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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

CMOS Complementary Metal-Oxide Semiconductor
CSI-2 Camera Serial Interface

DDR Double Data Rate

DSI Display Serial Interface

FTDI Future Technology Devices International
GPIO General Purpose Input/Output

12C Inter-Integrated Circuit

12S Inter-IC Sound

JTAG Joint Test Action Group

LDO Low Dropout

LVDS Low-Voltage Differential Signaling
MIPI Mobile Industry Processor Interface
ML Machine Learning

MSPI Master SPI

PMOD Peripheral Module

SMA SubMiniature version A

SPI Serial Peripheral Interface

SSPI Slave SPI

VIP Video Interface Platform

VTT Tracking Termination Voltage
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1. Introduction

This document describes the Lattice Semiconductor CertusPro™-NX Voice and Vision Machine Learning Board. The
board’s key component is the CertusPro-NX FPGA, which receives input from high or low-resolution cameras and
microphones, and sends video output over USB3. This board is ideal for machine learning applications and features
onboard HyperRAM as well as PMOD (Peripheral Module) connectors for off board support.

The content of this user guide includes descriptions of onboard settings, connectors, programming circuit, a complete
set of schematics, and bill of materials for the CertusPro-NX Voice and Vision Machine Learning Board.
The key features of the CertusPro-NX Voice and Vision Machine Learning Board include:
e  CertusPro-NX FPGA (LFCPNX-100-BBG484)
e Four-lane MIPI CSI-2 receiver (Soft D-PHY) interface for high resolution camera data
e Serial interface for low resolution camera data
e %S interface for audio data from two microphones
e  SPI flash configuration
e  General Purpose Input/Output
e Board Resources
2 x 64 Mb HyperRAM available for ML (Machine Learning) applications
e  Cypress CYUSB3014 for Video Output to PC over USB3
e  Four PMOD connectors expansion headers available
e Expansion header for Soft MIPI DPHY connectivity

e  Programming Circuit
e  From programming software through USB/FTDI interface (JTAG or SPI)
e  From onboard Flash
e  SPl external programmer using header

Figure 1.1 and Figure 1.2 show the top and bottom views of the CertusPro-NX Voice and Vision Machine Learning Board
and its key components.

www. latticesemi.com/legal
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Figure 1.1. Top View of CertusPro-NX Voice and Vision Machine Learning Board
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Figure 1.2. Bottom View of CertusPro-NX Voice and Vision Machine Learning Board
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1.1. Further Information

The following references provide detailed information on the CertusPro-NX Voice and Vision Machine Learning Board
and the CertusPro-NX FPGA device:

Appendix A. CertusPro-NX Voice and Vision Machine Learning Board Schematics
Appendix B. CertusPro-NX Voice and Vision Machine Learning Board Bill of Materials
www.latticesemi.com/boards for more information on boards and kits

CertusPro-NX Family Data Sheet (FPGA-DS-02086) for details on the CertusPro-NX FPGA

© 2021 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. Headers and Jumpers
Table 2.1 lists the headers and jumpers as shown in Figure 1.1 and Figure 1.2.

Table 2.1. Headers and Test Connectors

Part Description Settings (Default first)
1 JTAG Header —
3 FTDI Reset Jumper Open (active FTDI)/Short (reset FTDI)
J4, 15, 16,17 PMOD Headers —
19 Parallel Configuration Header —
J12 MIPI DPHY Expansion Header —
J13 USB3 Chip Mode Open (FX_PMODEO=Hiz)/Short (FX_PMODEO=V3P3)
J14 Current Measurement Headers Open (functional, attach measurement probes)

© 2021 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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3. Board Programming

3.1. Programming Circuit

CertusPro-NX can be programmed with USB through the FTDI/JTAG interface using Lattice Radiant™ programmer

software, or by an external programmer connected to Header J9.

Figure 3.1 shows the programming block of CertusPro-NX Voice and Vision Machine Learning board.

FT2232H CertusPro-NX
(U2) (U30)
Micro | Port 1
e m—
J3

SPI
Flash

(=

(U17)

SPI Header
(19)

JTAG Header (J1)

Figure 3.1. Programming Block

The FTDI/JTAG interface is used to program both CertusPro-NX and SPI Flash Memory (Macronix 25L12833 128Mb).

3.2. Programming the Board

This section describes the procedure for programming a pattern to the SRAM (volatile) configuration memory of
CertusPro-NX. The CertusPro-NX can be programmed through the JTAG, I2C, or SPI interfaces. This section focuses on
JTAG programming through the USB/FTDI interface. For details on the other configuration modes, refer to the

sysCONFIG Usage Guide for Nexus Platform (FPGA-TN-02099).

The board is programmed using Lattice Radiant Programmer software, which can be started as a stand-alone tool or

from a Lattice Radiant project.

To program the board:

1. Power ON the board by connecting the USB cable.
2. Start a programming project by launching the tool and initiating a board scan, as shown in Figure 3.2.
New Project:
Project Mame: Untitled M
Project Location: C:,'Usersﬂ 4 | Browse...
@ Create a new project from a scan
Cable: [Hw-UsBN-28 (FTDD) v | Port: [FTUsB-0 v | [ DetectCable
TCK Divider Setting (0-30x): 1 |5
(") Create a new blank project
Open Project:
(") Open an existing programmer project
C:fUsers; Pf _dem Browse,
OK | Cancel
Figure 3.2. Starting Programmer
© 2021 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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3.  When the board is successfully scanned, the window shown in Figure 3.3 appears. This interface allows you to
enter the file name.

B Radiant Programmer - Untitled.xcf * T [} x

PEHE X 8E@ B 86w

Enable Status Device Family Device Operation File Name File Date/Time Che | Cable Setup g X
1 LFCPNX LFCPNX-100 Fast Cenfiguration C:/FPGA-EB-02050/FPGA-EB-02050_Bitstream.bit 11/19/19 10:06:30  N/A Cable Settings ol
 Detect Cable
Cable:  |HWUSBN-BFTDD |
Pt [Frusso 5
Custom port:
Programming Speed Settings

() Use default Clock Divider
(®) Use custom Clock Divider

= >
TCK Divider Setting (0-30x):
o0 "
e IjO Settings
HOST: THS
A =1 (®) Use default 1/O settings
FTDIUSE HOST BULDN [
i AN Tex TwS () Use custom 1/0 settings
o i INITM pin connected
AcsrT — DONE pin connected
TRST pin connected
v
v >
Output 8 x

Lattice ¥M Drivers detected (HW-DLN-3C (Parallel))
Programmer device database loaded

Output  Td Console

Figure 3.3. Entering File Name

4. Double-click on the Operation field and select the appropriate programming mode. In this example, Fast
Configuration of the SRAM array through JTAG is selected.

© 2021 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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5.

EJ LFCPNX - LFCPNX-100 - Device Properties

General Device Information
Device Operation
Target Memary:
Port Interface:
Accezg Mode:

Operation:

Programming Options.

| Static Random Access Memary {SRAI*:'I}

ki

\Direct Programming

Fast Configuration

Programming file: |C:,!'FPGA-EE|-02D 50,/FPGA-EB-02050_Bitstream.bit

[ ] Pazzword Protection Options {Provide key file if pazseword protection enabled)

[ o 1|

Figure 3.4. Entering Programming Mode

Click the Program button to configure the CertusPro-NX on the board.

12

© 2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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4. CertusPro-NX Interface Support

The CertusPro-NX Voice and Vision Machine Learning board supports various onboard interfaces and external
interfaces. The sections below describe key onboard interfaces supported on CertusPro-NX Voice and Vision Machine
Learning board.

4.1. HiRes Camera Sensor Interfaces

Figure 4.1 shows the block diagram of the camera sensor interface. The Sony IMX258 image sensor is used as the input
source on the camera sensor connector. The data path interface between the camera sensor module and CertusPro-NX
is CSI-2. The cameras are configured using 12C interface from the CertusPro-NX.

CSI-2 Interface

HiRes Camera Sensor | _ CAM1 CNTL LFCPNX-100-BBG484
Connector (CN1) (U30)

I°C Interface

Figure 4.1. HiRes Camera Sensor Interface

4.2. LoRes Camera Sensor Interface

Figure 4.2 shows the block diagram of the camera sensor interface. The HiMax HM360 image sensor is used as the
input source on the camera sensor connector. The data path interface between the camera sensor module and
CertusPro-NX is serial differential. The cameras are configured using 1°C interface from the CertusPro-NX.

Diff CLK/Data

LoRes Camera Sensor CAM CNTL LFCPNX-100-BBG484
Connector (U24) (U30)

I°C Interface

Figure 4.2. Upstream Connector Interface

4.3. Microphone Sensor Interface

Figure 4.3 shows the block diagram of the microphone sensor interface. The microphone sensors are Knowles
SPHO645LM4H. There are two sensors on opposite sides of the board. The sensors share the IS bus to the
CertusPro-NX, which is the I2S master.

Microphone
Sensor (U6)
1°S
o | LFCPNX-100-BBG484
(U30)
Microphone
Sensor (U7)

Figure 4.3. Microphone Sensor Interface

www. latticesemi.com/legal
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4.4. Video Out Interface

Figure 4.4 shows the block diagram of the video out interface. The video data from the CertusPro-NX is sent to the

CYUSB3014, which processes the data and sends it out through the USB3.

LFCPNX-100-BBG484
(U30)

Dataand
Control

.

Figure 4.4. Video Out Interface

P>

CYUSB3014
(U13)

USB3 Bus
dl

|-

-

L

usB3
Connector
(48)

14
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5. Power Supply

The power supply to the CertusPro-NX Voice and Vision Machine Learning Board is provided from the J2 or J8 USB
connectors. If either or both USB ports are connected to a powered cable, the board powers up.

Figure 5.1 shows the power supply block of CertusPro-NX Voice and Vision Machine Learning Board. The 5 V is supplied
through the USB, and then board converters create the remaining 3.3V, 2.8V, 1.8V, 1.2V, and 1.0 V supplies required
by the board components. Each I/O and core voltage rail on the board is accessible by a test point on the board.

J2-USB2
and/or
J8 - USB3 Torex | y3p5
V5PO Switcher | 433v
oy 5.0->3.3
(U18)
NCP114 LDO FTDI, Mics,
Tgrex V1PO 33->2.8 Vaps HyperRAM,
Vspo Switcher | +10v (U19) 28V Flash, USB3
5.0->1.0 Driver
(U23)
Torex —V2Pe Cameras
X V1P2 V1P2 V1P8 V3P3 V1pP8 (CNl
V5PO Switcher |1,y - '
5.0->1.2 w2 [ U24)
(U22) VCCIOS VCCAUX VCC VCCIoo
T vCCIo1——V3P3
switcher | EETY repnxao0 (U3
V5P0 5‘8"_5 1e; +15V FCPNX100(U30) ol vas
(U26) V3p3 ——VCCIO6 veclo2—— v1prs
- vceios
orex
V5PO Switcher
5.0->1.8
(U21)
V1P8
+1.8V

Figure 5.1. Power Supply Block

Table 5.1 lists the board voltage rails, including the rail source voltage, test point number, and voltage on net.

Table 5.1. Device Power Rail Summary

Voltage Rail Source Rail Voltage on Net (V) Status LED LED Color
V5PO usB 5.0 D9 Blue
V3P3 V5P0 3.3 D10 Blue
V2P8 V3P3 2.8 — —
V1P8 V5P0 1.8 D11 Green
V1P5 V5P0 1.5 — —
V1P2 V5P0 1.2 — —
V1PO V5PO 10 — _

© 2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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6. CertusPro-NX I/0 Ball Mapping to Connectors

Table 6.1. Camera Sensor Connector Pin Mapping

CN1 u24
Pin Num Net Name Ball Num Pin Num Net Name Ball Num
1 - - 1 V2P8 -
2 CAMO_CLKN AB3 2 GND —
3 CAMO_CLKP AB2 3 HM_CP u3
4 GND — 4 HM_CN T3
5 CAMO_3N Y3 5 GND —
6 CAMO_3P W3 6 HM_DP T1
7 GND — 7 HM_DN ul
8 CAMO_IN Y5 8 GND -
9 CAMO_1P W5 9 - -
10 GND — 10 — —
11 CAMO_ON Y6 11 GND —
12 CAMO_OP W6 12 V1P8 —
13 GND — 13 V1P2 —
14 CAMO_2N Y2 14 GND —
15 CAMO_2P W2 15 HM_MCLK N18
16 GND - 16 HM_PCLK L12
17 GND — 17 HM_CTX_SELO M17
18 V2P8 — 18 HM_INT M16
19 — — 19 HM_SDA P14
20 CAMO_MCLK P19 20 HM_SCL N13
21 CAM_FRAME_SYNC R21 21 HM_HSYNC N12
22 12CO_SDA P18 22 HM_VSYNC N14
23 12C0O_SCL R20 23 HM_TRIG L13
24 CAM_RESET N17 24 GND —
25 V1P2 — 25 HM_CLK_SEL M15
26 V1P8 — 26 HM_CLK_RTC N11
27 GND — 27 HM_FAE R22
28 GND — 28 HM_XSDN M14
29 V2P8 - 29 HM_XSLEEPN M13
30 GND — 30 HM_STROBE M12
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Table 6.2. PMOD Connector Pin Mapping

PMODO (J4) PMOD1 (J5) PMOD2 (J6) PMOD3 (J7)

Pin Ball Pin Ball Pin Ball Pin Ball
Num Net Name Num Num Net Name Num Num Net Name Num | Num Net Name Num
1 PMODO_1 L6 1 PMOD1_1 L1 1 PMOD2_1 L4 1 PMOD3_1 17
2 PMODO_2 L8 2 PMOD1_2 K2 2 PMOD2_2 H1 2 PMOD3_2 K6
3 PMODO_3 L10 3 PMOD1_3 K3 3 PMOD2_3 G5 3 PMOD3_3 H5
4 PMODO_4 K10 4 PMOD1_4 J1 4 PMOD2_4 19 4 PMOD3_4 K4
5 GND — 5 GND — 5 GND — 5 GND —
6 V3P3 — 6 V3P3 - 6 V3P3 — 6 V3P3 —
7 PMODO_7 J6 7 PMOD1_7 L2 7 PMOD2_7 L3 7 PMOD3_7 K8
8 PMODO_8 H6 8 PMOD1_8 M1 8 PMOD2_8 12 8 PMOD3_8 18
9 PMODO_9 H7 9 PMOD1_9 M2 9 PMOD2_9 H4 9 PMOD3_9 L9
10 PMODO_10 H8 10 PMOD1_10 K1 10 PMOD2_10 G7 10 PMOD3_10 K9
11 GND — 11 GND — 11 GND — 11 GND —
12 V3P3 — 12 V3P3 — 12 V3P3 — 12 V3P3 —

Table 6.3. HyperRAM Pin Mapping
HyperRAMO (U8) HyperRAML1 (U9)

Pin Name/Num Net Name Ball Num Pin Name/Num Net Name Ball Num
RFU1/A2 — — RFU1/A2 — —
RFU2/A5 — — RFU2/A5 — —

CS#/A3 HRO_CS AA18 CS#/A3 HR1_CS AA19
RESET#/A4 HRO_RST AB17 RESET#/A4 HR1_RST u18
CK#/B1 HRO_CKN Y18 CK#/B1 HR1_CKN w21
CK/B2 HRO_CK Y19 CK/B2 HR1_CK W22
VSS/B3 GND — VSS/B3 GND —
VssQ/C1 GND — VssQ/C1 GND —
VSSQ/ES GND — VSSQ/ES GND —
VCC/B4 VCCIOo3 — VCC/B4 VCCIo3 —
VCCQ/E4 VCCIO3 — VCCQ/E4 VCCIO3 —
vccQ/bp1 VCCIO3 — vceQ/bpl VCCIO3 —
RFU3/B5 — — RFU3/B5 — —
RFU4/C2 — — RFU4/C2 — —
RFU5/C5 - - RFU5/C5 — -
RWDS/C3 HRO_RW V19 RWDS/C3 HR1_RW Y21
DQO/D3 HRO_DQO V18 DQO/D3 HR1_DQO V22
DQ1/D2 HRO_DQ1 W19 DQ1/D2 HR1_DQ1 AA20
DQ2/c4 HRO_DQ2 AB19 DQ2/c4 HR1_DQ2 V21
DQ3/D4 HRO_DQ3 AB20 DQ3/D4 HR1_DQ3 u21
DQ4/D5 HRO_DQ4 AB21 DQ4/D5 HR1_DQ4 u20
DQ5/E3 HRO_DQ5 AB18 DQ5/E3 HR1_DQ5 Y22
DQ6/E2 HRO_DQ6 AA17 DQ6/E2 HR1_DQ6 AA22
DQ7/E1 HRO_DQ7 W18 DQ7/E1 HR1_DQ7 AA21
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Table 6.4. CYUSB3014 Pin Mapping

CYUSB3014 (U13) CYUSB3014 (U13)
Pin Name/Num Net Name Ball Num Nam':;‘Num Net Name Ball Num
PCLK_CLK FX_PCLK M10 SSTX- USB3_SSTXN USB3:SSTX-
RESETN FX_RSTN N8 SSTX+ USB3_SSTXP USB3:SSTX+
CTLO_SLCSN FX_CTLO_SLCSN L1 D+ USB3_DP USB3:D+
CTL1_SLWRN FX_CTL1_SLWRN K2 D- USB3_DN USB3:D-
CTL2_SLOEN FX_CTL2_SLOEN K3 FSLCO GND -
CTL3_SLRDN FX_CTL3_SLRDN J1 FSLC1 GND —
CTL4A_FLAGA — — FSLC2 V3P3 —
CTL5_FLAGB FX_CTL5_FLAGB L2 CLKIN MSTCLK_FX3 0SC_19M2:0UT
CTL6_GPIO — — CLKIN_32 CLK_32MHZ 0SC_32768:0UT
CTL7_PKTENDN FX_CTL7_PKTENDN M1 TDI — TP14
CTL8_GPIO FX_CTL8_GPIO M2 TDO — TP15
CTL9_GPIO - - TRSTN - TP16
CTL10_GPIO - - T™MS - TP17
CTL11_A1 FX_LV N4 TCK — TP18
CTL12_AO FX_FV N7 060_CHGDET — —
INTN_CTL15 FX_INTN_CTL15 K1 PMODEO FX_PMODEO —
GPIO_I2SCLK FX_GPIO_I2SCLK N3 PMODE1 FX_PMODE1 —
GPIO_I2SSD FX_GPIO_I2SSD M11 PMODE2 FX_PMODE2 —
GPIO_I2SWS FX_GPIO_I25WS P10 R_USB2 GND —
SPISCK_UARTRTS_GPIO - - R_USB3 GND -
SPISSN_UARTCTS_GPIO — — NC — —
SPIMISO_UARTTX_GPIO FX_SPIMISO_UARTTX P8 VBATT V5P0 —
SPIMOSI_UARTRX_GPIO FX_SPIMOSI_UARTRX P9 VBUS V5P0O —
GPIO_I2SMCLK FX_GPIO_I2SMCLK K28 AVDD V1P2 -
GPIO — — cvbDDQ V3P3 —
12C_SCL FX_12C_SCL R1 U3TXvbDQ V1P2 —
12C_SDA FX_12C_SDA R2 U3RXVDDQ V1P2 —
DQO FX_DO J14 VDD-1:VDD-8 V1P2 -
DQ1 FX_D1 K15 VIO1-1:VIO5 V3P3 —
DQ2 FX_D2 J13 VSS1:VSS14 GND —
DQ3 FX_D3 L20 AVSS GND —
DQ4 FX_D4 K17 u3vssa GND -
DQ5 FX_D5 K14
DQ6 FX_D6 L19
DQ7 FX_D7 K19
DQ8 FX_D8 J20
DQ9 FX_D9 G18
DQ10 FX_D10 J19
DQ11 FX_D11 H17
DQ12 FX_D12 117
DQ13 FX_D13 N9
DQ14 FX_D14 N10
DQ15 FX_D15 M9
DQ16:DQ31 — —
XTALIN — —

© 2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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CYUSB3014 (U13) CYUSB3014 (U13)
Pin Name/Num Net Name Ball Num Nam':/nNum Net Name Ball Num
XTALOUT — —
OTG_ID USB_OTG USB3:0TG
SSRX- USB3_SSRXN USB3:SSRX-
SSTX+ USB3_SSRXP USB3_SSRX+
Table 6.5. MIPI DPHY Expansion Header
J12
Pin Num Net Name Ball Num
GND —

2 GND —
3 DIFF_CKP Al
4 DIFF_DP1 A5
5 DIFF_CKN B4
6 DIFF_DN1 B5
7 GND —
8 GND -
9 DIFF_DPO A3
10 DIFF_DP2 A2
11 DIFF_DNO B3
12 DIFF_DN2 B2
13 GND —
14 GND —
15 I12C_DIFF_SCL T17
16 DIFF_DP3 A6
17 12C_DIFF_SDA T16
18 DIFF_DN3 B6
19 V3P3 —
20 GND —

SH1 GND —

SH2 GND —
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7. Status Indicators

The LED status indicators on the board show the application status. Table 7.1 lists the status LED I/O map.

Table 7.1. Status LED 1/0 Map

Net Name LED Connector/Pin Color
LEDO D1 M6 Green
LED1 D2 M7 Green
LED2 D3 N6 Green
LED3 D4 N5 Green

LED4 - Red P2

LED4 — Green D5 P1 RGB
LED4 - Blue P3
LEDS - Red R3

LEDS — Green D6 R4 RGB
LEDS - Blue P4

8. Input Switches and Pushbuttons

Table 8.1 lists all the input switches and pushbuttons. This board has one 4 input slider switch and 5 pushbuttons.

Table 8.1. Switch and Pushbutton 1I/0 Map

Net Name Component Connector/Pin
SWITCHO Swi AA15
SWITCH1 SwWi AB16
SWITCH2 Swi AA16
SWITCH3 SW1 W16
PUSHBUTTONO SW2 N1
PUSHBUTTON1 SW3 N2
GSRN Sw4 R5
PROGRAMN SW5 C20

9. Ordering Information

This board is included as part of a kit, and not available as a separate item. The part number in Table 9.1 is for
reference only, so it is clear which board is described in this document. Visit www.latticesemi.com/boards for the latest

ordering information.

Table 9.1. Reference Part Number

Description

Ordering Part Number

CertusPro-NX Voice and Vision Machine Learning Board

LFCPNX-VVML-EVN
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References
For more information, refer to CertusPro-NX Family Data Sheet (FPGA-DS-02086).

Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.
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