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Creating a Custom Component in NI Multisim

Overview

NI Multisim and NI Ultiboard provide an integrated platform to design, simulate and lay out a complete Printed Circuit
Board (PCB). The highly flexible database manager makes it easy to add a new SPICE simulation model, to a custom
defined schematic symbol which can then transfer an accurate footprint to layout.

Creating a Custom Component in NI Multisim and Creating a Custom Component in NI Ultiboard are your
resource on how to intuitively and quickly learn how to create your own custom components.
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Introduction

This tutorial is the first in a series of articles on component creation in NI Multisim and NI Ultiboard.

The purpose of this tutorial is to explain how you can create your own components for simulation and/or Printed Circuit
Board (PCB) layout from within Multisim. You will create the component and then verify its operation. The Component
Wizard is the primary tool used to create custom components, and it walks you through all of the steps required to create
a new component. Components details include symbol and optionally pin, model, and footprint information. Steps in the
creation process include:

Entering component information

Selecting a footprint and the component configuration

Selecting and/or editing the component symbol

Setting pin parameters

Mapping the symbol pins to the footprint pins

Selecting the simulation model

Mapping the symbol pins to the model pins

Saving the part in the database
The tutorial steps you through the process of creating a simulation and PCB layout compatible component. In the interest
of completeness, you will learn how to create an advanced component with two sections. You will create a part with two

schematic symbols, two models, but only one footprint. Many components are easier to create and not all steps outlined
are required under most circumstances. Multisim also allows users to create simulation-only or layout-only components.

Part 2 of the component creation articles, entitled Creating a Custom Component in NI Ultiboard, outlines how to
create a custom Ultiboard landpattern for layout. This landpattern is created manually so as to precisely define the
shape, size, and dimensions of a Surface Mount Device (SMD). This footprint can be added to the Multisim database to
define a custom component.

Single Section versus Multisection Components

A single-section component is any component that has a single device per chip. A multisection component is a
component that has multiple gates or devices per chip. Examples of multisection devices include logic gates or
operational amplifiers. Letters, increasing from A-Z, enumerate the devices within multi-section components.

An example of a multi-section component is the Texas Instruments® THS7001. The THS7001 is a programmable gain



amplifier (PGA) with a separate pre-amplification stage presented in a single integrated circuit (IC) package. In this
package, both sections share power and reference voltage connections. You will learn how to create this component in
this tutorial.

Simulation-Only Components

Simulation-only components are designed to help verify designs; they are not transferred to board layout. There is no
footprint information associated with them, and their symbols are colored black by default in the Multisim or Multicap
environment to easily identify them. An example of a Simulation-only component is an ideal voltage source.
Layout-Only Components

Layout-only components do not contribute to a simulation. They have no associated SPICE, VHDL, or behavior model.
When connected parallel to the circuit, they will have no impact on the simulation. When connected in series, they will
create an open circuit. Layout-only components are green on the Multisim or Multicap environment. An example of a
Layout-only component is a connector.

Creating a Texas Instruments® THS7001 Component in NI Multisim

The Texas Instruments® THS7001 is a programmable gain amplifier with a separate pre-amplification stage. The

programmable gain is digitally controlled via three TTL-compatible inputs. The datasheet for the THS7001 is included
below in Appendix A for reference.

Step 1: Enter Initial Component Information

Start the Component Wizard by selecting Tools » Component Wizard from the Multisim Main Menu.

From this window, enter the initial component information (Figure 1). Select the Component Type and use-case
(simulation, layout, or both).

Choose Next > when done.

Component Wizard - Step 1 of §
Enter Companent Infarmation
Component Mame: Function:
|THS?EIEI1 70 MHz Programmable Gain
Amplifier [PGA] with
Author Mame; separate preamp and PEA stages.
|Electronics workbench < | 1l A

Component Type:
|.-5.na||:|g ﬂ

(% will uze this component far both simulation and layaut [model and footprintE

" Sirmulation anly [model]

" Layout anly [footprint)

Mewt » | Cancel Help

Figure 1 - THS7001 Component Information

Step 2: Enter Footprint and Package Information
a) Click Select a Footprint to choose a footprint for this component.

Note: When creating a simulation-only component, the footprint information fields are grayed out.



Component Wizard - Step 2 of §

Enter Foatprint Infarmation

Footprint Manufacturer: |G eneric I ....... iﬁlﬁ.l:.t..a.Em!minL..Rﬂ
Footprint Tupe; |
' Single Section Companent " Multi-Section Cormparent

Mumber of Fins: |2 El:

< Back [t LCancel Help

Figure 2 - Select a Footprint (1 of 2)

b.) Select the footprint listed in the manufacturer datasheet. For the THS7001, select the TSSOP20 from the Master
Database. Choose Select when done.

Note: If you know the name of the footprint, you can also type it directly into the Footprint Type field.

“# Select a Footprint ' @@ﬂ

Databaze Name: |Master Database
Corporate D atabase

[rata List: Ilzer Databaze Filter

MO, | Manufacturer ] Footprint | E'WE_Lapout | Fir ... | SMT/TH | Std_Pinout 'A__:
3023 Uliboard DIFz0 20 1:2:3:4586783
3024 Generic S0OT-146 DIP20 20 123456784
025 Uliboard DIF20_Zm54_7hd 20 1:2:3:456:783
3026 Uliboard AMP_BMET18 20 1:2:3:456,784
027 Generc DIP20_2m54_7h 20 123458783
3028 IPC-5M-782 DIF20[5MT] 20 SMT 123456789
3023 Uliboard DIFz0 20 1;2:3:456,783
050 Ubiboard TS50P20 20 1:2:3:456:784
3031 Generic DEODZ0 S50P20 20 1 ;2;3;4;5;5;?;_8;55V_.
{ i | } |

Select | LCancel ‘ Help

Figure 3 - Select a Footprint (2 of 2)

c.) Define the names of the sections and number of pins for each of the sections in the component. In this case, there
are two sections: A is the pre-amplifier section, and B is the programmable gain amplifier section.

Note 1: When creating multi-section components, the number of pins must match the number of pins that will be used for
that section’s symbol not the number of pins of the footprint.

Note 2: In the case of the THS7001, you will add the ground pin and the power-saving shut-down pin to the symbols for
both sections.

Choose Next when done.



Component Wizard - Step 2 of §

Enter Foatprint Information

Footprint b anufacturer: ]LIItiI:u:uard Select a Foaotprint I
Footprint Tupe: "TSSDF'ED
" Single Section Companent & pulti-Section Cormparent

Murnber of Sections: 12 3: Total Mumber of Pins: 11 q

Section Details:

L e

M ame; ],f_-.,

Mumber af Fins: l?‘ E:

< Back ] Meat = ‘ LCancel Help

Figure 4 - Defining a Multisection Part (1 of 2)

M arne: 15

Mumber of Pins: 11 2 3:

Figure 5 - Defining a Multisection Part (2 of 2)

Note: To learn how to create a custom footprint in NI Ultiboard take a look at the Creating a Custom Component in NI
Ultiboard.

Step 3 -- Enter Symbol Information

After defining the sections and selecting the footprint, assign the symbol information for each section. You can assign
symbols by editing them in the Symbol Editor (choose Edit) or copying existing ones from the database (choose Copy
from DB). To save time when creating custom parts, it is recommended that you copy existing symbols from the
database wherever possible. You can also load symbol files into the Symbol Editor. The symbols for the THS7001 are
included as files with this tutorial.

a.) Load the symbol for the preamp device:
Choose Edit to open the symbol editor.

Once the symbol editor has loaded, select File » Open and navigate to where you saved the tutorial files. Select
preamp.sym. The loaded symbol is shown below in Figure 6.

Note 1: With the exception of the common shut-down and ground pins, the names of the pins have been prefixed with
“PA”. This is to differentiate the names of the pins on the preamp from the names of pins on the programmable gain
amplifier.

Note 2: In order for shared pins to correctly function in the capture environment, they must have the same name across
sections. Additionally, they must be assigned to the COM (common) section in step 4.
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Figure 6 - Preamplifier Symbol
Close the symbol editor. If asked to save, choose Yes.
The preamp symbol will now be displayed in the preview box. If you plan to share this component with colleagues around

the world, it is a good idea to create both ANSI and DIN symbols for the device. In this case, simply choose Copy to ...
then select the only visible choice of either Section A (ANSI) or Section A (DIN).

b.) Load the symbol for the PGA.
Select device B and choose Edit to launch the Symbol Editor.

Choose File » Open and navigate to where you saved the tutorial files and select pga.sym. The resulting symbol is
shown below in Figure 7.
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Figure 7 - Programmable Gain Amplifier Symbol
Close the symbol editor. If asked to save, choose Yes.

Note: If at this time the Multisim window does not re-appear, follow the note listed in the troubleshooting section in
Appendix B.

The PGA symbol is shown in the preview box. If you plan to share this component with colleagues around the world, it
is a good idea to create both ANSI and DIN symbols for the device. In this case, simply choose Copy to ... then select
the only visible choice of either Section A (ANSI) or Section A (DIN).

Choose Next when done.



Step 4: Set Pin Parameters

All the pins for this component are listed in Step 4 and are illustrated Figure 8 below. Multisim uses the pin
parameters when running an electrical rules check. The pin parameters are also required to select the correct pin
drivers for digital components. You can also add hidden pins to components in this step. Hidden pins are pins that
do not appear on the symbol but may be used by the model and/or the footprint.

Table 1 - THS7001 Pin Parameters

Component Wizard - Step 4 of §
Set Pin Parameters
Pin T able: Add Hidden Pin | Delete H i |
Symbal Pins Section Type | ERLC Status |'_A
Pa_IN+ A INELIT IMCLUDE H o
P M- A INFUT IMCLUDE
Py WICC- B, PR IMCLUDE
P WCC+ & PR IMCLUDE
Pa_0UT B, OUTRUT IMCLUDE
SHOM COM IHFUT IMCLUDE
CLGHD COM GMD IMCLUDE
"WIM- B IHFUT IMCLUDE
WEC+ B PR IMCLUDE
WL B PR IMCLUDE
REF ] INPUT IMCLUDE (2]
< Back | Mext | LCancel Help
Figure 8 - Pin Parameters
a.) Complete the pin table as shown below in Table 1.
Symbol Pins Section Type ERC Status
PA TN+ A, INFUT INCLUDE
Pa - o, INFUT INCLUDE
PA WCC- A, PR INCLUDE
P& WCOCH A, PR INCLUDE
PA OUT A QUTPUT | INCLUDE
SHOM COka INFLUT INCLUDE
DGO COm GHO INCLUDE
M- B INFLUT I CLUDE
TG+ B PR INCLUDE
YWICC- B PYWR INCLUDE
REF B INFUT I CLUDE
SHOM COm INFLUT INCLUDE
=0 B INFLUT INCLUDE
=1 B INFUT INCLUDE
=2 B INFUT INCLUDE
DGO COma GrHD INCLUDE
CLAMP- B INFUT INCLUDE
CLAMP+ B INFLUT INCLUDE
ouT B QUTPUT | INCLUDE

Choose Next when done.

Step 5: Set Mapping Information between Symbol and Layout Footprint

Map visible symbol pins and hidden pins to the PCB footprint in Step 5. Simulation-only parts do not require this step.



Component Wizard - Step Sof

Set Mapping Information Between Spmbol and Layout Footprint

Symbal Pins

Footprint Pins Pir Swaap|#

Pa_IN+
Pa_IN-
P4 _WCC-
PA_WCC+
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WIN-
WO+
WLL-
REF
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Figure 9 - Symbol to Footprint Mappings

a.) Use the datasheet as reference to complete the mapping information shown below in Table 2.

Note: Pin 17 is shared by SHDN and PA_SHDN, and pin 1 is shared by DGND and PA_GND.

Symbol Pins Footprint Pin Swap Gate Swap
Pins Group Group
PA_IN+ ]
FA_IM- il
Fa_WCC- 7
PA_WCCH+ a8
FA_QUT 4
SHDM 17
DGHD 1
I 3
CC 13
CC- 14
FEF 2
SHDM 17
G0 20
51 14
G2 18
DGHD 1
CLAMP- 14
CLAMP+ 12
auT 16

Choose Next when done.

Table 2 - Symbol to Footprint Mapping

Note 1: Pins that belong to the same Pin Swap group can be interchanged automatically in board layout to maximize
routing efficiency. Often chips will have several ground pins. Assign these to a Pin Swap group, and the Ultiboard PCB
Layout tool will annotate the net list in order to improve the physical layout of the board.

Note 2: Additionally, some chips will have multiple devices of the same type (the 74HCOO0 contains 4 identical digital
NAND gates). For improved routing, these gates can be assigned to a gate swap group.

No two pins on the PCB footprint of the THS7001 are repeated. Likewise there are no two identical gates. Therefore, the
pin and gate swap information is left blank.



Step 6: Select the Simulation Model

When creating a component for simulation, you must provide the simulation models for each section. You can obtain or
create new models in 4 ways:

Download a SPICE model from a manufacturer website or other source

Manually create a subcircuit or primitive model

Use a Multisim Model Maker

Or edit an existing model
Multisim provides Model Makers that create SPICE models for several categories of components based on their

databook values. Model Makers exist for operational amplifiers, bipolar junction transistors, diodes, waveguides, and
many others. For more information on the various model makers, consult the Multisim help file.

For the THS7001, you will use manufacture-provided SPICE compatible models. There are separate models for the
preamp and PGA sections.

Note: If you are creating a layout-only part, you are not required to complete steps 6 and 7.

a.) With the tab for section A selected, choose Load from File. Navigate to the folder that contains the tutorial files,

select sloj028.cir and choose Open. The SPICE model for the preamp will load and be displayed in the tab for section A
as shown below.

Component Wizard - Step 6 of §
Select Simulation Model Select from DE
Section: & ] B ] . i Copyto ...

Model Name: [THS7001_PRE Model Maker
hodel [ ata; Load frarm File
“WwWRITTEN 5/3/00 [ |
*COMMECTIONS: MOM-IMVERTIMG IMPUT

“ [INYERTIMG INFUT

| FOSITIVE POWER SUPPLY
|NEGATIVE PONER SUPPLY

) |
i [
i [[11BUTFUT
i [HT]SHUTDOWN
8 jias
SUBCET THS7O01_PRE 1234567 _
M W
&1 | &
< Back Hesl » LCancel Help

Figure 10 - SPICE Model for THS7001 Preamp Stage

b.) Select the tab for section B, and choose Load from File to load the SPICE model for the PGA stage. Navigate to the
folder that contains the tutorial files, select sloj029.cir and choose Open. The spice model is displayed in the B section
of the Component Wizard step 6.



Component Wizard - Step 6 of §

Select Simulation Model

Section: A B "

Model Name: [THS7001_PGA Model Maker
hodel [ ata; Load from File
SUBCET THS7001_PGA 123456783101112 |

*GalM LOGIC GO - G2 [MODES 7-9)
* [uge 2ux - for node numbers)
*COMMECT GO-G2TOMODES 7-9

RGO FG0OTm
RG1 2GT Im
RGZ G2 Tm
*Waltage to drive switches
WPOS  WHI12DC 62 el
< | >
< Back Hesl » LCancel Help

Figure 11 - SPICE Model for THS7001 PHA Stage

Choose Next when done.

Step 7: Map Symbol Pins to the Model Nodes
You must map the symbol pins to the SPICE model nodes in order for Multisim to correctly simulate the component.

For all subcircuit or macro models, the model nodes are typically documented in the header text of the SPICE model.
There is also a line that declares that the model is a subcircuit model and lists the model name followed by the model
nodes that will connect to external circuitry.

For the THS7001, the model nodes of the preamp are listed in sloj028.cir and the model nodes of the PGA are listed in
sloj029.cir.

Let us examine the header and .SUBCKT lines for the preamp:

*THZ7001 PREAMP SUBCIRCUIT REY -
*WWRITTEN 5300

TCONMECTIONS:  MON-IMVERTING IMPUT
= | INWERTING IMPUT

subckt line: declares model
15 a subcirout model, lists
the name of the model, and
lists the external nodes

I
I
[

01_PRE1234567 P

i || POSITHWE POMYER SUPPLY Cumment lines:

& ||| NEGATINE POWER SUPPLY dESCﬂI?E the order and
il [l OUTPUT operation of model

* |11 SHUTD WY nodes

* [111]]DGMND

* [

SUBCKT THS?

I
I
I
I
0

[+] Enlarge Image

You must now map the symbol pins names to the model nodes. Pay special attention to the order of the model
nodes.

a.) Complete the pin mapping table for the preamp section A as shown below in Table 3.

; Model Node
Symbol Pins Bidsy
FA N+
Fa,_IN-
A WCC-
Fa WCC+
FA_QUT
SHOM

DGEHD

O D0 e B =

Table 3 - Symbol to Model Node Mapping for the Preamp



b.) Click on the tab for Section B and complete the pin mapping table for the PGA section B as shown below in Table 4.

; Model Node
Symbol Pins Order
M-
VCC+
WCC-
REF
=HON
50

51

52
DGEND
CLANP-
CLAMP+

ouT

e,
B0 |20 | (O = = | | B2

——
—

—
m

Table 4 - Symbol to Model Node Mapping for the PGA

Choose Next when done.

Step 8: Save Component into the Database

Once all the previous steps are complete, save the component to the Corporate or User databases.

a.) Select the database, group, and family to which you would like to save the component. If no family currently exists in
the selected group, create a new family by choosing Add Family.

b.) Choose Finish to complete the component.

Note: You can customize the icon for a new family in the database manager by choosing Tools » Database » Database
Manager from the Multisim main menu.

4 Component Wizard - Step 8 of 8 _ 3
Family Tree: D atabase: |User Databaze
| = IIzer Database Giroup: Analag
- Spurces Family: Texaslnshuments
+ Basic
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-

.I}.l.
+ -r:{ Tianzistors ¢
—|- 3= Analog
o ANSI " DIM

@ Texazlinztuments

Mf AnalogDevices

TTL

EiF

Cdne

< Back | Einizh | Cancel | Help

Figure 12 - Saving the Component to the Database

SUCCESS!!

Step 9 -- Testing the New Component in Multisim

After creating and saving the component, it is available for use in Multisim. To test this component, use THS7001
Tester.ms9 file that is included in this tutorial. Replace U2a with section A of your new component and replace U2b with
section B. To replace a component, double-click on the component and then select Replace. Then navigate to the
database and location that you saved your component and select it. Select the appropriated section.

Figure 13 to Figure 16 below illustrate the expected responses of the test circuit.
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Figure 13 - Bode Response for the Preamp of the test Circuit
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Figure 14 - Bode Response of the PGA with Gain Set to "111'
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Figure 15 - Time Domain Response of the Preamp
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Figure 16 - Time Domain Response of the PGA with Gain set to ‘111’

Downloads
ths7001.pdf
preamp.sym
ths7001testcircuit.ms9
sloj029.cir

pga.sym

sloj028.cir

Reader Comments | Submit a comment »

no ths7001 tester.ms9 file
Step 9 -- Testing the New Component in Multisim states:"""""To test this component, use THS7001 Tester.ms9 file that is

included in this tutorial." i can not find this file in this tutorial. After creating and saving the component, it is available
for use in Multisim. """ To test this component, use THS7001 Tester.ms9 file that is included in this tutorial.""""""
Replace U2a with section A of your new component and replace U2b with section B. To replace a component,
double-click on the component and then select Replace. Then navigate to the database and location that you saved your
component and select it. Select the appropriated section.

- Testing the New Component in Multisim, Power of Design. super@powerofdesign - Dec 15, 2006

Legal

This tutorial (this "tutorial") was developed by National Instruments ("NI"). Although technical support of this tutorial may
be made available by National Instruments, the content in this tutorial may not be completely tested and verified, and NI
does not guarantee its quality in any way or that NI will continue to support this content with each new revision of related
products and drivers. THIS TUTORIAL IS PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND AND SUBJECT
TO CERTAIN RESTRICTIONS AS MORE SPECIFICALLY SET FORTH IN NI.COM'S TERMS OF USE
(http://ni.com/legal/termsofuse/unitedstates/us/).
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