User's Guide
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TPS7H4001-SP Model

This user guide is intended to demonstrate use of the Pspice models for the TPS7H4001-SP synchronous
buck converter. Both the average model and transient model are covered in this guide along with
instructions on how to import the unencrypted model netlist into Cadence Pspice®. The first half of the
guide focuses on using the models with Pspice. The second half of the guide addresses how to simulate
the modeled parameters.
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Example of using model with Cadence Pspice (17.2.0)

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.

";"ﬂ TestStand 2014 (32-bit) Legacy Model Switcher
";'.ﬂ TestStand 2016 (32-bit) Legacy Model Switcher

Documents (252)

. Medel Plugin - Basic 5tep Time Report

J Testing UUTs in Parallel - Parallel Model

J Testing UUTs in Parallel - Batch Model
Sticky Notes (Windows Sticky Notes) (1)
*) Remove temperature dependency of model,
Files (43)

(5 POLAA_data_for_model_with_mul_factor
 TINA models
(7] POLGA_data_for_model

o~ See more results

‘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...

F12 Edit View Medel Plot Teols Window
| L MNew Ctrl+M
| & Open... Ctrl+0

Cloze
ke Save Ctrl+5

ied Date/Tim:
Save As...

Export Te Part Library.,
Medel [mport Wizard...

[ B Encrypt Library
1 TP5THA001-5P_AVG lib
2 TPSTHA001-5P_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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1.2 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 440 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 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 bazed upon an existing project
zimple.op) Browsze. .
'@ Create a blank project]

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

O3 Fie |3, Hierarchy

20 Design Resources
AtpsThA001-sp_avg.dsn

o _
3 Outputs Add File

@-C0 PSpice Resources

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

F&1 Add File to Project Folder - Library
Look in: , TPSTH4001-SP_PSPICE_AVG vl & ¥ = El
I Name ‘ Date modified Type
bl | TPSTHA001-5P_AVG-PSpiceFiles 26-07-2019 16:59 File folder
Recent places [&] TPS7H4001-5P_AVG.OLB 26-07-201916:56  COLB File}
Desktop
w=al
Libraries
1A
This PC
e
< *
Metwork
File name: || W | | Cpen
Files of type: Capture Libraries {~olb) W Cancel

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

1.3 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.

3 File | ™8, Hierarchy
=--C0 Design Resources
E| Mtps7h4001-sp_avg.dsn

SC‘I
-2 Design Cache

B-63
&[0 \tpsTh4001-sp_avg.olb
...... £ Outputs
w-C1 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.

Place Part g T X
- ae
1 "L N

Part List: T B

0402C5-10N/COILCRAFT A -

0402C5-11NACOILCRAFT K .

0402C5-12M/COILCRAFT L I

0402051 3N ACOILCRAFT

0402C5-15N/C0ILCRAFT 1 4

040205 16N ACOILCRAFT

0402C5-18M ACOILCRAFT A Y

0402C5-13N/COILERAFT 2
Libraries: @ % E}
T L&)
[ px
Packaging % C[}
Partz per Pka: 1 ’ﬁ[‘\‘g C_[%
Part:
- A dx

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 “TPS7H4001-SP” and select the model.

Place Part - x

Part Q @

TP57H4001-5P_&WG

Part List: v

ABM3IT_GMPS ~

DC_LIMIT

DC_LOWLIMIT

POWER_STAGE_US_H1

POWER_STAGE_I5_H2
n=2 :

Libraries:

THYRISTR

Packaging
Partz per Pka: 1

Part:

Type: Homogeneous

=

(®) Nomal Correert
+ | 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 to

place the part. Once the part is placed, the symbol can be edited by selecting the part, right clicking,
and choosing "Edit Part".

dragging them.

Update Current

Mirror Horizontally

Mirrar Vertically
Mirror Both
Rotate

Edit Properties...

Export FPGA

Connect to Bus

Show Footprint
Associate PSpice Model
Edit PSpice Model

PGM Link Database Part
PH_{ View Database Part..

COMP PH_g |20

N PH_g |21

GND PH_10 |22
4 | paD PH_11 |23
5 | PGND.D - PVIN_O 22
8 | PGND_1 - PVIN_1 |2
T | peND_2 - PUIN_2 |25

PGND_3  PVIN_3 |21
9 | peuD 4 PvIN 4 | 28
10 | pGND_5 PWRGD |22
11 penp_6 REFCAP 20
L rsc |21
13 4 b RT |22
14 | pH 2 ss TR |32
15 | pH_3 SYNG1 |34
18 | pH_4 sYNG2 |33
17 ps vin 36
1 g PH_6 - - VSENSE |31

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

part inztances in the design?

Update Al

TPSTH4001-5P_AVG

Save Part Instance

Digcard

Ctrl+L
Ctrl+D

Cancel

Help

6. The part can be resized and pin positions can be changed based on convenience by clicking and

7. After editing the part, close the tab to save changes. Choose “Update Current” in the pop-up.
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8. Now, the part must be associated with the netlist. Select the part, right click, and choose "Associate

Pspice Model".

Export FPGA

Show Feghgrin

Associate PSpice Model 3
Edit PSpice Model

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

O—— COMP

Connect to Bus

User Assigned Reference L4
Lock

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

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
l % will overwrite existing implementation TPS7HA001-5P_AVG. Do you
want to continue?
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10. In the Associate Pspice Model dialogue box, choose the netlist file (***.lib), select the model, and click
"Update All".
L1 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:\TharumTPS7H4001-5P'Release_TI\PSPICETTPSTH4001-5P_PSPICE_AVGITPSTH4001-SP_AV Browse

Show matching models 1Show all models Model Text

Matching Models

EN GND PRD PGND O
H PH 3 PH 4 PH 5

EVIN 4 PWRED REFCRE

Symbol Pins Model Terminals
COMP COMP
EN EN
GND GND
PAD PAD
PGND_0 FGND_0
PGND_1 PGND_1
PGND_2 PGND_2 .
Show symbol Show invisible symbol pins
Update Selected | [€Update AllJ Cancel Help

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

Assaociate PSpice Model

INFO(ORSCH-1243): PSpice model TPSTH4001-SP_AVG attached
successfully to part(s) U1,

12. The average model has a couple controllable parameters, which can be varied to analyze the model
functionality. The parameters and their default value are as follows:

* FS - Switching frequency: 500k
¢ L - Load inductance: 0.9 u
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13. To enable easy access to control these parameters, make them visible by double clicking the part.

The following window will become visible.

A
SCHEMATICH : PAGE1
Color Default k%3
Desifnf{ '
FS 500k
Graphic PR TR00 1 -5P_AVG Norma
]
Implementation TPSTH4001-5P_AVG

Implementation Path

Implementati ice Model
L 0.5u

Location X-Coor 7130
Location Y-Coordinate 430

Name INSTE7TE231
Part Reference u3
PCB Footprint
Power Pins Visible
Primitive DEFALLT
PSpiceTemplate KY@MRAEFDES %WCOMP SREN
Reference u3
Source Library DATHARUMTPSTHA00 |

TRSTH4001-SP_AVG
TPETHA001-5P AVG. Norm
TPSTHAD01-SP_AVG

Source Package
Source Part
Value

14. Select all the parameters highlighted in the previous image and select the "Display" button.

15. In the pop-up, select *

‘Name and Value” and click "OK".

MNews Property... | Apply  Display.. ¥ | Delete Property Pivat Filter by | < Currert properties >
A
SCHEMATICA : PAGE1
Color Default
Designator Display Properties
FS
Graphic TPSTH4001-5P_AVG Norma Wame: Fant
] ) Avial 7
Implementation TPSTH4001-3P_AWG Walue:
= Ch Use Default
Implementation Path B selelau
Implementation Type PSpice Model Dizplay Format
L - . Calar
- - Do Mot Dizgplay
Location X-Coordinate 1130 Diefault v
Location Y-Coordinate 430
Name INST16778231 Fiotation
Part Reference u3
LS Ff)otpr.in.t oth if Yalue E xistz
BOwe ?II‘I-S. SR Walue if Value Exists
Primitive DEFALLT P
- Text Justification
PSpiceTemplate KYDREFDES %COMP SeEN
Reference u3 Default v
Source Library DATHARUMTPSTH400 |
Source Package TRE7H4001-53F_AVG
Source Part TRSTHA001-5F AVG.horm Caricel Help
Value TPSTH400-SP_AVG
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16. Add the remaining components to complete the schematic as shown in Figure 1.

s
BND 3 0 BND
BND REFCAF
SE) COMP 14 (1100 RI8pu, 10k II'
2 ) 3
RT VSENSE
N ® 3
VIN 85.TR
BND 34 a1 e e
sYNet RSC e |
=5 2 GND
syncz FWRGD B
VIN 24 2 2 vout
= PVINCD PH_O = SRR
=R PR ors 2 o ® . Lo l l l l l l l l
VIN ¢ b - - -y - o
N - =i 100k R_LOAD c1& cis c20 ¢z ¢z ez c24
N Y ] 0.167 T osow | ossou | seou | 2oow | 300 | 330 | 0w |z
| | —LT —L: —I—: _LT _L: _L: _LT =
PVIN_3 FH_3 —_L 0 o 0 0 o [} 0 0
% 18 ci =
= evin 4 FH_a fzs T o 0
5 17 2
PEND_0 FH_S 88
[ 18
PGND_1 PH_E
7 19
PGND_2 FH_T a2
5 20 "
PGND_3 FH_E [ 2 VIEL e
2 ponn_+ Rl s
10 2
1 PGND_5 PH_10 .
= n 21 1 —
- PEND_6 FH_11 |- 54k 0=
PAD
= TRSTHAD01-SP_AVG 1
0 FS = 500k =
L=0.5u o

Figure 1. Model Schematic
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Simulation of Average Model for TPS7H4001-SP

2 Simulation of Average Model for TPS7H4001-SP

The netlist file for the average model of TPS7H4001-SP is labeled as “TPS7H4001-SP_AVG.lib". The
average model is intended for following types of simulation:

» Frequency response (Phase Margin, Phase Margin Crossover, and Gain Margin)
» DC simulations for parameters like output voltage, load regulation, etc.

2.1

Analysis of output voltage

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

2. Set the parameters based on the image provided with the following settings:

L T Ll TLIYEM LG L s T L)

w Tools Place

SI Analysis

= % O & 4 4 0 Fi1

m[@ PAGE1 : ][@

* Analysis Type - DC-Sweep
e Primary Sweep - VIN (Input Voltage) from 5V to 5V

Wiew Simulation Results  F12
Wiew Qutput File

Create Metlist
View Metlist

Advanced Analysis

Markers

Bias Points

Options  Window Help

[n A k3

bl  PpacEl

11.52

Simulation Settings - Test

3. Run the simulation by pressing F11 or PSpice — Run.

General e: Sweep Variable
DC Sweep .
Analysis Voltage source Mame: @
Optons; Current source Model type:
Configuration Files i
#|  Primary Sweep Global parameter Maodel name:
Options Secondary Sweep IModel parameter Farameter name:
Data Collection Monte Carlo/Worst Case Temperature
Probe Window Parametric Sweep Sweep Type
Temperature (Sweep) Start Value:
Save Bias Point Linear End Value:
Load Bias Point Logarithmic Decade Increment:
Value List
| GK_'; | Cancel ||  Apply Reset [ Help [
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4. Wait for the simulation completion in the console window of AMS Simulator.

| INFOORPROBE: ation Profile: Published_64-DC_Sweep| | ]

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

5. Once the simulation is complete, the data probed in the schematics will be displayed.

2.2 Performing frequency analysis

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

ANEYIU LEsIgi CHUY .
Tools  Place SIAnaIysismAccessories Options  Window Help

[ Mew Simulation Profile

50 E A4 4 Ok F11 kS

Wiew Simulation Results  F12
View Output File

Create Metlist
B pacEr [[] U View Netlist D
: : —
Advanced Analysis 4
TPS ... .lvera
‘CH" Bias Points 4
nter

2. Set the parameters based on the image provided with the following settings:
e Analysis Type - AC-Sweep
« General Settings - Set start and end frequency, number of points per decade, and sweep type

L1 Simulation Settings - Test
General ‘ nalysis Type: AC Sweep Type |
AC Sweep/Mois Ling Start Freguency: 10
Analysis . auency
Options: Logarithmic End Frequency: 10MEG
Configuration Files .
¥ General Settings Decade FPoints/Decade: 1000|
Options Monte Carlo/Waorst Case Moise Analysis
Data Collection Farametric Sweep Enabled Cutput Voltage:
Probe Window Temperature (Sweep) IV Source:
Save Bias Point Interval:
Load Bias Point Output File Options
Include detailed hias pointinformation for nonlinear controlled sources and
semiconductors (.OP)

[ 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

2.3 How to analyze frequency response results
1. To view the frequency response as Bode Plot, click on Trace — Add Trace.

Simulation Plot Teools Windew Help %

Insert
All Traces  Ctrl+Delete

FF Fourier |

Performance Analysis...

Cursor 4

Macros...

Measurements...

@ Evaluate Measurement...

2. This will bring in another pop-up with the netlist present in the schematics. Select the following options
to get the Bode plot.

Add Traces

Simulation Output Y anables

* W
WL _VREF) A 3dB B andWiiamy - £ and pass [multi-un](1 4
Y[ VYREF_TOL Analog 3dB cut-aff frequency - High pass [muli
WW14:4) Digital 3dB cut-off frequency - Low pass [multi-
W14 Admittance(1,2)

WM 7 Auverage(1)

WIVIN:+) Voltages Bode Plot - dual ¥ axes(1)

\-"N!N_:-] [ Currents Bode Plot - separate(1)

w ] Power i

W1[C17) - Cuent Gain[1,2)

Y1[C14] et (R4 DC Curent Gain(1.2)

W1(C15) 7 Al DC Waltage Gain(1.2)

e Alizs Names Derivative(1]

W1 [Cinj) - Falltime of Step Response [multi-run](1]
k] Subereult Hedes | p s Peak [multiun]1)

W [Linj) Fourier Transformn(1)

W1[R13) Impedance(1.2]

W1[R1E) Integral(1)

W1[R22) Log-Linear(1)

YR 23 Log-Log(1]

Vi[RC3) S Nuquist Plot(1]

VI[RCH) 460 variables listed v
WAUT.ABM3) v < >
Full List
Trace Exprezsion: | Bode Plot dB - separatel P OU T Cancel Help
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3. Use the cursor to evaluate the plot.

10 20Kz 100KHz 300KHz 1.0HHz 3. BHHz

Hz
O PUCUOUT))

Figure 2. Frequency Response
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3 Simulation of Transient Model for TPS7H4001-SP
The netlist file for the transient model of TPS7H4001-SP is labeled as “TPS7H4001-SP_TRANS.lib".
The transient model incorporates the following behaviors:
e Output voltage and current
» Soft-Start
» Slope compensation
» Switching frequency and external clock output
* UVLO and power good signal
» Overvoltage protection
» Overcurrent protection
» Master-Slave configuration
» Sequencing

To simulate the transient model:

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

ANEYIU LeEsIgil CHUY .
Tools Place SIAnaIysismAccessories Options  Window Help

= Mew Simulaticn Profile

'a,zﬁeﬁun F11 &E

Wiew Simulation Results  F12

View Qutput File

Create Metlist

B pacer [ U ]

View Metlist
Advanced Analysis L4
T v g
TPS Markers L‘ el (1

‘CH“ Bias Paints 4

nter it

-

Ri={1/22}

e
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2. Set the parameters based on the image provided with the following settings:
e Analysis Type - Time Domain (Transient)
e General Settings - Set the required run time and restrict the maximum step size to 20 ns

L Simulation Settings - Test1
General (hﬂal:-'SiS Type: Run To Time : @ seconds (TSTOP)
) Time Domain (Transient)

Analysis Options Start saving data after : 0 seconds

Configuration Files Transient options:
#  General Settings . .

Opii Maximum Step Size @ seconds

‘plions Monte Carlo/Worst Case
Data Collection Parametric Sweep Skip initial ransient bias point calculation (SKIPEF)

Probe Window Temperature (Sweep)

Save Bias Point Run in resume mode Output File Options...

Load Bias Point
Save Check Point

Restart Simulation

Ok Cancel Apply Help

3. Run the Simulation by pressing F11 or Pspice — Run.
4. Wait for the simulation completion in the console window of AMS Simulator.

| INFOIDRPR sizalation Prafile: Published_EA-TID_TEST -

5. Once the simulation is complete the data probed in the schematic will be displayed.

os
o U(uouT)

Figure 3. Transient Response
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