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1 Revision History

1.1 Revision 3.0

There were no changes to the technical content in revision 3.0 of this document.

1.2 Revision 2.0

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

« Updated the Opening the Libero Project, page 3 section for the updated screen shots (SAR 80524).

« Added the Downloading Cores from Libero, page 4 section (SAR 80524).

¢ Updated the Importing Cores, page 4 section for download feature (SAR 80524).

¢ Added BLDC Sensorless and Stepper Motor Project, page 12, BLDC Encoder Project, page 13, and
BLDC with Hall Project, page 14 (SAR 80524).

1.3 Revision 1.0

Revision 1.0 was the first publication of this document.
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About this Guide

2.1

2.2

2.3

Note:
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About this Guide

Purpose

This document familiarizes users with the motor control design in the Libero® System-on-Chip software
user guide. It describes the steps for importing cores, running the design, editing I/0 constraints, editing
timing, and describes the motor control project.

Intended Audience

This document is not a complete Libero software user guide. It is intended for users who are unfamiliar
with the Libero SoC tool to get started with motor control design.

Reference

Ensure that the latest version of Libero is downloaded from http://www.microsemi.com/products/fpga-
soc/design-resources/design-software/libero-soc and installed. Download the Motor Control project.

For more information on Microsemi’s Motor Control Solutions, visit
http://www.microsemi.com/applications/motor-control#solutions.

The downloaded project is based on encrypted IP blocks. It causes the design flow process to run up to
5x slower than an unencrypted (plaintext) IP.

UGO0648 User Guide Revision 3.0 2
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3 Running the Libero Project

This section describes how to run the motor control project in Libero.

3.1 Opening the Libero Project
The following steps describe the procedure for opening the libero project:

1. Launch the installed Libero software.
2. To open the downloaded project, click Project -> Open Project; browse to the location and select
the project file as shown in the following figure and click Open.

Figure 1« Opening the Downloaded Project

-
G‘ Open Project
- w 3 - =
U'\J | .+ Computer » MNew Volume (E) » Ver2 » SD5 » Archive » Fin » PE » SK2ABLSLST10 50 SP »
Organize = MNew folder = - 0 .@.
=
A Eavorites MName Date modified Type Size
Bl Desktop | component File folder
4 Downloads | constraint File folder
1= Recent Places 3 , Cores File folder
L Google Drive . designer File folder
| . firmware File folder
Bl Desktop . hdl File folder
4 Libraries . simulatien File folder
3 Documents / smartgen File folder
J? Music | SoftConsole File folder
| Pictures J stimulus File folder
=] Subversion | synthesis File folder
E Videos | tooldata File folder
2 Murali, Ashwin | |&| SK2ABLSLST10_5_0_SP Libero Project 52 KB
1M Computer
Gi Metwork i
File name: SK2ABLSLST10_5_0_SP + [ Project Files(prj %prj) -
’ Open ] ’ Cancel ]
\,

A pop-up appears, as shown in the following figure.
3. Click Dismiss, the Libero window is ready for use.
Figure 2« Pop-Up Window after Opening the Project File
rEl Mew cores are available m

A newer version of the core(s) you are using in your project is available in the vault.

Name: Version: Vendor: Library:
SmartFusion2_CMSIS 2.3.2 Microsemi Firmware
0sC 1.0.104 Microsemi SgCore

A newer version of the core(s) you are using in your project is available in the repository.

Name: Version: Vendor: Library:
adc_scaling 2.0.0 Microsemi CompanionCore

Show when new versions of cores in my project are available

[Download Iatestversions]l Dismiss )|

The Log window displays error messages of missing cores as shown in the following figure. These cores
can be directly downloaded from Libero or can be imported from the downloaded contents.

UGO0648 User Guide Revision 3.0 3
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Figure 3 «

3.2

Figure 4 «

3.2.1

Core Error - Log Window

Log

i Messages a Errors 4, Warnings ﬂ Info
M1 z

error: Cor

ALING:4.0.0" is missing £
. ESTIMATOR:4.0.0" is missing
C TRANSFORMS:4.0.0' is missing

OLMNG:4.0.0" is missing from the v

0.0" is missing from the

| SCALING:4.0.0" is missing
RATE LIMITER:4.0.0" is missing £
SEQ CONTROLLER:4.0.0" is missing

: SPEED_

D IQ PI:4.0.0" is missing from t

Downloading Cores from Libero

The following steps describe how to download IP cores from Libero SoC:

1.

2.

& Microsemi

Power Matters.”

Click the Catalog tab, as shown in the following figure. If the IP cores are not already available in the

Libero SoC vault, they are displayed in grey.

Select all the Motor Control IP cores by clicking on each of them holding the Ctrl key. Right-click the

selected IP cores and click Download to download the cores.

Catalog — IP Cores Download

Catalog 5 X
[@& ~ [ simulation Mode &~

Name Viersion
Arithmetic
Bus Interfaces
Clock & Management
DsP
o
Macro Library
Memaory & Controllers
Peripherals
Processors
SC/Tamper
Solutions-MotorControl
[ ———
© Downlosd

= b

AT T YT TV VT W

F(7|9\2|%|7(7 (7|2 % 777

> Solutions-Video
> Tamper

Download them now!

| Design Flow I Design Hierarchy Stimulus Hierarchy | Catalog | Files |

1Y Mew cores are available

Importing Cores

The motor control IP cores can also be imported from the downloaded folder.

Note: Itis recommended to download the IP cores directly from Libero SoC as it has the latest version of cores.

UGO0648 User Guide Revision 3.0
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1. Click the Catalog tab as shown in the following figure.
Figure 5« Catalog Tab in the Libero Project

Catalog 8 X Reports @& X £

[@& ~ [ simulation Mode ) ':]I

MName Version Add Core to Vault

" 3

5 sf;:::hs:;:s a Reload Catalog

> SC{Tamper ' Options...

4 Solutions-MotorControl TiEera SoC Intertac
&= An
P Libero SoC Release
[ Libero Tutorials
& Product Tutorials
&=
&= Training Webcasts
& = Microsemi SoC Wek
P E
&=
&=
&=
&=
&=
&= [ 4

> Solutions-Video il

1Y Mew cores are available Download them now
| Design F.. I Design Hierar... I Stimulus Hierar... Catalog Files |

2. On the top right corner of the screen, click Settings. In the drop down list, click Add core to vault.

3. Inthe following screen, browse to the cores folder (unzipped from the downloaded file). Select all the
*.cpz files, and then click Open. After importing the files successfully, a message appears as shown
in the following figure.

Figure 6« Message after Importing Cores Successfully
5| Message - M

Successfully imported file(s).

4. After the cores are imported, the Catalog tab must resemble the following figure. Expand the
Solutions-MotorControl tab to view the cores.

Figure 7« Catalog Tab after Importing Cores
Catalog = 5%
IQ » [ simulation Mode *

MName ‘ Version E
> Peripherals
> Processors
> 5C/Tamper
&= ADC Scaling 400 i
&= BLDC Estimator 4.0.0
&= Encoder Interface 4.0.0
&= FOC Transforms 4.0.0
&= Hall Interface 4.0.0
&= Open Loop Manager 400
&= PI Controller 4.0.0
&= PWM Scaling 400 3
&= Rate Limiter 4.0.0
&= SVM 400
&= Sequence Controller 400
&= Speed ID IQ PI Controller 400
&= Stepper Angle Generation 400
&= Three Phase PWM 4.0.0 —
> Solutions-Video E
1Y Mew cores are available
| Design F.. I Design Hierar... Stimulus Hierar... | Catalog | Files |
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3.3 Running the Motor Control Design

The following steps describe how to verify the source directory for the eNVM content (.hex file).

1. Inthe Design Flow tab, double-click Update eNVM Memory Content as shown in the following
figure.

Figure 8« Updating eNVM Content — Design Flow Tab

(&Y Libero - EAVer2\SD_5\A
Project File Edit View Design Tools SmartDesign  Help

NS E N0

Design Flow 5 X
MC_System_top
Tool i
. Simulate
v B3 Compile
+] Configure Flash*Freeze
v 2% Place and Route

4 b Edit Constraints
+E 1/0 Constraints
d) Timing Constraints
Q Floorplan Constraints

4 p Verify Post Layout Implementation
+L| Generate Back Annotated Files -
. Simulate
v @ Verify Timing
o} Verify Power
& 10 Advisor
4 p Edit Design Hardware Configuration
Il Programming Connectivity and Interface
& Programmer Settings
i Device I/O States During Programming
4 » Configure Security and Programming Options

m

4 Configure User Programming Data
@ Configure Programming Recovery
i urity
¢ Update eNVM Memory Content
¥ 4 P Program Design
@ Configure Bitstream
@5 Generate Bitstream
P Run PROGRAM Action
4 p Debug Design B
Q Identify Debug Design
@ SmartDebug Design
4 p Handoff Design for Production

v 4 Export Bitstream
e - : Lt

<<

|I Design Flow IDesign Hierarchy I Stimulus Hierarchy I Catalog I Files |

This opens the eNVM Update Tool pop-up window as shown in the following figure.
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Figure 9« eNVM Update Tool Window to Update .hex File

r B
7] eNVM Update Tool [
NEIRE TRy User Clients in eNVM
Data Storage
Senalization Client Type Client Name DepthxWidth Start Address{Hex) Page Start Page End Initialization O

Data Storage| M35_data 15192 x 8

Add to System...

Usage Statistics
Available Pages: 2032
Used Pages: 119
Free Pages: 1913

< M ] b

You can disable programming for a dient by editing the dient and selecting the Mo Content’ option.
The content will be preserved and programming of this dient can be re-enabled by selecting the preserved content.

B Used Space
B s

2. Inthe eNVM Update Tool window, select the User Client (MSS_data) by clicking on it. Then click
Edit.
This opens the "Modify Data Storage Client" pop-up window as shown in the following figure.

3. Inthe “Modify Data Storage Client” window. Click Browse, select .hex file from: project folder ->
SoftConsole -> Motor_Control_5_1 0 -> Motor_Control_sb_MSS_CM3_app -> Release

(Motor_Control_sb_MSS_CM3_app.hex). Click Ok to close the "Modify Data Storage Client", and
click Ok again to close the eNVM Update Tool window.

UG0648 User Guide Revision 3.0 7
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Figure 10 «

Modify Data Storage Client Window to Replace .hex File

(151 Modify Data Storage Clien

(| Client name: M55 _data
elVM
Content:

Format: | Intel-Hex A

i [ Use absolute addressing o
(©) Content filed with 0s

() No Content ( Client is a placeholder and will not be programmed )

Start address: 0x 0 =
Size of word: Bits
Mumber of Words: 15168 ( Dedimal )

|:| Use as ROM o

[ Use Content for Simulation

@ Memory file: spp/Release/MS_MC_CPIPIC_val_MS5_CM3_app.hex

Help [ Ck

] [ Cancel

]

4. Connect FlashPro4 to the board and switch ON the switch SW2.
5. Inthe Design Hierarchy tab, double-click Run PROGRAM Action to program the device as shown

in the following figure.
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Figure 11«

Run Program Action in the Design Flow Tab

6.

Design Flow

MC_System_top =

Tool

4

B Netlist Viewer
b Verify Post Layout Implementation
+*] Generate Back Annotated Files
. Simulate
@ Verify Timing
(}_1 Open SmartTime
o} Verify Power
4 p 10 Analyzer
& 10 Advisor
£% 55N Analyzer
Program and Debug Design —
+[| Generate FPGA Array Data
@( Update eMVIM Memaory Content
b Configure Hardware
Il Programming Connectivity and Interface
& Configure Programmer

m

fe) Device I/O States During Programming

-

Configure Security and Programming Options
= Configure User Programming Data

@1 Configure Programming Recovery

@ Configure Security

Program Design
i

-

Run PROGRAM Action

Q Identify Debug Design
€0 SmartDebug Design S

| Design Flow

| Design Hierarchy I Stimulus Hierarchy I Catalog I Files |
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If the programming is successful, it is indicated by a green mark as shown in the following figure.
The motors can be run using the GUI as described in the DG0598: SmartFusion2 Dual-Axis Motor

Control Starter Kit Demo Guide.
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Figure 12 »

Design flow tab after device has been programmed

Design Flow

MC_System_top =

Tool

4

KRS

4

B Netlist Viewer
b Verify Post Layout Implementation
+| Generate Back Annotated Files
. Simulate
@ Verify Timing
Qj. Open SmartTime
o} Verify Power
4 p 10 Analyzer
& 10 Advisor
£% 55N Analyzer

Program and Debug Design
+[| Generate FPGA Array Data
@g Update eMVIM Memaory Content

b Configure Hardware
Il Programming Connectivity and Interface
& Configure Programmer
i Device I/O States During Programming

-

Configure Security and Programming Options
= Configure User Programming Data

@( Configure Programming Recovery

@ Configure Security

Program Design

% Generate Bitstream

-

m

{5 Run PROGRAM Action

b Debug Design
=03, Identify Debug Design
@ SmartDebug Design

Design Flow

| Design Hierarchy I Stimulus Hierarchy Catalog I Files | |
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4 Project Description

Select the Design Hierarchy tab as shown in the following figure. This window shows various modules
in the design. The module in bold is the root as shown in the following figure. Generally, the root module
and other modules listed under root module are synthesized.

Figure 13+« Design Hierarchy Tab with Root Module — MC_System_top

Design Hierarchy 5 X
s EY
4 o@ work

B XTLOSC_FAB (osc_comps.vhd)
E=j_ KTLOSC (osc_comps.vhd)
E=j_ RCOSC_1MHZ_FAB (osc_comps.vhd)
E=j_ RCOSC_1MHZ (osc_comps.vhd)
> m MC System_top
fii} COREAHELITE LB
> fifl COREAPE3_LIB

< [ | +

UGO0648 User Guide Revision 3.0 11
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4.1 BLDC Sensorless and Stepper Motor Project

The following steps describe how to create a BLDC sensorless and stepper motor project:

1. Double-click the MC_System_top. The SmartDesign tab opens with MC_System_top, which
instantiates the BLDC Axis, Stepper Axis and MC_System block as shown in the following figure.
The MC_System block contains the microcontroller subsystem (MSS).

Figure 14« MC_System_top Design

Design Herarchy B % | satrege @ x | DEMC System_tn® & X
show: [Compenents v B Beomre & 0 AQAHAE ANDO
[+ O wore

[B1 XTLOSC_FAR (osc_compsvhd)
B *TLOSC (ase_compavhd)

[B) RCOSC_1MHE_FAB (osc_compsvhd) —
B REGSC_IMMHT {ose_campsvhd)

[ Stepper_tuis
Wl CoORFAMRLITE LR
- Wl cOREAPR3 LR

[Wiws- - 8

2. Inthe Design Hierarchy tab, expand the MC_System_top to show the modules instantiated under
the module and double-click Bldc_Axis to open the Bldc_Axis module, as shown in the following
figure. Alternatively, double-click Bldc axis in the SmartDesign window to open the Bldc_Axis
module.

The Bldc_Axis tab is displayed with the visual connections of the blocks instantiated within the Bldc_Axis.

Figure 15+ Bldc_Axis Tab
Repots B x| sawece @ x | Emcsptentoo & x | D Bs a6 X

BoErr 2P0 QAR E AND

M

Refer to AC445: Motor Control Design using SmartFusion2/IGLOO2 Devices Application Note for more
information on BLDC Sensorless and Stepper Motor Project.

UG0648 User Guide Revision 3.0 12
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4.2 BLDC Encoder Project

The following steps explain how to create a BLDC encoder project:

1. Double-click MC_System_top on the left. The MC_System_top tab is displayed on the right with
the design, which instantiates the BLDC Encoder Axis and MC_System blocks, as shown in the
following figure. The MC_System block contains the microcontroller subsystem (MSS).

Figure 16 « MC_System_top Design

Desin thersrchy BX | mpem §x | Swewme §x  Ew smemie §X | CE0C Evnser s § X
- . £ 08 —o o @ Q[5G
| B Bomme S r QA E AaND
- O e
[5 XTLCSE_FAB fesc_comprhd)
[ XTLOSC (ose_compsa)
[BY RCOSC_IMME_FAR (2sc_compshd)
RCOSC IMME oae_comps i) s
+ L MC St top ! s
[ BLDE Frecoder dxis
» B MC_sputem
B, mse_pi_cont (pi_comtrmbasihd)
W CORTAMBLITE LD
W coRLaPw_UD
-
H
MC_Sydem_0
B DRRET N Lot &
T L2

2. Inthe Design Hierarchy tab, expand the MC_System_top to show the modules instantiated under
the module and double-click BLDC_Encoder_Axis, as shown in Figure 18. Alternatively, double-
click BLDC_Encoder_Axis in the SmartDesign window to open the BLDC_Encoder_Axis module.

The BLDC_Encoder_Axis is displayed with the visual connections of the blocks instantiated within
Bldc_Encoder_Axis.

Figure 17+ BLDC_Encoder_Axis Tab

| Reports @ X | Sweteage @ X | BB MC System top @ x| LS SDC Fronder_fun & X

@“H+' Mt QOO ANDO
: i

T
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4.3 BLDC with Hall Project

The following steps enable to create a BLDC with hall project:

1. Double-click MC_System_top on the left. The SmartDesign tab opens with MC_System_top on the
right, which instantiates the BLDC_HALL_Axis and MC_System blocks, as shown in the following
figure. The MC_System block contains the microcontroller subsystem (MSS).

Figure 18« MC_System_top Design

[Demgn Merachy B s gx | e tren e # x| Bl moc e e g x

o [Compmen =] B B X o QA E AND
+ O o
B ATu05C. Pl fose compr ohe)
[B) ATUOSC (enc comprvhd)

[B RCOSE 1M FAB fssc,_compvhd)
B RCOSC IMME (oo _compavhd)

2. Inthe Design Hierarchy tab, expand the MC_System_top to show the modules instantiated under
the module and double-click BLDC_HALL_AXxis to open, as shown in the following figure.
Alternatively, double-click BLDC_HALL_Axis in the SmartDesign window to open the
BLDC_HALL_Axis module.

The BLDC_HALL_Axis tab is displayed with connections of the blocks instantiated within BLD-
C_HALL_Axis.

Figure 19 BLDC_HALL_AXxis Tab

sursage § x| Enc sysem o % | EDBDCHAL fun 8 X

BoEMo M B AR B AND

L T
FOC_TRANSE ORMS_0

=1

| =
Pt Soy
m’ﬁ i)
1 ::!{v_l?:(
: e 4
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Figure 20

Figure 21
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Description of Interfacing IPs

The APB3_IF block acts as a bridge between the MSS and the FPGA fabric blocks. Several parameters
are computed in the MSS based on GUI inputs and passed to the fabric. This feature allows the designer
to modify parameters without rerunning the FPGA flow. The fabric sends internal variables to the MSS for
visualizing them in a GUI and debugging the design. The APB3 interface block is shown in the following
figure.

The apb3_if Block

apb3_if_0

preset_i start_motor_o
pelk_i stop_motor_o
|a _i[17:0] direction_config_o
b_[17:0] sqmmg_c_by f_i
ialpha in7:0] speed_pi_kp_o[17:0
|beta _i[170] speed_pi ki_o[17:0
d_i[17:0] idg_pi_kp_o[170
|q_|[1? 0] idg_pi_ki_o[17:0
valpha_i[17:0] Ls_by Ts_pu_o[17:0
vbeta_i[17:0] Rs_pu_o[17:0
rl_out_i[17:0] angle_kp_o[17:0
speed_pi_out_i[17:0] angle_ki_o[17:0
id_pi_out_I[17:0] rate_limit_ref_in_o[17:0
ig_pi_out_i[17:0] rate_limt_slew _cnt_o[170
ealpha_i[17:0] rate_limt_rate_cnt_o[17:0
ebeta_i[17:0] sqmng_theta_factor_o[17:0
ealpha_filter_out_i[17:0] sqmmg_dv_o[17:0
ebeta_filter_out_{[17:0] sqmng_ig_ref_in_o[17:0
pll_theta_i[17:0]" sqrmg_cl_omega_o[170
theta_i[17:0] adc_scale_val_o[17:0
omega_pi_out_i[17:0] pw m_period_val_o[17:0
omega_filter_out_i[17:0] adc_control_reg_val o[5:0
adc_ch0_val_i[17:0] pw m_dead_time_val_o[17:0
adc_ch1_val_i[11:0] pwm_delay_time_val_o[17:0
adc_ch2_val_i[11:0] pw m_gain_val_ 01?:0
adc_ch3_val_i[11:0] filter_factor_benf_o[3:0
fsm_state_val_i[3:0] fiter_factor_omega_o[3:0
BLDC AFE IF adc_channel chQ_o[15:0
adc_channel_ch1 o[150

adc_channel_ch2 o[150

adc_channel_ch3_o[150

The ADC interface block provides multi-bit data from an ADC device SPI port. It acts as an SPI master,
while the ADC device works as a slave, providing motor current information to other blocks in the control
algorithm. It also allows the designer to select the number of channels and the clock divider to provide
the SPI clock (SCK). The ADC measurements block is shown in the following figure.

ADC Measurements Block

adc_measurements_0

reset_i adc_sdo_o
sys_clik i adc_cs_o
adc_start_i adc_sck_o
adc_sdi_i adc_results_rdy_o
adc_control_reg_i[5:0] adc_resukt_ch0_o[11:0
adc_config_ch0_i[15: adc_result_ch1_o[11:0
adc_config_ch1_i[15: adc_result_ch2_o[11:0
adc conflg_ch2_|[1 adc_result_ch3_o[11:0
adc_config_ch3_i[1

The three phase Pulse width modulation (PWM) generation block generates three independent channels
of complementary PWM, with features like configurable PWM period, dead time, and delay time.

These parameters are configured from the MSS through the APB3 interface. Depending on the driver
device, complementary PWMs can be used. The three phase PWM block is shown in the following figure.
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Figure 22 «

Figure 23 «

Power Matters.

Three Phase PWM Block

pwm3ph_0
reset_i midmatch_o
sys_clk_i PWM_AH o
en_pwm_i PWM_BH o
Va_i[17:0] PWM_CH_o
Vb_i[17:0] PWM_AL_ o X
Ve_i[17:0] PWM BL_o X
pw m_period_i[17:0] PWM_CL o X

dead_time_i[17:0]
delay_time_i[17:0]

In the Design Hierarchy window, double-click the Stepper Axis tab to open the Stepper Motor
SmartDesign tab. It shows the interconnection between the blocks used in the stepper design. The
Stepper design uses the ADC interface and uses two phases of the three phase PWM block.

To configure an IP block, double-click IP Block. A configuration window appears, which allows the
designer to modify port widths and other constants. For example, if the FOC_Transforms block is to
be configured, double click the foc_transforms_0 block. A configurator window opens, as shown in
the following figure. For further information, refer individual IP user guides at
http://www.microsemi.com/applications/motor-control#resources.

Configuration Window for IP Blocks

@ Configuring foc_transforms_0 (foc_transforms ... E@I&J

Configuration

o seser e

g_CORDIC_ROTATIONS: 15
g_STD_IO_WIDTH: 18
g_ADD_C_WIDTH: 24

g_NO_MCYCLE PATH: 2

Coc ) [omm ]

IP blocks are available as modules in the Project Catalogue for use in SmartDesigns. Select an IP in
the catalog and drag it into a SmartDesign to instantiate the IP.

Drag SmartDesign blocks into other SmartDesign modules to re-instantiate them.

To re-use other modules (from other HDL files), identify the module in the Design Hierarchy tab and
drag it into the required SmartDesign tab. In case the module must be re-used with different
configuration settings in each instantiation, the module needs to be converted to SmartHDL. To
convert a module into SmartHDL, right-click the module in the Design Hierarchy tab and click
Create Core from HDL as shown in the following figure, and then drag the block into the desired
places.

Note: SmartHDL files are represented with a symbol.
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Project Description

Figure 24+ Creating a SmartHDL File from HDL Files

Design Hierarchy

& Microsemi

4 o@ work

B XTLOSC_FAB (osc_comps.vhd)
E=j_ KTLOSC (osc_comps.vhd)
E=j_ rotate_micro_pe (position_speed_estim.vhd)

E=j_ rotate_micro_foc (foc_transforms.vhd)
E=j_ RCOSC_1MHZ_FAB (osc_comps.vhd)

B RC

E=j_ pll_theta (position_speed_estim.vhd)
E=j_ pi_scheduler (speed_id_iq_pivhd)

0SC_1MHZ (osc_comps.vhd)

E=j_ pi_controller_pe (position_speed_estim.vhd)

E=j_ pi_controller (speed_id_iq_pivhd)

4 E MC_System_top

-8B

Bldc_Axis

|=E adc_measurements (ad
B adc_scaling (adc_scaling
{Bu apb3_if (apb3_ifvhd)

E=j_ foc_transforms (foc_tran
B olmng (olmng.vhd)

B position_speed_estim (p
B pwm3ph (pwm3ph.vhd

B pwm_scaling (pwm_sc

Set As Root
Open HDL File
Check HDL File

Create IO Constraint from Module

Create Core from HDL...

E=j_ rate_limiter (rate_limiter.
B seq_controller (seq_cont
B speed_id_iq_pi (speed_ic
=L svm (svm.vhd)

< |

I

Design Flow Design Hierarchy Stimulus Hi

Message

Create Mapping File (VHDL)

Move file to Library...
Create Testbench

Delete from Project
Delete from Disk and Project

Properties

m

Power Matters.”
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5.1

Figure 25 «

This section describes editing 1/0s to run the design on a different board, editing timing constraints, and

viewing reports generated by Libero SoC.

Editing I/O Configuration

The following steps describe the process of editing I/O configuration:

1. Click the Design Flow tab.

2. Use one of the following methods to edit I/O constraints:

¢ Edit the I/O constraints .pdc file to edit the pin map, by clicking the constraint file, as shown in the

following figure.
Editing 1/0 Constraints

Design Flow 5 X
MC_System_top B Q @'
Tool 'S

4

-

Create Design
&4 Systern Builder
("4 &4 Configure M55
B3 Create SmartDesign
Create HDL
A Create SmartDesign Testbench
Create HDL Testbench
4 p Verify Pre-Synthesized Design
. Simulate
4 b Create Constraints

4 / inte
constraint\io\MC_Systern_top.io.pdc I
4 iming Lonstraints

constraint\M5_MC_Systern_top_compile.sdc
Q Floorplan Constraints
4 b Implement Design

("4 S Synthesize
4 p Verify Post-Synthesis Implementation
. Simulate
v B3 Compile
+] Configure Flash*Freeze
v 9,3 Place and Route

4 b Edit Constraints
+E 1/0 Constraints
d) Timing Constraints
Q Floorplan Constraints

4 p Verify Post Layout Implementation
+L| Generate Back Annotated Files
. Simulate

v @ Verify Timing

o} Verify Power
& 10 Advisor

[ TP W T £ a

m

IDesign Flow I Design Hierarchy I Stimulus Hierarchy I Catalog I Files |

Double-click I/O Constraints under Edit Constraints, as shown in the following figure.
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Figure 26 « Opening the I/O Editor

Design Flow
MC_System_top
Tool
a
v
4
4 )
4
4
4 )
v
4
v
v
4
4
v
N

Create Design

&4 Systern Builder

&4 Configure M55

B3 Create SmartDesign

Create HDL

A Create SmartDesign Testbench

Create HDL Testbench

P Verify Pre-Synthesized Design
. Simulate

Create Constraints

+# 1/0 Constraints
constraint\io\MC_Systern_top.io.pdc

d) Timing Constraints

constraint\M5_MC_Systern_top_compile.sdc

Q Floorplan Constraints

Implement Design

S Synthesize

b Verify Post-Synthesis Implementation
. Simulate

B3 Compile

+] Configure Flash*Freeze

9,3 Place and Route

b Edi
I :g /O Constraints I

) Timing Constraints
Q Floorplan Constraints
b Verify Post Layout Implementation
+L| Generate Back Annotated Files
. Simulate
@ Verify Timing
o} Verify Power
& 10 Advisor

FIETIN WT § £ a

m

IDesign Flow I Design Hierarchy I Stimulus Hierarchy I Catalog I Files |

The 1/0 Editor window is displayed, as shown in the following figure. You can assign or re-assign device
pins and modify the drive strength in a GUI window. After changing the configuration, click Commit and
Check, as shown in the following figure.

& Microsemi

Power Matters.”
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Figure 27 « 1/O Editor Window

f #= /O Editor - MC_System_top* . l‘i@g

File Edit View Tools Help

MWD D % S e

Ports | Package Fins | Package Viewer |
Port Name . Direction E‘ 170 Standard E‘ Pin Mumber E‘ Locked E‘ Macro Cell E‘ Bank Mame E‘ /0 state in Flash*Freeze mode E‘ Resi *

1 AD_ADCCS O OQutput LVCMOS525 F20 ADLIB:OUTBUF Bankl TRISTATE ly

2 AQ_ADC SCK_O Output LVCMOS25 F2l ADLIB:OUTBUF Bankl TRISTATE y

3 A0_ADC_SDLI Input LVCMOS525 K21 ADLIBINBUF Bank2 TRISTATE y

4 Al_ADC_SDO_O OQutput LVCMOS525 K20 ADLIB:OUTBUF Bank2 TRISTATE NE

5 AD_FAULT_CLR_I Input LVCMO525 u19 ADLIBINBUF Bank2 TRISTATE I

6 AD_PWM_UH_O OQutput LVCMOS525 E4 ADLIB:OUTBUF Bank7 TRISTATE I

7 AD_PWM_UL_O OQutput LVCMOS525 F& ADLIB:OUTBUF Bank? TRISTATE ly

8 AD_PWM_VH_O Output LVCMOS25 H7 ADLIB:OUTBUF Bankl TRISTATE M=
9 AD_PWM_VL_O Output LVCMOS525 K7 ADLIB:OUTBUF Bankl TRISTATE ]

10 A_PWM_WH_O OQutput LVCMOS525 G7 ADLIB:OUTBUF Bank7 TRISTATE I

1 AD_PWM_WL_O Qutput LVCMO525 16 ADLIB:OUTBUF Bank7 TRISTATE I

12 AD_RUNNING_LED OQutput LVCMOS525 ABLE ADLIB:OUTBUF Bank4 TRISTATE I

13 Al_ADCCS O OQutput LVCMOS525 E21 ADLIB:OUTBUF Bankl TRISTATE M

14 Al_ADC SCK_O Output LVCMOS25 B22 ADLIB:OUTBUF Bankl TRISTATE ]

15 Al_ADC_SDLI Input LVCMOS525 E22 ADLIBINBUF Bankl TRISTATE ]

16 Al_ADC_SDO_O OQutput LVCMOS525 ¥18 ADLIB:OUTBUF Bankd TRISTATE I

17 Al PWM_UH_O Qutput LVCMO525 N3 ADLIB:OUTBUF Bankd TRISTATE M
< | [ | 3

Log 8 X
Q Errors  _§, Warnings 0 Info
i
Fam: SmartFusion2 | Die: M25010 |Pkg: 484 FBGA
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5.2 Editing Timing Constraints
The following steps describe how to edit timing constraints:

1. Use one of the following methods to edit I/O constraints:
«  Edit the Timing constraints file (.sdc) shown in the following figure.

Figure 28 « Editing Timing Constraints

Design Flow 5 X

MC_System_top

Tool ol
4 p Create Design
&4 Systern Builder
("4 &4 Configure M55
B3 Create SmartDesign
Create HDL
A Create SmartDesign Testbench
Create HDL Testbench
4 p Verify Pre-Synthesized Design
. Simulate
4 b Create Constraints
4 “E /0 Constraints
constraint\io\MC_Systern_top.io.pdc
Tirning Constraints
‘@] constraint\M5_MC_System top compilesdc [
oorplan Constraints

m

4 b Implement Design

("4 S Synthesize
4 p Verify Post-Synthesis Implementation e
. Simulate
v B3 Compile
+] Configure Flash*Freeze
v 9,3 Place and Route

4 b Edit Constraints
+E 1/0 Constraints
d) Timing Constraints
Q Floorplan Constraints

4 p Verify Post Layout Implementation
+L| Generate Back Annotated Files
. Simulate

v @ Verify Timing

o} Verify Power
& 10 Advisor

[ TP W T £ a

Design Flow Design Hierarchy I Stimulus Hierarchy I Catalog I Files |

*  Double-click Timing Constraints as shown in the following figure.
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Figure 29 « Editing Timing

Constraints Through SmartTime

& Microsemi
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Design Flow 5 X
MC_System_top g’
Tool i
Create HDL Testbench
4 p Verify Pre-Synthesized Design
. Simulate
4 p Create Constraints F
4 “E /0 Constraints
& constraint\io\MC_System_top.io.pdc
4 d) Timing Constraints
a constraint\M5_MC_Systemn_top_compile.sdc
Q Floorplan Constraints
4 b Implement Design

S Synthesize
4 p Verify Post-Synthesis Implementation
. Simulate
B3 Compile
+] Configure Flash*Freeze
2% Place and Route
4 b Edit Constraints

m

é Timing Constraints

4 p Verify Post Layout Implementation

+L| Generate Back Annotated Files

. Simulate

@ Verify Timing

o} Verify Power

& 10 Advisor
Edit Design Hardware Configuration
Il Programming Connectivity and Interface
& Programmer Settings
i Device I/O States During Programming
Configure Security and Programming Options

4 Configure User Programming Data
o1 - n P

[
-

[
-

IDesign Flow I Design Hierarchy I Stimulus Hierarchy I Catalog I Files |

This opens a GUI (SmartTime) to edit timing Constraints as shown in the following figure.

Figure 30 «

SmartTime Window to Edit Timing Constraints

SmartTime - [Constraints Editor for scenario Primary]

[

[5] File Edit View Constraints Tools Help
L] Tk Y i dn e

Constraints Editor for scenario Primary

Vool e W R

BEE

4 Constraints
4 Requirements

Syntax

Clock Name Clock pin | Reference
Pin.

Multiplier

Divider ‘ ‘Waveform ‘ File ‘ Comments

T Clock
¥ Generated Cloc|

1 |dlick here to add a constraint

Input Delay B

v

|Mc_sysnem_u/Mc_sysnem_sb_u/ccc_ufccc_]NsrﬂNsr_ccc_lP:GL1 [MijstEm VIMC,Sysham, -]

1

2[synd1mmzew - ]E:\Webre\ez

Output Delay
4 Bxceptions

s

|MC75ystEmjmcjystem7sh7D/CCC7D,’CCCJNST/INSTJZCCJP:GLD [MC_System_ .IMC_Sysoem_ v]

Z[Synd'vomze‘ = ]E:\Wehre\ez‘

Max Delay
Min Delay
Multicycle

False Path

4 Advanced

Clock Source Laten
Disable Timing
Clock Uncertainity

Temp: COM [Volt: COM  |Speed: -1
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5.3 Generating and Viewing Reports
1. Inthe Menu bar, click Design -> Reports as shown in the following figure.
Figure 31+ Generating Reports

#¥ Libero - E\Ver2\SD_S\Archi LST10.
B S\Archive\Fin\PE\SKZABLSLSTIOS 0 SPSK2ABLSLSTI0.

Project File Edit View | Design | Tools SmartDesign  Help
D =) w ¥ ™ O Generate Bitstream
[-’_;-' — -

Design Flow Reports

2. This opens the Reports tab, which contains all the reports generated while running the design, as
shown in the following figure.

Figure 32 « List of Reports in the Reports Tab

Reports & X EMC_Syshem_t

4 MC_System_top reports
4 MC_System_top
MC_System_top_Da...
MC_System_top_m...
MC_System_top_pi...
MC_System_top_pi...
MC_System_top_ba...
MC_System_top_iof...
4 Bldc_Axis
Bldc_Axis_manifest....
MC_Systemn
MC_System_manife...
MC_Systern_sh
MC_System_sb_SYS...
MC_System_sb_CC...
MC_Systemn_sb_ma...
MC_System_sb_MS55
MC_Systemn_sb_M5...
MC_Systemn_sb_M5...
Stepper_Axis
Stepper_Axis_Data5...
Stepper_Axis_DRCux..
Stepper_Axis_manif...
Synthesize
4 MC_System_to..,
Compile
MC_System_top_rw...
4 MC_System_to..,
MC_System_top_co..
MC_System_top_co..
Place and Route
MC_System_top_gl...
o MC_Systemn_to.. —
Verify Timing
MC_System_top_m...
MC_System_top_mi...
MC_System_top_m...
MC_System_top_mi...
i~

»

[

[

[

m

[

[

[

[

[

+o D

3. The resource utilization can be viewed in the compiled report. It helps analyze and decide:
«  Whether or not the design fits the device.

« If any additional logic can be added to the existing design.

e Whether or not the design can fit into a smaller device.
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Figure 33 «

Resource Utilization from Compile Report

4.

Reports @ % | Bl System top @ X | EE Bldc_axis & x

M5_MC_System_top_compile.sdc

4

[

[

[

[

[

[

4 MC_System_top reports

MC_System_top

MC_System_top_Da...
MC_System_top_m...
MC_System_top_pi...
MC_System_top_pi...
MC_System_top_ba...
MC_System_top_iof...

Bldc_Axis

Bldc_Axis_manifest....

MC_Systemn

MC_System_manife...

MC_Systern_sh

MC_System_sb_SYS...
MC_System_sb_CC...
MC_Systemn_sb_ma...

MC_System_sb_MS55

MC_Systemn_sb_M5...
MC_Systemn_sb_M5...

Stepper_Axis

Stepper_Axis_Data5...
Stepper_Axis_DRCux..
Stepper_Axis_manif...

Synthesize

4 MC_System_to..,

Compile

MC_System_top_rw...

& MC_System_to..,
MC_System_top_co...
MC_System_top_co..

Place and Route

MC_System_top_gl...
o MC_Systemn_to...

Verify Timing

MC_System_top_m...
MC_System_top_mi...
MC_System_top_m...
MC_S}rstem_to _p_mi...

oo +o D

m

Abort Compile if errors are found in PDC file(s)

Enable Design Separation Methodology

Limit the number of high fanout nets to display to

Resource Usage

Type

4LUT

DFF

I/0 Register

User /O

— Single-ended I/O
- Differential I/0 Pairs
RAME4x18
RAM1K 18

MACC

Chip Globals

ccc
RCOSC_25_50MHZ
RCOSC_1MHZ
XTLOSC

MSS

Used | Total  Percentage
6979 | 12084 | 57.75
5091 | 12084 | 4213
0 693 | 0.00
36 (231 1558
36 (231 1558
0 15 000
0 22 0.00
0 21 0.00
12 22 54.85
3 8 37.80
1 2 50.00
1 1 100.00
0 1 0.00
0 1 0.00

1 1 100.00

Detailed Logic Resource Usage

& Microsemi
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The timing report (resulting from Verify Timing) shows the minimum and maximum delay analysis.
This delay analysis helps determine if the design will work without errors for the given clock

constraint.
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Timing Analysis from the Timing Report
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Reports & X | EEJMc System top & X | Eeidcadis @ X | M5_MC_System_ton_compiesde & X

foc_transforms.vhd & X

Startpage & X | 52 Stepper_fxis & %
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4 MC_System_top
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Y
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Stepper_Axis_DataS...
Stepper_Axis_DRCx..
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4 Synthesize
¥ MC_System_to..

]

Compile

MC_System_top_rw...

¥ MC_System_to..

MC_System_top_co...
MC_Systern_top_co..

Y

Place and Route
MC_System_top_gl...
0 MC_System_to...
Verify Timing

Y

MC_Systern_top_m...
MC_System_top_mi...

BT Suctern tin mo

-

m

Design

Family

Die

Package

Temperature

Voltage

Speed Grade

Design State

Data source

Min Operating Condition
Max Cperating Condition

MC_System_top
SmartFusion2
M25010

484 FBGA
COM

COM

-1
Post-Layout
Production
BEST
WORST

Scenario for Timing Analysis | Primary

Summary
. Required Required | External Externa

Clock Domain :::_li;lod ::M;Ti‘l;lency Period | Frequency Setup  Hold

(ns) (MHz) (ns) (ns)
MC_System_0/MC_System_sb_0/CCC_0/CCC_INST/INST_CCC_IP:GL0O 8.890 | 112.486 10.000 100.000 1.560 0.228
MC_System_0/MC_System_sb_0/CCC_0/CCC_INST/INST_CCC_IP:GL1 8.194 | 122.041 10.000 100.000 0.726 0.661
MC_System_0/MC_System_sb_0/FABOSC_0/I_RCOSC_25_50MHZ:CLKOUT | N/A hiA 20.000 50.000 I N/A
MC_System_0/MC_System_sb_0/CCC_0/CCC_INST/NST_CCC_IP:GL2 MN/A A 10.000 100.000 /A N/A

Min Delay (ns) Max Delay (ns)

Innnt tn Ol | WA

MIA
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