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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

AHBL Advanced High Performance Bus Light

APB Advanced Peripheral Bus

API Application Programming Interface

ASC Analog Sense and Control

BSP Board Support Package

CPU Central Processing Unit

DSP Digital Signal Processing

EBR Embedded Block RAM

ECO Engineering Change Order

EFB Embedded Function Block

GPIO General Purpose Input / Output

HDL Hardware Description Language

HVOUT ASC10 High Voltage Output (Charge Pump Output)
IMON ASC10 Current Monitor

IP Intellectual Property

LED Light Emitting Diode

LUT Look Up Table

LUT4 LUT with by-4 Architecture

PFU Programmable Function Unit

PLL Phase Locked Loop

PTM Platform Manager

PTM?2 Platform Manager Version 2

RAM Random Access Memory

RISC-V Reduced Instruction Set Computer — Version 5
SMO - SM4 State Machine 0 — State Machine 4 (Logic view in Platform Designer)
SDK Software Development Kit

SOC System On a Chip

TMON ASC10 Temperature Monitor

VMON ASC10 Voltage Monitor
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1. Introduction

This Demo Design and User Guide shows how to combine Lattice’s Analog Sense and Control (L-ASC10) devices with
Lattice’s MachXO5-NX FPGA. The Demo Design is a centralized Platform Management system using three L-ASC10
devices. The Demo Design has three separate power sequencers (one for each L-ASC10) that are cascaded in both
powering-up and powering-down. The RISC-V in this Demo Design configures the L-ASC10 devices over an 12C bus at
initial power up; this illustrates how multiple boot and remote updates can be supported. The firmware APIs interface
with the centralized Platform Manager to enable both powering-up and powering-down along with fault monitoring.

This User Guide steps thru the several software tools used in building the Demo Design, those tools include; Propel
Builder, Propel SDK, Diamond’s Platform Designer, Radiant, and ASC_HEX_Reader.exe. Propel Builder creates the RISC-
V SOC for the MachXO5-NX device. Propel SDK builds the firmware for the RISC-V CPU. Platform Designer in Diamond
builds the power sequences and generates the L-ASC10 HEX file with the analog settings; it also exports the RTL that
embodies the three-wire interface for each L-ASC10 and the centralized power sequencer. Radiant combines the RTL
generated from Propel Builder and Platform Designer along with the firmware from Propel SDK to generate a single
programming file for the MachXO5-NX. The ASC_HEX_Reader.exe is a utility that converts the L-ASC10 HEX
programming file into a C=type data array file for inclusion in the firmware.

1.1. Overview

This User Guide describes the MachX0O5-NX and (3) L-ASC10s demo project. Figure 1.1 illustrates both the project block
diagram and a block diagram of the design flow. The design flow for a project like this one is not a linear flow; rather it
can be a bouncing back and forth from several tools to achieve a final system design.

Propel Builder SOC
Project | Generated SOC IP
»

“Hello World” Design

Using MachXO5-NX \_/'_\

Exported Platform Radiant XO5 Project
> Designer IP Top Leve Design Using
MachX05-NX

Diamond Platform \_//__\ J\

Designer Project
PTM2 Sequencer
MachX03

| Programming File

y

namn

> ASC Hex Files
»

1

ASC Hex
Reader

|

Propel SDK Firmware

Compiled RISC-V Project
“Hello World” With 12C

Firmware
Drivers and Platform

'\_/_\ Manager / ASC APls

A

Figure 1.1. MachXO5-NX and (3) L-ASC10s Project Flow Block Diagram

www.latticesemi.com/legal


http://www.latticesemi.com/legal

[ [ - - i -
HH LATT’CE MachX05-NX and L-ASC10 Platform Power Management Using RIfJCS(x (D;iri'f;(e)

A more detailed diagram of the demo project is provided in Figure 1.2. Here we can see the handshaking connections
between the Platform Manager 2 IP and the RISC-V system on a chip (SOC) design. It also shows the 12C bus connecting
all three L-ASC10s to the I2C Master that is controlled by the RISC-V firmware. Three separate ASC-I/F are shown, one
for each L-ASC10. However, the RESETN pins are tied together for a single mandatory reset input to the MachX05-NX;
so that the Platform Manager 2 logic cannot start until all three have powered up. This is a high-level block diagram,
the details of which are provided in the sections that follow.

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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MachXO5-NX Top Level Module
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WDAT_1 Platform Design
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> ~
RESETN 8
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y v
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Figure 1.2. MachX05-NX and (3) L-ASC10s Demo Block Diagram
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2. Demo Setup

This section describes the demo setup.

2.1. Software Requirements

e Lattice Propel Builder version 2.2.2207251517
e s a graphical interface that is used to connect various IP modules to build a system on a chip (SOC). It
generates logic and firmware files for subsequent tool use.
e Lattice Propel version 2.2.22075251517
e Isasoftware development kit (SDK) that is used to write and compile C-code firmware that will execute on the
RISC-V part of the SOC. This tool also contains a terminal view to monitor output from the firmware thru the
UART interface.
e Llattice Diamond version 3.12.1.454 with Patch Version 131140
e The Platform Designer tool within Diamond generates the Platform Manager 2 IP to sense and control the
system thru the L-ASC10 devices. The Patch Version 131140 enables exporting the RTL and analog settings
from the Platform Designer tool.

e Lattice L-ASC10 HEX File Reader version 2.0

e The executable named ASC_Hex_Reader.exe is run in a Command Prompt window to convert the L-ASC10
programming (.hex) file, generated from the Platform Designer tool, into a C-type unsigned char data array file
that can be included into the RISC-V firmware.

e Lattice Radiant version 2.3

e This software tool combines all the RTL and firmware to generate a single programming file for the MaxhX05-
NX.

e Lattice Radiant Programmer version 2.3
e This software utility programs the MachX05-NX evaluation board to verify and debug the demo design.

2.2. Compressed File Contents

When the MachX05_ASC10_Demo.zip file is unzipped to the root “C:” drive, many folders and files will be available.
Here is a short list and description of the more significant folders and files:

The demo project root folder:

C:\MachX05_ASC10_Demo

Diamond 3.12 Platform Manager 2 Project File:
C:\MachX05_ASC10_Demo \ASC10_PWR_SEQ.1df
Diamond 3.12 Platform Manager 2 Project Folder:
C:\MachX05_ASC10_Demo \Diamond

Exported Platform Manager 2 IP Folder:
C:\MachX05_ASC10_Demo \ASC10_PWR_SEQ_IP

ASC HEX Reader Executable file:
C:\MachX05_ASC10_Demo \ASC10 PWR_SEQ_IP\L_ASC10\ASC_HEX_Reader.exe
Radiant 3.2 Project File:

C:\MachX05_ASC10 Demo \MachX05_ASC10 Demo.rdf
Radiant 3.2 Project Folder:

C:\MachX05_ASC10_Demo\Radiant
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Radiant 3.2 Programming File:
C:\MachX05_ASC10_Demo\Radiant\MachX05_ASC10 Demo_Radiant.bit

Propel Builder 2.2 Project Folder:

C:\MachX05_ASC10_Demo\Propel

Propel Builder 2.2 Project File:

C:\MachX05_ASC10_Demo\Propel\MachX05_ASC10 Demo\MachX05_ASC10 Demo.sbx
Propel 2.2 SDK Workspace Folder:

C:\MachX05_ASC10_Demo\PPL_Workspace

Platform Manager 2 APl Source Folder:

C:\MachX05_ASC10_Demo\PPL_Workspace/MachX05_ASC10 Demo/src

2.3. Hardware Requirements

The following list of hardware is required to run this demo design and Figure 2.1 shows the actual hardware running
the demo design. Note the VMON slider POTs in different locations; this will be discussed in more detail in later
sections.

e  MachXO5-NX Development Board
e ASCBridge Board

e  3x ASC Breakout Boards

e 2x USB cables

e 12V Wall wart (power supply)
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ASC Breakout Board
ASCO

LED2 — LED6 = On

VMON7_POT

VMONS_POT

GPIO10 Push Button Switch

ASC Breakout Board
ASC1
LED2 — LED6 = On

VMON7_POT
VMONS8_POT

GPIO10 Push Button Switch
ASC Breakout Board

ASC2
LED2 — LED6 =On

VMON7_POT
VMON8_POT
GPIO10 Push Button Switch

ASC Bridge Board
Push Button SW1 (Reset)

Push Button SW2 (Clear Fault)
MachX05-NX Board

Figure 2.1. MachX05-NX and (3) L-ASC10s Demo Hardware
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3. Initial Step by Step Design Flow

This is just one example of a flow to start this demo design. A project like this could also start from an existing Platform
Manager 2 design, RISC-V firmware, or MachXO5-NX SOC design. Also, this step-by-step flow combines several
iterations of the build, program, and test process that were part of the demo development. For example, after the
whole project was initially built in Radiant, the number of GPIO lines in the Propel Builder component was increased
from eight to ten, and later to 11 in separate build cycles.

3.1. Creating a new project in the Propel Builder

1. From the Propel Builder menu, click File->New Design the Design Information window will appear, as shown in
Figure 3.1. Select the project type and fill in the name and path then click Next.

& C

Design Information
Enter 2 name for your design and specify a directory where the design files will be stored,

Project:

Type: SoC Project v

Name: MachX05_ASC10_Demo

Location: | C:/Users/cdix1/Documents/Eval Boards/MachXOS5_Eval > Browsa...

Create Project at C:/Users/cdix1/Documents/Eval Boards/MachX05_Eval/MachX05_ASC10_Demo
Next = Cancel

Figure 3.1. Propel Builder — Project Name

2. The Configure Propel Project window will be displayed, as shown in Figure 3.2. In this window, select the
Language, Device, Processor, and Template then click Next.

o

Configure Propel Project
Specify a device or board for project.

Language: Device Information:
Vitiog Part Number: LFMXO5-25-7BBG400C
Logic Cells: 25000
Farmity: Board| Processor: LUTs: 23040
LFMXOS (MachXO5-NX) v |RISC-VMC v Registers: 20,
EBR Blocks: &
o Templates:
Dvices o LRAM: 1
LFMX05-25 ~ | Empty Project DSP (18x18 Multipler): 20
T Hello World Project ADC Blocks: i
PLLs: 2
BBG400 -
DiLs: 2
Speed: pCSs: ]
7_High-Performance_1.0V v AlUs: 0
DPHYs: 0
Operating Condition:
it ol PIO Cels: m
Commercil - PIO Pins: 303
Template Info:
Hello Worid Project. Components included:
2) Processor - RISC-V MC vif PIC/TIMER
b) GPIO
<) ASRAM - Asynchronous SRAM
d) UART - Serial port
&) PLL
) Glue Logic
Onlin
< Back Next > Cancel

Figure 3.2. Propel Builder — Device and Template
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3. The Project Information window will appear, as shown in Figure 3.3. To summarize the project click Finish to
generate the project.

& Create System Design

Project Information
Generate new project with the following specifications.

Project:
Project Name: MachX05_ASC10_Demo
Project Location: C:/Users/cdix1/Documents/Eval Boards/MachX05_Eval/MachX05_ASC10_Demo
Language: Verilog
Device: LFMX05-25-7BBG400C
Speed: 7_High-Performance_1.0V
Template Name: Hello World Project
Borad Name: CertusPro-NX Evaluation
Processor Name: RISC-V MC

< Back Finish Cancel

Figure 3.3. Propel Builder — Summary

4. The Propel Builder will now display the SOC high-level schematic, as shown in Figure 3.4.

)
Fle Edt Veew Desgn Took Window Help

soR s BMES NG @ aaaaq
Desagn View o Schamate Adiren .

1B LAMX0S-25-7886400C
= MachiD3 ASCI0 Demo

v & instarces

1 ahbi et
» [ ahbQapbl jmst
} apb0_inst
8 o
* [ equation moduled mst
B gpicd jest
0 pa0 st
» 10 sysmemd jmat b = =
< B
e A and o vor s foms
+ 3o Smmn A DO
* T2 Nets -
+ @ Componernss
l ——{on =
oot ox 1 s o My =
1 1
UES el
g |
-
J = Rt
]
L.
[
Tyoe  Instance
P MachX05_ASC10_Demo
Vo lathoe:systembusider:MachX05_ASC10_Demo:1.0
XOS_ASC10/PB3_3_Test/PB3_3 Test/PB3 s/cdint/Docaments/New Product ASC10/PB3_3_Test/Pe:

Documents/Eval Boards/MachXOS_Eval/MachXOS_ASCLO_Demo/MAchXOS_ASC10_Demo/MachX0S_ASC10_Demo.sbx)

Figure 3.4. Propel Builder - Initial Schematic
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3.2. Adding I>’C Master IP to the Design

If you don’t have the I12C Master IP in the IP on Local tab (under the IP Catalog), do the following steps:

1.

2.

Click on the IP on Server tab and find the I2C Master in the list, as shown in Figure 3.5. and click to download it.

IP Catalog 0 Schematic A
O Cc&

1P on Local 1P on Server

Y-
B 1P Server =
v P
¥ [ Audio_Video_and_lmage_Processing
ﬁ Automatic White Balance 1.0.0
@) Color Correction Matrix 1.0.0
ﬁ Debayer 1.00
Connectivity
@) pc-scmLTPI 120
@ pPcEX 1.21
@ SGMIl and Gb Ethernet PCS 130
@) 10 Gb Ethernet MAC 110
@ TSE_MAC 120
+ 3 Processors_Controllers_and_Peripherals
@) AX14 to AHB-Lite Bridge 1.00
@) AXi4to APB Bridge 100 "
@) AXl4 Interconnect 1.00 I'bEE,, at.en
@) CNN Coprocessor Unit 110 L
@) Lattice Sentry PLD Interface for Mach-NX 13.0 i
@ Lattice Sentry Embedded Security Block Mux 1.1.0 o i
@ Timer-Counter 1141
@ cpio 1.6.1
@) Lattice Sentry I2C Filter 100
© 12C Master 140
@) Lattice Sentry 12C Monitor 1.00 @ 1p: i2c_master Version: 1.4.0
@ 12¢ Slave 130 € Vendor: latticesemi.com
@ 13C Master 230 € click@ro install this ip.
© 13CSlave 221

B lntmrnal Clarh Candeallar fae A b VAS RV 102 M bt

4

-
v

Figure 3.5. Propel Builder — I>C IP on Server

A license agreement will be appear as shown in Figure 3.6. Click Accept to install the I1°C Master IP.

IP Core License Agreement

THIS IS A LEGAL AGREEMENT BETWEEN YOU, THE END USER, AND LATTICE
SEMICONDUCTOR CORPORATION IF YOU ARE AN END USER LOCATED IN THE
UNITED STATES AND LATTICE SG PTE. LTD. IF YOU ARE AN END USER LOCATED IN A
COUNTRY OTHER THAN THE UNITED STATES. REFERENCES TO "LATTICE" IN THIS
AGREEMENT MEAN LATTICE SEMICONDUCTOR CORPORATION OR LATTICE SG. PTE. |
LTD. BY PROCEEDING WITH THE USE OF THE IP CORE, YOU: (1) ACKNOWLEDGE YOU I
HAVE READ THIS AGREEMENT, YOU UNDERSTAND IT, AND YOU AGREE TO BE BOUND
BY THE TERMS AND CONDITIONS OF THIS AGREEMENT; AND (2) IF YOU ARE |
ENTERING INTO THIS AGREEMENT ON BEHALF OF YOUR EMPLOYER, YOU REPRESENT I
THAT YOU HAVE THE AUTHORITY TO ENTER INTO THIS AGREEMENT ON BEHALF OF I
YOUR EMPLOYER. IF YOU DO NOT AGREE TO THE TERMS AND CONDITIONS OF THIS

| AGREEMENT, DO NOT USE THE IP CORE, AND IF YOU HAVE ALREADY OBTAINED THE

| 1P CORE FROM AN AUTHORIZED SOURCE, PROMPTLY RETURN IT FOR A REFUND.

1, Definitions.

1.1 "Configurad Object Code™ means the form of the IP Corz in bitstream, encrypted net r
list, or other non-human readable device programming file format.

1.2 "Design” means: {3) a single printed circuit board on which one or more Lattice Devices
may be programmed using one or more programming files containing the IP Core; or (b)
more than one printed circuit board, so long as all Lattice Devices on such boards are
nroarammed 1isina an identical nroarammina file containina the TP Core: in sach cass.

Accept Decline

Figure 3.6. Propel Builder — I>C IP License

16
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5 APB Interconnect 110
v [ Verification IP

5 AHBLite Master BFM Lite Version 1.0.0

User Guide
3. The Propel Builder will ask for a Component Name for the |12C Master, as shown in Figure 3.7.
[P Ceralog = Schematic Address (%, Start Page
gacx
1P on Local 1P on Server LER &
4 Counter 130 -
& LFSR 130
4} Mult_Accumulate 140
5 Mult_Add_Sub 140
5 Mult_Add_Sub_Sum 140
& Multiplier 140
5 Sin_Cos_Table 130
5 Subtractor 140
v (23 Memory Modules & Module/IP Block Wizard X

35 Shift_Register 200 ) ] -

I oo e i s e gt o f 4, i o

» [ EBR_Components ot 15 e daad:

» [ Large RAM

~ [ Processors_Controllers_and_Peripherals

3 System_Memory )
5 AHB-Lite Feedthrough 1.00 “E
F} AHB Lite Interconnect 130 S
5} AHB Lite to APB Bridge 110 =
5 APB Feedthrough 1.00 i |

& Clock and Reset Generator 100 Creainn
5 UART Model 1.0.0
P
~ [ Processors_Controllers_and_Peripherals
© 12C Master 140 13 (2] Next > Cancel
@ uarT 130 £ L

Figure 3.7. Propel Builder — Instantiate 1°C Block

4. The IP configuration window will appear as shown Figure 3.8. Edit the settings and click Generate.

& Module/IP Block Wizard X
Configure Component from IP i2c_master Version 1.4.0
Set the folloviing to i
Diagram master_i2c_inst Configure master_i2c_inst:
2] | Property Value
APB Mode Enable
FIFO Depth 16
master |2C |nst Implementation of FIFO | LUT
TX FIFO Almost Empty Flag [1 - 256] |2 r
RX FIFO Almost Full Flag [1 - 256] 14 r
1| THEAPRS0 NRE- | s s |
4 dk_i SCI_iO System Clock Frequency (MHz) [10 - 200] 50
Desired SCL Frequency (kHz) [100 - 1000] | 100 L
: rst_n_i sda_io k Prescale a7, :
i2c_master F
4 13 No DRC issuss are found.
< Back Generste || Cancel

Figure 3.8. Propel Builder — Configure I>C IP
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5. Click Finish and ensure the Insert to project checkbox is ticked, as shown in Figure 3.9.

#% Module/IP Block Wizard

Check Generated Result
Check the generated component results in the panel below. Uncheck option Insert to project’ f you do not want to add this component to your design.

Component ‘master_i2c_inst' is successfully generated,
1P: i2c_master Version: 1.4.0

Vendor: latticesemi.com

Language: Verilog

Generated files:

IP-XACT_component: component.xml
IP-XACT_design: design.xm|
black_box_verilog: rt|/master_i2c_inst_bb.v
cfg: master_i2c_inst.cfg

1P package file: master_i2c_inst.ipx
template_verilog: misc/master_i2c_inst_tmpl.v
dependency_file: testbench/dut_inst.v
dependency_file: testbench/dut_params.v

timing_constraints: constraints/master_i2c_inst.ldc e
template_vhdl: misc/master_i2c_inst_tmpl.vhd
top_level_verilog: rt/master_2c_inst.v =

Insert to project

< Back Finish

Figure 3.9. Propel Builder - Finish

6. The Propel Builder will request a name for the instance of the 12C Master IP, as shown in Figure 3.10.

1 s} ince.

5 F
‘ A Define Instance 4 k

I

1 £

= P
| Instance Name: master_i2c_instl ]
8 4
5‘ Instance Reference: master_i2c_inst:1.4.0 L
| |
i oK Cancel t
) L

Figure 3.10. Propel Builder — Instance Name
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7. The Propel Builder will drop the unconnected 12C Master component on the schematic, as shown in Figure 3.11.

s> T deso ——l ’lﬁ _modtdeo_instl

Schematic Address '* Start Page
oudd) nst _plo_jinst_ L)

+1R0 51 A+ MO INSTR+

1'h: dkop_o| e e 1R SO AHEL M1 _DATA
e ok en ) B _dk ok O =L
fock 0 1 TIMER 1RO M0

cpul_inst

SEem_resemn

E
+
+
T

rll

Figure 3.11. Propel Builder — IC Master added to Schematic
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8.

To connect the I2C Master to the SOC we need to add a slave connection to the APB Interconnect. Double-click on

the APB component to change the Total APB Slaves from 2 to 3, as shown in Figure 3.12 then click Generate.

I

8 Module/IP Block

Configure C from Module apb_i
Set the folloviing parameters to configure this component,

Version 1.1.0

9.

Diagram apb0

apb0
(4FaPB_s00  APB_MOGH
apb_pclk_i  APB_MO14H

apb_presetn_i APB_MOZ{E

apb_interconnect

Configure 1P
General
Property
ey
Total APB Masters [1 - 32]

Main Settings

Value

1

Master Priority Settings

Total APB Slaves [1-32]

E

Master Address Width(bits)

Data Bus Width(bits)

-l
» No DRC issues are found.

32

32

= [

Figure 3.12. Propel Builder — Adding Slave to APB

Click and drag the I12C Master component to the right side of the schematic. Then click on the APB_MO02 port and

drag a connection to the APB_SO port of the 12C Master component, as shown in Figure 3.13. Note the green check-
mark indicates the width and direction of the ports match and is OK to connect the two.

ahbl2apb0_inst

i AHBL_S0
presetn_i
rst_n_i

clk_i

pclk_i

APB_MOH

—

HFAPB_SO

clk_i INT_MOMH
rst_n_i txd_o
rxd_i

N

apb0_inst

[

apb_pclk_i

HFAPB_S00  APB_MOORH

apb_presetn_i APB_MO02{4]

APB_MO17H

master_i2c_inst1

i APB_SO INTR{H

clk_i scl_io!

rst_n_i sda_io!

Figure 3.13. Propel Builder — Connecting I>C IP to APB

{Ttxdo
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10. In a similar manner, connect the clk_i and rst_n_i ports of the I2C Master to the existing nets. Next, right-click in a
blank area of the schematic to open the pop-up menu, as shown in Figure 3.14, and select Create Port.

uart0_inst
HFAPB_S0
clk_i INT_MOFH
rst_n_i txd_o {Ttxd_o

rxd_i
S ——

[

1

06

DZEE

| Create Port
Auto Connect

Create Comment
master_i2c_instl ,‘:6 Validate Design
—

Select All

r=1
[
-

RQp

Relayout

HHAPB_SO
lk_i

Figure 3.14. Propel Builder — Adding a Port

11. In the Create Port window, as shown in Figure 3.15, Name the port ptm_scl, select the port Direction to Inout, and
click OK. Repeat this process to create an Inout port named psb_sda.

Name: ptm_sd
Direction: Inout v
Type: General v
Bus Options:

oK Cancel

Figure 3.15. Propel Builder — Adding ptm_scl Port
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12. Connect the newly created ports to the respective ports of the I2C Master component, as shown in Figure 3.16.

master_i2c_instl

e

— [H/APB_SO INTR{H|

—Aclk_i scl_io
\—O ptm_scl

—rst n_i sda_io
\ —O ptm_sda

Figure 3.16. Propel Builder — I>C Ports Connected

3.3. Modifying the GPIO component

The GPIO component from the Propel Builder template only supports an eight-bit bi-directional port. In this demo
design additional bits are needed to handshake between the RISC-V firmware and the Platform Manager 2 design.

1. Double-click on the gpio0_inst component to open the IP configuration window, as shown in Figure 3.17.
Tick the Remove Tri-State Buffer checkbox to create both an input and output port.

Change the Number of 1/0 Lines from 8 to 11.

Set the 1/0 Direction to all outputs (7FF).

Click Generate.

vk

& M

Configure Component from IP gpio Version 1.6.1
Set the following parameters to configure this component.

Diagram gpio0 Configure IP
“| Property Value
~ General
Number of I/0 Lines [1 - 32] 1 1
Remove Tri-State Buffer [¥]
Initial Output Value (hex) [0 - FFFFFFFF] 0
gpioO I 10 Direction (hex) [0 - FFFFFFFF] TFF _I
PB_S0 Interface APB
£s2 —_—
dk_i . [10:0]
. gpio_en_o[10:0
gpio_i[10:0] )
» gpio_o[10:0]
resetn_i
gpio
< » | NoDRC issues are found.

i

Figure 3.17. Propel Builder — GPIO IP Configuration

6. Right-click on the gpio0_inst component to open the pop-up menu and select the Auto Connect as shown in Figure
3.18. The Propel Builder will generate and connect the input, output, and output enable ports.
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gpio0_inst
= HFAPB_SO —
= gpio_i[10:0] e
i GPI0_en_0[10: ()] p—
;- _‘I Fam o
—resetn_i Copy Full Path
—_— % Highlight
— 7 Disconnect
) Connect
| B i
uart0_in
Create Port
——jAPB_S0 | AutoConnect ]
—clk_i i Create Comment
—rst n i G Validate Design |
—trxd i Select All
Relayout

Figure 3.18. Propel Builder — GPIO Auto Connect

7. The auto connect will generate port names that are verbose. Click on the port and edit the Name in the Properties
box in the lower left of the screen as shown in Figure 3.19.

Properties

Name: | gpio_en_o
Type: Portbus
Width: 11

Direction: Out

1P Catalog
Tcl Console

Larmre samman - .

Design View

Figure 3.19. Propel Builder — Renaming GPIO Port
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3.4. Adding and Modifying the Clocks

The primary clock for this design is the built in oscillator of the MachXO5-NX.

1. Double-click on the oscO_inst component to open the IP configuration window as shown in Figure 3.20. Change the

HFCLK Frequency to 90.0 MHz. Then click Generate.

%, Module/IP Block Wizard

Configure Component from Module osc Version 1.4.0
Set the following parameters to configure this component.

Diagram osc0 Configure IP
“| Property Value
~ General :
HFCLK Enable ENABLED
)

HFCLK Frequency (MHz)  90.0
| LFCLKEnable DISABLED
SEDCLK Enable DISABLED

osc0
hf_out_en_i hf_dk_out_o'* CFGLMMICLK Enable DISABLED
0sC
< » | No DRC issues are found.

Figure 3.20. Propel Builder — Oscillator IP Configuration

Generate Cancel
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2. Double-click on the pll0_inst component to open the IP configuration window as shown in Figure 3.21.

%, Module/IP Block Wizard
Configure Comp t from Module pll Version 1.6.0
Set the following parameters to configure this component.
Diagram pll0 Configure IP
General Optional Ports
Property Value =
CLKI: Frequgncy (MHz) [10- SOQ] | 90
Enable Reference Clock Monitor ]
CLKFB: Feedback Mode | CLKOP
pl IO : Frequency gsyred Value (MHz) [10 - 800] | 50
4 N\ _LKOP: Divider Actual Value [1-128 16
CLKOP Tolerance (%) , 5.0
KOP
—clki_i clkos2_o
CLKOS: Enable .
H CLKOS: B; i)
—rstn_i clkos_o o =
S T CLKOS: Frequency Dgsnred Value (MHz) [6.25-800] | 20_
loc k—-o CLKOS Tolerance (%) 0.0
\ J = = T
CLKOS: Static Phase Shift (Degrees) | 0
pl | CLKOS: Enable Trim for CLKOS ]
CLKOS2: Enable .
CLKOS2: Bypass |
CLKOS2: Frequency Desired Value (MHz) [6.25 - 800] | 8 I
CLKOS2 Tolerance (%) 00
CLKOS2: Static Phase Shift (Degrees) lo
CLKOS3: Enable -
[
4 No DRC issues are found.
[ Generate 1 ‘ Cancel ‘

o v kW

Figure 3.21. Propel Builder — PLL IP Configuration

Change the Reference Clock to match the oscillator output of 90.0 MHz.

Change the Primary Clock Output to 50.0 MHz with a 5.0 % CLKOP tolerance; this is the RISC-V clock.
Change the Secondary Clock Output to 20.0 MHz; this is the peripheral clock for UART, GPIO, and I2C components.
Tick the CLKOS2:Enable checkbox and set the frequency to 8.0 MHz; this is the Platform Manager 2 IP clock.
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Click the Calculate button and then click Generate to update the PLL.

Add an output port named Clk_8MHz and connect it to the pll0_inst clkos2_o port to enable connection to the
Platform Manager 2 IP with the 8 MHz clock. This may be required because the ASCO_CLK, that is normally the
clock source for Platform Manager 2 designs, is not connected in the hardware to a MachXO5-NX primary clock pin.
The Lattice LSE synthesis tool in Radiant generates an error when clocks are not connected to primary clock pins.

9. Add an output port named Clk_20MHz and connect it to the clock bus that is connected to the peripheral clk_i
ports to drive additional logic in the top level design (described later in this document) as shown in Figure 3.22.

gpio0_inst

_-lr-i-ypa_so

s INTRER
gpio_i[10:0] L

4 apio_en_o[10:0] —D gpio_en_o[10:0]
clk_i
= gplo_o[w;g]—Dgpjo_o[lo;o]

esetn_i

Ck_20MHz
L{3 Ck_8MHz

J uart0_inst

HAPB_S0
Ik_i INT_MOFF}
st_n_i txd_

r—D txd_o

rxd_i

Figure 3.22. Propel Builder — Clock Ports

3.5. Updating the RISC-V IP
1. Double-click on the cpu0_inst component and the Unable to find IP message may pop-up.

2. Click Yes to update to the later version of the RISC-V IP as shown in Figure 3.23.

cpu0_inst
. - . |
pl0_inst s T
—_—— [MFIRQ_S1 AHBL_MO_INSTRH
~ clkop_o IRQ_SO AHBL_M1_DATA |
clki_i =
lock_o clk_i TIMER_IRQ_MO i jum
rstn_i Ik =
CIKOS_o0 - - rst._n system_resetn_o p=———
— 4 = I g equation_module0_inst S R TeReR..
; ’ T S |
L =

e Unable to find IP 'riscv_mc' with version: 2.2.0 and vendor: latticesemi.com on
your local system. An alternative version 2.2.2 can be used to instead yours. Do
you want to replace it?

Yes No

Figure 3.23. Propel Builder — Update RISCV IP
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3.6. Checking the Memory Map
1. Click on the Address tab to show the system memory map.
2. Click to expand the memory display and to show where the peripherals are mapped as shown in Figure 3.24.

3. Ensure the memory addresses do not overlap and the Lock checkboxes are ticked.

Schematic Address \ Start Page

Cell Base Address Range End Address | Lock

v LocalMemory

cpu0_inst/pic_timer_registers OxFFFF0000 2K OxFFFFOTFF
> cpul_inst/AHBL_MO_INSTR(32 address bits: 4G)
X S0 32k 0x00007FFF
v cpul_inst/AHBL_M1_DATA(32 address bits: 4G) P
gpio0_inst/APB_SO 0x00008400 1K 0x000087FF
master_i2c_inst1/APB.SO  0x00008800 1K 0x00008BFF
0_i 51 32k 0x00007FFF
uart0_inst/APB_SO 0x00008000 1K 0x000083FF

0x00007
0x00008!

0x00008:
0x00008400

gpio0_inst/APB_S0
0x000087FF

ox’woos_
0x00008!

Figure 3.24. Propel Builder - Memory Map

3.7. Generating the SOC RTL

The final step in creating the SOC RTL is to click on the Generate icon as shown in Figure 3.25, or click Design->
Generate. This will generate a top-level SOC module that can be instantiated in the overall top level module that also
includes a top-level module for the Platform Manager 2 IP.

4. Propel Builder [C:/Users/cdix1/Documents/Eval Boards/MachX05_Eval/MachX05_ASC10_Demo/MachXO
File Edit View Design Tools Window Help

@A 9CHA nEE

Design View Generate | | oA
hd fﬁ Instances

»  iE ahbl2apb0_inst Cell
4 8 equation_module0_inst > cpul
» i E gpioQ_inst v
» IF oscOinst

» 1 plio_inst

Figure 3.25. Propel Builder — Generating the Design
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3.8. Creating the Platform Manager 2 IP

1.
2.

In the Lattice Diamond software, click File->New->Project to create a new project named ASC10_PWR_SEQ.
Select the MachXO3LF-4300C (or similar) device and add three L-ASC10 devices as shown in Figure 3.26.

Click Next in the following windows until the project is generated.

P -

Select Device

Specify a target device for the project.

Select Device:

Family: Device:
LatticeSC A | | LCMXO3LF-2100C
LatticeSCM LCMXO3LF-2100E
LatticeXP LAMXO3LF-4300C
LatticeXP2 LAMXO3LF-4300E
MachXO LCMXO3LF-4300C
MachX02 LCMXO3LF-4300E
MachX03D LCMXO3LF-6900C
MachXO3L LCMXO3LF-6900E
MachXO3LF LCMXO3LF-9400C
Platform Manager LCMXO3LF-9400E
Platform Manager 2 v

Performance grade:( ) Package type:
5 ¥ CABGA400
Operating conditions:

Commercial v

Part Names:

LCMXO3LF-4300C-58G400C

Select ASC Device:

|External ASC Numbers |3 :] |

Part Names
L-ASC10-15G48I

Device 0 1 2

@©@@®0®

Figure 3.26. Lattice Diamond — New Platform Designer Project

Online Data Sheet for Device

After the Platform Designer tool opens, select the Global view and the ASC Options tab.

Change the Reset Type for ASC1 and ASC2 to Mandatory, as shown in Figure 3.27. This will require all the L-ASC10
RESETb pins to be connected together (wire-OR’d), so that the sequence cannot start until all three L-ASC10s have
completely powered up. The wire or’ing in hardware is done with jumper J12 on the ASC Breakout boards.

f2
Is¢

Device Information: r'

Voltage: 2.5V/3.3V

LUT: 4320 s

Registers: 4320

EBR Bits: 90K

EBR Blocks: 10 pf

Dist RAM: 34560 if

DSP: -

PLL: 2

DLL: 0

PCS: -

APIO: -

PIO Cells: 336

PIO Pins: 336

Max Programmable I0s: 335 b

VMON Pins: 30

IMON Pins: 6

TMON Pins: 9

Trim/Mar Pins: 12

HVOUT Pins: 12

GPIO: 27 L
[

< Back Cancel

28

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.

All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-UG-02194-1.0


http://www.latticesemi.com/legal

::LATTICE MachX05-NX and L-ASC10 Platform Power Management Using RISC-V Demo

User Guide
a T W Yy 7 LT Lo L) (=) [y h &
¢ 3 startPage [ = Reports || [ Platform Designer * [£J
L4 Global | :
v Components
ﬁ Fan Controller Option Value
E] Fault Logger
<= Hot Swap bl
— ASC Name ASCO
sl PMBus Adapter CLT Rate 860 us o
v Analog 12C Base Address 1100X(X 3
L& Current 12C External Resistor Tie to GND
Temperature [2C Address 1100000
[v:‘ Voltage UES Bits ) FFFFFFFF
o i v Reset Options
2 Reset Type Mandatory
Ports & Nodes v ASC1
k4 Logic ASC Name ASC1
Build CLT Rate 860 us 5
12C External Resistor 22K Ohm
12C Address 1100001
UES Bits FFFFFFFF
Vv Reset Options
| ResetType Mandatory | v
v ASC2
ASC Name ASC2
CLT Rate 860 us v
12C External Resistor 4 4K Ohm
12C Address 1100010
UES Bits FFFFFFFF
v R ions
i Reset Type Mandatory v
B ASC Options ~ Device Options

Figure 3.27. Lattice Diamond — ASC Options

6. Click the Device Options of the Global view, and check the Export Platform Designer IP box, as shown in Figure
3.28. Note that the Clock Source is set to Global_Clock to support connection to the PLL 8 Mhz output when using
the Lattice LSE synthesis tool.

7. Select Nexus as the family to Export To and select the Export IP Folder. The name of top-level module for the
exported IP defaults to a prefix of psb_ added to the project name. The Export IP File Name can be renamed by the
user in this view.
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| [E) staripaée ¢/

£ Global

v Components

Fan Controller
£} Fault Logger
~~ Hot Swap

a PMBus Adapter

Vv Analog

ﬁ Current

a Temperature
m Voltage

v Control

Ports & Nodes
Ed Logic
Build

Operation Mode

Option
Programming Interface
Background Programming
v Clock Source
8MHz for Device Operation
v Export IP Operation
Export Platform Designer IP
Export IP Filename
Export IP Folder
ExportIP To

Export IP Operation
Export Platform Designer IP l

Value

JTAG
None

Global_Clock

1
psb_ASC10_PWR_SEQv

C:/MachX05_ASC10_Demo/ASC10_P...

NEXUS

Export IP File Name |psb_ASC10_PWR_SEQ.v

Export IP Folder | C:/MachX05_ASC10_Demo/ASC10_PWR_SEQ_IP v| | Browse... |
Export IP To Nexus | |
ASC Options Device Options

Figure 3.28. Lattice Diamond - Global Device Options

8. Select the Logic view and click the Inserted HDL tab.
9. Uncheck the Enable EFB Module because, the MachXO5-NX does not have an embedded function block (EFB).
Q) startpage ) [fi Reports (1) [l Platform Designer * [
kd Globat
v Components | [] Enable £FB Moduie _ﬁ Warning: Disablng the EFS Module may cause design flow errors and/or functional ssues.
[ Fen Controller || HOUInsert Fle Name: | v]
] Fautt Logger (] Enable Inserted HDL [\ Warning: Platform Designer does not check the f nserted
BB Mot Swap nsert aming: signer no syntax of nserted logc.
a PMBus Adapter
v Analog
L& Current
k¥ Temperature
[" Voltage
v Control
0 Loge ]
Uil
b Sequence Supervisory Timers Imported HDL Inserted HDL
Figure 3.29. Lattice Diamond — Disable EFB Logic
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Now, the Platform Manager 2 design process can proceed just like any other Platform Manager 2 design by configuring
the analog settings (VMON, IMON, TMON, and HVOUT) and building the sequencer logic.

In this demo design, each ASC Breakout board has its own sequence (SMO - SM2). There are two additional sequences
to deal with Fault Logging (SM3 & SM4) for a total of five separate sequences. There is also three supervisory
equations, shown in Figure 3.31, to support fault logging and sequencing.

Each ASC sequence is similar in that they enable pseudo power supplies (GPIO LEDs) and wait for the supply voltage
(VMON7 and VMONS slide POTs) to be within range before completing the sequence. The ASCs are cascaded so that
after ASCO has completed its sequence, then ASC1 starts and finally ASC2 starts its sequence when ASC1 is done. The
entire sequence is initiated from the RISC-V firmware by setting a GPIO bit (more about this in the firmware and
Radiant discussions).

Similarly, the power down sequence cascades in reverse order from ASC2, to ASC1, and finally ASCO without waiting for
the supply voltage (VMON7 and VMONS slide POTs) to drop. The power down sequence can be triggered by any of the
GP1010 push-buttons on the ASC Breakout boards or from the RISC-V firmware by setting a GPIO bit (more about this
in the firmware and Radiant discussions).

In this demo design the VMON trip points used different values to verify that each ASC was configured with its unique
and correct programming pattern. The values used are shown in Table 3.1.

Table 3.1. Platform Designer — VMON Trip Points

ASC VMON Logical Name Lower Trip Point Upper Trip Point
0 VMON7?7 AO_VM7_POT_OK 0.667 V 0.964 V
0 VMON8 AO0_VM8_POT_OK 1.205V 1.805V
1 VMON7 Al_VM7_POT_OK 1.197V 1.805V
1 VMONS8 Al_VM8_POT_OK 1.592V 2401V
2 VMON7?7 A2_VM7_POT_OK 1592V 2415V
2 VMONS8 A2_VM8_POT_OK 1.999V 2,999V

The three ASC sequences are similar and follow the flow listed in Table 3.2.
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Table 3.2. Platform Designer — SM1: ASC1 Power Sequence

Step Instruction Outputs Comment
0 Begin Startup Sequence
1 Wait for ASC1_AGOOD ASC1_GPIO1—-ASC1_GPIO9=1 Turn LEDs Off — Wait for AGOOD and
ASC1_Seq_Done_node =0 reset Power Up and Power Down
ASC1_Seq_Pwr_Dn_node =0 flags
2 Wait for A1_VM7_POT_OK AND ASC1_GPIO2=0 Turn LED2 On and wait for VMON7
ASCO_Seq_Done_node voltage to be in window and ASCO
sequence done
3 Wait for 250ms using Timer Sequence Delay
ASC1_GPIO3=0 Sequence LED3 On
5 Wait for A1_VM8_POT_OK ASC1_GPIO4=0 Turn LED4 On and wait for VMONS8
voltage to be in window
6 Wait for 250ms using Timer Sequence Delay
7 ASC1_GPIO5=0 Sequence LED5 On
8 Wait for 250ms using Timer Sequence Delay
9 ASC1_GPIO6=0 Sequence LED6 On
10 Wait for 250ms using Timer Sequence Delay
11 ASC1_Seq_Done_node =1 Enable ASC2 to sequence up
12 Begin Shutdown Sequence
13 Wait for ASC2_Seq_Pwr_Dn_node Wait for ASC2 to complete sequence
down
14 ASC1_GPIO6=1, Sequence LED6 Off and reset Power
ASC1_Seq_Done_Node =0 Up Done
15 Wait for 250ms using Timer Sequence Delay
16 ASC1_GPIO5=1 Sequence LEDS Off
17 Wait for 250ms using Timer Sequence Delay
18 ASC1_GPIO4 =1 Sequence LED4 Off
19 Wait for 250ms using Timer Sequence Delay
20 ASC1_GPIO3 =1 Sequence LED3 Off
21 Wait for 250ms using Timer Sequence Delay
22 ASC1_GPIO2=1 Sequence LED2 Off
23 Wait for 250ms using Timer Sequence Delay
24 ASC1_Seq_Pwr_Dn_node =1 Enable ASCO to sequence down
25 Halt (end-of-program)

Note:
1. Greyed out Steps 0, 12, and 25 are default steps included in every sequence.

One main difference in the ASCO sequence is that Step 2 in Table 3.2, does not wait for a previous ASC to complete its
sequence. Instead, it only waits for AO_VM7_POT_OK because, ASCO is the first L-ASC10 in the group.

Similarly, the ASC2 sequence does not wait for the next ASC to complete power down before starting the shutdown
sequence. Instead, it waits for the ptm_shutdown_node in Step 12 in Table 3.2 . The ptm_shutdown_node is defined in
Supervisory Equation EQ1 (see Figure 3.31); it is the OR of the three GPI0O10 push button switches (on the three ASC
Breakout boards) OR the input port ptm_shut_down_i that is connected to a RISC-V GPIO bit.

In like fashion, Step 24 in Table 3.2 for ASCO does not set a node but rather the output port ptm_pwr_dn_done_o that
is connected to a RISC-V bit.

In this demo design, the Voltage, Current, and Temperature (V,I,T) fault logging is enabled as shown in Figure 3.30. The
user created node ptm_fault_trigger_node is used to trigger the storing of V,I, T and ASCx_GPIO status within the
L-ASC10’s SRAM. The trigger signal is sent over the three-wire ASC/IF. The fault record is later read back via I?C.
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StartPage || Reports (| [ Platform Designer [
L4 Global VLT Ful-Featured
v Components
E Fan Controller Enable V, I, T Fault Log / User Tag Operation Disabled
Fault Logger
K HotSwap Fault Logging Trigger Signal Name | ptm_fault_trigger_node =
@l PMBus Adapter
Vv Analeg »
u Current Hardware Log Configuration
Temperature Basic Configuration User Signals to Log
L4 voitage O Log to EEPROM v LOGIC SIGNAL POOL ~ ASCO ASCH ASC
v Control
S— @ Log to SRAM A0_VM7_POT_OK
— i AQ_VM8_POT_OK D7 ASCO.GPIO9  ASCIGPIO9  ASC2_GPIOS
D‘ Logic A1_VM7_POT_OK
Build A1_VMS_POT_OK
A2 VM7_POT OK D6 ASCO_GPIO8 ASC1_GPIO8 ASC2_GPIO8
A2 VM8_POT_OK
ASCO_AGOOD D5 ASCO_GPIO6 ASC1_GPIO6 ASC2_GPIO6

ASCO_CMPSELLIT

ASCO_CMPSELLV1

ASCO_CMPSELLV2

ASCO_EEPROM_Done
ASCO_GPIO1 D
ASCO_GPIO2
ASCO_GPIO3
ASCO_GPIO4
ASCO_GPIO5
ASCO_GPIO6 D
ASCD GPIOR A

D4 ASCO_GPIOS ASC1_GPIOS ASC2_GPIO5

w

ASCO_GPIO4 ASC1_GPIO4 ASC2_GPIO4

D

~

ASCO_GPIO3 ASC1_GPIO3 ASC2_GPIO3

=

ASCO_GPIO2 ASC1_GPIO2 ASC2_GPI02

DO ASCO_GPIO1 ASC1_GPIO1 ASC2_GPIO1

Filter:

Figure 3.30. Platform Designer -V, I, T Fault Logging Enabled

The logic to detect and trigger the fault log is a combination of a supervisory equation and a sequence. The supervisory
equation EQ2 is the OR of any POT not OK as shown in Figure 3.31. Since the fault_node will be true during the power
up sequence, a separate Logic sequence is used to enable the ptm_fault_trigger_node as listed in Table 3.3.

StartPage [ Reports (| [ Platform Designer [J
E:J Global Equati Supervisory Logic Equati Output Configuration Comment
v
omponents EQO ptm_seq_done_o = ASC0_Seq_Done_node AND ASC1_Seq_Done_node AND Output, Combinatorial
Q Fan Controller ASC2_Seq_Done_node
[} Fault Logger EQ1 ptm_shutdown_node.D = NOT ASC0_GPIO10 OR NOT ASC1_GPIO10 OR NOT Node, Registered
< Hot Swap ASC2._GRIOIN.OR ntm. chut. dl i
n PMBus Adapter EQ2 fault_node = NOT A0_VM7_POT_OK OR NOT A0_VM&_POT_OK OR NOT A1_VM7_POT_OK Nbde, Combinatorial Any POT out of window is a fault
v Analog OR NOT A1_VM8_POT_OK OR NOT A2 VM7_POT_OK OR NOT A2_VM8_POT_OK
L& current <end-of-supervisory-table>
ﬂ Temperature
[r‘ Voltage
v Control
Ports & Nodes
u Logic
Build
| s || Remoe |
Sequence I Supervisory ITlmers Imported HDL  Inserted HDL

Figure 3.31. Platform Designer — Fault Node Supervisory Equation
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Table 3.3. Platform Designer — SM3: Fault Logger Sequence

Step Instruction Outputs Comment

0 Begin Startup Sequence

1 Wait for ASCO_Seq_Done_node AND ptm_fault_ o=0 Wait for all sequences to be Done and
ASC1_Seq_Done_node AND ptm_fault_trigger_node =0 RISC-V ready to clear the next fault

ASC2_Seq_Done_node AND NOT
ptm_clr_fault_i

2 Wait for fault_node Wait for any POT to be out of its window
= FAULT

3 ptm_fault_trigger_node =1 Trigger the ASCs to capture Fault Status
in Volatile Register

4 ptm_fault_o =1 ptm_fault_trigger_node Tell RISC-V that fault occurred and clear

=0 the trigger signal to the ASCs

5 Wait for NOT fault_node Wait for faults to go away

6 Wait for 50ms using Timer

7 Wait for ptm_clr_fault_i Wait for RISC-V to clear the fault

8 Gotostep 1 Get ready for next fault

9 Begin Shutdown Sequence

10 Halt (end-of-sequence)

Note:

1. Greyed out Steps 0, 9, and 10 are default steps included in every sequence.

The Fault Logger sequence manages both the trigger to log a fault and the handshaking between the RISC-V firmware
and the Platform Manager 2 design. So that the RISC-V firmware has time to read out the faults before re-enabling the
fault trigger.

The last sequence is state machine 4 (SM4) and it simply drives the seven-segment LED display on the MachXO5-NX
development board. If any of the VMON POTs are outside their window then an “F” will be displayed otherwise the
display LEDs are off (see Table 3.4). This visual feedback helps when running the demo to restore the slide POT within
the lower and upper VMON trip points. This also demonstrates how the Platform Manager 2 design can directly control
the MachX0O5-NX Top-Level Ports without involving the RISC-V.

Table 3.4. Platform Designer — SM4: Fault Display on 7-segment LED

Step Instruction Outputs Comment
0 Begin Startup Sequence
1 Wait for ASCO_Seq_Done_node AND Wait for all sequences to be Done

ASC1_Seq_Done_node AND
ASC2_Seq_Done_node

2 If fault_node
Then Goto 3
Else Goto 5

Segment = 01110001 Display “F” on 7-sement LED

Goto step 2

Segment=11111111 7-segment LEDs Off

Go to step 2 Get ready for next fault

N(oju|b~|(w

Begin Shutdown Sequence

8 Halt (end-of-sequence)

Note:
1. Greyed out Steps 0, 7, and 8 are default steps included in every sequence.

Throughout this discussion several Ports and Nodes have been mentioned. Table 3.5 provides a summary of the user
defined Ports and Nodes in this demo design.
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Table 3.5. Platform Designer — User Defined Ports and Nodes

Name Direction Description RISC-V bit-map
segment_0 From PTM2 seg_dp_o n/a

segment_1 From PTM2 seg g 0 n/a

segment_2 From PTM2 seg f o n/a

segment_3 From PTM2 seg_e_o n/a

segment_4 From PTM2 seg d_o n/a

segment_5 From PTM2 seg C_ O n/a

segment_6 From PTM2 seg b o n/a

segment_7 From PTM2 seg a_o n/a
ptm_fault_o From PTM2 Fault Flag 0x400
ptm_seq_done_o From PTM2 Power Up sequence done 0x200
ptm_pwr_dn_done_o From PTM2 Power Down sequence done 0x100
ptm_clr_fault_i From RISC-V Clear the Fault Flag 0x400
ptm_shut_down_i From RISC-V Start Shutdown sequence 0x200
fault_node n/a VMON POT = NOT OK n/a
ptm_fault_trigger_node n/a Trigger signal for Fault Log n/a
ptm_shutdown_node n/a OR of RISC-V signal or push buttons on ASC | n/a

Breakout boards

The signal in the MachX0O5-NX Top-Level Radiant design, ptm_start_up_w, has the RISC-V bit map of 0x100. It does not
connect to the Platform Manager 2 Ports or Nodes. It connects to the ptm_enable_seq port (see Figure 3.36) of the
Platform Designer exported module and ultimately to the external reset port of the clock and reset module. The
ptm_enable_seq port is not a user defined port, it is always included by the export function. Thus, once this signal is
set it should not be cleared otherwise, the ASC outputs will immediately assume their safe state and the Powerdown
Sequence will not be followed.

The final step in generating the Platform Manager 2 IP is to click the Compile button in the Build view, as shown in
Figure 3.32. This will generate the IP and export the files to the folder specified in Figure 3.28.

f[ StartPage P4 Platform Designer

kJd Global
m Fan Controller Compile L
lil Eault L P LogiBuilder
-] Fault Logger Pin
<= Hot Swap Assignment Fan Controller
wsd PMBus Adapter STreeevs
d P bcﬂ:lrcztr: Fault Logger
Vv Analeg Jedec
L4 Current Generate Hot Swap
’ Stimulus
E;' Temperature = PMBus Adapter
[_.j Voltage Export VD
v Control Configuration
&a Ports & Nodes Report Boot Mode
E 4 Logic
— P Background Pro
Build
Il I
Figure 3.32. Platform Designer — Compiling the IP
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3.9. Building the MachXO5-NX Top Level Design

When Step 3.7 Generating the SOC RTL is completed, the Propel Builder placed a top-level RTL module and all the IP
RTL library files in a folder for the Radiant software project as shown in Figure 3.33.

B/ Machx05_ASC10_Demo.v

Figure 3.33. Radiant — MachX05_ASC10_Demo Module

The whole SOC design has ten ports to connect to the outside world and to the Platform Manager 2 IP. To include the
Platform Manager 2 IP do the following:

1. Right-click on the Input Files from the File List view, as shown in Figure 3.34, and select Add -> Existing File.

v B MachX05_ASC10_Demo
& LFMX05-25-7BBG400C
~ @@ Strategies
B Area
ﬁ Timing
i Strategy1
P Radiant (Synplify Pro)
i Input " —
i Pre-S
il Post-!
i Debu
il Script | New File...
Bl Analy
il Progr

Existing File...

Existing Simulation File...

Figure 3.34. Radiant — Input Files, Add Existing File
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2. Browse to the folder where the Platform Manager 2 IP was exported to and add the files listed below and shown in
Figure 3.35.
e psb_ASC10_PWR_SEQ_tmpl.v
e psb_ASC10_PWR_SEQ.v
e ASC10_PWR_SEQ_Igb.v
e RDAT.v
e WDAT.V
e  CLKRST/src/rtl/verilog/clkrst.v
e  CLKRST/src/rtl/verilog/clkrst_core.v
e ASCVM/src/rtl/verilog/ASCVM.v
e ASCVM/src/rtl/verilog/ASCVM_DATAPATH.v
e ASCVM/src/rtl/verilog/ASCVM_NX_RAM_DIST.v
e ASCVM/src/rtl/verilog/ASCVM_NX_RAM_EBR.v

3. Right-click on the psb_ASC10_PWR_SEQ_tmpl.v file and select Exclude from Implementation as this is only a
template file; the contents of which can be copied and pasted into the Top-Level design file

4. To add the MachXO5_ASC10_Demo_Top.v file, right-click on the Input Files and select Add -> New. This top level
module will be used to connect the Platform Manager 2 IP with the Propel Builder SOC IP and both of them to the
physical pins of the MachXO5-NX device. This is the only RTL file that the user has to code by hand.

v WA Radiant (Synplify Pro)
v @@ Input Files

E\ Radiant/MachX05_ASC10_Demo_Top.v
E‘\ Propel/MachX0O5_ASC10_Demo/MachX0O5_ASC10_Demo.v
B
B\ ASC10_PWR_SEQ_IP/psb_ASC10_PWR_SEQ.v
B ASC10_PWR_SEQ_IP/ASC10_PWR_SEQ_Igb.v
By ASC10_PWR_SEQ_IP/RDAT.V

B ASC10_PWR_SEQ_IP/WDAT.v

By ASC10_PWR_SEQ_IP/CLKRST/src/rtl/verilog/clkrst.v

m ASC10_PWR_SEQ_IP/CLKRST/src/rtl/verilog/clkrst_core.v

B\ ASC10_PWR_SEQ_IP/ASCVM/src/rtl/verilog/ASCVM.y

B ASC10_PWR_SEQ_IP/ASCVM/src/rtl/verilog/ASCVM_DATAPATH.v

B ASC10_PWR_SEQ_IP/ASCVM/src/rtl/verilog/ASCVM_NX_RAM_DIST.v
By ASC10_PWR_SEQ_IP/ASCVM/src/rtl/verilog/ASCVM_NX_RAM_EBR.v

Figure 3.35. Radiant — Input File List
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The Platform Manager 2 IP module psb_ASC10_PWR_SEQ is instantiated and connected in lines 159 to 196 of the Top-
Level design file, as shown in Figure 3.36.

B/ MachX05_ASC10_Demo_Top.v

WR_SEQ inst

tm_enable seq (ptm_start up w),
tm_seq _done o (ptm_done w),
m pwr dn done o (ptm pwr dn done w),

_shut_down_i (ptm_shut dn w),

.segment 0O

W ~ t

.segment 1

vhﬁ
0

0

.segment 2

=
se
e

0]

Q Q Q
m
0

.segment 3

A

-segment 4

0
m
(9]
0 0

.segment_S5

0

.segment 6

0

0.,
(

(

(

(seg d
(

(

(s

o
(Ie] IA,Q
WIO

.segment 7

I
|

.ASCO_RSTN (asc0_reset i),
.Global Clock (clk_8M

.rdat (asc0_rdat i),
.wdat 0 (ascO0_wdat o),
.wrclk O (ascO0_wrclk o),

.rdat 1 (ascl_rdat i),
.wdat_l (ascl_wdat_o).
4wrclk_1 (ascl_wrclk_o),

.rdat 2 (asc2 rdat i),
-wrclk 2 (asc2_wrclk o),
.wdat 2 (asc2 wdat o)

Figure 3.36. Radiant — Platform Manager 2 IP instantiation
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The Propel Builder SOC IP module MachX05_ASC10_Demo is instantiated and connected in lines 200 to 210 of the
Top-Level design file, as shown in Figure 3.37.

f start Page s B Machx05_ASC10_Demo_Top.v

ol b5 t dn w, ptm start up w, led o}),
_w, ptm done w, ptm pwr dn done w, gpio_ i , bridg bd p r, dipsw i}),

(reset

(rxd i),

(clk_8MHz_w)

Figure 3.37. Radiant — SOC Instantiation

Between these two Figures, it can be seen how the two IPs are connected with the ptm_xxx_w wires. The placement of
the wires in the SOC GPIO input and output ports determines the bit map in the RISC-V firmware.

The Top-Level ports (the MachXO5-NX physical connections) are between line 42 and line 87 of the
MachXO5_ASC10_Demo_Top module as shown in Figure 3.38.

M Start Page i '7 MachX05_ASC10_Demo_Top.v

asc0O_rdat i

asc0_wdat o,

asc2_rdat_ i,
asc2 wdat o
asc2_wrcl

i io2

Figure 3.38. Radiant — Top Level Ports
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Radiant’s device Constraint Editor is used to map the Top-Level ports to the MachXO5-NX physical pins based on the
schematics of the evaluation boards.

Now, the design is set up for Synthesis, Map, Place & Route, and Export a programming file. If either the SOC design in
Propel Builder or the Platform Manager 2 design in Diamond are modified, then Radiant will know the source files have
been updated and a re-build is necessary. If changes in the number of ports, names of ports, or the size of the ports
changes, then the Top-Level instantiations will need to be modified. However, the RISC-V still needs some firmware
before we have a working demo.

3.10. Starting the Propel SDK

In Step 3.7 Generating the SOC RTL, Propel Builder also generates system information files that are used in the Propel
software development kit (SDK).

When Propel SDK is first launched for this demo a new workspace is created as shown in Figure 3.39.

Select a directory as workspace

Lattice Propel uses the workspace directory to store its preferences and development artifacts.

Workspace: [C:\Users\cdlx1\Documents\Eval Boards\MachX05_Eval\MachX05_ASC10.D + Browse...

[ Use this as the default and | £

~ Recent Workspaces

N > ThisPC > Documents > EvalBoards > MachX05_Eval > MachX05_ASC10_Demo v O Search MachX05_ASC10_De
o./workspace
Organize v New folder =~ @
@ AvantPower Demo A Name Date modified Type Size
[ This PC impl_1 File folder
: MachX05_ASC10_Demo File folder
J 3D Objects
MachX05_ASC10_Demo_tcr.dir File folder
[ Desktop
= b, . PPL_Workspace File folder
| Documents
= sge File folder
¥ Downloads
source
& Music verification File folder
&] Pictures
B Videos
i Windows (C) v € >

Folder: | PPL_Workspace

Select Folder Cancel

Figure 3.39. Propel SDK — New Project Workspace

1. Browse the Propel Builder generated file sys_env.xml as shown in Figure 3.40.

There is no active editor t

Load System and BSP —
€ No system environment file

Select system environment file and BSP package

System env: vl Browse..
<« = <« Documents > EvalBoards > MachX05_Eval > MachX05_ASC10_ Demo > sge ) Search sge
Organize v New folder = O @O
% Name <?xml version="1.0" encoding="utf-8"?> S
[ This PC . <lattice:systemenv
xmins:ipxact="http://www.accellera.org/xMLschema
8 3D Objects application /IPXACT/1685-2014"
b xmins:lattice="http://wwa. latticesemi.com/lattic
[ Desktop sp s
soc_svd <lattice:system>

“| Documents Dy <lattice:general>

<lattice:vendor>
W Hownionds Jattice</lattice:vendor>
D Music " <lattice:library>
propel</lattice:Tlibrary>
=] Pictures _<lattice:name>MachX05_AsC10
_bemo</lattice:name>
B Videos
S8 <lattice:version>2.2</lattice:version>
‘& Windows (C) <lattice:deviceramily>
2 3 z LFMX05</Tattice:deviceFamil
- [ data\lha\d: SRS % % Aarricartomnlatranamastalla warld i
File name: | sys_envaml v | Fxml v
A\
@ Open Cancel

Figure 3.40. Propel SDK — New Project System and BSP
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2. Select the Project type as “C++” as shown in Figure 3.41, and then provide a project name as shown in Figure 3.42.

<

103 C/C++ Project O X
Load System and BSP —
Correct system environment file and get toolchain parameter [-
T
Select system environment file and BSP package
System env: I C:\Users\cdix1\Documents\Eval Boards\MachX0O5_Ev VI l Browse... |
Select processor core to create C/C++ Project
Core selected: lcpuO_inst V|
Project type: ! C++ v ‘

System information

Device Family CPU Name Instance Name

LFMX05 riscv_mc cpul_inst

® oo

Figure 3.41. Propel SDK — New Project C++

N
5 C/C++ Project

C/C++ Project
Create C/C++ project of selected type

0O

A

Project name: | MachX05_ASC10_Demo

[ Use default location

Location: | G\Users\cdix 1\Documents\Eval Boards\MachX05_Eval\Mac Browse...

Choaose file systern: [default S|

Project type:
v (= Executable A RISC-V Cross GCC
@ Empty Project
® Lattice C/C++ Project v
< >

Show project types and toolchains only if they are supported on the platform

@ | <Back | Net> | Fmsh | Cancel

Figure 3.42. Propel SDK — New Project Name
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3. Accept the default Toolchain Settings and click the Finish button as shown in Figure 3.43.

i
i@ C/C++ Project O

Lattice Toolchain Setting

Configuration: j Debug |

Lib Setting  C/C++ Compiler C/C++ Linker

(O No default libraries (-nodefaultlibs)
O Newlib

(O Newlib-nano (--specs=nano.specs)
@ Picolibe (--specs=picolibc.specs)

Printf Level
(@ Integer only printf (-DPICOLIBC_INTEGER_PRINTF_SCANF)

(O Float printf (-DPICOLIBC_FLOAT_PRINTF_SCANF)
O Full printf (-DPICOLIBC_DOUBLE_PRINTF_SCANF)

System Library
@ Default

(O Semihosting (--oslib=semihost)
(O Dummyhosting (--oslib=dummyhost)

@ ‘ < Back | Next > [ Finish ] ‘ Cancel 1

Figure 3.43. Propel SDK — New Project Tool Settings

4. The Propel SDK environment will be displayed with the main.c file open as shown in Figure 3.44.

“«
‘
:
|
2
=

- ¥ r Q 8|8
_ B ™ O | (B Outline i\ sEARYeR § "D
ERY E| « /- - U ptmasch
v 55 MachX05_ASC10_Demo - U usth
& Bnares ] U 2cmateh
> 5 Inchudes. e U gpioh
v @ e - o U wish
it 4 winclude "utils.h" U suioh
i 7 sinclude cstdio.n> # MANDEUG
@ gpio 45 sdefine MAIN_DEBUG it
2c_macter o & DEBUG PRI
& discrme 51 wifdef MAIN_DEBUS ® gpioljnst. struct gpio_instance
AR 52 #define DEBUG_PRINTF printf ® un_core uant
oys_pltformh e ® 2cm et struct
8 o S5 sdefine DESUG_PRINTE .
@ manc o andif = @ ptm_ssc st truct o
2 ptm_escc : 4 print fouhsiveid) ol
B pamsech ® manivoid):int
3 wiks 8 BAL VARL © print fauhsiveid)
& utish ]
B coutovd P
9 cpulyami 2
R nkersd e
@ sys_envami 4
3 Dakesy 55 void print_faults(void);
6 MachX03.ASC10_Demo2 ?
o= int main(void)
¢ static uintd_t idx = )
« int § ascs = €
71 int i feult_en
7 it i faults
7% int 1 faultresd_enabled
int i_fault_trig clesred
unsigned int i_dip_tw;
usrt_init(8uart_core_uart, UARTS_INST_BASE_ADOR, SYSCLK_KWZ, UARTO_INST_BAUD_RATE, 1, 8);
#ifdef LSCC_STDIO_UART_APB
extern struct uart_instance *g_stdlo_uart;
g_stdio_uart = duart_core_uart;
5 eendif
(£ Problems & Tasks| @ Console & ] Properties 3 Terminal & ¢ Bz &~B-m-=0o
(COT Buikd Conscle [MachXO5_ASC10_Demo]
16135118 **** Build of configurstion Debug for project MachXOS_ASCIE Demo **°* -
make all
Invoking: G RISC-V Cross Print Size
riscy-none-enbed-size --format=berkeley “MachK0s_ASC1O_Demo.elf”
text data  bss  dec  hex filename
10548 652 3272 14464 3880 MachxOs_ASCLE Demo.elf
Finished building: Pachx0s_3SC1e_Deno.siz
16135144 Build Finished. © errors, O warnings. (took 295.965ws)
« > .
Weitsble Smact lnset 47:19: 2008 s B ]

Figure 3.44. Propel SDK — IDE main.c File
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3.11. Modifying main.c

Several edits to main.c were made for the demo design and are covered in this section.

1.

Add global variable ptm_asc_inst:

This structure is used to hold pointers and data to support interface with the L-ASC10s. Details of the structure are
covered in the next step.

Add several local variables:

Basic looping index, integers for number of ASCs and number of faults, and several flags to manage the Platform
Manager 2 Fault detection.

DIP Switch:

e None: The L-ASC10s use the settings within their EECMOS — no configuration is done from the RISC-V.

e SW1: The L-ASC10s will be configured by the erase, program, and verify algorithm (similar to Programmer).
e SW2: The L-ASC10s will be configured by writing to their SRAM and then verifying.

gpio_input_get(&gpio@_inst, 0, &i_dip_sw);
i_dip_sw &= oxeF;
DEBUG_PRINTF("DIP SW = %d\n\r", i_dip_sw);

if((i_dip_sw & @xe1) == @) {
DEBUG_PRINTF("Programming ASC1@s!\r\n");
i_ascs = ptm_asc_program_eeprom_config(&ptm_asc_inst);
if(i_ascs < PTM_ASC_I2C_ERROR_NAK)
DEBUG_PRINTF("Total of ¥d ASC1@s Programmed!\r\n", i_ascs);
else
switch(i_ascs) {
case(PTM_ASC_I2C_ERROR_NAK) :
DEBUG_PRINTF("NAK Errors Ocurred - ASC1@ Programming Failed!\n\r");
break;
case (PTM_ASC_ERROR_PRG_MODE) :
DEBUG_PRINTF("Program Mode Errors Ocurred - ASC1@ Programming Failed!\n\r");
break;
case (PTM_ASC_ERROR_VERIFY):
DEBUG_PRINTF("Verify Errors Ocurred - ASC1@ Programming Failed!\n\r");
break;
case (PTM_ASC_ERROR_ERASE):
DEBUG_PRINTF("Erase Errors Ocurred - ASC1@ Programming Failed!\n\r");
break;
default :
DEBUG_PRINTF("Toc many Errors Ocurred - ASC1@ Programming Failed!\n\r");
break;
}
¥

if((i_dip_sw & @x02) == @){
DEBUG_PRINTF("Configuring ASC1@s!\r\n");
i_ascs = ptm_asc_write_sram_config(&ptm_asc_inst);
if(i_ascs < PTM_ASC_I2C_ERROR_NAK)
DEBUG_PRINTF("Total of ¥d ASCl@s Configured!\r\n", i_ascs);
else
switch(i_ascs) {
case(PTM_ASC_I2C_ERROR_NAK) :
DEBUG_PRINTF("NAK Errors Ocurred - ASC1@ Config Failed!\n\r");
break;
case (PTM_ASC_ERROR_VERIFY):
DEBUG_PRINTF("Verify Errors Ocurred - ASC1@ Config Failed!\n\r");
break;
default :
DEBUG_PRINTF("Too many Errors Ocurred - ASC1@ Config Failed!\n\r");
break;

}

Figure 3.45. Propel SDK — Main DIP Switch Options

Platform Manager 2 Interface
This is the primary goal of this demo design.

One function call is made after decoding the DIP switch to enable the Platform Manager 2 sequence. Followed by a
function to see if the Platform Manager 2 sequence is complete, as shown in Figure 3.46.
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DEBUG_PRINTF("Starting ASC1@ Power Up Sequence!\r\n");
ptm_asc_set_pwr_seq_start(&ptm_asc_inst);

while (ptm_asc_inst.i_seq_done_flag == @) {
ptm_asc_get_pwr_up_seq_done(&ptm_asc_inst);

DEBUG_PRINTF("ASC1@ Power Up Sequence Complete!\r\n");

Figure 3.46. Propel SDK — Main Platform Manager 2 Start

This is followed by a loop where several functions are called to interface with the Platform Manager 2 using the GPIO
and I1°C objects as shown in Figure 3.47.

167
168
169
170
171
172
173
174
175
176
177
178
179
18@
181
182
133
184
185
186
187
188
189
190
191
192
193
194
195
196
197
193
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

//

while (true) {

ptm_asc_get_pwr_dn_seq_done(&ptm_asc_inst);
if(ptm_asc_inst.i_seq_off_flag) {
DEBUG_PRINTF("ASC12 Power Down Sequnce Complete!\r\n");
return 9;

if(i_fault_cnt == 5){
DEBUG_PRINTF("Too Many Faults - Shutting Down!\r\n");
i_fault_cnt = 6;
ptm_asc_set_fault_trig(&ptm_asc_inst, PTM_ASC_FAULT_TRIG_ENABLE);
ptm_asc_set_pwr_seq_shutdown(&ptm_asc_inst);
}
ptm_asc_get_pwr_fault(&ptm_asc_inst);
if((ptm_asc_inst.i_seq_fault_flag) && (i_ready4fault)){
i_ready4fault = 0;
i_faultsread = @;
i_fault_cnt++;
DEBUG_PRINTF("Total ASC1@ Faults = &d\r\n", i fault_cnt);

¥

if(!(ptm_asc_inst.i_seq_fault_flag) && !(i_ready4fault)){
i_readyafault = 1;
i_faultread_enabled = 0;
i_faultsread = @;
i_fault_trig_cleared = @;
ptm_asc_set_fault_trig(&ptm asc_inst, PTM ASC FAULT_TRIG_ENABLE);
DEBUG_PRINTF("ASC1@ Ready for Faults\r\n");

¥

if((ptm_asc_inst.i_seq_fault_flag) && !(i_faultread_enabled)){
ptm_asc_get fault_read_enabled(&ptm_asc_inst);
DEBUG_PRINTF("Enabling the Reading of ASC1@ Faults\r\n");
i_faultread_enabled = 1;

if((ptm_asc_inst.i_seq_fault_flag) && !(i_faultsread)){
if(ptm_asc_inst.i_read_fault_en_flag){
DEBUG_PRINTF("Reading ASC1@ Faults ");
ptm_asc_get_faults(&ptm_asc_inst);
print_faults();
i_faultsread = 1;

}

// Check if PB2 on ASC Bridge Board is pressed

gpio_input_get(&gpio@_inst, @, &i_dip_sw);

if((i_dip_sw & @x1@) && !(i_fault_trig cleared)){
DEBUG_PRINTF("Clearing ASC1@ Fault Trigger\r\n");
ptm_asc_set_fault_trig(&ptm_asc_inst, PTM _ASC_FAULT_TRIG_CLEAR);
i _fault_trig cleared = 1;

Figure 3.47. Propel SDK — Main Loop
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5. Platform Manager 2 Fault Decoder:

This local function print_faults(), listed in Figure 3.48, decodes the fault record for the VMONSs monitored in this
design and sends a message over the UART to indicate which ASC had the fault and if the fault was an over-voltage
or under-voltage. When running the demo, these messages correspond to actions taken on the VMON slider POTs.

void print_faults(void){
if((ptm_asc_inst.asc[@].fault[4] & FAULT_MASK_VMON7A) == @){

if((ptm_asc_inst.asc[@].fault[4] & FAULT_MASK VMON7B) == @){
DEBUG_PRINTF("ASC@ VMON7 Under Voltage\r\n");
} else {

DEBUG_PRINTF("ASC@ VMON7 Over Voltage\r\n");

MNNNNRNN

}

¥
if((ptm_asc_inst.asc[@].fault[4] & FAULT_MASK_VMONBA) == @){
if((ptm_asc_inst.asc[@].fault[3] & FAULT_MASK_VMONBB) == @){
DEBUG_PRINTF("ASC® VMON8 Under Veltage\r\n");
} else {
DEBUG_PRINTF("ASC@ VMON8 Over Voltage\r\n");

& U
® O o

NMNNNNNNNON
S~y ;
w N

4. }

245 if((ptm_asc_inst.asc[1].fault[4] & FAULT_MASK_VMON7A) == 8){

246 if((ptm_asc_inst.asc[1].fault[4] & FAULT_MASK_VMON7B) == @){
247 DEBUG_PRINTF("ASC1 VMON7 Under Voltage\r\n");

243 } else {

249 DEBUG_PRINTF("ASC1 VMON7 Over Voltage\r\n");

250 }

251 }

252 if((ptm_asc_inst.asc[1].fault[4] & FAULT_MASK_VMONBA) == @){

253 if((ptm_asc_inst.asc[1].fault[3] & FAULT_MASK_VMONBB) == @){
254 DEBUG_PRINTF("ASC1 VMON8 Under Voltage\r\n");

255 } else {

256 DEBUG_PRINTF("ASC1 VMON8 Over Voltage\r\n");

257 }

258

259 if((ptm_asc_inst.asc[2].fault[4] & FAULT_MASK_VMON7A) == @){

260 if((ptm_asc_inst.asc[2].fault[4] & FAULT_MASK VMON7B) == @){
261 DEBUG_PRINTF("ASC2 VMON7 Under Voltage\r\n");

262 } else {

63 DEBUG_PRINTF("ASC2 VMON7 Over Voltage\r\n");

64 }

}
if((ptm_asc_inst.asc[2].fault[4] & FAULT_MASK_VMONBA) == @){
if((ptm_asc_inst.asc[2].fault[3] & FAULT_MASK_VMON3B) == @){
DEBUG_PRINTF("ASC2 VMON8 Under Voltage\r\n");
59 } else {
DEBUG_PRINTF("ASC2 VMON8 Over Voltage\r\n");
¥

MNRNMNMNNNN

INN NN

Figure 3.48. Propel SDK — Main Print Faults

3.12. Writing Code to Interface with Platform Manager 2

In this section we will highlight some of the code written to interface with the Platform Manager 2 IP. All of the code is
contained in the header file (ptm_asc.h) and source file (ptm_asc.c). A complete description of all of the functions
within the source file (ptm_asc.c) is provided in Appendix A.
The header file (ptm_asc.h) can be divided into three major sections;

o #defines

e  Structures

e function prototypes.

Most of the #defines are derived directly from the L-ASC10 Data Sheet. A few of the #defines at the very top of the file,
listed in Figure 3.49, represents the connection made in the Radiant design (see Figure 3.37 and Table 3.5).
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// PTM Control Bits

#define GPIO PTM PWR_CLR FAULT 10
#define GPIO_PTM_PWR_SHUTDOWN 9
#define GPIO_PTM_PWR_ENABLE 8

B
ooy D

// PTM Control Masks

#define PTM_PWR_CLEAR_FAULT @x400
#define PTM_PWR_SHUTDOWN ©x20@
#define PTM_PWR_ENABLE 0x100

* D

LV IV BV BV, BV, B O
w N =

B U

// PTM Status Bits

#define GPIO_PTM_PWR_FAULT 10
#define GPIO_PTM_PWR_DONE 9
#define GPIO_PTM_PWR_DN_DONE 8

AL A RV BV, B
LYW

D U

// PTM Status Masks

#define PTM_PWR_FAULT @x400

652 #define PTM_PWR_SEQ _DONE ©x2080
63 #define PTM_PWR_DN_DONE ©x100

(%)
[e

o
ey

Figure 3.49. Propel SDK — ptm_asc.h, Defines PPL_IDE

The ptm_asc_instance structure, listed in Figure 3.50, holds pointers to both the GPIO and I2C interfaces, various fault
related flags, and an array of eight asc_device structures.

135 struct asc_device {
36 unsigned char * data;
37 unsigned char fault[7];

138 };

&= struct ptm_asc_instance {

const char *instance_name;
struct i2cm_instance * i2cm;
struct gpio_instance * gpio;
int i_total_asc;

N

NS
VY

i v

45 int i_seq_done_flag;

46 int i_seq_fault_flag;

47 int i_seq_off_flag;

43 int i_read_fault_en_flag;
49 struct asc_device asc[8];
560 };

151

152= enum ptm_asc_fault_trigger {
153 PTM_ASC_FAULT_TRIG_CLEAR,

B

PTHM_ASC_FAULT_TRIG_ENABLE

1
i e
1
1
1

Vi un
Y

}s

n

Figure 3.50. Propel SDK — ptm_asc.h, Structures

The asc_device structure holds a pointer to the configuration data for the respective L-ASC10 device and the fault
array contains the full fault record for the same device. The data pointer is set when the ptm_asc_init function is called
and the fault array is populated by the ptm_asc_get_faults function (both are described in the API section).

The source file (ptm_asc.c) contains commands, listed in Figure 3.51, that are based on the L-ASC10 Data Sheet and
Programming Specification.
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unsigned
unsigned
unsigned
unsigned
unsigned
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unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

00 00 00 0
W N

O W WO 0 0O 00 o0 00
N ® WS oOWn

char
char
char
char
char

char
char
char
char
char
char
char
char
char
char
char
char

// ASC I2C Commands

ptm_asc_cmd_read_id[] = { @x@2};
ptm_asc_cmd_read_status[] = {8x@3};
ptm_asc_cmd_write_config[] = { @x31, oxee};
ptm_asc_cmd_read_config[] = { 9x33, @xee};
ptm_asc_cmd_load_config[] = {@x35};

ptm_asc_cmd_read_fault_enable[] = {@x74, @xAC};
ptm_asc_cmd_read_fault_disable[] = {@x74, @x@0}; //
ptm_asc_cmd_read_volatile_fault_reg[] = {8x73};
ptm_asc_cmd_read_user_tag_cfg_reg[] = {@x33, 0x66};
ptm_asc_cmd_enprog[] = {@x@4, ©x3D, @xES};
ptm_asc_cmd_usermode[] = {@x@5};
ptm_asc_cmd_becfg[] = {@x21};
ptm_asc_cmd_writecfg[] = {@x22};
ptm_asc_cmd_progcfg[] = {0x24, @xe0};
ptm_asc_cmd_vercfg[] = {@x25, 0xe8};
ptm_asc_cmd_progdone[] = {8x27};
ptm_asc_cmd_ldshdw[] = {@x28};

Figure 3.51. Propel SDK — ptm_asc.c, I1*C Commands

The configuration data arrays are #included in the source file (ptm_asc.c), as listed in Figure 3.52, instead of having to
copy-and-paste every time the L-ASC10 configuration changes. Also, the configuration header files for each L-ASC10 is

added to the list of Project Includes.

[ Project Explorer RN

B

S Y 2 = B |4 mainc \ [h] ptm_asc.h | | ptm_asc.c 50

v 5 MachX05_ASC10_Demo
> i&.’ Binaries
v [ Includes

» [ ASCO_data.h

> E] ASC10_PWR_SEQ_ASCO.h
> [h] ptm_ascO_data.h

> [B ptm_ascl_data.h

[h ptm_asc2_data.h

|V

132

134 // Include unsigned char ptm_asc@_data array
135 #include "ptm_asc®_data.h"

v (£ C:/Documents/Eval Boards/MachX05_Eval/MachX0O5_AS 136

137 // Include unsigned char ptm_ascl_data array
38 #include "ptm_ascl_data.h"
9

48 // Include unsigned char ptm_asc2_data array
141 #include "ptm_asc2_data.h"

Figure 3.52. Propel SDK — ptm_asc.c, Configuration includes
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3.13. Converting the L-ASC10 Programming Files

The L-ASC10 configuration header files (ASCO is shown in Figure 3.53) are generated from the ASC_Hex_Reader.exe
utility that converts the .hex programming file into the unsigned char array that can be #included into the design.

i Project Explorer &3 =

[

JEU

L€l ptm_asc.c

= LATTICE

ptm_asc0_data.h &3

v 12 MachX05_ASC10_Demo
Binaries

Includes

(1=} C:/Documents/Eval Boards/MachX05_Eval/MachX05_AS
|n] ASCO_data.h
|h] ASC10_PWR_SEQ_ASCO.h

b
el
v [l
v

unsigned char ptm_asc@_data[] = {

[ ptm_ascd_data.h @xFF, @xFF, @xFF, @xFF, @xFF, @xFF, @xFF, OXFF,
R i s et OXFF, OXFF, OXFF, OxFF, Ox4E, Ox11, @Ox4E, oxll,
& SR 1 Ox4E, @x11, @x4E, @x11, OxFC, @x88, @x9C, OxC7,
W ptm_asc2 data.h 11 @x00, 0x9C, OxC7, 0x8@, Ox9C, OxC7, @xe8, @x9C,

(1=} Ci/fIscc/propel/2.2/sdk/riscv-none-embed-gcc/lib/gec/ric 12 oxC7, 8x00, Ox9C, 8xC7, Oxee, 8x9C, oxC7, 0xeo,

(8! C:/Iscc/propel/2.2/sdk/riscv-none-embed-gec/lib/gec/ris| | 13 ox1D, @exD7, ex2e, ex92, @xD2, ex53, exdC, ex(7,

(18! C:/lscc/propel/2.2/sdk/riscv-none-embed-gec/riscv-noni| | 4 0xe0, @x9C, exC7, exes, oxe0, oxeo, @xe4, oxee,

0 Cccpepatamiro are ot sesrvron | 12 ST 978, 9 o0’ v, ool oe! o

154 C:/Iscc/propel/2.2/sdk/riscv-none-embed-gcc/riscv-noni| | 45 OxFFj 9x81: 0x47: exsF: ex%: exeej exeej exse;

(& Ci/lscc/propel/2.2/sdk/riscv-none-embed-gcc/riscv-nomi ox00, OxFF, @x31, 0x4@, ox1C, @x4e, exlC, ox4e,

(&) C:/lscc/propel/2.2/sdk/riscv-none-embed-gcc/riscv-noni ox1C, x40, Ox1C, 0xed, oxeo, @xee, OxFF, OxFF,

& MachX05_ASC10_Demo/src @x8@, OxFF, @xAA, OxFE, OxFF, @OxF8, OxFF,

B MachX05_ASC10_Demo/src/bsp 21 " QXFF.' @xFF, OxFF, OxFF, OxFF, OxFF, OxFF

8 MachX05_ASC10_Demo/src/bsp/driver 5 | et

B Y [ . VAU Y S S S

Figure 3.53. Propel SDK — ptm_asc0_data.h

The ASC_Hex_Reader.exe utility is copied into the L_ASC10 subfolder, where Platform Designer exports the ASC .hex
files. By running the utility in the same folder, the command line does not have to include the full path, as shown in
Figure 3.53. For this demo design, the “up” arrow was used with the “left” arrow to edit the “0” to “1” and later to “2”
followed by the “enter” key to generate the header files for ASC1 and ASC2. This reduced the amount of typing. This
utility could be ported into a graphical user interface, in the future, to simplify this step.

C:\Documents\Eval Boards\MachX05_Eval\MachX
_Lattice L-ASC10 HEX File Reader
Copyright 2022, Vers Dec 3@,
Opening ASC10_PWR_SE! CO.hex

10_PWR_SEQ_IP\L_ASC1@>asc_hex_reader -i ASC10_PWR_SEQ_ASCO.hex -o ptm_asc®_data.h -a ptm_asc@_data

2022

g Data from ASC1@_PWR_SEQ
ol Platform De
Reader
gh 5
verted on Tue Jan 18, 20
gned char ptm_,
OxFF, OxFF,
OxFF, OxFF,
Ox4E,
oxee, o

> FFFFFFFFFFFFFFFF
> FFFFFFFF4E114E11

> 8@9CC7009CC7009C
> C7009CC7009CC700
2D C7

00000C000
476F000BBOED

> @OFF81401C401C40
1C401CE00000F FFF
FFAAAAFEFFF8FF

> FFFFFFFFFFFFFFFF

PO O ®

OxFF, ©: 5
OxFF, OxFF,

- File Write Complete ptm_asc@_data.h with C++ array ptm_asc@_data ---

Figure 3.54. Command Prompt — ASC_Hex_Reader
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3.14. Loading the Firmware into Memory

After the Propel SDK tool is used to successfully compile the firmware, we need to go back to Propel Builder and
initialize the system memory with the firmware.

1. Double-click on the system0_inst to open the memory IP configuration dialog, shown in Figure 3.55.
2. Tick the Initialize Memory checkbox and browse to the Initialization File MachXO5_ASC10_Demo.mem
3. Click the Generate button.
4. Click the Generate tool to update the SOC IP RTL.
5. Return to Radiant to build the entire project so that it can be programmed into the evaluation board.
% Mo =
Configure Component from Module system_memory Version 1.1.2 —_—
Set the following parameters to configure this component. |-
Diagram sysmem0 Configure IP
General Port SO Settings Port 51 Settings r
Property Value
~ General
Memory Address Depth [1-32768] 8192
sysmemo Data Bus Width(bits) 2

~ Memory Type EBR
Port Count [1-2] 2

-
— H BL_SO ECC Enable :

Enable Arbiter

— H BL S1 ~ FIFO Streamer -
&= Enable FIFO Streamer

—ahbl_hclk_i
— ahbl_hresetn_i l——-—' Initialization
= == Initialize Memory E L
L Initialization File Format hex
system memory Initialization File ./PPL_Workspace/MachX05_ASC10_Demo/Debug/... |
4 > = No DRC issues are found.

Generate Cancel

Figure 3.55. Propel Builder — System Memory Initialization

There is a shortcut in Radiant for updating the firmware without rebuilding all the SOC and Platform Manager 2 IP. This
is useful when developing or modifying the firmware.

1. Click on the ECO Editor tool icon, shown in Figure 3.56, or click Tools -> ECO Editor to open the tool.

ECO Editor

Figure 3.56. Radiant ECO Editor — Icon
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2.  When the tool opens, click on the Memory Initialization tab, shown in Figure 3.57, near the bottom of the screen.
led_o[4] LVCMOS33
4
sysIO Settings
Figure 3.57. Radiant ECO Editor — Memory Initialization Tab
3.

Double-click the Choose File as shown in Figure 3.58, and the Memory Initialization Settings window will open,
shown in Figure 3.59.

File Edit View Project lools Window Help
L o / B TN
B-& = X W W
> B

/: ECO Editor

Memory Instance Attribute
v Bl MachX05_ASC10_Demo

3 B Width:32 Depth:8192 Mode:EBR
¥ LFMXO05-25-7BBGA400C
v @l Strategies

B Area

Memory Initialization Choose File ...

v Components

Figure 3.58. Radiant ECO Editor — Choose File

4. Inthe Settings window, select Hexadecimal for the File Format and browse to the MachXO5_ASC10_Demo.mem
file, then click OK.
QLD LANAD AT DAL AL L0 1 wn
@ initialize all bits to 0
@ initialize all bits to 1
O Initialize by Memory File
File Format: |Hexadecimal
Memory File: |2/MachX05_ASC10_Demo/Debug/MachX05_ASC10_Demo.mem
OK
Figure 3.59. Radiant ECO Editor — Settings
5. After clicking the OK button, double-click on the Export Files and the Save dialog box will open as shown in Figure
3.60. Click the Save button and Radiant will include the latest firmware into the programming file without having to
repeat the synthesis, map, and P&R processes as shown in Figure 3.61.
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By default ECO changes will be saved to current active UDB file, these changes
will be discarded after re-run Map, Place and Routing process. To keep these
changes, you can export ECO changes to a Tcl script file or save ECO changes to

a separate inactive UDB file,

Export Save as... Cancel

Figure 3.60. Radiant ECO Editor — Save

File Edit View Project Tools Window Help
3 — = ) mm e
B-&- 2 X W W
n |
/. ECO Editor
~ B MachX05_ASC10_Demo

W LFMXO05-25-7BBG400C

v [ Strategies

Figure 3.61. Radiant ECO Editor — Exporting Files
6. With the ECO Editor tool left open, the shortcut gets even shorter by using the Tcl Console to rerun the command.
Use the “up” arrow (on the keyboard) to bring the command to the cursor and press the “Enter” key, as shown in

Figure 3.62. Repeat the Save and Export Files operations and a new programming file is ready for testing.

Memory Initialization

1>} T Console

Figure 3.62. Radiant ECO Editor — TCL Command

3.15. Running the Demo

Depending on the setting of the DIP switch (SW1) on the MachXO5-NX Development board, the demo will start by
configuring the three L-ASC10s or skip right to enabling the Platform Manager 2 IP.

In any case, the demo should start with the VMON slider POTs on the L-ASC10 Breakout boards all the way down (zero
volts nearest the ASC Bridge board).

1. The Platform Manager 2 IP will turn on LED2 on the ASCO board and wait for the VMONZ7 slider POT voltage to be in
the window (see Table 3.1).

2. Gradually move VMON7 POT up until LED3 and LED4 turn on. Gradually slide VMONS8 POT up until LED5 and LED6
turn on. Repeat this process for ASC1 and ASC2.

3.  When all the VMON slider POTs are in position and the LEDs on all three ASC Breakout boards are on, then the
Terminal will display “ASC10 Power Up Sequence Complete!” as shown in Figure 3.63.
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([ Problems | v=| Tasks | & Console 1 (] Properties | & Terminal 52 ,
(B com7 2
E?"1aChX05-71X and ASC10 Demo v1.0 10-JAN-2023 11:54 pm

[DIP SW = 15

IStarting ASC1@ Power Up Sequence!

IASC1@ Power Up Sequence Complete!

?E‘rotal ASC1@ Faults = 1

Reading ASCle Faults ASC1 VMONS Over Voltage
IIClearing ASC1@ Fault Trigger

lASC1@ Ready for Faults

\Total ASC10 Faults = 2

|Reading ASC1@ Faults ASC1 VMON7 Over Voltage
IClearing ASC1@ Fault Trigger

IASC1@ Ready for Faults

:Fotal ASC10 Faults = 3

Reading ASC1@ Faults ASC@ VMON8 Over Voltage
IIClearing ASCl@ Fault Trigger

IASC1@ Ready for Faults

Total ASC1@ Faults = 4

ﬁReading ASC1@ Faults ASC@ VMON7 Over Voltage
IClearing ASC1@ Fault Trigger

IASC1@ Ready for Faults

?Fotal ASC1@ Faults = 5

Reading ASC1@ Faults ASC2 VMON8 Over Voltage
\Too Many Faults - Shutting Down!

IASC1@ Power Down Sequnce Complete!

Figure 3.63. Propel SDK Terminal — Demo Running Power Sequence

4. Now the system will wait for either a press of a GPI010 push button to sequence the power down or an
accumulation of five faults to initiate a power down sequence.

5. To generate a fault, any VMON slider POT can be moved above the upper trip point value or below the lower trip
point value. The 7-segment display on the MachX05-NX board will display the letter ‘F’ to indicate that a VMON
input is outside the window values. The terminal will display a fault count followed by a description of the fault, as
shown in Figure 3.63.

6. Restore the VMON slider POT to within the lower and upper trip point values and the 7-segment display will turn
off. Press push button SW2 on the ASC Bridge board and the terminal will display the “Clearing ASC10 Fault Trigger”
and “ASC10 Ready for Faults” messages, as shown in Figure 3.63.

7.  When four more faults have been generated (and cleared) the demo will send the message to the terminal that too
many faults have occurred and the system is shutting down. At the same time all the LEDs on the ASC Breakout
boards will sequence off.

The flexibility of this demo design is that any VMON can be over or under voltage in any order to generate a total of
five faults.

Figure 3.64 displays the terminal results when the DIP switch is set to configure the L-ASC10 SRAM before enabling the
power sequence and Figure 3.65 displays the terminal results when the DIP switch is set to Erase / Program / Verify the
EECMOS of the L-ASC10s before enabling the power sequence.
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22 Problems [E‘ Tasks 15 Console ID Properties [,@‘ Terminal &3

&) coma7 2

MachX05-NX and ASC18 Demc v1.@ 1@-JAN-2023 11:54 pm

DIP SW = 13

Configuring ASC1@s!

Total of 3 ASC10s Configured!

Starting ASC1@ Power Up Sequence!

ASC1@ Power Up Sequence Complete!

Total ASC1@ Faults = 1

Reading ASC1@ Faults ASC@ VMON7 Over Voltage
Clearing ASC1@ Fault Trigger

ASC1@ Ready for Faults

Total ASC10 Faults = 2

Reading ASC1@ Faults ASC@ VMONS8 Over Voltage
Clearing ASC1@ Fault Trigger

ASC1@ Ready for Faults

Total ASC1@ Faults = 3

Reading ASC1@ Faults ASC1 VMON7 Under Voltage
Clearing ASC1@ Fault Trigger

ASC10 Ready for Faults

Total ASC10 Faults = 4

Reading ASC1@ Faults ASC2 VMON8 Under Voltage
Clearing ASC1@ Fault Trigger

ASC10 Ready for Faults

Total ASC1@ Faults =5

Reading ASC1@ Faults ASC2 VMON7 Over Voltage
Too Many Faults - Shutting Down!

ASC1@ Power Down Sequnce Complete!

Figure 3.64. Propel SDK Terminal — Demo Running Configure and Sequence
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[f_?, Problems I@ Tasks [E Console IE Properties [@ Terminal &3

‘B com27 2

MachX05-NX and ASC1@ Demo v1.8 18-JAN-20823 11:54 pm

DIP SW = 14

Programming ASC10s!

Total of 3 ASC1@s Programmed!

Starting ASC1@ Power Up Sequence!

ASC1@ Power Up Sequence Complete!

Total ASC1@ Faults =1

Reading ASC1@ Faults ASC2 VMON8 Over Voltage
Clearing ASC1@ Fault Trigger

ASC10 Ready for Faults

Total ASC1@ Faults = 2

Reading ASC1@ Faults ASC2 VMON7 Under Voltage
Clearing ASC1@ Fault Trigger

ASC1@ Ready for Faults

Total ASC1@ Faults = 3

Reading ASC1@ Faults ASC1 VMON8 Under Voltage
Clearing ASC1@ Fault Trigger

ASC10 Ready for Faults

Total ASC1@ Faults = 4

Reading ASC1@ Faults ASC1 VMON7 Under Voltage
Clearing ASC1@ Fault Trigger

ASC10 Ready for Faults

Total ASC1@ Faults =5

Reading ASC1@ Faults ASC@ VMON7 Over Voltage
Too Many Faults - Shutting Down!

ASC1@ Power Down Sequnce Complete!

Figure 3.65. Propel SDK Terminal — Demo Running Program and Sequence
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4. Summary

This demo design illustrates how L-ASC10 devices can be integrated into a MachXO5-NX design. It shows how the RISC-
V SOC can interface with power sequencing and respond to faults. This User Guide provides a reference to the multiple
software tools involved in merging the L-ASC10 with the MachX05-NX, including Diamond’s Platform Designer, Radiant,

ASC_HEX_Reader.exe, Propel Builder, and Propel SDK.
By following the design steps outlined in this demo, one could easily add power sequencing and fault logging to

Lattice’s Sentry Solution Stack. Such systems provide a NIST SP8000-193-compliant Platform Firmware Resiliency (PFR)

Root of Trust solution for authenticated and secure updates with a centralized platform management.

This demo design only used 27 % of the total logic available in the MachX05-25 device and the distribution of resources
is summarized in Table A.1.

Table A.1. MachX05-NX and L-ASC10 Demo Resource Utilization

Module LUT4 PFUReg | IO Reg 10 Buff DSP Mult | EBR
Total 6,298 4,111 8 38 6 24
psb_ASC10_PWR_SEQ_inst 585 463 3 0 0 6
uart0_inst 262 146 1 0 0 0
timer_counter_inst 938 728 0 0 0 0
systemO_inst 52 29 0 0 0 16
pll0_inst 0 0 0 0 0 0
osc0_inst 0 0 0 0 0 0
master_i2c_instl 997 604 0 2 0 0
gpio0_inst 147 117 4 0 0 0
cpuQ_inst 2,935 1,752 0 0 6 2
apb0_inst 63 5 0 0 0 0
ahbl2apb0_inst 191 236 0 0 0 0
ahbl0_inst 98 6 0 0 0 0
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Appendix A

Firmware APIs

All the L-ASC10 supporting APIs are contained in the ptm_asc.c source file. The following documentation is divided
between the external functions, those called from main(), and internal functions, those that are shared by several
external functions.

External Firmware APIs

These functions can be called from main() to initialize, configure, program, and read the L-ASC10 using an 12C Master.
They also support the GPIO interface between the RISC-V firmware and the Platform Manager 2 IP. All the
external functions start with the prefix ptm_asc_.

ptm_asc_init

uint8_t ptm_asc_init(struct ptm_asc_instance * ptr_asc, struct i2cm_instance * i2cm, struct
gpio_instance * gpio, int i_total asc);

Description:

This function initializes the ptm_asc_instance structure with pointers to the GPIO and I2C structures to support the
other APIs. It also sets the total number of L-ASC10s in the system and sets the pointers to the configuration data for
each L-ASC10. This function also resets the following status flags:

e i_sequence_done_flag — Set when the Platform Manager 2 IP power up sequence is complete.
e i_seq_fault_flag — Set when Platform Manager 2 IP detects a fault.
e i_seq_off_flag — Set when the Platform Manager 2 IP power down sequence is complete.
e i_read_fault_en_flag — Set when the Platform Manager 2 IP has enabled the reading of faults from the L-
ASC10s.
Inputs:

e ptr_asc: pointer to the ptm_asc_instance structure that is being initialized.
e i2cm : pointer to the i%c_instance structure that has already been initialized.
e gpio : pointer to the gpio_instance structure that has already been initialized.
e i_total_asc: integer that sets the number of L-ASC10 devices in the system.

Outputs:
e Returns a value of 1 if there was an error and a value of 0 upon success.

ptm_asc_write_sram_config
int ptm_asc_write_sram_config(struct ptm_asc_instance * ptr_asc);

Description:

This function writes the L-ASC10 configuration data into the respective L-ASC10s in the system. It also reads the data
back to verify the write operation.

Input:

e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the I2C interface.
Outputs:

e Upon success returns the number of L-ASC10s configured, otherwise returns an error code.
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ptm_asc_program_eeprom_config
int ptm_asc_program_eeprom_config(struct ptm_asc_instance * ptr_asc);
Description:
This function performs the erase, program and verify of the L-ASC10’s non-volatile memory.
Input:

e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the I2C interface.

Outputs:
e Upon success returns the number of L-ASC10s configured, otherwise returns an error code.

ptm_asc_set_pwr_seq_start
void ptm_asc_set pwr_seq_start(struct ptm_asc_instance * ptr_asc);

Description:

This function sets the GPIO signal that releases the reset to the Platform Manager 2 IP to start the power up sequence
and logic.

Input:

e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the GPIO interface.
Output:

e None.

ptm_asc_get_pwr_up_seq_done
void ptm_asc_get pwr_up_seq_done(struct ptm_asc_instance * ptr_asc);

Description:

This function reads the GPIO signal from the Platform Manager 2 IP to check if the power up sequence is complete or
not and sets the i_seq_done_flag accordingly.

Input:
e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the GPIO interface.

Output:
e Thei_seq_done_flag of the ptm_asc _instance structure is set or cleared based on the GPIO signal.

ptm_asc_set_pwr_seq_shutdown

void ptm_asc_set pwr_seq_shutdown(struct ptm_asc_instance * ptr_asc);

Description:

This function sets the GPIO signal that triggers the Platform Manager 2 IP to sequence down the power.

Input:

e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the GPIO interface.
Output:

e None.
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ptm_asc_get_pwr_dn_seq_done
void ptm_asc_get pwr_dn_seq_done(struct ptm_asc_instance * ptr_asc);

Description:

This function reads the GPIO signal from the Platform Manager 2 IP to check if the power down sequence is complete
or not and sets the i_seq_off_flag accordingly.

Input:
e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the GPIO interface.

Output:
e Thei_seq_off_flag of the ptm_asc_instance structure is set or cleared based on the GPIO signal.

ptm_asc_get_pwr_fault
void ptm_asc_get pwr_fault(struct ptm_asc_instance * ptr_asc);

Description:

This function reads the GPIO signal from the Platform Manager 2 IP to check if a power fault has occurred or not and
sets the i_seq_fault_flag accordingly.

Input:
e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the GPIO interface.

Output:
e Thei_seq_fault_flag of the ptm_asc_instance structure is set or cleared based on the GPIO signal.

ptm_asc_get_fault_read_enabled
void ptm_asc_get fault read_enabled(struct ptm_asc_instance * ptr_asc);

Description:

This function reads the GPIO signal from the Platform Manager 2 IP to check if reading faults from the L-ASC10s has
been enabled or not and sets the i_seq_read_fault_en_flag accordingly.

Input:
e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the GPIO interface.

Output:
e Thei_seq_read_fault_en_flag of the ptm_asc_instance structure is set or cleared based on the GPIO signal.

ptm_asc_get_faults

void ptm_asc_get faults(struct ptm_asc_instance * ptr_asc);

Description:

Reads the volatile fault registers from all L-ASC10s in the system, using I12C, and stores the results in the
ptm_asc_instance structure.

Input:

e ptr_asc: pointer to the ptm_asc_instance structure that has the pointer to the I°C interface and the asc_device
structure to store the fault data.

Output:
e The seven bytes of the fault data are stored in the asc_device part of the ptm_asc_instance structure.
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ptm_asc_set_fault_trig

void ptm_asc_set fault_trig(struct ptm_asc_instance * ptr_asc, enum ptm_asc_fault_trigger
i trig);

Description:

This function is used to handshake between the Platform Manager 2 IP and also enable fault logging within the L-ASC10
devices in the system.

Input:
e ptr_asc: pointer to the ptm_asc_instance structure that has the pointer to the I2C and GPIO interfaces.
e i_trig:enumeration
e PTM_ASC_FAULT_TRIG_CLEAR = Sets the GPIO signal that tells the Platform Manager 2 IP that the fault
has been read and it can re-arm the fault detector.
e PTM_ASC_FAULT_TRIG_ENABLE = Clears the GPIO signal so the Platform Manager 2 IP will wait for the
RISC-V firmware to read the next fault and clear the trigger before re-arming the fault detector. Also
sends the I1°C command to all the L-ASC10 devices in the system to re-enable fault capture.
Output:
e None

Internal Firmware APIs

These are support functions that modularize redundant routines to reduce the size and complexity of the external
firmware APIs. All the internal functions start with the prefix ptm_.

ptm_fill_tx_buff

void ptm_fill_tx_buff(unsigned char * asc_inst, int i_inst_sz, unsigned char * asc_data,
int i_byt cnt);
Description:

Fills the I2C transmission buffer with an instruction and a set number of bytes in preparation of an 12C write.

Inputs:
e asc_inst: pointer to the L-ASC10 command or instruction.
e i_inst_sz: number of bytes in the L-ASC10 command or instruction.
e asc_data : pointer to the data to be copied into the transmission buffer.
e i_byt_cnt: number of data bytes to copy into the transmission buffer.
Outputs:

e i2c_tx_buff: global unsigned char array holds instruction and data.

ptm_verify_asc
int ptm_verify_asc(unsigned char * a_buff, unsigned char * b_buff);

Description:
Verifies the L-ASC10 SRAM configuration data using a mask for each byte. The Diamond software tool Platform
Designer creates .hex files with some of the unused bits set but, readback from the hardware has the unused bits
cleared (or visa-versa) — so, the mask is used to prevent false fail indication.
Inputs:

e a_buff: pointer to one set of data.

e b_buff: pointer to other set of data.
Output:

e Returns a value of zero if the two data sets match (using the mask array), otherwise returns a verify error code.
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ptm_read_asc_id
unsigned char ptm_read_asc_id(struct ptm_asc_instance * ptr_asc, unsigned char i_asc_adx);

Description:
Reads the L-ASC10 ID code.

Inputs:
e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the I2C interface
e i_asc_adx: 1’C address of the L-ASC10 whose ID is being read.

Output:
e  Returns 0x88 for valid L-ASC10s otherwise returns 0x00.

ptm_read_asc_sram_cfg

int ptm_read_asc_sram_cfg(struct ptm_asc_instance * ptr_asc, unsigned char i_asc_adx,
unsigned char * asc_data);

Description:

Reads the SRAM configuration from the specified L-AS10 (skipping register address 0x61).

Inputs:
e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the 12C interface.
e i _asc_adx: I1°C address of the L-ASC10 whose SRAM is being read.
e asc_data: pointer to the array to hold the configuration data read from the specified L-ASC10.

Outputs:
e Returns a value of zero upon success otherwise returns an error code.

ptm_write_asc_sram_cfg

int ptm_write_asc_sram_cfg(struct ptm_asc_instance * ptr_asc, unsigned char i_asc_adx,
unsigned char * asc_data);

Description:

Writes the SRAM configuration to the specified L-AS10 (skipping register address 0x61).

Inputs:
e ptr_asc: pointer to the ptm_asc_instance structure that has pointer to the 12C interface.
e i_asc_adx: I>C address of the target L-ASC10.
e asc_data: pointer to the data to write into the L-ASC10s SRAM

Outputs:
e Returns a value of zero upon success otherwise returns an error code.

ptm_print_asc_cfg_data
void ptm print_asc_cfg data(unsigned char * asc_data);

Description:
A debug function to display the configuration data over the UART on the terminal.

Inputs:
e asc_data: pointer to an array filled with the L-ASC10 configuration data.

Outputs:
e None
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.
For frequently asked questions, refer to the Lattice Answer Database at www.latticesemi.com/Support/AnswerDatabase.
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