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Introduction (Ask a Question)

DisplayPort Rx IP is designed to receive video from DisplayPort Tx sources. It is targeted for the

PolarFire® FPGA applications and implemented based-on the Video Electronics Standards Association (VESA)
DisplayPort Standard 1.4 protocol. For more information on VESA protocol, see VESA. It supports standard rates
of 1.62, 2.7, 5.4, and 8.1 Gbps for displays.

Summary (Ask a Question)

The following table provides a summary of the DisplayPort Rx IP characteristics.

Table 1. Summary

Core Version This document applies to DisplayPort Rx v2.1.

Supported Devic PolarFire® SoC

e Families PolarFire

Supported Tool F

low Requires Libero® SoC v12.0 or later releases.

The core is license-locked for clear text RTL. It supports the generation of encrypted RTL fo

Licensin i . . .
g r the Verilog version of core with no license.

Features (Ask a Question)

The key features of DisplayPort Rx are listed as follows:

Support 1, 2, or 4 Lanes

Support 6, 8, and 10 Bits Per Component
Support Up to 8.1 Gbps Per Lane

Support DisplayPort 1.4 Protocol
Only Support a Single Video Stream or SST Mode, and the MST Mode is not Supported

« Audio Transmission is not Supported

Device Utilization and Performance (Ask a Question)

The following table lists the utilization and performance of the device.

Table 2. Device Utilization and Performance
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1. Hardware Implementation (Ask a Question)

The following figure shows the DisplayPort Rx IP implementation.

Figure 1-1. DisplayPort Rx IP Implementation
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DisplayPort Rx IP includes the following:

« Descrambler module

« Lane receiver module

« Video Stream Receiver module

« AUX_CH module

Descrambler de-scrambles the input lane data. Lane receiver demultiplexes all kinds of data on each lane. The
Video Stream Receiver gets video pixels from the lane receiver, it recovers the video stream signal. AUX_CH
module receives the AUX Request command from DisplayPort source device and transmits AUX Reply to
DisplayPort source device.

1.1 Functional Description (Ask a Question)
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This section describes the function description of the DisplayPort Rx IP.
HPD

The DisplayPort Rx IP outputs the HPD signal according to the DisplayPort sink application software settings.
After the DisplayPort Rx IP is ready, the DisplayPort sink application software must set the HPD signal to 1. When
it expects the DisplayPort source device to re-read the sink device status or re-training, the DisplayPort sink
application software must set an HPD to generate the HPD interrupt signal.

AUX Channel

The DisplayPort source device communicates the DisplayPort sink through an AUX Channel. The source device
sending request transaction to the sink device and the sink device sending Reply transaction to source Device.
DisplayPort Rx implements the AUX transaction transmitter and receiver. For AUX transaction transmitter, the
DisplayPort sink application software provides all the AUX transaction content bytes, the DisplayPort Rx IP
generate the transaction bitstream. For the AUX transaction receiver, DisplayPort Rx IP receives the transaction
and extracts all the bytes to the DisplayPort application software. The Link Policy Maker and the Stream Policy
Maker must be implemented in the DisplayPort application software.

Video Stream Transmission

The DisplayPort Rx IP supports RGB 4:4:4, and only supports a single video stream. After training is done and the
video stream is ready, the DisplayPort Rx IP starts to transmit video stream. After training, the DisplayPort Rx IP
must be enabled for video receive. The DisplayPort Rx IP does not include a video clock recovery function. The
user must recover the video clock outside the DisplayPort Rx IP or use a fixed high enough frequency clock to
output the video stream data.
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DisplayPort Rx IP Application

2. DisplayPort Rx IP Application (Ask a Question) The following figure shows the typical DisplayPort Rx IP
application.

Figure 2-1. Typical application for DisplayPort Rx IP
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As shown in the preceding figure, the transceiver block receives four lanes data. There are four asynchronous
FIFO to synchronize all lanes data into one clock domain. These four lanes data are decoded to 8B code in the
8B10B decoder modules. The DisplayPort Rx IP gets lanes 8B data and output video stream data; it also works
with the RISC-V software to finish the training and Link Policy Maker. The recovered video stream data is
processed in the Image Processing module and generates output on the RGB output interface.
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DisplayPort Rx Parameters and Interface Signals

3. DisplayPort Rx Parameters and Interface Signals (Ask a Question)

This section discusses the parameters in the DisplayPort Tx GUI configurator and 1/O signals.

3.1 Configuration Settings (Ask a Question)

The following table lists the description of the configuration parameters used in the hardware implementation of
DisplayPort Rx. These are generic parameters and varied as per the requirement of the application.

Table 3-1. Configuration Parameters

Name

Default Description

Line Buffer Depth

Output line buffer depth
2048
It must be greater than line pixel number

Number of lanes

4 Supports 1, 2, and 4 lanes

3.2 Inputs and Outputs Signals (Ask a Question)

The following table lists the input and output ports of DisplayPort Rx IP.

Table 3-2. Input and Output Ports of DisplayPort Rx IP

Interface x\hdt Direction Description

velk_i 1 Input | Video clock
DisplayPort IP working clock

dpclk_i ] Input It is DisplayPortLaneRate/40
For example, DisplayPort lane rate is 2.7 Gbps, dpclk_i is 2.7 Gbps/40 = 67.5 MH
z




aux_clk_i 1 Input | AUX Channel clock, it is 100 MHz
pclk_i 1 Input | APB interface clock
prst_n_i 1 Input | Low-active reset signal synchronized with pclk_i
paddr_i 16 Input | APB address
pwrite_i 1 Input | APB write signal
psel_i 1 Input | APB select signal
penable_i | 1 Input | APB enable signal
pwdata_i 32 Input | APB writing data
prdata_o | 32 ?utpu APB reading data
Outpu . .
pready_o |1 i APB reading data ready signal
int_o 1 :)utpu Interrupt signal to CPU
Outpu VSYNC for output video stream
vsync_o 1 i
It is synchronous with vclk_i.
Outpu HSYNC for output video stream
hsync_o 1 i
It is synchronous with vclk_i.
pixel_val_o| 1/2/4 Outpu | Indicates the validation of pixels on pixel_data_o port, synchronous with vclk_i
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DisplayPort Rx Parameters and Interface Signals

continued

Interface Width Direction Description

Output video stream pixel data, it could be 1, 2, or 4 parallel pixels. it is synchronous wit
h velk_i.

For 4 parallel pixels,

O | « bit[191:144] for 1st pixel
. u
pixe e ) .
| da | 48/96/192 t bit[143:96] for 2nd pixel
ta_o P bitias: -
_ u | * bit[95:48] for 3rd pixel
t. bit[47:0] for 4th pixel
Each pixel uses 48 bits, for RGB, bit[47:32] is R, bit[31:16] is G, bit[15:0] is B. Each colo
r component uses the lowest BPC bits. For example, RGB with 24 bits per pixel, bit[7:0]
is B, bit[23:16] is G, bit[39:32] is R, all other bits are reserved.
0
u
hed 1 t | HPD output signal
Y p
u
t
0
aux u
_tx t i
1 AUX Tx data enable signal
en p
0 u
t
O
u
aux t
x| 1 D AUX Tx data
i0_0 u
t
I
aux n
x| 1 p | AUX Rx data
io_i u
t




DisplayPort input lanes data K indication

It is synchronous with dpclk_i.

I
do_! | Numberof | M | * Bit[15:12] for Lane0
A" | anes * 4 P
ki u | * Bit[11:8] for Lane1
t
* Bit[7:4] for Lane2
« Bit[3:0] for Lane3
DisplayPort input lanes data
| It is synchronous with dpclk_i.
dp_|
aﬁg Number of | N | « Bit[127:96] for Lane0
dat P :
; i lanes*32 u | * Bit[95:64] for Lane1
- t
* Bit[63:32] for Lane2
« Bit[31:0] for Lane3
O
. u
mvi i
dv |1 Indicates if mvid_o and nvid_o is available, it is synchronous with dpclk_i.
al o P
u
t
O
4| Mvid
mvi o4 t Vi
d_o P litis synchronous with dpclk_i.
u
t
O
u
, Nvid
nvid o4 t
0 P 1itis synchronous with dpclk_i.
u
t
I
XCVr_rx_re | n
ady_i Num p , .
ber of lane | Transceiver ready signals
S t




[
pcs n
_err Number of p | Core Pcs decoder error signals
) lanes
N u
t
O
u
pcs i
_rst |1 Core Pcs decoder reset
n_o P
- u
t
[
lane
0 _rx n
ok 1 p | LaneO clock from Transceiver
i - u
t
[
lane
1 rx n
ci( 1 p | Lane1 clock from Transceiver
i - u
t
[
lane
2 rx n
c& 1 p | Lane2 clock from Transceiver
; - u
t
[
lane
3.rx n
c& 1 p | Lane3 clock from Transceiver
i - u
t
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Timing Diagrams
4. Timing Diagrams (Ask a Question)

As shown in the figure, hsync_o is asserted for several cycles before each line. If there are n lines in a video
frame, there are n hsync_o asserted. Before the first line and the first asserted hsync_o, vsync_o is asserted for
several cycles. The position and width of VSYNC and HSYNC are configured by software.



Figure 4-1. Timing Diagram for Output Video Stream Interface Signal
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DisplayPort Rx IP Configuration
5. DisplayPort Rx IP Configuration (Ask a Question)
This section describes the various DisplayPort Rx IP configuration parameters.
5.1 HPD (Ask a Question)

When the DisplayPort sink device is ready and connected to the DisplayPort source device, the DisplayPort sink
application software must assert the HPD signal to 1 by writing 0x01 into register 0x0140. The DisplayPort sink
application software must monitor the status of the sink device. If the sink device needs a source device to read
the DPCD registers, the sink device software must send an HPD interrupt by writing 0x01 into register 0x0144,
then write 0x00 into 0x0144.

5.2 Receive AUX Request Transaction (Ask a Question)

When the DisplayPort Rx IP received an AUX Request transaction and interrupt is enabled, the software must
receive the NewAuxReply event interrupt. The software must perform the following steps to read the received AUX
Request transaction from the DisplayPort IP:

1. Read register 0x012C to know the length (RequestBytesNum) of the received AUX transaction.

2. Read register 0x0124 RequestBytesNum times to get all the bytes of the received AUX transaction.
3. AUX Request transaction COMM][3:0] is the first reading byte bit [7:4].

4. DPCD address is ((FirstByte[3:0]<<16) | (SecondByte[7:0]<<8) | (ThirdByte[7:0])).

5. AUX Request Length field is FourthByte[7:0].

6. For DPCD writing Request transaction, all the bytes after the length field are writing data. 5.3 Transmit AUX
Reply Transaction (Ask a Question)

After receiving an AUX Request transaction, the software must configure the DisplayPort Rx IP to transmit an AUX
Reply transaction as soon as possible. The software is responsible to determine all the Reply transaction bytes,
which includs the Reply type.

To transmit an AUX Reply, software must perform the following steps:

1. If AUX Reply transaction including DPCD reading data, write all the read data into register 0x010C byte by byte.
If no DPCD reading data to be transmitted, skip this step.

2. Determine how many DPCD reading bytes (AuxReadBytesNum). If no DPCD reading bytes,
AuxReadBytesNum is 0.



3. Determine the AUX Reply type (ReplyComm).
4. Write ((AuxReadBytesNum<<16) | ReplyComm) into register 0x0100.
5.4 DisplayPort Lanes Training (Ask a Question)

At the first training stage, the DisplayPort source device transmits TPS1 to make the attached DisplayPort sink
device to get LANEx_CR_DONE.

At the second training stage, the DisplayPort source device transmits TPS2/TPS3/TPS4 to get the attached
DisplayPort sink device to get LANEx_EQ_DONE, LANEx_SYMBOL_LOCKED, and
INTERLANE_ALIGN_DONE.

LANEx_CR_DONE indicates that the FPGA Transceiver CDR is locked. LANEx_SYMBOL LOCKED indicates
that the 8B10B decoder decodes 8B bytes correctly.

Before the training procedure, the DisplayPort sink application software must let the source device. The
DisplayPort Rx IP supports TPS3 and TPS4.

When the source device is sending TPS3/TPS4 (source device writes DPCD_0x0102 to indicate TPS3/ TPS4
transmission), the software must perform the following steps to check if training is done:
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1. Write enabled lanes number into register 0x0000.

2. Write 0x00 into register 0x0014 to disable descrambler for TPS3. Write 0x01 to enable descrambler for TPS4.
3. Waiting until the source device reads DPCD_0x0202 and DPCD_0x0203 DPCD registers.

4. Read register 0x0038 to know if the DisplayPort Rx IP lanes have received TPS3. Set LANEx_EQ_DONE to 1
when TPS3 is received.

5. Read register 0x0018 to know if all lanes are aligned. Set INTERLANE _ALIGN_DONE to 1 if all lanes are
aligned.

In the training procedure, the software might need to configure the Transceiver Sl settings and Transceiver lane
rate.

5.5 Video Stream Receiver (Ask a Question)

After training is completed, the DisplayPort Rx IP must enable the video stream receiver. To enable the video
receiver, the software must perform the following configuration:

1. Write 0x01 into register 0x0014 to enable descrambler.



2. Write 0x01 into register 0x0010 to enable video stream receiver.
3. Read MSA from register 0x0048 to register 0x006C until meaningfully MSA values are found.

4. Write FrameLinesNumber into register 0x00C0. Write LinePixelsNumber into register 0x00D8. For example, if
we know that it is 1920x 1080 video stream from MSA, then write 1080 into register 0x00CO0 and write 1920 into
register 0x00DS8.

5. Read register 0x01D4 to check if the recovered video stream frame has expected HWidth and expected
VHeight.

6. Read register 0x01FO0 to clear and discard the reading value because this register records the status from the
last reading.

7. Waiting for about 1 second or several seconds, Read register 0x01F0 again. Checking bit [5] to check if the
recovered video stream HWidth is locked. 1 means unlocked and 0 means locked. Checking bit [21] to check if
recovered the video stream VHeight is locked. 1 means unlocked and 0 means locked.

5.6 Register Definition (Ask a Question)
The following table shows the internal registers defined in DisplayPort Tx IP.

Table 5-1. DisplayPort Rx IP Registers



Ad Ty
dre pe
ss Name De | Description
Bit fau
s It
[
Ox | 2| Enabled L | g Ox
00 |: | anes_ Num ap Enabled lanes number 4 lanes, 2 lanes, or 1 lane
00 |0 ber
]
[
0x | 2 | Out_Parall R | 0x
00 |: | el_Pixel_N W la The number of parallel pixels at video stream output interface
04 | 0| umber
]
ox |[ | Video_Stre
Enabl | R | Ox
00 | 0| am_Ekna Enable video stream receiver
e W0
10 |]
Ox |[
00 |0 eDe;;abTebl \Ijv 8x Enable descrambler
14 |1 | —
0x | InterLane
Alignment 0x . . .
00 |0 Indicates if lanes are aligned
_Status R 0
18 |] 0
[ .
1 AIIE'?::)Tem g 8)( Indicates if there is error in alignment procedure
] —
Ox
00
1C [ New Alian | B | 0x Indicates if there was a new alignment event. When lanes are not aligned, a ne
0 emeﬁt 9 c o w alignment is expected. When lanes are aligned and there was a new alignme
] nt, it means lanes are out of alignment and aligned again.
8)(; [14:12]La | R | 0x | Lane3 received TPSx mode. 2 means TPS2, 3 means TPS3, and 4 means TP
ne3_RX_T |0 |0 s4.
38 PS_Mode

User Guide
DS50003546A — 10




© 2023 Microchip Technology Inc. and its subsidiaries

DisplayPort Rx IP Configuration

Address Bits Name Type Default Description

continued

510: Lane2 RX_TPS_ Mode 0x0 Lane2 received TPSx mode
][6:4 Lane1_RX_TPS_ Mode 0x0 Lane1 received TPSx mode
][2:0 Lane0_RX_TPS_Mode 0x0 | LaneO received TPSx mode
2200 ][7:0 Rx_VBID 0x00 | Received VBID
2200 Q]S: MSA_HTotal 0x0 | Received MSA_HTotal
2’(‘300 515: MSA_VTotal 0x0 | Received MSA_VTotal
ggoo Q]S: MSA_HStart 0x0 | Received MSA_HStart
gzoo Q]‘r’: MSA_VStart 0x0 | Received MSA_VStart
[15] | MSA_VSync_Polarity 0x0 | Received MSA_VSYNC_Polarity
0x00
58
514: MSA_VSync_Width 0x0 | Received MSA_VSYC_Width
[15] | MSA_HSync_Polarity 0x0 | Received MSA_HSYNC_Polarity
0x00

5C




814: MSA_HSync_Width (F; 0x0 Received MSA HSYNC_Width
0x00 | 15 \isA Hwiath R 1 ox0 | Received MSA_HWwidth
60 0] 0
0x00 | [15: . R . .
64 0] MSA_VHeight 0 0x0 Received MSA_VHeight
o0 ][7:0 MSA_MISCO o | 0x0 | Received MSA_MISCO
0x00 | [7:0 | ysa misci R 0x0 | Received MSA MISCT
6C ] O
0x00 | [15: | Video_Frame_Line_Numb/ R | 0x43 The number of lines in a received video frame
Co 0] er W |8
0x00 | [15: 1 \igeo VSYNC_ Width R 10x00 | hefines the output video VSYNG width in velk_i cycles
C4 0] W | 04
0x00 | [15: 1 \/i4e0 HSYNC_ Width R 10x00 | befines the output video HSYNG width in valk_i cycles
Cs8 0] W | 04
0x00 | [15: | VSYNC_To_HSYNC_Wid | R | 0x00 | Defines the distance between VSYNC and HSYNC in vcl
CC 0] th W | 08 k_i cycles
0x00 | [15: 0x00 ; . N .
DO 0] HSYNG_To_Pixel Width R 08 Peflnes the distance between HSYNC and first line pixel
w in cycles
0x00 | [15:],, . . R | 0x07 . . . . .
D8 0] Video_line_pixels w | 80 The number of pixels in a received video line
[23:16] AUX_Tx_Data_By | R 0x00 The number of DPCD reading data bytes in the AUX Rep
te_Num W ly
0x01
00 [3:0 R A
AUX_Tx_Command W 0x0 | The Comm[3:0] in AUX Reply (Reply Type)




0x01

[7:0

0C ] AUX_Tx_Writing_Data W 0x00 | Write all DPCD reading data bytes for the AUX Reply
0x01 | [15: | Tx_AUX_Reply Num g 0x0 | The number of AUX Reply transactions to be transmitted
1C 0]
0x01 | [15: R . .
20 0] Rx_AUX_Request_Num c 0x0 | The number of AUX Request transactions to be received
0x01 | [7:0 R . .
o4 ] AUX Rx_ Read Data 0 0x00 | Read all bytes of received AUX Request transaction
0x01 | [7:0 AUX_Rx_Request_Length R 0x00 Thg number of bytes in the received AUX Request trans
2C ] O action
0x01 [0] | HPD_Status R 0x0 | Set HPD output value
40 w
0x01 R . .
44 [0] | Send HPD_IRQ W 0x0 | Write to 1 to send a HPD interrupt
0x01 | [19: HPD_IRQ_ Width R 0x249F0-Def|nes the HPD IRQ low-active pulse width in
48 0] w aux_clk_i cycles
0x01 R .
80 [0] | IntMask_Total_Interrupt W 0x1 Interrupt Mask: total interrupt

[1] | IntMask_NewAuxRequest \?V 0x1 Interrupt Mask: Received new AUX Request
0x01
84

[0] | IntMask_TxAuxDone \Ilqv Ox1 Interrupt Mask: Transmit AUX Reply done

R :

[15] | Int_Totallnt c 0x0 | Interrupt: total interrupt

[1] | Int_NewAuxRequest 2 0x0 | Interrupt: Received new AUX Request
0x01

A0




[0] | Int_TxAuxDone (F; 0x0 Interrupt: Transmit AUX Reply done
[31:16] Video_Output_Lin | R 0x0 | The number of lines in an output video frame
eNum )
0x01
D4
[15: ., . R : . . .
0] Video_Output_PixelNum 0 0x0 | The number of pixels in an output video line
[21] Video_LineNum_Unlock 2 0x0 | 1 means output video frame lines number is not locked
0x01
FO
[5] | Video_PixelNum_Unlock 2 0x0 1 means output video pixels number is not locked
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5.7 Driver Configuration (Ask a Question)
You can find the driver files in the following
path: ..\<Project_name>\component\Microchip\SolutionCore\dp_receiver\<DisplayPo rt Rx IP version>\Driver.
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6. Testbench (Ask a Question)

Testbench is provided to check the functionality of the DisplayPort Rx IP. DisplayPort Tx IP is used to verify the
DisplayPort Rx IP functionality.

6.1 Simulation Rows (Ask a Question)
To simulate the core using the testbench, perform the following steps:

1. In the Libero SoC Catalog ( View > Windows > Catalog), expand Solutions-Video , drag-and-drop
the DisplayPort Rx, and then click OK. See the following figure.

Figure 6-1. Display Controller in Libero SoC Catalog



2. SmartDesign consists of DisplayPort Tx and DisplayPort Rx interconnections. To generate the SmartDesign for

the DisplayPort Rx IP simulation, click Libero Project > Execute script. Browse to script ..\
<Project_name>\component\Microchip\SolutionCore\dp_receiver\ <DisplayPort Rx IP
version>\scripts\Dp_Rx_SD.tcl, and then click Run .
Figure 6-2. Execute Script for DisplayPort Rx IP
G" Execute Scpt T b4
Sonpt fle: l,"::urponcnt.'\‘!cnxhp.‘SoutofCurr_-\:lp_rm'.':f_u'E.].-J.'Scru:s.".‘lp_Rt_S:‘l.T\: _l
Brguments: |
I Show seript repart
Help | Run Cancel |
The SmartDesign appears. See the following figure.
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Figure 6-3. SmartDesign Diagram
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Testbench

r_o 0
aux_tx_jo_o_0
au_ty_er_o 0

Fi_o

hpd_o
aux_tx_en_o
aux_ix_jo_g
myid_wal_o
mvid_e{230]
nvid_o{230]
vEynC_o
hzync_o

phrel_val_o[3:0]
phrel_data_p[134:0]
proata_o31:0]
pready_o

prdata_o D[31:0]
pready o O



3. On the Files tab, click simulation > Import Files. Figure 6-4. Import Files

dp_receiver_CO0

prdata_o_0[31:0] pready_o_0

4. Import the tc_rx_videostream.txt, tc_rx_tps.txt, tc_rx_hpd.txt, tc_rx_aux_request.txt, and tc_rx_aux_reply.txt file
from the

following path: ..\<Project_name>\component\Microchip\SolutionCore\ dp_receiver\<DisplayPort Rx IP
version>\Stimulus.

5. To import a different file, browse the folder that contains the required file, and click Open. The imported file is
listed under simulation, see the following figure.
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Figure 6-5. Imported Files List in Simulation Folder

6. On the Stimulus Hierarchy tab, click displayport_rx_tb (displayport_rx_tb. v). Point to Simulate Pre-Synth
Design, and then click Open Interactively

Figure 6-6. Simulating Testbench



=
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ModelSim opens with the testbench file as shown in the following figure.
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Figure 6-7. DisplayPort Rx ModelSim Waveform

Important: If the simulation is interrupted due to the runtime limit specified in the DO file, use the run -all command
to complete the simulation.
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Revision History
7. Revision History (Ask a Question)

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

Table 7-1. Revision History



Revision Date Description

A 06/2023 Initial release of document.
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Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including Customer Service,
Customer Technical Support Center, a website, and worldwide sales offices. Customers are suggested to visit
Microchip online resources prior to contacting support as it is very likely that their queries have been already
answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the FPGA Device
Part number, select appropriate case category, and upload design files while creating a technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product upgrades, update
information, order status, and authorization.

* From North America, call 800.262.1060

+ From the rest of the world, call 650.318.4460

* Fax, from anywhere in the world, 650.318.8044
Microchip Information

The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

« Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

» General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online discussion
groups, Microchip design partner program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service




Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers
will receive email notification whenever there are changes, updates, revisions or errata related to a specified
product family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions. Customer Support

Users of Microchip products can receive assistance through several channels: « Distributor or Representative
* Local Sales Office

» Embedded Solutions Engineer (ESE)

* Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also
available to help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support Microchip Devices Code
Protection Feature

Note the following details of the code protection feature on Microchip products:
User Guide
DS50003546A — 18
© 2023 Microchip Technology Inc. and its subsidiaries
* Microchip products meet the specifications contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is secure when used in the intended manner, within operating
specifications, and under normal conditions.

 Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection
features of Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly
evolving. Microchip is committed to continuously improving the code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including to design, test,
and integrate Microchip products with your application. Use of this information in any other manner violates these
terms. Information regarding device applications is provided only for your convenience and may be superseded by
updates. It is your responsibility to ensure that your application meets with your specifications. Contact your local
Microchip sales office for additional support or, obtain additional support at www.microchip.com/en-
us/support/design-help/ client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS 1S”. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR



OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP’S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer
agrees to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses
resulting from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.
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