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1.1

CHAPTER 1

INTRODUCTION

What is TINA and TINA Design Suite?

DesignSoft

TINA Design Suite is a powerful yet affordable software package
for analyzing, designing and real time testing of circuits with
analog, RF & MW, 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 nonlinear RF & MicroWave, communication,
optoelectronic circuits and mechatronics applications with a 3D
interface.

Artificial Intelligence (AI) is one of the most significant
technological advancements of our time, with the potential to
revolutionize various fields, including circuit simulation and design.
Since the release of TINA v15 and its online version TINACloud,
Al has been integrated into both versions as a powerful tool,
enabling users to specify and execute tasks with a user-friendly
NLP interface, gain valuable insights into circuit behavior, and even
generate educational content like test questions and riddles. This
integration of Al, accessible both online and offline, empowers
users to maximize the potential of TINA. See Chapter 12 for the
description and examples (Al Tools in TINA)

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
powerful 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 projects.
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INTRODUCTION

Since 2013 TINACloud, 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.

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 that turn your computer into a powerful, multifunction
T&M instrument. With LabExplorer, you can catry out remote
measurement which is great for distance education.

DesignSoft



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 versions are
provided in 64-bit and 32-bit editions.

TINA can also be used in the training environment. It includes
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 ate positioned, moved, rotated and/or mitrored 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 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.

DesignSoft



Live 3D Breadboard Tool. You can take your design for a
solderless 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, instruments, 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’ 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 citcuit 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’
Schematic Symbol Editor.
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INTRODUCTION

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’ 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 is 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 TINA’s Parameter Extractor you can
also create component models that more closely represent actual
real wotld 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
preparing problems and examples. You can also create popup texts
which are displayed when the cursor is moved above their title.

The Interpreter is a powerful tool which extends TINA’
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 is 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 the 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 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.

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 measured 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 is that it 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.

DesignSoft
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PWL Analysis is also very useful at Multisine Analysis as it shortens
the Transient analysis included here.

Auto convergence. Convergence that is obtaining a solution is
one of the most complicated tasks in circuit simulation 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, SystemVerilog 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 efficient 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 under the Examples\HDL
folder of TINA 14 and higher versions.

Microcontroller (MCU) simulation. TINA includes a wide range
of microcontrollers (PIC, AVR, 8051, HCS, STM, ARM, ESP32,
TI-Tiva, TI-Sitara, Infineon-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 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.. 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
non-linear networks, the operating point linearization is done
automatically.

DesignSoft
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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, Polar, or other diagrams.
The network analysis is carried out with the help of TINA’
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 as Circulator,
Directional Couplers and more have been included. Examples with
RF components are included in the Examples\RF folder.

Analysis of Nonlinear Microwave (RF) Circuits Using the
Harmonic Balance Method. In TINA v16 and later versions,
you can analyze nonlinear RF circuits using the Harmonic Balance
analysis method. The advantage of this approach is that it does not
require detailed time-domain simulation, which can be prohibitive
for GHz-range signals. Instead, you simply specify the desired base
harmonics, and the program calculates and displays the resulting
spectrum lines. Example circuits for Harmonic Balance analysis
can be found in the Examples\RF\Harmonic Balance folder of
TINA.

DesignSoft



Analytic SMPS and other device modeling. Using the powerful
features 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 customers for quick initial design and
simulation of devices. In TINA Industrial v14 both Spice, HDL
and Analytic modeling is possible. You can find examples in the
Examples\Design Tool folder.

Linear AC Noise Analysis determines the noise spectrum with
respect 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,

DesignSoft
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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-Catlo 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 vatious
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 TINA 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 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.
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INTRODUCTION

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 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’ 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’ 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’
control, the students solve problems assigned by the teacher.
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1.2

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
TINAs 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

DesignSoft

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

TINA is distributed into 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:

* Industrial version: Includes all of TINAs features and
utilities.

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

This feature is especially recommended for corporate and
educational use.
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INTRODUCTION

OPTIONS:

Educational version: It has most features of the Industtial
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 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 the 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.
Available in the Industrial and full Educational versions only.

HB Extension: Extends TINA with Harmonic Balance
analysis for nonlinear RF and MW (Microwave )circuit analysis.
Available in the Industrial and full Educational versions only.

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

DesignSoft

TINALab Il 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 II can be used with the TINA circuit
simulation ~program for compatison 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 repetitive 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 1mV to 100V and 100 mA to 1A. It

can also measure DC resistance in ranges from 1Q to 1MQ.
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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 smartphone 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 Labexploret’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 v16, v15, 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.

2. List of New features in TINA v16

® Enhanced cross-platform support: now available for Windows,
Apple OS, and major Linux distributions (Ubuntu, Mint, SUSE,
Raspberry Pi, and more).

e Dark mode support: optional black background for schematics and
simulation results

Powerful Import & Conversion Tools (Bring Your Designs

to TINA)

e LTspice import: Converting LTSpice .asc file into TINA.TSC files

e Conversion of Image-Based Schematic Diagrams into TINA Schematic
Format

New analysis method for RF and Microwave circuits

e  Harmonic Balance Analysis: MW mixers, modulators,

demodulators, and more.

DesignSoft
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NEW FEATURES

Al improvements

Fast offline LLM models

Support for LM Studio

Speech support

Support for AMD GPUs, Intel Arc GPUs
Improvements in the AI AC/DC solver
Improved Al Supported Filter Design
More Al supported Oscillator Circuits

Python code generation using multiple LLMs (ChatGPT, Copilot,
Claude, DeepSeck)

New Components from

Infineon Technologies

Texas Instruments

Analog Devices

Nisshinbo Micro Devices

Wiirth Elektronik

STMicroelectronics

e Semtech
New Microcontroller models
® ESP32C3, ESP32S3

2.1 List of New features in TINA v15

Built in Artificial Intelligence functions (AI)

® Built-in Al Assistant tool for intelligent design, control, and
information gathering

e  Ability to run AT offline without internet connection or with
cloud-based AT services.

® Designing LDO and SMPS power supply circuits

Selecting and redesigning evaluation circuits from various

manufacturers

Active and passive filter design

Analog and Digital oscillator design

Automatic generation of Arduino C code

Automatic Quiz and Riddle generation for education and training
AI Image Recognition using Python

Al Image Recognition using microcontroller code

Al driven simulation and robot control

Al-poweted step-by-step solutions for analyzing simple DC/AC circuits
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Other new features:

e Component activation/deactivation

Fourier spectrum processing in the Interpreter
Diagram processing functions, filtering and smoothing
Advanced multisine analysis with pulse response

New oscillator and timer circuits

New Components from

Infineon Technologies

Synchronous Buck regulators

TDA38806 6 A, TDA38812 12 A

Texas Instruments

20MSPS SAR ADCs With Fully Differential ADC Input Drivers:
ADS9217, ADS9219, ADS9219, ADS9227, ADS9228, ADS9229
Nisshinbo Micro Devices

Converters with Synchronous Rectifiers

RP509, 0.5A/1A PWM/VEM Step-down

RP602, RP604, Buck-boost DC/DC converter

NJW1933 Step-Down Switching Regulator

Switching Regulator ICs for Buck Converter, Current Mode Control
NJW4128, NJW4132, NJW4133, NJW4171

NJW4140 MOSFET Drive Switching Regulator IC for Boost / Fly-back
Converter, Voltage Mode Control

NJW4142 MOSFET Drive Switching Regulator IC for Boost / Fly-back
Converter, Current Mode Control

NJW4152 Switching Regulator IC for Buck Converter, Voltage Mode
Control

NJW4814 Dual H-Bridge Driver with Boost Converter

R1271, R1273, R1276, R1278 Synchronous PWM Step-down DC/DC
Converters

RP506 PWM/VEM Step-down DC/DC Convetter with Synchronous
Rectifier

RP509, 0.5A/1A PWM/VEM Step-down DC/DC Converter with
Synchronous Rectifier

RP512, RP517 Ultra-low Quiescent Current 300 mA Buck DC/DC
Converters

RP602, 6.5 V (Max. rating) buck-boost DC/DC convetter with
synchronous rectifier

RP604, buck-boost converter featuring a minimum supply current and a
high efficiency at low-load

DesignSoft

NEW FEATURES



NEW FEATURES

®  Wirth Elektronik

Switching Voltage Regulators

171011801, 171021801, 171013801, 171023801, 171033801
® STMicroelectronics

Buck Switching Regulators
L6983CQTR, L6983NQTR, ST1540

2.2 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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2.3 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, VHDL-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, IR3899A, IR3447A,
IR3846A, TDA38820, TDA38840

. TI voltage reference models: REF7012, REF7025, REF7030,
REF7033, REF7040, REF7050

. TI SAR ADC models: ADS79xx, ADS8860

. STMicroelectronics: ST1S40 DC step-down switching regulator IC

. Sensors: Ultrasonic, Light, Infrared, PIR

2.4 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 microcontrollets (222 devices)

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

ESP32 microcontroller support

Texas Instruments Tiva C Series TM4C123x Cortex-M4
microcontroller support (51 devices)
MCP23S517 I/O expandet support

Texas Instruments Sitara AM3358 processor support
Serial Monitor window for monitoring serial communication

DesignSoft
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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

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 monitors
Transient Noise Analysis
Transient Noise Generator
Popup text
DACs with SPIBSIM4 modelDACs with SPI
Microchip XC8 compiler support
FLOWCODE 7 support
support
Smart wire
Enhanced I/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

DesignSoft
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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

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

Open and save TINA designs, models and libraries directly from the
Web
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Import Spice .CIR and .LIB files directly from the Web

Import Libraries, Examples and Designs from any earlier 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

2.8

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 and debugger for controlling MCUs
Any number of MCUs in one circuit

Extended MCU catalog including PIC18, CAN and more

Execution time measurement and statistics for Transient Analysis
Hypetlinks can be added to schematics and to the diagram window
Extended semiconductor catalog

Application examples from Texas Instruments

DesignSoft
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NEW FEATURES

. 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

. Online 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

2.9 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 ateas 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
More advanced file export (EMFE, BMP, JPG) (File/Export)
More advanced file import (EME, WME 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

DesignSoft
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3.1

CHAPTER 3

INSTALLATION AND
START=-UP

Installation Procedure

3.1.1

Minimum hardware and software requirements

Intel Pentium, AMD Ryzen or equivalent processor

Suggested GPUs for efficient Offline AI: NVIDIA RTX 30 or
RTX 40 series

8 GB of RAM (16GB RAM suggested for efficient Al)

3 GB of available hard disk space

CD-ROM (if delivered on CD)

Mouse

VGA adapter card and monitor

For 3D breadboard and PCB preview hardware OpenGL is
suggested, but not required

Operating System: MS Windows 7 / Windows 8 / Windows 10
/ Windows 11

In TINA v15 and later Al tools need Windows 10 / Windows
11

Supported Networks (for Network versions): MS Windows
2000/2003/2008/2012 Server or later, Linux with Samba file
server for SMB clients, Citrix Presentation Server

If the program is copy protected by a hardware key (dongle),
the minimum hardware configuration includes also a USB port

This manual focuses on the installation of TINA on Windows.
For installation instructions on Linux and macOS, please refer
to the following online resources.

TINA Installation Guide for Linux
TINA Installation Guide for MacOS

DesignSoft
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https://www.tina.com/docs/v15/TINA%20Installation%20Guide%20for%20Linux.pdf
https://www.tina.com/docs/v15/TINA%20Installation%20Guide%20for%20MacOS.pdf

INSTALLATION

3.1.2

3.1.21

3.1.2.2

Installation from CD-ROM or from the WEB

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.

Installation from the WEB

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

In the email you will find several download links:

1. TINA Setup link:

2. AI_Add-on link

3. Language_pack link (non-English install versions)
4. the Library (Library.dsp) link

You should always download the TINA Setup link and the
(Library.dsp) library link.

You only need to download and install the AI_Add-on if you
intend to use the TINA AT tools.

You need to download and install the Language Pack if you intend
to use TINA with an interface language other than English.

To Install TINA, and the optional AI_Add-on, Language pack
files, if needed, double-click the links and download the files.

Note that TINA's initial interface language may vary depending on
your system settings or the installed Language Pack. You can easily
change the interface language by navigating to 'View' and selecting
'Language' in the main menu.

During installation, ensure the 'Library.dsp' file is located in the
same folder as the TINA Setup file. Do not install the 'Library.dsp'
file separately.
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NOTE:

Besides the AI Add-on needs a locally installed LILM framework
(e.g. Ollama) or a working API key to an LLM provider (e.g
OpenAl, GROQ).

To get your free API key, wvisit: https://openai.com/ or

https://console.crog.com/login or https://opentroutet.ai

Suggested GPUs for locally installed LLMs: NVIDIA RTX 30/40
series. Otherwise we suggest using LLM providers.

In TINA v15 and later versions, the Al tools require Windows 10
or Windows 11 or later operating systems."

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:\usetrs\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.

This soffware may come with copy protection. Faor further details
sea the Copy Profection and the Network Installafion sections.

DesignSoft
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https://openai.com/
https://console.groq.com/login
https://openrouter.ai/

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 [ZE7]. You can always step back, using the 8| Button.
If you do not want to continue installation for any reason, click on
[ |, 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.

- B
Tina 14 Setup - InstaliShield Wizard ﬁ

P

Welcome to the InstallShield Wizard for Tina 14 -
Industrial

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

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.

DesignSoft
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Tina 14 Setup - InstallShield Wizard =

License Agreement
Plezce read the folowing icense agreement carefully.

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 Agreement
(Agreement’) is a legal agresment betwesn yau (sither an individual or a single

entity) and DesignSoft Corporation for the DesignSoft software accompanying this
Agreement, which indudes computer software and assodated media and print=d
materials, and may indude “online” or electronic documentation (‘SOFTWARE

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

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

Do you accept all the terms of the preceding License Agreement? If you
select Mo, the setup will dose. To install Tina 14 - Industrial, you must I

accept this agreement,

<Back [ ves | [ Mo |

NOTE:

By clicking on “Yes" you are agreeing fully with
DesignSofi's Terms and Conditions for using this soffware.

3.1.5 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.

3.1.6 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 the 32-bit TINA
version you can select the 32-bit version but not vice versa. Click

on to continue.
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Tina 14 Setup - InstaliShield Wizard [

Select Licensing Option “

Select the licensing option wou want to uze:

@ Single user licence [installed on a local FT)
() Network licence [installed on local PCs)

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

<Back || Mew> | [ Cancel |

3.1.7 Single User License and Networking Options

3.1.7.1 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.

Tirg LA Setup - InstalGaickd Wiz — i

Luslvmer Informaton
Foae miier pou eformabon

Flease erier piul Saie il e Aase 1F Pet DRSS Y SRR win mrk

< Bk bt e |
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3.1.7.2

3.1.7.3

Tina 14 Setup - InstallShield Wizard ==

Select Licensing Option “

Select the licensing option you want to use:

@ Single user licance [installed on a local PC)
1 Netwark licence [installed on local PCs)

) Netwark licence [installed on a file server and client PCs)

< Back ][ Net » ]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 stores 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.

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 install 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

C:¥Program Fies\DesignSoftiTina 14 - Industrial

<Back |[ Mext> | [ Cancdl |

IMPORTANT NOTE:

If you are instaliing TINA for Windows to a hard disk that already
has an earlier version of TINA, you must be sure fo use a new
directory name for TINA for Windows, such as the suggested
directory, C:\FProgram Files\DesignSoffiTing, or the working files
you have already creafed will be overwrften and lost, Jf
uncerfain, exil sefup, copy your TINA files safely fo another hard
disk directory or to floppy disks, then resume safup.
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3.1.9

NOTE:

3.1.91

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.

’ -
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 wil be installed with the most common options. Recommended for
most users.

() 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 > J[ Cancel ]

The detailed seftings 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.

Description

Program main executables.

[TlLabxplorer Device Driver (l

[ TinalLab 11 Device Driver

[7|cOM3LAB Device Driver 2
1010.09 MB of space required on the C drive i
17896.52 MB of space available on the C drive

< Back ][ Next > J[ Cancel

NOTE:

If your wish to install the TINAL&D Card, TINALab I or ather third
party supplementary hardware, you must sefect the Custom
installation aption af the time of Instalfation and check the
approprale dewvice driver an 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.
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J

-
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:

[Tina 14 - Industrial

Existing Folders:
Accessories.
Administrative Tools
Adobe
Adobe LiveCyde ES2
Audio Related Programs
AVAST Software
Avery
Camtasia Studio 7
DeepBurner 2

< Back ][ Next > ][ Cancel

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 atre 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 lncation of the settings, library and temporary files.

Settings Folder

CoUsers\DrsiDocuments\DesignolthTinal &Industrial 121 620
Private Catalog Folder

C:\Users\Orsi\Documents\DesianS oftdT ina 4-Industrial 121 62

Shared Catalog Folder

C:4Users\Public\D ocumentsiDesianSofty{Tinal 4ndustial-1218

Temparary Folder

| C:yUsers\OrsivappD atatLocal TemphD esignS ofth{Tinal 4-| ndust II

[ < Back ” Neat » ][ 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 - InstaliShield Wizard ==

Select Symbol Set “

Select the schematic symbol set pou want ba uge:

@ US [aNSl)
() Ewropean [DIM]

<Back | Mest> | [ 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 “
-

The InstallShield Wizard is installing Tina 14 - Industrial

Decompressing HOL package fles...

Cancel
4

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.

DesignSoft



InstallShield Wizard Complete

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

[] Yes, 1 want to view the README file now.

NOTE:

You can read the lalest information in the fle again at any
lime by selecting Read Me from the Tina Start Menu Entrigs,
You can also ge% the latest information about changes or new
features by visiting our Website: www.tina. com.

After installing the TINA Setup file, you must install the Al
Add-on and the ILanguage Pack separately if needed. These
installations are typically quick and easy to complete

To use Al offline, the AI Add-on requires a locally installed LLM
framework (called Ollama) and the llama 3.1 model. You will need
to download and install both Ollama and the llama 3.1 model. The
initial start of the Al Assistant will guide you through these steps.

Alternatively you may use an online LLM provider (e.g. OpenAl,
GROQ) with a working API key.

To get your free API key, wvisit: https://openai.com/ or

https://console.grog.com/login or https://openrouter.ai

Suggested GPUs for locally installed LLMs: NVIDIA RTX 30/40
series. Otherwise we suggest using LLM providers.
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3.2

For more details on setting up and using Al features, please refer to
Chapter 12. Al Tools in TINA

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 or in the Start Menu of eatlier
Windows versions.

Click on Uninstall Tina.

3. In the next dialog click on Yes if you are positive you want to
uninstall TINA .
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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 removing components ot repair
the current installation or uninstall the package.

Tina 12 Setup - InstallShield Wizard [

Welcome
Modify, repair, or remove the program.

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

Select new program features to add or select currently installed features to
remove.

(7 Repair

.‘I’ Reinstall all program features installed by the previous setup.

) Remove

53]

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 writable 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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1.
2. Select the “Share this folder” option and type a Share name.

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

writable = yes

admin users = administrator

root valid users =

TINAUserGroup read list =

TINAUserGroup store dos

attributes = yes

Later, you might have problems mapping Linux Samba shares to
Windows Vista/7 clients. Then check Vista LAN Manager
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” O, you can use the Windows Explorer:
Right-click the drive or folder, and then click Sharing and Security.

DesignSoft
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Click the Permissions button and ensure that the administrator has
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 (NT/2000/XP/Vista/7), select
from the drop-down list or type in the network drive (server and
share name: \\MyServer\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 server. On
Windows NT/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 directory.

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 workstation.
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:

Ewven though you are a user configured as an
“Administrator”, Vista and Windows 7 treals you a&as &
standard wuser so the authorization may not succeed
unless you make sure that User Account Control (UAC) is
enabled in Vista, This is enabled by defauwlt, so if you didn't
turn it off manually it should be OK. (You can find this
sefting in the Control Panel when you enfer ‘UAC in the
saagrch 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 ﬁ

-
Manage Authorizations or Run TINA in Trial Mode

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

Click OK to continue or Cancel o abort, i

Mode: [Authorization and trial At

E o OK ’| ’xCancell

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 appeatr,
select the Authotization/ Authotize from the Help menu of the
Schematic Editor. You will normally have 31 trial sessions to
provide you enough time to obtain the authorization.

TINA

14.0.0.350 SF-DS

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

Remaining trial runs: 0

| o oK | Autharize -I ? Help

- Press the Authorize button on the License Status dialog which is
displayed at program start or select Authotization/Authotize 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:

I you use & network version of Tina ther it wil run on worksfalions where
e selup with the NWSETURSETURPEXE program has aleady been
dhorme. N is sufficien! fo aulhorize e software al one workstatian, This will
aligw lo run the software simwlanecusiy a5 long as the folal number of
simmllaneous users does nol exceed the icensed number. In some cases
the program comes with a Seral nuwmber, which needs fo be enferad
during instalialion. When entering the serial number you do nol meed an
active infernst comnection. For move information refer to the program’s
Authorization Help by pressing the Help butfon.

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
3.5.2.1

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 a 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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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 authotized 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 Fif menu item in the top line of
the screen to drop down the Fife 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
EXAMPILES 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 Cancel/ 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\ cofpitts.tsc
555 Oscillator EXAMPLES\ 555 _AST.ts¢
Rectifier circuit EXAMPLES\ Bridge Rectifier!.tsc
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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 wire-drawing mode. In this mode, the cursor
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 Cttl-L or Ctrl-R keys.

DesignSoft
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41.2

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 #0 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 [Ctr]] 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 Cttl+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 wires does not result in a
connection at the crossing unless you deliberately choose there to
be one. Use Edit.Hide/Reconnect to place ot 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:

B 5
p = pico = 10 12 = 12

n= nano = 107 G = giga = 10°
u = micro= 1070 M= mega= 10°
m= milli = 10~ k = kilo = 107

Uppar and lower cases must be carefully distinguished (e.q., M = m),
and the selected letfer must follow the numerc characters without &
space (e.g., Thor 5.1G), or TINA will indicale an amor,
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Q314VLS ONILLID



GETTING STARTED

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.A4s 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 | Grid 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 current 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 Toolbar: You can select most of the editor commands (e.g,
select, zoom, wire etc.,) from this toolbar. Let’s summarize the
most important commands on the Toolbar. You can find more
detailed information in TINAs 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

| @/ || Blc [+ = |7]T[x] x|[o|o|+]
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GETTING STARTED

L= (File.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.
JTISM is the extension of TINA macros, which can contain a
subcircuit 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.

IE (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.

JE‘ (File.Close) Closes the actual circuit or an open subcircuit on
the screen. It is very useful for closing an open subcircuit.

(Edit.Copy) Copy a selected part of the circuit or text to the
clipboard.

@l (Edit.Paste) Paste Clipboard contents into the schematic editor.

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

+ .
— (Insert.Last component) Retrieves the last component

inserted, for a new insertion of another copy, with the same
parameters as the previous insertion.

i (Insert.Wire) Use this icon for inserting (adding) wires to
the schematic design.

L (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.

= .
]ﬁl (Edit.Hide/ Reconnect) Use Hide/Reconnect to place or
remove a connecting dot between crossing wire or

wire-component connection.

VN (EditRotate Left (Cirl L), (Edit.Rotate Right (Cirl R),

Rotates the selected component.
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GETTING STARTED

ﬂ (Edit.Mirror) Mirrors the selected component.
Hotkeys Ctrl L, Ctrl H

[ oo =1 -] gl »5l]

“ Switches On/Off the grid. Temakes the grid visible or
invisible.
—> Explicitly zo0m 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.

Jmuz -

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

Select z00m ratio from a list from 10% to 200%. You can

Interactive modes, see also on the Interactive menu:

DC mode

AC mode

o o |

Continuous transient mode

r

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

Analysis Transient

. Digital mode

ﬁ VHDL mode

j With this listbox you can select the analysis and the Interactive
Mode Options dialog.

g (Analysis.Optimization Target) Select Optimization Target to set
up Optimization mode or to change settings.
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Ak
M (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 the Fault property of components.
You can set component faults with the Property Editor by
double-clicking on components.

=
l%‘—’ (View.3D view/2D view) Hotkey F6. 2D/3D view. If this

button is pressed, TINAs 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.

l:‘ (Tools. PCB Design) Invokes the dialog which initiates the
PCB design module of TINA, if available.

ﬂ [Vokage Pin L - (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.

|Hesistor

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

e 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 computer’s numeric
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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 Taskbar: TINA% Taskbar appears at the bottom of
the screen and provides speed buttons for the various tools or
T&M instruments currently in use. Fach 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 neatest grid dots.

Components can be positioned vertically or horizontally and
rotated by 90-degree steps in a clockwise direction by pressing the
[+] or [Cttl-R] keys, or in a counterclockwise ditection 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 wlal# buttons or the

popup menu (right mouse button) to position components.
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NOTE:

441

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 107 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 muslt follow the
numernc characters without a space (e.g., 1k or 51G), 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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44.2

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, TINAs 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 characteristicc, 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 setve 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 wusing 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.

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

Exercises

4.5.1

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.

. Moname - Schemnatic Editor [= = e
File Edit reet View Analysis  Iptersctive TBM  Tooks Help

RN —
|+ 61| & B F]w| & 4]~|= )

Eimeic | Gisicht Hml&uw|5mfﬂpmm|_§&u]b‘i

RLC Circuit
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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] or [-]/[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:

VG1 - Voltage Generator ==
Label VG |
Footprint Name JP100 [VG) |
Parameters P I

[DC Level V] ] ] -
Signal Unit step
Intemal resistance [Chm] i ] N

| 10 state Input i
Fault None I

100m

0K | X Cancel | 2 Heb |

Leave the DC /eve/ and the IO 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 Signa/ 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:

I—E‘E Signal Editor

= B I v e s =

Signal (1)

wMM

[Amplitude [V] [&] |
Frequency [Hz] (f) .'.50.
Phase [deg] [F) I

T =1/ =20m

\/ QK | x Cancel | ? Help
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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, youll 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 mand 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 Posz-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 = button and the
text editor will appear. Type in: RLC Citcuit. Click on the icon and
set size 14. The editor also lets you choose another font, style,
color etc. Now click on M1, 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):

Autozave interval [0 - no autosawve) Iﬁ, [rnin]
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
[+]/[Ctel-L]/ [Ctl-R], [-] and [¥] keys to rotate and mitror
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 computer.

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 bar 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] i
Erdfiequency  [1M Hol| % Concel ‘
Number of points |1DU Pa—
H asp

Sweep type ]
| " Linear & Logarithmic

Driagram

[~ Ampltude [~ Nyguist

[" Phase [~ Group Delay

¥ Amplitude & Phase

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
cither on the Diagram or the Schematic window as described
above.

=7 Moname - AC Ampli2 ==
File Edit View Process Help
b | +]+, [
el BElr alal | TAr-E~ol ok ] 42
30.00
1 |Transfer function:
20.00
1 |Ws——
10.00- 1+R-Cs+L,-Cs
T o000
& 10,00 RLC Gircut
20,00 . D\M_m.v?_f
-30.00| %?—T"
-40.00 . —_——y ————
10.00k 100.00k 1.00M
Frequency (Hz)
AL Ampliz | AC Myguist] | AC Boded |
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Using TINAY 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 T text icon. When the Text editor

appears, type in Resonance. Note that using the ]| fonticon 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 Edit|Select All. Copy this
selection into the clipboard by selecting Edit| Copy or by 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 step. After | Transient Analysis
selecting - : -
Analysis | Transient s B !
Analysis, the Enctsglar ) 1 Bl | % Ccancel
fOHOWlIlg dlalog bOX * Calculate aperating point ? Help
appears: ™ Use initial conditions

" Zerainitial values

[W 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 pairs can be read by enabling
the a and/or 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.

7 Noname - TR result2 =apon =
File Edit View Process Help
e peflvalgl T~ Ol i | (2
2.00—
TR Result

] vit)=(1+1e5"" 5059 99101182 87°)) (1)

AW

0.00 - T T T T
0.00 10.00u 20.00u 30.00u
Time (s)

AL Ampli2 | AT Mpquist] | AC Boded | TR resull TR resul |
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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 cutves... command under the
View menu of the Diagram Window. Before demonstrating this
featute, set the checkbox in the Analysis/Analysis Options dialog
as shown in the partial screenshot below:

[ Enable run time statistics

™ Enable instant diagram drawing

~

[~ Disable warnings for large size analysis results

tress analysis enabled
[ 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:

Showihide curves ===l

Curves: M [ [ Show =
v Out
ng [ Other Yoltages P Heln ]

] [¥ Curnents
.VP_Dut W User defined
v Measurement

11 Uin{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 E on the

schematic diagram in this working mode of the program.

F1100 L11m

Cian
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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 Processor.

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

Post-processor _|

Avvailable curves: Curves to insert

£l Add > k.
R[5 lL_I
|_%G1[2.0

v Cl [% ,ﬁ]] << Remove X Carcel
V_L1[3.1]

VOR123) Bl 2 Hep
V_VG1(20] L
\F1

“Show

;

WP 1 Iv Dutputs

gg:g ¥ Modal Voltages
[ Other Waoltages
¥ Cunents

Iv User defined

I Measurement More >>

RLC_NEW.T5C 7> Transient Analysis

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_label[ij] 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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GETTING STARTED

Bl Noname - TH result2
File Edit “iew Frocess Help

28| By gl T a0 2 2

[-[o]=]

2,00

TR Result:
Rl g o
1 viti=(1+1'e 'c0s(9.99 107 -182.877)) (1)
o0 ANVANRVANAN
) N4
S
=
.00
] WL
-1.00 - i T T T |
0.00 10.00u 20.00u 30.00u
Time (s)
TR resultl A TR result? /

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 &
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.

Postprocessing 3]
Curves 16 intert
Bl 3y W oK |
< Pemeve | ® Corcd
Dot 2 H |
Shew
W Dutputs
" Mosdal Villages
¥ Othew Voltagms
= Cumniy
W Uer defred
I Moansesent el |
Uizer gefired curves
— Bt burctions [+ -] =
Line Edit
e Create
Py
2
ALE_Y 156 30 Trianseont Anakyn
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The best way to express the voltage of the RL part is, 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)

Mew function name:

~|  pyFPunctionl Create
[~ Advanced edit m

[ ¥ Plot

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

Postprocessing &l

Available curves: Curves to insert:
I_L[3.2] Add>> WAL oK
LRLE . 4

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

Noname - TR result3
file Edit Wew Ciocess Help

Ele| BEl gl 771G~ Ol skt Al r [ 2h

2.00—

-
=]
=1

/\/\/\/\/\
Y7 P

Waltage (v)

=
3
T

-1.00

T I T T T 1
0.00 10,00 20.004 30,004
Tirne (s)

TR resultl | TR resub2 TR result3 |
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GETTING STARTED

Now let’s see how to modify the additional new curves. Press the

% 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 VGI1(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 ecither edit these expressions or
delete them in the Post-processor.

Noname - TR result4
Fle Edt bdiew Cocess Help
el By algl | Tla~ Ok e 2
2.00—
1.00 /\ I /\ " e AT
=)
@
& 0.00-
)
>
-1.00+
-2.00 . I ‘ I . ‘
o0 1000y 20,00y 30 Qe
Time (s)
TF esult] | TH a2 | TR result TR resultd |

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 cutrves, 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 “TR 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  [1m
Mirirnum fraquency 100k Mgt frecquency 200k

Humber of samples  |1024 =
Window function | Unitorm -

[¥ Phase conection

Mode

{+ Spectral density " Spectrum

Diagrams

Iv Compleg Amplitude [ Real part [ Energy spectium
[~ Phase [~ Imaginary part [~ Amplitude

Transient irital condition
o

~

v K| X Cancal| ? 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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GETTING STARTED

5 Noname - Fourier - Amplitude1
Fle Edit View Help

ea| glel[v ala [T g~ o 1 B 2]

0. Dﬂut
Fourier Spectrum

804
7.00u-]

5.50u-]

Arnplitude [W/Hz)]

4,000

2,500

1.00u-] : . : : : . : .
100k 125k 150k 175k 2008
Frequency (Hz)

TR result2 \Fourier - Amplitude

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/s).

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, where 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 morte accurately if you select a
suitable Window function in the Frequency Spectrum dialog. For
reading the amplitude from the diagram it is 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 Fourier analysis in TIN.A, load
AMPLI.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. Foutier 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
Calenlate. 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
T

ik

— W2 18w

R1 10k
I Out
(U'I OFATZIE =
+ o
G

+

A E

=
2
A

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-1] 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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YG1 - Yoltage Generator "S(‘
Label VG1

Parameters [Parameters)
DC Level [V] [}
Signal Unitstep | II- ~]
10 state Input
Fault None: U
=]
100m

o DK xrama| ?ua.;'

Leave the DC level, and the 10O 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 this
analysis (a Bode diagram in this example). Click on the Signal menu
line. The dialog box will change as shown below:

YG1 - Yoltage Generator |'5(|

VG ]
[Parameters] | |

Uit step =
Input

None:

JuleCaml|?ueh|

Press the =X 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:

L 1= ] Al #ed A 1

[Amgitude VT (4] 1
Frequency[Hz](f) 150
Rise/fal time [3] [tau] |0

T

T=1/=20m

7 % ]| x far\:all 7 Heb
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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, you’ll 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 Operational Amplifiers

i

OPAIIE ADGA5A =

OPAT21E ADE45E

DOP&124E ﬁg gial(

DOPAT28E

DOP&129E ﬁg %35

OPA130

OP&13HE AD7044

Pei=Te AD7048 v

Shape: J W Autoeselact Shape: J [V Auto-select
Manufacturer. |All - 1133 Manutacturer: | All =2 141450

[~ Show all components ™ Show gll components

' Ok X Cancel ‘ ? Help | Ok X caf’N:E|| ?  Help |

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 =2 Find the
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 text file.

DesignSoft



Find Component |'5(|

Component to find:
JopaT 2le

-~ Match at
O start & anywhere C end |

ORA12HE |5

List Components: I

Insert... ‘ X Cancel |

Note that other pres of ICs are available under the buttons next to
the Operation: 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 R1 |
Farameters [Parameters]
Resistance [Ohm]

[ 1

Relatve
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GETTING STARTED

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

90° by clicking the 2o ﬂ buttons or pushing the Cttl 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=1 p, 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.

I your have several opamps you may want lo simalify thedr conbection lo
the power supply. This can be done wsing the| 4 Jumper component,
which you can find af the first place an 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
folder, also shown below.

DesignSoft



4.6.21
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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 Jl 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:

B Flectric Rules Check

Generating. araoh....
Giraph generation is K. Stating EAIC.
Dore [0 errors: 0 warnings)

¥ Automatic ERC

[ Show on'Warmings Bocesk | Owme | e |
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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GETTING STARTED

DC Transfer Characteristic

Start value (1] vl
End walus 1 v X Cancel

HMumber of paints ’r ? Help

Input WG -

[~ Enable hysteresis mn

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
Fle Edit Wiew Proc Help

2l | B &y alal | TlFFa ~ o st ta| 3

20.00-

10,00

“Yoltage (V)
(=]
=
T

-10.00-

B T T T T e T T T T S T T e T R
-8.00 -6.00 -4.00 -2.00 000 2.00 4.00 6.00 8.00)
Input voltage ()

DC resul

4.6.3 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.

DesignSoft



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\Texas Instruments\SMPS\QS Manual Circuits
folder.

v
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L1 10u
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Select the Steady State Solver from the Analysis menu. The
following dialog will appear:

Steady State Analysis | x|

Start dizplay a [s]

ax searching time |1Dm [s] X Cancel
Einal checking time 100u [5] 2 Lep

Final Accuracy S00m [%]

" Calculate operating pairt
© Use initial conditiors
& Zein initial values

I Draw excitation

" Integration method |

" Trapezoidal (¢ Gear

Integration order 2 ‘I
tethod

' Transient

" Firite-difference Jacobian 5
" Broyden update Jacobian Options...
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GETTING STARTED

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

Masc searching time: The solver will try to find the steady state
solution for max 10ms. After this, the analysis will be 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, Awtomated
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 let's 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 D@E

File Edt View * Help

e pv gl [T E~O N Y| 3

500.00m—
vFe ] /

Vout

VEW A ‘

T T T T T 1
0.00 1.00m 2.00m 3.00m 4.00mj
Time (s)

I\ TR resull /
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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 circuits 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 intermediale 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 TR1

Footprint Mame MOPCE [J]

Parameters Parameters|

Trigger voltage level [V] h‘ - ﬂ
Hysteresis pidh [+] m |

Trigger State Rise I

Trigger Count 1 |

|J oK I xCancell 7 Help |
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GETTING STARTED

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
sensor 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.

x|
Label Sel
Footpiint Name
Parameters Parameters] | |
End alue [¥] é[

|/ oK I anncell ? ﬂelpl

The only electric parameter of the Sensor component is -
End Value: Voltage | Not Used

DesignSoft



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 |Z|
Start display ’07 [s]
End display |10m [s] ® Cancel

" Calculate operating point ?  Hep

¢ H
(¢ Use initial conditions
(" Zern initial values

v Draw excitation

Integration method
" Trapezoidal & Gear

Integration order 2 -

Note that Use initial conditions are 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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GETTING STARTED

% Noname - TR result3
File Edit View Help

erhoag

7|7~ O s 2] o2yl

501.00m

VFB

496.00m
333

YO0ut

3.29
4.00

WEWY

-1.00 :
0.00

T T T T
250.00u 500.00u

Time (s)

T
750.00u 1.00m|

\TH result] ATR result2 TR resultd/

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
initial values are set.

3.31 V. Similarly, all the larger capacitor’s

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.

Label

Capacitance  [F] J47 _|

C3 Al
Coe0z (T |
[Parameters] |~

Infinite:

11.875384 .
Relative -
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NOTE:

Using the “Max. no. of saved TR. points” parameter in the Analysis/
Analysis paramefers dialog you can fmit the maximum number of
point placed in the Disgram. This is useful for large analyses to
sccelerate diagram drawing. By increasing this parameler 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’s steady state solver.

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

To see the input step waveform, double-click on the VG1 voltage
generator on the left. The following dialog box will appear:

VYG1 - Voltape Generator |E|

WG1 o]
JP100VG) |
[Parameters] | |

IR 13
DC Level [\¥]
[Signal

Internal resistance [Ohm]

vy DK|xCame|| ?ﬂebl

According to 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 =X
button. The following signal in the Signal Editor will appear:

DesignSoft

J314VLE DNILLID



GETTING STARTED

JJJJJJ?E

|Ampitude #1 V] (&1] |1
Ampliude #2 [V] (42) |0
Time intv. #1 [s](T1) |
T2 13 Time intv. #2s](T2)
Time intv. #3[s](T3]_|
T4 T8 TE | Time inty. #4[5](T4) |
Time intv. #5[s](T5) |
Time ntv. 86 [s] [TE] |1u

Time shift [s](TS)  [200u |

v 0K I X Cancall ? Hebp |

According to the waveforms, the input voltage will decrease from

1.2V to 0.8V for a T2=1ms time; and the starting edge (I'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.

@Nnname TR result1

File Edit View [
raaal_q S T~ Ol S ] 2
530.00m=—
YFB :\/_‘—\//——"“/\
470 OOm;
1.20
VG ]
80000
3,80
VOut :\/_..\/’_—_/\
3 ‘ID—_
4.00
WEW
0.00
Q.00 S00.00u 1.00m 1.50m 2.00:
Time (g)
Elﬂlssdtlf'

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 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

JJJJJJTﬂ

[Ampltude 71 [V] (&1) [100m
Ampltude #2 [V] [42)
Time int. #1 [5] (T1) 1u

Time intv. #2[5](T2) 500y
| | Time intv. #3051 (T3] |10

T2 T4 T5 TE | Timeinkv #4[s](T4] 1u_
Time intv. #5 [5](T5] 500
Time intv. #5[5](T6] Tu_
Time shift[s](TS) | 100u

|/ i’d I X Cancel ?  Hep

=]

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 5SmA again.

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

B Noname - TR result2 El@‘gl

Ele Edt Yiew Looccss Help

2 BEv g |TPa~ O] Kbl ] 2
50.00m
ILoad 1
0.00
S10.00m

VFB }\/\/\/’—_/\/\
480.00m

1.20

WG Bl

TEﬂj
’ 40W/\/\
3.20
4.00
VSW ]I l I _ I

-1.00 : r : : - |
0.00 1.00m 2.00m 3.00m|
Time (s)

TA result] ATH result2 4 TH resultd
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GETTING STARTED

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  circuit file from the EXAMPLES\Texas
Instruments \SMPS\ QS Manual Circuits folder.

L1 10ul 501 MBRM120L

Vo
I H‘ .
L
J: o U1 TPSB1000 AVG \ E
—vear B vout)- -]
Sk Ohm -
—Lel Leof- &

TPSG1000

i i RC 33k0Ohm %
1 — €N COMP l

I L
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 IO state parameter is set to Input).

Cc2 10nF
R4 178k0hm

'1——“—

Cel 47pF

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

Analysis menu and see the result.

Be B o= _ e
eDifHG+80 T a~0n3 M oo

ET

-
i@ =
F & &

]
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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 g symbol on the command toolbar, shown below.

EeBE B s s T . 2 @ 0% | B s ﬁﬂ‘ﬁ » T =

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.

Effioency: 85,68% Total mput: 390,86m W Total kad: 334,89m W
Component i Power type Povrer dissipation (W) Parcemtage (%] Pase[Fadl
L Souroe 390, 56m 00 '
a8 Sk 304,29 a5 P
01 Loss .5m 73
L] Lamss. Lw -]
a3 Loss. LA ] o
Loss 2T
(1] [T o 530 []
RC Loex. 5T
L Loes 9,49m M
as Lox 4640
w1 Loss 21.30m 5.8
Show all fselected components Expart..
ML Gose 7 teo
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GETTING STARTED

You can study the tool through the following example.
Open  the TLV70218_TRANSTSC  circuit from  the

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

* oy oz
l ‘ TLVT0218 l
+ TRANSIENT MCCEL
w Gy = @1 I R Lomal 1

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

File Edit View Process Help

eanmraag TLLE~0 Nk

500~

VIN

0.00-
200+

vouT

000

T T T T T T v
oo0 250 00u 500.00u 750.00u 1.00m
Time (s)

TR resuktl

(272.32u,5.70) %193 Y:38

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 TLLV70218 IC as loss, and R_load as sink

using the g button.

i 7] wour

TLV70218
+ TRANSENT MODEL
o1 = = (=21}

vouEz

R Leal 18
P iR Loma)

v,

: %
g | |

i——

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

se@s p o o <] 8,
(+[@[E[¢ M= coaem ([ T
fuar q Faults enabled 5 ®
—I—J : Stress Analysis Enabled l i JLe
v Puge[Dis;upahcn Analysis Enabled e
Enable MCU Code debugger RANS I
— Enable HDL Debugger
]
L L‘ H;:;i: Sdedgptlmizaio-n Target
\LJ / 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.

End deplay [m ] (X Concd
|1 Coic.date aperaig pont |? beb
Use initial conditions
Zero initial values
Draw exditation

The following table will appear:

‘;.. ™ n st t -1 x
Efficency: 36,06% Total nput: 503,82m W Total load: 181,66m W
Componentah  Powertype  Puwer Siapanon(w) i e

L] Soures 0380 1w ez
R_tLood Sk 181,66, 3,08 Fazs

ui Loss 322, 16m 3,54 Pass
Shom allmdested components Exan fon,

| g | | 7w

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.

0314V1S DNILLID
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GETTING STARTED

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 ovetloaded 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 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 TINAs 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.

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

i Noname - AC Ampli3
Fle Edt wew = Help

o pev gl [Ty e~ o M 2 <t

30,00

20,00

10,00}

Gain (dB)
: o
g

108 10008 1G 10G]
Frequency (Hz)
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GETTING STARTED

4.6.7

Note that we have added the labels to the curves using the il

Auto label tool of the diagram window. For more details on the
Network Analysis see the “Network Analysis and S-parameters”
chapter of the advanced topics manual.

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.

T B e ——
2= 2 e A 3 |
+[ ] F == DD =] |

e o Ty (e

Half Adder

Now let’s examine the transient behavior of the circuit. Selecting the
Analysis| Digital Timing Analysis command, brings up this menu.

Digital Timing Analysis

Endine Il

[~ |deal components

|’¢ 118 | |x Cancell

? Hel |

The result is shown on the timing diagram following,
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B Noname - DTR resultl M=
Ele Edit Miew Frocess Help

&) B @ 9| Tl of st 4 2hl |
Ho

Input_A

T I " T " I " 1
0.00 250,000 500.00u 750,000 1.00m

Tirne [s]

ADTH resull f

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.

NOTE:

You can sef the order of the curves by simply appending a
colon () characler and 8 number to the output name, This is
particulary impordant when presenting the resulfs of digifal
analysis, where each oulput fs displsyed as a separafte
diagram, For example, if you have outputs named Oufd,
Qut8, Carry, and Sum, you can ensure that they wil be
displayed in the order given by wusing the labels OulA:1,
OutB:2, Carry:3, and Sum:4.

The resulls of a purely analog analysis normally appear in
one diagram. fowever, you can force TINA fo display the
resulls &5 separafe diagrams, in the order you desire, by
using the labeling method descrbed above, You must use
the View | Separafe Curves command in fhe Diagrams
window to separate the curves. If you don't use this labeling
method, TINA presents the curves in alphabetical order.
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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:
en.wikipedia.org/wiki/VHDI, and en.wikipedia.org/wiki/Verilog .
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 assighment
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\HDL\VHDL folder. The following circuit will
appear:

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:
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VHDL Simulation

Lima:37 Calild

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

S <= ( N5
AND N6 );
N6 <= NOT
(Cc;

C <= (A
AND B ) ;
N5 <= (
A OR B

)i

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

P



Half Adder

M7432 NS SNTADR

ME
SMF 404
SNT7ANE

C <= (A

AND B ) ;

N6 <= NOT

(Cci

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 NG have
been calculated. This is wvalid, 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. But if 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

o By a8 Tl -G Of ] Bl 2
H-
Co
L
H-
Input_A
L
H-
Input_B
L
H-
Input_B_2 J
L
H-
Sum
L T T T T T T T 1
0.00

250.00u 500.00u 750.00u 1.00m
Time (s)

DTA result] | MixedTR resultl | DTR result2 | DTA resultd | DTR esultd  DTR result |

Q314VYLS ONILLID
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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<= ( AAND B ); N5 <= ( A OR B
)i

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 g 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.




NOTE:

4.6.8.2

in TINA of course you can make your own VHDL macros.
Thizs is described in chapter 5 under Making a VHDL macro
from a .whd fila.

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\HDL\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:

W Lo b e | P— e s = —
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GETTING STARTED

100

You will see two modules under the Tabs countervhd 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 digital sources.

This macro implements a counter. The counter entity consists 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 sensitive to the Pre_Q signal. When Pre_Q()
changes, the 7+7# 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 pressing the Toggle
Breakpoint button. The lines with the breakpoint will be marked by
a red background:

slls] e

2| alr]

Editar

process (clock, clear)
begin

Pre_{ <= "0000";
elsif (clock='l' and clock'event) then

end if;
end process;

counter whd | hell_counter_comp.vhd |

Editor

BreakPoints | Local: | watches |

Filename [ Line
B couwTzR vmD a8
Bl COUNTER.VHD 42
B counTEZR vHD 43
Bl COUNTER.VHD 44
B counTEZR vHD 45

Messages | Debug |

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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| alo| ssle]  oml

Editor

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

elsif (clock='1' and clock’'event) then
Pre § <= Pre Q + 1:

end if:
end process;

counter.vhd | vhdl_courter_comp.vhd
E ditar

BreakPaints | Lacals Watches |

pre_q:  SIGNAL (unsigned (3 downse 0))  (U,0,T,U)
i-qe  :  BORT U (std legic)
[ pORT U (std_legic)
frge oz PORT U (std_logic)
fegd - DORT U (std_logic)

‘ & Add Object K Remove All
Messages Debug

| | Line:4Z Col:s

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 ckar. 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
similat example in Verilog called verilog counter.tsc in the
Examples\HDL\ 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 is that it is easier to learn
and understand, however there are more features in VHDL. Verilog
-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 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 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 TINAs Analysis|Digital Timing Analysis
command.

Let’s run the previous VHDL circuit along with its Verilog model.
the Full adder Verilog and VHDL comparison time diagram.TSC
citcuit from the Examples\HDL\Verilog folder. The following
circuit will appear:

Ble [8i bt few bealps igiencive TAM Tosh Help
slelol] wlal [v elolrin] -] ][~ a1 9] g #% o :
[+ G[#[S[BB]] t ]+ ~[=ReDl=l[lefsl=fa] T T 1T ]

Bamc | seches | et | Senrees | Semrettons | cptococbone | spce Macen | ot | Pptepn | Lo iCuda0in | a0t ns | _er | g conwd | pwe |

Full Adder with Verileg and VHDL compaonents
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You can see the 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:

x

File Edit View Process Help

2 BEalg TS~ O S 2l | 2
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In|::ut_)'-\L |
H-

Input_BLNI |
b

o —
b

o 1] 1

1 ! I ! T | ! |
0.00 250.00u 500.00u 750.00u 1.00m

Time (s)
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\HDL\Verilog A folder of TINA.
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4.6.8.5

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\HDL\ 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
circuits, containing both analog and digital components is the
Verilog-AMS language. As we observed earlier, 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
modeling mixed signal devices.

Let’s see the structure of such a model. Open the DAC VAMS.TSC
circuit from the Examples\HDL\Verilog AMS folder. The

following circuit will appear.
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sﬁuml 5;: '.r‘r

L e |

EEEERE)

I

! J
- I

]

DesignSoft



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, the 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.

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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e X
!

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

electrical p,n;

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

analog
I(p,n) <+ ddc(c*V(p,n})?
endmodule

module opamp(vout, vin_p, vin n);
inout ¥in p, vin n;
inout wvout;
electrical vout, vin p, vin n;
parameter real gain = 1;

analog
V(vout) <+ gain*V(vin p, win n):
endmodule

connectrules MyRules:

connect a2d_TTL input electrical, output logic:
connect d2a_TTL input logic, output electrical;
endconnectrules

module macrol(SDI, LDANeg, LDBNeg, CLX, CSNeg, RSNeg, MSB, SHDNN
input SDI, LDANeg, LDENeg, CLK, CSNeg, RSNeg, MSB, SHDNNeg, DGN
inout VOUTR, VOUTE;

wire il;

electrical VOUTR, i2, i3;

ground gnd;

DA U1( .SDI(SDI), .LDANeg(LDANeg), .LDENeg(LDBNeg), .CLR(CLEK),

res #(.x(1k)) R1 (il, i3):
cap #(.c(ln)) C1 (i3, gnd};

v_de# (.de(0)) VI1(.vp(i2), .vn{gnd)):
opamp #(.gain(1)) U2 (VOUTA, i3, i2);
endmodule
v
< >

Line:109 Col:10

4.6.8.6 Analyzing Circuits Using SystemC

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 hardwate 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.
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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>\stc\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 TINACIoud you have to compile the SystemC distribution and
the systemc_model project with (/MTd) (Multi threaded Debug)

Creating a SystemC macro in TINA

Similatly 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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| —- TINA HDL Macro Description Begin
|~ fr.cop --

|+ man.op -- entity name:fir;
manitor.h -- arch_name:ignored:
b toph -~ ports:CLK, SRMPLE;RESULT:

== Mode:SystemCTyp;

== TINA HDL Macro Description End

== Thi= is the interface part of the SystenC model
== The SystemC project compiled externally by Visual Studio 201§
== The compiled DLL file and the interface Ifile (VADL] assigned|
—-— See the documentation for decails M

library ieee;
use ieee.std logic 1164.all;

ENTITY fir is port(
CLK: in std logic:
SRMPLE: in zeal;
RESULT: out real):
END f£iz;

ARCHITECTURE behv of fir is
BEGIN
END behv;

Modeling 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 0;

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 SystemC

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 (“U1")
{
Ul.CLK(CLK); Ul.CLEAR(CLEAR); Ul.QA(QA);
Ul.QB(QB); U1l.QC(QC); Ul.QD(QD);
}

}i

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 1if (£t > 0 && CLK.event() && CLK ==
SC LOGIC 1) {
T valuet+;
if (value == 10) value = 0;

}

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

{
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QC = sclv_value[2];
QD = sclv_value[3];

}

SC CTOR (counter) : MON (“MON")
{

value = 0;

SC METHOD (proc) ;

sensitive << CLK.value changed() << CLEAR;

MON << QA << QB << QC << QD;
}
i
#endif

VHDL interface 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)
{

DesignSoft



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();
}
i
#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\HDL\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>\systenrc_mode/\ Examples\connter\top.h to

<sc_model>\systemc_model  and  <sc_model>\systemc_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\HDL\SystemC\counter.tsc, delete the

counter macro.

CLK:1

U1 Counter
Uz AMEG
b Qs 04
| QB

Counter
cLear COUMET ach{ ac

Qo an

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 the place of the previously deleted macro.
Run Transient. The result is the following.

File Edit View Process Help

28 3B A%8 TLANO dokin o2
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Microcontroller example

This example assumes you have the Microchip XC8 compiler in-
stalled.

Now let’s make a new microcontroller that is currently not in TINA
(PIC16LE1906).

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\pic161£1906\
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\HDIL\SystemC\PIC16LF1906 sc
flasher. TSC, delete the PIC macro.

U1 PIC16LF1308

VDot

RCT|
RCO

RC1
RC2

RC3

RCH;
RCH
RC4

+{MCLR RET~ Label? Dimdell Display
RAD H+{RAQ el - -
aal befrat = IR
Ra2 F{RAZ i N Ly
RAZ a2 ez T 1T
RR:‘ :: iq rE2|~ Tt
AS 5 oo ool
yes PIC16LF1906 :g; B e s
L RAT HRAT l.

=
RAE F|RAB

Now select Tools/New Macro Wizatrd... 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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SystemCC Microconirolier mode:
+ Ensble
Device Type
* PICIO, 12, 15, 16
PIC18
PIC24
PIC32

AVR
B051
ARMT
ARMY
Other

Other type: |

0K X cancel

Device name: [PIC16LF 1506

7 e

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

TRISA = 0x00;
res = 0;

while (1) {

PORTA = res;
res++;

char** argv)

a, b, op, res;

return (EXIT SUCCESS);

Calculator example

Now let’s make a simple calculator.

In TINA Open the

<TINADir>\Examples\HDL\SystemC\PIC16LF1906 sc
calc. TSC, delete the PIC macro.

U3E U1 PIC1ELF1006
o 7 ~meLR -
RET
T 33 EE{ RB7—~ RE
[2] i %% 3 Rag FES RBsl— REE
B Rat F{RAT i g
X RA2 :x RBal- RES
;' | REZ FE3
L {ras o
— lyee PICIBLF1906  mBi— RE1
- e RBO}-{ REO
. = I Vool Uz 5
T e Rerf— RCT
19} ACO p—RCO i
B RCT et Rogf - RC
g £ RCH—| RCS
% RC2 p{Rcz e
RC3 {Re3 RC&--{ RL4
Label3 1
A
(sl
[

Label Disgtinl Display
1l o
A
L LU'J:.

P O
OO0 (X0
ERIEY IERY
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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.
fdefine 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 & O0xOF;

b = (PORTB & OxFO0) >> 4;
op = PORTA & O0xOF;

if (op == 1)

res = atb;

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

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

else

res = a*b;

PORTC = res;
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}
return (EXIT SUCCESS);

}
Low-pass filter example

Open the <TINADir>\Examples\HDL\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

SystemC digital low pass filter

D=0 DUTAMPLI=1 OUTOFFS=0
5 MODE=1

Output

€1 15815494307

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

20

W ripple bounds
B desired gain
W actual gain

2

S

(] 500 1000 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
View/ Separate curves.

The result is the following

DesignSoft
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hutput

o 3 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*x[k];

}

// SHIFT
for (int k=M-1; k>=1; k—)
x[k] = x[k-17;

// SET VALUE
RESULT = y;
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 \HDL\SystemC\systemc_model.zip).
Our code implements the PIC16LF1906 PIC microcontroller
SystemC model core (no peripherals).

Now let’s make a new microcontroller model (PIC16LEF1907 40
PIN PDIP). This new PIC model has two new port (PORTD,
PORTE).

First modify the VHDL interface file. Change the entity name to
PIC16LF1907 and add ports RD0-7, RE0-3. You can find the
modified file in <sc_model>\systeme_model\ Examples\pic1 6Jf1907\
systeme_nmodel.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
PicSimulatorh add the new defines TRISD, TRISE. In
PicSimulator::SetDevice modify the SezPinlayout call to reflect the new
pins. In pic:OnChangePinData add the PORTC-PORTE cases, add
pin assignments RDO-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 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>\systenrc_mode/\ Examples\pic16/f1907 is modified, it
writes the data to the new port, PORTD. Assign the C code as
described previously. Set a small time step (lu) in Analysis/Set

Analysis Parameters/ TR maximum time step. Test by pressing the
TR button.
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4.6.9

4.6.91
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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. It is 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\HDL\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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VHDL subcireuit SPICE subcircuit

The Digital Wave box on the left of the circuit includes a VHDL code with
a lookup table Sine_LUT 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 =>
*07); LUT index <= 0;
elsif rising edge (Clk)
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 if;
if (LUT index = LUT index max) then
LUT index <= 0;
else
LUT index <= LUT index + 1;
end if;
end if;

end process;

do <=
Wave (0) ; dl
<= Wave (1) ;
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
| Label I

Footprint Nae s B
Parameters

[SubCktGhape)

SubCKt{Content) |sine_saw_wave vhd
SubCktParameters
Mol g
Input deal

Dutput deal

Meee,

0K | X corcel | 7 hen | Entes Macra |

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 TLO81 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
macto.

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 [SWILT |

FootprintName  |sw SPDT TSOIC L] |
Parameters (Parameters)

[Hatkey i) s

DC state N §

Roff [Ohol e O

Ron  [Obm] . ..@ 0O

Faul Hone

o 0K X can:eﬂ 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.

Noname - Mixed TR result14
Flle Edit Wiew E

B E| By gl [Tl E~0] skl v | 420

1.00

ACut T o "1
-200.00m
DAL 1.00W
-200.00m
o.00
00
Qo0
Q.00

= Help

400
d4
E 1 [ | [ L
0.003 . | : | . T : |
0.00 25.00u 50,001 75.00u 100.00u
Time (s)
Mised R result 11| MisedTH esult11 | MisedTH resultl2 | MinedTF esulf13 MisedTF resubl4 | |

If we change the SW-MODE switch to Low and run Transient
analysis again, the waveforms are:
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GETTING STARTED

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 - MixedTR result15
File Edit Wew Process Help
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E=1ES)

1.00—
AQut ]
-200.00m—
1.00—
DAEX ]
-200.00m : T T T T T 1
.00 25000 50000 FEo0u fo0.00u
Tirme (s)
Mised TR result13 | MivedTR resulld MixedTR 1esultlS | MivedTR resullf | MisedT R result] 7 | ]

To demonstrate the flexibility of TINAs 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:
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4.6.9.2

<P Macro has been modified. Confirm changes?

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\HDL\VHDIL\Mixed\Wave generator dipsw.TSC.
There 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.

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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GETTING STARTED
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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 VFB (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 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 I:”Elgl
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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
the most popular uses of IBLS 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 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
example of fixing signal integrity between a Texas Instrument
TMS320C6748DSP and an ADS1259 delta-sigma ADC.

Select File/Import/IBIS File (*.ibs), select c6748zce.ibs from <TINA
directory>\ Examples\IBLS. The following dialog will be displayed. In
this dialog, you can select the model to import.

[

T -
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Now select SPITCLK_GP213signal, PBFZP18LI_X50_PI_3P3
model (cell operated at 3.3V Without pullup or pulldown),and Typ
value set. Press OK. The IBIS model is automatically converted to
a Spice macro.

U1 1o

POLARITY=0 C_COMP=1.94P R_PKG=469.26M L_PKG=4 17N
C_PKG=711.45F DVR=1.16 DT_R=315.35PF DVF=1.21
DT_F=385.08P VCC=3.3 ENABLE=0 VINL=0.8 VINH=2

RP_LPKG=100
E ouTl-
1o
o}
%
E SPI1CLK_GP213is the master configuration serial clock signal of
ﬁ TMS320C6748 chip to drive SPI clock input of an AD converter,
!;: Texas Instruments ADS1259.
o Select File/ Import/IBLS File (*.ibs), select ads1259.ibs from <TINA
= directory>\ Examples\IBLS. The following dialog will be displayed. In
I: this dialog, you can select the model to import.
w
ﬂ ,&mmm =g
Signals:
Models (selected signal):
DN 0.5 2,700~ 3.300
Model type:
nput
Select Typ/Min/Max:
| Lok | | Xcancel || Phep
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.
FEtrd I“
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U1 Input
C_comp=5.362p R_pkg=1.86m L_pkg=814.51p C_pkg=204.54f
dW/r=0 dt_r=0 dV/f=0 dt_f=0 VCC=3.3

WS

+{IM Input o

=1
=
L&)

1

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 a 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>\Exanples\IBIS\Impedance matching of
TMS320C6748.TSCis 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.

40—

2 e

|I | |I \
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GETTING STARTED

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 ohm
resistor in series now with the output.

utug

PQLARITY=0 C_COMP=1.9 6 L_PKG=4,1TH
45F DVR: - DVF=1.21

26.06P WVCC=3.3 ENABLE=0 VINL=0.8 VINH=2

=100 - VEE 2 mput
; Vout:2 2 Inpu
vee C_COMPST.:
=
B

EoTL4 s VCC=33 VI
lout:3 R1 100 TL1 500p
i

o Input
vo | ﬁ s o_out
3
L 6D

FR-4 PCB microstrip frace ADS1258 ADC SCLK input
1 TMS320C674 Standard SPI Master Cenfiguration 150 ps/inch

© SPN_CLK serial clock output
IBIS model: 3DVTPBFZPSLL_PI 3P3

GND

Run the transient analysis again, and compare the results by
copying the important curves with each other.

400

VG E
0004

400

-1.00-
500
I

_ -
EoTL _J" R =0 0mm \
100t [A=1000km ] L—J
330
D_out 1 \

-200.00m T T T ]
000 100.00n 200.00n 300.00n 400.00n
Time (s}

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 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¥ 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 L button, then press the 2. button. XX can be

DC, AC, TR, VHD etc. depending on the mode, set by the N

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,
TINA has special multimedia components (light bulb, motor, LED,
switch, etc.) which respond with light, motion and sound. Let’s see
a few examples.
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GETTING STARTED

4.6.11.1 Digital Circuit with a Keypad

To try out the interactive mode, load the DISPKEY.TSC circuit
from the EXAMPLES\Multimedia folder. The circuit is shown

below. Select the Digita/ mode using the 4 button, and then press
the DIG button (the button will turn light green).

o
Eo B Jremt Yamw (000 TEM Tgok Help

AT P A T e ST ﬁ‘

Oofalo]

NOTE:

You can also select the Digital interactive mode with
the Digital command of the Interactive menw. You can
start the interactive simulation with the Start command
of the Interactive menu and stop it with the Stop
command,

TINA can sfore the last Inferactive 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

4.6.11.3

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:

[ S~ R

1% % T i o 5 ) e 0 A L I Ca—

e | | [ | [ [ 11
Light Switch with Thyristor

-..L'_ 1 Lﬁl

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.

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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GETTING STARTED

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

R

STOP | START
1. . . 'S
OCER1
OCRz REEN LED COX36A
| ]
{1 L
i
CCR RED LED CO035A
|
+ /“/r E
=15

Ladder lo_gic: Initial state or after clicking the STO_P button.

STOP L sTaRT oRo
. O

OcR1

OCR2 GREEN LED COX3EA
| -]
| Laall}
-

CCR RED LED CQxX264

Y
=Wv15

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’s

Examples\HDL\VHDI\Interactive folder.
This is a special calculator circuit controlled by the Opcode keypad.
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Label

w o
T Code
Tatb
ER
Zarb
PR
5 (a+ b}/ 210 be implemented
=
6
:5 Opeode Opves
PRIET] | g
Control E
% [=]5]
az []
[ele]

For the Operation codes 1, 2, 3 and 4, it realizes a basic four func-
tion calculator, complete with +, -, /, and * basic arithmetic opera-
tions. Further operations can be added through modifying the

VHDL code inside the Control unit. First press the b} button; as
the Opcode is 1, you should see 4+2=6 on the LCD display. Try
the other Opcodes with different settings on KeyPadl 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 appeat.

Labelt

B —

T ol
134
2a-b
KeFadi veen 2arb
5 43 b
5+ 57210 be implementes
(] ut
a7
o
x OpVac
vecz G TG
5 a3
8]

T o Control
3

q1
q
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GETTING STARTED

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
TINA.

You can:

. use the binary code and debug file made by any standard
compiler (e.g., MPLAB for PICs),

. load your assembly code to run and debug directly in
TINA using its built in assembler-debugger,

. 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),

. 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 n Labed (]

Fociprint Name. Faotgeni Hame

FPaintmters (P armstens) Parameess [Patameters)
SublhI{5hape] SRERE SuELk{Ehape]

SubChMContent) i vhd SubChl{Cantent] macra vied
SublhtPasmoters SUECH) Posoeston

MEUAHEXLST Fils Hiarioe| PetET 2 hens MCLASM File Mama] P67 e

W U"\IKUMHE ?Edu| EW“Ml o ur.lgc.“li 7 Eee Enter Macro |

Click on the last MCU File name line and press the =l o
proceed. The following dialog will appear:
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NOTE:

election Edit ASM... |
Select ASM. .. |
= Flowchart Mew ASM. .. |

Select HEX. .. |
Select LST... |

" CCode

Flowichart, .. |
C Project. .. |

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, howevet, 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.

The HEX and LST files should be generated by an
appropriate compiler (normally provided free by the MCU
manufacturer. However, TINA has a built in compiler for
all supported MCUs, so you can directly use your ASM
source code.
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election Edit 45HM..., |
Select ASM... |
" Flowchart Tdew ASM.., |

Select HEX... |
Select LST... |

" C Code

Flowchart, .. |
i Project... |

o OK I X cancel |

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 F lasher.TSC circuit from the
Examples\Microcontrollers\PIC folder. The following schematic
will appear with the 16F73 PIC microcontroller.

DesignSoft



oo =] /| #|51 3 ﬂbwni ﬂ
dl~elelsl=l=] [ T [T TTTTTTTTTTTT |
L
sz -

This circuit is simply counting forward one count at a time. Press

the i button to see how it works. The display should step
forward one-by-one.

ul
| . (Parameters] | |
SubCkt[Shape] ®
 SubCkt(Content] macio.vhd
SubCkl-Parameters e
PIC-[A5H File Name) M_I
[ oc ] xc.ma[ ? ﬂ¢| EﬂlerMacrnl

Now let’s release the i button and modify the code to count by

%. Double-click the MCU, and click on the _I button in the dialog
clow

'-'Hhr_.r - aal
™ {lode
- |
|

o = Miows |  Tome

!
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GETTING STARTED

Press the Edit ASM button. The ASM code of the MCU will
appear in the MCU Soutce code editor

EEMCU Source Code Editor —of x|
=][ES ’

processor 16£73 ;8et the processor -
radix hex ;Bet the radix

ginclude +pl6f73.inecr  ;Include header file

title "flash" ; Program title Juns 2002
TEMPL equ  Z0H

TEMPZ equ Z1H

port equ  DORTC

tris_port equ TRISC

ory 00H
main_start
clrf port
bsf  STATUS, § hank 1
clrf  tris_pore ;ser port to ofp
wovly  080H
wovwf OPTION_REG
bef  STATUS, § sbank O
Loop
mowf port, O

wovwi  port

wovly 001H
movwf TEMPL
wovwf TEMPZ

delay
decfsz TEMP1l, F
goto  delay
movlw 001H
movwf TEMPL
decfsz TEMPZ, F
goto  delay
goto  Loop

Line:Z5 Col:3

Now let's 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 O01H

to
addlw 02H

Save the changed code by pressing the lEl icon and close the

open MCU windows. If you press the ﬁ 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.

e s e r
3n|.;_'|§j-.'”n— I =T ] i el e — |
[+eT#le I -n}i‘s J»la!oﬂl-l&'{ | SR [

TrSrTLpEs (3] - PORTE changs mherLprs jein RETRE4) |

1

aff

|

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.

ﬁmuswERc |

Trace Mode-
 Detsied

= Percertage Bar
" Messaps

Blumeric: precision |2 %

Whdl

I~ Stress analysis ensbled

[¥ Enable MC Code debugger
I~ Generats synthetizable code

I~ Compile packages at startup

I Show warnings
Delay: | Defaut =]

[ Ensble gitch contrl

Giich controk [50.00%

I Disable wamings for large size analysis results
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The MCU debugger will appear if you press the button:

EHIEE T P — =ioi x|
ek sk
B pinje| o (IO -
Code.
processer 16184 35 the procerser =
radiz hex itac the radiz
Finciuge <plefde.ince [ Include Besder file
coumTan sqa ocH
ey ogu bR
s oooR
[ ern ml
035 o0an
coTo INT_ZERV
e 1
BIP ITATUZ, RPO 2 bamk 1
mLe oxry
VMY TRISE
MOVLE O
HOVUE TRISA
BCF ETATUE, RPO i back To bank ©
cuny_comten ; sweo the cousnes =l
Negiten Memony
[poe (0] = L] -
e uy 0o0L 0o
|PORTA ¥ 0a02 oo
[FORTR L 0003 18
[rozsa i boss oo
e ” pous  1¥
0008 ¥
bonr o8
bous oo
bons e
000N o
bons 24
oooc oo
osos oo =
Gurzrashdy crmgued

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.

M 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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4.6.11.8

where the program seems to be in an infinite loop.

PT1: INCF TEMP, F

GOTO PT1
A errrz——— Lz
.I i <7 r st:fw; 0 8 =Y L Y et plalalTEs
|—|—|—|_i—i—f—|—|—|—|—10 =5 e lm—[;‘——l—rld B bluiai e| —

it [1] - PORTH hings werrugts et BT ) |

=

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, 0

MOVWE' 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.

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, 0

MOVWE PORTA

Now if you press the ﬂ the program will ask:
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€ Source code modified. Compile now?

Press Yes and then press the ﬂ 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 you’d 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

Debugget’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 “infinite loop.”

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 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://www.microchip.com
2 For AVR: Install Atmel Studio from https://

www.mictochip.com/mplab /avt-support/avr-and-sam-downloads-
archive

3) For 8051: Install SDCC and GPUTILS SDCC: http://
sdcc.sourceforg e.net/, GPUTILS: http://¢putils.sourceforge.net
(4) For ARM (non-cortex): Install the yagarto-tools-*, yagarto-bu-

* packages from http://www.yagarto.de

(5) For ARM Cortex: for XMC install DAVE, for TI 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 computet.

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 MCU, then AVR as Manufacturer.
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GETTING STARTED

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.

election—————————] Edit A5,

" ASM file

 HEX/LST file Select ASM...
" Flowchart Tdeys A5, .,

off

Select HEX...
Seleck LST. ..

Flowchart. .,
C Project...

o oK I X cancel | ? telp |

Press the C Project button. The following dialog will appear:

File Edit Project Run

8] LY

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\Microcontrollert\C Compiler\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

&l

Brnoname $include <avr/io.n> //included so we can use th
int main(void) //B11 C programs need a function

1
unsigned char count;

DDRE = OXFE; //set all PORTA pins to output by
count = 0;

while (1) {
PCRTA = count;
count++;

H

}

Click on Project/ Compiler Options and set AVR Compiler to Atmel
Studio.

Press the \L‘ 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.

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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= 448
. [ 445V
U1 ATTINY26 LED1 COX35A

R1 100
FEQ FAD|
FE1 FA1
FB2 Faly
FB2 Fad
[VCcC GND_2}
GND ATTINY26 Aved
FB4 Fad
FES Pas
Pag)

PET PAT|

= }_—|+
o fo g e o g

=y e
g

=3y >y =y =y=y =y =yeym
¥

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 the
Eclipse based development environment. For TI Tiva use TT 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/Ce+ - stm32-F407va/sec/main.c - Eclipse . L 3%
File fdt Source Refsctor Navigate Seyrch Project Bun Window Help

(m Jod (B~ R B @-S-F-T B0 BB A vit-Ereero-
HE:Al-E
5 Project Explorer 13 2 8 [ meine 1 = @8 % =@
= i = 5
o 11 # # faxx.h" P -
B = include “stm32faxx P
& Binanes = s 5 sten32-F413eh
5 Includes kit G5 stm32-nucleo-f20z

GPIO_InitTypeDef GPIO_InitDef;

13
+ G5 StdPeriph Driver Ad 5 stm3z-nucleo-F425i-hal
&5 inc A 5 stm32-nuclec-17675
v g 16 //udefine SIN
& _history 17
(€ mainc 18 #ifdef SIM
D soate 19 #define DELAY 10
[& system stmizfdece 20 Welse
(8 startup 1 #define DELAY OxFFFFF
(& Debug #endif
i CMsis

& LinkerScriptid
{75 > #m32-F413th [str
5 stm32nuclea-f429 [+t
G5 Am32-nucleo-f429z-hal 1
» (5 > stm32-nuclea-fT6Ts [stm 2.

int main(void) {

RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOD, ENABI

GPIO_InitDef.GPIO_Pin = GPIO_Pin_13; v

@ Conzole 51 & 8 Sl (ol

No consoles to display st this time.

< >

5] /stm32-F807vg/sre/maine

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 appeat. Select File/Refresh eclipse project.
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ety

TEEITELEY

:ni:ilaiié'isii

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 is the project
name, for example sz32-f413rh.

Press OK. When the code is assigned successfully to the MCU you
will see the following dialog.

Code assigned to: U1

e

Press OK. Press Save Prgject in the MCU IDE. Close MCU IDE.
Press OK, OK.
Now you can run a simulation.

4159
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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

Microcontrollers\C compiler\AVR folder. The following circuit
will appear:

Fle Edd iset View Anaha lebectve TAM Tooh  Help

slel8ls] el [+ < lolrls] L[ == o7 g8 sl Jirm -
JFIoT=[S BBl +]~]= }n|x|n|—x|$» sl T [ [ [T 1
_Bas | Emtiches | Mot | Svmrme | Splem Moz | vt | Pip-fope | 12ic | anpusts| w  speaa|
= S0me 3 digit pAme NamDers:
I:l 127 431 137 130 149 151 157 183 167 173
$8.03 BEREIEREEY 179 181 191 193 197 199 211 223 227 229
0 [ e e B R 233 230 341 251 357 263 360 371 577 291

Enter number here (3 characien) |

ATMEQATE [ Start the keypad from F

& TR

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.
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Fie Gt Browet Bon

Ll sl=| sle] o] Cafw
= roraeme Fimelude cave/ie. B> fimeluded S8 we san use the Ce A
a2

e ypednr unndgned char BETE:

#define DELR m
#detine DEFAULT_KEY Oaof

chars mensage prime = ~Frime\soumber=:
ehars message mer_prime = WOneiepeime:

charr menssgs_number = CERCer mumber\TT:
enne previey:

heerane FH_LENGTH 3

hraid =y delayiine uf
L
ant Li

fop (4=0: ifu; Lev) 3
b

/¢ oo o
€ - 2

mme: |

[ Sinastss zarie

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+t+ )
{

mod = a%c;

if ( mod == 0 )
return O;

}

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

o dlw| ala] of @ afw
=-noname do { 2
pianeic key = keypadread(}; my delay(10):

} while (key == prevkey):
prevkey = key;

return key:

}

int check prime(int a)
i
int c,mad;

for (c=2; c<=a-1; ct+}
{

if ( mod = 0 )
return 0;

1L e—a §
return 1;
¥

int scan cycle()
i
char c, current_pw[PW_LENGTE+1]:
BYTE count;: -

< >

prime. ¢

ILine:lSD Col:g

a1 4294348524
mod: 4294845942

Messages | Registers | Memory | Breaknoints Watch List
= —

Press the Ll Start button. The program 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 program 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 j Step button for each step or run

continuously by pressing the Ll Start button again.
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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

Transmitted data

: ) Line ending - Send oW
sedrow: | Send Add + rad'n

Timed sequence: Set...

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

Lets open the tm4c wuart terminaltsc from  the
Examples\Microcontrollers\TI Tiva folder.

Select Tools/Setial monitor and press the TR button. The MCU
will send some test messages. The received messages will appear in
the Serial Monitor window.

[ GART sarmin
1 Baluct Tooia/Sarsl monor —
3 Pross e TR buton
T} I T1i1i1id
- .
e - ——
s B~ L - pe———
- TMAC121GHER oo ——— -
I = -
{ o ]
EEERBEREES

The UART is programmed using the TivaWare Peripheral Driver
Library.

e e A A A e o S e

int main(void)
"

SysCt1ClockSet (SYSCTL_SYSDIV_4 | SYSCTL_USE_PLL | SYSCTL_OSC_MATN | SYSCTL_XTAL_16MHZ) ;

S8ysCtlPeripheralEnable (SYSCTL PERIPH UARTO)
SysCtlPeripheralEnable (8YSCTL PERIPH GPICH):

GPIOPinConfigure (GPIO_PAU UCORX) ;
GPIOPinConfigure (GPIO_PAL UOTX) ;
GPIOPinTypeUART (GPIO_PORTA BASE, GPIO_PIN 0 | GPIO_PIN 1):

lockGet (), 115200,
STOP_ONRE | UART_EONFIG_E‘AK_NDNE)),'

pClk (UARTOD_BASE, SysC

UARTConEigSe )|
G_WLEN_3 | UART_CONFI

(UBRT_COI

URRTprintf ("Tesl me
UARTprintf

UARTprintf ("

while (1) ;
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Example 2: sending commands to the MCU

Lets open the tm4c uart command.tsc from the
Examples\Microcontrollers\TI Tiva folder

Select Tools/Serial monitot, 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. Seloct Tools/Senal monkor S i
2 Press TR ~

3 Wait for the Raady’ text in the Seria monitor

4. Type LEDD in the ‘Send now e 1o toggle LEDO

Tested with TM4C 123G LaunchPad and with Puty

VTR LT

TERETES T,
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4.6.12

4.6.12.1

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’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.
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.

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).

LEH
FIC
RE3|—RE3 3]
Thas RC4|- L
[of11213 3 L rai Reor S
EXE - 2l e I Rosf- T
HFEE RET Py
[ar
clole[F A oo e
il RBD
L H{RA& PIC16FT3 i
”
e il .
¥ Hoser
0 asc2 th
= = 1 L
NN - g m I RE4f— =
TE1517) ¢ S RBS[—L
slalalB o RBG|—L
c[p[E]F FEE RB7 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.
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Shepe:  [chwios _]
Manufacturer.  [PICTE -

I~ Show all comparents

0k | X Cancel |

7 Hep J

974140

Now double-click on the PIC16 component in the editor, click the
MCU-(ASM File Name) field, and then the =l symbol. The MCU

Input File Selection dialog appears.

MCU Input File Selection

~Selection
©° ASM file

' 0K X Cancel I

Flowchart,

? Help I

&

In this dialog, select the Flowchart mode under Selection on the left.

Click on the Flowchart
button on the right, [= -
and the TINA |2 228

]
i

BE TINA TlowChart Editar - < noname =

|

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.

LAARRERZAT
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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, and 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 /Z7
(Read Inpuf) 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 pord) and to set a vatiable 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.

ZZTINA FlowChart Editor - < adder = ) =100 x|

Ele Edit Tools

B oleld v

[Flowshart | Code |

|»

STOP

% <= DORTA
¥ =- PORTE

Boo b

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 g To

do this, select the Set variable component from the toolbar,
set Target variable to z, and then Value and variable to x.

Next add z and y, by using the Change variable component

Place the Change variable component below the previous Sez variable
component, set Target variable to %, operator to +, Value or variable to
3. To write the result to PORTC, add an Owufput component symbol,
Select Target port to PORTC and Value or variable to 2.

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 Ouput symbol.
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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 FlowChatt Editor - < adder > b I ] |
Fil= Edit Todls

oleld v

IF\owchart ‘ Code |

START

$TOP

x == PORTA
y =- PORTE  /

i

TEREEIR

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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4.6.12.2

[ginciude <FLEFTI. incr -

= e zom
id aqu 21K
aqu am

org 0oH

Hlmmchare laneil SETART
gate FLOWChARE_labald

tlowchare_labwli: in == PORTA
bt STATUS, BFO
seviv OFOL
movet TRIZA
bet ETATUE, BFQ
wawi FOBTA, ¥
Bovwt =

tiowchars_labell: iy =~ PORTE
het ETATUE, DO
seviy OFRI
Bt TRITE
bel STATUE, BPO
mavi FOBTR, W
wenat ¥

fluwchare_labnld:
wove n, ¥
Bavmt =

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.

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. TS C)).

Set the Analysis/ Enable MCU code debugger switch in the Analysis menu,

then press the b} button on the TINA toolbar. The MCU
debugger appears.
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(= TINA MCU Debugger - < pic = — o) x|
File Edt ools Debug

olefg v n|e] e FEe——-

[Flonchart | Code | Flowchart+Code |

START

ETOR

EERERRAR

You can run the program continuously by pressing the *| Run
button, step-by-step by pressing the | Step Forward button, or

stop the program by pressing the Ll 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
the flowchart and in the assembly code. If you select the last mode,
Code, 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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Code Compilation and Simulation on the ESP32C3 Microcontroller

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 K] 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

» | Runor the Ml §. tep Forward buttons.

4.6.13 Code Compilation and Simulation on the
ESP32C3 Microcontroller

Prerequisites

® During the installation of Tina, the ESP32 compiler package must have been
installed earlier.

® Analysis/Options/Digital Simulation/Advanced: Arduino path must be set.
(e.g. Arduino IDE)

4.6.13.1 Creating a New Example and Compiling Arduino
Code on the ESP32C3 Microcontroller

Locate the Logic_ICs-MCUs tab on the toolbar and press the Arduino
button. From here, select the ESP32C3 microcontroller and place it on
the schematic.
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Code Compilation and Simulation on the ESP32C3 Microcontroller

teractive T&M Tools Help

56w )| 350 ] |+ 5] o Hike @ © #
Jaoaoaoosssa | | | | ] |
Sources Semlcondu:borleEtoelechomc Spice Macros GEESIHIE-ﬂOﬁ Logic ICs-MCUs | AD/DA-555 | RF | Analc

U1 Arduino_EEPF2C
=

Right-click on the MCU and select Open MCU code editor...
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3¢ MCU IDE
File Edit Project

3., e

IR orome)

Line:l Col:1l

Code Compilation and Simulation on the ESP32C3 Microcontroller

In the code editor, press the Add Existing file to Project & button.
This allows you to add a previously saved Arduino program to the project.

£ 173
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¥ MCU IDE

—f=] s
File Edit Project
H-, 9&
= noname 1 eonst int buttonPin = 2; // Pin connec*
digitalread.ino 2 const int ledPin = 3; // Pin connec
z int buttonState = 0; // Variable t
4
s void setup() {
¢ pinMode (buttonPin, INPUT); // Set t
7 plnMode (ledPin, OUTPUT); // Set t
5}
k3

1w void loop() {
11 buttonState = digitalRead (buttonPin)

13 if (buttonsState == HIGH) |

14 digitalWrite (ledPin, HIGH);

15 } else {

1€ digitalWrite(ledPin. LOW): -
digitalread.ino |

Line:1l Col:1 ‘

The Arduino program:

const int buttonPin = 2; // Pin connected to the button

174
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const int ledPin = 3; // Pin connected to the LED (or output
device)

int buttonState = 0; // Variable to store the button's state
void setup () {
pinMode (buttonPin, INPUT); // Set the button pin as an input
pinMode (1ledPin, OUTPUT) ; // Set the LED pin as an output

void loop () {

buttonState = digitalRead (buttonPin); // Read the button's
state

if (buttonState == HIGH) { // 1f the button is
pressed
digitalWrite (ledPin, HIGH); // Turn the LED on
} else {
digitalWrite (ledPin, LOW) ; // Turn the LED off

delay (10); // Short delay to debounce the button

Code Compilation and Simulation on the ESP32C3 Microcontroller
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NOTE:

Press the Make Project | # button on the toolbar to compile the program.

We assume that the ESP32 compiler is installed. You can add the ESP32
compiler to TINA using Custom installation by enabling the ESP32
Compiler checkbox.

5 MCU IDE = | =] |2s

File Edit Project

H., #&&
cpnM“emq“ﬂ 1 const int buttonPin = 2; // Pin connec
z const int ledpin = 3: // Pin connec

2 int buttonState = 0; // Variable t
4
s void setup() {
¢ pinMode (buttonPin, INPUT); // Set t
7 pinMode (ledPin, OUTPUT) ; // set t
8}
k-]
10 veid loop() {
11 buttonState = digitalRead (buttonPin)

13 if (buttonState == HIGH) {

14 digitalwrite (ledPin, HIGH);

15 } else |

16 digitalWrite (ledPin. LOW):
digitairead.ino |

I Line:l Col:l |

Compile successful

Messages |

Then press the Save Project button and close the window.

In the circuit editor, you can continue editing the circuit. Add the switch
and the LED.

Code Compilation and Simulation on the ESP32C3 Microcontroller
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SW-HL1
GPIO19

GPIO20
GPIO21
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V&5

T

4.6.13.2 Simulation on the ESP32C3 Microcontroller

Open the example:
Examples/Microcontrollers/ESP32/esp32¢3_digitalread.tsc

This example reads the state of a switch from the GPIO input and,
depending on its position, turns the L1 LED on or off.

Code Compilation and Simulation on the ESP32C3 Microcontroller

FATT
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[H]—=
[L]—

L1

Press the TR button

L1 will be toggled when the switch is changed

SW-HL1

Press the TR button to start the simulation. Toggle the SW-HL1 switch; the
L1 LED should turn on and off accordingly.

Code Compilation and Simulation on the ESP32C3 Microcontroller
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GETTING STARTED

GPICD = GPIO18

SW-HL1
M GFIO1 GPIO19
GFIOZ GPID20
.
GFIO2 GFIO21
L1 GFIC4 0 o GFI030
o]

2
.
w3133
V35

NOTE:

Debugging on the ESP32 is not supported at the time of writing this manual.

4.6.14

Using the Design Tool in TINA

TINAs 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 scenatios. 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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GETTING STARTED

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:

W1

R4 1k

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 Toul ]
File Edit Zertings fun
Title:
[freeten Gt P Crzast D Usarg U OFA 350
Inpul Paramuters:
Faasien aiun M Mas
Gan ET] EL 3
Vou_DC 25 20m V120
el 80 & o
Rivcs 1000 w ™
russon | Delelefow | Reswe | ﬂ
Save O | X Concet | 2 e |
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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 200mV less than the V1 supply voltage of
the IC.

If you just want to Run the design procedure press the ﬁ 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’
Interpreter, will appear.

& Design Tool ==

File Edit Settings Run

Title
Invertin Gain Amplifier Cirouit Design Using the DPA350

Input Parameters:

Farameter Value Min Maz .
Gain a0 000 E] |

au_DC 25 200m V1-200m

ol il 60 140

Rscale 1000 10 10M

Add Row J Delste Row ‘ Restore J 3
Expressions/output functions T
o Rl

A:= 10" (Rol/20)
Rg:= Rscals

L3
RE in*Rg* (1 + 1/R)/ (1+Gain/R)
RE=[10.011k]
Vref:= Vout DC/ (1+RE/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]).
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GETTING STARTED

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 A button or F9 on the keyboard. In the code part we will

see:

A:= 10" (A0l/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.

[ ==
i g e P Helg

oo R+ 08 T a0 A a2

|

-4

2 e v e ramy v e -
) A0 Tl Ao ghety
Fregquency {Hz)|
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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
www.tina.com under Documentation.

4.6.14.1 Design Tool vs. Optimization in TINA

NOTE:

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, powet, 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 muliple 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
guarantee physically realistic results. But it is a very good tool to
refine the results provided by a design procedure or tune already
working circuits.
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GETTING STARTED

4.6.15 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’
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
automatically appear in the 3D Viewer window.
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Live 3D Breadboard

M__uﬁ.;gq-_q [~ a2 871 3
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Connect the parts on the schematic with wires. TINA will place the
corresponding wires on the breadboard automatically. Now save
this circuit as LED Circuit. TSC using the File/Save command of
the Schematic Editor.

il ) v elobeind -1~ ST i T —
rrrrrrrrrrrrrrrrrﬂ—mau”.-«unuuu#u R BT 1|

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.

J3LYVLS ONILLID
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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 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 [v] %]
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:
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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 ot 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. Here’s 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 Designet’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.
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Live 3D Breadboard
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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  stand .

Select the object - click on it - then click the Dynamic tools and
add a hinge

o,

#inge  to the stand.

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

X . o . .
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.
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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 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 EH

window. Select Ball — Position — z, then click the OK button.
Create the circuit below in TINA’s Schematic Editor.

and click on it to bring up the Diagram properties

In the next step, we will define the coupling between the pendulum
and the circuit.

V18V

L
il

LZ2AmH L1 1miH

In the Newton window, select the Too/s 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 to 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 Editor button and enter the following code:

var

N : integer; // number of turns
real; // current

A : real; // cross section area of core
real; // total length of magnetic field

CO0 : real; // speed of light

m : real; // magnetic pole strength

Begin

N := 15000;
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NOTE:

I := ABS(value);
A := 5.3E-4;
= 0.2;

CO := 299792458;

m := N*I*A/L;
coil.charge := m/CO;
End.

Save the code under coil.cod

I this simple approximation the elecfromagnet is substituted by
a “magnetic charge” calcuwiated from the current of the coil. This
way the force belween the electromagnet and the ball can be
calculated simply by the Cowlomb's law, included in Newlon.

Thitp. | T, il
Coulomnbs faw for magneds him!
hiftp. Lsciencedirect, (] i 5 187, 21 727

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_ tutotial. TSC

You can also find further examples under EXAMPLES\Mechatronics.
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CHAPTER 5

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 TINAs Examples\PCB subdirectories using the
following naming conventions:

* opgmmn tse orgmal schemate file

®tac schematic file backannotated [ after pin/gate
swappmg and renumbenng |

*placed.tpe design parameters set, components placed
pcb file

* routed.tpe net propexties set and routed pchb file

* E:ﬁshed.tpc optionally pin/ gate swapped and
renumbered, routed, silkscreen adjusted,

documentation lavers fmalized pch 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:
I Y
Sl T elbels [0 A= 4 e ol I —
LHlaaplaiolol+ - [=Haxlal~ololtl=le] T | 1
T
fﬁ )r.-‘

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, confrolled sources) do nof represent real
physical parts so you cannot place them on a PCBE. If
your design contains such components, you should
replace them with real physical parts.
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Of course there is no guarantee 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’
components and the corresponding footprint names.

=loix]
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Q2 st wnin
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A1 AN W
"2 AN W
3] RARI00 W10
ra FLAx300_ w100
] P10
vs1 P00 locwe |
vi2 P00

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.

=[] )_lj
G A W H o 0% I |
(= s
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vs2 P

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 ate in the same
package, the labels must also be the same.
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Note that the second, third, and fourth op-amps have the
extensions /2, /3, or /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

L abel

| Foatprint M ame W ]
| Parameters ~ [Parameters]
D D

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
Farameters [Parameters)
Capacitance [F] 10n

RPar [Cikm] Infinite

Initial DC voltage [V] 0

Temperature Felative
Temperature [C] 0

Linear terp, coef, [1/C] 0

Quadratic temp. coef. [1/C7] 0

M asimurn voltage (V) 100

Mawimum ripple cunent [&)] 1 v
X Concel| 2 hep

PCB information
Model name: €1 Patls/package: |1 pat 1~
Component list Footprirt ist 3D component view: || Mode fist

-~ Add
C_RAD200_L300_% w22
C_RAD300_W400_L Delete
7508 0803
C2012_0805 o Change
20127805
CP_CYL1000300 M
CP_CYL3000700 sy
CTRI6A Move Dgwn
CT¥288 v o
Load..
add | Detete | add | Deete |[Foens <
Copy | Rename || Copy | Rename | ' Valdrode
usquuadnude
[~ Show i components 3 L
X Corcel | 7 Hop |
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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 Z# 2D /3D view button . The 3D view of those components
for which a physical representation has already been added will
appear

D 2 - Schormiati Editor I s ==X
Efe Edt [mert Yew grobeks Igeactve TBM
&Iﬂlﬂ_lﬁdrﬂﬂlﬁl_Luf_J“ jJLJM_I—J  —
Gl F] ]l + = e @|a|
El
C110n <310 J
- —{OUT1 | - L. +——{ OUT2
|
| |
|
; i
R110k | R210x vee R3 10k |

o weo
.J vs2 12 Active lowpass filter
1 _j GND_L [ 2-layer trough-hole board, 1 551"
‘_ vs113 |Use Zlayer_A ot PCB template
__‘ -wCC
1
EVle'el
. . o
=T
Invoking TINA PCB

Once each component has a satisfactory physical part association,
we can proceed to PCB layout design. To do this, press the Il‘
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button on TINA’ 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 TINAs Template. The settings are appropriate
for a double-sided PCB.

= Modify existing project
I~ | Shiow &l projects
X Cancel |
% Start new project 2 Help |

v Autoplacement
[~ Autorouting

& |lse board template
D% ATina ProhT emplates'iZlayer_a tpt

Browse... |

= Mo template

Board width  [1.5 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:

Lewvel | Routing | Plane- | Routing | Spacing
Layers | Layers
ayer Atpt A 1 - 25 12-1/2 | Allows onetrackbetween standard:
Zlayer_Atpt A 2 25 12% DIPIC-pin
Zlayer_B.pt B 2 8143 2145 Usefor3MT -or mixed-technoly-board
2layer_ B_mm tpt B 2 - 0.1 0.2
layer_C_mm tpt C Z Z 0.1 0.15 Formoderate-and-high- density 3MT-
boatds

DesignSoft



You can choose a 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 measurement unit settings in the View/ Options
dialog of TINA.

When everything is set propetly, 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.)

T PN NN YO T 3
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Press I'4 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 25 mil.

- LI

(1] ||t BT | D] [ =Sl W

To automatically route the netlist, press the I'5 button or select the
“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:

x|

( \i.) Mo errors found!

To finish our first siﬁlple 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|

ILprass e

Font settings Angle: 0
Teat height: 50 (mill =
& Top
B
Line width (mill £ Bottom

Lok | Kcewel| 7 er |

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.

O

0O
O O

(2]
o

oo oao0m o008

O00®O0O00
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Y

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.

ol ol
- ,"

] A

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 the “Use contro/ 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 or 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 ecither print your design or create a Gerber file
for a manufacturer.
To print use Print... from the File menu.

To obtain Gerber files to direct a photoplotter, choose Export
Gerber file from File menu. (Gerber option can be changed
through the 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 TINAs
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 LM78LO5ACM (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 a
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: [(M7EL05ACM] leor:
Shape: [ = i

(= Select an exsting group ..

. ot define a new group

0t I X l:ancell ? Help ‘

Macro Shapes’ x|
|(Va|tage|

Click the J button to choose the

component Shape from the library.
Enter a few letters from the 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.

VolageRegds

Choose the REG icon from the Icon

drop down list. X Cancel |
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PCB Component Wizard

%]

Name: |LM TELOSACM
Shape: Idu"nltageﬂeg) :]

& Select an existing group ..

Switches
Meters

Sources
Semiconductors
Optoelectronic
Spice Macros

A mlmm Cmsmteml
... ot define a new group

gl | Bl AR g8

10| B

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
Name: [LM7ELOSACM lcont

shope: [Vologehey | '|

x|

" Select an existing group ...

& .. o define a new gioup

Newgroup: |PIC flashed

Jnklxcml ?ﬂdpl

Finally, you may save the new PCB component macro into the

Macrolib foldet.
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Save Schematic 2| x
Savein: [ 3 Maciolb o e Bk

[#]Barrel Jack.tsm AILMB17.T5M ) TRANSFOR. TSM
] DELAY_AN.TSM BLMTELOSACM.Esm ] UA741.TSM
[#]FULL_ADD.T5M ] Mounting Hole.tsm 8] ULNZB03A.T5M
[#]HALF_ADD.T5M  #]PICIEFB4ALtsm |#]VDR.TSM
[#]INDUCTOR.TSM ] Resistor-DIP4.tsm 8] KC2550-TQ144.tsm
[#]kP-20125GC.tsm 8] SMD Oscillator.tsm  |o] KCFO1SVO20.ksm
[ALAPLACE. TSM 4] SW-DIP4,TSM ] xuaT.TSm

File name:

Save I
Save as pe: |Schematics Macro [%T5M) =l Cancel |
_tee |

Replace the short circuit (on the schematic) between Vee 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/Im78l.pdf) : 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.

5
‘ Patsipackage: [T Pat [1 »‘

Foolprint ft 3D component view, ||| Node kst Sucoped rodes

prewp | X lnwaidnode

o o ? b
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 teg.TSC and check
it with ERC.
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http://www.ti.com/lit/ds/symlink/lm78l.pdf

PCB

5.3

R1 Resistor-DIP4 R2 Resistor-DIP4 *

sv U3 LMTBLOSACM  yoq
B ~g e P ¥
w 5 By e iy

T T i cu1i—~ T :
|

U1 |[PICTBFa44 'c.ﬂu g ‘cam’

& X a5

- U2 JuLNz80aA

g0 0 g g v
SW1 SW-DIP4 3 . n I‘-IEADERBX?‘
Y al 1] o o i
£ 1 — = :
I &3 T = i
+ o, = 2]
+5V 12 LB
J X1 Hoass_cyaaas
i)L VS5 e + PIC micro lamp switcher |

o] 1 o

AT

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

5.3.1

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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i i 13 H#H ENTAHCTOO

2 c [
% 5

| 1

RZZ0

i

=

:
m__um
T =

1H

The SN74HCTOO package contains 4 NAND gates, but our design
requires 6 gates. We will therefore use 2 packages labeled U1 and
U2. In the Ul 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.

rd
For example, let’s see the assignment of the 3  gate in the Ul

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.

Label 1 |

FeoprntName lsofajadcron (O
| Parameters [Parameters| ]
[Catalag 51 74 HC T 00

DL tranzfer |Ideal

Iput

Quiput el
| Delay Ves |
Grown |GND! 1]
T 01T S

d’ 08 | x Cancel] ? Help ]

Click on the Footprint Name line and press the =] button. The

PCB Information dialog appears.
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'%E PCB information for internal TINA components

IS
St Liary (" Cinsls Liesry Cueme Palwpackags |4 [ T
[rma =1 2 et Srapped s
[ on |
Companent kst Fropart kst R
T E— Z30n
Fart o402
R
¢ 5012 |
¥ 7:GND ——
v
v ana
¥ 100003
v 10
v 1z.nm
¥ 13-104
MR
o Vi il
A Dot | add | oewe | o Swsped rade
Copy Rename | Copy | Fenome | X ievvehd s
Ingest | 4 Class pn i
0| 2t |

The Parts/Package assignment on the top-tight part of the dialog

. _ r
shows that the package contains 4 gates and we are using the 3

one.

| Parts/package: 4 Pat: |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 assighment 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 of the U1 package.
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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:

4 PCH Viewer - D:ATINA B docWigitalzar 560, TRC
Bl Yow Opties.,
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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 folder of TINA.

A i

5 -'—4 : 1 F— CYTCE8013A-58
: S bbb L ‘V I-'.‘“

I
EEREERREENEE:

23
—

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 pair 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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+ Show ID

4

* Output

Display signal Digital output

Bus entry:

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.

w S

P ——

[

e

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, un 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
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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.

Funotion mmtomil(x):
bagin
Emromiliex/25.4%183;

and;

erimq. g
Hiwpmromil (0,38

(Z0 nce of one microstrip over the plane)
Zor=(87/agre(er+l.41)) *1In(5.38%H/ (0. 8°K+T))
Idifd: differential impsdance of che sdpe-coupl

ZAAEL3= Z2°20=(1-0.48%cmp{-0.96°5/H))
Edige=ron. 5248

ol

Line:31 Col:L Suzcessfully compiisd

The script includes formulas calculating differential impedance for
selected W, S differential pair parameters. If you change any of the
input parameters, press the Ruz button to recalculate the Zdiff

value, which must remain within 10% of 90Q.

Note: With 35pum thickness (1 oz) on top, if you choose track
spacing of 0.15mm (6 mil) 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 (Tools/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.)

£.Lr lij
Name Routing width . Via type Plane layer Routing layers RE Group -
GND 6.0000 VIA Ground A [ <DEFAULT=>
VBUS 6.0000 VIA Power A [7 <DEFAULT>

DN 15,0000 VIA Al [~ <DEFAULT>

DP 15.0000 VIA Al [¥ <DEFAULT>
D002 £.0000 VIA A [ <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 L}S

Help

Select Draw Differential Pair and right-click again to choose Set Track
Distance.
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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 A
Set Track Spacing % :

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 PCB 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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The circuit already includes two buses named Q and Y, drawn with
a thick line.

Delete the QQ 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 sclecting 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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' Show ID * ! Output ‘ Cancel ‘
Display signal Digital output \ ? Help \
Bus entry: Wire is faulty

Now, connect the Bus with the circuit using wires 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.

S

LED7 KP-20125RC-

2Y! vy T
1Yz y2 R2 Resistor-DP4 LED3 KP-2012SHC-PRV
BYS wv3 —1 . ol
a z )
i ;I 3 LED2 KP-2012SHC-PRV
a9 o P
4
B
| i LED1 KP-2012SHC-PRV

The ID of the wire will appear on the wire.

R2 Resisior-DiP4

A

1

AAA

AAA

2
3
4

Do the same process for all 4 wires, both on the Resistor network
and the PIC side.
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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.

s = o>y E— A

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.
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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 Q) 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 on
the 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

Auto track mode

Add via

Change layer

Set track width

Set Track Distance » v Default
DRC (8.00)
Custom

Help

Finally, by pressing I'5, you can do the rest of the routing with the
Autorouting tool and some manual editing,
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You can also see the PCB in 3D by pressing the c (3D View)
button.

S 3D Viewer - C\Users\mkol ... ds\Ethernet cable tester transmitter.tpc - O %

File View Enclosure Options..
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5.3.4

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 stereo
microphone amplifier using the circuit in the
\Exanples\ PCB\ PreAmp\microphone pre-amp. TSC file as a template.

L L L

25

This circuit is a mono-microphone preamplifier with simplified
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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O

T2 BCBATALTH 1100k
ce

VCCOut 1 : =,

C222u

T“’Zfl
FTE

Start the New Macro Wizard from the Tools menu. Create a macro
from the schematic and save it as Preamp. TSM.

T— |
R147
R2 47k
RS 5
—

I C51n

E

ID

R339k
C347u
RE 22k

2
=] =
i
C110p

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  (Stereo  microphone
preamplifier. TSC) can be opened from the \Examples\PCB\Copy
Macro folder.

vce

U1 PreAmp
i
VS15 C
[VCCOut
GND n PreAmp Out
U2 PreAmp
12 AUDIO_JACK_STEREQ
J1 AUDIO_JACK_STEREQ C 3
3 I vecout

PreAmp ouf———3F—~

—2
~2 0

ND

82d
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Now build the PCB layout. Press the PCB button and click S7art
new project in the PCB Design dialog box. Apply the settings shown

below, and then press OK.

Modify existing project

* Start pew project
| Autoplacemant
Autorouting

Use board template

Browse..,

+ o template]
Board width

Board height

1.25
1.5

bl
W oK
X cancel
7 Heb

inch ()
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 microphone preamp Ul 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 folder as Stereo microphone preamp U1 routed. TPC.
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Start copying the Ul macro layout by right-clicking the R1 resistor.
(The editor must be in Select mode.) Choose Select Macro from the
menu.

Change layer
Cgmponent properties
Rotate 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.
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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 I'5. You can now do the rest of the routing with the
Autorouting tool and/or some manual editing. The tesult 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. TSC project from TINAs Exanmples\PCB\PIC
Flasher rigid foldet. Press the 2D/3D View button in the toolbat
and look at the schematic of the flasher.
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The schematic is PCB-ready—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

Label Footprint Name |
o C2012_0805
[~ c2012_0805
o1 D202 oeos
02 D2012_0e0s
03 D2m2_080s
04 D2012 0605
05 D2m2_0e0s
06 D202_0805
o7 D2012_0e0s
08 D202 oe0s
Bl SONB/32¢16.08
R2 SONB/32¢16.08
swi DIPE/SMD
ut sO18w
vst

P00 oone

HC43/5MD

Since all the components appear to have a valid footprint name, we
can start 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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Press the OK button, ignore the Electric Rule Check warning, and

PCB Design 1 x|
" Modify existing project
0K
E S | X Cancel
(&' Stait new project ? Help

[V Autoplacement
[~ Autofouting

& Use board template
D:\. ATemplates\2layer_B_mm.tpt

Browse... |

" Mo template

Board width |40 millimeter (mm)
Board height |30 millimeter (mm)

save the board as PIC flasher.tpc.

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
satisfy electrical,

Tino Pro\EXAMPLES POB\DIC L

adjustments to the component layout to

mechanical and other characteristics. Some of the considerations

are:
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. the ohmic effect of a long 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 f e w
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 boatd size, click t h ¢ “Draw/modify

double click on the middle of the board and enter the following
values into the fields:

Shape properties ] x|
Shape type: Ide outline -

[v Rectangular

Rectanglewidh:  [30 ()

Rectangle height  [20 {mm)

shapes” button Let’s try making the board smaller. You can

—Coppet shape settings

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|

Name: IﬂT

Value: [RESISTOR-DIF4

Footprint: SONS/3.2¢1.6_0.8 Change

[~ Placement side
" Top I~ 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 M| 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 companent 'R1'?

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 back annotation, 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 set these trace
directions , click o n Options/Autorouter settings. The Autorouter
settings a r e 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 __ N x|

[ Top

I oo

[~Routing options
[V Enable rip-up and reroute

[V Force router to use short side SMD pad entiy
Minimun pad numbe for using shoit side entry: |9 :]

Xcwce | 7 hen |

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 as it makes the electrical
connections among the components of the entire board. 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\POB UPIC FLASHER. Ui
-

[/ || || I— ] 2

o

You can see that there is a net left unconnected. (Note: this short-
coming will be removed in later (relative to February 2000)
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 examine your design and reveal any unconnected
traces. Run DRC by pressing F7:

the DRC Results window will appear, highlichting the
corresponding nets.
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F=DRC Results 1 =101 x|

Unrouted net NOOOT3.

1 errorfs) found. Hide | Close | ? Help I

You should browse and correct any errors DRC reports. If you
double click on the text ‘Unrouted net N00013, the program
magnifies and highlights the selected net while centering the
position of the selected objects.

b L2 56ain}tn bt st s

'?um_-ﬂ;fwlan: Dircen..| sowess W @ 57

st | DS 9@ |1

In order to fully route the board, we c 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 a 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.

M;!’ the select button on the toolbar, then hold

down t h e Shift key and click the track t h a t connects U1 pad 9 to
D5 (see picture below), then press t h e Delete key to remove the
track. This makes room for the unconnected net.

First, press the
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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 N000O13 routing enabled.

80d

xJ
Nana—lmlype [Fians lsper [RE [Giow 5]
NOODDB 0.2000 VIAT 5 <DEFAULT>
NODDD3 0.2000 Vial 7 <DEFAULT>
NODO1D 0.2000 IAT [5 <DEFAULT>
NOOOTT vial 7 <DEFAULT>
= :
NODOT3 ] vial 7 <DEFAULT>
NODOT4 VIAT 5 <DEFAULT>
NOOD15 0.2000 VIAT P OEFALLL |
NOODT6 0.2000 VIAT 5 <DEFAULT>
NODO17 0.2000 WAL ¥ <DEFAULT> =l
Modyal | 1 w2 LK | Xoees|  Phes |

Click OK and press F5 and the autorouter wil connect all the
enabled nets. Next, enable N00012 by pressing F4, checking RE,
clicking OK and pressing F5 to autoroute the last net.

Let’s see if our manual intervention has worked. Press F7 to
perform DRC to verify that there are no errors.
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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 OK and 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

® L ® ? L *
m‘ ~ LDl Lol ocl r-l u}l u-;l

DesignSoft



5.5

You can get to the PCB Information dialog by double-clicking on
Rl and pressing “...” in the Footprint Name field. In the right hand
window, TINA presents the swapped nodes in larger, bold type.
Save this file as PIC flasher. TSC.

PCB information N x|

sdd | Deite || asd | Deete |[Frreems = e
| “ml_ Copp_| Renane 10 Swapped node
% Show af components | | Coarpnswap | X Invaldnods

Xowoa | 7o

Creating a Flexible PCB Layout
(Flex PCB)

Flex PCBs are PCBs whose electronic 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 foldet.)
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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 boatd to re-route the other components.

T
5 - ol —

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 boatd 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 E|
Shape type: Board outine -
v Rectangular
FRectangle widtx E0.96 mm
Rectangle height 31,75 mm
Copper shape settings
Laper setup
O Ton ~
Bottom
[ Graund
[ Power
O Innert =
7 0K K oorce | 7 hep |

Thete 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 overlap 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.
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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”.)

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 degtree
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 OFFE.

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
(tight-click on a pad, select Start/Continue track, then draw it
section by section) or use the autorouter (Tools/Continue
Autorouting, or press I'5 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. It is
good PCB design practice to break right angles into 45 degree
angle segments. 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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5.5.1

TINA can now present a 3D view of the circuit board. Press the
rightmost button (3D View) in the TINA PCB Designer program
to see the PCB as presented in the next figure.

= PCB Viewer - EXAMPLES\PCBIPIC Flasher DIP4SW. flex top finished. TPC

Flo View

Optians...

(Camera position:-0,83,-25,05, 19,47 Origo position:-0,33,-5,0 Ground: (21,248,8,873,0,020)

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 overview. Enclosure models can be shown semi-transparent
(Enclosure/Transpatent 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./sc.
Open the bottom part of the USB dongle casing, then the upper:

& 3D Viewer - (Tina10-Indus .. \settings\User Examples\USB dongle,__tpc - 0o X

Eile View Enclosure Options..

B 30 Viewes - [Tina10-Indus _ \settings\User Examples\USB dongle_tpc - 0 X
file View Enclosure Options..

After creating a complete enclosure assembly, you can save it as an
Enclosure configuration file (saved with .tenc extension). After
exiting and launching again the 3D Viewer the last saved
configuration is automatically loaded back.
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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 colors, 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 - Eamples\PCE\Digital lodk\Digilock TRC

Eile Yiew Epciosure Options.
Show DDE Window CrlsAlt+D
Save Cirles
Memaory dump..
Scenegraph dump_
Export » Export picture_ Ctrl+E
Print.. Crri+P Export SketchlUp model. Shify+ LK
Print setup. Export STEP model ShiftsCirl+§
Export texts_ £ Export STL model.. ShiftsCirisL
Import texts.. B2 Export vrml model._ ShiftsCtrl+E

Export X30 model_. Shift+CirisX

Exit

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 ditectory,

such as:

The block diagram of the circuit we will design is shown in the

Schematicfiles

FPGAongin tsc bdgj.nal schematicfile
Atee
) PCEfiles )

FPGAplsced.t‘pc designparametersset,componentsplaced
[FPGAplacedsplittpc nsabove withpowerplanesplitting
'ﬁ’G:\Spamnpowenouned.lpc netpropertiessetand SpartanFPGAchippowerrouted
[FPGASpartanpowerrouteds plit.tpe asabove withpowerplanespliting
[FPGAallpowerrouted.tpe owerrouted
rl-'T‘PGAa1.11-_'p<:'m-ex:m:.1t.e:d'spl.it.tpc asabove withpowerplanesplitting
IFPGArouted.tpe all connectionsrouted
IFPGAfinished.tpc opticnallvpin/ga

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.

DesignSoft
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Many of the FPGA IO 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 capacitors.

_>| DONE LED

HMHz pscillator
13V eeplator <
Xilinx

XC2550 —
XCFO1S 1Mbit «—> Spartan-2 ide switches
Configuration FROM FPGA

| JTAG Header
§LEDs

Modz salact jumpears 14 o o e
Apansion headers

For the complete circuit diagram, open FPGA originTSC (the
back annotated 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.

il
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After exporting the netlist from TINA, you should check a few
parameters in t h e PCB editor. First, select Option/System setting.

PCB Design B x|
" Modify existing project

[™ | Show afl projects

FGA power routed.t > X Cancel |

% Start new project 2 Help |

[V Autoplacement
[~ Autorouting

(+ Use board template
D:\.ATemplates\dlayer_C_mm.tpt

Browse. . I
" Mo template
Boadwidth [110 millmeter (mm)
Boadheight [E0  millmeter (mm)

Make sure that PACKAGE.FPL is checked.

System settings ]

Urits: enen) - Grid zze:  [011 fmm)

Backgpound color [ Black E
¥ Aufosave svery |5 “;} manutes

Impart Librasies

v package fipl

o] Xomea| 2t |

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 component 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 = 3

Mame: |MTHI

Walue: IMounthg_Hole

Foolpiint:  [MNTHOLE Changs I
Flacement side

* Top ¥ Lock component

" Bottom

2K ] Xcacet| 21 |

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 that component will
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 Gtid 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.

T LT
A

IR

To place a part on the opposite layer, right click on it, choose
Component properties and select bottom placement side.
x|
e E
Value foon

Footpsint C1608_0603 Change I
Flacement sider

 Top I™ Lock component
 Bottom

sor | [Xoama] 7 e |

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,
ot 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 Copper 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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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 ot pads except for the Assigned net. (See Options/Design
Parameters). The other shape type is the copper fill area which is
solid.

Shape properties I x|
Shape type: EEupper pour -

[¥ Rectangular

Rectangle width: |15 [mm]
Rectangle height 15 [mm)

Copper shape settings
Assigned net 2.5V -

=
3

' OK X Cancel | ? Help I

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.
(Interior plane layers are typically used for power and ground.) The
most convenient way to establish the mapping of planes to netlists
is to assign a label to a wire of the net (as we did) while in the
TINA schematic editor. We have already placed such labels in
FPGA.TSC at the output of the power regulators. (See FPGA
originTSC 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
assigned 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.

T —
¥ ShowlD

I~ Pins Left

™ ‘Wire is faulty 7 Hep

Note, only GND and PWR IDs have special effect on the plane
layer allocation; other net names are just for clarity to help you
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

GND 0.2000 Wia Ground I+ <DEFAULT>

0.2000 ViA, Pawer 5 <DEFAULT>

0.2000 WA I# <DEFAULT:

0.2000 W4 = <DEFAULT>

0.2000 Wid = <DEFAULT> =

Bus /Wire Properties B x|
oK
Cancel

Not Groun (£ Lok | X concel | P Hep |

You can attach any nets to any plane layer in the PCB editor also,
but it is easier to do this in the 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 powet/ground net enabled.
In the Net Editor (F4) press the “Modify All” button to uncheck
“Enable autorouting”.

Enter new properties i x|
Track width: 0.2 [mm) I~ Enable autorouting

Via lype: VA, Group:  [<DEFAULT> -
' OK X Cancel

Select the ground and power nets and create the net group
POWER; simply type P O W E R 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: 04 [mm) [¥ Enable autorouting

Via type: FWRVIA [ Gioup:  [POWER] .
X cous

The Net Editor should look like this.

F=Net Editor
[Fcting vidh Vi pe

0.4000

04000 W
0.4000
0.4000 POW

0.2000 ViA <DEFAULT> =

NOOO03

Modiy Al | 1oty Gy (72 | o 0K Kcewes | 7 nep |

As we have 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 o n t h e Draw tracks tool and
route 2.5V under the Xilinx chip package onto the bottom side.

B
B
Z
=
=
B
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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.

: b
|| ] ] 3| IS o] E—) ) o
]

i

A5 5 ) o

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 | TPUHAE Afeer 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.

E=iNet Editor x|
Name | Routing width (mm]| Yia type Plane layer RE |Group

GND 0.4000 PWRVIA Ground I~ POWER
PR 0.4000 P/RVIA Power I~ POWER
25V 0.4000 PWRVIA " POWER
5 0.4000 PWRVIA I~ POWER
0.2000 [l <DEFALILT>
Vi [F <DEFAULT>
NOOOOS 0.2000 Vi [Z <DEFAULT>

ModipAl | Hodiy G LK | Koeed | Phep |
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5.7

Set the autorouter in the Options/Autorouter settings as follows.

Autorouter settings 8 x|

G

~Rouling options:

[¥ Enable fip-up snd reroute
¥ Force router ko uge short side SMD pad enty
Mirimum pad number for using short sideentiy. |5 3

SO | Xcwcel| 7 ten

Check the settings under Options/Design Parametets.

Design parameters = x|

L e R
Soacing conunsnix
Trock tomack 515
Tiscktovia 7S Valovis o5
Takoped o7 e N
Tk toshpetedge: 15 |- (- E—
Tuckwccpompor [05  Viwcogpepwr [15  Padmcgpepor [05  Shwemcoperpow 05

Kows| 7w

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, back annotate 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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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 & and Add copper pour area @ buttons. The

cursor turns into a cross. You can begin to draw the outline of the
copper pour. 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 screenshot below. (Find this phase of
the project in the file “/Examples/PCB/FPGA placed split.tpc™.)

L e TTTLTTI

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
Shape type: | Copper pour -

™ Rectangular
S| T —

Rectenclehbeight [:28 | (wm)

Copper shape settings

Assignednet  |BEN -

<nones s
Plane layer insulab| GND

FwR
Plane layes prioniyfy oong3

NO0004
NOD00S

NODO0E

x|

[ wox | coce|

2 e |

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.
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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
SCHEMATIC

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 TIN.A.

Making a Macro from a schematic

Using TINA’s macro facility, you can simplify schematics and hide
clutter by turning portions of the schematic into a subcircuit.
TINA automatically represents these subcircuits as a rectangular
block on youtr schematic, but you can create any shape you like
with TINAS Schematic Symbol Editor.
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SCHEMATIC MACROS

Y

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.tsc) from the Examples
folder of TINA and convert it into a macro.

Fie Edl ot Ve foshwn eimaie T4 Tooh el

2T el T T e e, P 10 A | e |

TGRS STE T+ [+=[=F )(IZI-»I@ olFE=E T TTTTT |
B | s | s | vscas | ] S Macn | Gt | Fiptm | Lo J ouasen 0 ) douk Covea] Spocid]
AR Half Adder i

SHT432 SNT408  Sumi3
3 1

v |

Delete the old terminals and replace them with subcircuit
terminals, called Macro Pins in TINA. You can find and select the
Macro Pins under the Special component toolbar.

9|_|;er_|_|_|_|_|_|= plislralrlse] |1 [ @5 &0 iy =)
JalsT=Tel el =l T 1 T 11 [ [T 11 |

N\ Batic [ Swiches fMeters [Souces e Modeln [ otes ] Mip-fops JADDA-TT5 [ IC1 ffnalog Coriol ASpecial/™ |
Half Adder 1

—s

—JC

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 2lal+ puttons.

Next, create and save the new macro. Select the New Macro Wigard
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.

r — T
New Macro Wizard =5

Select the source of the macro.

Macro Mame

[Half Adder

" Empty circuit
& Curent circuit
" Fram file

| i

" From the Weh

~Default HOL

Labek|Ha
[ Generate ¥HOL component
Parameters:

Help < Back | Mext > | Cancel |

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.

£ Save Macro -—— =
Seven: [ Macoit | = @crm-
| . Mame = Dute modifi.  Type Sare -
= -
Harred Inck tem 00S0416. .., TSMFile 10
Rocent Places
JCAPMLTSM HB0908... TSMFile 159 K1 B
- C4093.75M 20090406, ... TSMFle e
| Dedaco * Crystal Microphone. TSM 2000430, . TSMFile Skl
i g DELAY_ANTIM 20020211, .. TSMFile TR
= _ Full adder YHDL.TSM TSM File P
Libraries. __FURLL_ADDTSM TSM File 6K
- it 2w
A (AL D M
il o il E
- HCAME.TSM TSM an
‘k Temal Toansfrmer TS 0061106, . TEM File 10
Hrtwe: 4 = "
s [HALE_ADG xl | gme ]
| o | (o= i
Save b typ | Prm———r——T) -l Carcel
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.

[ Honame - Schesmatic Fditor

e B jroet Vew gnsm JIM Tgok Hep

EI_]_uF‘f‘r*oT%J_LIf__lmjst_llT

[+ FE SR [ [~ [=Belx=]-
\,_u..—_;{-mn-,{n.!-.,_. e ! Mostel [ ins ,ifkuk. LD AR [ 12 = oy Cortecd {5 ;—..a..'

1

HA

Ha

—B

Half-adder [

J »f]

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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©El Honame [MACRO LEVEL 1] - Schematic Editor =1 3
Fie Edt Insel View dnabsic I8M Tools Help

T T | e e o
JT<T-T3El el ] ]=]2] i

Easic S witches heters {5 ouces S emconductors Aanufacturers' Models fGates / Flip flops FAD/DA-555 Logic ICs fdnalog Contiol §Special /|

Half Adder 3

—C

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.

2] two macros - Schematic Editor [_[O[]
Fle Edt lnset View Ansbsis T3M Tooks Help

@El%l_ﬁ gl |T|H nn+JJm_UM -

Basic Switches 4 Meters ASources A Semiconductors AManufacturers' Models 4G ates AFlip-flops AGD/DA-555 4 Logic |Cs Adnalog Control ASpecial

Ha, HA
AT—AA 5 A st—————————s
oy g Half-adder . B Half-adder €
Cics 1
JCo
A AV
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Schematic Macros

O

Now create and save the new macro with the New Macro Wizard
from the Too/s 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 TINA’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).

| Md Fud 2o

Press the Next button. The list of available symbols Wﬂlaear 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”.

[l Noname - § chematic E ditor [_[O]x]
Fie Edt Inset Vew Anabsis IEM Tools Help
el BlE| [ wla o] wlal+|[= aFe =l 8 Sl e |
JATT-Tae[el#]~[#=]B] [ T T T] [
\Basic fSwitches {Meters [Gources {Semiconductors fManuiacturers' Models {Gates {Flpiops FAD/DASES {Logic [Cs AAnalog Contiol j3pecial/
-
Il
A
Sk
—{B
- Co~
— Ci
4 | Ay

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:

New Macro Wizard
Select the source of the macro.

Macro Name

|New Macro

i Empty circuit
¥ Current circuit
" From file

| I

" From the Web

_ Browse |

Defaults WVHDL
Label:|SCK#
™ Generate VHDL component
Parameters:i

Help = Bar | Next = | Cancel

Change the settings from Current Circuit to From file and press the
Lbutton. An Open dialog box will appear.
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% Open File ==
Lock n: [}, SPICELIB =] ¢ £ B~
b= Mame = Date modified Type 1%
el
e ADLIB 4/28/1998 423PM  LIB File
Recent Places —
| addallib 2/16/201012:50 PM  LIB File
7 | apLm 5/4/19986:55PM  LIB File
Deskiop [l apT.LIR 6/10/200512:32PM  LIB File
[lee.LB 4/20/20069:14 AM  LIB File
i | BSIM3.LIB 10/10/2001 240 PM  LIB File
Administrator || BUFFERS,LIB 1/4/200712:34 PM LIB File
[lcLim 4/16/1998 12:20 PM  LIB File
|l corLNp1 LB 10/12/19991:30 PM  LIB File
|l cownp2.Ls 10/12/19991:33PM  LIB File
|| cOILINDS.LIB 10/12/19991:33PM  LIBFile -
F = i | 3
File name: “ j Open v
Files of type |PSpice subcicut fie "CIR™LIB"MOD)  ~| Cancel

Help

using the small arrow next to the Open button.

Now lets navigate to the EXAMPLES\SPICE folder of TINA

% Open File

Lock in: J

i
Recent Places
Desktop

I
Administrator

A
Computer
| W

-
Network

SPICE

Name

[l DIFFAMP.CIR
| diodeslib
lobal_node.cir
IALF_ADD.CIR

|| spicetst.lib

|| transist.Jib
|| TSPICE.LIB
UAT41.CIR

<[ I

~| e EBEcrEr
Date modified Type *
7/13/1996 10:45 AM  RealPCE
4/12/1999 6:40 PM LIB File
6/6/2006 7:31 PM RealPCE—

971271996 12:45 PM
9/24/1996 4:36 PM
5/6,/1996 6:58 PM
9/11/1996 1:50 PM

3/22/20109:24 P LIBFile

4/8/19997:52PM  LIBFile

10/30/2009 232 PM  LIB File |
RealPCE

6,/3/1998 9:47 PM

r

File pame [ua7a1.CR

Files of type:

|PSpice subcircuit file ("CIR" LB MOD) =]

_.Open

Private catalog folder
Shared catalog folder
Main Tina folder

¥ Tina examples

Select the UA741.CIR file and press the Open button. The New
macro Wizard dialog will appear again with the path and name of
the selected file. Now press the Next > button. The following
dialog will appear:
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New Macro Wizard

Select the shape you want to assign:
" Auto generate shape
% Load shape from library

[an |

<Comparator5CO>
V-
In-
Out T
In+
v+
[ Filter

& Show suggested shapes only.

( Notice: If you can't find the shape you are looking for, try o
advanced filter to disable automatic filtering. }

" Advanced filter

Search:

number of pins

[an E
Shape type:

fan =
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:

5 New Macro Wizard [oll[®@ ==
49 V-

’
52 Out]
[1% In+] s

+

3 Ve

Unconnected pins: | |

Netlist:

UR741 operational amplifier "macromodel" subecircuit

connections:  non-inverting input
inverting input
| positive power supply
| | negative power supply
1 | | cutpuc

[l

R

|

|

|

|

RN
.subckt UA741 12348

el 11 12 4_664E-12 -

< . ] s

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 properly
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 area 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
navigale there using the selection list on the lop of the
Opern 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

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 is 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

__Eerowse | hugton.

TINAs 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 TI
web site using TT’s Search option , or just enter following URL
directly (use copy and paste if you like)

http://focus.ti.com/docs/prod/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.

e gt THEAZL - TLeem P
e P P & tom o prod Ak et A g1 2 e =] LU Q Ql A

Simulation Models

Plpice Medel
THS4121 Plpice Model (Z1P, § KB) 571 views

=4 A 2003

Related Products

| x Wb Eralesied T  Prodect Alas Evaluste:
Part il | Name  Product Family Comments
THS4130 33V, 100 MHz, 43 Vim, Fuly OPERATIONAL 1 cxtionens sl evabantrd this prodkact
Daferential CMOS Asplifier AMPLIFIER-FULLY
w/Singdown DIFFERENTIAL
AMPLIFIER.
THSA310 Fual-to- Rl Cutrt Wideband Fuly | OPERATIONAL I customsers also evabted this prodsct
Differential Ampler AMPLIFIER-FULLY

DIFFERENTIAL
AMPLIFIER

g et Bt v

Click on the link. The following message appears in TINA:
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http://www.ti.com/
http://focus.ti.com/docs/prod/folders/print/ths4121.html

Confirm

(@ Do you want to open "thsd4121_pspice_model.zip” T
b i

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.

Files ==
Select files ta open:
Mame | Modified | Size | Path |
THSA127 tut FA5/2003 4377
readme. txt RAFA2003 1413
TH54121 lib 7/15/2003 2521
THS4121.0LE 752003 7680
Cancel
Click to select the THS4121.1ib file
Files
Select files ta open:
Mame | Modified | Size | Path |
THSA127 tut FA5/2003 4377
readme. bxt B/F/2003 1413
THS4121.0LE 752003 7680

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.
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SPICE MACROS

New Macro Wizard
Select the source of the macro.

Macro Name

New Macro

= Empty circuit
" Current circuit
¢~ From file

i+ From the Web

[°] Browse I File downloaded press Next

Defaults HDL

Label:|SCK#
Parameters:

[T Generate WHOL component

= Back I Next =

Help |

Cancel

Press the Next button.

5 New Macro Wizard
More than one subcircuits or models found in the file.
Select the one you need from the list.

[ TH!

1

* PSpice Model Editor - Version 5.2

*§

MODEL pl FMOS
LEVEL=3
L=2.0000E-6
W=.5
R5=10.000E-3
RD=10.000E-3
VTO=-3
RD5=1.0000E6
TCX=2.0000E-6
CG50=40.000E-12
CGDC=10.000E-12
CBL=1.0000E-9
RG=5
RB=1.0000E-3
GAMMA=0

KAPPA=0

Uo=300

+FHFFF A F A F A F A+

' 1 ]

Help |

< Back | Next = I

.SUBCKI THS54121 inpl innl vdd vsSs outp outn vocm

b

Cancel |

If there is more than one macro in the file, TINA presents them in a

list.
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NOTE:

NOTE:

Some manufaciurers 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:

vss

inn1
woutp
voom
= outn
inp1
vdd

~Filter -
@ Show suggested shapes only.

adwvanced filter to disable sutomatic filtering. )

£ Advanced filter
Search:

Mew Macro Wizard
Select the shape you want to assign:
™ Auto generate shape
@ Load shape from library;
[air |
FDA-2

( Notics: If you can't find the shape you are looking for, try to

l

number of pins

Shape type:

=l

I,\n

Help « Back l Next = I

Cancel

You can choose other shapes, if available, by pressing the long

vertical button to the right of the symbol.

You may need fo 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.

% Mew Macro Wizard o= =

‘ wss B vss|

innl = innl

| vocm & vocm

inpl = inpl

| oulp & oulp

| ouln & outn

[ vdd % vdd]
Unconnected pins: |
Netlist:
* pSpice Model Editor - Version 5.2 -

s |
. SUBCET THS541Z21 inpl innl vdd vss outp outn wvocm

-MODEL pl PMOS
+ LEVEL=3

+ L=2 0000E-&
+ W=.5

+ RS=10_000E-3

+ RD=10_000E-2 -

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 www.ti.com which is, at the time of writing this manual.
Scrolling down the page you will find the LM111 model under
LM111.MOD name as shown below.
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http://www.ti.com

Click on the link and the text of the Spice model will appear in TINA.

i
>ole[0] 2]

LMPE27 1 MO0
LMFE2T

LMCAETT28 | L

LMPEZT1
LF442AM00 LMCTH014
LMPE
LuPS:

LF4eaB

LMPAZT2

LF4448

LUPRITE
LUPRTS

LMPB2TS

[TTIEE)

LMPEITE MOD
LUPRZTE M

[ITET) LMT1E MO0 LMPEZTE
Lt LUT24M

L1244 LU1Z4MOD

LMPE2TT

ational.com/r pice/LM/LM111.MOD

=1
Aderess: Rt #Zusoree rational commodels/spice/LMALT 11 MOD! = Eh @ @ @ ’\ ‘
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* (C) National Semiconductor, Inmc.

* Models developed and under copyright by:

* National Semiconductor, Inc.

i

ELLILEELLLELLE AL L LTS L TT AL L LTI L L E T i ddddddddddid sy
Legal Notice: This material is intended for free software Support.
The file may be copied, and distributed; however, reselling the
material is illegal= ///////II00TETTTE0TEETTTETLLEE0 0 i dddddddddddddaddiiiid |
For ordering or technical information on these models, contact:
National Semi. r's Customer Center

7:00 B.M.--7:00 P.M. U.S. Central Time

(800) 2