated cursor display in the diagram window

Cursor displays for all curves in transient diagrams

Syntax highlighting in Spice and HDL editors

HDL library compilation and management

Global parameter stepping

Enhanced RF component insert dialog

S-parameter wizard

Spice control command editor (AC, .DC, NOISE, .TRAN)
Enhanced support of PSpice format digital blocks

Running Spice simulation from command line (external tool for netlist
format)

Running TINA from command line (. TSC format)
Store last settings of virtual instruments

Control for automatic separation of outputs in the diagram window

Convergence improvements

Autoconverge (Transient simulation with system or user defined
different parameter sets)

Transient simulation with zero initial voltages if operating
calculation fails

New device models

New Delta-Sigma ADC devices
BSIM3V3.2 model

GaAs devices

GaN devices

Advanced MCU support

More than 500 new MCUs, 1400 MCUs total

PIC16 microcontrollers (222 devices)

STM32 F4, F7 microcontroller support (227 devices)
PIC18, PIC32 CAN interface support

Texas Instruments Tiva C Series TM4C123x Cortex-M4
microcontroller support (51 devices)

MCP23517 I/O expandet support

DesignSoft

S3dNLv3id M3IN



NEW FEATURES

Texas Instruments Sitara AM3358 processor support

Serial Monitor window for monitoring serial communication

Other new features

Interpreter functions for standard values for components (E series)
Set global parameter as input of DC transfer calculation

Add comments to design tool input parameters

Hotkey editor - define custom hotkeys

Show partial result of transient simulation if simulation is aborted

Advanced analysis control links

PCB Design

2.4

Bus connection
Transmission line design (Differential pair)

Block repetition (Macro-block copy)

List of New features in TINA v11

8,000+ new parts, including power electronics devices
SystemC support

Create Digital filters in SystemC and run in TINA

Add MCUs in SystemC to TINA

Infineon design folder with industrial designs

Industrial Power, Lighting, Motor Control application circuits
XMC microcontrollers and application circuits

Support of the free-of-charge XMC code generation platform DAVE.
Efficiency-, Average value-, and Frequency-meters

Analysis control links

Advanced Macro editing

Advanced Macro editing

SAR and Sigma-Delta ADCs
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DACs with SPI

12C , SPI bus simulation

PM bus, SM bus simulation and monitots
Transient Noise Analysis

Transient Noise Generator

Popup text

DACs with SPIBSIM4 modelDACs with SPT
Microchip XC8 compiler support
FLOWCODE 7 support

Arduino support

Smart wire

Enhanced 1/O assignment

Post processing of Fourier Spectrum
Export of Diagrams in CSD format (Common Simulation Data File)

Advanced “Remember diagram settings” option, saved with the

circuit

PCB Design

Importing in 3D Enclosure models in industry standard formats
Visualization of PCB design with Enclosures in 3D

Exporting PCB with Enclosure in industry standard formats

3D printer support

Importing Footprints in 2D and 3D in industry standard formats

List of New features in TINA v10

Windows 8 compatibility

Open project files with preview of schematics and mechatronics
Edif import

Global Spice variables
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Integration with TINACloud, files upload and download
Optional Mechatronics extension
KLU - a faster solver on large-size circuits

Enhanced and accelerated VHDL and Verilog simulation 10x times

faster than in v9

Xilinx simprim simulation in digital and in mixed mode
Verilog A

Verilog AMS

MCU C compiling on 8051, AVR, PIC16, PIC18, PIC32, ARM
Linux simulation on ARM MCU

PSpice compatible AD-DA interface

Oscilloscope settings are stored

Oscilloscope works together with the interactive mode
Frequency and waveform parameters are shown with cursors
Hotkeys to AC and Transient Analysis

Cursor Max and Min functions added to the Process menu

List of New features in TINA v9

Full Vista and Windows 7 compatibility

Multi core support for dual, quad, i7 and higher multi-core
processors

Enhanced analysis speed up to 10 times higher speed on 1 core, 15x
on dual core, 20x on quad core

Improved convergence performance based on the latest state of the
art algorithms

Advanced powerful Spice-VHDL mixed mode analysis

Extended catalog with ARM 7, ARM 9 and HCS08 microcontrollers,
more SMPS ICs models, realistic ADC and DAC models, LCD
display, Bi-color LEDs

Extended MCU simulation, USB and other modules
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Programmable Design Tool where users can implement design
procedures for calculating and setting circuit parameters so that the
circuits can produce predefined target output values.

Extended flowchart tool: PIC, AVR, 8051, code box, USART,
external interrupt handling

Open and save TINA designs, models and libraries directly from the
Web

Import Spice .CIR and .LIB files directly from the Web

Import Libraries, Examples and Designs from any eatlier versions
of TINA v7 and later.

Show analysis results on diagrams during analysis

Fast diagram drawing and processing speed, even for very large
circuits

PCB Design

G-Code export of PCB designs for creating control files for milling
machines

Revised and largely extended PCB footprint catalog

List of New features in TINA v8

Vista style installation and folder scheme

Controlled sources

Powerful Spice-VHDL co-simulation including MCUs
Finite State Machine (FSM) editor with VHDL generation
Flowchart editor an debubgger for controlling MCUs
Any number of MCUs in one circuit

Extended MCU catalog including PIC18, CAN and mote

Execution time measurement and statistics for Transient
Analysis

Hyperlinks can be added to schematics and to the diagram window
Extended semiconductor catalog

Application examples from Texas Instruments
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Labview based virtual instruments
Interface to build LabVIEW based virtual instruments
Wave (-wav) files can be used as input

New Open Examples command in file menu to open built in
examples

Autosave. Save your current schematic or PCB design at adjustable
time intervals.

Parameter adding possibility to Spice subcircuits
On line update possibility for libraries, program or both
Post-processing formulas are stored with schematics, editable later

Live 3D Breadboard (displaying and animating circuits with 3D parts
on a virtual 3D breadboard)

3D virtual instruments to prepare and document lab experiments
Integrated electronic design textbook with “live” circuits (optional)
SMPS design templates from Christophe Basso (optional)

Detection of components or nodes linked with convergence or

irregular circuit problems.

PCB Design (Only in TINA Design Suite v8 Edition, additional to TINA v8)

Creating “flex” PCBs including 3D display
Creating PCBs of any shape including round edges
Buried and blind vias

Extended catalog

Improved optimizing autorouter

Display of complete 3D circuits including parts connected
externally to the PCB

List of New features in TINA v7

Much faster analog solver algorithm with improved convergent
properties

Integrated VHDL support

User defined VHDL components with VHDL source code

VHDL components containing VHDL source code can edited and
executed instantly
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MCU support including wide range of PIC processors and more
Built in debugger and assembler compiler for MCUs

Assembler code of MCUs can be edited and executed instantly
External simulator and debugger for VHDL

3D component view in the schematic editor to review if the design is
PCB ready

Passive and active filter design

SMPS (Switching Mode Power Supply) design support
(Steady State Solver)

Control of interactive mode from the new Interactive menu
Stress Analysis
Advanced integrated PCB design
Multi-layer PCBs
Autoplacement
Autorouting
Rip-up and reroute
Follow-me trace placement
DRC
Forward and back annotation
Pin/Gate swapping
Keep-in/out areas
Thermal relief,
Fanout
Gerber file output
Copper pour
Split planes
Footprint editor with multi-pin footprint wizard
3D view of PCB boards
Support to design multi-pin schematic symbols
More advanced Logic Design (simplification) tool
IF statement allowed in Spice netlists
Mote advanced file export (EMF, BMP, JPG) (File/Expott)
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More advanced file import (EMF, WMF, BMP, JPG)
(Insert/Graphics)

Copy and Paste of any Windows dialogs (captured by Alt Prt Scr)
into the Schematic Editor.

Extended virtual instrument for real-time XY-recording, with
average value, RMS calculation and recording vs. time
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CHAPTER 3

INSTALLATION AND
START-UP

Installation Procedure

3.1.1

Minimum hardware and software requirements

Intel Pentium or equivalent processor

1 GB of RAM

300 MB of available hard disk space
CD-ROM (in case of CD ROM installation)
Mouse or touchpad

VGA adapter card and monitor

Microsoft Windows XP, 7, 8, 10, 11

Supported Networks (for Network versions): MS Windows 2000/
2003/2008/2012/2016/2019/2022 Setver or later, Linux Setver,
Novell Netware version 3.12 or later.

If the program is copy protected by a hardware key, the minimum
hardware configuration also includes a USB port.
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3.1.2 Installation from CD-ROM or from the WEB

3.1.2.1 Installation from CD-ROM

To begin the installation simply insert the CD into your CD-ROM
drive. The Setup Program will start automatically if the Auto-Run
function of your CD-ROM has been enabled (Windows-Default).
If not, Select Start/Run and type:

D:SETUP (Enter) (where D represents your CD-ROM drive).

The setup program will start.

3.1.2.2 Installation from the WEB

If you have purchased a downloadable version of TINA you need to
download it using the download link sent by email after your
successful purchase.

Windows usually saves downloaded files in the Downloads folder
which is located under your user name in the users folder on the
drive where Windows is installed (for example C:\users\your
name\downloads). Double-click the file to start the setup. If you
purchased the Mechatronics add-on package, you should install it

separately after installing TINA.

NOTE:

This software may come with copy protection. For further details see
the Copy Protection and the Network Installation sections.
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E ~
Tina 14 Setup - InstallShield Wizard % & [

Welcome to the InstallShield Wizard for Tina 14 -
Industrial

The Installshield Wizard will install Tina 14 - Industrial on
your computer. To continue, dick Next.

3.1.3 Following the Installation Steps

TINA’s Setup Procedure follows the steps standard with most
Windows Programs. There are several screen pages where you can
enter or change important installation choices, such as Type of
Installation, Destination Directory, etc. To continue installation, click
on [[iex_. You can always step back, using the [ |-Button. If you
do not want to continue installation for any reason, click on e |,
If you elect to cancel installation, the program will ask you if you
really want to exit. At this point you can either resume or exit Setup.

3.1.4 Welcome and Software License Agreement

To begin the Procedure click on Next on the Welcome Page. The
first step is the Software License Agreement.

NOILVT1VSNI
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NOTE:

3.1.5

Tina 14 Setup - InstallShield Wizard =

License Agreement
Please read the folowing license agreement carefuly.

Press the PAGE DOWN key to see the rest of the agreement.

END-USER LICENSE AGREEMENT FOR DESIGNSOFT SOFTWARE -

IMPORTANT-READ CAREFULLY: This Designsoft End-User License Agresment
{"Agreement”) is a legal agreement between you (sither an individual or a single

entity) and DesignSoft Corporation for the DesignSoft software accompanying this
Agreement, which indudes computer software and associated media and printed
materials, and may includs “online” or electronic documentation ("SOFTWARE

PRODUCT" or "SOFTWARE?). By opening the sealed packet or by downloading or

instaling the SOFTWARE PRODUCT or exerdising your rights to make and use copies

Do you accept al the terms of the preceding License Agresment? If you
selectNo, the setup will dose. To install Tina 14 - Industrial, you must I

accept this agreement.

e Eem

By clicking on “Yes” you are agreeing fully with DesignSoft's Terms and
Conditions for using this software.

Entering User Information

This data is used to personalize your copy of the software. By
default, the installation program picks up the data entered when you
set up Windows. You accept these names as defaults by clicking on
Next or you can change them.

Depending on your program version you might also need to enter a
Serial Number located on your CD-ROM package or on your Quick
Start Manual.

Tina 14 Setup - InstallShield Wizard =

‘Customer Information
Please enter your information. \

Please enter your name and the name of the company for which you work.

User Name:

Your name

Company Name:

Your company

<Back | Mext> | [ concel
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3.1.7

3.1.7.1

Platform Selection

The installer includes both 32-bit and 64-bit TINA versions.
It will automatically choose the right version to install.

If you have 64-bit Windows and want to install 32-bit TINA version
you can select the 32-bit version but not vice versa. Click on

to continue.

Tina 14 Setup - InstallShield Wizard ===

Select Licensing Option “

Select the licensing option you want to use

@ Single uzer licence (installed on a local PC)
) Network licence [installed on local PCs)

") Network licence [installed on a file server and client PCs)

<Back [ Mew> | [ Coneel | |

Single User License and Networking Options

Single user license (installed on a local PC)

Select this option if you have a single user license and want to use a
single copy of TINA on a local PC.

However if you purchased a network license and want to use TINA
in a network environment you can choose between 2 options.
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3.1.7.2

3.1.7.3

Tina 14 Setup - InstaliShield Wizard ==

Select Licensing Dption “

Select the licenzing option you want to use:

@ Single user licence (installed on a local FC)
() Metwork licence (installed on local PCs)

() Metwork licence (installad o a fle server and client PCs]

< Back ][ Mest » l[ Cancel

Network license installed on local PCs

Select this option if you want to use the server as a license server. In
this case the server stores the license information and the software is
installed on the workstations. After you’ve installed the package on
the first workstation start TINA and select the location of the license
information file on the file server then authorize the package. Finally
install the software on every other workstation (client) where you
want to use TINA. On these stations when you start TINA for the
first time you have to locate the license file on the server.

No other authorization is required.

Network license installed on file server

Select this option if you want to use the server as a file server. In this
case the server store the files of the software and the license
information as well. You have to select a network share in the
destination dialog of the setup and install the package there. Next
you have to install the package on the first workstation and authorize
it. Select the Run commands from the Windows Start menu, enter
the command U:\Tina\NWSetup\setup, where U: represents your
network drive, and follow the instructions. Note that TINA is the
main program directory holding TINA on the server. Start TINA on
the first workstation.
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Note that when you authorize the first workstation full access is needed
on the network share where TINA is located. Authorize TINA.
Finally you must run the setup program on every other workstation
(client) where you want to use TINA. No authorization is required
on these stations.

3.1.8 Choose Destination Location

Here you can select an Installation Directory other than the one
suggested as a default. The default is the Windows Standard
Directory for Programs. To change the directory, click on Browse
and select a different drive and/or directory from the Choose Folder

Dialog.
Tina 14 Setup - InstallShield Wizard [
‘Choose Destination Location
Select folder where setup will instzll files.
Setup will install Tina 14 - Industrial in the following folder.
To install to this folder, dick Next. To install to a different folder, dick Browse and select
another folder.
Destination Folder
CilProgram Fles\DesignsoftiTina 14 - Industrial
< Back I[ Next > ] [ Cancel I

If you are installing TINA for Windows to a hard disk that already has an
earlier version of TINA, you must be sure to use a new directory name
for TINA for Windows, such as the suggested directory, C:\Program
Files\DesignSoft\Tina, or the working files you have already created will
be overwritten and lost. If uncertain, exit setup, copy your TINA files
safely to another hard disk directory or to floppy disks, then resume
setup.
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3.1.9

NOTE:

3.1.9.1

3.1.9.2

Selecting a Setup Type

TINA offers you three different types of Setup. You can either run a
Typical Setup (Default) a Compact Setup or a Custom Setup.

r |
Tina 14 Setup - InstallShield Wizard =

Setup Type
Select the setup type to install.

Click the type of setup you prefer, then dick Next.
Use the Custom Setup to install the TINALab hardware.

(@) Typical Program will be installed with the most common options, Recommended for
most users.

(71 Compact  Program will be installed with minimum required options.

() Custom You may select the options you want to install. Recommended for advanced
Users,

<Back [ Next> | [ cancel

The detailed settings for the Compact installation are made after you
select Compact and click on Next.

Typical
The commonly used components are installed. This includes

Program Files, Samples and Utilities (i.e. Exam Manager, Spice
Library Manager).

Compact

Only the most important components are installed. This results in a
usable TINA installation, but one without certain program
components, such as Exam Manager.
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3.1.9.3 Custom

You will be able to decide which components are to be installed. The
default settings are similar to those of the Typical installation.
Deselect the unwanted components or select the missing ones.

Tina 14 Setup - InstallShield Wizard =)

Select Features
Select the features setup will install.

Select the features you want to install, and deselect the features you do not want to install.

= ] Desaiption i

[¥]5ample Files Program main executables.

m

[¥] Catalog Source Files

[ LabXplorer Device Driver

[FITinaLab II Device Driver

|~ coM3LAR Device Driver 2
1010.09 MB of space required an the C drive |
17896,52 MB of space available on the C drive

<Back || Next> | [ cancel

NOTE:

If you wish to install the TINALab Card, TINALab Il or other third party
supplementary hardware, you must select the Custom installation

option at the time of installation and check the appropriate device driver
on the list.

3.1.10 Selecting the Program Folder

Here you can choose where in the Programs Section of your
Windows Start Menu the Program Icons will appear. The default is a
new sub menu called for example TINA 14 — Industrial. You can
change this name or select an existing Program Folder from the list.

DesignSoft
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i

~
Tina 14 Setup - InstallShield Wizard

Select Program Folder
Please select a program folder.

Setup will add program icons to the Program Folder listed below. You may type a new folder
name, or select one from the existing folders list. Click Next to continue.

Program Folder:

[[ina 14 - Industrial|

Existing Folders:
Accessories
Administrative Tools
Adobe
Adobe LiveCyde ES2
Audio Related Programs
AVAST Software
Avery
Camtasia Studio 7
DeepBurner =

[ <Badk ][ Mext> | [ concel

3.1.11 Select Environment Options

In TINA you can set up the settings, ptivate/shared catalog and
temporary folder. The Settings folder stores your personal settings.
The private catalog folder will store your catalog files, while the shared
catalog folder can be used to share catalog files with other users of
the same PC or with other users in the network. The temporary folder
stores the temporary files of the software. By default these folders
are set to common Windows folders however you may change the
folders by pressing the browse button.
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-
Tina 14 Setup - InstallShield Wizard

Select Environment variables

Enter the location of the settings, library and temporary files

Settings Folder

CAUsers\DrsiDocuments\DesignS ofth{Tinal d-ndustrish 121620

Piivate Catalog Folder

CUsers\DrsivDocuments\DesignSofty{Tinal 4-Industriak 121620

Shared Catalog Faolder

C:AUsers\Public\Documents\DesianSoft i T inal 4 ndustial-1216

Temparary Folder

Il C:AUsers\DrsivippD atatLocal T emphDesignSafth{Ting1 44 ndust \

[ < Back ][ Mest » ][ Cancel ]

3.1.12 Selecting the Symbol Set

TINA can display its component schematic symbols according to
the US (ANSI) or the European (DIN) conventions. Select the one
appropriate for you.

Tina 14 Setup - InstallShield Wizard % ==

Select Symbol Set “

Select the schematic spmbal set you want to use;

@ US [4NS)
() Eurgpean [DIN]

< Back ][ Mext > ][ Cancel
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3.1.13

3.1.14

Final check and copying the files

This page lists the settings you have made, giving you an opportunity
to check these settings and alter them and step back if changes are
necessary. After you click on Next, the Setup Program starts copying
the files automatically.

Tina 14 Setup - InstallShield Wizard ==

Setup Status “
A"

The InstallShield Wizard is installing Tina 14 - Industrial

Decompressing HOL package fies...

-

Completing the Setup

After all the selected files have been copied and the Start Menu
entries created, you are asked if you want to place a Shortcut to the
TINA program file on your Desktop. The last page indicates a
successful installation and invites you to open and read a file with the
latest information about TINA. We urge you to take a moment and
review that file. Click on finish when you're ready.
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"Tina 14 Setup - Instz

InstallShield Wizard Complete

Setup has finished installing Tina 14 - Industrial on your
computer.

[ Yes, T want to view the README file now.

< Back Cancel

NOTE:

You can read the latest information in the file a'gain_ at any time by
selecting Read Me from the Tina Start Menu Entries. You can also
get the latest information about changes or new features by visiting
our Web Site, www.tina.com.

3.2 Uninstalling TINA

You can uninstall TINA at any time. Note that this will not delete
files you have created.

1. To begin Uninstallation locate Uninstall Tina on the Start or Apps
screen of Windows ot in the Start Menu of eatlier Windows
versions.

2. Click on Uninstall Tina.

In the next dialog click on Yes if you are positive you want to
uninstall TINA .

NOILVT1VSNI
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3.3

Maintaining or Repairing an Installation

3.4

You can modify or repair an existing installation of TINA as follows:
Select Settings and Control panel from the Start menu of Windows.
Click on the Add or Remove programs icon. Locate your TINA
installation on the list and press the Change button (Press the
Remove button if you want to uninstall the software). The installer
of TINA will start and you can either modify the existing installation
by adding or removig components or repair the current installation
or uninstall the pacakage.

Tina 12 Setup - InstallShield Wizard [

Welcome
Modify, repair, or remaove the program. \

This program lets you modify the current installation. Click one of the options below. Select
Reapir if you run an update.

.‘_ Select new program features to add or select currently installed features to
(0] remove,

() Repair
-:r Reinstall all program features installed by the previous setup.

(71 Remove

&

Remove all installed features.

Network Installation

To install the Network version of TINA, you must have
administrative privileges on the server machine and you have to share
a disk volume or directory on your network, the place where TINA
will be installed. With file sharing users can access TINA files. The
share must be writeable by the administrator user during the
installation process.

Therefore, carry out the following steps to make all files in the
specified directory shared:
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Novell Netware 3.x: Logon to the server and perform the
following commands:

FLAG *.* S SUB
Novell Netware 4.x and later versions:
FLAG *.* +SH /S

Linux server: You need Samba, a free software suite to provide file
services for Windows clients. Logon as root and create a Samba share
directory on your Linux system, adding the following section to your
/etc/samba/smb.conf file, then restart Samba service. Example:

[TINA]
comment = TINA install folder
path = /TINA

writeable = yes

admin users = administrator root
valid users = TINAUserGroup
read list = TINAUserGroup
store dos attributes = yes

Later, you might have problem mapping Linux Samba shares to
Windows Vista/7 client. Then check Vista LAN Managet
authentication level: open the Run command and type “secpol.msc”
and click OK. Go to Local Policies, Security Options and navigate
“Network Security: LAN Manager authentication level” and open it.
Change the settings from “Send NTLMv2 response only” to “Send
LM & NTLM - use NTLMv2 session security if negotiated”. Once
you have done this, Windows Vista will be able to view network drives
based on Samba servers.

Windows Server: Logon as Administrator and use the NET SHARE
command, for example:

NET SHARE TINAFolder="C:\Program Files\DesignSoft\TINA”

Or, you can use the Windows Explorer:
1. Right-click the drive or folder, and then click Sharing and Security.

2. Select the “Share this folder” option and type a Share name.

DesignSoft
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Click the Permissions button and ensure that the administrator have
Full control permission and click OK twice.

Windows Client:

Next make sure that the clients have a mapped drive set to the
network drive containing the TINA program folder.

To assign (map) a drive letter to a network computer or folder do the
following:

Open Windows Explorer
On the Tools menu, click Map Network Drive.
In Drive, select a drive letter, e.g.: G:

In Path (Win9x/Me) or Folder (N'T/2000/XP/Vista/7), select from
the drop-down list or type in the network drive (server and share
name: \\MySetver\Volumel) or folder name to which you want to
assign (map) a Drive letter (\\MyServer\Volumel\Program
Files\DesignSoft\TINA) . Note, that share name refers to a shared
folder on the setver. On Windows N'T/2000/XP/Vista/7 you can
use Browse to find the network computer, drive and folder.

Set the Reconnect at Logon checkbox, then press OK.

Then execute the installation procedure directed by section 3.1.1 on
the mapped disk volume, that is accessible from the network.

After you have set everything up on the network disk according to
the instructions above, you must run the setup program on each
client where you want to run TINA. Start setup.exe (in some versions
nsetup.exe) from the TINA\NWSETUP ditectory.

When you run setup.exe you must specify the working directory which
should be located on a local drive of the workstation.

The working directory can be on the network; however in this case
the path of this directory must be different on every work station.
After you’ve specified the working directory, you may install the
optional measurement hardware for TINA (e.g TINALab). After
running setup.exe, you will be able to run TINA simultaneously on
any number of workstations, just as though each workstation had a
single user version.

Network versions are copy protected and need authorization. For
the details regarding the special procedures required for authorizing
networked computers, refer to section 3.5.
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3.5 Copy Protection

Executing the authorization procedure described in this section, you
will be able to run TINA. If you use a network version of the
program, you will be able to do it simultaneously on the number of
workstations the program licensed, just as though each workstation
had a single user version.

3.5.1 Copy protection by Software
If your version of TINA is copy-protected by software you need to
authorize it.
You have to be in Administrator mode when you authorize the

program.

NOTE FOR VISTA AND WINDOWS 7, 8 AND 10:

Even though you are a user configured as an “Administrator”, Vista and
Windows 7 treats you as a standard user so the authorization may not
succeed unless you make sure that User Account Control (UAC) is
enabled in Vista. This is enabled by default, so if you didn't turn it off
manually it should be OK. (You can find this setting in the Control Panel
when you enter ‘UAC’ in the search field in the upper right corner of the
Window.)

Authorize the program with the following steps:

1. Run Authorization & Trial from the Start or Apps screens of
Windows or from the TINA group of the Start menu.

2. The Authorization Manager dialog will appear.

DesignSoft
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-
Authorization Manager - ﬂ

Manage Authorizations or Run TINA in Trial Mode

To manage program authorizations or uge trial mode pou need to have Administrator
privileges.

Click OK ta continue or Cancel to abort, W
Mode: [Autholization and trial V]

| ¢DK | ’ x Cancel]

A

In most cases you should just press OK to continue. The License

Status dialog will appear showing your initial authorization status.

If the program starts but the License Status dialog does not appear,
select the Authorization/ Authotize from the Help menu of the
Schematic Editor. You will normally have 31 trial sessions to provide
you enough time obtain the authorization.

TINA

14.0.0.350 SF-DS

License status: Unregisterad
Max concurrent users: 7
License type: Local

Remaining trial runs: 0

|  OK | Authorize

- Press the Authorize button on the License Status dialog which
is displayed at program start ot select Authotization/Authortize from
the Help menu of TINA.

- Enter your 16 digit Order number into the Order number field
of the Authorize dialog appearing and press OK. For successful
operation you must be connected to the Internet and your firewall
should allow communication with our server.
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- If the above is not possible for any reasons select the Other tab
on the Authorize dialog.

- Email your Site code to DesignSoft using the link in the
Authorize dialog or contact your dealer.

- We will email back a Site key, which should be copied into the
Site key field of the Authorize dialog.

- Press OK to finish the authorization.

NOTE FOR NETWORK VERSION:

If you use a network version of Tina then it will run on workstations
where the setup with the NWSETUP\SETUP.EXE program has already
been done. It is sufficient to authorize the software at one workstation.
This will allow to run the software simultaneously, as long as the total
number of simultaneous users does not exceed the licensed number. In
some cases the program comes with a Serial number, which needs to
be entered during installation. When entering the serial number you do
not need an active internet connection. For more information refer to
the program’s Authorization Help by pressing the Help button.

Authorization in secure environment

If you started the program with the “Authorization and Trial”
command but you still get the “Please log on with administrator
privileges!” message it is a sign that you have a secure environment
and need a special installation. This may be the case in systems at
larger companies.

In this case select Mode: “Authorization in secure environment” in
the Authorization Manager dialog. However you need to consult
with DesignSoft or with your dealer and ask for a special
Order number before you continue.
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3.5.2
3521

3.5.2.2

3.5.2.3

Copy Protection by Hardware (dongle)
Single user version

Make sure you are in Administrator mode.

If you have a USB dongle-protected version of TINA, install TINA
first before connecting the dongle.

Next, connect the dongle to the USB port. The dongle driver
installation will begin. If Windows looks for the dongle driver, select
the recommended option, which is your hard disk.

If the dongle is not connected or not installed correctly the
following error message will appear:

Hardware protection key is not present
(USB) .

Site license with multi-user dongle (DSPROTKEY)

To avoid loss or damage of dongles you may have just one dongle for
a whole site. In this case you need the dongle only at the first start of
the program at each workstation.

1) Install the software on each computer as described in the manual
for single computers, according to the number of licenses purchased
for your site.

2) Start the program with the dongle plugged in, then close the
program and remove the dongle. After you authorized all
workstations this way keep the dongle at safe place. If on some
workstations the license is lost for any reasons (e.g. disk crash), you
can reinstall the program and authorize again with the same
technique. Please do not use this possibility to install the software on
more workstations than licensed, because this might eliminate the
possibility to recover lost licenses.

Authorization with network dongle

If you have a network dongle do the following to authorize TINA on
the server.

1. After setting up the workstations (see section 3.4), login on

one workstation as Administrator (with writing right to the volume
where TINA resides).
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3.6

2. Connect the dongle with the above workstation. The system
must recognize the dongle and the LED on the dongle should light.

3. Start TINA. Based on the information in the dongle TINA
will be authorized for the number of users licensed, and a dialog box
should appear to confirm this.

4. Remove the dongle and keep it at a safe place, as you may
need it to recover the license in case of a system crash.

5. Now TINA should run on all workstations without the dongle.

Starting Up

3.7

After successfully installing TINA, you can start the program by
simply double-clicking the TINA icon on your Desktop or by
choosing Tina from the TINA Start Menu Entries.

Experimenting with Example Circuits,
avoiding common problems

Start the program and click the F7/ menu item in the top line of the
screen to drop down the Fi/e menu. Select the Oper command and
the standard open file dialog box appears with * TSC, indicating that
a file name with .TSC extension is sought. Select the EXAMPLES
folder, and a list of files with .TSC extensions will appear. After
selecting a file, the circuit schematic will appear.

Now you can execute an analysis, modify or expand the circuit, and
evaluate the results. Keep in mind that every command may be aborted
by pressing the /Es¢/ key or clicking on the Cance/ button.

We recommend that you load the following circuits and follow
the instructions on the screen for the circuit types listed below.

This will avoid some common problems.

Oscillator circuit EXAMPLES\ colpitts.tsc
555 Oscillator EXAMPLES\555_AST.ts¢
Rectifier circuit EXAMPLES\ Bridge Rectifier1.tsc

DesignSoft
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4.1

CHAPTER 4

GETTING STARTED

In this chapter, we present TINA’s screen format and menu
structure. A step by step introduction is given using examples.

Schematic Editing Using the Mouse

41.1

Here are some basic mouse techniques to help you edit schematics:

Using the right mouse button

If you press the right button of the mouse at any time, a popup
menu appears. Using this menu you can:

Cancel Mode: Exit from the last operation (e.g. moving a
component, drawing a wire).

Last Component: Return to the last component and reposition it.

Wire: Switch to wite-drawing mode. In this mode, the cursot turns
into a pen and you can draw a wire. For more details, see the Wire
paragraph below.

Delete: Delete selected component(s).

Rotate Left, Rotate Right, Mirror: Rotate or mirror the
component currently selected or being moved. You can also rotate a
selected component by pressing the Ctrl-L or Ctrl-R keys.
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4.1.2

Properties: Use this command to edit the properties (value, label)
of the component currently selected or being moved. From the
Properties menu, you can set all parameters of a component (before
it is placed). This lets you place multiple copies of the component, all
with the properties just entered. While you are in the component
property editor, the right mouse button has another function. When
you are editing the field of any component parameter other than the
label field, you can copy that field to the label field by pressing the
right mouse button and then selecting the Copy 7o Labe/ command.
You can accomplish the same thing by pressing /F9).

Using the left mouse button

In the descriptions below, ‘clicking” always refers to the left mouse
button.

Selection: Clicking on an object will select the desired object and
deselect all other objects.

Multiple selection: Clicking while holding down the [Ctt]] key
will add the object under the cursor to the group of currently
selected objects. If the object under the cursor is already in the
currently selected group, clicking will remove it from the group.

Block selection: To select a block of objects all at once, first make
sure there is no object under the cursor. Then press and hold down
the left button while moving the mouse (dragging). This will create a
rectangular block, and all objects within the block will be selected.

Selection of all objects: Press Ctrl+A to select all objects.

Moving objects: A single object can be moved by dragging it
(Position the cursor on the object, press and hold the left button, and
move the mouse.) Multiple objects can be moved by first selecting
them (see above), then clicking the left button while the cursor is
over one of the selected objects, holding the left button down, and
dragging.

Parameter modification: Double-clicking on an object will bring
up its parameter menu so that you can modify its parameters
(if it has any).
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Crossing wires: The crossing of two wites does not tesult in a
connection at the crossing unless you deliberately choose there to be
one. Use Edit.Hide/Reconnect to place or remove a connecting dot.
However, it is better drafting practice to never make a connection at
a wire crossing, as this avoids ambiguity about the presence or
absence of a dot.

Block or symbol copying: After a block or symbol has been
selected, you may copy it by pressing Crtl+C. Then click outside the
block or symbol to release it, and press Crtl+V. You will see a copy
of the block which you can place as you wish. If the schematic
window doesn’t show enough room for the copy, press Alt - to zoom
out. Once you've located the block, click the left mouse button once
to anchor it and a second time to deselect the moved block.

Measurement Units

NOTE:

When setting parameters for electronic components or specifying
numerical values, you may use standard electronic abbreviations. For
example, you can enter 1k (ohm) for 1000 (ohm). The multiplier
abbreviations should follow the numeric value, e.g., 2.7k, 3.0M, 1u,
etc.

The following characters indicate multiplier factors:

p = pico = 10_12 T = tera = 1012
o= mne = 107 G = giga = 10°
u= micro= 107 M= mega= 10°
m= milli = 1(:)_5 k = klo = 10:)

Upper and lower cases must be carefully distinguished (e.g., M = m),
and the selected letter must follow the numeric characters without a
space (e.g., 1k or 5.1G), or TINA will indicate an error.

DesignSoft
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4.3 The Basic Screen Format
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After start-up, the following screen appears on your monitor:

©® The Menu bar

) The Cursor or pointer: This is used to select commands and to
edit schematics. You can move the cursor only with the mouse.

Depending on the mode of operation, the cursor assumes one of
the following forms:

An arrow, when a command selection is required in the edit window.

A component symbol (accompanied by an arrow and small box),
when inserting that component onto the circuit in the schematic
window. Until the position of the component on the schematic is
chosen, its movement is controlled by the mouse.

A pen, when defining the endpoint of a wire.

An elastic line, when defining the endpoint of a wire or the second
node of an input or output.

An elastic box, when defining a block after fixing its first corner.

A dashed line box, when positioning a component label or a text
block.

A magnifying glass, when defining a zoom window.
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The Schematic window: This shows the circuit schematic
currently being edited or analyzed. The schematic window is actually
a window onto a larger drawing area. You can move the screen
window over the full drawing area using the scroll bars at the right
and bottom of the screen. When selecting the New command on the
File menu, the system automatically aligns the origin of the editor
window with the center of the entire editor drawing area. The same
is true when an existing circuit file is loaded, as this is the default
window position.

You can think of TIN.A schematic as existing on several “layers.” In
addition to the primary layer that holds components, wires, and text,
there are two other drawing layers, which you can turn on or off
individually. It is generally convenient to have these two layers on.

View | Pin Markers On/Off: Displays/hides component pin ends.
View | Gtid On/Off: Displays/hides the grid.

A grid of closely spaced dots covering the entire drawing area may
be made visible or invisible in the schematic window, depending on
the cutrent state of the grid button of the Grid On/Off switch on the
View menu. At some schematic zoom levels, you will not see the dots
of the grid; nevertheless, all component pins and connecting wires
will be on the grid. These dots represent the only available
interconnecting points. Component symbols are positioned on the
drawing area horizontally and vertically. These symbols are rigid
patterns with predefined pin positions and are handled as single units.
This permits the software to unambiguously recognize the network
nodes.

The Tool Bar: You can select most of the editor commands (e.g.,
select, zoom, wire etc.,) from this tool bat. Let’s summarize the most
important commands on the Toolbar. You can find more detailed
information in TINA’s Help system. Note that most commands on
the toolbar can also be found under the drop down menus, and can
often be activated by Hotkeys. We show the menu name separated
from the command name by a dot (Menu name.Command name ).

File Edit Insert View Analysis Interactive T&M Tools Help

z|e|d|s| Bl% [+ =|7|T]s] X[o|o+|
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(= (Fil.Open) Opens a schematic circuit file (‘TSC or .SCH),
TINA macro files (/TSM) or Spice netlist files (.CIR).

TSC extension is the current schematic file extension used in
TINA v6 and above. The .SCH extension was also used for
schematics in TINA v4 and v5.

TSM is the extension of TINA macros, which can contain
asubcircuit either as a TINA schematic, Spice netlist, or VHDL
code.

.CIR files must be circuit files or subcircuits in Spice netlist

format. The files will appear in the Netlist Editor, where you can
execute most TINA analyses, and edit or complete the netlist.

'a (File.Open from the web) This command starts the built in web

browser that allows you to navigate to any website and then
directly open TINA files with TSC, SCH or CIR extension by
simply clicking a link. It will also save TSM, LIB, and TLD files
into their proper place in the user area. Finally, TINA will
recognize the.ZIP file extension and will help you select, copy,
and extract files.

By default the built in web browser in TINA opens the
TINA circuits on Web page on the www.tina.com website
(at the time of writing this manual www.tina.com/English/tina/
circuits ) where you will find interesting electronic circuit files
which you can download or open directly from the web and then
simulate with TINA.

| (File.Save) Saves the actual circuit or subcircuit into its

original storage location. It is wise to frequently save the circuit
that you are working on to avoid loss of data in case of a
computer crash.

= | (File.Close) Closes the actual circuit or an open subcircuit on
the screen. It is very useful for closing an open subcircuit.
E (Edit.Copy) Copy a selected part of the circuit or text to the
clipboard.

(3g| (Edit.Paste) Paste Clipboard contents into the schematic

editor. Note that the content may come from the schematic
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editor itself, TINAs diagram window, or any other Windows
program.

& Selection mode. 1f this button is pressed you can select and

drag components with the cursor. To select a component (part),
wire or text, just click on it with the cursor. You can also select
several objects by holding down the Cttl key and clicking on the
objects one-by-one; or by clicking at one corner of the area,
holding down the left mouse button, moving to the opposite
corner and then releasing the mouse button. Selected objects
will turn red. You can drag the selected objects by dragging one
of them. Click and hold the left mouse button when the cursor
is over one of the selected objects and move them with the mouse.
You can unselect all selected object(s) by clicking on an empty
area. One or more selected objects can be deleted while leaving
the others still selected by holding the Ctrl key down and
left-clicking the mouse.

You can select all the wire segments, connected by the same ID
on Jumpers, by holding down the Shift Key and clicking one of
the wire segments.

t2 | (Insert.Last component) Retrieves the last component inserted,
for a new insertion of another copy, with the same parameters as
the previous insertion.

& | (Insert.Wire) Use this icon for inserting (adding) wires to the

schematic design.

T (Insert.Text) Add comments into schematics and analysis
results. You can also create popup texts which are displayed when
the cursor is moved above their title. To create a Popup text in
the Text dialog click the “hand symbol” and enable Popup text.

7| (Edit.Hide/Reconnect) Use Hide/Reconnect to place or

remove a connecting dot between crossing wire or
wire-component connection.

¥ | u | (Edit.Rotate Left (Ctrl L), (Edit.Rotate Right (Ctrl R),

Rotates the selected component.
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| (Edit.Mirror) Mirrors the selected component.
Hotkeys Ctrl L, Ctel H

[ e =1 8- sl »+l)

it Switches On/Off the grid. Le.makes the grid visible or

invisible.

Explicitly z00m in on a selected portion of the current view. It

will also zoom out a portion if you just click with the icon into the
middle of the area you want to zoom out.

J 100% x| Select z00m ratio from a list from 10% to 200%. You can

also select Zoom All which will zoom the effective drawing to full
screen.

Interactive modes, see also on the Interactive menu:

® DCmode

i AC mode

ﬁ Continuous transient mode
%

Single shot transient mode, the time is the same as set

at Analysis Transient

®: Digital mode
&, VHDL mode

j With this listbox you can select the analysis and the Interactive

Mode Options dialog.

ﬁf‘ (Analysis.Optimization Target) Select Optimization Target to

set up Optimization mode or to change settings.
p Up g g
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]ﬂ‘ (Analysis.Control Object) Select Control Object for Parameter

Stepping or Optimization.

ﬁ (Analysis.Fanlts enabled) 1f this button is pressed it enables

component Faults, set by Fault property of components. You can
set component faults with the Property Editor by double-clicking
on components.

i (View.3D view/2D view) Hotkey F6. 2D /3D view. If this

button is pressed, TINA’s Schematic Editor displays circuit
components as 3D pictures of the real component assigned to
the schematic symbol. This is a simple but useful check before
starting the PCB design.

| = | (T20i5.PCB Design) Tnvokes the dialog which initiates the PCB
design module of TINA, if available.

ﬂ ['oltage Pin v =i (Tools.Find component) Find

Component tool. Invokes a component searching and placement
tool. This tool helps you find by name any component in the
TINA catalog. The search string that you enter will be found
wherever it occurs at the beginning, at the end, or anywhere
within the component’s name. This tool is useful when you don’t
know where a particular component is located, or if you want a
list of all the components that match particular search criteria. A
component found in a search can be placed immediately into the
schematic by selecting it and pressing the Insert button of this
tool.

|Fiesistor | Component list. With this tool you can
select components from a list.

©®  The Component bar: Components are arranged in groups, named
by the tabs on the Component bar. Once you have selected a group,
the available component symbols appear above the tabs. When you
click on the desired component (and release the button), the cursor
changes to that component symbol and you can move it anywhere in
the drawing area. You can also rotate the component by pressing the
+ or - keys (on your computet’s numeric keypad) or mirror it by
pressing the asterisk (*) key (also on your computet’s numeric
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GETTING STARTED

4.4

keypad). Once you have selected the part’s position and orientation,
press the left button of the mouse to lock the symbol in place.

Find component tool: This tool helps you find by name any
component in the TINA catalog. See more details above at the toolbar
description.

Open files tab: You can have several different circuit files or
different parts (macros) of a circuit open in the schematic editor at
the same time. Clicking on a tab brings that circuit page up in the
editor.

The TINA Task bar: TIN.A’ Task bar appears at the bottom of
the screen and provides speed buttons for the various tools or T&M
instruments currently in use. Each tool or instrument operates in its
own window and can be made active by clicking on its speed button
(icon of the tool). Once the cursor is over the speed button, a brief
hint appears. Note that the first button (furthest to the left), the Lock
schematic button, has a special function. When the Lock schematic
button is pressed, the schematic window is locked in place as a
background behind other windows, so that it can never cover a
diagram or virtual instruments. When the schematic window is not
locked and it is currently selected, you will always see the entire
schematic window with any other windows hidden behind.

The Help line: The Help line, at the bottom of the screen,
provides short explanations of items pointed to by the cursor.

Placing the Circuit Components

Components are selected from the Component bar and their
symbols are moved by the mouse to the required position. When you
click the left mouse button, the program locks the pins of the
component symbol to the nearest grid dots.

Components can be positioned vertically or horizontally and rotated
by 90-degree steps in a clockwise direction by pressing the [+] or
[Ctrl-R] keys, or in a counterclockwise direction with the [-] or
[Ctrl-L] key. In addition, some components (like transistors) can also
be mirrored around their vertical axis by using the /*/ key on the
numeric keypad. You can also use the [»]a]+| buttons or the popup
menu (right mouse button) to position components.
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NOTE:

44.1

2

After a component symbol has been selected and positioned, you
may double click on it to enable a dialog window where you can enter
parameter values and a label. When entering numeric values,
abbreviations of integral powers from 10"% to 10" can be used. For
example, 1k is understood as 1,000.

Upper and lower cases must be carefully distinguished (e.g., M = m),
and the selected letter must follow the numeric characters without a
space (e.g., 1k or 5.1G), or TINA will indicate an error.

TINA will automatically assign a label for each component you place
on the schematic. It will also display the numerical value of the main
component parameter (for example: R4 10k). Note that the value is
shown only if the Values option of the View menu is checked. For
files from the older versions of TIN.A, the Values option is turned
off by default. The first part of the label, e.g., R4, is required for
symbolic analysis modes. You can also display the units of the ca-
pacitors and inductors (for example: C1 3nF) if both the Values and
the Units options of the View menu are checked.

Wire

A wire establishes a simple short (zero ohm connection) between
two component pins.

To place a wire, move the cursor to the component terminal point
where you want to begin. The cursor will change into a drawing pen.
You can draw a wire in two different ways:

Select the starting point of the wire with a left mouse click, then
move the pen with the mouse while TINA draws the wire along the
path. While drawing the wire, you can move in any direction and the
wire follows. At the end point of the wire, click the left button of the
mouse again.

Hold down the left mouse button while positioning the pen;
release it at the end point.
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4.4.2

While drawing a wire, you can delete previous sections by moving
backwards on the same track. By pressing the Ctrl key while drawing
you can move the last horizontal or vertical section.

You can easily modify existing wires by selecting and dragging
sections or edges.

For short wire sections, you may need to hold down the shift key
while drawing;

You can also invoke the Wire-drawing tool by the Insert|Wire
command (hotkey: [Space]). You can start drawing the wire at any
place by clicking the left button of the mouse. When you have
completed wiring, use the popup menu, press the right mouse
button, or press the Esc key to terminate the wiring mode.

Be sure not to leave any component nodes unconnected. If there are
unconnected components or terminals, TINA’s Electric Rule Check
tool (ERC) will issue a warning (unless you have disabled it).

Wire segments made by the Wire tool are always vertical or
horizontal. However, you can add angled wire segments using the
components made for bridges, Y and D circuits under the Special
component toolbar.

Input and Output

Certain types of analysis (DC Transfer characteristic, Bode diagram,
Nyquist diagram, Group delay, Transfer function) cannot be executed
until both input and output have been selected. These establish where
the excitation is applied and where the circuit response is taken. The
output(s) chosen also determine which curve(s) will be displayed in
the chosen analysis mode. Sources and generators can be configured
as inputs, while meters can be configured as outputs. However, meters
can also serve to determine the location of the input quantity that
will be used when computing AC Transfer curves and functions. For
even greater flexibility, inputs or outputs can be established at nearly
any location by using the Insert|Input and Insert|Output
commands. Note that you can define the input parameter for
parameter sweeping only through the Insert | Input command.

To insert an input or output, select the Input or Output command
from the Insert menu and move the input (I+) or output (O+)
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symbol attached to the cursor over the first schematic node that it
should define. Click on that node, release the mouse button, and
move the symbol to the second node, and click on that node. The
program will draw a dashed rubber line between the two nodes while
drawing, and will also place this line on the schematic when you click
on the second node.

Since an input reference can be established in so many ways, it is
important to remember that only one input at a time can be defined
within a circuit.

Similarly, in some of TIN.AY analysis methods (e.g., Symbolic
Analysis) only one output can be defined within a circuit.

Exercises

45.1

These exercises will help you build upon and integrate what you’ve
learned from the manual so far.

Editing an RLC Circuit Schematic

Create the circuit diagram of a series RLC network as shown in the
following figure.

#/_Noname - Schematic Editor = = =S

File Edit Insert View Analysis Interactive T&M Tools Help
DO e —]
J+Ta 12 &[H]B o] &[4 [~[= )

Basic: |Switches| Meters] Sourcesl Semiconductorsl Dptoelectronicl Spici 4 | »

RLC Circuit

R1100 L11m

= ¢ VF1

AT

L
e

Cin

Maname |

[ et 5307 v 21
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GETTING STARTED

First clear the schematic window with the File | New command. The
file name in the top line is set to Noname, indicating that a new
circuit file is being edited.

Now start adding components. Click on the voltage generator icon,
then release the mouse button. The cursor will change into the
generator symbol. Position it using the mouse (or by pressing the
[+]/[Cttl-R] ot [-]/[Cttl-L] key for rotation] or the /*/ key for
mirroring) somewhere in the middle of the screen, then press the
right mouse button; the schematic editor’s popup menu will come
up. Select Properties. The following dialog box will appear:

VGl - Voltage Generator
Label WGl

Footprint Hame JP100 [VG) O

Parameters [P

[DC Level [v] | [ =l
Signal Unit step

Intemnal resistance [(hm] 0 O a

10 state Input -
Fault MNone

100m

¥ K | %K tacl | 7 Hep |

Leave the DC Jevel and the 1O state parameters unchanged. Note that
by accepting Input for the IO state parameter you have selected the
output of this generator to be the input for the Bode diagram.

Select the Signal/ menu line and then press the [= button, a new dialog
box with the graphics icons of available voltage generator signals will
appear. When you select one of them (in this case, click on the
Cosinusoidal button), the associated curve comes up with some
default parameters. In the case of the Cosine signal, these are:

Signal Editor
L I P ] #r] B £ 7 A
[&mplitude [ (&) 1
Frequency [Hz] () a0
Phaze [deq] [P) 0

T=1/=20m

v oK | X Cancel ‘ ?  Heb |
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Change the frequency to 200k (200kHz). Click on OK and return to
the previous dialog box and click on OK again. The program will
automatically place the label near the component and you will be
able to position and place the component and the label together. If
the default label position is not satisfactory, you’ll be able to drag the
label to the desired position later on. When the component is where
you want it, press the left mouse button to drop it. This completes
the placement of the generator.

Now click on the Basic tab on the Component bar and choose the
Resistor icon (your cursor will automatically change when you are
over the tabs or the icons). After the symbol of a resistor has
appeared in the schematic window, press the right button of the mouse
and then select Properties from the popup menu.

When the dialog box appears, change the Resistance to 100.

After setting all parameters, click OK. Your cursor will turn into the
resistor with the frame of the label. Position it as required and press
the left mouse button to drop it.

Continue circuit entry with the L and C components as indicated in
the figure above. Set the parameters to L 7= 1 m and C7 =1 n. Note
the default values of the parallel resistive losses for the capacitor and
the series resistive losses of the capacitor. Add the Voltage Pin
(chosen from the Meters component group) on the upper pin of the
capacitor (or you can add a volt- meter in parallel with the capacitor).
Note that even though all the computed voltages, currents and
signals are available after running an analysis (see below in this
chapter and also in the Post-processing analysis results section), you still
need to define at least one output. Place a ground below the genera-
tor and connect the generator and capacitor as shown in the figure.
To do this, move the cursor over the appropriate pin node until the
small drawing pen appears. When the pen appears, click the left
button of the mouse, draw the wire, and left click again at its end
point.

Finally, add the title to the schematic. Click the x| button and the text
editor will appear. Type in: RLC Circuit. Click on the icon and set
size 14. The editor also lets you choose another font, style, color etc.
Now click on then position and drop the text on the schematic
editor Window.
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4.6

Before going on, save the circuit with the File|Save As command.
Name the circuit as RLC_NEW.TSC (the .TSC extension is added
automatically).

Autosave. Note that TINA can automatically save your current
schematic at adjustable time intervals. You can set the time interval at
the Options dialog (under the View menu):

Autosave interval [0 - no autosave) E % [min]

The default value is 5 minutes. To disable Autosave, set the interval
to 0. Note that you must give the circuit file a unique name—certainly
not the default name Noname. TSC—in order that the autosave
command will be completed.

If you wish, you can still change the circuit in many ways:

Add new components.

Delete, copy, or move selected objects using the Edit|Cut, Copy,
Paste, and Delete commands.

Move, rotate, or mirror groups of components. Select the
components one by one, holding down the shift key as you click on
them. You may also use window selection to identify the group. When
you’ve selected the last component, release the left mouse button,
then move the cursor over one of the selected components, press
and hold down the left mouse button, and drag the selected parts
with the mouse. While dragging, you can use the [+]/[Cttl-L]/
[Ctrl-R], [-] and [*] keys to rotate and mirror components.

Move any component label separately by clicking on it and dragging,
Modify component parameter value(s) and labels of the component

by double-clicking on it.

Of course, if you want to keep these changes you must save the
circuit again.

Analyses

TINA has a variety of analysis modes and options:

The analysis method is analog when a circuit contains only analog
components; then the components are modeled with their analog
models.
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The analysis method is mixed when a circuit contains both analog
and digital components. TINA will analyze the analog parts in
analog, the digital parts in digital, and will automatically create the
interfaces among the components. This ensures synchronization and
fast convergence.

The analysis method is digital when a circuit contains only digital
components; then the components are modeled with their fast
digital models.

Analysis Options
This dialog, with which you can set analysis parameters, is on the

Analysis menu. Examine the screenshot that follows to see the
parameters that you can adjust.

In this manual we will present only the most important options, those
which you might want to change. The complete explanation of all
the options is included in the on-line help, which you can display
pressing the Help button on the dialog.

Note: If you change any settings in this dialog and close the dialog by
pressing the OK button, the program will remember the changed
settings.

Performance: TINA v9 and later support multi-core processors and
run analysis in parallel threads. This results in a significant speed
increase. By default the number of threads is equal to the number of
cores in your CPU. However you can control this with the Number
of threads parameter.

Number of threads: This parameter is set to Max by default and
results in one thread per core. You can, however, set it to any number
between 1 and Max, or to Dynamic. If you have a quad (4) core
machine, it would be good to set this parameter to 3, to leave some
computing capacity for other programs and processes. You can also
use the Dynamic parameter which controls the number of threads
automatically, depending on other processes running on your
computet.

Matrix compilation: By default this parameter is enabled and
results in compilation of an extremely fast code for some matrix
operations. The only reasons to disable this parameter are to
perform speed comparisons or to debug software. For maximum
performance, it should normally be enabled.
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4.6.1

Enable run-time statistics: If this option is set, Tina displays the
simulation time of the transient analysis in the status bat and creates
a file which contains detailed information on the last transient run.
You can load this file by selecting the View. Transient statistics menu
item.

Enable instant diagram drawing: If this option is selected TINA
will draw the diagram during transient analysis, refreshing the
diagram every 1-2 seconds. This is very useful for observing the
progress of long calculations.

Save all analysis results: Check this box if you want to save the
result of all nodal voltages, resistor, capacitor and inductor
voltages and currents, to make the later post processing more
convenient. However this option may slow down the analysis
by 30-50%.

Disable warning for large site analysis results If you run a
transient analysis, a warning will appear if the number of points is
greater than 1,000,000 (1M). Select this checkbox if you want to
disable this warning.

Analyzing an RLC circuit ( DC, AC, Transient
and Fourier analysis)

Now execute AC and transient analyses on the RLC circuit you have
just entered.

First perform an AC nodal analysis. Select Analysis|AC
analysis | Calculate nodal voltages. Your cursor will turn into a
test probe which you can connect to any node. In a separate window
the nodal voltages will be displayed. If you have placed any meters
on the schematic, clicking on them with the probe will present
detailed information from that instrument. Note that you can
acquire DC nodal voltages in a similar fashion through DC Analysis.

Now select AC Analysis | AC Transfer Characteristic... from the
main menu. The following dialog box appears:
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AC Transfer Characteristic

Start frequency 10 [Hz]
End frequency M [Hz] X Cancel ‘
Mumber of point: 100
Humber of points 1 ? HEID
Sweep type
" Linear + Loganithmic
Diagran
[~ Amplitude [~ Nyquist
[~ Phase [~ Group Delay

v Amplitude & Phass

By default Amplitude & Phase will be calculated. Select Amplitude
and Nyquist in addition. Modify the Start frequency to 10k and then
press OK. A progress bar will appear while the program is calculating;
After the calculations are finished, the Bode amplitude characteristic
will appear in the Diagram Window. You can easily switch to Nyquist
or Amplitude & Phase diagrams by using the Tabs at the bottom of
the Diagram Window.

You can read exact input/output values by enabling one or more of
the cursors. Note that in any representation you can get and place the
formula of the transfer function using Symbolic Analysis and
selecting AC Transfer or Semi Symbolic AC Transfer. The formula
will appear in the Equation Editor Window and you can place it
either on the Diagram or the Schematic window as described above.

71 Noname - AC Ampli2 ==
Ele Edit View Process Help
| Blally alal | Tirivi-a~of b Flbr [ 2
30.00
1 [Transfer function:
20,00 1
1w
10.00-] 1+R, Cs+L4Cs
g 0004
& 10,00 RLC Circuit
20,00 — Dy e
-30.00] Q:LT g
-40.00] : ey : —

10.00k 100.00k 1.00M
Frequency (Hz)

AC Ampli2 | AC Myquist! | AC Boded |
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Using TINA 5 graphic facilities, you can add more useful information
to your diagram. As an example, let’s add markers, a special
annotation, and the circuit schematic itself to the diagram.

To add markers to a curve move the cursor over the curve, find a
position when the cursor changes into a + shape and click on the
curve at this position. When the curve becomes selected, it turns red.
Now you can either double-click on it or press the right button of
the mouse and select Properties on the popup menu. A dialog box
will appear and you can set the curve’s parameters: Color, Line width,
Marker. Select Marker Type: Square and click on OK.

To add some text, click on the x| text icon. When the Text editor
appears, type in Resonance. Note that using the [# | font icon of the
editor you can select any font, style, size and color. Click on OK and
place the text in the neighborhood of the resonance peak. Now click
on the pointer icon, then on the text, and finally on the peak of the
curve. Note that the cursor turns into a + when you are at the right
position. You have just entered a line and arrow that will always point
from the text to the curve, even if you drag the text into another
position or make other changes.

Now place the schematic itself on your diagram. Click the schematic
editor Window and select Ediz| Select All. Copy this selection into the
clipboard by selecting Edit| Copy or clicking on the Copy icon or using
the Ctrl C hotkey. Click on the Diagram Window and use Edit| Paste,
or click on the Paste icon, or use the Ctrl V hotkey. The frame of the
circuit diagram will appear. Position and drop it at the left corner of
your diagram. Now you can still modify this picture by dragging or
double-clicking on it and changing its size, frame or background.

Now perform a transient analysis. First, make sure your cursor is the
selection arrow, then double-click on the voltage generator and change
the waveform to the
default unit Sth. After Transient Analysis
selectin

g Start display i [=]

Analysis | Transient _
Analysis, the following | | "% I bl | X canee

dialog box appears: % Calculate operating point ? Help
" Use initial conditions
" Zerainitial values

[ Draw excitation
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Change the End Display parameter to 30 u then press OK. In a
separate window the transient response will appear.

As expected, the RLC circuit exhibits a response of damped
oscillation. Exact input/output data paits can be read by enabling the
aand/ot b graphic cursors.

Now select Analysis | Symbolic or Analysis | Semi-symbolic
Transient from the menu. The closed form expression of the circuit
response appears in the Equation Editor window. Click on the Copy
icon of the Equation Editor Window, then switch to the Schematic
window and select the Paste icon. The frame of the formula will
appear. Move the frame to the desired location and press the left
mouse button to place the formula. Note that you can reposition it
by dragging to any position and you can edit it by double-clicking on
it.

Now go back to the equation editor and click on the Interpreter icon
(small calculator) on the toolbar. The expression shown in the
equation editor is then transferred to the Interpreter window. The
actual definition of the time function is at the top of the window,
followed by drawing preferences and the ‘Draw’ command. Press the
run button to draw the function in the diagram window on a new
page. This curve can then be copied and pasted into the same
transient function diagram, where all of the results can be seen

simultaneously.
“.T—; Neoname - TR result2 |E“E|@
File Edit View Process Help
2a] BEvalgl | Tl a O] s S~ 2D
200
TR Result :
7 s -5-10%1 5 oy
vit)=(1+1e” " 1c05(9.99-10°+-182.87°)) &(t)
1.50 /\
P o AN
2 100 f\
\/ \/ V
s 4
500.00m -]

000 ; |
0.00 10.00u

Time (s)
AC Ampli2 | AC Nyauist! | ACBoded | TR resull TR resul2 |
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GETTING STARTED

To make it easier to work with curves, you can switch them off or on
individually. Use the Show/Hide curves... command under the View
menu of the Diagram Window. Before demonstrating this feature,
set the checkbox in the Analysis/Analysis Options dialog as shown
in the partial screenshot below:

[ Enable run time statistics

™ Enable instant diagram drawing

[ Stress analysis enabled
[~ Disable warnings for large size analysis results
[ Remember diagram settings

If the check box was not yet set, run the Transient Analysis again.
Select the Show/Hide curves... command from the View menu of
the Diagram Window. The following dialog box appears:

Showhide curves ==

Curves: Showr =
¥ ModalValiages M
W Other Yoltages 2 el
¥ Curents 2 —

W User defined
W Measurement

IR2[2]
1_in[1,0]

Now you can show or hide any voltages and currents in the circuit
using the checkboxes. VP_1, VP_2, VP_3 are nodal voltages of the

nodes denoted by numbered yellow boxes m -! on the

schematic diagram in this working mode of the program.

R1-140 L1 1m
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You can also select/deselect component or nodal voltages by
moving the cursor and clicking above the selected component or
node. Note that at least one of the original outputs (Out and Source)
must remain switched on.

Another method to add more curves or process analysis results is to
use TINA’s Post Processot.

Note; in order to use this featutre, you must check "Save all analysis
results” in the Analysis.Options dialog;

X

Post-processor

Avallable curves: Curves ta insert:

e R o
MS]EA] y Add 3> [ o |
e
DR
st e | X careel |
v L1[21]
VRA23] Delete 9 Help

? H

“Show
Outputs

=<
]
o'
<l <l

MNodal Yoltages
Other Yoltages
Currents

< <l

User defined

Measurement Mare »>

RLC_MEM/.TSLC »> Transient Analysis

1%

The available curves listbox on the left side shows all the curves that
have already been calculated.

The symbols V_label[i,j] and I_labelli,j] denote the voltage and
current respectively of the labeled components between the nodes 7
and /. The symbol VP_n denotes the nodal voltage of node 7.

To add the voltage of the coil to the list of curves to insert, select
V_L1[3,1] and press the Add>> button. Pressing OK inserts this
curve into the current diagram page.
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Noname - TR result?
File Edit Wiew Frocess Help

= e B~ alg) |7~ ol sk 2 «2h |

[_[c]=]

200
TR Result
] 1=t1+16 8 ™ osi0 991074187 87y =(t)
1.00 / \ /\ /\ N
=
2 1
S
=
000
] WL
1.0 , ‘ : ‘ : |
000 10.00u 20,004 30.00u
Time (s)
VTR resultl }\TH resuIth

Although you could add a new curve to the diagram, if you run the
Transient analysis again the voltage of the previously added coil would
not be shown in the diagram. Next add another voltage to the
diagram, in a way that the program retains that setting for future
calculations and also see how to modify or delete these settings. As
an example add the voltage of the RL-part of the circuit to the

diagram.

First run the Transient
analysis and then open the
Post-processor by pressing
the za Post-processor
button on the toolbar. The
Post-processor window
appears. Press the More
>>  button on the
right-bottom side of this
window, the extended
dialog box of the
Post-processor appears.

Postpracessing X
Aovalabin caves Curves 16 intat
(NVER] W 0K
X ool |
L= 2w |
Sheww
W Dutputs
¥ Mol Villages:
o Othem Vel ges:
¥ Cuments
= User defired
I Meansemert ccios |
User defined curves
—_—— Buit-n hunctions = ==
Lane Edut
Niwr urchion rame
A [rrFusciiond Create
™ fdvanced et P
I Pt
2
RALC_1TSE v Transnt Analys
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The best way to express the voltage of the RL part s, to express it as
a difference of the generator voltage VG1 and the VF1 output
voltage: VG1-VF1

To create the required voltage by the Post processor click the VG1
voltage on the Available curves list and then press the  ~=—=
»Add to edit area” button. VG1(t) appears in the Edit line of the
post processor. Now enter the — operand and click the VF1 voltage
on the curve list and press the  =—— | button again.

Note that although you could do the same by using the VP_1, VP_2,
VP_3 these may change if you edit your circuit. Therefore it is better
to use node outputs, voltage pins etc. as these are more independent
of circuit changes.

The extended part of the postprocessor dialog looks like this.

Line Edit
VG1(t)-VF1(t)

New function name:

- MyFunctionl Create
[™ Advanced edit Preview

[ %y Plot

Change MyFunctionl to VRL then press the Create button. The
VRL identifier will appear on the Curves to Insert list.

Postprocessing

Available curves: Curves to insert
32 pdd > VAL oK
\_5[1,3] L | J

Press OK and the VRL voltage appears in the diagram Window.

Noname - TR resuli3 Elﬁlg‘

Fle Edt biew Crocess Help

e B alg

2.00—

Jon /\ /\ ANYVay.
T 7

| zlggta~lo

e o b o T

Yoltage (V)

0.00—

-1.00

T T T T T 1
0.00 10.00u 20.00u 30.00u
Tirmne ()

TR resubl | TR resu2 TR resul3 |
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Now let’s see how to modify the additional new curves. Press the %z
button again, the Post-processor window will appear, with the new
VRL curve at the end of the ‘Available curves” list. Click on VRL
and press the ~—— | button, the definition of the curve will
appear in the Line Edit field. However the New function name will
be different, for example Myfunction3. Let’s change this back to VRL.
and change the VG1(t)-VF1(t) expression to something else, e.g.
2¥(VG1(t)-VF1(t). Press Create and OK and the new curve will
appear in the diagram.

If you want to delete the new curve open the post processor again
click on VRL and press the Delete button.

Note that if you save and reload the circuits with new curves added
by the Post-processor, the new curve(s) will automatically be
generated as long as they are present on the Post processor’s
“Available curves” list, and you can either edit these expressions or
delete them in the Post-processor.

Noname - TR result4
Eile Edit Wew [ Help
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You can do a lot more with TINA’s post-processing tool. For
example, you can create curves of new functions created by adding
or subtracting curves, or by applying mathematical functions on them.
For a more detailed description, refer to the Post-processing analysis
results section in the Advanced Topics chapter.
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To demonstrate a more advanced feature of TINA, examine the
Fourier Spectrum of the non-periodic transient response just
obtained. First, in order to get a finer curve, select Analysis | Set
Analysis Parameters... and change the “IR maximum time step”
parameter to 10n. Next run the Transient Analysis for a longer 1ms
time by changing the End display parameter in the Transient
Analysis dialog to 1m.

Frequency Spectrum El

Sampling start time |0 Sampling end time: m
Minimur fiequency | 100k M aimum frequency | 200k

MNumber of samples 1024 =
Window function | Unifarm hd

I Phage corection

Mode

&+ Spectral density " Spectrum

Diagrams

v ComplegAmplitude [ Beal part [ Energy spectium
[~ Phase [~ Imaginary part [~ Amplitude

Transient inital condition
=

-

X Cancel

?  Hep |

Select the damping output signal by moving the cursor over the curve
and pressing the left mouse button when the cursor assumes a +
form. The selected curve will change to red. Now press the right
mouse button and select Fourier Spectrum from the popup menu.
The Frequency Spectrum dialog box will appear. Set the Minimum
frequency to 100k, the Maximum frequency to 200k and press OK.

The Fourier spectrum of the transient response will appear. The result
is a continuous frequency spectrum shown in the figure below. As
expected, the frequency where the Fourier Spectrum shows a
maximum is the resonant frequency of the circuit.

The Fourier spectrum and the Fourier series dialog box can also be
obtained directly from the Analysis.Fourier Analysis menu. This way
you do not need to calculate the transient function manually TINA
will automatically do it before generating the Fourier series or
spectrum.
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B Noname - Fourier - Amplitude1
File Edit Wiew Help

o8 Bely algl | TE~ Ol i Y| 3
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Fourier Spectrum
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7.004-]

5 50u-]

Armnplitude [Y/Hz]

4,004

2.50u]

1,005 ; . ; . ; : ; .
100k 125k 150k 175k 200k
Frequency (Hz)

TR result ) Faurier - Amplitude1

You might be surprised that the unit of the frequency spectrum is in
V/Hz. That is because the continuous Foutier spectrum is a density
function versus frequency. If you want to know the approximate
amplitude in a narrow frequency band, you should multiply the
average amplitude (given in V/Hz or Vs) with the bandwidth (given
in Hz or 1/5).

You can also find the Amplitude in V directly, if you select Spectrum
in the Mode field of the Fourier Analysis dialog. In this case the
applied bandwidth is 1/DT, whete DT is the length of the Transient
analysis (End display - Start display). This feature is especially useful
if your signal contains both non-periodic and periodic components.
If your signal contains periodic components, you can display them
in the diagram more accurately if you select a suitable Window function
in the Frequency Spectrum dialog. For reading the amplitude from
the diagram it is the best to use the Flattop window function.

Fortunately, Fourier analysis is not so complicated for clearly
periodic signals. Periodic signals can be represented by Fourier Series
or in other words as a sum of cosine and sine waves at the base
(fundamental) frequency and integer multiples of the base frequency.
To try out this kind of Foutier analysis in TIN.A, load AMPLL.TSC
from the EXAMPILES folder.
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Run a transient analysis and then select the output curve with the

largest amplitude. Press the mouse right button and select Fourier
Series from the popup menu: the dialog box of the Fourier series
will appear. Note that you can access this dialog directly from the
Analysis. Fourier Analysis menu. Set Sampling start time to 1ms and
the Number of samples to 2048. Note that for best accuracy, it is
very important to set the starting time for the Fourier Series analysis
to after the initial transient has died away. Now press Calculate. The
list of Fourier components will appear.
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GETTING STARTED

4.6.2

If you press Draw you can also draw a diagram showing the
amplitudes in V (volts) at integer multiples of the base frequency.

Creating and analyzing an Op-Amp circuit

Create the circuit diagram using an OPA121E operational amplifier
from Texas Instruments as shown in the following figure:

| Sample Circuit Using the OPA121E |

1 4pF
I
I
RZ 10k

—1
|

I

— W2 15

R1 10k
J_ — Out
) = o
{M OpA1ZIE =
" o
i

= WA

+

If you just opened TINA and wish to create your own circuit, you can
start adding components right away. The circuit file name in the top
line is set to Noname by default, indicating that a new circuit file
Noname. TSC is being edited. If you already have a circuit loaded in
the editor, for example, our previous RLC circuit, you can start a new
one with the File| New command. You can switch between multiple
circuits by clicking the Tabs at the bottom of the screen.

Now start adding components. Left click on the voltage generator
icon then release the mouse button. The cursor will change into the
generator symbol. Position it using the mouse (or by pressing the
[+]/[Cttl-R] or [-]/[Cttl-L] key for rotation] or the [¥] key for
mirroring) somewhere in the middle of the screen, then press the left
mouse button to drop the component into the schematic. We still
need to set the properties of this generator. Double-click on the
generator and the following dialog box will appear:
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VYG1 - Yoltage Generator |'5(|

Label WG1

Parameters [Parameters)

DC Level [v]

Sigral Urit step B
10 state: Input

Fault None: U

A KT
Leave the DC level, and the IO state parameters unchanged. Note
that by accepting Input for the 1O state parameter you have selected
the output of this generator to be the input for this analysis (a Bode
diagram in this example). Click on the Signal menu line. The dialog
box will change as shown below:

YG1 - Voltage Generator |'5(\

Label VG1 b
[Parameters) |

D 1

[ Signal Unit step ==
il . Input

None

o K xCa'l:eI‘ ?Hﬂbl

Press the ; button. A new dialog box with the graphic icons of

available voltage generator signals will appear. When you select one
of them (in our case, click on the Square Wave button), the associated
curve comes up with some default parameters. In the case of the
Square Wave signal, these are:

i
JJJJTJJﬂ

[Ameitude VI &) 1
FrequencyHz]() |50
Rise/fall fime [s] (tau] |0

T=1/4=20m

7ok | X cocdl | 7 Hep
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GETTING STARTED

Change the Amplitude to 500m (this represents 500mV peak), the
frequency to 100k (100kHz), and the Rise/Fall time to 1p (1ps). Click
on OK and return to the previous dialog box and click on OK again.
The program will automatically place the label (VG1) near the
component and you will be able to position and place the
component and the label together. If the default label position is not
satisfactory, youll be able to drag the label to the desired position
later on.

Now click on the Spice Macros tab and press the left Operational
Amplifiers button. The following dialog box will appear:

Operational Amplifiers

~

]

ADE4SE
DP&121E D
OPA&124E

ADGASK
OPA&128E

ADE4SS
DP&129E

AD704
OP&130
OPATIIE ADT044
oea ADT4B v

Shape | suosslect Shaper e | W Autosslect
Manufacturer: |4l - 14138 Manufacturer. | Al - 1/1450

[~ Show all components [ Shaw all comparents

« 0K X Cancel| ?  Help | P I X Eancel| 7 Hep |

To find the IC we want, scroll down the list until you find OPA121E.
You can narrow the list if you select the manufacturer (Texas

Instrument in our example) from the Manufacturer listbox. You can
also simply type OPA121E and the list will automatically jump to the
IC (press the Delete button on the keyboard and try again if you
make a typing error). Click on the line (OPA121E) and press the
OK button. (Alternatively you can double-click on that line). The
schematic symbol of this opamp will appear and be attached to the
cursor. By moving the mouse, position the opamp as shown on the
schematic at the beginning of the section and then press the left mouse
button to place the opamp into your schematic.

You can also select a part using the 1=} Find Component tool at the

top-right corner of the Schematic Editor. If you type the part number
into the “Component to find” field and press the Search button, the
list of available component(s) will appear. (You can enter just part of
the name if you are not sure of the entire name).

Press the Insert button to place the component. With the List
Component button you can create the list of all available
components in a textfile.
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Find Component "5( |

Component to find:
[epa121e ~| || Search

 stat @ angwhere C end

“Match at |

List Components. I

Inzest | X Cancel

Note that other types of ICs are available under the buttons next to
the Operational Amplifiers: Difference Amplifiers, Fully-
Differential Amplifiers, Comparators, Voltage Regulators, Buffers,
Current Shunt Monitors, and Other Components). You can bring all
of these various components into the dialog box for any of the
buttons if you set the Show All Components checkbox. In addition
to selecting an IC on the list, you can also find it by clicking on any
item on the list and then typing in the name of the IC.

Now click on the Basic tab on the Component bar and click the
Resistor icon. The resistor symbol will be attached to the cursor. Move
the resistor to the position of the R1 resistor on the sample
schematic diagram at the beginning of this section and press the left
mouse button to place this resistor into the schematic. Double-click
on the resistor and the following dialog box will appear:

R1 - Resistor

Label Rl [
Parameters [Farameters|
Fiesistance [Ohm]

W] 1
Relatve
0
0
0
0
Mone
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NOTE:

Change the value in the Resistance field to 10k, and press OK.

Note that you can set a component value before placement while you
are moving it. To do this, press the right button of the mouse and
select Properties on the popup menu. The dialog shown above will
appear and you can set the properties of that component. After
pressing OK, you can return to component placement.

Now let’s place R2 at the top of the circuit. Click on the resistor
symbol on the component toolbar, move and place the resistor. When
you drop the resistor you will see that its value is already 10k since
the program remembers the previous value.

Now let’s place R3, which needs to be turned by 90 degrees. Click on
the resistor symbol on the toolbar and turn the component by 90s

by clicking the #™|or e |buttons or pushing the Ctrl L or Ctrl R

keys. (+ and — on the numeric keyboard have the same effect). Place
the component on the right side of the screen and set its value to 1k.

Continue circuit entry with the Capacitor, Battery, and Ground
components as indicated in the figure above. Set the parameters to C
=1p, V1=15, and V2=15. Place a Voltage Pin Out (chosen from the
Meters component group) at the right side of the new schematic. Pay
attention to battery polarities and rotate the symbols if necessary.

If you have several opamps you may want to simplify their connection to
the power supply. This can be done using the | - Jumper component,
which you can find at the first place on the Special toolbar.

All jumpers with the same label are considered as electrically
connected components in TINA. Therefore, if you connect a jumper
called VCC with the positive power supply of the opamp, it is enough
to connect jumpers with the same VCC label to the positive power
supply pins of the opamps. As an example, you can load and study
OPAMP2.TSC from TINA’s EXAMPLES\PCB foldet, also shown
below.
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Note that even though all the computed voltages, currents and
signals are available after running an analysis (see below in this
chapter and also in the Post-processing analysis results section), you
still need to define at least one output. We have placed the parts into
the schematic but they are still unconnected. To connect devices, move
the cursor over an appropriate pin node until a small drawing pen
icon appears. When this pen appears, click the left button of the mouse,
draw the wire, and left click again at its endpoint.

Finally, add the title to the schematic. using the | T icon on the toolbar.

Let’s check the circuit we have just built and run ERC from the
Analysis menu. If everything is OK, the following dialog will appear:

% Electric Rules Check

enerating araph...
Graph generation it OK. Stating ERC...
Done [0 emors; 0 wamnings]

W Automatic ERC =
W Show onWamings iz Lo | IFEfD ‘

If there is a problem with the circuit, a list of warnings or error
messages will appear in the dialog box. If you click on a warning or
error message, the related part or wire will be highlighted in the

circuit diagram.

Calculating DC Transfer characteristic

We have already seen several of TINA’s analysis modes. But so far we
have not used the DC analysis mode to calculate the DC transfer
characteristic of this circuit. Select DC Analysis | DC Transfer
Characteristic... from the Analysis menu. The following dialog box
will appear:
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4.6.3

DC Transfer Characteristic

Start value 0 (]
End value 1 4] X Cancel
Murber of points 100 2 Heb

Input WG -

[~ Enable hysteresis un

Set the Start value to —7.5, the End value to 7.5, and then press OK.
After a short running time, a Diagram Window will appear as shown
below. This displays the circuit’s transfer curve-output voltage vs.

input voltage.

Noname - DC result1
File Edit View [rocess Help

eld| BlElv alal |TiAg o] st 2] <2

20,00

10,00+

“Woltage (V)
=
=
T

-10.00—

B e L o e o e e e e B e e |
-8.00 -6.00 -4.00 200 000 200 400 £.00 8.001
Input voltage (v)

DC resultl

Analysis of SMPS circuits

SMPS or Switching-Mode Power Supply circuits are an important
part of modern electronics. The heavy transient analysis needed to
simulate such a circuit may take a lot of time and computer storage.
In order to support the analysis of such circuits TINA provides
powerful tools and analysis modes. In this Chapter we will
demonstrate these through examples.
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Using the Steady State Solver

The most time consuming part of an analysis of an SMPS circuit is
to reach its steady state, when the DC level of the output voltage
does not change and the output waveform has only a small periodic
ripple.

To find this state automatically, TINA has a Steady State Solver
under the Analysis menu.

To demonstrate this tool, let’s load the Startup Transient
TPS61000.TSC Boost Converter circuit file from the
EXAMPLES\SMPS\QS Manual Circuits folder.

WS
B S04 MBRRHZOL

L1 10u

W out

c
@
o

I “ U1 TPSE1000

fasr & wour
LB Leo
=
% TP EE1000
X g o 1] &
vet12 (L 1 ey ]
COMP 4% 3

LI

%

Ce2 10n

“I—{sho

Col4;

Select the Steady State Solver from the Analysis menu. The following
dialog will appear:

Steady State Analysis B

Start display a [s]

Max s=arching time 10m [2] X Cancel |

Final checking time 100u [z] 2 Help

Final Accuracy IEUDm [%]

" Calculate operating point
 Use initial conditions
& Zera initial values

I Draw excitation

" Trapezoidal & Gear

Integration arder 2 |

Methad
@ Transient

' Finite-difference Jacobian >
" Broyden update Jacobian Options...

Integration methad |
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The new parameters compared to the Transient Analysis dialog box
areas follows -

Max searching time: The solver will try to find the steady state solution
for max 10ms. After this, the analysis will discontinued whether or
not a solution was found..

Final checking time: After the steady state search is done, there is a final
check for the length specified here. You should have a stationary
waveform for this time interval.

Final accuracy: the maximum DC level change allowed. When the
change is below this, the analysis will end. Note that the 500m in the
example above means 0.1%

Method: You can select the method used for finding the steady state:

Transient: The steady state is searched by using transient analysis.
Finite-Difference Jacobian, Broyden update Jacobian: The steady state is
searched by the methods described in the paper, Awutomated steady-state
analysis of switching power converters by Dragan Maksimovic.

Note that these last two methods may get to the steady state faster,
but they do not go through the normal transient states, so the result-
ing waveform between the initial and final state does not reflect the
real process (but rather the mathematical path of the methods to get
there).

Now lets run the Solver. After a few minutes of running
(approximately 2 minutes on a 2GHz Pentium computer) we’ll get
the following resulting waveform:

Noname - TR result1 g@@

File Edit Wiew Help

2 pelvag | TfPE~ Ol Y] 3y

500.00m—
- | /

0. DO~I\

4.00—

I

4.00—

vaW i ‘

-1.00 T T T T T T T |
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NOTE:

These waveforms show the detailed transient from switching on until
reaching the steady output voltage. If you zoom out on the
waveform, you can see that the period of the switching is around
500kHz and the time needed to arrive at the steady state is 4
milliseconds. Therefore, we need to calculate at least hundreds or
sometimes thousands of periods if we want to see the whole
transient waveform. This is why finding the steady state is such a time
consuming process. The reason for this problem is the long start-up
time of SMPS circuit compared with their switching frequency. The
start-up time is basically determined by the filter capacitors on the
output. The larger these capacitors are, the longer the start-up time.

In some cases you can accelerate the Steady State Search using the
Finite-Difference Jacobian and Broyden update Jacobian methods,
however they do not always converge and the intermediate waveforms
provided by these methods do not reflect the real waveforms of the
transient process.

Trigger

Use this to determine the starting and ending times of the switching
period.

You can find this component on the Meters toolbar of TINA. You
should connect it to the oscillator frequency control pin of the SMPS/
PWM controller IC, but any node where the oscillator waveform
of the IC is present will do.

If you double-click on the Trigger component you can set its

parameters.
TR1 - Steady State Trigger x|
Label TH1
Footprint Mame: MOPCE [J]
Paiameters Paiameters]
Trigger voltage level [] h‘ - j
Hysteresis width [V] m
Fise
f

|v’ oK I anncell ? Helpl
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Trigger voltage level: the threshold voltage for the trigger event

Hysteresis width: hysteresis value for the trigger event. This value
defines a region within which the trigger voltage is allowed to

oscillate without generating a trigger event.

Trigger State: Rise/Fall The direction of the voltage change
required for a trigger event

Trigger Count: you can take several periods for the waveform
analysis.

Once you have checked the initial transient and the steady state
waveform and SMPS circuit the next thing you normally want to
know is how it behaves when the input voltage or the load changes.
This is realized by the Input step and the Load step analyses.

Sensor

The purpose of this component is to set the target voltage(s) to be
watched during the steady state search. You can add more than one
sensof to a circuit. By adding sensors, you can significantly accelerate
the steady state search. You can make the search even faster if you
can give the final voltage at a certain node.

Using the “Max. no. of saved TR. points” parameter in the Analysis/
Analysis parameters dialog, you can limit the maximum number of
points placed in the Diagram. This is useful for large analyses
to accelerate diagram drawing, By increasing this parameter, you can
refine the diagrams but the drawing time will be greater.

Gel - Steady State Sensor E x|
Label Sel

Footprint Mame

Parameters Farameters] | |
End Yalue [¥] ;I

|J Ok I xCancall ? Help |

The only electric parameter of the Sensor component is -
End Valne: Voltage | Not Used
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Accelerating SMPS simulation using initial values

As we mentioned in the previous section, the long analysis time needed
for reaching the steady state of SMPS circuits is mostly used for
charging the output filter and some capacitors. If we start the
analysis using initial values for larger capacitors and inductors, the
analysis time can be significantly reduced. In TINA, the Steady
State Solver will automatically place initial values into the model of
larger capacitors and inductors and so the following Transient
Analysis can be run significantly faster (assuming that we do not
make changes which will need significantly different initial values).
For example, if you want to study the effect of changing the output
filter capacitor, it will not significantly change the output voltage DC
level. Therefore, starting the new analysis with an initial value
calculated by the steady state solver for another output capacitor, will
result in a much faster analysis. You can accelerate the analysis of
input and load changes in the same way.

To demonstrate this feature, let’s run a transient analysis for our
example. Selecting the Transient command from the Analysis menu,

the following dialog box appears.

Transient Analysis

Start display |0 [s] :
End display |10m [¢] x Cancel

" Calculate operating point ? Help

% Use initial conditions
" Zew initial values

v Diraw excitation

Integration method
" Trapezoidal & Gear

|ntegration arder 2 VI

Note that Use initial conditions is set in the dialog. Press OK to start
Transient analysis. You should see that analysis runs very fast
compared to the previous steady state analysis. The output waveform
is shown in the picture below.
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ﬂ Noname - TR result3
File Edit View Help
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Why did the analysis run faster? Transient analysis was already

preceded by the Steady State Analysis and the main capacitor’s initial

values (called Initial DC voltage in the Capacitor property box) was
already set to the final DC voltage. For example , if you
double-click on the C1 capacitor, you will see that the Initial DC
voltage is already set to 3.31 V. Similatly, all the larger capacitor’s

initial values are set.

Once you have checked the initial transient, the steady state

waveform, and SMPS circuit, the next thing you normally want to

know is how it behaves when the input voltage or the load changes.
This is realized by the Input step and the Load step analyses.

c3 A
CO603 (C) |
Parameters [Parameters] |~
Capacitance  [F] !m J
Infinite
11.875384
Relative
o
0
0
100
Mawimum ripple current (4] 1 &
0K x Ca'r.el‘ ? Help |
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NOTE:

Using the “Max. no. of saved TR. points” parameter in the Analysis/
Analysis parameters dialog you can limit the maximum number of point
placed in the Diagram. This is useful for large analyses to accelerate
diagram drawing. By increasing this parameter you can refine the
diagrams but the drawing time will be slower.

Input step analysis

One of the standard analyses for SMPS circuits is the calculation of
the response to an input change to test the capability of the SMPS
design to regulate the output with step changes in the input line.
This can be accomplished by adding a pulse to the input voltage and
checking the output and other voltages. Since the input change is
relative to the steady state, we can start it from the steady state initial
values calculated by TINA’ steady state solver.

Load the Input Step Transient TPS61000.TSC Boost Converter
circuit file from the EXAMPLES\SMPS\ QS Manual Circuits folder.
The schematic design is the same as above.

To see the input step waveform, double-click on the VGI1
voltagegenerator on the left. The following dialog box will appear:

¥G1 - Voltage Generator @

VG1
JP100 (ViG]
[Parameters|

DL Level 1]
[ Signal

Irternal resistance [Ohm] 0

10 state Input
Fault Mone

« K | xCance\| ? ﬂelpl

According this, the input voltage is 1.2V. This is converted by the
SMPS circuit to 3.3V.

Now click on the Signal line of the above dialog and then the -

button. The following signal in the Signal Editor will appear:
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JJJJJ_Iﬁﬂ

[Ampitude BT VIA1] |
Ampliude #2[V](42] [0
Time intv. #1[s1(T1) [lu_
T T2 13 Time intv. #2 [5](T2) |400u
Timeinky. 83[s1(T3) [lu_
T4 15 TE | Timeinty, #4[s](T4) |Tu
)
)

Time intv. #5[s](T5) 4000
Time inky. #6[s1(T6) [lu_
Time shift [s] (TS] _|2000

v K I X Cancel

?  Help |

According to the waveforms, the input voltage will decrease from
1.2V to 0.8V for a T2=1ms time; and the starting edge (T'1) and the
ending edge (T3) of the pulse are 10us.

To see the response of the circuit, let’s invoke and run the Transient
analysis from the Analysis menu.

@Noname TR result?

File Edit Wiew [
raaal—e\ 8 | TG~ Of st 2| 2
530 00m =
VFB :\/"‘-\//ﬁ
470, OOm—ﬂ
1.20
VG ]
800 00m—]
3.50—
WOt :\/——‘KA/’——/_\

3.10-

4.00
WEW
0.00
000 S00.00u 1.00m 1.50m 2.00,
Time (g)

EI R resultl /

Load step analysis

Another standard analysis is to determine the SMPS response to a
fast load change. Using simulation, the response to load changes is
obtained by adding a current pulse to the load and analyzing the
output and other voltages. Since the load change is relative to the
steady state we can start it from the steady state initial values
calculated by TINA’s steady state solver.
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Now load the example Load Step Transient TPS61000.TSC. The
schematic design is the same as above, except for the ILoad
Current generator on the output.

If you double-click on the ILoad generator and check its waveform,
you will see that the DC part is

JJJJJ_ITﬂ

[Ampitude #1 [¥1(&1) |100m
Ampliude #2 V] (42) |0
Time intv. #1 [s1(T1) [Tu__ .
Time intv. #2[5](T2) 500
} | | Time ntv. #3[s1(73) [1u____
T T2 T4 15 T6 | Timemy salm4) [u
Time intv. #5[5](T5) |00
Time intv. #6[s](T6) [Tu__
Time shift[s] (TS] | 100

v 0K | X [Iancell 7 Help |

5mA while the pulse is 45mA in amplitude and 500us in width.
Accordingly, the 5mA load current will rise to 50mA and then
decrease to 5mA again.

Let’s run Transient from the Analysis menu and see the result.

B Noname - TR result2 E@‘EI

Eile Edt Yew

M_JL%M%JTM,% T~ O s 2] 3

1.20
WiG1 q
1.20j
’ 40W/\/\
3.20
4.00
VEW JI l I _ I
-1.00 . ; - ; . !
0.00 1.00m 2.00m 3.00m|

Time ()

TR resulll ), TR result? {TF esul3 ]
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AC analysis

For AC analysis and stability analyses you can use the so called
Average models provided in TINA. The average models represent a
method, based on averaging the effects during the switching process.
The resulting equations are linear therefore the method is extremely
fast in order to draw Bode and Nyquist plots needed for stability
analysis. Note that for using the AC analysis function of TINA you
need an average model, the transient models are not applicable and
will give improper results.

To demonstrate this tool, let’s load the Average model TPS61000.TSC

8 circuit file from the EXAMPLES\SMPS\ QS Manual Circuits folder.
l_

?S: L1 10uH D1 MBRM120L VOut
” s "

g L —, U1 TPSB100 A { %

|: —fvear ®  vourl- Z

= | R1 20SkOhm % -

m 4

O

™~
-
o«

Note the VAC generator which is providing signal for the AC
analysis., and the AC In Voltage pin which is the Input of the AC
analysis (its 1O state parameter is set to Input).

Let’s run AC Analysis/AC Transfer Charactetistic. .. from the Analysis

menu and see the result.

# Noname - AC Bode?
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4.6.4

Power dissipation and efficiency calculations

Efficiency and dissipation are important factors in electronic circuit
design, especially in the case of AC-DC chargers, AC-DC and
DC-DC converters, power supplies, amplifiers, and other
applications. TINA has an advanced tool to calculate input and
output power, dissipated power by the components, and hence
calculate the efficiency of the circuit and explain the reasons leading
to current efficiency.

You can enable the power dissipation tool in the Analysis menu by
clicking the “Power dissipation analysis enabled” line or the checkbox
in the Analysis Options dialog box.

When the tool is enabled, after Transient analysis, a Power
dissipation report table is displayed showing the Efficiency, Total input
power (Source), Total power on the load (Sink), and dissipated power
on other selected circuit components (Loss).

Before the Transient analysis, the appropriate power types should be
assigned to the components participating in the calculation using the

& symbol on the command toolbar, shown below.

FQHS @/ vesTH i e oo~ 8- & (] # %

The last Pass/Fail column of the table shows if the power that
dissipated on the components is below (Pass) or above (Fail) the
maximum allowed power of the related component, specified in the
component property window. If 0 or no power is provided for a
component, then No data is displayed.

Efficency: 85,68% Total nput: 390,86m W Total load: 334,89m W
Component b Power type Pawer disipation (W) Percentage (%) Pasa/Fad
VG Source 390, 86m 100 ¥
Le ] Sk 104 85m a3,58
501 Loss 2.51m pA- ]
R4 Loss LA ]
Lk Loss 2,99 0.0
Loss 72,7
3] Lot 266,680 ']
RC Loss 5T
L Loss 8.13m .
RS Loss 4,64
w Loss 20.3m 5%
Show alljselected components Export..
Mo 7t

-
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GETTING STARTED

You can study the tool through the following example.

Open the TLV70218_TRANS.TSC circuit from the Examples\Texas
Instruments\LDO\TLV70218 folder of TINA. The following
circuit is displayed in the schematic editor of TINA.

YOz

Tt Lol 18

x5 ux
TLV70218
+ TRANEIENT MCDEL
L cliu F 2 (=311}
o
Jj.nnvmn_‘rmm

v

Run Transient . . . from the Analysis menu. The following diagram
will appear:

File Edit View Process Help

20 [RGa’Y TFFRa~0 Yokeryr

500

VIN

0.00-
200+

vouT

000

T T T T r T T
0.00 250.00u 500.00u 750.00u 1.00m
Time (s}

TR resultl

(272.32u,5.70) %193 Y:38 p

In this example, VIN linearly rises to 5 V. When it reaches
approximately 2 V, the output voltage reaches 1.8 V and stays at that
level.

Now set VN as Source, the TL.V70218 IC as loss, and R_load as sink

using the @ button.

VR M bl L wourz
l TLV70218 l
* TRANSENT WODEL -
wH (=R 2 - @ 27 _w::lz__n
b H ki1
L TLVIE T
Bt 1 (W)
= L Fleeun 1 L

Enable the “Power dissipation analysis enabled” option in the
Analysis menu.
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Power dissipation

-1 TLV70218_TRANS - Schematic Editor
File Edit Insert View Analysis Interactive T&M Tools Help

DQ Eﬁ? FQHE [ R o] %
Mode... Ctrl+ Alt+M
e [
aults enal
—1,—J Mgf Stress Analysis Enabled J.ﬁ’ﬂi]_'-f
v Power Dissipation Analysis Enabled
Enable MCU Code debugger RANS I
- Enable HDL Debugger
‘;. © Texas Instrug boio iz
Select ization Target
» Anall Optimi |o.n arg
3 o’/ Select Control Object
Set Analysis Parameters... Ctrl+Alt+P
Now run Transient . . . from the Analysis menu setting. Set Start

display to 500us to make power calculation after the output voltage
reaches 1.8 V.

The following table will appear:

“. [ -’ Brasipati 1 - x
Efficency: 36,06% Total nput: 503,82m W Total load: 181,66m W

Componenth  Powertype  Pawerdissipation (W) s e

] Source 503,82 w0 ez

R Load ek 1 .08 Fass

Ut Loss T2, o 61,84 [

Show aljpelested comporents Export..,

| g || 7o

—_—

The efficiency of the circuit is not good; it is approximately 36%
only. This is because the TLV70218 is a linear regulator, and
approximately 64% of the total power is dissipated in the regulator
1C.
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4.6.5 Stress Analysis

Stress Analysis can check parts for stress conditions such as
maximum power dissipation and maximum voltage and current
limits. You can set these parameters in the property window of the
parts or in the catalog. This kind of analysis is also called Smoke
analysis, because overloaded parts often emit smoke.

You can enable Stress Analysis by setting the Stress Analysis Enabled
checkbox in the Analysis | Option dialog or on the Analysis menu.

When running DC or Transient Analysis from the Analysis menu, a
list of components will appear, along with the parameters exceeding
maximum limits.

If you click a component in the list, the corresponding component
on the schematic diagram will be selected and turned red.

The maximum values of the components can be set in the

component property dialogs or in the component catalog parameter

GETTING STARTED

dialogs. Both can be entered by double-clicking on the components.
Before running an analysis, check and set the maximum values of

the components in your circuit.

As an example of Stress Analysis, open the file Stress Analysis. TSC
from TINA’s EXAMPLES folder and run DC.Calculate Nodal
Voltages and Transient Analysis from the Analysis menu or the
corresponding interactive modes. In the following figure, you can see
the result of Stress Analysis in DV interactive mode.

Apparently the power dissipation of T1, T2 and R1 exceed maximum
limits allowed for these parts.
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4.6.6 Network Analysis

TINA helps you perform network analysis and determine the
two-port parameters of networks (S, Z, Y, H). This is especially
useful if you work with RF circuits. Results can be displayed in Smith,
Polar, or other diagrams. You can assign the two ports needed for
Network Analysis with the Network Analyzer component to be found
on the Meters component toolbar. As an example open the circuit
EXAMPLES\RF\SPAR_TR.TSC.

HA

d31dVv1S ONIL13ID

To analyze this citcuit run Analysis/AC Analysis/Network Analysis.
The amplitude diagram is as follows:

B Noname - AC Ampli3
file Edt View = Help

od e a8l |[TE~ Ol & &

30,00

20.00-]
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Note that we have added the labels to the curves using the ¥ Auto
label tool of the diagram window. For more details on the Network
Analysis see the “Network Analysisi and S-parameters” chapter of
the advanced topics manual.

4.6.7 Analyzing a Digital Circuit with TINA’s Digital
Engine

Let’s test a digital circuit. Open the file HALF_ADD.TSC from the
EXAMPLES folder. Start the Analysis| Digital Step-by-Step command.
A control panel will appear and you can examine the behavior of the
circuit step-by-step by pressing the Step Forward button. Press the
Play button for free-running mode. At each node a small box will
indicate the logic level (Red for High, Blue for Low, Green for High
Z, Black for undefined) as the circuit is clocked.

The picture below shows an intermediate state of the display.

GETTING STARTED

L jrien Yew Srsiun WM Tooh Hep
-- (- [<[oTTa el 5 ) e 2 i 5 | D
JEIIE =R [ L[]

T P 3 Larig Corel]

Half Adder hH

o -

Now let’s examine the transient behavior of the circuit. Selecting the

Abnalysis | Digital Timing Analysis command, brings up this menu.

Digital Timing Analysis

End ine Is

™ |deal components

|z\/ 0K | |x Eancel”? Help |

The result is shown on the timing diagram following,
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NOTE:

B Noname - DTR result1 |- [0] %]

File Edt Miew Frocess Help
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Input_A
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Input_B

' I ' T ' | ' |
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\DTA resultl /

You could also select Transient... instead of Digital Timing Analysis, in
which case the program would carry out an analog analysis, giving
the detailed continuous waveforms and voltages instead of idealized
logic levels. Note that circuits which contain only digital components
can be analyzed by both digital and analog methods.

You can set the order of the curves by simply appending a colon (:)
character and a number to the output name. This is particularly
important when presenting the results of digital analysis, where each
output is displayed as a separate diagram. For example, if you have
outputs named OutA, OutB, Carry, and Sum, you can ensure that they
will be displayed in the order given by using the labels OutA:1, OutB:2,
Carry:3, and Sum:4.

The results of a purely analog analysis normally appear in one diagram:
however, you can force TINA to display the results as separate
diagrams, in the order you desire, by using the labeling method
described above. You must use the View | Separate Curves command
in the Diagrams window to separate the curves. If you don’t use this
labeling method, TINA presents the curves in alphabetical order.

DesignSoft
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GETTING STARTED

4.6.8

4.6.8.1

Analyzing Circuits using HDL models

Hardware Description Languages (HDL) are standard text-based
modeling languages used by electronic designers to describe and
simulate their chips and systems prior to fabrication.

TINA now includes the four most widely used Hardware
Description Languages defined by IEEE standards: VHDL, Verilog,
Verilog-A and Verilog-AMS.

VHDL and Verilog are used for modeling digital circuits. The two
languages are comparable in modeling digital hardware. However the
behavioral capabilities of VHDL are more powerful, while Verilog
is easier to learn and understand. In TINA you can use and mix models
of both languages.

Verilog-A is an easy to read high-level behavioral language for
modeling analog electronic circuits and devices (e.g;, bipolar and MOS
transistors).

Verilog-AMS is an extension of Verilog for modeling analog and mixed
signal circuits allowing both Verilog and Verilog-A instructions,
connect modules, and rules.

A full presentation of HDLs in TINA is beyond the scope of this
manual. We refer the interested reader to the detailed standards,
manuals and information on the Internet: www.vhdl.org and
www.vetilog.org .

In the following sections we will demonstrate the use of these
languages through examples.

Analyzing a Digital Circuit Using Digital VHDL
Simulation

TINA includes a powerful digital VHDL simulation engine. Any
digital circuit in TINA can be automatically converted into VHDL
code and analyzed as a VHDL design. In addition you can analyze a
wide range of hardware available in VHDL and define your own
digital components and hardware in VHDL. The great advantage of
VHDL is not only that it is an IEEE standard hardware description
language, but also that it can be realized automatically in
programmable logic devices such as FPGAs and CPLDs.
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TINA can generate synthesizable VHDL code along with the
corresponding UCF file (User Constraints File for pin assignment within
the FPGA), if the Generate synthesizable code checkbox is set in the
Analysis/Options menu. You can save the created VHD and UCF
files with the “Create VHD & UCF File” command in the T&M
menu. You can read the files with the free Xilinx Webpack and
generate the bit stream file describing the implementation of the
design and then upload it to Xilinx FPGA chips.

Before realizing a VHDL design, either with discrete components or
with FPGA, verify it with simulation using TINA’s Analysis | Digital
Timing Analysis command. Let’s examine some aspects of the VHDL
simulation.

To do our first VHDL analysis, Open the FULL_ADD.TSC circuit
from the EXAMPLES\VHDL folder. The following circuit will
appear:

T |, Hat_edo [

Y

This circuit is a combination of two VHDL half adder blocks
(macros) and a discrete OR gate.

If you double click on either of the HALF adder blocks and then
press the Enter Macro button, the following window will appear:

DesignSoft
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VHDL Simulation

Note that the essential VHDL code of the half adder is at the bottom

and it is only
S <= ( N5
AND N6 ) ;
N6 <= NOT (
c);
C <= ( A
AND B );
N5 <= ( A
OR B );

At first glance, the code may look a bit strange, but it in fact is a
machine translation of our half adder, assembled from gates in 4.6.1.

Introducing the node names N5 and N6 as shown on the figure
below, it is clear that
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Half Adder

h7432 N5 SNFA0E

B A c
C <= (A

AND B );

N6 <= NOT

(Cc);

N5 <= ( A OR B );

and therefore
S <= ( N5 AND N6 ) ;

You might find it odd that in the VHDL code in the box, S appears to
be calculated from N5 and N6 even before N5 and N6 have been
calculated. This is valid, however, because VHDL is a concurrent
language, and the order of the lines does not mean the order of

execution.

The delays are taken from the given discrete values. Butif the target
hardware is an FPGA the synthesizer program will use the delay
values of the FPGA data sheet.

Now select Digital VHDL Simulation from the Analysis menu and
press OK. The following diagram will appear:

File Edit View Process Help
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Editing VHDL Code

A great feature of TINA’s VHDL is that you can not only view the
VHDL code of each component, but you can edit and run them

immediately. Let us replace the 4 line VHDL code -
S <= ( N5 AND N6 ); N6 <= NOT ( C );
C<= (ARAND B ); N5 <= ( AOR B );
with this simpler 2 line code

S <= (A xor B); C <= (A and B);
This is easier to understand. In fact, if one of the A or B inputs is
true, S is True. (A and B). We recognize this as an Xor function.

After editing the content of the VHDL blocks, they should look like
this:

Now close the edit window by pressing || on the Schematic
Editor toolbar, select Digital VHDL Simulation from the Analysis
menu, and press OK. The diagram that is drawn will be practically
identical to the previous diagram.

DesignSoft



NOTE:

4.6.8.2

In TINA of course you can make your own VHDL macros. This is decribed
in chapter 5 under Making a VHDL macro from a .vhd file.

The HDL Debugger: Debugging VHDL and Verilog
codes

Debugging HDL programs is especially hard because of the
concurrent processes in these languages.

A great feature in TINA is that the HDL debugger is now integrated.
You can:

Execute VHDL and Verilog codes statement-by-statement (Step)
Execute subprograms as a single statement (Step Over)

Add breakpoints (Toggle Breakpoint), running continuously (Start)
and stopping at the breakpoints.

Place variables, signals and other objects under the Watches tab and
see their value during debugging.

View all breakpoints and objects under the Breakpoints and Locals
tabs at the bottom of the HDL debugger window.

To practice the use of the HDL debugger in TINA, open the
vhdl_counter. TSC file from the EXAMPLES\VHDL folder with
the Open command of the File menu. Next, click the Analysis menu
and enable the debugger by clicking the Enable HDL Debugger line.
Finally press, the DIG button on the toolbar at the top of the screen
or click Start on the Interactive menu. The HDL Debugger will
appear. Click the counter.vhd tab at the bottom of the code.

You should see the following screen:

— A ———— —_—

"
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You will see two modules under the Tabs counter.vhd and
vhdl_counter_comp.vhd. The first is the contents of the I"HDL Counter
macro, while the second file is the VHDL conversion of the whole
circuit including the igitl sources.

This macro implements a counter. The counter entity consist of five
processes, and all processes run in parallel. The first process is
sensitive to the clock and the clear signal. So when one of these
signals is changing, this process is triggering and executing. The other
processes are sensitve to the Pre_Q signal. When Pre_Q(i) changes,
the 7+71#h process is triggering and executing,

To follow some important steps in the program, let’s add four
breakpoints by clicking the lines of interest and pressng the Toggle
Breakpoint button. The lines with the breakpoint will be marked by a
red background:

| alr| sale

Editor

time: [0= + 0

GETTING STARTED

process (clock, clear)
begin

Pre_Q <= "0000";
elsif (clock='1l' and clock'event) then

end if;
end process;

counter.vhd | vhdl_counter_comp. vhd
Editor

BreakPoints | Locals | watches |

Filename | Line
B couwtER VED 32
B counrzr.vED 42
COUNTER.VHD 43
B cOUNTER VED a4
COUNTER.VHD 45

Messages | ebug |

Note that under the Breakpoints tab you can see all the breakpoints
and remove any of them with the Toggle Breakpoint button.

Now click the Watches tab, press the Add Object button and
one-by-one add the Pre_Q signal and the QA, QB, QC, QD ports.
These will be connected with the 4 outputs of the macro.

You will see the following in the HDL Debugger window:
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Editor

process (clock, clear) ~
begin
if clear = '1' then

elsif (clock='l' and clock'event) then
Pre_Q <= Pre_Q + 1;
end if:

end process;

END behv; v

counter.vhd | vhil_counter_comp.vhd

Editor
BroakFaints | Looals Waiches |
pre_g: SIGNAL (unsigned(? dewate 01)  (U,U,0,0)
qs= - PORT U (szd_logic)
ge BORT U (std logic)
aqc B PORT L (std_logic)
ad B PORT u {std_logic)

‘ © addobject | 3¢ Remove Al

Messages Debug

[ [ [ Line:4z Col:5
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Now let’s start debugging by pressing the Run button.

In the VHDL simulation each process runs once at the start of the
simulation. Click the Run button several times until the debugger
shows 500ns+1 in the #ime field. It means the simulator reaches 500ns
and 1 delta cycle (Delta cycle is a special VHDL time period of
infinitesimal duration). At this time clock="1’, Pre_Q was initialized
with ‘0’-s at clear. The line
Pre_Q <= Pre_Q+1 will schedule a transaction on signal Pre_Q
with value ‘0001’ for time 500ns+2.

Press Run again and the debugger will stop at breakpoint QA <=
Pre_Q(0). At this point time=500ns+2, because the nearest event
was the previously described scheduled event. Now the simulator
will schedule an event which will assign the value ‘1’ for time=500ns+3
for the QA port.

Press Run again, now time=1.5us+1 and QA="1". Note, the last three
processes are now not triggered because there were no changes in
their sensitivity list.

You can study updating the other ports in a similar way. There is a
similar example in Verilog called verilog_counter.tsc in the

Examples\ Verilog folder.
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4.6.8.3 Analyzing a Digital Circuit Using Digital Verilog
Simulation

TINA also includes a powerful digital Verilog simulation engine.
The advantage of Verilog compared to VHDL that it is easier to
learn and understand, however there are more features in VHDI..

Verliog -similarly to VHDL- can also be realized automatically in
programmable logic devices such as FPGAs and CPLDs.

TINA translates the Verilog models and the other digital
components to synthesizable VHDL code along with the
corresponding UCF file (User Constraints Fiile) for pin assignment
within the FPGA), if the Generate synthesizable code checkbox is
set in the Analysis/Options menu. You can save the created VHD
and UCEF files with the “Create VHD & UCEF File” command in the
T&M menu and, using the free Xilinx’s Webpack software, generate
the bit stream file describing the implementation of the design and
then upload it to Xilinx FPGA chips.

Before realizing a Verilog or any other digital HDL design, either with
discrete components or FPGA, you need to verify it with simulation
with TINA’s Analysis | Digital Timing Analysis command.

GETTING STARTED

Let’s run the previous VHDL circuit along with its Verilog model. the
Full adder Verilog and VHDL comparison time diagram. TSC circuit
from the EXAMPLES\Verilog foldet. The following circuit

will appear:

Viorurms | by courser | etk v Full mide Verbeg il WL e vt Baree |

@) =
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4.6.8.4

You can see realization of the half adder function in both languages,
they are very similar. You can double click the VHDL or the Verilog
macros and press Enter Macro to see all the details.

Now run the Digital Timing Analysis from the Analysis menu. The

following diagram will appear:

b4

File Edit View Process Help
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DR resultt, DTR result2

You can see that the output signals from both models are exactly the

same.

Analyzing Circuits Using Verilog-A models

Today the most widely used language to describe electronics circuits
and device models is the Spice netlist format (1973). However the
Spice netlists are often hard to read and understand, and they lack a
lot of the functionalities of programming languages which
engineers would need while creating models and simulation.

The relatively new Verilog-A language (1995) provides an alternative
method with an easy to read programming language style C like
syntax. Thus Verilog-A is a suitable successor of the SPICE netlists
for describing circuit topologies.

Most of the device libraries of TINA are in Spice netlist format.
However you can already create and import models and place TINA
macros in Verilog A format. You can find several language examples,
device models, and circuits in the Examples\Verilog A folder of

d31dVv1S ONIL13ID
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4.6.8.5

GETTING STARTED

TINA. Creating macros in Verilog A is described in Chapter 5 of this
manual.

For a demonstration of Verilog-A in TINA, load the examples in the
EXAMPLES\ Verilog-A\Device Models foldet.

We suggest that you start with the Opamp Model Comparison. TSC
file where a simple opamp model is realized in three different ways:
Verilog-A, Spice, and the schematic diagram.

You can also study nonlinear device models in Verilog-A and their
characteristics in the other examples: diode. TSC, JFET.TSC etc.

Analyzing Circuits Using Verilog-AMS models

An even more sophisticated method of describing electronics
circuit, containing both analog and digital components is the
Verilog-AMS language. As we observed eatrlier, Verilog-AMS is a
derivative of the purely digital Verilog extended with the purely
analog Verilog A and an interface for the connection of the analog
and digital parts.

In TINA you can also create or import Verilog AMS macros for
modelling mixed signal devices.

Let’s see the structure of such a model. Open the DAC VAMS.TSC
circuit from the EXAMPLES\ Verilog AMS foldet. The following
circuit will appear.

L L M-\«!\l T fﬂ"‘
slelals m 'Jl‘*‘ 1] I|— Qs =] %] g0y el ol a3

J+|¢|#l_|,ssw|-[¢’|+I | |1(~lx|-=~l |$EOI¢I-I-I e l TTTTTTd
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N | |
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This circuit contains a Digital Analog Converter (DAC) macro with
Serial Peripheral Interface (SPI) and a test bench macro, generating
the digital SPI signal. The DAC model is defined in Verilog AMS.
Interestingly, test bench on the left side is written in VHDL which is
an example of mixing different HDLs but here we will concentrate
on the Verilog AMS macro on the right.

To see the Verilog AMS code of the model double-click the DAC
macro and press the Enter Macro button. The following window will

appear.

d31dVv1S ONIL13ID

We will not go into a detailed analysis of the code. We just want to
show that in the first part shown above, the DA Verilog module
converts the serial signal into an analog signal (VOUTA).

At the end of the macro shown below (you can scroll down there),
the DA module is called and the signal is smoothed by a simple opamp
and an RC filter using Verilog A instructions. You can also see the
definition of the capacitor in the code fragment below.
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GETTING STARTED

module cap(p,n):
inout p,n;

electrical p,n;

parameter real c=le-9 from [0:inf);

analog
I(p,n) <+ ddv(c*Vip,n)):
endmodule

module cpamp(vout, vin p, vin n);
inout vin_p, vin n;
inout vout:
electrical vout, vin p, vin n;
parameter real gain = 1;

analog
V(vout}) <+ gain*V(vin_p, vin n):
endmodule

connectrules MyRules:
comnect a2d TTL input electrical, output logic:
comnect d2a_TTL input logic, output electrical;
endconnectrules

inout VOUTA, VOUTB:
wire il;

res #({.r(lk)) R1 (i1, i3);
cap #(.c(ln)) C1 (i3, gnd);

v_de# (.dc(0)) Vi(.vp(i2), .vn(gnd));
opamp #{.gain(1)) U2 (VOUTR, i3, i2);
endmodule

<

electrical VOUTA, i2, i3;
ground gnd;
DR Ul({ .SDI(SDI), .LDANeg(LDENeg), .LDSNeg(LDBNeg),

module macrol(SDI, LDANeg, LDSNeg, CLK, CSNeg, RSMeg, MSB, SHDNN
input SDI, LDAMeg, LDBNeg, CLK, CSNeg, RSNeg, MSE,

SEDNNeg, DGN

.CLK(CLK),

v
>

Line:108 Col:10

4.6.8.6 Analyzing Circuits Using SystemC

120 ©

SystemC is another great tool for modeling hardware. It includes all

the features of C++, used all over the world, and a C++ class library
specially designed for system design. SystemC has an open-source
free implementation and you can compile it into a very efficient
executable binary code with the also free Visual Studio Community
C++ compiler of Microsoft. In SystemC you can model hardware
at a higher abstraction level than in other HDLs and so for modeling
some very complex hardware e.g. microcontrollers it is more easy
and efficient to use than other HDLs like VHDL or Verilog, In v11
and later versions of TINA you can also create and use
components modeled in SystemC both in TINA and TINACloud.

The following are the requirements to use SystemC with TINA.

DesignSoft



Compiler requirements

Use Microsoft Visual Studio to compile SystemC models. In our
examples we are using Microsoft Visual Studio 2015.

SystemC distribution

Use the systemc-2.3.1 SystemC distribution.

Compiling the SystemC distribution (SystemC.lib)

Use the MSVC project file in the distribution
(<sc_home>\msvc80\SystemC)

- C++/Code generation: Multi-threaded Debug DLL (/MDd)
- Extra cmd line option: /vmg

- Remove this line from <sc_home>\src\systemc.h: using
std::gets;

- Build the project and the result will be in:
<sc_home>\msvc80\SystemC\Debug\SystemC.lib

Compiling your model

Use the project template in <TINADir>\Examples\ SystemC\
systemc_model.zip ( systemc\systemc_model.vexproj ) .

Open Visual Studio and open the project file. Open the property
manager (View/Other windows/Property manager) and select the
“Macros” entry, select Common properties/User macros. Change
the SC_HOME macro where you extracted the systemc_model.zip
file.

Compile the Debug configuration. If youd like to test your model
on TINACloud you have to compile the SystemC distribution and
the systemc_model project with (/MTd) (Multi threaded Debug)

Creating a SystemC macro in TINA

Similarly to the other HDL and Spice components you should turn
your SystemC model into a TINA Macro.
Here is how to do it.
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GETTING STARTED

-- TINA HDL Macro Description Begin

fir.cop ==

man.cpp == enticy name:fir;

monitor.h -- arch_name:ignored;

top.h -- ports:CLK, SRMPLE;RESULT;

I-- Mode:SystemCTyp:

i-- TINA HDL Macro Description End

== This is the interface part of the SystemC model

-- The SystemC project compiled externally by Visual Sctudio 201
|-- The compiled DLL file and the interface file (VHDL) assignedf§
i-- See the documentation for details

llibrary ieee;
luse ieee.std logic 1164.all;

[ENTITY fir is porc|
CLE: in std_logic:
SAMPLE: in real;
RESULT: out real):

||END fir;

(ARCHITECTURE behv of fir is
BEGIN
END behv;

Modelling requirements

In sc_main use dynamic allocation for the top level module. Return
with 0 after creating the top instance.
int sc_main(int argc, char* argv|])

{

top* TOP = new top (“TOP”) ;

return 0O;

The SystemC macro consists of a VHDL file and a SystemC dll file.
The VHDL file is an interface file only. The SystemC top level
module must contain the same signals as in the VHDL interface
module and in the same order.

Example of counter circuit in SytemC

Top level SystemC file:

SC_MODULE (top)

{
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sc_signal<sc_logic> CLK, CLEAR, QA,QB,QC,QD;

counter Ul;
SC_CTOR (top) : UL (“U1l”)

{
Ul.CLK(CLK); Ul.CLEAR (CLEAR) ;
Ul.QB(QB); UL.QC(QC); U1l.QD(QD) ;

}
}i

Ul.QA(QA) ;

The most important part of the counter SystemC model

#ifndef counterH
#define counterH

#include “monitor.h”

SC_MODULE (counter)

{

sc_in<sc_logic> CLK, CLEAR;
sc_out<sc_logic> QA, QB, QC, QD;
int value;

monitor MON;

void proc ()

{

double t = sc_get curr_simcontext () -
>time_stamp () .to_seconds () ;
if (CLEAR.event() && CLEAR == SC _LOGIC 0 ) ({
value = 0;

}

else if (¢t > 0 && CLK.event()
SC_LOGIC 1) {

value++;

if (value == 10) wvalue = 0;

}

sc_1lv<4> sclv_value (value) ;
QA = sclv_value([0];
QB = sclv_valuel[l];

DesignSoft
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Qc
QoD
}

SC_CTOR (counter) : MON (“MON")

{

sclv_value[2];
sclv_value[3];

value = 0;
SC_METHOD (proc) ;
sensitive << CLK.value changed() << CLEAR;
MON << QA << QB << QC << QD;
}
Vi

#endif
VHDL intetface file

library ieee;
use ieee.std_logic_1164.all;

ENTITY counter is port(

CLK: in std logic;

CLEAR: in std_logic;

QA, OB, QC, QD: out std logic);
END counter;

ARCHITECTURE behv of counter is
BEGIN
END behv;

TINA has to pause the SystemC simulation in mixed mode after every
top level output port change, to do this create a monitor instance and
call our sc_pli_set_node_changed(), then call sc_pause().

The following is an example code for a counter.
#ifndef monitorH
#define monitorH

#include “systemc.h”
#include “C_SCPLI.h”

SC_MODULE (monitor)

{
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sc_in<sc_logic> QA,QB,QC,QD;

SC_CTOR (monitor)

{

SC_METHOD (proc) ;
sensitive << QA << QB << QC << QD;

}

void proc ()

{

sc_pli_set_node_changed (true) ;
sc_pause () ;

}
Vi

#endif

Supported top level port types in mixed mode
sc_bit, sc_logic, bool, double

TINA Analysis setup

Select a proper time step in Analysis/Set Analysis Parameters/ TR
maximum time step

Running the model

You have to install the “Visual C++ Redistributable for Visual
Studio 2015” if you don’t have Visual Studio 2015 installed.

Examples

Counter example

Use the project template in <TINADir>\Examples\SystemC\
systemc_model.zip ( systemc\systemc_model.vexproj ) .

Extract this zip file ( <sc_model>)

Open Visual Studio and open the project file. Open the property
manager (View/Other windows/Property manager) and select the
“Macros” entry. Change the SC_HOME macro where you extracted
the systemc_model.zip file.
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Copy the <sc_model>\systeme_model\ Examples\counter\top.h to
<sc_model>\systemc_model and <sc_mode/>\systemec_model\
Excamples\ counter\monitor.h to <sc_model>\systemc_model. Rebuild
the project.

Copy the <sc_model>\systemc_model\Examples\counter\
systemc_model.vhd and <sc_model>\Debug\systemc_model.dll to
a directory (for example d:\'Temp).

In TINA Open the <TINADir>\Examples\SystemC\countet.tsc,
delete the counter mactro.

(@)
L
-
<
[
7)) CLK:1
(D U1 Counter

U2 IMEG
zZ Qs 0A
= [ 28l QB
||: U3 1n CLEAR S ol ac
L aof- ap
o

CLEAR:Z

Now select Tools/New Macro Wizard... Type Counter in the Macro
Name field, select From File, press the folder icon. In the dialog
select Files of type “SystemC executable” and search for the
previously copied systemc_model.dll.

Insert the new macro to previously place of the previously deleted
macro. Run Transient. The result is the following,

File Edit View Process Help

EE REGraag T E~0 kb~ (2

0.00
5.00

CLEAR il
0.00

1 N I 0 D Y O
0.00

QB 500 | | |
o.ooj—|
500

ac 1
0.00

w % 1
0. T T 1

0.00 5.00u 10.000
Time (s)

Mixed TR resuttl

457u,7.14) %283 Vil >

126 \
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Microcontroller example
This examples assumes you have the Microchip XC8 compiler in-
stalled.

Now let’s make a new microcontroller that is currently not in TINA
(PIC16LF1906).

At first build the new model.
Copy the <sc_model>\systemc_model\ Examples\pic161f1906\
top.h to <sc_model>\systemc_model and <sc_model>\
systemc_model\Examples\pic161f1906\monitor.h
to <sc_model>\systemc_model. Rebuild the project.

Copy the <sc_model>\systemc_model\ Examples\pic161f1906\
systemc_model.vhd and <sc_model>\Debug\systemc_model.dll to
a directory (for example d:\'Temp).

Flasher example

In TINA Open the <TINADir>\Examples\SystemC\PIC16LEF1906
sc flasher. TSC, delete the PIC macro.

U1 PIC16LF1306

{MELR = Label? Dismtiell Display

RCT|
RCH;
RCH
RC4

RCO
RC1

o o T .
Rat F{RA1 Rﬂ;q ‘f ! ff !
v S | D

~ REY—~ o 1T
R": K::: REZ}~ -U—H- -U—U-
P s PICT6LF1306  Reil- e R
{ RBO~
= t_ = Voo

RC2

]
{RaAS

RC3

Now select Tools/New Macro Wizatd... Type PIC16LF1906 in the
Macro Name field, select From File, press the folder icon. In the
dialog select Files of type “SystemC executable” and search for the
previously copied systemc_model.dll. Select the “Options” button
and check Enabled, check device type PIC16, enter “device name”
PIC16LF1906, press OK.
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Device Type

PiC13
PIC24

o Ok

» PICIO, 12, 14, 16

SystemC Microcontrolier mode
+ Enable

Device name:  [PIC 16.F 1906

X Cancel

7 tep

Insert the new macro to the place of the previously deleted macro.

Now assign a C code to the macro. The code implements a counter.
The counter value will be displayed on PORTA.

Click on the PIC macro and press the “...” field in the ASM-Code
field. Select C code and copy the content of the flasher.c
(<sc_model>\systemc_model\Examples\pic161f1906\ flasher.c) as
a new file in the editor, press Make, press OK.

Press the TR button to Run interactive transient.

The flasher C code. This C code will run on the SystemC

microcontroller model.

#define _XTAL FREQ 1000000

#include <xc.h>

#include <stdio.h>
#include <stdlib.h>

/*

*

*/
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int main(int argc,

{

unsigned char a, b,

TRISA

res =

while

PORTA
res++;

}

0;

(1) |

0x00;

res;

op,

return (EXIT SUCCESS) ;

Calculator example

Now let’s make a simple calculator.

In TINA Open the <TINADir>\Examples\SystemC\PIC16LF1906

sc calc. TSC, delete the PIC macro.

char** argv)

res;

U1 PIC1ELF1906
~merm ey
nap F—{RAD RE7}-={ RET
A Reel— RE6
Rat F-{RAT .
Raz F-{RA2 3
RB&}- RB4
| RBa}-— RB3
“ a0
% :m RB2}— RBZ
— == PIC16LF1906 Ra1f-i RET
I {RAT RBoI— R8O
Tl e vool--{A] uzs
¥ RCT
RCO {Rca G Lo
e Ree- RCE
RC1 p—{REt S
2 RCH{- RCS
beapy| RE4l— RC4
RC3 —Rc2

Label2 Disginlt Display

g
1 )
T HI

e o
OO0 D000
TR D
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The steps are the same to the previous process except now we assign
the calc.c code.

(alternatively you can copy paste the macro from the previous circuit
and change the C code)

Press the TR button to Run interactive transient.
Press the numbers on the keypad and +,-,/,* signs. The hex displays
will show the result.

The calculator C code. This C code will run on the SystemC
microcontroller model.
#define _XTAL FREQ 1000000

#include <xc.h>
#include <stdio.h>
#include <stdlib.h>

/*
*
*/
int main(int argc, char** argv)
{
unsigned char a, b, op, res;
TRISA = OxFF;
TRISB = OxFF;
TRISC = 0x00;
while (1) {
a = PORTB & OxOF;
b = (PORTB & O0xF0) >> 4;
op = PORTA & OxOF;
if (op == 1)
res = a+b;

else if (op == 2)
res = a-b;

else if (op == 3)
res = a/b;

else

res = a*b;

PORTC = res;

DesignSoft



}

return (EXIT SUCCESS) ;

Low-pass filter example
Open the <TINADIr>\Examples\SystemC\sc Ipf. TSC example.

Input signal spectrum: 0-5k [Run Fourier Analysis/Fourier Spectrum |

Filter delay: 99 CLK (10m)
Sampling freq: 10k (>2 bandwidth)
Cutoff frequency: 2.6k

The filter characteristics and C-code is designed by the free tool at
http:/ /t-filtet.engineerjs.com
The generated C-code was placed in the fir.cpp file.

0
W rippie bounds
M desired gain
M actual gain

[} 500 1009 1500 2000 2500 3000 3500 4000 4500 5000

Run Analysis/Foutier Spectrum. ..

Press the % button in the diagram window. The Post-processor

will appear. Now draw the transfer function.

Press the More button. Type Output(s)/ Input(s) in the Line Edit. Type
H in the new function name. Press Create. Press OK. Select iew/
Separate curves.

The result is the following

d31dVv1S ONIL13ID
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20.00
H -20.00

-40.00

-60.00
48.86— j

Input

-111.65
46.83

Output

-118.01 T T |
0 3k Tk

Frequency (Hz)

The most important part of the SystemC macro:

void fir::proc()

{

double u, y;

if (CLK.read() == SC_LOGIC 1) {
sc_logic sc_val;

// CALC

x[0] = SAMPLE; y = 0;
for (int k=0; k<M; k++) {
y += blkl*xI[k];

}

// SHIFT
for (int k=M-1; k>=1; k-)
x[k] = x[k-11;

// SET VALUE

RESULT = vy;
n++;

}
}

You can find this example in the Examples/Fir folder of the
systemc_model.zip.
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How to create your own microcontroller

You can create your own microcontroller model based on our code
(<TINADir>\Examples\SystemC\systemc_model.zip). Our code
implements the PIC16LF1906 PIC microcontroller SystemC model
core (no peripherals).

Now let’s make a new microcontroller model (PIC16L.F1907 40 PIN
PDIP). This new PIC model has two new port (PORTD, PORTE).

At first modify the VHDL interface file. Change the enity name to
PIC16LF1907 and add ports RD0-7, REO-3. You can find the
modified file in <sc_model>\systemec_mode\ Examples\picl 611907\
systemec_model.vhd.

Next add the port handling to the SystemC model. Add the new
ports and sensitive statements to monitor.h. Add the new top level
signals in top.h. Add the new PORTD, PORTE defines to pic.h, add
the new pin declarations, add the new sensitivity to MON. In
PicSimulator.h add the new defines TRISD, TRISE. In
PicSimulator::SetDevice modify the SezPinlayout call to reflects the new
pins. In pic::OnChangePinData add the PORTC-PORTE cases, add
pin assignments RDO0-7, REO-3, in pic::IsTRIS Address add new cases
TRISD, TRISE

The changes you will find in <sc_model>\systemc_model\

Examples\pic161£1907.

Now let’s test the new microcontroller model.

Compile the model with Visual Studio. Copy the compiled model
(systemc_model.dll) and the the interface file (systemc_model.vhd)
to a directory. Create your new macro as described previously.

Now let’s test the new port functionality. The flasher.c in
<sc_model>\systemec_model\ Examples\pic1 6/f1907 is modified, it writes
the data to the new port, PORTD. Assign the C code as described
previously. Set a small time step (1u) in Analysis/Set Analysis

Parameters/ TR maximum time step. Test by pressing the TR button.
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Mixed Mode Simulation (Spice - VHDL - MCU
co-simulation)

TINA version 8 and above include a new powerful mixed mode
simulation engine. Itis based on the XSPICE mixed mode algorithm,
extended with MCU and VHDL components. In your circuits you
may freely mix any analog or digital components of TINA, including
microcontrollers (MCUs) and macros with Spice or VHDL content.

You can modify these components on the fly along with the code in
the MCUs. TINA will analyze the analog parts in analog, the digital
parts in digital, and will automatically create the interfaces among the
components. This ensures synchronization and fast convergence.

Let’s explore some of the uses of this mode through a few examples.

Waveform generation with a VHDL and Spice
subcircuits

The following circuit (EXAMPLES\VHDL\Mixed\Wave
generator. TSC) generates an analog sine or sawtooth signal
depending on the status of the left SW-MODE switch.
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The Digital Wave box on the left of the circuit includes a VHDL
code with a lookup table Sine_LLUT for the sine wave and a counter
for the sawtooth signal. The essential part of the VHDL code is:

process (Reset, Clk)
begin
if (Reset = ‘1’) then
Wave <= (others => ‘0’);
LUT_index <= 0;
elsif rising edge (Clk) then

then

if (Enable = ‘0’) then
Wave <= (others => ‘0’);
elsif (Sel = ‘0’) then
Wave <= Sine LUT(LUT_ index) ;
else
Wave <= conv_std logic_vector (LUT_ index,5) ;
end 1if;
if (LUT_index = LUT_index max)
LUT_index <= 0;
else
LUT index <= LUT index + 1;
end 1if;
end 1if;

end process;
d0 <= Wave (0
dl <= Wave (1l
d2 <= Wave (2
d3 <= Wave (3
d4 <= Wave (4

You can see all the details of the code and modify it if necessary by
double-clicking the Digital Wave box and pressing the Enter Macro

button on its property dialog;
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U1 - Digital wave X
Label

Footprint Name:
Parameters

[ SubCkt-{Shape]
SubCkt-Cantent]
SubCkt-Parameters
Model |TIL
Input Ideal
Olutput Ideal
Ground

Wee

v 0K | X cocel | 2 Hen | Enter Macro_ |

Note that the model is set to TTL in this dialog, but you may select
from vatious other models (CMOS, LS, HC, HCT etc.).

The digital output of the counter is converted into an analog signal
in the 5 bit DA converter of TINA shown in the middle of the
circuit.

The DAC sine wave output needs to be cleaned up with a low pass
filter. We will use a Spice opamp model of the TLO081 in a Sallen and
Key low pass filter configuration. Press the Enter Macro button on
the property dialog and TINA will open the macro. You can review
and, if necessary, modify the Spice code inside the macro.

The sawtooth signal from the counter output (on pin J1) does not
need to be filtered, so we will connect it directly to one terminal of
switch SW_FILT. The sine wave developed at the DAC output
(DAEX) does, in fact, require filtering, so we will pass it through the
low pass filter and connect the filtered Aout analog output to the
other terminal of SW_FILT. A jumper (J1) connects the DAEX
output to the switch. Although it’s not obvious in the schematic, the
switches SW_FILT and SW_MODE are synchronized as though they
were a DPDT switch. We cause them to be synchronized by
assigning both switches to be controlled by the Hotkey A. See the
property dialog for SW_FILT where the Hotkey has been assigned
to A:

SW-FILT - Alternate switch X
Label Shw/-FILT

Footprint Name: Sw_SPDT_TS01-C [

Parameters [Parameters]

Hotkey 2] ¥

DC state oM

Roff  [Ohm] 1G |

Ron [Ohm] 0 O

Fault Mong

v K | X Can:el| P Hep
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Here are the final waveforms of the full circuit, including the five
counter output waveforms. SW_MODE is in the High state,

selecting the sawtooth signal.
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If we change the SW-MODE switch to Low and run Transient

analysis again, the waveforms are:
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To see the effect of the analog filter, delete curves dO to d4 from the
diagram by clicking the curves and pressing the Del key.
Alternatively, you can delete outputs dO to d4 temporarily and run
Transient Analysis again.

Noname - Mixed TR result15 g@‘
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To demonstrate the flexibility of TINA’s VHDL features, we’ll modify
the VHDL code to generate a square wave instead of the sawtooth
waveform. Simply set Wave(0) to Wave(3) to zero in the VHDL code.

Double-click the Digital Wave macro and press the Enter Macro
button. Locate the Wave <= conv_std_logic_vector(LUT_index,5)
line and insert the following statements:

Wave (0) <= ‘0';

Wave (1) <= ‘0';

Wave (2) <= ‘0';

Wave (3) <= ‘0';
You can update the macro by simply closing the editor (click the x

button in the top-right corner of the window). The following
message will appear:

138 \
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9 Marcro has been modified. Confirm changes?

Mo

Press the Yes button to approve the changes.

Now you can run Transient or Mixed VHDL Simulation from the

Analysis menu to get the following waveforms.
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You can check out a more complex version of this circuit under
EXAMPLES\VHDL\Mixed\ Wave generator dipsw.TSC. Thete you

can select all the three waveforms we discussed using a dip switch.

Note that you can download the VHDL portion of the code into an

FPGA and use hardware form.

4.6.9.2 MCU controlled SMPS circuit

The mixed mode simulator of TINA not only allows MCUs, but also
any linear or nonlinear parts in TINA's libraries. As an example, let’s
study the following circuit, which realizes a DC-DC converter,
converting 5V DC to 13V DC, and operating in boost mode. You

can find this circuit in

TINA

under

EXAMPLES\Microcontrollers\Pic\ Boost_converter. TSC .
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The PIC MCU in the circuit produces a PWM output at pin RBO that
controls the switching FET. The interrupt routine of the code in the
PIC compares the feedback voltage at VEB (connected to pin RA1
of the PIC), with a built in threshold voltage. If the voltage is lower
than the threshold defined in the code, the duty cycle of the PWM
output waveform is increased. You can study the ASM code in the
PIC by double-clicking on the PIC, clicking on the MCU line,
pressing the | button (the little button with three dots in a row),
and finally pressing the Edit ASM button. You can see and debug the
code on the fly here. Click on the Enable MCU code debugger line
under the Analysis menu, press the TR interactive transient analysis

GETTING STARTED

button (or select it on the Interactive menu), and, finally, click on
Start.

The waveforms below demonstrate how the analog parts and the
MCU interact in TINA.

Noname - MixedTR result2
File Edit View Cocess Help

el BiEvag TP G~ O S ir |42

5.00

- ]—--
0.00
7.00

VFB %
0.00

f T T T 1
.00 2.50m 5.00m 7.80m A0.00m|

Time (=)

Mixed R resultl MivedTF result2 |
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4.6.10 Using IBIS Models in TINA

IBIS (Input/Output Buffer Information Specification) is a
method to provide modeling information about the input/output
buffers of integrated circuits. The good thing about IBIS models is
that they are often available even for devices where complete device
models are not available from manufacturers for any reason (e.g,
complexity,proprietary information protection, etc.). One of #he most
poputar uses of IBLS models is Signal Integrity Analysis, including imped-
ance matching and more. TINA currently supports the most widely
used IBIS 4.2 version.

In TINA, you can convert IBIS models to TINA Spice macros and
then use them in any circuits in TINA. You can also complete simpli-
fied digital device models—e.g,, MCUs with IBIS models—to better
describe their analog behavior.

d31dVv1S ONIL13ID

In the following, we will show the use of IBIS models through an
example of fixing signal integrity between a Texas Instrument

TMS320C6748DSP and an ADS1259 delta-sigma ADC.

Select File/ Import/ IBLS File (*.ibs), select ¢6748%¢e.ibs from <TINA
directory>\Examples\IBIS. The following dialog will be displayed. In
this dialog, you can select the model to import.

== _—

] |

Models (selected sgnal):

18UL_X50_P1_LOW_1P8 Cell cperated at 1.8{nom)
8LL_¥50_iP1_FIGH_1P3 Cell operated at 1.3fnom}
PBFZP] {

Model type:
mw
Select TypMinMa
T -
oo X cancel 7 ke
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Now select SPI7TCLK_GP213signal, PBFZP18LL_X50_PI_3P3
model (cell operated at 3.3Vwithout pullup or pulldown),and Typ value
set. Press OK. The IBIS model is automatically converted to a Spice
macro.

Ui o

FOLARITY=0 C_COMP=1.94F R_PKG=469.26M L_PKG=417N
C_PKG=711.45F DVR=1.16 DT_R=315.35P DVF=1.21
DT_F=385.08F VCC=3.3 ENABLE=0 VINL=0.8 VINH=2

RP_LPKG=100
I+

) =
1o

o

Q

=

15

SPI1CLK_GP213is the master configuration serial clock signal of
TMS320C6748chip to drive SPI clock input of an AD converter,
Texas Instruments ADS1259.

Select File/Import/IBIS File (*.ibs), select ads1259.ibs from <TINA
directory>\Exanples\IBIS. The following dialog will be displayed. In
this dialog, you can select the model to import.

GETTING STARTED

&mﬁﬁem =l el

|
i

Components: fl

Models (selected signal):
DIN_PD 3 2.70v - 3.30V_ DINPUT model

DIN_PD_5 2.70¥ - 3,30V DINPUT model

Model type:
finput
Select Typ/Min/Max:
Max -
| Lok | | X cacel P telp

Now select SCK input signal, DIN_PD_3 model and Maxvalue (for
3.3V DVDD voltage range). Press OK. The IBIS model is
automatically converted to a Spice macro.
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U1 Input
C_comp=6.362p B_pkg=1.88m L_pkg=814.51p C_pkg=204.54f
dwr=0dt _r=0 dVf=0 dt_f=0 VCC=3.3

WG

i Input o

=

—GND

Connect the DSP I/O buffer to the input of the ADC with a lossless
transmission line. Add the power source and voltage generator to
create clock signal of DSP side. Place voltage pins for the simulation
onto the signal nodes.

We adjust the transmission line parameters to a few inches of
microstrip trace routed on a four-layer PCB. This produces cc. 500ps
delay and 90 Ohms characteristic impedance.

File from <TINA directory>\Examples\IBIS\Impedance matching of
TMS320C6748. TS Cis ready to be used.

Now, click Analysis, Transient. The DSP transmits the SPI clock
signal where the impedance mismatch creates reflections. The result

shows the reflections created by the impedance mismatches in this
circuit simulation.

At the ADC side(pin EoTL),the voltage is beyond the ground and
the supply voltage, which violates the absolute maximum rating of
the digital input.

4.00 —
VG R \ ’ \
0.00-
4.00—
Vout 1 r
-1.00-
5.00—
EoTL 1 ]
-1.00-
3.30
D_out B
-200.00m T T T T T T T ]
0.00 100.00n 200.00n 300.00n 400.00n

Time (s)
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To avoid under and overshoots at the line end is to match the output
impedance of the driver to the trace impedance by inserting a
resistor between the output and the trace. Let us place a 100 ? resistor
in series now with the output.

- VEC iz nput
C_COMPSTi
EoTL:4 o W
I >
lout3 R 100 11 500
N O

b Input
f—‘l z oot
=
3
|__< GHD

FR-4 PCB microstrip trace ADS1259 ADC SCLK input
TMS320CE74 Standard SP Master Configuration 150 psfinch

SPI_CLK serial clock output

BIS model: 30VTPBFZPIELL_P|_3P3

Run the transient analysis again, and compare the results by copying
the important curves with each other.

400

000 —\—[—\—

400

-1.00-
5.00—
Il

B ——

EoTL ,J'_ R =0 Ohm
400" [R=1000mm ] L—J P
330

D_out \

-200.00m . , - .
0.00 100.00n

VG

T T 1
20000n 300.00n 400.00n

Time ()

Now, we can see that using the IBIS model to understand and find

the critical issues with the simulation helped to solve this problem.
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4.6.11

Testing your Circuit in Interactive mode

When everything is in order, the ultimate test of your circuit is to try
itin a “real life” situation using its interactive controls (such as keypads
and switches) and watching its displays or other indicators. You can
carry out such a test using TINA¥ interactive mode. Not only can
you play with the controls, but you can also change component
values and even add or delete components while the analysis is in
progress. The interactive mode is also very useful for educational
and demonstration purposes, for tuning circuits interactively and for
interactive circuits which you cannot test otherwise, e.g;, circuits with
switches, relays, or microcontrollers. First select the interactive mode
required (DC, AC, TR, DIG or VHDL) with the |-| button, then press
the ®.! button. XX can be DC, AC, TR, VHD etc. depending on the
mode, set by the |-| button. You can also select the required
interactive mode with the DC, AC, Transient, ... VHDL commands
of the Interactive menu. You can start the interactive simulation
with the Start command of the Interactive menu and stop it with
the Stop command (The Start command will turn into Stop when
the interactive simulation is started). Now the displays and indicators
in your schematic will reflect whatever you do with the controls. In
addition to displays, TIN.A has special multimedia components (light
bulb, motor, LED, switch, etc.) which respond with light, motion and
sound. Let’s see a few examples.

DesignSoft
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Ede Edt Jresd W I Tgok Help

J_I_I_LBJI_G ol ol 3% ﬁ
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o[1HI3] ife Lo
el L
|C|DIE|F . .

Contal ASpecial

4.6.11.1 Digital Circuit with a Keypad

To try out the interactive mode, load the DISPKEY.T'SC circuit from
the EXAMPIL.ES\Multimedia folder. The circuit is shown below. Select
the Digital mode using the |-| button, and then press the DIG button

(the button will turn light green).

NOTE:

1) You can also select the Digital interactive mode with the Digital
command of the Interactive menu. You can start the interactive
simulation with the Start command of the Interactive menu and stop
it with the Stop command.

2) TINA can store the last Interactive mode in circuit files, so most likely

the DIG mode is already set.

Now you can play with the keypad and watch as the 7 segment display

shows the setting of the keypad. If you have a soundcard on your

PC, you will even hear the key clicks of the pad.
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4.6.11.2 Light Switch with Thyristor

Open the Thyristor switch example, TSC circuit from the
EXAMPLES folder and press the @, button. You will see the

following screen:

P T O | P —
SHaRTEFelol~[=F |=Hﬂxl»4+l:>l‘l?_1_l-_-|&-ll_ . [ 111

Light Switch with Thynistor

d31dVv1S ONIL13ID

ap 1 o]

o |

Press key A or click the On push button (Wait until the cursor turns
into a vertical arrow) to turn on the light. The Thyristor will turn on
and remain on even after the push button is released. So will the
light. You can turn off both the Thyristor and the light bulb by
pressing the key on the keyboard or clicking on the push button . In
both states of the circuit, you will see the currents shown by the two

ammeters.
4.6.11.3 Ladder Logic networks

Another version of a self holding circuit, this one based on ladder
logic, can be found in the LADDERL.TSC circuit file in the
EXAMPLES/Multimedia folder.

Initially the red LED will light. If you click on the START button
(click when the cursor changes into a vertical arrow), OCR1 will close
and stay closed (since the current flowing through OCR1 will
keep magnetizing the relay coil CR). Now the green LED will light,
OCR2 will open, and the red LED will turn off. If you now click on
the STOP button, you will break the self holding circuit and the relay
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CR will release, the red LED will light again, and the green LED will
turn off.

You can make it easier to operate switches if you “assign” them to
“hotkeys” on the keyboard (your PC’s keyboard). Double-click on a
switch when the cursor has turned into a hand symbol. To assign a
hotkey, select a letter or number on the list at the Hotkey field of the
property dialog of the switch.

Ladder Logic

STOF 1 START CR

1. , . 'S
OCRA
OCRZ SREEM LED CQX35A
| |
{ | Ll
s
CoR RED LED COX35A
|
=15

Ladder logic: Initial state or after clicking the STOP button.

CR

STOR L STaRT .
- O—
OCRA
OcR2 GREEN LED COXIGA
| -]
| Lot}
=

CoR RED LED COX354

o L S
1

State after clicking the START button

4.6.11.4 HDL Circuits

A great feature of TINA is that you can not only test but also modify
HDL circuits on the fly including, the HDL code itself. Let’s see
this with the example Calculator_ex_8.TSC in TINA’
Examples\VHDLIL\Interactive folder.

This is a special calculator circuit controlled by the Opcode keypad.
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Labelt

T Codes
1arh
2a-b
KeyPait Veot 2arb
[T © 42 b
H 5 a+ b1/ 2o be mplemented
|
ut
L a7
5
“5 Opeode Opies
Ve Pad2 veoz 2 e
a

[l = TG Control
EIEREEY| =

< EICIRR o |

EIEIENE]| q1
[clelelF]

For the Operation codes 1, 2, 3 and 4, it realizes a basic four
func- tion calculator, complete with +, -, /, and * basic atithmetic
opera- tions. Further operations can be added through modifying the
VHDL code inside the Control unit. First press the @, button;
as the Opcode is 1, you should see 4+2=6 on the LCD display. Try
the other Opcodes with different settings on KeyPad1 and KeyPad2.
Now let’s implement the operation to be assigned to Opcode 5.

Double-click on the Control box and press Enter Macro. The VHDL
code of the component will appear.

Labelt

f—

To ot
Tatn
EP
2arh
426
5 s+ 67240 be implemented
u1
L o
a9 Opoode Opvec
wes2 o T o
o
a Contral A

o EaEap

|

2 qz BEAE
i EEEG]

q
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4.6.11.5 Microcontroller (MCU) Circuit

To test circuits with programmable devices requires special
development software that permits a high degree of interactivity. This
calls for debugging software that can test the code running in the
device step-by-step.

You can see, modify, and debug the program running in any of the
supported processors, and, of course, you can make and run your
own code.

There are 4 ways of providing the program for microcontrollers in

8 TINA.
= You can:
E:( 1) use the binary code and debug file made by any standard
'(7) compiler (e.g., MPLAB for PICs),
O 2) load your assembly code to run and debug directly in TINA
I% using its built in assembler-debugger,
E 3) write your MCU code in C, install a C compiler which
©] generates the code for the MCU you want to simulate, (TINA will
automatically integrate it into its C code debugger),
4) or finally use the built in Flowchart editor in TINA to generate
and debug the MCU code.
To load the code into the MCU, double-click on the schematic
symbol.

One of the following dialogs will appear:

Labed u Labed m

Feetpint Mame Foatgeint Hame:

Paiaeteis |Par e Parametess [Pasameters]
SubChHShae] mJ— [SubCh hape] TEEEE
SubLRMContent] s, vhed SublCkl{Cantent] macra vhd
SublhaPawante: SubCkI-Paeameten

MCUHEXLST Fie Name] 1B bt MCLHASM Fis Mama) 16T e

o UK I X Coel| 7 Hew | Entes Macio | 7 Ok I X Conel| 7 oo Epter Mocrs |

Click on the last MCU File name line and press the =u| to proceed.
The following dialog will appear:
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Edit ASM. .. |
" HEX/LST file Select ASM.... |
" Flowchart New ASM. . |

Select HEX. .. |
Select LST... |

" CCode

Flowchart. .. |
C Projeck. .. |

d31dVv1S ONIL13ID

OK Cancel ? Help
4 X £

Here you can see and edit the ASM code in the MCU, select another
ASM code file, or create a New ASM directly in the editor that will
appear when you press the New ASM button.

If, however, you switch to the Use HEX/Lst file option, you can
select the binary (HEX) file you want to run and the LST file to be
used for debugging, as shown in the dialog below.

NOTE:

The HEX and LST files should be generated by an appropriate compiler
(normally provided free by the MCU manufacturer. However, TINAhas a
built in compiler for all supported MCUs, so you can directly use your
ASM source code.
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election Edit ASM. .. |
" ASM file

Select ASM. .. |

" Howchart Hewe ASM, |

Select HEX... |
Select LST... |

™ C Code

Flowschart. .. |

 Prioject, ., |

J oK I x Cancel | '? Help |

4.6.11.6 Using the ASM Debugger

Now let us run a microcontroller application and see how to test and
modify its code. Load the PIC Flasher TSC circuit from the
Examples\Microcontrollers\PIC folder. The following schematic will

appear with the 16F73 PIC microcontroller.
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This circuit is simply counting forward one count at a time. Press the

$ button to see how it works. The display should step forward

one-by one.

U1
Parameters [Parameters]
| SubCki(Shape) b
SubCkt-{Content] macra.vhd
SubCktParameters L
PIC-[A5M File Mame] |zsher =
[ o | Xconca| 2 nes | Erter Masta |

Now let’s release the ﬁ button and modify the code to count by 2.
Double-click the MCU, and click on the _I button in the dialog below
Edit ASM...

™ HEXLST file Select ASM....
" Howchart New ASM...

"~ C Code
Select HEX,. .
Select LST. .,

Flowchart...
 Project,..

o 0K I xCancall P tebp |

DesignSoft
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Press the Edit ASM button. The ASM code of the MCU will appear
in the MCU Source code editor

o
H |
processor 16£73 ;Zet the processor -
radix hex ;8et the radix
#include <pl&f73.incs  ;Include header file
tit.le "flash" 7 Program title June Z00Z
TEMPL e Z0H
TEMPZ s Z1H
port equ PORTC
tris_port ecqu TRIZC
org DOH
main_start
clrf  port
bst STATUS, § sbank 1
clrf  tris port iset port to ofp
wovlw O0S0H
movwf OPTION_REC
bef STATUS, 5 sbank 0O
Loop
movi  pert, 0
movuf port
wovlw 001H
wovwf TEMPL
wovwf TEMPZ
delay
decfsz TEMP1, F
goto  delay
wovlw O01H
wovwf TEMPL
decfsz TEMPZ, F
goto  delay
goto  Leop
end |

Line:2§ Col:3

Now lets make the following change in the code. Change the
instruction (selected above) in line 25 (you can see the line number in
the right bottom corner of the code editor window) from

addlw 01H
to
addlw 02H

Save the changed code by pressing the lEl icon and close the open

MCU windows. If you press the @ button, now the increment will

be 2!

Note that the changed code will be automatically saved in the

TINA.TSC file.
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4.6.11.7 Example PIC Interrupt handling

Now let’s see another application with some more interactivity. Load
the PIC16F84_interrupt_rb4_rb7. TSC example from the
Examples\Microcontrollers\PIC folder.

m i x
Bl = o el T = e — |

! I I!EI 1k -nFTs :I\I@IowI-I&I I I Ingef I EEEREEE]

_,.\ss.'zﬂﬂm_m j

Trnavriipes {3) - POWTE chiangs itorvigts (i RETREA) |
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b P10 i 24 3 |

=] v |

Press the @ button. At first glance, it appears that nothing is
happening,

However, if you click on the SW-HL1 switch, the display will step
forward by 1 each time that the switch changes from Low to High.
This is realized with the interrupt handling capability of the PIC16F84.
Now let’s see the operation in more detail using the interactive ASM
debugger.

To activate the debugger, select Option on the Analysis menu. Set
the “Enable MCU Code debugger checkbox,” as shown below in the
Analysis Options dialog box.

Analysis Options

Gensral | ERC |

[ Trace Mode = .

Cancel
£ Detated I~ Show vearnings X Cancel
% Beicentage Bar Delay: | Detaut - 7 Hep
£ Message

# Enable gich contol
Numeric precison [2 2] | | Gioh coniet [S000%
Vhat
[¥ Enable MC Code debugoer
I~ Generate synihetizable cade
[~ Compile packages at statup

[~ Disable wramings for large size analysis resuls
I Stiess analysis enabled
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The MCU debugger will appear if you press the button:

et TINA MOU Debugger - < u2 > =10 x|
Rebug it
Ea| bve| e [E—— -]
C
processor 1584 iEwx the precesser B
radiz hax ra radiz
Binciuse <plefed.ince [ Include hesder file
couwren aga O
ey wga  ODH
0% o0
035 GO
COTO THNT_SERY
o) e
w BIF TTATUZ, BP0 : bask 1
|_ HOVEE OxFF
o nOVNF TRISE
< nouLE o
I HOVNF TRISA
w BCF STATUS, WPO i bach o bark O
10 cLR ComTER i 2ato the couster =
Pegitters Memony
Z B m oo 06 -
— v o ooor v
— roxra 1¥ oooz 0o
= FosTE F ooz 1s
Torsa It} poos oo
L thrss ¥y ooos  u¥
o poos  rr
boor 0o
ooow v
oons 0o
oooa 00
poon 24
oo v
2o 0o =l
= ap—

Here is a short description of the MCU debugger dialog,
On the top line there are the following controlling icons:
ﬂ Toggle breakpoint: Inserts or removes breakpoints in the
selected line. Click on the line where you want to place or remove the
breakpoint before clicking on the icon.

» | Run the code in the debugger continuously. The lines being
executed will be highlighted and the code is scrolled.
ﬂ Step forward. Step by step execution. Each time you press this
button one command of the program is executed.
ll Stop Halts program execution.
The Code window (below the control icons) displays the ASM code.
The next actual command is highlighted with blue.
The actual content of the registers and memory locations of the
MCU are shown in the lower part of the screen.
Let’s follow the program execution step-by-step by pressing the ﬂ
Step forward button. After around 14 clicks, we get to the PT1: label,
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where the program seems to be in an infinite loop.
PT1: INCF TEMP, F
GOTO PT1

ez x faa

_n:ll"!”“l 1 e ”_Irs.J_““" af Vuln] e| —

I g 4 Pt 07 |

R g s
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Now click on the SW-HL1 switch and change it to High. (You should
click when the cursor changes into an upward pointing arrow ).

Return to the Debugger and click the ﬂ Step forward button twice.

The program will recognize the interrupt and jump into the

INT_SERV: label.

INT_SERV:

INCF COUNTER, F

MOVF COUNTER, O

MOVWF PORTA
increment the COUNTER, and copy it to PORT A. The output will
now be 1. After this, the program will return to the “infinite loop” at

PT1.

4.6.11.8 Editing the ASM Code in the Debugger

Now let’s see how to make a small change in the program using the
debugger. Duplicate the INCF COUNTER, F statement using Copy

and Paste like so:
INT_SERV:
INCF COUNTER, F
INCF COUNTER, F
MOVF COUNTER, O
MOVWF PORTA

Now if you press the M the program will ask:
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9y Source code modified. Compile now?
4

Press Yes and then press the M button again. Now the increment
will be 2 at each Low-High change of the switch.

You can also check the circuit in the Debugger’s continuous Running
mode by pressing the » | button. Even though the debugger will run

fast, you can still see the “infinite cycle” and the jump to the
Interrupt server routine (INT_SERV:) when you change the switch.

4.6.11.9 Making a Breakpoint in ASM

It is often essentially impossible to get to a certain place in the
program since youd have to single step a thousand times (if the
program ever steps there in the first place). To get the program to
run to a particular statement and halt there, you can tag the statement
as a so called breakpoint. Now run the program in the Debugger’s
continuous mode using the » | Run command and the program will
stop at the marked space before execution of the marked command.
To demonstrate this, click on the increment statement in our
interrupt service routine after the INT_SERV: label and press the

ﬂ Toggle break button.

Now press the » | Run button. The program starts to run and falls
into the “inﬁniteToop.”

Even though you have set a breakpoint, the code will not stop since
it does not pass the breakpoint. However, when you change the switch

from Low to High the program will stop at the
INT SERV:
INCF COUNTER, F

statement. Now you can resume execution either step by step ﬂ or

with the p | Run command again.
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4.6.11.10 Programming MCUs using C

Writing assembly code is not easy, and the programmers of desktop
computers have turned to a high level programming language. The
high level languages are increasing in popularity, and C is perhaps
the most used and most useful language for MCU programming,
There are many C compilers available on the market, many of them
are free or have a free version. You have to install a C compiler
which generates the code for the MCU you want to simulate, and
then TINA will automatically integrate it into its C code debugger.
Here are the C compilers compatible with TINA:

(1) For PIC: Install Microchip PIC compilers (xc8, xc16, xc32) from
http: .microchip.com

(2) For AVR: Install Atmel Studio from  https://
www.microchip.com/mplab/avt-support/avr-and-sam-downloads-

archive

(3) For 8051: Install SDCC and GPUTILS SDCC: http://
sdec.sourceforg enet/, GPUTILS: http://gputils.sourceforge.net/

or non-cortex): Install the yagarto-tools- , ya arto-pu-
4) For ARM Install the yag Is-*, yagarto-b

* packages from http://www.yagarto.de
(5 For ARM Cortex: for XMC install DAVE, for TT Tiva install

Code Composer Studio, for STM32 install System Workbench for
STM32

Do not install the AVR, ARM toolchain in a directory which
contains spaces like “C:/Program Files/”

You may have to restart your computer after installing these tools.

You can also debug the C-code and execute step-by-step for most
MCUs in TINA. However, this does not work for the 8051.

Now let’s see how to load and run a C code in an MCU in TINA. We
assume that the Winavr compiler has already been installed on your
computer.

Create a new circuit file in TINA with File/New

Search for and place the ATTiny26 MCU with the Find component
tool at the top right corner of the screen. You can also do the same

using the Logic ICs MCUs tab of the component toolbar and selecting
MCTU, then AVR as Manufacturer.

DesignSoft
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Double Click the MCU, and the property window of the MCU will
appear. Click the “C code” line and then the ...button. “The MCU
input file selection” dialog will appear. Switch on the C Code radio
button. You will see the following dialog;

elecion———— Edit ASM. .. |
" ASM file

 HEXALST file Seleck A5M, ., |
" Flowchart Tdevy A5, |

Seleck HEX, .. |
Select LST... |

¥ £ Code

Flowichart.., |
C Project... |

¢ oK. I x Cancel | ? Help

Press the C Project button. The following dialog will appear:

File Edit Project Run

al] b

—~

Right-click on the blue noname label on the top left corner of the
screen.

A pop- up dialog will appear, click on “Add existing file.”

An  Open dialog will appear: navigate to the
EXAMPLES\Microcontrollet\C Compilet\AVR folder (or whete
your own file resides) and Open AVRflasher.C The following dialog
will appear:
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File Edit Project Run

8l 5|

Enoname #include <avr/io.h> //included so we can use th
int main(void) //B11 C programs need a function|

{
unsigned char count:

DDRR = OxFF; //set all PORTA pins to output by
count = 0;

while (1)
PCRTA = count;
count++;

3

+

Click on Project/ Compiler Options and set AVR Compiler to Atmel
Studio.

Press the | # | make project and then Save Project button, and

exit by clicking the top right corner of the dialog;

Press OK in the MCU Input File Selection dialog and in the
ATTINY26 property dialog.

Select the Digital on the Interactive menu or DIG with the narrow
“half” button next to the Interactive mode On/Off button.

d31dVv1S ONIL13ID

Now if you press the DIG button, your C code will start to run. You
can see that from the changing red and blue logic states on the pins
of the MCU. Note that the simulation of MCUs in TINA works
even without a power supply, to simplify the schematics, but of course
you should still connect the power supply and all necessary pins when
you design a PCB.

Now add a power supply, voltage pin and an LED to the circuit as
shown on the picture below.
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If you run the simulation, the LED will light when the logic level on
PAO is high and the voltage pin will show the analog voltage. Note
that this voltage follows the voltage of the power supply. The other
pins are handled with logic values according to the rules of Mixed
Mode Simulation. This makes a big difference compared with
external simulation of MCUs as in TINA. You can also see all the
voltages and displays of your complete circuit during the simulation.
You can do this even step-by-step with the help of the TINA C
debugger.

ARM Cortex MCUs
For ARM Cortex MCUs (XMC, TT Tiva, Stm32) you can use Eclipse
based development environment. For TI Tiva use TI Code
Composer Studio, for XMC use DAVE, for Stm32 use System
Workbench for STM32. Now let’s see how to load and run a C code

in an Stm32 MCU in TINA.
1. Install System Workbench for STM32 (free software)
2. Start System Workbench for STM32 and create your project
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© SWAS - C/Cas - stm32-FR0Tvg/src/main.c - Eclipse - o x
Fle Edt Sowce Refactor Mevigate Search Project Bun Window Help
o b [ R O R R R R AR R PR R

[ Project Explorer 53 = A [Emeine 13 =i

i
11 #include "stm32fdxx.h"
12

&5 tm32-flivg
5 sm32-f413h
G5 stm32-nucleo-f428

&5 stmi32-nucleo-fa29zi-hal

v [ sam3-H0hg
& Binaries
A Includes
(5 StaPeriph_ Driver

13 int i;

14 GPIO_InitTypeDef GPIO_InitDef;
15

1

1

1

1

& inc 5 stm2-nucleo-767

i //4define SIN
& _history
L&) mainc 8 Wifdef SIM
» [ syscalls.c 9 #define DELAY 10
[&) system_stm32fdrcc 20 Melse
& stanup. 21 Wdefine DELAY OxFFFFF
& Debug > Wendif
» (= CMSIS 2
W LinkerScriptid B24- int madn(void) {
3 > stmi2-4413h [stm2-141 3 master]| [l
s srpnades S <leo| [t RCC_AHB1PeriphClockCmd (RCC_AHB1Periph_GPIOD, ENABI
» GF » stm32-nucleo-f4295-hal [ n
e 2 GPIO_InitDef.GPIO_Pin = GPIO_Pin_13; v
>
O Console i1 =) «@-~r4-=0

No consoles to display at this time.

< >

[& Jetm32-H0Tvg/sre/main.e

Change some settings in the project.

System Workbench for STM32 (SW4S)

C++ Build Settings
o Build steps/Post build steps/Command: add arm-none-eabi-objcopy -O ihex
"${BuildArtifactFileBaseName}.elf' "${BuildArtifactFileBaseName}.hex";
* Tool settings/Preprocessor: define HSE_VALUE (for example:
HSE_VALUE=8000000)

Build your project.

3. In TINA select the MCU from the toolbar and add it to the
schematic. Double click on the MCU, click on ASM-code/C-code
(select C code).

The MCU IDE will appear. Select File/Reftesh eclipse project.

DesignSoft
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Programming MCUs using C

GETTING STARTED

T

133113141

prrpidediiiadd —

[ S L]

—

Fill the Workspace, Project fields in the Refresh Eclipse Project dia-
log (+/- button). The Workspace is the System Workbench workspace,
for example d:\ Work\SW4S. Project s the project name, for example

stm32-f413rh.
Press OK. When the code assigned successfully to the MCU you will

see the following dialog;

Code assigned to: U1

-

Press OK. Press Save Project in the MCU IDE. Close MCU IDE.
Press OK, OK.

Now you can run a simulation.
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4.6.11.11 Debugging C code in MCUs

Just as with ASM and HEX code, you can follow the execution of a
C program and even watch the values of the required variables.

To demonstrate this, let’s open the “check_prime. TSC” file in the
Mictocontrollers\C compiler\AVR foldet. The following circuit will

appear:
B T AT P
TS TaTeIalsTHT F-T=PexlJolofl=lal T 1 11|

Some 3 digit pame NuEmDers.

127 431 137 130 149 151 157 183 16T 173
179 181 191 193 197 199 211 223 227 229
233 230 241 251 357 263 260 271 77 9

Enter number here (3 characier) |

»
E
T T i o e T Iy

jry gy

w4
ATMEGATE i r
= £ [Startife keypad from

»

N T

To test this circuit, press the DIG button and enter a 3 digit number
(each digit must be different). The display will show “Prime number”
or “Not prime.”

Now to debug this C program, release the DIG button and then click
the “Enable MCU Code debugger” in the Analysis menu and then
press the DIG button again.

The C code debugger window (MCU IDE) will appear.

d31dVv1S ONIL13ID
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Bin Gt Proet fum

L] rlm| old| of afw
B s Teviie 7= g
i

Eypedef usnignes char BYTE:

#define DELRYZ 10
#detine TEFAULT_KEY OxOF

Char- message_prime = “Frime\tmumber*:
enare message mer prime = "Noritprimes:

chart mensage_pumber = "Enter fumberite:
ehar previeey:

Hdntine P_LENGTH 3

Proid =y_delayiint u}
int 1:

Foe (4=0: idu: Lev) 2

Scroll down the C code until the following function appears
(line 128)

int check prime (int a)
{

int c¢,mod;

for (¢ =2 ; ¢c<=a -1 ; c++ )
{

mod = a%c;

if ( mod == 0 )
return 0;

1

if (¢ == a )

return 1;

}

Right click the variable “c” and click “Add Watch at cursor”. Click
the “Watch List” tab at the bottom of the MCU IDE window. The
variable ¢ should be on the list already. Add variables “a” and “mod”
the same way.
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Now click the if ( mod == 0) line and press the ﬂ Toggle

Breakpoint (Add Breakpoint) button at the top line of the MCU
IDE window. The line with the breakpoint will turn red.

File Edit Project Run

=] | m &l o o AI N
5-noname do t 2
prime.c key = keypadread(): my_delay(10):

} while (key == prevkey);
prevkey = key:
return key;

int check prime (int a)
[
int c,mod:

for (c=2; c<=a-1; ct+)
{
e
if ( mod = 0 )
return 0;
}
if (e=—a)
return 1;
¥

int sean_cycle()

[

char c, current_pw[PW_LENGTH+1]:
BYTE count;

< >

prime.c
Line:130 Col:g

a: 4294348524
mad: 4294945942

Messages | Registers | Memory | Breakpoints  watch List

Press the P | tart button. The progam will start to run. You will not

see changes in the debugger window unless you also press the the
,»/A” animate button at the top of the screen, which will show the
active instructions and scroll the screen when necessary. However if
you enter a 3 digit number on the small keyboard on the screen, the
progam will stop at the if ( mod == 0); line and you will see the
a,c;mod variables at the breakpoint.

After the stop at the breakpoint, you can continue the execution step

by step by pressing the E'l Step button for each step or run

continuously by pressing the LI Start button again.

d31dVv1S ONIL13ID
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4.6.11.12 Serial Monitor

Serial monitor allows you to both send messages to the simulated
MCU and receive messages from the simulated MCU. The serial
monitor window communicates with the simulated MCU’s using the
UART peripheral. Baud rate, data bits, stop bit count, parity are
automatically detected.

The Serial Monitor Window

| Cear received Recewved data

GETTING STARTED

-l

Transmitted data

: Line ending - Send now-
Send now: | Send Add '/ Add'n

Clear received: you can clear the Serial Monitor window

Send now: when you press Enter or press the the Send button the
text in the edit box will be transmitted to the MCU while the simulation
is running

Line ending: you can specify here the line ending format. The line
ending character will be added to the transmitted text when you use
Send now.

Timed sequence: you can specify a timed sequence here. See the
example in the Timed sequence window.
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Example 1: receiving messages

Let’s open the tm4c wuvart terminal.tsc from the
Examples\Microcontrollers\TI Tiva folder.

Select Tools/Serial monitor and press the TR button. The MCU will
send some test messages. The received messages will appear in the

Serial Monitor window.

[UART e
1 Salect Tooi/Sarel montor -
|2 Pross e TR buten
 FL IR T
TR NEREyeRErEE
pee =
- N
e - —
- - . — o —
. TMACIZIGHEPM p e -
R wy-
| - s
(EEEERBEEGES

The UART is programmed using the TivaWare Peripheral Driver
Library.

"driverlib/sysctl.h"
driverlib/uart.h"

"nartstdio.h"

T

int main(void)

"
SysCtlClockSet (SYSCTL_SYSDIV 4 | SYSCTL USE PLL | SYSCTL OSC MAIN | SYSCTL XTAL 1€MHZ);

SysCtlPeripheralEnable (SYSCTL PERIPH UARTO) :
SysCtlPeripheralEnable (SYSCTL PERIPH GPIOR):

GPIOPinConfigure (GPIO_PAU UORX)
GPLOPinConfigure (GPIO_PAL UOIX) ;
GPIOPIinTypeUART (GPIO_PORTA BASE, GPIO_FPIN 0 | GRIO_PIN 1)

pCLE (UARTD_BASE, SysCLlClockGet(), :
G_WLEN_8 | UART_CONFIG_STOF_ONE | UART_CONFIG_FAR_NONE)) ;

UARTConEigSe

(UBRT_COI
URRTprintf ("Test me he UART t
UARTprintf ("
UARTprintf ("Test me

while (1) ;

d31dVv1S ONIL13ID
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Example 2: sending commands to the MCU

GETTING STARTED

Let’s open the tm4c uart command.tsc from the
Examples\Microcontrollers\TI Tiva folder

Select Tools/Setial monitor, check the status of the Line ending field:
‘Add \r’ must be turned on ‘Add \n’ must be turned off. Press the TR
button. Wait for the ‘Ready’ message in the Serial monitor window.

Type LEDO in the Send now field: the LEDO led will be turned on.
Type LEDO again the LEDO led will be turned off.

1. Select Tools/Serial monior —— Py
2 Press TR ~

3. Wait for the Ready text in the Serial monitor

4. Type LEDO in the ‘Send now fieid 1o loggle LEDO

Tested with TM4C 123G LaunchPad and with Pulty

TM4CIZIGHESM

170

DesignSoft



4.6.12 Using the Flowchart Editor and Debugger
in TINA

Writing MCU assembly code is often a hard and tedious task. You
can simplify software development and gain more time to design the
electronics hardware if, instead of manual coding, you use TINA’
Flowchart editor and debugger to generate and debug the MCU code.
This easy-to-use tool works with symbols and flow control lines with
which you can represent the algorithm you want. The Flowchart editor
is opened via a MCU device as described below. You can find
detailed descriptions of the flowchart symbols and their parameters
under the Help menu of the Flowchart editor.

4.6.12.1 Flowchart Editor

In the following example, we will create a flowchart to control a MCU
embedded in a simple circuit. The flowchart adds two numbers that
are read from two ports of the PIC16F73 microcontroller. (You can
find the complete circuit under EXAMPLES\
Microcontrollers\PIC\ PIC Adder. TSC in TINA).

LI
FIC
rosl—Rez
_':CLR RO Lt
IE) AN EJE] 3 Smm—y S_— 7} o oo
B8N rerl B
clolElF ned woo| frerric
L Rt e
L H{R2E PIC16FT3 81
+
l_ivss o e
¥ —osct
0 —oscz o2
@ = L
o Bl 4 .| RB4— —
AEEEE S| RBE|—IL
EINBEE ’_m RBEL
HEEE FEz RBF|L

First, select the MCU from the component toolbar and insert it into
the schematic editor. The MCU components are located under the
Logic IC-s-MCUs tab. Click the MCU icon on the toolbar and select
PIC16 in the Manufacturer line of the MCU dialog. The list of PIC16
MCUs will appear. Select PIC16F73 and click OK. The selected MCU
will be placed in the schematic editor.

DesignSoft
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GETTING STARTED

MCU

PIC1BF722
PICIBF723
PICIBF724
PICIBF726
PICIBF727
LPICIBEY3

PICTIEF737
PICIEF74

PICIEF747
PICIEF7E

PICIEF7ET

Shape: At _] -
PICTE ~l s

I~ Show l companents

Ok 1 X Eance\l

Manufacturer

B3

7 e |

Now double-click on the PIC16 component in the editor, click the
MCU-(ASM File Name) field, and then the -| symbol. The MCU
Input File Selection dialog appears.

MCU Input File Selection

Selection
 ASM file
" HERALST file

0K X Cancel J

Flowwchart...

? Help I

£

In this dialog, select the Flowehart mode under Selection on the left.

Click on the Flowchart
button on the right,
and the TINA
Flowchart Editor
opens.

With the Flowchart tab
selected, the editor
window is divided
into two areas. On the
left there is a toolbar
of the symbols that
you can place in the
editor area on the

right.

Bl [ Tock bl

» oleld v

Fhowchant | Code

5 TINA FlowChart Editor - < naname »

ERERERRXIE
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Select the START symbol from the toolbar by clicking on it. The
START symbol will be attached to the cursor. Move it to the middle
of the editor space and click with the mouse to place it.

Next we will read PORTA and PORTB ports into the variables x and
y, and add them, write the result into PORTC. Flowchart execution
will loop back to Start and continue running until stopped.

To read in the contents of PORTA port, click the symbol ma7
(Read Inpui) on the toolbar and move it into the editor space. Double
click on this component to select the port you want to use for
reading (Source pors) and to set a variable name (Target variable). Select
PORTA for Source port and enter x for the Target variable.

Now we must read in the next data by reading from another port,
PORTB. This is very similar to the previous step. Insert another Read
Input symbol, set y for Target variable and PORTB for Source port.

= TINA FlowChart Editor - < adder > -10i i
File Edit Tools

olelal v |

[Flowchart | Code |

START =
START

STOP

AAd.

¥ =- PORTE

Next we will add the two numbers in x and y and write the result to
PORTC. Here is how to do this.

First save the contents of x to a temporary variable, named z. To do
this, select the Set variable component from the toolbar, set
Target variable to g, and then Value and variable to x.

Next add zand y, by using the Change variable component Place
the Change variable component below the previous Se variable

component, set Targer variable to g, operator to +, Value or variable to y.
To write the result to PORTC, add an Oufput component symbol,
Select Target port to PORTC and Value or variable to z.

Finally, let’s connect the flowchart symbols with flow lines, indicating
the direction of the flow, by moving downwards until you reach the
bottom PortC <-z Qutput symbol.

DesignSoft
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GETTING STARTED

First, connect the START and Read Input symbols. To connect the
two symbols, move the mouse above the end of the connection line out
of the START symbol. The connection point is at the end of the
connection line, and is marked by a small rectangle visible when the
mouse is at the right position. When the small rectangle appears,
press and hold the left mouse button, and drag the connection line
until you reach the connection point of the other symbol.

Connect all other symbols in a similar manner.

When you reach the lowest symbol, connect the lower connection
point of this symbol with the flow line between the START and x <.
PORTA component.

If the symbol placement and connection are correct, the flowchart
will look like this.

(E= TINA FlowChart Editor - < adder > o =] 5|

File Edit Toals

oleld vl

IF\owchart ‘ Code |

START

STOP

&

BRRBRoel

To make a formal check of the flowchart (e.g, see if all symbols are
connected) press the «| button. To view the generated code, press
the Code tab.
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To save the flowchart in the MCU macro, press on the toolbat,
then press OK twice (on the MCU Input file selection and on the MCU
property box dialogs) to go back to the schematic editor.

You can also save flowcharts in .tfc files with the Save and Save As...
commands of the Flowchart editor. You can then Open them and
associate them with other MCUs.

4.6.12.2 Flowchart Debugger

TINA automatically produces the assembly code required for the
simulation from the flowchart.

Let’s test and debug the previously completed flowchart. (You can
open the complete circuit from (EXAMPLES\Microcontrollers\
PIC\PIC Adder. TSC)).

Set the Analysis/ Enable MCU code debngger switch in the Analysis menu,

then press the @, button on the TINA toolbar. The MCU debugger

appears.

d31dVv1S ONIL13ID
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GETTING STARTED

~=o/x|

[ZETINA MCU Debugger -
File Edit Tools Debug

» ole@ v (ws| s |

[Fowchat | Code | FlonchertsCods |

< pic >

START

STOP.

BRangoefd

You can run the program continuously by pressing the » | Run
button, step-by-step by pressing the |m|Step Forward button, or stop
the program by pressing the m|Stop button. The debugger will show
the active flowchart component by setting its background color to
yellow.

There are three important tabs at the top-left corner of the debugger
that establish the view of the source. If you select the Flowchart tab,
you can see and debug via the Flowchart. If you select the
Flowchart+Code tab, TINA will display both the flowchart and the
assembly code. You can, in this view, place breakpoints both in then
flowchart and in the assembly code. If you select the last mode, Cod,
you can debug using traditional assembly language debugging. See
section 4.6.9.9 in this manual.

Note that in order to synchronize the flowchart and the assembly
code, and to make the code more readable, TINA inserts additional
labels and comments into the code; for example:

Flowchart label2: ;x <- PORTA

These labels do not alter the performance or the operational logic of
the code.
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4.6.13

Breakpoints are used to halt code execution at user-specified points,
permitting the examination of registers and parameters. TINA
offers several ways to insert and remove breakpoints.

Insert breakpoints into the flowchart by clicking on a flowchart
symbol and pressing the @] Toggle Breakpoint button.

Or you can place breakpoints into the code directly via the code
window. Select an instruction line and press the @] button .You can
remove the breakpoint with the same button when the breakpoint is
selected.

When breakpoints are set, the program will stop at breakpoints before
executing the instruction under the breakpoint. You can execute the
instruction and continue the program by clicking the » | Ruz or the
(m| Step Forward buttons.

Testing your Circuit with Simulated and Real
Time Instruments

TINA lets you test and tune your circuit not only with the generators
and analysis windows that you have used so far, but also with
simulated and real-time measurements. Using the T&M menu you
can place virtual instruments on screen which will automatically
replace the generator and analysis windows. You can control the
settings of these instruments and immediately see the results, just as
you would in a real lab. TIN.A normally simulates measurements with
its analysis engine, but if you have TINAS supplementary hardware,
you can simply switch to the Real Measurement mode (using Option
of the T&M menu). Now you can work with the same on-screen
instruments and settings and you will be making real measurements
on a real circuit.

DesignSoft
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To start with virtual measurements, load the circuit AMPLIOPT.TSC
from the examples directory. Select the T&M menu and place a
Multimeter, Function Generator, and an Oscilloscope on screen. Press
Run in the Oscilloscope panel. A distorted sine curve will appear on
the oscilloscope screen. Click on the multimeter = button. The
multimeter will show only about 0.7 V volts at the collector (Out) -
this is the reason for the distortion. Now double-click on the Rb1
resistor. The dialog box of resistor properties will appear. Click on
the Resistance field and then change the value with the arrows on the
right hand side of the dialog box until the multimeter shows about
G6V.

You can change the step size of the buttons by entering it into the
edit box under the down arrow. You can also define a hotkey to the up
and down arrow by selecting it from the upper and lower listboxes.
Note that while the interactive mode is On, and once a hotkey is
defined, the value of the resistor can be changed directly by pressing
the appropriate key without opening the property dialog. You can
assign hotkeys to most component values in TINA, including switches.
To avoid accidental changes, the hotkeys for component values will
only work while TINA is in the interactive mode. Switch positions,
however, can be changed before activating the interactive mode in
order to set their initial position. Once the collector voltage reaches
6V, close the property editor dialog box (if it is still open) and press
Run on the oscilloscope.

GETTING STARTED
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NOTE:

4.6.14

Set the vertical position to -6 V and use the horizontal and vertical
settings to scale the curve for best appearance. The distortion will no
longer be visible.

Press the Ampl.-button on the generator. The last amplitude value
will appear in the large numeric display field of the generator. Use
the vertical arrows beside the display to change the amplitude. You
will see the sine wave become distorted again as you increase the
amplitude, with the maximum input at about 500mV. Now change
the waveform from sinusoidal to triangle and then to square wave.
Vary the frequency of the function generator to explore the frequency
domain over which the circuit performance is acceptable.

The virtual instruments under the T&M menu are not to be confused
with the virtual instrument components on the Meters component toolbar.
Some of the virtual instrument components are used in the interactive
mode of the program, discussed in the next section. They are also used
to assign outputs for the various analysis modes under the Analysis
menu. The Oscilloscope and Signal Analyzer virtual instrument
components have a small screen and their purpose main function is to
be used with our 3D circuit analyzer program, EDISON.

Using the Design Tool in TINA

TINA’s Design Tool works with the design equations of your circuit
to ensure that the specified inputs result in the specified output
response. The tool requires of you a statement of inputs and outputs
and the relationships among the component values. The tool offers
you a solution engine that you can use to solve repetitively and
accurately for various scenarios. The calculated component values
are automatically set in place in the companion TINA schematic and
you can check the result by simulation.

As an example, this tool can calculate feedback or other resistor and
capacitor values of an amplifier in order to achieve a certain gain and
bandwidth, and it can calculate component parameters of power
supply circuits to meet output voltage and ripple requirements.

DesignSoft
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The TINA Design Tool promotes good documentation by storing
the design procedure together with the circuit.

It is also very useful for semiconductor and other electronics
component manufacturers to provide application circuits along with
the design procedure.

Let’s demonstrate the use of this tool through a simple operational
amplifier example.

Open the Invert Gain OPA350 Test Circuit Design. TSC circuit from
the Examples\Design Tool folder of TINA. In the TINA Schematic

Editor the following circuit will appear:

[a)

L

=

hd

= Rf 10k

0 ot

)

Z s

E Ra 1k

= - A Y

O WG e
. 1 SPASE0 g

T Wref 227Tm

With the Design Tool we will set Rf and Vref to achieve the
specified Gain and DC output voltage.
Now invoke the Design Tool from the Tools menu of TINA.

The following dialog will appear.

£ Design Tool el
file Edit Semtings fun
Title
[irrvtn G e sl Dorges Uz the U350
Inpul Fassmoles:
Paameten [ abue [T Mk B
Gian a0 000 Bl
Veud_DC 25 2 V1-200m
ol L] U 140
Frcde 1000 i M
fusd How | Uduiun_: Resloe | ﬂ
SevebCoen | 3 Conod | 7 tep |
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Here you can specify the Gain (Vout/Vin), the DC output voltage
(Vout_DC) and some other parameters. The simple design
procedure will calculate Rg and Vref. The allowed minimum (Min)
and maximum (Max) parameters are also shown. To enable or
disable modification of Min and Max select Options from the
Settings menu of the Design Tool.

Note that in the Design Tool dialog you can also refer to component
parameter names. For example in the Vout_DC line the maximum
value is set as V1-200m, telling that the DC output voltage must be at
least by 200mV less than the V1 supply voltage of the IC.

If you just want to Run the design procedure press the ﬂ button or

the F9 key or use the Run command in the menu of the tool. If you
run TINA in interactive mode you can immediately see the effect of
the changes made by the Design Tool.

To see the design procedure itself, press the More button in the
dialog. The code of the design procedure, written in TINA’s
Interpreter, will appear.

Design Tool ==

File Edit Settings Run

Title
Invertin Gain Amplfier Circuit Design Using the OPA350

Input Parameters:

Parameter Walue Hin Max -
Gain 10 -1000 1
Wout_DC 25 200m +1-200m
Aol 20 60 140

Rscale 1000 10 104

Add Row I Delate Row | Restore ‘ B
Expressions/output funclions

0 Y|P

A:= 10~ (A0l/20)

Rg:= Racale

Rf:= -Gain*Rg

Rf=[10k]

Rf:=-Gain*Rg* (1 + 1/A)/(1+Gain/k)
RE=[ 011k]

Vref:= VDJ':_DC/ (1+RE/Rg)
Vref=[227.0355m]

Note that the code part also shows the calculated parameter values
according to the last stored calculation (Now Rf=[10.011k],
Vref=[227.0455m)]).

DesignSoft
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Now let’s change the Gain input parameter to -1, Vout_DC to 3V
and run the procedure by clicking Run in the menu or pressing the

green M button or F9 on the keyboard. In the code part we will

see:

A:= 10% (Aol/20)

Rg:= Rscale

Rf:=-Gain*Rg* (1 + 1/A)/(1+Gain/A)
Rf=[1.0002k]

Vref:= Vout DC/ (1+Rf/Rg)

Vref=[1.4998]

and the new values will immediately appear in the schematic editor,
drawn in brown color. Press the DC button to display the DC output
voltage:

Now run an AC Transfer analysis, the Bode diagram will appear.

=7 Noname - AC Amplil == EoE

File Edit View Process Help
2 BE a8 TG~ O B | (2D

70.00—

-10.00—

-20.00-

T T T T
10k 100k w oM 100M
Frequency (Hz)

ACBode1 AT A |
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4.6.15

NOTE:

The small frequency Gain is 0dB which complies with the specified
Vout/Vin=-1 value.

You can find more complex examples in the Design Tool folder of

TINA.

You can make your own design procedure in any TINA circuits and
save it together with the circuit itself.

For more information on the use and the controls see the on-line
help in TINA by pressing the Help button on the tool and also the
Advanced Topics Manual of TINA, available on-line at wwwi.tina.com
under Documentation.

Design Tool vs. Optimization in TINA

There are cases when writing a design procedure is not obvious or
needs iteration or simply we do not have the time to implement it. In
this case you may use the Optimization tool in TINA to determine
the required parameter numerically in order to meet predefined
circuit responses: voltage, current, power, gain, etc. You can learn
more and find examples of Optimization in the Advanced Topics
Manual of TINA available on-line at www.tina.com under
Documentation.

Optimization for multiple parameters and target values is available in
the Industrial version of TINA only.

Generally speaking, although optimization is a very powerful tool, it
is better to use a design procedure, if available because numerical
optimization might need significant calculation time and it does not
guaranty physically realistic results. Butitis a very good tool to refine
the results provided by a design procedure or tune already working
circuits.

DesignSoft
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4.6.16 Live 3D Breadboard

Using the Live 3D Breadboard tool in TINA, you can automatically
build a life-like 3D picture of a soldetless breadboard (sometimes
called a “whiteboard”). When you run TINA in interactive mode,
components like switches, LEDs, instruments, etc. become “live” and
will work on the virtual breadboard just as in reality. You can use this
capability of TINA to prepare and document lab experiments.
Beware, though, of the relatively high capacitance that exists between
rows of adjacent pins. This comes about from the “parallel plates”
that descend 3 to 5mm from the white board. For high frequency
circuits (above 100kHz or so), this capacitance can lead to unexpected
performance.

You can either assemble the circuit step-by-step or by generating the
whole circuit on the breadboard. Pick up and move parts on the
breadboard using the mouse, and TINA will automatically rearrange
the wiring while retaining connectivity. In the same fashion, you can
select and move wires for clearer appearance. Note that you cannot
change the endpoints of a wire this way—wiring integrity is preserved.

The breadboard tool is mostly intended for educational purposes to
prepare laboratory experiments in a safe 3D environment. You can
also use this breadboard to guide you in actually wiring a physical
breadboard for lab verification.

Let us demonstrate the use of Live 3D Breadboard though a few
examples.

Boot TINA and bring in an unpopulated breadboard. Starting at the
View menu, select Live 3D Breadboard and New. The 3D Viewer
window will appear with an empty breadboard, in TINA’s main
window. This window is always on top so you can see both the
schematic and the breadboard at the same time.

Place a Voltage Source, a Resistor, and a Voltmeter (found on the
Basic toolbar), and an LED (from the Semiconductor toolbar), in the
Schematic Editor window. The 3D version of these parts will be
automatically appear in the 3D Viewer window.

DesignSoft



Live 3D Breadboard

sisls] 2 [7 1
:6 ale# P-l- =| xH»-Ioloﬁ'[-T-llrlllHlllllTHIJ

Fr =t

Connect the parts on the schematic with wires. TINA will place the
corresponding wires on the breadboard automatically. Now save this
citcuit as LED Circuit. TSC using the File/Save command of the
Schematic Editor.

] iy v s lrind [ A 8] i Pl P —
o{ofr [« [ol = [ <|<IS A ARG T[T T T TTTTT1 11T 1

%"ﬁi—— =t
Press the DC Interactive analysis button or select Start from the
Interactive menu. The LED on the breadboard will light and the
Voltmeter will show the LED voltage. To get a better view, drag the
Voltmeter to the foreground: click and hold down the left mouse
button and move the mouse.
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While in the interactive mode, you can modify several parameters
and see the resulting changes on the virtual breadboard. For example,
you can change the generator output voltage by moving the cursor
above the knobs of the generator and turning the mouse scroll wheel.
Or another technique is to hold down the left mouse button and
move the cursor around the knobs. Yet another way to adjust a

GETTING STARTED

parameter is to move the cursor over the knob and right click with
the mouse.

A parameter dialog opens for the left knob of the generator, and you
enter a value in the data box. The dialog box looks like this:

v [Z.x]

After you have entered a value, either press the [ /] button to confirm
the change, or press the ¥ button to cancel.

When you are satisfied with the breadboard, save the 3D
arrangement via the Save command from the File menu of the 3D
View window. It will save the 3D view under the same name as the
schematic, but with the .3DV extension.

Note: If you are dealing with a new circuit, we recommend that you
name and save it right after choosing New file; otherwise the 3D
view will be saved as Noname.3DV.

To open this example at a later time (with any changes you may have

saved), load the file LED Circuit. TSC. Select 3D live breadboard
from the View menu and press Continue.

You can find additional examples in the Breadboard folder
EXAMPLES\3D Breadboard. Open the file 555_AST_BB.TSC and
explore its more complex animation and interactivity. This screen
will appear:

186 \
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The file includes a screenshot of the circuit’s 3D breadboard. To
start the animation, open the working window, select Live 3D
breadboard, and click on Continue (in the View menu).

Begin the live simulation (press the TR button on the toolbar or
select Start from the Interactive menu). The waveform will appear
on both the oscilloscope in the TINA schematic editor, and on the
3D oscilloscope in the 3D window. Once the 555 is active, the LED
will start flashing. Note that, just as you could change a parameter of
the generator in the previous example, here, too you can change the
settings of the oscilloscope in the 3D window. Edit the settings using
the mouse as described above.

To switch simulation on and off, click on either the switch on the 3D
window or in the schematic editor.

Note: there is another way to create experiments in which virtual
instruments are used; namely, you can connect virtual instruments to
the 3D view of PCBs designed in TINA. Heres how you do this.
With the same 555 timer file open, press the PCB Design button on
the toolbar or select PCB Design from the Tools menu. The PCB
design of the circuit will appear. Press the 3D View button on the
PCB Designer’s toolbar or select 3D View from the View menu. The
3D view of the experiment will appear. As with any breadboard, you
can see the animation and control it with the switch.

DesignSoft
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Live 3D Breadboard

If you turn the PCB upside down (by holding down the left mouse
button over an unused area and moving the mouse), you can see the
connections of the wires from the PCB solder side to the

oscilloscope.

Note that you could use connectors instead of soldering wires

directly to the PCB
and connect the
instruments through
those. By adding
Header2 and
Header3 (they can be
found under the
Connectors button
on the Switches com-
ponent toolbar), you
can make the inter-
connection shown
on the picture below.
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4.7

Mechatronics Extension

With the optional Mechatronics add-on package, you can create and
simulate multidisciplinary designs, currently including electronics, 3D
mechanics, and control engineering, You can place light sources, light
sensors, motors and actuators in TINA’s mechanical window and
connect them to their counterparts in analog or analog-digital mixed
electronic circuits. You can control the mechanics from the
electronics part of TINA even with complex software written in C
or assembly language. Then compile and execute the code in the
MCUs while running the electronic and 3D mechanical simulations
simultaneously.

In the following section, we will demonstrate the setup of the
coupling between a circuit in the schematic editor and the
mechanical window of TINA.

As an example, we will simulate a simple pendulum. Note that the
mechanisms are created using the Newton software, which is now
integrated into TINA (formerly it was only available as a standalone
software package.) The detailed rules of using Newton are described
in the Newton manual along with further examples.

We will build and simulate an electronically controlled “perpetual
motion” pendulum (Novelty electric motor US Patent 3783550 A).
The working principle described in the patent would allow us to
construct many controlled devices; here, however, we will focus on
the accelerated pendulum only.

A permanent magnet has been placed close beneath the pendulum.
As the pendulum swings, it moves above the coil and induces an
electric voltage in the coil. This voltage forces current into the
bipolar transistor’s base, which turns on the transistor and produces
a much larger collector current. This current passes through the coil
and acts as an electromagnet and accelerates the pendulum. As a
result the amplitude of the pendulum’s swing will not decrease (In
fact, at first it will grow and then become stable), as long as energy is
supplied to the controlling circuit

The controlling circuit and the pendulum are shown in the following
screen.

Now let’s create our first system.
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First we open a new mechatronics example.

Click on the Analysis menu then Enable Mechatronics coupling. Note that
this menu item is available in TINA versions extended with the
Mechatronics add-on package only. The Newton window will
appear. On the top of the Newton window there is the Object Toolbar.
It contains the icons of the commonly used bodies, constraints, and
accessory objects that can be used to build mechanisms. The objects
are grouped logically according to function, and each group has its
own tab.

Next, we create a simple pendulum.

Click on the Extra Objects tab on the object toolbar, than place a

stand onto the 3D scene by clicking on the stand icon ; . Select
Stand

the object - click on it - then click the Dynamic tools and add a hinge

'A‘O to the stand.

Hinge

Add a ball to the scene by clicking the appropriate icon .” in the

Bodies object toolbar. Move the ball under the hinge. Use the XY
planes t’ to lift the ball up by double-clicking on it and setting the

Location g to 0.2 m in its Properties Window.

DesignSoft



Now link the ball to the hinge. If the hinge is selected, a stick joint
will appear. Click and hold down the left mouse button on the stick,
then move the cursor to the ball to be linked. When the left button
of the mouse is released, the two objects are linked.

Now take a Coil from the Electricity I toolbar, and place it to under the
ball.

Now let’s create diagrams to represent the pendulum motion. First,
switch the Description window to the Edit mode. Find the Diagram

icon Iiﬂ and click on it to bring up the Diagram properties

window. Select Ball — Position — z, then click the OK button.
Create the circuit below in TINA’s Schematic Editor.

In the next step, we will define the coupling between the pendulum
and the circuit.

V18V
;
il

T1INFN L
=1
SW-SPETY S % =
W51 B o
= p i

Ko

In the Newton window, select the Tools menu, then click Couplings.
Click the .Add new coupling button. From the drop-down menu select
Mechanical — Analog Converter

Select the VS1 generator from the Tina components on the left side,
then push the Editor button on the right. The Editor Window will
appear. In this editor a Pascal-like language code can be added.

Enter the following code:

Begin

result := 0.14/
dist (ball,coil) *sgn(ball.v[3]);
End.
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This code will determine the voltage of the generator in TINA
representing the voltage induced in the coil by the moving magnet.

The “dist” function calculates the distance between the center of
masses of the ball and coil objects. This is a rough approximation for
the sake of simplicity. If more precision is desired, one must use a
more accurate formula.

Save the code under the name ma.cod, by pressing the Save button
or using the Save command in the File menu. Close the Editor
window.

Now you should assign the voltage calculated by the function to the
VS1 generator in TINA. Scroll through the available codes using the
control of the Code field and select ma.cod, then press the Save
button. Close the Coupling Window.

Next we create a coupling between the coil object in the 3D window
and the schematic coil symbol in TINA.

Press the Add new coupling button again. On the drop/down menu,
click on COIL

From the Tina component list select L1, the coil where the Collector
current of the transistor flows, and from the Newton component list
select COIL

Now we need add a formula for calculating the “magnetic charge”
(coil.charge) to be placed into the center of mass of the
electromagnet (coil), which will be used for calculating the force
between the electromagnet and the ball.

Press the Edifor button and enter the following code:

var
N : integer; // number of turns
real; // current
A : real; // cross section area of core
L : real; // total length of magnetic field
CO : real; // speed of light
m : real; // magnetic pole strength
Begin

N := 15000;
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I := ABS(value);

A := 5.3E-4;

L := 0.2;

CO := 299792458;

m := N*I*A/L;
coil.charge := m/CO;
End.

Save the code under coil.cod
NOTE:

In this simple approximation the electromagnet is substituted by a
“magnetic charge” calculated from the current of the coil. This way the
force between the electromagnet and the ball can be calculated
simply by the Coulomb’s law, included in Newton.

http://www.daviddarling.info/encyclopedia/C/
Coulombs_law_for_magnets.html
http://www.sciencedirect.com/science/article/pii/S1875389212000727 )

Now you should assign the magnetic charge calculated by the
function to the electromagnet in the 3D window. Scroll down the
available codes using the control of the Code field and select coli.cod,
then press the Save button. Close the Coupling Window.

Finally set some parameters.

In the TINA window, set the Simulation time unit to 1s using the
Options command under the Interactive menu in the Schematic
Editor.

In the Newton window, double click on the ball and in the Property
window click the Material icon and set the Charge to 4E-4.

Drag the ball into an initial position of approx. 30° as shown on the
screenshot at the beginning of this section.
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Now start the simulation in interactive transient mode by pressing
the TR button in the Schematic Editor. If the circuit power switch is
off, the pendulum will swing as a damped harmonic oscillation. But
if the switch is turned on, the amplitude of the pendulum swing
increases at first, then settles down to constant value.

You can find the complete example at:
EXAMPLES\Mechatronics\pendulum\Pendulum_tutorial. TSC

You can also find further examples under EXAMPLES\ Mechatronics.
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CHAPTER b

PRINTED CIRCUIT
BOARD (PCB) DESIGN

Once you have completed your circuit diagram, you can design a
printed circuit board to manufacture your design. This is easy to do
in TINA 7 and later versions, since PCB design is an integral part of
the program.

We’ll learn about the PCB design process through a few examples.
The files from the different phases of the design examples have been
saved in TINA’s Examples\PCB subdirectories using the following
naming conventions:

* origin.tsc original schematic file

=tz schematic file backannotated (after pin/gate
swapping and renumbering )

*placed.tpe design parameters set, components placed
pcb file

* routed tpe net propesties set and routed pcb file

* tEnished.tpu: optionally pin/ gate swapped and
renumbered, routed, silkscreen adjusted,

documentaton lavers fimahzed peb file
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PCB

5.1

Creating a Printed Circuit Board

5.1.1

NOTE:

To see the first example, open the opamp2.tsc project from TINA’s
Examples\PCB\OpAmp folder. The following schematic will

appear:

|||||

Tl . D‘

u@ 1 o

Setting and checking footprint names

The most important thing in PCB design is that every part in your
schematic must have a physical representation with exact physical
size. This is accomplished through so called footprints—drawings
showing the outline and the pins of the parts.

TINA’s footprint naming uses as a starting point the IPC-SM-782A
(Surface Mount Design and Land Pattern Standard) and the JEDEC
standard JESD30 (Descriptive Designation System for
Semiconductor Device Packages).

In TINA, we have already assigned default footprint names to all
parts which represent real components.

Some parts used for theoretical investigations ( for example, controlled
sources) do not represent real physical parts so you cannot place them
on a PCB. If your design contains such components, you should
replace them with real physical parts.
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Of course there is no guar antee that the default physical
representatives of the parts are the same as those needed by your
design There are two ways to check this.

You can use TINA’s “Footprint name editor” which you can invoke
from the Tools menu. In this dialog you see all of TINA’s
components and the corresponding footprint names.

print Name Editor -lol x|
Footpiind Hame | |
o C_A0 w2
Q2 C_alx0 Wi
5] CA2M0WIR X rcn|
] CA2M0WIR 2 |
n JFI00
2 JPI00
o1 DIPte
ot NOFCE
outy NOFCR
4l R_AEN_ w10
R2 B0 W0
] F_AI00 W00
R P_AK300 w100
Bt JFID0
vs1 JPI00 Locas
V52 JPI00 _I

Clicking on the footprint name fields, you can select from the
available footprint names. In the dialog, components that do not
already have a footprint name association will be denoted by red
characters and also by “???” in the footprint name field.

(=T |
X Corcel I
2t |

"1 R_AMN_ W0

R2 R_AMN_ W0

Rl A_AEN_ W0

L1 B0 W0

Vi1 JPI00

VS JPI00 Locate

V52 JPI00 —I

Note that although there are 2 op-amps in the schematic diagram,
there is only 1 opamp part in the footprint list above: a DIP14
package denoted by OP1. This is because the TL084 IC we use
contains 4 op-amps, so both of our op-amps are in the same package.
This is shown by the labels of the op-amps in the schematic diagram:
OP1 and OP1/2. If the parts are in the same package, the labels

a0d
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2)

must also be the same. Note that the second, third, and fourth
op-amps have the extensions /2, /3, ot /4 added to the label. You
must not set the extensions /2, /3, ot /4 manually, rather, use the
“PCB information” dialog of the parts. An example: double-click
on the parts to see the property dialog.

0P4 - Operational amplifier,
Latel o
[ Footprint M ame ;m_ D_‘
s e e R erameters
M RIS

Now click the Footprint line and press the J button. The PCB
information dialog appears and you can select the number of the
part in the package at the Part field of the top-right corner of the
dialog below.

Alternatively you can double-click on each part and check the
Footprint Name of the component property dialog,

C2 - Capacitor ﬁ|
Label C2 A
| Footprint Mame mJ
Parameters [Parameters)
Capacitance [F] 10n

RPat [Okrn] Infinite

Initial DC woltage [V] 0

Tamperature Relative
Temperature [C] 0

Linear temp. coef. [1/C] 0

Quadiatic temp. coef, [1/C] 0

Marirnum voltage V] wﬂ

I axirmum ripple cument [£) hd
v o] X oocal| 2 s |

PCB information
Model name: C1 Parts/package: [1 pat I~
Componen list Footprint ist 30 component view: ||| Node kst

~ Add

C_AAD200_L300 v 22

C_RAD300_W400_L Delete

CT608_0603

C2012_0805 L Change

C2012-0805

£P_CYL100_0300 Move Up

CPICYL3000700 .

CT3216_A Move Down

C135268 v CESEE
Load..

add | Delte || add | Dol |[Fotwess =]

Copy | Rensme || Copy | Renams | of Vel node
I Stonal : uEwsDDsdnnde
stinhihisi Cesipnisnp| X invaidrmde

K Corcel | 9 bep |

198 \
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5.1.2

You can also click the [] button in the Footprint Name line and see
the “PCB information” dialog where you can select from the
available footprint names. You can also see the 3D view of the
different parts via the 3D package view field of the dialog;

If you find the footprint name you want on the list, click on it and
press OK: you will be returned to the component property dialog
with the selected footprint name in the Footprint name line. To
confirm the change, press OK on the component property dialog
again.

If you do not find the footprint name you want, you can add a new
footprint using the Add buttons of the “PCB information” dialog.
Press the Help button for more information.

When everything looks good, you can make a final check by clicking
the ﬁf} 2D/3D view button . The 3D view of those components

for which a physical representation has already been added will

appear

El
4+~ OUT2 J
|
VCC |
|
OP1/Z TLOG4
+ |
| J2 HEADER2

R110k | R210
e

‘ vs2 12 Active lowpass filter
— G“D [Z-layer through-hole board, 1.5%1

‘ = |Use Zlayer_A tpt PCB template
L vs1 .:
1 wee

Invoking TINA PCB

Once each component has a satisfactory physical part association,

we can proceed to PCB layout design. To do this, press the Ii‘

a0d
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button on TINA’s toolbar (the last icon on the right) or select the
“PCB Design” command on the Tools menu. Set the items in the
PCB Design dialog as shown below.

>

Select “Start New Project”, “Autoplacement” and “Use board template”.
With the Browse button find and select the 2layer_A.tpt template
files from TINA’s Template. The settings are appropriate for a
double-sided PCB.

x Cancel |
% Start new project ? Help |

¥ Autoplacement
I Autorouting

% |ze board template
D\ ATina Pro\Templatesh 2laper A tpt

Erowse... |

i Hotemplate

Board width |15 inch ')
Board height |1| inch [

If you use a template, you should set the level of manufacturing
complexity. The following three levels of manufacturing technology
are defined by the IPC-2221 generic standard.

Level A : General Design Complexity
Level B : Moderate Design Complexity
Level C : High Design Complexity
The template file specifies the number of layers and their

properties: system grid size, autorouter settings, spacing and track
width. The following templates are included with PCB Designer:

Level | Routing: | Plane | Fouting | Spacing
Layers Layers
ayrer_A tpt A 1 - 25 12142 | Allows-onetrack-between standard
Alayer A tpt A 2 25 124 | DIFIC pin
Zlayer_B.ipt E 2 8-1/3 213 UseforBMT ot mixed-technoly-board
Zlayer B_mm tpt B p] - 0.1 0.2
Alayer ©_mm tpt C 2 2 01 0.1s For-moderate-and-high density 30T
boards
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You can choose PCB template based on technology, density and
package pitch.
Finally, you can set the size of the PCB board in inches or mm

depending on the measutement unit settings in the View/
Options dialog of TINA.

When everything is set properly, press the OK button and the PCB
layout design will appear with all the components automatically placed
on the PCB board.

Now click and drag the parts to new positions as, shown on the
figure below. (Find “opamp2 placed.tpc” to check your results.)

DesignSoft
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Press F4 to invoke the Net Editor and set nets routing width. First,
click on “Modify all” and enter 12.5 into the “Track width” field.
Then select power nets (Ground, VCC, -VCC) and set their widths to
25mil.

D[] w|wrl] 8| T]ools] mulo ] ¥| 7 |l (W7

To automatically route the netlist, press the F5 button or select
“Autoroute board” command from the Tools menu. The following
screen will appear:
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To see if everything is routed correctly, press F7 or select DRC
(Design Rule Check) from the Tools menu. The following message
will appear:

Information x|

( \il) Mo errors found!

To finish our first simple design, let’s add a text box to the silkscreen/
assembly layer. To do this, click the T button on the toolbar. The
following message will appear:

Text properties x|

|anpass filte]

Fontsettings | Ande [D
Textheight |50 {mil) ide
& Top
Lins width: 3 ]
ine wi {mil] & T

LK | Xcwos | Pheb |

Enter the text into the empty upper field and press the OK button.
The text will be attached to the cursor. Move it to the place shown on
the picture below and press the left mouse button.

0@ 000®06060
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Finally, you can check your design in full 3D. To do this, press F3 or
select 3D View from the View menu. After some calculation the
following window will appear.

A\ DPAMIPZ finished. tpe

(e 1L L

You can rotate the 3D model and zoom in and out with the control
arrows at the bottom. You can display or hide these arrows through
the Options menu with “Use control arrows” checkbox.

You can also rotate this 3D model by clicking with the mouse at any
point, holding down the left button and moving the mouse. You can
also move the camera forward or backward to see the whole design
of just a part of it in more detail. To move the camera, hold down
the right mouse button and move the mouse.

After this you can either print your design or create a Gerber file for
a manufacturer.

To print use Print... from File menu.

To obtain Gerber files to direct a photoplotter, choose Export Gerber

file from File menu. (Gerber option can be changed through Gerber
output setting under Options menu.)

This example concludes the introduction to the use of TINA’s PCB
layout module.

We also suggest that you study the examples in TINA’
EXAMPLES\PCB folder.
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5.2 Creating PCB components

Now, let’s see how to create our own PCB components for use in a
PCB design. We place an LM78L0O5ACM (plastic SO-8 package)
voltage regulator on the schematic to make the circuit +12V
powerable. If we do not want to simulate the circuit, TINA gives
specific tool to create PCB symbol. So, click PCB Component

Wizard... in the Tools menu and enter the name of the component
in the Name field.

PCB Component Wizard x|

Name: [(M7ELORACM] Icor:
Shape: | = I ]

{* Select an ewsting group ...

Swalches

ey =l
... o define a new group

I 0t I X Cancel ? Help ‘

Click the -| button to choose the
component Shape from the library.
Enter a few letters from macro shape
name: <VoltageReg>, then click OK.

If you do not find a n appropriate macro
shape for the new component, use the
Design Suite’s Schematic Symbol Editor.

<VoltageRegh)

Choose the REG icon from the Icon drop
down list.

DesignSoft

a0d



PCB

206 \

PCB Component Wizard T

MName: |LM TELOSACM
Shape: |(Vu|tageﬁeg> _—J

|1 [

& Select an existing group ...

Awnmlmm Cmssbenl

... ot define a new group

Wew group

_WI — ?.__Hdp__‘

L

N & BN

So that we will be able to access a new PCB component in TINA,

we should add it to one of the component groups. This time, you

can define a new group for our component, called PIC flasher, then

press the OK button.

PCB Component Wizard x|

Mame:  |LM78LOSACM
Shape: |<VoltageReg> ﬂ

lcon:

" Select an existing group ...

+ . or define a new group

New group: IF‘IE flashed

v uxlxcm| ?tldpl

Finally, you may save the new PCB component macro into the

Macrolib foldet.
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Save Schematic 2|
Save in: [ =3 Maciolb I e sl e g

] Barrel Jack.tsm A|LM317.T5M 8] TRANSFOR. T3M
[#]oELAY_AN.TSM  #]LM7BLOSACM.tsm 8] UA741.TSM
[#]FuLL_aDD. T5M ] Mounting Hole.tsm [#] ULNZBO3A. TSM
[#]HALF_ADD.T5M  A]PICIEFB4Atsm | ®]VDR.TSM
|#]INDUCTOR.TSM ] Resistor-DIP4.tsm | s8] XC2550-TQ144.tsm
[#]kP-z0125GC.tsm ] SMD Oscillator.tsm | s] XCFO1SVOZO0.tsm
] LaPLACE. TSM 4] SW-DIP4,TSM ] 0. TSM

ARt sve_ |

Saveastype: [Schematics Macro [+ TSM) =] Cancel |
Help |

Replace the short circuit (on the schematic) between Vcec and

+5V with the new component and double-click on the schematic

symbol of the regulator. Enter the PCB information:

1. Click in the Footprint Name edit line on the | button.

2. Click the Add button on the Component list area and type

LM78LO5ACM. Then press OK.

3. Click the Add button on the Footprint list area and choose

SO8 from the SMDIC category.

4. Build the part node list with the help of the component data

sheet (http://www.ti.com/lit/ds/symlink /Im78Lpdf) : click Add, then

select OUT from the Change Node List and press OK. Repeat these

steps until all of the pins are defined and, at least, click OK.

a0d

PCB information i x|
‘ Parte/package: [1 Pat: i "
| -
Foolpint st 9D component view: ||| Nodslt  Swapped nodes

VO | [[XCaeel] P bee

By this point, we have set every parameter and have a “PCB-ready”
component. To verify the part correctness, you can open
Examples\PCB\PIC Flasher rigid\PIC flasher reg. TSC and check it
with ERC.
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e — |
EEEREN 1]

v U3 LM7BLOSACM vee

R1 Resistor-DIP4 =,
+— 2N outH—y i

R2 Resister-DIP4 *3
W g o s s By g T g

i i B ki L L& |

U1 [PIC1BFB4A ECJN _’]__ €31y
2|

J__ U2 ULN2803A

i g gy . g o
SW1 SW-DIP4 . y WY HEALCRRE
; 2 e s
E £ £
- £l
e . i
el 3
— ER
j %1 HCdas_Cr2aas
,_1 VS15 a4 ‘I‘_ PIC micro lamp switcher |
|
¢t 1op L c210p
s o

As the electric type of U3 pin 1 (OUT) is defined to be an output
and is connected to the power pins of Ul and U2, you will
encounter ERC errors when you call PCB Wizard or perform an
ERC. But knowing that U2 is the power source for the ICs, we can
safely disregard this error.

PCB Design Techniques

53.1

Multiple Units in the Same Package and their
Power Supply

In order to simplify and reduce clutter on schematics, it is common
practice to not show the power supply pins of Logic Gates and ICs
on the schematic symbols. Likewise, several (two to eight, typically)
gates or opamps are often manufactured in the same IC package.
Although these simplifications do not have any effect on the result
of circuit analysis, proper information is essential for the PCB
design. In this chapter, we will show how to manage and solve these

problems.

Let’s consider the following logic circuit containing 6 NAND gates
(EXAMPLES\PCB\Digital lock\Digilock. TSC):
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The SN74HCTO00 package contains 4 NAND gates, but our design
requires 6 gates. We will therefore use 2 packages labeled U1 and U2.
In the U1 package we use all 4 of the gates, while in the U2 package
we only will use 2 of them. The gates in the same package are labeled
as U1, U1/2,U1/3, U1/4, respectively. The numbering of the gates
is defined in the PCB information dialog of the parts. For example,
let’s see the assignment of the 3td gate in the U1 package in the PCB
Information dialog. Double-click on the U1/3 gate at the bottom of
the schematic diagram. The property dialog of the component

appears.

U1 - Nand pate [Y]
Label i

Foatprint Mame (50714 (74HCTON (O]
Parameters [Parameters]
[Catalog SHi7HCTO0 ||
DC transfer |Ideal

Input |Ideal

Output |Ideal

Dielay |es

Ground GND Ll
Wee W O
Fault |Settings

J ok x Cancel ] ? Help |

Click on the Footprint Name line and press the =] button. The PCB
Information dialog appears.
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% PCB information far internal TINA companents

=
# Setect Linay € Ciesle Liesry i Palpackage |4 o |
[T =] e et [ ——
; — | s
Component kst Frolpirt st v
et Sa:ne
6wz
¢ En2 |
¥ 7:GHD -
v .07
MR
¥ 100003
v 1104
v 1z
¢ 1310
¥ 1800
o Vaid ke
A Dot | sl | pewe | o Swscoed node
Copy Rerams | Copy | Feomn | X 1rrvsd roce
L e

The Parts/Package assignment on the top-right part of the dialog
shows that the package contains 4 gates and we are using the 3" one.

Partz/package: 4 Part: |3 -

Using the list box on the right, you can select any of the 4 instances
of the NAND Gate. Be careful not to use the same gate more than
once.

We will discuss in this section the assignment of power supply
outputs to component power pins. In the quest for simpler, less
cluttered schematics, the power pins are normally not shown, but can
be seen when the part is opened up. The usual names are VCC for
the power supply positive voltage, and GND for ground, the power
supply negative voltage. And the usual VCC value is +5V. Recently,
though, more and more ICs (like DSP chips, FPGAs, and
processors) require 2 or even 3 different “VCCs.” Study the chip data
sheets or component properties and be sure to label the positive
supply correctly. You may end up with a net for +5V VCC, another
net for +3.3V VCC, and perhaps even a net for +1.8V. You could use
the basic definition of VCC as +5V, a jumper labeled +3.3V, and
another jumper labeled +1.8V. Jumpers in TINA are also useful for
parts where the schematic symbols do not contain the power supply
pins.

Let’s study the Ground and VCC connections in the property dialog
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You will find (in the left side the schematic) the jumpers with the
same GND and VCC names as in the property dialog above,
establishing the connection with the package and the circuit nodes
where the jumpers are connected.

Note that if the Ground and VCC fields of a component are left
empty, TINA will connect them automatically to ground and +5V.

IMPORTANT: the Ground and VCC fields for all parts, even parts
in the same package, must be filled out if their required voltage is
different from the default (+5V).

Our completed PCB layout and its 3D view look like this:

™ -1 B doc agtatear S0, FPC

4 PCH Viewer - D:VTINA B docWigitalzar SMD, TRC
Eie Yew Options...

EERAGES
o] T4HCTO0
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5.3.2

Differential pair routing

Differential pair routing in most cases is a layout design method to
create a balanced transmission line to carry differential signals.

You can learn about differential pair routing in TINA through the
example below. The example contains only the critical signals of a
high-speed USB 2.0 connection.

Open and study the following circuit (high-speed USB signal
connection. TSC) included in the Examples\PCB foldetr of TINA.

Sqarset L _I-‘
VIS [~ eachs
ES 1 Y P CYTCBE013A.58 b
— I s parfe
v i M

! 1 P

'_
3333333834232 ¢

The circuit connects a Cypress CY7C68013A USB device controller

to a USB connector.

The controlled differential impedance of the data line traces (D+,
D-) is important in USB 2.0 PCB design. The differential impedance
should be matched to the USB cable’s differential impedance, which
is 90Q for the signal pait as per the standard.

The differential pair is defined on the schematic by naming the wire
ID with the _N and _P postfixes of each wire of the pair.
Double-click the wire between the D- of J1 and DMINUS of Ul.
The following dialog will appear.
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julib 1| - ook
v Show ID * Output Cancel
Display signal Digital output ? tep
Busentry: |Right | Wire is faulty

Do the same with the D+ wire connection to check the name of the
wire. Note: The Show ID option must be switched on for the
program to display the ID value.

It is important to know that the TINA PCB will be informed from
the net names that the nets are members of a defined pair.

But before you enter the PCB design phase, you must calculate the
geometric parameters of the edge-coupled microstrip, the physical

representation of the differential pair on the layout side.

I
I

For the exact values of S and W, let’s assume we are to route a
four-layer printed circuit board with the following structure, which

determines the value of H and T.

Layer Thickness, jn Material
SMT 20 Solder Mask
TOP 18 Copper Plating
TOP 18 Copper Foil
380 Prepreg
GND 35 Copper
760 Core
POWER 35 Copper
380 Prepreg.
BOT 18 Copper Foil
BOT 18 Copper Plating
SMB 20 Solder Mask

a0d
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Now, with the help of the TINA Interpreter and some of the above
constant values, you can estimate the differential impedance.
Double-click the rectangle under the MCU symbol in the schematic,

and the Interpreter window will come up.

b el F -

Example track vidEhs o

{Edged-coupled micros

Fanotion msmtomil(x);
begin
Emtomiliex /75 . 4%1e3;
end;

eri=d . §
Hrepmtomil (0.38
Wiemmtomil (0.38
Ti=mmtomil (0.

F:=mmtomil (0

§=[5.9088]

Elt= W/H (0.1 < £f1 < 2.0
fi=(1]

£21= 8/B 0.7 «= 322 <= 3.0}
£7=[384,7368m]

faize=rs0.5245]

R of

Line:31 Col:i Suocessfully cospiled Edicing cosmands

The script includes formulas calculating differential impedance for
selected W, S differential pair parameters. If you change any of the
input parameters, press the Rz button to recalculate the Zdiff value,
which must remain within 10% of 90Q.

Note: With 35um thickness (1oz) on top, if you choose track spacing
of 0.15mm (6mil) and edge width of 0.38mm (15mil), then
calculation results in 90.52Q differential impedance, which is
acceptable.

Now, as you have double-checked the schematic design, press the
PCB Designer button, accept the settings in the PCB Design dialog
box, and press OK.

The following unrouted PCB design will appear.
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Check the netlist editor settings (Tvo/s/ Footprint Editor) and set 15mil

routing width value for D_N and D_P differential pair nets.

(Note: The design inherits the mil unit from the schematic editor.

See View/ Editor Options.)

'_gx
Name Routing width | Via type
GND £.0000 VA
VBUS 6.0000 VIA
DN 15,0000 VIA
DpP 15.0000 VIA
NO0D02 £.0000 VA

Plane layer Routing layers RE

Ground A

222 2
]JIAAAA

el

Group
<DEFAULT>
<DEFAULT>
<DEFAULT>
<DEFAULT>

<DEFAULT>

-

Now, select Draw tracks mode and right-click on the DPLUS pin of

the MCU. The following pop-up menu will appear.

Draw Differential Pair .
Change layer [\\S

Help

Select Draw Differential Pair and right-click again to choose Set Track

Diistance.
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Cancel
Einish

® Track mode 1
Track mode 2
Track mode 3
Track mode 4

Auto track mode

Add via

Change layer

Set track width iy
Set Track Spacing [:.S o

Help

Set the spacing value to 6mil, and right-click again to choose Track
mode 3.
Now;, you can draw the differential pair tracks to the USB connector

while the PCB Designer maintains the spacing and track properties.

After this, you will get the following, or a similar layout to the one in
the high-speed USB signal connection routed. TSC included in the
Examples\PCB folder of TINA.
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5.3.3

Creating Buses in the Schematic Editor and
the PCB Designer of TINA

TINA PCB provides a tool to help the routing of buses—that is,
data signals or other collections of signal tracks grouped together
with the same distance and width.

Bus connections in the schematic editor of TINA are automatically
translated into bus connection—type tracks in the PBC designer, so
when you start drawing buses in the PCB design, all the tracks are
drawn together. Bus routing should be done by manual design.

We will demonstrate creating buses through the example below.

Let’s study the following circuit (Ethernet cable tester transmitter. TSC)
included in the Examples\PCB\Bus routing folder of TINA.
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SERNSDORIET

The circuit already includes two buses named Q and Y, drawn with a
thick line.

Delete the Q bus running at the bottom of the schematic by
selecting it with a click and pressing Del,and also delete the
connecting wires.

Now, re-create this bus and its connections as follows.

Start drawing the Bus by selecting the Bus command from the Insert
menu or with the Ctrl B hotkey. Draw the Bus the same way as
drawing wires, by clicking the first point, moving the mouse, and
then clicking at the endpoint.

Double-click the bus, and in the property dialog box, set its
properties as Q[1-4]. This means that the name of the Bus is Q, and
it contains 4 data lines. Press OK.
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o QU4 - e
+ Show ID * Output | cancel
Display signal Digital output | ? neb |
Bus entry: wire is faulty

Now, connect the Bus with the circuit usingwires starting from the
nodes of the Resistor network and ending at the Bus. Double-click
the connecting wires and set their ID from the drop-down list, and

press OK.

et

LED7 KP-20125HC-

R2 Resstor-DiP4 LED3 KP-2012SHC-

1 S

= 2 ’\
3 LEDZ KP-2012SHC-

o : o

] J
‘ LED1 KP-20125HC-

The ID of the wire will appear on the wire.

R2 Resistor-DiP4
1
- 2
£ 3
-5} 4

Do the same process for all 4 wires, both on the Resistor network

and the PIC side.

a0d
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Now you have re-created the bus.Build the PCB layout.

Press the PCB button, accept the settings in the PCB Design dialog
box, and press OK.

The following unrouted PCB design will appear.

Right-click the RB7 pin of the MCU. The following pop-up menu
will appear.

Select Draw Bus Track.Now you can draw the Y Bus tracks and

connect with the Resistor network.

DesignSoft



Note that in most cases, you still need to edit the tracks after the
connections. In some cases, you may need to finish the Bus drawing

before the connections and then make the connections manually.
In a similar way, you can also route the QQ Bus.

After this, you will get the following, or a similar, layout.
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Note, that, while drawing the Bus, you can set the distance between
the Bus tracks by right clicking and selecting Set Track Distance onthe
popup menu displayed. On the menu Default means that the
distance is automatically defined by the pins where the Bus started,
DRC( ) means the minimum distance allowed by the DRC, and
Custom means that you can enter the distance manually.

Cancel

Finish

Track mode 1
Track mode 2
Track mode 3
Track mode 4
Ayto track mode
Add via

Change layer

Set track width

Set Track Distance » v Default
DRC (8.00)

Help
Custom

Finally, by pressing F5, you can do the rest of the routing with the

Autorouting tool and some manual editing;
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Y|
You can also see the PCB in 3D by pressing the " (3D View) 8
button.
&5 30 Viewer - C:\Users\mkol ... ds\Ethernet cable tester transmitter.tpc - m] X

File View Enclosure Options...
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Repeating Circuit Blocks (Using the Copy
Macro Function)

Sometimes you may need to reuse certain modules several times in
the same circuit. Examples include multi-channel amplifiers, signal
conditioners, redundant power supplies, memory modules, filter
structures, etc.

You can use the Copy Macro function in the TINA PCB Designer to
quickly route and place such modules on the PCB board.

To practice producing such a layout design, create a stereco
microphone amplifier wusing the circuit in the
\Exanples\ PCB\ PreAmp\microphone pre-amp. TSC file as a template.

8 ¥ l ; ‘
T

This circuit is a mono-microphone preamplifier with simplified

R3 5.6k

-

‘||— WA

external connections.

Turn this circuit into a schematic macro subcircuit in order to add
one more channel to the amplifier.

Remove the connectors, as these will be placed later, outside the macro.
Add macro pins.
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Start the New Macro Wizard from the Tools menu. Create a macro
from the schematic and save it as Preamp. TSM.

Now, using the Macro... command on the Insert menu in TINA, add
the macro into a new schematic. Select the macro and perform a
copy-paste operation. After that, add power supplies and connectors
for both channels. If you double-click the macros and press the Enter
Macro button, you will see identical component labels in both
macros, which is not acceptable in the layout design. Choose
Renumber components from the Tools menu to fix that. This will
automatically renumber all the parts in the schematic, as if you had a
flat schematic design.

The ready-to-use schematic design (S7ereo microphone preamplifier.” TS C)
can be opened from the \Examples\PCB\Copy Macto foldet.

\
vee i

U1 PreAmp
+
VS15 o
vecout
GND PreAmp Ou
GND
U2 PreAmp
12 AUDIO_JACK_STEREQ
J1 AUDIO_JACK_STEREO vee 3
[VCCOut
—— | “ PreAmp  ouf——F—
G @ 1 I
= D
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Now build the PCB layout. Press the PCB button and click Szart new
projectin the PCB Design dialog box. Apply the settings shown below,
and then press OK.

=23
Modify existing D'D].ect o K
oo X cancel
* Start pew project ? Help
+' Autoplacement
Autorouting
Use board template
Browse,
Board width 1.25 inch [
Board height L5 inch (%)

Now place and route the parts of the upper preamplifier channel to
use it as a reference for the other one. The result should be similar to
the PCB design in the Stereo micrgphone preamp UT placed. TPC file, where
the components on the upper half of the board are in their final

positions. The routed version, shown below, can be found in the same
tolder as Stereo microphone preamp UT routed. TPC.
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Start copying the U1 macro layout by right-clicking the R1 resistor.
(The editor must be in Select mode.) Choose Selct Macro from the
menu.

Change layer
Component preperies
Botate left

Rotate right

Select Mﬁr_u

Help

All the parts of the Ul macro and their connections will now be
selected.

Right-click the corresponding R7 resistor in the U2 macro and choose
Copy Macro.

DesignSoft
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The program will automatically place and route the parts belonging
to the U2 macro. The initial alignment is based on the position you
selected for the resistor R1 in the copy-paste operation, but you can
move this component group to a different place on the board if
needed.

Press F5. You can now do the rest of the routing with the Autorouting
tool and/or some manual editing. The result should be like that shown
in the Stereo microphone preamp routed. TPC file.

Finally press the ™ button or select 3D [7ew from the Tools menu

to display the result in 3D.
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5.4 Creating a Two-Layer, Double-Sided,
Surface -Mount Technology Board

To get into TINA in more detail, open the second example, the file
PIC flasher origin. TS C project from TINAs Exansples\ PCB\PIC Flasher
rigid folder. Press the 2D /3D View button in the toolbar and look at
the schematic of the flasher.

a0d
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PIC micro flasher L g o J
[Two-layer SMT board, 30x20mm -
Use 2ayer_B_mm.ipt PCB template | D1 KP-2012SGC
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———r PR D2 KP-2012SGC
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The schematic is PCB-teady—as you can vetify by pressing the 2D/
3D button, every part has a surface mount device (SMD) physical
representation. Now, before we start the PCB wizatd, click Tools/
Footprint Name Editor... to check the footprints list.

otprint Name Editor k.
Label Footprint Name |
i C2012_0805
c2 C2012_0805
D1 D2012_0805
D2 D2012_0805
[iE] D2012_0805
D4 D2012_0805
05 D2012_0805
D6 D2012_0805
7 D2012_0805
D8 D2012_0805
A1 SONB/A. 241608
A2 SONB/3 241608
Swil DIPB/SMD
u so18w
V81 JP100 Tocme
®1 HCA9/5MD

Since all the components appear to have a valid footprint name, we
can statt using the Tools/PCB Wizard. Set the “Start new project,”
check “Autoplacement” and “Use board template.” Browse for the
template file “2layer_B_mm.tpt.”

Review actual physical parts, if possible. Be sure to allow for
the area of all the components, mounting holes, and keep-away
zones and make your best estimate of the values for Board width
and Board height. Moreover, it is important to provide enough
space between the components to allow for the placement of vias
and tracks during routing. Enter 40mm length and 30mm width.
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PCB Design 1 x|
" Modify existing project
Iﬁ X Cancel

¢ Start new project ? Help
[V Autoplacement
[~ Autopouting

@+ Use board template
DA \Templates\2layer_B_mm.tpt

Browse...

" No template

Board width |40 rillirneter (mm)
Board height |30 millimeter [mm)

Press the OK button, ignore the Electric Rule Check warning, and
save the board as PIC flasher.tpc.

|I' N iI”I‘I'II'I'I'II

Cojmm

The components are placed in the close proximity to minimize the
connection lengths, in a topology similar to that of the schematic,
while still respecting the design rule settings. However convenient
the result may be for autorouting, the designer usually has to make
adjustments to the component layout to satisfy electrical,
mechanical and other characteristics. Some of the considerations
are -

DesignSoft
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. the ohmic effect of along and/or thin power trace the length
of a track from the signal source to the load in high-speed digital
systems introduces reflections

. in analog situations, poor placement can lead to increased
noise coupling

. allowance for automated parts placement clearance

. future serviceability of the PCB

. aesthetic values

These considerations influence the components’ position and could
be critical-not only in complex designs—but even in the simplest
ones. For these reasons, one must still adjust parts placement
manually.

Our circuit, although it is small and not very dense, has a few
special requirements, namely to put the crystal closer to the
microcontroller, t o position the power supply connector, and to
adjust the LEDs along the board.

If you want to change the boatrd size, click the “Draw/modify

shapes” button o Let’s try making the board smaller. You can

double click on the middle of the board and enter the following
values into the fields:

Shape properties ] x|

Shape type: | Board outline -
¥ Rectangular
Rectangle width: |30 [mm)
Rectangle height: |20 [mm]
~Copper shape settings —
i i -
Pl e 1,254

{ 70'{‘1 X Cancel | ? Help |

When you press OK, the board outline will shrink.

Now, before we begin routing, let’s set the position of the
components; place the power connector and the DIP switch on the
left hand side and the LED bar on the right hand side. Place the
capacitors and resistor networks on the bottom side by double
clicking on the components and choosing Bottom Placement side on
the dialog.
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Component properties ! x|

MName; IFH

Value: [RESISTOR-DIP4

Footprint: SON8/3.2¢1.6_08 Change
[~ Placement side

 Top [~ Lock component

+ Bottom

X Cancel | ? Help |

Compare your result to the file \Examples\PCB\PIC Flasher
tigid\PIC flasher placed.tpc.

In order to decrease route length, swap R1 pins connected to SW1.
Pin swapping is allowable if identically functioning pins are to be
exchanged, such as pins of resistors, capacitors, etc. Click on the
Pinswap button -"0| on the toolbar to pick up the tool, click on pad

1 of R1 (the upper right), and—finally—pad 4 of R1. The following
window should come up:
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x|

\?) Swap pins 1 and 4 of component 'R1'7

o

Press the Yes button, then do the same with R1 pad 2,3 and R2 pad
3.4

Note that a pin swap changes the original connections, so we must
update the original schematic later to maintain the correspondence
between the schematic and the board taking into account the changes
we made to the board while using PCB Designer. This process,
called backannotation, has to be completed whenever a pin/gate
swap and/or component renaming have been performed.

Signal planes (in our present example, the top and bottom layers)
generally are given preferred trace directions up and down in one
layer and left and right in the other layer. To s et these trace dir
ections, click o n Options/Autorouter settings. The Autorouter
settings a r ¢ set to our preferred direction by choosing an integer
number from 1 to 9. A value of 1 forces the router to heavily
emphasize horizontal lines, while a value of 9 forces it to use
vertical lines. 5 tells the router not to care about horizontal or
vertical preference. Choosing the extreme values (1 and 9 for a pair)
is usually too strict, so we choose to enter 3 for the top layer and 7
for the bottom.

Autorouter settings i |
[ fome ey ]

P

I ot

~Routing options
¥ Enable rip-up and 1etoute

[V Force rauter to use short side SMD pad entiy
Minimurn pad numbet for using shoit side entry: |3 :]

(/0K | Xconcel| 2 Hep |

Also on this panel, check “Force router to use short side SMD pad
entry” with pad number 9 constraining the router to connect SMD
pads on their short side if the component has at least 9 pins. This
option can be very used to preserve the gaps between SMD pads
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for track routing. Because of these choices, R1, R2 and SW1 are
allowed to route freely, as half of the pins are connected together,
while U1 pads connect on the short side.

After these moves, press Ctrl+F5 to route the PCB automatically.
You can follow the autorouter a s it ma ke s the electrical
connections among the components of the entire boards. First the
power and ground nets are connected, then signals are routed.
If necessary, the program will rip-up tracks and reroute the
unconnected nets. The following result will appear:

| Tina Pro| EXANELES\PCRUPIC FLASHER. 1

You can seee that there is a net left unconnected. (Note: this short-
coming will be removed in later (relative to February 2006) versions
of PCB Designer. If you are using a later version, there may very
well not be any unconnected traces). Fortunately, the DLC utility
will examinine your design and reveal any unconnected traces. Run
DRC by pressing F7:

the DRC Results window will appear, highlighting the corresponding
nets.
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FEDRC Results [ _ ol x|

ted netNOOM3 e

1 ertoi(s] found. Hide | Close | ? Help |

You should browse and correct any errors DRC reports. If you double
click on the text ‘Unrouted net NO00013, the program magnifies
and highlights the selected net while centering the position of the

selected objects.

start| | 1S DO 1] scies WG @ 57

In order to fully route the board, we ¢ a n use the manual route
modes to make space for the unconnected tracks or delete crossing
tracks and reroute them in a different order. Working in manual route,
you can direct routing wherever necessary. You can move existing
segments of tracks, remove segments, or create new segments.
Proceeding step by step, we will use autorouting to route the last
trace.

First, press the i!, the select button on the toolbar, then hold

down th e Shift key and click the track that connects Ul pad 9 to
D5 (see picture below), then press t h e Delete key to remove the
track. This makes room for the unconneted net.
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Now press F4 to invoke the net editor. Disable N00012, the
previously removed connection. This will prevent the autorouter

from reconnecting the net. Leave N00013 routing enabled.

x|

Name Routing width [mm] Via type IPIang layer IRE IBmup I;l

NOOODE 0.2000 Wikl [ <DEFAULT>

NO0003 0.2000 Vial [+ <DEFAULT>

NOO00 0.2000 Via1 [+ <DEFAULT>

NOO011 0.2000 Vial [ <DEFAULT>
<DEFAULT>

NO003 0.2000 Via1 ¥ <DEFAULT>

MO0 4 0.2000 WAl [ <DEFAULT>

NOOOTS 0.2000 Va1 [ <DEFAULT> ml

NOO06 0.2000 Via1 [+ <DEFAULT>

NOOO17 0.2000 Wial ¥ <DEFAULT> =l

Modiy &l | oty Grous (72 | Lok | Xcwed | P heb |

Click OK and press F5and the autorouter wil connect all the
enabled nets. Next, enable N00012 by pressing I'4, checking RE,
clicking OK and pressing I'5 to autoroute the last net.

Let’s see if our manual intervention has worked. Press F7 to
perform DRC to verify that there ate no errors.

DesignSoft

a0d



PCB

Now, let’s synchronize the PCB and schematic files. First,
choose Export Tina backannotation file from the File menu to save
the changes into PIC flasher origin.ban. Start TINA Pro and click o
n Backannotate... under the Tools menu and select the same file
you have just saved. Click OKand TINA will read and update
the original schematic.

Take a close look at the resistor networks—the pin order reflects
the result of the pinswap.

R1 Resistor-DIP4 R2 Resistor-DIP4

-. . IR

i T | T

Eg . |

S e——
_DIP4

i *

*
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5.5

You can get to the PCB Information dialog by doubiing dicking
on Rland pressing “...” in the Footprint Name field. In the
right hand window, TINA presents the swapped nocles in larger,
bold type. Save this file as PIC flasher. TSC.

PCB information = x|
Modelname: A1 Paits/package: |1 Pat |1 'I
Component st Footpernt kst: 3D companent view: Node kst Swappad node:

Creating a Flexible PCB Layout
(Flex PCB)

Flex PCBs are PCBs whose lectronic devices are mounted on
flexible plastic substrates. They are widely used in modern
electronics where space is a critical factor e.g., cameras, mobile phones,
etc. TINA supports Flex PCB design, which we will introduce by way
of an example. Our example will consist of a conventional rigid PCB
with two flexible extensions.

Let’s start by loading the example file ,,PIC Flasher DIP4SW flex
top.tpc” from the EXAMPLES\PCB\PIC Flasher flex folder.

Our design requires two flexible extensions or “paddles.” One paddle
mounts the DIP switch and the second paddle accepts eight LEDs.
(For reference, check our final result ,,PIC Flasher DIP4SW flex
top.tpc” from the EXAMPLES\PCB\PIC Flasher flex folder.)
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In our current example file, the LEDs and the switch are already
routed. To do this tutorial, we’ll remove their routing. You can do
this manually by shift-clicking the appropriate tracks and pressing
the DEL button. Alternatively, you can erase all tracks (Edit/Delete
all tracks), then move the switch and the LEDs outside the board (so
they will not be routed again) and run Tools/Autoroute board to
re-route the other components.

o/ 7~ —

oooon

Now we are ready to set up the flexible board area. First, we have to
decide whether to put the flexible part on the top or the bottom of
the rigid PCB. In our case, all the SMD components are placed on
the Top side, so let us also put the flexible parts of our design on the
Top.
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Note that we could just as well have placed the flex PCB on the
Bottom layer of the rigid board. In this case, the rigid shape should
be assigned to the Top layer and the flex shape to the Bottom. SMD
components that go to the flex paddles should be left on the Bottom
side. Routing on the flex areas is also done only on the Bottom side.
Otherwise the two cases are similar. (For reference, check the final
result ,,PIC Flasher DIPSW4 flex bottom finished.tpc™.)

Before creating the flexible board shape, click on the Draw/Modify
shapes button to enter Shape mode and double-click on the rigid
board to edit its properties. At the bottom there is a list of layers,
each of which can be assigned to the board. Make sure the Bottom
layer is assigned to the rigid board but the Top is NOT (the rectangle
next to it is empty), because we want to assign that layer to the
flexible board shape. As for the other bottom layers (e.g., Solder Mask
Bottom), they can be left on.

Shape properties @
Shape type: Board aulline -
W Fectangular
Rectangle width 60,96 e
Rectangle height 775 o
Capper shape settings
Layer setup
O Top A
Bottom
[ Ground
[ Power
[ Irnert B
V' 0K X Carcel | 7 Help J

There is a more convenient way to draw the flexible board. Go to
Options/System settings and set the system grid to 1 mm. (note: the
rigid board was also drawn on a mm grid.)

Even though we want two paddles, we should create a shape as one
piece, and that shape should ovetlap the rigid board because the
layers will all be glued together in the manufacturing process. In our
current example, the flexible shape should contain the whole rigid
shape so we can use it for top side routing on the rigid part too.

DesignSoft

a0d



PCB

To get started drawing a new board shape, select Insert/Board
outline from the menu. Insert the first vertex by a single click. Make
sure that you are not in the Rectangular shape drawing mode — right-
click to see the pop-up menu and de-select the Rectangular mode.
Then insert the other vertices of the shape.

We recommend that you give the flexible PCB bent edges. To create
a 90 degree bend later, draw 45 degree cut-offs while drawing the
shape.

Try to draw the paddles as in the image below. (This phase of the
design is in the file “PIC Flasher DIP4SW flex top. TPC”.)

. g i g1 L LA VTP s STl 1. TP

After inserting all the vertices, select Finish from the right-click pop-
up menu. If you spot an error, press ESC and start again.
However, you can also edit shapes later (see program Help).

After defining the flexible layer’s shape, right-click on the 45 degree
edges and select Bend shape edge. Bend it by moving the mouse,
then left-click to finish. You could also directly enter numerical data
to specify the bend. Double-click the edge and enter the bend angle
in degrees.

After placing the shape, double-click on it and edit its properties —
switch the Top layer ON and the Bottom layer OFF.

Now that the flexible PCB shape with two paddles is completed, we
can place the components on it. In the original example, all SMD
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parts were placed on Top, and we should follow suit. Switch back to
the first editor mode (Select/Move components/tracks), then
double-click on the nine individual components to edit their proper-
ties. Move them to their final place.

Now you are ready for the final step, routing. But first, set a finer
system grid (0.1 mm) in Options/System settings. Routing is done as
in any other PCB design project. You can route manually (right-click
on a pad, select Start/Continue track, then draw it section by section)
or use the autorouter (Tools/Continue Autorouting, or press F5
button). The Auto track mode (right click while manually drawing a
track) can also be useful. Auto track mode allows you to draw the
tracks one by one in the desired order and still take advantage of the
autorouter. When routing manually, make sure that you only draw
tracks on the appropriate side of the flex region (in our case, the
Top). Don’t route traces on the flex PCB’s Bottom side. Only the
rigid portion of the PCB can accept routing on the Bottom side.

PCB designers know that traces with right angle (90 degrees) bends
can be subject to over-etching with degraded performance. Itis good
PCB design practice to break right angles into 45 degree angle seg-
ments. This applies to traces on flex PCBs as well.

You can bend a track section by right-clicking on it and selecting
Bend track. Alternatively, you can select multiple tracks (preferably
only those sections that are placed on the flex parts) and use Tools/
Bend track edges on them. This tool takes a given length of the
selected tracks starting from the track vertices and replaces them
with bent sections. The maximum bend length should be entered
after selecting the tool. Its optimal value can be determined by
experimenting. If you do not like the results, use Undo (Ctrl+Z) and
try again with a different parameter or a different selection of track
sections.

Your final result should look like this:
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TINA can now present a 3D view of the circuit board. Press the
rightmost button (3D View) in the TINA PCB Designer program
see the PCB as presented in the next figure.

¥ PCB Viewer - EXAMPLES\PCB\PIC Flasher DIPASW flex

File tiw

Options

|Camera position:-0, 83, 25, 05, 19,47 Origo position:-0,83,-5,0 Ground: (21,246,8,573,0,020)

Adding 3D Enclosure to your PCB design

The Enclosure main menu in 3D Viewer contains several options for
including enclosure models to the circuit board. As the first step under
the Enclosure menu select the “Open 3D model” command to
import the whole enclosure, or a part of it. In the next step you can
check the dimensions of the model, set its orientation and position.
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You can also drag the model to the right place with the mouse. The
View menu offers several standard views (Top, Front, Left) for easier
over view. Enclosure models can be shown semi-transparent
(Enclosute/Transparent menu) to suppott precise placement.

You can open several models, like in the example below. You can find
these examples in the PCB folder of TINA as USB dongle.tsc. Open
the bottom part of the USB dongle casing, then the upper:

g 3D Viewer - (Tina10-Indus . \settings\User Examples\USB dongle_tpc e a X

file View Enclosure Options.

82 30 Viewer - [Tina10-Indus _ \settings\User Examples\USB dongle_tpc - O x
file Yiew Epclosure Options.

After creating a complete enclosure assembly, you can save it as an
Enclosure configuration file (saved with .tenc extension). After
exiting and launching ag ain the 3D Viewer the last saved
configuration is automatically loaded back.

a0d

/245

DesignSoft



PCB

5.5.2

3D Export of your PCB Design

In TINA Design Suite v11 and later version in the PCB 3D Viewer
of TINA you can export the 3D PCB model of your design, along
with the enclosure if included, in STEP, STL, Google Sketchup (SKP)
and X3D format in addition to the previously supported VRML
format.

STEP is a widely used industrial format. Please note that it can only
handle colots, no surface textures, so the board labels will not be
displayed.

Sketchup is a popular format with a huge number of models,
available online.

STL is mainly used for 3D printing, it is a plain color format. After
exporting from 3D Viewer, your 3D printing application will
probably correct some geometrical details to comply with 3D
printing rules, after this you can have the board printed in 3D.

X3D is the improved version of VRML, an open source format which
is supported by many applications.
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3D Viewer - Examples\PCB\Digital lockiDigioce TRC

File Yww Enciosure Qptions
Show DDE Window Cri+Alt+D

Save Ctil+S

Memary dump..

Scenegraph dump..

Export... >
Print. Ctri+P
Print setup..

Export texts F2
lenport tewts_. F3

Exit

Expont picture_. Crrl+E
Export SketchUp model.  ShifteCirteK
Export STEP model. Shift+Ctris5
Export STL modiel. ShifteCtriel

Export viml model_ ShiftCtri+E
Export X30 model_. Shift+Ciri=X

5.6 Creating 4 Layer PCB Layout

This chapter provides an introduction t o 4 layer PCB design. We
will follow the entire process and design a medium size circuit PCB.
This will demonstrate the major concepts and introduce the settings,
techniques, and tools required. We will emphasize the concepts where
they differ from the previous single and double layer designs. Many
phases of the example can be found in the \Examples\PCB

directory, such as:

The block diagram of the circuit we will design is shown in the

Schematicfiles
Aorgin.tsc loriginal schematicfile
GA.ts fchematicfile(backannotated afterrenumbering)
PCEfiles

IFPGAplaced.tpc designparametersset,componentsplaced
[FPGAplacedsplit.tpe asabove withpowerplanesplitting
'I?PG:\SPﬂmnPO\\'euouled.lpc netpropertiessetand SpartanFPGAchippowerrouted
IFPGASpartanpowerrouteds plit. tpe asabove withpowerplanesplitting
[FPGAallpowerrouted.tpe owerrouted
ﬁGAsllpoweﬂoutedspLit.tpc asabove withpowerplanesplitting
[FPG Arouted.tpc all connectionsrouted
[FPGAfinished.tpc

figure below. The main component is a field programmable gate
array (FPGA) from Xilinx, Inc. In this circuit, we will use the
FPGA with a few pushbutton switches as inputs and LEDs as

outputs.
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Many of the FPGA 1O pins can be used freely for general purposes
and are brought out on the connector J1.

The board contains a power connector for an external 5-
volt supply, a programming interface for the FPGA, and some
miscellaneous resistors and capacitots.

_..| DONE LED

< HIMHz oscillator
313V reonla
Xilinx

XC2850 RE—
XCFO1S 1Mbit «—> Spartan-2 ide switches
Configuration PROM FPGA

| JTAG Header }_>
ELEDs

| Mode select jumpers }_>
Exapansion headers

il

For the complete circuit diagram, open FPGA origin.TSC (the
backannoteted version saved as FPGA.tsc.) All the footprints
are named, the schematic is ready-to-use for layout design. Just
click on the PCB Wizard... set “Start new project”, check
“Autoplacement”, and use board template 4layer_C_mm.tpt (work
in metric units because the components’ physical dimensions are
defined in the metric system). For the best routing performance,
taking the smallest pitch size (0.5mm) as reference, we set the
Grid size parameter to 0.1mm which will control the visible grid, the
parts placement, and routing grids.

Enter the width (110mm) and height (60mm), then click OK.
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PCB Design B x|
" Modify existing project

PGA power routed t x Cancel |
(% Start new project ? Help |

[V Autoplacement
[~ Autorouting

(* Use board template
Dt AT emplates\dlayer_C_mrn.tpt

Browse... I
" Notemplate
Boadwidh [110  millmeter (mm)
Board height [Eﬁ— millimeter (mm]

After exporting the netlist from TINA, you should check a few
parameters in th e PCB editor. First, select Option/System setting.
Make sure that PACKAGE.FPL is checked.

System settings x|

Uit [om = Gidsae: [01 o)
Backgoundcoke [l Bleck =

W Autosave svery |5 "‘;] s

Imgort Lirasies

. package fol

D] e | i |

5.6.1 Placing parts

To make the screen less cluttered, let us turn off a few layers at
this point. Select Option/Layer Settings, press Uncheck All, and
check Assembly Drawing Top and Bottom layers.
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You are now ready to place parts on your design. To get into parts
placement mode, make sure that the Select/Move components/ tracks
tool is selected. A good starting task is to place the non-electrical
components on our board, the mounting holes in each corner.

Every non-electrical component (mounting hole, rubber foot,
enclosure...) symbol has to be placed on the TINA schematic
before making a netlist. In the case when no footprint should be
placed on the board (e.g rubber foot) then the componet has
NOPCB footprint name in TINA schematic.

Now, place the mounting holes at the corner.

Since we don’t want to accidentally move the part, right click,
select Component Properties and check the box labeled Lock

component.
Component properties g x|
Name: [MTHI
Value IMwnt'ng_Hole
Foolpsint: iMNTHOLE Change I
Flacement side
i+ Top ¥ Lock compaonent

" Battom

Xcocel | 2 uew |

Now you can place the rest of your components. You will probably
want to print out your schematics so that you can see where the
components are supposed to go in relation to each other. When
you pick up a component, the airwire for thatcomponentwill
appear to show you the connections to other parts.

When placing components, you may want to work on a coarser grid.
Right now, the grid is set at 0.1 mm. You can change this by
selecting Options/System Settings and then changing the Grid set-
ting,

Start placing the components on your board. Begin by placing the
power connector and voltage regulators on the right side of the
board. Allow enough room for the power dissipating copper area.
Place the FPGA in the left center with the 40 pin connector above,
and LED and switches on the bottom. Try to keep components
that belong together near each other.
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Put the buffer and filter capacitors of the FPGA and flash memory
on the bottom side of the board as close as possible to power pins
of the chip, the smaller ones right under the leads, the bigger ones
around the middle of the package.

"""I"""

il

QLT T

I )

To place a part on the opposite layer, right click on it, choose
Component properties and select bottom placement side.

Component properties } X
Name: c3
Value foon

Foolprnt C1608_0803 Change I
Placement tide”
€ Top ™ Lock component
(¥ Bottom
ok | [Xemat] 7w |

When you are done, your board should look something like this.
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The silkscreen is a bit messy, but we will deal with that later. In fact,
during routing the silkscreen can get in the way, so you may turn off
the silkscreen and assembly layers now, just as you did earlier to
suppress the two inner layers.

Now, you may save your design as FPGA placed.tpc.

Draw copper areas for voltage regulators

(Go on with your own created file or open FPGA placed.tpc in the
\EXAMPLES\PCB directory.)

Copper areas can be used for noise suppression, shielding, to
draw heat away from components that tend to get hot, to isolate
signals, or to provide small voltage planes. Now, to enhance the
maximum power dissipation of the voltage regulator circuits
(U4,5), we draw a 15 by 15mm area of copper on the top
layer to widen the regulator heatsink surface.

Choose “Add Cooper pour” g icon from the toolbar then click on

the upper left corner, drag the mouse towards the lower right hand
corner, and finally click the left button.
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D

When you double click on the area, you can enter the parameters
exactly. Do not forget to check the shape type and select Assigned
net 2.5V. Normally, copper pour creates voids where there are tracks
or pads except for the Assigned net. (See Options/Design
Parameters). The other shape type is the copper fill area which is

solid.

Shape properties
Shape type: | Copper pour -

[ Rectangular

Rectangle width: E15 [mm]
Rectangle height: f15 [mm]

Copper shape zeltings

Assigned net: 25/ -

=
3

W OK | xtancell

]

? keb |

Now click on the copper pour, hold down the left mouse
button and position the rectangle, expanding leftward to overlap

the heatsink.
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5.6.3

Finally, repeat these operations for the other voltage regulator and
save your design. Note, you can find this state of the design if
you open \Examples\PCB\FPGA placed. TSC.

Assigning and routing Ground and Power

In any design, it is usually wise to route all power and ground
connections before doing anything else. On a thru-hole technology
board, this is very easy because connections can

be made to the solid plane as the pins pass through the board. On
a SMT board, the power and ground pads need to be routed by vias
to the appropriate plane using “thermal reliefs”. Usually, the
designer enables routing for the power and ground nets, while
disabling routing of all the other signals. After routing power and
ground nets, the designer will disable them and enable all the
other signals to route the remaining signals.

Before routing, we need to set up our design so that the PCB editor
knows that the two planes are associated with particular nets. (Inte-
rior plane layers are typically used for power and ground.) The most
convenient way to establish the mapping of planes to netlists is
to assign alabel toa wire of the net (as we did) while in the
TINA schematic editor. We have already placed such labels in
FPGATSC at the output of the power regulators. (See FPGA
origin. TSC at X:485, Y:880; X:440, Y:930) The GND label will
inform TINA PCB that the solid plane on layer 2 (Ground) is
asssigned to the net, while the PWR label designates layer 3 (Power).
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You can handle other nets in the same fashion, by double clicking
on the wire and modifying the ID in TINA schematic.

N —
[% ShowID

[~ Pins Left

I~ \Wieis faully ? Hep

Bus/Wire Properties s x|
oK
Cancel

Note, only GND and PWR IDs have special effect on the plane
layer allocation; other net names are just for clarity to help y ou
recognize the source of the nets in the PCB editor, eg. 2.5V in this
design. It is always advisable to name the significant nets for easier
operation later when using the PCB editor.
Open the Net Editor and check the result.

x|
Name Routing width (mm)Via type Flane layer RE |Group

0.2000 V& Ground > <DEFAULT>

0.2000 Vi Power [# <DEFAULT>

0.2000 Wi = <DEFAULT>

0.2000 WA = «<DEFAULT>

0.2000 Vi 7 <DEFAULT> =l

Modiy Group [F2]

SO | Ko | P rep |

You can attach any nets to any plane layer in PCB editor also, but it
is easier to do this in TINA schematic as described.
To view plane layers, click Cancel while in the Net Editor and choose
Option/Layer settings, press Uncheck All and check Ground. The
thru-holes are already connected by thermal reliefs.
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You can now see all of the connections to the ground plane. You can
do the same thing for the power plane: Option/Layer settings, uncheck
Ground and check Power.

At this point, we have only routed the thru-holes for power and
ground connections. On a surface mount technology board, we
should fanout' the board with only the power/ground net
enabled. In the Net Editor (F4) press “Modify All” button to
uncheck “Enable autorouting”.

Enter new properties | x|

Track width: 0.2 [mm] I~ Enable autorouting

Via type: V&, Group: <DEFALLT> -
' 0K XK Cancel

Select the ground and power nets and create the net group
POWER; simply type POWER in the Group field. Enter
0.4mm to Track width and check Enable autorouting with via
type PWRVIA.

! Fanout is the process of routing a SMD pad to a via so that the pad can be routed
on other layers. For power and ground pads, the fanout is attached to a power or
ground plane using a thermal relief.
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Enter new properties x|

Track width: 0.4 [mm] [v Enable autorouting

Via lype: PwRviA | Group:  [POWER] -
(o] |

The Net Editor should look like this.

0.2000 VIA <DEFAULT> =]

ModiyAl [ 1oty Giown (72| o 0K X corcel | 2 Heb |

As we have already used two plane layers and still have one more
voltage net to route —

the 2.5V regulator output going from U4 to the FPGA core— we
need a dedicated trace for the 2.5V net. This net touches only a few
pins, so we could route a trace to connect all the components. Click
on the Draw tracks tool and route 2.5V under the Xilinx chip
package onto the bottom side.

|| L L i ]
T
s

1000 11

%

B a2 ol ek ot LSV
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5.6.4

Connect all the power pins of the FPGA, then the pads of
filter and decoupling capacitors; set the track width to 0.4mm. Now
make the power track 2mm wide as shown below by double clicking
on the track.

Files \DesipnSoft\ Tina Pro\EXAMPLES \PCB\FRGA.Ip
Gptions. oty

Dlel AlslefZ wlvi~ig] miojm] x| |- /SIS || E—] o)
")

,/ @mﬁ/ﬁ >

s g ) =

Next, route all the nets from the POWER net group. When you are
manually routing, you can begin/end a new track on another track
of the same net, which is known as T routing, After all that press
F7 to run DRC. You will not see any unrouted nets belonging to
this group (a good thing).(See FPGA power routed.tpc as reference.)

Finishing the routing and post processing

Disable routing on the POWER net group and enable it on the other
signals.

x|
[Name [Routing widh (Vi type [Prane layer [RE [Gioun lﬂ
GND 0.4000 FWRVIA Ground I~ FOWER
PR 0.4000 PWRVIA Pawer [ POWER
25¢ 0.4000 FWRVIA I POWER
5 0.4000 FWRVIA [ POWER

= <DEFALLT>
[ <DEFAULT>
[Z <DEFAULT>

Modty Al | oty Gr 0K Xeocel | 7 Hen |
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Set the autorouter in the Options/Autorouter settings as follows.

Autorouter settings x|
Layer name Direction [H:1V:9]
I Gt 4
“Rrouting options

[¥ Enable rip-up and reroute
¥ Force router to use short side SMD pad entiy

Miriums pad number for using short side entry. [5 3|

SO | Ko | P b

Check the settings under Options/Design Parameters.

Design parameters B

L N |
Spascng ceruirseis
Trockto rack: 75
Track fo-via & Vv | S
Track 1o pact 015 Viawest %5 Padwpst s
e fr E— E—
e I e L o O o

K| 7 us

Press F5 to autoroute the whole board, then renumber components
(Tools/Renumber components, F10). Renumbering begins at the
upper left of the board, renames components in a sweep from
left to right, then moves down and renames in successive sweeps.
After renumbering, backannotate the design, as you did in chapter
4.8, and save the new schematic. To check the result, refer to
FPGA.TSC and compare.

Creating Split Plane Layers

Power layers are used to provide electrical power references
and a stable ground throughout the board. In systems with mul-
tiple power supplies, the power planes, which are typically solid cop-
per internal layers, are split. When you split the plane, you assign a
part of a plane layer to a second net (e.g: processor core voltage)
by placing a copper pour onto a plane layer. You assign a primary
net to the whole plane layer as we did by the GND and PWR IDs in
TINA Pro, and a secondary net to the copper pour. Now, let’s see
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PCB

how it works within TINA PCB. Open the “FPGA placed.tpc” as a
starting point to our work. Remember that the PWR net — the 3.3V
primary supply voltage— has already been assigned to the plane layer
Power. Now, you split a portion of that plane for the FPGA core
voltage (2.5V) instead of routing a net from U4.

First, it is important to select the power layer, then click the Draw/
modify shapes o and Add copper pour area @ buttons. The cur-
sor turns into a cross. You can begin to draw the outline of the
copper pout. The shape must extend under the regulator heatsink
and the middle of the Xilinx chip package to connect them through
vias. Using the appropriate zoom factor (e.g: 200-400%) during
the drawing is usually helpful. When you are done splitting, your

design may look something like the screen shot below. (Find this
phase of the project in the file “/Examples/PCB/FPGA placed

split.tpc”.)

gri5oft' Tina Pro’\ EXAVPLES\PCB\FPGA placed split.tp

|| [ || I — o)
W W W ki W W W i W W W W

0000000000000C

Plane layers are negative layers, so only the isolating ,,moats” can be
seen on the screen. Before beginning other tasks, you should assign
the 2.5V net to its split area. Double click on the shape, select the
2.5V net, and click OK.
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Shape properties ] x|
Shape type: IE‘nnpe\ pour -

I” Rectangular
4 [mm]
i [rmm).

Coppes shape settings
Assigned net: -

Note that if you create nested copper pours on plane layers which
overlap themselves, you must specify the plane layer priority. The
higher the priority number, the higher the copper pour sits above
the lower ones owning the overlapping region.

If you now establish all the power connections, you will achieve a
result similar to “FPGA all power routed split.tpc” shown below.
The PCB Designer automatically places thermal reliefs around
through-hole pins and vias whenever appropriate.

L T

8 @
§ iy

The rest of the process and the movements are similar to those
which we applied in the example with the unpartitioned plane layers.
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CHAPTER O

USING SHEMATIC
SUBCIRCUITS, SPICE

AND HDL MACROS AND

6.1

S-PARAMETER
COMPONENTS

In TINA, you can simplify a schematic by turning portions of it into
a subcircuit. In addition, you can create new TIN.A components from
any Spice subcircuit hardware described by HDL or TouchStone
format S-parameter file, whether created by yourself, downloaded
from the Internet, or obtained from a manufacturer’s CD. In this

chapter, we show through text and examples how easy it is to do this
in TINA.

Making a Macro from a schematic

Using TIN.A’s macro facility, you can simplify schematics and hide
clutter by turning portions of the schematic into a subcircuit. TIN.A
automatically represents these subcircuits as a rectangular block on
your schematic, but you can create any shape you like with TIN.A¥
Schematic Symbol Editor.
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SCHEMATIC MACROS

You can convert any schematic diagram into a subcircuit - called a
Macro in TINA - simply by adding the terminals and saving the new
circuit in the special (*.tsm) format.

Now let’s see how to create a macro in TINA through an example.
Load the Half Adder example (Ha/f_add./sc) from the Examples folder
of TINA and convert it into a macro.

—_——— —— —
_Isl_lél_l_&il_ililllﬁi_LLLll__lﬂlm 2 A A B A O i

TSRS [DTBITH+~[=Fehdl~To [ofsl= 1
e [y s | B | Spio s Gt ) Pt | ) 05850 | seviog Conet] Sgaci]
A Half Adder i
SMNT432

SHT408  Sum:3
1
PSG1 1u

SHT404

Input_B:2 | Sh7408

PSGO 1u

ol o]
& ] wesvE |

Delete the old terminals and replace them with subcircuit terminals,
called Macro Pins in TIN.A. You can find and select the Macro Pins
under the Special component toolbar.

[ all_add - Schematic Editor

B Bt foses View Ansin T8 Tgoks

P o T e R 1 ccme

JT<T=T3e &l el A= =]H I
N\ Batic [ Swiches fMeters [Souces et Model {Gates [ Pip-fops JAD D595 Lo I3 JAnaiog Coriot ASpecial)” |
Half Adder 1
—3Js
—3JC

4 | _’|:I
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When you place Macro Pins, labels (such as Pinl, Pin2 etc.) are
pre-filled in. Double click the Macro Pin and type in the new name in
the label field. You can also drag the component with the mouse, or
rotate it with the /+/ and /-] keys or the |||+ buttons.

Next, create and save the new macro. Select the New Macro Wizard
from the Tools menu. Set the Name to Half Adder (this will be dis-
played in the macro box that opens automatically), and set the Label
to HA. This label will be displayed as the component label above the
component. Note that you can leave this field blank if you don’t

want a component label.

New Macro Wizard

=)

Select the source of the macro.

Macro Name

[Half dder

7~ Empty circuit
@ Current circuit
" From file

" From the web

Il Browse

=

Default
LabelHA
Parameters:

HDL

™ Generate VHDL component

Help

<ack |

News | Cancel |

L

When done, press OK. A Save dialog box will appear. Set Half Adder
as the File name and press Save. Note that there is already a macro
with a similar name (Half_add.tsm). This has the same content as the
one we just created, and is included for reference. You can also use it

in the next section.

g save Macro — . =)
Saven: | i Macrit = « @
| & Hame Oate modifi. Type Saze =
~
Rarred lnck tum 20050418, .. TSM File Fl
CAPMLTSM 20080908, .. TSMFle 155K E
| COM093.T5M 20090406, .. TSMFile 13K
| Dadace | Crystal Micrephone. TSh 2060430 .. TSMFile EL
e | DELAY_AN.TSM 20020211, TSMFile 7H
= | Full sdder VHDLTSM 0050430, . TSMFile L
Ubranes | FULLADD.TSM 196060, .. TSM File 6K
| | M addes VHIDLTSM 050501, .. TSMFile 20
| [ HALF_ADD.TSM TR0, . TSM File ik
':“'T’“ HCEME.TSM 00416, .. TSM File ki
% Idual Transformes. TSM 20061106 .. TSMFile .
i e |Hask_aoo = sove  |¥]
| Savemappa:  [Schemates Masa [ TSM) =l Cancel
! i |
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SCHEMATIC MACROS

Now let’s see how to insert a macro into a schematic and use it.

Clear the circuit with File | New or by restarting TINA. Select
Insert| Macro, then our newly created Half adder.tsm, and click Open.

o GO st e S 104 Tgok Heb

gg_u@w?*omJ_l_lr__lmmmmwTj_n

A

|5, Half-adder _

cl

-
i | "

Our new macro will appear as a cursor. Move it to the center of the

screen and click the left mouse button. The full symbol of the new
macro will appear. Note that a rectangular schematic symbol has been
automatically created, the macro name we specified is inside the
rectangle, and the label name is above it.

Now you can add more components to the circuit, connecting them
to the newly created macro, and start analysis as with any other
circuit.

To check the content of the macro, double click on the symbol and
TINA will display the model.

To return to the main circuit, select the Close command from the
File menu.

TINA allows a hierarchical macro structure; that is, macros can
contain other macros inside, and so on. Let us use our half adder
macro to create a full adder macro containing two half adder
macros.
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[ElNoname [MACRO LEVEL 1] - Schematic Editor M=

Fle Edt Insert View Analysis TW Tools Help
i TP e e A

[ REREE R \ Il

% Basic ASwitches AMeters fSources {Semicanductars {Manufacturers' Madels 4G ates AFlin-flops 4A0/DA-555 ALogic ICs A#naloa Control A Special /
=

Half Adder 3

—
ren

—C

K| | ay

To do this, insert the newly created Half Adder twice into a new
circuit and then add the additional components and wires as shown
in the following picture.

Elltwo macros - Schemalic Editor [_[a[x]
Ele Edt lnset View fnabsis IaM Took Hep
= = e e P T R N r\|r\|+|Jwaaz - el Mﬁ&mund -
REErS w
J+1s[za[5]E]w] £ [ H -~ mlFe sg]=] [ 0] @ |
Basio {Suitches {Malers {autces {Gemicanductors M anufscturers' Models {Gates AFlplaps fAD/DA-555 fLogic s fnalog Cantiol iSpecia
2
I
HA HA
AD—]A 5 & s s
BL g Haf-adder - g Half-adder -
Ci> U1
JdCo
A 27
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Schematic Macros

Now create and save the new macro with the New Macro Wizard from
the Tools menu. At this point let us note that although the automatic
symbol creation is very convenient, you can also create your own
schematic symbols with TIIN.4’s Schematic Symbol Editor and assign
macros to them. Let us use this feature with an existing symbol. The
creation of such a symbol will be described later in detail.

Set the Name to Full Adder and set the Label to FA (this will be
displayed as the component label above the shape).

Press the Next button. The list of available symbols will appear in
the Wizard as shown below.
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Note that in order to see the predefined symbols, the Macro Pin
Label names must exactly match the names in the symbol. In our
example, they must be (A, B, Ci, Co, S). If you do not see the symbol
shown in the figure above, check the terminal names or try to
recreate the symbol as shown later at “Making your own schematic

symbols”.
] Honame - S chematic Editor [_ o]
Fie Edt Insett Wiew Andysic 1&M Tools Help
T = e P T | e R A D e
[HT=T=Trt == | I
\Basic {Switches {Meters AS ources {Semiconducters {Manufacturers’ Models {Gates {Flipflops 4A0/D-555 £ Logic ICs f&nalog Contiol )\Sgec\au
[~
I
— A
sk
—B
. Cof=
~Ci
1] M

Click the schematic symbol with the large summation sign and press
OK. The name of the schematic symbol will appear in the shape
field of the New Macro Wizard dialog box. Finally, click OK and
save the macro under the name of Full adder.tsm.
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SPICE MACROS

6.2

Making a Macro from a Spice subcircuit

6.2.1

6.2.1.1

Creating Spice Macros in TINA

Creating macros from downloaded files

In TINA, you can create your own components from any Spice
subcircuit that you have made or downloaded from the Internet. Note
that there are already many Spice component models in the large
and extensible manufacturers’ model library provided with TINA.
The extension of those libraries is described later.

Let’s create a UA741 operational amplifier using a Spice subcircuit.

To do this, select the New Macro Wizard from the Tool menu. The
following dialog box will appear:

Mew Macro Wizard
Select the source of the macro.

Macro Name

ES

|New Macro

(" Empty circuit
{* Current circuit

" From file

" From the Web

__browse |

Defaults

Label:|SCK#
Parameters:

Help

VHDL

" Generate VHOL component

| Next = | Cancel

Change the settings from Current Circuit to From file and press the

button. An Open dialog box will appear.
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% Open File

E=

.
L

File name

Files of type:

Loak in SPICELIB
.
= Mame
ey
g AD.LIB
Recent Places =
|| adda.lib
7 4 | |apLB
Deskiop _|APT.LIE
= [ |eeLB
] | | BSIM3.LIB
Admiristrator || BUFFERS.LIB
| jcLe

| COILINDL.LIB
|| COILIND2.LIB
|| COILINDS.LIB

L

S cmoE-

Date modified Type
4/28/1995 423 PM  LIB File |
2/16/201012:50 PM LB File
5/4/1998 6:55 PM LIB File
6/10/200512:32 PM  LIB File
4/29/2006 9:14 AM  LIE File
10/10/2001 2:40 PM  LIE File
1/4/2007 1234 PM LIB File
4/16/1998 12:20 PM  LIB File
10/12/1999 1:30 PM  LIE File
10/12/19991:33 PM  LIE File
10/12/1999 1:33 PM  LIBFile -

|

j Oper [

|PSpice subcircut file (*CIR;" LB MOD) = |

Cancel

Help

Now lets navigate to the EXAMPLES\SPICE folder of TINA using
the small arrow next to the Open button.

& Open File

Look in I

i
Recent Places

Desktop
T'l
Admin.\:slmlur
1A
Computer
L‘-

-l
Network

SPICE

Name

DIFFAMP.CIR

diodes.lib

lobzl_node.cir

|| spicetstlib
|| transist.lib

TSPICE.LIB
UAT4L.CIR

~| e ®EckE-

File name

Files of type:

i,

&=

Date modified Type
7/13/1996 10:45 AM  RealPCE
4/12/1999 640 PM  LIB File
6/6/2006 7:31 PM RealPCE—
9/12/1996 12:45 PM ReaIPCEE
9/24/1996 4:36 PM  RealPCE|
5/6/1996 6:58 PM ReaIPCE;
9/11/19961:50 PM  RealPCE =
3/22/20109:24 PM  LIBFile
4/8/1999 7:52 PM LIE File
10/30/2009 2:32 PM  LIB File |
6/3/1998 3:47 PM RealPCE

|ua741.CIR

[PSpice subcircut file (" CIR;"LIB;"MOD) ]

Private catalog folder
Shared catalog folder
Main Tina folder

v Tina eamples

Select the UA741.CIR file and press the Open button. The New macro
Wizard dialog will appar again with the path and name of the selected

file. Now press the Next > button. The following dialog will appear:
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SPICE MACROS

New Macro Wizard

Select the shape you want to assign:
" Auto generate shape
¥ Load shape from library

[an =

«ComparatorsCO=
V-
In-
Out T
In+
V+
[Filter

@ Show suggested shapes only.

( Notice: If you can't find the shape you are looking for, try to
advanced filter to disable automatic filtering. )

" Advanced filter
Search:

number of pins

[an =1

Shape type:

[ £l
Help < Back | Next = | Cancel |

The wizard has already automatically selected the appropriate symbol.
If you want something different, you can view and select a symbol by
pressing the long vertical button on the right.

Press the Next button. The following dialog will appear:

EE New Macro Wizard [= &
4% V-

=
(5% Out
[1% Ins

02

3% Ve

Unconnected pins: | |

Netlist:

UA741 cperational amplifier "macromodel” subcircuit -

m

connecticns:  nom-inverting input
inverting inmput

| positive power supply

| | negative power supply
I | | output

R

I
I
I
I
[
_subcks UAT41 12345

el 11 12 4. 684E-12

< m ] v

Help = Back Next = Cancel
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NOTE:

The dialog shows how the pin names on the graphic symbol are
associated with the Spice node names in the macro. It also shows the
text of the macro so you can check that the connections are propetrly
made. If not, you can drag the macro node names to any terminal.
However if all the pins are connected with a node number, then
most likely the association is correct.

You’ve checked the connections; now press the Next button again. A
Save dialog will appear and you can save the macro
into the User macros atea under Documents\Designsoft\
TINA Industrial_install date_id_number\Macrolib or to the
TINA macros area, under Program Files. For easier file selection, use
the small arrow next to the Save button. Note that under Vista and
Windows 7, you cannot normally write into the TINA program area.
After saving your macro, you will see a dialog with which you can test

the macro or close the wizard altogether.

Now we will see how to insert the new (or any other) subcircuit into
a schematic and check its contents. Select the Macro command of

the Insert menu.

You may need to select the User Macro or TINA Macro area using the
selection arrow next to the Open button, or navigate there using the
selection list on the top of the Open dialog.

Click the UA741.TSM file and then press Open. Now the new macro
will be attached to the cursor. Position it on the screen and drop it by
clicking the left mouse button. Double click the symbol and press
the Enter Macro button to see its content. The netlist editor will
appear, showing the macro in detail. Note that you can modify this
netlist, and the modified netlist will be saved with your circuit. However
this will have no effect on the original macro; it remains unchanged.
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6.2.1.2 Creating macros on-the-fly by browsing the web

SPICE MACROS

A more convenient way to add new models to TINA is to browse
manufacturer websites and add the Spice models of interest from
the web site. Of course it also possible first to download the models
and use the technique described in the previous section. Note that
even if you prefer the latter you may find useful hints in the follow-
ing section.

Now let’s select the From the web option in the wizard and press the

| Browse | button.

TINA’s built-in internet browser will appear. Use this browser to find
and select the THS4121 differential opamp from Texas Instruments.
Enter www.ti.com and find the Spice macro on the T1I web site using
TT’s Search option , or just enter following URL directly (use copy
and paste if you like)

focus.ti.com/do rod/folders/print/ths4121.html (Note
that the direct link above may change).

The THS4121 product page will appear. Scroll down the screen and
find the link to the Spice model of this product shown below in red.

THSAL - Theemn == &R
Mitws [T T ot ol <] 5]
Simulation Models
PSpice Medel
THS4121 PSpice Model (ZIP, & KB) 571 views
24 Apr 2003
Related Products
Customers Who Evale: .
Part # Name Product Family Comments.
THS4120 3.3V, 100 MHz, 43 Vis, Fuly OPERATIONAL TH cutoaens alse evabaated this prodact
Daferential CMOS Asplier AMPLIFIER-FULLY
w/Slnsdown DIFFERENTIAL
AMPLIFIER
THS4520 Rad-to-Ral Outpat Wideband Fuly | OPERATIONAL TI customers also evabaated this produect
Dferential Ampliier AMPLIFIER-FULLY
DIFFERENTIAL
AMPLIFIER.
it v eV Vo S

Click on the link. The following message appears in TINA:

274 \
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The file is compressed (or “zipped”), but TINA can open and
download the files you need directly. Click the Yes button, and observe

the next screen.

Fies
Select files to open:
Narme | Modified | Siee | Path |
THS4127 kat 7M56/2003 4377
readme. txt BATA2003 1413
TH54121.lib FA5/2003 281
TH54121.0LB 7/15/2003 FEE0
Cancel
Click to select the THS4121.1ib file
Files
Select files to open:
Marne | Modified
THS4127 bt FA5/2003

5/7/2

7

15/2003

TH54121.0LB

Open I Cancel |

and press Open. The New Macro Wizard will appear again, with a
(green) message (File downloaded press Next) confirming the

successful download

SOHOVIN 3DIdS
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SPICE MACROS

‘New Macro Wizard

Select the source of the macro.

Macro Mame

INEW Macro

{~ Empty circuit
" Current circuit
" From file

| I=]

* From the Web

|| Browse I File downloaded press Next

Defaults HDL

\_a!:reI:ISICKﬂl
I™ Generate YHDL cornponent
Parameters:l

Help | = Back I Next = Cancel

Press the Next button.

If there is more than one macro in the file, TINA presents them in a

list.

% New Macro Wizard [=]

More than one subcircuits or models found in the file.
Select the one you need from the list.

e | v

* P5pice Model Editor - Version 9.2 -

*$
.SUBCKT THS54121 inpl innl wvdd vss outp outn vocm |=

-MODEL pl PFMOS
LEVEL=3
L=2Z.0000E-&
W=.5
R5=10.000E-3
RD=10.000E-3
VIO=3
RD5=1.0000E&6
TOX=2.0000E-&
CG50~40.000E-12
CGDO~10.000E-12
CBD=1.0000E-9
RG=5
RE=1.0000E-3
GAMMA=0

ERPPR=0

Uo=300

ok kR kR

4 T | s

Help | =< Back | Mext = I Cancel |

DesignSoft




NOTE:

NOTE:

Some manufacturers place several device models in the same file.

You can bring these device models into TINA macros with this tool

by selecting them one-by-one.

If there are a lot of models, you might want to use the Library
Manager tool which allows you to add all the models into the TINA
catalog in one step. Learn about it in the next section.

Now press the Next button. The wizard will show the schematic

symbol (shape) suggested:

New Macro Wizard

Select the shape you want to assign:
(" Auto generate shape

{* Load shape from library:

E=

[

L]

FDA-2

s
inn1
i outp
voom
L~ outn
inp1
vdd

Filter
% Show suggested shapes only.

advanced filter to disable automatic filtering. )
™ Advanced filter
Search:

( Netice: If you can't find the shape you are looking for, try to

number of pins

Shape type:

=

‘_-
Help

<Back | next> |

|

Cancel

You can choose other shapes, if available, by pressing the long vertical

button to the right of the symbol.

You may need to uncheck the “Show suggested shapes only” filter to

see more shapes.
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SPICE MACROS

In this mode, you can also search by name, by the number of pins,
and by function (op amps, comparators etc.) You must select the
Shape type option before searching by function.

In our example, TINA appears to have automatically selected an
appropriate shape, so you may now press the Next button. The
selected shape, pin connections, and Spice macro text will appear.

@ New Macre Wizard ==

‘ vss & vss|

inn1 = innl

| vocm & vocm

inpl1 = inpl

| outp = uulp‘

| outn = uuln‘

[vdd % vdd]

Unconnected pins: |

Netlist:

* PSpice Model Editor - Version 5.2 -

5
| SUBCKT THS4121 inpl innl vdd vas outp outn voom

-MODEL pl PMOS
+ LEVEL=3

+ L=2_0000E-&

+ W=_5

+ RS=10.000E-3

+ RD=10_000E-3 S

Help < Back | Next > | Cancel

Take a moment to check the connections and if necessary correct

them by dragging the connection labels.

If everything is correct, press the Next button again. The Save dialog
will appear and you can save the macro into the User or TINA folder.
Do so immediately, or do it later using the Insert menu.

Now let’s insert a model from another manufacturer. Our choice is
the LM111 comparator from National Semiconductors.

After invoking the internet browser in TINA find the Spice model
page at http://www.national.com which is, at the time of writing
this manual, http://www.national.com/analog/amplifiers/
spice_models.

Scrolling down the page you will find the LM111 model under
LM111.MOD name as shown below.

DesignSoft



Op Amp SPICE 3

LF4428 MCD LMCSTT28 | LMCSTT2BMOD

- LMPE2T1 M0D
LMPE2T1
LFA42AMOD LMCTH01A | LMCT101AMOD AP
LMPE; a0
LMPET2 M

MCT1118 | LMCT 111N 2
LMCTI11B | LMCT111B.MOD LUPE2TE 0D 5

LMCT1018 | LMCTI018.M00 LMPE2T2

78
w11 LMCT2114 | LMCT211AMOD LMPB2TS | | upaz7s ta
L1 LMT18 MOD LMCT2118 | LMCT2118 MOD a7 LMPE2TE NOD
LMPEZTE | | ypazrs
w2 | Lan24mop LMCT215 | LMCT215M0D
LMPE2TT MOD
L1244 | L2 LMCT221A | LMCTZ21AMO LMPO2TT | L

pe i pice/LMLMLLLMOD

Click on the link and the text of the Spice model will appear in TINA.

hitp://www.national.com/models/spice/LM/LM111.MOD

(=]
Address [Pt . national comimodels/spice ALM/LM 111 MOD ~ b @ @ @ 3 |

RIS LSS LTLEf AL LTSS LSS IISLfLfEEEL S B
# (C) National Semiconductor, Inc.

# Models developed and under copyright by:

# National Semiconductor, Inc.

m

RIS LTL LSS ILLLLFSAAL i LSS
Legal Notice: This material is intended for free software support.
The file may be copied, and distributed; however, reselling the
material is illegal® [/f////I/fILIFLTFILILSLILALLSLILSLLSSLLALIISLLSLIIALLLILY
For ordering or technical information on these models, contact:
National Semiconductor's Customer Response Center

7:00 A.M.--T:00 P.M. U.S. Central Time

(800) 272-9959

SIS SLTE LSS ITIEffffffrfffrrs
IM111 Voltage Comparator
SIS SLTE LIS TLf A fffrrs

Connections:
Positive Input
| Negative Input
| | Cutput
| | | Positive power supply
1 1 | | Negative Power supply
11111 Ground or Emitter Output
| e el e e g
.SUBCKT IM111/NS 3 2 1 8 4 104
* CAUTICN: SET .CETICNS GMIN=1E-16 TG CORRECTLY MODEL INPUT BIAS CURRENT.
* Features:
# Operates from single 5V supply -
| i v

Done Y

IEEEEE R EE R E R ]

Now click on the j Open icon at the top-right corner of the
browser window, and the Macro Wizard will appear again confirming
the successful load. Press Next. TINA will automatically present the
selected symbol.

SOHIOVIN 3DIdS
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SPICE MACROS

New Macro Wizard ==

Select the shape you want to assign:
" Auto generate shape
 Load shape from library

[all
In- Out
In+ OutGnd
Filter

@& Show suggested shapes only.
( totice: If you can't find the shape you are looking for, try to
sdvanced filter to dissble sutomatic filtering. )

L]

<Comparator6COG>

" Advanced filter
Search:

number of pins

[ =]
Shape type:

[ |
Help < Back | Next > | ]

The remaining steps are the same as described in the previous section.

6.2.2 Adding Parameters to Spice Macros

TINA lets you add parameters to Spice subcircuits and set them from
TINA. The parameters in the subcircuit are defined by the standard
Spice syntax using the PARAMS keyword. For example look at the
subcircuit in the circuit given in the MAC_RLC.TSC file in the
EXAMPLES\SUBCIRC folder.

RLC FLC

T IN FLC out I

@" .

W31 0

If you double-click on the RLC subcircuit and press the Enter Macro
Button, the content of the subcircuit will appear:

.SUBCKT RLC In Out PARAMS: R=100 L=1M C=1N

c1 out 0 {c}

L1 1 out {L}

Rl In 1 (R}

.ENDS
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The parameters are R, L. and C. You can set the parameters in the
property dialog of the subcircuit in TINA created as described in

this chapter. In our example

RLC - RLC

Label IRLC

ol e o e e
Ear=imcte: [Parameters]
SubCkHSHape) ALC

[ SubCkt-Parameters

. X Eancel‘ ?  Help

SubCkt(Cantent] |FATPROME T.ci

| SubCkt-Optionalnodes ]

Enter Macro ‘

Edit the parameters either in the SubCkt-Parameters line or click the
[=] button and the Macro Parameter Editor dialog will appear.
Enter or edit the parameters you want to change and press the OK

Macro Parameter Editor

X Cancel

6.3 Using and extending Manufacturers’

Spice model catalogs in TINA

In TINA you will find large catalogs of manufacturers’ Spice
models. In most cases, you will find that the required components
are already in TIN.A’s manufacturers’ model catalog, You can select

components by function, manufacturer and part number.

You can also extend the library using TINA’s Library Manager

program.

SOHOVIN 3DIdS
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6.3.1

6.3.1.1

Using the Library Manager

TINA has large libraries containing Spice models provided by
semiconductor manufacturers such as Analog Devices, Texas
Instruments, National Semiconductor, and others. You can add more
models to these libraries or create your own Spice Library using TIN.A’s
Library Manager (LM).

Let’s learn how to add a Spice model to TINA’ Spice libraries:

Introduction to Adding Spice macros to TINA
Libraries

Start the Library Manager program. Use the Windows Start menu to
locate the TINA folder and click on its icon. Select Collect subcircuits
and models from the File menu. Find the EXAMPLES\SPICE folder
(in the program folder where TINA is located) in the dialog box,
click the SPICE folder where our example subcircuit -a ua741
amplifier model- has already been placed, and press Next.

I3 Library Manager ==
¥ g =

D& ® H

Collect SPICE Subcircuits and Models ... ==

Selectthe Work Directory

Directory Mame
C:\Program Files! Designsaft, T

Directories Filas (**):
T 74130.0R 7
(= Progiam Files ﬁa}:ﬂ% EIH 3
(£ ool COLPITTS.CR -
(= Tina 8 - Industial 28 march 2000 | ByFFaMP CIR
(£ EXAMPLES dindes lib
global_node.cit -

Drives

3 | Next > | Caricel

A new dialog box will appear with the list of available files on the left
side. Note that the file you select must be a proper Spice subcircuit.
Click UA741 and then press the > button. The UA741 model you
have selected will appear on the list of selected files. In a similar way,
you can select more files or even all the files by pressing the | 5 |
button.
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Collect SPICE Subcircuits and Models ...

Selectfiles
Available files: Selected files
AMPLLCIR - Ua741.CIR
COLPITTS.CIR
DIFFAMP.CIR &
diodes.lib |
global_node. cir
HaLF_ADD.CIR 33
HALFADMx.CIR |
RLC.CIR =
SHFT4.CIR
spicetst.lib £
transist. lib
e

- <<
Filter:
]"." _VJ < Back | Mext » Cancel |

Press the Next button to continue. The following dialog box will

appeatr.
Collect SPICE Subcircuits and Models ...
Suffixes
Suffix of subcircuit names Suffix of model names
" MNone & MNone
" The extension of file name " The extension of file name
" The file name " The file name
* Other:  Other:
iy ,7
Separator character between Separator character between |—
the subcircuit name and suffic:|—  the model name and suffix: |-
< Back | ok | Cancel |

With this dialog box you can make changes in the subcircuit or model
name. This might be necessary to avoid conflicts among different
subcircuits or model versions with the same name. To differentiate
the new model, you can add the file name as a suffix to the subcircuit
name or add any text as a suffix to the name using the Other option.
Let’s add the suffix “my” to the subcircuit name and then press the
Next button. The contents of the new library file will appear.

DesignSoft
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NOTE:

NOTE:

TS Library Maneger =R CE x|
Fdr Edit Search  Window Help

= - T

T HONAMEL LB

IL_I
1

|* UAT41_my operational amplifier "macromodel” subsireuit

gem 0 6 10 99 2

The new name of the subcircuit has the suffix “my": UA741_my.

Using File | Save As, save this library with the name my_741.1ib in the
Spicelib folder under the Windows Documents folder, for example:
Documents\Designsoft \TINA_Industrial_install
date_id_number\Spicelib

This folder is automatically created and set by TINA.

Under Vista and Windows 7 and later operating systems new libraries
must be created in the user area under the Documents folder of
Windows because the Program Files folder is normally write protected
in these operating systems. This is also useful because the user data
and the original libraries of TINA are separated this way.
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Now select Create TINA Library Description from the Fife menu and
select select ...for Spice models and subcircuits. The following
dialog box will appear.

Create TIMA Library Description ==l

Manufacturer  [NONAME]

Determine the pinout descriptions by checking the comment lines:
+ Firstlook betore the subcircuits. then look insice the subcircuits
" before the subcircuits

" inside the subcircuits

ok | Cancel | Hee |

Here you give your new library a name—a name that will appear in

the Manufacturer field of the Spice macro insertion tool. Let’s change
this to My Spice Library.

Create TIMA Library Description ==

banufacturer:  |My Spice Library

Determine the pinout descriptions by checking the comment lines:
+ Firstlook betfore the subcircuits, then look inside the subcircuits
" hetore the subcircuits

" inside the subcircuits

0K | Cancel I Help |

You can also specify some search options for determining the pinout
description of the Spice model. The default setting is usually satis
factory. Press the Help button for more information.

The description (directory) of the new catalog will be displayed in a
new window:

= v i Documents\DesignSofty{ Tinad-Industrial-03132010-2226091\Spicelib\my 741 4d [ = |[= |[Ea)
My Spice Library
SUBCKT UA741 my In+ In- V+ V- Out TinalCs:<Amplifier5> [OpAmp]

DesignSoft
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NOTE:

NOTE:

If everything went well, as it did above, you should not see any
warnings (in red) such as “No processable statements” or “Autoshape”
which would mean the Library Manager could not fully resolve the task
fully automatically. If any of these warnings appear, read the next
chapter for the resolution.

Finally, save the library directory as my_741.tld in the same Spicelib
folder described above. Note that the Save As command applies
to the active (selected) windows only.

T3 Library Manager == ==

File Edit Search Window Help

bEmE ¥XHE

mC:‘.Users'\ﬂdmini:‘tratcr‘\DccumEnts'-(Dé:\gr\ScFﬁw(TmsQ-Industr\al-03132010-222609}"Sp\cehb'\m)le.L{E [=lE@=

* UA741_my operational amplifier "macromodel” subcircuit B

* connections:  nor

inverting input

erting input

0sitive power supply
negative power supply

.subckt UAT41_my

cl 11 12 4.664E-12

™ s i D i {Tin29-Industrial-03132010-222609 N Spicelib\my 7414d [ = [ [Es
My Spice Library
SUBCKI UAT41 my Int+ In- V+ V- Qut TinaICs:<AmplifierS> [OpAmp]

Next time you start TIN.A, this message will appear:

Warning ==

Mew library detected: Library must be recompiled. It may take a few minutes. Continue?

Yes Mo 1 Ignore ‘

Press Yes to add your library to TINA’s libraries.

If this message does not appear for any reason (for example due to file
date format differences), re-compile the libraries manually using the
command Re-compile Library from the Tools menu. You can also
recompile the library already in the Library Manager. Select Create TINA
Library and Compile Library in the Library Manager File menu. In this
case the warning will not appear.

DesignSoft



6.3.1.2

NOTE:

Now click on the Spice Macros tab and on Operational Amplifiers
on the component toolbar. Your new component library should
appear here in the list of Manufacturers . To access your new
subcircuit, select either “My Spice Library” or All. If you have
selected All, simply press U to jump directly get to the U’s where it
will be easy to find the UA741MY on the list. If, on the other hand,
you had selected My Spice Library, the list would, of course, contain

only your new opamp.

Operational Amplifiers Operational Amplifiers
TLY24504 i
TLV2460

TLY2461

TLY247x48

TLY27Ex

TLV2FT2

TLV27ERA

TLY4T 18

LA 741/301

Uai7/an -
Shape; <Auto _] v Auto-zelect Shape; <Autos J ¥ Auto-select
Manufacturer Al B 16211526 Manufacturer: My Spice Library

I Show all components I~ Show all components

06 | X cacel | P Heb | & Ok | X Concel | 7 Heb |

Problems and solutions while adding Spice
macros to TINA

In many cases, adding models to TINA is as easy as described above,
but in some cases it is impossible to find the connection between the
Spice models and their graphic symbols automatically. Fortunately,
TINA latest Library Manager makes it easy to solve this problem.

Let’s add  the librar y “SPICETST.LIB” from the
EXAMPLES\SPICE folder to TINA.

You can navigate among TINA's folders using the small arrow next to
the Open button.

DesignSoft
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NOTE:

First, start the Library Manager as described above. Open the “SPICE
TEST.LIB” file using the Open icon or the Open command from
the File menu. Select the “Create TINA Library
Description”command in the Spice Models and Subcircuits submenu
and in the appearing Create TINA Library Description dialog window
enter the name of your new library (spicetst) , the name that will
appear in the Manufacturer field of the Spice macro insertion tool
of TINA) as described above.

You will see the following window:

[ C\Program Files\DesignSoftiTina 8 - Industrial 23 March 2010\EXAMPLES\SPICE\spicetst.tid (== =E
spicetst

SUBCKT xMAX4200 In+ V+ V- Out TinaICs:<Bufferd4> [Buffer]

SUBCKT xMAX4147 In+ In- V+ V- Out+ Ql=Sense+ Out- Q2=Sense- <AutoShape> [Misc]

SUBCKT xmoc223 4 5 3 1 2 <hutoShape> [Misc] : No processable comment

SUBCKT delay Vinl Vin2 In+ <AutoShape> [Misc

SUBCKT moc223_dar 1 2 3 <RutoShape> [Mise] : No processable comment

I

Looking at the lines of the “spice test.tld” file containing the library
description, it seems that the first model, xMAX4200, was recognized
automatically, since both the graphic symbol and the category were
found.

For the second model, the xMAX4147, no graphic symbol was
assigned and its category was not recognized; however, the program
recognized its terminals.

For the third model, the xmoc223 Optocoupler, nothing was
recognized. Note that even if the program does not recognize a model,
it is placed in an automatically generated box (Autoshape) and still
can be used.

There are also 4th and Sth models on the list. However, if you examine
the Spice source in the spicetst.lib library, you can see that these are
auxiliary subcircuits of the Optocoupler. We will address this issue later
in this chapter.
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Now let’s add appropriate graphic symbol to the models.

From the Edit menu, select the ”TLD Editor for Subcircuits”
command. The following dialog box will appear:

| T ibary Ovscopion itor (==
I AussShaps e gy [[utter] =]
E N —— - )
(R — — ] ine
[t e "
* o
|>_ «| [@ Ou
e ot
[2m = in+ | - [an @
Fitn
= Shows nugoetind thapes oy -
7 Acvancsd e
Shape rame:
Shaps s
Hiem shage Edt Shage Mol | Mo Do
Tiew thags - |
# Comertle  Newin e v
SPICE code: Fnd |
|
hew |
|
—
X Cancel |
TG At T e TaEats BT 21 |

TINA presents the graphic symbol with the names of the terminals
on the left. Next to the graphics symbol under Nodes: you can see
the list of terminal nodes and the associated terminal names of the
graphic symbol. You can move the graphic terminal names up or
down by simply dragging them or by using the Move Up and Move
Down buttons. You can also simply drag the terminal names to any
terminals on the larger work area to right of the node list. If you drag
a terminal name over another terminal and drop it by releasing the
left mouse button, the two names will be interchanged. You can also
shift the symbol and zoom in and out by holding down the left or
right mouse button accordingly and moving the mouse or turning
the mouse wheel. This is useful with larger and/or complicated
symbols.

In the top right corner, TINA displays the category, which you can
also change.

At the bottom of this dialog, the SPICE code of the selected com-
ponent is shown, while below that, in the “TINA Library Description”
field ,TINA displays the actual content of the line of the .TLD file.
With the buttons First/Previous/Next/Last, you can move among
the models in the library.

SOHOVIN 3DIdS
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Check that all entries for the first model are correct.

Now jump to the second model by pressing the Next button.

|:sm 99 0 320
s 50 0 -2.5m
Ti000 31 1300 Lo
Bowes w1 1 1os
F1002 1 1500 150
e mUT sTAGE

503 99 903 54 QR
Baor " tas 50s 433

T Liwaey Dncsption:

ii

€

Bl kelrle

;ﬂ
12

The first things you should notice are the square Autoshape graphic
symbol and the red TLD line at the bottom. These indicate that the
Library Manager could not fully understand the model.

Uncheck the Autoshape checkbox at the top-left corner of the dialog,

The dialog will change as follows.

I dussShacs Hosdes Categny [ac] |
| TiNg CEXE
N e
| 3
Qe L
G|t jroe |
G- (501 % Ine | — ar [aw% Ow’
Meuswe | EwSnee | pup | mowDem
 ere [ vl
- T
Pt
e |
it
Laat
[ oo

Tina Lbeary Dmsciphion:

Fubcrs weiaier Int in- ¥e -

X Cwenl
Tt Gibemier G- S TOMIGewanaei® 7 He
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Strange, but it now appears that the Library Manager has found a
correct symbol. What’s happening here? What was the problem
before? The reason was that there were several symbols available
with the same number of pins.

Press the vertical button at the right side of the Shape window and
review the list of available symbols that appears. You can choose
another symbol by clicking on it. The Library Manager seems to have

selected the best option, but in general it is not guaranteed.

Check the list showing the connection between the Shape nodes and
the Spice terminals. It should be correct since the Library Manager
did not give an error message for the Spice comments. If there had
been a discrepancy, you would have seen an error message in the
TLD line: “No processable comments”.

Change the Category at the top right corner to <Comparator >.

Now click the Next button again to bring in the last model in this

library. The following window will appear: %
- : . @)
s Usraey Dusergtion Tator m
 tusonbage hose: Cotogeey [T
Shipa b =l [smce Tiva Z
T = =z
N B ; PY)
| |: o} 3 —f1%1] o
Fier 3% 3| - = 2% 2] U)
Shope e[
ot o | ]
L T |
Hew thage [t Shage ]
Mew shape in. - 4 -
& Dt I  Newits
SPCE code i =
13 |
P
e
e |
o O
T e |
Fee |

Note the red line at the bottom of the window. This means that the
Library Manager could not identify the Spice terminals from the
comments in the Spice model. If you look at the comments in the
Spice code of the component, you can see they are not common in
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the world of Spice macros (e.g. LED ANODE), this is why the Library
Manager could not identify them. We will have to make the connection
between the graphic shape and the Spice terminals manually.

First uncheck the AutoShape checkbox. You will see the following
window:

I Assshibn st Eategeny |11

" Tina Libsary Description Edsear =
=]
Shage b a1 | |SPCE TINA

Fitm

 Show suggested thapes orly
1 Advanced fitey

Shape rame

Mew shage Edit Shape Movalis |
o Mave Down
Hew thape i e —

& Cunert i " Hewlb

Obviously this is still not the right choice. To find the right symbol,
uncheck the “Show suggested shapes only” filter and from the Shape
type list select Optocouplers. Now the right symbol will appear:

" Tana Libaary Description Eikdos

i
™ AusoShage Hodder Cotegonr [ 3]

SPICE MACROS

Shaps hpe
(T T—

Howr shape Edi Shape Movelp | Move Do

Homs thingoe 1. =

& Cumdls  © Mewi EI[E]

We’re not done yet: the Spice terminal nodes and the Shape
terminals are not properly mapped. For example the first node in the
list, node 4, is associated with the Collector of the transistor, but
according to the comments in the Spice code, it should be connected
to A, the Anode of the input LED.

292 \

DesignSoft



NOTE:

In the list under Nodes: click on A and drag A to the top of the list
(to Node 4) , then drag K to Node 5, and finally drag E to node 3.
Note that you have the option to make the same changes graphically
by dragging the labels on the right side.

Check the remaining two nodes, which in this case must be correct.
Change the Category at the top right corner to <Optocoupler >.

As mentioned eatlier,, there are also 4th and Sth models on the list.
However, if you examine the Spice source in the spicetst.lib library
you will see that these are auxiliary subcircuits of the Optocoupler ,
so we do not need them separately in our schematics in TINA. To
keep them from being listed in the TINA catalog, invoke them one
after the other by pressing the Next button and set their Category to
Internal.

This completes our editing of the various models. Press OK to close
the TLD editor. The SPICE TST.TLD window should be updated

and look like this:

Tina 8 - Industrisl 27 March FS\SPICT spi ]

Using the File|Save As command, save both the SPICE TST.TLD
and the SPICE TST.LIB files in the Spicelib folder under
the  Windows  Documents  folder, for example:
Documents\Designsoft\TINA_Industrial_install
date_id_number\Spicelib

This folder is automatically created by TINA at installation. You can
navigate to this folder by using small arrow next to the Save button
and selecting Private catalog folder.

You can also use the Shared catalog folder which you can setup at
installation of TINA. Using the latter you can allow all users to use the
new libraries in case they have access normally through local network
to the Shared catalog folder.

DesignSoft
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Finally, use the File|Create TINA Library command |Compile
Library to register the changes for TINA. In this case when you restart
TINA there will be no need to recompile the library.

Close the Library Manager.

When you restart TINA you can find these new models by looking
in the appropriate category (Comparators, Buffers, and Optocouplers).
These new parts will be at the end of the list, since the names of the
new models start with X.

Compantors
Shape . J F Aucisiect Shape s J W Auteselect
Mardachuer  [an = s Morwiacharr TR ~ |
™ Shows gl eomponents ™ Shows gl components
[ o0 | X cowed| 7 v | [ o0 | X cowed| 7 v |

Of course, you can also set the Manufacturer in the appropriate
category to “Spice test” to see only the newly added components.

6.3.1.3 Adding Spice models in .MODEL format to the
library

SPICE MACROS

In the previous example, you added a component described by a
Spice subcircuit. You can also add diodes, transistors and other devices
by simply using MODEL instructions. These devices are normally
placed in a file containing many MODEL instructions. In TINA,
there are two such sample libraries, called diodes.lib and transistors.lib

First, open the diodes.lib file from the EXAMPLES\SPICE foldet
using the File | Open File command or the corresponding icon on
the toolbar. The following window listing the contents of the file
appeats:

294 \
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& Library Manager [ O[]
File Edt Search Window Help

CEoE XD |
£ D-\Program Files\DesignSofTina Pro Gera\EXAMPLES\SPICE \diode: MEE
+ -
-MODEL BASS82_X D (IS=185F RS=.30 M=1.305 BV=70 IBV=.1N

+ CJ0=1.17P VJ=.12 M=.096 TT=125H)

+

-MODEL BASS2Z_X D (IS=185F R3=.30 M=1.305 BV=70 IBV=.1N

+ CJ0=1.17P VJ=.12 M=.096 TT=125n)

+

-MODEL BASSS_Z D (IS=1.355n R3=2.6 N=2.04 BV=50 IEV=5u

+ CJ0=0.35P VI=.3 M=1.2 TT=1.6u)

*

-MODEL BEX84C2V7 X D IS=3.677E-15 N=1.059 R3=.12 IKF=1 XTI=3 EG=1.11

+ CJ0=312.1E-12 M=.2052 VJI=.3971 FC=.5 BV=2.766

+ IBV=64.76E-3 TEV1=-.56E-3 TT=57.71E-9 b
*

.MODEL BEXS4C3VO_X D I8=4.311E-15 N-1.057 R$=.12 IRF=1 XTI=3 EG=1.11

+ 010=291.5E-12 M=.2719 VI=.5248 FC=.5 BV=3.066

+ 1BV=4.76E-3 TEVi=-.5E-3 TT=64.92E-9 C

Execute the File/Create Tina Library Desctiption/For SPICE models
and subcircuits... command.

Create TINA Library Desc

Manufacturer Imy dindes

Determine the pinout descriptions by checking the comment lines
 Firstlook befare the subcircuits, then look inside the subcircuits
" hefore the subcircuits

 inside the subcircuits

0K I Cance\l Help |

Do not change the other settings. Press OK. A description listing
models in the new TINA library will appear:
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B Library Manager H[=1 B3
Fle Edt Seach Window Help

peead XB & |
£ D:\Program Files\DesignSoft\Tina Pro Gera\EXAMPLES\SPICE \diodes.lib _[Ofx]

-

\MODEL BASS82_X D (IS=185F RS=.30 N=1.305 BV=70 IBV=.1N
+ CJO=1.17P Vd=.12 96 TT=12Z5H)

N
&.D:\Program Fi

+ oy dicdes

ADesignSoft\Tina Pro Gera\EXAMPLES\SPICE\diodes Hd M=l 3

= |BASS2_X <b> el
.1|Brssz_x <D> (o1
+ |Basas_x <Dx el
= |BzxBaczv7_x <D> [o1
.1|B2x84CIVO_X <D> [p]

BZX84C3V3_X <b> el

The file contains 3 normal and 3 Zener diodes. In the Spice language,
there is no difference between normal, Zener, LED, Schottky, Varicap,
and other diodes. However, in TINA, you can assign different
schematic symbols to these types. To do this, select Categorize
Components from the Edit menu. The following dialog box will

appear:

£ Class Companents =] E3
Component Name <Shapes [Componnent Button]
EBLEEZ_X <D D] Diode
BAS9Z X <D o1 —
ELESE X <D o]
paxeatovy X <pr 1 Shatky
EZMEdcIv_X <D o]
Bzxeacavs x P 1 Zerer
Led
Varicap

Diodes ATransistors 4 1C's & others

T xcam\| 7 Help |

Select the Zener diodes (the last 3 items on the list) by clicking them
one by one while holding the Ctrl key. Then press the Zener button.
<D> and [D] identifiers will change to <DZ> and [DZ] ensuring
the use of the Zener diode symbols in TINA. Press OK and save
both library files in the SPICELIB folder at

Documents\Designsoft\TINA_Industrial install
date_id_number\Spicelib
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To verify the new diodes, restart TINA, select diodes or Zener
diodes from the toolbar, drop the diode onto the schematic, and
double click on it. Press the [= button at the type line and select the
"my diodes" library using the drop down menu of the Library field
at the left top corner of the Catalog Editor dialog box.

Catalog Editor

Library Tolerance Modsl
i ’7(3' e = General
my dindes

Model Model Parameters

Manufacturer. my diodes |
ISt dard 'l
= ] ]

[15/5 aturation current []

N/Emigsion coefficient[-] 1.06
BY/Breakdown voltage [V] 277
RZ/2 ist, Ohm] 1.0

B4, 76m

120.0m

) H21p

WJAlunction potential ] 397 Im
Ml AGrading cosff.  [-] 208.2m
FC/Capacitance B00.0m
TT/Transit b 57.71n
EG/Eneiygap 4] A M

0K | x Cancel

? Help

You will also find your new “normal” diodes under the Diodes
category of the toolbar. Note that you can add new diodes to any
existing manufacturer catalog if you select in the Library Manager
you define a library name already in the drop down menu (of the
Catalogy Editor of TINA.).

In a similar way, you can try adding transistors given by MODEL
Spice commands to TINA using the transist.lib library. There is no
need to categorize these components since the NPN, PNP, NMOS,
PMOS, etc. transistors have different notations in Spice.
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6.4

Adding S-parameter models

Let’s learn how to add an S-parameter model to TINA’s libraries.

Start the Library Manager program. Use the Windows Start menu to
locate the TINA folder and double click on the Library Manager
icon.

Next, select Collect S parameter files... from the File menu.
Note: You should not use the File | Open. .. command to collect S parameter files.

Find the folder EXAMPLES\RF in the dialog box and double-click
on the RF folder. This is where our example, an S-parameter transis-
tor called s_bfp405.s2p, has already been placed. Press the Next but-
ton. Note: the S-parameter files must have either S1P or S2P exten-
sion (the manufacturers use the same convention). If the exten-
sion is S1P it means that the device is a “1-port” (described with 1
parameter) otherwise a “2-port” device (described with 4
S-parameters).

A new dialog box will appear with the list of available files on the left.
Note that the file you select must be a proper S-parameter file.
S-Parameter data files are in the TouchStone format. This is a typical
data segment of a two-port file:

S-Parameter file description

# MHz S RIR 50

0.30 0.02 -0.05 -0.03 -0.02 -0.03 -0.02 0.02 -0.05
0.31 0.03 -0.06 -0.02 -0.01 -0.02 -0.01 0.03 -0.06
0.330.04 -0.07 -0.01 -0.03 -0.01 -0.03 0.04 -0.07

The first line is a header that gives the frequency units, parameter,
measurement format, and characteristic impedance of the
measurement (here, 50 Ohms).

The first column is the frequency im Hz. The next columns are, in
order, S11 Real, S11 Imaginary, S21 Real, S21 Imaginary, S12 Real,
S12 Imaginary, S22 Real, S22 Imaginary. One-port data files are
similar to the two-port files, except that there are no columns for the
S21, S12 and S22 parameters.
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Click on s_bfp405.s2p and then press the > button. The s_bfp405.s2p
model you have selected will appear in the list of selected files. In a
similar way, you can select more files or even all the files by pressing
the >> button. In the next dialog box you can change the model
name. This might be necessary to avoid conflicts among different
modelversions with the same name. To differentiate the new model,
you can create a model name from the file name or from one of the
first 8 lines, or you can add a prefix or suffix to the model names.
Let’s just use the file name as a model name. Press the OK button
and the contents of the new library file will appear.

Using File | Save As, save this library in the SPICELIB folder in your
Private Catalog using the name myslib.lib. Now select Create TINA
Library Description... | ...for S parameter models from the File menu.

In the following dialog you specify a name for your new library, e.g.,
My S Parameter Library. You could specify the name of the
manufacturer as a library name, but note that if there already is a
library in TINA with the same name (e.g., Siemens), then your new
model will be added to this library. The library descriptor file of the
new catalog will be displayed in a new window. However, in the case
of S parameter files, you must always categorize the models. To do
this, select the Categorize Components from the Edit menu.

Press the IC’s & other unrecognized components tab. Select one or
more models from the list, then press a Move to page ... button (pick
the button for the model type of the selected model). In our case,
press Move to page Transistors, then click on the Transistors tab.
Select your new library by clicking the line at thetop of the dialog,
Now select the appropriate category, which for this model is NPN.
Save the library descriptor file as myslib.tld in TINA’s SPICELIB
folder. (Both Spice and S parameter libraries are stored in this folder.)
Note that the Save As command applies to the active (selected)
windows only.
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Finally, use the File| Create TINA Library command to register the
changes for TINA.

Next time you start TINA, select RF components, and then NPN
RF Bipolar Transistors and you will find the new component library
in the list of Manufacturers. Your S parameter model will appear on
the list invoked either by selecting “My S Parameter Library” or All.

Making a HDL macro from a file

You can create a HDL macro from any .vhd / .v / .va / .vams file that
contains an entity (interface to the outside world) with its architecture
(description of the hardware). Files with .vhd extension are VHDL
files, with .v extension are Verilog files, with .va extension are Verilog-A
files and with .vams extension are Verilog-AMS files. The ports
declared in the interface part will automatically appear in the macro
symbol (shape). By default, the input ports of the interface will
appear on the left side of the generated macro shape and the output
ports of the interface will appear on the right side, but by editing the
generated macro you can change this arrangement.

For example (VHDL):

ENTITY e Half add_entity IS PORT(
A : IN std_logic;
S : OUT std_logic;
C : OUT std_logic;
B : IN std logic );
END e Half add _entity;
In this case the A,B ports will appear on the left side and the S,C
ports will appear on the right side of the macro shape.
Lets see how to do a macro from the following VHDL code
(a half adder):
LIBRARY ieee, tina;
use ieee.std_logic_1164.all;
use std.textio.all;

USE tina.primitives.all;
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— entity section

ENTITY e Half add_entity IS PORT(
A : IN std _logic;
S : OUT std_logic;
C : OUT std_logic;
B : IN std logic );
END e Half add_entity;

— architecture section

ARCHITECTURE a_Half add_arch of e_Half add _entity
constant delay : time := 20 ns;
BEGIN
S <= (A xor B) after delay;
C <= (A and B) after delay;
END a_Half add_arch;

1. Select Tools/New Macro Wizard...

Select the source of the macro.

Macro Name

|Half_add_VHDL

£ Emply circuit

¢ Current circuit

| O

¢ From the ‘web

Brose |
D efault WHDL

Label| SCKH
I= | Generate WHIL component
Parameters:

Help < Back | = | Cancel |

2. Type a name for the new macro.

3. Select the From file option then press the Open button and change
the file type to VHDL, and navigate to EXAMPLES\VHDL in the
TINA program folder. You should see the half_adder_ VHDL.vhd
file in the open dialog. Select this file and press Open.
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4. Press the Next button to save the macro, and save the macro into the
default Macrolib foldet.

6.5.1 Placing a HDL macro in the schematic editor

Now let’s see how can we insert our previously saved VHDL macro
into TINA’ schematic editor.

[

_hmmnﬂtﬂh

B

ﬂ: elae BlE [« lelrs] alale|[- al=21 % 7] 2l #ial] E —

I+ HEIQ J! Ea u-l+ -—]alu‘-l:t]ﬁ« ®1OI¢|«-;&4 | I [ L O [

U1 Half adder VHDL

[ Half adder VHDL |

S-PARAMETERS

1. Select “Insert/Macto...” from the menu and select the previously
saved macro half add_VHDL.TSM from the MACROLIB folder
of TINA’s main program folder.

The screen will look like this:
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NOTE:

6.5.2

BE TINA VHDL Editor

TINA VMDL RMacro Dascription Degin
entity_nane:e Half_sdd_sntity;
arch_nane:a_Hall_add_aschi
portaih, B8, €;

TINA ViDL Macre Dageriptisn End

LIBRARY 1844, Tina;
_logic_1164. all;

EUTLTY « dd_setity IE PORTC
A IN red_legie:
5 @ OUT sed_logic:
OUT ged_legie:
B OIN sed_legic 3:
END & Malf_sdd_entitys

archizesture ssction
KECHITECTURE o_Walf_sdd_asrch of «_Walf_sdd_sncicy I3

BRCIN

% <= (k xor B);
<= {A and B};

END a Half_add_arch;
-

Line: 18 Col:37

To see the content of the macro double-click on it and press the
Enter

Macro button on the property dialog that appears. The content of the
macro will be displayed.

The command section starting with TINA VHDL Macro Description is
generated automatically and should not be changed.

Testing a HDL macro

Let’s test our newly created macro in TINA’s Digital interactive mode.
To do this, place two High-Low digital switches from the Switches
toolbar, one for each of the A,B inputs, and two logic indicators from

the Meters toolbar. Now select the DIG interactive mode with the j

button or from the Interactive menu and press the ?m button. The

logic levels of the nodes will appear, Red for High. Blue for Low.

SH31INVHVd-S
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6.5.3

The logic indicators will also show the logic level of the outputs in a

Red square . 2 for High, and empty square - for Low.
Changing the pin arrangement of a VHDL macro

To change the pin arrangement, you should add a special header to
your VHDL macro.

The easiest way to do this is to open the automatically generated
macro and edit its header.

For example the header in the previous example is

— TINA VHDL Macro Description Begin
— entity name:e Half add entity;

— arch name:a_Half add_arch;

— ports:A,B;S,C;

— TINA VHDL Macro Description End

The pin arrangement is determined by the:
ports:A,B;S,C;

line, the ports before the first semicolon (;) are placed on the left
while the rest are placed on the right side of the macro box.

For example, if you change the ports line to
ports:A,B,S;C;

and add the whole changed header to the original VHDL file (which
had no header) we get the following file (you can also load it from
the EXAMPLES\VHDL\half_adder_ VHDL.vhd.)

— TINA VHDL Macro Description Begin
— entity name:e Half add_entity;

— arch name:a_ Half add_arch;

— ports:A,B,S;C;

— TINA VHDL Macro Description End
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LIBRARY ieee, tina;
use ieee.std logic 1164.all;
use std.textio.all;

USE tina.primitives.all;

— entity section

ENTITY e Half add entity IS PORT
A : IN std _logic;
S : OUT std_logic;
C : OUT std_logic;
B : IN std logic );
END e Half add_entity;

— architecture section

|mun5wm5n!!mwnm e ——i

o] @l [v = [ #lwls] alnl+ [ afFm = 4o 24 e i i ! ! ol fimmd =

|+ [h ][] #]8 [ & [+ ==t @l@laglola] | [ [T [ [T [1]]
4 LRt | ol odchot o T 1« gl

e (T TE s W iR g P [T TR T

U Ha_adder_vHDLI1 b

— Half_adder_YHDL31 .vhd |-

SH31INVHVd-S

ARCHITECTURE a_Half add_arch of e_Half add _entity
BEGIN
S <= (A xor B);
C<= (A and B);
END a_Half add_arch;
Converting this into a new macro called Half_adder_ VHDL.TSM
and then inserting it again we will see the revised pinout version.
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7.1

CHAPTER [/

MAKING YOUR OWN

SCHEMATIC SYMBOLS

AND FOOTPRINTS

Schematic Symbol Editor

Using TINA’s Schematic Symbol Editor, you can create new
schematic symbols so that you can add your own circuit
components to TINA.

To create new symbols, you place lines, arcs, rectangles, and arbitrary
characters with any fonts, specifying line-width, color, and area color
fills. After drawing the symbol, you add and define connections to it.

To start the Schematic Symbol Editor, use the Start or Apps screens

of Windows 8 or the TINA group of the Start menu of Windows 7,
Vista or XP.

To get acquainted with some features of the editor, read in the list of
existing symbols. (Alternatively you may jump to paragraph
“Now let’s create a new symbol” below:)

Select File| Open, the little down arrow j button on the right side

of the Open button and select the Main TINA folder from the list.
The folders and files in the main TINA folder will appear. Locate
and then double click the devices.ddb file. On the right hand side of
the Editor Window, the list of current schematic symbols will

appear.

DesignSoft
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[ <53 DEVICES DDB - TIMA Schematic Symhal Editns
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The first symbol on the list (an Ammeter) will appear in the editor
window. Try the Dir: control at the bottom of the screen. Using this
control, you can provide different shapes for symbols at each
rotational orientation by designing each of them individually. Now
click on the NAND symbol at the right side of the screen and press
the [#] button. The NAND gate symbol will appear in the editor
window. Try the Standard: control to see the US and European
versions of the part shape. You can design symbol versions for each
standard, if necessary. If the symbols are identical in the two
standards, you need create only one version.

Now let’s create a new symbol for the full-adder circuit that was
used above in our example of creating a half adder macro.

If this is your first own symbol press the

File| New command to create a new library. If you
already have your own symbol library open it with the
Open command. First clear the editor window by
pressing the [B] New Device button on the left side of
the Search field above the list of symbols on the right
side of the screen. Now draw a rectangle as the body of the compo-

|

nent. Press the [O] button then click on any point in the drawing area,
hold the mouse button, and move the mouse until the rectangle is
propetly sized.
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1

Fill the rectangle with a color by right-clicking on the pal-

HEE

ette at the lower left corner of the window. Note that a left-

an
L

click will change the foreground color (FG), in our case the

‘I
L Hi

= border of the rectangle.
o

Now add the terminals. Select the desired terminal type from the
Terminal-Toolbar in the upper left corner of the window and move
the cursor into the rectangle you just drew. Position it using the mouse
or pressing the /+/ or /-] key for rotation and click to locate the
terminal. Be sure the small red x, indicating the pin end, is outside
the body. Continue this process until every terminal is positioned.

5 ik

Now add the terminals. Select the desired terminal type from the
Terminal-Toolbar in the upper left corner of the window and move
the cursor into the rectangle you just drew. Position it using the mouse
or pressing the /+/ or /-] key for rotation and click to locate the
terminal. Be sure the small red x, indicating the pin end, is outside
the body. Continue this process until every terminal is positioned.

HName: I 2] ¥ Shaw

Shape: INormaI j LethhilNDrmaI 2] j

Direction: T | s F |

Blectiepe: [Passive =)
Vil [apes <]

o 0K | x Cancel

? Hep |
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YOUR OWN SCHEMATIC SYMBOLS

After you have positioned all the terminals,
- A you can establish their properties by double
P: S |- clicking on each of them.
- B £
1

Co {|= in the picture below.

You should assign terminal names as shown

wr Ci

Next, add a large
summation sign.
Click on the [T| -Text-Editor button on the
Toolbar, enter an S in the window, and select

a font. To get the special Greek summation

sign, select the Symbol-Font.

Press the Device Properties button, set the Name of the symbol
to Full Adder, and press OK.

Finally, copy the new symbol into the symbol library with the
button (it appears now at the end of the list), and use the File | Save
or File|Save As... command to save the new or extended .ddb Li-
brary file.

Note, that if you create a new schematic symbol which must be
placed in a new or existing library, it is strongly recommended to
save it in a custom shape library (.ddb file) in your private catalog
folder. To locate your Private catalog folder click on the little down

arrow j button next to the Save button in the Save As... dialog.

Under Windows Vista, 7 and 8 or on a network you cannot save
anything in the Main TINA folder, unless you have Administrator
rights.

Another possibility to save your symbol(s) in the Shared catalog

folder, which you can select from the same list, using the j button

where the Main TINA folder and Private catalog folders are listed.
The Shared catalog folder can be specified at Installation and located
in an area which all TINA users on a computer or network can

access.

If you have a new schematic symbol, it can be assigned to a new
component (macro) using the New Macro Wizard, as it is described
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7.2

in chapters 5.1, 5.2 and 5.5. - or using the Library Manager as it is
described in chapter 5.3.

IC Wizard in the Schematic Symbol
Editor

When you need to create the shape of an IC with a lot of pins,
the IC Wizard can assist you. The IC Wizard can be activated from
the Draw menu by selecting the IC Wizard command. The following
dialog box appears:

- Pin lapaut

(¢ Genenc oK
Murmber of pins |2 ﬁ x Tyl

{” Yendor specified pin kst &I

The wizard offers two options.

Generic If you select this option, the Wizard creates a
rectangular-shaped IC with a DIP-style pin layout. The total number
of pins must be specified. For example, if you enter 14 pins in this
field, you get the following pin layout:

%" <Mew Device > NOMAME.DDB - TINA Schematic Symbol Editor B =[]
Fie Device Edt Dpsw Wew Help

el |z|Ex Nolale|a| (s <~ LRI

< S E—
= e i i
< = -

-+ z

<+ =

Widh

o B

ki

2

r3

B

- abel

.-

.-

I

.-

L[

-

(.

[ o

I R o &l

Stardad D[ EU 0 < =] X107 - 48
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. Vendor specified pin list In this case the Wizard creates a shape
based on a file where each line defines a terminal as Pin number,
Name, Electric type separated by commas:

For example:.
1,RA2,INPUT
2,RA3,INPUT
3,RA4/TOCKLINPUT
4 MCLR,INPUT
5,VSS,POWER
etc.

The electrical type can be INPUT, OUTPUT, INOUT, BUFFER and
POWER. For example, if you read in the PIC16F84A.CSV file from
TINAs EXAMPLES\PCB foldet, the Wizard generates the next IC:

()]
6' X «Mew Device> NONAME.DDB - TINA Schematic Symbol Editor =oEd
m Fle Device Edit Draw View Heb
s e8| @lE[v Nolale|a| (s o~  @ETm els] Bl
> Sk : S| Fe
N =i 1 —
“d — I~
g ot ,_ L i
< »\:d:d " ™
*
= (] B l
u o3 deicot mal
O 2 . Label
- = - -
Z .
= —— s -
O - :
x .
2 -
o e o 8
> StandaduDin[ €0 07 « =] ESICEAT)

When the Wizard is finished, the shape can be further edited with the

tools described above.

7.3  Footprint Editor

Using the Footprint Editor, you can create new footprint symbols
that you can add to the footprint library. You can start the footprint
editor from the Tools menu of TINA’s PCB Designer by selecting
the Footprint Editor command.
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If you want to create a new footprint, you can build it by placing
various primitive drawing elements and symbols, including lines,
rectangles, arcs, text and pads. We'll recreate a simple resistor
footprint already included in the system.

First clear the editor window by selecting the New Footprint
command from the Footprint menu. Then set the position of the
origin by double clicking on the cross symbol with the little arrows.
Enter 1300, 1000 in the X and Y fields respectively. Check the
Use Relative Coordinates checkbox, and press OK.

|"-” FootPrint Editor - NOMAME.FPL - <Mew FootPrint> ‘;E‘\
He Footprint Edb [nsert Wew ook Hel

Dl -@I&| &|nlm*] Ao Nalola]e|T] | x| [F
Faotprint Libiaty 1 H . H B HE
HORAME FFL

Bla

SisiuERE

1=

Now select the rectangle symbol on the toolbar and draw a rectangle
around the origin. To do this, click on one corner, hold down the
mouse left button, and drag the cursor to the opposite cornet.
Release the mouse button. If you create a footprint, you should be
very careful with the dimensions. You must define the exact
dimensions according to the manufacturer’s data sheet, especially of
the pads: otherwise the parts cannot fit on the board. To set the shape
precisely, it is better to use coordinates rather than drawing with the

mouse.

To set the size of our rectangle using coordinates, move the mouse
over one of its edges and when the cursor changes into a hand
symbol, double click at one edge of the rectangle. The Rectangle
Property dialog will appear.
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% Rectangle Properties

Now enter 0, 0 in the CenterX and CenterY fields; 840, 300 into
Width and Height; and 5 into the Line Width fields.

In the Rectangle Property dialog of the shape you can change the
layer settings, too. By default, a rectangle shape resides on the Silkscreen
Top and Assembly Drawing Top layers.

Pressing the down arrow invokes the layer configuration editor. The
layers can be turned on/off by double-clicking on the grey square
next to the layer name. In our example, the default layer
configuration is good, so don’t change it. Close the property editor by
pressing OK.

[ Footprint Editor - NOMAME.FPL - <New FootPrint> =

Ble Fooiprnt Edb [nsert Vew ok Hep

Dle RIS [nlelx] o NalolalolT| el s|[F | B

Folpint Libeasy
HOMAME FFL

2=

L Ll

_B

Now add 2 lines to our footprint. Select the line symbol and draw 2
horizontal lines next to the rectangle on both sides. Double click on
the lines and modify the parameters as follows:

Linel:-460, 0, -420, 0, 5 (Point1 X, Point1 Y, Point2 X, Point2 Y and
Line width)

Line2: 420, 0, 460, 0, 5 (Point1 X, Point1 Y, Point2 X, Point2 Y and
Line width)
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Finally, add two through hole pads to the footprint symbol. Select
the pad symbol from the toolbar. Move the pad next to Linel. Now
activate the property editor of the pad, by moving the mouse over it
and double-clicking when the mouse changes into a hand symbol.
Enter - 500, 0 in the Center X and Center Y fields. The Drill
parameter is 37. Now click on the down arrow. By default the pad
resides on the Top, Bottom, Power, Ground, Solder Mask Top,
Solder Mask Bottom, Drill Drawing and Drill Tape layers.

The default layer configuration could have been changed in a way
similar to what we’ve seen in the rectangle example. Though the
default layer configuration is good, we have to change the dimen-
sions of the pad. Double click on the size field and enter 58 in the
Diameter field on the Top, Bottom, Solder Mask Top and Solder
Mask Bottom layers, enter 78 on the Power and Ground layers and
37 on the Drill Drawing and Drill Tape layers. It’s important to enter
the package pin number into the name field.

| & Foatprint Editor - NONAME. FPL - <How FostPrint EEE|

Bie Footprint Edt [nsert Vew Tooks Help

Die @S| &lmle| x| Al slalolalolr| e el [ i -7 =]

Faolprint by
HORAME FFL

=

T

g

% 110,00 180,00

Now pick up the next pad and move to Line2. We have only one
parameter to change, Center X, which should be 500.
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7.4

‘i-”aniprinl Editor - HOHAME.FPL - =Mewr FootPrint=

File Footprink Edk Insort Wiew Tools Heb
Dl -|@l&] #|mlelx] o] Nala|a]o|T] «|u]
Folpint Libeary e & g

(Gil=]

% T17000¥: 690.00

The footprint symbol is ready to save into a library. Open the

package.fpl file, select the resistor group (or define a new group) and

press the Add footprint button.

‘;" FootPrint Editor - PACKAGE.FPL - =MNew FootPrint >
Fle Footprit Edt Insort yiow Tools Heb

8] slmimlx] ol Nlalolal ol Tl el e [

= PACKAGE FPL
# Capacior
% CASE
i Connectar

# Diode
# DIF
0 Inductar

IC Wizard in the Footprint Editor

If you want to create the footprint of a more complex IC, e.g;, an IC

with a complex pin configuration, the IC Wizard can assist you. The

IC Wizard can be activated from the Insert menu.

The wizard presents several properties of the IC which you can set.
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In the Technology group, you can set the mounting mode and the
package type of the IC. The mounting mode can be through hole or
surface mounted. Depending on the mounting mode the following
packages are available: DIP (Dual in line package), PGA
(Pin grid array package), SPGA (Staggered pin grid array package),
SOP (Small outline package), LCC (Leaded chip carrier package),
QFP (Quad flat package), BGA (Ball grid array package), SBGA
(Staggered ball grid array package), SIP (Single in line package) and
ZIP (Zigzag in line package) respectively.

In the Package dimension group, the dimensions (length, width,
3D height) of the package can be set. Depending on the selected
package, the 4" parameter is either notch, corner cutoff, ot ignored.

The Pad dimension defines the shape and dimensions (length, width)
of the pad. If the mounting mode is through hole, the shape of the
drilled pad can be round, square or octagon. Moreover, the shape
and dimensions of the drill diameter can be defined. However, if
the mounting mode is surface mounted, the shape of the pad
can be circular, rectangular or rounded corner and the appropriate
dimensions can be also set.

In the Pad position, the number of pins and the distances between
them can be set according to the package type.

Finally, in the Pad numbering group, the type and direction for pad
numbering can be entered, depending on the package type.

An example:
Technology: Through hole
Package type: DIP
Package dimension/Length: 400
Package dimension/Width:270
Pad dimension/Shape: Round
Pad dimension/Drill hole: 20
Pad dimension/Diameter 40
Pad position/Number of horz. pins: 14
Pad position/Between pins: 50
Pad position/Between rows: 160
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7.5

= FootPrint Editor iew FootPrin ___K
|UF tPrint Editor « PACKAGE.FPL - <New FootPrint> 1 Ul
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When the wizard is finished, the footprint can be further edited and
saved in the library.

Adding Public PCB Footprints to TINA

TINA PCB can extend its footprint model library with footprints
published by manufacturers or available from other sources. It can
be achieved in a 2 step conversion process.

Footprint libraries are usually published in the format BXL which is
used in a freely available software called Ultra Librarian
(www.accelerated-designs.com /ultra-librarian/) In this software you
have to open or download the component you wish to import into
TINA. Select the export format “Ki-CAD” and press the “Export to
selected tools” button. The Ultra Librarian software now creates new
files in its own folder at the path: Library/Exported/KiCad/[name
containing the date and time of processing] In this newly created
folder you have to go to the folder “footprints.pretty”. If you see one
or more files with the extension “kicad_mod” the first step of the

footprint conversion was successful.
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BB Uivra Librarian Binary Reader Version 8.1.24 - O %

Step 1, Select a File to Load.
Load Data Download from ites and datab |

Step 2, Select Tools

[~ DesgnSperk ﬂ
[~ oF
C
& 30
[~ Eagle version 6 or newer
IS
[s
[V KiCAD
I™ Menior Baardstation
[~ Mentor Design Architect
[~ Mentar ViewDraw/ DxDesignes»>Dix Designer
[~ Mentor Pads Standard and Standard Plus
™ Mentar Xpedition PLE xFCE Leyout
" with Dasign Caphure version 39 or newer j
Lo s Tool Limitation Summan: R pon e
addal | R viewtibes |
Step 3. Export to Cad Tools Options
Export to Selected Tools | Options/Help E E[

View  View
Prenaous  Next

Exil Program |

| 4 \Library|ExportediKiCad|2016-12-01_18-17-38|footprints pretiyl"*

MName Ext Size +D
&l <DIR> 201!
[ LMZ24-N_J_14 kicad_mod 8.3 k 201

Now open Tina PCB’s Footprint Editor. You can open a footprint
package file or create a new one. Then create a footprint group with
the appropriate button, then press “New footprint”. Press the
“Import footprint” button at the middle of the window and select
the previously created kicad_mod file. On successful import the foot-
print is visible in the footprint editor. At this point you should check
if the component’s Origin is at the right place - check the menu View/

STOANAS JILVINTFHOS NMO dNOA

Supplementary and drag the Origin symbol which is displayed as 2
crossing arrows. You can also double-click on it and enter numerical
coordinates. The Origin should be at the center of the component
usually. Now you just have to save the component to the footprint
library.

Some footprint models may also contain a reference to a 3D model
file. If the 3D file is present, TINA PCB tries to import that

automatically as well. See the next section on how 3D import works.
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7.6  Adding Public 3D Footprint models to
TINA

In addition to VRML format, in TINA Design Suite v11 and later
versions the PCB component library can be extended with 3D
models in industry standard STEP, STP, STL and the popular
Google Sketchup (SKP) format.

In the Footprint Editor under the Footprint menu select
Footprint Properties. In the Footprint Properties dialog select the
“Import/Update 3D model” then press the Execute Command
button (or double-click on the radio button). The Import 3D Model
dialog appears where you can open models in STEP, STP, STL,
SKP formats. The orientation of these model files can vary de-
pending on the publisher, so you can rotate the model to the de-
sired fit to the board with the top toolbat’s buttons. You can also
set the vertical position and the model size, using different mea-
surement units. After the successful import procedure and saving
to the library, the model is assigned to the footprint and it can be
displayed in the PCB Viewer 3D as a component of the circuit
board.

il 3D Modelimpart = o x
mnee | @0O[0EE BEE (v

2patn (10|

T —

A —

==
N —
vem [ B
L TR S

Moorewit  m

YOUR OWN SCHEMATIC SYMBOLS

LM T34 100144
Mo e
KBxE

FOCE COUTE 3588
Fie ste Z32.68 KB

You can adjust the orientation, placement and size of the
footprint model any time in the “Footprint properties” window
with the “View/Adjust 3D model” function, so the 2D and 3D
views will exactly match.
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ERvootprint Editor - TEXAS.FPL - LM224_8_)_14
File Footprint Edit Insert View Tools Help
Deds NdOnMoT &8 &:

Footprint Lbrary | <Search

= @ TEXASFPL
& TEXAS o]
 M224 N_I_14

Mame: (LM224_N_)_14

+ Description
+ Non electrical component

| VRML Model
LM 224 100144 -

Select Command
Import/Update 3D Model...

= + [MewjAdjust 3D Model

o Delete 3D Model from Library

Export VRML Model...

Execute Command

X cmd 7 Hep

& 30 viewer - a x

@000

~
N

30 model sefiings Xpositon [0 = W xsis  [785 =
E@ vposion i | W vSe [0 =

2 position [0 = W ozsee [0 =
- & Save end Close ‘ M=

Click hold end drag your lefi/right mouse bution on the model ta rotate/zoom it

If you don’t see a 2D footprint displayed on the board here, you
should first save the footprint to the library.
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CHAPTER 8

USING THE
PARAMETER
EXTRACTOR

Using TINA’s Parameter Extractor you can create component
models that more closely represent actual real world devices by
converting measurement or catalog data into model parameters.

Use the Windows Start menu to locate the TINA folder. Start the
Parameter Extractor by double-clicking its icon. To create a new
transistor, which can be added to TIN.A’s transistor catalog latet,
select File | New Library| NPIN Transistor.

DesignSoft
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PARAMETER EXTRACTOR

#) Parameter Extractor for TINA - NEWNPN_LBR] [_ O] ]

File Datsbase Options Calculate Window Help =18 x]
e R AR AR == [ R | (R e e
.K MNP Transistor Data Sheet ‘K Page:  1/A Pararmeters
Companent, Usage: for "IN
= I j [ Slunits ]
[ Base-Emitter voltage vs. Collectar Current B I
MF:
RE

1 Icmal
v

Template 012345678910
Defaul j lin-lin_# log-lin 4 lin-log 4 log-log

Ald, \[I-VEE,KE IC-BETA AC: WCB-Cob AD: VEB Cib AE: Hoe, Bandwidth,

The dialog allows you to enter data from measurements, from
manufacturers’ catalog data, or from TIN.A’s default values (use the
Template-ComboBox for this).

Click on each tab at the bottom of the screen and fill in all the
transistor parameters. Select the default values or enter your own.

#, Parameter Extractor for TINA - NEWNPN_LBR] [_ O[]
Fle Databass Dptions Calculate Window Help —|8] x|
ﬂ{{ il s JSJEBE H|<‘>‘>I+—|1. ot C\ear‘PreuH
Component: Page:  1/E Parameters
for "TINA"
~Output admittance [ Sl units ]
1C [mA]: WCEMN]: Hoe [pmhos]
f1 10 10 VAF:
Defautt TF
Maximum Bandwidth  [MHz] 100
Defautt
e sk LE + Addnew.
A 1d, ICWEE AB: IC-BETA AL VCB-Cab AD: VEE Cib AE: Hoe, Bandwidth, .../

NOTE:

Be sure to fill in all data, since missing data may lead to incorrect
results.
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Next select Calenlate| Current component. To check how well TIN.A’s
transistor model matches the input data, you can walk through the
tabs to see the calculated graphs and numeric values for every
parameter.

Finally, let’s insert the new transistor into the source file for TINA’
transistor catalog by selecting File | Catalog Manager. To be able to use
the new catalog, you must recompile the modified source files and
link them together into the CLCC.CAT catalog file.

Locate and open a component-file compatible with your component
(e.g., if adding a bipolar transistor, choose a bipolar catalog,
bipol_x.crc). Click on the Browse-Button and select the file from the
File Open Dialog, All component-files delivered with TIN.A are placed
in the CLCC subdirectory of the TIN.A directory (by default
C:\Program Files\ Designsoff\ TINA).

Catalog Manager
Source Library: Destination TINA Catalog file:
|NEWNPN LIE = ID:\tmapm\BipoLx.src Browse |
Current cetalog: | Mao. 002: NPN
Cormpaonhents
> NP - =
—Q'J 2M1613 2 v
ZN1711
>> 21893 Cancel
_I 22102 x
2MN22T8A
2 2Nz 2 Hep
2MZ2194 *
To be deleted fram Catalog: gmggg;\
- <<
ZMz27o
2MN2369
2MN2369A
213 5 |

Move your component into the library by selecting it, clicking on the
> | button and then the OK button.
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PARAMETER EXTRACTOR

After Pressing OK, TINA will prompt you and ask if you want to
recompile the catalog source files and create a new updated catalog;
If you answer "Yes," TINA will create the new catalog and you can
use it after restarting TINA. You can also recompile the catalog using
the "Compile TINA Catalog" command in the File menu. This may
be necessary if a previous attempt at compiling failed, e.g., due to
insufficient hard disk space.

In a similar fashion you can calculate magnetic core parameters. You
should enter the upper (A) and lower ( B ) curve of the
hysteresis and the geometric parameters of the core. Run an example
with the default parameters ( load Default from the Template
listbox ) to see typical values.
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CHAPTER 9

ADVANCED TOPICS

9.1 Introduction

TINA offers many useful and advanced features for designing,
testing, and teaching electronics. These include S-parameter
models, network analysis, Fourier series and Fourier spectrum
analysis, noise analysis, symbolic analysis, post-processing of analysis
results, phasor diagrams, Nyquist diagrams, a built-in interpreter,
multi-parameter optimization, and much more.

Detailed descriptions of all these features can be found in this
chapter.

. Parameter Stepping (pg: 322)

. DC Transfer Characteristic and Parameter Sweeping (pg 334)
. Phasor Diagram (pg. 338)

. Nyquist Diagram (pg. 341)

. Noise Analysis

- Small Signal AC Noise Analysis (pg. 342)
- Transient Noise Analysis (pg 346)
. Network Analysis and S-parameters (pg. 348)

. Symbolic Analysis (pg. 353)

. Post-processing Analysis Results (pg. 362)
. Design Tool (pg. 370)

. Optimization (pg. 373)

. Design Tool vs. Optimization (pg. 379)

. Fourier Analysis (pg. 380)

. IBIS models (pg. 400)
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ADVANCED TOPICS

9.2

Parameter Stepping

In parameter stepping mode, TINA steps the associated
component values a given number of times through a given range
and runs the selected analysis for each value. This results in the
calculation and plotting of a set of curves illustrating the sensitivity
of the circuit to changes in the associated parameters.

Parameter Stepping is controlled by four parameters: Start value,
End value, Number of cases, and Sweep type (Linear, Logarithmic
or List).

The stepped component value parameters can be any numerical
parameters of the TINA components—e.g;, the resistance of resis-
tors, the setting of a potentiometet, or parameters on transistor data
sheets.

To set up parameter stepping for a component, click on the
Analysis.Control Object menu item, or click on the |j# Select
Control Object speed button.

A cursor that looks like a resistor will appear in the schematic editor
window, waiting for you to identify the component for which you
wish to assign a stepped parameter. Point at the desired
component, right click, and all of its associated parameters will be
displayed in the dialog window.

Should the desired parameter belong to a catalog component or be
an excitation attribute, you must first select the semiconductor or
waveform type so that you can access the appropriate data sheet.

In the case of a resistor, for example, the following dialog window
will appear:

R1 - Resistor @

[ Resistance [Dhm]

Power [w]

Temperature [C]

Linear temp. coef. [1/C]
Quadratic temp. coef. [1/C%]
Exponential temp. coef. [%/0]
Maimum voltage [V

Z2oese-g

=
=)

Select... X Eance\‘ ? Help ‘

Select the line containing the parameter to be stepped and then
click on the Select button. The following dialog will appear:
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Centrol object selection =]
Parameter stepping
Stat value 16k SrEEaER
& Linear
End value 24 " Logarithmic
Murber of cases El © Lt
_Patzneler Stepping | Optmzatn |
¥ OEY Remeve | X Cancel | ¥ Hel |

Set the appropriate stepping parameters. The number of cases
includes the Start and End values.

By setting the number of steps to 1, you can performa single
analysis at the value defined by the Start value of the parameter. This
gives you a way of examining the response with only a temporary
change of parameter (without modifying the original value).

If you press the List button and then press the unlabeled button to
the right, the List Editor for parameter stepping will appear:

Parameter Stepping - List Editor =]
Parameter 81 |16k Add Hew
Parameter #2 |2k
Parameter 83 [2.4k Remove Last

LClear

Ok X Eance\‘ ? Hep ‘

By default it will show three values calculated between the Start and
End value, but you can enter any values you wish, remove values, or
clear the list entirely.

Press OK to return to the previous dialog window which, in turn can
be closed by its OK button. You can also turn off parameter
stepping for this component using the Remove button.
You can repeat the above procedure for any number of parameters
to be stepped.

Note that you do not have to use the same number of cases for each value being
stepped. TINA will run an analysis for all possible combinations of values stepped.
For example, if you ask to vary part A in three steps and part B in four steps,
youll get twelve curves.

The program will go into parameter stepping mode automatically
whenever a component is set as control object according to the
procedure above. The mode status can be checked via the
Analysis Mode Selection dialog window.
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ADVANCED TOPICS

Analysis Mode Selection

Curent Mode
* Single " worst Case

" Temperature stepping  Monte Carlo X Cancel
" Parameter slepping 7 e

You can use this dialog to select single analysis or parameter

stepping analysis, as well as Temperature Stepping, Worst Case and
Monte Catlo analysis.

Analysis Mode Selection

Cunent Mode
" Single " wiorst Case

" Temperature stepping " Monte Carlo X Cancel

wp ter steppi

Parameter stepping 7 teb
Farameter stepping
& Combinatiohal stepping [ Separate caszes in diagram

" Parallel stepping

When stepping two or more parameters, TINA will use one or the
other of two main modes of parameter stepping:

Combinatorial stepping: with combinatorial stepping, the stepped
parameters can have different numbers of steps. TINA will run an
analysis for all possible combinations of values stepped. For example,
if you ask to vary part A in three steps and part B in four steps, the
analysis will present twelve curves.

Parallel stepping: In this mode, the program will change all the
values to be stepped simultaneously, yielding a quantity of analysis
curves equal to the smallest number of values of any of the param-
eters being stepped. First TINA will compute the curves for the Start
values for each stepped value. Next, the program will compute the
curves between the Start and End values for each stepped value in
isolation from each other and does not use the values from other
cases in combination. We suggest when running a parallel stepping
analysis that you give each parameter the same number of steps—it
will keep things simpler.

For one stepped parameter the above two modes are equivalent.

An example of the two modes will clarify these modalities. If you ask
to vary values of parts A and B, both in three steps you’ll get only 3
curves with Parallel stepping and 9 curves with Combinatorial

stepping.
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EXAMPLE: Let the stepped values for R be 100, 200 & 300 Ohms,
and for C be 500p, 1000p & 1500p Farads. TINA will run these cases
with the following values:

Combinatorial stepping (9 analyses)

Parallel stepping (3 analyses)

R[C R [C
100 | 500p 100| 500p

200 | 500p 200] 1000p,
300 | 500p 300( 1500p,

100 | 1000p
200 | 1000p
300 | 1000p

100 | 1500p
200 | 1500p
300 1500p

Separate cases in diagrams. By default, all stepped curves are drawn
in the same diagram. However, if the Separate cases in diagrams checkbox
is checked, then each stepped curve is presented in its own diagram,
with its own tab, in the Diagram Window.

Using Separate cases in diagrams and Parallel stepping makes it
easy to create, run and document test benches (a suite of test circuits,
each with a particular set of values that simulate devices under test).
The following examples will make Parameter Stepping clearer. Load
the file RLC_1.TSC from TINA’s EXAMPLES folder. Note that this
circuit is already in combinational parameter stepping mode for the
resistor R, which is changed between 100 ? and 1.1k? in 3 steps. Click
the | button, select the R resistor with the new cursor, and press
Select. You should see the following dialog window:
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Control object selection =
Parameler stepping
Sttt value 100 Sweep type
* Linear
End value 1.1k W (eaiins
Number of cases 3  List
Parameter Slepping | Dptimization |
BT Remove | X Cancel | 7 Hep |

After closing this dialog and running Analysis/AC Analysis/
AC Transfer Characteristic, the following diagram will appear:

Noname - AC Amplil =10l x|
Fle Edt View Frocess Help

== sl N

SO0

20,00

76,00

=
(=]
=

Gain (oB)

Ly
=
=)
T

-20.00

-30.00]

-40.00-] — ———————
Tk 100k Tivt
Frequency (Hz)

WAL Amplil £

To determine which value of the stepped parameter is associated
with a curve, move the cursor over the curve and read the
corresponding value in the line at the bottom of the screen. You can
also use the Legend and Auto label buttons in the diagram window
to show the corresponding stepped values. Refer to the diagram below.

ADVANCED TOPICS
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B Noname - AC Amplil -1oj x|

File Edit Wiew Fiocess Help

ld] BT elal |Tlgigl-a~lo| e 22 2l |

30.00
] Out[1} 100[0Rm]

20.00

10.00-

[=1
o
[=1

Gain (0B)

L
=
=
T

———— Oul1] 10000
———— Out[?] 00O
Out3] 1. 1KOhm]

-20.00

-30.00

-40.00 — ——
foK 100k i
Frequency (Hz)

AC Amplil /

Now let’s step the value of the capacitor using the List option. Let
the values be 100pF and 1nE.

Click the [§¥ button, select the capacitor C, and press Select. You
should see the following window:

Centrol object selection =]

Parameter stepping

Start value [ooe Sweep lype

@ Linear
Erd value 120 & Logatmic
MHumber of cases 3 © Lt
_Panete:Stepping | Qptimization ]

¥ O Remove | X Cencel

?  Hebp |

Select the List option and press the button to its right. The following

dialog will appear:
Parameter Stepping - List Editor =]
Farameter 81 |500p Add New
Parameter 82 |1n

Parameter 43 1.2n Remove Last
LClear

« Ok X Eance\‘ ? Hep ‘
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Press the Remove Last button and set the first parameter to 100p.
Now close all the dialog windows by pressing their OK buttons and
run Analysis/AC Analysis/AC Transfer Characteristic.

B Noname - AC Ampli3
Fle Edi View Frocess Help

28| By a gl |7 E~ o st 2] 42 |

30.00~
20.00-

70.00-

.00

-10.00

Gain (dB)

20,00

-30.00]

-40.00]
i

100k ™
Freguency (Hz)

AL Ampi AT Amphz JAC Ampii3 /|

The new set of curves belonging to the cases where C=100pF can be
clearly recognized on the right side of the diagram. We have also
added two auto labels showing the typical values of the parameters.

If you have multiple curves in the diagram window you can also

separate them to independent vertical axes for clearer view. Just

select the “Separate curves” in the View menu and you will get the

following diagram:

File Edit View Process Help

eE BEH 288

Out (d8) 30005
-10.00F

TATE~0 Lk A b

MR TR

_—A\\

oufz) 20004
-10.00-
ouy3] 10004
-10.00-
Outfa] 30.00
-40.00
Out[5] 10.00~
-40.00
ous] 10004
-40.00-
10.00k

TR resutt | AC Ampit AC Ampiz
(5.18k60.57)

1 T
100.00k 1.00M
Frequency (Hz)

XT78 YAB

334 \
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Now let’s add another output — a voltage pin — to the circuit
between the resistor and the inductor. We will call it Vtl.

R 1000hm * o L 1mH

C1inF ™ Out

T

Source 0

<

With this change AC transfer calculation will already generate 12
curves.

M - AC AmgiEd
File Edit View Process Help
BElREA 8 e G Ok Zaga sl

30.00-
20,00
10.003

0.00-

-10.00-

Gain (dB)

-20.00-
-30.00]
-40.00

-50.00- T r —T T —
10.00k 100.00k 1.00M
Frequency (Hz)

AC Ampl?
(8 14k -70.20) X76 Yid54 4

If you want to analyze the curves independently you can again use
the “Separate curves” menu. However, in this case it would be much
better to keep the curves belonging to the same output together.
To reorganize the curves based on their output, first select
“Collect curves” (if the curves are already separated) then click on
“Separate Outputs” in the View menu.
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File Edit View Process Help
ed|BEvasanrgyos0bkakilngzicicon
30.00
Qut (dB)
-10.00-
10.00—
\
Vil (dB)
-50.00 T ——— T ——— ]
10.00k 100.00k 1.00M
Frequency (Hz)
AC Ampi?
(25.71k-78.86) X:254 Y477

Curve separation can be also done automatically using the
appropriate output labels. To automatically separate all the curves
please add a colon () and an integer index to the output label names.
E.g. renaming “Out” to “Out:1” will force the analysis to automati-
cally separate the curves after calculation, and the index at the end of
the label will be used to set the order of the curves from the top to
the bottom of the diagram. If you want to separate only the outputs
please use double colon (::) and an index number. E.g. “Out::1” Please
also note, that you do not need to specify all the curve indexes, the
curves will be separated already if one is specified. Unspecified curves
will be put at the end of the curve’s list on the bottom of the
diagram.

To demonstrate Parallel Stepping open the RLC_1 Parallel
Parameter Stepping. TSC circuit from the EXAMPLES\ Parameter
Stepping folder of TINA. For this circuit the Analysis Mode
Selection settings:

Analysis Mode Selection ]
o s
== rr— o]
" Tempeishae secoing " Morke Cado X Coenl
% Paramater shapong 7
P ]

" Cormbinationsl thapging I~ Sepaiste cases in Sspan
% Parollel stepping
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The parameter settings for R

Control object selection =

Parameter stepping

Start value |mn
Gl = € Logaithic
Mumber of cases 3 = Lt

Parameter Stepping | Dptimization

V0K | Remove | x cEm:e\| 7 Hep |

Swesptype
@ Linear

Set List

The stepped values will be: 100, 200 and 300 Ohms
The parameters setting for C:

Control object selection ==

Parameter stepping

Start value |5Tnp
@ Linear

End value n ' Logaithmic
Humber of cases 3 O List
Parameter Stepping | Dptimization

Remove | % cancel | 2 hep |

Sweep tpe

Set List...

The stepped values will be: 500pF, 1.25nF, 2nF.
The AC Transfer Characteristics:

3000 r n r———
1 Out[1]. S00p[F] 100[Ohm]
2000 [Gutiz] 1 25n[F] 260(6hm] |
10.00-] Outf3]_2nlF] 300[Ohm
g o)
< >
& 1000 (o)
1 <
=20.00—] >
] =z
23000 O
m
40,00 T L T — T O
1000k 100 00k 1.00M —
Frequency (Hz) O
3
@)
wn

Note that the labels on the curves were generated by using the |7
Auto Label button of the Diagram Window.

Finally to learn about the effect of the Separate cases in diagram checkbox,
enable this option in the Analysis Mode Selection dialog as shown
below:
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Analysis Mode Selection

Parameter stepping

" Combinational stepping

@ Parallel stepping

X Cancel ]

Curent Mode

 Single " Worst Case

" Temperature stepping " Monte Carlo

& Parameter stepping 2

Help

¥ Separate cases in diagram

Now calculate AC Transfer Characteristics again. After adding the
labels you will have 3 separate diagrams under 3 different Tabs of

the diagram window.
For the first step under the tab AC Amplil:

i Noname - AC Amplil
Eile Edit View Process

el B alg,

Help

T35~ Of S

([E=3EoR 5

e v I R

3000

Out[1]: 500p[F] 100[Ohm]

-30.00 T —— T T T
10.00k 100.00k
Frequency (Hz)

ACAmpI | AC Ampli2 | AC Amplid |

For the second step under tab AC Ampli2:

DesignSoft



7 Moname - AC Ampli2
File Edit View Process Help

=8| BG el |[TFyia~ 0|5

o

[E=EEo =53

P I KT

20.00—

OutlZ] 1 26n[F] 200[0hm]

Gain (dB)

<40.00 —— —
10.00k 10000k
Frequency (Hz)

ACamplil - AC Ampli2 | AC Ampliz |

and finally for the third step:

7 Noname - AC Ampli3
File Edit View Process Help

28| By &gl | TlAy-a - o] ]

o

Gut[3]: 2n[F] 300[0hm]

AC Amplil | AC Ampli2 AL Ampli3 |

& -10.00
= ]
= ]
] ]
© 20 00

-30.00

<0.001 —— ———

10.00k 10000k
Frequency (Hz)

The curves are the same but shown in separately in different
diagrams as the curves for the Parallel stepping without the Separate
cases in diagram option. You can use these separate diagrams to
document test benches, a suite of test circuits, each with a particular

set of values that simulate devices under test.
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9.3

DC Transfer Characteristic and
parameter sweeping

To calculate a DC transfer characteristic, you should assign exactly
one input (normally a voltage or current source or generator, or a
resistor) and at least one output. Later, you can change the assigned
input in the DC Transfer Characteristic dialog window. You can also
add more outputs using the post- processor. Plotting a result as a
function of a range of resistor values is called DC parameter
sweeping,

There are several ways to assign a component to serve as the input.

1 In TINA Version 6, the simplest way is to select the part
from the Input list box of the DC Transfer Characteristic dialog
window. Once selected, TINA will remember it and it will be saved
as the selected input in your circuit file.

2. Use the I/O state field of generators and soutces to assign
them as input.

3. You can also use the Insert/Input command to assign an input
to a soutce/generator of to a resistor. First select the Insert/Input
command and see a special I shaped cursor appear. Click the first
node of the component to be selected and hold down the mouse
button while you drag the input to

the other node. The Insert/Input command is not the easiest way to
select a DC Transfer input: method one or two is preferred.

To assign an output, use any appropriate meter from the Meters
Toolbar (Voltage Pin, Voltage Meter, Ampere Meter, Power Meter,
etc.) or use the Insert/Output command. In most cases, a meter is
the best choice; however, if your output is on nodes far from each
other, the Output command might be useful.

After you have assigned at least one output, you can invoke the
Analyis/DC Analysis/DC Transfer Characteristic command.

DC Transfer Charactenstic

Start value -300m [+] o

End value 300m [¥] XK Cancel
Humber of points 20 9 Hep

¢ H

Input Win v

I~ Enable hysteresis run
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Explanation of the parameters:

Number of points: The program calculates the transfer
characteristic at the number of points defined. The default value is
20.

Start Value and End Value: The program evenly divides the
specified input range so that the number of points includes the start
value and the end value. For each input

point, the program calculates the output value and uses it to build the
transfer characteristic. The units indicated in the square bracket
correspond to that of the input (e.g., V fora

voltage generator). Normally, the input values are generated in
increasing order. However, if you prefer calculation in a decreasing
order, assign the greater limit of the input range

to the Start value and the smaller limit to the End value. The order of
calculation only matters with the DC characteristics of circuits with
hysteresis (e.g., Schmitt trigger).

Input: Here you can check and change, if desired, the input. To change the
input, click the arrow in this field and the available input guantities (label names
of sources and resistors in the circnit) will appear. If a component has no label,
TINA will antomatically label it in the form V_no_label 1. Click on the name
to select it as the input.

Enable hysteresis run: If this checkbox is checked, TINA will first
run an analysis varying the Input quantity from the Start value to the
End value, and then run an analysis from the End value to the
Start value. You should use this option for components with
hysteresis (where the characteristic depends on the direction of
change).

Note that if you use a resistor as an input, TINA calenlates the transfer charac-
teristic multiple times, once for each step of the resistance (parameter sweeping).

When running an analysis on a nonlinear network, the DC analysis
might not converge at certain points. These points will be skipped
when plotting the response. If they are at the start and/or end
values, the displayed (input) range will be truncated accordingly.
Let’s look at two examples.

First, let’s draw the characteristics of a bipolar transistor
(CHARBIPO.TSC)
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Select the current soutce and Analysis/Mode to see how the base
current, IB, is stepped.

Analysis Mode Selection |
Gt
© Single © Worsl Case

" Temperature stepping €~ Morts Carln X Cancel
% Parameter stepping 2 Hep

Parameter stepping

Start walus End valus 1200

Sweep type

& Linear Colg |
A | @

Then invoke the Analysis/DC Analysis/DC Transfer Charactetistics
command. See the following dialog:

DC Transfer Characteristic

Start value ID []
End value |2U [] X Cancel |

Mumber of points 200 2 Hep |

Input WC -

x

[~ Enable hysteresis run

According to the dialog window, the input, VC, will be varied form
the Start value (OV) to the End value (20)

The result is familiar family of curves that constitute the common
emitter characteristic of a transistor.
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Now let’s see an example of parameter sweeping (sweep.tsc)

The circuit:

¢ "B

==

?ﬁ)ﬂi‘lk

The output is the power meter, showing the dissipation on Rload.

If you invoke the Analysis/DC Analysis/DC Transfer
Characteristics command, you’ll be greeted by this dialog box:

DC Transier Charactesistic | Field Code Changed

SOIdO1l d3ONVAQY

Note that the resistor Rlvad is swept from 0 to 100 obms.
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Press OK to obtain the following diagram:

B Noname - DC resultd o [u] 3]
Ele Edit View Frocess Help
oel] B g | T iGN Of sHh 24 2
300
200
S
&
=
5
o
1.00-
0.00 . T ‘ ‘ : T . !
0.00 2500 50.00 75.00 100.00
Input resistance (ohms)
D resultl {DIC result2 {DC tesult3 ADC resultd [DC result ADC resulE ADC result? DL result 4D resultd

This is the well known curve of power dissipated on a load resistor
as the load resistance is varied. Maximum power is transferred when
the source resistance and load resistance are equal.

Phasor Diagram

The phasor diagram is a great tool for demonstrating and studying
circuit operation via complex phasors (vectors). Phasor diagrams can
be used only with AC analysis with linear circuits, or with nonlinear
circuits in working point linearization.

Let’s use TINA to draw the phasor diagram of an RC circuit. First
open the circuit RC.tsc in the examples\phasor directory.

DesignSoft



[EIRC - Schematic Fditor IR
Bo BB [met Yew ool MM Took b

== T = o B e [ O T S ™ | |
J w ilfe»*l @Iféf @mlfnlnlu-al& | I

al 1 e
[GA =

Run the AC Analysis. Phasor diagram command. TINA generates a new
diagram containing three vectors in the diagram window . As you can
see, Vgen is the vector sum of Rout and Cout, but to make this
clearer you can change the position of the vectors.

By default all the vectors originate from the origin of the coordinate
system; however, you can translate them by simply clicking and
dragging them into another place. When you drag a vector close to
another vector’s starting or ending point, it will be automatically
snapped to it. Try dragging the vector Rout to the end of Cout to
form a triangle with Vgen. Notice that when you move the cursor
above a vector, TINA presents its name, amplitude, and phase in the
status- line.

igix
Ele % W Erocess
zgl_ml:ll—_&__ﬁf_a_d__lﬂ

1,00
§ oo W
E-H)A'.I

e

1.00 [ilv i) 1.00 200
Resl pan

T\Phasant
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If you prefer a display without axes, turn the axes off using the
View.Display axes menu.

If you double click on a vector (or right-click it and select
Properties), the vector’s configuration dialog box appears. In
addition to the usual settings for the vector’s color, width, and style,
you can also set the vector head style.

zl
Neme:  [EOu v o |
Perr tyle 0
Color & Vol Diraw to ¥ Cancel
[Miaroon =

S 2 |
Sty Which g aek
[oid 5| || =i Smaller -
wichh: 7 Power Radius

E = £ Nore e

Using the Arc settings, you can draw an arc between Cout and Vgen
by setting Vgen in the Are.Draw to listbox of the Cout vector’s
configuration dialog box. You can also set the radius of the arc in
pixels and choose whether the smaller (<=180°) or the bigger arc
(>180°) should be displayed.

Next, you can add labels to all the vectors at once by pressing the
legend button on the toolbar. You can also add legends individually:
press the Auto label button, then select the vectors one-by-one. The
actual label format depends on the selected Vector label style under the
View menu. Finally, you can add lines, circles, or texts to finish your
diagram.

Lo
Ble [t Wew Zoccci e

eelnil /gl ziggignol || b

| Phasor diagram of an RC circuit|

ViGen = 1.00V
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This diagram can then be copied to the clipboard and pasted into the
schematic editor or any word processing program.
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9.5 Nyquist Diagram

TINAs AC transfer analysis can plot not only the Amplitude, Phase
and Group delay of the transfer function of analog circuits, but the
Nyquist diagram as well. To see how this works, first load the
examples\tlc_1.sch circuit. Next, select the Analysis. AC Analysis. AC
Transfer Characteristic menu item. Now the AC Transfer
Characteristic dialog box appears on screen, where you can select the
Frequency ranges of the analysis, the sweep type, and the diagram
you want to plot (Amplitude, Phase, Nyquist, Group Delay).

AC Transfer Characteristic [ %]
Start frequency IT (k. Hz]
Endfiequency  |TM Mzl % Cancel |
Humber of paints |1UUU 2 L
Elp

Sweep ype
= Linear i+ Logarithric

Diagram————— ]

™ Amplitude
™ Phase
I Amplitude

¥ Myquist
I~ Group Delay
& Phase

Set the frequency from 10k to 1M and set the diagram type to Nyquist.
In order to get a smooth curve, increase the Number of point to
1000. Press the OK button and see the Nyquist diagram of the
circuit calculated and plotted, as shown in the diagram window.

0.00

B Noname - AC Nyquistl
Edit ¥iew FProcess  Help

N R

= E

-2.50—

Imaginary part

-7.50-

-10.00

-5.00+

TN

Formaf
 Reflm £ MagiPh ()

A
%-3.08
f [rsox Y1

-5.00

-5.00 0.00 3.00 6.00
Real part

AC Nyquist1 {
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This diagram is different from a normal Transient or AC analysis
diagram. A Nyquist diagram requires that horizontal and vertical
scales always be proportional to each other. This keeps circular curves
circular, even if you resize the window. Furthermore, a Nyquist curve
presents the trace of a vector quantity as frequency is varied. When
you activate a cursor and explore the trace, the cursor dialog shows
the numerical values of the curves at a given frequency, in either real-
imaginary or amplitude-phase format.

Noise Analysis

9.6.1

In TINA there are two models of noise analysis available:
. Small signal AC Noise Analysis

. Transient Noise Analysis

Small signal AC Noise Analysis

In this Analysis mode TINA calculates the noise contributions of
circuit components and then presents them referred to the output in
frequency domain. The random noise fluctuations are analyzed
statistically, considering the time domain average to be zero, while
the variance and sum of the squares are not zero. Noise analysis
results can be displayed and printed over a frequency range similar to
the Bode diagram of AC analysis.

TINA takes into account the noise sources inherent in resistors and
semiconductors (transistors, diodes). Resistors are modeled as an ideal
noiseless resistor in parallel with an equivalent thermal noise current.
This equivalent noise is modelled by white noise, i.e., noise
containing all frequency components with the same amplitude
density. The contributions of all the noise generators in the circuit
are calculated to determine each one’s magnitude at the output.
The ‘output noise’ is formed from the square root of the sum of the
squares (rms value) of these individual contributions.

To correctly account for the noise contribution of operational
amplifiers, you should use models made by manufacturers by
choosing devices from the Spice Macro Models toolbar. Open the
macro and check the noise model. Some manufacturer models have
special purpose noise models, or no noise modelling whatsoever.
TINA ideal, standard and linear opamp models (on the Semicon-
ductor toolbar) do not include a noise model.
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Since the transfer functions of the circuit are known, the equivalent
input noise can be calculated from the output noise. Expressing all
the circuit noise in terms of an equivalent input noise makes it
possible to compare the levels of real signals presented to the input
to the circuit noise referred to the input. A circuit expected to
amplify small input signals, signals approaching the magnitude of the
equivalent input noise, will not be very useful.

Resistors generate resistive (thermal) noise which is computed as the
following source current:

where
k = 1.38e-23 (Wsec/K) Boltzmann constant
T = temperature in K R = resistance in ohms

Semiconductors generate not only thermal noise (similar to
resistors), but flicker noise (1/f noise) as well. The spectral density
of flicker noise decreases in inverse proportion to the frequency,
hence the name 1/f noise.

TINA calculates the Input and Output noise and expresses the noise

as the noise voltage per \[f= of bandwidth.

TINA can also present noise as a curve of Total noise, at the output,
as a function of frequency. In computing this curve, TINA sums all
the noise from the start frequency up to the specified maximum
frequency value and presents it as total noise. Naturally, the curve
rises monotonically. For example, if you set the start frequency to
20Hz and the end frequency to 20kHz, you will learn the total output
noise over the typical audio bandwidth.

Another measure of noise, the “signal to noise ratio,” takes the signal
magnitude into account. This is the ratio of signal power to noise
power, according to the following formula:

P -
S/N=20%log—=

Tor

where 17, is the total input-referred noise voltage and 7

represents the expected signal amplitude. I is a user-defined value
that you enter in the Noise Analysis dialog. The default value is 1mV.

DesignSoft

SOIdO1l d3ONVAAY



ADVANCED TOPICS

350 \

To get a better feeling for these noise concepts, let’s study the
following circuit, an equivalent circuit of a basic amplifier (noise.tsc).

Roen 1.35¢ Lgenf(l‘)'n =]

"

+ +
Rnd?k% X

R11

RIA2128m ClA3528u

—<VFi

I

C1353m

Select Analysis.Noise Analysis. The following dialog appears:

Noise Analpsis

Statfequency | [Hal
End frequency lZDk— [Hz]
Mumber of paints 100

Diagrams

¥ Dutput Moise [~ Total Moise
’;- Input Moise [~ Signal ta Noise

P Hep

The dialog allows you to set the Start frequency, End frequency,
the Number of points for which the noise is to be computed, and
the Signal amplitude. You may also select the required analysis
results— Output Noise, Total Noise, Input Noise, and Signal to Noise.
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9.6.2

Transient Noise Analysis

Noise effects are usually simulated with linear AC noise analysis which
is also available in TINA. However when the noise influences the
system behavior in a nonlinear way, linear noise analysis is no more
satisfactory and transient noise analysis, that is simulation in the time
domain, is necessary. Here are a few examples:

* Noise analysis of oscillator circuits

* Analysis of noise effects in digital circuits

* Analysis of circuits with noisy input signals

* Analysis of systems with low signal-to-noise ratio

The voltage and current generators of TINA now include a
parameterizable white noise signal, and in the Noise Analysis folder
of TINA application circuits are available to generate other typical
noise signals, which make transient noise analysis possible

Let us demonstrate transient noise analysis with an oscillator
circuit where the linear AC noise analysis is not possible since
oscillator circuits are strongly nonlinear systems. Our example
is based on the following publication: A Study of Phase Noise in
CMOS Ogscillators by BehzadRazavi, IEEE JOURNAL OF SOLID-
STATE CIRCUITS, VOL. 31, NO. 3, MARCH 1996

We refer to the above paper for the theoretical details, here we
just describe the main simulation settings.

Open the Relaxation Oscillator Noise. TSC circuit from the
Noise Analysis folder of TINA.

TR N o e —
oo k|| = =He || | 0|5 | o] I

RELAXATION OSCILLATOR NOISE

Fourier Amplitude Spectrum in d8
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The noise is injected into the circuitthrough the Inl and In2
white noise generators with 862.8nA RMS both. Doubleclick
on Inl and observe that the Signal type is set to Noise.

Inl

ot
DC Level [A] lo

Signal

Internal resistance [Ohm] Infinite

108 DB
Display signal Yes

Fault None

W oo |[X cocel |7 e |

If you click the ... button in the Signal line the settings of the white
noise generator appears.

Ll=fo v fo iy fo 2 2 4 b

e
Smoothing filter d
s

S —

W ook (X cnl |2 b |

The result was obtained by Fourier Spectrum analysis. You can either
run a Transient Analysis then click the waveform and from the
Process menu select Fourier Spectrum or select Fourier Spectrum
directly from the Analysis menu. In both cases the suggested Fourier
Spectrum dialog setting are as shown below.

SOIdO1l d3ONVAQY
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=

Sompirgsirttme || Sarpingend e
Dl [ —
Number of samples 65536 - Window function Flattop hd

oupt e
+ Phase correction Reference voltage l:l
Mode
Spectral density + Spectrum
Diagrams
Complex Amplitude Real part. Energy spectrum
Phase Imaginary part ' Amplitude

Calculate operating point Zero initial values
Use initial conditions

| ok | |[X cancel || heb

As usual you can place the diagram on the schematic editor using
copy in the diagram then Paste in the main schematic window of

TINA.

Network Analysis and S-parameters

ADVANCED TOPICS
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TINA helps you perform network analysis and determine the two-
port parameters of networks (S, Z, Y, H). This is especially useful if
you work with RF circuits. Results can be displayed in Smith, Polar,
or other diagrams.

The network analysis is carried out with the help of TINA’s network
analyzer. The RF models of the circuit elements can be defined as
SPICE sub-circuits (SPICE macros) which contain parasitic
components (inductors, capacitors) or as an S-parameter model
defined by its S (frequency) function. S functions are normally
provided by the component manufacturers (based on their
measurements) and can be downloaded from the Internet and
inserted into TINA either manually or by using TINA’ library
manager.

Let’s get started with an example. Open the circuit
examples\tf\spar_tt.sch.
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\Spar_tr/

This circuit consists of a network analyzer connected to an RF
transistor. The first port of the network analyzer measures the
base- emitter characteristic while the second port measures the
collector- emitter characteristic of the transistor. If you double-click
on the transistor, you will see that the actual characteristics of this
transistor are defined by its S11, S12, S21, S22 parameters, and R1
and R2 input/output impedances.

E
Label T1
Maodulg Name
Parameters Parameters] | |

511
512
521
522
A1 [fhm]
F2_[Dhm]

‘\/ QK I xCancell ? Help |

Each function is defined as a table of the S parameter and frequency.
If you click on the ... button beside the Complex label, you can see
this table.
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Parameter Editor

@ Real and imaginary part ﬂl
" Magnitude and phase Femove last |
Hame Value | Clear al

Rieal part i |

Imaginary part: a
1, Fresuency 40 Loed

Real part B95,67347m —

Imaginary part -343,823244m 5
2 Frequency 100 4”"5 >

Real part 337.516754m

Imaginary part -B0E,397323m
3. Frequency: 200M

Real part 120 588781 m

Inaginary part -567,325608m =l

X carcel | 7 Hsb | Anenge poins |

x

You can easily add more points to the function with the Add new

button or load an entirely new function with the Load button.
Similarly, the Remove last button removes the last point, and the Clear
all removes all the points from the list. The Arrange points button sorts
all the points in ascending order of frequency.

Note that TINA comes with many other models defined by S- parameters (under

the RF toolbar).

Close all the dialog boxes and run Analysis. AC analysis.Network
analysis. Among many other parameters in the dialog, you can specify

the frequency range and the mode (i.e., what to draw) of the analysis.

Start frequency |4DM Hz] E
End frequency I3G [Hz] X Cancel |
Mumber of point; 100
MHumber of points I 2 Hep
~ Mode
(o] © Tiansmission
©z  Reflection
W " Impedance
= H
Sweep lype
|7f"' Linear @ Logarithmic
rDiagrar
¥ Amplitude ¥ Palar
¥ Phase ¥ Smith
[~ Amplitude & Phase
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The diagrams available depend on the selected analysis mode. In S
Analysis, the Amplitude, Phase, Polar, or Smith diagram cans be drawn.
Let’s select Analysis mode S, the Amplitude, Phase, Polar and Smith
diagram types, and press OK. Four new pages are inserted into the
diagram window. Each new page contains four curves, the S11, S12,
S21, and S22 curves, displayed in the appropriate diagram style. You
can obtain specific data values by placing a cursor on the desired
points. When you place the cursor on a Smith curve, a special cursor
diagram comes up, which can display the curve’s values in the format
set with the Format and params (S-params, Z-params, etc.) fields.
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File Edit “iew Frocess Help
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S = =
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WAL Amplil £AC Phasel ANA Smithl ANA Polart [/

You can annotate these diagrams, as you can any other diagram types,
by adding texts, circles, and lines. You can explore data values of
particular points on the curves using the cursors, and zoom in and
out. But for Smith and Polar diagrams, axis settings are handled
differently. Even though these diagrams look like polar diagrams, the
coordinate ranges are defined in the real-imaginary domain. The real
part (i.e. real axis) can be set by double clicking on the horizontally
aligned numbers (on the Polar diagram the amplitude values), and
the imaginary part by double clicking on the circularly aligned
numbers (on the Polar diagram the Phase values). You can set the
format of the numbers and the horizontal or vertical range of the
diagram using the dialog that appears.
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Models for Network analysis can also be defined using SPICE
subcircuits. To demonstrate this, open the circuit
examples\rf\spice_tr.sch in the schematic editor. This example
contains a circuit similar to the one we’ve just looked at: a network
analyzer connected to a transistor, and a current source and a
capacitor.

2 Spice_tr - Schematic Editor

Eie Edt |ncet Miew Andhic TEM Tgok Heb

Jg»u_i_lr_qa]r]w] g _n—jumuh:

>

\aw n;'!mm

In this circuit, however, the transistor contains a SPICE subcircuit.
Its netlist can be viewed by clicking Enter macro in its property dialog;

MRF5711 - MRF5711

Label MRFE711
Module Name
Parameters [Parameters)
SubCkt{Shape] <NPN>

SubCkt{Content] |
SubCkt-Parameters |

[ or | X coma| 7 ber Enter Macio
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TINA contains many other RF models that can be found under the
Spice Macro Models toolbar.

Now run Analysis.AC Analysis.Network Analysis again and note that
the results are similar to those obtained with the S-parameter models.

Network analysis curves can also be generated using TINA’s
Network Analyzer under the T&M menu. To select the diagram you
need, first set the Network Analyzer Mode, then the display type.
After you press Start, the selected curves will be displayed on the
instrument.
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Display —Control
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#
e Buto_Man || | ] Stop [Hz]
of jeie] A
P L Mode
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i [l %L
A iy B o Start | Stop > _gl
B: N B oY
Cursor Data i Channel
’7|Tn| on| 4[] 2]z ’7@|@|‘ pat ) @ pona

Symbolic Analysis

9.8.1

Symbolic Analysis

TINA’s symbolic analysis produces closed form expressions of the
transfer function, equivalent resistance or impedance, as well as the
DC, AC, and transient response of linear circuits. These equations
can then be inserted into the schematic editor or the diagram win-
dow. With the help of the built-in interpreter, they can be even fur-
ther manipulated and displayed as a diagram in the diagram window.
The formulas provided by symbolic analysis allow a unique in-depth
understanding of circuit operation, invaluable both for design and
education.
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Let’s see a

few examples. First

load the circuit

examples\symbolic\actfilt.sch. It is an active filter with an ideal
operational amplifier.

HBACTFILT - Schematic Editor

B Gt [et Gew fnabyss [0 Tgok

E‘{_I_I_'il—ﬂililﬁl_l_l_ll_JmiJﬁM a2 |
J*W Al EJ Wﬁﬂﬁﬂﬁ 1|a!!|-1l-| . J

ol

TRLT,

Now run Analysis.Symbolic Analysis. AC Transfer.

The transfer

function is generated and displayed in the Equation Editor.

Equation Editor

Fie Edi Seitings Help

=10l x|

Transfer function:
RyCRys
Wis)= 5 3
-Ry-Ry-2R5Ry-Cs-RyRyCTRys

All the variables (values of the capacitors, resistors, etc....) were treated
as (unknown) symbols, so the expression contains their symbolic
names. However, in case you want to calculate the numerical
form of the transfer function using the circuit element’s actual
values, you need to click on Analysis.Symbolic Analysis.Semi-
symbolic AC Transfer, and the following expression will appear.

Equation Editor

Ele Edit Settings Help

=10l x|

Wi(s)=-2 43.10°° 5

14191107 5526105
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This expression can then be copied to the clipboard (by pressing the
copy button on the toolbar) and pasted to the schematic editor or to
any of the diagram pages.

EIACTIILT - Schematic Editor 9 (= 5
Do gde [wert few gnayss JaM Took

clal “Ipil s Lol -1 |[ &l 81 i o s
J-<Iols Lo oo ] sl t @l |1 |

Wisp-24310% — =
141.91.10” 545 36.10".5"

iy, o

You can also generate a symbolic result with only a few symbolic
variables, while the numerical values of the rest of the variables have
been substituted. Symbolic analysis takes the symbols of the variable
from the circuit element’s /zbels in the schematic editor. When the
label is empty or has been determined to not be a valid symbol name,
symbolic analysis uses the part’s numerical za/ue. For example, if you
change the label of the resistor R1 to “22k” or to “R1=22k”, then
the value of the part (22k) will be used in place of the symbol R1.

-loix]

Fle Edit Settings Help

BN BE |

Transfer function

RyCRys

s)=
2210%R,4.410° R, C 52210 R, 0 R, 8

TINA goes beyond simply presenting the function as an equation.
Any of these functions can also be interpreted and drawn in the
diagram window. To demonstrate this, let’s first generate the
transient response of an RLC series resonant circuit. Load the
examples\symbolic\mytlcl.sch circuit into the schematic editor.

SOIdO1l d3ONVAQY
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Symbolic Analysis

m o=

Next, run Analysis.Symbolic Analysis.Semi-symbolic Transient.
The transient response of this circuit to a voltage generator with
Unit step waveform is then the following:

Equation Editor

TR Result:

vit=(1+167 " eos(0.9910° L 182 877 ety

Now press the small calculator (interpreter) button on the toolbar.
The interpreter window appears, and our transient function is
already defined as a v_1 function.
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As you can see, the function definition is followed by a few drawing
preference settings, where you can define the ranges of the function
and the number of points at which the function will be calculated.
Finally, the last command draws this function in the diagram
window. The second parameter of the draw command defines the
name of our newly generated function. After pressing the | Run
button, the function appears in the diagram window.

Nnname - Symbolic Result =13l x|
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\Symbolic Resultf

Symbolic analysis can also calculate the DC and AC results (response)
of a linear network containing one or more sources. Just as with
symbolic analysis of AC transfer functions, these results can be
generated both in symbolic and semi-symbolic form. If we choose
the symbolic form, all variables in the circuit that have symbolic
identifiers (labels) will be treated as pure symbols. If we choose the
semi-symbolic form, every parameter of the circuit will be handled
asa number. When the circuit contains more than one generator
(source), the result due to each of these generators will be calculated
and added together (using the superposition law).

Let’s use a simple parallel resistor circuit to get to know symbolic
analysis  of  circuit  results. Open the circuit
examples\symbolic\suppos.sch.
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il 5UPPOS - Schematic Edibor =0 x|/

Bl Gde jnsert ew fnshss IAM Tgok leb

= (=10 A P e G e . YA i | |

JTBTx L (D] Tl B0 v oM 2] I

\SUPPDS fMfiCL

This circuit contains two generators: a voltage and a current

generator. Now press Analysis.Symbolic Analysis.DC Result.

Equation Editor =] 3]

Fle Edt Settings Help

ER=] |

|DC result

Rz 1

‘z-RQ-Rﬁ "auo+R2+R1 Ugge

As you can see the resultis a fully symbolic combination of the circuit’s

response to each of the generators.

Now press Analysis.Symbolic Analysis.Semi-symbolic DC Result.

3 otoncitor ST

File Edit Settings Help

BN BE |
DC result:

_ -1 -4

=540 g, #8107 Uy

In this Semi-symbolic DC Result, the coefficients of Igdc and Ugdc
are calculated numerically. Of course, this requires that R1 and R2 be

assigned both a label and a numerical value.
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9.8.2

Hierarchical Semi-symbolic Analysis

Depending on the circuit size and topology, the symbolic result of an
average circuit can easily become a huge, complicated expression.
This is especially true for circuits that contain components whose
models contain further symbolic components, such as transistors.

The symbolic expressions can be simplified by identifying parts of
the circuit that are less important, or whose effect are already better
understood, and setting only numeric values (no entry in the label
field) for these components. For other components that are more
important, be sure to enter a label so that they will be treated
symbolically in the analysis. For visual convenience you can use TINA’s
advanced macro feature to create two different macros for each of
the component you would like to examine in detail: one with a
symbolic model and another with a purely numeric model. To
demonstrate this feature, let’s create an RC transmission line where
some of the RC sections are numeric and others are symbolic. The
numeric macro will look this.

i FyRCLine: [MACRO] - Schematic Editor

Be [t lost Pew fthyss [WM Took Lo
i@ ol <lolrl <l 1|~ QT 8/ gl # o EE—
J<Jol[1]o]- Hﬁﬁfll&! e Bwa [T J

pr— o]

The resistor is 1k Ohm, and the capacitor is 100nE.

The symbolic model (below) has the same topology, but has
symbolic R and C parameters.

SOIdO1l d3ONVAQY
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il MyRCLine: [MACRD] - Schematic Editor =
Ebe (F M e Anslysis [AM Took e

= 1
s

Pri— o

Now let’s consider an RC transmission line circuit with three RC
sections. Only the middle section is numeric.

; re - Schemtic Edtor =lof ]
e au u-r Yow fryss [ 1ok Lo

= o o — 3 25
w @' T T T _f_\'f}‘ Aad

— e

Pressing Analysis.Symbolic Analysis. AC Transfer, TINA calculates
the result:

I equation tditor =10 x|
Ble [t Zetings b
BN g
Transfer function; _
1010°
Wis) 3 7 ] 3 ] F] ET ]
10407 +{R+3.10° CR+1000+ 10:10°.C)s+R+10107. C R+ 2000+ 10107 C)CRS" 10002 RS
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If we change the position of the numeric section of our circuit
(by simply dragging the whole macro to its new position), we see:

TR m lan Tosk b FEE
_I_-l i ) | N e, Y0 ks S | o et |
| [B] % | | Iféfln 1|u!!|ul-| _ J

T m

And the result changes as well:

Y £ quation tditor
Sttt

E1’|
b
=

Transfer function
1
i) 1010

10.40%+(3.10" C R+ 2R+1000) s+(3000+R+ 10105 CRIC Rs ro00.C R s”

Note that TINA’s built in transistor models are purely symbolic: i.e.,
the bipolar transistor contains a base resistor and a current controlled
voltage source, while the MOS and JFET contain a drain-source
resistance and a voltage controlled current source. If you want to
calculate the DC or AC symbolic transfer or result function of a
circuit with several transistors, you can simplify the expressions by
creating your own transistor models using only numeric components.

SOIdO1l d3ONVAQY
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9.9

Post-processing Analysis Results

9.9.1

Adding new curves to diagrams and post-
processing analysis curves

TINA has a great tool to add new curves of virtually any node and
component voltage or currents. In addition, you can post process
existing curves by adding or subtracting curves, or by applying
mathematical functions. You can also draw trajectories; i.e., draw any
voltage or current as a function of another voltage or current.

If you check “Save all analysis results” in the Analysis.Options
dialog, TINA will calculate and store all the results that are
reasonable in the current circuit. However, only those results that
have been set as output are inserted automatically into the diagram
window.

To add these curves, or to add new, user-defined curves to a
diagram, press the .Add more curves button # on the toolbar or call
the _Add more curves menu in the Edit menu. The post-processing
dialog appears on the screen.

This dialog box consists of two parts: in the upper part you can
select and insert/remove existing curves into/from the current
diagram, while in the lower part you can define your own curves. The
lower part of the dialog box is hidden by default. Press the “More
>>” button if you want to create new curves.

Upper part:

When this dialog first opens, the Available curves list box contains all
the curves that have already been calculated. The status bar shows
the circuit file name and the analysis which was run. You can select
and add any of the curves into the Curves fo insertlist box by
selecting them in the Available curves list and pressing “Add>>".
Similatly, you can move back any curves from the Curves fo insertlistbox
into the Available curves list box by selecting them and pressing
<<Remove. To make selection easier, you can filter out some of the
available curves by unchecking any of the Show types. When you press
OK, all the cutves in the Curves to insert list box will be inserted into
the active diagram page.
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TINA offers another way to select curves for inclusion in the
diagram. With the Post processing dialog box open, move the cursor
over the schematic. The cursor will change into a pencil shape. Move
it over a node or circuit component in the schematic and click. The
corresponding curve will be selected in the Available Curves list, and
you can add it to the diagram by clicking the Add>> button.

Selected curves can also be deleted with the Delete button. Deleted
curves will be removed both from the list boxes and from the dialog
window pages!

Lower part:
This part is hidden by default. If you want to create new curves,
press the “More >>" button.

Here you can define your own curves using arithmetic operators and
mathematical functions. These custom curves must be defined either
as a single-line mathematical expression or as a Pascal-like function.

Take special care if you transform the independent variable of
curves; for example, writing v(t+1) instead of v(t). The transformed
variable expects results from beyond the interval for which the
calculation was run. TINA in this case would have no choice but to
set the new curve to zero outside of the calculated interval.

While single-line expressions can be entered in the Line Edit field,
more complex functions should be defined in the Advanced Edit field.
The Advanced Edit checkbox enables/disables the _Advanced Edit
field.

Pressing the ps===1| “ldd 1o edit area” button above the Line Edit
field, you can insert the currently selected curve from the Available
curves list into the editor field.

Pressing the | ====| “1dd to edit area” button to the right of the
Built-in Functions drop down list, you can insert the currently
selected function from the Built-in Functions list into the editor field.

You can also display a result as a function of another result (e.g, v(t)
as a function of i(t)) using the XY Pl¢ checkbox. If you check this
box, the Line Edit field is divided into an X-part and a Y-part. Bring
the curve names into the two fields using the pss=| “dd 1o
Edit-area” button or type the curve names. You can use several curves,
arithmetic operations, and functions - but you cannot use Advanced
Editin this mode.

DesignSoft
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You can use the “INew function name” edit field to enter your name for

the new function (curve).

After you have completed the definition, you can either draw your

new curve directly into the diagram window by pressing Preview, or

you can first store the result by pressing Create, and then insert it with

the OK button.

Now let’s run a transient analysis on the AmpliOpt circuit in the

EXAMPLES directory. Two curves are drawn in the diagram win-

dow: the input, Vin, and the collector voltage, Vout.

(50 AMPLIOPT - G hweraatic Felitor

[Fle Bt Pt Yow frodsn IAM Took Hep

gJ_mtimw_LurJvﬁMMJ _lrm—;

% i eal |-mxlu.:l;

ggmjrexa r ol A o4

200

200

Vetage V)

S @Iolps

=]

T
1.50m
Tirne {5)

Now press the Add more curves button on the toolbar. The post- pro-
cessing dialog appears. The available curveslistbox on the left side shows
all the curves that have already been calculated.

Postpracessing

Available curves:

e

= S S S
el
EX

=l

Add >>
<< Remave
Delete

¥ MNodal Voltages
¥ Other Voltages
™ Cunents

7 User defined

Curves to insert

' Ok
X Cancel
? Heb

mpliopt sch >> Transient Analysis Fiesult
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Here, the symbols V_/abelli,j| and 1_/abel]i,j] denote the voltages and
currents respectively of the /abeled components between the node 7
and j. The symbol VP_n denotes the nodal voltage of the node 7.

Now, select V_C2[6,4] (i.e., the voltage of capacitor C2 connected
between node 6 and 4) and press the Add>> button. Pressing OK
inserts this curve into the current diagram page.

As the next step, let’s draw the voltage across the transistor’s
collector and emitter. Press the .Add more curves button again and then
press the More>> button to reveal the lower part of the diagram.
Type VP_6-VP_5 in the Line edit field.

Note: another, perhaps easier way, to insert VP_6 or VP_5 into the
Edit field is to move the cursor over Q1’s collector or emitter, click,
and press the pss=="“Add to Edit-area” button below the listbox.

Note also that if you double click on any node in the circuit with the
mouse, the corresponding nodal voltage symbol will be
automatically inserted into the Line edit field at the current cursor
position.

Now change the default name of our function to VCE and press
Create.

Awailable curves: Curves to ingert
1_Rb1[2.1] WCE oK |
1_Rb2[1.0] s
|_Re=2k[2.B] Add >
I_Re=100[5.0) ml
I_Rl=10K[4,0]
vee = 12¢120] & RETwE 2 Help |
1_in[3.0] =
W C1[31] Delete
W_C2[6.4]
_0ut[6,0] Show————
W_Rb1[2.1] ¥ Outputs
W_Rb2[1.0]
Y Ro=2k[2.6] ¥ MNodal Vaolkages
_Re=100[5,0] 7 Other Walt
VCRI=10K[4.0] i
W Vee = 12v[2.0] ¥ Currents
xﬁ\f’;n[lm LI ¥ User defined << Less |
— " User defined curves
p—— Built-in functions: |+ - 7'
Line Edit
VE_E(t)-WP_5 ()
il Bl
Adyaneed|Edi Mew function name:
{This is a template} « IV[ZE
{Don't modify the fumctionname}
Function Fitl; I Advanced ed Preview |
Begin
{Your expressions here}
{The result walue} -
N ¥
| &mpliopt.sch > Transient Analysis Result
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A new function (VCE) is created and inserted automatically into the
Curves to insert listbox. If you press OK, our new curve will
immediately appear on the diagram.

-0

File Edit Yiew Process Help

8| B agl | ARG~ Of N 3

4.00—

VCE
200+

N

=

=3
|

Yaoltage )

1.004
' / \
000+ ‘

-{.00

T T T 1
Q.00 7.50m 3.00m
Time (s)

\JTR result /

Sometimes the definition of a new curve requires more editing space
or other variables. In these cases we can use the post-processing
dialog’s Advanced edit field. To illustrate this, let’s draw the output power
dissipation of a differential amplifier.

Open the circuit called DiffAmp in the examples directory and run a
transient analysis. Press .Add more curves again and place a check in the
Adpanced edit field. Position the cursor in the Adpanced edit field below
the comment { Your expressions here}.

Type :

IR2 := T_R2[14,16](t);

VCE := VP_15(t)-VP_3(t);

Change the line F := 1; {The result value} to: F := IR2¥*VCE;

Enter the name of our new function, OutDissipation, and press
Create.
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Postprocessing

Available curves: Curves to insert:

I_R3[1.7]
R I

I_R1[T4.10] OutDissipation o O

I_R1[14.8]

e

I_R2[14,15] = X Cancel
I_R2[14.16]

ITRZ[3.0] << Remove ? Help

I_R4[12.13]
I_RE[11,13] Show
S
\:—Uc[c[é,U]] ¥ Modal Voltages
}’HET%E'D?] [ Other Vokagss
(1.
D_yt v Currents
\HTDM[ 1615 x| [ User defined <5 Lass

User defined curves

— | Bulbinfunctions: [+ 7]
|

Lirie B

|t

Advanced Edit New function name:

Begin o IDur.Disslpa:1nn e
(Your sspressions hers}

IRZ:=I_RZ[14,16](}; I¥ Advanced edit Preview
VCE:=UP_15 (£]-VP_3it);
{The result walue}

F = IRZ*VCE; -
5 E

Wamp.sch »> Transient Analpsis Result

Finally, press OK to draw our new function in the diagram window.

ﬂNuname - TR result2 [_ O] ]
File Edit Wiew Frocess Help |
= d| B G @ gl Tlelsie ~ o] s 34 43|
700,00k —
=
E 3
700, 00m—
1.00m—
c
= 3
-7, 00k
5 700.00u~
I
=
5 ]
=
O 200.00u T i T |
.00 1.50m 3.00m
Tirne (s
TR result] JTR result2
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9.9.2 Drawing trajectories (xy-plots) in TINA

In the Post-processor you can also display a signal as a function of
another signal, by drawing XY-plots.

outt { ou2
: I—e 2N18%

1o =
P
=

T c2.10n [ ci,in T

For example, let’s draw the voltage of capacitor voltage Out2 as a
function of the inductor current IL in the oscillator shown in the
figure above.

First load the circuit limitc.tsc from the EXAMPILES directory. Run
the Analysis. Transient analysis. Now the diagram window shows two
curves, the capacitor voltage, outl, and the inductor current, IL.

=100 1|
Fie Edt View oo Hel |

1.50—

Output

500.00m

0.00-

-500.00,

' T ” T 5 T " T
0.00 1.00u 2.00u 3.00u 4.00u 5.00u
Time (s)
TR 1esult] (TR readt2 [ Plot2 [TR resuld \ TR iesultd

Press the #z| Add more curves button and check the XY-plot
checkbox. As you can see in the next figure, the line-edit section is
divided into an X-part and a Y-part. Type Out2(t) in the X part and
IL(t) in the Y part and press Create and OK. Alternatively, you could
have brought the names into the two fields using the | ===
“Add to Edit-area” button.
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Available cuves: Curves to inset
1_10W[3.0] ' 0K
I
£l K Cancel
<4 Remave 2 Help
Delete

dut2

hor
Outputs

W~

¥ Nodal Valtages
W Other Voltages
W Cunerts

=

v User defined << Less

User defined curves

— Builtin furctions: |+ | ——

Line Edit - Part Line Edit - Part

Oout2 (t) IL(t)

[ u L y
Advanced Edit Mew function name:

Function Fit); I | Advanced edt Preview ]
[Begin ,7 27 Plat = =

{Thiz iz a teuplate) | [prrunctions
{Don't modify nhe funeniownane}
{Your expressions here}

The result valus} -
4 3

‘EDLP\TTS T5C »> Transient Analysis

The calculated curve is shown in the next figure. Place a cursor on
any curve and move the cursor. As the curve starts from the (0,0)
point and converges to a closed trajectory, we see a “limit cycle.”
Limit cycles are very important in the theory of oscillators.

oname - XY Plot2 10| x|

File Edit View Frocess Help

2l ey elg | Tl e~ Ol NiH 3 = |
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9.10 Design Tool

TINA’s Design Tool works with the design equations of your circuit
to ensure that the specified inputs result in the specified output
response. The tool requires of you a statement of inputs and outputs
and the relationships among the component values. The tool offers
you a solution engine that you can use to solve repetitively and

accurately for various scenarios. The calculated component values
are automatically set in place in the companion TINA schematic and
you can check the result by simulation.

As an example, this tool can calculate feedback or other resistor and
capacitor values of an amplifier in order to achieve a certain gain and
bandwidth, and it can calculate component parameters of power
supply circuits to meet output voltage and ripple requirements.

The TINA Design Tool promotes good documentation by storing
the design procedure together with the circuit.

It is also very useful for semiconductor and other electronics
component manufacturers to provide application circuits along with
the design procedure.

Let’s demonstrate the use of this tool through a simple operational
amplifier example.

Open the Invert Gain OPA350 Test Circuit Design. TSC circuit from
the Examples\Design Tool folder of TINA. In the TINA
Schematic Editor the following circuit will appear:

Rf 10k

Wret 227m

With the Design Tool we will set Rf and Vref to achieve the
specified Gain and DC output voltage.

Now invoke the Design Tool from the Tools menu of TINA. The
following dialog will appear.
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Design Tool ==
File Edit Settings Run
Title
Invertin Gain Amplfier Circuit Design Using the DPA350
Input Parameters:
Parameter [Value Min Max -
Gain -0 1000 -1
Vout_DC 25 200m +1-200m
ol an &0 140
Rscale 1000 10 10M
Add Row I Delete Row J Restore I [ 3
Save & Close | X Cancel ‘ ? Hep J

Here you can specify the Gain (Vout/Vin), the DC output voltage
(Vout_DC) and some other parameters. The simple design
procedure will calculate Rg and Vref. The allowed minimum (Min)
and maximum (Max) parameters are also shown. To enable or
disable modification of Min and Max select Options from the Set-
tings menu of the Design Tool.

Note that in the Design Tool dialog you can also refer to component
parameter names. For example in the Vout_DC line the maximum
value is set as V1-200m, telling that the DC output voltage must be at
least by 200mV less than the V1 supply voltage of the IC.

If you just want to Run the design procedure press the button or the
F9 key or use the Run command in the menu of the tool. If you run
TINA in interactive mode you can immediately see the effect of the
changes made by the Design Tool.

To see the design procedure itself, press the More button in the
dialog. The code of the design procedure, written in TINA’s
Interpreter, will appear.
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2 Design Taol =

File Edit Settings Run

Title
Irvvestin Giain Amplier Cirouit Design Using the 0350

Input Parameters:

Parameter Value Min Max -
Gain 10 -1000 -1
Wout_DC 25 200m +1200m
4ol an 60 140

Riscale 1000 10 10M

Add Row I Delete Row J Restore I [}
Expressions/autput functions

k] b

A:= 10" (A0l/20)

Rg:= Racale

Rf:= -Gain*Rg

RE=[10k]

Rf:=—Gain*Rg* (1 + 1/A)/(1+Gain/R)
RE=[10.011k]

Vref:= Vout_DC/(1+Rf/Rg)
Vref=[227.0455m]

Note that the code part also shows the calculated parameter values
according to the last stored calculation (Now Rf=[10.011k],
Vref=[227.0455m]).

Now let’s change the Gain input parameter to -1, Vout_DC to 3V
and run the procedure by clicking Run in the menu or pressing the
green b|utton or F9 on the keyboard. In the code part we will see:

A:=10"(Aol/20) Rg:= Rscale
Rf:=-Gain*Rg*(1 + 1/A)/(1+Gain/A) Rf=[1.0002k]
Vref:= Vout_DC/(1+Rf/Rg) Vref=[1.4998]

and the new values will immediately appear in the schematic editor,
drawn in brown color. Press the DC button to display the DC output
voltage:
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9.11

Now run an AC Transfer analysis, the Bode diagram will appear.

47 Noname - AC Amplil == ==

File Edit View Process Help
e BE alg | rlF-g~ o] s B 4 2)

70.00

a.a0-

Gain (dB)

-10.90—

-20 00

T T T T T
10k 100k M oM 100M
Frequency (Hz)

AC Bodel AC Ampi |

The small frequency Gain is 0dB which complies with the specified
Vout/Vin=-1 value.

You can find more complex examples in the Design Tool folder of
TINA.

You can make your own design procedure in any TINA circuits and
save it together with the circuit itself.

For more information on the use and the controls see the on-line
help in TINA by pressing the Help button on the tool.

Optimization

TINA’s optimization tool will determine for you one or more
unknown circuit parameters (Control Object) which satisfy a
predefined circuit target response (Optimization Target). The target
circuit response (voltage, current, impedance, or power) must be
“monitored” by a meter—or meters—previously inserted at the
desired location(s). The unknown circuit parameter(s) will be
determined automatically so that the circuit will produce the target
output. Two alternative iterative methods (simple and pattern search)
are used to find the optimum.
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Use the commands Analysis.Control Object, Analysis.Optimization
Target, or the speed buttons Select Control Object |fi, Select
Optimization Target g5, to set up Optimization mode or to change
their settings.

First, place the voltage, current, impedance or power meter(s) onto
the schematic to represent the Optimization Targets. Click on the
Select Optimization Target speed button gf| or select the

Analysis.Optimization Target menu item. A special cursor " will
appear in the schematic editor window, waiting for you to identify the
meter. Should you need more meters to represent the optimization
targets, repeat the procedure above for the other meters.

There are several target functions you can choose depending upon
the analysis mode of the optimization (DC or AC).

For DC optimization problems, you’ll need DC goal functions.
When you click on a meter with the special target selector R@x cursof,
a dialog box appears showing several goal functions:

Dptimization - Target Setting [ ]

Optimization/T arget Olptimization/Mbjsct

D Goal Funct
B O
AC Table...
End value 1
AL Goal Functions
Peramele stepping J, Dptimizstion /

Remove | X corcd | 7 beb |

Click on the DC Goal Functions... button. Another dialog box
appears which allows you to set a DC goal function:

DC Goal Functions

&+ Yalue IH

C Minimum

£~ Magimum

0K XK Cancel | ? Help |

To optimize to a target Value, enter the desired value. To optimize to
a Maximum or Minimum, select the appropriate option.

For AC optimization problems, you’ll need AC goal functions. With
a meter selected, click on the AC Table... or on the AC Goal
Functions... button. The AC Table supports a special AC goal
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function defined by a series of frequency and amplitude values.
Using these frequency-amplitude pairs, an AC transfer function can
be defined.

Target Setting Editor [ x|
Name Value | addnen |
mgmtude

[1]
1. Frequency: 100 Bemove last
M agnitude: -20
2. Frequency: 1k LClear all

M agnitude: -10

3. Frequency: 10k

Magnitude: a

4, Frequency 100k Losd |

Magnitude: i

Save as

Draw
Anange points

S0 | Kowed | e |

You can access other AC goal functions by pressing the AC Goal
Functions... button. Here you’ll find Center Frequency, High Pass,
Band Pass, and Low Pass target functions, as well as Minimum and
Maximum target functions. You can combine these functions,
effectively setting more than one criterion.

AC Goal Functions B
Band Pass | High Pass | M asimum | timimnn |
Center Frequency | Low Pass |
Target center o
o 10K [Hz] Tol IE [%]
o dB
Cutalflevel |3 -y
" 0K XK Cancel | ? Help |

Now that you have established the target details, you must identify
the control object(s) and their parameter(s) to be determined by
optimization. To select a component, click on the Analysis.Control
Object menu item or on the Select Control Object speed button |4.

A special cursor "y will appear in the schematic editor window,

waiting for you to identify the component to which the optimized
parameter belongs. If you want TINA to optimize using more than
one component, repeat the procedure for the other components.

When you point at the component and click, TINA will display all of
its associated parameters in a dialog window.
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R1 - Resistor | x|

Resistance [Ohm] iﬂ
Power ] 1
Temperature [C] o

0

0

0

‘ Select. I xCancell ? Helul

Highlight the parameter to be determined by the optimization
process, press the Select button, and enter the Start and End values
for the variation of this component’s value.

Optimization - Range Setting
OptirmizationT arget —— [~ Optimization/0bject

[0[E (rza( Eure
[Crtwrn |
A5 Tiable:
A5 moal Funchons...
\ Parameter stepping Dptimization /

Remave | x Cancell ? Help |

End value 10k

If the desired parameter belongs to a catalog component, or if it is
an excitation attribute, you must first select the semiconductor or
waveform type so that you can access the appropriate data sheet.

The selected parameter will be varied in the range between the Start
and End values while TINA searches for the optimum result at the
target. If no optimum is found, then the range will have to be
enlarged. If there is more than one optimum case in the range, TINA
will only find one of them. If you suspect that this is the case, try
using multiple, narrower ranges, each of which has one or fewer
optimums.

You can use the Remove button to deselect a previously assigned

control object or optimization target.

Optimization is useful not only in the design of electronic circuits,
but in teaching, where you can use it to construct examples and
problems. Let us see some examples.
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Two examples
Example 1: Differential Amplifier (DC Optimization)

This example illustrates how to use the DC Optimization to set the
operating point of a differential amplifier.

1. Specification: First load the file named DIFFAMPTSC from
TINA’s EXAMPLES/OPTI subdirectory and run Analysis/DC
Analysis/Calculate Nodal Voltages to see the original VF1, VF2
collector voltages (3.78V). The goal of the optimization is to
change the values of R1A, R1B in order to find those values which
meet the specification—2.5V—for both collector voltages.

2. Set up the optimization: Before you start the optimization, you
have to select those meters which will be monitored during the
iteration and which represent the goal of the optimization. In this
example, the meters are VF1 and VF2, and the goal establish 2.5V at
the collector of the transistors. You also must select those
parameters which will be determined by the optimization. In this
example, they are the resistances of R1A and R1B.

a) Target: Use the command Analysis.Optimization Target or the
Select Optimization Target speed button gf and click on the first
voltage pin (VF1). A dialog box appears. When you press the DC
Goal Functions... button another dialog appears which allows you
to set the goal function for this meter. Select the Value option and set
the value to 2.5. (Note that you mustn’t use units here.) Then press
OK twice. Repeat this procedure for the other voltage pin, VF2.

b) Control object: Use the command Analysis.Control Object or
the Select Control Object speed button | and click on the first
control object (R1A). In the property dialog that appears, click on
the first line (the resistance parameter). Press the Select button
and another dialog appears which allows you to define the Start and
End values for the variation of this parameter. Enter 1k and 100k
respectively and press OK. Then repeat this procedure for the other
resistor, R1B.

3.Start the optimization: From the Analysis menu choose
Optimization, then DC Optimization... Accept the settings in the
dialog that appears and press OK. Now TINA will find new R1A,
R1B values to achieve the desired 2.5V collector voltages. After a
short iteration the result—the new resistor values—will be shown in a

dialog.
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4. Checking the result: TINA will retain the optimized resistor
values. Run Analysis/DC Analysis/Calculate Nodal Voltages to check
the new collector voltages with these values. Note that they are now
exactly 2.5V as we previously defined in the specification, verifying
that the optimization was successful.

Example 2: Band pass Filter (AC Optimization)

This example illustrates how to use the AC Optimization to obtain a
band pass filter which meets transfer function goals.

1. Specification: First load the file called BANDPASS.TSC from
TINA’s EXAMPLES/OPTI subdirectory and run Analysis/AC
Analysis/AC Transfer Characteristic... to see the original transfer
function. The diagram shows that the maximum of the curve is at
about 10kHz, while the peak amplitude of the curve is -10dB. The
goal of the optimization is to set the peak amplitude to -7dB and the
frequency at which the curve reaches its maximum to 14kHz.

2. Set up the optimization: To do an optimization, you have to
select those meters which will be monitored during the iteration
and which represent the goal of the optimization. In this example,
this is the meter “Out.” You must also select those parameters which
will be varied during the optimization. In this example, these
parameters are the resistance of R1 and the capacitance of C1.

a) Target: Use the command Analysis.Optimization Target or the
Select Optimization Target speed button gf and click on the
voltmeter (Out). A dialog box appears. When you press the AC Goal
Functions... button another dialog appears which allows you to set
the goal function for this meter. The specification contains two con-
ditions. The first defines the new maximum point of the curve. To
set this value, click on the Center Frequency tab, then enter 14k in
the Target center frequency edit field. The other condition is the
new maximum, -7dB. Select the Maximum tab and enter -7 in the
Maximum edit field. The last step is to activate the current goal
functions which are the combination of two functions. On the left
side of the dialog, select both the Center Frequency and the
Maximum function by clicking on the checkbox next to them. Finally
press OK twice.
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b) Control object: Use the command Analysis.Control Object or
the Select Control Object speed button | and click on the first
control object (R1). In the resistor property dialog, click on the first
line, the resistance parameter. Press the Select button to reach
another dialog where you can define the Start and End values for the
variation of this parameter. Enter 1k and 10k respectively and press
OK. Repeat this procedure for the capacitor (C1), and specify 1n and
10n for the Start and End values respectively.

3.Start the optimization: From the Analysis menu, choose
Optimization then AC Optimization (Transfer)... Accept the
settings in the dialog and press OK. Now TINA will find new R1 and
C1 values that will satisfy the specification for the transfer function.
After a short iteration the result—the new resistor and capacitor
values—will be shown in a dialog box.

4. Checking the result: Run Analysis/AC Analysis/AC Transfer
Characteristic... to check the new transfer function. The maximum
now occurs at 14kHz, with a level at the maximum of -7dB. The
optimization was successful.

Design Tool vs. Optimization in TINA

There are cases when writing a design procedure is not obvious or
needs iteration or simply we do not have the time to implement it. In
this case you may use the Optimization tool in TINA to determine
the required parameter numerically in order to meet predefined cir-
cuit responses: voltage, current, power, gain, etc.

Note: Optimization for multiple parameters and target values is available
in the Industrial version of TINA only.

Generally speaking, although optimization is a very powerful tool, it
is better to use a design procedure, if available because numerical
optimization might need significant calculation time and it does not
guaranty physically realistic results. Butitis a very good tool to refine
the results provided by a design procedure or tune already working
circuits.
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9.13

Fourier Analysis

9.13.1

9.13.2

Introduction

In Tina there are many advanced analysis features that provide
powerful professional tools to study and evaluate electronic circuits
both numerically and graphically. One of them is called spectral or
Fourier analysis. In this booklet we will demonstrate Tina’s
implementation of Fourier analysis which covers two different
methods: Fourier series and Fourier spectrum. We will especially
emphasize applications that are not described in detail in the manual
of Tina. In the following we will shortly summarize the theory
behind Fourier analysis, and then present examples on the topic. All
the examples are available on floppy disk, as well.

In Tina Fourier analysis must be always performed in conjunction
with the transient analysis. This means, that first you always have to
carry out a transient analysis on the circuit. When the diagram
window appears you have to select the curve you want to process
using the cursor and from the Process menu choose Fourier series ot
Fourier spectrum. In the first part of this booklet we will investigate
Fourier seties and later on Fourtier spectrum.

Fourier Series

One type of spectral analysis is called Fourier or harmonic
decomposition. It’s based on the theory, that any periodic function
can be expressed as the sum, or series of sinusoidal functions. If a
periodic function is expressed this way, each component in the series
must be periodic over the same interval as the original function. The
components are integer multiples or harmonics of the original
function’s fundamental (base) frequency. This decomposition is
described by the following formulas:

f(©)=7 (4 cosker+B; sinkat) or in complex form /()= 3 G
k=0 k=—=
where 4,. B,.and C, are the Fourier coefficients.

Let us see this decomposition in case of some practical waveforms:
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Let us demonstrate the above theorem with Tina in case of a square
wave of f=1kHz frequency and 1V amplitude up to three sine waves.
The casiest way is to put together a simple circuit (fourex1.sch). The
circuit consists of three sine wave generators connected in series and
the reference square wave generator. The frequencies of the sine

wave generators are f; =WkHz, f, =3f, =3kHZ and f, =5f, = 5kHz,
. 4
however the amplitudes are 4, 12732, 4 = ;"Jl =04244 and
= ;

4, = 1 A, =0.2546 according to the above formula.
4;
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The result of the transient analysis can be seen on the following
figure.
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200

1 4 4 1 1
] f=—sin(ot) fy az0n =—lSIN r-\t}+§sin(3r-1t]+ gsin{ﬁmt)]]
9 o - T
1.00 e
H
£ 000
Q 4 . 1
a2 = ISIn(t) Zsin(3at)]
-1.004
-2.00 . ! | . | ; |
0.00 250.00u 500.00u 750.00u 1.00m
Time [5]

Note that the above figure was entirely made by Tina using its

Equation Editor in the Diagram Window. For example the X is

described in the following way in the Equation Editor’s text mode:
\(£,1)=\£(4,\s(p))sin(\s(w)t) as it can be seen on the next figure.

¥ Equation Editor [_ (O] %]
Settings ~ Help

nale o] a e |

Nilf. 1)=\4.\s[pl)sin s [w]1) |

|

7] Bz

If you press the View button

[E] you can preview the formula in the

Equation Editor. Press the Edit button [§] to return into the text
mode if you want to make further changes. Finally press the Copy
button E to place the formula in the Diagram Window.

B4 E quation Editor
File Edit Settings Help

[ O] ]

EN
4

T =;Si nfet)
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Obviously if you connected more than 3 generators in series, you
would have achieved a better match. There is an easy way to
demonstrate this statement. Using Tina’s Interpreter you can easily
write a function that calculates the sum of any number of sine waves
(fourex1.ipr).

Function Square(t, n):
{Sum of n sine waves, n: number of sine waves, t: time}

Begin
f=1k
WS Z*p*L
x=0;

Fori:=0Ton-1Do
x=x+1/2*i+ 1) *sin{(2*i+ 1) *w*i);
Square := 4/ p1 * x;
End;

{Sum of 20 sine waves}
Draw(Square(Time, 20), Square);

To run the above example invoke the Interpreter from the Tools
menu, type in the above text or read in fourex1l.ipr by selecting the
Open command from the File menu. If you press the Run ] button
after a short calculation the following function appears:

200
| Approximating a square wave with 20 harmonics
e

1.00 U’\;w-ﬂ-n—&whwl\f‘

1.00- JIW,U.,-M-AW\M‘

POI e e e
0.00 250 00u 500 00u 750 00w 1.00m

SOIdO1l d3ONVAQY

The more sine waves you would sum up the better match you would
get. Note however the small peaks at the edges of the square wave.
This is called Gibbs phenomenon. According to the mathematical
theory the Fourier series can not approximate propetly
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non- continuous functions in the point of discontinuity. In case of a
square wave there will always be 18% overrun at the edges at any
number of approximating sine waves. Let us demonstrate this with
100 harmonics; simple change 20 to 100 in the Draw command of
the above example (fourex1.ipr)

200
| Demonstration of the Gibbs
| henomenon
1.00-e
g Iv
& 000
= {
Q 1
1.00- -
0.00 250.00u 500.00u 750.00u 1.00m

Time[s]

However there are methods which improve the convergence of the
Fourier series near the discontinuity. The essence of these techniques
is to modify the Fourier coefficients by multiplying each coefficient
by a weight factor. This method is also called window function
technique. Two Hungarian mathematicians - Fejér, and Lanczos -
invented such window functions that are commonly used in practice.

In practice however there are no discontinuous waveforms though
to the rise/fall time could be very short in comparison to the petiod
time. This means, that the Fourier series will always converge. Let us
demonstrate this with the approximation of the triangular waveform
with just 3 harmonics using the above circuit. Change the amplitude

8 1
of the sinusoidal generators to <h = —3 = 08106, 4, = =54, = 0.0901

b

1
and 4; w4 0.0324. Change the waveform of the reference gen-

erator to triangle wave (fourex12.sch).
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1, 2oy =—1sin(et); —sin(3et)+—sin(5at})]
29”32 e 5

Output

0.00-+

-500.00m |

0.00 250.00u 500.00u 750.00u TI 0dm

Time [s]

In practice of course you use the Fourier series option of TINA in
opposite direction. You have a periodic function and you want to
know the Fourier components. To get them in Tina first you have to
run a transient analysis and then in the appearing Diagram window
select a curve. Then in the diagram window you have to select
Fourier series from the Process menu. After selecting this menu item
Tina After selecting this menu item Tina performs a harmonic
decomposition, calculating the Fourier coefficients for the
sinusoidal components of any voltage or current. After you select
Fourier series a dialog box appears, where you have to set the
sampling start time, the base frequency, the number of samples, the
number of harmonics, and the format.

Example: Let us determine the Fourier decomposition of the
previous square wave (f=1kHz, A=1V). We will compare the
theoretical decomposition with the result calculated by TINA.

The Fourier series of a square wave function is

4. . L.
f(n= —['sm of +Lsin 3ef +%~..mﬁ(-,\r+__.],
Fis

Because square wave function is an odd function /f(-x)=—f(x)/ ,

all the coefficients 4, =0, and 4, =0, too. Comparing the above

function with the definition of the Fourier series it’s quite clear that:
4 1

B, 127, B,=0, B,=-B, =042441
T 3

B, =0, B,=~B, =025464
. >
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In TINA we get approximately the same result. However due to
numerical inaccuracy we don’t get exactly O for the theoretically 0
coefficients. If you examine these values more carefully you’ll see,
that they are not significant because they are 19 ¢ times less

than the fundamental value.

Load this example (fourex2.sch). Run transient analysis then select
the appearing square wave and choose Fourier series from the Process
menu. In the dialog box change the default format from complex

representation / Cwexp(kar +¢)/ to real representation

[ A% cos(kart) + B #sin(kart) /.

If you have set all the parameters, press Calulate. At the bottom of
the dialog box the Fourier coefficients appear. Tina allows you to use
these values in other programs. Every time you press Calulate the
coefficients are placed not only at the bottom of the dialog box but
on the clipboard, as well. You can import this table of Fourier
components in other programs, for example Word or Excel to
process.

Harmonics [Amplitude (A) |Amplitude (B)
0. 0 0
1. 976.56u 1.27
2. -1.15n -749.01n
3. 976.56u 424.41m
4. -4.6n -1.5u
A 976.56u 254.64m

It’s also possible to evaluate the above result graphically. You only
need to press Draw, then Tina generates you a diagram with the
Fourier coefficients.
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1
1
1
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1
1
i
N I -
1
1
1
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Base frequency 1 0kHzZ]

You can also get complex Fourier components with Tina. To do this
select the complex representation in the Fourier series dialog box
and press Caleulate again. On the following three figures you’ll see the
harmonic decomposition of the same sine wave (f=1kHz, A=1V)
but this time using the complex representation. On the first figure
the dialog box can be seen, on the next the Fourier coefficients as
they are placed on the clipboard, and on the last the graphical
representation of the result.

Sampling start lime |
Mumber of harmanics
Eormat Im HEy

Faurier coefficients

Base fiequency

Murnber of samples

k Amplitude (4] Amplitude (8] ~
1} oo oo

1 976.56u 1.27

2 -1.18n -743.01n

3 976.56u 424 41m

4 -4.6n -1.5u b

Harmonic distortion: 38,9

Harmonics | Amplitude (A) Phase (o)
0. 0 0
1. 636.62m -89.96
2 374.51n 90.09
3. 212.21m -89 .87
4. 749.01n 90.18
5. 127.32m -89.78
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9.13.3

Base frequency 1.0kHz]

To compare this result with the previous one we have to perform a
simple mathematical transformation. Using the Euler-formula:

A, + jB A, 1 jB, .
'ﬁ)’ £ =Cy,, and 'q" L=C, Or VIC& Versa ¢,+C,, =d,,orC,, 1C, =B,.

From this we get, that

A ) A, ) A,
€, ="1=063662, C,=0, C,="2=021221, C,=0C, =">=0.12732

2 - 2

Again it is important to mention, that due to numerical inaccuracy
we don’t get exactly O for the theoretically 0 coefficients. It’s
especially true in case of the phase values. As harmonic magnitudes
become small it becomes difficult to determine phase. Again, this is
a numerical problem only.

Fourier Spectrum

Tina provides another type of spectral analysis called Fourier
transform. Fourier transform can also be thought of as an extension
of the Fourier series. This means the Fourier transform converts a
function of time to a function of frequency, and vice versa. The
physical interpretation of Fourier transform is the conversion of a
time-domain signal to the AC steady-state frequency spectrum.

F(jo)=F f(0 = [ f(nedr

However the inverse Fourier transform converts the AC steady-state
signal into the time-domain.
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The Fourier transform in Tina is a discrete Fourier transform (DFT),
where the Fourier integral has been replaced by a neatly equivalent
summation formula applied to evenly spaced samples of the signal.
To speed up the process the transform is accomplished by a special
technique, called fast Fourier transform (FFT). The FFT gets its data
from a set of samples with the appropriate number of data points.

Sometimes it’s useful to define the real spectrums (amplitude-
densities):

Al@) - jB(w)

2

F(jo)= , where A(@)=2ReF(j®) and

B(w)=-2ImF(jo)

Note, that Tina calculates F'(je) and displays in the 0 < @ <« region
only. For the — o < @ < 0 region applies F(jw) = F(jo)", therefor the

amplitude is the same and the phase has opposite sign.

A(e). B(w) can also be calculated directly from the time function.

A(@) =2 [ f(t)cosotdt and Be) =2 [ f(1)sinordr

A(@) = A(-e), B(-0)=-B(@) thus 4(w) is an even, B(w) is an odd
function.

Example: Let’s determine the complex spectrum of a pulse
(amplitude 1, width T=1n; fourex3.sch) and compare it with the

theoretical result. First carry out a transient analysis then select the
pulse wave and choose Fourier spectrum from the Process menu.
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Voltage [V]

1.00

750.00m

500.00m

250.00m

i -
2.50n 5.00n 7.50n

Time [s]

the diagrams you want to display.

Frequency Spectrum E

S ampling start time S ampling end time
Mirimum hecuency Magimum frequency
Humber of ssmples 2048 7] [¥ Phase conection

Diagrams
[ Complex Amplitude [~ Beal part I Energy spectium
[~ Phase I Imaginan part

[ ok ] |x Caneel | |? Help |

10.00n

After you select Fourier spectrum a dialog box appears, where you
have to set the sampling start and end time, the minimum and
maximum frequency and the number of samples. You can also choose

If you press OK Tina performs discrete Fourier transform. The
complex amplitude spectrum can be seen on the following figure:
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This function is described by the well-known formula:

I =joT jal/2 =jeT2
. i l1-e™ —joT2 € —e”’ 2 el s
F(_,:m):_[l*u 1 = —— =g 2 - =Zsin—e™"?
» Jjor Jor @ 2 >
. R e = 2 .ol
therefore the amplitude spectrum is: [F (/@)= P e D<o <
'} £

To check our previous result now we will recalculate the amplitude
spectrum using the above formula in Tina’s Interpreter (fourex2.ipr).
The following function calculates the amplitude spectrum.

Function PulseAmplSpe(1);
Begin

w=2*pi*t;

T:=1n

PulseAmplSpe := 2/ w * Abs(Sin(w * T / 2));
End;

Draw(Pulse AmplSpe(Frequency), AmplSpe):

To try out the above example invoke the Interpreter from the Tools
menu, type in the above text or read in fourex2.ipr by selecting the
Open command from the File menu. If you press the Run [B] button
after a short time the following function appears:

SOIdO1l d3ONVAQY
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1.00n

Amplitude spectrum generated by Tina's Interpreter

e A R LT T T e T
z .
L] 1 1
8800000 - - r et
= ) )
E
< 1

25000p - - - oLl

0.00 T T f 7 i
0.00 250G 500G 7.50G 10.00G

Frequency[Hz]

You can easily check, that the above spectrum provided by the
closed formula and the spectrum provided by Tina’s Fourier
Spectrum command are exactly the same. It’s rather easy to compare
these curves using the clipboard. First select the curve which was
generated by the Interpreter, then copy this curve onto the clipboard
then in the diagram window go back to the previous page and paste
the curve back. The curves will be identical, so we do not show here
both.

Example: Transform of a sine wave (fourex4.sch)

The Fourier transform of a sine wave results in a Dirac-delta
function, that is an infinitely high spike of zero width at the
frequency of a sine wave. We can not reproduce that with DFT. We
can actually examine sine waves of finite length. The longer the sine
wave is, the taller and narrower the spectrum becomes.

Let us first examine a 3ms long sine wave with 1kHz frequency.
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If you run Fourier spectrum on this curve you will get the following
result.

2.00m—

1.50m -

Amplitude [Vs]
i
1

500.00u—

0.004

1 1
2k 3k 4k 5k
Frequency [Hz]

Although the peak value of this spectrum is correct the shape of the
spectrum is quite rough. To get a better spectrum change the
simulation time to 21ms and carry out the analysis again. At FFT the
frequency resolution is inversely proportional to the duration of the
signal.

SOIdO1l d3ONVAQY
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Note that the actual simulation time in this example was 21ms to get
a better spectrum. (Not shown on the figure.)

2.00m —

1.50m <

1.00m —

Amplitude [Vs]

500.00u

0
O 0001~ . = . .
o 0 1k 2% 3k 4K 5k
@) Frequency [Hz]
'—
[a)
8 Let us check this result using the theory of Fourier transform:
Pz
<>( ) d( == i _jo ift<0ort>T
<D( F{d()sineyl}, where (N =e&(t)-elt-T) L ifo<t<T
F(jeo) jrd (H)sine,te " dt jd (r)eiw _G_.we 1 dr ! }e et gy —ie ""“"“""d.']»
7 " ! ’ % ! 2j 27 % 0 J
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—J(@-ag)— —jl@+ay)—

. T . T
r sin(m —m,) S 7 Sin(w + @) 5
— —

Jlow—m, Jlo+m,)

Note, that the main amplitude of the spectrum at @ =, and at

o=-0,is 1/2.

Let us draw this function with Tina’s Interpreter (fourex3.ipr). In this
example we will use a simplified expression, because this part is
significant only regarding the amplitude of the spectrum. The

following simplified function calculates the amplitude spectrum.

Function SmusAmplSpe(f);
Begin

wis2Epit L

wi =2 *pi * 1k:

T:=3m:

SinusAmplSpe := Abs(Sin((w - w0) * T/ 2) / (w - w0) —

Sin((w +w0) *T/2)/ (w+w0));

End:

Draw(SinusAmplSpe(Frequency). AmplSpe)

To try out the above example invoke the Interpreter from the Tools
menu, type in the above text or read in fourex3.ipr by selecting the
Open command from the File menu. If you press the Run [B] button

after a short time the following function appears:

2.00m—

1.50m

1.00m —|

Amplitude [Vs)

500.00u

0.00 1.00k 2.00k 3.00k
FrequencyHz]

Amplitude spectrum calculated by Tina's Interpreter

4.00k

5.00k
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You can easily check, that the above spectrum provided by the
closed formula and the spectrum provided by Tina’s Fourier
Spectrum command are exactly the same. It’s rather easy to compare
these curves using the clipboard. First select the curve which was
generated by the Interpreter, then copy this curve onto the clipboard
then in the diagram window go back to the previous page and paste
the curve back. The curves will be identical, so we do not show here

both.
Example: Amplitude modulation (am.sch).

Let us see the spectrum derived by amplitude modulation. In our
example the amplitude modulated signal is described by the

fOHOWing formula: ,c,in[r_-)ur] ® (I +m cns(mm‘f)], where

@, =IMH= , @, =100kHz , m=0.5
2.00

1.00

Voltage [V]
=)
8
|-

8

-2.00 . ; — — ———— —
0.00 10.00u 20.00 30.000 40.00u
Time [s]

Let’s calculate the Fourier spectrum of the modulated waveform:

. . m . m .
sin( eyl ) #(1+ mcos(m,, 1)) = sm @,/ + 5 s, + @, )+ 5 sy, — @, ),

In our case:

ADVANCED TOPICS

sin(le6r) = (1+ 0.5cos(le5r)) = sin le6r + 0.25sin(l. leG)r + 0.25smn(0.9e6)r

From this formula it’s clear, that the spectrum of the modulated
waveform is the sum of the spectrum of three sinusodial signals.
First check our result using Fourier series. Select Fourier Series from
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the Process menu and set the Format field to Acos(kex) + Bsin(ker) .

Then press Calculate.

400,000+
200,000
< 1
E 0.00] + 1 | | 1 I | |
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1.00
n?wmﬁ
gmmn
£
250.00m
T - i A e B R L iL B -sé
] 1 -4 3 4 5 6 7 & @ 0 11 12 43 14 15 16 17 18 19 A0

Base frequency 100.06Hz]

The cosinusodial coefficients (A) are practiacally zero and for the
sinusodial coefficients (B) we get the theoretical result.

On the next figure the Fourier spectrum of the same signal can be
seen.

20,000
15,004

10.00u-{

Amplitude [Vs]

5.00u-]

AU

0.00-4 - T T T T
0 500K M M M
Frequency [Hz]

SOIdO1l d3ONVAQY

You can see, that the amplitude of the smaller spikes is the quarter
of the amplitude of the peak at the base frequency, which is 15u=T/
2, where T=30u is the length of the modulated wave.

And finally on the last figure you can see the spectrum in case of

210us simulation time.
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The Fourier spectrum and the Fourier series dialog box can also be
obtained directly from the Analysis.Fourier Analysis menu. This way
you do not need to calculate the transient function manually—TINA
will automatically do it before generating the Fourier series or
spectrum.

9.13.4 Harmonic Distruction

In Tina you can also calculate the harmonic distortion.

Eie Bt froml Yawr goobpom [WM Tgols Help

=53 (0 ) I D |[Gromd zl
=l ~T=Depebe~[a] T [ [ [T [ [ [ [
2] MT‘T’Z‘!‘%‘.“.'TZ flsarcond duckons Abates (FigRcpm e v | A =
9 )
- =
E Transistor Amplifier Circuit
[a)
LLl T
8] b O
A b i) e |
< fp AN l 2
L - o
[l ] *6 Y420
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To illustrate this, run the transient analysis with the above circuit
(ampli.sch) then the following figure appears:

300.00m
150.00m |

0.00-}

Valage [V]

-150.00m

-300.00m — ; iy e
0.00 1.00m 2.00m 3.00m
Time [s]

Select the output curve then press the right button of the mouse and
select Fourier Series from the popup menu: the dialog box of the
Fourier series will appear. Set Sampling start time to 1ms and the
Number of samples to 4096. Note that for best accuracy, it is very
important to set the starting time for the Fourier Series analysis to
after the initial transient has died away. Now press Calculate. Tina
calculates you the Fourier coefficients and the harmonic distortion,
which is defined to be the ratio of the root-mean-square (RMS) sum
of the magnitude of the harmonics to the magnitude of the

fundamental, or as a percentage: X, called percent total harmonic
distortion (% THD).
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9.14 Using IBIS Models in TINA

IBIS (Input/Output Buffer Information Specification) is a
method to provide modeling information about the input/

output buffers of integrated circuits. The good thing about IBIS
models is that they are often available even for devices where
complete device models are not available from manufacturers for
any reason (e.g,, complexity,proprietary information protection, etc.).
One of the most popular uses of IBLS muodels is Signal Integrity Analysis,
including impedance matching and more. TINA currently supports
the most widely used IBIS 4.2 version.

In TINA, you can convert IBIS models to TINA Spice macros and
then use them in any circuits in TINA. You can also complete
simplified digital device models—e.g., MCUs with IBIS models—to
better describe their analog behavior.

In the following, we will show the use of IBIS models through an

ADVANCED TOPICS

example of fixing signal integrity between a Texas Instrument
TMS320C6748DSP and an ADS1259 delta-sigma ADC.
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Select File/ Import/IBLS File (%.ibs), select c6748zve.ibs from <TINA
directory>\Examples\IBIS. The following dialog will be displayed. In
this dialog, you can select the model to import.

Now select SPI7TCILLK_GP213signal, PBFZP18LL_X50_PI_3P3
model (cell operated at 3.3Vwithout pullup or pulldown),and Typ value
set. Press OK. The IBIS model is automatically converted to a Spice

macro.

IBIS File Impor ="l
Components:
Signals:

SPI1IENANn_GP212 =
SPI15CS0n
SPI1SCSin -

Models {selected signal):

18LL_X50_IPT_LOW_1P5 Cell operated at 1.8(nom)
8LL_X50_IPI_HIGH_1P& Cell operated at 1.8{nom)
PBFZP18LL_X50_PI_1P8 Cell operated at 1.5(nom)
18LL_X50_!PI_LOW_3P3 Cell operated at 3.3(nom)
B8LL_X50_IPI HIGH 3P3 Cell operated at 3. 3{(nom]

PBFZP18LL_X50 PI 3P3 Cell operated at 3.3(nom)

Madel type:
o

Select Typ/Min/Max:
Typ -

| o \ X cancel P Help

SOIdO1l d3ONVAQY
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ui o

POLARITY=0 C_COMP=1.94F R_PKG=469.26M L_PKG=4.17TN
C_PKG=711.45F DVR=1.16 DT_R=315.35F DVF=1.21
DT_F=285.08P VCC=3.3 ENABLE=0 VINL=0.8 VINH=2

RP_LPKG=100
8
= outl-
IO
o
[=]
=
=]

SPI1CLK_GP213is the master configuration serial clock signal of
TMS320C6748chip to drive SPI clock input of an AD converter,
Texas Instruments ADS1259.

Select File/ Import/ IBIS File (*.ibs), select ads1259.ibs from <TINA
directory>\Examples\IBIS. The following dialog will be displayed. In
this dialog, you can select the model to import.

DIN PD_3 2,70V - 3.30V _ DINPUT model
DIN_PD_5 2,70V - 3,30  DINPUT model

Model type:
‘Input

Select Typ/Min/Max:

[ ox | | Xcanea | | Prep |
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Now select SCK input signal, DIN_PD_3 model and Maxvalue (for
3.3V DVDD voltage range). Press OK. The IBIS model is
automatically converted to a Spice macro.

U1 Input
C_comp=6.362p B_pkg=1.88m L_pkg=814.51p C_pkg=204.54f
dwr=0dt _r=0 dVf=0 dt_f=0 VCC=3.3

WG

i

M Input of

=

—GND

Connect the DSP I/O buffer to the input of the ADC with a lossless
transmission line. Add the power source and voltage generator to
create clock signal of DSP side. Place voltage pins for the simulation
onto the signal nodes.

We adjust the transmission line parameters to a few inches of
microstrip trace routed on a four-layer PCB. This produces cc. 500ps
delay and 90 Ohms characteristic impedance.

File from <TINA directory>\Examples\IBIS\Impedance matching of
TMS320C6748. TSCis ready to be used.

Now, click Analysis, Transient. The DSP transmits the SPI clock sig-
nal where the impedance mismatch creates reflections. The result
shows the reflections created by the impedance mismatches in this
circuit simulation.

At the ADC side(pin EoTL),the voltage is beyond the ground and
the supply voltage, which violates the absolute maximum rating of
the digital input.
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4.00—

VG E \ ’ \
0.00 -2
4.00—
Vout 1 f
-1.00-
5.00—
EoTL E \
-1.00-
3.30 qp———
D_out B!
-200.00m T i T T T R
0.00 100.00n 200.00n 300.00n 400.00n

Time (s)

To avoid under and overshoots at the line end is to match the output
impedance of the driver to the trace impedance by inserting a
resistor between the output and the trace. Let us place a 100 ? resistor
in series now with the output.

M L_PKG=417TN
08P DVF=1.21

W o
Vout:2 C6 iz mput
C_COMP=7.7
EoTL4 g VCC=23 VI
lout3: - R1 100 TL1 5008
N E

- Input
=
8
L GND
4 GhD

FR-4 PCB microstrip trace ADS1258 ADC SCLK input
TMS320C674 Standard SPI Master Configuration 150 psfinch

SPH_CLK serial clock output

BIS model: 3DVTPEFZP1BLL_PI_3P3

Run the transient analysis again, and compare the results by copying
the important curves with each other.

ADVANCED TOPICS
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VG

Vout

EoTL

D out

| —
| R=00hm
100 J R=100 Ohm k——l

3. SO}J
-200.00m

T T T
0.00 100.00n 200.00n 300.00n

Time (s)

1
400.00n

Now, we can see that using the IBIS model to understand and find
the critical issues with the simulation helped to solve this problem.

SOIdO1l d3ONVAQY
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10.1

CHAPTER 10

INTERPRETER

Introduction

The Interpreter is a powerful tool which extends TINA’s usefulness. It
allows the evaluation of mathematical expressions, the solution of
equations and systems of equations, the calculation of derivatives
and integrals, the plotting of results, and much more.

You may liken the Interpreter to using paper and pencil for solving
problems, except that you can have TINA check the results. If you
use the Interpreter after DC, AC or Transient analysis, it is extremely
handy for post processing the results.

Another interesting application of the Interpreter is the arbitrary defi-
nition of signals to be used as excitation for a circuit. These signals
can be assigned to analog generators.

For educational users, TINA has two special modes. In examination
mode, the student has to solve a series of problems (a problem set)
either by traditional pencil-and-paper methods or by using the Intet-
preter and analysis functions. When the student finds the answer, the
program sends it immediately to the teacher’s machine, where it is
promptly displayed by the TSuper supervision utility. In training mode,
operation is similar, except that TINA gives the student feedback
about the correctness of his answer, and the student may turn to the
Advisor to get help prepared by the teacher.

The Interpreter can be activated from the Tools menu. Its interface
is similar to that of TINA text editor: you enter expressions as text
and then execute it as a program or an expression to evaluate or plot.

DesignSoft
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10.2 Getting Started

In this chapter we will consider some simple examples to see the types of
problems we can solve with the Interpreter.

The Interpreter and the Schematic Window

Although the Interpreter can be used entirely on its own with no
schematic file open in the Schematic Window, it gains in power
when used in relation to an underlying schematic. When a sche-
matic file is open in the Schematic Window, you can access its
circuit variables and component parameters.

Note that, in order to make component parameters accessible, you
must enter a component reference symbol in the Label field of each
component’s properties window. The label for a 250 ohm resistor,
for example, could read R,250, R, or R=250. With any of these
three labels, the Interpreter will use R as the reference name and
will pick up the value from the Value field. The labels showing the
value aid in user documentation on the schematic. In the case of
components such as inductors or capacitors, additional parameters
(parallel resistance or series resistance, respectively) become avail-
able. In general, each component reference symbol should be unique
(an exception being where there are multiple components all with
the same values).

The various parameters of sources (e.g., for a sine wave, DC level,
AC amplitude, frequency, and phase) in a schematic are also avail-
able to you in the Interpreter. They appear in the symbol table un-
der the heading Circuit variables. Be sure to fill in the label field
for sources.

Finally, the results of analyses run on the schematic are also avail-
able as functions (of time or frequency). These appear in the Inter-
preter symbol table as External Functions, under the names they
have been assigned by the Diagram Window (e.g., AC_Ampli2,
AC_Group_delay3).

Calculations

In the following example we will see how to do simple calculations in
the Interpreter. The Schematic Editor will contain a basic RLC
circuit.(el.sch)
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Run transient analysis with the given defaults. Click on the Tools menu
and select the Interpreter. The Interpreter window appears.

4 Tienefian - Sehematic itor
Bl G st Yew  Anabeis T | Took Hek

0 1 T A 8] iy sl 2]
=To IV BT e EEE

T e L e T b L omge: 15 AL e o225 AFIF kg et s pecanl
Component Bar Fdror.... A
Peered rymbol database :I
Eind Componirnt..
Orawing time diagr [e— ~inj=i
See - Drneclag.for ua:ru - _
| RSy 7171 < O st 3«
] * Lok Schamatic o
e ~ Diack Hetiet Ddier'
St ] - ]
PN E— - i
000 .00 2.00m
Time (2
T ] _IJ
| ]
L1 v
[0 il w50

NOTE:

To insert these TINA screen views into this manual (a MicroSoft Word docu-
ment), we used the PrintScreen key in TINA to copy the screen to the clip-
board. You could also copy any windows of TINA to the clipboard by select-
ing the window and pressing the Alt+PrintScreen keys. Then we pasted the
clipboard contents into this document.

Flnoname - TR resultl M=
File Edit Wiew FProcess  Help

= e B Q8| Tl e~ Of s A «

5.00—

2,50

.00

Voltage (W)

-2.50

-3 T T T 1
Q.00 1.00m 2.00m
Time (=)

Y TR rezult £
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INTERPRETER

416

i) Let's first check R, one of the circuit parameters.

Write in the Interpreter:
R= , Then press enter

The Interpreter will give the result

=[250]) , That is 250 Obm
ii) Calculate the impedance of the circuit at a radian frequency
of 100k:

1
Wisi=R+sl|| —
(5) ”sr::

Write in the Interpreter,
R=[250]
w:=100k
Z:=R+Replus (j*w*C))
=[250-20.0642*7]
Abs (Z) =[250.8039] { the absolute value }
Arc(z)=[-80.0852m] {the phase value(radian) }

B Edit l—zm New Aol TAM Tooh

g 000

¢
;R e o
i
Wohage (V)

WL, 14 () |

z 3
- 2504 —[ 50 n DE4Z*3]

Abs () =[250. B035]
hse (T = -80. 0B52m]

O L8 Sl e

There are more functions available ( See the Appendix).

To save these calculations, click the Save button on the toolbar, and
follow the prompts. To recalculate results, press the Ruz button on
the toolbar or use the Run menu.
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10.3 Signal processing

We can use TINA to post-process the results of an analysis of a circuit.
After aDC, AC or transient analysis has been performed on a schematic,
the analysis results are placed in the symbol table of the Interpreter so
you that can refer to them as you write expressions in the Interpreter.
In this example, we will plot the instantaneous power in the resistor
using the previous TINA transient analysis result.

The instantaneous power in the resistor is:

pt) =u(t)-iy =" (t)

Before plotting this slgnal, we have to set the ending interval time
value (right limit parameter) in the Drawing Preferences dialog, Set this
parameter to the value of the transient analysis end time, 2.0m.

I R T —— islx
Edn - frmert Yiw  galms  TRM- Tool - e
el P lTililllﬁl_I_I_Il_&il“'“r 2 T o B e —
B N i e e A P o R A 1 i ) = Il
T e e e R, e ——— < =
= suneon | |2sf | ]
Drawing time diagr: r:::: ;_“;;L‘
g — i
Bl 1~ dgoluske bPhase | [l B s Bl
.-.-;g{ ._ ol —
I i
& e ’_’m
Lird 1 Hona Hawse 0F Agnadt
— | C— .
(‘ml
Mi‘t’lm.:m Eol=l [punsessraiiy ssepis] l-ull-.--—-l- 'L[J_III;‘
.|! | v
150l T R
Type in the Interpreter:
Draw( Sqgr(TR_resultl(t))/R, MyResult )
The result appears after a moment in the Diagram Window.
417
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Signal definition

Another interesting application of the Interpreter is the arbitrary
definition of signals to be used as excitation for a circuit. These signals
can be assigned to analog generators. User defined waveforms are
extremely general and call up an equation editor window where the
waveform may be defined as a mathematical expression. To make
signal definition even easier, a template which you can modify to
create your own signal is provided in the editor window. Noze that
while TINAS Interpreter is utilized for signal definition, you access signal defini-
tion via the Schematic Editor window, not the Tools/ Interpreter menu.

As a simple example of this feature, pick up a voltage generator from
the toolbar, place it in the Schematic Editor window, and then double-
click on it. The dialog box of the Voltage Generator will appear.
Click on Unit Step in the Signal field and then press the ... button
that appears. A new dialog box opens showing the available signals.
Now press the rightmost button, User Defined, in the Signal Editor
window. The curve and the description of a simple linear time function
will appear. To change this into a quadratic function, replace #with 7
in the description on the right side and then press the Tesz button.
The waveform versus time diagram of the new function will appear.
Now you can use this new signal with any circuit during transient
analysis. For more details of User defined excitations, refer to Signal

definition.

418
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Problem solving

10.4

TINA has two special modes for educational purposes. In examination
mode, the student has to solve a series of problems (a problem sei),
either using pencil-and-paper or the Inzerpreter and analysis functions.
When the student finds the answer, the program sends it immediately
to the teacher’s machine, where it is promptly displayed by the TSuper
supervision utility. Operation is similar in training mode, except that
TINA gives the student feedback about the correctness of his answer.
Furthermore, in training mode the student may turn to the Advisor to
get help prepared by the teacher.

To learn more about this feature see So/ving DC problem.

2 - Echematic Editor

ﬂhW"MWMWTUU

el 0w [ slolrl Lol1 B 3 8 sl o 3

J=ABTxTLTBT] 15T 11 ¢ e/l OO0 T |

Wocrus e g TR A T R ©

= TkORm

" Tg=FkObm
2 Fb=3k0Rm
5% R=7

’ L o]
\af

& ] T

Calculations using the Interpreter

You can also use the Interpreter to carry out calculations. In this chapter,
we will present examples of the calculations that you can do with the
Interpreter.

To solve a problem, you first create the “source code” that the
Interpreter will compile and execute. This code is structured in two
parts: the first part contains function definitions, while the second part
contains executable commands. Functions help you to solve
complicated problems.

DesignSoft

419

H3134dd31NI



INTERPRETER

Solving DC problems

Example

Resistors R1, R2, R3 in the circuit below are connected in parallel.
Calculate the total resistance.

Eile Edit Jmert Yww gnalss TBM Took el

=31 =1 = S e . T 0 |

IBERNE R R EREE Ji

e I T bace Wi Goatas v o Lagse 1 0 LA 285 AT ffraiog Camiral |

.._.;\, :J—-?!IGUNII
“@ . o
& s T
Solution

i) We will solve the problem first by entering the equation for R. Write
in the Interpreter

R := 1/( 1/R1+1/R2+1/R3 )

R = , Then press enter
The Interpreter will give the result,

R = [545.4545]
Since we have a schematic file open, we can access variables derived
from the component name labels—R1, R2, and R3, for example.
Click on the menu to Settings/View Symbol Table to view which
variables are available to you.
if) We will define a function to compute the total resistance of
arbitrary parallel connected resistances labeled R1, R2, R3. The
Interpreter’s Function declaration is used to solve more complicated
problems. The syntax of the function declaration is:

420
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Function FunctionName(parname7,...,parnamer)
Begin

function body
End;

The function that computes the parallel resistance is:
Function Parallel( rl, r2, r3 );
Begin

Parallel := 1/( 1/x1+1/r2+1/x3 );
End;

For a numerical solution based on the values of R1, R2, and R3 in
the underlying schematic, type the following and press Enter:

Parallel ( R1, R2, R3 )
See the result:

=[545.4545]
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Solving AC problems

Example

Consider the following circuit. Calculate the phase and absolute value
and the time function of the voltage named Ow#, when f=1MHz. The
time function of the voltage generator is:

V source (t) =10 'COS( w-t+ 45 °)

g] | | |_|=|.9|-r|w | Y = I P T |

J ; ¢$w§+m-ﬂx ﬁ¢ ¢-$

T emmorducion | Cghoekoroni |

RLC-circuit
S
T 4 e
. | =8
m |y
Solution
First we find the AC transfer function,
422
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1
s-C _ 1
R+s-L+4%; 1+s-R-C+s%.C-L

W (s) =

Then we represent the complex source and its peak value,

v =10 -e 1’

source

The solution will be,

Vout (1-@0) =Vsouree "W (J-@p)

where w, is the desired frequency.

In our program, we first define a variable s to hold the complex
frequency value, s=jw,. Then we calculate the transfer function W(s)
using the complex peak value V. By default, TINA gives us the
phase angle in radians. To present it in degrees, simply change the
Settings/ Numeric formats & precisions/ Angle to DEG

With the help of the Interpreter,

S := j*2*pi*le6

W := 1/(1+R*C*s+C*L*s”2)

VSource := 10*exp (j*pi/4) {Complex peak
value of the
source}

VOut := VSource*W

VAbs := Abs( VOut ) {Abs. value of
the output
voltage }

VFi := Arc( VOut ) {Phase value of
the output
voltage}

VFi=[3.9759]
VFiDeg := RadToDeg( VFi )

VAbs=[259.5747m]
VFiDeg=[227.8045]
Using these results, we write the output voltage:

Vout (1) =V aps -€0S(@ -t + V) =0.259 -cos( @ -t +3.97)

Evaluating integrals
Example

Another application of the Interpreter is numerical solution of arbitrary
integrals.
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Solution

+7
Calculate J(sin 2x + cos 2 x)dx

-

We define a function f(x) to hold the function to be integrated; then
we compute the integral using the help of TINA’s Inzeg function.

Function f (x);

Begin

f := sin(2*x)+Sgr(cos(x)) ;

End;

Integ( £(s), -pi, pi, s )=[3.1416]

The syntax of the Infeg command used above is,

Integ(Expression(t),Limit1,Limit2,t)
Expression(t) is the expression to be integrated; the left and right
limits are Limit1, Limit2; and the variable of integration is t.

There are a large number of built-in functions that you can use in the
Interpreter. The formal parameters of some functions (such as sz,
cos, exp, etc.) are complex. See the Appendix for details.

Solving linear systems

One of the most powerful features of the Interpreter is the linear
equation solver. With it, there is no need to reduce the equations
manually to achieve a solution. The syntax of the equation solver is:

sys name/7, ..., name#n
equation?

equation
end;
where equation/ is the ith equation, and name/ is the ith unknown
variable. If there is no solution, or if there are multiple solutions, the

Interpreter will present an error message.

Our linear system example will be the solution of a system of nodal
equations.
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Example
Let’s consider the following circuit. Determine the nodal voltage
at F.
7
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Solution
We need only enter the correct equations: the Interpreter will then
solve them automatically.
The nodal equations are:

N e P

Ry R» R»
P2, $2-U d2-¢1 _,
R1 Ry R»

Note that we assume that the underlying schematic as shown, with
component values, has already been created. We will reference variables
from the schematic.

Entering these as source code in the Interpreter:

Sys Fil,Fi2
Fil/R1+ (Fil-U) /R2+ (Fil-Fi2) /R2
Fi2/R1+ (Fi2-U) /R1+ (Fi2-Fil) /R2 = 0
End

1]
o

Fil=[1.8421]
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In this example, the system of equations of variables Fil, Fi2 is solved
assuming that U, R1, R2 are already defined. In TINA, these parameters
are automatically referenced by the labels of the appropriate
components. To help in documentation, we used TINA’s text editor
to put the F,F,node variable labels on the schematic as text items.

Verification

10.5

We use the Analysis/ DC Analysis/ Calenlate nodal voltages to check the
solution obtained by the Interpreter. After choosing Calculate nodal
voltages, the cursor changes into a pencil shape. Click with the cursor
on the F, node to verify its voltage.

Using Calculate nodal voltages, we get 1.841/, which agrees with the value
computed by the Interpreter.

Efle Edt jnsert Yiew o
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ok End
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Diagram Drawing

When you use the Interpreter you can access the results of previous
analyses. You can also define and plot arbitrary functions and compare
the theoretical solution with the analysis result.

DesignSoft



Drawing the diagrams

Using the Interpreter, you can define arbitrary functions of time and
plot the results in the time domain.

Referring to the following RL circuit entered as a schematic diagram,
run transient analysis with the given defaults. Then use the Interpreter
to plot the theoretical result.
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i) The time response is:
Ry
u(t)=1-e L
Enter this response directly in the Interpreter, referring to the schematic
parameters and using the Draw command:

Draw( l-exp( -R/L*t ), MyResult )
We can compare the computed result and the theoretical result (in this
case, the results are almost the same).
i) Changing the R parameter, we can see how the output signal changes.
We use three instances of the Draw command, each with a different R
parameter, to place three curves on the diagram:

Draw( l-exp( -R/L*t ), MyResultl )

Draw( l-exp( -2*R/L*t ), MyResult2 )

Draw( l-exp( -3*R/L*t ), MyResult3 )

427
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Bode diagrams

You can define arbitrary functions in the frequency domain and plot
them.

Consider the following RC circuit. Draw the AC transfer function and
calculate the amplitude and phase for /=5kHz.

Run AC analysis with the given defaults. Using Symbolic Analysis we
can get the AC transfer function.

AL trasfer funclion
RCs
W

e

n Seeu

s

H
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Drawing the AC transfer function.

Now let’s use the Interpreter to draw the AC transfer function with the
given defaults. Before plotting the result, we have to set some parameter
in the Drawing Preferences dialog.

Set the /ft and the right limit parameter in the Drawing Preferences
dialog. Set these to the AC analysis start and end frequency.

Set the name of parameter to s in this dialog box also.

Set the #pe to Bode.

Then we can plot the desired function:

Draw( 1/ (1+C*R*s), MyResult )

Two new pages will be opened in the Diagram Window, for the
amplitude and the phase diagrams of the function.
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Calculating the amplitude and the phase when f= 5kHz

The Interpreter provides a number of built-in functions that help in

solving complicated problems. Using the 4bs and the A functions,
we can solve this problem easily.

f:=5k

ZAbs := Abs( 1/ (1+C*R*j*2%pi*f) )
ZAbs =[31.8149m]

Db( ZAbs )=[-29.9474]
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ZFi := Arc( 1/ (1l+C*R*j*2*pi*f) )
ZFi =[-1.539]

In this example, we define a variable ffor frequency and set it to the
given value. Then, using the 4bs function, we calculate the absolute
value (magnitude) of the transfer function at the given frequency. Next,
using the Db function ( returns 20*log, (x), provided x>0 ), we get the
amplitude in decibels. We can check these results by running an AC
Analysis on the circuit in the schematic window, going to the diagram
window, and placing a cursor over the amplitude or phase curves at
5kHz. Finally, we use the 4 function to get the phase angle in radians

per second.
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Drawing impedances

The Interpreter can also draw impedance functions, with a choice of
linear, log-lin or Bode diagrams.

Starting with the RL circuit shown below, we will use the Interpreter’s
LOG-LIN diagram to draw the impedance as a function of frequency.
We are after the impedance that the source sees looking into the network
from its terminals. Note that we have two identically named and valued
inductors and two identically named and valued resistors. If the resistors
had different values, we would have to label them with different reference
designators in order for the Interpreter to pick up the correct values.
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Drawing the impedance in the frequency domain

Before plotting the impedance function, we have to setup some
parameters in the Interpreter’s Drawing Preferences dialog,

Set the left and the right limit parameter in the Drawing Preferences dialog.
Set this parameter to the AC analysis start and end frequency.(10k and 10M)
Set the name of parameter to s.

Set the name of result to ZAbs.

Set the wunit of parameter to f

Set the unit of result to Obm

Set the #pe to LOG-LIN.

We can draw the desired function:
Function Z(u) ;

Begin

Z := u*L+Replus( R, R+u*L );
End;
Draw( Z(s), Impedance )

At first we define a function to hold the impedance expression.
Note in the function that # is a parameter that is replaced with s
when the function is actually “called” in the Draw statement. We
use here the built-in Rep/us function to calculate the impedance of
two parallel connected impedances. The Replus function accepts
either complex or real arguments. Then, using this function in the
Draw statement, and relying on the current component values of
the underlying schematic, we draw the impedance function in the
Diagram Window.
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Two new pages are created in the Diagram Window—the amplitude
and the phase diagrams of the given function.
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10.6 Calculations and diagram drawing

In this chapter we will use convolution to obtain the response of a
circuitin the time domain. Convolution is a mathematical procedure in
circuit theory thatis used to be determine the response in time domain.

An example of convolution

Let’s use convolution to find the time domain response of the RL
circuit below. The input to the circuit is a #nit step voltage generator and
the output is the output voltage on the resistor R.
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Funcrion Comviu) :
Begin
Convi=Inceg (R/LYexp (-R/Lrcau) 0, u, cau)
endz | Conv

e [Cony (], Comv]

e . M

(&4 ) AT YR

The theoretical response of this circuit in the time domain is,
Ry

Ug(t)=1-e L
What does convolution mean and how can it be used to determine the

response of this circuit in the time domain? The convolution of two
arbitrary signals is,

RO KO = [ (o) ft-7)de

—©

It can be proven that the time response of a circuit to a source s5(2) is:

y(t) =w(t)*s(t) = [w(r)s(t-r)dr

-0
where w(z) is the response of the circuit to the Dirac impulse.
In this case,

R
-t
w(t) = %e L

So, we have to define a function that computes the desired convolution
integral.
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Function Conv(u) ;
begin
Conv:=Integ(R/L*exp(-R/L*tau),0,u,tau) ;
end; {Conv}

draw (Conv (t) , Conv)
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Verification

Let’s use Transient Analysis on the circuit to check the result just
found using the theoretical convolution function:

L
Ur(t)=1-e Lt
We will check this result after running Transient Analysis by using
the copy-paste functions in the Diagram Window. Moving to the
Transient Analysis window, TR_resu/t1, by clicking on the tab, we
select the curve by clicking on it. We putitin the Cljpboard by pressing
the Czr/+C key. Changing now to the Resp #2b of the Diagram
Window, we copy the selected curve into this diagram by pressing
the Ctr/+1" keys.
We can see that the results are the same—one overlays the other
xactly.
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10.7 Processing TINA’s results

Another interesting application of the Interpreter is post- processing
the results of TINA analyses with arbitrary functions. When you
carry out DC, AC or transient analysis on a circuit in the Schematic
Window, the analysis results also appear in the Interpreter symbol
table, so you can reference them for additional processing;

— e i e |

A =] 3¢ 532 v 96

Calculating average power

Example

Let’s consider the following circuit. Determine the average power
appearing in the resistor R, sensed by the voltage labeled Ot as a
function of time.
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Solution

The instantaneous power in the resistor is:

2
p(®) = u(®-i() = £
R
The average power,
t
P (1) = Rl—tg p(s)ds
And,

1 t
P(t)fR—J‘uz(s)ds
0

We will compute and draw the power function with the Interpreter.
The #(2) function in the integral (the voltage across the resistor) will
be picked up from a previous TINA result produced by transient
analysis if we reference it correctly, as TR _resultl.

The solution as found via the Interpreter,

Function P (x) ;

begin

P := Integ( Sgr( TR _resultl( tau ) ),0,x,tau);
end; {P}

Function Power (x) ;
begin

Power := P(x)/(R*x);
end;

Draw( Power (t), PowerRes )
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Verification

For verification we will use the fact that in this case the instantaneous
voltage across the resistor settles down to an average amount with a
ripple component, and the instantaneous and average values come
out very close.

Using the TINA transient analysis output, let’s check the result com-
puted by the Interpreter.

In the TINA transient analysis time diagram, we see that after awhile,
the voltage across the resistor doesn’t change much. This will let us
use an average value which we will read off the curve in the Diagram
Editor. Press the ‘Cursor a’ button, and the cursor will change into a
+. Click this new cursor on the output curve, position it to around
80m, and read the voltage:

UTRAN (80m) = 84

The average power at this time is:

u?(80m)

p(80m) = =0.0705 W = 70 .05 mW

Using the Interpreter we see that
Power(80m)=[72.7884; that is, 72.79mW

We find just a small difference of 2.74mIV.
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Signal definition

Another application of the Interpreter is the arbitrary definition of
signals to be used as excitation for a circuit. These signals can be
assigned to analog generators. User defined waveforms are extremely
general and call up an equation editor window where the waveform
may be defined as a mathematical expression. To make signal definition
even easier, a template which you can modify to create your own signal
is provided in the editor window. Note that while TINAY Interpreter is
utilized for signal definition, you access signal definition via the Schematic
Editor window, not the Tools/ Interpreter menn.

Clicking on a generator, we can establish the Signal properties. Choose
type user defined and the Signal Editor opens. In this editor, as in the
Interpreter editor, we can edit, save and compile source code.

A separate window, visible just below the editor, contains a list of the
symbols for pre-defined variables, circuit variables, and other user
defined functions. We can use these to create a new user defined
waveform. Here’s how we would define an amplitude modulated

signal:

Function Signal (t) ;

Begin

fCarrier:=1M;

wC:=fCarrier*2*pi;

m:=0.5;

fmodsig:=100k;

wS:=fmodsig*2*pi;

Signal := 1*sin(wC*t)* (l+m*sin(wS*t));

End;
If we continue and define more functions, the function named Signal
will appear at the top of the symbol list. In the body of the functions,
we can define variables and use arbitrary assignments of the built-in
functions.
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Using the Interpreter in the training
and examination mode of TINA

For educational user, TINA has two special modes. In examination
mode, the student has to solve a series of problems (a problem sei)
either by traditional pencil-and-paper methods or by using the
Interpreter and analysis functions. When the student finds the answer, the
program sends it immediately to the teacher’s machine, where it is
promptly displayed by the TSuper supervision utility. In training mode,
operation is similar, except that TINA gives the student feedback
about the correctness of his answer, and the student may turn to the
Advisor to get help prepared by the teacher.

Solving a DC problem

The following example is a DC problem. The problem requires the
student to calculate the voltage on the resistor R2. Clicking on the
Voltage division entry in the examination panel, the circuit appears.

There are two ways to solve problems in TINA’ training & examination
mode. The first is by using the Res#/t field in the Training & Examination
panel, while the second is by using the Inzerpreter directly.

Using the Interpreter directly, we can use the Res#/t and the Submit
functions to pass the result value to the training and examination

module of TINA.
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Using the Interpreter in the Result field
In the result field, you may type in not only a number, but also a

formula based on the symbols in the circuit. In this case, the Interpreter
is automatically (internally ) invoked and evaluates the formula.

Submitting a solution from the Interpreter window

After clicking the Interpreter button, the Interpreter window opens.
Remember that our example problem is to calculate the voltage on
the resistor R2. We define two variables (I and U2) to hold the current
and the voltage on R2 using Ohm’s law. Using the S#bmit function, we
pass the result to the examination module.

The solution with the Interpreter,

I := VG/( R1+R2 )
I=[2]

U2 := I*R2
U2=[60]

Submit ( 60 [V] )

B8 virviDe - schomatic Editor =lmix
Fig Edt Insert View Anayss TBM Took Help

o s e s e I s
J-T=[=18lt B35 [

"\ T E s

Voltage division

e 3000m

[ Caleulate the voltage on R2 (V)1 |

Peok
fewmrm =
Don kgt the diersion.
T
5 _,fl"nnﬂn.-
T Froho [ L ANDIOE
|| 250 - 113

Solving an AC problem

The following is an example of an AC problem. Click on the AC
problem entry in the examination and training panel, and the circuit
appears. Click the Interpreter button and the Interpreter window
opens.




AC problems are normally too complex to allow a one line solution in
the result field, so we use the Interpreter Window. Butif the expression
is small enough, we could use the result field also.

The problem is calculating the complex current through the inductor.
First we define two complex variables ( Z and I') to hold the complex
impedance and the complex current. Using the Submit2 function we
pass the result to the examination module.

The solution with the Interpreter

Z := J*VGw*L
I := VGA / Z
s (I)=[10]
Arc( )=[-1.5708]
Submit2( 10[A], -1.5708 [rad] )

1VGA stands for the voltage generator amplitude, while "G stands
for its radian frequency. Itis good practice to review the results carefully
before adding the Submit command to your solution. Once you press
the Run button in a program containing the submit command, you
are committed: TINA will check your solution, tell you if it is right or
wrong, and submit it.
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Appendix

There are a large number of buil/t-in functions that you may use in the
Interpreter. The formal parameters For some of these functions
(identified with a C), the formal parameters accept complex numbers.

General purpose functions
Sin(x)
Calculates the sine of x

Cos(x)
Calculates the cosine of x

Tan(x)
Calculates the tangent of x

Atan(x)
Calculates the arc tangent of x

Exp(x) C

. . X
Calculates the exponential function €

Ln(x) C
Calculates the natural logarithm of x, x>0

Sqr(x) C

Calculates the square of x

Sqrt(x) C

Calculates the positive square root of x

Abs(x) C
Calculates the absolute value of x

Sgn(x)
1 ifx>0
0,ifx=0

Sign function:
-1, ifx<0



Example:

Example:

Example:

Re(x) C
Calculates the real part of x

Im(x) C
Calculates the imaginary part of x

Arc(x) C
Calculates the phase of x in radian

Sum(f(x))

Integral of f(x) in the [0..x] interval
Sum(sin(pi))=1[2]

Integ(Expression(t),Limit1,Limit2,t)

Integral of Expression(t) in the [Limitl..Limit2] interval. The
variable of integration is t.

a)
Function Con(t) ;
Begin
Con := t;
End;
Integ(Con(t),0,1,t)=[0.5]
b)

The meaning of Integ(Con(t),0,x,t) is: [ con(tydt

D(f(x))
Derivative of f(x) at x

D(sin(0))=1I[1]
Periodic(x,y)

Where y is the period value. The function transforms x into the [0..y]
interval according to y.
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Example:
Periodic(5.3,2)=[1.3]

Not(x)
Calculates the bitwise negation of x

RadToDeg(x)

Converts X, in radians to degrees

DegToRad(x)

Converts X, in degrees to radians

Special functions for electrical engineering applications

Calenlation of parallel impedances

Replus(x,y :%
Unit step
0,ifx<0
E®= {1, ifx>0
Calenlation of a value in decibels
Db(x)=20*lg(x), x>0



CHAPTER 11

PYTHON LANGUAGE
SUPPORT IN TINA

11.1 Python Language Support in TINA

In addition to the Interpreter, from v14 of TINA the Python
programming language (www.python.com) is also available in TINA.
Python is a modern high-level, general-purpose programming language
with extensive libraries and a lot of free programs available for various
topics which can be used in TINA. You can find use examples in the
Examples\Python and Examples\Design Tool folder of TINA.

TINA includes a Python Shell for getting started:

O L s
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Python Language Support in TINA
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By pressing the green Run button we can see the results as above.
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11.2

Python Support in Design Tool

Design Tool is a unique and powerful tool in TINA working with the
design equations of your circuit to ensure that the specified inputs
result in the specified output response. The tool offers you a solution
engine that you can use to solve repetitively and accurately for various
scenarios. The calculated component values are automatically set in
place in the companion TINA schematic and you can check the result
by simulation. This feature is also very useful for semiconductor and
other electronics component manufacturers to provide application
circuits along with the design procedure.

Now you can add design procedutres to your design using the
standard Python programming language as well.

[P o= I e

. |Python Suppon in Design Tool

AC and Eftcsancy suaults ses provided

Python support in Design Tool circnit and the Design Tool menn

In this design the design procedure is described in Python. You can
modify and write a new one.

- et
T 18t s R

O Specifying the output voltage at V_ont
| =31

After pressing the green Run
e . button the program will draw
' the calculated Efficiency,
Bode, Startup, VCC ripple
voltages and the redesigned
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