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TPS7A4501-SP Model User's Guide

This user guide is intended to demonstrate use of the Pspice model for the TPS7A4501-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 TPS7A4501-SP Model Specification
The netlist file (TPS7A4501-SP.lib) contains the spice model of the device TPS7A4501-SP. The model is
intended for following types of simulation:
» Frequency response (Phase Margin, Phase Margin Crossover, and Gain Margin)
» Transient response
» DC characteristics
The model includes Monte Carlo to capture device-to-device variation and support simulation over the full
military temperature range, —-55°C to 125°C. As performance of the device is relatively independent of
supply voltage, any variation due to supply voltage is modeled as part of Monte Carlo. The performance
variation in the device due to radiation exposure is also modeled as part of Monte Carlo. Any convergence
errors during simulation can be cleared by varying the simulation parameters. The supply current during
shutdown condition has not been modeled. Please refer to the data sheet for precise information.
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Example of using model with Cadence Pspice (17.2.0)

2 Example of using model with Cadence Pspice (17.2.0)

2.1 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.

Programs (4

Model Editor

Clisle egrity
'ﬁﬂ TestStand 2014 (32-bit) Legacy Model Switcher
'ﬁﬂ TestStand 2016 (32-bit) Legacy Model Switcher

Documents (252)

, Model Plugin - Basic Step Time Report
J 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)

(7 POLBA_data_for_meodel_with_mul_factor
, TINA models
[ POLBA_data_for_rmodel

J See more results

g

'model’ | Shut down | » |

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

FlE8 Edit View Model Plot Tools Window
[ 1 New Ctrl+N
| & Qpen... Ctrl+Q
Close
& Save ELES ied Date/Time
Save Az...

Export Te Part Library.,
Model Tmport Wizard...

. Encrypt Library
1 TPSTHA001-5P_AVG.lib
2 TPSTH4001-5P_AVG lib
3 TPSTHA001-5P_AVG lib
4 TP5THA001-5P_TRANS.lib

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.
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2.2 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

IIOKII.
MNew Project &J
o
Create a Mew Project Using

7o
;'% @) PSpice Analog or Miked A/D Tip for Mew Users
Create a new Analog or

Mixed A/D project. The

% 71 PC Board Wizard new project may be blank
or copied from an existing

template.

l!g? () Pragrammable Logic Wizard
a

% () Schematic
&

4. Once the Create Pspice Project dialogue box opens, select the "Create a blank project” option and

click "OK".
Create PSpice Project [é]
() Create based upon an existing project
Browse...

zimplz. opj

@) Create a blank project]

Cancel

Help

5. A new project will be created and the project window will open. Right click on the Library folder and
select "Add File".

£ Fie | B, Hierarchy
EID Design Resources
L M\Mps7ad301-sp.dsn

-0 PSpice Resourc

Part Manager
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6. Choose the ***.0lb file that was previously created, add to the dialogue box, and click "Open".

& Add File to Project Folder - Library
Look in: ) Test v @ g Al
I Name ’ Date modified Type
ke ) Test-PSpiceFiles 13-05-2019 15:26 File folder
Recent places | [ TPS7A4501-5P 15-05-201919:32  OLE Ay
Desktop
u=al|
Libraries
A
ThisPC
w
< >
Metwork
File name: TPSTA4501-5P v
Files of type: Capture Libraries (*.olb) v Cancel

7. This will add the part symbol to the project.

2.3 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 PAGEL1 under the SCHEMATIC1 folder below the .dsn file.

1 File | %8 Hicrarchy
=1--C0 Design Resources
=] AtpsTad501-sp.dsn

; MtesthtpsTad501-sp.olb
------ £ Outputs
w20 PSpice Resources
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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.

m

Place Part -
Part ﬂ @
Part List: T

0402C5-10M/COILCRAFT
0402C5-1TNACOILERAFT
0402C5-12N/COILERAFT
0402C5-13NCOILERAFT
0402C5-15MCOILERAFT
0402C5-16NCOILERAFT
0402C5-18NCOILERAFT
0402C5-19N/COILERAFT -

| »

Libraries:

Packaging
Partz per Pka: 1

Part:

 oa (8

4 |

ADRSH®

228 AE 0 2o e o[
>

abg

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.

4. In the Part search box, type “TPS7A4501-SP” and select the model.
Place Part povx
Part ) @
TPS744501-5P
Part List: T
DUTCAP_U3_HZ ~
OUTCAP_US H2
OUTREE_UZ_H3
OUTREBE_U7_H3
5P
P st _METLIST_H1
TPS7A4501-5F_NETLIST_HTO o
Libraries:
(a5 | i | 2%
THYRISTR ~
Packaging
Parts per Pkg: 1
. Part:
* Tupe: Homogeneaous
=
(® Narmal Corvert
+ | Search for Part
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5. Double click on the part in the Part List window and place it by left clicking the cursor on the PAGEL.
Once the part is placed, the symbol can be edited by selecting the part, right clicking, and choosing
"Edit Part".

U [ TPs7a4t Mirror Horizentally

S N Mirror Vertically
_— Mirrer Both

Rotate

Edit Properties...

Export FPGA
Show Feotprint
E— ------ i Associate PSpice Model
=14y | Edit PSpice Model
SHDN

Link Database Part Cirl+L
View Database Part.. Ctrl+D

6. The part can be resized and pins can moved to more convenient locations by clicking and dragging
them.

u?
@

@mm ouT

GND SHDNZ
IN

0) JEE S

TPS7A4501-SP

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

Save Part Instance

“wiould pou like to update only the part instance being currently edited, ar all
part inztances in the design?

Update Currant Update Al Dizeard Cancel Help
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8. Now, the part must be associated with the netlist. Select the part, right click, and choose "Associate

Pspice Mode".

Show Footorip
o Aissociate PSpice Model
Edit P5pice Model

Export Parameters to Optimizer

Link Database Part Ctrl+L
View Database Part.. Ctrl+D

O—a IN
1O——— ADd (]
\0— SHONZ

fnmmmmmmmmans Connect to Bus

User Assigned Reference 4

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
l % schematic pages in their current state. Do you wish to continue?

Associate PSpice Model

QUESTION{ORSCH-1241): Attaching new implementation to part U1
% will overwrite existing implementation TP5744501-5P, Do you want te
continue?

8 TPS7A4501-SP Model User's Guide

Copyright © 2019, Texas Instruments Incorporated

SLVUBT2-0October 2019
Submit Documentation Feedback


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLVUBT2

13 TEXAS

INSTRUMENTS
www.ti.com Example of using model with Cadence Pspice (17.2.0)
10. In the Associate Pspice Model dialogue box, choose the netlist file (***.lib), select the model, and click
"Update All."
" Associate 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\PSpice2 TPST7A4501-5P\Cadence Mode\TestiTPSTA4501-5P lib Browse

Show matching models 1Show all models Model Text
Matching Models

Q13C

TPS57A4501-SP_Metlist

Model Mapping

Symbol Pins Madel Terminals

ADJ
SHDMNZ
IN
GMND
ouT

Show symbal Show invisible symbol pins

Update Selected Update All Cancel Help

11. A pop-up will appear with successful update message. Click "Ok".

Associate PSpice Model

INFO({ORSCH-1243): PSpice model TPSTA4501-SP_Metlist attached
successfully to part(s) U2,
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12. Add the remaining components to complete the schematic as shown in Figure 1.
. L 42
e PO Y
- L3
. VIN SN B VOUT &
V2o, ER
5 J_—_ 'I|I|' R vee
-!—ﬂ__ l 85 4
_I_U — GND
?IJ TPSTA4501-5P
/ R4 RE
L2
- Co RE RT RE RS R10
ey I L A . iy . i Afh, .
. "“l 250 . 2.42m J 14.3m | 35m | 752m l 52 8m
33 - R3 3. 33MEG cs 1.07u CT 213u C8 42Tu C39 8.53u C1 17.1u
Twr=] " s s |

Figure 1. Model Schematic
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3 Simulation of the TPS7A4501-SP model

3.1 Monte Carlo analysis of output voltage

1. Create a new simulation profile by clicking on PSpice — New Simulation Profile and give it a name.

BT el TLIVEMU LG L - T L]

w  Tools Place SIAnalysis

QT 44 o i
Wiew Simulation Results  F12

View Qutput File

Create Netl
m[ P*'*GEI_ IR 1..@:?;&?;“

5

Options  Window Help

(x4 3

PAGE1

Advanced Analysis L4

Markers L4
Bias Points 4

Acs=1
tol_gmes = 11.52
SRR

- e
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2. Set the parameters based on the image below using the following settings:
e Analysis Type - DC-Sweep
e Primary Sweep - VIN (Input Voltage) from 6.5V to 6.5 V
e Monte Carlo - 100 runs with Gaussian distribution
e Output Variable - V(VOUT) - Output voltage

Simulation Settings - Test123
General Analysis Type: Sweep Variahle
D .
Analysis Voltage source Mame: @
Options; Current source Model type:
Configuration Files )
¥ Primary Sweep Global parameter Madel name:
Options Secondary Sweep Madel parameter Parameter name:
Data Collection ¥/ Monte Carlo/Worst Case Temperature
Probe Window Parametric Sweep Sweep Type
Temperature (Sweep) Start Value: 6.5
Save Bias Point Linear End Value: 6.5
Load Bias Point Logarithmic Decade Increment: 1
Value List
| oK || cancel || Apply | Reset || Help |
Simulation Settings - Test123

General Analysis Type:
DC Sweep
Analysis
Options:

Configuration Files
Options
Data Collection

Probe Window

</ Primary Sweep
Secondary Sweep
T
Farametric Sweep
Temperature (Sweep)

Save Bias Point

Monte Carlo
Worst-case/Sensitivity

Enable PSpicedev g in legacy
Cutput Variahlel w

IVionte Carlo Options

Mumber of runs:

Use Distribution:

Random number seed: 27986

Save Data From:

Waorst-case/Sensitivity Options

100
Gaussian | Distributions... |
[1.32767]

All uns

Vary Device that have both DEV and LOT tolerances
Load Bias Point
Limit devices to typeis)
Save data from each sensitivity run
| MC Load Save ... | | More Seftings ... |
| oK || cancel || Apply | Reset || Help |

3. Set the random seed number for Monte Carlo within range shown to the right of the input box.
4. Run the simulation by pressing F11 or PSpice — Run.
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5. Wait for the simulation completion in the console window of AMS Simulator.

1| — INFOIORPROGE: ation Frofile: Published_fA-DC_Sweep, ﬁ

Kl IMFO[ORPROBE -31§4]: Simulation running...

6. The simulation can be performed at various temperatures by selecting temperature sweep in the
simulation profile and setting the temperature values in ascending order.

B " Simulation Settings - Test_Bias . ﬁ
General Analysis Type: Run The Simulation at temperature: degree Celsius
) DC Sweep Repeat the simulation for each of the temperatures:
Analysis i
Options: degree Celsius
Configuration Files " ) ) Enter a list of temperatures, seperated by spaces.
] Primary Sweep For example, 0 27 125
Cptions Secondary Sweep
Data Collection #| Monte Carlo/Worst Case
Probe Window
Load Bias Point
| oK. [ cancel || Apply | Reset || Help |
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7. The output window comes up once the simulation is completed. The result window shows the
histogram of the output voltage (V(VOUT)) with Monte Carlo analysis. The mean, sigma, min, max, etc.
are shown in the bottom of the window.

&

88 8m

6m 88
U{U1.UREF_TOL)

n samples 0.885863 ninimum 8.799854 median 08.88563 maximum B8.813635
n division 0.008266684, 16th %ile 0.8082659 90th %ile 0.809083 Jxsigma 8.0088000853

Figure 2. Output Voltage Monte Carlo Histogram

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

488l published_6A-DC_Sweep_Monte_Carlo - Allegro PSpice Simulator - [DC.Sweep_Monte_Carlo (active)] . 3
& File Edit View Simulation Plot Tools Window Help B
U~ EE Ea Sdeaddiece, T Publisher_fDC_Sweep_t

Delete All Traces  Ctrl+Delete

QA& Q b 1 [

v Performance Analysis...
Cursor

Macros...

Meazurements...

| [¥

S
2

%= Evaluate Measurement...

=
G

&l
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This will bring in another pop-up with the netlist present in the schematic.

Simulation Output % aniables: Functions or Macroz

1[C11] i
NIC11:1)

1IC12)

NC12:1)

IC13]

IC13:1)

:{E} 3-11] | Currents ABS()
:{Eg]‘l] | Power i?g;?]“[]
:{E:::]n Naise [v2/Hz) igg;l[ ]
i i cos()
11:4] /| Alias Mames )

L2 o
IiL2:1) Subcircuit Modes

| Analog
Drigital

V| Yoltages

DB(]
EMWRAR] ]
I[Lini) EMYMIM L)
I[Lini:11 ExP[]
1IR13] &)
IR13:1] IMGI )
IIR1E] LOG[ ]
IIR1E:1] - : LOGI0( ]
IR22) E57 wariables listed i
IIR22:1]

Full List

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

Select the desired netlist and click "OK". The histogram of the selected node will be updated.

3.2 Performing frequency analysis

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

ANEYIU LEsIgi CHuY i,
Toels  Place SIAnaIysismAccessories Options  Window  Help

New Sim

[ ation Profile

i L
200G 4408 T (x4 E3
Wiew Simulation Results  F12
View Qutput File
Create Metlist
B eaeer [y View Netlist 1l
Advanced Analysis L4
TPS Markers » k"?eld.(l
‘CH“ Bias Points [
[ L=4Tu
nter S
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2. Set the following parameters as shown:

e Analysis Type - AC-Sweep
« General Settings - Set start and end frequency, number of points per decade and sweep type
¢ Monte Carlo - 500 runs with Gaussian distribution
e Output Variable - V(VOUT) - Output Voltage

Simulation Settings - TID_TEST

General <; Analysis Type: AC Sweep Type
AC Sweep/MNoise -
Analysis Start Frequency: 10
Options: End Frequency: AMEG
Configuration Files )
1 ¥ General Settings Points/Decade: 10000

Options
Data Collection

Frobe Window

Monte Carlo/Worst Case
Farametric Sweep
Temperature (Sweep)
Save Bias Point

Load Bias Point

Noise Analysis

Enabled

Output Voltage:
IV Source:

Interval:

Output File Options

semiconductors (.OP)

Include detailed bias point information for nonlinear controlled sources and

| OK | cancel || Apply | Reset || Help |
Simulation Settings - Test_Bias - & l&]
General Analysis Type: < IMonte Carlg > Enable PSpice Ab-aiartin lagacy
Analys AL Sweep/Noise FCase/Sensitivity Cutput Variahlel @
nalysis
Optians: » ionte Carlo Options
Configuration Files .
¥ Gensral Settings MNumber of runs: 100
Options c., Nonte CarlofWorstCa&e) Use Distribution: Gaussian | Distributions... |
Data Collection Parametric Sweap Random number seed: 6748 [1.32767]
Probe Window Temperature (Sweep) Save Data From: All runs
Save Bias Point Waorst-case/Sensitivity Options
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 Settings ... |
| oK || cancel || 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.

INFO[ORPROBE-315

3.21 Analyzing frequency response with Bode plot

1. To view the frequency response as Bode plot, click on Trace — Add Trace.

Sirnulation Plot Tools Window Help %

Insert
All Traces  Ctrl+Delete

##* Fourier |

Peformance Analysis...

Cursor 4

Macros...

Measurements...

7= Evaluate Measurement...

2. This will bring in another pop-up with the netlist present in the schematic. Select the following options

to get the Bode plot.

Add Traces
Simulation Output Yariables F ki
Plot Window Templates W

Y(L1_VREF) ~ 3dB BandWidm - band pass [muli-mn][1 A
VU1 WREF_TOL] olod 2dB cut-off frequency - High pass [mult
WIV14:4) Digital 3dB cut-off frequency - Low pass [multi-
W4 Admittance(1.2)

WIVIM] 7 Average(1)

YVING+) VeelEm=s Bode Plot - dual Y axes(1]

VN!N:-] [ Currents Bodz Plot - separate(1)

w Pouser

W1[C17) f Current Gain(1.2)

VIICT4) Hoise [V¥/Hz) D'C Curent Gain(1.2]

W1[C15) 7 A0 DC Woltage Gain(1.2)

e Aliss Names Derivative[1]

W1 [Cinj) P Falltime of Step Responze [multi-run](1]
YIL3) Subeiicuit Nodes | b5 o i [l 1)

W1 [Linj) Fourier Transform(1)

WI[R13) Impedance(1,2)

W1[R16) Integrall1]

WIRZ22) Log-Linear(1)

V1[R23) Log-Log(1]

W1RC3) - : Myquist Plat(1]

Y1(RCH) 460 variables listed v
W1 U1.ABM3) v < >
Fuill List
Trace Expression: | Bode Plot dB - separatel Py OU T Cancel Help
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3. Use the cursor to evaluate the plot.

-« DB{U{UDUT)}

188KHz 300KHZ

Figure 3. Frequency Response Bode Plot

3.2.2 Analyzing frequency response with histogram

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

| SCHEMAT
B File Edit View Simulation Plot Tools Window Help kg
SR =] = e Add Trace... Insert [

QAR AR 4 |

FFF Fourier

Performance Analysis...

Macros...

Measurements...

=

Fa'y
o

%= Evaluate Measurement...

2. Right click on the plot area and click on "Add Trace".
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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 4.

149 158 151
PhaseMargin{P(v{vout)),DB{v{vout)))

n samples median 58 maximum 154727
n divisions 98th %ile Fxsigma h.80479

Figure 4. Frequency Response Histogram
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