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Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
products for any particular purpose. All information herein is provided AS IS, with all faults, and all associated risk is the responsibility entirely of the
Buyer. The information provided herein is for informational purposes only and may contain technical inaccuracies or omissions, and may be otherwise
rendered inaccurate for many reasons, and Lattice assumes no obligation to update or otherwise correct or revise this information. Products sold by
Lattice have been subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test
and verify the same. LATTICE PRODUCTS AND SERVICES ARE NOT DESIGNED, MANUFACTURED, OR TESTED FOR USE IN LIFE OR SAFETY CRITICAL
SYSTEMS, HAZARDOUS ENVIRONMENTS, OR ANY OTHER ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE, INCLUDING ANY APPLICATION IN
WHICH THE FAILURE OF THE PRODUCT OR SERVICE COULD LEAD TO DEATH, PERSONAL INJURY, SEVERE PROPERTY DAMAGE OR ENVIRONMENTAL
HARM (COLLECTIVELY, "HIGH-RISK USES"). FURTHER, BUYER MUST TAKE PRUDENT STEPS TO PROTECT AGAINST PRODUCT AND SERVICE FAILURES,
INCLUDING PROVIDING APPROPRIATE REDUNDANCIES, FAIL-SAFE FEATURES, AND/OR SHUT-DOWN MECHANISMS. LATTICE EXPRESSLY DISCLAIMS
ANY EXPRESS OR IMPLIED WARRANTY OF FITNESS OF THE PRODUCTS OR SERVICES FOR HIGH-RISK USES. The information provided in this document
is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any products at
any time without notice.

Inclusive Language

This document was created consistent with Lattice Semiconductor’s inclusive language policy. In some cases, the language in underlying tools and
other items may not yet have been updated. Please refer to Lattice’s inclusive language FAQ 6878 for a cross reference of terms. Note in some cases
such as register names and state names it has been necessary to continue to utilize older terminology for compatibility.
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Abbreviations in This Document

A list of Abbreviations used in this document.

Abbreviation Definition
ACK Acknowledge bit sent from RX side to TX side to indicate the received data parity check is OK
AHB-Lite Advanced High-performance Bus-Lite
APB Advanced Peripheral Bus
API Application Programming Interface
CPLD Complex Programmable Logic Device
CSR Control Status Register
DAC Digital to Analog Converter
DC-MHS Data Center-Modular Hardware System
DC-SCM Data Center-Secure Control Module
DDR Double Data Rate
EFB Embedded Function Block
eSPI Enhanced Serial Peripheral Interface
FIFO First In First Out
FTDI Future Technology Devices International
FW Firmware
GPIO General Purpose Inputs and Outputs
GUI Graphical User Interface
HBA Host Bus Adapter
HPM Host Processing Module
12C Inter-Integrated Circuit
12S Inter-IC Sound
IP Intellectual Property
LCIP Lock Control IP
LED Light Emitting Diode
LTPI LVDS Tunneling Protocol and Interface
M-PESTI Modular-Peripheral Sideband Tunneling Interface
OcCP Open Compute Project
OEM Original Equipment Manufacturer
00B Out of Band
PIC Programmable Interrupt Controller
PID Payload ID
PLL Phase Locked Loop
PT Payload Type
RX Receiver
RISC-V Reduced Instruction Set Computer — V (Five)
RTL Register Transfer Level
SCM Secure Control Module
SDR Single Data Rate
SGPIO Serial General Purpose Input/Output
SM State Machine
SoC System on Chip
STI Sideband Tunneling Interface
SubLVDS (Reduced Voltage) Low Voltage Differential Signaling
TDM Time Domain Multiplexing
TX Transmitter
UART Universal Asynchronous Receiver/Transmitter
© 2025 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
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Abbreviation Definition
VHDL VHSIC Hardware Description Language
VHSIC Very High Speed Integrated Circuit

2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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1. Introduction

This document introduces a System on Chip (SoC)-based solution template that uses Lattice connectivity and peripheral

IPs for Secure Control Module (SCM) and Host Processing Module (HPM) design applications on complex

programmable logic devices (CPLD). It aims to help you design an SCM and HPM CPLD design with limited knowledge

and experience in Verilog and VHDL. This package template includes the following collaterals.

e The SoC design project on which you can open, view, and modify the design through the Lattice Propel™ Builder
software. The bitstream can be generated using the Lattice Diamond™ software.

e The SoC workspace, which includes necessary drivers for the connectivity and peripheral IPs and firmware for the
demonstration.

e The CPLD demonstration bitstream

The current template is designed and verified using the Lattice MachXO5-NX device, LFMX05-25-8BBG400C. This

solution is OCP Ready™.

www.latticesemi.com/legal
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2. Block Diagram
Figure 2.1 and Figure 2.2 show the functional block diagram of the SCM and HPM Design Template. For demonstration
and debug purposes, miscellaneous IPs, such as GPIO0-2 and UART, are instantiated on the system design template.

AHB-L AHB-L to > LTPI

Interconnect APB Bridge GPIO
(ahbl0) (ahbl2apb0) (zpio2) > M-PESTI
APB »| Controller
Interconnect
System (apb0)
RISC-SM .
(cpu0) (sysmem0) SHiO >
(gpio0)
eSPI
GPIO |,
(gpiol)
CSR (csr0)
SGPIO
Controller
125 MHz
clk_in > ——» Ltpi_clk SEEE
7| Target
—» Sys_clk h
UART
[ Connectivity/Peripherals IP [ System Module [ Misc

Figure 2.1. HPM Design Template Block Diagram

AHB-L
AHB-L AHB-L to Interconnect
Interconnect APB Bridge (ahbl1)
(ahblo) (ahbl2apb0)
APB
Interconnect
5 (apb0) | sGpIO
RISC-SM M\:;ZTy Controller
(cpu0) (sysmem0) , SeE
Target

CSR (csr0)
125 MHz .
—
Clk_in Lepi_clk v

UART

——»  Sys_clk

[ Connectivity/Peripherals IP [ System Module 1 Misc

Figure 2.2. SCM Design Template Block Diagram
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3. Pin-out for HPM and SCM Design

The HPM (MachX05-NX Development Board) and SCM (MachX05-NX Development Board) sections describe the
pin-out for the MachX05-NX device used for the demonstration.

3.1.

HPM (MachXO5-NX Development Board)

Table 3.1. HPM Pin-out for MachX0O5-NX Development Board

= LATTICE

Port Name Port Map ‘ MachX05-NX Map ’ Description Note

Terminal Access

uartO_inst_rxd_o_port E7 EXPCON_IO26 Terminal UART RX —
uartO_inst_txd_o_port A9 EXPCON_IO23 Terminal UART TX —

LTPI

Itpi0_inst_uart_rx_o_portbus[0] E8 EXPCON_I027 CHO UART RX —
Itpi0_inst_uart_tx_i_portbus[0] E6 EXPCON_I1028 CHO UART TX —
Itpi0_inst_Ivds_tx_data_o_port Y14 CH1_DATA1 P LVDS TX Data —
ItpiO_inst_lvds_tx_clk_o_port Y12 CH3_DCK_P LVDS TX Clock —
ItpiO_inst_Ivds_rx_data_i_port N11 CH3_DATA1_P LVDS RX Data —
Itpi0_inst_Ivds_rx_clk_i_port Y11 CH1_DCK_P LVDS RX Clock —
ItpiO_inst_lI_gpio_i_portbus [0] T1 DIP_SW1 Low Latency Input O —
[tpi0_inst_Il_gpio_i_portbus [1] T2 DIP_SW2 Low Latency Input 1 —
Itpi0_inst_Il_gpio_i_portbus [2] T3 DIP_SW3 Low Latency Input 2 —
[tpi0_inst_Il_gpio_i_portbus [3] T4 DIP_SW4 Low Latency Input 3 —
Itpi0_inst_ll_gpio_o_portbus [0] R3 XLEDO Low Latency Output O —
Itpi0_inst_ll_gpio_o_portbus [1] R2 XLED1 Low Latency Output 1 —
Itpi0_inst_ll_gpio_o_portbus [2] R1 XLED2 Low Latency Output 2 —
Itpi0_inst_Il_gpio_o_portbus [3] P7 XLED3 Low Latency Output 3 —
Itpi0_inst_i2c_sda_io_portbus [0] A6 EXPCON_IO16 CHO I2C SDA —
Itpi0_inst_i2c_scl_io_portbus [0] B6 EXPCON_|017 CHO 12C SCL —
Itpi0_inst_i2c_sda_io_portbus [1] A7 EXPCON_|018 CH1 12C SDA —
Itpi0_inst_i2c_scl_io_portbus [1] A8 EXPCON_|019 CH1 12C SCL —
Itpi0_inst_i2c_sda_io_portbus [2] B8 EXPCON_|021 CH2 12C SDA —
Itpi0_inst_i2c_scl_io_portbus [2] B9 EXPCON_|022 CH2 12C SCL —

eSPI

espi0_inst_espi_clk_i_port E16 EXPCON_0OSC eSPI Clock PULLMODE: DOWN
espi0_inst_espi_cs_n_i_port Cc3 EXPCON_IO2 Chip Select PULLMODE: NONE
espi0_inst_espi_rst_n_i_port A4 EXPCON_IO4 Reset PULLMODE: UP
espi0_inst_espi_alert_n_o_port F6 EXPCON_IO6 Alert Signal PULLMODE: NONE
espi0_inst_espi_data_io_portbus[0] B2 EXPCON_IO8 Data O PULLMODE: UP
espi0_inst_espi_data_io_portbus[1] B3 EXPCON_|010 Data 1 PULLMODE: UP
espi0_inst_espi_data_io_portbus[2] B4 EXPCON_|012 Data 2 PULLMODE: UP
M-PESTI

mpesti0_inst_mpesti_io_portbus[0] G7 PMODO_1 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[1] G9 PMODO_2 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[2] G8 PMODO_3 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[3] H8 PMODO_4 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[4] F7 PMODO_5 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus([5] F9 PMODO_6 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[6] F8 PMODO_7 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[7] H9 PMODO_8 — PULLMODE: UP
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mpesti0_inst_mpesti_io_portbus[8] E11 PMOD1_1 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[9] D13 PMOD1_2 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[10] D15 PMOD1_3 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[11] Cil6 PMOD1_4 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[12] D11 PMOD1_5 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[13] C13 PMOD1_6 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[14] C15 PMOD1_7 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[15] D16 PMOD1_8 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[16] H14 EXPCON_IO30 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[17] G14 EXPCON_IO31 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[18] H15 EXPCON_I032 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[19] G18 EXPCON_IO33 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[20] H16 EXPCON_IO34 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[21] G19 EXPCON_IO35 - PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[22] H20 EXPCON_IO36 — PULLMODE: UP
mpesti0_inst_mpesti_io_portbus[23] H19 EXPCON_I037 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[24] E4 EXPCON_IO1 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[25] Cc2 EXPCON_IO3 - PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[26] ES EXPCON_IO5 - PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[26] Cc5 EXPCON_IO7 - PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[27] A2 EXPCON_IO9 - PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[28] A3 EXPCON_IO11 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[29] D5 EXPCON_IO13 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[30] B5 EXPCON_IO15 — PULLMODE: UP
mpestiO_inst_mpesti_io_portbus[31] E4 EXPCON_IO1 - PULLMODE: UP
SGPIO

Connected with
sgpios0_inst_iGSXDataln_port 115 EXPCON_I040 SGPIO Target Data In fcc:’r”ttr::”er Data Out
demonstration.
Connected with
sgpios0_inst_oGSXDataOut_port J12 EXPCON_|044 SGPIO Target Data Out Controller Data In for
the demonstration.
Connected with
sgpiosO_inst_iGSXClk_port E17 EXPCON_CLKIN SGPIO Target Clock Controller Clock for
the demonstration.
Connected with
sgpiosO_inst_inGSXLoad_port J13 EXPCON_IO42 SGPIO Target Load Controller Load for
the demonstration.
Connected with
sgpiomO_inst_sdatain_i_port H13 EXPCON_|045 ISnGPIO Controller Data Target Data Out for
the demonstration.
Connected with
sgpiomO_inst_sdataout_o_port J16 EXPCON_IO41 (S)C;ith’IO Controller Data Target Data In for the
demonstration.
Connected with
sgpiomO_inst_sclock_o_port D20 EXPCON_CLKOUT SGPIO Controller Clock Target Clock for the
demonstration.
Connected with
sgpiomO_inst_sload_o_port J14 EXPCON_|043 SGPIO Controller Load Target Load for the

demonstration.

© 2025 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-02233-0.80

11


http://www.latticesemi.com/legal

= LATTICE

3.2. SCM (MachX0O5-NX Development Board)

Table 3.2. SCM Pin-out for MachXO5-NX Development Board

Port Name ‘ Port Map ‘ MachX05-NX Map ’ Description Note
Terminal Access
uartO_inst_rxd_o_port E7 EXPCON_I026 Terminal UART RX —
uartO_inst_txd_o_port A9 EXPCON_I023 Terminal UART TX —
LTPI
[tpi0_inst_uart_rx_o_portbus[0] E8 EXPCON_|027 CHO UART RX —
tpi0_inst_uart_tx_i_portbus[0] E6 EXPCON_1028 CHO UART TX —
Itpi0_inst_lvds_tx_data_o_port Y14 CH1_DATA1_P LVDS TX Data —
Itpi0_inst_lvds_tx_clk_o_port Y12 CH3_DCK_P LVDS TX Clock —
Itpi0_inst_lvds_rx_data_i_port N11 CH3_DATA1_P LVDS RX Data —
Itpi0_inst_lvds_rx_clk_i_port Y11 CH1_DCK_P LVDS RX Clock —
ItpiO_inst_lI_gpio_i_portbus [0] T1 DIP_SW1 Low Latency Input O —
ItpiO_inst_lI_gpio_i_portbus [1] T2 DIP_SW2 Low Latency Input 1 —
ItpiO_inst_lI_gpio_i_portbus [2] T3 DIP_SW3 Low Latency Input 2 —
Itpi0_inst_Il_gpio_i_portbus [3] T4 DIP_SW4 Low Latency Input 3 —
Itpi0_inst_Il_gpio_o_portbus [0] R3 XLEDO Low Latency Output0 | —
Itpi0_inst_Il_gpio_o_portbus [1] R2 XLED1 Low Latency Output1l | —
Itpi0_inst_ll_gpio_o_portbus [2] R1 XLED2 Low Latency Output2 | —
Itpi0_inst_ll_gpio_o_portbus [3] P7 XLED3 Low Latency Output3 | —
Itpi0_inst_i2c_sda_io_portbus [0] A6 EXPCON_|016 CHO 12C SDA —
[tpi0_inst_i2c_scl_io_portbus [0] B6 EXPCON_IO17 CHO 12C SCL —
Itpi0_inst_i2c_sda_io_portbus [1] A7 EXPCON_IO18 CH1 12C SDA —
[tpi0_inst_i2c_scl_io_portbus [1] A8 EXPCON_IO19 CH1 12C SCL —
Itpi0_inst_i2c_sda_io_portbus [2] B8 EXPCON_|021 CH2 12C SDA —
Itpi0_inst_i2c_scl_io_portbus [2] B9 EXPCON_|022 CH2 12C SCL —
SGPIO
Connect with Controller
sgpiosO_inst_iGSXDataln_port J15 EXPCON_IO40 SGPIO Target Data In Data Out for the
demonstration.
Connect with Controller
sgpios0_inst_oGSXDataOut_port 2 EXPCON_|044 (S)Guilo Target Data Data In for the
demonstration.
Connect with Controller
sgpiosO_inst_iGSXClk_port E17 EXPCON_CLKIN SGPIO Target Clock Clock for the
demonstration.
Connect with Controller
sgpiosO_inst_inGSXLoad_port J13 EXPCON_lO42 SGPIO Target Load Load for the
demonstration.
Connect with Target
sgpiom0_inst_sdatain_i_port H13 EXPCON_I045 SDitP;olnCO”tro"er Data Out for the :
demonstration.
Connect with Target
sgpiomO_inst_sdataout_o_port J16 EXPCON_|041 SDS‘:’;C())Esntroller Data In for t_he ’
demonstration.
Connect with Target
sgpiomO_inst_sclock_o_port D20 EXPCON_CLKOUT (S:IGOF;IkO Controller Clock for the ¢
demonstration.
Connect with Target
sgpiomO_inst_sload_o_port J14 EXPCON_I0O43 if:(ljo Controller Load for the :
demonstration.
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4. Functional Description

This section walks you through the SoC design template, the firmware template, and the timing constraints.

4.1. SoC Design Template
The template uses a RISC-V SM core to facilitate control over a system consisting of various connectivity and peripheral
IPs. The template is mainly patterned to currently known use cases of DC-SCM and HPM systems.
The template package consists of an SCM and HPM template using a RISC-V SM core. The following connectivity and
peripheral IPs are enabled on each template. Figure 4.1 and Figure 4.2 show the SCM and HPM SoC equivalent on
Lattice Radiant Software.
e SCM

e  SGPIO Controller

e SGPIO Target

e LTPISCM
e HPM

e  SGPIO Controller

e SGPIO Target
e LTPIHPM
e  eSPl Target
e  M-PESTI Initiator
= Input Files ¥ @ scm_soc/lib/latticesemi.com/module/pli0/1.9.0/pli0.ipx
¥ w scm_soc/lib/latticesemi.com/module/ahb2apb0/1.1.1/ahb2apb0.ipx > RTL Files
» RTL Files » Constraint Files
v | scm_soc/lib/latticesemi.com/module/apb0/1.2.1/apb0.ipx
» Testbench Files » Testbench Files . RILF
» I
ahb2apb0.cfg pli0.cfg b
; » Testbench Files
¥ 1w scm_soc/lib/latticesemi.com/module/0sc0/1.4.0/0sc0.ipx v @ scm_soc/lib/l com/ip/sy 0/2.2.0/ 0.ipx
apb0.cfg
’ RTL Files » RTL Files
2 /lib/latti X fip/: t0/1.1.0/: 0.
» Constraint Files » Testbench Files e e I
» RTL Files
> Testbench Files sysmem.cfg
sgpiot0.cfg
oscl.cfg ¥ |w scm_soc/lib/latticesemi.com/ip/cpu0/1.6.0/cpul.ipx s b2 /100 N 0
v /) X /ip/ | 0. 21 X
¥ w0 scm_soc/lib/latticesemi.com/module/ahb0/1.3.1/ahb0.ipx > RTL Files )/ scn_Soc/RyImticsem:convip/ spbzienmit) YapRZinmm ox
» RTL Files
’ RTL Files » Testbench Files 2 0.cf
b2l X
» Testbench Files » Driver Files i V110 o
¥ . scm_soc/lib/latticesemi.com/ip/sgpioc0/1.1.0/sgpiocO.
ahb.cfg cpul.cfg I»;TLF ' ' ' bt SpIo P
» iles
L. Scm_soc/scm_soc.v v @ scm_soc/lib/latticesemi.com/ip/uart0/1.3.0/uart0.ipx o a
»
¥ | w scm_soc/lib/latticesemi.com/ip/Itpi0/1.0.0/itpi0.ipx > RTL Files b
0.cf
» RTL Files » Testbench Files Py
» Driver Files » Driver Files
Itpi0.cfg uartQ.cfg

Figure 4.1. SCM SoC Equivalent on Lattice Radiant Software
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Input Files
#. hpm_soc/lib/latticesemi.com/module/pli0/1.9.0/pll0.ipx
> RTL Files

» Constraint Files

» Testbench Files

pli0.cfg

=

hpm_soc/lib/latticesemi.com/module/ahb2apb0/1.1.1/ahb2apb0.ipx

RTL Files

Testbench Files

ahb2apb0.cfg
hpm_soc/lib/latticesemi.com/ip/apb2immi0/1.0.0/apb2lmmi0.ipx
» RTL Files

apb2immil.cfg

'« hpm_soc/hpm_soc.v
hpm_soc/lib/latticesemi.com/module/apb0/1.2.1/apb0.ipx

RTL Files

Testbench Files

%

v =

apb0.cfg

%

hpm_soc/lib/latticesemi.com/ip/cpu0/1.6.0/cpul.ipx
RTL Files
Testbench Files

Driver Files

cpul.cfg

=

hpm_soc/lib/latticesemi.com/module/osc0/1.4.0/0sc0.ipx
» RTL Files

» Constraint Files
4 Testbench Files
oscO.cfg

v &

= o = g

< v v v g -

<

hpm_soc/lib/latticesemi.com/ip/Itpi0/1.0.0/Itpi0.ipx

RTL Files

Driver Files

Itpi0.cfg
hpm_soc/lib/latticesemi.com/module/ahb0/1.3.1/ahb0.ipx

RTL Files

Testbench Files

ahb.cfg

hpm_soc/lib/1 com/ip/ 220

RTL Files

Testbench Files

sysmem0.cfg
hpm_soc/lib/latticesemi.com/ip/uart0/1.3.0/uart0.ipx

RTL Files

Testbench Files

Driver Files

vart0.cfg
hpm_soc/lib/latticesemi.com/ip/sgpioc0/1.1.0/sgpioc0.ipx

RTL Files

Driver Files

sgpioc0.cfg
hpm_soc/lib/latticesemi.com/ip/sgpiot0/1.1.0/sgpiotD.ipx

RTL Files

sgpiot0.cfg

i~

=

hpm_soc/lib/latticesemi.com/ip/espi0/2.0.0.02/espil.ipx

RTL Files

Constraint Files

Testbench Files

espil.cfg
hpm_soc/lib/latticesemi.com/ip/mpesti0/1.1.0/mpesti.ipx

RTL Files

Constraint Files

Testbench Files

mpesti0.cfg
hpm_soc/lib/latticesemi.com/ip/gpio0/1.6.2/gpio0.ipx

RTL Files

Testbench Files

Driver Files

gpio0.cfg
hpm_soc/lib/latticesemi.com/ip/gpio1/1.6.2/gpiol.ipx

RTL Files

Testbench Files

Driver Files

gpiol.cfg
hpm_soc/lib/latticesemi.com/ip/gpio2/1.6.2/gpio2.ipx

RTL Files

Testbench Files

Driver Files

gpio2.cfg

Figure 4.2. HPM SoC Equivalent on Lattice Radiant Software

Modifying the design template through Lattice Propel Builder and Lattice Radiant Software. Refer to the following web
pages for more information.

4.2,

Lattice Propel Design Environment:
https://www.latticesemi.com/products/designsoftwareandip/fpgaandlds/latticepropel
Lattice Radiant Software:
https://www.latticesemi.com/products/designsoftwareandip/fpgaandlds/radiant

Firmware Template

The Sentry™ 4.0 HPM template firmware includes demonstration of different IPs for server segments. LTPI, SGPIO,
M-PESTI, and eSPI are the IPs to be demonstrated based on your selection through the UART terminal.

4.2.1. Firmware Flow

4.2.1.1. Main Function

The flowchart (Figure 4.3) and the code (Figure 4.4) below show the flow of the firmware and c workspace for the HPM
SoC design.

ukwn e

All the instances are initialized to make all the instances global and can be used in the whole workspace.
Each IP is initialized together with its corresponding interrupt with a callback function.

After the initialization of the IPs, PLL initialization is required for LTPI.
Upon PLL initialization, LTPI statuses are checked to confirm the linking of the IP.

You can choose the demonstration you want to perform after all the initializations. Each IP demonstration has its
corresponding routine to perform.
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( Instance Initialization )
v

( IP Initialization )
v

( PLL Initialization )
;

(Checking of LTPI Status)

}

( Selection of IP Demo

SGPIO Demo

M-PESTI Demo

eSPl Demo

LTPI Demo

SGPIO controller to
perform write
command.

Perform payload
checking for two targets.

(UART) to GPIO IP
connected to eSPIIP.

[User input value to writ

prlnted in UART.

[Check LTPI version to be

A

SGPIO interrupt is
triggered and read
command is performed.

Perform write exchange
for two targets.

eSPI IP sends alert to
eSPI controller.

printed in UART.

l
®

A 4

Perform broadcast for
two targets.

Y
eSPI controller sends
GETVWIRE to eSPI
target.

heck target speed to b
printed in UART.

Perform I12C reset to bej
ﬂ

Figure 4.3. Firmware Flow Chart

A 4

eSPI target responds
with VWIRE data.

[
[
(

Check TX I|nk status to
be prmted in UART.

ESPI controller sends
PUTVWIRE using the
same VWIRE data.

[
[
(
[

Check RX link status to
be printed in UART.

)
J

ESPI target receives
PUTVWIRE data and

\__updates the GPIO IP.

Y

Vs

UART.

A\

Output GPIO IP values to

?
]
J
)
J
J
|
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int main(void) {
uintd_t link_st=8;

system_init();
demo_selection();

while (true) {
while(link_st==1)

delayMs(1);
}

return 8;

Figure 4.4. Main Function Code

4.2.1.2. IP Initialization (system_init)

= LATTICE

This function initializes the IPs in the HPM design. The initialization of each IP interrupt is also initialized in this function

(Figure 4.5).

static void system_init(void)

pic_init{CPU@_INST_PICTIMER_START_ADDR);

jedi_pll init(&pll inst®, APB2LMMI@ INST BASE_ADDR);

virti_inst@.intrType = @;

i i .intrMethod = 1;

.intrMethod? = 8;

.intrEnable = 1;

.intrSet =1 ;

.intrLevel = GPIO1_INST_IRQ;

7 .intrAvail = true;

virti_inst@.instance_name = GPIOB_INST_NAME;

gpio_init(&virti_inst®, GPIO1_INST BASE_ADDR, GPTO1_INST_LINES NUM, GPIO1_INST GPIO_DIRS);
gpio_init(&virto_inst®, GPIOB_INST_BASE_ADDR, GPIO®_INST LINES_NUM, GPIOB_INST GPIO_DIRS);
pic_isr_register(GPIO1_INST_IRQ, gpio_callback, (void *)@wirti_insta);
gpio_init(&mpesti_rst_inst®, GPIO2 INST_BASE_ADDR, GPIO2_INST LINES NUM, GPIO2_INST GPIO DIRS);
sgpic_init(&sgpio_inst@, SGPIOCE_INST_BASE_ADDR, @, 8);

uart_init(&uart_inst@, UART INST BASE ADDR, UART_INST SYS_CLK * 1000000, UART INST BAUD RATE, 1, 8);
iob_init(lscc_uart_putc, lscc_uart_getc, lscc_uart_flush);

jedi pll callback register(&pll_inste, jedi pll callback demo, &pll_inste);
pic_isr_register(APB2LMMI®_ INST_IRQ, jedi pll isr, (void *)&pll_inst@);
jedi_pll_irg_en(8pll_inste);

pic_isr_register(SGPIOCE@_INST_IRQ, sgpic_callback, (void *)&sgpio_inst@);

pic_isr. _register(MPESTI@_INST_IRQ, MPESTI_SLAVE_ISR, (void *)&mpesti_inst®);
sgpio_enable_interrupt(&sgpio_inste, 1);

sgpio_register_callback(&sgpio_inst®, sgpio_callback, NULL);

mpesti mst_init(&mpesti_inst®, MPESTI@ INST BASE_ADDR, MPESTIB_ INST NUM_PAYLOAD BYTES );
gpic_cutput write_2(&mpesti_rst_instd, @xoooeseee);

gpio_output_write_2(&mpesti_rst_inst®, @xFFFFFFFF);

mpesti_mst_set_int enable(&mpesti_inst®, RCVD_GOOD_PAYLOAD | VWIN_UPDATED);

o ®

Figure 4.5. Instance Initialization Code

4.2.1.3.IP Demonstration Selection (demo_selection)

You can choose a particular demonstration to run (Figure 4.6). Each IP demonstration has its corresponding routine and

functionalities.

M COM102 - Tera Term VT - O X
File Edit Setup Control Window Help

Enter Ualue :

Figure 4.6. UART IP Demonstration Selection
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4.3. Timing Constraints
The following constraints are already defined on the default SoC template package.

4.3.1. Clock Definition

Only the internal input reference clock needs to be manually set at 125 MHz in the post-synthesis timing constraint.
Every other clock is inferred by the Lattice Radiant software.
Figure 4.7 shows the clock definition.

) start Page Reoarts @ rost-synthesis Timing Constraint Editor 3 rom_corstrant.od:
Disable  Object Clock Clock Name Waveform () Period(ns)  Add  Frequency (MH2)
get ports cli i ki 2000 125
ok : E x

A8 Constrants (Using drag end drop to rearder the consraints)

create_clock -name (clk i -period & [get_ports ck i]

Figure 4.7. Clock Definition
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5. SCM and HPM Hardware Bring-up

5.1. SCM and HPM — MachX0O5-NX Development Board

5.1.1. Setting Up the Hardware

The SCM and HPM each uses a MachXO5-NX Development Board (Figure 5.1) and a DC-SCM 2.0 MachXO5-NX LTPI
Board. The two DC-SCM 2.0 MachXO5-NX LTPI boards are connected from end to end (Figure 5.2). Figure 5.3 shows the
complete setup of the SCM and HPM on MachXO5-NX Development Board.

G0 -
(o,l
BOE sshiconoUCTOR.
: m MI—V o.m YA “’
Copprion
Eﬂm In OTee

. b s
ez |
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BELATTICE

DC-SCH 2.0 X0S LTPI Board
E‘u:;lﬂl 2023 \ HPM Connector

JO)J)IIU;)J W,

N

£20Z Woyidoy
v A3
Piog 1411 SOX 0T WIS=20
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Figure 5.2. Two DC-SCM 2.0 MachX05-NX LTPI Boards Connected from End to End
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Figure 5.3. SCM-HPM on MachX05-NX Development Board Complete Setup

5.1.2. Uploading the Configuration File

1. Open SCM_soc in Lattice Diamond Software, as shown in Figure 5.4.

Release Notes
Lattice Diamand Software 3.13 Release Notes

o

3 ser Guide Timing Closure

ine for Giamand User Guide otha Tool Guides
X ISim User Manual
- E ISim GUI Reference Manual
4 ||+ ThisPC » Documents » Sentry Template + SCM » SOM sac v o Y B | B o Refuramn Hamsl
Organize »  Mew folder = . o @ ISmTuoral
& OneDiive Name Date mo S
X extemalToolBuilders File falde lify Fra Language Support Reference Manual
& OneDrive - Persor
settings File falde £
s PG impll File fold ce on the web
3 30 Objects = File faldes
B Desitop misc File falder
Flsiat | ey 3 Documents SCM_soc 267202 File fokd
SCM _soc_terdin & 4T1AM il folde
= LES & Dewnloads o o -
b usic veificaton YATOM  Fiefolds
= Pictures () SCM_soc.df 6424/2024 215 PM LDFF 4KB
B videos
2 Windows (C)
File nome: | SCM_socldf | | project Fies 1 ~

Software Update Center

Currently nunning Lattice Ciamand saftinars varsicn
11a0.882

Ho updates avakable

Last check tme: Fri Jun 28 05:32:22 2024

TdCorsde  Ouput  Emer  Wamng  lnfo
Ready Mem Usage: 153,568 K

Figure 5.4. Open SCM_soc in Lattice Diamond Software
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2.

Using Diamond Programmer, upload either the JED or BIT file using either Flash Programming Mode or Static RAM

Cell Mode, as shown in Figure 5.5 and Figure 5.6 respectively. Note that the template comes with a pre-exported
JED and BIT files. If any changes are made to the design, it is recommended that you export a new JED or BIT file.

- L7 PP 00w B
Enstle Statuz Device Family Deviee Operation File Name FieDate/Time Checksum USERCODE Cable Seup s %
=] LFMXOS LPMEOS-25 Fast Configuration Cable Settngs
8 Oetect Catie
s [AAASENE (DD
Geners  Davor Information Fartz e ~
Bevice Cperaton ustom port:
Targetemry: FLASH Confguration Memory
Programming Speed Settgs
Fart Inerface: me
O st defait Clock Dwicr
Access wod: Dwect FLASH Programmng 1 Use custom Clock Dvidr
Operater: Erase Program, ey
TOX Dder Seting (1-30x0: [3 2
[mp— (Prave ey fle
B 10 settrgs
] tsertiata rogasmming
[ Fiach Heades ol Image Frogrammng Optins: P
- (D se custom 1/0 setungs
¢ G0 Programming Cptiors: Mex): | DxDO2ED000 End address (Hex): | IRO0BFO000
=1 Progremmng fle: [Moci0S Tenplate oM om._socimpl_Uhpm_soc_mpi_i_D.je .. e
(e Programmng opsons
startaderess (ves); [ORROOOORIIG e acoress i) |FHBRSHOO0D I
[ o761 Programming Optiors =l = J
). |Oad0320000 fex): uD0330000
[CJueM1 Programming Opsons.
[ userpata3 Programmng
Debug Mode.
[Jcraz Pragrammng ptors ) D 40000 ) (abO350000
] st rogammng
[Curmz Progremming Opsons
459 o) NDOZGO000 | o accress en): DNODITO000 .
Ouput s x
Lattie VM Drvers detecte] (HW-DLIH-3C (Paraliel), HYF-AUSENV-28 (FTCT) Careel
oy ety L]
QT Corie
Ready
= 4= G keex B
Enstle Status Device Family Device Operstian File Name File Date/Time Checksum USERCODE Cable Setup 8 x
16 LPMXOS LAnDDS 25 Fast Configuratian e serngs
Detect Catie
Cable: HWASEN-B FTDN)
e part: Fus-3 ~
Custom pert:
Generd Devke Infermaten
Frogranmng Speed Settrgs
Dede Ceraten 1) Use: defmt Clock Drvider
Targst Memory: Statc Random Access Memary (SRAM) ) s e clack Dnder
Fort Insfoce: s -
O Dner Setig 03000 [3 2
Access Modke: Crect rogramming ~
psraton: Erase.Program venfy - Uosetngs
Progeamming Opsons @ Use defast [0 settings
) use custom 1/0 settrngs.
Programming file: DS_Template #Mbom_soc/mol_thom soc_mpl_1.b4 | €
o (Provide key
(=
0O
TeK
HOST. ™S [
PC/ICOMPUTER
FTOI USB HOST BUALD-N [
DOWNLOAD CABLE
CPUMICROPROCESSOR ek TS
ol LFMXO5-25 Detuy Mo
ol T
RESET
ITAG_EN
Output 8 x
Lattice VM Deters detected (i SLA-5C (Paralel, HW-USEN- 25 (TDI)
Programmar devce catzbas laded
Cuput | 7 Cansole
Ready

Figure 5.6. BIT File Upload Using Static RAM Cell Mode (SCM)
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5.2. eSPI Controller Using Total Phase Promira Serial Platform, Optional for eSPI

Demonstration
This demonstration uses the Total Phase Promira Serial platform with 12C or SPI active applications. It uses an APl code
that can generate and support up to 66 MHz single, dual, and quad 1/0 eSPI transactions. You may opt to use a
different eSPI controller, as the eSPI Target IP included in the HPM template follows the Intel eSPI Base Specification
1.0 and should work with any other devices.
Below are the steps for setting up the Promira Serial Platform.
1. Connect the eSPI Controller to the HPM hardware through the Versa header (J9), as highlighted in Figure 5.7.

HPE_RESOUT# 1 oo 2
EXPCON._100 3 00 4 EXPCON_IO1 Pinouts Pin#| 19 Pin# Pinouts
EXPCON_I02 5 00 6 EXPCON_I03 1| HPE_RESET# 2
EXPCON 104 z 1oo |2 £XeCON. 105 D3 3| EXPCON_I00 |EXPCON_IOL |4 E4 mpesi_initiator(24]
EXPOON 198 S oo 2 EXPCON_107 espi0_inst_espi_cs_n_i_port €3 5| EXPCON_I02 |EXPCON_I03 | (p mpesi_initiator(25]
EXPCON 108 u | o |2 BN espi0_inst_espi_rst_n_i_port A4 7| EXPCON_I04 | EXPCON_IO5 |8 g5  mpesi_initiator[26]
EXPCON_1010 3 | oo | Deconou sy espi0_inst_espi_alert n_o_port Fg | EXPCON_I06 | EXPCONIO7 |10 €5  mpesi_initiator[27]
13, _inst_espi_alert_n_o_
EXPCON_I012 15 oo 16 EXPCON_013 espiO_inst_espi_data_io_portbus[0] B2 11| EXPCON_IO8 |EXPCON_IO9 |12 A2  mpesi_initiator(28]
EXPCON_IO14 Y oo |2 EXPCON_l015 espi0_inst_espi_data_io_portbus[1] B3 13| EXPCON_I010 |EXPCON_IO11] 14 A3  mpesi_initiator(29]
Y | oo |2 Hreonsv espi0_inst_espi_data_io_portbus[2] B4 15| EXPCON_1012 [EXPCON_I013|16 D5  mpesi_initiator[30]
EXPCON 1016 2 00 2 espi0_inst_espi_data_io_portbus[3] A5 17| EXPCON_I014 |EXPCON_IO15 18 B5  mpesi_initiator(31]
EXPCON_I017 23 o0 24 - T T 19 EXPCON_3V3 | 20
EXPCON_1018 2 oo £ Itpi0_inst_i2c_sda_io_portbus[0] A6 21| EXPCON_I016 22
EXPCON_I019 » 150 |2 EXPCON_(020 kpi0_inst.i26.sc_io_portbusfo] B6 23 | EXPCONIOT7 24
EXPCON_1021 2 30 R147 o EXPCON_I018
Socon 107 [e)e) - o on Itpi0_inst_i2c_sda_io_portbus[1] A7 25 - 26
31 0
EXPCON. 1024 = oo m = ItpiO_inst_i2c_scl_io_portbus[1] A8 27 EXPCON_IO19 |EXPCON_I020] 28 (6 mpesti0_inst_s_mpesti_io_portbus[0]
EXPCON’IOZS = oo = EXPCON 1026 Itpi0_inst_i2c_sda_io_portbus[2] B8 29 | EXPCON_1021 30
EXPCON_I027 37 oo 38 CARDSEL# DNI Itpi0_inst_i2c_scl_io_portbus[2] B9 31| EXPCON_I022 |EXPCON_I023| 35 A9  uart0_inst_txd_o_port
EXPCON_|028 39 o0 10 D6 33| EXPCON_1024 34
o0 8 35| EXPCON_I025 [EXPCON_I026] 3 E7  uart0_inst_rxd_i_port
HORO ItpiO_inst_uart_rx_i_portbus[0] g 37| EXPCON_I027 | CARDSEL# |38
—a = Itpi0_inst_uart_tx_o_portbus[0) E6 39| EXPCON_1028 40

Figure 5.7. eSPI Pin Connection

2. Download a copy of the API code included in the Sentry 4.0 source package.

Install Python 3.12 32-bit version.

4. Open IDLE Shell. Then, open the espi_generator.py file (Figure 5.8). This is the main file for running the eSPI
transactions.

w

try 4 0 » test files » espi_test package 26June » promact is-api-windows-i686-v1.60 » python »

Mame Date medified Type Size
__pycache__ 6/26/2024 1:59 PM File folder

[ detectpy ) 022 12:00 PM PY File 3KB
H espi_generator.py /26/2024 2:24 PM PY File 28 KB
w espi_simulator.py 122 PM PY File 26 KB
H gpio.py 2:00 PM P File 6 KB
w i2c_eeprom.py 2:00 PM PY File TKB
[ i2¢ file.py 2:00 PM PY File 6 KB
H i2c_slave.py 2:00 PM PY File KB
w lights.py 200 PM PY File 6 KB
H lights_queue.py 2:00 PM P File 6 KB
H promact_is_py.py 2:00 PM PY File 52 KB
w promira_py.py 2:00 PM P File 31 KB
w spi_seprom.py 2:00 PM PY File SKB
w spi_file.py 200 PM PY File KB
Q{ spi_n25q.py 2:00 PM PY File 14 KB
H spi_program.py 2:00 PM PY File 10 KB
w spi_slave.py 2:00 PM P File SKB

Figure 5.8. API for eSPI Transactions

Note: The API code includes the Promira devices detection, as shown in Figure 5.9. So, there is no need to
manually input the IP address.
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$Detect Promira De
print("Detecting th

atforms...")

#¢ Find all the attached devices

[Flif num > 0:
print("%d device(s) found:" % num)

# Print the information on each device
551 = for i in range (num) :
2 ip = ips[i]
unique_id = unique_ids[i]
status = statuses[i]

# Determine if the device is in-use
H if status & PM_DEVICE_NOT_FREE:

! # Open the device
580 simulator = EspiSimulator (my_promira_port)
31 simulator.espi_config_mode (1)

(num, ips, unique_ids, statuses) = pm_find devices_ext (16, 16,

58 inuse = " (in-use)
559 I else:
560 inuse = " (avail)"
561
562 # Display device ip address, in-use status, and serial number
563 | ipstr = "$u.%u.%u.%u" \
54 - % (ip & Oxff, ip >> 8 & Oxff, ip >> 16 & Oxff, ip >> 24 & Oxff)
565 B print(” ip = %: % (%04d 6d)"
566 - % (ipstr, inuse, unique_id // 1000000, unique_id % 1000000))
7
Helse:
569 print("No devices found.")
570 exit (1)
571
572
573
574
575 #Global Variables
576 | my promira_port = ipstr #IP address example "10.1.66.85"
5717
78

Figure 5.9. Promira Port IP Address Detection

5. Click Run on IDLE Shell and select Run Module (Figure 5.10).

& espi_generator.py - Ch\Usersyjcortez’\Documentshworldsentry_4_Ohvtest files\espi_test_packag... — O >
File Edit Format Run Options Window Help
I#!fusrfhinfenv Fun Module -

Run... Customized Shift+F3
Check Module Alt+X

Project : Pr Python Shell
File ! e5pl_generator.py

-
# (o) 2014-201

e A e e e e

Figure 5.10. Run in IDLE Shell

6. The IDLE Shell console should show prints (Figure 5.11).
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@ *|IDLE Shell 3.12.2% — O et

File Edit Shell Debug Options Window Help
2 )
= RESTART: C:\Usersh\jcortez\Documents‘workisentry 4 O\test files\espi test_packa
ge_26June\promact_is-api-windows-i&86—vl.60\python\espi generator.py
Detecting the Promira platforms...
1l dewvice(s) found:

ip = 10.1.66.85 [avail) (2416-T713085)

Get Config Command Initiated
Valid Response: ['Ox&', 'Ox2', 'OxO', 'OxQO', '"OxS5S3', 'Ox4', 'Oxl1l', 'Oxff']
Passed

Set Config Command Initiated

Valid Response: ['Ox8', 'Ox4', '"Oxl1l', 'Ox2']
Passed

espl_config bus: bitrate=20000, iospi=0

Get Config Command Initiated
Valid Response: ['Ox&', 'Ox2', 'OxO', 'OxQO', '"OxS5S3', 'Ox4', 'Oxl1l', 'Oxff']
Passed

Set Channe 1 Config Command Initiated

Valid Response: ['Ox8', 'Ox4', '"Oxl1l', 'Ox2']
Passed

Check Alert

W
L 27 Col: 0

Figure 5.11. IDLE Shell Output

5.3. Total Phase Aardvark for 12C, Optional for LTPI 12C Aggregation

Device product name: Aardvark 12C/SPI Host Adapter (Figure 5.12)
Target Bus Interface: 12C Controller/Target
Bit Rate: 12C Controller: 1 kHz—800 kHz

Figure 5.12. Aardvark 12C/SPI Host Adapter

On this demonstration, two Aardvark devices are used for Single Controller-Single Target setup, connected to each side
(SCM—HPM) for the validation of 12C communication.
1. Follow 12C pin connections from Aardvark to the SCM board and the HPM board described below:

a. Connect GND and I2C pins of one Aardvark device to the SCM board (MachXO5-NX development board). 12C
bus 0, 1, 2 are available for connection on this project design. For this single controller-single target
demonstration, 12C bus 0 (pins B6, A6) is used in the SCM side (Figure 5.13 and Figure 5.14).
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Qv Find Text 2 x 1) Start Page Reports [7] Device Constraint Editor
a Bottom Ve : LFHXDS 25886400 ~
¥l[a~
~ I scm_soc M
e o > & oms MO WISMB21109 87 654321
» @ Instances(80) PN 0 ) ) ) ) o i ‘EII:][D[CH ll\’ =
¥ B Soetagles Bl & e s [BE[E|] [ [ ] )
© Ares o | (][] (i
Timing il [C] 8] [ (|
() Strategyt JOIO)
3 . BEIE
v 7% impl_1 (Synplify Pro) Gl
- Input Files B
v g sem_ 11
» ) RTL Files
» ) Testbench Files
ahb2apbl.cig :
v la sems 14.0/05c0.ips () Name 10_TVPE CLAMP DIFFDRIVE
» ) RTL Files = tpi0_inst_state,_display_portbus{3] M F NA
Fi
b1 Contssio Tiles Itpi0_inst_state_display_portbusid] /A 2N LVEMOS FF NA
» Testbench Files =
esclicty Itpi0_inst_state_display_portbus(S] N/A €15 LVEMOS: FF NA
g (]
~ W) sem_soc/lib/latticesemi.com/module/shb0/13.1/shb0.ipx = tpi0_inst_state_display_portbus(6]  N/A an 1 LVCMOS £
@
et Itpi0_inst_state_display_portbus(7]  N/A Fi4 VEMC
» () Testbench Files
ahbO.cfg tpi_inst_uart_tx_o_portbus{0] N/A € LVEMC
) sem_soc/sem _socy sgpiocd_inst_sclock_o_port N/A 020 VOMK
= [4) sem_soc/lib/latticesemi.com/ip/tpi0/1.0.0/kpi0.ipx st od oot ot o T =
» ) RTL Files
K Orivic Files sgpiocO_inst_sload_o_port na LVCMO
tpi0.clg sgpiotd_inst_0GSXDataOut_port n VeMC
~ |4 scm_soc/lib/latticesemi.com/module/pli0/1.9.0/pli0.ipx R S et NA 2 LVCMOS e NA
» [ RIL Files
v ® h N/A NA NA N/A NA
» [ Constraint Files Bid
» B2 Testbench Files ] © Ipi0_inst_i2e_scl_jo_portbus{0] N/A 8 | VMo -
pi0.cfg @ Rpi0_inst i2¢_scl_io_portbus{1] N/A A8 0 LVCMOS33 OFF NA
e < X 2 D Itpid_inst i 2 A 89 MOS3 FF NA
S RTL Files D Itpi0_inst_i2¢_scl_io_portbus(2) VA LVCM £ NA
» ) Testbench Files i © itpi0 inst i2c_sda_jo_portbus{0] N/A 26 |
sysmem0.cfg @ Rtpi0_inst_i2c_sda_io_portbus{1] NA A7
9 s WV i D Itpi0_inst_i2c_sda, rtbus(2] N (43 3 A
c inst_2¢_sda_io_portbus A LVCMO! ¢
» ) RTL Files : st e

Figure 5.13. SCM Project Design Spreadsheet

! 1.SCL
Pinouts Pin#| 19 Pin# Pinouts
1| HPE_RESET# 5
D3 3| EXPCON_IOO | EXPCON_IOL|4 g4 2.GND
€3 5| EXPCON_I02 |EXPCONIO3|g ()
A4 7| EXPCON_I04 [ EXPCONIOS|g g 3.SDA
t6 ol EXPCON_106 |EXPCON_IO7| 10 (s
8 11| EXPCON 108 |EXPCONLIOS| 15 ap 4. NC/+5V
53 13| EXPCON_IOI0 [EXPCON_IO1T] 14 a3 9 -
B4 15| EXPCON_IO12 [EXPCON_I013| 16 D5 5 MISO
AS EXPCON_IO14 [EXPCON_IO15| 18 s 7 8
| EXPCON_3V3 | 59 5 6 6. NC/+5V
A6 EXPCON_IO16 S0 » 3 4 ’
EXPCON_I017 GNDI P 1 "
Itpi0_inst_i2c_sda_io_portbus[1] A7 25| EXPCON_IO18 GND 26 :
Itpi0_inst_i2c_scl_io_portbus[1] A8 27| EXPCON_I019 28 C6
Itpi0_inst_i2c_sda_io_portbus[2] B8 29| EXPCON_I021 GND 30 8. MOSI
Itpi0_inst_i2c_scl_io_portbus(2] B9 31| EXPCON_I022 32 A9
D6 33| EXPCON_I024 | =0l |34 9.5S
€8 35| EXPCON_I025 36 ¢y
ES 37| EXPCON_I027 38
E6 39| EXPCON_l028 GND 40 10.GND

Figure 5.14. MachX05-NX Development Board — Debug Pinout and Aardvark Pinouts

b. Connect GND and 12C pins of the other Aardvark device to the HPM board.
2. Use I2C bus 0 (pins B6, A6) for the HPM side (Figure 5.15 and Figure 5.16).
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|n,

Q- FndText 2 x ) startPage L Reports [7] Device Constraint Editor
~ [E1 hpm_soc H
I8 LFMX05-25-888G400C
v [ Stategies
[] Area
[] Timing
[ Strategy1
~ 7 impl_1 (Synplify Pro) =
~ ) Input Files
~ ) hpm_soc/lib/latticesemi.com/module/pll0/1.9.0/pli0.ipx
» RIL Files i
» ) Constraint Files =
» £ Testbench Files
pl0.cfy & o]
v ) hpm_s 11 - Name Pin
» £ RTL Files ] WA
» £ Testbench Files = © espi0_inst_espi_data_io_portbus(0] N/A 82(82)
aht2aphlidg o © espi0_inst_espi_data_io_portbus{1] N/A B3(B3)
L i @® @ espi0_inst_espi_data_jo_portbus(2] N/A B4(B4)
» [ RTL Files ) inst_espi_data i
apb2immi0.cfg © espi0_inst_espi_data_jo_portbus{3] N/A As(as)
lai hpm_soc/hpm _soc.v | @ Ipi0_inst_i2c_scl_io_portbus(0] N/A B6(B6)
~ [} hpm_soc/lib/latticesemi.com/module/apb0/1.2.1/apb0ipx ® o0 b poitbi ] = e
» £ RTL Files
> T Testbesich e © Ipi0_inst_i2c_scl_io_portbus{2] N/A B9(E9)
3pbO.clg | © Mpi0_inst_i2c_sda_jo_portbus{0] N/A AB(AG)
~ [} hpm_soc/lib/latticesemi.com/ip/cpul/1.6.0/cpubiipx © Rpi0_insti2c_sda_jo_portbusiT] o AT
P dilins © Ipi0_inst_i2c_sda_io_portbus{2] N/A 83(88)
» Testbench Files e s
» ) Driver Files mpesti0_inst_mpesti_io_portbus{0] N/A G767
cpul.cfg @ mpesti0_inst_mpesti_io_portbus{1] N/A G9(G9)
~ ) hpm_soc/lib/latticesemi.com/module/osc0/1.4.0/0scO.ipx @ ropusti ot mpest_io_portinsi?) P,
» £ RIL Files
B ot Rl © mpesti0_inst_ mpestiio_portbus(3] N/A Ha(HE)
» ) Testbench Files © mpesti0_inst_ mpesti_io_portbusld] N/A FIFT)
osch.cfg % 3
O Fletist [ source Template 5] 1P Cataog Y~ Fiter Port Pn Global sso

DIFFRESISTOR *

DIFFDRIVE
A

N) | NANNA

OFF(OFF

NA(NA)

NA(NA)
NA(NA OFF(OFF)
NA(NA OFF(OFF)
NA(NA OFF(OFF)
NA(NA OFF(OFF)
NA(NA OFF(OFF)
NANA OFF(OFF)
) NA(NA OFF(OFF)

NAMNA

NA(NA OFF(OFF)

NA(NA

OFF(OFF)

OFF(OFF

OFF(OFF)

Figure 5.15. HPM Project Design Spreadsheet

Pinouts Pint| 19 Pint#t Pinouts
1| HPE_RESET#
D3 3| EXPCON_IOO | EXPCON_IO1|4 g
c3 5| EXPCON_IO2 EXPCON_IO3 6 2
A4 7| EXPCON_j04 [EXPCONIOS|g g
F6 9 EXPCON_IO6 EXPCON_IO7 | 10 cs
B2 11 EXPCON_IO8 | EXPCON_IO9 | 15 a9
B3 13 EXPCON_IO10 |EXPCON_IO11] 14 A3
B4 15 EXPCON_I012 |EXPCON_IO13| 16 ps5
AS EXPCON_IO14 |EXPCON_IO15| qg BS
[Expcon 3v3| 59

portbus[0] A6
B6 EXPCON_I017

GND 22
GND o2
GND B3
EXPCON_I020| 28 C6
GND 30
32 A9
GNDI

EXPCON_|O26

EXPCON_IO19
EXPCON_I021
EXPCON_I022
EXPCON_l1024

c_scl_io_portbus[1]
Itpi0_inst_i2c_sda_io_portbus[2] B8 29
ItpiO_inst_i2c_scl_io_portbus[2] B9 31
D6 33

€8 35| EXPCON_I025 36 ¢y
E8 37| EXPCON_I027 | CARDSELH# | 38
E6 39| EXPCON_l028 | Sl 40

Figure 5.16. MachX05-NX Development Board and Aardvark Pinouts
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3. Install Total Phase Control Center Serial Software. Refer to Control Center Serial Software — Total Phase for more

information.

4. Open two Control Center applications. Set one as Controller and set the other as Target.

5. Check the device ID at the back of the aardvark device (Figure 5.17). Then, connect the corresponding aardvark

device by selecting Adapter > Connect > Configure Adapter.

Figure 5.17. Aardvark device ID
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6.

12C Control Bitrate | 100 - kdz | Set
Master Slave
Slave Addr: {use "0 for hexadecmal) FaT
Features: [] 10-Bit Addr | | Combined FMT [ No Stop
Master Write
Mes| & Configure Adapter ? >
Configure Adapter E"ESET Writ=
Select a port or an IP address:
Name Port W HW o 1c ] GPIO Serial Number Select 2 Mode
Aardvark 12C/SPI Host Adapter 1 351 3.00 ¥ ¥ v 2238-882607 @® 12 -5P1
Aardvark 12C/SPI Host Adapter 0 351 3.00 ¥ ¥ v 2238-614335 O 12c P10
() 5PT -GPIO
| O P10 Only
| () SPIMaster
Mg (O Batch Mode
Nur raster rea
Masf
Reg
N ffer RegRead
Direct Hostname or IP Address: Refresh List
Transaction Log
Time Mod RAW s Feat kHz Addr Len Data

Figure 5.18. Control Center Adapter Configuration

After configuring the devices, the setup is now ready for I2C communication. Refer to the

12C Communication on LTPI Using Aardvark section for further discussion on I2C communication.
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6. IP Demonstration

6.1.1. LTPI Demonstration

In this HPM-SCM LTPI demonstration, two MachXO5 Development Boards are utilized. Both sides are connected with a

USB cable as a power source, and a connection with UART terminal (Figure 6.1).

lul‘an?pvz GCVOEA

LA

Figure 6.1. MachXO5-NX Demonstration Board

6.1.1.1. LTPI Hardware Demonstration

1. Power onthe HPM and SCM to start initialization of IPs and PLL.

2. Upon power ON, LED pattern should be observed on both sides of the demonstration boards (Figure 6.2):
There are two indicators you can check to see if LTPI connection is established.
e LTPIlow latency GPIO LED display — LED4(D5), LED5(D6), and LED6(D7) are lit.
e The 7-segment LED display.

LTPI Low Latency GPIO
LED Display (SCM)

LTPI State Display
7-Segment LED (SCM)

LTPI State Display
7-Segment LED (HPM)

LTPI Low Latency GPIO
LED Display (HPM)

Figure 6.2. LED Indicator for LTPI Connection
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Another way to check LTPI connection is through LEDO(D1), LED1(D2), LED2(D3), and LED3(D4), which are
connected to the DIP switches (SW1) on the opposite side. The matching LEDs on the opposite side of the board
turn on and go to high when you press down the DIP switches (SW1) on each side.

6.1.1.2.12C Communication on LTPI Using Aardvark

1. As mentioned in step 4 of the Total Phase Aardvark for 12C, Optional for LTPI 12C Aggregation section, each of the
two control centers is configured and used as Controller or Target.
2. Set bit rate at 100 kHz and set the same 7-bit target address on each side (Figure 6.3 and Figure 6.4).

12C Control Bitrate wiz | set
Master Slave
Slave Addr: (use "0x" for hexadecimal) Free Bus
Features: [] 10-Bit Addr | Combined FMT [ Mo Stop

Figure 6.3. Aardvark-Controller Setting

12C Control Bitrate wie | set
Master Slave
Current status: [enabled]
Slave Addr: ox01 (use "0x" for hexadecmal)
Max Tx Bytes: o Max Rx Bytes: 0

Figure 6.4. Aardvark-Target Setting

3. Set aresponse message on the target side for a read transaction (Figure 6.5).

I2C Control Bitrate Wiz | Set

Master Slave

Slave Addr: (use "0x" for hexadecimal) Free Bus

Features: [] 10-Bit Addr | | Combined FMT [ No Stop
Master Write

Message

AABB CCDDEE Master Write

Clear Load Save

Master Read

Mumber of Data Bytes: Master Read

Master Register Read
Register Address: Address Width: |2bytes
Mumber of Data Bytes: Master Reg Read

Transaction Log

Time Mod R/W /s Feat kHz Addr Len Data
2024-07-02 06:27:43.505 12C W M = 100 0X1 5 AABBCCDDEE
2024-07-02 06:27:45.503 12C R M = 100 0X1 5 1122334455

Figure 6.5. Aardvark Target Response

4. Do asimple 12C transaction. Input 12C data to the Message field and click Master Write. Check 12C communication
by clicking Master Read. The set response from the target should be visible on the Transaction Log (Figure 6.6 and
Figure 6.7).
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@ Total Phase Control Center v4.5.0

F

ile  Adspter Help

12C Control

Master Slave

Slave Addr:

Bitrate Wiz | Set

{use "0x" for hexadecimal) Free Bus
Features: [] 10-Bit Addr Cormbined FMT [ No Stop
Master Write
Message
AA BB CC DD EE Master Write
Clear Load Save
Master Read
Number of Data Bytes: l:l Master Read

Master Register Read

Register Address: Address Width: |2bytes ~

Number of Data Bytes:

Master Req Read

Transaction Log

Time Mod RW M/S Feat kHz Addr Len Data
2024-07-02 D6:27:43.505 12C w M 100 0x1 5 AA BB CC DD EE
2024-07-02 06:27:45.503 12C R M == 100 0X1 5 1122334455
Figure 6.6. Aardvark Controller
12C Control
Master ~ Slave
Current Status:
Slave Addr: 0x01 (use "Dx” for hexadedimal)
Max Tx Bytes: 10 Max Rx Bytes: 10
(0 indicates an uniimited number of bytes)
Message
1122334455 SetResp
Clear Load Save
Transaction Log
Time Med RW M/S Feat kHz Addr Len Data
2024-07-02 06:25:58.805 12C 5 s - 0x1 5 1122334455
2024-07-02 06:27:43.706 12C R s - 0x1 5 AABBCCDDEE
2024-07-02 06:27:45.530 12C w s - 0x1 5 1122334455

6.1.2. eSPI Demonstration

Figure 6.7. Aardvark Target

Figure 6.8 is the diagram of the eSPI demonstration. It shows the UART terminal, the HPM template with only eSPI
demonstration-related components included, and the eSPI controller.
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Terminal | _|Rx
<

espi reset#

lespics |
espi sclk eSPI
espi data Controller

espi alert >

LY

Figure 6.8. eSPI Demonstration Diagram

Power on the HPM hardware to turn on the eSPI target.

Upon power on or reset, the eSPI target is initialized to default configuration. See the Channel 1 Capabilities and
Configurations section of eSPI Target IP Core (FPGA-IPUG-02260).

On the eSPI controller side, perform Set Configuration for General Capabilities and Configuration at address 0x008.
This configures the capability of the eSPI target such as I/O mode, Operation Frequency, CRC Checking, and so on.
On the eSPI controller, perform Set Configuration for Channel 1 (Virtual Wire) Capabilities and Configuration at
address 0x020. This configures the capability of the eSPI Target specific to Virtual Wire Channel. It is important to
note that eSPI Target’s Virtual Wire is by default disabled. So, performing this Virtual Wire Channel Enable
command to enable the bit 0 of this channel is required. Figure 6.9 shows pseudocode for this transaction.

set configuration(address=0x020, data = [0x01,0x00,0x3F,0x00])

Figure 6.9. VW Channel Set Configuration Pseudo Code

On the eSPI controller, after performing step 4, the controller now continuously checks the Alert signal for each
target-initiated transaction.

On the UART terminal, select 3 for eSPI demonstration and then enter any hexadecimal values to update the GPIO1
output pin values.

The eSPI target then captures the changes in the GPIO1 output pins and asserts the Alert pin to notify the eSPI
controller of the event.

As programmed in the eSPI controller, once Alert is detected, it sends a Get VWIRE command to query the state
from GPIO1. Upon the Get VWIRE response, the data acquired is then used for Put VWIRE to update the GPI02,
thus completing the loopback operation.

The printed output in the UART terminal should also be the same as the input (Figure 6.10).
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Select Demo
1.5G6GPI0
2.M-PESTI
3.ESPI

4.LTPI

Enter Value : 3
ESPI Demo

Enter Value : 123456
GPI: 123456

GPO: 123456

Figure 6.10. Terminal Print Output

6.1.3. M-PESTI Demonstration

As simplified in Figure 6.11, The M-PESTI demonstration involves two key components. The M-PESTI Initiator resides in
HPM SoC design and is housed in the MachXO5-NX Development Board, while the M-PESTI targets are located on the
MachX03D device on the Sentry 4.0 board.

HPM SoC Design (MachX05-NX) M-PESTI Targets (Sentry 4.0-MachX03D)
FT2232H Bridge UART
(USB-UART)
USB-to-JTAG
( : System UART .
Memory Module Slngle M-PESTI
ITAG Module ; Wire Target 0
APB
RISC-V AHB-L Interconect
Core Interconnect :
—_— M-PESTI
I Initiator
ngnOCD AHB-L to tor Al ‘ﬂg'e—. M-PESTI
ebugger e Register Aliasing Wire Target 1
Module
Bridge
UART Terminal

Figure 6.11. M-PESTI Demonstration Block Diagram

To run the demonstration, perform the following steps:

1. Using jumper wire, connect pin E6 of RPI connector of the Sentry 4.0 board to pin C20 of J9 versa header connector
of the MachX05-NX Development Board, as shown in Figure 6.12. This pin serves as the M-PESTI reset signal. Also,
connect common ground for the MachX05-NX Board and the Sentry 4.0 board.
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P Vi =L B : I SCM-HPM
M-PESTI Reset ) i . Ty :
Signal C20 4 : - s 5 MachX05-NX

/ < 3 an @ Development
(J9 Versa Header) / i g O, o 3 Board

M-PESTI Initiator

M-PESTI Reset = 8 & Sentry 4.0 Evaluation
Signal — E6 (RPI k X Board
Connector)
M-PESTI Target

it Baiananidin

Figure 6.12. M-PESTI Demonstration Jumpers

2. Connect the M-PESTI Initiator pins on the MachXO5-NX device to the M-PESTI target of MachXO3D device on the
Sentry 4.0 board, as shown in Figure 6.12. See Figure 6.13 for pin mapping information.

+3.3V_RASP 7 .0V
2 1
1 2 RASP_S5V
RASP_TO0Z 3 41 ‘2‘ 7 RASP5V 115
RASP_I003 5 -3 =3 hd
= 5 6 Pe——
c30 T RASP_I004 73 s b e 29 mpesti_initiator{0]  PMODO_1 1 7 PMODO_S
9 ]
100 nF = RASP_017 19 S bp=: RASP_IOT8 100 nF mpesti_initiator[1] _ PMOD0_2 2 g PMODO6
RASP_T027 3 i —
mpesti_target[0] RASP1022 15 E 12715—' RASP_1023 mpesti_target[1] PMOD0_3 3 9 PMODO_7
17 18 RASP_I024
RASP_I010 19 917 18 055 PMOD0_4 4 10 pmoD0_8
RASP_TO09 71 19 20 05— RASP_I025 — — Vecioo
RASP_IO11 23 g ;i 24 RASP_IO08 5 1 o
— 1 » 9 RASP_I007
RASP_ID_SD — a5 = :ig RASP_TD_5C ° v
RASP_TO05 %427 28 050
RASP_I006 31 g;’ gg P31 Rraspion2 c122
RASP_I013 P! [~ 34 MOD 2X6 4
— o —-QOn 34 03—  RASP_IO16 ==
RASP_I019 35 Sl o3 100 nF
RASP_I026 37 :? ol o] RASP_1020
9 2 RASP 1021
39 A 9 20 022 -

- Receptacle 20x2
DNI

Raspberry Pl Connector

[ Sentry 4.0 Board [ MachX05-NX Board (HPM) |

Figure 6.13. M-PESTI Initiator to M-PESTI Target connection

3. After power on, the demonstration menu screen is printed on the UART terminal (Figure 6.14).
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@Termmalx EP«T| L-||5ﬁ| @ =
B coMds x

LTPI wver 1.1

TRRGET SPEED: 18@-DDR
TX STATUS: Operational
RX STATUS: Operational

select Demo
1.5GPI0
2.M-PESTI
3.ESPI

4.LTPL

Enter Value :

Figure 6.14. Demonstration Menu Screen

4. Wait until LED D55 blinks (Figure 6.15). Then, enter 2 in the Menu to select the M-PESTI demonstration and hit
Enter.

Qlﬂ.
b
b

CAT A
i

iy
Veclon s 1030

N

2

(o
£

Figure 6.15. D55 LED Blink

5. After selecting the M-PESTI demonstration, the following can be observed on the UART terminal (Figure 6.16):

a. Thetarget TO and target T1 discovery payloads are printed on the UART terminal. These values originate from
the MachXO3D FPGA, which acts as two M-PESTI target devices.

b. The Virtual Wire In (VW-IN) values from the target are also printed on the UART terminal. The target TO sends
a byte of data while the target T1 sends two bytes of data. In the current demonstration, these values
originate from an internal counter on each M-PESTI target. In future versions of the demonstration,
alternative sources can provide these values, and the number of bytes being sent can be adjusted.

c. The phrase Broadcast Command is also printed, signifying that a Broadcast Command 0x00 is sent by the
initiator to all targets.
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A Terminal X
B comds x

Select Demo
1.SGPIC
2.M-PESTI

3.ESPI

4.LTPI

Enter Value : 2
M-PESTI Democ

B ®

&l

o

S0

Vi B3

]

Select Demc
1.5GPIC
2.M-PESTI

3.ESPI
4.LTPI
Enter Value : | |

Te PL: @x0@ @x1 @x2 ex1l oxlf @x0@ ox@ Ox@ @x0 @x0 9x@ Oxe Ox0 @x0 &x0 oxe
T1 PL: @x8 @x1 8x2 8x22 ex1lf 8x0 @x8 8xe éxe Ox® 8xe ex8 oxe éxe exe &xb3

Figure 6.16. M-PESTI Demonstration Terminal

6.1.4. SGPIO Demonstration for HPM

Figure 6.17 is a diagram for the HPM SGPIO demonstration. It shows the UART terminal and the HPM template with

only SGPIO demonstration-related components.

RISC-V

APB

Terminal

UART

-_———
 “DATA.IN |
! Loopback 1

DATA_OUT

—

] N

SGPIO Controller

SGPIO Target

CLK
SLOAD.
DATA_OUT
DATA_IN
F]
sl
T
I}
QU
Q
I}
=
CLK
SLOAD
DATA_OUT
DATA_IN
—

Figure 6.17. HPM SGPIO Demonstration Diagram

1. Connect the jumpers for RPi Header, as shown in Figure 6.18.
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Pinouts
c20 gpio2_mpesti_rst
G14 mpesti_initiator{17]

G18 mpesti_initiator[19]
G19 mpesti_initiator[21]
H19 mpesti_initiator[23]
J18

J16 sgpiocO_inst_sdataout_o_port

J14 sgpiocO_inst_sload_o_port
H13 sgpiocO_inst_sdatain_i_port

RPi Header Jumper Setting

SGPIOs_DataIN—SGPIOm_DATAOUT

SGPIOs_CLK—SGPIOmM_CLK

1 2 Pinouts Pin# 18 Pin#

'||| EXPCON_2V5 5100 =% EXPCON_I029 1 2
EXPCON_I030 S 00 — EXPCON 1031 3|EXPCON_2V5 EXPCON_[029 | 4
EXPCON_i032 71995 EXPCON_1033 mpesti_initiator{16] ~ H14 5|EXPCON_I030 EXPCON_I031 | 6
EXPCON_I034 9 oo 10 EXPCON_I035 mpesti_initiator{18] ~ H15 7|EXPCON_lO32 EXPCON_IO33 | g
EXPCON_I036 11 gg 12 EXPCON_I037 mpesti_initiator[20] ~ H16 9 |EXPCON_l034 EXPCON_IO35 |10
EXPCON_I038 13 14 EXPCON_I039 mpesti_initiator[22] 20 11[EXPCON_I036 EXPCON_I037 | 12
EXPCON_I040 15 oo 16 EXPCON 1041 117 13[EXPCON_I038 EXPCON_I039 | 14
EXPCON_I042 17 oo 13 EXPCON_I043 sgpiot0_inst_iGSXDataln_port  J15 15[EXPCON_I040 EXPCON_[041 | 16
EXPCON_I044 19 00 20 EXPCON_IO45 sgpiot0_inst_inGSXLoad_port ~ J13 17|EXPCON_I042 EXPCON_[043 |18
5VIN 21 38 22 sgpiot0_inst_oGSXDataOut_port ~ J12 19|EXPCON_lO44 EXPCON_IO45 | 20
EXPCON_2V5 2] 60 2 21[5vIN 2
25 26 23|EXPCON_2V5 24

EXPCON_OSC oo
_ 2150 |28 25|EXPCON_3V3 26
EXPCON_CLKIN 2100 27|EXPCON_3V3 28
EXPCON_CLKOUT ;; [e]e] :: espi0_inst_espi_clk_i_port E16 29[EXPCON_OSC 30
= 3199 = sgpiot0_inst_iGSXClk_port E17 31|EXPCON_CLKIN 32
37 [o)e] 38 sgpiocO_inst_sclock_o_port D20 33|EXPCON_CLKOUT]| 34
EXPCON_3V3 39 o0 20 35|EXPCON_3V3 36
00 37|EXPCON_3V3 38

2 EXPCON_3V3

HDR40 = 38 = 40

SGPIOs_LOAD—SGPIOm_LOAD

SGPIOs_DataOUT—SGPIOm_DatalN

Figure 6.18. Versa Header(J8) Jumper Settings

2. Power on the HPM hardware to turn on the SGPIO controller and target. The SGPIO target has a loopback

connection for its Data_IN and Data_OUT.
3. Make the following selection for the SGPIO demonstration, as shown in Figure 6.19.

é?]1érnnnal P
B comde x

B it | 3 G BE| & =0

LTPI ver 1.1

TARGET SPEED: 1@8-DDR
TX STATUS: Operational
RX STATUS: Operational

Select Demo
1.5GPIO
2.M-PESTI
3.ESPI
4. LTPL
Enter Value : 1
SGPI0 Demo
sgpio write,lo
select De
sgpio read:lo
mo
1.5GPI0
2.M-PESTI
3.ESPI
4.LTPI
Enter Value :

1,hi

1,hi

Figure 6.19. UART SGPIO Demonstration Selection

4. The firmware writes 0x00000001 to in_lo, and 0x00000000 to in_hi from the SGPIO controller. Below is the

function for the SGPIO demonstration (Figure 6.20).

184=void sgpio_demo() {

185

186 printf(" \r\nSGPIO Demo\r\n");

187 sgpio@_inst_p-»wr_cache_ext = @;//hi = in_lo + 1;

188 sgpiod_inst_p->wr_cache = sgpio@_inst_p->wr_cache + 1;//low in_hi = 1;

sgpio_write_ext(&sgpio_inst, sgpio®_inst_p-»wr_cache, sgpio®_inst_p->wr_cache_ext);

printf(" sgpio write,lo=0x%08x,hi=0x%88x", sgpio@®_inst_p-»wr_cache, sgpio@_inst_p-»ur_cache_ext);

Figure 6.20. SGPIO Demonstration Code
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5. No forced reading of SGPIO is done since the code is waiting for interrupt for SGPIO to be triggered. Any changes in
the values of SGPIO trigger the interrupt for SGPIO with a call back of reading it. Below are the initialization of
SGPIO interrupt and the callback function (Figure 6.21 and Figure 6.22).

499 //Initializing sgpio master with base address @x00133000

500 sgpio_init(&sgpio inst, SGPIOM@ INST BASE ADDR, @, @);
501 //To register the callback function for sgpio
502 sgpio_register_callback(&sgpio_inst, sgpio_callback, NULL);

503 //Register th ISR for SGPIO

504 pic_isr_register(SGPIOMO_INST_IRQ, sgpio_callback, (void *)&sgpio_inst);
505 //Enable the interrupt for SGPIO

506 sgpio_enable_interrupt(&sgpio_inst, 1);

Figure 6.21. SGPIO Interrupt Initialization

173- static void sgpio_callback(void *ctx) {

174

175 sgpio_reg_t out_lo = @;

176 sgpio reg t out hi = 0@;

177 sgpio_clear_interrupt(&sgpio_inst);

178 sgpio read ext(&sgpio_inst, &out lo, &out hi);
179 printf("\nsgpio read:1o=0x%08x,hi=0x%@8x\r\n", out_lo, out_hi);
180

181

182 }

183

Figure 6.22. SGPIO Interrupt Callback Function

6. The value forin_lo increments by one if the SGPIO demonstration is selected again.

6.1.5. SGPIO Demonstration for SCM

Figure 6.23 shows the diagram for SCM SGPIO demonstration. It shows the UART terminal and the SCM template with
only SGPIO demonstration-related components.

RISC-V
APB
»
v L
s — CLK (
LOAD
Terminal UART SGPIO Controller DATA_OUT
+ DATA_IN

- o
0]
o
=
o
I
[0}
Q
o
(0]
CLK =

T BATATI o .

I Loopback | SGPIO Target DATAOUT

DATA_IN
L DATA_OUT | - =
————— —

Figure 6.23. SCM SGPIO Demonstration Diagram

1. Connect the jumpers for RPi Header based on Figure 6.24.
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Debug_0
1| VCCIO0 | vCClol
UARTO_RXD 3 F8 L14
5 D9 M14
7 F9 L15
9| El11 N16
¥} GND GND
13 D8 L16
15 E9 M15
17 D6 N14
19 E7 M16
21| VCCIO2 | vCcClo3
23| F15 R11
25 J16 T12
27| J15 R13
29| G15 T14
31| H15 R7
33| K15 P7
35| K16 N10
37( 14 M11
39| VCCIOS | VCC_RPI

2
4 UARTO_TXD
6
8

DEBUG_0 Header Jumper Settings
SGPIOs_DatalN---SGPIOm_DataOUT
SGPIOs_CLK---SGPIOm_CLK
SGPIOs_LOAD---SGPIOm_LOAD
SGPIOs_DataOUT---SGPIOm_DatalN

Figure 6.24. RPi Header Jumper Settings

2. Power on the SCM hardware to turn on the SGPIO controller and target. The SGPIO target has a loopback

connection for its Data_IN and Data_OUT.

3. Make the following selection for the SGPIO demonstration, as shown in Figure 6.25.

& Terminal X

B 51

Ew BE| €

A'§=E'

B com32 x

WLTPI ver 1.1

TARGET SPEED: (null)
TX STATUS:
RX STATUS: Idle
Select Demo
1.5GPIC

2.LTPI

Enter Value : 1
SGPIO Democ

Link-Detect

sgpio write, lo
Select Demo

1, hi

sgpic read: lo

1.5GPIC
2.LTPI
Enter Value : [I

<

Figure 6.25. UART SGPIO Demonstration Selection

4. The firmware writes 0x00000001 to in_lo and 0x00000000 to in_hi from SGPIO Controller. Figure 6.26 shows the

function for the SGPIO demonstration.
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184=void sgpio_demo() {

185

186 printf(" \r\nSGPIO Demo\r\n");

187 sgpio@_inst_p-»wr_cache_ext = @;//hi = in_lo + 1;

188 sgpio@_inst_p-»wr_cache = sgpio@_inst_p->wr_cache + 1;//low in_hi = 1;

189 printf(" sgpio write,lo=0x%08x,hi=0x%088x", sgpio@® inst_p->wr_cache, sgpio®_inst_p->uwr_cache_ext);
190 sgpio_write_ext(&sgpio_inst, sgpio®_inst_p-»wr_cache, sgpio®_inst p->wr_cache_ext);
191

192

193 }

ana

Figure 6.26. SGPIO Demonstration Code

5. No forced reading of SGPIO is done since the code is waiting for the interrupt for SGPIO to be triggered. Any
changes in the values of SGPIO trigger the interrupt for SGPIO with a call back of reading it. Below are the

initialization of SGPIO interrupt and the callback function (Figure 6.27 and Figure 6.28).

499 //Initializing sgpio master with base address @x08133000
500 sgpio_init(&sgpio_inst, SGPIOM@_INST_BASE_ADDR, @, @);

501 /{To register the callback function for sgpio

502 sgpio_register_callback(&sgpio_inst, sgpio_callback, NULL);

503 //Register th ISR for SGPIO

504 pic_isr_register(SGPIOM@_INST_IRQ, sgpio_callback, (veoid *)&sgpio_inst);
505 //Enable the interrupt for SGPIO

506 sgpio_enable_interrupt(&sgpio_inst, 1);

Figure 6.27. SGPIO Interrupt Initialization

173= static void sgpio_callback(void *ctx) {

174

175 sgpio_reg_t out_lo = @;

76 sgpio reg t out hi = 0;

177 sgpio_clear_interrupt(&sgpio_inst);

178 sgpio_read_ext(&sgpio_inst, &out_lo, &out_hi);

179 printf("\nsgpio read:1o=0x%08x,hi=0x%@8x\r\n", out_lo, out_hi);
180

181

182 }

183

Figure 6.28. SGPIO Interrupt Callback Function

6. The value forin_lo increments by 1 if the SGPIO demonstration is selected again.
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7. IP User Guide Reference Documents

7.1. LTPI

LTPI is a protocol and interface designed for tunneling various low-speed signals between the HPM and SCM. The LTPI
protocol goes over the LVDS electrical interfaces. This is the next generation protocol for DC-SCM 2.0 as the
replacement to two Serial GPIO (SGPIO) interfaces. It allows for tunneling of not only GPIOs but also low speed serial
interfaces such as 12C and UART. It is also extensible with additional proprietary OEM interfaces and provides support
for raw data tunneling between HPM CPLD and SCM CPLD.

7.1.1. Features

e  Compliant with Open Compute Project®(OCP) DC-SCM 2.0 LTPI 1.0 Specifications.

e Link initialization, discovery, and negotiation.

e Supports Multi-Channel Serial Interface.

e  Supports LVDS and subLVDS.

e Supports up to five channels aggregation or disaggregation in total.

e Supports GPIO, 12C, UART, OEM, and data channel aggregation.

e For I12Cinterface, each device can be configured as Controller or Target.

e Supports up to 800 Mbps LVDS data rate for MachX03™ and Mach™-NX family devices.
e  Supports up to 1200 Mbps LVDS data rate for MachXO5-NX family devices.

e Supports AMBA 3 APB Protocol v1.0 for register access of the soft IP and data channel.
e Supports PREADY, a ready signal to indicate the completion of an APB transfer.

e  PSLVERR is only supported in data channel-related access, with an error signal indicating failure of a transfer.

7.1.2. Reference Guide
DC-SCM LTPI IP (FPGA-IPUG-02200)

7.2. eSPI Target

Enhanced Serial Peripheral Interface Target IP is compliant with the Intel eSPI specifications. It has its own virtual wire
channel in the user interface while implementing peripheral channels, namely, Out of Band (OOB) Message Channel
and Flash Access Channel in FIFO that are accessible by the APB or AHB-Lite interface.

7.2.1. Features

e  Supports all eSPI Commands.

e Supports all required error detection in eSPI specification.

e Supports single, dual, and quad SPI mode.

e CRC check

e  Supports APB and AHB-Lite user interface.

e Simple implementation interface for virtual wire channel transactions

e  GPIO Expander interface for virtual wire channel transactions

e Peripheral channel transactions controlled by the host using APB/AHB-Lite interface
e 0OB Message channel transactions controlled by the host using APB/AHB-Lite interface
e  Flash access channel transactions controlled by the host using APB/AHB-Lite interface
e No response error detection in eSPl command

e  Fatal error detection in eSPI command

e  Soft resets: CSR, SPI, and FIFO

www.latticesemi.com/legal


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=53598

= LATTICE

7.2.2. Reference Guide

e Enhanced Serial Peripheral Interface (eSPI) Specifications
e  eSPl Target IP (FPGA-IPUG-02260)

7.3. M-PESTI Initiator
This is a DC-MHS version 1.0 spec-compliant M-PESTI Initiator IP.

7.3.1. Features

e M-PESTI Initiator IP and M-PESTI Target test component communicate through half-duplex bidirectional UART
protocol at 250k BAUD rate, 8-bit data, 1-bit odd parity, 1 start bit, and 1 stop bit of M-PESTI line.

e  Supports Static Discovery payload with CRC-8 payload checksum.

e  Supports one-controller-to-many-target mode.

e Supports configurable number of M-PESTI line.

e  Supports broadcast power break command to all connecting M-PESTI Targets.

e  Supports auto-trigger Static Discovery Payload request command to all Targets on round robin manner during
Discovery phase.

7.3.2. Reference Guide

e M-PESTI Initiator Reference Design (FPGA-RD-02274)
e  M-PESTI Initiator IP (FPGA-IPUG-02258)

7.4. SGPIO Controller and Target

SGPIO is a four-signal bus used for data serializer and deserializer between a host bus adapter (HBA) and a backplane.
The IPUG of this IP is included in the template package.

7.5. RISC-VSM

The Lattice Semiconductor RISC-V SM CPU IP contains a 32-bit RISC-V processor core and optional submodules — Timer
and Programmable Interrupt Controller (PIC). The CPU core supports the RV32l instruction set, external interrupt, and
debug feature, which is JTAG — IEEE 1149.1 compliant. The Timer submodule is a 64-bit real time counter, which
compares a real-time register with another register to assert the timer interrupt. The PIC submodule aggregates up to
eight external interrupt inputs into one external interrupt. The submodule registers are accessed by the processor core
using a 32-bit AHB-Lite interface.

7.5.1. Features

The RISC-V SM CPU IP has the following features:

e RV32linstruction set

e  Five stages of pipelines

e  Supports the AHB-Lite bus standard for instruction port and data port.

e  Optional debug through Gnu Debugger (GDB) and Open On-Chip Debugger (OpenOCD)

e  Optional Timer module

e  Optional PIC module

e Interrupt and exception handling with Machine mode in RISC-V privileged ISA Specification Revision 1.10

e About 0.5 DMIPS/MHz performance

e Around 40 MHz in MachX02™ devices, 50 MHz in MachXO3D devices, and 100 MHz in CrossLink™-NX devices.
Tested on Hello World templates provided by Lattice Propel.

7.5.2. Reference Guide
RISC-V SM CPU IP (FPGA-IPUG-02240)
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8. Resource Utilization

Table 8.1. Resource Utilization

Module/IP Utilization Note
LUTS EBR
RISC-V SM (cpu0) 1556 2 Using RISCV-SM, debug mode enabled.
System Memory (sysmemO) 53 16 Approximately 8 KB memory size
eSPI 756 2 For 64-bit virtual wire-only configuration
LTPI 3437 2 The utilization of LTPI varies based on the target configuration
M-PESTI 2956 1 The utilization is based on 4 Target configurations.
SGPIO Controller 131 0 34-bit width
SGPIO Target 35 0 34-bit width
GPIOO 285 0 For debug and demo purposes. Used as a virtual wire for LTPI.
GPIO1 352 0 For debug and demo purposes. Used as a virtual wire for eSPI.
GPI102 286 0 For debug and demo purposes. Used as a virtual wire for eSPI.
UART 196 0 For Debug and demo purposes
CSRO —_ - For LTPI CSR/Dynamic PLL Access
APB2LMMI 64 0 For Server LTPI
APB 122 0 —
AHBL2 APB Bridge 263 0 —
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9. Design Guidelines, Known Issues, and Limitation

9.1. LTPI

Below are a few guidelines on using the LTPI IP as part of the SoC template. Note that by default, these are already met
by the design.

9.1.1. SoC Template - IP
o  Check that the features of both SCM and HPM match (Figure 9.1).

¥ Feature Capability

Automatically move to Configuration State v

Figure 9.1. Capabilities Match

e Enable the Automatically move to Configuration State option of the IP (Figure 9.2). This is only for SCM.

v Feature Capability

Automatically move to Configuration State v |

Figure 9.2. Enable Automatically Move to Configuration State

9.1.2. Firmware — Propel C Project

Currently, only the 25 MHz default SDR and 200 MHz DDR options are enabled in the firmware. If the design requires
another speed, uncomment on the pll_init function of main.c.

9.2. eSPITarget

Upon power up or reset, the eSPI Target’s Virtual Wire Channel Enable is set to 0. So, it is required to perform Set
Configuration for Channel 1 (Virtual Wire) Capabilities and Configuration at address 0x020, as mentioned in step 4 of
the eSPI Demonstration section.

9.3. Hardware

e  Using two MachXO5-NX Development Boards and two LTPI connector boards
e Using Promira Serial Platform for the eSPI IP test validation

e  Utilizing Sentry 4.0 Board, with MachXO3D device as the M-PESTI targets
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10. IP Versions

Table 10.1. IP Versions

1P Version
AHB-Lite Interconnect 131
AHB-Lite to APB Bridge 1.1.1
APB Interconnect 1.2.1
eSPI Target 2.0.0.02
GPIO 1.6.2
M-PESTI Initiator 1.1.0
SGPIO Controller 1.1.0
SGPIO Target 1.1.0
Server LTPI 1.0.0
UART 1.3.0
RISC-V SM 1.6.0
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11. Design Template Package

Figure 11.1 shows the design template package.

HPM Folder:

e .metadata — generated by the Lattice Propel builder software. Do not remove.

e  hpm_fw — contains the HPM firmware that can be modified using Lattice Propel design environment.

e hpm_soc — contains the design template diagram that can be opened in Lattice Propel Builder as well as the
Diamond project to generate the configuration file.

Misc Folder:

e  eSPIl - contains the Promira firmware that can be used for the demonstration.

e |PKs — contains solution-specific IPs that are used in the template.

e  MPESTI - contains the pre-built JED file for the MachXO3D M-PESTI targets design.

SCM Folder:

e _.metadata — generated by the Lattice Propel Builder software. Do not remove.

e scm_fw — contains the HPM firmware that can be modified using Lattice Propel design environment.

e scm_soc — contains the design template diagram that can be opened in Lattice Propel Builder as well as the
Diamond project to generate the configuration file.

A ServerLTPI_xo5_scm_hpm_prod1.0

v HPM
Jmetadata
hprn_fw
hprn_soc

W Misc
e5PI
IPKs
MPESTI

v S5CM
metadata
scrm_fw

SCAN_S00C

Figure 11.1. Sentry 4.0 Design Package
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Technical Support Assistance

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