s LATTICE

CrossLinkPlus sysl/O Usage Guide

Technical Note

FPGA-TN-02108-1.1

September 2019



CrossLinkPlus sysl/O Usage Guide :.'LATTICE

Technical Note

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 and with all faults, and all risk associated with such information is entirely
with Buyer. Buyer shall not rely on any data and performance specifications or parameters provided herein. 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. No Lattice products should be used in conjunction with mission- or safety-critical or any other application in which the failure of Lattice’s
product could create a situation where personal injury, death, severe property or environmental damage may occur. 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.

© 2019 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.

2 FPGA-TN-02108-1.1


http://www.latticesemi.com/legal

=LATTICE

Contents
ACTONYMS N THiS DOCUMENT ... . .iiiiiciiiiecieee ettt e e ettt e e ettt e e e sttt e e e s treeessasseeessaeeeassteeeaasssaeesssaeeeanssseesanseaeesssaneeanseeesanssnsesnssnens 5
R [ o T ¥ ot o o TR 6
2. SYSI/O BUITEI OVEIVIEW ....eiiteeevei ettt eetee ettt e tee et e ee e eete e eeteeeetesestseeebesesbeeebeseasaeenbeseseeentesesaeanbesenseesateseseesnteseseesnts 6
T UTe oo o =Te VA V@ ] = o £ o KOOSR 7
4. SYSI/O BaNKING SCREME......iiceieeeieece ettt e e e et e e st e e e be e s beeeabeesabeeeabeesebeaeaseesabeeeaseesabeassbeestbeesaseesabeeanreens 8
4.1. VEE (1.2 V) ettt ettt et ettt e ettt e e e b et bt e bt e b ee e b et e bt e e bt e e bae et et e baeebee e beeebee e beeebeeenraeenres 8
4.2. V0 (1.2 V/L1.8 V/2.5 V/3.3 V) ettt ettt ettt ettt e et s s ae e ae et s sae s st e s se et e enteentaessesseesseesseensesnseaneenns 9
4.3. VICCAUX ottt ettt et s e sttt e st e s te e s be e sabe e sabeesabe e sabeesabee s e beesabeesabeesab et e a bt e eabeesabaeeabeeeabaesabeeebbeeabee e baeeabaeenbaeenreas 9
4.4, D-PHY External POWEr SUPPIIES (1.2 V) c.uuiiieeiiieeie et eete sttt e ettt e ste et e e stteesaae s aaeesaaeesaaeessaeessaaenaeessaeesaeesaannnnas 9
5. SYSI/O BUFfEr CONFIGUIATIONS ...eocvieiieieiiee ittt ccte ettt et eete e et eetaestaesaeesbeeseeabeeaseeaeeebe e beenbeeabeeasesasesasesseenseensesnsenns 11
5.1. Programmable PULLIMODE SETEINES.....cccutiiiiiieiiiiiieeiee ettt ettt ettt et ettt et e it e it e sitessae e e ssteesneeesaneesneeens 11
5.2. OULPUL DFIVE SErENELN ...ttt e e et e e e et e e e e st e e e eebbeeeetbeae e sbaeeeesbseeesbaaeesstasesanssaeesssnans 11
5.3. (0] oY= o BB - 13 W o] 0] 4 {o] H R USSR 11
5.4, DiffEr@ntial 1/O SUPPOIT «.oocveeeieeetee et et ectte et e et e et e e steeeete e e baeeebaeesabeeebeeessbeeseeessseessseessseensseessseensseesssaennseens 11
5.5. (00T 0] o] 1=l 0 T 0 =L A @ LU o TV SR 12
5.6. (@] g @ o 1 T =T 4110 =1 Lo T o SR 12
5.7. (e T={ = Taa o g b= o] 1Sl [T o1Vl L] - 1Y PSR USNt 12
5.8. SEANADY et e b e bt e b et e bt e b e e e bt e e bbe e bt e e bee e be e e abae e beeenneeneas 12
5.9. MIPT D-PHY SUPPOIT ..ttt ettt sttt e s e s e e e s sba e e e e mb e e e s eabae e s snaeessanreeesannns 13
6. SOTEWAIrE SYSI/O ALEIIULES ...oeeceiiicieeciec ettt ettt e b e et e e te e e eteeebee e beeebesebeeenbesebeesnbesesaeensesensaeenseas 14
6.1. 1@ T 1 USSR 14
6.2. PULLMODE ...ttt ittt ettt ettt sttt et e st st e sttt s bt e e be e s bteeabee e bt e ebe e e bt e eabteesbteenbte e st eenaeeensbeenaseesstaenseeens 14
6.3. OPENDRAIN ...ttt ettt ettt ettt ettt ettt e bt e e s bt e e bt e e bt e e bt e e be e e bt e e bt e eabe e e be e e bt e esbeeaseeeabeesabeeenbbeenbeeesbesnseeeneesnsees 15
6.4. DIFFRESISTOR ... iutteette et ettt ettt et e ettt e sttt s bt e sttt e bt e e bt e e bt e e be e e be e e bt e e beeeabeeesbbeeae e e st eenaeeesnbeenneeesnteennneens 15
6.5. L N YIS ] 1N 15
6.6. DIN/DOUT oot eeteeetee et eete e et e et e eete e e te s esteeebeseeteeebesesaeeeebeseebeeeaseseeseeeesesessseensesessseeesssessseenseeessseensseesaseenseeens 15
6.7. 0 LTRSS 15
N B 1T F-d o I Y=Tole Y0 0] 0 gT=T 0o =) 4 [o o 3PP UPUPRRRPRt 16
7.1. BANKING RUIES ...ttt ettt e e e sttt e e e et e e e tta e e e sataeeeeasteeesaaaeeesteseeasseaeesassaseasstasesanssesesnssaeeansseeeannsns 16
APPENIX A, HDL ATEIIOULES ..ottt et e et e e e et e e e e etaeeesabaee e e steeesssaeeeaassaeeenssaeesasssaeassseeeeanstaeesnsseens 17
VHDL SYNPIITY Pro @Nd LSE ....ccoieiiieceieeectiee et e sttt s sttt e e ettt e e st e e e sata e e e essteeesenseeeesnsaeeeassseeessseaeesnsaeeeanteeesnnseaesanseeeaans 17
Verilog SYNPIifY Pro @nd LSE ......coouii ittt ettt st e ettt s et s bt e sttt s bt e s bt e s baesabeeebeesabeesasaesabeeebeesaneas 19
Appendix B. sysl/O Attributes Using Spreadsheet View User INTErface .........coeveireririrenineneniecseree et 20
(2 0] =T = g Tl YRS 21
TeChNICAl SUPPOIT ASSISTANCE ......vviieeiiiee ettt e e ettt e e ettt e e ettt eeeebeeeeestteeeeeasaeaeasbaseeanssaeeasssaaeassaseeanssaeeassaaeeasteeenannes 22
REVISION HISTOIY ciiiiiiiiiiiiiiic et e e e e e e e e et et et e e et et et e e et e e et e e e e et e e eeeeeeeaeeateeeeesesanenanans 23

www.latticesemi.com/legal


http://www.latticesemi.com/legal

=LATTICE

Figures

FIGUIE 4.1, SYSI/O BANKING ...veeivietierieiecee et e et eteeete ettt e et e ete e be e be e beeabesasesteesteesbeesseenseesseeasaessanbeenbsenbeeasesasesasesteeseenseenseenns 8
Figure 5.1. MIPI Primitive SYMDO.......coiiuiiiiiiiitiee ettt st ettt s et e st e et esab e e sabeesabeesabeesabeesaneesanes 13
Figure B.1. Port Attributes Tab of SPreadsh@et VIEW .........c..ei ittt e e e e eaneas 20
Tables

Table 3.1. SiNgle-ENded /0 STANAAIAS .....cceecvieiieeiieiecee sttt et ettt e e te e teebeebeeabeetaesteesteesbeenseeasestsessseteeteenbeensesanesaees 7
Table 3.2. DIfferential 1/O StANAAIAS ........ccoveieiiiiieeeee ettt ettt ettt eetee e eteeeetee e s veeeaeeesaveeesaeesabeeesseesareeesseesaseeesseesareenseeees 7
Table 4.1. CrossLINKPIUS FPGA POWET SUPPIES. ... .eeiiuiiiiiieiieiiiee ettt ettt ettt et e st e e sab e e it e e smbeesseeesaneesneee e 9
Table 4.2.1/0 Standards Supported by VarioUs BAnKS ...........ccveeiiiiiieeiiieeieeeeieeeeteeeeteeesteeeeteeesteeeeteeestaeeetesestaeesesesseeeseen 10
Table 5.1, LVCIMIOS DIV VAlUES.....cuiieiiiiiieciet et eiessstteeiessstee et s s staeste e esaaesbe s ebaesbeeebaeenbeeensaeenseessaeensassnsaesnsessnsaeensenan 11
TADIE 5.2, IMIIPT POIt LISt .cceuuiiiiiieititeitie ettt eitte ettt ste e bt e st e s be e eabe e s bt e s abe e e baesabeesabaeeabeesbaeeabeeenbaeenbeesabaesabaesbaesnbaesbaesnseean 13
Table 6.1. IO_TYPE AttriDULE ValUBS ...c.ueiie ettt ee et e et e e e e e e et e e e e eaet e e e sasaeeeesstaeesansaaeesasaeaeanstaeesnnsseeesnssnaaan 14
TabIe 6.2, PULLIMODE SEEHINGS ..eeeevieieieiieeeiitieeeeiiesesetteeesieeeesstteeeseataeeessaeeaaaseeesassseeessseeeassseessasseeeesnsseassnssesesnseeessssseennn 14
Table 6.3. PULLIMIODE SETEINES ....veiittieitieiieetee ettt ettt ettt ettt s e e sbte s bt e e bee e bt e e bt e sabe e ebeeeabeeebeesabeeebaesabeeebeesareean 14
Table 6.4. Open Drain ATErDULE ValUES .......ooiiiiiiieie ettt ettt et b e s bee s bt e bee s b e e beesaree s 15
Table 6.5. DIFFRESISTOR VAlUES ...ccccuiiiiiiiitieeiet ittt eieeesteeeiesssieeetessstaesbesessaesbesebaeebeseseeanbeessaeenseesseeensassnssesnsessnseesnsenn 15
Table 6.6. Hysteresis ATIIDULE VAIUES...........uuii ettt e e et e e e et e e e e tte e e seabaeeesabaeaeensteeeenasaaeesasanaaan 15
Table A.1. VHDL Attribute Syntax for SYNPlify ... e e e eare e st e e e eare e e enraeeesanaeaeas 17
Table A.2. Verilog Synplify ATErULE SYNTAX ....ceiciiiiiciee et s e e s e e et e e e e eata e e e satreaesssreeeennsaaeesnneeeaan 19

www.latticesemi.com/legal


http://www.latticesemi.com/legal

=LATTICE

Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

DRC Design Rule Check

DDR Double Data Rate

GPIO General Purpose Input/Output

GUI Graphical User Interface

HDL Hardware Description Language

12C Inter-Integrated Circuit

LSE Lattice Synthesis Engine

LVCMOS Low Voltage Complementary Metal Oxide Semiconductor
LVDS Low-Voltage Differential Signaling
LVTTL Low Voltage Transistor-Transistor Logic
PIO Programmable Input/Output

VHDL VHSIC Hardware Description Language
VHSIC Very High Speed Integrated Circuit
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1. Introduction

The Lattice Semiconductor CrossLinkPlus™ device family features programmable sysl/O™ buffers that support a wide
range of interfaces. The sysl/O buffers enables you to easily interface with other devices using advanced system 1/0
standards.

This technical note describes available sysl/O standards and how they can be implemented using Lattice Diamond®
design software.

2. sysl/O Buffer Overview

The key features of the sysl/O block are:

e Support for both differential and single-ended standards.

e Programmable weak pull-up on all banks.

e  Support for on-chip programmable pull-up resistor for I2C. 3.3 kQ, 6.8 kQ, and 10 kQ in Bank 0.
e Support for on-chip dynamic differential input terminations on Bank 1 and Bank 2.

e Input Hysteresis on all LVCMOS33/LVTTL33, LVCMOS25, and LVCMOS18.

e Programmable Open Drain on all outputs.

e ucfBGA64 Package - Bank 1 and Bank 2 are in groups of 10 and 12 I/O respectively or 5 and 6 LVDS I/O pairs
respectively that support True-LVDS output driver, differential input comparator, and differential termination
resistor per 1/O pair. Both single-ended and differential LVDS drivers can be tri-stated.
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3. Supported sysl/O Standards

The CrossLinkPlus sysl/O buffers support both single-ended and differential standards on Bank 1 and Bank 2. Bank O
supports all the configuration pins and general purpose single-ended 1/0. Table 3.1 lists the sysl/O standards supported
in CrossLinkPlus devices.

Table 3.1. Single-Ended 1/0 Standards

Standard Vcao Input Output Bi-directional

LVTTL33 3.3 Yes Yes Yes
LVCMOS33 3.3 Yes Yes Yes
LVCMOS25 2.5 Yes Yes Yes
LVCMOS18 1.8 Yes Yes Yes
LVCMOS12 1.2 No Yes* No

*Note: For Bank 1 and Bank 2 only.
Table 3.2. Differential 1/0 Standards

Standard Input Output Bi-directional
LVDS Yes Yes No
subLVDS Yes No No
MIPI (D-PHY) Yes (HS-RX, LP-RX) No* Yes (LP)
SLVS Yes No* No
LVCMOS25D Yes Yes Yes
LVCMOS33D No Yes No
LVTTL33D No Yes No

*Note: These output standards are supported by the hard MIPI D-PHY blocks on CrossLinkPlus, but not the programmable I/0.
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4. sysl/O Banking Scheme

CrossLinkPlus devices have three banks at the bottom and two MIPI® D-PHY banks at the top of the device as shown in
Figure 4.1.

CrossLinkPlus supports single-ended buffers on all banks (0, 1, and 2.) Differential I/O are supported on Bank 1 and
Bank 2. ucfBGA64 has five differential I/O pairs on Bank 1 and six differential I/O pairs on Bank 2, for a total of 11 pairs
of differential I/O, which are all True-LVDS. All the configuration ports are located at Bank 0.

TOP
MIPI D-PHY 0 MIPI D-PHY 1
Bank 2 Bank 1 Bank O
[9] < (9} < [0} <
5 8 g a8 § &
@] o (]
N - o
BOTTOM

Figure 4.1. sysl/O Banking

4.1. Ve (1.2V)

CrossLinkPlus devices have V¢ core supply. This V¢ supply is also used to power the control logic of the sysl/O buffers.

The control signals and data signals from the I/0 logic are translated to the higher supply of the 1/0 buffers. When the
internal Vcc core is powered down during sleep mode, V¢ is still powered ON in I/0 to maintain 1/0O personality.

© 2019 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.
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4.2. Vceo (1.2V/1.8V/2.5V/3.3V)

Each bank has a separate V¢¢io supply that powers the single-ended output drivers and the input buffers such as LVTTL,
LVCMOS33, LVCMO0S25, LVCMOS18, and LVCMOS12 (output only). The Vg voltage applied to the bank determines
the input and output standards that can be supported in that bank. It is also used to power the differential output
drivers. In addition, V¢cjo of Bank O is used to supply power to the sysCONFIG™ signals. When V¢cjo and Vecaux are set
to the same supply, 2.5V or 3.3V, they should be tied together.

4.3. VCCAUX

In addition to the bank Vg supplies and a V¢ core logic power supply, CrossLinkPlus devices have a Vccaux auxiliary
supply that powers the differential and referenced input buffers. The Vccaux supply is used for differential receivers
and 100 Q termination blocks inside 1/0.

4.4. D-PHY External Power Supplies (1.2 V)
VCC_DPHYI VCCA_DPHYI and VCCPLL_DPHY are supplies used to power the D-PHY.

Table 4.1 shows a summary of all the required power supplies.

Table 4.1. CrossLinkPlus FPGA Power Supplies

Supply \I.oltage Description
(Nominal Value?)

Vee 1.2V FPGA core power supply.

VecepLL 1.2V General Purpose PLL Supply Voltage. Should be isolated from excessive noise.

Veeaux 25Vor33Vv Auxiliary Supply Voltage for Bank 1, 2 and internal Flash programming.

Veaoo 18Vt033V L/r(,)dDS:;/(:;dSl;v?fr:yd\ésilzzg:ofriirgiigﬁ;YCCIOO is used in conjunction with pins dedicated

Vecior, 1] 1.2Vto3.3V 1/0 Driver Supply Voltage for Bank 1, or 2. Each bank has its own Vccio supply.

Vec pprvst 1.2V Digital Supply Voltage for D-PHY. Should be isolated from excessive noise.

Veea ppvet 1.2V Analog Supply Voltage for D-PHY. Should be isolated and from excessive noise.

VeepLL pprYx: 1.2V PLL Supply voltage for D-PHY. Should be isolated and “clean” from excessive noise.
Notes:

1. Xdenotes bank number.
2. Refer to CrossLinkPlus Family Data Sheet (FPGA-DS-02054) for recommended minimum and maximum values.
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Table 4.2 lists the 1/O Standards that are available in each bank on the device.

Table 4.2. 1/0 Standards Supported by Various Banks
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Description (Types of 1/0 Buffers)

Harden (Top Side)

Bottom Side Bank 0

Bottom Side Bank 1

D-PHY Banks and Bank 2
LVTTL LVTTL
LVCMOS33 LVCMOS33
Single-ended Output Standards — LVCMOS25 LVCMOS25
LVCMOS18 LVCMOS18
LVCMOS12
LVDS
. . LVTTL33D
Differential Output Standards MIPI D-PHY —
LVCMOS33D
LVCMOS25D
LVTTL LVTTL
. LVCMOS33 LVCMOS33
Single-ended Input Standards —
LVCMOS25 LVCMOS25
LVCMOS18 LVCMOS18
LVDS
. . SubLVDS
Differential Input Standards MIPI D-PHY —
SLVS
LVCMOS25D
On Die Termination Yes No Yes (only for LVDS)
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5. sysl/O Buffer Configurations

This section describes the various sysl/O features available on the CrossLinkPlus device.

5.1. Programmable PULLMODE Settings

The CrossLinkPlus sysl/O buffers support programmable pull up resistors on banks. Each of the LVCMOS and LVTTL
inputs has a programmable weak pull-up capability that can be enabled if required on Bank 0, Bank 1 and Bank 2. In
addition, on Bank 0, the shared sysCONFIG bank, there are programmable 1°C resistors. The available options for Bank 0
are:

e 3P3K(3.3kQ)

e 6P8K (6.8 kQ)

e 10K (10kQ)

e UP (100 kQ)

e NONE

These are mostly used to support I12C interface, but can also be used for other purposes.

5.2. Output Drive Strength

The CrossLinkPlus outputs have preset drive strengths and cannot be programmed by the user. Table 5.1 lists the
available drive settings for each of the output standards.

Table 5.1. LVCMOS Drive Values

Veaio Dependent I/0 Type Drive Strength (mA)
3.3 LVCMOS33 8
2.5 LVCMOS25 6
1.8 LVCMOS18 4
1.2 LVCMOS12 2

5.3. Open-Drain Control

All LVCMOS and LVTTL output buffers can be configured to function as open drain outputs. You can implement an open
drain output by turning on the OPENDRAIN attribute in the software.

5.4. Differential 1/0 Support

CrossLinkPlus devices support true differential input buffers on each pair of 10s in the LVDS Bank 1 and Bank 2 with a
DIFFDRIVE of 3.5 mA. The performance of the LVDS input buffer is 1.2 Gb/s for flip chip packages. Refer to
CrossLinkPlus Data Sheet (FPGA-DS-02054) for more details about 1.2 Gb/s.
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5.5. Complementary Outputs

The single-ended driver associated with the complementary pad can optionally be driven by the complement of the
data that drives the single-ended driver associated with the true pad. CrossLinkPlus uses pads A and C as true pads and
pads B and D as complement pads. This allows a pair of single-ended drivers to be used to drive complementary
outputs with the lowest possible skew between the signals. Pads A and B form a Programmable Input/Output (PIO) pair
and pads C and D form another PIO pair.

It can be used in conjunction with off-chip resistors to emulate LVDS output drivers. When this option is selected, the
tristate control for the driver associated with the complement pad is driven by the same signal as the tristate control
for the driver associated with the true pad. In CrossLinkPlus, this option is available for LVCMOS33 and LVCMQ0S25
outputs.

5.6. On-Chip Termination

Bank 0 in the CrossLinkPlus device is also called config/shared I/O bank. This /O Bank only supports single-ended input
and output. There are programmable I°C resistors on this bank that can be configured to use one of the internal
integrated pull-ups, the weak pull-up is OFF, and the following integrated pull-up values (or equivalent current source
through the transition region) are available.

e 33kQ+20%

o 6.8kQ+20%

e 10kQ+20%

Bank 1 and Bank 2 support differential and MIPI D-PHY inputs. These banks support the on-chip 100 Q input differential
termination between all pairs of LVDS, SLVS, SubLVDS and MIPI D-PHY inputs. It is statically configured as ON and OFF
for all differential input types except MIPI D-PHY.

When the I/0 type is MIPI, the on-chip termination is enabled dynamically based on the HSSEL signal. See Table 5.2 for
details. The tolerance of this input termination is + 20% over the operating range of the device.

5.7. Programmable Input Delay

Each input can optionally be delayed before it is passed to the core logic or input registers. The primary use for the
input delay is to achieve zero hold time for the input registers when using a direct drive primary clock. To arrive at zero
hold time, the input delay stalls the data by at least as much as the primary clock injection delay.

5.8. Standby

The Standby mode is a way to dynamically power down the bank. It disables the differential receiver and True
differential driver. The Standby modes are enabled on a bank-by-bank basis, with bit settings and each Bank has
user-routed fabric input signals to enable the Standby (Dynamic power down) modes.

Refer to Power Management and Calculation for CrossLinkPlus Devices (FPGA-TN-02111) for more information about
the Standby settings for the 1/0 banks.
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5.9. MIPI D-PHY Support

The following primitive should be used when implementing MIPI D-PHY I/O CrossLinkPlus supports High Speed (HS) Rx,
Low Power (LP) Rx and Low Power Tx mode. MIPI primitive is supported in Bank 1 and Bank 2.

AP BP BN OLSP
AN

OLSN
TP
™ OHS
HSSEL P!

Figure 5.1. MIPI Primitive Symbol

Table 5.2. MIPI Port List

Port 1/0 Description

BP 1/0 Bidirectional PAD A, C used for DPHY Clock/Data HS and LP mode

BN 1/0 Bidirectional PAD B, D used for DPHY Clock/Data HS and LP mode

AP | Input from fabric to PAD A, C — used for LP Tx function only

AN | Input from fabric to PAD B, D — used for LP Tx function only
High Speed Select Signal.

HSSEL | HSSEL=1: High Speed mode, 100 Q differential termination is on.
HSSEL=0: Low Speed mode, 100 Q termination is turned off.

TP | Tristate for PAD A,C

TN | Tristate for PAD B,D

oLsP 0] LP Rx signal from BP

OLSN 0 LP Rx signal from BN

OHS (0] HS Rx signal from BP/BN differential

When I0_TYPE is MIPI, the MIPI primitive above should be instantiated in the design, otherwise the software Design
Rule Check (DRC) errors out. The output from the MIPI D-PHY buffer can only be used with the Double Data Rate (DDR)
registers. Refer to CrossLinkPlus High-Speed 1/0 Interface (FPGA-TN-02102) for details on building MIPI D-PHY
interfaces.
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6. Software sysl/O Attributes
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The sysl/O attributes can be specified in the Hardware Description Language (HDL), using the Spreadsheet View or in
the logical preference file (.Ipf) file directly. Appendix A and Appendix B list examples of how these can be assigned
using each of these methods mentioned above. This section describes in detail each of these attributes.

6.1. IO_TYPE

This is used to set the sysl/O standard for an 1/0. The VCCIO required to set these 1/O standards are embedded in the
attribute names itself. There is no separate attribute to set the VCCIO requirements. Table 6.1 lists the available I/O

types.

Table 6.1. I0_TYPE Attribute Values
sysl/O Signaling Standard 10_TYPE
DEFAULT LVCMOS25
LVTTL LVTTL33
LVTTL Differential LVTTL33D
3.3V LVCMOS LVCMOS33
3.3 V LVCMOS Differential LVCMOS33D
2.5V LVCMOS LVCMOS25
2.5V LVCMOS Differential LVCMOS25D
1.8V LVCMOS LVCMOS18
1.2 V LVCMOS (Output) LVCMOS12
LvDS 2.5V LVDS
SubLVDS SUBLVDS
SLVS SLVS
MIPI D-PHY MIPI

6.2. PULLMODE

The PULLMODE attribute is available for all the LVTTL and LVCMOS inputs and bidirectional I/0O. This attribute can be

enabled for each I/0 independently.
Table 6.2. PULLMODE Settings

Pull Options

PULLMODE VALUE

Weak Pull-up (Default)

up

I°C Pull-up Resistors

3P3K (3.3 kQ), 6P8K (6.8 kQ), 10K (10 kQ)

Pull Off

NONE

Table 6.3. PULLMODE Settings

Buffer Values Default
Input UP, NONE, 3P3K, 6P8K, 10K UpP
Output NONE NONE
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6.3. OPENDRAIN

LVCMOS and LVTTL I/O standards can be set to Open Drain configuration by using the OPENDRAIN attribute.

Table 6.4. Open Drain Attribute Values

Attribute

Values

Default

OPENDRAIN

ON, OFF

OFF

6.4. DIFFRESISTOR

This attribute is used to set the on-chip differential termination on MIPI D-PHY HS, LVDS, SLVS, and SubLVDS inputs.

Table 6.5. DIFFRESISTOR Values

Attribute Values Default
DIFFRESISTOR OFF, 100 (100 Q) 100
6.5. HYSTERESIS
Hysteresis can be enabled for LVCMOS and LVTTL inputs.
Table 6.6. Hysteresis Attribute Values
Attribute Values Default
HYSTERESIS ON, NA ON

6.6. DIN/DOUT

This attribute can be used when an 1/0 register needs to be assigned. Using DIN asserts an input register and using
DOUT attribute asserts an output register in the design. By default, the software tries to assign the 1/0O registers if

applicable. You can turn this OFF by using synthesis attribute or using the preference editor of the software. These
attributes can only be applied on registers.

6.7. LOC

This attribute can be used to make pin assignments to the |I/O ports in the design. This attribute is only used when the
pin assignments are made in HDL source. You can also assign pins directly using the Graphical User Interface (GUI) in

the Spreadsheet View of the software.
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7. Design Recommendations

This section discusses some of design rules and considerations that need to be taken into account when designing with
the CrossLinkPlus sysl/O buffers.

7.1. Banking Rules

If Veeio for any bank is set to the same voltage as Vccaux (2.5 V or 3.3 V), it is recommended to connect them to the
same power supply to minimizing leakage.

If Vecio for either bank 1 or bank 2 is set to 1.2 V, it is recommended to connect it to the same power supply as V¢
to minimizing leakage.

The top of the device has two Hardened DPHY blocks. These blocks are not available for any other functions.

Bank 0 on the bottom of the device is General Purpose Input/Output (GPIO) and sysConfig bank. Only single-ended
1/0 standards can be built into this bank.

Bank 1 and Bank 2 on the bottom of the device support differential Inputs, differential Outputs and singled-ended
1/0.

DIFFRESISTOR can be turned on for each PIO. Only Bank 1 and Bank 2 have this feature.

I2C pull-up resistors are only available on Bank 0.

Only one V¢io level is allowed in a given bank so all I0_TYPES of that bank should be compatible with that Vccio
level.
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Appendix A. HDL Attributes

Using these HDL attributes, you can assign the sysl/O attributes directly in your source. Use the attribute definition and
syntax for your synthesis vendor. The sysl/O attributes syntax and examples for Synplify Pro®synthesis tool and Lattice
Synthesis Engine (LSE) are listed here. This appendix only lists the sysl/O buffer attributes for these devices. Refer to
the Synplify Pro user manual to see a complete list of synthesis attributes. These manuals are available through the
Diamond Software Help.

VHDL Synplify Pro and LSE

This section lists syntax and examples for all the sysl/O attributes in VHSIC Hardware Description Language (VHDL)
when using Synplify Pro synthesis tool and LSE.

Syntax
Table A.1. VHDL Attribute Syntax for Synplify

Attribute Syntax

attribute IO_TYPE: string;

I0_TYPE . . . .
- attribute I0_TYPE of Pinname: signal is "IO_TYPE Value";
i PULLMODE: string;
PULLMODE attr!bute U 0 strlT\g, . .
attribute PULLMODE of Pinname: signal is "Pullmode Value",
i PENDRAIN: string;
OPENDRAIN attribute O AIN: string;

attribute OPENDRAIN of Pinname: signal is "OpenDrain Value";

attribute DIFFRESISTOR: string;

DIFFRESISTOR
attribute DIFFRESISTOR of Pinname: signal is "DIFFRESISTOR Value";

attribute HYSTERESIS: string;

HYSTERESIS . . . - "
attribute HYSTERESIS of Pinname: signal is "HYSTERESIS Value";
BIN attribute DIN: string;
attribute DIN of Pinname: signal is " ";
attribute DOUT: string;
DOUT . . . .
attribute DOUT of Pinname: signal is " ";
LOC attribute LOC: string;
attribute LOC of Pinname: signal is "pin_locations";
Examples
I0_TYPE

--***Attribute Declaration***
ATTRIBUTE IO_TYPE: string;
--***]0_TYPE assignment for I/O Pin***

ATTRIBUTE IO_TYPE OF portA: SIGNAL IS "LVCMOS25";
ATTRIBUTE IO_TYPE OF portB: SIGNAL IS "LVCMOS33";
ATTRIBUTE IO_TYPE OF portC: SIGNAL IS "LVDS25";

PULLMODE

--¥*¥Attribute Declaration***

ATTRIBUTE PULLMODE: string;

--***pLLMODE assignment for I/O Pin***
ATTRIBUTE PULLMODE OF portB: SIGNAL IS "UP";
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OPENDRAIN

--¥*¥Attribute Declaration***

ATTRIBUTE OPENDRAIN: string;

--***Qpen Drain assignment for 1/0 Pin***
ATTRIBUTE OPENDRAIN OF portB: SIGNAL IS "ON";
DIFFERESISTOR

--¥*¥Attribute Declaration***

ATTRIBUTE DIFFRESISTOR: string;

--*** DIFFRESISTOR assignment for /O Pin***
ATTRIBUTE DIFFRESISTOR OF portB: SIGNAL IS "100";
HYSTERESIS

--*¥**Attribute Declaration®**

ATTRIBUTE HYSTERESIS: string;

--*** DIFFRESISTOR assignment for /O Pin***
ATTRIBUTE HYSTERESIS OF portB: SIGNAL IS "ON";
DIN/DOUT

--*¥**Attribute Declaration®**

ATTRIBUTE din: string;
ATTRIBUTE dout: string;

--*** din/dout assignment for 1/O Pin***

ATTRIBUTE din OF input_vector: SIGNALIS"";
ATTRIBUTE dout OF output_vector: SIGNALIS" ";

LOC

--¥*¥Attribute Declaration***
ATTRIBUTE LOC: string;

--*¥%* | OC assignment for I/O Pin***

ATTRIBUTE LOC OF input_vector: SIGNAL IS "E3,B3,C3 ";

=LATTICE
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Verilog Synplify Pro and LSE

This section lists syntax and examples for all the sysl/O attributes in Verilog using Synplify Pro synthesis tool.

Syntax
Table A.2. Verilog Synplify Attribute Syntax
Attribute Syntax
10_TYPE PinType PinName /* synthesis I0_TYPE="I0_Type Value"*/;
PULLMODE PinType PinName /* synthesis PULLMODE="Pullmode Value"*/;
OPENDRAIN PinType PinName /* synthesis OPENDRAIN ="OpenDrain Value"*/;
DIFFRESISTOR PinType PinName /* synthesis DIFFRESISTOR =" DIFFRESISTOR Value"*/;
HYSTERESIS PinType PinName /* synthesis HYSTERESIS ="Hysteresis Value"*/;
DIN PinType PinName /* synthesis DIN=""%*/;
DOUT PinType PinName /* synthesis DOUT=""*/;
Loc PinType PinName /* synthesis LOC="pin_locations"*/;
Examples

//10_TYPE and PULLMODE assignment

output portB /*synthesis 10_TYPE="LVCMOS33" PULLMODE ="UP"*/;
output portC /*synthesis I0_TYPE="LVDS" */;

//PULLMODE

output [4:0] portA /* synthesis IO_TYPE="LVCMOS33" PULLMODE = "NONE" */;
//OPENDRAIN

output portA /*synthesis OPENDRAIN ="ON"*/;

//DIFFRESISTOR

input portB /*synthesis I0_TYPE="LVDS" DIFFRESITOR="100" */;
//HYSTERESIS

input portB /*synthesis HYSTERESIS="ON" */;

//DIN (Place the flip-flops near the load input)

input load /* synthesis din="" */;

//DOUT (Place the flip-flops near the load output)

output load /* synthesis dout="" */;

//LOC (1/0 pin location)/input [3:0] DATAO /* synthesis loc="E3,B1,F3"*/;
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Appendix B. sysl/O Attributes Using Spreadsheet View User
Interface

The sysl/O buffer attributes can be assigned using the Spreadsheet View in Lattice Diamond design software. The Port
Assignments sheet lists all the ports in a design and all the available sysl/O attributes in multiple columns. Click on each
of these cells for a list of all valid 1/O preferences for that port.

Each column takes precedence over the next. Therefore, when you choose a particular I0_TYPE, the columns for the
PULLMODE, DRIVE, SLEWRATE, and other attributes only list the valid entries for that 10_TYPE.

Pin locations can be locked using the Pin column of the Port Assignments sheet or using the Pin Assignments sheet.
You can right-click on a cell in the Pin column and click Assign Pins to see the list of available pins. In Spreadsheet View,
go to Design, then Preference PIO DRC to look for incorrect pin assignments.

You can enter the DIN/DOUT preferences using the Cell Mapping tab. All the preferences assigned using the
Spreadsheet View are written into the logical preference file (.Ipf).

Figure B.1 shows the Port Assignments sheet of the Spreadsheet View. For further information on how to use the
Spreadsheet View, refer to the Diamond Help documentation, available in the Help menu option of the software.

i Start Page | [Z Reports 1/ Spreadsheet View 0 | ]|
& Name | Group By [ Pin [ BANK [BANK vCC| 10_TYPE PULLMODE | DRIVE | SLEWRATE| CLAMP [ JPENDRAIN JIFFRESISTOR | JIFFDRIVE| 4YSTERESIE| MIPLLPID | M
il 1 =t AllPorts [na nA N N N/A N/A N/A N/A
ol 11 = Input N/A NA NA NA N/A N/A NA  NA NA  NA N/A N/A N/A N/A N/A
111 “ CLR [na N/A LvDS NONE NA  NA ON  OFF 100 NA NA N/A N/A
~1l1.1.2 = Clock “,A N/A  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
:E 112.1 > Clock N/A N/A LVCMOS25 up NA  NA ON  OFF OFF NA ON N/A N/A
all12 = Output [ n/A NA NA NA N/A N/A NA  NIA NA  NA N/A N/A N/A N/A N/A
a2 ap] [na N/A LVDS NONE NA  NA ON  OFF OFF 35 NA N/A N/A
o122 a1 N/A N/A LVDS NONE NA  NA ON  OFF OFF 35 NA N/A N/A
(123 a2 N/A N/A LVDS NONE NA NA ON  OFF OFF 35 NA N/A N/A
Hli2a Qg [na N/A LVDS NONE NA  NA ON  OFF OFF 35 NA N/A N/A
< | |
Port [ Pin Assi | Clock Resource | Route Priority | Cell Mapping | _Global Preferences | Timing Preferences | Group | Misc Preferences |

Figure B.1. Port Attributes Tab of Spreadsheet View
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Technical Support Assistance

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