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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

AP Application Processor

Csl Camera Serial Interface

DSI Display Serial Interface

FTDI Future Technology Devices International
HDMI High Definition Multimedia Interface

12C Inter-Integrated Circuit

LVDS Low-Voltage Differential Signaling

SPI Serial Peripheral Interface

UsB Universal Serial Bus
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1. Introduction

This document describes the design and setup procedure for the Lattice Semiconductor 2:1 MIPI® CSI-2 Image Sensor
Aggregator Bridge development kit to demonstrate the capabilities of the CrossLink™ FPGA in video applications.

CrossLink 2:1 MIPI CSI-2 aggregator bridge development kit is a set of boards that receives MIPI CSI-2 serial data from
two image sensors, combines the image from two cameras and then transmits the combined image data to Application
Processor (AP) in MIPI CSI-2 format.

The CrossLink device can receive MIPI DSI/CSI-2 data at the rate of 1.2 Gb/s/lane and transmit it at a rate of 1.5 Gb/s/lane.
The device comes with fully validated Soft IPs with flexible controlling options. This demonstration uses the 2:1 MIPI
CSI-2 Aggregator Bridge Soft IP.

The development kit consists of three types of boards:

e  CrossLink Master Link board featuring a Lattice LIF-MD6000 device

e  Raspberry Pi Camera Link boards to connect the Raspberry Pi cameras

e  Raspberry Pi AP Link board to connect to Raspberry Pi Model B+ board

Other boards required for the demo apart from the development kit:

e Two Raspberry Pi cameras

e Raspberry Pi Model B+ board to process the MIPI CSI-2 data and display on an HDMI monitor

Figure 1.1 shows the 2:1 MIPI CSI-2 aggregator bridge system diagram.

Raspberry Pi X2 D-PHY
Camera (CSI-2)
ﬁ
Revl.3 X2 D-PHY .
(OV5647 Sensor) (CSI-2) Raspberry Pi | HDMI
CrosslLink el Mode| B+ ! HDMI Display
Raspberry Pi X2 D-PHY Board
Camera CSI-2
Rev1.3
(OV5647 Sensor)

Figure 1.1. 2:1 MIPI CSI-2 Aggregator Bridge System Diagram
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2. Functional Description

Figure 2.1 shows the 2:1 MIPI CSI-2 Aggregator IP internal block diagram. The 2:1 MIPI CSI-2 Aggregator IP receives the
serial, source-synchronous MIPI data from two MIPI CSI-2 cameras through the Soft D-PHY blocks (programmable 1/Os
configured as MIPI CSI-2 receivers), deserializes the serial data into bytes and extracts the control signal from MIPI data
packets. The IP then combines both cameras’ parallel data streams and sends it to the MIPI CSI-2 Transmitter block.
The MIPI CSI-2 Transmitter block includes a Hard D-PHY block that serializes the data and sends it out in MIPI CSI-2

format.

CrossLink: 2:1 MIPI CSI-2 Aggregator Bridge
Raspberry > CSlI-2
Pi camera Receiver ||
Dual Image CSI-2 Raspberry Pi
0V5647 Merger = 1 cmitter P Model B+
Image Logic Board
Sensors Raspberry > Csl-2 | |
Pi camera Receiver
Sk 2 2 SCL
SDA_| |°C Master to 2 x I°C Slave
SCL 2 AR SDA
I°C Camera Initialization

Figure 2.1. Internal Block Diagram of 2:1 MIPI CSI-2 Aggregator Bridge Demo

A single 1°C master to dual I°C Slave Bridge is used to configure the two Raspberry Pi cameras. The Raspberry Pi Model
B+ board is configured as I1°C master and the two Raspberry Pi cameras as slaves. As the Raspberry Pi AP source code is
closed, we have implemented special functionalities in MachX03LF to configure the cameras, so that the demo works in
such environment. As part of this special functionality, every I2C command from Raspberry Pi Model B+ board goes to
both cameras.

In the MachXO3LF design, the write commands are sent to both cameras simultaneously whereas, the read commands
are answered by only one of these cameras. The I12C design implements the logic in order to change the register
settings in the Raspberry Pi camera thus enabling continuous clock mode.
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3. Demo Setup

This section describes the demo setup.

3.1. Hardware Requirements

The following equipment are required for the MIPI Dual CSI-2 to CSI-2 demo:
e  CrossLink Raspberry Pi 2:1 MIPI CSI-2 Aggregator Demo Kit
e  CrosslLink LIF-MD6000 Master Link board
e Raspberry Pi Camera Link board (2)
e  Raspberry Pi AP link board
e  Raspberry Pi 3 Model B V1.2 board or Raspberry Pi Model B+ board.
e  Extra FPC cables used for RPi cameras
e Raspberry Pi cameras with FPC cables (2)
e HDMI monitor
e HDMI to HDMI cable
e USB 2.0 Type A to Mini-B cable, included in demo kit
e USB 2.0 Type A to Micro-B cable
e  Power adaptors (2), included in demo kit
e Laptop

3.2. Software Requirements

e Lattice Diamond® Programmer version 3.10 or later
e JED File for MachXO3LF

e  BIT File for CrossLink

3.3. Board Setup

Figure 3.1 shows the top view of the CrossLink LIF-MD6000 Master Link board used in this demo. Figure 3.2 shows the
Raspberry Pi AP Link Board and the Raspberry Pi Camera Link Board. For more details about these boards, refer to
www.latticesemi.com/masterlink.
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Note: This demo requires two Raspberry Pi cameras (referred in the procedure as camera 1 and camera 2). These
cameras share a single oscillator in order to synchronize them.

To set up the hardware for the 2:1 MIPI CSI-2 aggregator demo:

1.

N o vk

9.

Follow the rework procedure below based on the version of the camera module. Attach the two boards to each
other to ensure that the rework stays securely in place.

For Camera Module v1.3 using the OmniVision sensor, follow the steps below.
a. Remove the Y1 oscillator from the camera 1 board.

b. Take the camera 2 board and connect the test point beside the oscillator of the camera 2 board to the same
test point on the camera 1 board.

c. Connect a wire to a GND point on the camera 1 board and connect it to a GND point on camera 2 board.

Note that Figure 3.3 does not show the GND wire connection.

Remove the

Y1 oscillator

from one of Connect two

the cameras. i
Oscillator
test points.

Figure 3.3. Rework of Raspberry Pi Cameras v1.3.

For Camera Module v2.1 using the Sony sensor, follow the steps below.
a. Remove the X1 oscillator from the camera 1 board.
b. Place a wire between R3 (on the side that is connected to X1.3 of the oscillator) of the two boards.

c. Connect a wire between GND points on each board, such as on C9 GND side (the pad that is closest to the
edge of the PCB).

Connect the U1 connector of the two Raspberry Pi Camera Link boards to the Rx connectorl and the Rx connector2
of CrossLink Master Link board respectively.

Connect the U1 connector of the Raspberry Pi AP Link Board to the TX connectorl of the LIF-MD6000 Master Link
board.

Fix all the boards tightly with bolts and spacers as shown in Figure 3.4.
Populate jumpers J20, J19, J7 and J29 (2-3).
Connect the jumpers between pin2 and pin4 on both J24 and J25.

Connect the Raspberry Pi cameras with the FPC cables to the J1 connector on the two Raspberry Pi Camera Link
boards.

Connect one end of the extra FPC cable to J1 of AP Link Board and the other end to the J3 camera connector on the
Raspberry Pi Model B+ board.

Connect the HDMI port of the Raspberry Pi Model B+ board to a monitor via HDMI cable. See Figure 6.1.

10. Connect a keyboard to one of the USB Type-A ports on the Raspberry Pi board.

© 2016-2018 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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11. Connect a mouse to the other USB Type-A port on the Raspberry Pi board.
12. Connect the Raspberry Pi board using the USB-micro power adapter. This powers-up the Raspberry Pi board.
13. Wait for the desktop environment to initialize.

LATTICE

SEMICONDUCTOR

Multi MIPI CSI-2

%

CrossLink " Aggregator Bridge

RaspberryPi Platform

Figure 3.4. Assembled Demo System
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4. Programming and Configuration

This section explains the programming and configuration settings of the 2:1 MIPI CSI-2 aggregator demo kit.

The 2:1 MIPI CSI-2 Aggregator demo kit supports the programming of FPGA devices from flash device or directly
through FTDI chip using Mini USB (J2) connector. The programming mode and device selection is done in Lattice
Diamond Programmer. All design files required for running this demo are available on Lattice website.

4 2_to_1_MIPI_CSI2_Aggregator_Bridge
Demonstration
docs

4 hardware

4 Bridge
Implementation
simulation
source
testbench

4 I2C
Implementation

Source

Figure 4.1. 2:1 MIPI CSI-2 Aggregator Bridge Demo Package Directory Structure

The Demonstration folder includes the bit file and JED file required for programming the CrossLink LIF-MD6000 device
and the Lattice MachXO3LF device, respectively.

The packaged design contains two Lattice Diamond projects within the ¥*Hardware\Bridge\implementation)\ folder.
These projects are configured for CrossLink and MachXO3LF devices for the Aggregator Bridge and the 12C designs
respectively.

4.1. Clarity Designer Settings
To configure the demo in Clarity Designer:

1. Install Lattice Diamond 3.10.

2. Open Clarity Designer.

3. Download and install the csi2_to_csi2 IP.
4

View the IP in the IP catalog as shown in Figure 4.2.

www.latticesemi.com/legal
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5.

Vercn

[| Lattice 2:1 MIPI CSI-2 Bridge Soft IP

Device Support: LIFMD

[ Overview: The majority of
a MIPI CSI.2 (Camera Serial nterface 2)
well as object

market today uses
image sensors for

are often
mobile

pth o In
‘may not have enough interfaces to support the number of IMage sensor INputs required for a particular application
In other cases, the processing latency between image sensors and imaging data may be too large. The Latice

MIP| CSI-2 to CSI-2 Bridging IP for Latlice Crossiink programmable dowice resohos ihis issue by merging two

5 from inputs to a single MIP| CS1-2 video image
35 This is useful for and 360 camera

35 applications.

1

13 Features:

s

15 * Supports MIPLDPHY 1 and MIPI CSI2 S 1

2 * Output data rate up 1o 1 44 Gbps per lane

28 = Corfigurable to 1. 2, o 4 data lanes for each channel

27 * Supports all CSI-2 Compatible data types.

4 + Supports Left.Right merge method - merging of video data packets from both left and right channess to form

a single packet for each pixel ine
Supports Virtual Channel interleave - interleaving of data between each image sensor and assigns a virtual
channel ID to identify the source

Version: 10

5 Website: 2.1 MIP| CS1-2 Brdge Soft IP

0.6 s Software Requirements:
fam bvied neanter 32
._‘p@ i * Diamond 38
= € Ausic, Video and Irage Procansing « Lattice Synthesis Engine (LSE), Synplity Pro for Latiice J.2014 091 or later
sl 1 ||« AawerDL93
@ duto_du 10
G ssro tpan w Download/instal: To downioad and installthe IP, right-click on the I icon and seiect Install <P name> For
ind instaling Ips, refer to the C. Adgdtional
information on Laftices growing portioio of LatticeCORE I modules can be found on- Latice e
Revision History:
[‘/élslun [Date [Changes
[ 10 1201605 | e iniialroase -
Dinscer [ istizBisne | tnowts | Osmond =
Feady

Figure 4.2. csi2_to_csi2 IP in IP Catalog

Use the settings shown in Figure 4.3 and Figure 4.4 to configure the IP for running this demo. The project already
comes with these settings set in the IP.

[H9 Lottice P Core — CS2TO CS2v10 e e . — — (=] s

Configuration | Generate Log |

2z LATTICE

Configuston | vies |

— Recsiver
Mumber of R Channels 2 ] Rxintedace [C52 =
C.To.csl2 Mumber of R Lanes 2 Z’
& (]
—{reset_n_i clk_p_ore» Fix Gear g 16
—=lclk_ref_i olk_n_ope Fix DPHY IP € Hard DPHY & Soft DPHY
-a3clk_chi_p_i dl_p_ope e
10 ol mitter
] _n_|
;ﬁ,n:nn,n,\ A poler Murmber of T Charinels Tl Txintetace [C5I2 =l
<—3=(dll_ch0_p_i —=
it chil i di_n_ope Number of T Lanes 7wl
~&3={d]_chil p i T Gear ()] ® 15
“3d1_chD_n_i
—Clock
FiX Line Rate 500 (Mbps)
te_pl_lock_o— )
i dore ol T¥ Line Rate 00 (3201440 Hbps)
m0_sp_en_o—» DPHY Clock Frequency 450,00 [MHz)
]
clk_chl_p.i 1Hl_lp_en_o—> DPHY Clock Made & Continuous  Man-continuous
<> (ck_chi_n_i w_hs_sync_o—%
el chl pi Py Byte Clock Frequency 5625 [upto 1125 MHz)
~-d0_chi_n_i WI_lp_en_o|— Feference Clock Frequency 56,25 {MHz)
“sd1_chi_p_i 1_hs_syne_o— )
eld1_chi_n_i t%_fv_en_of— Initialization
t_bv_en_ol— HNIT_SLAVE Valie  [1000  (Mumber of byte clock cycles, > 0)
t_byte_data_vid—
Miscellaneou:
¥ Enable miscellansous status signals

Configure Close Help

Figure 4.3. Configuration Settings for csi2_to_csi2 IP
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HY Latice IP Core -- CSI2 TO CSI2 v1.0

Configuration | Generatelog |

€SR_TO_CSR

resel_n_|
ok _ref i
ck_ch_p i
ck_ch_n i
dl_chl_p i

ck_p_o|
cl_n_o|
dl_p_of

dl_n_o|

dl_p o

RN

Configuration b Video \

Video Packet
Merging optins
Wit Charriel 1D (Ch 0)
Watual Channel 1D (Ch 1)

& Left-Right  Virtual

0 2bu (biray]
0 b hinamy]

d0 chl_n i dlznig
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A TETEEY!

TIE

Configure Close Help

Figure 4.4. Other Settings for csi2_to_csi2 IP

6. Generate the design.

7. Go to the Clarity Designer generated <instance_name>.lpc file and change the following parameters:
e videomerge=HALF_MERGE
e txgear=8

4.2. Pinout

The pinout shown in Figure 4.5 is used for this demo design to run with the Raspberry Pi hardware. In the original
design, the csi2_reset_n_i signal is placed on ball G9 of the CrossLink device. Ball G9 is located in bank 2 which is set to
1.2 V since some of the signals in this bank are configured as MIPI D-PHY CSI-2 inputs. However, LVCMOS12 inputs are
no longer supported in Crosslink. Diamond 3.8 and later versions no longer allows this signal to be placed on ball G9.
Signal csi2_reset_n_i can be moved to a ball in bank 0, which is configured for 3.3 V, as a workaround.

In addition to assigning the signal to bank 0, some re-work to the Master Link Board is required. For example, if
csi2_reset_n_i is assigned to J2, the following rework is needed. R446 and R415, both 0 Q resistors, should be
removed. A wire needs to be added to connect the switch side of R446 pad and the J2 ball side of the R415 pad.
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Pinout by Port Name:

| BC Enable

| Port Name | Pin/Bank | Buffer Type | Jite | Properties |
| c8i2_clk ch0 n i | G&/1 | MIPI_IN | PB29B | | DRIVE:Z2mh HYSTERESIS:ON |
| c8i2_clk ch0 p i | G7/1 | MIPI_IN | PB29R | | DRIVE:2mh HYSTERESIS:ON |
| csi2_clk_chl n_i | D&/2 | MIFI_IN | PBl&B | | DRIVE:ZmA C] HYSTERESI3:ON |
| £3i2_clk_chl p i | D9/2 | MIPI_IN | PBl&R | | DRIVE:ZmA HYSTERESIS:ON |
| c3i2_clk n o | B8/&0 | DPEY_BIDI | DEHYO_CEN | | |
| cai2_clk p_o | BE/E0 | DPEY_BIDI | DPHYO_CEP | | |
| csi2_d0_ch0 n i | E2/1 | MIFI_IN | EB3ZB | | DRIVE: HYSTERESIS:ON |
| £si2_d0_ch0 p i | E1/1 | MIPI_IN | FB3EL I | DRIVE: HYSTERESIS:ON |
| csi2 d0_chl n i | F8/2 | MIPI_IN | EB2B I | DRIVE: HYSTERESIS:ON |
| e3i2 d0_chl p i | F3/2 | MIEI_IN | EB23 I | DRIVE: HYSTERESIS:ON |
| csiZ_d0_n_o | B7/60 | DBHY_BIDI | DEHYO_DNO | | |
| c3i2_do_p_o | B7/60 | DPEY_BIDI | DPHYO_DPO | | |
| c8i2_ 41 ch0 n i | D2/1 | MIPI_IN | PB34B | | DRIVE:2mAk CLRAMP:0N HYSTERESIS:ON |
| c8i2_d41 ch0 p i | D1/1 | MIPI_IN | PB34R | | DRIVE:2: CLRMP:0N HYSTERESIS:ON |
| csi2_dl_chl n i | H8/2 | MIPI_IN | PB&D | | DRIVE:Zmk CLREME:ON HYSTERESIS:ON |
| c8i2_dl chl p i1 | H3/2 | MIFI_IN | FB&C | | DRIVE:2Zmh CLRMP:ON HYSTERESIS:ON |
| c3i2 dl n o | BO/E0 | DPEY_BIDI | DEHYO_DN1 | | |
| c3i2_dl p o | BE/EO | DPEY_BIDI | DPHYO_DP1 | | |
| c3i2_reset_n_i | G3/2 | LWVCMOS12_IN | EB2C | | PULL:UP CLAMP:ON HYSTERESIS:ON |
Figure 4.5. Pinout

4.3. 12C Design

Below is the block diagram for the I2C design that is used in the MachXO3LF device. It takes the 1°C commands from
Raspberry Pi AP board and use it to configure both Raspberry Pi cameras.

i20_top] werio;

GBGH inst

i2c_top_inst

wi_sscls

und_s_scl

w2_s sola

s

un_msm_s

i20_thridge

Y

- un_s sdaa ud_s sdaa
w2_s s S Sl

Figure 4.6. Block Diagram of I>C Design

The i2c_top module is used for configuring the cameras directly with the commands from the FPGA. It has an
initialization ROM which you can use for storing the camera initialization commands and for configuring the cameras.
Once the camera initialization is completed, the config_done signal goes high. Since the cameras are not configured
from the FPGA in this demo, the config_done signal is tied to high. Once the config_done signal is high, SCL and SDA
lines are given control to the i2c_tbridge module. Figure 4.7 shows the internal block diagram of the i2c_tbridge.
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i2c_tbridge_osc(verilog)
FEisEer o 4

JECFING TR,

| e N

i2c_tbridge_osc [
[ : ‘fcfﬂ"idﬂ o_mastar(verilog) i2c_toridge_slave(verilog)
_cd i : o amio EEN)
= B e
Fon i2c_toridge_fifo(verilog)
i2c_tbridge_fifo3(veriog) L
I P - L a
E — = == = z
und_rst : =
! ]
i2c_tbridge_master QA [0
M_2 S_FIFO ™
i2c_toridge_slave

)
RN

Figure 4.7 i2c_tbridge Module Internal Block Diagram

The i2c_tbridge_slave module receives the I?C commands from an external IC master (Raspberry Pi AP) and then
stores these commands to i2c_tbridge_fifo3. The i2c_tbridge_master reads these commands from the
i2c_tbridge_fifo3 and then sends it to the external slaves (Raspberry Pi cameras). During the read back from the
cameras, the data is read by i2c_tbridge_master and stored in i2c_tbridge_fifo which are sent back to the external
master by i2c_tbridge_slave. During the read back from the cameras, only data from one camera is considered.

4.4. Programming the Board
To program the board:
1. Connect the Mini USB cable to the LIF-MD6000 Master Link Board.

2. Open the Lattice Diamond Programmer tool version 3.10 or later. The window shown in Figure 4.8 appears.
3. Click OK.

Select an Action

(@) Create a new project from a JTAG scan

Cable: [HW-USBN-28 (FTDI)  ~| Fort: [FTUSB-L ~] [ Detect cable

() create a new blank project

Il (") open an existing programmer project

[ oK i [ Cancel

Figure 4.8. Diamond Programmer — Getting Started

4. The Diamond Programmer automatically scans the device on the board, and the window shown in Figure 4.9
appears.
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(=] ]

'S
4. Diamond Programmer - Untitled *
File Edit View Design Help
HEE BOQ # S
Enable Status Device Family Device Operation File Mame File Date,Time ‘o
! Cable Settings
1 - LIFMD LIF-MD&000 :5PI Flash Erase,Program,Verify ..nstration/2_to_1 MIPI_CSI2_Aggregator_Bridge.bit ..Bf16 14:112:34
|
ot
g pos FTUSE-0 -
E Custol =
2 ustom por
E Programming Speed Settings
o
=1 Use default Clock Divider
41
() Use custom Clock Divider
TCK Divider Setting (0-30x): | 1 s
< T ] 1jO Settings -
Output Info™ & X
- -
Disabling... B ] Message
i) 2342002 INFO - Scanning USE2 Port FTUSE-0...
Verifying... - -
i) 2342003 INFO - 5can completed successfully. 3
Finalizing. ..
@ 85021074 INFO - Check configuration setup: Start,
INFQ - Execution time: 00 min : 06 sec
INFO - Elapsed time: 00 min : 06 sec \;i;‘p 85021077 INFO - Check configuration setup: Successful (Ignored JTAG Connection
E Checking).
INFO - Operation: successful, )
'\;i;‘p 85021294 INFO - Devicel LIF-MDGE000: SPI-M25PX16: SPI Flash Erase,Program,Verify
Output | Td Console Error Warning Info®
Open file

Figure 4.9. Diamond Programmer Main Interface

5. Enable only LIF-MD6000 device and change the operation to SPI Flash Programming.

6. Select the options for the External SPI Flash on the board as shown in Figure 4.10.
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i B
4} LIFMD - LIF-MDB000 - Device Properties LD [

General Device Information

Device Operation

Arccess mode: [SF‘I Flash Programming - ]

Operation: [SF‘I Flash Erase,Program,Verify ]

Programming Options

Programming file: idge_v2_1/Demonstration/2_to_1_MIPI_CSIZ_Aggregator_Bridge, bit E]

Device QOptions

|:| Reinitizlize part on program errar

SPI Flash Options

Family: |5P1 Serial Flash - |

Viendor: [Mi::rnn - ]

Device: |SPIM25PX 16 - |

Package: |8-pin 08W - |

SPI Programming

Data file size (Bytes): 163507 Load from File

Start address (Hex): | 0x00000000 - |

End address (Hex): [UKUUUZUUUU - ]

|:| Erase SPI part on programming error

Secure SPI flash golden pattern sectors L

Ok ] [ Cancel

Figure 4.10. LIF-MD6000 Device Properties

Provide the location of the bit file 2_to_1_MIPI_CSI2_Aggregator_Bridge.bit and click Load from File.
Click OK.

9. Click the Program button. When programing is completed, the message INFO - Operation: successful appears in the
output window.

10. Change the Port in Cable settings (on the right side of Programmer window) from FTUSB-0 to FTUSB-1.

11. On the menu bar click Design and select JTAG Scan. The MachXO3LF device on the board is scanned by the
programmer.

12. Provide the MachXO3LF I12C.jed file location and program the device as shown in Figure 4.11. When programing is
completed, the message INFO - Operation: successful appears in the output window.

The hardware setup is completed.
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4. Programmer - i2¢_bridgexcf *

File Edit View Design Window Help

SEd S BEe s S E

MachXO3LF . XO3LF-1300E FLASH Erase,Program,Verify

Enable Status  Device Family Device Operation
8

File Name

1CSI2_Aggregator_Bridge/Demonstration/i2c jed (.. .0/16 15:24:12  0x7FT0

File Date/Time Checksum USERCODE
000000000

Cable and 1/ Settings

Cable Settings

Detect

Cable: HW-USBN-28 (FTDI) -~

Custom port:

!

|

Programming Speed Settings
Use defaut Clock Divider

m

) Use custom Clock Divider
rexomider setong 030 T 5]

1/0 Settings
Use defauit 1/0 settings

() Use custom 1/O settings

[] INITN pin connected

[] DONE pin connected
[[] TRST pin connected

SetTRST high

Set TRST low

[] PROGRAMN pin connected e

Figure 4.11. MachXO3LF Programming
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5. Software Setup

To set up the software for the 2:1 MIPI CSI-2 aggregator bridge demo:

1. Make sure your Raspberry Pi board is updated with the firmware Raspbian Jessie version March 2016 or later. The
latest version of the software is available at

https://www.raspberrypi.org/downloads/raspbian/
Open the command prompt.

Open the raspi-config tool using command below.
sudo raspi-config

Select Enable camera and press Enter.
Go to Finish and reboot the computer.

Note: Perform these steps only once when configuring the setup for the first time.
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6. Running the Demo

To run the demo:

1. Runthe command below.
raspivid -o video.h264 -t 10000

The image is displayed. If the message Waiting for data appears in the terminal window, press the reset button
SW4 on the board. If the image is not displayed after ~5 seconds, press Ctrl+C to cancel the raspivid program. Then
press SW4 on the Master Link board and repeat the above command.

The final image from the two cameras appear side by side as shown in Figure 6.1.
2. Press Ctrl+C to exit the demo.

Note: Appendix A provides tips to diagnose issues with the 2:1 MIPI CSI-2 aggregator bridge demo. See Appendix A also
for details on hardware part numbers and debugging.

Figure 6.1. Full Setup Showing the Final Output of Demo
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7. Ordering Information
Description Ordering Part Number Change Summary
Lattice CrossLink Master Link Board CrossLink-ML-EVN Initial Release
RPi Camera Link Board RPI-CL-EVN Initial Release

RPi AP Link Board RPI-APL-EVN Initial Release
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Supplemental Information

Additional resources related to the Lattice Dual CSI-2 to CSI-2 kit including updated documentation and design project
are available at www.latticesemi.com/rpiboards

Technical Support Assistance

Submit a technical support case via www.latticesemi.com/techsupport.
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Appendix A. Debugging

If you encounter issues while using this demo, you may check the following:

1.

vk N

The version of Raspbian Jessie on the Raspberry Pi should be version March 2016 or later.

Run the camera demo by directly connecting the Raspberry Pi camera to the Raspberry Pi Model B+ board.
Ensure that the cables from the camera to the RPi Camera Link boards are connected properly.

Check the jumper settings.

When running the command below, GPIO1 (TP2) and GPIO2 (TP3) on the Raspberry Pi AP Link Board should go
high.
raspivid -o video.h264 -t 10000
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Appendix B. LIF-MD6000 Master Link Board Schematics

5 I 4 I 3 I 2 | T
lLVDS RX HEADER1 ‘ ’LVDS RX HEADER1 ‘ L’SPI FLASH ‘
8
« & o
» * *
g2l 1]l O x| H 9]
: I I | - :
1v2,1v8, 2V5,3V3, 5V SPI a a
12C A >
p
BANK-1, 2
Ext Power OnBoard H & —
H Adaptor (12V) LDO'S & Buck ﬁ SPI H
i
o]
I2C
Bl mipr T 1/0 ikl
H
&
= % o
L=] 8 >
USB to 2 ¥
¢ USB JTAG / SPI JTAG_I/F/ SP M LIFMD'6000'6MG811 E ©
CONNECTOR 4 M
FTDI A o
a
&‘ Targeted FPGA
. 5 SPI SPT
USP Programming only a
P
2
N Bl MIpf TX I/0 le]
x I L |
H 6
o o
s P
L=] of &
12C a
B B
BANK-2
[=]
1
LCMXO3LF-1300-MG12 ¥|, 120
o
. m [ [ ]
I/0 Expander - I2C Switch 1 11
A A
BANK-3,4 Lattice Semiconductor Applications
Email: techsupport@Latticesemi.com
Title
BLOCK Diagram
Sz [Proect Schematic Rev_ 1.0
B | LIFMD-6000-6MG811 Snow bridging solution P—
Date: _16-FEB-16 | _Sheet 1 _of 8
5 I 4 | 3 T 2 T T

Figure B.1. Block Diagram

www.latticesemi.com/legal


http://www.latticesemi.com/legal

== LATTICE

2:1 MIPI CSI-2 Image Sensor Aggregator Bridge Demo
User Guide

VBUS_5V

L3

9
SHIELD4  VCC
(e SHIEL D-

6000hm 500mA

+33V

2 1
6000hm 500mA

+3.3V

2
6000hm 500mA

L

im ch

-4u7
N [

L2
1

cha LCA

47
o 0.1uF

D+
16| SHIELD2 o) Rg
SHIELD1 GND [—

SKT_MINIUSB_B_RA

+3.3V

U2

VCC1_8FT

ui
FT2232HL

PROGRAMMING INTERFACE

VCC1 8FT +3.3V

+33V

VREGIN

VREGOUT

L
L— By

RIMZ 14

RI11 12k

RESET#

REF

FT_EECS 6

3
FT_EECLK 62 | EECS

FT EEDATA 61 | EECLK

vcc  Cs

NU CLK
c9 ORG DI

mmelm
FNER NI

EEDATA

Vss DO

0.1uF 93LC56-S08

+3.3V

R17

Lo e
0.1uF 0.1uF

Lcu 15
TO 1F 0.1uF

Lme

0.1uF

H—

C10

18pF |

oscl

0sco

TEST

7z &—AannBE

DNI

FTDI High-Speed USB

AGND

VPHY
VPLL

+3.3V

4.7k 4.7k 4.7k

100
TDI

© oW
I
|

TCK

header_1x8

RS

R7 SISPI 456

T gMCLK 456

SPISO 45,6
R167

>
<]
@
c
7]
&

|

0

KCSSPIN 456

0

R23
=
ADBUS7 [—————— "\,

CDONE 6

26 CRESETB 6 R9

R15

RIS CTCK 7

150 <ol 7

BDBUS3

RISL D0 7

BDBUS4
BDBUSS
BDBUS6
BDBUS7

BCBUSO [He—X
BCBUSI [25—X
BCBUS2 [25—X
BCBUS3 [—25—X
BCBUS (27X
BCBUSS (25X
BCBUS6 25X
BCBUS? X

FT2232H 60

PWREN# f——X

7]

USPEND# X

10

KTMs 7

= LATTICE

Lattice Semiconductor Applications
Email: techsupport@Latticesemi.com

FTDI INTERFACE

Size |Project
B | LIFMD-6000-6MGB1I Snow bridging solution

|Date:__16-FEB-16

Schematic Rev
Board Rev B
2

of 8

T Sheet
1

Figure B.2. FTDI Interface

FPGA-UG-02062-1.2

© 2016-2018 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.

25


http://www.latticesemi.com/legal

2:1 MIPI CSI-2 Image Sensor Aggregator Bridge Demo

= LATTICE

User Guide
5 4 3 2 1
v
NOTE : | NPUT VOLTAGE SHOULD BE 12V AT 3A Max 24 1 +1.2v VCC_CORE+3.3V VCCI0BL.2v VCC_DPHY
: +12v 1 Res
H—BEAAN—0
12v EXT - 0 Raza 5 T oV
3 5V_INT 4 2 R
- 7 2 ReBA AN—OV
u3 DL 1 veciolz T cciol Rl 1 R0 1 R47 1
1 L 2 1,2 Q1 3 R aav
U 3 I 12 12 v 33 [ A0,
R2 Rua4 SLA4-E3/5TT 2
FUSE Q2 Tri-Con VCC_COREL +2.5V VCC_DPHY1
) . | e c123 1008 00E VBUSSV 0 ) 9 X i
0.1F 19,2 2 Position Terminal Block 0 Snow Vol tage VCC_CORE VCC_DPHY
| T 1h2 | Sel ecti on R4 1
PJ-032A N D SL44-E3/5TT
) 25 1 DNI
GND3 5V_INT +12v 1 R sy
NOTE : Place this gnd test point near J3 0 Rags . 5 A
v 2 VCCIOY2 [F————AA—OVECIo2 VCCIon veeiol veeioz
vee_12v +12v 1 3 R
L 500mA traces Q1 3v3 33 vCeioo veeiol veeioz L
us
500mA traces RIS 0 1 S E Tri-Con
10u W 2 1 2
out 1° 5000hm 500mA
c co7 2 Position Terminal Block 0 =
co4 95 o
z
o
= | AP7313125AG-7 = +1.2v 1K VCC_CORE ~ +33V 1K_VCCI00  +33V 1K_veeioL 433V 1K VCCI02 433V 1K_VCCIo3
C| = C|
) RIO 1 RA0 1 Ri84 1 RIS 1 Ri88 1
sv vee 33V 3.3V
500mA traces
1K VCC_COREL  +25V 425V 425V 425V
us R37 0
3 2 1K_VCC_CORE
N ?Xg 4 T R#L 1 RIS 1 RIST 1 R189 1
e _lea
to - GND - DNI DNI DNI DNI |
100F 20F
1 NCP1117ST33T3G
1K_VCCI00 1K_vCCiol 1K_VCCI02 1K_VCCI03
XCB- 1K Vol tage
= Sel ecti on 1K_VCCIO0 1K_veciol K veeio2 ) K VCCI03 )
sv vee 25v 425V 12V EXT v
500mA traces
Q Swi
us R39 0 PWR
8 N ouT 2 AN— L6 g
o[ T 2 1 GLOBAL POWER TEST POINTS
000hm 500mA [T
e oo e 25 *—0 12v0 w2 25 3v3 50  GND2 GNDL GND4 GND5
- - c29
100F N 20F 0.10F v +12v b 2 _W 5v b T T J ]
NCP11175T25T3G T T T T T
12v
u1s S5V_INT
TT3680
Ay D)
l c129
5 s
5v VCC_1.8V +1.8V RUN_SS
500mA traces
o =
0 “ ' = LATTICE
i F8 [ )
N ouT 1 ) f
TAB 000hm 500mA RT BOOST
A GND cu3 ci12 R229 oG A
15K Lattice Semiconductor Applications
1
NCP1117ST18T3G 22uF 0.1uF swW Email: techsupport@Latticesemi.com
swe 47TuH
epap L =
ON BOARD POWER REGULATORS ~ ¢127 D12 Title
680pF: (73680 MBRA340T3G POWER REGULATOR I/F
Manufacturer = Linear 0.3VF
PART_NUMBER = LT3680EDD#PBF = Schematic Rev 1.0
= = Board Rev B
[ Shest 3 o 8
5 4 3 2 1

Figure B.3. Power Regulator IF

© 2016-2018 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.

26

FPGA-UG-02062-1.2


http://www.latticesemi.com/legal

== LATTICE

2:1 MIPI CSI-2 Image Sensor Aggregator Bridge Demo

User Guide
4 3 | 2 | 1
u 5V 433V +18V
+18
CH4_DCK TX_P 1 21
CH 2| CH4.DCK P 78D 55 % 0 R46SRESETN
3 CH4_DCK_N RESETN (53 s
GND PWR_5-0V
CH4_DATAO_TX_P 4 2% 0.10F
CHEDATRGTXN CH4_DATAO_P GND
— 2 CHa DATAON oo 22— =
$—1 GND PWR_33V -
o CH4_DATAL TX_P 21
CH4 DATAL TX_N g | CH4 DATAL P = GND g
| CH4_DATALN ™ GND 55—
$——— GND 0 PWRISV
VCC_DPHY
- e 26 cooon PRI —TH s b ost (5 o il
256 MCLK SCLK @ MISO AP
12 a 32
VCCPLL_DPHY1 DPHYL_CKP (AL CHE DoKX R DAt TX P B o A p 5 i
. _CKP 757 CH5 DCK_TX N CHA_DATAZ TX N 147| CH4_DATAZ | 34
VCCPLL_DPHYO DPHY1_CKN 5T 5 DATA0_TX P CHA_DATAZN ] onp FE— 0 §Rm 5
L DPHYI_DPO (g 15 5 RPIZ 5
DPHYLDNO P23 CH5_DATAL TX_P. cHaDATA3 TX P T 16| G X PWR33V[Tg
VCC_DPHY DPHY1 DP1 753 CH5 DATAL TX_ N CHA_DATA3 TX N 17| CH4_DATA3 P H GND 571
DPHYLDNI ¢ CHE DATAY TP — CH4_DATA3 N GND [F——4
GNDPLL_DPHYX DPHY1_DP2 [& e OATAZ TX T v 18 -
DPHY1_DN2 - +—9- GND PWR_5-0V
A CH5 DATA3_TX.P. [ 19 39 RA53 SDA on 67
DPHY1 DP3 g CH5_DATA3_TX_N 20 | 12V SDA 749 RA54 SCL é .
VCCA_DPHY1 DPHY1_DN3 [ = 12v scL scL 67
VCCA_DPHY1 ™ "
+—7| Shield3 Shields [—z5——%
$——— Shield4 Shields {~———
VCC_DPHY P 2
$——— Shield1 Shield2 [~
¢ GNDA_DPHY1 CH4_DCK_TX_P SEx12-
DPHYO_CKP ﬁg = Hirose - FX12 - 40 Pos
DPHYO_CKN (g7
VCCA_DPHYO DPHYO_DPO (7 U9 5V 433V +18V
DPHY0_DNO g
DPHY0_DP1
) DP1 |59 CH5_DCK TX_P 1 21
DPHYO_DN1 [ CHEBORTRN 5 CHs_DCK_P TED (5 RESETN
DPHYO DP2 [0 RSSES % CHs DCK N RESETN 55 0 R466 RESETN (¢ peseTN 5
DPHYODN2 cg GND PWR_5-0V
DPHY0_DP3 [7cg CHA_DATA3TX N CH5 DATAQ TX P 4 2
GNDA_DPHYO DPHY0_DN3 CHEDATAD TN = CH5_DATAQ_P GND 55
N e 5 CHs_DATAON GND 55—
t——— GND PWR_3-3V
CHS DATAL TX_P 7 21
CH5_DATAL TX N g | CH5_DATAL P GND (3¢ 12v 5V 433V 418V
— 9 CH5_DATAL_N ~ GND 55—
——— GND N PWRL8V
CSSPIN 10 0 30 GPIOL ciso_| cie1 | cieo_| ci62
MCLK 11 | SN D MOSI 737 GPIO2
LIFMDG000-cSBGABL SCLK 8 MISO 0AuF | OF | 01uF | OuF
12 32
+—+ G PWR_1-8V L L= L =
CH5 DATA2 TX_P 3 g 18V 753 = = = =
Note CH5_DATAZ_TX_N 14 | CHS_DATA2 P a GND 3,1
s 1) Match length within pair as vell as other pairs with +- 5%tol erence CH5_DATA2 N [o] GND [~
ZJDHeremla\ inpedance shoul d be 100 Chns and 50 Chms as a single ended signals 15 19} 35
3)Al the pover rails should be capable of carrying 1A current oHs DATA3 TX P 12 © PWR_33V |32
el et B T resistor netuwrk as close to bank 0 s possibie e 13| CH5_DATA3 P X GND 57—
Trace match *HS* P & N channel s as well as |ndividual pairs  DATAS TX CH5 DATASN B oND [
oS e Fout g and 1 aob mmtch SLP Sl gl &'¢0'banks & and 0 v P e 3»3
Q 19 ‘132“:/[’ PWRJ;’SX 39 0 R455__ SDA
[ 20|12 oA [0 0 R#56___SCL
4
+—o Shieids Stields -2 AN §x03,sq 7
$— Shielda Shields {——— " X03_SDA 7
2L Shiela Shield2 [-2—
Hitose - FX12- 40 Pos
Note : Speed of the bus, < 2.5ps skew for pairs and .
across the bus, traces shoul d be 100 Cs LA ’ ’ ICE
| |
Al
Lattice Semiconductor Applications
Piggyback Configuration info: Emaik techsupport@Laticesemi com
1. 0.001uF and 0.1uF is added as the piggyback ¢ ) ) . . e
100nF and 470pF is loaded near DUT and 0.001uF and 0.1uF is made piggy back for the following reference designer MiPi Block - MIPI TX

C42,C44,C46,C171,C172

Size |Project

B | LIFMD-6000-6MG81! Snow bridging solution

Schematic Rev
Board Rev

B

[Date:  16-FEB-16

T Sheet 4 of 8
1

Figure B.4. MIPI Block — MIPI TX

FPGA-UG-02062-1.2

© 2016-2018 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.

27


http://www.latticesemi.com/legal

2:1 MIPI CSI-2 Image Sensor Aggregator Bridge Demo

= LATTICE

User Guide
5 I 3 2 1
129
Ccong ot 1V 5V 433V 418V
usc o Default short (J29.2,J29.3) ? 9 9
E‘é%’; ke 1 et pek p PwR_12v [k
EXT_RST vceioz VCCIon 2 _DCK_| 12V 1755
PB2C/MIPI_CLKT2_0 gg CNOS 103 T rss 680 2% e £ CHI_DCK N RESETN (55 O ANBRISRRGER ey 4
PB2DIMIPI_CLKC2 0 [Eg—CFi0 DATAZ P oMOS 10 1 1 AR, GND PWR_5-0V
PBBA/GR_PCLK2_0 "R DATA: CH1 DATAQ_P 4 24 CH1_DATAL P
B6B ["Hg —CHO_DATAL P DNI CHI_DATAON 5 | CHL DATAO_P CH1 DATAL P 55 CH1_DATALN
PB6C Mg CHO DATAL N Rss  680R °7 e 5| CH1_DATAON CHI_DATALN |58
D PBED "7 TMOS_10_2 CMOS_I0_2 1 A2 GND PWR_3-3v D
PBI2A/GPLLT2 0 "F7—CMOS [0 1 o CHL_DATA2 P 7 27 CH1 DATA3 P
PB12B/GPLLC2 0 [ CHO DATASP REBNI 680R blue CH DATAZ N 57| CHLDATA2 P CH1_DATAS P [5g CHI DATAZ N
PB12C [ CHO_DATA3 N CMOS_I0_3 1 2R 2 9 | CHLDATAZN ¢y CH1_DATA3 N 59
PB12D 5o CHODCK P é«/\/\——ﬂi GND 0 PWR_1-8V
PBI6APCLKT2 0 "5 CHO DCK N DNI DNI o CSSPIN 10 i) 30 GPIO3
PBL6B/PCLKCZ 0[5 0 R450  RESETN RS9 680R blue MCLK 11| SN 9] MOSI 737 GPIO4
PBI6CIPCLKT2 1 7 —CMOS 107 CMOS 10 4 4 AR, SCLK @ MISO
PB16D/PCLKC2_1 — — 12vQ 1 a 2
PWR_12_0V <] PWR_1-8V
- - - - 0 R457 3 12 - 3
£ Piggyback Configurdtion info: o 14| SDAL 0 GND 55
veeioz ngmovccm gagy 9 . 7 scL3 ] B8 scL1 9] GND
] VCCI02 = -
51 52 53 15 35
. ) CMOS 10 7 GND ol PWR_3-3V
1. 0.001uF and 1.5nF is added as the piggyback cap . e e g m?:i?é }3 CHa DATAO P R CH3_DATAL P %
LIEMDB000-CSIBASL 100nF and 1.5nF is loaded near DUT and 0.001uF and 1.5nF is — CH3_DATAO_N CH3 DATALN [——
made piggy back for the following reference designer 18 28
GND PWR_5-0V
K CMOS 101 o R60 19 39 0 RIS (opni 7
uUsB = Yelelle] CMOS 102 0 R61 20 | CH3 DCK_P SDA [0 0 RAG0 § ot
G7___ CH1 DCK P CH3_DCK_N scL
PB29A/PCLKTL 0 [~ CHI DCK_N NOTE : PLACE SWTCH I N THE TOP SI DE 3] 45 12v 5V 433V +1.8V
PB29B/PCLKC1_0 6 4 Shield3 Shield5 6
PB29C/PCLKT1 1 (e lRass Shield4 Shields
PB29D/PCLKC1_1
— D1 CH1_DATAL P 41 N 2 1 1 164 1
c PB34AIGR_PCLK1_0 [5—GHT DATALN Shield1 Shield2 C163_L C1es | C164_L C166 c
348 S0 5
J5__ CMOS 105 01uF | 0AuF | OLUF | OLUF
PBICIMIPI_CLKTL 0 08 105 swa 7K Hirose - FX12 - 40 Pos 1
PB34D/MIPI_CLKC1_0 E1 CHI_DATAQ_P EXT_RST = = = = =
PB383 =" EXT_RST
i 0 R446 i
PB38D
PB43C 1 ciel
PB43D 1 0.1uF
Note
Rl F3 = = Note : Speed of the bus, < 2.5ps skew for pairs and 1) Match length within pair as well as other pairs with +/- 5%tol erence -
VCCIoL Em@’cc'm across the bus, traces should be 100 Chms 2)0ifferential inpedance should be 100 Chms and 50 Chs as a single ended signal's
vcelol Trace match LVDSI* pins between P and N channels as 3)All the power rails should be capable of carrying 1A current
Eo S v = EXTERNAL RESET vell as individual pairs. Mnimize routing and trace
match *CD* signals to bank 3 pins. GPIO3 0N R422 SsPl 245
LIFMD6000-cS/BGABL GPIoa 0 R423 §sp\so s
LVDS RX TERM NATI O RESI STCRS VS 4
12v 5V +3.3V +18V
NOTE : PLACE ALL THE TERM NATI ON o 0 CHL DATAL P CHO_DATA2 P
RESI STORS ON TCP SI DE AND CLOSE R0 oo
TO THE 1B viz R106 R111 0 R425 §RP‘2 M
CHO_DCK_P 1 2 100 100 veeiot 128
B B
CHO_DCK_P PWR_12-0vV
2 ) DCK_| - 22 75 RESETN CHL DATAL N CHO_DATA2 N 1
H CHo_DCK N RESETN (55 DA DATAL DATAZ —
GND PWR_5-0V DNI DNI CMOS_10_6
CHO_DATAQ_P 4 24 CHO_DATAL P CH1_DATAO_P CHO_DCK_P CMOS_I0_7 3
CHO_DATAON 5 | CHO_DATAQ P CHO_DATAL P =55 CHO_DATALN CMOS_10_8
5 CHo_DATAO N CHO_DATAIN 52 R107 RiL4
GND PWR_3-3V 100 100
CHO_DATA2 P 7 27 CHO_DATA3 P
CHO_DATAZ N B 2:3*32%{] 8:3*32125*5 28 CHO_DATA3 N CHL_DATAO N CHO_DCK_N CONG
9 .| ! )_DATAS_N 759 =
GND ﬂ PWR_1-8V DNI DNI B
! 246 CSSPII\% :IE:EEIN 1? SN B MOS!I g(lJ gs:gi CH1 DATA3 P CHO_DATA1 P m
246 MCLK - SCLK g MISO R108 RLT
12 2
o R%? T3] PWR_12v o PWR_1-8V ga 100 100
7 SDA4 SDA1 GND 37—
[ g 0 R462 14| 300t g o= CHL DATA3 N CHO_DATAL N
15 9] o 3oy |3 NI CHI_DATA2_P oNI CHO_DATA3 P LA , , I‘ E
CMOS 101 o RATL 16 33V 736 0 R46Y  CMOS 05
MOST02 17 CH2.DATAOP B CH2 DATALP |57 SMOSTO 6
102 0 R4T2 CHIDATACN M cro DATAL T |3 0 R470 10 R110 R119
s ® DNIS 100 100
A CMOS_ 103 0 RAT3 19 | GND PWR_5-0V 739 0 RY63 som2 7 CH1_DATA2 N CHO_DATA3 N A
CMOS 1040 RA74 20 | CH2 DCK P SDA 49 0 RA6A Lattice Semicond! licati
CH2_DCK_N scL scL2 7 DNI attice Semiconductor Applications
12v 5V 433V +18V 43 45 CH1_DCK_P CHO_DATA0_P Email: techsupport@Latticesemi.com
) s:\e:ga sg\e}gs 3
Shield4 Shields R113 R121 Title
c167_| cie9_| cies | cino al Shields |22 100 100 BANKL,2 - LVDS RX
0uF | O.IuF | OuF | OIuF CH1 DCK N CHO_DATAO N Size  [Project Schematic Rev
I I B Hirose - FX12 - 40 Pos on NI B | LIFMD-6000-6MG8LI Snow bridging solution e 5
- - - - - - [Date:_16-FEB-16 [ Sheet 5 o 8
5 | | 3 | 2 T

Figure B.5.Bank 1, 2 - LVDS RX

28

© 2016-2018 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-UG-02062-1.2


http://www.latticesemi.com/legal

.l. LATTICE 2:1 MIPI CSI-2 Image Sensor Aggregator Bridge Demo

User Guide
5 | 4 3 2 I 1
Sws VCCIoo
WAKE_UP
NOTE : PLACE SPI FLASH IN THE TCP SIDE VCCIoo
I T SUPPCRTS 2.5/3.3 V
RT6RTT
2K &K 49
= 2 R166 =
UBA nt 1 CLK_INT EO“F
CLK_SDA
o PBATIPCLKTO OUSER_SDA [ AAARIS L B8R o s ckson SPI FLASH ooz _hov )
cpol U_WKUPN 55 RATE Gk Se—» CDONE 2 47 spa <& out [F————— PRTA -
PBABIPCLKTO_VUSER SCL =g M\N———————————e—— 3 CLK EXT @
PBSO/MOSI 57— Spia0 ¢ SISPI 2,456 R
PB51/MISO —Gll (Sjggpow SPISO 2456 Rat2 8 2 0 R41410K floK [1oK
PBS52/SPI_SSICSNISCL R £ =5y CSSPIN 2456 Tri-Con 2456 SISPI sl > spo KSPISO 2456
PB53/SPI_SCK/MCK/SDA G2 30 VvV ‘T MCLK.
CRESET B [~ —————) CRESETE Si MCLK 2,456 2456 MCLK ) SCK
T PLACE R83 01056 10 the snow devt ceCRESETB 2 27 3w
CLK_INT_REF | SPI FLASH
vecioo -2 -ovecioo iy A— LR 1 4 7
o iﬂa Jgss kﬂa £s7 scL 2 CLK_SCL 2456 CSSPIN ! Cs 2 How L
47 scL ——— out F————— conz [}
LIFMDG000-CSfBGABL con2 |, 200pF W70pF  [L00NF  [luF R CLK_EXT_REF N
7] 5V 6V 6V v n M25PXL6-VMW6TG
veeioo = Tri-Con
veeioo 919 1p1g
J20 vceioz 050l LLATR
NOTE : PLACE SWTCH IN THE TCP SIDE R160
R80 R131
X3 100K
680R PLACE Q}OSE Tous 4 NOTE : PLACE X3 NEAR U8
¢ ) VoD STDBY# NOTE : RI59 SHUOULD BE PLACED ¢
p CDONE _ Sw2 .7k R183 CLK EXT NEAR X3
SYS_RST J7 00nF 2 30 CLK_INT
K - GND out =
oV 9
svsrsT 1 50 Ohm Clock Route
h 4 CRESETB = KC3225A27.0000C30E0A
o| Creen = VCC_CORE
¥| D10 b 322
N 0.1uF CcoNz USE
2 vCeio2 50l LLATOR D6
= T R432 4| GND vee
N L - &5 O\D vee e
- $——c= G\D
[ D50 R447
2 Aann—22lom!
SYSTEM RESET xa 100K NOTE : PLACE X4 NEAR U8 54| GND VCCAUX25VPP 25V
4 NOTE : R431 SHUOULD BE PLACED GND G5
] VDD STDBY# NEAR X4 5 VCCGPLL
| RA3L GNDGPLL Cc70
00nF 2 30 CLK_INT_REF |
ov GND out LIFMDG000-CSTBGABL 1000F]  1uF
16 v
12V EXT CRESETB = KC3225A27.0000C30E0A
VCC_CORE =
8 R441 8
PLACE DECOUPLI NG CAPACI TORS CLOSE TO THE U8 POER PINS
VCCioo
fik
o Jis C72 C73 C74 C75 C76 cm C78 C175 174
R s
D26 1| SDA 4700pF 330pF | 330pF 1.5nF 330pF 5600pF 1.5nF 1.5nF 000pF
Green MCLK SCL 5V
M SISPI [6
N SPISO )
o CSSPIN 10 < =
i
HEADER 5X2 =
: N N MHL MH2 MH3 MH4 MHS = LA ’ ’ l‘ E
H - - = . \ThruHole \ThruHole \ThruHole \ThruHole \ThruHole
Piggyback Configuration info: 9 9
4| 1. 0.1uF and 1.5nF is added as the piggyback cap . . _ . = = = = = R
470pF and 1.5nF is loaded near DUT and 0.1uF and 1.5nF is made piggy back for the following reference designer . - —
C66,C75,C78 MH6 MH7 MH8 MH9 MH10 :’“!ﬁe si’“'c"““wmw"w‘_""s
2. 0.001UF is added as the piggyback cap ThruHole ThruHole ThruHole ThruHole ThruHole mail: techsupport@Latticesemi.com
100nF is loaded near DUT and 0.001uF is made piggy back for the following reference designer e
C176 = = = = = BANKO, Flash I/F
3. 1.5nF is added as the piggyback cap ST T P
i i i i i chematic Rev a
1.5nF is loaded near DUT and 1.5nF is made piggy back for the following reference designer B | LIFWID-5000-6MGB11 Snow bidging sauion
Board Rev B
|Date:_16-FEB-16 T Sheet 6 of 8
5 I 4 I 3 I 2 1

Figure B.6. BankO — Flash IF

© 2016-2018 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-UG-02062-1.2 29


http://www.latticesemi.com/legal

2:1 MIPI CSI-2 Image Sensor Aggregator Bridge Demo

«s LATTICE

User Guide
5 4 | 3 I 2 I 1
1K_VCCIo2
1K_VCCI00 uiec
H7 1K VCCI02 1K_VCCI00
vceioz PBBD/SOISPISO g o
U19A PBaa FH
A10 )4
vceioo PTOA (a3 X Cls0 _Lc7_Lcus _Eu9 PB18D [FjE—X
BANKO [A2 T BANK2 > %
PTI7A PB18C
cus _| c143_| claa _Cue A
PTI6A ["pg % PBISC 77X 177 RATIRATERABIRATY
PTISA 35X ¢ Ra52 PBLID [Fjg—X
) PT12C/SCUPCLKTO_0 |4 KscL 46 PBEC/MCLK/CCLK [—Jg—X
PT12B/PCLKCO_L 4. { 1MHZ 2 : PB4B [~e15 X
PTLIA 25— PB4C/CSSPIN [-ga—X
A : 7k 7k a7k
= pri00TDI [ (ol 2 K vecior PBo0oSISIah K2 bk ok forkfarcfore
A B2 %X X03 RESET )
PTIB g5 PB18B e
PT16B [55 X PB15B (SDAL 5 pog
TISB g RaSL PB11B/PCLKC2_1 ¢scit 5 o8
PT12D/SDA/PCLKCO_0 BB—/\/\/\—«SDA 46 PBIB/PCLKC2_0 g {scL2 5
PTI2AIPCLKTO_1 [g7—X PBIC SDA2 5 v
PT1IB g PB6A (19X -
PT10B [gg—X PB4D (X
B PTB 3% in PB20C/SN |5
PTITCINITN & PROGRANN PB20A X
PTI5D/PROGRAMN |G TTAGEND PB18A [e—X
PTISCITAGENB & PBI5A [, (sDA3 5
PTLIDITMS |G §TMS 2 PBLIAIPCLKT2 1 [ {scL3 5
PTLICITCK (G5 TCK 2 PBIAIPCLKT2_0 g {scL4 5
CDba =  DONE PBID [ g SDA4 5
PTL7DIDONE [ o7 PB6B X
PT10C/TDO K00 2
¢ LCMXO3LF-1200E-MG121
LCMXOBLF-1200E-MG121
1/0 Expander - 12C Muxing
1K_vCCio3
1K_vecioL
uU19D
D
™ 198 B Fg VCCIO3  PL2CIL_GPLLT_IN gégﬁ%
vceiol PR2C o7 L VCCIO3  PL2D/L_GPLLC_IN =3
c 141 142_| cu: 14 H8 - ! DEBUG3
cs3 | cist | cise £154 PR2D (65X ¢ c C139 0 vceios PL3AIPCLKT3 2 DEBUGE
PR2A 57X PL3B/PCLKC3_2 T
BANKL PR3B [p7—X PL2AIL_GPLLT FB o razs 680 %0 e
PR3A [p3—X PL4A LEDL 1 ARy
PR2B X PL4B =y 4W—”i
PRAD [E5—X - PL3C
- PRAC X BANK3 PLAC a7 6R D31 bue
PLAD
PRAB g4 1K_VCCI03 LED2 1 A 2
PRIA [ —X PL2BIL_GPLLC_FB
PRSD/PCLKCL_0 [~g5—X PL3) D:
O IF,
8 PRECIPCLKTL0 [E5—X PLSB/PCLKC3 1 Le0s RiSe - GBOR T e,
PR5A 7% 1K_VCC_CORE PLSAPCLKT3_1 Rasdrass 4W—”i
PRSB 51X o -
PREA 755X 19 PLBB Ra39 680R D% piue
PREB 753X D5 AL PLEA LED4 1 22 2
PREC (&4 —gz| vee GND [arT PLBD b7k ’
PRED [ X —F1 Ve GND gg 1 PLBC :
PROA [7—X &7 Vee GND g7 PLOB/PCLKC3 0
PROB 15X vee GND 5 PLOAPCLKT3 0 §><03,SCL 4 e
PRIC g% GND [r5 PL10D XO3_SDA 4 :
NOTE : PLACE SWTCH | N THE TOP SIDE PROD 57X GND 1 PL10A
H PR10A [F—X GND 22—4 PL10C
veeioo PRIOC 733X Sl S —
PRIOD [ GND |47
PR10B X GND
LCMXOBLF-1200E-MG121
440
LCMXOBLF-1200E-MG121 LCMXOBLF-1200E-MG121 [ LA ' ’ ’ ‘ E
SW3 7k
SYS_RST 123
 VCC_CORE
A X03 RESET Kf PLACE DECOUPLI NG CAPACI TORS CLOSE TO THE U6 POVER PINS
c180 géggg% ; Lattice Semiconductor Applications
DEBUGS. 3 Email: techsupport@Latticesemi.com
0.1uF c104 105 0102 c103 DEBUGA 1
itle
= 10u vluF 0.1uF 0.01uF 12C Expander
EXTERNAL RESET 4 HEADER Size [Project Schematic Rev 1.0

\H—

B LIFMD-6000-6MG81I Snow bridging solution

Board Rev B

[Date: _16-FEB-16

7_of

T Sheet
1

Figure B.7. 12C Expander

30

© 2016-2018 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.

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

FPGA-UG-02062-1.2



http://www.latticesemi.com/legal

.I.ILATTICE 2:1 MIPI CSI-2 Image Sensor Aggregator BrLng; giri:l:

Routing guidlines for MIPI & LVDS

1)All differential routes are required to have the same length between the positive (true) and the negative (complimentary) routes.
Spacing between the positive (true) and the negative (complimentary) shall be 2 times trace width.

2)Target differential impedance shall be 100 Ohms
3)Trace length matching to be within 1.0 mm (40 mil) across the entire bus.
4)Use small humps for skew corrections

5)Place signal vias close together and remove copper in between vias.
Traces to be fully shielded with GND stitching terminating at both trace end points

6)Board trace impedance results must be within +10 percent of target and
Power plane impedance to be within +/- 10 percent of target at operating frequency

MIPI &LVDS Simulation Requirement

1)MIPI Differential Mode insertion Loss shall be > -1.6dB at 750 MHz
2)MIPI Differential Mode Return Loss shall be < -15dB at 750 MHz
3)MIPI Common Mode Return Loss shall be < -15dB at 750 MHz

4)LVDS differential mode return loss shall be < -16.5db at 600 MHz
5)LVDS common mode return loss shall be < -16.5db at 600 MHz

6)LVDS insertion loss shall be > -1.7db at 600 MHz

7)LVDS Cross coupling shall be < -22 dB for victim IO at 600MHz

8) Power plane impedance to be within +/- 10 percent of target at operating frequency

= LATTICE
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Appendix C. Raspberry Pi Camera Link Board
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Figure C.9. Raspberry Pi Camera Link Board
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Appendix D. Raspberry Pi AP Link Board
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Figure D.10. Raspberry Pi AP Link Board
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Revision History
Revision 1.2, August 2018

Section

Change Summary

All

e Changed document number from UG117 to FPGA-UG-02062.

e  Changed structure of some sections.
e Applied minor editorial and formatting changes.

Introduction

Indicated boards as types.

Functional Description

General update

Hardware Setup

Update steps 1, 2, and 6.

Clarity Designer Settings

e  Updated Diamond version.
e Added steps 5 and 6.

Pinout

General update

12C Design

Update introductory paragraph.

Programming Steps

Updated steps 9 and 12.

Appendix A

General update

Revision 1.1, June 2016

Section

Change Summary

All

e  Updated Hardware Setup procedure.
e  Added the following sections:

e  Clarity Designer Settings

. Pinout

o 12C Design
e  Updated Software Setup procedure.

Revision 1.0, May 2016

Section

Change Summary

All Initial release.
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