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Introduction

(Ask a Question)

The Pl controller is a widely used closed-loop controller for controlling a first-order system. The basic functionality
of a Pl controller is to make the feedback measurement to track the reference input. Pl controller performs this
action controls its output until the error between the reference and feedback signals becomes zero.

There are two components that contribute to the output: the proportional term and the integral term, as shown in
the following figure. The proportional term depends only on the instantaneous value of the error signal, whereas
the integral term depends on the present and previous values of an error.

Figure 1. Pl Controller in Continuous Domain
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Pi controller in the continuous time domain is expressed as:
l
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Where,

y (t) = Pl controller output

e () = reference (t) — feedback (t) is the error between reference and feedback

To implement the PI controller in the digital domain, it has to be discretized. The discretized form of the PI
controller based on zero order hold method is shown in the following figure.

Figure 2. Pl Controller based on Zero Order Hold Method
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P(n) = pr e(n)

I(n) = K, x T, xe(n)+1(n—1)

Y(n) = P(n) x I(n)

Summary

Core Version This document applies to Speed ID 1Q Pl Controller vd.2.

Buppl_:u‘ta-d NN« PolarFire® SoC
Families s PaolarFire

« RHTG4
= IGLOO® 2
«  SmariFusion® 2

Supported Tool Requires Libero® SoC vi1.8 or later releases.

Flow

Licensing The complete encrypled RTL code is provided for the cora, enabling the core o ba instantiated
with SmartDesign. Simulation, Synthesis. and Layout can be performed with Libero software.
The Spead 1D 1Q Pl Controller is icensed with the encrypled RTL that must be purchased
separately, For more information, see Speed 1D 1Q Pl Controlier,

Features (Ask a Question)
The Speed ID 1Q PI Controller has the following key features:

« Computes d-axis current, g-axis current, and motor speed
« Pl controller algorithm runs for one parameter at a time
« Automatic anti-windup and initialization functions are included

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 Speed ID 1Q PI Controller.
Table 1. Speed ID 1Q PI Controller Utilization

Davice Datails Resources Performance RAMS Math Blocks Chip Globals

Family Device LUTs |DFF (MHz) LSRAM uSRAM
PolarFire® SoC | MPFS250T 827 411 120 0 0 1 0

Device Details Resources Parformancs RAMs Math Blocks Chip Globals
Family Device @ LUTs DFF (MHz) LSRAM | uSRAM
PolarFire MPF3I00T 627 411 120 0 o 1
SmartFusion® 2 M25150 631 411 120 0 0 1
Important:

1. The data in the preceding table is captured using typical synthesis and layout settings. The CDR reference
clock source is 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.

1. Functional Description (Ask a Question)

This section describes the implementation details of the Speed ID 1Q PI Controller.
The following figure shows the system-level block diagram of the Speed ID IQ PI Controller.
Figure 1-1. System-Level Block Diagram of Speed ID 1Q PI Controller
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Note: The Speed ID 1Q PI controller executes a Pl controller algorithm for three quantities—d-axis current, g-axis
current, and motor speed. The block is designed to minimize hardware resource utilization. The block allows the
PI controller algorithm to be run for one parameter at a time.

1.1 Anti-Windup and Initialization (Ask a Question)

The PI controller has minimum and maximum limits of output to keep the output within practical values. If a non-
zero error signal persists for a long time, the integral component of the controller keeps increasing and might
reach a value limited by its bit width. This phenomenon is called integrator windup and must be avoided to have a
proper dynamic response. The Pl controller IP has an automatic anti-windup function, which limits the integrator
as soon as the PI controller reaches saturation.

In certain applications, such as motor control, it is important to initialize the Pl controller to a proper value before
enabling it. Initializing the PI controller to a good value avoids jerky operations. The IP block has an enable input to
enable or disable the PI controller. If disabled, the output is equal to the unit input, and when this option is

enabled,

the output is the Pl computed value.

1.2 Time Sharing of Pl Controller (Ask a Question)

In the Field Oriented Control (FOC) algorithm, there are three Pl controllers for Speed, d-axis current ID, and g-
axis current Ig. The input of one PI controller depends on the output of the other PI controller, and so they are
executed sequentially. At any instant, there is only one instance of the PI controller in operation. As a result,



instead of using three separate Pl controllers, a single Pl controller is time shared for Speed, Id, and Iq for
optimum usage of resources.

The Speed_ld_Ilg_PI module allows sharing of the PI controller through the start and done signals for each of
Speed, Id, and Ig. The tuning parameters Kp, Ki, and minimum and maximum limits of each instance of a
controller can be configured independently through corresponding inputs.

2. Speed ID 1Q PI Controller Parameters and Interface Signals (Ask a Question)
This section discusses the parameters in the Speed ID IQ PI Controller GUI configurator and I/O signals.

2.1 Configuration Settings (Ask a Question)

The following table lists the description of the configuration parameters used in the hardware implementation of
Speed ID 1Q PI Controller. These are generic parameters and can be varied as per the requirement of the
application.

Table 2-1. Configuration Parameter

Signal Name Description

g NO MCYCLE PATH The number of clock delays required before the multiplication product ready signal is
assarted.

2.2 Input and Output Signals (Ask a Question)
The following table lists the input and output ports of Speed ID 1Q PI Controller.

Table 2-2. Inputs and Outputs of Speed ID 1Q Pl Controller



Signal Name
reset i
sys_clk_i
speed_en_i

clear_buffer_i
idg_en_i

speed_pi_start i
idpi_start |
qpi_start_i
speed _init_|
iq_init_i

id_init_i

speed_pi_rel_input_i
speed_pi_act_input_i
speed_pi_kp_i
speed_pi ki |
speed_pi_ymax_i

Direction

Input
Input
Input

Input
Imput

Input
Input

Input
Input
Input
Input

Input
Input
Input
Input
Input

Description

Active low synchronous reset signal,

Systemn clock.

Enable signal for speed PI.

When set to 1, normal Pl controller operation occurs.

When set to 0 (zero), Pl controller output is fixed to the value available at the
speed_init_i input.

Clears internal buffers when the motor stops.

Enable signal for Id and Ig PL:

Whens et to 1, normal Pl controller operation occurs

When set to 0 (zero), Pl controller output is fixed to the value available at the
id_init_i and igq_init_i inputs respectively.

Start signal for speed PI.

Start signal for Id Pl

Starts ignal for Ig PI.

Initialization value for speed PI.

Initialization value for ig Pl

Initialization value for id Pl

Speed Pl reference input.

Speed Pl feadback measurament input.

Proportional gain (Kp) for Speed PI.

Integral gain (Ki) for Speed PI.

Saturation limit (upper threshold) of speed Pl controller.



Signal Name

Direction Description

speed_pi_ymin_i Input
id_pi_ref_input_i Input
id_pi_act input_i Input
id_pi_kp._i Input
id_pi ki i Input
idg_pi_ymanx_i Input
idg_pi_ymin_j Input
iq pl_ref input_i Input
iq_pi_act_input_i Input
g pl_kp | Input
ieg_pi_ki_i Input
idq_pi_ymax_| Input
idg_pi_ymin_i Input
speed_pi_done_ o Output
id_pi_done o Output
iq_pl_done o Oulput

speed_pi_output_v_o Output
id_pi_output_y_o Output
ig_pi_output v o Output

Saturation limit (lower threshold) of speed Pl controller.

Id Pl Reference input.

Id Pl feedback measurement input.

Proportional gain (Kp) for id PI.

Integral gain {Ki) for Id PI.

Saturation limit (upper threshold) of current Pl controller.

Saturation limit (lower threshold) of current PI controller,

Ig Pl Refarence input.

Iq Pl feadback measuremeant input.

Proportional gain (Kp) for g Pl

Integral gain (Ki) for Ig PI.

Satration imit (upper threshold) of current Pl controller.

Saturation limit (lower threshold) of currant Pl controller.

Indicates Speed Pl computation is completa. High for one system clock cycle.
Indicates Id Pl computation is complete, High for one system clock cycle,
Indicates Iq Pl computation is complete. High for one system clock cycle.

Speed P| computation output.

Id Pl computation outpul.
Ig Pl computation output.

3. Timing Diagrams (Ask a Question)

This section discusses Speed ID 1Q PI Controller timing diagrams.
The following figure shows the timing diagram of Speed ID 1Q PI Controller.

Figure 3-1. Speed ID 1Q Pl Controller Timing Diagram
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4. Testbench

(Ask a Question)
A unified testbench is used to verify and test Speed ID 1Q PI Controller called as user testbench. Testbench is
provided to check the functionality of the Speed ID 1Q PI Controller IP.

4.1 Simulation (Ask a Question)

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

1. Go to Libero SoC Catalog tab, expand Solutions-MotorControl, double click Speed ID 1Q PI Controller, and then
click OK. The documentation associated with the IP are listed under Documentation.

Important: If you do not see the Catalog tab, navigate to View > Windows menu and click Catalog to make it
visible.

Figure 4-1. Speed ID 1Q Pl Controller IP Core in Libero SoC Catalog
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2. On the Stimulus Hierarchy tab, select the testbench (speed_id_iq_pi_controller_tb.v), right click and then click
Simulate Pre-Synth Design > Open Interactively.

Important: If you do not see the Stimulus Hierarchy tab, navigate to View > Windows menu and 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 simulation is interrupted due to the runtime limit specified in the .do file, use the run -all command to
complete the simulation.



5. 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

Ravision Date Description

A 03/2023 The following is the list of changes in revision A of the document:
*  Migrated the document to the Microchip template.
*  Updated the document number to DSS0003507 A from
S0200612.

* Added 3. Timing Diagrams.
= Added 4. Testbench.

3.0 — The fallowing is the list of changes in revision 3.0 of the document:

*  Added the IP version to the document title.

* Removed g_STD_IO_WIDTH configuration parameter from
sections Configuration Parameter

20 — Updated Configuration Parameters section.
1.0 — Revision 1.0 was the first publication of this document.

Microchip FPGA Support
(Ask a Question)

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
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
updates. It is your responsibility to ensure that your application meets with your specifications. Contact your local
Microchip sales office for additional support or, obtain additional support at www.microchip.com/en-
us/support/design-help/client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP’S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer
agrees to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses
resulting from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

(Ask a Question)

The Microchip name and logo, the Microchip logo, Adaptec, AVR, AVR logo, AVR Freaks, BesTime, BitCloud,
CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, LANCheck, LinkMD,
maXStylus, maXTouch, MedialL B, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB, OptoLyzer,
PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity, SpyNIC,
SST,

SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA
are



registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper Speed
Control, HyperLight Load, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus,
ProASIC Plus logo, Quiet- Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra,
TimeProvider,

TrueTime, and ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, Augmented
Switching,

BlueSky, BodyCom, Clockstudio, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion,
CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S,

EtherGREEN, GridTime, IdealBridge, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling,
IntelliMOS,

Inter-Chip Connectivity, JitterBlocker, Knob-on-Display, KoD, maxCrypto, maxView, memBrain, Mindi, MiWi,
MPASM,

MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM,
PICDEM.net, PICKkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM
ICE, Serial Quad I/O, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-I.S., storClad, SQl,
SuperSwitcher,

SuperSwitcher II, Switchtec, SynchroPHY, Total Endurance, Trusted Time, TSHARC, USBCheck, VariSense,
VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks of Microchip Technology

Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks
of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.

© 2023, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.

ISBN: 978-1-6683-2179-9

Quality Management System

(Ask a Question)
For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.

Worldwide Sales and Service
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