User’s Guide

TPS7H4001-SP Worst Case Analysis Model

Wi} TEXAS INSTRUMENTS

ABSTRACT

This user's guide is intended to define the Worst Case Analysis (WCA) Pspice model for the TPS7H4001-SP.
Instructions on setting up the unencrypted model for simulation Cadence Pspice® are also provided. The first
section of the guide outlines the model parameters and development. The second section covers different
options for setting the model up to run simulations. Finally, the third section addresses how to run different types
of simulations.
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1 TPS7H4001-SP WCA Model Specification

The TPS7H4001-SP WCA model is a behavioral model intended for simulation of frequency response
characteristics, such as phase margin, phase margin crossover frequency, and gain margin. Monte Carlo
analysis can also be performed to observe the distribution of behavior across a specified sample size of devices.
The following sources of variation are incorporated into the model:

Process Device-to-device manufacturing differences

Temperature Over full military range: -55°C to 125°C

Load Up to the maximum recommended load: 18 A

Radiation Up to the maximum rated Total lonizing Dose (TID) of the device: 100 krad

Aging Represented by data taken at 25°C before and after 1,000 hours of testing at 125°C, and meant

to emulate 15 years operating at 65-95°C as defined by Group C specifications in MIL-
PRF-38535

In the model, the specific device parameters influenced by the above variation include:

gme, Error amplifier transconductance
gmpg Power stage transconductance
VREF Reference voltage

1.1 Model Parameters

The following parameters are used within the model to define the internal characteristics, operating environment,
and configuration of the device.

Parameter Description Default Model Value
Mean_GMea The mean value of the error amplifier transconductance 1800 uS
Mean_GMps The mean value of the power stage transconductance 40 S

Mean_Vref The mean value of the reference voltage 0.605V

Tol_GMea The tolerance of the error amplifier transconductance 4 8.72%

Tol_GMps The tolerance of the power stage transconductance py; 5.22 %

Tol_Vref The tolerance of the reference voltage 1] 0.31 %
TID The Total lonizing Dose the device is subjected to, within the range 0 krad
of 0 to 100 krad
AGING Binary value indicating the presence of aging effects, where: 0
0 = No aging effects added
1 = Aging effects added
L Output inductor value 0.9 uF
FS Switching frequency 500 kHz
TEMP Operating temperature, which is set within the simulation profile and 27°C
takes the default value unless otherwise specified.

[1] For Gaussian distributions, tolerance is defined as the standard deviation (1-sigma) divided by the mean and is expressed as a percentage.

In addition to the listed model parameters, external component selection will also influence device behavior. The
external components used in the default schematic take nominal values and, as such, users may see fit to add
tolerances to them to model real-world variation.
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1.2 Model Assumptions and Development

Process variation for a given parameter is represented by its mean and tolerance values, which have been given
default values based on statistical design simulations that are run at room temperature (27°C) and encompass
variation caused by input voltage. If desired, the user may alter these values.

The influence of temperature and load on the listed device parameters is provided by nominal-case design
simulations which exclude radiation and aging effects.

Radiation and aging effects are incorporated into the model in two ways. First, for the specified device
parameters, the worst shifts observed between pre- and post-test measurements of approximately 50 units are
determined for both TID testing and Life testing. The shifts associated with radiation and aging are applied
independently to the mean parameter values in the model when it is set to simulate these conditions. If desired,
users can incorporate similar shifts for non-modeled device parameters using Group C (Aging) and Group E
(Radiation) reports. The model is also tuned so that the frequency response characteristics produced by
simulations more closely match frequency response data collected using EVMs.

The EVM data used to tune the frequency response results of the TPS7H4001-SP WCA model was taken at two
specific output voltages (1 V and 2.5 V) at 25°C using the default configuration seen on the 1-channel
TPS7H4001-SP EVM, with the exception of changing the bottom feedback resistor to adjust the output voltage.
Data collection was done using a total of 10 EVMs: three boards for High Dose Rate (HDR) TID testing, three
boards for Low Dose Rate (LDR) TID testing, three boards for Life Test, and one control board.
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2 Model Setup

The TPS7H4001-SP WCA model comes with a default schematic contained in the PSpice project file
(tps7h4001-sp_weca.opj) that can be used to run simulations with minimal effort needed to set up the model.
Users will need to set up their own Simulation Profiles in order to run simulations. Instructions for doing so are

provided in Section 3.

If desired, the user can also import the TPS7H4001-SP model into a new or pre-existing PSpice project. The
instructions for doing so can be found in Section 2.1.

Section 2.2 contains instructions for locating and using the model within Pspice® for T, which is a free version of
Pspice® that includes an automatically updated library of TI PSpice models.

2.1 Importing the TPS7H4001-SP WCA Model into PSpice projects

1.
2.
3.

Open the Capture application from Cadence - v17.2.0 or above.
Click File — New — Project.
Enter a project name and location, choose PSpice Analog or Mixed A/D from the options, and then click

OK.

Mew Project

MName

| example_project

Create a Mew Project Uzing

] }5 () Programmable Logic Wizard
a

() Schematic

Cancel

Help

Tip far Mew Users

Create a new Analog or
Mixed 4/0 project, The
new project may be blank
or copied from an esxisting
temnplate.

Location

|c:;a

Browsze. .

4. When the Create Pspice Project dialogue box appears, select the Create a blank project option and click

OK.

Create PSpice Project

(") Create bazed upon an existing project

AnalogGHDSymbal opj

(®) Create a blank project

x

Browze. .
Cancel

Help
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5. A new project is created and the project window displays. Right click the Library folder and select Add File.

Analog ar Mixed A7D

T2 File EL Hierarchy

Btl Design Resources
. @-B3 \example_project.dsn

O [ AddFile ]

w.C] Outputs

f--C0 PSpice Resources Part Manager
FETT

6. Choose the tps7h4001-sp_wca.olb file from the downloaded model, add to the dialogue box, and click
Open. This adds the part symbol to the project.

Add File to Project Folder - Library X
Look in: | | | TPS7H4001-5P_WCA v] @ @ @
% Marme . Type
| P TRS7HA001-SP WCA.olb OLB File
Quick access
Desktop
m
Libraries
This PC
Net;vork
File name: TPS7H4001-5P_WCA.olb v [open |
Files of type: Capture Libraries (*.olb) v Cancel

7. In the project navigation window, open PAGE1 under the SCHEMATIC1 folder below the .dsn file.

Analog or Mived &40

O3 File Ei. Hierarchy

=3 Design Resources

=-B3 M\example_project.dsn

i E. SCHEMATIC

- @-£0 Design Cache

263 Library

-8R \psTh4001-sp_wea.olb

...... 1 Outputs
--C0 PSpice Resources
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8. Select Place — Part to open the Place Part window. Click on the square icon shown in the following image to

9.

add libraries to the project.

Place Part T

Part @

Part Lizt: ?
A

0402C5-10MCOILCRAFT
0402C5-1TH/COILCRAFT
0402C5-12MCOILCRAFT
0402C5-13M/COILCRAFT
0402C5-15MACOILCRAFT
0402C5-16M/COILCRAFT
0402C5-18MCOILCRAFT
0402C5-19M/COILCRAFT v

Libraries:

Packaging
Fartz per Plg:

Type:

Harmal Coreert

+ | Search for Part

it P S8

abhe

0 & - 4 24 |

If the default library files of PSpice do not appear in the Libraries window as shown above in blue, they can
be located in the installation directory. To add them, highlight them all and click Open. (Default installation
directory location: C:\Cadence\SPB_17.2\tools\capture\library\pspice)
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10.In the Part search field, type TPS7H4001-SP_WCA and select the model in the Libraries window.

Place Part

Part Q @

TPS7H4001-5P_WCA

Part List; e

ABMIIT_GMPS ~
DC_LIMIT
DC_LOWLIMIT
FOWER_STAGE_US H1
I TP57H4001-5F

TPS7HA00T-SP_WCA_H2 i

Libraries:

THERMISTOR_WVISHAY A
THYRISTR

TRSTHADOT-SP “WwWCA,

TRAMSISTOR

Packaaing
Parts per Pka: 1

Type: Homogeneous

4

(® Nomal
+  Search for Part

Corvert

EEE I ALY

11.In the Part List window, double-click on TPS7H4001-SP_WCA and place it by clicking the cursor on PAGE1
to place the part. Once the part is placed, the symbol can be edited by selecting the part, right-clicking, and
choosing Edit Part.

ﬁ PVIN_O
EE N
E PVIN4
EEm N
E P
o2 p
o
o——| PH_B

PH_7
PH 8
PH 9

PH 10
PH_11

VSENSE
GND

PGND_0

PGND_1

PGND_2

PGND_3

PGND_4

PGND_5

PGND_6
PAD

Mirrer Horizentally
Mirrer Vertically
Mirror Both

Fotate

Edit Properties..
Edit Part

Export FPGA

Show Footprint
Associate PSpice Model
Edit P5pice Model

Ctrl+L
Ctrl+D

Link Database Part
View Database Part..

TPS7H4001-SP_WCA

_______________________________________
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12.The part can be resized and pins can be moved to more convenient positions by clicking and dragging them.

2
2 g|\r/~:N 0
3 1 pPVIN_1
[ 7;] PVIN 2
PVIN 3
5 | pvIN 4
7 | COMP
8 | Rsc
9 | PH 0
10 1 pyy
L -
12 | py 3
B 1 pH 4
LI
® | PH 6

PH_7 |
PH_8 |
PH_9 |

PH_10 |
PH_ 11 |

VSENSE
GND |

PGND_O0 |

PGND_1 |

PGND_2 |

PGND_3 |

PGND_4 |

PGND_5 |

PGND_6 |
PAD |

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

TPS7H4001-SP_WCA

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

Save Part Instance

part instances in the design?

Update Current Update All

Discard

‘whould pou like to update only the part instance being cunently edited, or all

Cancel

Help

hed

14.The model contains multiple controllable parameters that can be displayed near the part on the schematic to
make them easier to view and alter. The default values for these parameters can be found in Section 1.1.
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15.To make the parameters visible, double-click the part to open the properties table. If it appears to be
transposed compared to the image shown below, clicking Pivot will reorient it.

Bl Pacel SCHEMATL...

Mew Property... | Apply | | Display... | Delete Property I Fivat I

A
& SCHEMATICA : PAGE1

AGING o

ToTaT TETann
Raaigaal

L7 F: 6] )| - oo .

[]

Implementation TPSTH4A001-5P_WCA

Implementation Path

e o Mo do]
hrary
=Lacation X Coordinals, el
MEAN_GMEA 1800U
MEAN_GMPS 40
MEAN_VREF 0605
Hm [} [T ]
Part Reference u
PCB Footprint
Power Pins Visible
Primitive DEFALULT
PSpiceTemplate HMN@DREFDES %eVIN-SPVIN
Reference u
Source Library CAUSERSVA0232914D
Source Package TPS7H4001-5F_WCA
“ﬂlliﬁi Eirl T"'C"’Hlﬂﬂﬂ o 1450 Al
TID o
TOL_GMEA 00872
TOL_GMPS 00522
TOL_WVREF 0.0031
'm

e e ey
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16.Select all the parameters highlighted in the previous image and click the Display button. In the pop-up, select
Name and Value and click OK.

Bl PacEl= SCHEMATL.*

Mewy Property..| | Apply Delete Property Fivot Filker by: | < Current properties »
A
AGING o Display Properties d
Color Default Fant
Designator Mame: .
Fs Eifiie Aial 7
Graphic TPSTH4001-SP_WCA Norma | Walue: Bl W Wk Bistinli
10
Implementation TPSTHAD01-5P_WCA Dizplay Format
Implementation Path O Do Mat Display Color
Impleme nLtatlon Type PSDI;;[-} odel Value Onl | - |
Location X-Coordinate 370 [@Hame andvalue | Fotation
Location Y-Coordinate a0 () Mame Only @0 O 18
MEAN_GMEA 18000 O Both if Value Exists O o O 7o
MEAN_GMP5 40 ()W alue if Walue Exists
MEAN_VREF 4.605 Text Jugtification
Name ING453
Part Reference U1 Default ~
PCB Footprint
Power Pins Visible
Primitive DEFAULT Ok Cancel Help
PSpiceTemplate KME@REFDES SVIN % PWVIN.
Reference U1
Source Library CAUSERSWAD232974D |
Source Package TPSTH4001-5F_WCA
Source Part TPETH4001-5FP_WCA Nor
TID o
TOL_GMEA 0.0872
TOL_GMPS 0.0522
TOL_VREF 0.0031
Value TPSYH4001-SP_WCA

17.Now, the part must be associated with the netlist. Select the part, right-click, and then choose Associate
Pspice Model.

Mirror Horizontally

: 1 ut Mirror Vertically
E|:|—2 VIN PH 7 7 Mirror Both
O—Z— PVIN.O -~ PH_8 (qg| Rotate
[O——F PVIN_1 PH 9 g Edit Properties...

O—F— PVIN2  PH_T0 Fo01 oy
O—5— PVIN3 ~ PH 11 [ CotPar

{O——— PVIN_4 VSENSE EpmiAe
ED—S COMP GND Show Footprint
O—g{RSC ~ PGND_0 | Associate PSpice Model |

{O—g| PH.O  PGND_1

za
23
24
' 25 Edit PSpice Model
O PH1 PGND_2 (g oot
27
28
29
30

{O—m— PH 2 PGND_3

iO—5— PH 3 PGND_4

{O—zPH 4 PGND 5

D_‘|'5_ PH_5 PGND_G Link Databasze Part Chrl+L

E PH—G PAD View Database Part.. Ctrl+D

: TPSTH4001-SP_WCA

E FS = 500K

5 L=00U

: MEAN_VREF = 0.605

i MEAN_GMEA = 1800U Connect to Bus

: MEAN_GMPS = 40 User Assigned Reference 4

' TOL_VREF = 0.0031 Lock

; TOL_GMEA = 0.0872 =0¢

i TOL_GMPS = 0.0522

: TID=0 S| Analysis 2
AGING =0 Add Part{s) To Group.. Ctrl+Shift+A

Remove Part(s) From Group..  Ctrl+5Shift+R
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18.Two pop-ups will appear to confirm the operation. Click Yes for both.

Associate Popice Model

QUESTION[ORSCH-1242): This will save your entire design
! including schematic pages in their current state. Do you wish
to continue?

MAssociate PSpice Model

QUESTION[ORSCH-1241): Attaching new implementation to
part U1 will overwrite existing implementation
TP5THA001-5P_WCA. Do you want to continue?

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

Update All.

[B! 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 | C\Users\JaneDoe\DesktoptWCA example projectitps7h4001-sp_wca lib | | | Browse |
Show matching models 1Show all models Model Text
Matching Models
* TP3TH4001-5F WCR
*
RS R R R R R R R R R SR R A A AR AR S R R A A Rt
TPS?H4001_SP—WCA FEEEER R R R R R R AR R R
* (C) Copyright 2011 Texas Instruments Inceorporated. 211
rights reserved.
e R R R R R R R R e R R R R R R R )
FEEEER R R R R R R AR R R
** This model is designed as an aid for custcomers cof 4

Model Mapping

Symbol Pins Model Terminals
VIM VIN
PVIN_D PVIN_D
PVIN_1 PVIN_1
PVIN_2 PVIN_2
PVIN_3 PVIN_3
PVIN_4 PVIN_4
COmMP COMP .
Show symbol Show invisible symbaol pins
| Update Selected || Update All || Cancel ||  Help

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

Associate PSpice Model X

INFO[ORSCH-1243): PSpice model TPSTH4001-5P_WCA
attached successfully to part(s) U1,
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21.Add the remaining components to complete the schematic as shown in the schematic below.
U
WM 1 -~ 9 oo 1 u 2 ouT
= VIN PH_D
VIN Ji_ i PVIN_0 PH™1 }l-‘l 0.9u & Lin l l l
5 = 2| PVIN_1 PH 2 (13 0.0013 100K c1 c2 &3
T 5| PVIN2 P T3 T weow ] oow | oo
[ - ., T4 R _LOAD
JQND PVIN 4 PHE |15 :
— PHE [T R ESR1 R ESR2.2 R ESR3
0 PHIT [ m 59m 26m
- LE] 499
PH_10
PHCT [ Jt_n = =
VSENSE 2 VSENSE
22 Blop
o PGND_1 2% —
_Lm PGND_2 |-7§
T conz L g
1eoe l PGNDS |58 15.4k
T Geomnt 8 {rse PO

TPSTH4001-SP_WCA
F3 =500k

L=09u
MEAN_GMEA = 1800u
MEAN_GMPS = 40
MEAN_VREF = 0.605
TOL_GMEA =0.0872
TOL_GMPS =0.0522
TOL_VREF = 0.0031
TD=0

AGING =0

Figure 2-1. Model Schematic
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2.2 Using Pspice® for TI

1. Download, install, and open Pspice® for TI.

2. Open an existing project, or click on File—~New—Project to create a new project.div

3. If creating a new project, enter a project name and location and click OK. Then select the Create a blank

project option and click OK again. A new project will be created and the project window appears.

|

Mew Project

Name example_project

Location C:A

Cancel

Help

Create PSpice Project

Create based upon an existing project

AnalogEMDSpmbol. opj

® Create a blank project

|

Cancel

Help

4. Open the schematic page where the part will be placed ("PAGE1" in the example below) and then open the

PSpice Part Search window by selecting Place—PSpice Component—Search

File Design Edit WView Tools | Place | PSpice Options Window
my — LY Part.. P
B == EHCHCE
Pspice Component... b
example_project.opj L
"l wire w
Analog or Mixed AD
Auto Wire 4
Filz Hierarchy
- %ﬂ Dr: Bus B
B[] Design Resources )
: : : o= Junction J
Mexample_project.dsn -
=[] SCHEMATIC] A BusEntry E
- {5 pacE T net alias... M
é &[] Design Cache = NetGroup.. U
b Likra
- L Q Power... F
------ [ Layout
______ F—] Outputs < fGround.. G
[#-[] PSpice Resources |!'J, Off-Page Connector...
------ [ Legs 8, Hierarchical Block...
" Hierarchical Port...

Help
[l [ () [

PSpice Ground
Capacitor —
Diode I
Inductor
Resistor
Digital 3
Discrete 4
Passives 4
Source 4

I Search... I

Modeling Application...
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5. Type tps7h4001-sp_wca into the search field and press the enter key to display the search results. Double-
click on the WCA model that appears in the search results window and then click in the schematic page to
place the part.

w  PSpice Part Search v X
1 4| | Y Hide Categories View 1
Categorigs Library +
CIFavorites D-L:!
» T Texas Instruments 3‘:
¥ Tlamplifiers and Linear ICs o
* Tanalog Behavioral Models s
> F - =
Data Converters sy
_ B
»* FElbiscrete _ .o
o
tpsTh4001-sp_wca @I1T
O—0
Search All Categories r ﬂ DI':
PART NAME DESCRIPTION +
"Radiation-
hardness-assured iﬂ
— RHA), 3-V to 7V
—H "TPS7H4001-5P_WCA" [nput. 18-A, Vs
ynchronous step- =T
down converter
Average Model” ?
+
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6. Once the part is placed, the symbol can be edited by selecting the part, right-clicking, and choosing Edit
Part.

D—;_— VIN PH_? 16 Mirror Horizontally
ED 3 PVIN_O PH_8 BELE Mirrar Vertically
i PVlN_1 PH_Q Mirror Both
camalaiv Sbile Qe
{7 PVIN_4 VSENSE =75 Edit Properties...
L—g— comp GND 737 | Edit Part |
{0—g—| RSC ~ PGND_0 57~
B—g 1 PH_.0  PGND_1 55~
{071 PH_1 PGND_2 >
B—45 1 PH_2 PGND_3 [77
i{0—3— PH_3 PGND_4 r>g
‘Oz PH_4 PGND_5 [5g-
{—45{PH.5 PGND_6 37 View PSpice Model
i PH_G PAD Open Reference Design »
: TPSTH4001-SP_WCA Open Product Page
FS = 500K Connect to Bus
L= [j_élul User Assigned Reference 3
MEAN_GMEA = 1800U Lock

MEAN_GMPS =40
MEAN_VREF = 0.605
TOL_GMEA =0.0872

TOL_GMPS = 0.0522 Selection Filter Ctrl=
TOL_VREF =0.0031 R |
TD=0

AGING =0 Zoom Out o

GoTo..

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

L

5] VN PH 7 %
PVIN_O PH_8
3 - — 1 18

PVIN_1 PH_9

19
[ ; | PVIN_2 PH_10 0

PVIN3 ~ PH_11

6 1 pviN 4 VsENSE |21

7 | comMP GND |22
— 8 1Rsc PGND 0 |23

91PHO PGND 1|2

0 ipy1  poND 2|2
— M ipy2 poND 3B
— 12 ipy3  poND 4 |2

B ipH4 PoND 5|2
— M ipi5  PGND 6 22
_ 15 | PH 6 PAD | 30

TPS7H4001-SP_WCA

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

r Would you like to update only the part instance being currently edited, or all
part instances in the design?

Update Cumrent Lpdate All Discard Cancel Help
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9. To make the parameters visible, double-click the part to open the properties table. If it appears to be

transposed compared to the image shown below, clicking Pivot will reorient it.

Bl Pacel

SCHEMATL...

Mew Property... | Apply | | Display... | Delete Property

Fiwat

A

& SCHEMATICA : PAGE1

AGING

1]

o

LEIE:ILII[

Raaigaal

FS

S00K I
TPo =00 - VAo

LELE: [5]1111

D

Implementation

TPSTH4001-5P_WCA

Implementation Path

Do oo Biodo)

hrary
=Lacation X Coordinals, el
MEAN_GMEA 1800U
MEAN_GMPS 40
MEAN_VREF 0605
Hm [} [T ]
Part Reference u
PCB Footprint
Power Pins Visible
Primitive DEFALULT
PSpiceTemplate HMN@DREFDES %eVIN-SPVIN
Reference u
Source Library CAUSERSWMOD232914D |
Source Package TPS7H4001-5F_WCA
Emﬂ T"C"’H-{ﬁﬁ" o 1450 Al
TID o
TOL_GMEA 00872
TOL_GMPS 00522
TOL_WVREF 0.0031
'm i rllm.IUI- r_v L.,F

10.The model contains multiple controllable parameters that can be displayed near the part on the schematic to
make them easier to view and alter. The default values for these parameters can be found in Section 1.1.

11.Select all the parameters highlighted above and click the Display button. In the pop-up, select Name and

Value and click OK.

12.Close out of the Property Editor window. The parameters should now be displayed underneath part on the

schematic page and their values can be altered by double-clicking on them.
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13.Add the remaining components to complete the schematic as shown below.

Ut
Vi 1 9 o 1 2 2
i 7 VIN PH_0 7 vout
vIN Ji_ T PVIN_0 PH1 {11 0.8u e L l l l
5 = | PVINA PH2 {43 00013 b o4 5 o3
T 5| PVIN2 P T3 T o T oow | o
5 _ ENmC R LOAD
aND PVIN 4 PHE |15 :
— PHE [T R ESR1 R ESR2.2 R ESR3
o PH_T T m sam 26m
PH B [T Rini
PH 9 [g 400
PH_T0 (77 J_ \TI
PHZ11 = =0 =0
21 VSENSE . ° °
VSENSE ————————
Rtop
22 i
COMP cp [ ok
PGND_0 [o7 VSENSE
Rcompl PGND_1 (75 EEme—
deemel PGND_2 [7%
10k PGND_3
Ccomp2 7 Rbat
T 150 PGND 4 | 75 ot
P l PGND_5 [7g
8 PGND_6 [0
T Ceompt, RSC PAD
10n
R1 L
% 953k TRETHA001-8F_WCA =
L FS = 500k
o L=0.9u
MEAN_GMEA = 1800u
=0 MEAN_GMPS = 40
MEAN_VREF = 0,605
TOL_GMEA = 0.0872
TOL_GHPS = 0.0522
TOL_VREF = 0.0031
TID=0
AGING =0
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3 Simulation

The TPS7H4001-SP WCA Model is intended to simulate the frequency response of the TPS7H4001-SP. It can
also be used for Monte Carlo simulation to observe the distribution of simulated behavior observed across a
specified sample size of devices.

Section 3.1 describes how to set up simulation of the frequency response and how to view the results as a bode
plot.

Section 3.2 describes the additional steps needed to set up Monte Carlo simulation and how to view the multiple
simulation runs on a bode plot as well as on a histogram.

3.1 Frequency Response

1. Create a new simulation profile simulation profile by clicking on PSpice — New Simulation Profile.

15is Acceszories  Options  Window
[ Mew Simulation Profile >
— Create Metlist [—
View Metlist
Advanced Analysis L4
Markers 4
Bias Points 4
2. Name the simulation profile and then click OK.
MNew Simulation >
Mame:
example_sim |
Cancel
Inherit Framm:
none A

Root Schematic:  SCHEMATICT

3. The bullets below highlight the parameters that must be filled out in each section of the simulation settings.
The image below shows where the parameters are located and gives an example for how they can be set.

* Analysis Type
— Select "AC Sweep/Noise"
* General Settings
— Chose the desired start and end frequency
— Set the number of points per decade to determine simulation resolution

— Select the desired sweep type ("Logarithmic" is chosen in the example since a Bode plot will be used
to display the simulation results)

* Temperature (Sweep)
— This section can be used to set the simulation temperature
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[B1 Sirmulation Settings - example_sim x
General Analysis Type: AC Sweep Type
AC Sweep/Noise Linear Start Frequency: 10
Analysis aueney
Options: @ Logarithmic End Frequency: TMEG
Configuration Files )
¥ General Settings Decade FPoints/Decade: 1k
Options Monte Carlo/Worst Case Moise Analysis
Data Collection Parametric Sweep Enabled Qutput Voltage:
Probe Windaw Temperature (Sweep) IV Source:
Save Bias Point Interval:
Load Bias Point “OutputFile Options
Include detailed bias point information for nonlinear controlled sources and
semiconductors (.OF)
| oK || cancel || Apply | Reset | Help |

4. Once the parameters have been defined, click OK to save and close the simulation settings.
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5. Run the Simulation by pressing F11 or selecting Pspice — Run. The simulation window will open and

simulation progress will be shown in the bottom-right corner.

E SCHEMATICT-example_sim - Allegro PSpice Simulatar - [example_sim.dat (active)]

B File Edit View Smulation Trace Plot Tools Window Help U]

X

O
cadence”

Q

RN =] FiY = [ SCHEMATIC -example_sim| | |
Q& « Yiew 3 X In s
@&

=
.Hl
g

N
188KHz 1.8HHz
=] example_sim...
=
|
Start = 10 Freq = 1.000E +06 End= 1.000E+...

\Anal}lsis I.-i‘v\-fatc:h }\ Devices I.-'r

Mark current cursor location with value Freq = 1.000E+06

100z [N YR

6. After the simulation is complete, the frequency response results can be viewed as a Bode plot by clicking on

Trace — Add Trace.

&

Sirnulation Plot  Tools Window Help

b~ Add Trace... Insert l

=

F+ Fourier

I
Performance Analysis...

Cursor

Macros...

Measurements...

7= Ewvaluate Measurement...
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7. This will bring up another window that lists the signals present in the schematic on the left side and gives

options for displaying signals on the right side. Select the options shown in the image below to display the

Bode plot or type the following expression directly into the Trace Expression field: Bode Plot dB -

separate(V(VOUT))

Add Traces

Simulation Output W ariables Functions or Macroz

* Plat Wwindow Templates e

WILT:PYIR_3) W 3dB Bandwidth - Band pazs [multi-run][1

LT PYIN4) Anaiog 3B cub-off frequency - High pass [mul

WIUT:RSC) Digital 3dB cut-off frequency - Low pazs [mult-

WILIT:WIM) Admittance(1,2)

WU WSEMSE] 7 Average(1)

V[v2:+) Voltages Bode Plot - dual ¥ axes(1]

W] > Bode Plat - separate(1)

VIVIN] Currents i i

WM +) ESe] Eode Flat dE -

EE\{' N'. '] . Eul |uu;:l|.3a| I'u[:-i' |2,.:’|__|
. urrent Gain(1,

W —— "V e Clnent Baini1 2

Ll R T e R pCc "v"ultage Galn[‘l _,2]
[ 1 -

V[T ABIEES Derivative[1]

W1[CE) . Falltime of Step Responze [multi-run](1]

=] subeieult Nodes ) e Pk [muimun](1]

W1 [Coompl] Fourier Tranzform(1]

W[ Coompe] Impedance(1.2)

W[ Cinj) Integral(1)

YW1[L1] Log-Linear[1]

W1 [Linj) Log-Log(1]

Y1[R1] : . Mugquizt Plot[1]

Vi[R_DCR) 218 vanables listed W

Y1[R_ESR1) < 3

Full List

Trace Expreszion: | Bode Plat dE - separate([WOUT]) | | (] | Cancel Help

8. Press OK and the Bode plot will be displayed.

18Hz
o P{U{UouT))

1088KHz 1.68HHz

Figure 3-1. Frequency Response Bode Plot
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3.2 Monte Carlo

1. Edit the frequency response simulation profile created in Section 3.1 by clicking on PSpice — Edit

Simulation Profile.

SIAnaIysismAccessnries Options Window  Helg

I: [~ Mew Simulation Profile TS

Edit Simulation Profile

L 4 % & Bun F11 &

5

View Simulation Results  F12
PAGE] View Output File

Create Metlist I
View Metlist

Advanced Analysis 4

Markers 4

Bias Points 4

2. In addition to the parameters that were previously set in the General Settings section, the following
parameters will also need to be set in order to run Monte Carlo simulation:

* Monte Carlo/Worst Case

— Select the "Monte Carlo" simulation option
— Define the signal that will be analyzed as the Output Variable (VOUT is used in the example below)
— Set the number of simulations to run
— Select "Gaussian" for the distribution

— Enter a value for the random number seed between 1 and 32,767 if a specific set of random
simulations is desired (otherwise this field can be left blank)

[B! Simulation Settings - example_sim X
General Analysis Type: [Monte Carlo Enable PSpice A4 sunnortin ]
Analvei AC Sweep/Noise Waorst-case/Sensitivity Output Variable: §| V(VOUT) I
nalysis
Options: Monte Carlo Options
Configuration Files .
7 General Settings Mumber of runs: a8
Options 4 Monte Carlo/Worst Case Use Distribution: Gaussian | Distributions... |
Data Collection Parametric Sweep Random number seed: 42 [1.32767]
Erobe Window Temperature (Sweep) Save Data From: All runs
Save Bias Point Worst-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 |
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3. Run the simulation by pressing F11 or PSpice — Run. The simulation window will open and simulation

progress will be shown in the bottom-right corner.

E SCHEMATICT-example_sim - Allegro PSpice Simulatar - [example_sim.dat (active)] — O >
B File Edit View Smulation Trace Plot Tools Window Help U] cadence®
RN =] FiY = [ SCHEMATICT-xample_sim| | )
Q& e V! e X In o
@
NGy
186KHz 1.8HHz
=] example_sim...
=
i
Start = 10 Freq = 1.000E +06 End= 1.000E+...
\Anal}lsis I.-i‘v\-fatc:h }\Devices I.-'r
Mark current cursor location with value Freq = 1.000E+06 100% _ m

4. After the simulations are complete, a window will appear that lists them all. Press OK. The frequency

response results can be viewed as a Bode plot by following the directions in Section 3.1 starting from step 6.
5. In order to view the results as a histogram, select Trace — Performance Analysis. A pop-up will appear.

Click OK.

Simulation I:l Plot Teols Window Help %

=i b Add Trace... Insert

#% Fourier

Performance Analysis...

Cursor

Macros...

Measurements...

7= Ewvaluate Measurement...

l
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6. Right click on the plot area and click Add Trace.

7. Once again, the desired signal and display method can be chosen. For example, phase margin can be
displayed by entering the following expression into the Trace Expression field:
PhaseMargin(DB(V(VOUT)),P(V(VOUT)))-180

Add Traces
Simulation Output Y ariables Functions ar Macros
* | b eazurements e
WILT:PYIR_3) A [ Mir_#Range(1.begin_xend_x| A
V[UT:PVIN_4) Analog Nih_Duty_cycle(l r_oceur]
WILIT:RSC) Digital MitbPeak[1.n_occur]
WILTIM] Overzhoot(1)
WL AWSEMSE] " Owershoot_#F ange(1.begin_sx.end_x|
W2+ el Peak(1.n_occur]
VW2 - Period(1]
VVIN STl Period R ange(1 begin ».and
WM +) — Phasebd argin(1.2]
VNG S PowerDissination_mw(1 Perind]
Wi . Pulzewidth(1]
Neis [ve/Hz) Pulzewidth_<Fange(1.begin_=.end_x]

WVSEMSE) w [Q_Bandpazs(1.db_level]
Y1[C1) Alias Names [_Bandpaszs_#R ange(1.db_level beair
W1[CZ) P Rizetime_Molwverzhoot[1)
VAL Subelieult odes ) e e StepRresponse(l]
W1 [Coompl] Rizetime_StepRezponze_<Fange(1.be
WY1 [Coompd] SettlingTime(1,5BaMD_PERCEMNT]
W1 Cinj] SettlingTime_=Range(1.5BAND_PERC
YW1[L1] SlewRate_Fall1]
W1 [Lin) SlewR ate_Fall_¥Fange(1.begin_x.end.
Y1[R1] : . SlewR ate_Rize(1)
Vi[R_DCR) 218 wariables lizted W
YW1[R_ESR1] W < >
Full Lizt

“Trace Expressior: | PhaseMargin[DBMVOU T PR YOUT)F S0 |l ok | Cancel| | Hep

8. Click OK and the histogram will be displayed along with statistical information that describes the distribution
of the simulation results, such as min, max, standard deviation, and mean.

56.68 56.72

PhaseHargin{DB{U{UOUT)},P{U{VOUT)})-180@

minimum 56.6528 maximum G&6.7514
18th %ile L6.6812 3=sigma 8. 8538206
median 56.7037

B.0176735 98th %ile 56.7263

n samples

n divisions
mean

sigma

Figure 3-2. Monte Carlo Histogram of Phase Margin
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