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Document This user guide provides basic information about using the Microtronix
Revision History Video LVDS Transmitter / Receiver IP, PN: 6246-xx-xx. The
following table shows the document revision history.

Date Description
April 2007 Initial Release — Version 1.0
September 2007 Minor updates — Version 1.1
November 2007 Minor updates — Version 1.2
January 2008 Added receive timing procedure — Version 1.3
March 2008 Added procgdure to mt_egrate the Core in a
Quartus project — Version 1.4
How to Contact E-mail
Microtronix Sales Information: sales@microtronix.com

Support Information;  support@microtronix.com

Website
General Website: http://www.microtronix.com
Downloads: http://www.microtronix.com/downloads/
Support FTP site: http://microtronix.leapfile.com

Nios Forum Website:  http://www.niosforum.com

Phone Numbers
General: (001) 519-690-0091

Fax: (001) 519-690-0092

_ Path/Filename A path/filename
E%?]?/%rnatipohrlg [SOPC Builder]$ A_cqmmand thalt shou[d be run from
<cmd> within the Cygwin Environment.
Code Sample code.
- Indicates that there is no break between

the current line and the next line.
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Features

Optimized for video applications

Single core supports LVDS transmitter and receiver functions
Support for both 28-bit and 35-bit parallel data

Supports 1, 2 and 4 link configurations

No transmit PLL clock fine tuning required

Support for OpenCore Plus evaluation

Reference Designs
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Introduction

The Microtronix Video LVDS SerDes Transmitter / Receiver IP-Core
provides a complete, easy-to-use solution to interface with a wide
variety of video host systems and flat panel displays.

The core simplifies the design of video LVDS interfaces, improves data
integrity and timing margins. For example, the Transmitter has the
unique ability to generate a LVDS transmit clock synchronous to the
video data stream thereby eliminating the need to fine-tune a PLL to the
outputted LVDS data. Similarly, the Receiver auto aligns the receive
clock to the encoded video to assure data synchronization. An easy to
use GUI enables the user to select the number of LVDS links and to
configure the number data channels for each link.

The transmitter converts 28-bit parallel data into 4 LVDS data streams
and one LVDS clock stream. The receiver converts 4 LVDS data
streams into 28-bit parallel data. Adding a fifth channel increases the
data width to 35 bits. Transmitter (and receiver) modules can be
cascaded to create dual and quad LVDS links.

The Video LVDS SerDes Transmitter / Receiver core is optimized for
Altera Cyclone Il & Cyclone Il family of programmable logic devices.
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Transmitter A block diagram of the Transmitter core is shown in Figure 1. The
LVDS transmitter signals are listed in Table 1.

LVDS Transmitter Serializer

RST _—|
TA_IN[6-0]
TB_IN[6-0] —
&
Q
n
TC_IN[6-0] £
[0)
s
©
TD_IN[6-0] o
TE_IN[6-0]
CLK_IN_x2 TxClk
CLK_IN Generator

* LVDS transmitter/output pin from FPGA

Figure 1: Block diagram of LVDS Transmit Serializer

Table 1: LVDS Transmitter signal assignments.

Signal Direction Description
RST IN Active high reset input
CLK_IN IN Clock input
CLK_IN_x2 IN Clock input x7+2
TA_IN[6-0] IN Channel A Parallel Data In
TB_IN[6-0] IN Channel B Parallel Data In
TC_IN[6-0] IN Channel C Parallel Data In
TD_IN[6-0] IN Channel D Parallel Data In
TE_IN[6-0] IN Channel E Parallel Data In
TA_OUT ouT LVDS Channel A Out
TB_OUT ouT LVDS Channel B Out
TC_OUT ouT LVDS Channel C Out
TD_OUT ouT LVDS Channel D Out
TE_OUT ouT LVDS Channel E Out
TCLK_OUT ouT LVDS Channel CLK Out
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A block diagram of the LVDS Receiver Deserializer core is shown in
Figure 2. The LVDS Receiver signals are listed in Table 2.

Receiver

LVDS Receiver Deserializer

RST S E—
""" TA_IN RA_OUT[6-0]
N TB_IN _ RB_OUT[6-0]
=== @
©
—_
------ &
TC_IN S RC_OUT[6-0]
<
)
TD_IN n RD_OUTI[6-0]
""" . TEIN RE_OUT[6-0]
ck N |
CLK_IN_x2

* LVDS receiver/input pin to FPGA

Figure 2: Black diagram of LVDS Receive Deserializer core

Table 2: LVDS Receiver signal assignments.

Signal Direction Description
RST IN Active high reset input
CLK_IN IN Clock input
CLK_IN_x2 IN Clock input x7+2

RA_IN IN LVDS Channel A In

RB_IN IN LVDS Channel B In

RC_IN IN LVDS Channel C In

RD_IN IN LVDS Channel D In

RE_IN IN LVDS Channel E In
RA_OUT[6-0] ouT Channel A Parallel Data Out
RB_OUTI[6-0] ouT Channel B Parallel Data Out
RC_OUT[6-0] ouT Channel C Parallel Data Out
RD_OUT[6-0] ouT Channel D Parallel Data Out
RE_OUT[6-0] ouT Channel E Parallel Data Out

The LVDS Receiver clock input connects to a PLL that is used to
generate CLK_IN and CLK_IN_x2 for the LVDS Deserializer. This PLL

must be instantiated by the user (see Clock Generation).
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Data Mapping Figure 3 below shows the LVDS data mapping for the transmitter and
receiver.
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Figure 3: LVDS Mapping

Design Flow The following steps describe how to integrate the LVDS SerDes
Transmitter / Receiver IP core in a Quartus project.

e  Open windows command prompt or Linux terminal window.

e Browse to the LVDS wizard directory <install_dir>/wizard.
e Start the wizard by typing java —jar mtx_Ivds_gui.jar

e Alternatively, start the wizard from the Microtronix->HD Video
LVDS Transmitter Receiver program group in the Start menu

g Microtronix

=)l

[About | Project | LVDS |

Video LVDS Transmitter / Receiver

Version 1.2

(c) 2007 by Microtronix

Build 104 - 28/01,/2008

Cancel non_selected

Figure 4: Wizard Overview
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e Click on the Project tab.

e Use the browse button to select a new project or load an
existing project.

e Select the appropriate FPGA device family (Cyclone Il or
Cyclone IIl) and speed grade.

E2 Microtronix Video LVDS

[ About ["Project | LVDS |

Project Browse

Vendor

Device lone Il

i
L

Speed Grade

Language

:
K

Cancel Generate non_selected

Figure 5: Project Tab

e Click on the LVDS tab to select the LVDS settings.

e Select the desired IP Architecture, either Transmitter or
Receiver.

e Select the number of links and channels required by the
design. Channel value represents the number of LVDS data
streams and the Link value represents the number of groups
of channels.

2 Microtronix Video LVD5

[ About | Project [[LWVDS |

Settings
wenmectws  [Rocower ||

cancel Generate non_selected

Figure 6: LVDS Tab
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Clock Generation

e Once all the appropriate options are selected, click on the
Generate button to start the LVDS IP core generation.

e The wizard writes a top level LVDS entity.
e Start Quartus Il and open the project.
e Add LVDS component to the project and connect the signals.

e Add the mtx_Ivds_package to the project files (Assignments -
> Settings -> Files). The mtx_Ivds_package is located in the
directory <install_dir>/synthesis.

e Add the directory <install_dir>/synthesis to the Quartus user
libraries (Assignments -> Settings -> User Libraries).

e Start the compilation.

A PLL is required to generate two clock inputs for the LVDS transmitter
and receiver modules. The first PLL output connects to the CLK_IN
clock. This clock has the same frequency as the PLL input clock. The
second PLL output feeds the CLK_IN_x2 clock. This clock frequency is
the PLL input clock multiplied by 7 and divided by 2. Select in the
Quartus PLL MegaWizard that the second clock (cl) must be
compensated.

On the Receiver side, the input to the PLL is the TCLK_OUT from the
transmitter. The PLL input clock pin on the FPGA must be a dedicated
clock (i.e. the general function of the pin must be that of a clock).

Figures 7 and 8 below show an example connection of both
Transmitter and Receiver respectively.

inclkl
areset

Ivdspll

TiA_OUT
T1B_OUT
TIC_OUT
TID_OUT

TICLK_OUT

co
cl
locked

nsti4 Cychone Il nzt

XX
DATAIN

Figure 7: LVDS Transmitter
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T

From Rx LVDS input clock

Assignments

Receive PLL
Adjustment

inckd -
| inchd

areset

rxclk

— RET R1A_OUTE..0]
CLK_IN R1B_OUT[E..0)

CLKINXZ  RIC_OUTIE.0]
RiA_IN R1D_OUT[5..0]

locked BCTHE

AKXXX

BHE

ARE
AHE

RIE_IN
RIC_IN
RID_IN

000

Figure 8: LVDS Receiver

When the PLL input clock is switched and the PLL loses lock, the PLL
must be reset to maintain the phase relation between the PLL output
clocks.

Before starting the compilation in Quartus the 1/O-standard for the
LVDS receiver inputs and LVDS transmitter outputs must be set to
LVDS.

LVDS receiver inputs must have a setup time (tsu) requirement of
negative one half of the LVDS bit time.

E.g. The LVDS receive clock is 74.25 MHz. The LVDS bit time is
1/(74.25MHz * 7) = 1.92 ns. The setup time requirement is -962 ps.

It is helpful to add 20-30ps of margin to the setup time to avoid timing
failures for paths that are slightly over the half bit time but still within an
acceptable range. In the example below we will use —930 ps as our
setup requirement.

To ensure that the received data bits are sampled correctly, the outputs
of the receive PLL may need to be shifted. After the first Quartus
compilation, look at the tsu (setup time) report under Timing Analyzer in
the Compilation Report window.
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a::bc lvds_top.whd | @ Compilation Report - tsu
%@ Compilation Repart
@ Legal Matice Fequired | Actual
ég Flows Summary Slack sy ks From Ta
5B Flow Settings 1 -1.903 nz|-0930 ne |0.973nz|LWD5S_Rx_0OD leds_reullmts_keds_rec
@% Flows Mon-Default Global Settir |2 -1.898 nz|-0930 ne  |0.968 n:|LYDES_Re_0OD leds_reulImbs_keds_rec
-¢SHEB Flow Elapsed Time 3 | -1.897 nz[-0930 n: |0.967 ne|LVDS_RX_EC Iwds_reul fmts_lvds_rec
&8 Flow Ln?g ) 4 -1.899 ns[-0930 ne  [0.965 ns|LYDS_R_ED lreds_reulmbs_kveds_rec
Sg% 2_'::""’5'5 B Syrthesis E | 1,892 ns|-0930ne |0.962 ns|LWDS_FiX_EC | bds_rul jmts_lvds_rec
-+ itter
E]"é[:l Acsembler B -1.891 nz[-0930 ne  [0.967 nz|LYDS_RX_0OB leds_rwul mibe_kveds_rec
=1-&H3 Timing Analyzer 7 -1.890 nz|-0.930 ne  |0.960 nz| LYD5_Rx_ED ledz_reul |mts_leds_rec
- SBEE Surmary g -1.830 ns|-0.930 ns | 0.960 n:|LVDS_RX_0OC beds_rullmts_heds_rec
-5 Settings g 1,889 nz|-0930 e |0.959 ng|LWYDES_Rx_0a leds_reulImts_keds_rec
- S5 Clock Settings Summary 10 | -1.886 nz|-0930 ne |0.956 nz|LWDS_Rx_OB leds_rwul mibe_kveds_rec
- &HE Clock Setup: tvds_rx_pll:P (99| 1,865 ns[-0.930 ne [0.956 ns|LWDS_RR_OC  Ivde_ncurTlmti_bvdls_rec
&5 Clock setups vds X PIF (951 1 54 ne[-0.930 ns [0.954 ns| LVDS_FRX_0A | bds_nou Imis_hvels_rex
gg ook st PP 18 | 1,081 rs[-0.920 s [0.967 o[ LVDS_FiX EB | ivl vl i d._res
- e ' el 14 | -1.879nz|-0930 ne |0.949 ne|LWDS_R¥_EA lreds_reud mbs_ledz_rec
- SR to 15 | -1.876 ns|-0930 ns  |0.946 ns| LVYDS_R+_EB leds_reulImbs_keds_rec
-5 th 16 | -1.874 nz|-0930 ne |0.944 nz|LWDS_R¥_EA lreds_reud mbs_ledz_rec
F= S ST W, 17 L1FRY Bl DOV A DCT L P e | A A P

Take the maximum and minimum actual tsu values and average them
to find the tsu midpoint. Subtract the desired tsu to determine the
required PLL phase shift.

E.g. In the above image;
the midpoint = (0.973 + 0.944)/2 = 0.9585 ns,
the phase shift = 0.9585 — (-0.962) = 1.92ns

Edit the receive PLL to add the output shift to both the single-rate clock
and the 7/2 clock.

[ 0 > [ckei]

£l - CorefExternal Output Clack

wds_rx_pll #Able o implement the requested PLL
nc“‘nm inclkd) frequency: 74.250 MHz °1 1 sz this dock
ares: Operation Wade: Nommal ° ~Clack Tap Settings
locke: Requested settings Actual settings
Entter output clock frequency: 100,0000000 259,575000
s Enter output clock parameters;
Cyelane 1l Clack multiplication Fackor 7 7
lock division Factor z
Clock phase shift 1.92 1.92
Clock duby cycle (%) 50,00 50,00
More Details ==
Per Clock Feasibility Indicators
’V 0 cl c2

In cases where the PLL phase shift is close to or greater than an LVDS
bit time, the Quartus timing analyzer will add one period of the 7/2 clock
to the reported setup time. Adjust the tsu requirement by adding one
period of the 7/2 clock.

E.g. -0.93ns + 1/ (7 * 74.25MHz / 2) = 2.92ns
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Resource

Requirements

3@0 lvds_top.whd

| @ Compilation Report - tsu

%@ Compilation Repart
] Legal Motice i
g Flogw Summary Slack ::S!Equued aitual Frarn To
- ¢SHEE Flow Settings 1 0023 ns |2920 ne 2897 ne| LVDS_Re_0D leds el mts_lvds rec
- ¢=pEE Flow Non-Default Global Settir [2 | 0028 ns |2.920ns  |2892 ng|LYDS_Rx_0D beds_reul Intw_lwds_rec
B Flow Elapsed Time 3 | 0029ns 2920k 2891 ng|LVDS_RR_EC  [leds_neulimts_lvds_rec
é Flow Log 4 003 ng 2920 ne | 2889 nz| LWVDS_R=_ED leds_rul Imbs_lwds_rec
D"ég Analysis & Synthesis 5 | 0038 ne |2920ns | 2886 ng|LVDS_RX_EC  |beds_neulimis_bvds_rec
Ei:gm zijmuer B | 00%ns [2920rs | 2886 ns| LVDS_AX OB |bvdls neullmt_bods_ree
E--@'ﬁ Timing Analyzer 7 0036 ns 2920 ne | 2884 nz|LWVDS_R=_ED leds_reul Imits_lwds_rec
- SEE summary 8 0036 ng |2920 e | 2884 ne|LVDS_RX_0OC Ieds_reulmbs_keds_re
(5B Settings 9 0037 ns 2920 ne | 2883 ne| LVDS_Re_0A leds_rzul mts_lvds_rec
¢y Clock Settings Summary 10 | 0040 ne 2920 ne | 2880 ne| LVDS_Rx_0OB ledz_recul Imits_lwds_rec
&S Clock Setup: vds_rx_pll:F (59| 0041 ns [2920ns | 2879 ne|LVDS_RX_OC | bvds_neulImt_leds_re
G Clock Setup: vds_rx PP (35| 0042 ns [2520ns | 2878 ns|LVDS_RX_D& | Ivds_nwullmb_vds_rec
::g% E:EE:: :E:j ::gz—:ij::gt: 13 | 0.045ns |2920ns | 2875 ns|LVDS_FX_EE | beds_rul Imts_lvds_rec
@% te ’ - ’ 14 | 0047 ns 25920 ne | 2873 nz|LVDS_R=_EA leds_rzoul Imts_lwds_rec
@% teo 15 | 0080 nz |2920ns  |2870 ne|LWDS_R=_EB leds_reul Imits_lwds_rec
@% th 16 | 0062 ne 25920 ne | 2868 ne|LVD5S_Rx_EA lwdz_rulfmts_lwds_rec

Table 3 shows the typical size in logic elements (LE) for the various
video LVDS modules. The actual number of logic elements may vary
depending on the device family and Quartus settings.

Table 3: FPGA Resource requirements.

Module (=
LVDS Transmitter 255
LVDS Receiver 260
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Simulation A precompiled simulation library is provided for performing simulations
using ModelSim. The library is located in the <install_dir>/simulation
directory. Perform the following steps to simulate your design with the
video LVDS modules.

1. Launch ModelSim

2. Map the sdram memory controller library. At the ModelSim
prompt type;
vmap mtx_lvds <install_dir>/simulation/mtx_Ivds

If you use a newer version of ModelSim, you must refresh the
precompiled library. At the Modelsim prompt type;
vcom —refresh —work mtx_Ivds

3. Compile all of the design files

4. Start the ModelSim simulation by typing;
vsim —t ps —L mtx_lvds <top_level>

Verification The video LVDS module has been verified on Microtronix Cyclone Il &
Il development boards. Table 5 shows the hardware tested platforms
and supported memory devices.

Development Board Altera Device

ViClaro Il EP3C120F780C7

ViClaro Il EP2C35F484C6
ViClaro EP2C20F256C7
Vivien EP2C5T144C6

Table 5. Hardware Platforms
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Installation Follow these steps to install the Microtronix video LVDS modules on
your computer.

1. Insert the Microtronix video LVDS modules Installation CD into
your CD-ROM (or equivalent)

2. The setup program for the package should start. If it doesn't,
browse to the CD using Windows Explorer and double-click on
the setup icon.

3. Follow all the prompts. The setup program will attempt to auto-
detect the installation location of the Quartus Il. Please correct
the specified paths if the setup program doesn't or incorrectly
detects them.

License

A valid IP core license is required from Microtronix to generate
program files incorporating the video LVDS IP-cores. These licenses
are generated based on a NIC or Guard ID supplied by the user. They
can be either server or workstation based.

After purchasing a license you receive your license file. Copy the
license file (license.dat) to your current Quartus license file and the
video LVDS (CC21 _6246) will show in the Quartus License Setup
(Tools->License Setup).

With the free OpenCore Plus feature the video LVDS can be evaluated
in real hardware. An evaluation license from Microtronix is required for
OpenCore Plus compilation.

Please contact Microtronix for licensing details.
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