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Tina Advanced Topics

TINA ADVANCED TOPICS

Introduction

TINA offers many useful and advanced features for designing,
testing, and teaching electronics. These include S-parameter models,
network analysis, Fourier series and Fourier spectrum analysis, noise
analysis, symbolic analysis, post-processing of analysis results, phasor
diagrams, Nyquist diagrams, a built-in interpreter, multi-parameter
optimization, and much more.

Detailed descriptions of all these features can be found in this
electronic manual.

Parameter Stepping

DC Transfer Characteristic and Parameter Sweeping
Phasor Diagram

Nyquist Diagram

Noise Analysis

Network Analysis and S-parameters
Symbolic Analysis

Post-processing Analysis Results
Design Tool

Optimization

Design Tool vs. Optimization
Fourier Series and Fourier Spectrum
Using IBIS models in TINA

We are continuously adding new topics and examples to this chapter,
so please check back regularly to the Documentation section of our
web site www.tina.com for the latest version.
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Parameter Stepping

Parameter Stepping

In parameter stepping mode, TINA steps the associated component
values a given number of times through a given range and runs the
selected analysis for each value. This results in the calculation and
plotting of a set of curves illustrating the sensitivity of the circuit to
changes in the associated parameters.

Parameter Stepping is controlled by four parameters: Start value,
End value, Number of cases, and Sweep type (Linear, Logarithmic or
List).

The stepped component value parameters can be any numerical
parameters of the TINA components—e.g., the resistance of resistors,
the setting of a potentiometer, or parameters on transistor data sheets.

To set up parameter stepping for a component, click on the

Analysis.Control Object menu item, or click on the 0% select Control
Object speed button.

A cursor that looks like a resistor will appear in the schematic editor
window, waiting for you to identify the component for which you
wish to assign a stepped parameter. Point at the desired component,
right click, and all of its associated parameters will be displayed in the
dialog window.

Should the desired parameter belong to a catalog component or be an
excitation attribute, you must first select the semiconductor or
waveform type so that you can access the appropriate data sheet.

In the case of a resistor, for example, the following dialog window
will appear:
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Rl - Resistor @
[ Fresistance [Ohm]

Fower [\

Temperature [C]

Linear temp. coef. [1/C]
Quadratic temp. coef. [1/CF]
Ezponential temp. coef. [%/C]
b aRirurmn woltage []

=

[ e B o e B

Select... x Eanu:e|| ? Help |

Select the line containing the parameter to be stepped and then click
on the Select button. The following dialog will appear:

Control object selection [5]

Parameter ztepping

Start value I'IE-k— Sweep type

* Linear

End value 24k " Logarithmic
Murmber of cazes 3 f List |

Parameter Stepping | Dptimization |

W S| G Remove | X Cancel

? Hep |

Set the appropriate stepping parameters. The number of cases
includes the Start and End values.

By setting the number of steps to 1, you can perform a single
analysis at the value defined by the Start value of the parameter. This
gives you a way of examining the response with only a temporary
change of parameter (without modifying the original value).

If you press the List button and then press the unlabeled button to the
right, the List Editor for parameter stepping will appear:
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Parameter Stepping - List Editor @
| Parameter #1 1.6k Add Mew
Paramneter #2 2k
Parameter #3 2.4k RBemove Last

Clear

? Hep |

o O X Cancel

By default it will show three values calculated between the Start and
End value, but you can enter any values you wish, remove values, or
clear the list entirely.

Press OK to return to the previous dialog window which, in turn can
be closed by its OK button. You can also turn off parameter stepping
for this component using the Remove button.

You can repeat the above procedure for any number of parameters to
be stepped.

Note that you do not have to use the same number of cases for each
value being stepped. TINA will run an analysis for all possible
combinations of values stepped. For example, if you ask to vary part
A in three steps and part B in four steps, you’ll get twelve curves.

The program will go into parameter stepping mode automatically
whenever a component is set as control object according to the
procedure above. The mode status can be checked via the
Analysis Mode Selection dialog window.

Analysis Mode Selection @
Current Mode ;J' ........... i
& Single Coworst Case |
" Temperature stepping " Monte Carlo X Cancel
" Parameter stepping 2 Hep
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You can use this dialog to select single analysis or parameter
stepping analysis, as well as Temperature Stepping, Worst Case and
Monte Carlo analysis.

Analysis Mode Selection (23]
Current Mode J ........... i
 Single O worstCase | o
(" Temperature stepping " Maonte Carlo x Cancel
(* Parameter stepping 2 Help

Farameter stepping

» Combinational stepping | Separate cases in diagram

" Parallel stepping

When stepping two or more parameters, TINA will use one or the
other of two main modes of parameter stepping:

Combinatorial stepping: with combinatorial stepping, the stepped
parameters can have different numbers of steps. TINA will run an
analysis for all possible combinations of values stepped. For example,
if you ask to vary part A in three steps and part B in four steps, the
analysis will present twelve curves.

Parallel stepping: In this mode, the program will change all the
values to be stepped simultaneously, yielding a quantity of analysis
curves equal to the smallest number of values of any of the parameters
being stepped. First TINA will compute the curves for the Start values
for each stepped value. Next, the program will compute the curves
between the Start and End values for each stepped value in isolation
from each other and does not use the values from other cases in
combination. We suggest when running a parallel stepping analysis
that you give each parameter the same number of steps—it will keep
things simpler.

For one stepped parameter the above two modes are equivalent.

An example of the two modes will clarify these modalities. If you
ask to vary values of parts A and B, both in three steps you’ll get only
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3 curves with Parallel stepping and 9 curves with Combinatorial
stepping.

EXAMPLE: Let the stepped values for R be 100, 200 & 300 Ohms,
and for C be 500p, 1000p & 1500p Farads. TINA will run these cases
with the following values:

Combinatorial stepping (9 analyses)  Parallel stepping (3 analyses)

R |C R |C
100 | 500p 100 | 500p

200 | 500p 200 | 1000p

300 | 500p 300 | 1500p

100 | 1000p

200 | 1000p

300 | 1000p

100 | 1500p

200 | 1500p

300 | 1500p

Separate cases in diagrams. By default, all stepped curves are drawn
In the same diagram. However, if the Separate cases in diagrams
checkbox is checked, then each stepped curve is presented in its own
diagram, with its own tab, in the Diagram Window.

Using Separate cases in diagrams and Parallel stepping makes it
easy to create, run and document test benches (a suite of test circuits,
each with a particular set of values that simulate devices under test).

The following examples will make Parameter Stepping clearer. Load
the file RLC_1.TSC from TINA’s EXAMPLES folder. Note that this
circuit is already in combinational parameter stepping mode for the
resistor R, which is changed between 100 Q and 1.1kQ in 3 steps.

Click the Lﬂﬂ button, select the R resistor with the new cursor, and
press Select. You should see the following dialog window:




Parameter Stepping

Control object selection @
Parameter stepping
5 K
Start value 100 BB
{* |inear
End value 11k " Logarithmic
" List |
Murnber of cases 3
Parameter Stepping | Jptimization |
W Ok Remove | X Cancel | 9 Help |

After closing this dialog and running Analysis/AC Analysis/AC
Transfer Characteristic, the following dlagram will appear:
ﬂNuname AC Amplil =10l x|

File Edt “iew FProcess Help

= 8] BEx el [Tl e~ 24 2 |

30,00

20.00

TG.GD—:

a.o0

-10.00-

Gain (B

-20.00

-30.00

_4000 i T T T T T T T T | T T T T T T T
7O TO0k i
Frequency (Hz)

YAC &mplil f

To determine which value of the stepped parameter is associated
with a curve, move the cursor over the curve and read the
corresponding value in the line at the bottom of the screen. You can
also use the Legend and Auto label buttons in the diagram window to
show the corresponding stepped values. Refer to the diagram below.
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ﬂ Honame - AC Amplil - 0| x|
Fil=  Edit “iew Frocezz Help
= BEl sl | 7Afa O] H 2 5 |
30,00
N [OutT] T00[0hm]|
20.00 %
i [ Out[Z]: BOO[Ohm] |
1000+
— . [OUaf T TKChm]|
2 000
b= 7
& -10.00-
2000 Out[1] 100[Ohm]
5 Out[2] BO0[Ohm]
-30.00] Out[3] 1.1K[Ohrm]
_4I5II5II5I | T T T T T T T | T T T T T T T |
70k 100k Thd
Frequency (Hz)
WAL Amplil

Now let’s step the value of the capacitor using the List option. Let
the values be 100pF and 1nF.

Click the (% button, select the capacitor C, and press Select. You
should see the following window:

Control object selection (3w

Parameter ztepping

Start value IEUUD— Sweep bipe

(* |inear

End value 1.2n " Logarithmic
Mumber of cazes 3 £ List |

Parameter Stepping | Dptimization |

..................................

I S| G Remaove | X Cancel

?  Help |

Select the List option and press the button to its right. The following
dialog will appear:
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Parameter Stepping - List Editor @
| Parameter #1 800p Add Mew
Pararneter #2 1n —
Parameter #3 1.2n RBemove Last
Clear
.,/ )4 x Cancel ? Help |

Press the Remove Last button and set the first parameter to 100p.

Now close all the dialog windows by pressing their OK buttons and
run Analysis/AC Analysis/AC Transfer Characteristic.

ﬂ Moname - AC Ampli3 ;IEIEI

| Tl -d~ O 511]314 flﬂzﬂ

File Edit “iew Frocesz Help

B (5

30.00—
] [OUtTT. T00[Chm] T00R(F] |
20.00

10002 [OutA] TO0[ORm] Tr(F] |

0.00

10004

Gain (dB)

-20.00

-30.00

_45":":' | T T T T T T T T | T T T T T T T T |
10k 00k M
Frequency (Hz)

AL Ampli AL Al hAC Arnplia f

The new set of curves belonging to the cases where C=100pF can be
clearly recognized on the right side of the diagram. We have also
added two auto labels showing the typical values of the parameters.
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If you have multiple curves in the diagram window you can also
separate them to independent vertical axes for clearer view. Just select
the "Separate curves" in the View menu and you will get the following
diagram:

i =

File Edit View Process Help

= =R RSN YR A A dh e B R A A R

Out (dB) 30-9073 N
-10.003

out2] 20-007 —
-10.00
-10.00

Outj4]  30.007 —— ]
-40.00-1

Out[5] 10-003 —
-40.00

outie]  10-00 —
-40.00 . N L T T

10.00k 100.00k 1.00M
Frequency (Hz)
TR resultl | AC Amplit  AC Ampl2
(5.18k,60.97) K78 Y48 i

Now let's add another output -- a voltage pin -- to the circuit between
the resistor and the inductor. We will call it Vrl.

- R 1000hm * LimH-

Source 0
i ol '
S

With this change AC transfer calculation will already generate 12
curves.
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File Edit View Process Help

2H| B[] =TT GO Kk Y~ (O

30.00-
20.00
10.00-

0.00 —

-10.00]

-20.00]

-30.00 ]

-40.00]

-50.00- A S N I
10.00k 100.00k 1.00M
Frequency (Hz)

Gain (dB)

AC Ampli7 I

(8.14k,-70.20) | X:76 Y:454 A

If you want to analyze the curves independently you can again use the
"Separate curves" menu. However, in this case it would be much better
to keep the curves belonging to the same output together. To
reorganize the curves based on their output, first select "Collect
curves" (if the curves are already separated) then click on "Separate
Outputs" in the View menu.

File Edit View Process Help
2H| RGYQAG I THLLE~0 kK Ry~
30.00
Qut (dB)
-10.00-
10.00
Vrl (dB) ] Y\/ E?
-50.00 T T T T T T T T | T T T T T T T T |
10.00k 100.00k 1.00M
Frequency (Hz)
AC Ampi7 |
(25.71k-78.86) | X:254 YATT 4
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Curve separation can be also done automatically using the
appropriate output labels. To automatically separate all the curves
please add a colon (;) and an integer index to the output label names.
E.g. renaming "Out" to "Out:1" will force the analysis to automatically
separate the curves after calculation, and the index at the end of the
label will be used to set the order of the curves from the top to the
bottom of the diagram. If you want to separate only the outputs please
use double colon (::) and an index number. E.g. "Out::1" Please also
note, that you do not need to specify all the curve indexes, the curves
will be separated already if one is specified. Unspecified curves will be
put at the end of the curve's list on the bottom of the diagram.
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To demonstrate Parallel Stepping open the RLC 1 Parallel
Parameter Stepping. TSC circuit from the EXAMPLES\Parameter

Stepping folder of TINA.

For this circuit the Analysis Mode

Selection settings:

Analysis Mode Selection

Parameter stepping

{~ Combinational stepping

* Parallel stepping

s

Current Mode
" Single " Wiorst Case
" Temperature stepping " Monte Carlo X Cancel
{* Parameter stepping 2 Hel

[~ Separate cases in diagram

The parameter settings for R

Control object selection

Parameter stepping

Start value 100 Stz e
¥ Linear
End value 300 ™ Logarithmic
N " List
Number of cazes 3
Parameter Stepping wl
V0| Remoe | X cancel | 2 e |
The stepped values will be: 100, 200 and 300 Ohms
The parameters setting for C:
Control object selection (=3
Parameter stepping
Start value B00p == W
* Linear
End value an " Logarithmic
Humber of cases 3 £ List
Parameter Stepping \M|
Remaove x Cancel ? Help |
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The stepped values will be: 500pF, 1.25nF, 2nF.
The AC Transfer Characteristics:

30.00

] | Out[1]: 500p[F] 100[Ohm] |
20.00

g

| Out[2]: 1.25n[F] 200[Ohm] |

10.00— [Out[3]: 2n[F] 300[Ohm] |

0.00

Gain (dB)

-10.00—

-20.00—

-30.00

-40.00 ] ] —
10.00k 100.00k 1.00M
Frequency (Hz)

Note that the labels on the curves were generated by using the 4
Auto Label button of the Diagram Window.

Finally to learn about the effect of the Separate cases in diagram
checkbox, enable this option in the Analysis Mode Selection dialog as
shown below:

Analysis Mode Selection =

Curmrent Mode V"'EIK
- ﬁlngha i wﬂ[&t I:ESE E—
(" Temperature stepping " Monte Carlo X Cancel
{ Parameter stepping 2 Hel

£ o
Parameter stepping

" Combinational stepping Iv Separate cazes in diagram

¢ Parallel stepping
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Now calculate AC Transfer Characteristics again. After adding the
labels you will have 3 separate diagrams under 3 different Tabs of the
diagram window.

For the first step under the tab AC Amplil:

<7 Noname - AC Ampld
Eile Edit View Process

=)
Help
= H BGr alg

T | PP~ Of s 2Al A | 2
30.00—

[Out[1]- 500p[F] 100[Ohm] |

15,00

0.00-]

Gain (dB)

1500

-30.00

T T T T T T T T | T T T T T T T T |
1000k 100 00k

1.00M
Frequency (Hz)

AC Amplil | AC Amphi2 | AC Ampli3 |

For the second step under tab AC AmpliZ2:
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=7 Noname - AC Ampli2 [ = |[ 5[]
File Edit View Process Help
al.b | +o|+ -
e | BE[r alg | Tl E~ O S Al | 4 2]
20 00—
] | Out[2]: 1.25n[F] 200[Chm] |
0.00
o
=
= T
m
(D <4
-20.00
"4&9& ] T T T T T T T T | T T T T T T T T |
10 00k 100 00% 1000
Frequency (Hz)
AC Amplil - AC Ampli2 | AC Ampli3 |

and finally for the third step:
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P

=7 Noname - AC Ampli3 [ = |[ 5[]
File Edit View Process Help
alob | +ol|+ -
= e BEy g | T a0 S Al | 2
8. 00—
1 [ Out[3]: 2n[F] 300[0hm] |
a2.00
o - 1000
E -
= 7
m -
© 2000~
-30. 00—
“‘;’ggﬂr T T T T T T T T | T T T T T T T T |
1000k 10000k 1000
Frequency (Hz)
AC Amplil | AC Ampliz - AC Ampli3 |

The curves are the same but shown in separately in different
diagrams as the curves for the Parallel stepping without the Separate
cases in diagram option. You can use these separate diagrams to
document test benches, a suite of test circuits, each with a particular
set of values that simulate devices under test.
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DC Transfer Characteristic and
parameter sweeping

To calculate a DC transfer characteristic, you should assign
exactly one input (normally a voltage or current source or
generator, or a resistor) and at least one output. Later, you can
change the assigned input in the DC Transfer Characteristic
dialog window. You can also add more outputs using the post-
processor. Plotting a result as a function of a range of resistor
values is called DC parameter sweeping.

There are several ways to assign a component to serve as the
input.

1. In TINA Version 6, the simplest way is to select the part
from the Input list box of the DC Transfer Characteristic
dialog window. Once selected, TINA will remember it and
it will be saved as the selected input in your circuit file.

2. Use the 1/O state field of generators and sources to assign
them as input.

3. You can also use the Insert/Input command to assign an
input to a source/generator or to a resistor. First select the
Insert/Input command and see a special 1™ shaped cursor
appear. Click the first node of the component to be selected
and hold down the mouse button while you drag the input to
the other node. The Insert/Input command is not the easiest
way to select a DC Transfer input: method one or two is
preferred.

To assign an output, use any appropriate meter from the Meters
Toolbar (Voltage Pin, Voltage Meter, Ampere Meter, Power
Meter, etc.) or use the Insert/Output command. In most cases, a
meter is the best choice; however, if your output is on nodes far
from each other, the Output command might be useful.
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DC Transfer Characteristic

After you have assigned at least one output, you can invoke the
Analyis/DC Analysis/DC Transfer Characteristic command.

DC Transfer Characterniztic x|
sovie [ | [ 6]
End walue 300m [+] X Cancel
MHumber of points |2U— ? Help
Input Yin b
[~ Enable hysteresis min

Explanation of the parameters:

Number of points: The program calculates the transfer
characteristic at the number of points defined. The default
value is 20.

Start Value and End Value: The program evenly divides
the specified input range so that the number of points
includes the start value and the end value. For each input
point, the program calculates the output value and uses it to
build the transfer characteristic. The units indicated in the
square bracket correspond to that of the input (e.g., V for a
voltage generator). Normally, the input values are generated
in increasing order. However, if you prefer calculation in a
decreasing order, assign the greater limit of the input range
to the Start value and the smaller limit to the End value. The
order of calculation only matters with the DC characteristics
of circuits with hysteresis (e.g., Schmitt trigger).

Input: Here you can check and change, if desired, the input.
To change the input, click the arrow in this field and the
available input quantities (label names of sources and
resistors in the circuit) will appear. If a component has no
label, TINA will automatically label it in the form
V_no_label 1. Click on the name to select it as the input.

Enable hysteresis run: If this checkbox is checked, TINA
will first run an analysis varying the Input quantity from the
Start value to the End value, and then run an analysis from
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the End value to the Start value. You should use this
option for components with hysteresis (where the
characteristic depends on the direction of change).

Note that if you use a resistor as an input, TINA calculates the
transfer characteristic multiple times, once for each step of the
resistance (parameter sweeping).

When running an analysis on a nonlinear network, the DC
analysis might not converge at certain points. These points will
be skipped when plotting the response. If they are at the start
and/or end values, the displayed (input) range will be truncated
accordingly.

Let’s look at two examples.

First, let’s draw the characteristics of a bipolar transistor
(CHARBIPO.TSC)

BCIO7A

IBT

Select the current source and Analysis/Mode to see how the base
current, IB, is stepped.

Analysiz Mode Selection |
Current Mode J ok
" Single ™ ‘worst Caze
" Temperature stepping ¢ Monte Carlo x Cancel
- :
Parameter stepping ? [0

Farameter stepping
Start value End walue I'IEDu

Sweep tvpe

% Linear " List _|
Humber of cases |'|2 ’7(‘ Logarithric
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Then invoke the AnalysissDC Analysis/DC  Transfer
Characteristics command. See the following dialog:

DC Transfer Charactenstic

Start walue IEI []
End walue |2EI [+]

Murnber af paintz 200

|t W -

[T Enable hysteresis min

According to the dialog window, the input, VC, will be varied
form the Start value (OV) to the End value (20)

The result is familiar family of curves that constitute the
common emitter characteristic of a transistor.

Noname - DC result8

] 3|
File Edit “iew Frocess Help
& FEeS b |+ -
ela| BRI 2la] | Tllia~ Ol sk 2 2 |
30 00m—
22.50m—]
T 1
G 1500m
=
]
7. 50m—
—
0.00 i T i r | T |
.00 500 10.00 1500 20.00
Input valtage (V)
AOC resuld] ADC result2 4D C result3 ADC resultd DT resultS ADC resultf ADC result? ADC resultd f

Now let’s see an example of parameter sweeping (sweep.tsc)

The circuit:
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*Pload

' R10 +/W<
JUR Sva IO

The output is the power meter, showing the dissipation on Rload.

If you invoke the AnalysissDC Analysis/DC Transfer
Characteristics command, you’ll be greeted by this dialog box:

x| | Field Code Changed
Statvae [0 [ohm] |: : "
Endvake [0 [obm]
Numberof paints ~ [100 2 Heb
Input [Rlosd | -

[~ Enable hysteresis run

n

Note that the resistor Rload is swept from 0 to 100 ohms.

Press OK to obtain the following diagram:
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Bl Noname - DC result9 1Ol x|
File Edit “iew Frocesz Help
F EEEE b+ -
e Bl 2lgl [P a~ol A
3.00—
2004
z
i
=
[=]
o
7004
0.00 ' | ' | ' | ' |
0.00 2500 50.00 7500 100,00
Input resistance (ohms)
40C result] ADC result2 DC result3 ADC resuld 4D C result ADC results ADC result? 40C resultd 4DC resuItS,{_

This is the well known curve of power dissipated on a load
resistor as the load resistance is varied. Maximum power is

transferred when the source resistance and load resistance are
equal.
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Phasor diagram

The phasor diagram is a great tool for demonstrating and studying
circuit operation via complex phasors (vectors). Phasor diagrams can

be used only with AC analysis with linear circuits, or with nonlinear
circuits in working point linearization,

Let’s use TINA to draw the phasor diagram of an RC circuit.

First open the circuit RC.tsc in the examples\phasor directory.

E“!RE - Schematic Editor

File Edit Insert Yiew Analysis T&M Tools Help

==
cla] Blsl s lolrls o[ o= &l glo 2] | il =
U=1®15 1 [B]--l#| 5o t mEBw | | [ | [ | |
B asic i Switches j\Meters ASources £ Semiconductors | S pice Macia Models {Gates 4 Flip-flops {AD/DA-555 / Logic |Cs ARF fiAnalog Contral {Special /
Rt o
]
-GG E
=
ol | r»lj
[ el

Run the AC Analysis.Phasor diagram command. TINA generates a
new diagram containing three vectors in the diagram window . As you

can see, Vgen is the vector sum of Rout and Cout, but to make this
clearer you can change the position of the vectors.

By default all the vectors originate from the origin of the coordinate
system; however, you can translate them by simply clicking and
dragging them into another place. When you drag a vector close to
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Phasor Diagram

another vector’s starting or ending point, it will be automatically
snapped to it. Try dragging the vector Rout to the end of Cout to form
a triangle with VVgen. Notice that when you move the cursor above a
vector, TINA presents its name, amplitude, and phase in the status-

line.

Huname - Phasorl

File Edit Wiew Erocess Help

= e N I e e e 2

1.00—

Imaginary part

-2.00

" Phazorl I|I'

=
[
T

-1.004

=10l x|

‘w

-1.00

I
.00

1.00
Feal part

2.00

If you prefer a display without axes, turn the axes off using the

View.Display axes menu.

If you double click on a vector (or right-click it and select
Properties), the vector’s configuration dialog box appears. In addition
to the usual settings for the vector’s color, width, and style, you can

also set the vector head style.

vector E
Name:  |COut « OK
—FPen —Stule A

Color: & Vol Diraw to X Cancel
M aroon =

I J  Amper _ 9  Help
Style: Wehich: =

| 50iid B[] - == | maler |

idth:  Power R adius:

|2 vl = Mone a0 -
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Phasor Diagram

Using the Arc settings, you can draw an arc between Cout and Vgen
by setting Vgen in the Arc.Draw to listbox of the Cout vector’s
configuration dialog box. You can also set the radius of the arc in
pixels and choose whether the smaller (<=180°) or the bigger arc
(>180°) should be displayed.

Next, you can add labels to all the vectors at once by pressing the
legend button on the toolbar. You can also add legends individually:
press the Auto label button, then select the vectors one-by-one. The
actual label format depends on the selected Vector label style under
the View menu. Finally, you can add lines, circles, or texts to finish
your diagram.

ol

Eile Edit Wiew Process Help

e mE agl |ziglria=lol: | | e

| Phasor diagram of an RC circuit |

VGen = 1.00V

72,5867

ROuf = 286.72mVY

COut =554 03mV

4 Phasor

This diagram can then be copied to the clipboard and pasted into the
schematic editor or any word processing program.
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Nyquist Diagram

Nyquist Diagram

TINA’s AC transfer analysis can plot not only the Amplitude, Phase
and Group delay of the transfer function of analog circuits, but the
Nyquist diagram as well. To see how this works, first load the
examples\rlc_1.sch circuit. Next, select the Analysis.AC Analysis.AC
Transfer Characteristic menu item. Now the AC Transfer
Characteristic dialog box appears on screen, where you can select the
Frequency ranges of the analysis, the sweep type, and the diagram
you want to plot (Amplitude, Phase, Nyquist, Group Delay).

AC Transzfer Characteniztic

Start frequency |1 0k, [Hz]
End frequency |'| I [Hz]
Mumber of paints 1000
= F I P  Help
— Sweep lype
" Linear i+ Logarithmic
—Diagran
[~ Amplitude v Myquist
[~ Phaze [T Group Delay
[~ Amplitude & Phase

Set the frequency from 10k to 1M and set the diagram type to
Nyquist. In order to get a smooth curve, increase the Number of point
to 1000. Press the OK button and see the Nyquist diagram of the
circuit calculated and plotted, as shown in the diagram window.
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Nyquist Diagram
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This diagram is different from a normal Transient or AC analysis
diagram. A Nyquist diagram requires that horizontal and vertical
scales always be proportional to each other. This keeps circular curves
circular, even if you resize the window. Furthermore, a Nyquist curve
presents the trace of a vector quantity as frequency is varied. When
you activate a cursor and explore the trace, the cursor dialog shows
the numerical values of the curves at a given frequency, in either real-
imaginary or amplitude-phase format.
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Noise Analysis

Noise Analysis

In TINA there are two models of noise analysis available:
. Small signal AC Noise Analysis
. Transient Noise Analysis

Small signal AC Noise Analysis

In this Analysis mode TINA calculates the noise contributions of
circuit components and then presents them referred to the output in
frequency domain. The random noise fluctuations are analyzed
statistically, considering the time domain average to be zero, while the
variance and sum of the squares are not zero. Noise analysis results
can be displayed and printed over a frequency range similar to the
Bode diagram of AC analysis.

TINA takes into account the noise sources inherent in resistors and
semiconductors (transistors, diodes). Resistors are modeled as an ideal
noiseless resistor in parallel with an equivalent thermal noise current.
This equivalent noise is modelled by white noise, i.e., noise
containing all frequency components with the same amplitude density.
The contributions of all the noise generators in the circuit are
calculated to determine each one’s magnitude at the output. The
‘output noise' is formed from the square root of the sum of the squares
(rms value) of these individual contributions.

To correctly account for the noise contribution of operational
amplifiers, you should use models made by manufacturers by
choosing devices from the Spice Macro Models toolbar. Open the
macro and check the noise model. Some manufacturer models have
special purpose noise models, or no noise modelling whatsoever.
TINA’s ideal, standard and linear opamp models (on the
Semiconductor toolbar) do not include a noise model.

Since the transfer functions of the circuit are known, the equivalent
input noise can be calculated from the output noise. Expressing all the
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Noise Analysis

circuit noise in terms of an equivalent input noise makes it possible to
compare the levels of real signals presented to the input to the circuit
noise referred to the input. A circuit expected to amplify small input
signals, signals approaching the magnitude of the equivalent input
noise, will not be very useful.

Resistors generate resistive (thermal) noise which is computed as the
following source current:

2 _ 4.-k-T
R
where
k = 1.38e-23 (Wsec/K) Boltzmann constant
T = temperature in K R = resistance in ohms

Semiconductors generate not only thermal noise (similar to resistors),
but flicker noise (1/f noise) as well. The spectral density of flicker
noise decreases in inverse proportion to the frequency, hence the
name 1/f noise.

TINA calculates the Input and Output noise and expresses the noise
as the noise voltage per +Hz of bandwidth.

TINA can also present noise as a curve of Total noise, at the output,
as a function of frequency. In computing this curve, TINA sums all
the noise from the start frequency up to the specified maximum
frequency value and presents it as total noise. Naturally, the curve
rises monotonically. For example, if you set the start frequency to
20Hz and the end frequency to 20kHz, you will learn the total output
noise over the typical audio bandwidth.

Another measure of noise, the “signal to noise ratio,” takes the signal
magnitude into account. This is the ratio of signal power to noise
power, according to the following formula:

— * VSig
S/N =20*log—

Tot
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Noise Analysis

where Vqq is the total input-referred noise voltage and Vs, represents
the expected signal amplitude. Vs;q is a user-defined value that you
enter in the Noise Analysis dialog. The default value is 1mV.

To get a better feeling for these noise concepts, let's study the
following circuit, an equivalent circuit of a basic amplifier (noise.tsc).

Rgen 135K Lgen500m

NN P

W\
@
él A

Select Analysis.Noise Analysis. The following dialog appears:

C1353m

'_><+_|ﬂ
|

Moize Analyzis

Start frequency IED [Hz]

End frequency |2Elk [Hz]
Mumber of pointz 100 2 Help

Diagrams
[+ Dutput Moize [~ Total Moize
[T Input Hoize [~ Signal o Hoise

The dialog allows you to set the Start frequency, End frequency,
the Number of points for which the noise is to be computed, and the
Signal amplitude. You may also select the required analysis results—
Output Noise, Total Noise, Input Noise, and Signal to Noise.
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Noise Analysis

Transient Noise Analysis

Noise effects are usually simulated with linear AC noise analysis

which is also available in TINA. However when the noise
influences the system behavior in a nonlinear way, linear noise
analysis is no more satisfactory and transient noise analysis, that is
simulation in the time domain, is necessary. Here are a few
examples:

 Noise analysis of oscillator circuits

 Analysis of noise effects in digital circuits
 Analysis of circuits with noisy input signals

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

The voltage and current generators of TINA now include a
parameterizable white noise signal, and in the Noise Analysis folder
of TINA application circuits are available to generate other typical
noise signals, which make transient noise analysis possible

Let us demonstrate transient noise analysis with an oscillator
circuit where the linear AC noise analysis is not possible since
oscillator circuits are strongly nonlinear systems. Our example is
based on the following publication: A Study of Phase Noise in
CMOS Oscillators by BehzadRazavi, IEEE JOURNAL OF SOLID-
STATE CIRCUITS, VOL. 31, NO. 3, MARCH 1996

We refer to the above paper for the theoretical details, here we
just describe the main simulation settings.

Open the Relaxation Oscillator Noise. TSC circuit from the Noise
Analysis folder of TINA.
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Noise Analysis

{#l| Relaxation Oscillator Noise - Schematic Editor

File Edit Insett View Analysis Interactive T&M Tools Help
QRS @y s TE oo (5] 0w ] 8- s &K s e

(| ] #[ S| B Flw] & |+ || =t stla|~[Slofsgl=ie] | | | | | [ [ L] [T LT[ 1] ][]
Basic | Switches | Meters | Sources | Semiconductors | Optoelectronic | Spice Macros | Gates | Flip-flops | Logic ICs-MCUs | AD/DA-555 | RF Analog Control | Special

RELAXATION OSCILLATOR NOISE

£ n
<} Noise Sources 743
vet LF ) £
b ] In1 = 862.8nA RMS
E 5 In2 = 862.8nA RMS
= [
= 5 o
VD2
C21pF )
VD1 I—< y Vout [
Ly .
'”W, o == .L In2 DC Offset Removal .
M2 @_NMOg £
M1 Q_NMOS =
Vs L vevst &
||
11 JX %
1600 14603 | | |

T
J, 152 3mA L 0 16 26 3G
1S1 3mA Frequency (Hz)

= Fourier Amplitude Spectrum in dB

<
Relaxation Oscillator Noise | 555_AST

@ Exit || X: 474 Y: 107

The noise is injected into the circuitthrough the Inl and In2
white noise generators with 862.8nA RMS both. Doubleclick on
Inl and observe that the Signal type is set to Noise.

Inl

Footprint Mame
Parameters (Parameters)
DC Level [A] 0
Signal .
Internal resistance [Ohm] Infinite
IO state Input
Display signal Yes
Fault Mone

W ok | | X Cancel || P tep |

If you click the ... button in the Signal line the settings of the white
noise generator appears.
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Mode |White noise vl

Smoothing filter L

RMS 862,8n

BandWidth 16

v ook [ X el [[2 b |

The result was obtained by Fourier Spectrum analysis. You can either
run a Transient Analysis then click the waveform and from the
Process menu select Fourier Spectrum or select Fourier Spectrum
directly from the Analysis menu. In both cases the suggested Fourier
Spectrum dialog setting are as shown below.

Sampling start time Cl Sampling end time
Minimum freguency D Maximum frequency
Mumber of samples Window function
Output | vout: v Scale

+ Phase correction Reference voltage

— Mode
Spectral density # Spectrum

— Diagrams
Complex Amplitude Real part Energy spectrum
Phase Imaginary part + | Amplitude

— Transient inital condition
Calculate operating point Zero initial values

Use initial conditions

|¢ OK | |x Cancel | |? Help

As usual you can place the diagram on the schematic editor using
copy in the diagram then Paste in the main schematic window of
TINA.
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Network Analysis and S-parameters

Network Analysis and S-parameters
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.

The network analysis is carried out with the help of TINA’s network
analyzer. The RF models of the circuit elements can be defined as
SPICE sub-circuits (SPICE macros) which contain parasitic
components (inductors, capacitors) or as an S-parameter model
defined by its S (frequency) function. S functions are normally
provided by the component manufacturers (based on their
measurements) and can be downloaded from the Internet and inserted
into TINA either manually or by using TINA's library manager.

Let’s get started with an example. Open the circuit
examples\rf\spar_tr.sch.

E‘!Spal_ll - S5chematic Editor

File Edit [nset “iew pAnalysiz TiM Tool: Help

e = | e I Y | e e O AR WA e =]
JL181F] 6| @] @] &[4[ =56 3t =]~ | @[ @]z =|&] ||

YBasic /S witches fMeters { Sources 5 emiconductars 45 pice Macro Models i Gates 4Flip-flops 4A0/D4-555 4 Logic ICs ARF fAnaleg Control 4 5pecial

A

hlaA
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Network Analysis and S-parameters

This circuit consists of a network analyzer connected to an RF
transistor. The first port of the network analyzer measures the base-
emitter characteristic while the second port measures the collector-
emitter characteristic of the transistor. If you double-click on the
transistor, you will see that the actual characteristics of this transistor
are defined by its S11, S12, S21, S22 parameters, and R1 and R2
input/output impedances.

x
Label T1
todule M ame
Parameters Farameters]
[511 -]
512 Complex
521 Complex
S22 Complex
R1 [Okm] Complex
A2 [Ohm] Comples
o OK X Cancel | ? Help |

Each function is defined as a table of the S parameter and frequency.
If you click on the ... button beside the Complex label, you can see
this table.

x
* Real and imaginary part Add pew
= Magnitude and phase Fiemove last

Hame Yalue A| Clear all

| Real part: 1 |
Irmaginary part; ]

1. Freguency: 40 Laad
Real part: B35, 67347 m —
Irmaginary part; 348 823244 m g

2. Frequency: 100k S
Real part: 337 51E754m
Imaginary part: -B06,397923m

3. Frequency: 200k
Real part; -120 58873 T m
Imaginary part: -BE T, 325605m Ad|

x Cancel | ? Help | Arrange points

40




Network Analysis and S-parameters

You can easily add more points to the function with the Add new
button or load an entirely new function with the Load button.
Similarly, the Remove last button removes the last point, and the
Clear all removes all the points from the list. The Arrange points
button sorts all the points in ascending order of frequency.

Note that TINA comes with many other models defined by S-
parameters (under the RF toolbar).

Close all the dialog boxes and run Analysis.AC analysis.Network
analysis. Among many other parameters in the dialog, you can specify
the frequency range and the mode (i.e., what to draw) of the analysis.

Start frequency |4Dh-1 [Hz]
End frequency |3|3 [Hz]
Hurnber of points |'| oo
— Mode

o5 © Transmission

oz = Reflection

ooy ' Impedance

" H
— Sweep tupe

= Linear % |Lonarithric
—Diagramy

v Amplitude I Folar

¥ Phaze ¥ Srith

[ Amplitude & Phaze

The diagrams available depend on the selected analysis mode. In S
Analysis, the Amplitude, Phase, Polar, or Smith diagram cans be
drawn. Let’s select Analysis mode S, the Amplitude, Phase, Polar
and Smith diagram types, and press OK. Four new pages are inserted
into the diagram window. Each new page contains four curves, the
S11, S12, S21, and S22 curves, displayed in the appropriate diagram
style. You can obtain specific data values by placing a cursor on the
desired points. When you place the cursor on a Smith curve, a special
cursor diagram comes up, which can display the curve’s values in the
format set with the Format and params (S-params, Z-params, etc.)
fields.
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You can annotate these diagrams, as you can any other diagram
types, by adding texts, circles, and lines. You can explore data values
of particular points on the curves using the cursors, and zoom in and
out. But for Smith and Polar diagrams, axis settings are handled
differently. Even though these diagrams look like polar diagrams, the
coordinate ranges are defined in the real-imaginary domain. The real
part (i.e. real axis) can be set by double clicking on the horizontally
aligned numbers (on the Polar diagram the amplitude values), and the
imaginary part by double clicking on the circularly aligned numbers
(on the Polar diagram the Phase values). You can set the format of the
numbers and the horizontal or vertical range of the diagram using the

dialog that appears.
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Set Axis
—MHurmber
Farmat: IDecimaI: 1000 j

Diivide by factor: |'| Frecizsion: I'I vl x Cancel
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—Scale
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Ticks: |5 37 Feal
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[T Farce size setting: when resize window

Models for Network analysis can also be defined using SPICE
subcircuits.  To  demonstrate  this, open the  circuit
examples\rf\spice tr.sch in the schematic editor. This example
contains a circuit similar to the one we’ve just looked at: a network

analyzer connected to a transistor, and a current source and a
capacitor.

E‘!Spice_ll - S5chematic Editor

File Edit Insert “iew Analysiz Tik  Tools Help
Blﬂl %l@lﬁ-ﬂlﬁl'f‘l%l ﬂl(‘\l—*—”—mium ﬁﬂlﬁmund j
[+ [ZS[@]F ] &[4[~ mlelsc =]~ Sl @] =]&] |

'\BasicﬂSwitches;{Metels ASources 45 emiconductors ASpice Macro Models 4G ates AFlip-flops 440 /DA-555 4Logic ICs ARF AAnalog Control ASpecial /

iyl

+;0rt1_ LFortz

MRFST11

4| | 3
\Spar_tr;{Noname}-,Spice b f

In this circuit, however, the transistor contains a SPICE subcircuit.

Its netlist can be viewed by clicking Enter macro in its property
dialog.
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MRF5711 - MRF5711 |
Label MARF5711
Module Mame
Parameters [Farameterz]
[ SubCkE[Shape] <MPN=
SubCkt-[Content]
SubClt-Parameters
o 0K x Cancel | ‘? Help | Enter Macra |

TINA contains many other RF models that can be found under the

Spice Macro Models toolbar.

Now run Analysis.AC Analysis.Network Analysis again and note
that the results are similar to those obtained with the S-parameter

models.

Network analysis curves can also be generated using TINA's
Network Analyzer under the T&M menu. To select the diagram you
need, first set the Network Analyzer Mode, then the display type.
After you press Start, the selected curves will be displayed on the

Instrument.
Metwork Analyzer - Yirtual : x|
—Digplay —Control
= B - I Smith - I Source...
® Yoo : - Dizplay...
5, " H|gh|-| ﬂv —
HEI figger. ..
et L |_1 3
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e Start  [Hz]
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Symbolic Analysis

Symbolic Analysis

TINA’s symbolic analysis produces closed form expressions of the
transfer function, equivalent resistance or impedance, as well as the
DC, AC, and transient response of linear circuits. These equations can
then be inserted into the schematic editor or the diagram window.
With the help of the built-in interpreter, they can be even further
manipulated and displayed as a diagram in the diagram window. The
formulas provided by symbolic analysis allow a unique in-depth
understanding of circuit operation, invaluable both for design and
education.

Let’s see a few examples. First load the circuit
examples\symbolic\actfilt.sch. It is an active filter with an ideal
operational amplifier.

EJACTFILT - schematic Editor =10l x|
File Edit Imsert Wiew Analysis T&M  Tools Help

ela] Bl = e lls] ol [ el o] gl # o =
J=Tals B2 g o) + meElwmE | | | | |

\Basic ASwitches i Meters A Sources A5 emiconductars {5 pice Macro Models 4 Gates fFlip-flops £AD /0556 fLogic |Cs {RF fAnalog Control {Special

2l
i

-

ciaon [
—cion %Ra,sak

R1,22k |

1T +
%j (Vo
W1 R2 1k

=
4| | »

YACTFILT f

Now run Analysis.Symbolic Analysis.AC Transfer. The transfer
function is generated and displayed in the Equation Editor.
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Symbolic Analysis

=k

File Edit Settings Help

Transfer function:
R, CRys

Wis)=

R-R,2R,R, C5R, R, C R,8"

All the variables (values of the capacitors, resistors, etc...) were
treated as (unknown) symbols, so the expression contains their
symbolic names. However, in case you want to calculate the
numerical form of the transfer function using the circuit element’s
actual values, you need to click on Analysis.Symbolic Analysis.Semi-
symbolic AC Transfer, and the following expression will appear.

_lojx

File Edit Setkings Help

|

S
141.91.10 " 5+5 36105

Wis)=-243.10"

This expression can then be copied to the clipboard (by pressing the
copy button on the toolbar) and pasted to the schematic editor or to
any of the diagram pages.
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You can also generate a symbolic result with only a few symbolic
variables, while the numerical values of the rest of the variables have
been substituted. Symbolic analysis takes the symbols of the variable
from the circuit element’s labels in the schematic editor. When the
label is empty or has been determined to not be a valid symbol name,
symbolic analysis uses the part’s numerical value. For example, if you
change the label of the resistor R1 to “22k” or to “R1=22k”, then the
value of