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Acronyms in This Document

A list of acronyms used in this document.
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Acronym Definition

AXI Advanced Extensible Interface
AUX Aucxiliary Channel in DisplayPort
BPC Bits per color component

DP DisplayPort

DP Rx Receiver part of DisplayPort IP
DP Tx Transmitter part of DisplayPort IP
DUT Device Under Test

FPGA Field Programmable Gate Array
GUI Graphical User Interface

IP Intellectual property

MPCS Multiple-Protocol Physical Coding Sublayer
PPC Pixels per clock
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1. Introduction

The DisplayPort and Video Scaler reference design provides a fully simulatable design containing Lattice DisplayPort IP and
Lattice Video Scaler IP. The design receives DisplayPort traffic from an external model using DisplayPort IP’s receiver part
(DP Rx), performs up or down scaling of the video, and generates DisplayPort output using DisplayPort IP’s transmitter part
(DP Tx). The reference design is delivered as a Lattice Radiant project which includes a full test environment to perform
simulation. The reference design is set to perform upscaling from 720p, 60 FPS video to a 1080p, 60 FPS video using bicubic
algorithm. However, the design can be easily modified to support other use cases by changing the parameters of the
DisplayPort and Video Scaler IPs, and regenerating them. As the IPs are independently configurable, care must be taken to
configure them consistently to ensure correct functionally of the connected system.

1.1. AQuick Facts

Table 1.1. Quick Facts

IP Requirements Supported FPGA CertusPro™-NX
Families
Supported FPGA Targeted Devices LFCPNX-100
Families
Design Tool Support Lattice Implementation Lattice Synthesis Engine
Synthesis Synopsys® Synplify Pro for Lattice
Simulation For a list of supported simulators, see the Lattice Radiant software user
guide.

1.2. Features

The key features of DisplayPort and Video Scaler reference design are as follows.
e Upscaling

e Down scaling

e Scaling from/to a wide range of resolutions

e  Easyreconfiguration of DP and Video Scaler IPs through respective IP GUIs
e  Dynamic reconfiguration of input/output resolutions

o  Full self-checking testbench with data generator and data checker included

1.3. Conventions

1.3.1. Nomenclature

The nomenclature used in this document is based on Verilog HDL.

1.3.2. Signal Names
Signal Names that end with:

e _nareactive low

e _iareinput signals

e _oare output signals

e o are bi-directional input/output signals
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2. Functional Description

The DisplayPort and Video Scaler reference design is also referred to as DisplayPort-Video Scaler top level design
(DS_VS_TOP) or device under test (DUT) in this document. The DUT is comprised of DP Rx, Video Scaler IP, and DP Tx. The
included testbench, referred to as top-level testbench (TB_TOP) in this document, comprises of AXI-Stream Data Generator,
AXI-Stream Data Checker, DP Tx and DP Rx. The functional blocks in the reference design and testbench with their
connectivity are shown in Figure 2.1. The testbench initially configures the two DP IPs over the AXI-Lite interface with the
parameters calculated according to the input and output resolutions selected by the user. Training sequence is initiated for
both the serial data links by configuring the corresponding register in the DP IPs. Once training is completed, DP Tx sends
the data generated by the AXI-Stream Data Generator. DP Rx receives and sends the video stream to Video Scaler IP for
either up scaling, down scaling or direct pass through (based on user selected parameters). The output of Video Scaler IP is
sent to DP Tx. The serial output of DP Tx comes out of DP_VS_TOP and received by DP Rx of the test bench. Finally, the
video data from DP Rx is compared with the original data transmitted by the AXI-Stream data generator by the AXI-Stream
Data Checker.

TB_TOP ™\ d DP_VS_TOP

Senal Data
DISPLAY PORT DISPLAY PORT | AXI-STREAM
TXIP RXIP
\\- -_/I \\- )

AXI-STREAM
DATA
GENERATOR

VIDEO SCALER

P
AXI_STREAM DISPLAY PORT DISPLAY PORT
DATA RX IP TXIP AXI-STREAM
CHECKER Serial Data
WS R ;"'I II'\ — /
\\._. __// \\___h ___.-//

Figure 2.1. DP Video Scaler Reference Design with Testbench

The major functional blocks of the reference design and test bench are described below:

2.1. TB_TOP

This is the top-level module for the test bench. The tb_top module has AXI-Stream Data Generator, AXI-Stream Data
Checker and DP IP. Here, DP IP is used to generate serial data from AXI-Stream and vice-versa. The test bench is connected
to the DUT (DP_VS_TOP module).

2.1.1. AXI-Stream Data Generator

This module generates different types of patterns according to the resolution that is tested. A pseudo random pattern is
generated when the parameter, VS_ATTACH (refer to Parameter Settings) is set to 0. Otherwise, video data is generated
using the Video Scaler IP.

For more information on the Video Scaler IP, refer to the Video Scaler IP User Guide (FPGA-IPUG-02234).

2.1.2. AXI-Stream Data Checker

This module checks the AXI data received by DP Rx and compares it with the appropriate golden output. When Video Scaler
is attached, the received data is compared with the golden data generated by video scaler IP. Otherwise, the received data
is compared with the generated pseudo random bit sequence.
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2.2. DP_VS_TOP

This module is the top DUT module. It contains DP Rx, DP Tx and Video Scaler IPs. It receives the video data from the test
bench through DP main channel serial interface, passes it through the cascaded combination of DP Rx, video scaler and DP
Tx and sends the output data to the testbench through DP main channel serial interface.

For more information on the Video Scaler IP and DP IP, refer to the Video Scaler IP User Guide (FPGA-IPUG-02234), and the
DisplayPort IP User Guide (FPGA-IPUG-02236) respectively.
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3. Signal Description

The input/output interface signals for DP_VS_TOP module is shown in Table 3.1.

Table 3.1. Primary 1/O

= LATTICE

Port Name 1/0 Width Description
reflk_p_i In 1 Serdes differential reference clock. The clock frequen.cy is 135 MHz for all
- lane rates except 1.62 Gbps, for which the clock rate is 81 MHz.

refclk_n_i In 1 Complementary (negative) input to refclk_p_i

aux_clk_i In 1 This signal is 100 MHz clock used in AUX interface

in_res_clk In 1 Pixel clock for Input Resolution

out_res_clk In 1 Pixel clock for Output Resolution
If dynamic reconfiguration is enabled, vs_core_clk_i needs to be connected

vs_core_clk_i In 1 to the faster clock depending on whether the IP is configured for upscaling
or downscaling.

dp_rx_recvrd_clk_o Out 1 Recovered clock from Serdes receiver

dp_rx_clk_valid_o Out 1 Output clock valid coming from RX side

rst_i In 1 Active high asynchronous reset of minimum 100 us duration

dp_tx_aux_o Out 1 Output signal for AUX channel

dp_tx_aux_oe_o out 1 Tri.-state contrc.JI fgr AUX channel. If the valuef is ’.1’, the AUX output is
driven, otherwise it is undriven and held at high impedance state.

dp_tx_aux_i In 1 Input signal from AUX channel

dp_tx_hpd_i In 1 Hot plug detect signal to inform DP source that DP sink is connected

dp_tx_training_done_o |Out 1 Tx output signal to inform that training has been done at Tx side

dp_rx_sdOrxp_i In 1 This is lane0 serial data_p signal of DP RX main channel

dp_rx_sdOrxn_i In 1 This is lane0 serial data_n signal of DP RX main channel

dp_rx_sdlrxp_i In 1 This is lanel serial data_p signal of DP RX main channel

dp_rx_sdlrxn_i In 1 This is lanel serial data_n signal of DP RX main channel

dp_rx_sd2rxp_i In 1 This is lane2 serial data_p signal of DP RX main channel

dp_rx_sd2rxn_i In 1 This is lane2 serial data_n signal of DP RX main channel

dp_rx_sd3rxp_i In 1 This is lane3 serial data_p signal of DP RX main channel

dp_rx_sd3rxn_i In 1 This is lane3 serial data_n signal of DP RX main channel

dp_tx_sdOtxp_o Out 1 This is lane0 serial data_p signal of DP TX main channel

dp_tx_sdOtxn_o Out 1 This is lane0 serial data_n signal of DP TX main channel

dp_tx_sdltxp_o Out 1 This is lanel serial data_p signal of DP TX main channel

dp_tx_sdltxn_o Out 1 This is lanel serial data_n signal of DP TX main channel

dp_tx_sd2txp_o Out 1 This is lane2 serial data_p signal of DP TX main channel

dp_tx_sd2txn_o Out 1 This is lane2 serial data_n signal of DP TX main channel

dp_tx_sd3txp_o Out 1 This is lane3 serial data_p signal of DP TX main channel

dp_tx_sd3txn_o Out 1 This is lane3 serial data_n signal of DP TX main channel

dp_rx_hpd_o Out 1 Hot plug signal to inform DP source that DP sink is connected

dp_rx_aux_oe_o out 1 jl'ri-s.tate control for AUX char.mel output. If the. vallue is ‘1’, the AUX output

- - = is driven, otherwise it is undriven and held at high impedance state.

dp_rx_aux_i In 1 AUX channel input

dp_rx_aux_o Out 1 AUX channel output
This signal is asserted high if the SOF of current frame is not aligned to the

vs_frm_invalid_o Out 1 first pixel data. There will be no output from the IP when this is asserted
high. It will be de-asserted on the next frame’s SOF if it is correctly aligned.

vs_blanking_data_o Out [IA:‘())(]IS_DATA_WIDTH- Input data received during blanking period

vs_blanking_valid_o Out 1 This signal asserts high when valid blanking data passed to output
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Port Name 1/0 Width Description

vs_input_hblank_o Out 1 Input Frame horizontal blanking period

vs_input_vblank_o Out 1 Input Frame vertical blanking period

Display Port AXI-Lite Interface

dp_s_axi_aclk_i In 1 AXI-Lite interface clock

dp_s_axi_aresetn_i In 1 AXl reset (active low)

dp_s_axi_awvalid_i In 1 Write address valid

dp_s_axi_awready_o Out 1 Write address ready

dp_s_axi_awaddr_i In [1A)XIS_ADDR_WIDTH- Write address

dp_s_axi_awprot_i In 3 Protection type

dp_s_axi_wvalid_i In 1 Write data valid

dp_s_axi_wready_o Out 1 Write data ready

dp_s_axi_wdata_i In 32 Write data

dp_s_axi_wstrb_i In 4 Write strobe

dp_s_axi_bvalid_o Out 1 Write response valid

dp_s_axi_bready_i In 1 Write response ready

dp_s_axi_bresp_o Out 2 Write response

dp_s_axi_arvalid_i In 1 Read address valid

dp_s_axi_arready_o Out 1 Read address ready

dp_s_axi_araddr_i In 32 Read address

dp_s_axi_arprot_i In 3 Read protection type

dp_s_axi_rvalid_o Out Read data valid

dp_s_axi_rready _i In 1 Read data ready

dp_s_axi_rdata_o Out 32 Read data

dp_s_axi_rresp_o Out 2 Read data response

Video Scaler AXI-Lite Interface

vs_axi_lite_clk_i In 1 AXI-Lite clock

vs_axi_lite_rst_n_i In 1 vs_axi_lite_rst_n_i is an active low global reset signal

vs_aw_valid_| n 1 Wltite address valid. This si'gnal indiFates that the channel is signaling valid
write address and control information.

vs_aw._ready_o out 1 Write address ready. This signal indicates that the subordinate is ready to
accept an address and associated control signals.

vs_aw_address_i In _[r,;k-l)fll_:BI]TE_ADDR_WID Write address
Protection type. This signal indicates the privilege and security level of the

vs_aw_prot_i In 3 transaction, and whether the transaction is a data access or an instruction
access.

vs_w_valid_i In 1 Write valid. This signal indicates valid write data.

vs_w_ready o out 1 Write ready. This signal indicates that the subordinate can accept the write
data.

vs_w_data_i In _[r,;k-lXIl_I(_)I]T E_DATA_WID Write data

vs W strb i In 4 Write strobes. This signal indicates which byte lanes hold valid data. There is

- - = one write strobe bit for each eight bits of the write data bus.

vs_b_valid_o out 1 \\glrii(tjev;reiizcizzzgsli:.. This signal indicates that the channel is signaling a

vs_b_ready i In 1 I::Ss;::ss; ready. This signal indicates that the manager can accept a write

vs_b_response_o Out 2 Write response. This signal indicates the status of the write transaction.
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Port Name 1/0 Width Description
L Read address valid. This signal indicates that the channel is signaling valid
vs_ar_valid_i In 1
- - - read address.
Read address ready. This signal indicates that the subordinate is ready to
vs_ar_ready_o Out 1
accept an address.
. [AXI_LITE_ADDR_WID
vs_ar_address_i In TH-1:0] Read address
Protection type. This signal indicates the privilege and security level of the
vs_ar_prot_i In 3 transaction, and whether the transaction is a data access or an instruction
access.
vs r valid o out 1 Read valid. This signal indicates that the channel is signaling the required
- - read data.
. Read ready. This signal indicates that the Manager can accept the read data
vs_r_ready i In 1 . .
and response information.
[AXI_LITE_DATA_WID
vs_r_Data_o Out TH-1.0] Read data
VS_r_response_o Out 2 Read response. This signal indicates the status of the read transfer.
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4. Parameter Settings

This reference design provides the user with the following parameters as shown in Table 4.1.

Table 4.1. Parameters of TB_TOP Module

Parameters Default Values Description
0 -> No Video Scaler
VS_ATTACH 1 1 -> With Video Scaler

Refer to Figure 2.1.

Integer value with which the Frame Resolutions are divided for faster
PARTIAL_RESOLUTION 1 simulation.
Range: [1, 10]

Video scaler GUI doesn’t have an option for input blanking; hence the user
needs to give the correct Horizontal Blanking value for the Input

HBLANKIN 370 Resolution. This value should be modified accordingly if
PARTIAL_RESOLUTION is greater than 1.
Video scaler GUI doesn’t have an option for input blanking; hence the user

VBLANKIN 30 needs to give the correct Vertical Blanking value for the Input Resolution.
This value should be modified accordingly if PARTIAL_RESOLUTION is
greater than 1.

FPS 60 Frames per second

FRAME_COUNT 4 Number of frames to run for the simulation

If the parameter VS_ATTACH is set to 0, then the reference design works as described in Figure 4.1. If VS_ATTACH is equal
to 1, then the reference design works as described in Figure 2.1.

7 TB_TOP AN / DP_VS_TOP N
[ ™ s N [ |
. Serial Data
AXI-STREAM DISPLAY PORT | L | DISPLAY PORT
GENERATOR ‘ g
\_ __/-' N S N
AXI-STREAM
s N e R 4
AXl STREAM DISPLAY PORT | | ] DISPLAY PORT
DATA i
CHECKER RX 1P h I
| ‘ | Serial Data | ‘
.‘-.\ g v ANy / / \ N »’f;
\\_\_ _// \\"“‘- JJ/

Figure 4.1. DP Pass Through Core Block Diagram
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5. Opening and Running the Project

This section provides information on how to open and run the simulation of DisplayPort and Video Scaler Reference Design
using Lattice Radiant software. For more details on Lattice Radiant software, refer to the Lattice Radiant software user
guide.

Note: Skip steps 3 to 7 when running the simulation for default resolutions (720p to 1080p and 2 PPC).

5.1. Opening project to run simulation
To run the DP and Video Scaler RD project in Lattice Radiant software, follow these steps:

1. Click Open Project on home screen of Radiant Software and then open the existing project file, dp_vs_rd.rdf as shown

in Figure 5.1.
RADIANT
DESIGH SOFTWARE
Project
[
MNew Project Open Project Open Example

Figure 5.1. Open Project Icon

2. Open the radiant project (.rdf file) in the project directory as shown in Figure 5.2.

Open Project X
<« v > This PC > New Volume (E) > dp_vsrd > v @] Search dp_vs_rd P
Organize ~ New folder =- 0 @

~
testbench Name Date modified Type Size
lib dp_ip 14-07-2023 12:12 File folder
vtb testbench 14-07-2023 12:12 File folder
vs_ip 14-07-2023 12:12 File folder
v [ This PC dp_vs_rd 14-07-2023 12:11 RDF File 1TKB

> & Local Disk (C)
> = New Volume (I

> @ Network

File name: V| Project Files (*.rdf) v

Figure 5.2. Open .rdf project file
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3. Double click on the dp_ip.ipx file to configure the DP IP as shown in Figure 5.3.

= Z impl_1 (Lattice LSE)

© Input Files

‘dp.ip/dp_ip.]
3 RTL Files

3 Testbench Files
dp_ip.cfg

* |4 vs_ip/vs_ip.ipx

3 RTL Files

» Constraint Files

3 Testbench Files
vs_ip.cfg

o testbench/axis_video_gen.v

~ 1F dp_vs_top - dp_vs_top.v
+ 1} vs_iplgenblk1.u_vs_ip) - vs_ip.v
» 1} dp_ip(u_dp_ip) - dp_ip.v

[ Ale ust [E] Source Template 5] e Catalog

Figure 5.3. Opening dp_ip.ipx

4. Select the required parameters as shown in Figure 5.4.

Module/IP Block Wizard

Configure Component from IP display_port Version 1.1.0
Set the following parameters to configure this component.

Diagram dp_ip Configure IP
dnip General DP Tx settings DP Rx settings TX Video Settings
w14 _Lite_50
- Property Value
DP_Tx_Ax145_S0
wux_clk_i
- ~ General
ip_rx_picel_clk_s0_i
v
e Enable SIM Mode ]
e _sdorsp_i op_Rx_wass_ Ml - Mode Tx and Rx
_ex_sdion i dp_nx_aux_ol~
ip_re_sdirep_i dp_re_sux_oe_oj- External Reference clock(MPCS) 1
ip_re_sddr i dp_rx_elk_valid_o~
e sdzrp i oo hpd_ok Lane ID for MPCS 0
sd2 4 i_errcnt_0_o[7:0]m . X
P o pi_cle_errent_0_of; AXI-Lite DP TX Base Address(32bit): Ox | 00000000
ip_rx_sd3rep_i dp_rx_pix_clk_errent_valid_0_o
b au | dp_rx_recvrd_clk_o= AXI-Lite DP RX Base Address(32bit): Ox | 00030000
lp_tx_axis_vid_clk_s0_i dp_b_aux_o~
ip_tx_axis_vid_rstn_s0_i dn_tx_sux_oz_of
lp_tx_hpd_i dp_bx_sé0ba_of~
Ip_tx_pixel_clk_s0_i dp_tx_sd0bap_o—
refcik n_i dp_tx_sdiben_o—
rafck_p._i dp_tx_sd1bm_ o
st i dp_bx_sd2ben_of~
s_axi_ack i dp_tx_sdZbxp_of~
:_axi_aresetn_i dp_bx_sd3ben_of~
0_refret_i dp_tx_sd3tep_of-
0_rext i dp_bs_training_dane_o~
1_refret i
1 rext |
2_refret_i
2_rext_i
3_refret i
3_rext i
display_port -
L] 3 Mo DRC issues are found.
Generate Cancel

Figure 5.4. Module/IP Block Wizard for dp_ip

Note: Make sure to check Enable SIM Mode parameter in DP IP GUI.
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5. Similarly, open the vs_ip.ipx file and select the required parameters from the Video Scaler IP GUI as shown in

Figure 5.5.
Module/IP Block Wizard
Configure Component from IP video_scaler Version 1.1.0
Set the following parameters to configure this component.
Diagram vs_ip
Vs_ip
r )
=[HwasL_so
- 145_S0
Ehjass. Ax145_MOFH =
—axi_lite_clk_i
o blanking_data_o[47:0] =
—laxi_lite_rst_n_i
blanking_valid o=
—axis_m0_arst_n_i N
frm_invalid_o|—
—laxis_m0_clk_i i
input_hblank_o—
—axis_s0_arst_n_i
input_vblank_o—
—laxis_s0_clk_i
—lcore_clk_i
L. . J
video_scaler
]
Notes:

Configure IP
Architecture

Property

~ IP Configuration

Streaming Interface

Video format

Pixels per clock

Bits per color

Enable dynamic reconfiguration
= Frame Dimensions

Input active pixels  [32 - 4096]
[32 - 409¢6]
[32 - 4096]
Qutput active lines  [32 - 4096]
Qutput Hblank Pixels [0 - 4096]
[0 - 4096]

Input active lines

Qutput active pixels

Qutput Vblank Lines
~ Algorithm

Scaling method

No DRC issues are found.

Implementation

Value

AXl4
RGB

o

1280
720
1920
1080
280
45|

Bicubic

Generate Cancel

Figure 5.5. Module/IP Block Wizard for vs_ip

e Make sure to check Enable dynamic configuration in Video Scaler GUI to avoid errors during simulation.

e Make sure to assign the same values to the common parameters in both IP GUIs. The common parameters in both GUI

are mentioned in Table 5.1.

Table 5.1. Common Parameters between DP and Video Scaler

Common Parameters

Pixel Per Clock (PPC)

Bits Per Component (BPC)

e [f the value for PARTIAL_RESOLUTION parameter is a number above 1, the Frame Dimensions values must be divided
by that parameter. For example, for 720p to 1080p up-scaling with PARTIAL_RESOLUTION set to 5, set the parameters

as shown in Figure 5.6. Similarly, divide the parameters (HBLANKIN and VBLANKIN) defined in Table 4.1 by 5.
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Module/IP Block Wizard X

Configure Component from IP video_scaler Version 1.1.0
Set the following parameters to configure this component.

Diagram vs_ip Configure IP
Architecture Implementation
Property Value =
~ IP Configuration
Streaming Interface AXl4
vs_ip Video format RGB
r
—EAXML 50 Pixels per clock 2
Bits per color 8
—[Hax45_s0
a =
—ax_lite_clic_i AXHS‘M Enable dynamic reconfiguration ]
- blanking_data_o[47:0] = 5 )
—laxi_lite_rst_n_i * Frame Dimensions
blanking_valid_o— L
—axis_m0_arst_n_i Input active pixels [32 - 4096] 256
frm_invalid_o |—
—faxis_m0_clk_i . Input active lines  [32 - 4096] 144
i . input_hblank_o—
—faxis_s0_arst_n_i . Qutput active pixels [32 - 4096] 384
i ] input_vblank_o—
—jaxis_s0_clk_i Qutput active lines  [32 - 4096] 216
—{core_clk i Output Hblank Pixels [0 -4096] 56
. )
video scaler QOutput Vblank Lines [0 - 4096] 9
~ Algorithm
Scaling method Bicubic
-
K 3 No DRC issues are found.
Generate Cancel

Figure 5.6. Video Scaler IP GUI screen for 720p to 1080p and PARTIAL_RESOLUTION=5

e If the value for PARTIAL_RESOLUTION parameter is a number above 1, make sure to select the Input FIFO Depth
parameter of Video Scaler as twice its default value. For example, for 720p to 1080p up-scaling with
PARTIAL_RESOLUTION set to 5, the Input FIFO Depth is set to 256 in Implementation tab shown in Figure 5.7.
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6.

7.

Module/IP Block Wizard

Configure Component from IP video_scaler Version 1.1.0
Set the following parameters to configure this component.

Diagram vs_ip

Configure IP
Architecture

Property

~ Memory type
Line buffer type

vs_ip

-
—[Hwa4_so
- 145_50

[Hass. AX145_MOH
—axi_lite_clk_i

o blanking_data_o[47:0] =

—axi_lite_rst_n_i

blanking_valid_o

—{axis_m0_arst_n_i

—axis_m0_clk_i

frm_invalid_o{—

input_hblank_o

—{axis_s0_arst_n_i

—laxis_s0_clk_i

—core_clk_i
.

input_vblank_o—

* Multiplier type

Multiplier type
~ FIFO Configuration

Automatic FIFO Depth
Input FIFO Depth
Output FIFO Depth

video_scaler

-
3 No DRC issues are found.

Vertical coefficient memory type

Horizontal coefficient memory type

[8-8192]
[64 - 8192]

Implementation

Value

EBR
Distributed
Distributed

DsP

256
192

Generate

Cancel

Figure 5.7. Video Scaler IP Implementation tab for 720p to 1080p and PARTIAL_RESOLUTION=5

Open the th_top.v file as shown in Figure 5.8.

* ) vs_ip/vs_ip.ipx

[ RTL Files
» Constraint Files
* Testbench Files

vs_ip.cfg
. testbench/axis_video_gen.v
o testbench/checker_axiv
 testbench/checker_native.w
. testbench/native_video_genv
. testbench/prbs_gen_check.wv
o testbench/tb_top.wv
L dp_vs_topwv

Figure 5.8. Opening tb_top.v file

Set the six parameters defined at the top of the tb_top (shown in Figure 5.9) per the required configuration and save

the file.
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‘timescale Ins f 1fs
module th top #();
‘include " ip/

‘include

parameter VS ATTACH

parameter PARTIAT RESOLUTICN =3 ;

parameter HELANEIN
parameter VBLANEIN
parameter FRAME COUNT

parameter FES3

Figure 5.9. Setting parameters in th_top

Note: Comment out the FAMILY parameter in any one of the dut_params.v files, dp_ip/testbench/dut_params.v or
vs_ip/testbench/dut_params.v as shown in Figure 5.10 to avoid duplicate definition error.

@dut_params.v &

[£8]

W (A

©n

localparam 2IM = 1;

localparam MCDE = Z;

localparam CLOCE_SEL = 1;
localparam LANE ID = "0";
localparam DP_AUX CLE_FREQUENCY =

localparam
localparam
localparam

localparam

DP_AXI_DATA WIDTH = 22;
DP_AXI ADDR WIDTH = 22;
DP_TX_AXIL BASE_ ADDRESS
DP_R¥_AXIL BASE_ ADDRESS

Il
.

fflocalparam FBEMILY = "LFCENX";

-

localparam DP_TX COUNT_ 1M3 = 22'h000002ED;
localparam DP_TX FIFC IMPL = "EEBR";
localparam DPF TX FRAEME COUNT = O;

localparam DF_TX VIDEC INTERFACE =

“r

Figure 5.10. Commenting FAMILY Parameter

When VS_ATTACH is set to 0, the testbench runs at whatever input resolution is entered into the Video Scaler IP GUI shown

in Figure 5.5.
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5.2. Running Functional Simulation
To run the functional simulation after the IP is generated, follow the steps:

1. Clickthe @ button located on the toolbar to initiate the Simulation Wizard on the top of the Lattice radiant software as
shown in Figure 5.11.

= © EHEB

BEuBEsOMESBSM

Figure 5.11. Simulation Button Icon
2. Enter the project name in the simulation wizard and click on the Next button as shown in Figure 5.12.

Simulation Wizard ? X

Simulator Project Name and Stage
Enter name and directory for your simulation project. Choose simulator and the process stage you wish to
simulate, Available stages are automatically displayed.

Project
Project name; test_sim|

Project location:  E:/Project_display_port/reference_design_project_share Browse...
Simulator
@' ModelSim
Process Stage
@ RTL
< Back Next > Cancel

Figure 5.12. Simulation Wizard - |

© 2024 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-RD-02276-1.2 19


http://www.latticesemi.com/legal

DisplayPort and Video Scaler ....LATTICE

Reference Design

3. Asimulation wizard dialog box appears as shown in Figure 5.13. Click on Yes button and then click on Next
subsequently.

Simulation Wizard 2 e

Simulator Project Name and Stage
Enter name and directory for your simulation project. Choose simulator and the process stage you wish to
simulate. Available stages are automatically displayed.

Project
Project name: test_sim

Project location:  E:/Project_display_port/reference_design_project_share Browse...
Simul Simulation Wizard X

@ n

4 E:/Project_display_port/reference_design_project_share/test_sim does not exist.
Do you want to create it?

Proce

® R

A

Yes Cancel

Post-Route Gate-Level

< Back Mext > Cancel
Figure 5.13. Simulation Wizard - I
4. Change the simulation time to 0 ns to run all the simulation as shown in Figure 5.14. Click Finish to run the simulation.

Simulation Wizard X

Summary

Simulator : ModelSim

Project Name : sim

Project Location : E;/Sample

Simulation Stage : RTL

Simulation Files :
E:/Samplefvs_ip/rtl/vs_ip.v
E:/Sample/dp_ip/rtl/dp_ip.v
E:/Sample/dp_vs_top.v
E:/Sample/testbench/prbs_gen_check.v
E:/Sample/testbench/axis_video_gen.v
E:/Sample/testbench/checker_axiv
E:/Sample/testbench/tb_top.v

S T T S R A SO T CS
Run simulator

Add top-level signals to waveform display

Run simulation o ns = (0means'run-all')

< Back Finish Cancel

Figure 5.14. Run Simulation value of 0 for Run all
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5. The Simulation is opened as shown in Figure 5.15.

Figure 5.15. Sample Simulation Waveform

Note: Test bench also includes a data comparator/checker. The data check completed indicates the correctness of the test.

6. Inthe transcript, the simulation result is printed as shown in Figure 5.16.

3158063000000 INFO:
3158063000000 INFO:
3401875000000 INFO
3580000000000 INFO
3580000000000 INFO:

e e W e e e W W e

TRAINING

OF
TRAINING OF

Figure 5.16. Simulation Result in Console

FIRST LINK IS COMPLETED========mmmm= =
SECOND LINK IS COMPLETED====

DATA BEING GENERATED FROM DP1 TRANSMITTER: ===
DATA BEING CAPTURED AT DP2 RECEIVER======
DATA BEING GENERATED FROM DP2 TRANSMITTER: e
3764863000000 INFO:i==———========= DATA BEING CAFTURED AT DP2 RECEIVER
4431063000000 INFO: tb_top.report_status: SIMULATION STAIUS: PASS
Akkahd% STMULATION PASSED #aaaaua
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References

For more information, refer to:

e Lattice Radiant Software 3.1 User Guide

e Video Scaler IP User Guide (FPGA-IPUG-02234)

e DisplayPort IP User Guide (FPGA-IPUG-02236)

e DisplayPort and Video Scaler Demonstration User Guide (FPGA-UG-02201)

e  CertusPro-NX web page

e Lattice Radiant Software web page

e Lattice Insights for Lattice Semiconductor training courses and learning plans
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.
For frequently asked questions, refer to the Lattice Answer Database at www.latticesemi.com/Support/AnswerDatabase.
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and Figure 5.6. Video Scaler IP GUI screen for 720p to 1080p and PARTIAL_RESOLUTION=5.
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PARTIAL_RESOLUTION=5 and updated sequence of the following figures accordingly.
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