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1 Revision History

The revision history describes the changes that were implemented in the document. The changes are
listed by revision, starting with the current publication.

1.1 Revision 6.0

The following is a summary of changes made in this revision.

*  Added support of 8-lanes configuration for all the supported data types.
* Replaced Figure 13, page 10.

1.2 Revision 5.0

*  MIPI CSI2 Transmitter IP is updated with several features as follows:

+  Compile Time Configuration

*  Run Time Configuration

«  Support of 4 pixels per clock

+  Added support for Data types like Raw12, Raw14, Raw16 and RGB-888 for 1, 2, and 4 lanes

* Replaced Figure 8, page 7 and Figure 18, page 13.
+  Added following sections:

+  Key Features, page 2, Supported Families, page 2, MIPI CSI-2 Transmitter IP Configuration,
page 2, Inputs and Outputs, page 5, Hardware Implementation for Compile Time, page 6,
Hardware Implementation for Run Time, page 9, and Short Packet, page 12.

. License, page 14, Installation Instructions, page 15, and Resource Utilization, page 16.

1.3 Revision 4.0

Revision 4.0 was published in June 2019. In this revision, the document was updated for Libero SoC
PolarFire v12.1.

1.4 Revision 3.0

Revision 3.0 was published in October 2018. In this revision, the document was updated for Libero SoC
PolarFire v2.3.

1.5 Revision 2.0

Revision 2.0 was published in September 2018. In this revision, RAW10 data type support is added to
the IP, through out the document.

1.6 Revision 1.0

The first publication of this document.

Microsemi Proprietary UG0826 Revision 6.0 1
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Introduction

Figure 1«

Note:
FS: Frame Start Packet (short packet)

MIPI CSI-2 is a standard specification defined by Mobile Industry Processor Interface (MIPI) Alliance.
The Camera Serial Interface 2 (CSI-2) specification defines an interface between a peripheral device
(camera) and a host processor (baseband, application engine). This user guide describes the MIPI
CSI-2 transmitter, which encodes the pixel data compliant to MIPI CSI-2 standard. The IP Core supports
multi-lane (1, 2, 4, and 8 lanes) for RAWS8, RAW10, RAW12, RAW14, RAW16, and RGB-888 data types.

MIPI CSI-2 transmitter operates in two modes—high-speed mode and low-power mode. In high-speed
mode, MIPI CSI-2 supports the transport of image data using short and long packets. Short packets
provide frame synchronization and line synchronization information. Long packet provides the pixel
information. The sequence of transmitted packets is:

1. Frame start (short packet)
2. Few image data packets (long packets)
3. Frame End (short packet)

One long packet is equivalent to one image data line. The following figure shows the video data stream.

M

Video Data Stream

Image: Pixel data of image embedded in Long Packet
FE: Frame End Packet (short packet)

2.1

2.2

2.3

Key Features

. Supports Raw8, Raw10, RAW12, RAW14, RAW16, and RGB-888 data types for 1, 2, 4, and 8 lanes
»  Supports 4 pixels per input clock
»  Supports configuration of IP for Data type and MIPI Lanes at Compile time and Run time

Supported Families

. PolarFire® SoC
. PolarFire®

MIPI CSI-2 Transmitter IP Configuration

MIPI CSI-2 Transmitter can be configured in two modes:

»  Change of Data type and Number of MIPI Lanes at Compile time

Microsemi Proprietary UG0826 Revision 6.0 2
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Figure 2+ MIPI CSI-2 Transmitter in Compile time Mode

@ Configuration I
DataType : [Raw-s -l @
No of MIPI Lanes : [ﬁ (i)
Byte Frequency in MHz : W (i)
DataType and Lane Configuration : [W‘
Horizontal Resolution : W
NO_OF_PIXELS: [ e
License: ~ RTL *  Obfuscated
Help " | OK Cancel |

At compile time user can configure Data type, number of MIPI Lanes, Byte Frequency in MHz, and
Horizontal Resolution.

Note: If the value of byte frequency has a decimal value, then consider its floor value to configure the byte
frequency. For example, if the byte frequency has a decimal value of 148.2 MHz or 148.6 MHz, then
configure with the floor value of 148 MHz in the IP configurator.

+  Change of Data type and Number of MIP| Lanes at Run time
Figure 3+ MIPI CSI-2 Transmitter in Run time Mode

© Configuration |

DataType : RAW-8 -| &

Mo of MIPI Lanes : 1 | @
Byte Frequency in MHz : 'h"\— i ]
DataType and Lane Configuration : | =S - |
Horizontal Resolution : '19207
NO_OF_PIXELS: [ e
License: “ RTL *  Obfuscated

Help - I OK ] Cancel |

Data type and several MIPI Lanes can be changed dynamically by Input ports at the Run time. Horizontal
Resolution can be changed at the Compile time.

Microsemi Proprietary UG0826 Revision 6.0 3
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Hardware Implementation

3.1

Figure 4 »

Architecture of MIPI CSI-2 Transmitter

The following figure shows the MIPI CSI2 Transmitter solution that contains the MIPI CSI2 Tx IP. This IP
is used in conjunction with the PolarFire MIPI 10D generic interface block and PLL. The figure shows the
pin connections from the MIPI CSI2 Tx IP to the PolarFire IOG. A PLL is required to generate the
TxByteClkHs_i clock (Byte clock). The input clock to the PLL is the Pixel clock. The PLL is configured to
produce the TxByteClkHs_i clock, the MIPI bit clock and 90° phase shifted Bit_clock_90, whose
frequency is based on the pixel clock, and the number of lanes used.

An external resistor network as shown in following figure is needed to accommodate low power (LP) and
high-speed (HS) mode transitioning on the same signal pairs and to set the voltage swing to 200 mV
during HS clock and data transfers.

MIPI CSI-2 Transmitter Architecture

PolarFire FPGA
Bit_Clock HS_ID_CLK
PLL _
Bit_Clock_90 HS_ID_CLK_%0
TXLP_CLK
TX_CLK_G - i
TX_CLK R320 5
TxByteClkHs_i HS CLK SEL - - "
— TX_CLK_M Razo
HS_DATA_SEL =Wy
a
pixel_clock_i LP_CLK THLP_CLK_N %“
[f—--—----—u
) LP_CLK_N TXLP[O]
RESET_n_i e -1
A | wieom . ™00 wanE §
rame_valid_i L0_LP_DATA N PolarFlreTx 10D Wiy
" Generic TXD_N[0] 300
line_valid_i LO_TXD_DATA[7:0] Interface Wi .
S——— TXLP_N[O] H
data_in_0_i
| MIPI CSIZ TX IP
Datawidth_i
TXLP[3]
Lanewidth_i .
—
TXD([3]
timing_reg_i L3_LP_DATA ]
— = TXD_M[3]
No_of_Pixels -
o_ol X 1
oot ~ L3_LP_DATA_N T™>LE_N3)
—
L3_TXD_DATA[7:0]
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3.2 Inputs and Outputs

The following table lists the input and output ports of the MIPI CSI-2 Tx configuration parameters.

Table 1 ¢ Inputs and Outputs Ports of MIPI CSI-2 Transmitter
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Signal Name Direction = Width  Port Valid under Description

RESET_n_i Input 1 Active Low Asynchronous reset signal to
design.

pixel_clock_i Input 1 Input clock with which incoming pixels are
sampled

TxByteClkHs_i Input 1 Tx Byte Clock (gearing ratio of 4). This clock
must be configured such that the pixels sent
on the MIPI CSI2 Interface are sampled
according to it.

frame_valid_i Input 1 Asserts High for every valid frame

line_valid_i Input 1 Asserts High for every valid packet

data_in_ 0 i Input [31:0] No_of Pixels =1 or4 Input Pixel data

data_in_(1-3)_i Input [31:0] No_of Pixels =4 Input Pixel data when there are 4 pixels per
clock

Datawidth_i Input [7:0] Run Time Supports for RAW8, RAW10, RAW12,
RAW14, RAW16, and RGB-888 data types.

Lanewidth_i Input [3:0] Run Time Supports for 1, 2, 4, and 8 lanes

timing_reg_i Input [11:0] Run Time D-PHY timing values under Run time
Configuration.
11:8 - Used for address detection
7:6 - Reserved
5:0 - Timing values in no of byte clocks

No_of_Pixels_i Input [2:0] Run Time It is configured either 1 pixel per clock or 4
pixels per clock

L(0 - 3)_LP_DATA Output 1 Low Power Data (P side)

L(0-3)_LP_DATA_N Output 1 Low Power Data (N side)

LP_CLK Output 1 Low Power Clock (P side)

LP_CLK N Output 1 Low Power Clock (N side)

L(0 - 3)_TXD_DATA  Output [7:0] Lane 0 to Lane 3 Transmit bytes

HS_CLK_SEL Output 1 High Speed mode clock select

HS DATA_SEL Output 1 High Speed mode data select

Microsemi Proprietary UG0826 Revision 6.0
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3.3 Configuration Parameters

Table 2 » Configuration Parameters

Parameter Valid
Parameter Name Configurator Prompt  under Description

g_DATAWIDTH Data Type Compile Time Input pixel data-width. Supports for
RAWS8, RAW10, RAW12, RAW14,
RAW16, and RGB-888

g_LANE_WIDTH No of MIPI Lanes Compile Time  Supports for 1, 2, 4, and 8 lanes
g_HORIZONTAL_RESOLUTION Horizontal Resolution Compile Time /  Active horizontal resolution
Run Time
g_TX BYTE_FREQ Byte Frequency in MHz  Compile Time Byte Frequency in MHz derived by
calculation. Refer PLL, page 8.
g_EXECUTION_TYPE Data type and Lane Can be configured either in
Configuration Compile Time or Run Time
g_NO_OF_PIXELS NO_OF_PIXELS Compile Time The following options are
available:

1 - One pixel per clock
4 - Four pixels per clock

3.4 Hardware Implementation for Compile Time

The following figure shows the block diagram of MIPI CSI-2 Transmitter in Compile Mode.
Figure 5+ Block diagram of MIPI CSI-2 Transmitter in Compile Mode

MIPI CSI TX IP - Compile Time
CRC
Calculator
picel_clock |
RESET n i Low Poer MIPI_HS CLK
frame valid o Pixel to Byte P Packet High Spee& d-PHY TX MIPI_HS_DATA_LANES
line_valid_o Conversion Byle Data B -32 Formatter Timing (10D}
Controller MIPI_LP CLK
data_in 0|
MIPI_LP_DATA_LANES
S —
—=
PLL -
TxBy1eClkHs i
Bil_Clock
Bit_Clock_d0
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3.4.1 Design Description for Compile Time
This section describes the different internal modules of the MIPI CSI-2 transmitter core in compile time
mode.
3.41.1 Pixel to Byte Conversion
This module converts the incoming pixel data to bytes based on the configured IP’s number of lanes. The
user is expected to transmit the pixels along with the control signals line_valid_i and frame_valid_i. It
uses an internal clock crossing FIFO to convert the incoming data from pixel clock to byte clock domain.
It also generates the byte enable signal, which indicates the valid byte data.
3.41.2 Packet Formatter
This module consists of two blocks — Header insertion and lane distribution block. On detecting the
control signals (frame_valid_i), it transmits the frame start short packet, then long packet with the header
inserted and the data from the pixel to byte conversion module. When vertical resolution number of
packets are generated, frame end short packet is generated. It also calculates the Error Correction Code
(ECC) and appends it to the packet header.
Figure 6 = Packet Assembly for Long Packet
B8 Header DataType | WC LS Byte | WC MS Byte ECC Data_0 Datal | ... Data_n cgu;:s c';m's
. . N , 5
Figure 7+ Packet Assembly for Short Packet
B8 Header DataType [ WC LS Byte ] wWcC MS Byte ECC ]
w : w IY'D
@ = g o
£ 8 g%
E = =
Figure 8« FSM Implementation of High-Speed Data Generation

jﬂeset

_ Frame Start

l

Long Packet

Frame End
Short Packet

For every Active
e

After Vertical Resolution number of lines
completed
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3413 PLL

Pixel_clock_i is the input clock with which incoming pixels are sampled. A PLL is used to generate the
Byte clock (TxByteClkHs_i) and bit clocks used by the MIPI DPHY block (PolarFire I0OD). TxByteClkHs_i
must be configured such that the output MIPI CSI2 compliant packets sent on the interface are sampled.
The following equations show the relation between Pixel_clock_i and TxByteClkHs_i depending on the
number of lanes configured.

TxByteClkHs_i = (Pixel_clock_i x Bits per pixel) / (Number of lanes x 8)
MIPI bit clock = 4 x TxByteClkHs_i
Two serial MIPI bit clocks are required—O0° and 90° phase shifted.

MIPI CSI-2 TX IP supports RAW8, RAW10, RAW12, RAW14, RAW16, and RGB-888 data types. For
RAWS data type, one 8-bit pixel is transmitted per clock, and for RAW10 data type, one 10-bit pixel is
transmitted per clock.

3414 Low Power/High-Speed

When the MIPI packet enable is asserted, transition to high-speed mode follows the following sequence:
LP-11, LP-01, LP-00, HSO/1. It indicates the HS request path and following the timing based on MIPI
DPHY Specification version 1.1.

LP request, Escape mode and Turn around modes are not supported.

Figure 9« Clock Lane Switching between Clock Transmission and LP mode

Clock Lane Disconnect
Dp/Dn /’ Terminator
/

/
TeucposT Teor “ —Tewserne—
- — Teikamss T

oo T IR

—TeuwcTRAL— Tewzero— | —Taseme—

‘ —Tie—

5-ENIT

Data Lane Disconnect

—Tipx—— | T
Dp/Dn / Terminator Tipx omgrang
/ it f i ' T 1 1t .
11 71— 7f 7/ 1/ 71
/
; N
= >/ T
i I
] 1 T .l
M——Thz-ss0P— [ o
—Tus-serre—

Figure 10 « HS Data Transmission Control

CLK

YOO OO XPEHEAX O OO OO X OO OO MO
Dp/Dn f—Topx— Tisrrerare | —Thszere— Diaconmect
/ ) LAY Terminator —_
~WIH{min)
RV’ [ 7 ——]
“Mremend max i 7
\_/ ey A X, XX X:)QOQQDOQOQOK A
T _ i _Capture | SO -
[Jo-remmen i 15" Data Bit i T | LP-11
LP-11 i LP-01 LP-00 | Tecnd—
—Ths-serre— ! il
i =——Thstran— | —Thsexmr—

3415 D-PHYTX

This module uses PolarFire IOD generic blocks to convert Byte data to serial data. A gearing ratio of four
is used to convert the parallel data to serial data. It generates both HS and LP signals (for both clock and
data). It also switches between HS and LP modes using the HS_CLK_SEL and HS_DATA_SEL signals.

Microsemi Proprietary UG0826 Revision 6.0 8
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3.41.6 CRC Calculator

This module uses the bytes generated from the pixel to byte conversion module and calculates the
16-bit CRC for the generated bytes. This 16-bit CRC is sent to the packet formatter, which appends the
value at the end of the long packet.

The checksum is realized as 16-bit CRC based on the generator polynomial:
X16+X12+X5+X0

Figure 11 = CRC implementation

Y
?-»lmslcmlcmlmzkﬂ|->@->|c-m| c9 | c8 | c7 | C6 | c5 | c4 ﬁg.{ c3 | c2 | C |cu}—‘

Polynomial: x"® + x"2 + x® + x”
Note: C15 represents x°, CO represents x'°

3.5 Hardware Implementation for Run Time

The following figure shows the block diagram of MIPI CSI-2 Transmitter in Dynamic Mode.
Figure 12 « Block Diagram of MIPI CSI-2 Transmitter in Dynamic Mode

el cloce |
10_0UT[24:0] RESET n |
-
Jrame walid | o) MIPI_HS_CLK
pocel_dock ;| Core ABC - FPROR Ine vaid i ) MIPI_HS_DATA_LANES
1o_IN 10_0UT[23; 12] --> PADDR(27:16] MIPI CSI TX IP - Dynamic . dPHYTX [— =
e I
5 - APB_INTERFACE datain0i , . 100 | et p ek
g - timing_reg_| -
3 10 OUT[LI:0] > timing Fég (110 H # - MIPI_LP_DATA_LANES
iel_clock_i
e " E Datavadth_i
RESET_n_i - I -
- = z )
swiTCH n i |INput_decoder) = = No_OF_PIXELS |
| 2 Z ]
1ram97\¢alld7|h o |E T
(=] & B
Laneyadth_i
T
- TxByteClkHs_|
w' pixel_clock_i .| DYNAMIC
g P
g PLL Bit_Clack
d
)
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g
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4
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3.5.1 Design Description for Run Time

This section describes the different internal modules of the MIPI CSI-2 transmitter core in Run time mode
in addition to compile time modules.

3.5.1.1 Dynamic PLL

A PLL with DRI port is used to generate the HS_10_clock, HS_10_clock_90, and TXbyte_clock_i by
dynamically configuring the PLL Registers through DRI (Dynamic Reconfiguration Interface). The base
address of PLL are as follows:

+ Base Adder for PLL_SE_0 is 0x8010000
+  Base Adder for PLL_SE_1 is 0x8020000
+  Base Adder for PLL_NE_O is 0x8040000
» Base Adder for PLL_NE_1 is 0x8080000
*  Base Adder for PLL_NW_0 is 0x8100000
+ Base Adder for PLL_NW_1 is 0x8200000
+  Base Adder for PLL_SW_0 is 0x8400000
+  Base Adder for PLL_SW_1 is 0x8800000

The following are the set of PLL registers that need to be configured to achieve dynamic clocking:

+ RFDIV

FB DIV

+ PostDiv clock 0_1
*  PostDiv clock 2_3
* Phase

Figure 13 » PLL Register Configuration for various Data types

Switch FB DIV POST DIV POST DIV

{Switch3, REF DIV value value for POST DIV write value for

Switch2, DL SELECT  Value in HS Clock Data for Byte Clock POST DIV write

Switchl, i (1 Hot in REF DIV write Decima  FB DIV write in HSCLK_0 and in Data-Byte

Switch0} Lanes Encoding) decimal data ! data Decimal HSCLK_90 Decimal Clock
1 g 1 1 4 32'h00000400 64 32'h00000040 1 32'h01000100 4 32'h04000400
2 10 1 2 2 32'h00000200 40  32'h00000028 1 32'h01000100 4 32'h04000400
S, 12 1 4 2 32'h00000200 48  32'h00000030 1 32'h01000100 4 32'h04000400
4 14 1 8 4 32'h00000400 112  32'h00000070 1 32'h01000100 4 32'h04000400

32'h00000200 32'h00000060 32'h01000100 32'h04000400

5 24 1 16 2 96 1 4
6 8 2 32 4 32'h00000400 32  32'h00000020 1 32'h01000100 4 32'h04000400
7 10 2 64 2 32'h00000200 20 32'h00000014 1 32'h01000100 4 32'h04000400
8 12 2 128 2 32'h00000200 24 32'h00000018 1 32'h01000100 4 32'h04000400
9 14 2 256 2 32'h00000200 28  32'h0000001C 1 32'h01000100 4 32'h04000400
10 24 2 512 2 32'h00000200 48  32'h00000030 1 32'h01000100 4 32'h04000400
11 8 4 1024 4 32'h00000400 16 32'h00000010 1 32'h01000100 4 32'h04000400
12 10 4 2048 4 32'h00000400 20 32'h00000014 1 32'h01000100 4 32'h04000400
13 12 4 4096 4 32'h00000400 24 32'h00000018 1 32'h01000100 4 32'h04000400
14 14 4 8192 4 32'h00000400 28  32'h0000001C 1 32'h01000100 4 32'h04000400
15} 24 4 16384 2 32'h00000200 24  32'h00000018 1 32'h01000100 4 32'h04000400
16 16 1 32768 2 32'h00000200 64  32'h00000040 1 32'h01000100 4 32'h04000400
17 16 2 65536 2 32'h00000200 32  32'h00000020 1 32'h01000100 4 32'h04000400
18 16 4 131072 4 32'h00000400 32 32'h00000020 1 32'h01000100 4 32'h04000400
19 8 8 262144 8 32'h00000800 16  32'h00000010 1 32'h01000100 4 32'h04000400
20 10 8 524288 8 32'h00000800 20 32'h00000014 1 32'h01000100 4 32'h04000400
21 12 8 1048576 8 32'h00000800 24 32'h00000018 1 32'h01000100 4 32'h04000400
22 14 8 2097152 8 32'h00000800 28  32'h0000001C 1 32'h01000100 4 32'h04000400
23 16 8 4194304 8 32'h00000800 32  32'h00000020 1 32'h01000100 4 32'h04000400
24 24 8 8388608 8 32'h00000800 48  32'h00000030 1 32'h01000100 4 32'h04000400

The PLL is configured from Core-ABC IP for RAW8, RAW10, RAW12, RAW14, RAW16, and RGB-888
data types for 1, 2, 4, and 8 lanes.

Note: For more information about PLL register configuration, refer to PolarFire-device-register-map.

Microsemi Proprietary UG0826 Revision 6.0 10
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3.5.1.2 Input Decoder

This module is used to generate the inputs for Core-ABC IP and MIPI CSI2 Transmitter IP. Depending on
the values of input switches of the input decoder, this module will generate the output values for Core-
ABC IP in a one-hot encoding manner, whereas Data_width_O and Lanewidth_O outputs for MIPI CSI2
Transmitter IP.

3.51.3 Core-ABC

Core-ABC is a light weight soft processor that can be used to program PLL registers, Input values to
PF_DRI and MIPI CSI2 TX IP for various data types and lanes.

D-PHY timing values in dynamic mode have to be configured from Core-ABC. The following are the
equations to calculate timing values.

Figure 14 » D-PHY Timing Calculations

uI = 1000 / (g_TX_BYTE_FREQ * 8); // UI= Unit Interval

BYTECLK_NS = 1088 / g TX_BYTE_FREQ; // Byte clock in n-sec

T_LPX = (58 / BYTECLK_NS) + 1; // 58ns min

T_CLK_PREPARE = g_TX_BYTE_FREQ < 22 ? 1 : (50 / BYTECLK_NS) + 1; // 38-95 ns

T_CLK_ZERO = (250 / BYTECLK_NS) + 1; // CLK-PREPARE + CLK-ZERO = 3@@ns min
T_CLK_PRE = 6'd1; // 8UT min

T_CLK_POST = ((6@ + (52 * UI)) / BYTECLK_NS) + 1; // 66 ns + 52*UI min

T_CLK_TRAIL = 68 / BYTECLK_NS + 1; // 68 ns min

T_CLK_EXIT = 180 / BYTECLK_NS + 1; // 188 ns min

T_HS_PREPARE = ((41 + (4 * UI)) / BYTECLK_NS) + 1; // 4éns +4UI to 85ns +6UI

T_HS_ZERO = ((145 + (1@ * UI)) / BYTECLK_NS) - ((41 + (4 * UI)) / BYTECLK_NS); // HS-PREPARE + HS-ZERO = 145ns + 18UI min
T_HS_TRAIL = ((6@ + (4 * UI)) / BYTECLK_NS) + 1; // 68ns +4UI to 185+12UT

T_HS_EXIT = 100 / BYTECLK_NS + 1; // 1leéns min

G_TX_BYTE_FREQ has been calculated from the equation, which is shown in PLL, page 8.
Sample Core-ABC program is provided as follows for 1 Lane RAWS.
Figure 15+ One Hot Encoding type of inputs for Core-ABC Program

7/ CoreABC (Soft Processor) Program for Dynamic Clock Configuration

$DPL_Select

JUMP IF INPUTO $RAWS_1lane
JUMP IF INPUT1 $RAW18_1lane
JUMP IF INPUT2 $RAW12_1lane
JUMP IF INPUT3 $RAW14_1lane
JUMP IF INPUT4 $RAW24 1lane
JUMP IF INPUTS $RAWS_2lane
JUMP IF INPUT6 $RAW1IB_2lane
JUMP IF INHPUT7 SRAW12_2lane
JUMP IF INPUTS8 $RAW14_21ane
JUMP IF INPUT? S$RAW24 21ane
JUMP IF INPUT10 $RAWS_4lane
JUMP IF INHPUT11 S$RAW10_A4lane
JUMP IF INPUT12 $RAW12_4lane
JUMP IF INPUT13 $RAW14_4lane
JUMP IF INPUT14 SRAW24 41ane
JUMP IF INPUT1S5 $SRAW16_1lane
JUMP IF INPUT16 $RAW16_2lane
JUMP IF INPUT17 $RAW16_4lane
JUMP $DL_Select
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Figure 16 + Core-ABC Program 1 Lane and RAW8

SRAWES 1lane
S 7FREF DIWU UAalL uUE

4
4
s
L4

r

Y d
e
e

IOWRT OxO08h0000
APFBWRT DAT Ox00008 O0x<x00000500
FEDIU
APFBWRT DAaT 8 Oox0006Z2C Bx 00000050
Phase Adjsutement of 98 degrees For clockl
APFBWRT DAT Bx08082e exooee8aaaa
post 8_ 1 clocks
APFBWRT DAaT 8 Ox0089160 <1006 100
pos=st Z2 3 clocks
APFBWRT DAT Bx8881hs Oxa8s000800
Enabling Register Configuration Done
IOWRT Bx1000000
IOWRT aexoo0oo0o0d
e ——— T_LPX Timing Ualuse —im Sbhit rs=-aj
77777777777777777 T_CLK_FPREFPARE
———————-—-—-—-—-—————— T_CLK_ZERO
————————————————— T _CLK_FPRE
————————————————————— T_CLK_POST
————————————————— T_CLK_TRaAIL
77777777777777777 T_CLK_EXIT
————————————————— T_HS_PREPARE

————————————————— T _HS_ ZERO

SJuUrMP SDL Change_ Done

7 DATA—-LANE CHAHNGE DOHE
$DL_Change_Done

3514

3.6
3.6.1

NOP
NOP
JUMP $SDL_Select

HALT

PF_DRI

This module is used to convert APB transactions from Core-ABC into Dynamic Reconfiguration Interface
(DRI) transactions. These transactions are fed into Dynamic PLL by DRI.

Timing Diagrams
Short Packet

The following figure shows the timing waveform of the short packet for 1 Lane RAW8 format.

Figure 17 » Timing diagram for short packet for 1 Lane RAW8 format

TX_HS_Byte_CK i ] f J | } | f | f

TXD_LANE_0 ) B3 { 2A ) WCO I WC1 X ECC
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3.6.2 Long Packet

The following figure shows the timing waveform of the long packet for 1 Lane RAWS format.

Figure 18 » Timing Waveform of Long Packet for 1 Lane RAW8 format
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4 License

The core is license locked for clear text RTL. The core supports the generation of Encrypted RTL for the
Verilog version of the core with no license.
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5 Installation Instructions

The core must be installed into Libero software. It is done automatically through the Catalog update
function in Libero, or the CPZ file can be manually added using the Add Core catalog feature. Once the
CPZ file is installed in Libero, the core can be configured, generated, and instantiated within
SmartDesign for inclusion in the Libero project.

For further instructions on core installation, licensing, and general use, refer to Libero SoC Online Help.
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6 Resource Utilization

The following table shows the resource utilization of a sample MIPI CSI-2 Transmitter Core implemented

in a PolarFire FPGA (MPF300TS-1FCG1152] package) for 4 Lane RAW8 configuration in compile time
mode.

Table 3 « Resource Utilization of the MIPI CSI-2 Transmitter in compile time mode

Element Usage
DFFs 906
4-input LUTs 957
LSRAM 11
Math Blocks 1
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