TINA-TI™ 7.0 — Op AMps

Presented by Keith Nicholas
Analog Field Applications
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Now Available: TINA-TI™ Version 7.0!

/= <

TINA is an easy-to-use, but powerful, circuit simulation program based on the
SPICE engine.

TINA provides all the conventional DC, transient and frequency domain
analysis of SPICE.

TINA-TI is a fully functional version of TINA, loaded with a library of TI macro-
models plus passive and active models.

Free distribution by TI.

TINA-TI 7.0 provides support for switching power supply devices.

TINA-TI 7.0 has NO LIMIT to circuit size.

Circuits developed in TINA-TI 7.0 will work with TINA Industrial version 7.
TINA-TI Version 6.0 is forward compatible with Version 7.0, but not visa versa.
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TINA-TI includes a
directory with
several example
circuits.

TINA-TI also has
test circuits for most
Tl devices; this is
an excellent starting
point for a
simulation.

Open Schematic

C:\Program Files\DesignSoft\Tina 7 -
TREXAMPLES

Lock jn: | £ EXAMPLES MR ===
[Z¥AUDIO; |ChDifference Amps ICSPrecision i
|3 Cap Load Comp |Co)Filters_FilterPro [)5ensor_Condition [
|0 Comparator [CFilters_Others I 5ignal_Process [
|5 Control Loop [CMisc IC5ingle Supply [
|3 Current Loap IChoscillators [Ch5mps
[hCurrent Measurement BPDWEF Amps [ESF'ICE

< | >

File name:

Files of type: | Schematics (*.T9

Open Schematic

Loak: in: | 23 TI Test Circuits

~ & @k E-

BT F6 34 Test Circuit, TSC B2l INA 106 Test Circuit, TSC B a2
£ DRV 134 Test Circvit. TSC EDina110 Test Circvit. TSC EOma1z
£ DRV 135 Test Circvit. TSC EO INA111 Test Circuit. TSC B a1
B8 INA101E Test Circuit.TSC B8 INA114 Test Circuit. TSC EBma1x
B INA103 Test Circuit. TSC & ina115 Test Circvit. TSC B a1
B INA105 Test Circuit. TSC B0 INA117 Test Circuit TSC B a1z
<0 3
Files of type: | Schematics (" TSC;” SCH) | Cancel
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File Edit Insert View Analysis T&M Tools

Help

|6 B[ [+ 5 |g|T|5] ofal+|[

ﬂ |Grnund

I ECIE IS

a

|3 ¥

A | =~ |5%|

—\E agic pSwitches AMeters ASources 4Semiconductars 4 Spice Macros /

- - - el e
| Sample Circuit Using the THS4304 | ] w20
204 T E .
g g |
7 am . _mon ]
] -4554\_:
S T 1 -555": T
= A = 1o 0 ]
R Nolmge Fraguercy L)
200
The graphs show DC, bandwidth and transient response. . VET
Make desired changes and select the Analysis/DC
Analysis/DC Transter menu item for the DT plot. atem ."’
Analysis/AC Analysis/AC Transfer menu item for the z VG
bandwidth plot or Analysis/Transient menu item for the .3
transient waveform plot.
-248. ;
oo 1008
Tine %
4| 5
4w THS 4304 Test Circuit f
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TINA Circuit Simulator

E! Moname - Schematic Editor -
File Edit Insert View Analysis T&M  Tools Help ettl n g tarte

TS TE ] [ * = [F [T = @i =]
<Jj§t|§1¥|ﬁiﬁ: ¥ =T N\l « Click to bring up list of part types
% Basic 4 Switches AMeters {5 ources A5Semiconductors b S pice Macros /
QesztiensL i . * Click a part type to bring up list of
\ devices of a type
Shads ™~ « Place the device on the layout
Shape [2i | ¥ Autoselect Sheet
= « Use other tabs and selections to

find other circuit elements

E-! MNMoname - Schematic Editor

File Edit Insert Wiew Analvsis TaM Tools Help ° Build aworking Circuit

= 1 e S I A e P2
O B e el e = B = 8 O Il e

e T | 1 =

"B asic ASwitches AMeters ASources ASemiconductors A Spice Macros

B « Working test circuits for many parts
can be opened by going to file/open.

» Other example circuits can be
downloaded from the TINA webpage

E M OPASES
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TINA Circuit Simulator

Initial Design

(ES Y|
A l I el T | N\
7777777 \ ™ - Click ‘Analysis’ to pull up list of
e — simulations

R1 75k Rg 562 Rf 10k

 ‘Set Analysis Parameters’ to
change global analysis settings

* AC, DC, Fourier, and Noise
analysis are available

= « Graphical results will pop-up in

a new window
/

* All graphs are available by
tabbed browsing

» Other tools (oscilloscope,
function generator) are available
under tools
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Let’s Design a Circuit

*5; TeExAas
INSTRUMENTS




e Ugh!
 Amplifier does not
like 47nF load.

e Oscillators won't but
evidently amplifiers
will!

Driving Capacitive Loads

= VFL
+
21~ ULOPA340
+ c
- == —
vGL2s = V10 M
I :

| Op Amp Without Cload Compensation

No Compensation
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Much Better

Transient Analysis
looks good.

Now let’s enter the
circuit and try some
other options.

Driving Capacitive Loads

R2 100k
NN
C21n

b

= R1 50 VR
+
4 U2 OPA340
+ + 1 <
VGL25 =V25 —5
[ep]
Jj: T 8

| Op Amp With Cload Compensation |

2.8
2.7
26
VF25 5
24
2.3 | With Compensation |
22 S e

[T T \ T [
0 25u 50u 75u 100u
Time (s)
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£ Mananie - Schematic Editor

sl B8 [+ =lofl] olo+[F affow 3 =

JeZeleetmfea [ [ T T TTTTTT T[]
hBanic f5eiiches fieters f Souices f Sesmicanductons 3 Spice Macres

UPAEITE &
D4R b or
Oeaess 2 OPATAS
] —
A
0Earss
OPaTas
AT v

Lock i | (3 Tina Mactos 1 Tesl Cicts 15 M v | 4= [ f [E-
Shaps: liJ W futosoiod :_Eupa-s-szrsm S oraros Tsm Horaoizesm (ST
Marachaes [ Y Boreorsn  Eommeim oot Ew
I Shew ol eomponsrks [Horaszesm [Soraraessd OPT1.TEM [ T
VO] X coeed | P b | Eiﬁﬁ!ﬁ“ Biaw Heoe B
< | ¥
Select component using Fienonc:  [REAERE] ]
Family tab or macro insert Fies of ype:  [Schemsiis Maco (115 5] tenee |
Hep |
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Enter Passives/etc.

£ Wein_bridge_01 - Schematic Editor
Fle Edt Insert View Analysis TGM Tock  Heln

(@[] B[] [v | 2| 75| o]a|+|[: @fFE =] o]

JeiBemeEsal | [ | [ [ [ | 1| [ [ 1111

\Blasic | Swalches A Mebes {Sources | Semconducio: jySpice Maoos [

RE 15k

e —t4— D2 1ase Select and drag components
A TS place with mouse

R1 4.7k R218.7k

i 'I—.':\-"'-:"‘.-'-'

= — U OPATA3

‘]>_ Yost

Fa 3 Ak —

= -

A \

giny = Very handy common node connection!

R4 3 4k 1 470

e I / Simplifies circuit wiring

W2
—l

I ik
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Enter Passives/etc.

Ul OPA340

VF1

J1is a connection jumper.

Use for Pow er Supplies, Reference, IO, etc.
This 'node’ does not show up in analysis results.

VFlis a 'Voltage Meter'.
Use this to view analysis results.
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ﬂ Cload_Example_TechDayd 007 - Schematic Editor
Fle Edit [reert Wiew ENENSSE TaM Tods Hep

@/ H|@] BlE o FE 1 B

T Made...
J| — || it ﬁ select Control Object | | | | | | | | | | | | | |
I-,E ESIC Hﬁwl:hﬂ 1 b =le Set Analyss Parameters,., W s ¢
Zor—

AL Anavsic k| Table of OC necults

Tangert...

Steady Stote Sobver,., Temperature Analyss. ..

Faurier Analyss |

Mpige Analysic.., DC Transfer Characteristic
Ontians. . \TING FOR A CAPACITIVE LOAI

Start value 0.5 [¥] V’ k.

HE T

S End value 45 [+/] X Cancel

e p ) ————————
Mumber of points 100 ? Help

WEA 1 -
VF1 . S VED [nput Wil
;. t\lﬂ.\rﬂ_‘l r 5
. : [ Enable hysteresis run
T U2 085340
11 + | £
R J—‘v_& <

| Op Amp With Cload Compensation |
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Noname - DC result?
File Edit View [

Help

=g = IS R

5.00+

V2

2.00 3.00

VG1

Input voltage (V)

4.00

VOO result? f

L&
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File Edt Insert WView BGUELE-M TiM Tools Hep

a2 [ | @ffox ] K
- L '.l - ! MD&I B o -1 £ B b
5 ‘ —{ ‘ﬁl"-:."j _'K ,Gr Select Contral Object | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Eazic L Switzhes , M ater: Set Analysis Parameters... Macroz [
e ke hL
AC Analyszis 3 Caloulate nodal woltages
Transient. .. Table of AC results
m Steady State Solver... AC Transfer Characteristic... !\.D
FI:ILI[IEF Anﬂl'ﬁl'sﬂ F L -—rNr F T %W T TT VY T S P

Moisz Analysis...
AC Transfer Characteristic

"

Start f 10 Hz] | |3 ok

' Start frequency [Hz] V’ ......................... ;
; End frequency 10k [Hz] X Cancel

Humber of pointz 100 -

Options...

Help
. Swegp type o
_,F) VGl 25 i Linear i* Logarithmic
Diagranm
= [~ Amplitude [w Myquist
[ Phaze [ Group Delay
| Op Amp With Cload Compensation | v Amplitude & Phase

,
INSTRUMENTS




Eile Edit View P Help

= || B algl | Tyisfia~

10.00+

0.00]
10,00
20,001
30.00]

Gain (dB)

-40.00-
50,00

-60.00-
0.00

~100.00-

Fhase [deq]

_200.00-

30000 ———

10 100 1k 10K

Frequency (Hz)

LA | T LA L L T LB |
100k iy ?DMl

WAC Myguist? ASC Bode? pAC Boded /
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wmr Fourier Series

Sampling start time

Base frequency 20k,

—

Mumnber of zamples

Mumber of harmonics

|40%6 |

Calculate !

Eormat | RS, Phase

16 %

=1

=% Fourier Series

—

Base frequency 20k,

Sampling start time

|40%6 |

Mumnber of zamples

Dutput |UF2 j Nurnber af harmonics 16 =
Tranzient inital condition Format |HM5,PhﬂSE ﬂ 2 e
{* Calculate operating point Outout Hep
" ze initial conditions =i |VF2 j
" Zeroinitial values Tranzient inital condition Ly
{* Calculate operating point
" ze initial conditions
" Zeroinitial values
Faourier coefficients
k. Arnplitude [C] FPhaze [2]
0. 258 1]
1. 38.64m 10263
2 E.11m 3063
3 23.38m 120,43
4 4 57m -49.93
Harmonic distartion : - 324823
i3 TExAs
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Fourier Analysis

 Based on 20KHz, Square Wave.

Noname - FourierTHD - Amplitude (rms)/Phase8
File Edit Wiew [ Help

=/ B ele rra~ol ||

| o2l

%+

10.00+

1.00

100.00m-

Amplituda [W]

10.00m

1.00m

-mo.no-:

| ‘ | | I | I | 1 I i 1 N 1
.00
-50.00

Phase [deg)]

-150.001

'EII:II:I I:II-F"" ] T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

i 2 4 & & id i2 14 16 15
Baze frequency 20k[Hz]

FourierTHD - Amplitude/Phaze? AFounerTHD - Amplitude: /87 A FourerTHD - Amplitude [rmz)/Phazed

I
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AC Analysis with Parameter
Step

&1 Cload_Example_TechDay2007 - Schematic Editor = e | o C
' — an use button

File Edt Insert View EyEiGEE T&M Tools Help

Y \Tlfl ENCE I T = instead of Menu.
Mode. .. ;
J=1%] % | e | | | | | |
Swllchas Malord  SetAnalysis Parameters..., bdtciand
B N d C2 - Capacitor b—(|
AC Analysis 3 el
Transiert.., | Capacitance [F] =
d Iver... iy
COMI o s ", N CAPACITIVE L) Iniial DC valtage [v] 0
' Temperature [C] 1]
Moise Analysis... Linear temp. coef. [1/C] 1]
Options... Quadratic kemp. coef. [1/C2] 1]
T b airium woltage [] 100
|| P awimnum ripple current (4] 1
—qi\ R150 WF2
@ s iz * e E Parameter stepping
i = = Select... X Ctart walue  |B00p Sweep lype
— * |inear
| Op Amp With Cload Compensation | |12n—
End value : " Lagarithrmic

Mumber of cases |3 £ List 4

Ka
|\ Cload_Exampls_TechD ay2007 fMaonzme |

—"-l Parameter ztepping ,-"

Ok Femove | x Cancel

?  Hebp |
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Fle Edit View [

& e By a8 | T4~ O] s

Help

80.00+
60.001
40.001
20.001

0.00
20,004
_40.001
-60.003
80,007

Gain (dB)

200.00-
100.007

0.00

Phase [deq]

-100.00
-200.00

-300.00

e

100 1k 10K 100K

Frequency (Hz)

1M

|
fDMl

b

I
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E"’ Cload Example TechDay2007 - Schematic Editor

File Edt Insert WView BESENVEEN TEM Tools Hep

J| I |§3 Mode...

é Select Cantraol Object

4
¥

Basio /S wilchos } Malerd Set Analysis Parameters...
DC Analysis 3
AC Analysis k
Steady State Solver...

COMI

Fourier Analyss r
Moize Analysis...

Optons...

=1 0

ﬂ 1*-.fcultage Pir

Macros |

-

A CAPACITIVE LOAD j

WF2

C347n

[ Op Amp With Cload Compensation |

FEed

Start dizplay |EI

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

End display |100u

{+ Calculate operating paint
[ Usze initial conditions
[ Zeroinitial values

[ Draw excitation

[ntegration method
{« Trapezoidal ¢ Gear

7 =]

|ntegration order

% Cload_E xample_TechDay007 ;{Nuna'nef
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Eile Edit View P

Help

=8 iy ag

2.80

YWoltage V)
[
P
T

2.20—

2.00

S[=/ed

[ VF2[2]- n[F] 50m[Ohm] |

0.00

25.00u

50.00u
Time (s)

[
75.00u

I
100.00u

VTR result? f

I
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E‘_! Cload_FExample_TechDay2007 - Schematic Editor
File Edit Insert View EENGENEEN T&M  Tools Help

WM _. FRE ]ﬂ ;EE“DF'AEM ~

N Maode. .,
J| j:}' |E :|> jﬂ Select Control Object ]‘ I | | | | | J
% Basic: 4 Switches AMeters S L Macros
................. A L P e
AC Analysis 4 T
Transient...

COMPER :rove=se APACITIVE LOAD]

Fourier Analysis

Moize Analysis.. .

Options...

LR

Moise Analysis

b M ] i
Start frequency |1 [Hz] “ ........... Ok

+ U1 OPA340 B =
=\WV25 -1 r“""ﬁ End frequency I-IM— [H 2] x Cancel

o —_
l — Humber of pointz 100 2 Hep
5/M Signal Amplitude 1

Diagrams
[v Output Moize [ Total Moize

- [ Input Moize [ Signal ko Moize
;,I:

load_Example_TechD a_l,IEEIEIF’,-'r

VG125

| Op Amp With Cload Compensation |

I
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WVoltage Moise (nWWHz)

10k

1k

3

-
=

Noise Analysis

INPUT WOLTAGE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY

1k 10000
Il
Current MNoise /f
BYS / 100 ® F
Voltage Moise ra = < 1000
| 7 < =
| _._JI j e =, =
N )i 10 B 3
= = s o
. =z
= L]
— g E 100
1 ~ ]
& =
0.1 10
10 100 1k 10k 100k M
Freqguency (Hz)

OPA340

WOLTAGE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY

100
.‘f
¥
I
N Y 10
7
y,
\\\LVN ”.’
] 7
NL )% 1
ra
Jf
| "
] -
0.1
10 100 1k 10k 100k 1M 10M

Frequency (Hz)

OPA345

Current Noise (fAHz)
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Noise Analysis

Noname - Qutput noise23 |Z||E|E|
File Edit View £ Help
B By 28 TiAFE~ Ol S B
5000 —
VF2
. 40.00n] OPA340
E
=
B
2 30.00n—
=
5
=
pum |
o
20.00r—
1000“‘ IIIII T T IIIIIII T T IIIIIII T IIIIIIII T T IIIIII| T T IIIIII|
1 10 100 1k 10k 100k

Frequency (Hz)

i |

| Y\ Dutput noise25 f

Noname - Qutput noise26
File Edit View FE Help

Ed B alg

7P -~ O] st Bl |

CEX

.

Frequency (Hz)

FIE=N
700.00n—
600.00n]
& 500.00n]
< ]
= ]
2 400.00n-]
w -
o 4
o .
= 300.00n
= -
_F_L .
=3 .
S 200.00n-] OPA345
] (with 1/f modeled)
100.00r
000 T T |I|||I| II||| T T IIIIIII T T ||II||| ||I| T |||
1 10 100 1k 10k 100k

i |

|\ Dutput noise26

Many OPAMP macro’s do not model noise, some only
model wideband ‘white’ noise but not 1/f. Check Models!
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Other Cool Features
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TINA has a set
of interactive
T&M tools.

These work
much the same
way as lab
equipment.

Function
Generator,
Oscilloscope,
Multimeter, etc.

Allows
Interactive
changes to
stimulus and
view results ‘on-
the-fly’.

E_! Cload_Example_TechDay2007 - Schematic Editor
Eile Edit Insert View 24 T&M Tools Help

™ < [o| s

[+ ][5 @00 o] frouna |

&% Function Generator - Virtual

S

[+ e[#[&]F[B]wel & [+]~

Control Dutput
start Stop| | [HEHNENL -
e
- ~waveform

YBasic ASwitches AMeters {Sources ASemiconductors ASpice Macros /

%‘/\/E DE‘AHB‘

Parameters

« | Edit]| »

Test & Measurement Tools

<! _Frea | ENEENN
| ampl D

Sweep
On

otset| BRI

| [Znnl| Lin |

Stalt| Stop| Time| Numl

| COMPENSATING FOR A CAPACITIVE

Rz 100k

[ Op Amp With Cload Compensation |

[+ |

% Cload_Ewample_TechDiap2007_YCR A Cload Example_TechD ay2007 /

= Oscilloscope - Virtual

Trigger

S[=1ES

Horizontal

Mode Source Time/Div
|t =] | o =
Level Pozition
g 2| =
’Tﬂ Mode
s
Storage XY;T 4
Run Stop ource
Stare | Eraze
Channel Yertical
Ve =1 Voltsmiv
Collecting Data... Coupling 100m ﬂ
A HA: XB: Di: pC| =+ I AL Position
B: TA: YB: DY lﬂi j
Cursor Data On f x

& o] 0o o] 2|+ || #1382

Auto
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View Macro’s

U2 - OPA340

Label Uz
Parametears

 Double Click on Schematic e
womzipo  |EREiEm= H

Symbol.
e Click ‘Enter Macro'.

* View Macro Header. For Tl S x| Nea| P bob| ot
m across param ete rS E{! =Cload_Example_TechDay2007:U2 [MACRO]> - Netlist Viewer

File Edit Analysis Help

modeled are listed. = BlE

X

" ~
= non—inverting input

- | inverting input

& | | positiwve supply

= | | | negative supply

- | | | | output 0
> | | | | |

.SUBCKT OPA340 + - Y+ W- 0OUT

* INPUT STAGE

W

i1 v+ 5 150u

m7 550 vswitch 5 5 pix 1=6u w=25u m=4

m8 550 550 V- V- nix l=6u w=25u m—4 P
< | 3
Line: 1 Cal: 1

\Eload_EHample_TechDay2DD? nzf
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Netlist Editor basically
replaces the schematic
entry tool.

Handy to cut/paste
circuits from different
websites; will work with
most simulators.

With TINA-TI, this is the
only way to generate
your own MACRO's.
(You need to upgrade
to the full TINA-7.0 to
use the schematic
editor for MACRO'’s.)

Compile

File Edit ENEVEEN Help

=/ d
lezonn_

e e e ke e e
e e IIIh
e e

e Wk e o e e

~LIB ™
LIB "
. TEME

Set Parameters...

DiC Analysis
AC Analysis
Transient...
Fourier Analysis
Moise Analysis...

Options...
v Show Warnings

3

'J

£ e e e e e e ke e b e e e b e e e e e e e e e e

tated by TINA T

)ezignSoft, Inc. e
£ b ke e ke e ke b ke b e ke e ke e ke e e e e e e e e

' LES\SPICE\TSPICE.LIB"

[2007 (TINZ Netlist Editor format)

ILTE\Operational Zmplifiers.LIB"

.PROBE V(5)

Line: 1 Col: 1

.AC DEC le 10 10MEG
-.TRAN Z00M 100U
.DC LIN VvG1 0 1 10M

.OPTIONS ABSTOL—1U ITL1=100

V2 40 5
VGl 16 Do 20

+ SIN( D 1 208 0 0 O )

VGl DC 6 0 20s

XU2 12403 OPA340 0
c2 2 3 AN IC=0

<

|

I
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»& M Tricks for custom

Macro/devices

TINA-TI does not allow creation of Macro’s or creation of
libraries, must upgrade to TINA-7.0 Classic Edition.

However, you can create custom Macro’s by viewing and
editing the contents of a Macro.

Each Macro placed into the schematic has a unique local
copy that can be edited with any valid SPICE statements.

With this capability, you can ‘load’ different device models
or create a unigue model.
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£ Noname - Schematic Editor

File Edit Insert WView Analysis T&M Tools Help

* This macro v s 2|T|m| o|all o e |

nOW aCtS aS EL <Noname:U1 [MACRO]> - Netlist Viewer
avoltage | Zo/E= {1 e EEEEEE

Y Basic fSwitches fMeters {5 ources f5emic & |G o
controlled

* Replace 5-pin OPAMP macro with this text, TINA keeps local copy-
-
reSIStance- * Voltage Controlled Resistor/Inductor
* connection: negative control input (OPAMP —input)
L | positive control input (OPAMP +input)
g | | positive resistor (OPEMFP positive supply)
& | | | negative resistor (OPAMP negative supply)
-
-

| | | | reference resistor (OPEMP output)
U1 TLW411 KA I I
.subckt VCres 1 2 3 4 3

El1 3 & POLY(2) (1,2) (5,0) 000 O 1
V1l 6 4 0

F1 0353Vl 1

Open this macro and modify | s o
the internal netlist. o

4
;Elnad_E wample_TechDap2007 }-,Nu:unamef

|Line: 1 cat: 1 [

\Eload_E wample_TechDap2007 VCR ;{E\oad_E wample_TechDay2007 ;{N oname }\ U1 ,I'

,
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Simulation

e VG2 controls 500hm resistor,
Rout=R1*VG2

£d Cload_Example_TechDay2007_VCR - Schematic Editor

Eile Edit Insert View Analysis T&M Tools \Help
| 100% |:|

pr—

| H| | B [y = \ﬁITI/
s B = | m | | |

\B asm:,u'-:Sl.-ultches,-{M eters ASources 45 emlconductors }'\5 ce Macros,uIr

Dynamic Adjustment during

% Function Generator - Virtual

Control Output Parameters
o e (N
Waveform : | Edi | ' |
Sweep
- On | Eunt| Lin |
fﬁ\""| | B ‘AHB| Staltl Stopl Time| Numl

Frea | [EEENE
Ampl -

| COMPENSATING FOR A CAPACITIVE LOAD |

\
Dynamicklly adjust the 50ohm
resistor diying simulation!

\

L
|| \ RT 50

J\ v
;{c OPA340 [ Ny =
+ — c
VWiE1 25 =25 E-r :::F
=1 ™
= o
—-_E 5 WiG2 —

| Op Amp With Cload Compensation |

K1 |

—\Eload_E:-:ample_TechDay2DD?_VCH J-"

|

-] Oscilloscope - Virtual

EOX

Trigger Horizontal
WFZ: 100m IW Source Time/Div
e A TT—
Level Position

+ K=
Storage
Rur Stop
Store | Erase
Channel
WF2
Coupling
A A HE: DX: DC| <= | aC
B: TA: YEB: DY:
Cursor Data On

& o) onf «[o] 2]5|| | %l =

0 =
Mode

v v |

X Source

Yertical
Yolts/Div

100m g

Position

o3

Auto |

i3 TEXAS
INSTRUMENTS




References/Links

http://www.ecircuitcenter.com/index.htm

http://www.tina.com/

SPICE: A Guide to Circuit Simulation and Analysis

Using PSpice
by Paul W. Tuinenga
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http://[focus.ti.com/docs/toolsw/folders/print
/tina-ti.htm]

-Based Analog Simulation Program - TINA-TI - Tl Tool Folder - Microsoft Internet Explorer §|E|
File Edit “iew Favorites Tools Help 3 @ ~ A

"

3

5 . A @ S TR = ; i
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