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Introduction

Like all SRAM FPGAs the LatticeECP™ and LatticeEC™ devices need to be configured at power-up. This configu-
ration can be done via:

1. Serial Peripheral Interface (SPI) boot memory
2. Traditional FPGA boot memory

3. JTAG

4. Microprocessor interface

If a boot memory is desired the SPI approach provides a number of advantages over traditional FPGA boot mem-
ory:

1. SPI devices are available from multiple vendors ensuring stable supply
2. The cost of SPI memory is up to 75% less than traditional FPGA boot memory

3. SPI memory is available in space saving 8-pin packages that are considerably smaller than packages used
for traditional FPGA boot memory

Like all boot memories, SPI Serial Flash needs to be loaded with the FPGA configuration data. There are three
options for programming an SPI memory used in conjunction with a LatticeECP/EC device. The SPI memory can
be configured off-board using a stand-alone programmer, the memory can be programmed on-board using its SPI
interface, or the memory can be programmed on-board via JTAG through the LatticeECP/EC device.

This technical note details the on-board configuration of SPI memory via the JTAG interface.

Related Documents
The following documents are available for download from the Lattice web site at www.latticesemi.com.

 LatticeECP & EC — Low-Cost FPGA Configuration via Industry-Standard SPI Serial Flash
* LatticeECP/EC Family Handbook
» Lattice technical note TN1053, LatticeECP/EC sysCONFIG™ Usage Guide

* ispDOWNLOAD® Cable Data Sheet

Hardware and Software Requirements

» An ispDOWNLOAD Cable, either USB or Parallel. Refer to the ispDOWNLOAD Cable Data Sheet for part
numbers

+ Properly installed ispLEVER® 4.2 or later

* Properly installed ispVM® System 14.3 or later

SPI/SPIX Differences

The majority of SPI Serial Flash on the market support a common read Operation Code (Op Code). LatticeECP/EC
devices offer direct connection to these devices by hardwiring the read Op Code (03H) into the FPGA silicon.
These devices are sometimes referred to as SPI3 devices because they support this common Read Op Code.

SPIX mode allows the LatticeECP/EC to easily interface to SPI Serial Flash devices that support a different read
Op Code. This can be done with pull-up and pull-down resistors on the PCB wired to the SPID[7:0] pins, telling the
FPGA which Read Op Code that particular Flash device supports. If the configuration pins CFG2, CFG1, and
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CFGO are 0, 0, 1 (respectively) at power-up the FPGA will use the Read Op Code hardwired on the PCB to access
the Flash.

Table 19-1. Device Configuration Codes

CFG2 CFG1 CFGoO Configuration Mode
0 0 0 SPI3 Flash
0 0 1 SPIX Flash
1 0 0 Master Serial
1 0 1 Slave Serial
1 1 0 Master Parallel
1 1 1 Slave Parallel
X X X ispJTAG™ (always available)

Note: The configuration mode pins indicate the type of device the FPGA will configure
from at power-up, for SPI Serial Flash the mode pins should be set to ‘000’ or ‘001"

Table 19-2. Manufacturers of “SPI3” Compatible Flash

Manufacturer Device Family
ST Microelectronics M25P
NexFLASH NX25P
Silicon Storage Technology SST25VF
Saifun SA25F
Spansion S25FL
PMC Pm25LV
Atmel AT25F

Note: This is not meant to be an exhaustive list of manufacturers or
device families.

SPI Serial Flash Sizing

As depicted in Table 19-3, the density of the FPGA determines the size requirement for the SPI Serial Flash.
Smaller Flash sizes can be realized by using the compression option in iSpLEVER.

Table 19-3. Selecting Flash Density

Max Config Required Boot Memory (Mb)
Family Device Bits (Mb) No Comp Comp (typ)

EC1 0.6 1 25%
EC3 1.1 2 25%
ECP6/EC6 1.8 2 25%
LatticeECP/EC ECP10/EC10 3.1 4 25%
ECP15/EC15 4.3 8 25%
ECP20/EC20 5.3 8 25%
ECP33/EC33 7.9 8 25%

Hardware
This section describes how to physically wire the SPI Serial Flash into a design.
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SPI Serial Flash Interface
The standard pin-out for 8-pin SPI Serial Flash memories is shown below (top view):

Figure 19-1. 8-Pin SPI Flash Memory, Standard Pinout

cs 1 5 vCC
DO ]2 66— HOLD
WP 3 7= CLK
GND 4 81— DI

The SPI interface is a 4-wire serial interface comprised of the following signals:

1. CS - Chip Select, Input: Enables and disables device operation. When high the device is at standby
power levels and the output is tri-stated. When low the device powers up and instructions can be written to
and data read from the device.

2. CLK - Serial Clock, Input: Provides timing for the interface. The Serial Data Input (DI) is latched on the
rising edge of CLK. Serial Data Output (DO) changes after the falling edge of CLK.

3. DI - Serial Data In, Input: When the device is enabled (CS) this pin allows instructions, addresses, and
data to be serially written to the device. Data is latched on the rising edge of the CLK.

4. DO - Serial Data Out, Output: When the device is enabled (CS) this pin allows data and status to be
serially read from the device. Data is shifted out on the falling edge of the CLK.

The SPI interface also supports the following two functions:

1. HOLD - Input: Allows device to be paused without de-selecting it. When HOLD is low DO will be tri-stated
while DI and CLK are ignored. This function is useful when multiple devices are sharing the same SPI sig-
nals.

2. WP —Write Protection, Input: Used to prevent inadvertent writing to the Status Register Block Protect
bits.

Note: The standard LatticeECP/EC SPI interface supports the basic 4-wire interface, but the user is free to imple-
ment these additional functions if desired.

ispJTAG Interface

The ispJTAG interface supports both IEEE 1149.1 Boundary Scan and IEEE 1532 In-System Configuration. Stan-
dard pinouts for the 2x5 and 1x10 parallel port download cable headers are shown in Table 19-4, for the 2x5 USB
download cable pinout refer to Table 19-5. Direction refers to the cable, for example output indicates an output from
the cable to the FPGA.

Table 19-4. ispJTAG Parallel Cable Pinout

Pin Name 2x5 1x10 Direction Description
TCK 1 8 Output | Test Clock
GND 2,4 7.9 — Ground
TMS 3 6 Output | Test Mode Select
TDI 5 Output |Test Data In
VCCJ 6 1 — 3.3Vor25
TDO 7 2 Input Test Data Out
8 10 — N/A
9 5 — N/A
PROGRAMN 10 4 Output  |Forces FPGA config
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Table 19-5. ispJTAG USB Cable Pinout

SARE R o

7.

Pin Name Pin Direction Description

TCK 1 Output | Test Clock

GND 2,4 — Ground

TMS 3 Output | Test Mode Select

TDI 5 Output |Test Data In
VCCJ 6 — 3.3Vor25

TDO 7 Input Test Data Out

INITN 8 Input FPGA ready for config, optional
DONE 9 Input FPGA config complete, optional

PROGRAMN 10 Output  |Forces FPGA config

TCK —Test Clock: Clocks the IEEE 1149.1 state machine

TMS - Test Mode Select: Controls the IEEE 1149.1 state machine

TDI - Test Data In: Serial data written from the cable to the device
TDO -Test Data Out: Serial data read from the test device to the cable

INITN - Optional, USB Only: Open drain, internal pull-up, only supported by the USB download cable,
indicates that the FPGA is ready to be configured

DONE - Optional, USB only: Open drain, internal pull-up, indicates that the FPGA configuration
sequence is complete

PROGRANMN: Initiates configuration sequence when asserted low

Note: Use of the DONE and INITN pins, while optional, does allow ispVM System to check that configuration com-
pleted successfully. If DONE or INITN are wired to the connector then the proper dialog box(es) must be checked in
the Cable and I/0O Port Setup section of ispVM System. See the software section of this document for more details.
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Schematic
The schematic in Figure 19-2 illustrates how to wire the ispJTAG connector, FPGA, and SPI Serial Flash.

Figure 19-2. Hardware Schematic

ispdTAG
Header Options
For Parallel Port Cables For USB Cables
Tk |1 2%, TCK 1 25,
T™MS 3 4 ™S 3 4
Dl |5 6 | Vo TDI 5 6l Yccs
TDO 7 gl TDO 7 g LINITN
_ 1o 10 L PROGRAMN DONE g 10 L PROGRAMN
LatticeECP/EC
- TDO TDO SPID7 |.___ N
1D | TDI SPID6 |-
T™MS ™
TCK »| TMS SPIDS |.—_
@ p-| TCLK SPIX Only
SPID4 | ___ pull-up or
PROGRAMN down as
- p| PROGRAMN >
- DONE (Optional) p-| DONE SPID3 |-~ required
<« NN (Optional) gt iNITN SPID2| ___
SPID1}-_-
) 3.3V
A
SPIDO} - - :k SPIX
10K <2 Only
CFG2 S
3.3V <
SPI Serial Flash GPIO** CFG1 <>
I
10K CLK 4__._[ CCLK CFGO -
/CS g CSSPIN
J/HOLD DI | SISPI SPI3 = 000
SPIX = 001
/WP DO p| SPIDO
* In SPIX mode only, SPIDO
connects to DO and a resistor
47K

** This pin is unique for each
4.7K " package, see information below

» The 2x5 and 1x10 headers have standard 0.1 inch pin-to-pin spacing

* The 4.7K pull-down resistors prevent spurious clock pulses during Ve ramp-up. Place the resistors close to
their clock line to keep the stub length as short as possible

» The CCLK frequency can be as high as 50MHz so keep this trace fairly short

* Vo for the bank that drives the signals to the SPI Serial Flash must match the SPI Serial Flash V¢
(today that voltage is 3.3V but this will change over time as Flash chip geometries decrease). For all pack-
ages these signals are located in bank 3.

 During configuration CCLK drives the SPI Serial Flash CLK pin, but once the FPGA completes configura-
tion CCLK goes into tri-state. The CCLK pin is not accessible by user code so CCLK needs to be wired to a
nearby General Purpose I/O pin (GPIO) to allow the FPGA fabric to supply a clock to the SPI Serial Flash.
This pin is part of the Soft SPI Interface and is unique to each package. If the user embeds the Soft SPI
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Interface into their code then this pin, along with the other pins wired to the SPI Serial Flash, must be locked
using the Pre-Map Preference Editor in ispLEVER. A complete list of these pins is found in Table 19-6.

Table 19-6. Pin Locations for Wiring LatticeECP/EC to SPI Serial Flash

LatticeECP/ FPGA Pin fpBGA | fpBGA | fpBGA | PQFP | TQFP | TQFP
EC Device Function SPI Signal 672 484 256 208 144 100
GPIO CLK AB26 Y21
ECP33 CSSPIN ICS Y25 V21
EC33 SISPI DI W25 u21
SPIDO DO W26 V22
GPIO CLK AB26 Y21
ECP20 CSSPIN ICS Y25 V21
EC20 SISPI DI W25 u21
SPIDO DO W26 V22
GPIO CLK Y21 M13
ECP15 CSSPIN ICS V21 M16
EC15 SISPI DI u21 K16
SPIDO DO V22 J16
GPIO CLK Y21 M13 113
ECP10 CSSPIN /ICS V21 M16 121
ECI10 SISPI DI u21 K16 123
SPIDO DO V22 J16 124
GPIO CLK Y21 M13 113 77
ECP6 CSSPIN ICS V21 M16 121 85
EC6 SISPI DI u21 K16 123 87
SPIDO DO V22 J16 124 88
GPIO CLK M13 113 77 52
cca CSSPIN ICS M16 121 85 57
SISPI DI K16 123 87 59
SPIDO DO J16 124 88 60
GPIO CLK 113 77 52
. CSSPIN ICS 121 85 57
SISPI DI 123 87 59
SPIDO DO 124 88 60
Software

The LatticeECP/EC FPGAs allow programming of the SPI Serial Flash via the ispJTAG port by using a small piece
of code to redirect the ispJTAG 4-wire interface to the SPI Serial Flash 4-wire interface.

With the Soft SPI Interface installed, ispJTAG is free to read or write the SPI Serial Flash while the FPGA is execut-
ing user code. This allows the user to perform functions such as background configuration updates.

Programming Procedure

In order to program SPI Serial Flash via ispJTAG® the FPGA must contain the Soft SPI Interface. Programming the
SPI Serial Flash with ispVM® System and an ispDOWNLOAD® cable makes this transparent to the user. The soft-
ware simply loads the Soft SPI Interface bitstream into the FPGA and then loads the user bitstream into the Flash.
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Once programing of the SPI Serial Flash is complete, the FPGA configures itself by reading the Flash. Again, soft-
ware makes all of this transparent to the user so that it is no different than programming any other serial boot

device.

The following instructions describe the process of converting the .bit file, selecting the FPGA, selecting the SPI
Serial Flash, and programming the SPI Serial Flash. The following screen shots are from ispVM® System 14.3.

1.

Connect the ispDOWNLOAD cable to the appropriate header and apply power to the board

2. Start the ispVM System software

First the .bit file that was created in ispLEVER needs to be converted to a format suitable for the SPI
Serial Flash, this can be either an .exo or .mcs file. To do the conversion click on the UFW (Universal File
Writer) button on the toolbar. The window should look similar to Figure 19-3.

Figure 19-3. Universal File Writer (UFW)

=l Universal File Writer ¥2.0 3 Ol x|
File |Edt Yiew Project Tool ‘Window Help

| m ™)+ +[EE][~

= |J_|| Biitstream [*.bit; “rbt; *.msk; *.mska; *1bk; *rbka; * pom; * exo; *.mes) ;I @ |

JJI Courier New ;I I 10 ﬂ

Input/Output/Settings |

&_3‘7 Input Drata File
- @ Output Data File
L %?7 Bitstream Settings

4

4. Double-click on the Input Data File in the left window and double click on the design’s .bit file

5. Right-click on Output Format under Bitstream Settings and select a bitstream format. In this example

Single Bitstream - Intel Hex was chosen. The user can also modify other options dealing with the Flash
such as Frequency (be sure not to exceed the rated speed of the SPI Serial Flash or the capability of the
board layout).

Double-click on Output Data File and name the output file. The UFW window should look similar to
Figure 19-4.
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Figure 19-4. UFW Completed

= universal File Writer ¥2.0

Fle Edt Wew Project Tool Swindow Help

J_| = ™ I L |J_| 1+ + [ [ e |JJ| Bitstream [* bit; *rbt; *msk; *mska; = bk *rbka; * pcm; * exo; * mes] ;I 5@ |
J_ll Courier New ;I I 10 ;I

Input/Output/Settings |
E\ %3 Ihput Drata File

| E-CATEMPutestbit

E1-Device: LFEC20E_ES

.. Package: LFEC20E-ES
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E!%? Bitstream Settings
[+ Dutput Format: [ntel Hex
- Byte Wide Bit Mirroring: OFF
E---Ignnre ID Code: OM
E---Program Securs: OFF
Compression: OFF
i.Frequency: 2.5 MHz

v

7. Press the Generate button on the right end of the toolbar to create the SPI Serial Flash data file

8. A window pops up informing the user that the file was generated successfully, click on OK
9. Exit the UFW program

10. From the main window click on the Scan button located on the toolbar. The LatticeECP/EC device should

be detected automatically (if it's not check the ispJTAG connections and make sure the board is powered-
up). The resulting screen should be similar to Figure 19-5.

Figure 19-5. Main Window, Scan Complete

¥ LSC isp¥M® System - [New Scan Configuration Setup™]

i =1olx]
58 File - i I__\I'Ec\l Project ispTools Options  Window Help _Iﬁllll
DEH|S EB 0 DEEEE | Ee 0
B Bale| > BRI B
Index | Device List | FileMame/IR-Length | Operation | Status |
LFEC20E Fast Program M8
B
-
»
[ [

11. Double-click the number in the Index column to open the Device Information window, shown in Figure 19-

6.
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Figure 19-6. Device Information Window
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12. Leave the Data File field blank; the default Soft SPI Interface file will be used. If the Soft SPI Interface is
embedded into the user design code then the Browse button should be used to insert the location of the

design code’s .bit file into this field

13. Under Device Access Options, select SPI Serial FLASH Programming

14. The FPGA Loader Setup Dialog will be launched
15. Click on CPLD + FPGA Device, it should look similar to Figure 19-7

Figure 19-7. Select FPGA Device

FPGA Loader 3

The FPGA Loader

Flash Device
Hardware Setup

Device:
S e
Device Full Mame: Package:

|LFEcan a1

FPGA Loader Application S pecific Data File:

Browse IE: WSPYMYD ataB aserpgatecpilfec2le_softip.

FPGA Loader Application S pecific BSDL File:

Browse I Generate |
Dperation IFast Program j
ag I Cancel | Help |

16. Click on Configuration Data Setup (see Figure 19-8)
17. Under Configuration Data File, click on Browse to locate the user configuration file created in step 7

18. Double-click on the file name
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Figure 19-8. Configuration Data Setup

zl
The FPGA Loader Single/Multiple Bitstream File[z) Merging/S plitting Selection
CPLD + FPGA Device Merge Split

Configuration Data Setup e s An -
Flash Device |
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ak | Cancel Help

19. Select Flash Device in the left window (see Figure 19-9)
20. Under Flash Device, click Select to choose the desired device, in this case an ST Micro device was
selected
21. From the drop-down list under Operation select Erase, Program, Verify
Figure 19-9. Select Flash Device

x
The FPGA Loader Flash Device: Wendar:
CPLD  FPGiA Devize Select... ||SPI-M25PSD [sTHicra

ion Data Setup

ce Device Descriplion: Package Device Size
Hardware Setup IMZEPSD-VMNET IS-pin s0IC |a MEits
Starting Address: Ending Address: Data File Size:
IUxUUDUUU j Hex |MF0000 x| Hex |555444 Bytes
et Load From File
Output File:
Browse ||

(n]:4 I Cancel Help

22. Click OK to exit the FPGA Loader window

23. From the main project window, on the menu bar, click Options > Cable and I/O Port Setup

24. Check that the proper cable type is selected (parallel or USB) and that the PROG, DONE, and INIT boxes
(Figure 19-10) are properly selected/de-selected based on how the ispJTAG connector is wired up (see
the Hardware Schematic section of this document)
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Figure 19-10. Cable and I/O Port Setup

Cable Type: IUSB VI Auto Detectl
' Port Setting: IEZUSB.D .I
| Eostam Part: Dxl

MOTE: Auto Detect only works with the Lattice
parallel port and USE cables.

LCancel

il

Debug Mode

MOTE: Connecting the board's TRST pin to the cable's TRST pinis
not recommended. Instead, connect the board's TRST to Yec.

MOTE: *when uging DR CA devices [JTAG Mode) with the Lattice parallel port
cable, connect the ispEM pin to SERIAL connector PROG pin.

[~ TRST/Reset Fin Connected [ eV E S EEr R Connrected
) SetHigh ) Set High
! Getlow 1 Gt Low

[~ DOME Pin Connected

[~ INIT Pin Connected

25. Click on OK

26. From the main project window click the green GO button on the toolbar; this will begin the download pro-
cess

27.Upon successful download, in order to configure the FPGA with the new configuration, the user must
cycle power to the FPGA or FPGA or pull the FPGAs Program pin low.

Including the SPI Interface in the FPGA Design

If the user wishes JTAG to have access to the SPI Serial Flash while the FPGA is operating, for instance to allow
background configuration updates, then the Soft SPI Interface must be instantiated into the user code. Once a con-
figuration bitstream containing the user code and the Soft SPI Interface has been created the programming
sequences will be identical to those detailed above (see step 12).

Sample Code

The following code samples are simple VHDL and Verilog files that show how to instantiate the netlist file, i.e. the
Soft SPI Interface. The netlist file should be placed in the same directory as the top design file. In the following
examples the netlist file is called SPITOP.ngo. The netlist file is freely available from the Lattice web site at www.lat-
ticesemi.com.
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VHDL

library ieee;
use ieee.std logic 1164.all;
use ieee.std logic unsigned.all;

entity design top is

end;

port ( rst : in std _logic;
sclk : in std _logic;
cnt_out : out std logic vector (7 downto

—-- SPI Serial Flash pins

SPI C : out std logic; -- clock

SPI D : out std logic; -- data input
SPI SN : out std logic; -- chip select
SPI Q0 : in std logic -- data output

)i

architecture behave of design top is

--Instantiate the file

component SPITOP

port (
SPI PIN C : out std logic;
SPI PIN D : out std logic;
SPI PIN SN : out std logic;
SPI PIN Q : in std logic

)i

end component;

--User code

begin

signal cnt: std logic vector(7 downto 0);

process(sclk, rst)
begin
if rst = ‘1’ then
cnt <= (others => ‘0');
elsif rising edge(sclk) then
cnt <= cnt + 1;
end if;

end process;

cnt_out <= cnt;

0)
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-- SPITOP port map

spi_ip: SPITOP port map
(

SPI_PIN. C => SPI C,
SPI_ PIN D => SPI D,
SPI_PIN SN => SPI SN,
SPI PIN Q => SPI Q

)i

end behave;
Verilog

Here is the same design in Verilog.

module design top(rst, sclk, cnt out, spi c, spi_d, spi sn, spi q) ;

input sclk, rst;
output [7:0] cnt_out;

// SPI Serial Flash pins

input spi_qg;
output spi_d, spi_sn, spi_c;

reg [7:0] cnt_out;
// User code

always @ (posedge sclk or posedge rst)

begin
if (rst)
cnt_out = 2'h00;
else
cnt_out = cnt_out + 1;
end

// Instantiate Soft SPI Interface

SPITOP spi_ip
(
.SPI_PIN C(spi_c),
.SPI_PIN D(spi_d),
.SPI_PIN_SN(spi_sn),
.SPI_PIN Q(spi_q)
)i

endmodule
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module SPITOP (SPI_PIN C, SPI_PIN D, SPI_PIN SN, SPI_PIN Q);

input SPI PIN D, SPI PIN SN, SPI PIN C ;
output SPI_PIN Q;

endmodule

The Soft SPI Interface is only needed to connect JTAG to the SPI Serial Flash interface. If the SPI device will be
used by the user design, for instance as scratch memory, then the Soft SPI Interface is not needed — the user code
can access the SPI pins directly. Remember that the configuration memory must start at address zero; any user
defined memory space must be located above the configuration data. It is recommended that an address above
the maximum possible configuration size be chosen. For instance if a LatticeECP/EC20 device is being used,
select a scratch pad starting address above 5.3Mb (see Table 19-3 in this document).

Locking the Pins

The last thing the user needs to do is tell ispLEVER® which pins are connected to the SPI Serial Flash device (see
Figure 19-2). From the ispLEVER® Project Navigator window click on the package name in the left window, then
double click on the Pre-Map Preference Editor in the right window (see Figure 19-11).

Figure 19-11. Select Pre-Map Preference Editor

# ispLEYER Project Navigator - [C:\Documents and Settings',...\edif_flow'edif.syn] = |E||5|
File -#itw Source Process Options Tools Wwindow  Help
[D & & sorma e A EET R
[45 = M o2 Dl 6P 00 5 b @ |

Sources in Project: | Processes For current source:
@ Untitled ¥ Build Database =

“-(E7 Documents K Pre-Map Logical Design Floorplan
LFEC20E-3F672CES Fre-Map Freference Editor

= @ SPITOP (spitop.edn) O Map Design

E--@ ER.1_1 (spitop.edn) [2) Map Report (edif.mrp)
ITAGE [2) Map TRACE Report (edif.tw1)
Post-Map Physical Design Floorplan
& Post-Map Preference Editor |

& Edit Preferences (ASCIT)
O Map Timing Checkpoint
¥ Place & Route Design
[Z]) Place & Route Repart {edif.par)
[£]) PAD Specification File (edi.pad)
[Z]) Place & Route TRACE Report (edif.bwr)

-
Performanra Ainahest _I

This will start the editor; it should look similar to Figure 19-12. The Pre-Map Preference Editor is where pin num-
bers and other attributes are assigned to the various 1/O in a design. Figure 19-12 shows the proper pin selection
for a 672 fpBGA, it also shows proper selection of the I/O type (in this case LVCMOS_3.3). Each package requires
a different pin selection; refer to Table 19-6 and the schematic in Figure 19-2 (in the hardware section of this docu-
ment) for details.
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Figure 19-12. Preference Editor
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After all of the pin attributes have been entered close the Preference Editor, scroll down the right window, and dou-
ble click on Generate Bitstream Data (see Figure 19-13). Once the bit stream has been generated go to the Pro-
gramming Procedure section of this document.

Figure 19-13. Generate Bitstream Data
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Conclusion

By combining the new low cost LatticeECP/EC family of parts with low cost, third party serial Flash, engineers can
now take advantage of a very cost effective system solution. In addition to cost savings the design also benefits for
the space conscious 8-pin package.

This new capability, in addition to the traditional configuration methods, is fully supported by the latest Lattice tools.

Technical Support Assistance

Hotline: 1-800-LATTICE (North America)
+1-408-826-6002 (Outside North America)
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Internet: www.latticesemi.com
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