= LATTICE

MachX03-9400 Development Board 12C
Expander for Raspberry Pi Demo

User Guide

FPGA-UG-02038-A

November 2017



= LATTICE

Contents
ACTONYMS iN THiS DOCUMENT ...eeiiiiiieciieee et e et ee et e e et e e e et e e e s taee e et teeeesasaeeesasseeeanstaeesassseeesasseeeanssaeesanssaeesnsseesanssseennnsens 4
NN [0 14 7o Yo [0 4o o IO SRS OUSRRTPROPPRRTRPI 5
B 0 T o 4 To B =T [V 1T =10 o =T oL (PP P PP OPPTOP 6
2.1. HardWare REQUITEMENTS ...ccuviiiiiiiieeeiee et st e ettt e st e e e sttt e e sttt e e seabeeeesabeeeseaateeesaaaeeessbeeessnssaeessseeesnssanesnnns 6
2.2. SOfEWArE REQUITEIMENTS ..enieiiiiieiieeiit ettt ettt et s e et e st e et e s bt e e bt e sa b e e eabeesabeeeabeesabeeeabeesabeesnneesares 6
3. Setting up the MachX03-9400 Development Board for the DEMO ......c...eoiiiiiiiiiiieiieee e 7
N b 1T Tl D= F=4 s W @Y= T oY1 T PP PP PPPPPPPPPPPPPPRE 8
4.1. Implementation of 12C Expander using EFB Hard Module in MachXO3 DeViCes........c.coeveerereeeeereeeereeeeseneeeenes 8
4.2, Software Interface between Raspberry Pi and MachXO3 12C Expander DeSigN.........ccveeveverereieeereereerverneereeneans 10
5. MachX03 Design — Port Assignments and DeSCriPtiONS .......ceiueiiiieiiieiieeiet ettt sttt st e s enee s 11
6. Demo Package Components and Dir€Ctory STrUCTUIE ......oc.uiiiiiiiiiiiie ettt 12
7. Programming the MachXO3-9400C DEVICE ......cccueteruueriueieriieeiteterite ettt e itte sttt e bt e sbeessseesbeeenbeesbeeeseesbeesseesbeesnneenares 14
8. Prepare the Demo Environment on the RAsphErry Pi......ooo ittt s e s st e s e 17
9. Running the 12C Expander DEMO 0N RASPDEITY Pi .....c.oouiiuiieiieieeieieeieiee ettt ste sttt st et e saestsstesaeersereeseeeesaeanes 18
10. Running the 12C Embedded Programming Demo on RasPBerry Pi ......cccveveveveiieiieiieeeeeeeeceesie st eee e snesneas 21
11. Running the L-ASC10 Device Programming over 12C Demo on Raspberry Pi......ccccevieeieeereeeieeeieeeeeeeseesee s 28
12. Update Reference Design for Customer APPlICAtION .......uiiiiiiiee ettt e et e e et e e e eaaa e e e s areeean 30
L2 0S] =T T ol TR 34
TECNNICAI SUPPOIT ...ttt ettt ettt e b et e b e e bt e b e e e bt e e bee e be e e be e e bt e e saeeeabe e e beeeabeeebbeeabeeenaeesabeeennneenreean 35
AV I o I o 1Y (o] o PO PP PT PR PPTPRPP 36

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Figures

Figure 1.1. Using Lattice MachX03-9400 Development Board as Raspberry I2C EXPander .........cccveeeveeveeeereeeeereeeenennns 5
Figure 3.1. ReSOUICES fOr The DEMO ...ueiiiiiiiiieiiie ettt et ettt et e s bt e sb e e s bt e e bt e e b et e sbbeebeeessbesneeesnnesanees 7
Figure 4.1. Configuring EFB IMOAUIE iN IPEXPIESS .....eeiiiiiiiieiiiieiiteeite et ettt et ettt et s ettt e s bt e sste s bt e e sbte s bt e e sbbeesneeesaneennees 8
Figure 4.2. FPGA MOTUIE DIGlOG ... ..eiiiieiiiieiieeiee ettt ettt et st ettt e be e st e bt e e b et e bt e e bt e e sbbesbe e e bt e sneeesnneennees 9
Figure 4.3. MachX03-9400C Design BIOCK DIagram ......cioiueeiiieiiiieiiie ettt ettt ettt ettt e set e bt e siee s bbb e s neeesaneennees 9
Figure 6.1. Demo Design Package DIir€CtOry STIUCTUIE.......ccocciiiiiciiee et e et e et e e e e ate e e s ate e e e s taeeesnseeesnseeeessraeeennnes 13
Figure 7.1. Diamond Programmer Getting Started DIalog .....c.veeevviieeeiiiie ettt e e et e e s ere e e s are e e e s rreeeennes 14
Figure 7.2. Diamond Programmer Main INtEITaCE.......cocciiii ittt e e ste e e et e e e st e e e saseeeesnrreeeennes 14
FIGUIE 7.3. EItiNg DEVICE PrOPEITIES . ..ueiiiiiiieeeitee e iitee e ettt e eete e e sttee e e tteeeseataeeessseeeastaeeaassseessseeeanstaeesasseeesasseseessssnenannes 15
Figure 7.4. Selecting Device Operation and Programing OPLiONS ........ccceeciiieiiiriiieiieeiiie ettt ettt e st 15
Figure 7.5. Programming the DEVICE ........eiiiieiiiiiiieiiie ettt sttt sttt st e e s bt e st esab e s bt e s beeebeesabeeeneesabeeeneenane 16
Figure 8.1. 12C Expander and Programmer GUI........coouiioieeiiieeiee ittt ettt et ettt e st st e st e s bt e sabeessneesbeesnneenane 17
Figure 9.1. Starting PYENON2 IDE..........viiiiiiiie s ettt ettt e ettt e e st e e e et e e e e eaeaeeesaaeeeastaeesassaaeessseeeastaeeeansseeesnseeeenssseeennnns 18
Figure 9.2. Load the 12C EXPANAEr GUI.....c.ccueeeeeieeieteieecteeeeeeeeeete e ste et e seeseesasetesseeteessensessesssstesaesteeneensensessestesresneeneensenes 18
Figure 9.3. Starting the 12C EXPANAEr GUI ......c..ccuievieuiieieeieeieeeeeeeeeete st ettt et ste et e saeebeesseseeaestestesaesteeseensensesssatesrssneeneeneenes 19
Figure 9.4. Operate the LEDs and Read DIP Switch Status through the 12C Expander GUI........cccocveuveeeveereeeeeieeereeeenenns 19
Figure 9.5. LEDs and DIP Switch Status on the MachX03-9400 Development Board ..........ccoceeeveeriieeeieenniieeneeeieeeseeee 20
Figure 10.1. Starting Diamond Deployment Tool for I2C Embedded File GEneration ...........ccceceeveveveriereeeierereseereeseerennas 21
Figure 10.2. SeleCting JEDEC File .....ccoiuiiiiiieiie ittt ettt ettt ettt s e e st e e bt e st e e sabee s beeeabeesabeeenneesabeesnneenane 22
Figure 10.3. Selecting 12C Erase ONlY OPLiON ......eieueeiiiieieeitie ettt sttt sttt e st e s bt e st e e ssee s beeebeesabeeenneesbeeenneesane 22
Figure 10.4. Specifying Names for the Algorithm File and Data File .........coccuiiiiiiiie et 23
Figure 10.5. Generating the Algorithm File and Data File ...........cocuiiiieiiiii ettt e e et e e e eaees 23
Figure 10.6. Selecting [2C Program OPLiON .......c.uiiiiiiieeeciieeceiiee e scitte e e sttt e e eetteeestaeeeesttaeeeestaeesasseesaastaeesaassssesassesesasseseanses 24
Figure 10.7. Specifying New Names for the Algorithm File and Data File ........coociiiiiiiiiiiiieneeeeeee e 24
Figure 10.8. Re-generating the Algorithm File and Data File........ccocuiiiiiiiiiiieeeeeee et 25
Figure 10.9. Generating Algorithm File and Data File SUCCESSTUIlY.......c.ciiiiiiiiiiiiiiee e 25
Figure 10.10. Using Raspberry 10 Erase XO3 ... ..iiiiiiiiieiieniee ettt ettt ettt ste e st e st e st esbee s beeeseesabeesneesbeeenneenane 26
Figure 10.11. I°C Expander and Programmer Operation Error after the Device is Erased ........ccoveveeevvevveveeeeieeereeneennenns 26
Figure 10.12. I1°C Expander Functioning after XO3 is Reprogrammed by Raspberry Pi.......cccccoevvvivieeeeeveneseseereeeenenns 27
Figure 11.1. SUPPOrted ASCLO I2C COMMEANTS...c.uiruiiriieiiriirieeeetesteetesteere et eseetesteetesaeereeseeseessessestesasersereensensesssatesasereeneensenes 28
Figure 11.2. Select File for ASC10 DEVICE PrOZIami......ccccuiieeeiiieeecitiie e ettt e eeitteeesetteeeesateeeeessteeessaseeaesstaeesssseeesassesaessssesennses 29
Figure 11.3. Programming the L-ASCLO DEVICE ....cccueeruiieiieerieeeiee sttt eiee st e et e st e st e st e sseesabeesabeesabeesseesabeesnneesbaeenseenane 29
Figure 12.1. Starting Diamond Software

o= {U T A U o Yo - o [ = I USRSt
Figure 12.3. Checking Global Preferences SETHINES ......cccuiii ittt e st e e e etbe e e e s e e e e eatee e ssabeeeeebbeaeennes 31
Figure 12.4. Assigning the Newly-added Ports to VERSA CONNECLOIS ...cccieiuiiiiiieeiiccciiiieee e eecittee e e e e serrae e e e s e e e savaaaeea s 32
Figure 12.5. GENerating the JEDEC Fil@.....uui i iiiiieee ettt e et e e e e e st e e e e e e s e aaataeeeeeeeesanbaaseeaseesannsaeneeaens 32
Figure 12.6. Updating the Software 0n RaSPDEITY Pi........uii ittt ettt e e e eite e e et e e e e ate e e saseeaesabbeeeennns 33

Tables

Table 5.1. Design Port DEfiNITIONS ... e e et e e e e e s e tb bt e e e e e e se s aatbaeeeeesesnntbaseaeesesannsaneeeeens 11

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

DIP Dual In-line Package

EFB Embedded Function Blocks. Multiple functions hard blocks in
Lattice FPGA

GPIO General Purpose Input and Output

GUI Graphic User Interface

12C Inter Integrated Circuit.

L-ASC Lattice Analog Sense and Control. A mixed circuit
device of Lattice dedicated for power monitor and
management applications.

RTL Register Transfer Level

UFM User Flash Memory

www.latticesemi.com/legal

= LATTICE


http://www.latticesemi.com/legal

e . i
= LATTICE MachX03-9400 Development Board 12C Expander for RaspberLyseP: I();zri\;:

1. Introduction

Many embedded systems are built around microcontrollers or processors with limited I/O and interface. Systems which

require more interfaces or additional real time control functions can benefit from the use of a low-density, 1/0

intensive FPGA such as MachX03™. This demo shows a basic version of this function using the Raspberry Pi System.

e  The demo shows the Lattice MachX03-9400 Development Board running as an I°C based GPIO expander to drive
the LEDs and a DIP switch on the board and operate the LEDs or read the DIP switch status through a Python
based GUI running on the Raspberry Pi 2 or Pi 3. (Section 9)

e  The demo shows the Lattice solution to configure the MachX03 FPGA through an embedded processor. (Section
10)

e  The demo shows how to use Raspberry Pi I2C to operate and to program the Lattice Hardware Management
Expander device, L-ASC10. (Section 11)

Lattice MachX03-9400 Development Board
RIVRRR
akkAkid
E—f MachX03-9400C L-ASC10
—

L 1 i

Y A 4 A

DIP Switch

A A

Raspberry Pl
with I’C Master

I°C Driver
Python GUI

Key Pad \ Mouse /

S
v

Display

Figure 1.1. Using Lattice MachX03-9400 Development Board as Raspberry 12C Expander

RTL source code and software source code used with the demo are provided with the demo package.

© 2017 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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2. Demo Requirements

2.1. Hardware Requirements

To demonstrate the simple hardware management design, the following hardware are required:
e  MachX03-9400 Development Board

e Raspberry Pi2/3 running Raspbian

e HDMI display and HDMI display cable

e USB keypad and USB mouse

e  Mini USB cable for powering MachX03-9400 Development Board

e  Micro USB cable for powering Raspberry Pi

Note: The HDMI display and USB keypad/mouse are not necessary when Windows Remote Desktop tool is used to
operate the Raspberry Pi.

2.2. Software Requirements
e Lattice Diamond® Design Software, version 3.9 or later
e Lattice Diamond Programmer Tool for bitstream downloading
e Diamond Deployment Tool for I2C Embedded programming files generation
e  Software running on Raspberry Pi:
e  Python based GUI
e  |2Cdriver for Python GUI
The Lattice Diamond software tools are available at www.latticesemi.com/en/Products/DesignSoftwareAndIP.
The Programmer tool and Deployment tool are included with Lattice Diamond.

www.latticesemi.com/legal
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3. Setting up the MachX03-9400 Development Board for the
Demo

Figure 3.1 below shows all resources on the MachX03-9400 Development Board used for the demo.
e JP1 should be set to provide power of L-ASC10 device.

e JP7 should be set to provide +5 V power for Raspberry Pi by the USB download cable. Raspberry Pi can also be
powered through a separate Micro USB cable.

e JP3isa 2.54-cm pitch 2x20 female connector. It is used to connect the MachX03-9400 Development Board with
Raspberry Pi. JP3 is not populated on the board as shipped and required to be mounted for the demo.

e LED D4, D8, D7, D1, D2, D5, D3, D6 are driven by the design software.

e The bits of switch SW1 may be read out by the design software.

Note: R84, R96 0 Q resistors are not populated on the board as shipped. These must be populated to run the demo.
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JP1 ' . REV B
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Copyright © 2016
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JP7 N BE <weiswne
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Figure 3.1. Resources for the Demo

© 2017 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
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4. Demo Desigh Overview

A simple design for the MachX03-9400C device is required for the Demo. The design implementation and software
interface for driver are introduced below.

4.1. Implementation of IC Expander using EFB Hard Module in MachXO3 Devices

This section describes how to implement the embedded function block (EFB) in the MachX03 device. The demo project
provides an IPexpress configuration file that includes the settings below. This section is provided for reference only.
The EFB is a hardened function block in the MachXO3 device supporting functions such as SPI/I>C/Timer and User Flash
Memory (UFM). An 8-bit Wishbone bus interface is used to connect the EFB with user logic. The functions of the block
can be configured through Lattice IPexpress software.

To configure the EFB block for the I1°C Expander design:
1. Start IPexpress and select the EFB module for configuring.

2. Input the project path, module name, module output format and device family, synthesis tool. Click Customize
(Figure 4.1).

-ioix]

File Settings Help

J_||J_|| 9%|@|2 25! ||AIIDeviceFamin Vl

Name | Version = |

- —EFB 1.2
B2 Module
&% Architecture_Modules Macro Type: IModuIe \ersion: I 1.2
B2 10
.. 7% oDR 42 Module MName: |EFB
Tt DDR_GENERIC 6.0 Project Path: ‘sed'n,Raspi_IZC_expander'\hesﬂ Browse... |
1 6.0
2.0 File Name: Ihard_i2c
6.0
6.0 Module Qutput: I\Aerilog ;I
- {nk pLL 3.5 L Device Family:  [MachXO3LF |
- Jntk Digital COR 1.0
-3k Dynamic Bank Controller 14 Part Name: |LeMxo3LF-9400C-6BG484C |
- {nt eFB 12 ) -
E ORCAstra L0 Synthesis: |Synpl|f'yPr0 ;I
- in} ps 8.2
- Jnik pLL 5.8
~int pawer Controller 1.2 Customize |
I} Pawer Guard 1.2
E System_Bus 4.0
E Tag Memory 2.0
2% Arithmetic_Modules
- nt Adder 3.5
-} Adder_Subtractor 3.5
E Comparator 3.6

E Complex_Multiplier 1.8 -
4 _ | _>|_| %Conﬁguraﬁon r@r&bout |

2|

Figure 4.1. Configuring EFB Module in IPexpress

3. Inthe FPGA module dialog box (Figure 4.2), enable the Secondary User I2C and input the Wishbone bus clock
frequency leaving other options in defaults. The internal oscillator configured to 53.2 MHz is used as system clock,
thus the Wishbone clock is input as 53.2 MHz. Click the Generate button. The hard I2C module is generated in the
given folder.

© 2017 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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=
Configuration | Generate Log |
£Fs EFB Enatles | 12c | o1 | L e |
—EFB Function Enable:
—=| wib_clk_i B
I™ Primary Configuration
—={ wh_rst_j ™ Primary User
wnb_dat_of 7 0]t
— | wb_cpei ¥ Secondamy User
™ 3Pl
—= wh_sth_i
[~ Timer/Counter
—3= wh_we_i wh_ack_o—= — Timer/Counter Use
1% Static gattings only (no /I SHEONE access])
e b _adi_i[7:0]
7 Dpniamic register changes via WISHEANE.
— b _dat_i[7:0]
) i2e2_irqo—= [~ PLL [Dynamic access)
1 i2c2_scl —FLL Dption
202 _sda h_ﬁ
[See [PExpress PLL module to set PLL imitial settings].
Estimated Resource Usage: [~ User Flash Memory
I | SHENE
WISHBONE Clock.
’7 WISHBOME Clock Frequency: [53.2 MHz ‘
Generate | Close Help |
Figure 4.2. FPGA Module Dialog
4. Two other modules are provided in the design to implement the I1°C expander (Figure 4.3).
resetn OSCH
53.2 MHz
 wh_clk_i N
< »
wh_rst_i >
< == . wb clk
. <
o Wb oyc i | wb rst
™ hl
« wb_stb_i wb |« wb_wr
. _ _wb en
_ wb_we_i <
< wb ack led
sda whb_ack o N ed7..0
—> >
2 i2c_irq_o .
scl EFB (Hard-1C) > MainCtrl )
dipsw3..0
WD_r
b_rdat_o >
wb_addr_i
wb_wdat_i

Figure 4.3. MachX03-9400C Design Block Diagram

e The wb module is used to generate Wishbone bus interface signals.

e The MainCtrl module initializes EFB module and updates LEDs based on command and data from the 12C bus. It
also provides feedback of the DIP switch status to the EFB module based on the read command.

e All the source files can be found at <drive:>/.../source/ directory. The EFB configuration files are at

<drive:>/.../source/ipexpress/ directory.

© 2017 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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4.2. Software Interface between Raspberry Pi and MachXO3 I2C Expander Design

The hard 12C of the MachX03 EFB is configured with the default 7-bit address: 77b1000010. The 8 LEDs are directly
driven by an 8-bit register in the design, with the register address 0x02. The LEDs can be controlled by an I2C write
command to register 0x02 at slave address 7’b1000010.

The DIP Switch is connected to an internal 4-bit input register at address 0x01. The switch status can be read out by an
12C read command that reads register 0x01 at slave address 7’b1000010.

The 12C bus of L-ASC10 is directly connected to Raspberry Pi I2C master port. The I2C_ADDR pin of the device is
connected to GND through a 0 Q resistor, R103, so the 7-bit I1°C slave address of the device is 7’b1100000. Registers in
the devices can directly be accessed by the Raspberry Pi through the 12C Bus.

www.latticesemi.com/legal
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5. MachX03 Design — Port Assignments and Descriptions

Table 5.1 shows all ports definitions in the design.

Table 5.1. Design Port Definitions

Port Name Direction Description

resetn Input External Reset input from Raspberry Pi, active low. In applications related to the
L-ASC10 device, Raspberry Pi must hold the resetn active until the end of
L-ASC10 programming.

scl Inout 12C bus clock

sda Inout 12C bus data

dipsw([3:0] Input 4-bit DIP Switch SW1 for the 12C expander to read

led[7:0] Output LEDs (D4, D8, D7, D1, D2, D5, D3, D6) for the I12C expander to drive

www.latticesemi.com/legal
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Demo Package Components and Directory Structure

This demo package includes the following components:

e  Verilog source code for the demo logic design

. Lattice Diamond® Project file and preference file for the demo project

. I2C based GPIO Expander design JEDEC file for programming X03 internal configuration flash
. Python based GUI for operating the LEDs, reading DIP switch, programming X03-9400C and ASC-10 device

e  |2Cdriver C code for Python GUI to operate the 12C bus

C code for Lattice I1°C embedded programming solution based on the Raspberry Pi board

The general ispVM Embedded C code can be found in the Diamond installation directory <drive:>
/Iscc/diamond/3.9(_64)/embedded_source/i2cembedded/src/i2cem

The updated C code for Raspberry Pi 2 can be found in the demo installation directory
/Raspi_I2C_expander/raspi/ispvm_embedded/c

Figure 6.1 shows the demo design package directory structure. The design package is available as a zip file on the
website on the same page as for this document. You can download it and extract to your local disk.

After the ZIP is extracted, you can see the folder structure as shown in Figure 6.1. Major components in the folder
structure are described as follows:

Raspi_I2C_expander is the root directory.

bitstream contains the JEDEC file (XO3 FPGA configuration) and HEX file (L-ASC10 configuration) for the
demonstration

docs (contains this document)

hardware

e implementation contains Diamond project file
e impll

e source contains HDL files for the demonstration

raspi contains tools running on the Raspberry Pi for the demo

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

MachX03-9400 Development Board 12C Expander for Raspberry Pi Demo

User Guide

[=] . Raspi_I2C_expander
1. bitstream
J. docs
= .. hardware
[= J. implementation
v impl1
= J. source
1. ipexpress
= . raspi
= Ju i2c_driver
o C
.. exe
= . ispvm_embedded
8 C
.. exe
1. i2c_embedded
. python

Figure 6.1. Demo Design Package Directory Structure

2017 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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7. Programming the MachX03-9400C Device

Before starting the Demo, you need to use Diamond Programmer to program the MachX03-9400C device on your PC.
You can program the MachX03-9400C device on your PC following the steps below:

1. Make sure Raspberry Piis unconnected or powered off.

2. Launch the Diamond Programmer Software, version 3.9 or above. In the Getting Started dialog box (Figure 7.1),
select Create a new project from a JTAG scan and click OK.

'.‘ Diamond Programmer - Getting Started illl

—Select an Action

f+ Create a new project from a JTAG scan
Cable: [HW-USEN-28 (FTDT) = | port: |FTUSE-0 x| Detect Cable |

 Create a new blank project

= QOpen an existing programmer project

I E:fxn3lf10k_demo?_3/Revised/Raspi_I12C_expander fprifimpl 1/impl1.3cf j J

OK I Cancel |

Figure 7.1. Diamond Programmer Getting Started Dialog

3. The Diamond Programmer starts scanning the board attached to the USB cable (Figure 7.2).

'.‘ Diamond Programmer - Untitled * ;lglll

File Edit View Design Help

o8 e 00 Er | T
Enable I Stz:msl Device Family I Device I Operation I File Mame I el
—Cable Settings
1 MachXO3LF LCMXO3LF-9400C  FLASH Erase,Program, Verify
Detect Cable |
&
£
= Cable: |HW-USEN-2B (FTDI) 4
=] Port: |FTUss-0 =l
o
= Custom port: I
o
|2
= —Programming Speed Settings
& Use default Clock Divider
Al | | " Use custom Clock Divider |
Qutput Info* o X
Lattice VM Drivers detected (HW-DLN-3C (Parallel), HW-USBN-28 (FTDI)) | jin] Message |
INFO - Scanning USB2 Port FTUSE-0... I
Programmer device database loaded \l) 2342002 INFO - Scanning USB2 Port FTUSE-0...
INFO - Scan completed successfully. 1) 2342003 INFO - Scan completed successfuly.
Output | Td Console Error | Warning Info*
Ready v

Figure 7.2. Diamond Programmer Main Interface

© 2017 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
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4. Click and highlight the device row. Select Edit > Device Properties from the menu bar (Figure 7.3).
x|
File lﬁ View Design Help
| [EE
Device File Mame el
—Cable Settings:
(Q3LF-9400C
" Detect Cable |
roperties. .. £
T g Cable: |H-USBN-28 (FTDI) B3|
Custom Devices... =} Port: [FTuse-o =l
Settings... E Custom port: I
3 Programming Speed Settings
¢ Use default Clock Divider
| _>| " Use custom Clock Divider LI
Info™ 2 x
Lattice VM Drivers detected (HW-DLN-3C (Paralle), HWW-USEN-28 (FTDI)) | D Message |
,I,'“,‘E;’,a'rﬁfni’}";g%,gfigg‘;’;':”ljggg" &) 2342002 INFO - Scanning USB2 Port FTUSE-D...
INFO - Scan completed successfully. 3) 2342003 INFO - Scan completed successfuly.
Output | Td Console Error | Warning  Info™
v
Figure 7.3. Editing Device Properties
5. The Device Properties dialog pops up (Figure 7.4). You can edit the Access mode, Operation mode and select the
programming file.
For this Demo, in the Device Properties dialog (Figure 7.4), select Flash Programming Mode in the Access mode
field, and Flash Erase, Program, Verify in the Operation field. Select raspi_i2c_expander_impl1.jed as the
Programming file. Click OK.
'.' MachX03LF - LLMXO3LF-9400C - Device Properties ilil
General I Device Information
—Device Operation
Access mode: IFIash Programming Mode ;I
Operation: IFL.ﬁ.SH Erase,Program, Verify ;I
—Programming Options
Programming file: Idemc:,."ﬁ'.aspi_lI_expander,.'bitst’eam,.’raspi_il;:_expander_impl1.jed J
—Device Options
[T Reinitialize part on program error
Ok Cancel
Figure 7.4. Selecting Device Operation and Programing Options
6. From the menu bar of the Diamond Programmer, select Design > Program (Figure 7.5). The XO3LF-9400C is
programmed.
© 2017 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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i iamond Programmer - Untitled *

File Edit View | Design Help

[Nl =

|

==l

Device F: {fs Check XCF Project Operation | File Name | File
m —Cable Settings
1 MachXO3LF FLASH Erase,Program,Verify ...expander bitstream/raspi_i2c_expander_impll.jed 05031
Log Detect Cable |
2 Clear Log File Bl | cable: [Fw-usBn-28 (Fron) =
Utilities § Port: [Fruse-o =]
BSCAM Configuration. .. -E Custom port: I
o

§ —Programming Speed Settings

— & Use default Clock Divider

(" Use custom Clock Divider
Kl | 0] U s (M
Qutput Info™ F X

:I D Message -
INFO - Device 1 LCMXO3LF-9400C; FLASH Erase Program, Verify — | | =0 I:I
\') 2342002 INFO - Scanning USB2 Port FTUSBE-0...
INFO -Gperation Bane. Ko errors. 13) 2342003 INFO - Scan completed successfully,
INFO - Elapsed time: 00 min : 38 sec () 85021074 INFO - Check configuration setup: Start,
INFO - Operation: successful.
j @ 85021075 INFO - JTAG Chain Verification. Mo Errors. j
output [ Td Console Error® | Warning®  mfo* |

&

Figure 7.5. Programming the Device

If no error is reported, the MachX03-9400 device is programmed successfully with the design.

© 2017 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
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8. Prepare the Demo Environment on the Raspberry Pi

Before starting your Demo, follow the steps below to prepare the demo environment on the Raspberry Pi:

1.

Connect the Raspberry Pi with the MachX03-9400 Development Board through J8 on the Raspberry Piand JP3 on
the MachX03-9400 Development Board. Make sure the pin numbers on both connectors are consistent before
connecting them.

Connect USB keypad, USB mouse, and HDMI display to Raspberry Pi. Power up the display.
Power up Raspberry Pi.

Note: This demo can be run on either Raspberry Pi 2 or Raspberry Pi 3.

Install software for FTP support and BCM2835 SPI/12C/GPIO support library onto Raspberry Pi.

Copy all folders, files under /Raspi_I2C_expander/raspi in the design package from your PC to the Raspberry Pi
/home/pi directory using the FTP Client tool.

From the Raspberry Pi console, add executable attribute to all executable files at /nome/pi/raspi/i2c_driver/exe/
using this command:

chmod +x /home/pi/raspi/i2c_driver/exe/*

Files under /home/pi/raspi/ are used to complete the three Demos in Section 9, Section 10, Section 11 through the
12C Expander and Programmer GUI (Figure 8.1).

E Lattice X03-9400 1 Development Board I12C Expander and Programmer: D I:‘ l:”

LED Control

rDIP Switch status

Bit3 Bit2 Bitl Bit0
Update DIP Switch Status
rX03 |2C Embedded Programmer-
Algorithm file: | /home/pifraspifispvm_embedded/i2c_embedded/raspi_i2c_embedded erase.iea |
Data file: I /home/pifraspifispvm_embedded/izc_embedded/raspi_i2c_embedded_erase.ied I
| Program X03 ‘ I
rAccess ASC10 Registers
Instruction: 0x02-READ_ID - | R
Read Data; |
Read
rProgramming ASC10 Devi
ASC HEX file: [
Frogram ASC10

Figure 8.1. 12C Expander and Programmer GUI

© 2017 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
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9. Running the I12C Expander Demo on Raspberry Pi

Now you can run the 12C Expander demo on Raspberry Pi.

1. Start Python Shell from Raspberry Pi by choosing Menu > Programming > Python 2 (Figure 9.1).

|' Menu

W mxO

<

% Mathematica

@ Internet
.ﬂ, Games

Eé‘!_-? Accessories
:‘;i Help
[7#| Preferences
Run...

EI Shutdown...

>

> o Python 3

> |4 Scrateh

> TJ Sonic Pi
3 Wolfram

N (&

Figure 9.1. Starting Python2 IDE

2. Load the I2C Expander GUI by opening /home/pi/raspi/python/raspi_i2c.py from Python Shell (Figure 9.2).

£ Python She

File Edit Shell Debug Options Windows Help

(=] lx]

Type "copyright",
P

Pytheon 2.7.3 (default, Mar 18 2014, 05:13:23)
[GCC 4.6.3] on linuxZ
"oredits" or "license ()" for more information.

D Open DDD
Directory:  fhome/pifraspifpython = ‘
[Bfraspi_i2c.py

File name: |raspi_i2c.py Open

Files of type:  Python files (* py, * pyw) = | Cancel |

Figure 9.2. Load the I12C Expander GUI

3. Start I12C Expander GUI by clicking Run > Run Module (Figure 9.3).

© 2017 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
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import ttk
from tkMessa check Module Alt+X
from tkFileD pun Module Fs
import os
class Application(Frame) :
cdef cmd2 (self) :
self.cmdline=['sudo', '../iZ2c_driver/exe/i2c', '-s66', '-c2500"', '—ib', '-—
self.cmdline="' '.join(self.cmdline)
self.p=os.popen(self.cmdline)
for st in self.p.read() .splitlines{():
it (st.find('Write Result')>=1):
r_result = st.split('=")[1]
it (int{r_result)==1):

Figure 9.3. Starting the IC Expander GUI

4. Click the green ON buttons of Bit7 and Bit4 in GUI (Figure 9.4). The corresponding LEDs on the board (Figure 9.5)
turn on.

5. Push down 2 bits of the DIP Switch SW1 on the board (Figure 9.5). Press the Update DIP Switch Status button in
the GUI (Figure 9.4). You can see the corresponding bits, Bit 3 and Bit 0, (as shown in Figure 9.4) change to show
Down.

- /home/pi/raspi/p
mm Lattice X038-9400 Development Board 12C€ Expander and Programmer - B =

— —
Ll raspl_i2c.p

Eile Ed

from LED Ceontrol
impor Bit7 BitG BitS Bit4 Bit3 Bit2 Bitl BitO
sy o | e | e | o | e | e | e | e |
Sy e | o o | o | e | o | o | o | o |
impor| ~DIP Switch status
class Bit3 Bit2 Bitl Bit0

(=2 - - - -

Update DIP Switch Status |

Figure 9.4. Operate the LEDs and Read DIP Switch Status through the I>C Expander GUI

2017 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
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Figure 9.5. LEDs and DIP Switch Status on the MachX03-9400 Development Board

SW1 status is read back through the 12C Expander.
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10. Running the I>’C Embedded Programming Demo on
Raspberry Pi

Here is the Demo showing you how to use Raspberry Pi to program MachX03-9400C device with Lattice ispVM

Embedded programming technology. ispVM Embedded requires special programming files to be generated from the

JEDEC file. These special programing files for the demo are pre-generated and enclosed under

/Raspi_I2C_expander/raspi/ispvm_embedded /i2c_embedded directory.

If you want to use a new design to test the programming procedure, the special programming files are required to be

re-generated following the steps below.

To generate the programing files from the JEDEC file:

1. From your PC, start Diamond Deployment Tool. Select Create New Deployment from the Getting Started dialog
(Figure 10.1). Select Embedded System as the Function Type, and 12C Embedded as the Output File Type. Click OK.

o
File Edit Help
ool ane ou| 2B

Diamond Deployment Tool - Getting Started llzl

f* Create New Deployment

Function Type: IEmbadded System j

Qutput File Type:

" Open an Existing Deployment

RecentFiles: j |
e |

Previous | Mext

Figure 10.1. Starting Diamond Deployment Tool for I’C Embedded File Generation

2. Select a JEDEC file under .../bitstream folder (Figure 10.2). Click Next to continue.
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Diamond Deployment Tool- project0.ddt*

=10l =]

File Edit Help

== I

System: I2CE
Step 1 of 4: Select Input File(s)

™ Input XCF file: IE:;’xo}lfltlk_demo2_3,{Rewsed,fArdu|no_IZC_axpanderfprjﬁmp\ 1impl 1. secf

| File Name (= jed *.bit *.rbt) Device Family |

Device I

j:u_llc_axpandEr,"biisthamfraspi_\l[_axpandar_\mp\l.JEd J MachXO3LF LCMXO3LF-8400C

Previous Mext

Figure 10.2. Selecting JEDEC File

3. Select 12C Erase Only as the operation (Figure 10.3). Click Next.

4.

Diamond Deployment Tool- project0.ddt*

—lofx|

Fie Edit Help

EECIEFEEEE TR

Embedded System: 12C Embedded
Step 2 of 4: 12C Embedded Options

Operation: 2C Frase O
12 Slave Address: | 10000 00

[ Compress Embedded Files

™ Conwvert YME files to HEX (.c) for File-Based Embedded VME

I~ Indude Comments
I~ Fixed Pulse Width

Previous Next

Figure 10.3. Selecting 12C Erase Only Option

Give a name respectively to the Algorithm File and Data File (Figure 10.4), for example,
raspi_I2C_embedded_erase.iea and raspi_I2C_embedded_erase.ied. Click Next to continue.
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Diamond Deployment Tool- project.ddt* ;IQILI

Ele Edit Help
EEEIEE R

Embedded System: T2C Embedded

Step 3 of 4: Select Output File(s)
Algorithm File: I E:fx03If10k_demo/Raspi_I2C_expander bitstream/raspi_i2c_embedded_erase.iea j
Data File: I E:fxo3lfi0k_demo/Raspi_I2C_expander bitstream/raspi_i2c_embedded_erase.ied j

Previous Next

Figure 10.4. Specifying Names for the Algorithm File and Data File

5. Click Generate to generate the Algorithm file and the data file for the Erase Only operation of the 1°C Embedded
programming (Figure 10.5).

Diamond Deployment Tool- project0.ddt* =101 x|

File Edit Help
[peo|een s i || 2=

Step 4 of 4: Generate Deployment

Copy Source Code With Generated File

-

Deployment Tool Summary
Input File: E:/xo81£10k demo/Raspi I2C_expander/bitstresm/raspi_iZc_ expender impll.jed

oprions:
Opezatica:  I2C Ezase Only
I2C Slave Address: 10000
Compress Srbedded Files:  on
Generate Hex [.c) File: Off
Include Comments: —Off
Fixed Pulse Width: OFf =l

Command Line

"D flscc/diamond3.8 fbin/nt fddtcmd” -oft 42c ~F "E:/xo3If10k_demo,Raspi_12C_expander bitstream;raspi_i2c_expander_impl1.jed” -op "12C Erase Only” -
address 40 -ofa "E: fxo3If10k_demo/Raspi_12C_expander fbitstream fraspi_i2c_embedded_erase.iea™ -ofd

"E:/x03If10k_demo/Raspi_I2C_expander bitstream/raspi_i2c_embedded_erase.ied”

Deployment Generation Status

Previous Generate

Figure 10.5. Generating the Algorithm File and Data File

6. After the file generation completed successfully, you need to regenerate the Algorithm file and the data file for
programming. You need to select 12C Program option (as shown in Figure 10.6).
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Diamond Deployment Tool- projectl.ddt*

Figure 10.6. Selecting 12C Program Option

7.  Give a new name respectively to the Algorithm File and Data File (Figure 10.7), for example,
raspi_|2C_embedded_program.iea and raspi_I2C_embedded_program.ied. Click Next to continue.

Diamond Deployment Tool- project1.ddt*

Figure 10.7. Specifying New Names for the Algorithm File and Data File

8. Click Generate to re-generate the Algorithm file and the data file for the Program Only operation of the I12C
Embedded programming (Figure 10.8).

© 2017 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
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Diamond Deployment Tool- projectl.ddt* - |EI|5|

File Edit Help
[ormo||eeee wel=

Step 4 of 4: Generate Deployment

Copy Source Code With Generated File

Deploy t Tool v -
Input File: E:/Raspi_IZC expander/bitstream/raspi_ilec_expander impll.jed

Options:
Operation: IiC Program
I2C Slave Address: 10000
Compress Embedded Files: Oon
Generate Hex (.c) File: Off
Include Comments: Off
Fixed Pulse Width: Off x|

Command Line
"D: flecc/diamond,/3. 10_x64/bin/nt64/ddtcmd” -oft -2c +f "E: Raspi_I12C_expander bitstream/raspi_i2c_expander_impl1.jed” -op T2C Program” -address 40 -
ofa "E:/Raspi_I2C_expander bitstream/raspi_i2c_embedded_program.iea” -ofd "E:Raspi_I12C_expander bitstream/raspi_i2c_embedded_program.ied”

Deployment Generation Status

Previous Generate

Figure 10.8. Re-generating the Algorithm File and Data File

The Diamond Deployment Tool generates the Algorithm file and the data file successfully (Figure 10.9).

Diamond Deployment Tool- project1.ddt® - |EI|1|

File Edit Help
BRI

Step 4 of 4: Generate Deployment

Copy Source Code With Generated File

Deploy t Tool v -
Input File: E:/Raspi_IZC expander/bitstream/raspi_iZec expander impll.jed

Options:
Operation: IZC Program
I2C Slave Rddress: 10000
Compress Embedded Files: Oon
Generate Hex (.c) File: Off
Include Comments: Off
Fixed Pulse Width: Off i hd|

Command Line
"D: flscc/diamond,3. 10_x64/bin /nt54/ddtcmd”™ -oft 42c <f "E: /Raspi_12C_expander bitstream/raspi_i2c_expander_impl1.jed” -op "T2C Program” -address 40 -
ofa "E:/Raspi_I2C_expander bitstream,raspi_i2c_embedded_program.iea” -ofd "E: /Raspi_I2C_expander bitstream,raspi_i2c_embedded_program.ied”

Data OUtpUt File: £:jRaspi_LJC_expander Ditst eam;raspi_12C_embedded_program.ied ;I
Build Single 12C file: Start

The following file(s) generated:
E:\Raspi_I2C_expander'bitstream'raspi_i2c_embedded_program.iea
E:\Raspi_I2C_expanderpitstream'yaspi_i2c_embedded_program.ied
Build I12C File Operation: Successful,

Lattice Diamond Deployment Tool has exited successfully.

Previous | Generate

Figure 10.9. Generating Algorithm File and Data File Successfully
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9. Use the FTP client tool to copy the four generated files to the Raspberry Pi /nome/pi
/raspi/ispvm_embedded/i2c_embedded directory.

10. On the Raspberry Pi, in the 12C Expander and Programmer GUI, select raspi_12C_embedded_erase.iea from the
Algorithm File field and raspi_I2C_embedded_erase.ied from the Data file field to erase the device. Click the
Program XO3 button (Figure 10.10).

mm L=ttice X0B8-9400 Development Board 12C Expander and Programmier: - o =

LED Control

~DIP Switch status
Bit3 Bit2 Bitl Bit0

Update DIP Switch Status |

~X03 |2C Embedded Programmer

Algorithm file: |fhcmefp\!rasplflspvm_embedded!lzc_embeddedfraspl_l2c_embedded_erase‘|ea I
Data file: |fhcmefp\!rasplflspvm_embedded!lzc_embeddedfraspl_l2c_embedded_erase‘|ed I |
I Program X03 I

rAccess ASCL0 Registers
Instruction: 0x02-READ _ID - Rr |

Read Data: [0x88
Read

-Programming ASCL0 Devic

ASC HEX file: [

Program ASC10

Figure 10.10. Using Raspberry to Erase XO3

11. The MachX03 device is erased. If you click the Update DIP Switch Status button again, an error is reported
indicating that the device is erased (Figure 10.11).

: Lattice X03-9400 Development Board I2C Expander and Programmer Iz‘ E IE‘
LED Control
Bit7 Bit& BitS Bit4 Bit3 Bit2 Bitl Bit0

DIP Switch status

Bit3 Bit2 Bit1 Bit0
Update DIP Switch Status

%03 12C Embedded Programmer

Algorithrm file: ‘/hnmwyin pifispvm_embedded/i2c_embedded/raspi_izc_embedded_erase.iea

Data file: fhome/pifraspifispvm_embg ™ =2 = o) o) “ || =il {||[c_embedded_erase.ied

Q 12C Write Error!
rAccess ASC10 Registers

e ———— & ] | =

Read Data: |

rProgramming ASC10 Devi

ASC HEX file: [

Program ASC10

Figure 10.11. I>C Expander and Programmer Operation Error after the Device is Erased
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12. Inthe I?C Expander and Programmer GUI, select raspi_I2C_embedded_program.iea from the Algorithm file Field
and raspi_I2C_embedded_program.ied from the Data file field to reprogram the device. Click Program XO3 button

(Figure 10.12). The programming process takes about 90 seconds.

Bl Laiiice X03-0400 Development Bozrd 120 Expander and Programmen

LED Control

DIP Switch status

Update DIP Switch Status

Bit3 Bit2 Bitl

~¥03 12C Embedded Programmer-

Algorithm file: ‘Jhume]pm pifisp: c_er

aspi_i2c_embedded_program.iea

Data file: [/home/pifraspifisp c_er

Program X03

aspi_i2c_embedded_program.ied

rAccess ASC10 Registers
Instruction: 0x02-READ_ID

Read Data: |
Read

rProgramming ASC10 Devic

ASC HEX file: [

Program ASCLO

Figure 10.12. I2C Expander Functioning after XO3 is Reprogrammed by Raspberry Pi

13. After programming is completed, the LEDs can be set and the DIP Switch status can be read again using the GUI

(Figure 10.12).
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11. Running the L-ASC10 Device Programming over I1>C Demo on
Raspberry Pi

The Python based I12C Expander and Programmer GUI supports all L-ASC10 12C commands to access the device internal
resources. Supported commands can be selected in a pull down list box as shown below (Figure 11.1) for accessing the
L-ASC10 device.

See L-ASC10 In-System Programmable Hardware Management Expander Data Sheet (DS1042) for details on the
command set.

~DIP Switch status
Bit3 Bit2 Bitl BitO

Update DIP Switch Status |

~X03 |12C Embedded Programmer

Algorithm file: |

Data file:

Program X03

~Access ASC10 Registers
Instruction: 0x02-READ_|D -| r |

Read Data: 0x02-READ_ID
0x03-READ_STATUS J

~Programming ASC10 Devii bl E LS
0x05-EMABLE_USER

ASC HEX file: 0x25-READ_CFG_EEPROM

0x31-WRITE_CFG_REG
Ox32-WRITE_CFG_REG_wMASK c10
0x33-READ_CFG_REG
Ox34-READ ALL CFG REG
0x35-LOAD_CFG_REG
0x51/0%52-W/R_MEAS_CTRL
Ox61-ERASE_USER TAG EEPROM
I Ox62-WRITE_USER TAG REG I
Ox63-READ_USER_TAG_REG
Ox64-PROG_USER_TAG_EEPROM
Ox65-READ_USER TAG EEPROM
0x71-ERASE_FAULT EEPROM
0x73-READ_FAULT VOLATILE_REG
0x74-READ_FAULT ENABLE
0x75-READ_FAULT RECORD_EEPROM
Ox76-READ_ALL FAULT EEPROM

Figure 11.1. Supported ASC10 I2C Commands

To program L-ASC10 over 12C with the Raspberry Pi:

1. Make sure JP1 (Figure 3.1) is set to provide power for the L-ASC10 device. Or, the I°C Expander and Programmer
will report 12C Write/Read Error.

2. To program the L-ASC10 device, use the ... button in the ASC HEX file field to specify an ASC HEX file (Figure 11.2).
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3. Browse to folder /home/pi/raspi/ispvm_embedded/i2c_embedded and select
hardware_management_demo_ptm_ASCO0.hex. Click Open (Figure 11.2).

‘ UpUELE LIE SWILLIT SLalus

-X03 12C Embedded Programmer She s 24 =/ -
Algorithm file: Thomelpiira Directory:  /home/pi/raspifispvm_embeddedfi2zc_embedded 4| F—
[E) hardware_management_demo_ptm_ASCO.hex
Data file: /home/pifra |

rAccess ASC10 Registers

Instruction: —-| R

Register Address: [l A 12l
Length of Data: 8 File name: [hardware_management_demo_ptm_ASC0.he Open
Read Data: |0x0, 0

Files of type:  Data file (¥ hex) — | Cancel |

rProgramming ASC10 Devic

ASC HEX fils: [

Program ASC10

Figure 11.2. Select File for ASC10 Device Program

4. Click Program ASC10 (Figure 11.2). The tool starts by checking the device ID, erasing and programming the device
and verifying the programmed data (Figure 11.3).

: Lattice X03-9400 Development Beard I2C Expander and Proegrammer EHE‘ E‘
LED Control
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

~DIP Switch status

Bit3 ) BitD
- M ASC Programming Pass - 8 = -

Device ID = 0x88

Device ID check successfuly
Start to erase device...

Start to program device...

(X03 12C Embedded Programmer

Algorithm file: [home/pifraspifisp: gE)aOrf):tngFeFr%FFlFFFFFFFFF Hded_program.iea
0001: FFFFFFFF58128413
Data file: Ihome/piiraspifisp gggg ;ggg;ggg;ﬁ%‘i‘%%%i Hded_program.ied

0004: D49982D4BA9CC700
0005: 4BD2545CD5559CC7

~Access ASC10 Registers—————| 0006: 009CC70000000400
\nstruction: 0007: 4771000000C000FF _‘l R |

- 0008: 814772000000C000

Register Address; [ 0009: FFB1476F000000EQ

Length of Data: |8 0010: OOFF81401C401C40

Read Data: (00, 00, 0% 0011: 1C401CO00000FFFF

0012: BOFFABAAFAFEFEFF
0013: FFFFFFFFFFFFFFFF
~Programming ASC10 Device————| Verify successfully!

ASC HEX file: fhome/pi/raspifisp

gement_demo_ptm_ASCO.|

Figure 11.3. Programming the L-ASC10 Device
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12. Update Reference Design for Customer Application

You can update and change the reference design for any application following steps below:

1. Onyour PC, start Lattice Diamond software and open the project at
<drive:>/.../Raspi_I2C_expander/hardware/implementation directory.

» Lattice Diamond - Reports =] B3]
Flle Edit View Project Design Process Tools Window Help
[o-FE-Haa|le ey mnlé aadal/E2E]E
= 2 gl FE (7 o
ZzECEECB G CEEGE=L "S‘—‘—ﬁ%’?‘ﬂﬁfﬁﬁ‘ﬂ@
File List 8 X | ({ startpage [
[ Y raspi_i2c_expander 2| fimpi1
-l LCMXO3LF-9400C-6BG484C =
Strategies Des‘gnis“’“’“a’v l—
... B Bt 7 Project
- # Projectsu...
B+ =7 Process Reports Module Name: raspi_iZc_s T Synthesis:
D Synplify Pro Implementation |impll Strategy Name:
= [ map Name:
- [ Place &R...
K Input Files o D Signal Pad Last Process: State: |
i fifir .. /source fipexpress/hard_i2c.ipx o [ Bitstream/ Target Device: | LOMXO3LF-9400C-6BG4R4C Device Family:
- W5 .. fsource jmainctrl.v T Analysis Reports
E .. Jsourcefb.v i D Map Trace Device Type: LCMXO3LF-9400C Package Type:
M -Isource/top.y - [ Place &R Performance & Operating conditio
. Synthesis Constraint Files o [ 1/0 Timing grade:
B LPF Constraint Files = Tool Reports Eo ;12 der.1pr
[ raspi_i2c_expander.lpf - [J1jossoa.. SIS raspl_izc_expander.lp:
" preference
. Debug Files L e g Hierarchy .. — files
. Script Files - [ PO DRE -
Analysis Files ;I Bt @ TCL Comm... Fhysical impll/raspi_i2c_expander_ impll.pri A
Fie List | Hierarchy | Process - [ ecotdito... »| 4] ’I_I
Output & X |Td Console B x
INFO - . . LI > pri_project open "E:{Easpi_I2C_expander/hardware/1mplemnt$
D:/1lsce/diamond/3.8/1ispfpga/userware/NT/SYNTHESTS_HERDERS/machxo3l.v( E:/Raspi_I2C_expander/hardware/irplementation/raspi_i2c_exps
1120,1-1122,10) (VERI-9000) elaborating module 'VHI unig 1" nder.1df
INFO - . . > prj_project close
D:/lscc/diamond/3.8/ispfpga/userware/NI/SYNTHESIS_HERDERS/machxo3l.v( | > pri_project open "E:/Raspi_I2C_expander/hardware/implement
82,1-87,10) (VERI-2000) elaborating module '"BB unig 1" E:/Raspi_12C_expander/hardware/implementation/raspi_i2c_expa
INFO - rdar 1AE
D:/lscc/diamend/3.8/ispfpga/userware/NT/SYNTHESTS HEADERS/machzo3l.v( | Hi | _’lJ
|Ready

| Mem Usage: 190,180K 7

Figure 12.1. Starting Diamond Software
2. Double click to open the source file <drive:>/../source/mainctrl.v in the Source Editor (Figure 12.1).

3. Add new input or output ports to be expanded as the existing led[7:0] port and dipsw[3:0] port to the mainctrl.v
file (Figure 12.2).

Update the control logic accordingly in the mainctrl.v.
Save your changes.
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¥ Lattice Diamond - Source Editol 2C_expander/hardware/source/mainct: 1Ol x|
File Edit View Project Design Process Tools Window Help
jea-erdadlragnnleEassadalza] B
H@GQ%V;&?@;@@%@EEU%QS@THEE@EMQ
File List 8 X | if startpage || | [ Reports (1 [ mainctrly (3 I 8%
B @ raspi_i2c_expander = (Smodule mainctrl { j
o il LCMXO3LF-3400C-6BG484C input clk,
- | Strategies input rst,
% Area input irg,
IjO Assistant
=% quick
Timing output reg
Strategyl cutput reg [7:0] wdat,
impll input [7:0] rdat,
) Input Files input ack,
fimt .. /sourcefipexpress/hard_i2c.ipx cutput reg en,
i .. /source jmainctrl.v cutput reg wr
M . /sourcejwb.v y:
- E ..{source top.v [-
~ 1) Synthesis Constraint Files localparam I2C_ 1 CR = 2'h40; // Read/Write
J LPF Constraint Files localparam I2C_1 CMDR = 2'h4l; //Read/Write
-] raspi_i2c_expander.lpf localparam I2C_1_BRO = 8'hd2; //Read/Write
“ i Debug Files | localparam 12C_1 BR1 = 8'h43; //Read/Write
| Script Files localparam I2C_1_TXDR = 2'hd4; //Write
| Analysis Files LI localparam I2C_ 1 SR = 8'h45; //Read

File List | Hierarchy | Process

il

Qutput

& X

Td Console & X

INFO -

1120,1-1122,10)
IHFO -

82,1-87,10)
INFO -

D:/lscc/diamond/3.8/1ispfpga/userware/NI/SYNTHESIS HEADERS/machxo3l.v(
(VERI-9000) elzborating module 'BB unig 1'

D:/1lscc/diamond/3.8/1ispfpga/userware/NI/SYNTHESIS HERDERS/machxo3l.v(
(VERI-9000) elaborating module 'VHI _unig 1"

_

D:/lscc/diamond/3.8/ispfpga/userware/NI/SYNTHESIS HEADERS/machxo3l.v( j

> prj_project open "F_:fRasp:L_IZC_expanderJhardware,flmleman
E:/Raspi_I2C_expander/hardware/implementation/raspi_i2c_exps
nder.1df

> prj_project close

> prj_project open "E:/Raspi T2C expander/hardware/implement
E: /Rasp:._I2C_expander/harﬂware/lmlemem:ation/raspi_izc_axi.;ﬂ
»

:Tgw 1AF |

[Ready

| MemUsage: 190,183K 7

6.

Figure 12.2. Updating RTL

Open Spreadsheet View (Figure 12.3) and make sure the 12C_PORT option is enabled.

nond - Spreadsheet View =0 ll
File Edit View Project Design Process
|arBrdas)ss @ haga Il Gl
s = Package View -
[EEETE LT Y] e a=spr|EREzE]6
vice View
He% B3 naetist Analyzer page [ | Reports () | [¥7 manctlv [] 17 spreadsheet view £ I B x
= [B raspi_i2c_expander = . =
i |4 LcMXO3LF-9400C-6BGA84C 3 Nesist View SIEETI [Preference value |
B U Strategies £ NCD View junction Temperature (Tj)C) 85
Area ltage (V) 2375
o asstant BE mespress YSTEM JITTER(ns) Default
af
Quick %, Revedl Inserter - Black Asynchpaths ON
Timing - Block Resetpaths ON
Strategyl L} Reveal Analyzer Block RD During WR Paths OFF
pl1 -~ Block InterClock Domain Paths ~ OFF
| InputFiles Floorplan Yiew - Block Jitter OFF
..[source/fipexpress/hard_ @ Physical View tysConfig
JE ../source/mainctrl.v SDM_PORT PROGRAMN
- E .. Jsourcefwb.v qj] Timing Analysis View - SLAVE_SPI_PORT DISABLE
- M /source/top.v i tor - 12C_PORT
|| ‘Synthesis Constraint Fles Lzt - MASTER_SPI_PORT DISABLE
. LFF Consiraint Fiks £CO Editor COMPRESS_CONFIG ON
[ raspi_i2c_expander.lp i} Programmer ﬁ\?NAFSIggRATIDN SEE
J\ Debug Files =
| o ) oMo o
|/ Analysis Files PP Ao
Fielist | Hierardy | Process EN Partition Manager ments | Pin Assignments | Clock Resource | Route Priority | CellMapping  Global Preferences |1| »
Output “= Synplify Pro for Lattice & X |Td Console 8 x
Done: design load finished with e+0L Lattice Edition ;3 d > pri_project open "E:/Raspi_I2C_expander/hardware/implement®
r E:/Raspi_I2C_expander/hardware/implementation/raspi_i2c_exps
Loading logical preference infor £3 Run Manager nder.1ldf =R
Finish loading logical preferenc 7% Smulation Wizard > pri_project close
Loading device for application & 0.mph' in > pri_project open "E:/Raspi_I2C_expander/hardware/implement
environment: D:/flscc/diamond/3.g Clear Tool Memory E:/Raspi_I2C_expander/hardware/implementation/raspi_i2c_expa
INFO - Custom column is not avai Ender.ccl' . ndar 1AF b
Options... - ¢i | 3
.

Spreadsheet View

Mem Usage: 203,192K 2

Figure 12.3. Checking Global Preferences Settings

7.

Change to choose to open the Process tab from the left-side of the Lattice Diamond GUI. Double click the Map

Design process (Figure 12.4). Assign pins for the newly-added ports to VERSA connectors reserved for users on the

board. Save the changes.
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8.

9.

':::0 Lattice Diamond - Spreadsheet View

~=lolx]|

File Edit View Project Design Process Tools Window Help
|a-E-agale s ¥ onle TrE N ELEEEE
& o =] P Ty,
2ECRECESCEEGE=U SIS ||HHENEE|G
paEs=s 8 X 6 StartPage | | I Reports || I |? mainctrl.v [ L?Spmadslmt\ﬁew@ | EI !
E ":‘,' Synthesize Design = = =
i ‘...'{“ Synplify Pro d Name 7 Group By I Pin I BANK I BANK_VCC I VREF | o T el
"‘:‘, Translate Design J'IJ'L‘“ All Ports MIA MIA - LVCMC
q ) B Input A NIA
-0 & MapTrace = ' »d - P
[0 & veriog Simulation Fie me 7 dipswil] H5 3 LVCMO
] & VHDL Simulation File iy = 0 dipswi1] J5 5 Auto LYCMC
- i 4 " - N N
& E“i? Route Design . L dipswiZ] J4 5 Auto LvVCMQ
¥ Place &Route Trace ’_’,,_-l " - e
[0 2 10 Timing Analysis © o dipswi3] J3 5 Auto LVCMC
B 3 Export Files = 1 resetn D3 1 Auto LVCMC
- — H . . . .
- % 1615 Model E B Output NA - NiA NiA NiA
b [ e Verilog Simulation File : X .
i arrst uz20 1 Auto LVCMC
[ & VHDL Simulation File e - :
[ & Bitstream File - led[0] F1 2 LVEMC
- & JEDECFie > i led[1] E3 5 LVCMC
[ & JEDEC File(XO3L Migration) == led[2] 1 - LVeHC
[0 & Bitstream File(X03L Migration) 49 = -
i led[3] E2 5 LVCMO=
4
File List | Hierarchy—PostMap Resources  Process 4 | Port Assignments [ Pin Assignments | _ClockResource | _Route Priority | _Cel Mapping | _Global Preferer < |
Output & X |Td Console g x
Dumping design to file raspi_iZc expander_impll_map.ncd. ;I > pri_project close -
Done: completed successfully > pr]_project open "E:/Raspi_I2C_expander/hardware/implement
Loading logical preference information E:/Raspi_I2C expander/hardware/implementation/raspi_i2c_exps
Finish loading logical preference file nder.ldf
Loading logical design information > prj_run Map -impl impll
Finish loading logical design information >
INFO - Custom column is not availeble : './raspi_i2c expander.ccl' . j | | hd
- 4 3

|Ready

| MemUsage: 208,024K

Figure 12.4. Assigning the Newly-added Ports to VERSA Connectors

Select the JEDEC File checkbox (Figure 12.5). Right click JEDEC File and select Rerun All to generate the new JEDEC
file for programming the device.

Lattice Diamond - Spreadsheet View =10l x|
File Edit View Project Design Process Tools Window Help
[a~Eradaglle s on)le ] = Bl
|I?ACEECEGRBEECA=L Q=Y |[FREFE]S
Process 8 X | {F startPage [ | Reports || I [ mainctrl.v [ 1/ Spreadsheet View [[] | alx
) " " =
& Synthestze Design ~ |[ Preference Name [ Preference value [ -
¢ %= Synpiify Pro o -
2 Jranslate Design . Junction Temperature (TjHC) 85
5 oo Desian i || = vottage (v) 2.375
v Mepresg “|| - SYSTEM_JITTER(ns) Default
-0 & vapTrace =1~ Block Path
-0 ¥ Verllag Simuiation Fils ] Block Asynchpaths ON
0] & VHDL Simuation Fie o Block Resetpaths ON
' & Place & Route Design - Block RD During WR Paths OFF
[ 5 Place &Route Trace u -~ Block InterClock Domain Paths ~ OFF
. [ & 1o Timing Analysis Block Jitter OFF
B 2 ExportFiles [=1- sysConfig
i & 18IS Model k - SDM_PORT PROGRAMN
(] : Verilog Simulation File - SLAVE_SPI_PORT DISABLE
[ 2 VvHDL Simulation File E 12C_PORT ENABLE
O 2 Eitstream Fie BN - MASTER_SPI_PORT DISABLE
& EmE - COMPRESS_CONFIG oN
O @ wpecr 2] Bn 3 -+ CONFIGURATION CFG
Loz A MY_ASSP OFF
L2 -~ ONE_TIME_PROGRAM OFF
£ -~ GONFIG_SECURE OFF =
Flelist | Herarchy £ [0] 5oop v |Assignments | _Pin Assignments | _Clock Resource | _Route Priority | _Cel Mapping _ Global Preferences | 4| ¥
R Clean Up Process & X |Td Console 8 x
Done: design load finished with (0) errors, and (0) warnings 2l |'> pz3_project cpen "E:/Raspi_I2C_expander/herdware/implement )
E:/Raspi I2C_expander/hardware/implementation/raspi_i2c_exps
Loading logical preference information nder.1ldf
Finish loading logical preference file > pri_project close
Loading device for application GENERIC from file 'x03c9400.nph' in % pri_project cpen "E:/Raspi I2C_expender/hardware/izplement™
environment: D:/lscc/diamond/3.8/ispfpga. E:/Raspi_I2C_expander/hardware/implementation/raspi_i2c_exp:
INFO - Custom column is not available : './raspi_i2Zc_expander.ccl' . j ,.,i,, 1Af | _I_I
~| |4 3

|Ready

| Mem Usage: 203,296K 7

Figure 12.5. Generating the JEDEC File

Update the Python script file on Raspberry Pi based on the RTL changes (Figure 12.6).
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1o/
m . \J - * @ -[p|@raspberrypl ~fi2e] DF‘ython Shell _

[ Python Shell =l

\Wastebaske| Eile Edit Shell Debug Options Windows Help

Fython Z.7.3 (default, HMar 18 2014, 05:13:23)
[GCC 4.6.3] on linux2

k| M| r2spii2e.py - /home/pi/respi/python/respili2e.py

Eile Edit Format Run Options Windows Help

from Tkinter import *
import ttk
from tkMessageBox import *
from tkFileDialog import * |
import os
class ApplicationiFrame):
def cmdZ (self):
self.cmdline=["=sudo', 'I...-'iZu:_clri'-.-'er-' "y '-s6&', '-cZ500"', '-i
self.cmdline=" '.join(self.cmdline)
self.p=os.popen (self.cmdline)
for st in self.p.readi) .splitlines():

if (st.find{'Writs Result'j=-1):
r_result = st.split('=")[1]
it (int(r_result)==1):
showerror (title="ERROR' ,messagse="12C Write Error! ')
self.emdline=["=sudo', '../iZec_driver/fexe/iZc', '-=z6&", "-c2500", '-i
self.cmdline=" '.join(self.cmdline)
self.p=os.popeniself.cmdline)
for st in self.p.readl() .splitlines():
if (st.find{'E=sad E=sult’)>-1):
r result = st.split('="1111 hd

H 4

1

Figure 12.6. Updating the Software on Raspberry Pi

10. Re-run I>C Expander and Programmer as described in the Running the 12C Expander Demo on Raspberry Pi section.
Now you can go back to the MachX03-9400 Development Board to drive the input signals or to check the output
signals on the VERSA connectors. They should change with the software operation. If any issue is found, you can go
back to Step 3 updating your design till the newly-added ports function the same as expected.
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Technical Support

For assistance, submit a technical support case at www.latticesemi.com/techsupport.
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