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Installing The Software

Finding and Placing Components

Example Circuits in TINA-TI

“Trust but Verify” method for op amps.

Average Model, Transient Model and Green-Lis
T1 ONLINE Precision Labs Training

Get Models at WWW.TI.COM/SPICERACK
Using a component already in TINA

How to Import a .TSM File

How to Import a .LIB File

Results Window Overview

Enable Instant Diagram Drawing

Electric Rules Check

Offset Voltage Measurement

Transient Analysis Input / Output Voltage Swing

Hands on with TI's Free SPICE Tool “TINA-TI”

TEGH DAYS<Ek

. . Texas Instruments
Noise Analysis

Voltage Generator as a Square Wave

Voltage Generator as a Triangle Wave (Example Circuit)
Voltage Generator as a Piecewise Linear Source

Phase Delay Calculation

Stability Calculation

Adding and Removing Variable Sweep Feature

Change Axis in Results Window

SEPIC Converter Example LM5022 (Transient Model)
Flyback Converter Example

Adjusting Analysis Parameters when necessary
— Will Not Converge / Need More Resolution

— Capacitor on Operation Amplifier Input Causes
Convergence Error

— Need More Memory
— Output Waveform is Truncated

Bandwidth testing Tl E2E Online Support:

e Slew Rate https://e2e.ti.com/support/development_tools/webench_design_center
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Installing Tina-Tl

« Search Tina from www.ti.com
» Choose “tina ti download” link
« Choose Link: TINA-TI SPICE-Based Analog Simulation Program | Tl.com

Download in your Preferred Language ¢

i} | www.th.com/tool/tina-ti7keyMatch=tina ti download&tisearch=5earch-EN-Everything E1 ¢ Q seg

Wip TEXAS INSTRUMENTS ~ Eueryihing ~ Search Q

i www.tl.com

Products Applications & designs Tools & software Order Now About Tl

Support & training

w3 TEXAS INSTRUMENTS

Everything ~ | Tina Q,

¥ Worldwide (In H

SPICE-Based Analog Simulation Program

Products Applications & designs

tina ti download
Tools& -~ —

(ACTIVE) TINA-TI

tina @ Description & Features B Technical Documents

E Support & Training

1Term=tina ti download#linkld=1&src=top

(- ') L) | www ti.com/sitesearch/docs/universalsearch.tsp
Order Now

1"{3 TEXAS INSTRUMENTS Everything v | Searc

Part Number Buy from Texas Instruments or Third Party  Alert Me Status Current Version Version Date  OS

Free ACTIVE | v9.3.150.328 SF-TI | 07 Feb 2017

Products Tools & software

Order Now About Tl

Applications & designs

e Free PORDRYIN ACTIVE | v9.3.150.328 SF-TI | 07 Feb 2017 | Windows XP, 7,8
tina t download Q Advanced search } 2 SPICE-Based Analog Sinwilation Progeam
y 2 - : ' Free ACTIVE | v8.3.150.328 SF-TI | 07 Feb 2017 Windows XP, 7,8
= Everything & Products [ Technical documents Support ¥ Cross reference TINA-TI_TRA_CHINESE:
SPICE-Based Analog Simulation Program
Download
\ / Free m ACTIVE  +0.3.150.328SF-TI | 07Feb 2017 | Windaws XP, 7,8
4 TINA-TI_SIMP_CHINESE:
SPICE-Based Analog Simulation Program
= = A Download
® TINA-TI SPICE-Based Analog Simulation Program | Tl.com
S A P e I— Free m ACTIVE | v9.3.150.328 SF-TI | 07 Feb 2017 Windows XP, 7, 8

Support! ing

- 5SPICE-Based Analog Simulation Program. (ACTIVE) TINA-TL ... Frequently Asked Questions about TINA-TI version 3 TINA-TI
provides all the conventional DC, transient and frequency domain analysis of SFICE and much more. ...

TINA-TI_ENGLISH:

Analog SPICE-Based Simulation Program

SPICE-Based Analog Simulation Program

Download

Download

i} TI's Standard Terms and Conditions for Evaluation Modules apply.

Windows XP, 7, 8
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Components Already in TINA

 Click on thexldand Symbol, Far Right, and Search OPA354

ﬂ, _OPA354 Stability - Schematic Editor

Edit Insert View Analysis T&M Tools TI Utilities Help

| Na| 25 [x = [ o[r[ms] oo ~[~[+ [ @fome=] Y

Sources  Semiconductars | Spice Macros

Jo-er [P o | [oe [ e[ | | [l [ ] | [ [ [ ] [ [ [ [ ]|
Basic | Switches | M |

[E’ﬁ Find Component

USE THE NEWEST MODELS FROM TI.COM
START WITH .TSC FILE IF POSSBILE

v

[ 803 v 1

N
b
4| r
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Top Row (Menus):

Gettin g Started Commands associated with files,
types of analysis, Test and

measurement options, and help

File Edit Insert View Analysis T&M Tools TI Utilities Help
S A P R A s P B Y ) B N N | e Second Row (lcons): -
5 $ S ‘@‘ﬁ; L m‘% 1= 3'5."‘“ = @ ‘ ® ‘ ®|® | File operatlon_s, text, hide and wiring
Badic |Switches | Meters | Sourced | Semicarfuctors | Spice Macros | feature SeleCt|On, etc
| | i
ground resistor | | capacitor jumper Component Drop Down — 3'd and 4t rows (Icons and Tabs):
Search for all these 3@ Row icons select component type
components 4th row tabs select component group
S-IREELE | [ o7 (ol ] Jol=]o] & |l 3| BB |
ey Switches | Meters | Sources | Se Oafic | Switches  heters | Sources | Semiconductors | SEE Iwm::hes Ieters Sources | Semiconductors |
toggle switch voltage meter voltage sources signal generator
i I I R I RAR K Bl EIRA S e e s e e = e P
Basic | Switches Metefs | Sources  Sehiconductors | Sfice facros Ooqic | Switches | Meters | Sources | Semiconductors  Spice Macros ]
i
diode | | zener NFET | | PFET Op Amp

schottky
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Example: Placing components & Wiring Tool

Scroll Down to OPA330
Choose a Resistor from the Basic Tab |*W‘r‘

Choose Signal Generator from Sources Tab @5

Practice using Wiring tool with
1. Space Bar
2. Hover over Red X
3. Might need to hold down on right mouse button to draw

TIP: Wiring Tool
« Hover over Red X on component for Wiring Tool

« Use Space Bar to Start Wiring Tool R1 1kOhm

A

65 VG

* Hold down on Right Mouse Button to keep Wiring
Tool Up (if necessary)

e Choose Pencil from Second Row Icons

* Insert = Wiring from Menus

Go to Spice Macros and Choose Operational Amplifier ;[;'jr

Add a Jumper for VCC and VSS to connect to otner parts of the circuit ‘ =1

File| Edit Insert View Analysis T&M Tools TI Utilities Help

=la|als] 2la [+ «|o]rls] ool [F alfme] 1
JL 0| 6| &| B || &[4 || = |78 36 | [# ] @ | & | @ | &

Basic | Switches | Meters | Sources | Semiconductors | Spice Macros |

F1 1kOhim

. P

L1 OPA330

Lo
O
-
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TRUST BUT VERIFY

« On TI's E2E Forums

 https://e2e.ti.com/blogs_/b/analogwire/arch
ive/2017/07/27 /trust-but-verify-spice-
model-accuracy-part-1-common-mode-
rejection-ratio-cmrr

“Trust, but verify”’ SPICE model accuracy, part 1: common-
mode rejection ratio

I O C O

SPICE simulation is an immensely valuable tool that allows engineers to have high confidence in their analog designs before ever stepping foot in a lab.
While many of us live and die by our simulation results, have you ever stopped to guestion if your favorite operational amplifier's (op amp) SPICE model

matches the specs promised by its data sheet?

Our competitors’ models can often be inaccurate or oversimplified, as shown in the closed-loop output impedance (Zout) comparison in Figure 1. In this
casze, it's easy to see the difference between what’s promised and what's measured, This difference can have a big impact on your designs, potentially
causing some unwanted surprises when you fire up your circuit in the lab for the first time.

1000 -

100 — F oyt (Simulation)
|'| ===zout (data sheet) /

10

01 4

om

0.001 4

Closed-Loop Output Impedance (Zout) ()

1E+02 1E+03 1E+D4 1E+05 1E+0G 1E+OF 1E+08

Frequency (Hz)
Figure 1: Competitor SPICE model Zout comparison

Tlis proud to have some of the most accurate SPICE models in the industry, That being said, it's still a good practice to “trust, but verify™ that the models
used in your circuit are up to the task. In this blogseries, | will show you the recommended test circuits for many of the most critical op amp parameters,

starting with common-mode rejection ratio (CMRR).

Anop amp’s CMRR is formally defined as the ratio of its common-mode gain to its differential-mode gain. In practical terms, the CMRR spec tells vou how
much additional offset voltage is generated at the op amp’s input when the input commaon-mode voltage changes. A high CMRAR is desirable, meaning that
you'll see less additional offset voltage. CMRR also changes over frequency, so Tl data sheets provide a curve representing typical CMRR over frequency,
as shown in Figure 2. For a deeper discussion of CMRR and its impact on circuit performance, watch our Tl Precision Labs - Op Amps video on CMRER.
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Op Amp Model: Open Loop Gain

Test Circuit for Aol

C11T 4 %T
| | NNNN
+ ||
VG1
U1 OPA320 -
——(
+
J_* = 2.500037V
LE)
Use test -
condition Test dc
loading operating
point

1. Test dc operating point to assure

that circuit is correctly wired

2. Run ac simulation for Ay, curve

Ao = Vout

Gain (dB)

Phase [deg]

140
120

100

Q0
P
L1

Simulated results

<4——DC Gain = 130dB

UGBW
20.2MHz

Gain (dB)

AoL Gain

90|

45-

46.8° at UGBW
180°- 45.8° = 133.2°

|

Ao, Phase

T || T T || T T \l T T \l
10 100 1k

T T \‘ T T \‘ T T I‘ T T I‘
10k 100k 1MEG 10MEG100MEG
Frequency (Hz)

160
140
120
100

Data Sheet Specification

OPEN-LOOP GAIN/PHASE vs FREQUENCY

Vg = 2.5V
N =20
I DC|Gain|=130dB C_ = S0pF
A -40
‘1~ \\\
\
-60
\\ \\.\ Phase
N N i -80
\..\ ] -100
\\. \\ -120
Gain \\\ \
\ 1 -140
il >\
135° at UGBW ‘ﬁ 1 -160
LU L L] ey
10 100 1k 10k 100k 100M

M 17‘/1

UGBW
20MHz

Frequency (Hz)

Compare key points on simulation
results to data sheet curve.

Aol 0pa320_TG.TSC

wip TEXAS INSTRUMENTS
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Op Amp Model: Open Loop Output Impedance

Test Circuit for Aol Simulated results Data Sheet Specification
C11T L1 1T OPEN-LOOP OUTPUT IMPEDANCE vs FREQUENCY
H Tk — 1000 e R
l : Vg = +2.75V
= 1 Compare key points to
» data sheet
= g / \ <]
- Vout >~ @
+>_' T $100 ™~ i S 100 /
U1 OPA320 A g
N ) % \ Set axis to logarithmic £
nl - = :
=V225 sy IG1 L Change axis title to Resistance (Ohms)
+
i S— 10 T \‘ T \‘ T T \l T T I‘ T T I‘ T T \‘ T T \l T T \l 10
. . 1 10 100 1k 10k 100k 1MEG 1OMEGT100MEG 1 10 100 1K 10k 100k 1M 10M 100M
1. Test dc operating point to assure Frequeney (k) Frequency (Hz)

that circuit is correctly wired
2. Run ac simulation for Z, curve.

Zo(dB) = Vout(dB)
Zo(ohms) = Vout(Logarithmic)

Zo o0pa320_TG.TSC

wip TEXAS INSTRUMENTS
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Op Amp Model: Closed loop output impedance

Test Circuit for Zout Simulated results Data Sheet Specification
Should Be: | 490, .
Zout (ohms) -
10*; 10 2=
f \ Set axis to e 7 7 :
— o - e il /
\>_‘ Vput % y . logarithmic 5 1 = )
! h c - Compare key = p 4 ap
}+ U1 LMved4 ] 100m - Gain=1 points to data Z o1 s
1Y CV)l 1G1 ] sheet Lot
=V225 o, om ] 0.01 ELL; o
- - 1 | 0-001100 1k 10k 100k ™ 10M
s s m [T TTT I IHHII| I \I\HH| [ \\HII\‘ [ \\I\IH‘
1. Test dc operating point to assure 100 1k 10k 100k 1M 10M —
that CirCUit is COrrECtly WirEd Frequency (Hz) Figure 33. Closed-Loop Output Impedance vs Frequency
2. Run ac simulation for Z,; curve.
Z.,.+= Vout. Zout(dB) = Vout(dB)
3. Change the vertical axis to Zout(ohms) = Vout(Logarithmic)
logarithmic scale

LMV844 Zout_TG.TSC
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Offset Voltage Measurement

01 - Vos and

Example Circuits:
1. “01-Vos and Ib - OPA188.TSC”

2. “01-Vos andIb-0OPA211.TSC”

s
.

—

25

01 - Vos and Ib - OPA211.TSC

* Analysis - DC Analysis - Calculate nodal voltages

& 01 - Vos and Ib - OPA211 - Schematic Editor

b - OPA188.TSC

File Edit Insert Vie T&M Tools TI Utilities Help

@I@IEI@I [y

FNIE I

Basic |Swm:heaj heters

ERC..

Mode...
Select Control Object

Set Anal:sis Parameters... |
3

AC Analysis ¢

Transient...
Steady State Solver...

Fourier Analysis ¢

Moise Analysis...

Options...

£l o [ | | | |
: |

Table of DC results

DC Transfer Characteristic...

Temperature Analysis...

| I

dP14
\

R15 5k
Sy

R10 20k
71k 78 100K [
x> s as V.
V-
—J'\ —— \fout
UG OPAy211
y yI/ua OPAy211
o J I W4
% W+
=
V32 a2y,

S }—j_—|||~—|

Cs InF J';jipg OPA188
|1
R13 1kOKmRY 20kOhimi
R11 1kQhm R7 100kOhm Ay
_E‘W\/ LAY — W-
— V-
VIM-- 4 37TuV {2 W —— Yout -9.03m\V
+ ’ @3 OPA188 1
o J - I E 425 18UV 4
% %x” W+ =
E N V3 12V V4 12y,
£ - +
O ——
S H—l—ll =
[
oF
JMP13
CIEI " " OPA211
R14 1k R10 20k
R12 1k 100k
_E—'W\, AAM — V-
= V-
-J\ —— Vout 133.28mV
UB OFAyZ11
’ U5 OPAy211
= et J V+
%/ % V4
= —2
M3I12 Wy 12

R15 5k
My

v F-—|||}—l—||||~—|
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Transient Analysis Input / Output Voltage Swing
KD

« Example Circuits:
1. “02 - Input and Output Swing - OPA140.TSC” 02 - Input and Output Swing - OPA140.TSC
2. “02 - Input and Output Swing - OPA277.TSC” £

* Analysis 2 Transient > OK

_ 02 - Input and Output Swing - OPA277.TSC
* View - Separate Curves

& 02 - Input and Output Swing - OPA140 - Schematic Editor

'File Edit Insert View [Analysis| T&M Tools TI Utilities Help ] " Noname - TR result4 e | B
ﬁ.‘:|@|ﬂ||ﬁ}| ‘83| [ ERC... 100% » Transient Analysis ﬁ  File | Edit View Process Help
J_L‘(D‘-'é @‘@ Mode.. 1NEa T I
4=1Q|=|Q | [~ . @[ ox e B &y agl | TLFE~ 0] K
Basic | Switches | Meters|  Select Control Object | Startdisplay . 51| [ ' :
E 5et Analysis Parameters... | End display 40y [5] X Cancel 5. 00—
DC Analysis v ]
AC Analysis b (@ Calculate operating point ? Help ]
Transient. i Usei.nifi?al conditions - 2-5'5]—_
Steady State Solver.. (" Zeroinitial values >
. - 0
Fourier Analysis ¥ v Diraw excitation 2 00
Moise Analysis... -E
Options... _2_55]_-
-5{]{] T T T T | ]
0.00 10.00u 20.00u 30.00u 40.00u
Time (s)
TRresutd.
12
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Results Window Legend Post Processor

« Curser Window Stays on Top Zoom in | | 100% scale | || CurserA & B
« Bottom Left Corner has Red & Blue ' Noname - TR resultl ‘ — - == X
Button to get Results Window Back File €t View " Process W
i SCIECTE K £V HEIFSF: = NIS[E £ e PN e
[0 | ] it i
= . /\ /\
VIN 4 S
] \/ -'ﬁ.]h
. ] . . 4 X N46u ¥ {240m
» Right Click Mouse for Automatic Gain -’?‘-gg—
and Phase Calculation B
4 Noname - AC mﬂz i ﬁ T ]
|ola] m ol alal zhrieia ofRT #lyln]«z __ VFB ]
- ! |
R 600.00m —
4.00—
h [P VF1 “.;A:.(.421.6k: -0.99E-16)
| Vioad A:(421.8k; -13.85)
-100.00 Phase VF1 A (421.6k; 62.47) VO —
:: 200 60— Vioad A:(4216k: -6.2)
. 0.00 100.00u 200.00u 300.00u
] Time (s)
| ” o " = 0 - - see s TR resultl ]
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Enable Instant Diagram Drawing

» This has the results window refresh continuously during a simulation

 Analysis - Options = check box “Enable instant diagram drawing”

T&M Tools TI Utilities He

ERC...

i Mode...
Select Control Object

Set Analysis Parameters...

DC Analysis

AC Analysis
Transient...

Steady State Solver...
Fourier Analysis

Moise Analysis...

s T -

oy

Analysis Options

General \ERC ]

Trace Mode
(" Detailed

(@ Percentage Bar

(" Message

Mumeric precisian: .

Yhdl f MCL

| Enahle MCU Code debugger
| Generate synthetisahle code
| Compile packages at startup
|v Enahle digital engine bx

v Enable vHDL mixed made

Advanced...

Digital Analysis

| Showwarmings

Delay: | Default ﬂ

¥ Enahle glitch contral

Glitch contral:

50.00%

Transient
Integration method
" Trapezoidal

(o Gear

Integration order

Ferformance
MNumber of threads

v tdatric compilation

F =

Cutput curve filter

[ Filter enabled
Threshold constant

baxirmum skip

T

TS

[ Enable run time statistics

v Enable instant diagram drawing

| Sawe all analysis results

v Disable wamings for large size analysis results

| Remember diagram settings

vy QK
X Cancel
?  Help

wi3 TEXAS INSTRUMENTS
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Separating f

. Noname - TR result6 { == Iﬁj
‘A File Edit View Process Help
TIP: add “:1” to any meter name to show all output Waveforms
T a 4] +
separately. + = B %@3‘* Q& THFE O] K A
Example Double Click “Vin” to Vin 1@ to open voltage generator 5 00—
menu and change Label to “Vin:1”.
‘u’iﬂ/ A
VA - //
B B V15 ; ; out:2 -5.00-
File Edi . ) 4 300-
- U1 OPA140 \
4 = =
E""ﬁ‘ I V25 I Vout ]
La 1Ihlr- B
_-t ﬁ Vin:1 - Voltage Generator ﬁ
Labe 00 | ' | | | ' | |
_ e e 0.00 10.00u 20.00u 30.00u 40.00u
Razir | B0 Level ] o (] Time (s)
Signal Square wane - e :
Internal resistance [Ohm) 0 L] ETF{FESUHEE . . . “ A
Volta g e 10 state inpit J ------------------------------------ Vin:1 will be first waveform shown because “:17 —
au one e— . « ;
= . - Vout:2 will be second waveform “:2
Meter 2 = .
100m
o 0K X Cancel ?  Help
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Bandwidth Testing

» Example Circuit:
o “03 - Bandwidth - OPA171

1SC”

D,

03 - Bandwidth - OPA171.TSC

* Analysis > AC Analysis = AC Transfer Characteristic > OK
« Use “a” “b” cursers for analysis.
» -3dB point is 23dB Gain & 160kHz Bandwidth

AC Transfer Characteristic

End frequency

Sweep type
(— Linear

Diagram
[ Amplitude

[ Phasze
[v Amplitude

Startfrequency

HNumber of points

(@ Logarithmic

[ Myguist
[ Group Delay

& Fhase

- =" Noname - AC Bode5 =
1, 03 - Bandwidth - OPA171 - Schematic Editor ‘ — - - B—
S = . File Edit View Process Help
File Edit Insert View [Analysis| T&M Tools TIUtilities Help 2 & s Al > s =
;|| T > a [+ alal |zl al~ oflsw g 2]~ 2
a1 T o mu%v i _ 75 & o “«
t | Lt 4 - + + 30.00- ol
I+|G|F[G|% Mo [~ e|®e|®] |
Basic | Switches | Meters Select Control Object _J
Set Analysis Parameters... |
) 20.00 A
DC Analysis » @ x 15996k  ¥.[p3
I AC Analzsis I r Calculate nodal voltages =
Transient... Table of AC results o
Steady State Solver... AC Transfer Charactenistic... 10.00+
Fourier Analysis »
MNoise Analysis...
0.00
=PI 180.00
155.00-]
= |
5
— R11k Rf 20k 2" 130.00-
+15Y © .
. £ o
V115 = Vin 105.00
" - Vout 1
s = 80.00 ———
V215 I U2 OPAATY 10 100 1k 10k 100k
o Frequency (Hz)
-15W = g
sy AC Bodes
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Slew Rate

- Example Circuit: 6.00
0 “04 - Slew Rate - OPA277.TSC” § ]
« Analysis 2 Transient > OK 4.00-
Transient Analysis &J P DG—E
St display n S [V S :
nd displa 200y 5 Q ]
End display (5] X Cancel E OOG_
(" Calculate operating point ? Help :-__2 _
(" Useinitial conditions ]
(@ Zeroinitial values _200_
v Diraw excitation _
-4.00—
Vi " 604—"m—F—"7——————
V415 ; L UTOPA2TT  yuut 0.00 50.00u 100.00u 150.00u 200.00u
e p———— Time (s)
2= Vi Vi §§ L
I E‘J'J;Jl-c square wave o
V- L 10kHz frequency . .. L 04 - Slew Rate - OPA277.TSC

17
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VGl - Voltage Generator {i—kj

Voltage Generator Configuration ot

[Signal

Internal resistance [Ohm)
* Example: e

Set Voltage Generator for 0V to 3.3V 10kHz Square Wave

« Choose Voltage Generator Symbol (.jj v ok | % concel | 7 e |

- Double Click to Set Parameters B 8 ignal ector e
- Set DC Level [V] 2 1.65V L| =] po| )b V| | ] ] e
* Go to Signal - Unit Step - PreSSﬂButton ) e 0

« Set Amplitude [V] (A) 2 1.65 |
» Set Frequency [Hz](f) = 10k
» Set Rise / fall time [s] (tau) 10n

T=1/f=100u

V4 Ok | X Cancel ? Help

4.00—_
3.3V |

VG1

Waveform Results =

OOO | T T T T T T T T | T T T T T T T T | T T T T T T T T |

0.00 100.00u 200.00u 300.00u
Time (s)
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Voltage Generator as a Triangle Wave — OPA354

This Creates a Triangle Wave from 0 to 3.3V

Example Circuit:
o “_OPA354 Circuit. TSC” 14

Double Click on “VIN:1” Voltage Generator Symbol  * " =)
Set a “DC Level [V]

Choose the """ | 3 dots next to Signal

Choose Triangle Waveform at Top
Set Amplitude and Frequency

Be sure to use lower “k” for killihertz C9 10pF
. _ VFB 5 |
Analysis = Transient > OK R0 10kOhm 5 10KOhm
- ATATAY iy
i VIN 1
. :
§§ Vo
- R R10 500hm
1— M
AR o - i’_h_,.--“' ) l
. R13 10kOhm l U1 OPA354
VIN:1 @ §_§ C10 10pF C7 10pF
= = I 1 VIN I
g E - ¥ -
1 é i = V1 3.3V

VIN:1 - Voltage Generator [ﬁ
Label il
Farameters (Farameters)
DC Lewel V] 15
| Signal
Internal resistance [Chm]
10 state Input
Fault Maone
v (] 4 X Cancel ? Help ‘
Signal Editor S

I

IIIIII

T='|,-’f=25x/

| g i fol[ie] ol 2] ] #

[Frequency [Hz] () EIF |

0K X Cancel ‘? Help ‘
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Generating a Piecewise Linear Voltage Source

* Double Click on “Vin” Voltage Generator Symbol

* Choose the | 3 dots next to Signal
. . . ' Fperiodic_pulse - Schematic Editor -'_“-—
« Choose Piecewise Linear at Top ~ Elperedepubse - schensiicEd =

Filer Edit Insert View Analysis T&M Tools TI Utilities Hei.p
- Add in REPEAT FOREVER feature =l2/8le| 2l |+ & lsiTls] xolof+][ - o] §8
J+lo|Z|s|@|@lw] &|#|~ = |de[3 [~ [ [e]e]ele] | | | | [ | [ [ [ [ [ ][]

S, N

Basic |Switches | Meters | Sources | Semiconductors | Spice Macros |

| E2 signal Editor [

- ! N 1A ! Faat| N L
VG1:1 - Voltage Generator ﬂ ﬂb |'_ _Ulﬂ |u‘ |\f| = I' '5"'—'| *'t’“‘]‘l"“

o b 18 | |REPEAT FOREVER
Label %1511 AE A io
Parameters (Farameters) vin () 2 Rk 100n 12
200n 2
D.C Lewel ["-.-"'] 5';“:”'” . : + Current:1 400n 1 “REPEAT FOREVER”
| Signal Fiecewise linear _| Py 16
Internal resistance [Ohin) I gu 35 Feature
10 state Input Min: 0 Meo: 3u E:DREPEM
Fault Mane
4 I
Successfully compiled
Use Test Button to see Preview ) tne1 Cot! _ et || e |
v 0K, X Cancel | 7 Help |
0K X Cancel ?  Help
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Phase Delay Calculation

» Example Circuit:
L™
o “ OPA354 Circuit Phase Shift. TSC” o
_OPA354 Circuit Phase Shift. TSC

Analysis = AC Transfer Characteristic > OK

2

[ ]
» Delete VFB Curve
» User Curser to check phase delay at 40kHz, result is 1.22 degrees lag
@_, _OPA354 Circuit Phase Shift - Schematic Editor i1 Noname - AC Bode22 j
File Edit Insert View Analysis T&M Tools TIUtilities Help File Edit View Process Help
| @8] Bl& [v & 2] T[w| oo~ |+][= afoe] 4 elal B &l alal [ rlelela~oll B ]2
& + t &I . + +) Rl ki iz == - —) b
J+l¢[F| S| @[ #|w] &[4 |~ = oo 3[4 [0 |@[@]@] [ | | |
Basic | Switches | Meters | Sources | Semiconductors | Spice Macros | 000+
e o ;‘?F’F ~10.00]
RY 10kOhim RE 10kOhim
: g
= -20.00
W
VIN L @
§ ;F: 1 R10 500hm ~30.00~
. o« 2
. R13.10kOhm L U1 OPA354
VIN-T % 10 10pF CT 10pF
§ 2 I +—— VIN I -40.00
& o = . —
. @ =3 0.00 4
- o
- = B E :Hmkiy:lr
-50.00—
B
E
® _100.00-]
W
o
-150.00—
BPA350PhaSBSHi;t,ChaﬂgBS _OPA354 Circuit Phase Shift -200.00 LR IR LR RN T UL T
10 100 1k 10k 100k 1MEG 10MEG 100MEG

[0 I~ Exil
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Stability Calculation — OPA354 (1 of 2)

« Example Circuit:
o “ OPA354 Stability. TSC”

 Add in 1TF capacitor and 1TH Inductor into Feedback Loop

« Add Voltage Generator VG1

* Analysis 2 AC Analysis = AC Transfer Characteristic > OK

R2 10kOhm R1 10kOhm
A |:|4I 1TF
|| ¢
VG
— VIN ik
£
A
£ ——ve
- R3 500hm
v Ay

Ay
RE 10kOhm

RS 10kOhm

R7 100hm

U1 OPA354

—— VN

1

= V3 3.3V

D
_OPA354 Stability Measurement.TSC

—— C110pF

AC Transfer Characteristic

Start frequency

End frequency

MNumber of paints

Sweep hype
( Linear

Diagram
| Amplitude

| Phase

Y
N

0 [He] | (W OK
100MEG [Hz] X Cancel
100
?  Help

(@ Logarithmic

Myouist
roup Delay

v Amplitude & Phase
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Stability Calculation — OPA354 (2 of 2)

« Example Circuit:

o “ OPA354 Stability. TSC”

* Add

0 Use Legend Feature and Delete:
o0 Choose Legend Feature

Separate Curves

Right Mouse Button
“Phase margin” Feature

and Vo curves.

u-""ﬂ
E

Add new X Axis
Add new Y Axis
Fourier Series...

0dB Cross-over Frequency ...

Gain margin ...

Phase margin ...

LW PR g |

Delete

Set page name...
Delete page

Text...

Line

Circle
Properties...

T T TE T v

Delete Phase Curves for: Aol, OneOverBeta, VFB
Choose Vo Curve from top of Legend “Gain”

Collect Curves ( now see Vo Phase from 40 — 110 )
Right Click and Choose “Phase margin...”
Box will display showing Calculated Phase Margin

File Edit View Process Help

=] bl ag 71l g o] K ]2
200.00—,
;y
< 1 Add new X Axis
@ Add new Y Axis X
0.00-] Fourier Series...
0dB Cross-over Frequency ...
Gain_margin ...
I Phase margin ... I
Gain Modified components...
-100.00 VFB Delete
200.00— Vo Set page name...
Phase Delete page
VFB
_ Text...
150.00-] Vo Line
= Circle
€@©
R=A Properties...
2 100.00- e
fog
L
o
50.00-
0.00 . RAa! . RAa! RAa! . ] — —— ————rr
10.00 100.00 1.00k 10.00k 100.00k 1.00MEG 10.00MEG 100.00MEG
Frequency (Hz)
’ .
=
Text =
L n 2 " b
NEARIIRN e
Phase margin: 47.53 ¥
at frequency (Hz): 82.96MEG
K
&
4 I
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Post Processor Function (1 of 2)

%+

?| ™ | = ﬂ Choose Post Processor Feature

Post-processnr}

A

e I
<<Remove | X Cancel |

= | [ ¥ | MORE

° - Button

Post Processor Button
In Results Window

Choose “More >>"

wi3 TEXAS INSTRUMENTS
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Post Processor Function (2 of 2)

« Example Circuit:
o “ OPA354 Stability. TSC”

» Add Calculations
0 Open Loop Gain Aol = 1/VFB(s)

0 Closed Loop Gain Curve 1/ = Vo(s)/VFB(s)

o Vo is loop gain = Aol x 3
« STEPS:

Input m‘“ﬂhﬂ Qutput

(Tina does not allow a “1” to start, so name “Uneuverbeta’)

Line Edit “1/VFB(s)”, New function Name “Aol” - Create

File | Edit | View Process Help

=a B&|[alg

A= e

¢

r |76l ~| o] K%

Line Edit “Vo(s)/VFB(s)”, New function Name “OneOverBeta” - Create

o
Post-processar

Awailable curves: Curves to insert:
VFB Add »> Aal o OK
Yo
<< Remaove X Cancel
Delete 2 Help
Show
[v' Qutput
-
—
~
[v User defined
- << Lless
User defined curves
— Built-in functions: + v —
e
1/VFEB(s)

Mew function name:

{This is a template} - |MyFunction2

{Don't modify the functionname}

[ Advanced edit Preview
[~ wv Flot

Eisrs

Begin
{¥Your expressions here}
{The re=zult wvalue} -
;

_OPA3ES Stability_kjk1. TSC >> AC Transfer Analysis

- -
Post-processor =] LX)
Awvailable curves: : :
VFB Addd >> Aal v OK
Yo OneCverBeta
<< Remowve X Cancel
Delete 2 Help
Show
[v Outputs
—
—
—
[v Userdefined
[ <<Less
User defined curves
— Built-in functions: - —
Tine Edit

Vo (s) /VFB(s)

MNew function name:

{This is a template}

{Don't modify the functionname}
Functi F(s);
Begin

{¥Your expressions here 1

{The result value}

_OPA354 Stahility_kjk1. TSC »> AC Transfer Analysis

)

- |MyFunction3

[ Adwvanced edit
[ # Plat

-

A

Post Processor Button
In Results Window
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N O I S e A n al yS I S ,&f, Noname - Qutput noise3 == X
File Edit View Process Help
. " =D, AR 2 [sb | Ea| te| - -
Example Circuit; ola| &6l alal | 7w~ o] | [ 2
(11 - 7 —
(0] 05 - Noise - OPA211.TSC 05 - Noise - OPAZ].]. TSC 40.00u—
* Analysis = Noise Analysis 2 OK -
4 Results Are Calculated . 30.00u—]
:Q' ]
| Analysis| T&M Tools TI Utilities H T b
[ ERC Ch 1n = ]
—«M_.—' |—»— @ ]
v R14 1k =~ R1020k g 20.00u—
|| _ R12 1k RS 100K Fantad Y 5 ]
;| Select CDF‘I-’[FD| Object _i:“"“’\"" - = V- 2 1
Set Analysis Parameters... - T O 1
DC Analysis C 3{ OPAy211 - ._\:F_':'(EJI 1 10.00u—
AC Analysis » -h-"""f UG OPAy211 ]
Transient... + =
Steady State Solver.. VG1 1 V+ ]
FDurierAnaIFSis , 1I|p'+ OOO T T ||||||| T |||||||| T ||||||| T ||||||| T |||||||| 1 ||||||| L ||||||| 1 ||||||||
RRRVZECRVIRTS 1 m mo 1k 10k 100k 1MEG  10MEG 100MEG
Noise Analysis... I B v |_.._||”T||||_._| Vs 1 Frequency (Hz)
1 Output ng|ge3 |Inputn0|se3 I Total noised Slgnal to NDlseS]
Options... E—
' »
Start frequency 1 [Hz] | I / i\
End frequency TOOMEG [Hz] X Cancel B || Sg‘“"""" ‘f !
Murnber of paints 100 ?  Help - ) 3_ / iww |
S/N Signal Amplitude 1 b i = ,_—j b il B A g R s i |
Diagrams A mak P F’:;;mm‘jm e i nese IO on F'::LWULM e Poius mains S 80,00 Ml P o F'itmml?“ e
[« Output Moise [v Tatal Moise =

[v Inputtoise

[v Signalta MNoise

Choose all 4 check boxes
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Adding & Removing Variable Sweep Feature

To Add Component Parameter Sweep
1. Example Circuit: “_ OPA354 Circuit.TSC”

1K
2. Click on E button next to zoom.
3. Clickon ==

File. Edit Insert View Analysis T&M Tools TIUtilities Help

| @8[] Bl% [ «|s|Tls| oo o[ +][ @foo~]| 1K)

and choose Start/End/Number of Cases

2y 5,

JLa[Z[S[B[H[w] & [#] ==

Basic | Switches | Meters | Sources | Sermiconductor

R1 - Resistor

| Resistance [Ohm]

Fower [

Temperature [C]

Linear ternp. coef. [1/C]
Cluadratictemp. coef [1/C7]
Exponential temp. coef. [#/C]

o\ —
f

Control object selection

baxirmum valtage M) Farameter stepping
)
Startvalue k. weep type
® Linear
12k
Ene vielmz (" Logarithmic
" List
3 t
v Select.. X Cancel <) | | | Eiasr g esees
o
= )
l ; Farameter Stepping I
v o Ok Remove X Cancel ?  Help ‘

To Remove Component Parameter Sweep

Follow the same steps to get to “Control object

selection”

Press “Remove”

Control object selection

L

Farameter stepping

otart walue |Bk

Sweep type

o Linear

Endwalue |1 2k

Mumber of cases

" Logarithmic

o e |

Farameter Stepping ‘

v

Femove || X Cancel ? Help ‘

A

| Variable Sweep Button |
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Double Click on Axis to Change Settings

* Double Click on Axis Values to Change

' 4

OPApwm 5.00 _ﬂ

0.00

0.00

1.00m 2.00m

Set Axis

Faont ...

Scale

Label —
Text  |OPApwm ek
Font ... Mame: Anal Size: 12 Style: Mormal ¥ Cancel

Mumbers
Farmat  |Engineering: 1k | ? Help

Divide by factar: |1 Frecision: 2 =

Mame: Anal Size: 12 Style: Italic

|Linear

Ticks:

ﬂ Lower lirnit: |0
2 +| Upperlimit |5

| Farce size seftings when resize windaw

v Round axis scale

3.00m
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Op Amp to Drive SAR Converter

* Analysis - Transient 2> OK
* View 2 S

D,

| Remove multiple feedback |

R4 10k
L/
SAR drive with OPA320.TSC | Cﬁ % | Vsampl
R3 49.9k T F
—Wh - R6 2
———AM

| TMS320F28377S SAR ADC model |

| Subtract steady-state DC output|

U2 OPA320_gwi

C21.5n

++3V3
=V133

L

LA

1

(o]

==

o)

+

% R1 49.9K

R235.7k L&

IE

- - O

| Add .1uF decoupling cap on divider |

| Add charge bucket / LPF |

| Suggest OPA320 for avoiding Crossover Distortion |

|Simulate for output near PFS for worst-case settling. \

V2 -3.21 Verr
VCVS1 1 il Y
B [+ '“l +
r x¢
n - ) Look for Error Voltage Verr to be less than
- ; XJ 1 1/2 of one LSB at the end of acquisition.
SW1 o = 50. = )
) Ron 425 % (16b = 50.4uV, 12b = 805.7uV)
. o , !
‘Lf% & —-»X
Is IR
L0 Lo L _conv
Q=
o c
[&] o
® °

Remember to adjsut timing parameters
for acquisition time and total conversion cycle.

Acq Rst

t_acq is ON for acquisition period.
Sample is held on capacitor for conversion.

t_conv discharges the sampling capacitor
at the end of conversion, simulating the
charge distribution that takes place during
the conversion cycle.

| Values of Ron and Cch are from the datasheet. |
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Flyback Converter using UCC28C44 — Transient Model

« Example Circuit: _UCC28C44 Flyback.TSC
« Standard Flyback Converter with Optocoupler Feedback.
* Includes UCC PWM controller, Transformer, Vref TL431 and Opto-coupler

Vout?

L1 10uH

Vout

Rload 40hm

Note

TI's has new ATL431 and ATL432

Modern update to TL431, TLV431, etc.
Adjustable Output 2.5 — 36Vin
Internal Comp — Stable with no Cap

-K:E] )] U10 XFMR2 e 140 -OUT
RP1 200mOhrh - D3 MBR140 R3 10mOhkm | OUYT2
oy 4 [D1.D1N4148 _
_UCC28C44 Flyback.TSC . N fux MESR T 100mO RESR2 30QmOhim
| R5 100hm Heh
: R1 2. 3Ohm Ohm Co1 990uF C1 220uF
Rstart 1°Dmhm§ § = itial DC vo initial DC Vol 8
600uH nitia va ageﬁ[ﬁ nitia Vo HQET
Cclp EEULFP
--_"T'_ L 2
I
Vioov = L2 50pF
Winput 350V I
+ VF2 - Lleak 22uH
T ) VF1 2 MUR160 OuTZ
[ Rt 8.2kQkm ’ %
- U4 UCC28C44 | Rugper 10kOhm
+ EA VREF o Aux . =z
E / A= ¥
o on }‘u’gslte. U2 MTD1NGOE] - U3 MOCB!1
N ouT i =
: RTCT GHNDh _
Rleb 1kOhm =4 10nF
Ay 1‘ Inkial DC woltage|s
[ ]
I I £ U1 TLAq §
e ThE leb 470pF — 9 RZ 10kOhm
I~ —TT —Ft 2 PnF TC"..-'E:E: 22uF - (
| L Initial DC voltage 169, =
w
o

High Output Current Drive 35uA — 100mA
Min Cathode Current for Reg = 35uA
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Lots of Example Circuits

* In TINA-TI Examples Folder C:\Program Files (x86)\DesignSoft\Tina 9 - TNEXAMPLES

* TI's online E2E Forum Community
* The circuits and models provided in this training

@_, Noname - Schematic Editor

Edit Insert View Analysis T&M Tools TI Utilities Help

New

Open Examples...

Open from the Web...
Save

Save As..

Save All

Close

Close All

Export

Import

Bill of Materials...

Enter Macro

Page Setup...
Print Preview
Print...

1 10V_SCALE_OPA2140_4 Hooman modified for higher TR Excitation 2_28_17.TSC
2 C\.\10V_SCALE_OPA2140 4.T15C

3 C\.\10V SCALE_OPA2140 2TSC

4 C\.\OPA2140 Test Circuit.TSC

5 C\.\Discrete Charge Pump.TSC

6 C\.\_OPA354 Stability.TSC

7 C\.\_OPA354 Circuit TSC

8 C\.\_OPA354 Stability_kjk1.TSC

Exit

Ctrl+N
Ctrl+0O

Ctrl+5S

Ctrl+F4

Ctrl+P

Cap Load Comp
Comparator
Control Loop

Current Loop

Current Measurement

DAC

Difference Amps
Filters_FilterPro
Filters_Others
Misc

Noise Sources
NSC Test Circuits
Oscillators
Power Amps
Precision

RTD Simulator
Sensor_Condition
Signal_Process
Single Supply
Smps

SPICE

TI Test Circuits

Transimpedance

Voltage_to_Current
WAV file examples

WIDEBAND
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Tl Precision Labs Training Online

« TINA-TI Video Training Series: https://training.ti.com/tina-ti-video-training-series
» Webench Power Designer Training Series: https://training.ti.com/webench%C2%AE-power-designer-training-series

« Webench Filter Designer Video: hitps://training.ti.com/webench%C2%AE-filter-designer-video

1. TINA-TI Training Series 1. WEBENCH® Power Designer Training Series WEBENCH® Filter Designer Video
Viultiple Video courses showing how to use TINA-TI to solve Engineering problems with # a8 Title Duration TS VIACO SeTIes takes you Through Titer Designer and it Teatures inclu
# a Title Duration ] ]
1.1 Learn WEBENCH® Power Series Overview 03:19
1.1 Introduction to TINA-TI(TM) Simulator 07:30 T bl f t t
aple or contents
1.2 Starting WEBENCH® Power Designer 01:43
1.2 Using the TINA-TI(TM) simulator - ERC and Analysis ~ 07:03 o L 1. Videos
13 WEBENCH® Visualizer - Filtering 04:09
types
1.3 Configuring Sources in TINA-TI(TM) simulator 06:31 14 WEBENCH® Visualizer - Charting 02:17 1. Videos
1.5 WEBENCH® Optimizer Dial 05:14
) # Title Duration
1.4 TINA-TI(TM) Waveform Viewer, Part 1 07:12 16 WEBENCH® Power Designer 03:12
1.1 Select, Design, Analyze 04:29
) ) 1.7 Viewing Your Schematic with WEBENCH® Power 02:23
1.5 TINA-TI(TM) Waveform Viewer, Part 2 05:32 Designer 12 Lowpass Filter Selection 04:52
) ) ) 1.8 Viewing the BOM with WEBENCH® Power Designer  03:35 . . . .
1.6 Sweeping parameters in TINA-TI(TM) simulator 04:15 1.3 Filter Designer Visualizer 04:20
1.9 Using WEBENCH® Power Designer to View 04:10 ) . .
Operating Values and Charts 1.4 Filter Designer Design Summary 04:17
1.7 Noise, Fourier analysis and Signal Chain contentin ~ 06:04
TINA-TI(TM) simulator 1.10 Optimize Circuit Design with WEBENCH® Power 02:28 1.5 Highpass Filter Selection 05:16
. o . Designer
1.8 Power product simulation in TINA-TI(TM) simulator ~ 08:23 16 Bandpass Filter Selection 05:26
) . . 1.1 Electrical Simulation in WEBENCH® Power Designer  04:22
1.9 Importing SPICE models into TINA-TI(TM) simulator ~ 05:21 17 Bandst Notch Filter Selecii 05:43
1.12 Thermal Simulation with WebTHERM™ Simulation ~ 03:38 ’ andstop or Notch Fiter selection ’
1.10 Tips and Tricks for TINA-TI(TM) simulator 12:54 . .
1.13 Creating Documentation with WEBENCH® Power 01:57 1.8 Simulation Tool 05:59
1.11 How to use the Controlled Source Wizard in the 06:51 Designer
TINA-TI(TM) simulator 1.9 Selecting Filter Order 04:18
1.14 Exporting from WEBENCH® Power Designer 01:30
112 Using WEBENCH.@? simulation export to create files ~ 06:43 1.10 Group Delay Step Response Specifications 05:42
for TINA-TI(TM) simulator 1.15 Sharing Designs with WEBENCH® Power Designer 01:29
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How to Import a .TSM file ?

* Insert > Macro - find .TSM file > Open

[ View Analysis T&M Tools

Last Component Ctrl+Ins
Wire Ctrl+5Space
Input Ctrl+I
Output Ctrl+U
Text Ctrl+T
Graphics... Ctrl+G
Title Block...

Block...

Auto Repeat
v Auto Wire

CSD18509Q5B.TSM

-
Insert Macro

==

Recent Places
Desktop

l..u_al
Libraries
Computer

@«

Metwork

TL_Models_201612061114_07020 12/6/2016 1.14 PM
< | 1] | b
File name: |cSD18509Q5B.TSM ~| Open
Files of type: ISchematics Macro (*. TSM) LI Cancel
Help

Lookin: | | TINATISPICE
o Name
~ _BSS138.TSM

_MMBT3904.TSM
MO0 K i

C5D185090Q5B.TSM

OPA140 TI_Models_201702280824_08427

_ Precision Labs Simulations

CSD185090Q5B TI_Models_201702190351_09973
2n7002k_ps_revb

OPA350 TI Models_201702120851_01280
OPA170 - TI_Models_201612061114_07020

j = B ¥ Ev

Date modified
2/19/2017 4:13 PM
2/19/2017 4:10 PM
2/19/2017 4:05 PM
9/23/2016 11:26 AM
2/28/2017 10:25 AM
2/27/2017 1:29 PM
2/19/2017 5:51 PM
2/19/2017 4:03 PM
2/12/2017 10:51 AM
12/6/2016 1:15 PM

m

A

File Edit Insert View Analysis T&M Tools

sleae BiE [« £|s|T|H X[

JL[ S =8| ] 5 [we] &[]

Basic | Switches | Meters | Sources | Semiconductars

T1 C5D1850930Q58

-
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Where can you find SPICE Models?

www.ti.com/spicerack

‘(' il 0a fwebench.ti.com/webench5/spicemadels/DCMP=hpa_hpa_elabs&HQS=spicerack# ¢ | | Q Search ﬁ E Q ‘ ﬁ’

W Texas INSTRUMENTS WEBENCH® SpiceRack Device Model Search e Gt
Search Here
] Show only selected

[ ‘ Tl Part {‘ Part Description ) {‘ Model Description {| Family Tree [ | Release Date
[] T4AC16244 16-Bit Buffers And Line Drivers With 3-State Qutputs Revision 74AC16244 1BIS Model (Rev. A) Logic—=Buffer/DriverTransceiver—=MNan-Inverting BufferiDriver 2003-5ep-10
[] T74SSTUB32864A 25Rit Configurable Registered Buffer with SSTL_18 Inputs and Outputs Hspice_SSTUB32864A_Encrypted.zip Clock and Timing—=Memaory Interface Clocks and Registers—=DDR2 Register 2007-Mar-26
[] T74SSTUB32864A 25-Bit Configurable Registered Buffer with S5TL_18 Inputs and Qutputs Revision SSTUB32864A1BIS ZKE1 Model (Rev. A) Clock and Timing—=Memaory Interface Clocks and Registers—=DDR2 Register 2007-Jul-2
[] T74SSTUB32865 28-Bit to 56-Bit Registered Buffer with Address-Parity Test 7455TUB32865 1815 Model Clock and Timing—=Memory Interface Clocks and Registers—=DDR2 Register 2007-Dec-3
[] 74SSTUB32865A 28-Bit to 56-Bit Registered Buffer with Address-Parity Test 743STUB32365ABIS Mode| Clock and Timing—=Memary Interface Clocks and Registers—DDR2 Register 2007-Dec-3
[] T74SSTUB32866A 25-Bit Configurable Registered Buffer witddress-Parity Test Revision SSTUB32866A1BIS ZKE1 Madel (Rewv A) Clock and Timing—=Memaory Interface Clocks and Registers—=DDR2 Register 2007-Jul-2
[] 74SSTUB32866A 25-Bit Configurable Registered Buffer wiAddress-Parity Test Hspice_SSTUB32866A_Encrypted zip Clock and Timing—=Memaory Interface Clocks and Reqisters—=DDR2 Register 2007-Mar-26
[] 7455TUB32868A 28-Bit to 56-Bit Registered Buffer with Address-Parity Test 7455TUB32868A1BIS Model Clock and Timing—=Memaory Interface Clocks and Registers—=DDR2 Register 2007-Aug-23
[0 AcCE2101 Low Moise, Dual Switched Integrator ACF2101 PSpice Model Amplifiers—=Cperational Amplifiers (Op Amps)—=Precision Op Amps 2000-0ct-25
[] ADCO7TD1520 7-Bit, Dual 1.5-G5SPS or Single 3.0-GSPS Analog-to-Digital Converter (ADC) ADCO7D1520 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs)—=High Speed ADCs (=10MSPS)  2012-Aug-27
[] ADC081000 High Performance, Low Power 8-Bit, 1 GSPS AID Converter ADCO081000 1BIS Model Data Converters—=Analog-to-Digital Converters (ADCs}—=High Speed ADCs (=10MSPS)  2012-Jan-14
[] ADC081500 8-Bit, 1.5-GSPS Analog-to-Digital Converter (ADC) ADCO081500 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs}—=High Speed ADCs (=10MSPS)  2012-Jan-14
[] ADC0&3000 3-Bit, 3.0-GSPS Analog-to-Digital Converter (ADC) ADCO082000 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs}—=High Speed ADCs (=10MSPS)  2012-Jan-14
[] ADC0S8D1000 8-Bit, Dual 1.0-GSPS or Single 2.0-GSPS Analog-to-Digital Converter (ADC) ADCO08D1000 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs}—=High Speed ADCs (=10MSPS)  2012-Jan-14
[] ADCDS8D1500 8-Bit, Dual 1.5-GSPS or Single 2.0-G5PS Analog-to-Digital Converter (ADC) ADCO08D1500 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs)}—=High Speed ADCs (=10MSPS)  2012-Jan-14
[] ADCDED1520 8-Bit, Dual 1.5-GSPS or Single 2.0-GSPS Analog-to-Digital Converter (ADC) ADCO08D1520 IBIS MODEL Data Converters—=Analog-to-Digital Converters (ADCs)}—=High Speed ADCs (=10MSPS)  2015-Sep-15
[] ADC0ED502 Dual-Channel, 8-Bit, 500-MSPS Analog-to-Digital Converter (ADC) ADCO08D502 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs)—=High Speed ADCs (=10MSPS)  2012-Oct-9
[] ADC10D020 Dual-Channel, 10-Bit, 20-MSPS Analog-to-Digital Converter (ADC) ADC10D020 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs}—=High Speed ADCs (=10MSPS)  2012-Jan-14
[] ADC10D040 Dual-Channel, 10-Bit, 40-M3PS Analog-to-Digital Converter (ADC) ADC10D040 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs)}—=High Speed ADCs (=10MSP3)  2012-Jan-14
[] ADC10D1000 10-Bit, Dual 1.0-G5PS or Single 2.0-G5PS Analog-to-Digital Converter (ADC) ADC10D1000 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs}—=High Speed ADCs (=10MSPS)  2012-Jan-14
[] ADC12D1000 12-Bit, Dual 1.0-GSPS or Single 2.0-GSPS Analog-to-Digital Converter (ADC) ADC12D1000 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs}—=High Speed ADCs (=10MSPS)  2012-Jan-14
[] ADC12D1000RF 12-Bit, Dual 1.0-GSPS or Single 2.0-GSPS, RF Sampling Analeg-to-Digital Conve  ADC12D1000 IBIS Model Data Converters—=Analog-to-Digital Converters (ADCs}—=High Speed ADCs (=10MSPS)  2012-Jan-14
<
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How to Import a .LIB file ?

Tools =2 New Macro Wizard

Chose Next, then Nexts again.
Save off new .TSM file

New Macro Wizard

| Tl Utilities Help

Diagram Window

Netlist Editor

Find Component...
Re-read symbol database

Re-compile Library
Re-build Library

MNew Macro Wizard...

dit Macro Froperties...

Export Macro...
Renumber Components

v | Lock Schematic Editor
Daock Metlist Editor

Select the source of the macro.

kMacro Mame

Mew bMacro

¢ Empty circuit
' Current circuit
® From file

IC:\,Users\aD] 933314 Deskiopt TINA TI SFICEN_BSS138.LIE

" From the Weh

Browse |

Default: WHOL
LabeI:ISCK#

Parameters:l

[T Generate WHDL cormponent

Help | < Back MNext >

Cancel |

-

_BSS138.LIB

_MMBT3904.LIB

Press the Yellow Button and Choose your .LIB file. ||

New Macro Wizard

New Macro Wizard

Select the shape you want to assign:
(" Auto generate shape
® Load shape fram library

All |
<FOSE>
D
J -
G »J:’——l
s
—Filter

[ Show suggested shapes only.

( Notice: If you can't find the shape you are
looking for, uncheck this checkbox. )

Search:

MNumber of pins

Jal
Shape type:

IAII

Netlist:

|.SUBC'KI bss1381tl 1 2 3
dkkkkkhkhhhkhkkdhkhdhhhhkhhkhhhhhh kA hkk

* Model Generated by MODPEX *
*Copyright {c) Symmetry Design Systems*
* 211 Rights Reserwed *

* UNPUBLISHED LICENSED SOFTWARE

* Contains Proprietary Information
* Which is The Property of

* SYMMETRY OR ITS LICENSCRS

* Ok

(]

Help < Back Cancel

Help |
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— Decrease from default 10G to 1u (to start)

— Decrease further to 10n i

Analysis | T&M Tools TI Utilities H

ERC...

j Mode..
Select Control Object

| set Analysis Parameters... |

DC Analysis
AC Analysis
Transient...

Steady State Solver...
Fourier Analysis

Noise Analysis...

Options...

L necessary

Will Not Converge / Need More Resolution

» Go to Analysis - Ste Analysis Parameters = “TR maximum time step [s]

Analysis Parameters

ol

CONVERGENCE

ISSUES

Try 1u to start
Then go to 10n or more

Operating point with initial conditions (No) Mo -
TR max, iteration number [-] 20 Pl
TR max. ahbs. voltage incr. ] (200m) Z00m
TR max. abs. current incr. [A] (20m) 20m
TR max. relative increment [*2] (1.0E+30) 1.0E+30
TR maximum value relative error [24] (Tm) Tm
TR LTE voltage-based/charge-based [v'es) TEs
TR truncation errar factar [-] (7 ?
TR iteration control factar [-] (500m) 500
TF charge tolerance (10f] 100
ITR maximum time step [s] (10G]
TR minimurn time step [s] 1.0E-30) 1.0E-30
TR excitation subdivisions [-] (10) 10
TR time intrv. subdivisions [-] (100 100
Abs. error of optimization [-] (1n) Tn
Fel error of optimization [*4] (1u) Tu
semiconductor capacitors enabled (ves) WEE
shunt conductance [S] (0 0
shunt capacitance [F] (0 0
Max. no. of saved TR points [-] (1000000 1000000 L
Wave processing guality (1-4) (1) 1 =l
Audio latency [5] (500m) 500m 57
Diescription
Default analysis parameters. -
These parameters establish convergence and sufficient accuracy for most circuits. = |
In case of convergence ar accuracy problems click on the "hand " button to Open —
0K X Cancel

?  Help ‘ =
36
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Capacitor on Operation Amplifier Input Causes
Convergence Error S

» Problem: Capacitor added to input of Operation Amplifier causes a Convergence Error.

CONVERGENCE

« The problem is that due to the small capacitance value inserted, the program subdivides times steps in order to
reach the required accuracy and the time step goes too low, which may cause numerical instability.

» Set Analysis Parameters
— DC absolute current error [A] (1n) > set to 10n
— DC absolute voltage error [V] (1u) - set to 10u

DC abszolute cumrent emor [&] [1n]

— DC relative error [%] (1m) = set to 20ms DC absokute vokage eror [V] (14)
= DC relative emor [%] [1m)
T M [ririmum conductance p
= TR maximum value relative emor [2] [1m]
L ; TR truncation error factor [-] [7)
T- O TR masimum time step [s] [10G)
> n Shunt conductance [S] (0]
= Max. no. of saved TR points [-] (1000000)
R3 100hm *
—— i _r
U6 OPA2140 Iie ot
Default analysis parameters.
R5 10kOhm These parameters establish convergence and sufficient accuracy for most circuits. In
E . AAA case of convergence or accuracy problems chick on the "hand " button to Open
e Ig
E? «'uhlxmma‘?ﬂap‘ E‘ o7
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Need More Memory?

* Analysis - Options ... = Check “Disable Warnings for Large Size...”

* Analysis = Set Analysis Parameters >Max no. of saved TR points
— Increase to 3000000

Analysis | T&M Tools TI Ut
ERC..

Mode...
Select Control Object
Set Analysis Parameters...

DC Analysis

AC Analysis
Transient...

Steady State Solver...
Fourier Analysis

Moise Analysis...

|  Options..

Analysis Options

=)

General lERC ]

Trace Mode
(" Detailed

(® Fercentage Bar

" Message

Murneric precision: 2 5

Yhl f MCU

[ Enshle MCU Code debugger
[ Generate gyhthetisakle code
[ Compile packages at startup
[v Enahle digital engine 6.x

[¥ Enahle YHDL mixed mode

Advanced...

Cutput curve filter

[~ Filter enahled

Threshaold canstant Tm

Digital Analysis

[ Show Warnings

Delay: Default bt

[ Enahle glitch cantral

Glitch contral: 50.00%:
Transient

Integration method
(" Trapezoidal

(@ Gear

Integration order z -
Ferfarmance

Murnber of threads Max -

[w hdairix campilation

[ Enable runtime statistics
[v Enahle instant diagram drawing

[ Save all analysis results

taximum skip

|1 oo ﬂ I|7 Disable warnings for large size analysis results |

[ Remember diagram settings

x Cancel |

? Help

H Cul

Analysis | T&M Tools TI Utilities H

ERC..

Mode...
Select Control Object
| Set Analysis Parameters... |

DC Analysis

AC Analysis
Transient...

Steady State Solver...
Fourier Analysis

MNoise Analysis...

Options...

CONVERGENCE

ISSUES

Analysis Parameters

et

Operating point with initial conditions (Mo Mo -
TR max. iteration nurmber [-] (20) 20

TR max. abs. woltage incr. [v] (200m) 200m

TR max. abs. current incr. [A] (20rm) 20rm

TR max. relative increment [34] (1.0E+30) 1.0E+30

TR maximum walue relative errar [%] (1m) 1m

TR LTE woltage-based/charge-based [v'es) 'es

TR truncation errar factor [-] (7) 7

TR teration control factar [-] (500m) 500m

TR charge talerance (104 10f

TR maximum time step [s] (10G) 10G

TR minimum time step [g] (1.0E-30) 1.0E-30

TR excitation subdivisions [-] (10) 10

TR.time intrv. subdivisions [-] (100) 100

Abs. eror of optimization [-] (1r) 1n

Fel. error of optimization [22] (1u) 1u
Semiconductor capacitors enabled (ves) NEE

Shunt conductance [S] (0] 0
_chunt capacitance (] (01

mlax. no. of saved TR points [-] (1000000) W i
Wawe processing guality (1-4) (1) 1 =
Audio latency [s] (500m) 500m 7
Description
Default analysis parameters. -
These parameters establish convergence and sufficient accuracy for most circuits. [=
In case of convergence ar accuracy problems click an the "hand " button to Open
v 0K X Cancel ‘ ? Help ‘ ﬂ
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Output Waveform is Truncated — Search our E2ZE FOrums [NV
« Square wave output of Signal Generator is truncated http /le2e.tl.com ISSUES
Solution is to change “TR excitation subdivisions” from default of 10 to 1000.

Analysis = Set Analysis Parameters... = Scroll down to Bottom to find Parameter

See all the details on this particular issue our E2E Forums:
http://e2e.ti.com/support/development tools/webench design center/f/234/t/371450

y . . . .
« TI's E2E forums are the place to ask questions of Tl applications engineers
[ ERe=Edl- View Proce—Hielp Analysis Parameters ﬁ
a|lob | +a]|¥ |
| ) DJ B BJHT a % i {{‘i; i DJ :t'.\_fﬂ :’f]—i]i] 1;.15 Operating point with initial conditions (MNo) [i[a] -
100 e TR max. iteration number [-] (20) 20
| TR max. abs. voltage incr. W] (200m) 200m
® TR max. abs. currentincr. [A] 120m) 20rm
] TR max. relative increment [%] (1.0E+30) 1.0E+30
TR maximum walue relative errar [#2] (Tm) 1m
| TR LTE woltage-hased/charge-based (Yes) “es
|VF1 < TR truncation error factor [-] (7) 7
TR iteration control factor [-] (500rm) 500rm
TR charge tolerance (10f) 10f
TR maximum time step [s] (10G) 10G
TE minirmuurm time <ten [<1 1 0F-300) 1 0F-30
/ | TR: excitation subdivisions [] (10 1000 ]I
; %_ o TR time infrv. subdivisions [] (100) 100
) Abs. error of optimization [-] (1n) 1n
] Fel. error of optirmization [%] (1u) 1u
Semiconductor capacitors enabled (ves) res
Shunt conductance [3] (0 1]
| | Shunt capacitance [F] (0) 1]
[VG1 ] bax. no. of saved TR paints -] (1000000) 1000000 i
Wawe processing quality (1-4) (1) 1 |i|
Audio latency [s] (500m) 500m ¥
Descriptian
: Default analysis parameters. -
400 —_— = These parameters establish convergence and s_uﬁic:ient accuracy for most circuits. El
In case of convergence ar accuracy problems click onthe "hand " button to Open
0.00 250.00u 50C h
Tim
0K X Cancel ?  Help | ﬂ 39
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