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User's Guide
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This user guide is intended to demonstrate use of the Pspice model for the TPS7H1101A-SP low-dropout
linear regulator. Instructions on how to import the unencrypted model netlist into Cadence Pspice® are
also provided. The first half of the guide outlines the modeled parameters and the second half of the guide
addresses how to simulate the modeled parameters.
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1 TPS7H1101A-SP Model Specification

The netlist file (TPS7H1101A-SP.lib) contains the spice model of the device TPS7H1101A-SP. The model

is intended for following types of simulation:

» Frequency response (Phase Margin, Phase Margin Crossover)

» Transient response

» DC simulations for parameters like reference voltage, load regulation, etc.

Monte Carlo analysis models device variation for the following parameters:

» tol_gmps — The tolerance (%) of the power stage gain.

» tol_vref — The tolerance (%) of reference voltage.

The default tolerance values are set based on design simulations. The user has flexibility to change these

values.

Environmental parameters:

* TID - Total lonizing Dose exposure (krad) can be modeled from 0 to 100 krad.

» Temperature — Temperature (°C) can be modeled from —-55°C to 125°C.
2 Default Parameters

» tol_vref — Reference voltage tolerance (%) : 0.41
« tol_gmps — Power stage gain tolerance (%) : 4.28
e TID — Radiation exposure (krad) : O

2
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Example of using model with Cadence Pspice (17.2.0)

3 Example of using model with Cadence Pspice (17.2.0)

3.1 Creating a part from the netlist file

In order to run a simulation, the netlist file must be used to create a part that can be used in the

schematic.

1. First, open the "Model Editor" application.

& TestStand 2014 (32-bit) Legacy Model Switcher
';"n TestStand 2016 (32-bit) Legacy Model Switcher
Documents (252)
. Model Plugin - Basic Step Time Report
. Testing UUTs in Parallel - Parallel Model
Testing UUTs in Parallel - Batch Model
Sticky Notes (Windows Sticky Notes) (1)
*) Remove temperature dependency of model,
Files (43)
07| POL6A_data_for_model_with_mul_factor
. TINA models
0| POL6A_data_for_model

- See more results

e

| Shut down | ¥

2. Then select File — Open and choose the netlist file (***.lib).
3. Once the netlist opens, select File — Export to Part Library...

[ Edit View Model Plot Tools Win

L New Ctrl+M E
£ Open... Ctrl+0
Close
| i Save Ctrl+5S E
Save As... |
[ l
| Print... Chrl+P
Page Setup...

port To Part Library.

Meodel [mpert Wizard...

i. Encrypt Libra
yp Ly
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4. The Create Parts for Library dialogue box will open. Click "OK" to generate the part library in the
default location. This will create a ***.olb file with the same name and location as the netlist file.

Create Parts for Library et

Enter Input Model Libran:

Enter Qutput Part Libran:
|n'\T PS7H1101A-SP AC design TPS7H11014-5P. |:|||:|| Browsze. ..

nTPSYHT101A-5P AC designt TPSFH11014-SP. it} Browse...

. ‘ Cancel Help

3.2 Steps to create project in Capture®
The following steps explain the procedure for creating a project in Capture and adding the part created
from the netlist:
1. Open the Capture application from Cadence - v17.2.0 or above.

2. Click on File — New — Project.
3. Enter a project name and location, choose PSpice Analog or Mixed A/D from the options, and click

"OK".
Mew Project ﬁ
)
Create a Mew Project Using
Pt
% (@ PSpice Analog or Miked 270 Tip for New Users
Create a new Analog or
] Mixed A/D project. The
% () PC Board Wizard new project may be blank
or copied from ah existing
template.
IIE? () Programmable Logic Wizard
a
- ) Schematic
&
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4. Once the Create PSpice Project dialogue box opens, select the "Create a blank project" option and
click "OK".

Create PSpice Project

if

0

() Create bazed upon an existing project

zimple. opj Browze. .

@ Create a blank project]

Cancel

Help

5. A new project will be created and the project window will open. Click on the tab with the same name as
your project, then right click on the Library folder and select "Add File".

StartPage [ tes7h1101-.[F]  PaceEL

0 File %2, Hierarchy
=L Design Resources
Atps7h11015-sp.dsn

Add Fil
-1 Outputs L2
w--C0 PSpice Resources
Part Manager

6. Choose the ***.0lb file that was previously created, add it to the dialogue box, and click "Open". This
will add the part symbol to the project.

Add File te Project Felder - Library X
Look in: | TPS7H1101A-5P AC design v| e ¥ * -
ﬁ Name - Date modified Type
_ TPSTH1101A-5P_Ref_AC-PSpiceFiles 24-09-201917:36 File folder
Quick access  ERTPSTH1101A-SP.OLB 24-09-2019 17:36 OLE File
Desktep
Libraries
This PC
v . >
Metwork
File name: TPS7H1101A-SP.OLE v| | { Open ) |
Files of type: Capture Libraries {* olb) ~ Cancel
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3.3 Creating the schematic in Capture

The following steps explain the procedure for developing a schematic in Capture using the part created
from the netlist:

1. Open PAGE1 under the SCHEMATIC1 folder below the .dsn file.

T3 File %8, Hisrarchy
-0 Design Resources
B AtpsTh1101a-sp_ref_ac.dsn

SCHEMATICT
Design Cache
ER=] ooy

- I3B) \tpsTh1101a-sp.olb

...... £ Outputs
- PSpice Resources

2. Select Place — Part to open the Place Part window. Click on the square icon shown in the following
image to add libraries to the project.

Place Part p vx

Pat
' i @ U
Part Lizt: T 4 S
(MO2CS-10M/COILCRAFT - ' A
(402C5-11MACOILERAFT a - abe
(402C5-12M/COILCRAFT o A =
0402C5-13NCOILCRAFT
0402C5-15N/C0ILCRAFT 1
0402C5-1ENACOILCRAFT
(402C5-18M/COILCRAFT A ‘_‘F
(M02CS 19N ACOILCRAFT <
Libraries: o % E}
=
[ e
Packaging l:tk C[%
Fartz per Pkg: 1 .
Part: rﬁ %
_ A s

3. Select all default library files of PSPICE from installation directory and click "Open". (Default Location:
“C:\Cadence\SPB_17.2\tools\capture\library\pspice”) Note: This step can be omitted if the default
libraries have already been added to Capture.
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4. In the Part search box, type “TPS7H1101A-SP” and select the model.

Place Part

PR
Part Q @
tps7k11014-5P |

Part List: ?

TPS61163/57NCH_CNTAL "

TPSEDS00/CP_CHYTR

TPSEOS0 ACF_CHYTR

TPSEO502/CF_CHYTR

TPSEOSI3ACF_CHYTR

TPS7133/0PAMP
5 b b

ITPS7H1101A PS7H11014-5P

Libraries:

Packaging
Partz per Pka:. 1

Type: Homogeneous

=

(® Marmal Convert
+ | Search for Part

5. Double click on the part in the Part List window and place it by left clicking the cursor while on PAGEL.
Once the part is placed, the symbol can be edited by selecting the part, right clicking, and choosing
"Edit Part".

Mirror Herizentally
Mirror Vertically

Mirror Both

Rotate

Edit Properties...

Export FPGA

Show Footprint
Associate PSpice Medel
Edit PSpice Model

Link Database Part Chrl+L
View Database Part.. Ctrl+D
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6. The part can be resized and pins can be relocated to more convenient positions by clicking and
dragging them.

u?
©

— S COMP PCL
CS PG OC
EN SS
FB VIN
GND - VOUT

w

NN
= 1© 00 [N O

&)

TPS7H1101A-SP

7. After editing the part, close the tab to save changes. Choose “Update Current” in the pop-up.
Save Part Instance &J

wiould you like to update only the part ingtance being currently edited. or all
patt inztances in the design?

[Update Eunent] [ Update Al ] [ Discard ] [ Cancel ] [ Help ]

8. Now, the part must be associated with the netlist. Select the part, right click, and choose "Associate
Pspice Model".

Edit Part
Export FPGA
Show Footprint

Associate PSpice Model

Edit PSpice Model

Link Database Part
View Database Part..
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9. Two pop-ups will appear to confirm the operation. Click "Yes" for both.

Associate PSpice Model

QUESTION[ORSCH-1242): This will save your entire design

! including schematic pages in their current state, Do you wish
to continue?

Associate PSpice Model

QUESTIOM[ORSCH-1241): Attaching new implementation to
part U1 will overwrite existing implementation
TPSTH1101A-5P. Do you want to continue?

Yes Mo

10. In the Associate Pspice Model dialogue box, choose the netlist file (***.lib), select the model, and click

"Update All".
B Aszociate PSpice Model >
To associate a PSpice model, specify a model library, and then select a model from the listin the left pane. Complete the model
association by mapping the symbol pins to the appropriate model terminals.
Model Library  D\Tharun'TPS7TH1101A-SP\Reference Design\TPSTH1101A-5P AC design\TPSTH1101A-5P lib Erowse
Show matching models 1Show all models Model Text
IMatching Models
R Rz
Model Mapping
Symbol Pins Model Terminals
COMP COMP
[ots3 Ccs
EN EN
FB FB
GND GND
PCL PCL
PG_0OC PG_0C .
Show symbal Show invisible symbol pins
Update Selected Update Al Cancel Help
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11. A pop-up will appear with a successful update message. Click "Ok".

Associate PSpice Model *

INFO[ORSCH-1243): PSpice model TPSTH1101A-5P attached
successfully to part(s) U1.

12. The model contains multiple controllable parameters which can be varied to analyze the model
functionality. The default values for these parameters can be found in Section 2.

13. Displaying these parameters on the schematic next to the part will make it easier to view and alter
their values. Start by double clicking the part to open the window shown below. Select all the

highlighted parameters and then click "Display”. In the pop-up, select "Name and Value" and click
"OK".

Mew Property... | Apply € |Display... [ Delete Property Fivvot Filter by: | < Current properties »

A
BiasValue Power -7.543W
Color Default
Designator Display Properties X
Graphic TPSTH1101A-SP_0.Normal
1y Name: Faont
Implementation TPSTH1101A-SP ame. Arial 7
Implementation Path Walue: “ |
Implementation Type PSpice Model Change... Usze Default
Location X-Coordinate 230 Display Format
Location Y-Coordinate 220 Color
Name iNe4s () Do Mot Display
Part Reference U ) Valye Onl Detault v
PCB Footprint el ®) Mame and Y alue .
Power Pins Visible ] O T et Ratation +
Primitive DEFALLT _ _ @0 (0180
PSpiceTemplate | X@REFDES %COMP %CS O Bothif Value Exists ) oo () 270
Reference U4 ()W alue if Value Exists
Source Library | OATHARUN\TPSTHI10 | Tent Justification
Source Package TREFTHTIMA-SP_0 Diefault o
Source Part TESTHT101A-5P 0.Normal
Cancel Help
Value TPSTH1101 A-SP
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14. There are slight differences between the reference designs used for transient analysis and frequency
analysis. Add the remaining components to complete the schematic as shown in Figure 1 or Figure 2

according to which analysis you wish to perform.

_ U1 _TPSTH1101A-5F
]

':||E|‘—

(]
]

':||E|'—

=
i)

VIN COMP S
b ar 3 T
R, 10K EM FE_OC g B4
Bl 1K = 10" vouT J
- & VOUT —
B, 108 PCL
Syt B = 4 FB R ks RE
Ty i = | o
1 = = FB 13 § E] RE RT 10.7k
o] TD=0 IEm 3 Im Zm _
tol_gmps = 4.28 1 B )
tol_wraf = 0,41 =
0
RE
e =08 —=CfF —==C4 2.4k
?EI F20u 3.3u 3. 3u
o o o o
Figure 1. Transient Analysis Schematic
. Uil TPSTH1101A-SF .
2 in COMP On jjC2
j 1 3 T
Rl 10k EN - PG_OC Bk R4 i
Z o 10k 2.
Bl iy — cs vouT 10 vouT J & i,
R . 10k N - ! MEG
Ciy 1 g = 4 rB R_load RS
1 35 o FE 135 RS RS RT 10.7k
o] TID=0 IEm = Im 2m -
tol_gmps = 4.28 1 FB |
tol_wref = 0,41 =
0
RG
1 C& —— C& =— C4 § 2.4k
= Z20u 3.3u 3.3
i
D To To o

Figure 2. Frequency Analysis Schematic
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4 Simulation of the TPS7H1101A-SP model
4.1 Monte Carlo analysis of output voltage
1. Create a new simulation profile by clicking on PSpice — New Simulation Profile and give it a name.
m Accessories  Options Windc
" Mew Simulation Profile I a
|
- Create Netlist j
1 View Netiist i
7 Advanced Analysis L
Markers 4
Bias Points 4
2. Use the following information to set the simulation parameters:
¢ Analysis Type — DC-Sweep
e Primary Sweep — VIN (Input Voltage) from 3V to 4 V
B Simulation Settings - test X
General Analysis Type: Sweep Variable
] .
Analysis Voltage source MName: @
Options: Current source Model type:
Configuration Files
Global parameter Model name:
Options Secondary Sweep Model parameter Parameter name:
Data Collection ¥ Monte Carlo/Warst Case Temperature
Probe Window Parametric Sweep Sweep Type
Temperature (Sweep) Start Value: 3
Save Bias Point Linear End Value: 4
Load Bias Point Logarithmic Decade Increment: 0.1
Value List
| oK | cancel || Apply | Reset || Help |
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« Monte Carlo — 100 runs with Gaussian distribution
e Output Variable — V(VOUT) - Output voltage

" Simulation Settings - Test123
General Analysis Type: Monte Carlo Enable PSpicesevmmag in legacy
DC Sweep Worst-case/Sensitivity Output Variahle @
Analysis
Options: IVionte Carlo Options

Configuration Files

7 Primary Sweep Number of runs: 100
Options Secondary Sweep Use Distribution: Gaussian | Distributions... |
Data Collection <Monte Carlo/\Worst Case Random number seed: 27986 [1.32767]
Erobe Window Parametric Sweep Sawve Data From: All uns

Temperature (Sweep)

Waorst-case/Sensitivity Options

Save Bias Point
Load Bias Point

Vary Device that have both DEV and LOT tolerances

Limit devices to type(s)
Save data from each sensitivity run

| MC Load Save ... | | More Setfings ... |

| oK || cancel || Apply | Reset | Help |

3. Set the random seed number for Monte Carlo within the range shown to the right of the entry box.
4. If desired, the simulation can be performed at various temperatures by selecting temperature sweep in
the simulation profile and setting the temperature values in ascending order.

\ . x|

A ' Simulation Settings - Test_Bias .

General Analysis Type: Run The Simulation at temperatura: deqgree Celsius
DC Sweep Repeat the simulation for each of the temperatures:
Options: deqgree Celsius
Configuration Files @ Primary Sweep Enter a list of temperatures, seperated by spaces.
Forexample, 027 125

Analysis

Options Secondary Sweep

Data Collection #| Monte Carlo/\Worst Case

Probe Window

Load Bias Point

| oK [ cancel || Apply | Reset || Help |

5. Click "OK" to finish creating the simulation profile and then run the simulation by pressing F11 or
PSpice — Run.
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6. Wait for the simulation completion in the console window of AMS Simulator.

BE- wulation Prafile: Published_BA-DC_Sweep. ﬁ
1. Simulation running. ..

INFO[ORPROBE-318

7. The output window comes up once the simulation is completed.
8. Select Trace — Performance Analysis. A pop-up will appear, click "OK".

i SCHEMAT
B File Edit View Simulation [RIEH Plot Tools Window Help [
L« | = 3*':: L L~ Add Trace... Insert [

W & R« I

s+ Fourier

Performance Analysis...

Macros...

Measurements...

o2 Evaluate Measurement...

9. Right click on the plot area and click on "Add Trace".
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10. Copy the expression Max(V(VOUT)) into the Trace Expression and click "OK". This will generate a
histogram showing the statistical variation in maximum output voltage of the simulations. The mean,
sigma, min, max, etc. are displayed at the bottom of the window.

2.50n
Hax{U{UOUT))

n samples ini 49227 median 58117 maximum
n divisions = B.88581941)] 18th %ile = 2._49394 9dth %ile = 2.51887 3=sigma

Figure 3. Output Voltage Monte Carlo Histogram

11. To analyze other nodes, click on Trace — Add Trace.

{84l published 6A-DC_Sweep Monte Carlo - Allegro PSpice Simulator - [DC_Sweep_Monte Carlo (active)] -
& File Edit View Simulation Plot Tools Window Help b

Publizhed_£&-DC_Sweep_t

._L. LN '°°':a = ( A_gddTrace...> Insert

Delete All Traces  Ctrl+Delete

|
QIR Q b1 [

+ Perfermance Analysis...
Cursor

Macros...
Meazurements...

%= Evaluate Measurement...
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12. This will open another pop-up that shows the netlists present in the schematic. Select the desired
netlist and click "OK". The histogram will be updated to display the selected node.

Simulation Qutput % ariables Functionz or Macroz

C11:1) V| Analog
IC12)
IC12:1)
IC13]
IC13:1)
:{Ejli]'l] ABS()

IiCE} ARACTAN()

I[C3:1) ¥] Power ATAN(]

e st [
imj: ]

:H]I]+] V| Alias Mames E[D]S[]

IIL2) o o

IiLZ1] Subcircuit Modes ENVMAN . ]

I[Lin{) EMWRIM )

I[Lini:1] EXP[)

IF13) A

e )

I[R1E:1) ; : LOG10(]

IR22] E57 wariables listed

I[R22:1])

Full List

Drigital
V| Volages

| Currents

Trace Expression: [ ak ] |Eancel| | Help |

4.2 Performing frequency analysis

1. Create a new simulation profile, or edit an existing simulation profile by clicking on PSpice — Edit
Simulation Profile.

AIEYIU LeEsIgil CHUY .
Tools Place SIAnaIysismAccessories Options  Window Help

0 [ Mew 5 Profile =
Edit Simulation Profile

BOLAAO s
Wiew Simulation Results  F12
View Output File

Create Metlist

B oPacet B U e ]
—

- Advanced Analysis L4
T P S Markers 3 l‘?e l‘ .1(1
3

‘CH“ Bias Points

FS = 100k
[ L=4Tu
snter i
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2. Use the following information to set the simulation parameters:
e Analysis Type — AC-Sweep
e General Settings — Set start and end frequency, number of points per decade, and sweep type

L] Simulation Settings - Test234

General

'fAnalysis Type:

Load Bias Point

AC Sweep Type

AC Sweep/Noise Start Frequency: 10
Analysis auency

Options: Logarithmic End Frequency: 10MEG
Configuration Files )

#|  General Settings Decade Points/Decade: 10000
Options Monte Carlo/Worst Case “Noise Analysis
Data Collection Parametric Sweep Enahled Cutput Voltage:
Prabe Window Temperature (Sweep) IV Source:

Save Bias Point Interval:

Output File Options

semiconductors (.OF)

Include detailed bias point information for nonlinear controlled sources and

| oK || cancel || Apply | Reset || Help |
e Monte Carlo — 500 runs with Gaussian distribution
e Output Variable — V(VOUT) - Output Voltage
B ' Simulaticn Settings - Test_Bias - s &l
General Analysis Type: < Monta Carln> Enable PSpice Sbuiiiagin l2gacy
AC Sweep/Noise -Case/Sensitivity Output Variahle
Analysis
Options: [Vionte Ca_rlo Option_s
Configuration Files .
7 General Seftings Number of runs: 100
Options C, vone CarloN\forstCabse Use Distribution: Gaussian | Distributions... |
Data Collection Parametric Sweep Random number seed: 6748 [1.32767]
Probe Window Temperature (Sweep) Save Data From: All ns
Save Bias Point Waorst-case/Sensitivity Options
Load Bias Foint “Wary Device that have both DEV and LOT tolerances
Limit devices to type(s)
Save data from each sensitivity run
| MC Load Save ... | | More Settings ... |
| oK || cCancel || Apply | Reset | Help |

3. Run the Simulation by pressing F11 or Pspice — Run.
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4. Wait for the simulation completion in the console window of AMS Simulator.
ﬁ --------------- INFO[ORPROBE2288Simylation Profile: Published_G4-TID_TEST e
INFOIORPROBE- 316 Smultion rurving, )
421 Analyzing frequency response with Bode plot
1. To view the frequency response as Bode plot, click on Trace — Add Trace.
{84l published 6A-DC_Sweep Mante Carlo - Allegro PSpice Simulator - [DC_Sweep Monte Carlo (activel] |
E File Edit View Simulation Plot Teools Window Help %
g~ = ) = L. Add Trace... Insert [ Published_F4-DC_Sweep_t

Delete All Traces  Ctrl+Delete

Q] A a AE

+ Perfermance Analysis...

Cursor

Macros...

| @

Meazurements...

S
2

%= Evaluate Measurement...

2

2. This will open another pop-up with the netlists present in the schematic. Select the following options to
get the Bode plot.

Add Traces
Simulation Output Variables F ki
* Plat window Templates v
Y(L1_VREF) " 3dB BandWidm - band pass [mulbi-mn][1 A
YIUT_YREF_TOL) olod 3dB cut-off frequency - High pass [mult
WIV14:+) Digital 3dB cut-off frequency - Low pass [multi-
W) Admittance(1,2)
WIWIN] 7 Average(1)
YIVIN:+) Valtages Bode Plot - dual ¥ axes(1]
WIVIM:-) [ Currents Bode Plot - separate(1)
'@] Power <
W1[C11) . Current Gain(1.2)
VIICT4) Noise [A/Hz) DC Curent Gain(1,2]
W1[C15) ; DC Woltage Gain[1.2)
V1[CE] s (mes Derivative[1]
W1 [Cinjl P Falltime of Step Response [multi-run](1]
YIL3) Subsiicut Nodes | b5 ae S [mulinnl( 1)
W1 [Linj) Fourier Transform(1)
WI[R13) Impedance(1.2)
W1[R1E] Integral1]
W1[R22) Log-Linear(1]
Vi[R23) Log-Log(1]
W1RC3) - : Myquist Plat(1]
Y1(RCE) 460 variables listed w
W1 U1.ABM3) v < >
Full List
Trace Expression: | Bode Plat dB - separatelvIvOUT) ak Cancel Help
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3. Use the cursor to evaluate the plot.

.. DB(U(UOUT))

.. P{U(UOUT))

Figure 4. Frequency Response Bode Plot

422 Analyzing frequency response with histogram

1. Select Trace — Performance Analysis. A pop-up will appear, click "OK".

i) SCHEMAT
E| File Edit View Simulation Plot Tools Window Help K&
i_"i - | ?0';; = Lo Add Trace... Insert [
o= ] I

s+ Fourier

Performance Analysis...

Macros...

Measurements...

o2 Evaluate Measurement...
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2. Right click on the plot area and click on "Add Trace".

3. Copy the expression PhaseMargin(DB(v(vout)),P(v(vout))) into the Trace Expression field and click
"OK". This will generate the histogram for the frequency response as shown in Figure 5.

n samples = 100 = nininun = 239.978 nedian = 211.341 naxinun
n divisions = 19 = 9.632681 10th %ile = 248.488 90th %ile = 2u2.172 3xsigna

Figure 5. Frequency Response Histogram
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STANDARD TERMS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, and/or
documentation which may be provided together or separately (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance
with the terms set forth herein. User's acceptance of the EVM is expressly subject to the following terms.

11

1.2

EVMs are intended solely for product or software developers for use in a research and development setting to facilitate feasibility
evaluation, experimentation, or scientific analysis of Tl semiconductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any software or software tools provided with the EVM (“Software”) shall not be subject to the terms and conditions
set forth herein but rather shall be subject to the applicable terms that accompany such Software

EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned,
or otherwise distributed for commercial purposes by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranty and Related Remedies/Disclaimers:

21

2.2

2.3

These terms do not apply to Software. The warranty, if any, for Software is covered in the applicable Software License
Agreement.

Tl warrants that the TI EVM will conform to TI's published specifications for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregoing, Tl shall not be liable for a nonconforming EVM if (a) the nonconformity was caused by
neglect, misuse or mistreatment by an entity other than TI, including improper installation or testing, or for any EVMs that have
been altered or modified in any way by an entity other than TI, (b) the nonconformity resulted from User's design, specifications
or instructions for such EVMs or improper system design, or (¢) User has not paid on time. Testing and other quality control
technigues are used to the extent Tl deems necessary. Tl does not test all parameters of each EVM.
User's claims against Tl under this Section 2 are void if User fails to notify Tl of any apparent defects in the EVMs within ten (10)
business days after delivery, or of any hidden defects with ten (10) business days after the defect has been detected.

TI's sole liability shall be at its option to repair or replace EVMs that fail to conform to the warranty set forth above, or credit
User's account for such EVM. TI's liability under this warranty shall be limited to EVMs that are returned during the warranty
period to the address designated by Tl and that are determined by TI not to conform to such warranty. If Tl elects to repair or
replace such EVM, Tl shall have a reasonable time to repair such EVM or provide replacements. Repaired EVMs shall be
warranted for the remainder of the original warranty period. Replaced EVMs shall be warranted for a new full ninety (90) day
warranty period.

WARNING

Evaluation Kits are intended solely for use by technically qualified,
professional electronics experts who are familiar with the dangers
and application risks associated with handling electrical mechanical
components, systems, and subsystems.

User shall operate the Evaluation Kit within TI's recommended
guidelines and any applicable legal or environmental requirements
as well as reasonable and customary safeguards. Failure to set up

and/or operate the Evaluation Kit within TI's recommended
guidelines may result in personal injury or death or property
damage. Proper set up entails following TI's instructions for
electrical ratings of interface circuits such as input, output and
electrical loads.

NOTE:

EXPOSURE TO ELECTROSTATIC DISCHARGE (ESD) MAY CAUSE DEGREDATION OR FAILURE OF THE EVALUATION
KIT; TI RECOMMENDS STORAGE OF THE EVALUATION KIT IN A PROTECTIVE ESD BAG.
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3

Regulatory Notices:

3.1

3.2

United States
3.1.1 Notice applicable to EVMs not FCC-Approved:

FCC NOTICE: This kit is designed to allow product developers to evaluate electronic components, circuitry, or software
associated with the kit to determine whether to incorporate such items in a finished product and software developers to write
software applications for use with the end product. This kit is not a finished product and when assembled may not be resold or
otherwise marketed unless all required FCC equipment authorizations are first obtained. Operation is subject to the condition
that this product not cause harmful interference to licensed radio stations and that this product accept harmful interference.
Unless the assembled kit is designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must
operate under the authority of an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

3.1.2 For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant:

CAUTION

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not
cause harmful interference, and (2) this device must accept any interference received, including interference that may cause
undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the equipment is
operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference in which case the user will be required to
correct the interference at his own expense.

FCC Interference Statement for Class B EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed and used in accordance
with the instructions, may cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

« Reorient or relocate the receiving antenna.

« Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
« Consult the dealer or an experienced radio/TV technician for help.

Canada
3.2.1 For EVMs issued with an Industry Canada Certificate of Conformance to RSS-210 or RSS-247
Concerning EVMs Including Radio Transmitters:
This device complies with Industry Canada license-exempt RSSs. Operation is subject to the following two conditions:

(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concernant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation
est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de I'appareil doit
accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concerning EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for
successful communication. This radio transmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.
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3.3

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et
d'un gain maximal (ou inférieur) approuvé pour I'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage
radioélectrique a l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope
rayonnée équivalente (p.i.r.e.) ne dépasse pas lintensité nécessaire a I'établissement d'une communication satisfaisante. Le
présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le
manuel d'usage et ayant un gain admissible maximal et lI'impédance requise pour chaque type d'antenne. Les types d'antenne
non inclus dans cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de
I'émetteur
Japan
3.3.1 Notice for EVMs delivered in Japan: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page HZAEMAIC
BAThBEAETY M, R—RIZDOVTRE, ROEZHEZEBIEEL,
http://www_tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page

3.3.2 Notice for Users of EVMs Considered “Radio Frequency Products” in Japan: EVMs entering Japan may not be certified
by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required to follow the
instructions set forth by Radio Law of Japan, which includes, but is not limited to, the instructions below with respect to EVMs
(which for the avoidance of doubt are stated strictly for convenience and should be verified by User):

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Station as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice above to the transferee. Please note
that if User does not follow the instructions above, User will be subject to penalties of Radio Law of Japan.

[BRERZEEITIHAORAFTY FESEVICEIBROIESHE] BRTY NORICEEMEEBESGTERAZRZTT

WBEVWEDABYET, BEMERIHZZHTTVEVEOOIFALCEBL TR, BREAEFOLD, UTOVThAID

BEZH > TVEEKMBENGHWERTOTIEESLEE L,

1. ?;‘fi%bfﬁiﬁﬂﬂﬁ6§%llﬁﬁl%tgﬁ <FRISFIA2BAMBEE RELIBS TED SN ERBELZOEBRIBTIMEA

2. RRROKFEMERIFEAVELEL,

3. HEEBHAMPHEMBEIEAVEEL,

BE, AEAE., O TTHEACHLEOTOER, ZBEL. BEACEALZVRY, BE, BETERZLVEOELET,
tiRZEBFEFEVEERE. EREDCARNIERAEC ARSI H2 L Z2IERB<LEEV, BETHFYR

PAYNX Y HA LM

REBHMEXEHMBCOTE24&E 15

EHBE=HEIL

3.3.3 Notice for EVMs for Power Line Communication: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

ENBRMERBECOVTOBERTY REBEVICEIBOEEBEICOVTR, ROEIBREIBEBSEEV, hitp/
/www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

3.4 European Union

3.4.1 For EVMs subject to EU Directive 2014/30/EU (Electromagnetic Compatibility Directive):

This is a class A product intended for use in environments other than domestic environments that are connected to a
low-voltage power-supply network that supplies buildings used for domestic purposes. In a domestic environment this
product may cause radio interference in which case the user may be required to take adequate measures.
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4 EVM Use Restrictions and Warnings:

4.1 EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by Tl regarding the EVM prior to handling
or using the EVM, including without limitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safety-Related Warnings and Restrictions:

4.3.1 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the user
guide, other available documentation provided by TI, and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are questions concerning performance ratings and specifications, User should contact a Tl
field representative prior to connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface electronics. Please consult the EVM user guide prior to connecting any
load to the EVM output. If there is uncertainty as to the load specification, please contact a Tl field representative.
During normal operation, even with the inputs and outputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be identified using the
information in the associated documentation. When working with the EVM, please be aware that the EVM may become
very warm.

4.3.2 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiliates, contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and liability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EVM and, if applicable, User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal, state, and local
requirements.

5. Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, Tl attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.

6. Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY MATERIALS PROVIDED WITH THE EVM (INCLUDING, BUT NOT
LIMITED TO, REFERENCE DESIGNS AND THE DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS IS" AND "WITH ALL
FAULTS." Tl DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT
NOT LIMITED TO ANY EPIDEMIC FAILURE WARRANTY OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY THIRD PARTY PATENTS, COPYRIGHTS, TRADE
SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS SHALL BE
CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY OTHER INDUSTRIAL OR
INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD PARTY, TO USE THE
EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY INVENTION, DISCOVERY OR
IMPROVEMENT, REGARDLESS OF WHEN MADE, CONCEIVED OR ACQUIRED.

7. USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS. THIS OBLIGATION SHALL APPLY
WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY OTHER LEGAL
THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.
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8.

10.

Limitations on Damages and Liability:

8.1

8.2

General Limitations. IN NO EVENT SHALL Tl BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS OR THE USE OF THE EVMS , REGARDLESS OF WHETHER Tl HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED TO, COST OF REMOVAL OR
REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES, RETESTING,
OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS, LOSS OF SAVINGS, LOSS OF
USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL BE BROUGHT AGAINST TI
MORE THAN TWELVE (12) MONTHS AFTER THE EVENT THAT GAVE RISE TO THE CAUSE OF ACTION HAS
OCCURRED.

Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY USE OF AN EVM PROVIDED
HEREUNDER, INCLUDING FROM ANY WARRANTY, INDEMITY OR OTHER OBLIGATION ARISING OUT OF OR IN
CONNECTION WITH THESE TERMS, , EXCEED THE TOTAL AMOUNT PAID TO Tl BY USER FOR THE PARTICULAR
EVM(S) AT ISSUE DURING THE PRIOR TWELVE (12) MONTHS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE
CLAIMED. THE EXISTENCE OF MORE THAN ONE CLAIM SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)

will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in
a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable
order, User should contact TI. All refunds will be made in full within thirty (30) working days from the return of the components(s),
excluding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and interpreted in accordance with the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to
these terms and conditions lies within courts located in the State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judgment may be enforced in any United States or foreign court, and Tl may seek injunctive relief
in any United States or foreign court.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated
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