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1 About This Guide 1.1 Purpose

1 About This Guide

1.1 Purpose

The purpose of Gowin DVI TX RX IP User Guide is to help you learn
the features and usage of Gowin DVI TX RX IP by providing the
descriptions of the product overview, functional description, GUI and
reference design. The software screenshots in this manual are based on V
1.9.11.02(64-bit). As the software is subject to change without notice, some
information may not remain relevant and may need to be adjusted
according to the software that is in use.

1.2 Related Documents

You can find the related documents at www.gowinsemi.com:
DS100, GWIN series of FPGA Products Data Sheet

DS117, GWINR series of FPGA Products Data Sheet

DS821, GWINS series of FPGA Products Data Sheet

DS861, GWINSR series of FPGA Products Data Sheet

DS881, GWINSER series of SecureFPGA Products Data Sheet
DS891, GWI1NREF series of Bluetooth FPGA Products Data Sheet
DS102, GW2A series of FPGA Products Data Sheet

DS226, GW2AR series of FPGA Products Data Sheet

DS961, GW2ANR series of FPGA Products Data Sheet

DS976, GW2AN-55 Data Sheet

DS971, GW2AN-18X & 9X Data Sheet

DS981, GWS5AT series of FPGA Products Data Sheet

DS1103, GW5A series of FPGA Products Data Sheet

DS1239, GWS5AST series of FPGA Products Data Sheet
DS1105, GW5AS series of FPGA Products Data Sheet

DS1108, GW5AR series of FPGA Products Data Sheet

DS1118, GW5ART series of FPGA Products Data Sheet
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1 About This Guide

1.3 Terminology and Abbreviations

e SUGI100, Gowin Software User Guide

1.3 Terminology and Abbreviations

Table 1-1 shows the abbreviations and terminology used in this

manual.

Table 1-1 Terminology and Abbreviations

Terminology and Abbreviations | Meaning

DDWG Digital Display Working Group

DE Data Enable

DVI Digital Visual Interface

FPGA Field Programmable Gate Array

HS Horizontal Sync

IP Intellectual Property

RGB R(Red) G(Green) B(Blue)

SRAM Static Random Access Memory

TMDS Transition Minimized Differential Signaling
VESA Video Electronics Standards Association
VS Vertical Sync

1.4 Support and Feedback

Gowin Semiconductor provides customers with comprehensive
technical support. If you have any questions, comments, or suggestions,
please feel free to contact us directly by the following ways.

Website: www.gowinsemi.com

E-mail: support@gowinsemi.com

IPUG938-2.5.2E
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2 Overview

2.1 Overview

2.1 Overview

2 Overview

DVI (Digital Visual Interface) transmits digital signals based on TMDS
(Transition Minimized Differential Signaling). DVI TX IP is used to receive
parallel video signals, which are then encoded into TMDS signals according to
the DVI specification. DVI RX IP is used to receive TMDS signals and then
decodes them into parallel video signals according to the DVI specification.

Table 2-1 Gowin DVI TX RX IP Overview

Gowin DVI TX RX IP

Logic Resource

Refer to Table 2-2 and Table 2-3.

Delivered Doc.

Design Files Verilog (encrypted)
Reference Design Verilog
TestBench Verilog

Test and Design Flow

Synthesis Software

GowinSynthesis

Application Software

Gowin Software (V1.9.5.02Beta and above)

Note!

For the devices supported, you can click here to get the information.

2.2 Features

IPUG938-2.5.2E

Supports DVI 1.0 specification

Supports DVI-D interface.

Supports Single-link TMDS

Supports low-voltage differential signaling

The data rate of single differential channel ranges from 80Mb/s~800Mb/s

3(29)
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2 Overview

2.3 Resource Utilization

2.3 Resource Utilization

DVI TX RX can be implemented by Verilog. Its performance and resource
utilization may vary when the design is employed in a different device, or at a
different density, speed, or grade. Take GW1N-4 as an instance, and the

resource utilization is as shown in Table 2-2 and Table 2-3.

Table 2-2 DVI TX Resource Utilization

Series Speed Grade Name Resource Utilization | Remarks
LUT 335
REG 91 : :
GW1N-4 -6 Configure internal
PLL 1 PLL
OSER10

Table 2-3 DVI RX Resource Utilization

Series Speed Grade | Name Resource Utilization | Remarks
LUT 902
REG 427
GW1N-4 -6 PLL 1 Configure internal
CLKDIV 1 PLL
IODELAY 3
IDES10 3

IPUG938-2.5.2E
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3 Functional Description 3.1 System Diagram

Functional Description

3.1 System Diagram

Gowin DVI IP includes DVI TX IP and DVI RX IP, and its system diagram is
as shown in Figure 3-1.

Figure 3-1 System Block Diagram

TMDS Link
I_clk O_clk
= > Channel0 = >
I_vs > O_vs
. = > Channel 1 > .
Video | hs > O_hs Video
= » DVITXIP DVIRX IP .
Source | de Channel2 O_de Sink
_ > =
|_data _ Channel clock O_data
s > » »
L] L]
3.2 Implementation Diagram
Figure 3-2 Implementation Diagram
Recovered
Input Streams T.M.D.S. Link Streams
T.M.D.S. transmitter A T.M.D.S. receiver
BLUZOL _polp7op ~ o _ D[7-0] | —BLUILOL BLU[T0]
HSYNC O g 2 g 5 co HSYNC > HSYNC
VSYNC gl 32 M > 232 cr | _VSYNC VSYNC
DE ;. GO 8 pp| DO
P Channel 0 D{7-0] g e .
GRNIZOL _lp7:0) ~ o - 7:0)—CREL gy | GRNUOL
a gl &8 Channel 1 | q)a?g e R e
CTL1 o 3 838 albcm o £ CILL
. 53 Channel 2 LEA pE |——DEL > ©
©
Channel C . c .
_ Do —REDIOL ! E RED[7.0]
REDIZ0l _gmlpj7:07 — 5 2 colcm o & I,
L2 _plcs J N £ om0 7 CIL3
T3 pler SE > 88 ol DB 9
pipz WO ©o | £ B
CIK ~ ~ e S

Gowin DVI TX IP includes encoder and serializer modules. Gowin DVI RX

IPUG938-2.5.2E 5(29)




3 Functional Description 3.2 Implementation Diagram

IP includes decoder, recovery and inter-channel alignment modules.
3.21 DVITX

According to the DVI specification, there are three modules in the
single-link TMDS transmitter. The correspondence between each module and
each component of the video signal is shown in Figure 3-2. Channel O
corresponds to blue and includes HSYNC and VSYNC. Channel 1 corresponds
to green and channel 2 corresponds to red. CTLO, CTL1, CTL2 and CTL3 must
be setto O.

The algorithm used by the modules is as shown in Figure 3-3, and the
definitions of the signals in the diagram are as shown in Table 3-1.

Figure 3-3 TMDS Encoding Algorithm Flow
|

DE, D[0:7]. CO, C1, cnt(t-1)

(N4{D}=4) OR
{N,{D} == 4 AND DI[0] == 0}

IFALSE TRUEl

a_mio] = D[o}; a_mio] = D[ol;
q_m[1] = g_m[0] XOR D[1]; a_m[1] = q_mi0] XNOR D[1]:
a_mi2] = g_m[1] XOR D[] a_mi2] = q_m[1] XNOR D2}
q_m[7] = o_m[§] XOR D[], q_m([7] = g_m[8] XNOR D[7];
a_mig]=1: a_mi8] = 0;
Crt(t) = 0
4 case (C1, CO)
00: q_out[0:9] = 0010101011;
DE == HIGH FALSE 01: q_out[0:9] = 1101010100;

10: q_out[0:9] = 0010101010;
11 q_out[0:9] = 1101010101;
TRUE endcase

(Cnt{t-1)==0) OR
(M {a_m[0:7]}==M{q_m[0:T1}

TRUE l

g_out[3] =~q_mi[a]:
q_out[8] =g_m[8];

| q_out[0:7] = (g_m([8]) ? q_m[0:7]:~g_m[0:7]);
FALSE

(Cnt{t-1)=0 AND q_m[8}==0

(Myfa_m[0:7]}=MN{q_m[0:71}) FALSE
OR TRUE
{Cntit-1)=0 AND l
Aa_m[0:7T}=M. {g_m[0:7]})
q_ouffd] = 1;
q_cutf8] = q_m[8];
q_outfd:7] = ~q_m[0:7]; Cnit(t) = Cnt(t-1}+
Cntit) = Cnt{t-1) + 2*g_m([8] + TRUE |{N,{q_m[0:7]} - Ny{a_m[0:71});
FALSE (Ngfa_m[0:7]} - N {q_m[0:71});
q_outf9] = 0;
q_outf8] = q_m[8]; r
q_outf0:7] = q_m[0:7];
Cnt(t) = Cnt{t-1) - 2*(~g_m[8]) Cnt(t) = Cnt(t-1) +
+ (N fa_m[0:7]} - Nfa_m[0:71}); {Nofa_m[0:71} - Ny{g_mI0:7]3)

IPUG938-2.5.2E 6(29)




3 Functional Description 3.2 Implementation Diagram

Table 3-1 Encoding Algorithm Definition
Signal Description

Input data for the encoding module. D represents 8-bit pixel data, CO
D,C0,C1,DE and C1 are control data for the corresponding channel, and DE is the
data enable signal.

The register is used to track the disparity of data stream. A positive
value represents the excess number of transmitted '1'. A negative
cnt value represents the excess number of transmitted "0". cnt {t-1}
represents the previous disparity value of the previous input data. cnt
{t} represents the new disparity value for the current input data.

g_out Q_outis a 10-bit encoded output value.
N1{x} Returns the number of "1" in the array Xx.
No{x} Returns the number of "0" in the array x.

After encoding, the 8-bit video data is converted into 10-bit data, and then
the parallel data is converted into serial data by the serializer OSER10. Bit O is
transmitted first.

3.2.2 DVIRX

DVI RX first recovers the pixel clock from the clock channel and generates
a five times serial clock. Then the serial data is converted into 10-bit parallel
data via the deserializer IDES10.

Data synchronization alignment is performed based on the encoded
values of HS and VS during the video signal blanking period, with the
requirement that the length of each blanking period is at least greater than 128
character periods.

After data alignment, decoding is performed and the decoding algorithm is
shown in Figure 3-4. The corresponding relationship between each channel
and R, G and B is shown in Figure 3-2.

IPUG938-2.5.2E 7(29)




3 Functional Description 3.2 Implementation Diagram

Figure 3-4 TMDS Decoding Algorithm Flow

I
D[9:0]

Active Data?

TRUE l
D[7:0] := ~D[7:0];
FALSE
FALSE |
TRUE
FALSE
A 4 ¢
Q[0] := DO}, Q[0] == D[C];
case (D[0:9]) Q[1] = D[1] XNOR D[0]; Q[1] = D[1] XOR D[0];
case 0010101011: C[1:0] - = 00; Q[2] = D[2] XNOR D[1]; Q[2] = D[2] XOR D[1];
case 1101010100: C[1:0]:=01;  |Q[3] = D[3] XNOR D[2]; Q[3] := D[3] XOR D[2];
case 0010101010: C[1:0] : = 10; Q[4] = D[4] XNOR D[3]; Q[4] := D[4] XOR D[3];
case 1101010101: C[1:0] : = 11; Q[5] := D[5] XNOR D[4]; Q[5] := D[5] XOR D[4];
endcase, Q[6] = D[6] XNOR. D[5]; Q[B] = D[] XOR D[5];
Q[7] := D[7] XNOR DI[6]; Q[7] := D[7] XOR DI[6]:

IPUG938-2.5.2E 8(29)




3 Functional Description 3.3 Port List

3.3 Port List

3.3.1 DVITX

The 1/O ports of Gowin DVI TX IP are shown in Figure 3-5.
Figure 3-5 DVI TX I/O Diagram

|_rst n

|_serial_clk

I_rgb_clk

|_rgb_vs

|_rgb_hs

|_rgb_de

|_rgb_r[F:01

|_rgb_g[70]

S S B TN TN N N B

|_rgb_b[70]

O tmds_clk_p —=

O tmds clk_n —

O trds_data p[2:0] g

O tmds_data n[2:0] pe—e

Ports vary slightly depending on the parameters.
The details of 1/0 ports of Gowin DVI TX IP are shown in Table 3-2.
Table 3-2 I/O List of Gowin DVI TX IP

Signal Name I/O Description Remarks
| rst n I Reset signal, active low. The I/O of
|_serial_clk I |_serial_clk=1_rgb_clk *5 all the

: - . signals
I_rgb_clk I Video input pixel clock takes DVI
|_rgb_vs I Video input field sync vs signal TXIP as
|_rgb_hs I Video input line sync hs signal reference.
|_rgb_de I Video input data enable de signal
|_rgb r I Video input data R component
|_rgb_g I Video input data G component
I|_rgb_b I Video input data B component
O_tmds_clk_p 0] Output TMDS differential signal clock

IPUG938-2.5.2E
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3 Functional Description

3.3 Port List

Signal Name I/O Description Remarks
positive
O_tmds_clk_n @] Output TMDS differential signal clock

negative

O_tmds_data_p @]

Output TMDS differential signal data
positive
® Channel 0 corresponds to blue

component

® Channel 1 corresponds to green
component

® Channel 2 corresponds to red
component

O_tmds_data_n @] Output TMDS differential signal data

negative

® Channel 0 corresponds to blue
component

® Channel 1 corresponds to green
component

® Channel 2 corresponds to red
component

3.3.2 DVI RX

The 1/O ports of Gowin DVI RX IP are shown in Figure 3-6.

Figure 3-6 DVI RX I/O Diagram

IPUG938-2.5.2E

|_init_clk

| =t n

| tmds clk_p

| tmd= clk_n

| tmds data p[20]

| tmds_data_n[20]

O pll lock

O pll phase[3:0

O pll_ phase lock

C mgb_clk

O mb vs

C mgb_hs

O mb de

O mb 704

O rgb_g[70

R

O rgb_b[70

Ports vary slightly depending on the parameters.
The details of I/O ports of Gowin DVI RX IP are shown in Table 3-3.

10(29)




3 Functional Description 3.3 Port List

Table 3-3 I/O List of Gowin DVI RX IP
Name /0 Description Remarks

|_init_clk I PLL initialization clock, 50 MHz. The 1/O of all
the signals

- — takes DVI
I_tmds_clk_p I Input TMDS differential signal clock RX IP as

positive reference.

|_tmds_clk_n I Input TMDS differential signal clock

negative

|_tmds_data_p I Input TMDS differential signal data

positive

® Channel 0 corresponds to blue
component

® Channel 1 corresponds to green
component

® Channel 2 corresponds to red
component

|_tmds_data_n I Input TMDS differential signal data

negative

® Channel 0 corresponds to blue
component

® Channel 1 corresponds to green
component

® Channel 2 corresponds to red
component

I_rst n I Reset signal, active low.

O_tmds_clk 0] ® This signal is valid when external
clock is used

® TMDS clock differential to single
ended signal

I_serial_clk I This signal is valid when external clock is

used.

® | serial_clk =0O_tmds_clk * 5.

® The clock phase needs to be
adjusted as required, and the default
value is 90 degrees.

O_pll_lock (@] ® This signal is valid when external
clock is not used.

® Internal PLL lock signal

O_pll_phase 0] ® This signal is valid when external
clock is not used.

® Internal PLL output clock phase

® Correspondence between value and
phase: 0:0.0, 1:22.5, 2:45, 3:67.5,
4:90, 5:112.5, 6:135, 7:157.5, 8:180,
9:202.5, 10:225, 11:247.5, 12:270,
13:292.5, 14:315, 15:337.5

O_pll_phase_lock 0] ® This signal is valid when external
clock is not used.

® Internal PLL output clock phase lock

O_datar_bf 0] Valid when Debug option is enabled, data
before word alignment, red component.
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3 Functional Description

3.4 Parameters Configuration

Name /0 Description Remarks
O_datag_bf @] Valid when Debug option is enabled, data
before word alignment, green
component.
O_datab_bf 0] Valid when Debug option is enabled, data
before word alignment, blue component.
O _rgb _clk @] Video output pixel clock
O_rgb_vs O Video output field sync vs signal
O_rgb_hs O Video output line sync hs signal
O_rgb_de @] Video output data enable de signal
O rghr (@] Video output data R component
O_rgh g 0] Video output data G component
O_rgh b 0] Video output data B component
3.4 Parameters Configuration
3.4.1 DVI TX Parameters
Table 3-4 DVI TX Parameters
No | Name Range Default Description
1 TX Clock In 10.0~80.0 40.000MHz Input pixel clock frequency
Frequency
2 IO Setting TLVDS/ELVDS | TLVDS The type of 10 buffer
3.4.2 DVI RX Parameters
Table 3-5 DVI RX Parameters
No. | Name Range Default Description
If this parameter is configured, the
1 Using External Clock Yes/No No (S)S(';edr.nglrsite\r,:l%ll Elgcgiln—esr(;fé—g;k IS
PLL.
2 RX Clock In Frequency 10.0~80.0 40.000MHz | Input pixel clock frequency
Phase Search Mode Auto/Manual Auto PLL output serial clock phase

search mode

® Auto: Automatic mode

® Manual: Manual mode, and
you need to input RX Clock
Out Phase value

0.0/22.5/45/67.5/
90/112.5/135/15

Output serial clock phase value

4 RX Clock Out Phase 7.5/180/202.5/22 | 90 when Phase Search Mode is in
5/247.5/270/292. manual mode
5/315/337.5

5 IO Delay Enable Yes/No No IO Delay enable control

6 ChannelO 10 Delay Value 0~127 Ops IO delay control

7 Channell 10 Delay Value 0~127 Ops IO delay control

8 Channel2 10 Delay Value 0~127 Ops IO delay control

9 Simulation Acceleration Yes/No No ® Debug option, simulation

acceleration.

IPUG938-2.5.2E
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3 Functional Description 3.5 Timing Description

No. | Name Range Default Description
® If simulation is needed, enable
this option. If simulation is not
required, disable this option.
10 Data Before Align Enable Yes/No No Debug option, data before word

alignment enable.

3.5 Timing Description

This section describes the timing of Gowin DVI TX RX IP.
The timing diagram of DVI is as shown in Figure 3-7.
Figure 3-7 Timing Diagram of DVI
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The timing diagram of TMDS is as shown in Figure 3-8.
Figure 3-8 Timing Diagram of TMDS

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
ssRaLCKsx £ 1 F L F 1 F 1 F 1 F1F L F1LFLFLFLFLFLFLFLFLF
TMDS_CLK_P
TMDS_CLK_N

m™osoAtAOP _ [ LT LT L L] L] N O N N I
MDS_DATAON ~ | [ | [ || L1 [1 [
DS DATALP ~ | [ L[ | 1 I [ L1 |
T™MDS DATALN _ [ | [ || LT 1 [ L1 [
os pATAZ P T | [T [ | R A O [ O O
DS DATA2 N _ [ L[ ] L] L rrr—r I

In DVI RX IP, you need to use TMDS_CLK, i.e. pixel clock, to generate five
times serial clock for sampling serial data. Correct data sampling can only be
achieved by setting an appropriate phase, as shown in Figure 3-9.

The Phase Search Mode option includes Auto and Manual.

® Auto: Users do not need to set it, it automatically searches for the proper
phase.

® Manual: Users set the PLL phase by themselves on the GUI.

In manual mode, PLL lock is the fastest, it will lock when power on, provided
that the user knows which phase is the best for data sampling. In Auto mode, PLL
lock is slower, it may take a few seconds to search; if the cable is not good, or the
signal quality is poor, it even will not search for the proper phase.
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3 Functional Description 3.5 Timing Description

Mode Recommendations

1.

First, use Manual mode to traverse all PLL phases, typically 16 or 8 phases
(the number of phases may vary depending on the device). Record the
phases where data can be sampled, VS/HS/DE signals can be parsed, and
the image can be displayed—including phases that may have noise.
Generally, there will be two consecutive phase intervals. For example,
phases from 0° to 90° and from 180° to 270°, with 5 usable phases in each
interval. Typically, the length of each phase interval is less than 7.

Note!

When traversing phases, some cases may occur, such as multiple phase intervals, which
is normal. Simply select the largest phase interval.

There may also be unusually long phase intervals exceeding 8, which may happen when
the video signal quality is very good, but this is often a case of two phase intervals
merging. Therefore, it is recommended to treat it as two separate phase intervals in
practice.

If you continue to use Manual mode, you can fix the phase to the midpoint
of the above phase intervals. For example, select 45° (the midpoint of
0°-90°) or 225° (the midpoint of 180°-270°).

If you switch to Auto mode, it's recommended to have at least 4 or more
continuous phase intervals. This is because the phases at the edges of the
interval often barely meet the sampling requirements and may exhibit noise.
A small continuous phase interval indicates poor video signal quality or an
excessively high frequency that the device may not support. In such cases,
switching to Manual mode or lowering the video signal clock frequency is
advised.

Figure 3-9 DVI RX Serial Data Sampling Diagram

Pixel data Pixel data

N e TR
Pixel clock x1 T
phase
clock out Serial clock x5

phase setting

In DVI RX IP, if the serial clock is generated using the internal PLL, the clock

tree is as shown in Figure 3-10. The frequency of input differential clock
|_tmds_clk is the frequency of pixel clock, and then it is converted from differential
to single-ended and then multiplied by 5 using the PLL to obtain hclkx5. Finally,
the output pixel clock O_rgb_clk is generated by dividing hclkx5 by 5 using
CLKDIV.

IPUG938-2.5.2E
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3 Functional Description 3.6 Recommended Reference Rates

Figure 3-10 Internal Clock Tree Diagram for DVI RX

DVI RX
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> O_rgh_de
DE -
O_rgb_g
Channel 1 LVDS_IBUF I D[7:0] >
|_tmds_data_p[1] — ——an< > ! ! 10bit | pata | 10bit co
| tmds_data_n[1]) ———— —— ol IDDELAY s IDES10 [ agn [ | Pecoder o
DE
O_rgb_r
LVDS_IBUF D[7:0] >
Channel 2 ——=——— ) )
I_tmds_data_p[2] —————— > boELay IDES10 10bit 10bit | becod Co
}—» > » Decoder
I_tmds_data_n[2] —————— L C1l
= DE
helkxs x1 O_rgb_clk
X5 _ | cLKpiv
LVDS_IBUF Lt
Channel clock - 5
I_tmds_clk_p ===-=-= >
=R PLL |
I_tmds_clk_ n —————-— > Y
x5 clk phase setting
Auto: phase search by data align module
Manual: fixed phase, set by handle

It is recommended to apply timing constraints on the relevant clocks in the .sdc
timing constraint file. For example, if the pixel clock frequency is 79.5 MHz, apply
the following constraints to the relevant clocks (the clock signal name and module
name depend on the actual names used in the project).

create_clock -name |_tmds_clk_p -period 12.579 -waveform {0 6.29}
[get_ports {I_tmds_clk p}] -add

create_clock -name O_rgb_clk -period 12.579 -waveform {0 6.29} [get_nets
{O_rgb_clk}] —add

create_clock -name hclkx5 -period 2.516 -waveform {0 1.258} [get_nets
{DVI_RX_ Top_inst/dvi2rgb_inst/hclkx5}] -add

set_clock_groups -exclusive -group [get_clocks {O_rgb_clk}] -group
[get_clocks {hclkx5}] -group [get_clocks {I_tmds_clk_p}]

3.6 Recommended Reference Rates

Table 3-6 Recommended Reference Rates for Selected Devices

Max TMDS
Device Speed Grade | Max Pixel Clock | Rate (per Stable Resolution Note
Lane)
GWI1NR-9 C6/15 65 MHz 650 Mbps 1024x768 @ 60Hz -
Standard HD
GWI1NR-9 C7/16 80 MHz 800 Mbps 1280x720 @ 60Hz (720p) support
Standard HD
GWZ2A-18 csinz 80 MHz 800 Mbps 1280x720 @ 60Hz (720p) support
GWS5AST-138 | C1/10 80 MHz 800 Mbps 1280x720 @ 60Hz | Standard HD
(720p) support
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4 Interface Configuration 4.1 DVI TX IP Configuration

Interface Configuration

You can use IP core generator in the IDE to invoke and configure
Gowin DVI TX RX IP.

4.1 DVI TX IP Configuration

1. Open IP Core Generator

After creating the project, click the "Tools" tab, select and open the "IP
Core Generator" from the drop-down list, as shown in Figure 4-1.

Figure 4-1 Open IP Core Generator

W GOWIN FPGA Designer - [Design Summary]

[E=8 Eoh =3
File Edit Project Windew Help HEE
I Start Page L AR
; g 2 Ji| @ 5 <
Process % Gowin Analyzer Oscilloscope
P 7 User Constra) " IF Core Generator Project File: D:\profGowin_DWVI_Tx%_RefDesigniprojecthdk_video.gpr]
m
7 FloorBlant $1 | Rrogrammen Synthesis Toal: GowinSynthesis
=3 | FloorPlanner
| Tirmi = | 8 "
Timing Co Timing Constraints Editer N
) Target Device
4 Synthesize B
7. Options.. Part Number: GW2A-LV18PG484C8/17
= Synthesis Repert
Series: GWW24
= MNetlist File
Dewice: GW2A-18C
4 Place & Route
Package: PBGA4G4
Place & Route Report Speed Grade: Ccai7
= Timing Analysis Report e — Y
= Ports & Pins Repert
= Power Analysis Report -
Design | Process | Hierarchy v Start Page Design Sumrmary x| ‘
Console & X
(%

Console | Message

2. OpenDVITXIP Core

Click "Multimedia" and double click "DVI TX" to open the configuration
interface, as shown in Figure 4-2.
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4 Interface Configuration

4.1 DVI TX IP Configuration

Figure 4-2 Open DVI TX IP Core

3. DVITXIP Core Port Diagram

A GOWIN FPGA Designer - [IP Core Generator] = Bl <=
L File Edit Project Tools Window Help NEE
Y-
% bS58 <
i X .
Besio) F X Target Device: | GW2A V1 BPGABACEALT =)
4 divideo - [DiprojiGowin DV, | - P
[#] ewaa-tirepeasacanr n =
arme
e “erilog Files & ASRC DVI TX |
sredi_bddvi_ber & Color Correction Matrix 1
srevgowin_rpINTMDS_rPLLy wi Calor Filter Array Interpolation Information
N s Color Space Convertor
sroitestpatterny
) B VI RX Type: DVI TX
srcwideo_top. R _
Vendor: GOWIN Semiconductor
4 Physical Constraints Files 5 EDID PROM =
dkvid " s Gamma Correction
s VIQE0.CS
. 4 PDM2PCM Summary
4 [ Timing Constraints Files & SPDIF RX
srcydk_videa.sde w SPDIF TX < The DI Tx IF is used to transmit the video timing .
< I v « il | r
Design Process | Hierarchy | | v Start Page Design Summary IP Core Generator ‘
Consale & X
[
Console | Message

On the left of the configuration interface is the port diagram of DVI TX

IP core, as shown in Figure 4-3.

IPUG938-2.5.2E
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4 Interface Configuration 4.1 DVI TX IP Configuration

Figure 4-3 Port Diagram of DVI TX IP

W IP Customization ? x
R
DVI TX 7]
General
Device: |GW2A-18 | Device Version:
Part Number: | GW2A-LV18PGABACE/I7 | Language: Verilog -
File Name: |d\ri_tx | Maodule Name: |DVI_TX_Top
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tmds_ch_p —
— | rgh ke T Options
— s
o Clock Setting
tmds_chen [
| Lrgbhe [] Using External Clack
—d 1 b e TX Clock In Frequency: |40.000 5
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a1 g i1 Generation Config
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4. General Configuration

See the project information in the upper part of the GUI. Take
GW2A-18C chip as an example, and select PBGA484. The top-level file
name of the generated project is shown in the "Module Name", and the
default is "DVI_TX_Top", you can modify it as required. The folder
generated by the IP core is shown in "File Name", which contains the files
required by DVI TX IP core, and the default is "dvi_tx ", you can modify it as
required. "Creat In" shows the path of generated folder. The default is
"\project path\ src\dvi_tx", you can modify it as required.

Figure 4-4 General Configuration

General
Device: |GW2A-1B | Device Version: |C |
Part Number: | GW2A-LV18PG484C8/17 | Language: Verilog -
File Name: ||::|1.ri_tx | Module Name: |D".FI_TK_TC|;:| |
Create In: | DyprofyGowin DV TX RefDesign'project\srcidvi ix |

5. Options

You can configure clock parameters of DVI TX in "Clock Setting" tab.
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4 Interface Configuration 4.2 DVI RX IP Configuration

Figure 4-5 Options

Options

Clock Setting

] Using External Clock
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4.2 DVI RX IP Configuration

1. Open IP Core Generator

After creating the project, click the "Tools" tab, select and open the "IP
Core Generator" from the drop-down list, as shown in Figure 4-6.

Figure 4-6 Open IP Core Generator
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File Edit Project Windew Help B EE
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7 FloorFlan - regrammer synthesis Tool: GowinSynthesis
=3 | FloorPlanner
7% Timing Ce /% Timing Censtraints Editor "
. Target Device
4 Synthesize | . .
#  Options... Part Numher: GW2A-LV18PG484C8/17
Synthesis Keport =
b Serigs: GW24a
Netlist File
Device: GW2A-18C
- Place & Route
Package: PBGA484
Pl & Route R rt
ace outs Repo Speed Grade: Ce/17
Timing Analysis Report Core Voltage: Ly
Ports & Pins Report
Power Analysis Report
Wit o Pl b
| Design ‘ Process | Hierarchy . Start Page Design Summary x| ‘
Console & X
[
Console | Message

2. Open DVIRXIP Core

Click "Multimedia" and double click "DVI RX" to open the configuration
interface, as shown in Figure 4-7.
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4.2 DVI RX IP Configuration

IPUG938-2.5.2E

Figure 4-7 Open DVI RX IP Core
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3. DVIRXIP Core Port Diagram

On the left of the configuration interface is the port diagram of DVI RX
IP core, as shown in Figure 4-8.
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4 Interface Configuration 4.2 DVI RX IP Configuration

Figure 4-8 Port Diagram of DVI RX IP
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4. General Configuration

See the project information in the upper part of the GUI. Take
GW2A-18C chip as an example, and select PBGA484. The top-level file
name of the generated project is shown in the "Module Name", and the
default is "DVI_RX_Top", you can modify it as required. The folder
generated by the IP core is shown in "File Name", which contains the files
required by DVI RX IP core, and the default is "dvi_rx ", and you can modify
it as required. "Creat In" shows the path of the generated folder. The
default is "\project path\src\dvi_rx", and you can modify it as required.

Figure 4-9 General Configuration

General

Device: |GW2A-1E | Device Version: |C |
Part Number: | GW2A-LV18PG484C8/I7 | Language: Verilog -
File Name: ||::|1.ri_rx | Module Name: |D".-‘I_R}(_T::up |
Create In: | DivprojyGowin_DVI_RX_RefDesign\projectisrcidvi_rx |
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4.2 DVI RX IP Configuration

IPUG938-2.5.2E

5. Options

You can configure clock parameters of DVI RX in "Clock Setting" tab

and can configure channel 10 delay value in "Data Setting" tab.
Figure 4-10 Options
Options

Clock Setting

[] Using External Clock

RX Clock In Frequency:
RX Clock Cut Phase: 90

Phase Search Mode: Auto w

IO Setting

[] 10 Delay Enable

Channel0 10 Delay Value: 0~
Channell 10 Delay Value: 0 -

Channel2 10 Delay Value: 0 -

Debug Setting

[] simulation Acceleration

[] Data Before Align Enable
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5 Reference Design 5.1 Design Instance 1

Reference Design

This chapter describes the usage of the reference design of Gowin
DVI TX RX IP. See the TX reference design and RX reference design for
details at Gowinsemi website.

5.1 Design Instance 1

Take DK-VIDEO-GW2A18-PG484 as an example, you can click here
for the details of the board, and the diagram is as shown in Figure 5-1.

Figure 5-1 Diagram of Reference Design 1

DK-VIDEO-GW2A18-PG484 Development Board

GW2A18

DVIRX DVITX

PC > BreseiEl :> Decoder > Encoder :> Serializer > Display

zer

In this instance, there are DVI RX IP and DVI TX IP, and the steps are
as follows:

1. The project has included the EDID_PROM module and the 128-byte
EDID file, and the recommended resolution is 1280x768.

2. The display device is connected to the PC via the HDMI3 RX interface
with an HDMI cable, and the DVI format video with a resolution of
1280x768 will be output after the PC detects the connection of the
display and recognizes the EDID information.

3. The TMDS signal of DVI is decoded by the DVI RX IP module. The
decoded data is parallel video data.

4. The DVI TX IP module is used to encode the parallel data into TMDS
signals.

5. Then output via HDMI4 TX interface. The monitor can display the
output from the computer using HDMI cable.
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5 Reference Design

5.2 Design Instance 2

When the reference design is applied to board-level test, you can
output the encoded signal to the display, or observe the data with the
on-line logic analyzer or oscilloscope.

In the simulation project provided by the reference design, BMP
bitmap is used as the test stimulus source, and tb is the top-level module of
the simulation project. It can be compared with the output images after
simulation.

5.2 Design Instance 2

IPUG938-2.5.2E

Take DK-VIDEO-GW2A18-PG484 as an example, and the diagram is
as shown in Figure 5-2.

Figure 5-2 Diagram of Reference Design 2

DK-VIDEO-GW2A18-PG484 Development Board

GW2A18

50MHz
— PLL DVITX

; :

Encoder : > Serializer > Displ
Testpattern [———— > spiay

Y

In this reference design, there is only DVI TX IP, and its steps are as
follows:

1. The pixel clock and serial clock required by DVI TX IP is generated
from 50 MHz reference clock.

2. The DVI format video with 1280x 720 resolution is output from the
Testpattern module.

3. The DVI TX IP module is used to encode the parallel video data into
TMDS signals.

4. Then output via HDMI4 TX interface. The monitor can display the
output from computer using HDMI cable.

When the reference design is applied to board-level test, users can
output the encoded signal to the display, or observe the data with the
on-line logic analyzer or oscilloscope.

In the simulation project provided by the reference design, BMP
bitmap is used as the test stimulus source, and tb is the top-level module of
the simulation project. It can be compared with the output images after
simulation.
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6 File Delivery 6.1 Documents

File Delivery

The delivery file of Gowin DVI TX RX IP includes documentation,
source code and reference design.

6.1 Documents

The folder mainly contains the user guide in PDF.
Table 6-1 Documents List
Name Description

IPUG938, Gowin DVI TX RX IP User Guide Gowin DVI TX RX IP User Guide,
namely this one.

6.2 Design Source Code (Encryption)
The encrypted code folder contains RTL encrypted code, which is
used by the GUI to generate the IP core required by users.
Table 6-2 DVI TX Design Source Code List
Name Description

dvi_tx.v The top-level file of the IP core, which provides you
with interface information, encrypted.

Table 6-3 DVI RX Design Source Code List
Name Description

dvi_rx.v The top-level file of the IP core, which provides
users with interface information, encrypted.

6.3 Reference Design

Gowin DVI RX RefDesign folder contains the netlist file, reference
design, constraints file, top-level file and the project file, etc.

Table 6-4 Gowin DVI RX RefDesign File List

Name Description

video_top.v The top module of reference design
dk_video.cst Project physical constraints file

dk_video.sdc Project timing constraints file

dvi_tx DVI TX IP project folder

dvi_tx.v Generates DVI TX IP top-level file, encrypted.
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6 File Delivery 6.3 Reference Design

Name Description

dvi_tx.vo Generates DVI TX IP netlist file

dvi_rx DVI RX IP project folder

dvi_rx.v Generates DVI RX IP top-level file, encrypted.
dvi_rx.vo Generates DVI RX IP netlist file

Gowin DVI TX RefDesign folder contains the netlist file, reference
design, constraints files, top-level files and the project folder, etc.

Table 6-5 Gowin DVI TX RefDesign File List

Name Description

video_top.v The top module of reference design
dk_video.cst Project physical constraints file

dk_video.sdc Project timing constraints file

testpattern.v Reference design file

dvi_tx DVI TX IP project folder

dvi_tx.v Generates DVI TX IP top-level file, encrypted.
dvi_tx.vo Generates DVI TX IP netlist file

gowin_rpll PLL project folder

TMDS_rPLL.v Generates phase-locked loop top-level file
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7 Appendix 7.1 DVI and HDMI Compatibility

; Appendix
7.1 DVI and HDMI Compatibility

HDMI is developed on the basis of DVI with TMDS, which is an
extension of DVI. Therefore, except for audio signals and related control
signals, DVI and HDMI are compatible on the interface.

7.2 DVI Pinout

The DVI-D connector diagram is as shown in Figure 7-1 and the pinout
is as shown in Table 7-1. When the DVI signal is single link, TMDS data 34,
TMDS data 4+ and TMDS data 5+ are not used.

Figure 7-1 DVI-D Connector

(EEEEEEEE )

\V......../{ ‘
X J
L\
N

————

DVI-D Connector

Table 7-1 Pinout of DVI-D Connector

Pin Description

TMDS data 2-

TMDS data 2+
TMDS data 2/4 shield
TMDS data 4-

TMDS data 4+

DDC clock

DDC data

No connection

0O N g W NP
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7 Appendix 7.3 HDMI Pinout

Pin Description
9 TMDS data 1-
10 TMDS data 1+
11 TMDS data 1/3 shield
12 TMDS data 3-
13 TMDS data 3+
14 +5V DC power
15 Ground (+5V circuit)
16 Hot plug detection
17 TMDS data O-
18 TMDS data 0+
19 TMDS data 0/5 shield
20 TMDS data 5-
21 TMDS data 5+
22 TMDS clock shield
23 TMDS clock+
24 TMDS clock-
7.3 HDMI Pinout

Type A HDMI connector diagram is as shown in Figure 7-2 and the
pinout is as shown in Table 7-2.

Figure 7-2 Type A HDMI Connector
No.1 No.,19

N\

/—
A
No.2 \ No.18

Type A HDMI Connector

Table 7-2 Pinout of Type A HDMI Connector

Pin Description

TMDS data 2+

TMDS data 2 shield

TMDS data 2-

TMDS data 1+

TMDS data 1 shield

OO0 WINPF

TMDS data 1-

IPUG938-2.5.2E 28(29)
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7.3 HDMI Pinout

IPUG938-2.5.2E

Pin Description

7 TMDS data 0+

8 TMDS data O shield
9 TMDS data O-

10 TMDS clock+

11 TMDS clock shield
12 TMDS clock-

13 CEC

14 Reserved

15 SCL

16 SDA

17 DDC/CEC Ground
18 +5V DC power

19 Hot plug detection
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