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Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
products for any particular purpose. All information herein is provided AS IS, with all faults, and all associated risk is the responsibility entirely of the
Buyer. The information provided herein is for informational purposes only and may contain technical inaccuracies or omissions, and may be otherwise
rendered inaccurate for many reasons, and Lattice assumes no obligation to update or otherwise correct or revise this information. Products sold by
Lattice have been subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test
and verify the same. LATTICE PRODUCTS AND SERVICES ARE NOT DESIGNED, MANUFACTURED, OR TESTED FOR USE IN LIFE OR SAFETY CRITICAL
SYSTEMS, HAZARDOUS ENVIRONMENTS, OR ANY OTHER ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE, INCLUDING ANY APPLICATION IN
WHICH THE FAILURE OF THE PRODUCT OR SERVICE COULD LEAD TO DEATH, PERSONAL INJURY, SEVERE PROPERTY DAMAGE OR ENVIRONMENTAL
HARM (COLLECTIVELY, "HIGH-RISK USES"). FURTHER, BUYER MUST TAKE PRUDENT STEPS TO PROTECT AGAINST PRODUCT AND SERVICE FAILURES,
INCLUDING PROVIDING APPROPRIATE REDUNDANCIES, FAIL-SAFE FEATURES, AND/OR SHUT-DOWN MECHANISMS. LATTICE EXPRESSLY DISCLAIMS
ANY EXPRESS OR IMPLIED WARRANTY OF FITNESS OF THE PRODUCTS OR SERVICES FOR HIGH-RISK USES. The information provided in this document
is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any products at
any time without notice.

Inclusive Language

This document was created consistent with Lattice Semiconductor’s inclusive language policy. In some cases, the language in underlying tools and
other items may not yet have been updated. Please refer to Lattice’s inclusive language FAQ 6878 for a cross reference of terms. Note in some cases
such as register names and state names it has been necessary to continue to utilize older terminology for compatibility.
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Abbreviations in This Document

A list of abbreviations used in this document.
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Abbreviation

Definition

BGA

Ball Grid Array

LVCMOS Low-Voltage Complementary Metal Oxide Semiconductor
LVDS Low-Voltage Differential Signaling
PCB Printed Circuit Board
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Sub-LVDS Signaling Using Lattice Devices :..LATT’CE

Technical Note

1. Introduction

Sub-LVDS is a reduced-voltage form of LVDS signaling. This technical note summarizes the main differences between
sub-LVDS and LVDS, to show how Lattice FPGA devices can support the sub-LVDS I/O standard. This knowledge can be
applied to the Lattice data sheets to confirm compatibility when selecting 1/0 types to implement sub-LVDS solutions
with Lattice devices.
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2. Differences between LVDS and Sub-LVDS Signals

The following Lattice devices include the LVDS 1/0 types:
ECP5™/ECP5-5G™

LatticeECP3™

LatticeXP2™

Machxo2™

MachXo3L™
MachXO3LF™

Lattice Nexus™ platform
e  CrossLink™-NX

e  CrossLink™-NX-33

e  CrossLinkU™-NX

e  Certus™-NX

e  CertusPro™-NX

e MachXO5™-NX family

Lattice Avant™
Lattice Nexus 2

Sub-LVDS is different from LVDS in which the differential and common mode signal levels are reduced. A sub-LVDS
output driver can directly drive an LVDS input buffer with sufficient margin, such as those found on Lattice FPGAs, as
shown in Figure 2.1.

LatticeXP2 Lattice Nexus
LatticeECP3 platform
MachX02 Lattice Avant
MachXO3L/LF Lattice Nexus 2
MachX03D

ECP5/ECP5-5G
MachX05 family

Sub-LVDS Output P(CB Traces, Connectors or Cables

T Z=50 _ T
+
RT=100Q

100 Q differential + 1%*

Set 1/0 type to:
LVDS, HSTL18D,
or LVCMO0S18D

v

A

Off-chip | On-chip
* The LatticeXP2, LatticeECP3, MachX02, MachXO3L/LF, MachX03D, ECP5/ECP5-5G, Lattice Nexus platform, MachX 05 family and Lattice Avant
devices can be configured to do the 100 Q termination on-chip.

Figure 2.1. Sub-LVDS Output Driving a Lattice Device Input
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Table 2.1 shows sub-LVDS output signal voltages, and the Lattice device LVDS input specifications. The table below
shows that the Lattice device LVDS inputs can receive sub-LVDS output signals. The first column, labelled “”

Table 2.1. Sub-LVDS Output Signal Voltages and LVDS Input Specifications

. N“I’;‘:;(XO%ZL/ MachXO3L/LF| Lattice
Sub-LVDS ECP5-5G |LatticeECP3 LatticeXP2 MachXO3LE MachX02 and Nexus | Avant | Nexus
Output LVDS | LVDS Input LVDS and HSTL18D_I| MachXO03D | Platform| LVDS | 2 LVDS | Unit
Characteristic Input Input LVCMOS18D | LVDS Input | Input
Input MachX03D T e
LVDS Input
Common
Mode
0.75 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.03 — \%
Voltage
Min (Vcm)
Common
Mode
1.05 2.35 2.35 2.35 2.0 1.1 1.1 1.55 1.4 — \
Voltage
Max (Vcm)
Differential
Voltage 100 100 100 100 100 100 100 100 250 — mV
Min (Vod)
Differential
Voltage 200 2400 2400 2400 2050 1105 1105 1600 450 — mV
Max (Vod)

In some instances, an LVDS receiver is expected to detect signals below the sub-LVDS minimum differential output level
of 100 mV. Based on simulation and characterization tests, the LVDS inputs for LatticeXP2, LatticeECP3, and
ECP5/ECP5-5G family devices can detect differential signal levels down to 70 mV. Figure 2.2 shows a typical simulation
waveform of an ECP5/ECP5-5G device, a LatticeECP3, and a LatticeXP2 differential input buffer that is able to properly
detect the input differential at 70 mV. Figure 2.3 and Figure 2.4 show a similar hardware test condition that shows the
input and output signals associated with the differential input voltage at 70 mV.

Figure 2.2. Typical Differential Input Simulation Waveform
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20.0 m¥idiv 20.0 m¥idiv 1.00 ns/div
0.00 m¥ ofst 1008 10GS
7763 ki
¥1= 409ns AX= -90ps
3313 mY -31.59 mv
ok -32.‘?;4 g\f X2= 4.00ns 1/aX= -11 GHz
-750 pY

7/8/2010 5:34:38 PM

Figure 2.3. <70 mV Differential Input Waveform for Hardware Test

A
Measure P1:rise2080(C3) P2:fall8020(C2) P3i--- P4:- - - P&--- PEi- - - P7i--- P&i- - -
value 758 ps 470 ps
status A v

50.0 m¥/fdiv 50.0 m¥fdiv
0.00 m¥ ofst 0.00 m¥ ofst
1.625 kit 1.625 kit

A0 SmY f----  -101.5mY
105.0 m¥
206.5 mV

6/18/2010 7:23:28 PM

Figure 2.4. Typical Differential Output Waveform > 200 mV from Hardware Test
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When configured as an HSTL18D input, LatticeECP3 and LatticeXP2 devices have the same input differential and
common mode performance as the LVDS input type. As a result, HSTL18D can be set in the Lattice design software to
represent a sub-LVDS input. On the MachX02, the HSTL18D inputs have a different specification compared to the LVDS
inputs. For the MachXO3L and MachXO3D devices, it would be the LVCMOS18D inputs that supports the sub-LVDS
specifications. See Table 2.1 for values and IO_TYPES to be used for each of the devices.

Sub-LVDS, like LVDS, requires 100 Q termination at the receiver but does not specify that the termination is internal or
external to the receiver. Avant, the Nexus platform, and ECP5/ECP5-5G devices have internal 100 Q differential
termination that the user can select. The LatticeECP3 device has built-in differential termination with selectable values
of 80, 100, 120, or off. The internal differential 100 Q terminations are only available for inputs on the left and right
sides of the device. See LatticeECP3 Family Data Sheet (DS1021) for additional information about on-die termination.
The MachX02, MachXO3L/LF, and MachXO3D devices support on-chip 100 Q (nominal) input differential termination
on the bottom edge. The LatticeXP2 device has no internal input termination, so it requires external 100 Q differential
input terminations. When external termination is used, the resistor should be either 0402 body size or surface mount
resistor packs, placed as close as possible to the input BGA balls on the device.

If you would like to generate sub-LVDS output signals using LatticeECP3 and LatticeXP2 devices, it is recommended to
set the 1/0 type to SSTL18D I, and add the resistor network shown in Figure 2.5 to emulate a sub-LVDS output type.

Lattice XP2

Lattice ECP3
ECPS/ECP5-5G

Lattice Nexus platform
MachX05-NX

Lattice Avant

LatticeNexus2  yvCQO=+1.8V

PCB Traces, Connectors or Cables Sub-LVDS Input

1
1
1
[}
[}
[}
[}
[} - -
1 e i
1 Z,=50
1 Rs=267 Q*1%
1 .
+ T MWy +
[}
[}
| Rp=1210:1% 100Q differential RT=100 0 +1%
]
— ; MV -
| Rs=267 Q1%
1 Z,=50
1 = =
PR ]
= 1
Set I/0O type to: :
SSTL18D_II 1
- “— | —r
1
On-chip : Off-chip

1

Figure 2.5. Lattice Device Generating a Sub-LVDS Signal Level — LatticeXP2, LatticeECP3, ECP5/ECP5-5G, Lattice Nexus
Platform, Lattice MachXO5-NX family, Lattice Avant, and Lattice Nexus 2
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PCB Traces, Connectorsor Cables Sub-LVDS Input

1
1
1
1
1
vVCdo =+1.8V :
1 - -
1 —_— —_—
1 Zp=50
1 Rs=267 Q+1%
1 °
+ i MWy +
1
1 ~ _
: Rp=121Q *1% 100 Q differential RT=100 Q £1%
1
- i WV -
1 Rs=267 Q +1%
1 Zp=50
1 = =i
—1 1
— 1
=0 !
1
MachX02: Set I/O Type to — : e
SSTL18D_l or HSTL18D_| 1
(Fast Slew, 8 mA Drive) On-chip : Off-chip
L]
MachX O3L/LF and MachX03D:
Set 1/0 Type to
LVCMOS18D

(Fast Slew, 8 mA Drive)

Figure 2.6. Lattice Device Generating a Sub-LVDS Signal Level — MachX02, MachXO3L/LF, and MachXO3D

The resistor network shown in Figure 2.5 and Figure 2.6 can produce Vod = 156 mV at the RT termination. Table 2.2
lists various resistor values that can be used to produce other output voltage levels smaller or larger than 156 mV,
while maintaining a 100 Q differential source termination.

Table 2.2. Sub-LVDS Output Voltages for Rs and Rp 1% Resistor Values

Vod (mV) Rs (Q) Rp (Q)
104 412 113
136 309 118
156 267 121
174 237 124
207 196 130

The Vcm value for the network shown in Figure 2.5 and Figure 2.6 is half the VCCIO voltage by default. The Rp and Rs
resistors should be placed as close as possible to the Lattice device output pins and should be either 0402 body size or
surface mount resistor packs with minimal stub length traces to the resistors.

If you need the lowest common mode output noise, you can get the best performance with the output resistor
network shown in Figure 2.7 and Figure 2.8. The main difference being that the original Rp resistor has been split into
two resistors of value one-half Rp each with their center connection to a floating, or a 0.9 V VTT, plane island that is
itself bypassed to the GND plane. The GND plane should cover the entire extent of the PCB with no major line or area
breaks in the plane.
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Sub-LVDS Input

SSTL18D_II

On-chip Off-chip

Lattice XP2

Lattice ECP3

ECP5/ECP5-5G 1

Lattice Nexus platform :

MachX05-NX i VTT= 409V

Lattice Avant 1

Latt;ceNexustcc'O: .8V : PCB Traces, Connectors or Cables
| Rp=604041% = =
1 Z,=50
: Rs=267 Q+1%

+ i W
1
I -
! 100 Q differential RT=
1
— t MWV
| Rs=267 Q1%
] [ z=50 1
e | Rp=60.40+1%] VIT=+09V - :
TO :
Set I/0 type to: ! VIT=+0.9V C2
< : » S In

1
1
1

100 Q +1%

Figure 2.7. Lattice Device Generating a Low Noise Sub-LVDS Signal — LatticeXP2, LatticeECP3, ECP5/ECP5-5G, Lattice
Nexus Platform, Lattice MachXO05-NX family, Lattice Avant, and Lattice Nexus 2

VIT =+0.9V
VCAO =+1.8V
Rp=60.40Q+1%

Rs=267 Q1%

PCB Traces, Connectors or Cables

Sub-LVDS Input

e

RT=100Q +1%

+ MWV
100 Q differential
- 4%
Rs=267Q+1%
Zp=50
A Rp=6040%1%] VIT=+09V ~ -
~o
VIT =+0.9V c2
MachX02: Set /O Typeto 4 lr in

v

<4

SSTL18D_l or HSTL18D_|I

(Fast Slew, 8 mA Drive) On-chip Off-chip

MachXO3L/LFand MachXO3D:
Set 1/0 Type to

LVCMOS18D

(Fast Slew, 8 mA Drive)

Figure 2.8. Lattice Device Generating a Low Noise Sub-LVDS Signal — MachX02, MachXO3L/LF, and MachX03D

© 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-TN-02028-2.6

11


http://www.latticesemi.com/legal

Sub-LVDS Signaling Using Lattice Devices :..LATT’CE

Technical Note

References

e  ECP5 and ECP5-5G Devices Web Page
e LatticeECP3 Devices Web Page

e LatticeXP2 Devices Web Page

e  MachX02 Devices Web Page

e  MachX03 Devices Web Page

e  CrossLink-NX Devices Web Page

e  Certus-NX Devices Web Page

e  CertusPro-NX Devices Web Page

e MachXO5-NX Devices Web Page

e Lattice Avant Devices Web Page

e  Lattice Nexus 2 Devices Web Page

e Lattice Insights for Training Series and Learning Plans

© 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-TN-02028-2.6 12


http://www.latticesemi.com/legal
https://www.latticesemi.com/en/Products/FPGAandCPLD/ECP5
https://www.latticesemi.com/en/Products/FPGAandCPLD/LatticeECP3
https://www.latticesemi.com/en/Products/FPGAandCPLD/LatticeXP2
https://www.latticesemi.com/en/Products/FPGAandCPLD/MachXO2
https://www.latticesemi.com/en/Products/FPGAandCPLD/MachXO3
https://www.latticesemi.com/en/Products/FPGAandCPLD/CrossLink-NX
https://www.latticesemi.com/en/Products/FPGAandCPLD/Certus-NX
https://www.latticesemi.com/en/Products/FPGAandCPLD/CertusPro-NX
https://www.latticesemi.com/en/Products/FPGAandCPLD/MachXO5-NX
https://www.latticesemi.com/en/Products/FPGAandCPLD/Avant-E
https://www.latticesemi.com/Certus-N2
https://www.latticesemi-insights.com/

Sub-LVDS Signaling Using Lattice Devices :..LATT’CE
Technical Note

Technical Support Assistance

Submit a technical support case via www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at
https://www.latticesemi.com/Support/AnswerDatabase.
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