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Introduction (Ask a Question)

The Three-phase Pulse Width Modulation (PWM) generates carrier-based, center-aligned PWM to trigger the
switches of a three-phase inverter. The module also introduces a configurable dead time to avoid dead short
circuits.

A delay time can be introduced to synchronize multiple three-phase PWM block instantiations for multi-axis or for
harmonic cancellation in the case of multi-level inverters.

Summary (Ask a Question)

The following table provides a summary of the Three-phase PWM IP characteristics.
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Core Version This document applies to Three-phase PWM v4.2.

« PolarFire® SoC
« PolarFire
Suppo.r.ted Devic . RTG4™
e Families
« IGLOO® 2
« SmartFusion® 2

Supported Tool F Requires Libero® SoC v11.8 or later releases.

low
Complete encrypted RTL code is provided for the core, enabling the core to be instantiated
Li . with SmartDesign. Simulation, Synthesis, and Layout can be performed with Libero softwa
icensing re. Three-phase PWM is licensed with encrypted RTL that must be purchased separately.
For more information, see Three-phase PWM.
Features (Ask a Question)

Three-phase PWM has the following key features:

Generate three-phase pulse-width modulated signals based on three independent references

Introduce a delay time to adjust the phase of PWM cycles between two three-phase PWM blocks

Introduce a configurable dead time to avoid dead shorts in the inverter bridge

« Enable or disable signal to shut down the PWM output signals within one system clock cycle

Generate timing pulses for other blocks, configurable as one or two pulses per period

Implementation of IP Core in Libero Design Suite (Ask a Question)

IP core must be installed to the IP Catalog of the Libero® SoC software. This is done automatically through the IP
Catalog update function in the Libero SoC software, or the IP core can be manually downloaded from the catalog.
Once the IP core is installed in the Libero SoC software IP Catalog, the core can be configured, generated, and
instantiated within the SmartDesign tool for inclusion in the Libero project list.

Device Utilization and Performance (Ask a Question)
The following table lists the device utilization used for Three-phase PWM.

Table 1. Three-phase PWM Utilization
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Device Details Resources RAMs
Performance (M Math Block | Chip Global
. . DF | Hz) LSRA | uSRA | s s
Family Device LUTs F M M
PolarFire® So | MPFS250 433 44 | 200 0 0 0 0
C T
PolarFire MPF300T | 433 44 | 200 0 0 0 0
gma’tFUS'°”® M2S150 | 433 | 44 | 200 0 0 0 0

Important:

1. The data in this table is captured using typical synthesis and layout settings. CDR reference clock source was
set to Dedicated with other configurator values unchanged.
2. Clock is constrained to 200 MHz while running the timing analysis to achieve the performance numbers.

Functional Description (Ask a Question)

This section describes the implementation details of the Three-phase PWM.
The following figure shows the system-level block diagram of the Three-phase PWM.

Figure 1-1. System-Level Block Diagram of Three-phase PWM
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Theory of Operation (Ask a Question)

The three-phase inverter is the core of any AC motor drive. PWM pulses generated by the three-phase PWM drive
the inverter bridge.
The following figure shows the inverter bridge.

Figure 1-2. Three-phase Inverter Bridge
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A three-phase two level inverter consists of three power electronic switches (Transistors), two in each leg for each
phase of motor winding. The switches in each leg are driven by complementary pulses to switch the phase
voltage between positive and negative DC voltage. The DC voltage passes through the transistor switches to the
load when at least one of the three-phase pulses is active. Dead time is introduced between these high and low
pulses of a phase or channel to allow the transistor to turn off completely, so that the DC source does not get
shorted during operation

Generating Center Aligned PWM (Ask a Question)

In center aligned PWM, the PWM counter goes from a down-count to an up-count to down-count again, and so
on. the following figure represents the operation of center aligned PWM. The PWM counter keeps running as long
as the module is not in reset state, even when the PWM module is not enabled.

Figure 1-3. Center Aligned PWM
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Dead Time and Delay Time (Ask a Question)

A time delay is introduced between turning off one of the transistors of a leg of an inverter to turning on the other
transistor to ensure that a dead short circuit does not occur. This is called dead time.
The following figure shows the dead time insertion.

Figure 1-4. Dead Time Insertion
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When multiple PWM blocks are present in a single system, some harmonics can be eliminated by phase shifting
the PWM carrier wave. This time delay is referred to as delay time. This time delay is accounted for by the delay
in generating carrier waves after reset.

The following figure shows how delay time is introduced.

Figure 1-5. Effect of Delay Time
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Three-phase PWM Parameters and Interface Signals (Ask a Question)
This section discusses the parameters in the Three-phase PWM GUI configurator and 1/O signals.

Inputs and Outputs Signals (Ask a Question)

The following table lists the input and output ports of Three-phase PWM.

Table 2-1. Inputs and Outputs of Three-phase PWM
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Signal Nam | Directio Description
e n
reset_i Input Asynchronous active low reset signal
sys_clk_i Input System Clock
Asynchronous enables:
en_pwm_i Input When set to 0, PWM outputs are driven to 0 When set to 1, PWM outputs are genera
ted.
. When set to 1, PWM produces two trigger pulses distributed evenly per cycle at the

en_dual_trig .

i Input midmatch_o output.
- When set to 0, PWM produces one trigger pulse per cycle at the midmatch_o output.
va_i Input Phase A duty cycle with respect to pwm_period
vb_i Input Phase B duty cycle with respect to pwm_period
VC_i Input Phase C duty cycle with respect to pwm_period
p;/vm_perlod Input Time period of PWM in number of system clock time
dead_time_i | Input Dead time
delay_time_i | Input Delay time

. Period mid-match interrupt produces two pulses per PWM cycle when en_dual_trig_i
midmatch_o | Output input is 1, and produces one pulse per PWM cycle when en_dual_trig_i input is 0.
PWM_AH_O | Output Channel A PWM for high side switch
PWM_AL_O | Output Channel A PWM for low side switch
PWM_BH_O | Output Channel B PWM for high side switch
PWM_BL_O | Output Channel B PWM for low side switch
PWM_CH_O | Output Channel C PWM for high side switch
PWM_CL_O | Output Channel C PWM for low side switch

Timing Diagrams (Ask a Question)

This section discusses Three-phase PWM timing diagram.

The following figure shows the timing diagram of Three-phase PWM.

Figure 3-1. Three-phase PWM Timing Diagram
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Testbench (Ask a Question)

A unified testbench is used to verify and test Three-phase PWM called as user testbench. Testbench is provided
to
check the functionality of the Three-phase PWM IP.

Simulation (Ask a Question)

The following steps describe how to simulate the core using the testbench:

1. Open Libero SoC, click Catalog tab, and then click Solutions-MotorControl.
2. Double-click Three-phase PWM and then click OK. The documentation associated with the IP are listed under

Documentation.

Important: If you do not see the Catalog tab, click View, open Windows menu, and then click
Catalog to make it visible.
Figure 4-1. Three-phase PWM IP Core in Libero SoC Catalog
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Documentation:
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Description: Three Phase PWM generation with configurable dead time and delay time.

Market Segment: Acrospace, Automotive, Industrial and Military

1 New cores are available Download them now!

Message | DesignFlow | DesignHierarchy | StmulusHierarchy  Catalog | Files | HDL Templates |

3. On the Stimulus Hierarchy tab, click the testbench ( three_phase_pwm_tb.v ), point to Simulate PreSynth
Design, and then click Open Interactively.

i Important: If you do not see the Stimulus Hierarchy tab, click View, open Windows menu, and then
click Stimulus Hierarchy to make it visible.

Figure 4-2. Simulating Pre-Synthesis Design
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ModelSim opens with the testbench file, as shown in the following figure.

Figure 4-3. ModelSim Simulation Window
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Important: If the simulation is interrupted due to the runtime limit specified in the .do file, use the run -all



command to complete the simulation.

Revision History (Ask a Question)

The revision history describes the changes that were implemented in the document. The changes are listed by
revision, starting with the most current publication.

Table 5-1. Revision History

Revisio
n

Date

Description

03/202
3

The following are the list of changes in revision A of the document:

Migrated the document to the Microchip template.
Updated the document number to DS00004917A from 50200362.

Added 3. Timing Diagrams.
Added 4. Testbench.

6.0

The following is a summary of the changes in revision 6.0 of this document.

« The Key Features and Supported Families sections were added to the Overview chapter

« The Inverter Bridge for AC Motors section was renamed Theory of Operation in the Over

view chapter.

5.0

The following is a summary of the changes in revision 5.0 of this document.

« A new pin is added in the block diagram of three-phase PWM.

« Added the en_dual_trig_i entry in the input and output ports of three-phase PWM table.

« Deleted the Configuration Parameters section from the Hardware Implementation
chapter.

« Updated Resource Utilization Report of Three-phase PWM values in the table.

4.0

Updated and merged the user guide

3.0

The following is a summary of the changes in revision 3.0 of this document.

« Updated the Inputs and Outputs of Three-phase PWM table.

2.0

The following is a summary of the changes in revision 2.0 of this document.

« Updated the title of the user guide.
« Updated the Inputs and Outputs of Three-phase PWM table.

1.0

Revision 1.0 was the first publication of this document.

Microchip FPGA Support (Ask a Question)
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Microchip FPGA products group backs its products with various support services, including Customer Service,
Customer Technical Support Center, a website, and worldwide sales offices. Customers are suggested to visit
Microchip online resources prior to contacting support as it is very likely that their queries have been already
answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the FPGA
Device Part number, select appropriate case category, and upload design files while creating a technical support
case.

Contact Customer Service for non-technical product support, such as product pricing, product upgrades, update
information, order status, and authorization.

« From North America, call 800.262.1060
« From the rest of the world, call 650.318.4460
« Fax, from anywhere in the world, 650.318.8044

Microchip Information (Ask a Question)
The Microchip Website (Ask a Question)

Microchip provides online support via our website at www.microchip.com/. This website is used to make files
and information easily available to customers. Some of the content available includes:

« Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

« General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

« Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of

seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service (Ask a Question)

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers
will receive email notification whenever there are changes, updates, revisions or errata related to a specified
product family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support (Ask a Question)

Users of Microchip products can receive assistance through several channels:

« Distributor or Representative

« Local Sales Office

« Embedded Solutions Engineer (ESE)
« Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also
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available to help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature (Ask a Question)

Note the following details of the code protection feature on Microchip products:

« Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within operating
specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium Copyright
Act.

« Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly

evolving. Microchip is committed to continuously improving the code protection features of our products.

Legal Notice (Ask a Question)

This publication and the information herein may be used only with Microchip products, including to design, test,
and integrate Microchip products with your application. Use of this information in any other manner violates these
terms. Information regarding device applications is provided only for your convenience and may be superseded by
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