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Acronyms in This Document 
A list of acronyms used in this document. 

Acronym Definition 

BGA Ball Grid Array 

CDR Clock and Data Recovery 

CRC Cycle Redundancy Code 

DCC Dynamic Clock Control 

DCS Dynamic Clock Select 

DDR Double Data Rate 

DLL Delay Locked Loops 

DSP Digital Signal Processing 

EBR Embedded Block RAM 

ECC Error Correction Coding 

ECLK Edge Clock 

FFT Fast Fourier Transforms 

FIFO First In First Out 

FIR Finite Impulse Response 

LC Logic Cell 

LRAM Large RAM 

LVCMOS Low-Voltage Complementary Metal Oxide Semiconductor 

LVDS Low-Voltage Differential Signaling 

LVPECL Low Voltage Positive Emitter Coupled Logic 

LVTTL Low Voltage Transistor-Transistor Logic 

LUT Look Up Table 

MLVDS Multipoint Low-Voltage Differential Signaling 

PCI Peripheral Component Interconnect 

PCS Physical Coding Sublayer 

PCLK Primary Clock 

PDPR Pseudo Dual Port RAM 

PFU Programmable Functional Unit 

PIC Programmable I/O Cells 

PLL Phase Locked Loops 

POR Power On Reset 

SCI SERDES Client Interface 

SER Soft Error Rate 

SEU Single Event Upset 

SLVS Scalable Low-Voltage Signaling 

SPI Serial Peripheral Interface 

SPR Single Port RAM 

SRAM Static Random-Access Memory 

TAP Test Access Port 

TDM Time Division Multiplexing 
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1. General Description 
CrossLinkϰ-NX family of low-power FPGAs can be used 
in a wide range of applications, and are optimized for 
bridging and processing needs in Embedded Vision 
applications ς supporting a variety of high bandwidth 
sensor and display interfaces, video processing and 
machine learning inferencing. It is built on Lattice 
Nexus FPGA platform, using low-power 28 nm FD-SOI 
technology. It combines the extreme flexibility of an 
FPGA with the low power and high reliability (due to 
extremely low SER) of FD-SOI technology, and offers 
small footprint package options. 

CrossLink-NX supports a variety of interfaces including 
MIPI D-PHY (CSI-2, DSI), LVDS, SLVS, subLVDS, PCI 
Express (Gen1, Gen2), SGMII (Gigabit Ethernet), and 
more. 

Processing features of CrossLink-NX include up to 39K 
Logic Cells, 56 18x18 multipliers, 2.9 Mb of embedded 
memory (consisting of EBR and LRAM blocks), 
distributed memory, DRAM interfaces (supporting 
DDR3, DDR3L, LPDDR2, and LPDDR3 up to 1066 Mbps x 
16 data width). 

CrossLink-NX FPGAs support fast configuration of its 
reconfigurable SRAM-based logic fabric, and ultra-fast 
configuration (in under 3 ms) of its programmable 
sysI/Oϰ. Security features to secure user designs 
include bitstream encryption and password protection. 
In addition to the high reliability inherent to FD-SOI 
technology (due to its extremely low SER), active 
reliability features such as built-in frame-based 
SED/SEC (for SRAM-based logic fabric), and ECC (for 
EBR and LRAM) are also supported. Built-in ADC is 
available in each device for system monitoring 
functions. 

Lattice Radiantϰ design software allows large complex 
user designs to be efficiently implemented on 
CrossLink-NX FPGA family. Synthesis library support for 
CrossLink-NX devices is available for popular logic 
synthesis tools. Radiant tools use the synthesis tool 
output along with constraints from its floor planning 
tools, to place and route the user design in CrossLink-
NX device. The tools extract timing from the routing, 
and back-annotate it into the design for timing 
verification. 

Lattice provides many pre-engineered IP (Intellectual 
Property) modules for CrossLink-NX family. By using 
these configurable soft IP cores as standardized blocks, 
you are free to concentrate on the unique aspects of 
your design, increasing your productivity. 
 

1.1. Features 
¶ Programmable Architecture 

¶ мтY ǘƻ офY ƭƻƎƛŎ ŎŜƭƭǎ 

¶ нп ǘƻ рс му Ȅ му ƳǳƭǘƛǇƭƛŜǊǎ όƛƴ ǎȅǎ5{tϰ 
ōƭƻŎƪǎύ 

¶ нΦр ǘƻ нΦф aō ƻŦ ŜƳōŜŘŘŜŘ ƳŜƳƻǊȅ ōƭƻŎƪǎ 
ό9.wΣ [w!aύ 

¶ ос ǘƻ мфн ǇǊƻƎǊŀƳƳŀōƭŜ ǎȅǎLκh όIƛƎƘ 
tŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ²ƛŘŜ wŀƴƎŜ Lκhύ 

¶ MIPI D-PHY 

¶ ¦Ǉ ǘƻ ǘǿƻ ƘŀǊŘŜƴŜŘ пπƭŀƴŜ aLtL 5πtI¸ 
ƛƴǘŜǊŦŀŎŜǎ  

¶ Up to eight lanes total 

¶ Transmit or receive  

¶ Supports CSI-2, DSI 

¶ 20 Gbps aggregate bandwidth 

¶ 2.5 Gbps per lane, 10 Gbps per D-PHY 
interface  

¶ !ŘŘƛǘƛƻƴŀƭ {ƻŦǘ 5πtI¸ ƛƴǘŜǊŦŀŎŜǎ ǎǳǇǇƻǊǘŜŘ ōȅ 
IƛƎƘ tŜǊŦƻǊƳŀƴŎŜ όItύ ǎȅǎLκh 

¶ Transmit or receive 

¶ Supports CSI-2, DSI 

¶ Up to 1.5 Gbps per lane  

¶ Programmable sysI/O supports wide variety of 
interfaces  

¶ IƛƎƘ tŜǊŦƻǊƳŀƴŎŜ όItύ ƻƴ ōƻǘǘƻƳ Lκh Řǳŀƭ 
Ǌŀƴƪ  

¶ Supports up to 1.8 V VCCIO  

¶ Mixed voltage support (1.0 V, 1.2 V, 1.5 V, 
1.8 V)  

¶ High-speed differential up to 1.5 Gbps  

¶ Supports soft D-PHY (Tx/Rx), LVDS 7:1 
(Tx/Rx), SLVS (Tx/Rx), subLVDS (Rx) 

¶ Supports SGMII (Gb Ethernet) ς 2 
channels (Tx/Rx) at 1.25 Gbps 

¶ Dedicated DDR3/DDR3L and 
LPDDR2/LPDDR3 memory support with 
DQS logic, up to 1066 Mbps data-rate and 
x16 data-width  

¶ ²ƛŘŜ wŀƴƎŜ ό²wύ ƻƴ [ŜŦǘΣ wƛƎƘǘ ŀƴŘ ¢ƻǇ Lκh 
.ŀƴƪǎ  

¶ Supports up to 3.3 V VCCIO  

¶ Mixed voltage support (1.2 V, 1.5 V, 1.8 V, 
2.5 V, 3.3 V)  

¶ Programmable slew rate (slow, med, fast) 

¶ Controlled impedance mode 

¶ Emulated LVDS support  

¶ Hot-socketing 
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¶ Power Modes ς Low Power versus High-
Performance 

¶ ¦ǎŜǊ ǎŜƭŜŎǘŀōƭŜ 

¶ [ƻǿπtƻǿŜǊ ƳƻŘŜ ŦƻǊ ǇƻǿŜǊ ŀƴŘκƻǊ ǘƘŜǊƳŀƭ 
ŎƘŀƭƭŜƴƎŜǎ 

¶ IƛƎƘπtŜǊŦƻǊƳŀƴŎŜ ƳƻŘŜ ŦƻǊ ŦŀǎǘŜǊ ǇǊƻŎŜǎǎƛƴƎ 

¶ Small footprint package options 

¶ п Ȅ п ƳƳн ǘƻ мл Ȅ мл ƳƳн ǇŀŎƪŀƎŜ ƻǇǘƛƻƴǎ 

¶ 2x SGMII CDR at up to 1.25 Gbps ς to support 2 
channels SGMII using HP I/O 

¶ /5w ŦƻǊ w·  

¶ уōκмлō ŘŜŎƻŘƛƴƎ  

¶ LƴŘŜǇŜƴŘŜƴǘ [ƻǎǎ ƻŦ [ƻŎƪ ό[h[ύ ŘŜǘŜŎǘƻǊ ŦƻǊ 
ŜŀŎƘ /5w ōƭƻŎƪ  

¶ sysCLOCKϰ analog PLLs  

¶ ¢ƘǊŜŜ ƛƴ офY [/ ŀƴŘ ǘǿƻ ƛƴ мтY [/ ŘŜǾƛŎŜ 

¶ {ƛȄ ƻǳǘǇǳǘǎ ǇŜǊ t[[ 

¶ CǊŀŎǘƛƻƴŀƭ b 

¶ tǊƻƎǊŀƳƳŀōƭŜ ŀƴŘ ŘȅƴŀƳƛŎ ǇƘŀǎŜ ŎƻƴǘǊƻƭ 

¶ sysDSP Enhanced DSP blocks  

¶ IŀǊŘŜƴŜŘ ǇǊŜπŀŘŘŜǊ 

¶ 5ȅƴŀƳƛŎ {ƘƛŦǘ ŦƻǊ !Lκa[ ǎǳǇǇƻǊǘ  

¶ CƻǳǊ му Ȅ муΣ ŜƛƎƘǘ ф Ȅ фΣ ǘǿƻ му Ȅ осΣ ƻǊ ос Ȅ 
ос  

¶ !ŘǾŀƴŎŜŘ му Ȅ осΣ ǘǿƻ му Ȅ муΣ ƻǊ ŦƻǳǊ у Ȅ у 
a!/  

¶ Flexible memory resources  

¶ ¦Ǉ ǘƻ мΦр aō ǎȅǎa9aϰ 9ƳōŜŘŘŜŘ .ƭƻŎƪ w!a 
ό9.wύ  

¶ tǊƻƎǊŀƳƳŀōƭŜ ǿƛŘǘƘ 

¶ 9// 

¶ CLCh 

¶ улƪ ǘƻ нплƪ ōƛǘǎ ŘƛǎǘǊƛōǳǘŜŘ w!a  

¶ [ŀǊƎŜ w!a .ƭƻŎƪǎ 

¶ 0.5 Mbits per block 

¶ Up to five blocks (2.5 Mb total) per device 

¶ SERDES ς PCIe Gen2 x1 channel (Tx/Rx) hard IP in 
39K LC device  

¶ IŀǊŘ Lt ǎǳǇǇƻǊǘǎ  

¶ Gen1, Gen2, Multi-Function, End Point, 
Root Complex  

¶ APB control bus  

¶ AHB-Lite for data bus  
 

¶ Internal bus interface support  

¶ !t. ŎƻƴǘǊƻƭ ōǳǎ  

¶ !I.π[ƛǘŜ ŦƻǊ Řŀǘŀ ōǳǎ  

¶ !·LпπǎǘǊŜŀƳƛƴƎ  
 

¶ Configuration ς Fast, Secure 

¶ {tL ς ȄмΣ ȄнΣ Ȅп ǳǇ ǘƻ мрл aIȊ  

¶ Master and Slave SPI support  

¶ W¢!D  

¶ Lн/ ŀƴŘ Lо/  

¶ ¦ƭǘǊŀŦŀǎǘ Lκh ŎƻƴŦƛƎǳǊŀǘƛƻƴ ŦƻǊ ƛƴǎǘŀƴǘπƻƴ 
ǎǳǇǇƻǊǘ 

¶ [Ŝǎǎ ǘƘŀƴ мр Ƴǎ Ŧǳƭƭ ŘŜǾƛŎŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ŦƻǊ 
[LC/[πпл  

¶ .ƛǘǎǘǊŜŀƳ {ŜŎǳǊƛǘȅ  

¶ Encryption  

¶ Cryptographic engine 

¶ .ƛǘǎǘǊŜŀƳ ŜƴŎǊȅǇǘƛƻƴ ς ǳǎƛƴƎ !9{πнрс 

¶ .ƛǘǎǘǊŜŀƳ ŀǳǘƘŜƴǘƛŎŀǘƛƻƴ ς ǳǎƛƴƎ 9/5{! 

¶ IŀǎƘƛƴƎ ŀƭƎƻǊƛǘƘƳǎ ς {I!Σ Ia!/ 

¶ ¢ǊǳŜ wŀƴŘƻƳ bǳƳōŜǊ DŜƴŜǊŀǘƻǊ 

¶ !9{ мнуκнрс 9ƴŎǊȅǇǘƛƻƴ 

¶ Single Event Upset (SEU) Mitigation Support  

¶ 9ȄǘǊŜƳŜƭȅ ƭƻǿ {ƻŦǘ 9ǊǊƻǊ wŀǘŜ ό{9wύ ŘǳŜ ǘƻ C5π
{hL ǘŜŎƘƴƻƭƻƎȅ 

¶ {ƻŦǘ 9ǊǊƻǊ 5ŜǘŜŎǘ ς 9ƳōŜŘŘŜŘ ƘŀǊŘ ƳŀŎǊƻ  

¶ {ƻŦǘ 9ǊǊƻǊ /ƻǊǊŜŎǘƛƻƴ ς ²ƛǘƘƻǳǘ ǎǘƻǇǇƛƴƎ ǳǎŜǊ 
ƻǇŜǊŀǘƛƻƴ  

¶ {ƻŦǘ 9ǊǊƻǊ LƴƧŜŎǘƛƻƴ ς 9ƳǳƭŀǘŜ {9¦ ŜǾŜƴǘ ǘƻ 
ŘŜōǳƎ ǎȅǎǘŜƳ ŜǊǊƻǊ ƘŀƴŘƭƛƴƎ  

¶ ADC ς 1 MSPS, 12-bit SAR 

¶ н !5/ǎ ǇŜǊ ŘŜǾƛŎŜ  

¶ о /ƻƴǘƛƴǳƻǳǎπǘƛƳŜ /ƻƳǇŀǊŀǘƻǊǎ 

¶ {ƛƳǳƭǘŀƴŜƻǳǎ ǎŀƳǇƭƛƴƎ 

¶ System Level Support  

¶ L999 ммпфΦм ŀƴŘ L999 мрон ŎƻƳǇƭƛŀƴǘ  

¶ wŜǾŜŀƭ [ƻƎƛŎ !ƴŀƭȅȊŜǊ  

¶ hƴπŎƘƛǇ ƻǎŎƛƭƭŀǘƻǊ ŦƻǊ ƛƴƛǘƛŀƭƛȊŀǘƛƻƴ ŀƴŘ ƎŜƴŜǊŀƭ 
ǳǎŜ  

¶ мΦл ± ŎƻǊŜ ǇƻǿŜǊ ǎǳǇǇƭȅ  
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Table 1.1. CrossLink-NX Family Selection Guide 

CrossLink-NX Family: 

Device LIFCL-17 LIFCL-40 

Logic Cells¹ 17K 39K 

Embedded Memory (EBR) Blocks (18 Kb) 24 84 

Embedded Memory (EBR) Bits (Kb) 432 1,512 

Distributed RAM Bits (Kb) 80 240 

Large Memory (LRAM) Blocks 5 2 

Large Memory (LRAM) Bits (Kb) 2560 1024 

18 X 18 Multipliers 24 56 

ADC Blocks 2 2 

450 MHz High Frequency Oscillator 1 1 

128 KHz Low Power Oscillator 1 1 

GPLL 2 3 

Hardened 10 Gbps D-PHY Quads² 2 2 

Hardened 2.5 Gbps D-PHY Data Lanes (total)² 8 8 

PCIe Gen2 Hard IP τ 1 

Packages (Size, Ball Pitch)  
D-PHY Quads (D-PHY Data Lanes) / Wide Range (WR) GPIOs 
(Top/Left/Right Banks) / High Performance (HP) GPIOs (Bottom 
Banks) 

72 wlcsp (3.7 x 4.1 mm2, 0.4 mm)  1(4)/15/24  τ 

72 QFN (10 x 10 mm2, 0.5 mm)  1(4)/17/22  1(4)/17/22  

121 csfBGA (6 x 6 mm2, 0.5 mm)  2(8)/23/48  2(8)/23/48 

256 caBGA (14 x 14 mm2, 0.8 mm)  2(8)/29/48  2(8)/88/74, PCIe x1 

289 csBGA (9.5 x 9.5 mm2, 0.5 mm)  τ 2(8)/105/74, PCIe x1 

400 caBGA (17 x 17 mm², 0.8 mm)  τ 2(8)/117/74, PCIe x1 

Notes: 

1. Logic Cells = LUTs x 1.2 effectiveness. 
2. Additional soft D-PHY Tx/Rx interfaces (at up to 1.5 Gbps per lane) are available using sysI/O. 
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2. Architecture 

2.1. Overview 
Each CrossLink-NX device contains an array of logic blocks surrounded by Programmable I/O Cells (PIC). Interspersed 
between the rows of logic blocks are rows of sysMEM Embedded Block RAM (EBR) and rows of sysDSP Digital Signal 
Processing blocks, as shown in Figure 2.1. The CrossLink-NX-40 devices have two rows of DSP blocks and contain three 
rows of sysMEM EBR blocks. In addition, CrossLink-NX-40 devices includes two Large SRAM blocks. The sysMEM EBR 
blocks are large, dedicated 18 Kb fast memory blocks and have built-in ECC and FIFO support. Each sysMEM block can 
be configured to a single, pseudo dual or true dual port memory in a variety of depths and widths as RAM or ROM. 
Each DSP block supports variety of multiplier, adder configurations with one 108-bit or two 54-bit accumulators 
supported, which are the building blocks for complex signal processing capabilities. 

Each PIC block encompasses two PIO (PIO pairs) with their respective sysI/O buffers. The sysI/O buffers of the 
CrossLink-NX devices are arranged in seven banks allowing the implementation of a wide variety of I/O standards. The 
Wide Range (WR) I/O banks that are located in the top, left and right sides of the device provide flexible ranges of 
general purpose I/O configurations up to 3.3 V VCCIOs. The banks located in the bottom side of the device are 
dedicated to High Performance (HP) interfaces such as LVDS, MIPI, DDR3, LPDDR2, and LPDDR3 supporting up to 1.8 V 
VCCIOs. 

The Programmable Functional Unit (PFU) contains the building blocks for logic, arithmetic, RAM and ROM functions. 
The PFU block is optimized for flexibility, allowing complex designs to be implemented quickly and efficiently. Logic 
Blocks are arranged in a two-dimensional array. The registers in PFU and sysI/O blocks in CrossLink-NX devices can be 
configured to be SET or RESET. After power up and the device is configured, it enters into user mode with these 
registers SET/RESET according to the configuration setting, allowing the device entering to a known state for 
predictable system function. 

In addition, CrossLink-NX-40 devices provide various system level hard IP functional and interface blocks such as PCIe, 
D-PHY, I2C, SGMII/CDR, and ADC blocks. PCIe hard IP supports PCIe 2.0 and D-PHY supports up to 2.5 Gbps per lane. 
CrossLink-NX devices also provide security features to help secure user designs and deliver more robust reliability 
features to the user designs by using enhanced frame-based SED/SEC functions. 

Other blocks provided include PLLs, DLLs, and configuration functions. The PLL and DLL blocks are located at the 
corners of each device. CrossLink-NX devices also include Lattice Memory Mapped Interface (LMMI) which is a Lattice 
standardized interface for simple read and write operations to support controlling internal IPs.  

Every device in the family has a JTAG port. This family also provides an on-chip oscillator and soft error detect 
capability. The CrossLink-NX devices use 1.0 V as their core voltage. 
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Figure 2.1. Simplified Block Diagram, CrossLink-NX-40 Device (Top Level) 
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Figure 2.2. Simplified Block Diagram, CrossLink-NX-17 Device (Top Level) 
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2.2. PFU Blocks 
The core of the CrossLink-NX device consists of PFU blocks. Each PFU block consists of four interconnected slices 
numbered 0-3 as shown in Figure 2.3. Each slice contains two LUTs. All the interconnections to and from PFU blocks are 
from routing.  

The PFU block can be used in Distributed RAM or ROM function, or used to perform Logic, Arithmetic, or ROM 
functions. Table 2.1 shows the functions each slice can perform in either mode. 

Slice 0

LUT4 &
CARRY

D D

Slice 1 Slice 2

From
Routing

Slice 3

D D D D

FF FF FF FF FF FF

D

FF

D

FF

To
Routing

LUT4 &
CARRY

LUT4 &
CARRY

LUT4 &
CARRY

LUT4 &
CARRY

LUT4 &
CARRY

LUT4 &
CARRY

LUT4 &
CARRY

 

Figure 2.3. PFU Diagram 

2.2.1. Slice 

Each slice contains two LUT4s feeding two registers. In Distributed SRAM mode, Slice 0 and Slice 1 are configured as 
distributed memory, and Slice 2 is not available as it is used to support Slice 0 and Slice 1 while Slice 3 is available as 
Logic or ROM. Table 2.1 shows the capability of the slices along with the operation modes they enable. In addition, 
each Slice contains logic that allows the LUTs to be combined to perform a LUT5 function. There is control logic to 
perform set/reset functions (programmable as synchronous/ asynchronous), clock select, chip-select, and wider 
RAM/ROM functions. 

Table 2.1. Resources and Modes Available per Slice 

Slice 
PFU (Used in Distributed SRAM) PFU (Not used as Distributed SRAM) 

Resources Modes Resources Modes 

Slice 0 2 LUT4s and 2 Registers RAM 2 LUT4s and 2 Registers Logic, Ripple, ROM 

Slice 1 2 LUT4s and 2 Registers RAM 2 LUT4s and 2 Registers Logic, Ripple, ROM 

Slice 2 2 LUT4s and 2 Registers RAM 2 LUT4s and 2 Registers Logic, Ripple, ROM 

Slice 3 2 LUT4s and 2 Registers Logic, Ripple, ROM 2 LUT4s and 2 Registers Logic, Ripple, ROM 

 

Figure 2.4 shows an overview of the internal logic of the slice. The registers in the slice can be configured for 
positive/negative edge trigger. 

Each slice has 17 input signals: 16 signals from routing and one from the carry-chain (from the adjacent slice or PFU). 
Three of them are used for FF control and shared between two slices (0/1 or 2/3). There are five outputs: four to 
routing and one to carry-chain (to the adjacent PFU). Table 2.2 and Figure 2.4 list the signals associated with all the 
slices. Figure 2.5 shows the slice signals that support a LUT5 or two LUT5 functions. F0 can be configured to have a 
LUT4 or LUT5 output while F1 is for a LUT4 output. 

http://www.latticesemi.com/legal


 CrossLink-NX Family 
 Preliminary Data Sheet 
 

© 2020 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-DS-02049-0.84  17 

LUT5

and 

Carry

 

 

 
Figure 2.4. Slice Diagram 
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*Note: In RAM mode, LUT4s use the following signals:

QWD0/1

QWDN0/1

QWAS00~03, QWAS10~13

LUT4

LUT4

A1

B1

C1

D1

A0

B0

C0

D0

SEL

F1

F0

1

0

 
Figure 2.5. Slice configuration for LUT4 and LUT5 

Table 2.2. Slice Signal Descriptions 

Function Type Signal Names Description 

Input Data signal A0, B0, C0, D0 Inputs to LUT4 

Input Data signal A1, B1, C1, D1 Inputs to LUT4 

Input Data signal M0, M1 Direct input to FF from fabric 

Input Control signal SEL LUT5 mux control input 

Input Data signal DI0, DI1 Inputs to FF from LUT4 F0/F1 outputs 

Input Control signal CE Clock Enable 

Input Control signal LSR Local Set/Reset 

Input Control signal CLKIN System Clock 

Input Inter-PFU signal FCI Fast Carry-in1 

Output Data signals F0 LUT4/LUT5 output signal 

Output Data signals F1 LUT4 output signal 

Output Data signals Q0, Q1 Register outputs 

Output Inter-PFU signal FCO Fast carry chain output1 

Note: See Figure 2.4 for connection details. 
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2.2.2. Modes of Operation 

Slices 0-2 have up to four potential modes of operation: Logic, Ripple, RAM and ROM. Slice 3 is not needed for RAM 
mode, it can be used in Logic, Ripple, or ROM modes. 

2.2.2.1. Logic Mode 

In this mode, the LUTs in each slice are configured as 4-input combinatorial lookup tables. A LUT4 can have 16 possible 
input combinations. Any four input logic functions can be generated by programming this lookup table. Since there are 
two LUT4s per slice, a LUT5 can be constructed within one slice. 

2.2.2.2. Ripple Mode 

Ripple mode supports the efficient implementation of small arithmetic functions. In ripple mode, the following 
functions can be implemented by each slice: 

¶ Addition 2-bit 

¶ Subtraction 2-bit 

¶ Add/Subtract 2-bit using dynamic control 

¶ Up counter 2-bit 

¶ Down counter 2-bit 

¶ Up/Down counter with asynchronous clear 2-bit using dynamic control 

¶ Up/Down counter with preload (sync) 2-bit using dynamic control 

¶ Comparator functions of A and B inputs 2-bit 

¶ ! ƎǊŜŀǘŜǊπǘƘŀƴπƻǊπŜǉǳŀƭπǘƻ . 

¶ ! ƴƻǘπŜǉǳŀƭπǘƻ . 

¶ ! ƭŜǎǎπǘƘŀƴπƻǊπŜǉǳŀƭπǘƻ . 

¶ Up/Down counter with A greater-than-or-equal-to B comparator 2-bit using dynamic control 

¶ Up/Down counter with A less-than-or-equal-to B comparator 2-bit using dynamic control 

¶ Multiplier support Ai*Bj+1 + Ai+1*Bj in one logic cell with 2 logic cells per slice 

¶ Serial divider 2-bit mantissa, shift 1bit/cycle 

¶ Serial multiplier 2-bit, shift 1bit/cycle or 2bit/cycle 

Ripple Mode includes an optional configuration that performs arithmetic using fast carry chain methods. In this 
configuration (also referred to as CCU2 mode) two additional signals, Carry Generate and Carry Propagate, are 
generated on a per slice basis to allow fast arithmetic functions to be constructed by concatenating Slices. 

2.2.2.3. RAM Mode 

In this mode, a 16 x 4-bit distributed single or pseudo dual port RAM can be constructed in one PFU using each LUT 
block in Slice 0 and Slice 1 as a 16 x 2-bit memory in each slice. Slice 2 is used to provide memory address and control 
signals. CrossLink-NX devices support distributed memory initialization. 

The Lattice design tools support the creation of a variety of different size memories. Where appropriate, the software 
constructs these using distributed memory primitives that represent the capabilities of the PFU. Table 2.3 lists the 
number of slices required to implement different distributed RAM primitives. For more information about using RAM in 
CrossLink-NX devices, refer to CrossLink-NX Memory Usage Guide (FPGA-TN-02094). 

Table 2.3. Number of Slices Required to Implement Distributed RAM 

 SPR 16 X 4 PDPR 16 X 4 

Number of slices 3 3 

Note: SPR = Single Port RAM, PDPR = Pseudo Dual Port RAM 

2.2.2.4. ROM Mode 

ROM mode uses the LUT logic; hence, Slice 0 through Slice 3 can be used in ROM mode. Preloading is accomplished 
through the programming interface during PFU configuration. 

For more information, refer to CrossLink-NX Memory Usage Guide (FPGA-TN-02094). 
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2.3. Routing 
There are many resources provided in the CrossLink-NX devices to route signals individually or as busses with related 
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) segments. 

The CrossLink-NX family has an enhanced routing architecture that produces a compact design. The Radiant software 
tool suites take the output of the synthesis tool and places and routes the design. 

2.3.1. Clocking Structure 

The CrossLink-NX clocking structure consists of clock synthesis blocks, sysCLOCK PLL; balanced clock tree networks, 
PCLK and ECLK; and efficient clock logic modules, Clock Dividers (PCLKDIV and ECLKDIV) and Dynamic Clock Select 
(DCS), Dynamic Clock Control (DCC), and DLL. Each of these functions is described as follow. 

2.3.2. Global PLL 

The Global PLLs (GPLL) provide the ability to synthesize clock frequencies. The devices in the CrossLink-NX family 
support two or three full-featured General Purpose GPLLs. The Global PLLs provide the ability to synthesize clock 
frequencies. 

The architecture of the GPLL is shown in Figure 2.6. A description of the GPLL functionality follows. 

REFCK is the reference frequency input to the PLL and its source can come from external CLK inputs or from internal 
routing. The CLKI input feeds into the input Clock Divider block. 

CLKFB is the feedback signal to the GPLL which can come from internal feedback path or routing. The feedback divider 
is used to multiply the reference frequency and thus synthesize a higher or lower frequency clock output. 

The PLL has six clock outputs CLKOP, CLKOS, CLKOS2, CLKOS3, CLKOS4, and CLKOS5. Each output has its own output 
divider, thus allowing the GPLL to generate different frequencies for each output. The output dividers can have a value 
from 1 to 128. Each GPLL output can be used to drive the primary clock or edge clock networks. 

The setup and hold times of the device can be improved by programming a phase shift into the output clocks which 
advances or delays the output clock with reference to the un-shifted output clock. This phase shift can be either 
programmed during configuration or can be adjusted dynamically using the DIRSEL, DIR, DYNROTATE, and LOADREG 
ports. 

The LOCK signal is asserted when the GPLL determines it has achieved lock and de-asserted if a loss of lock is detected. 
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Figure 2.6. General Purpose PLL Diagram 

For more details on the PLL, you can refer to the CrossLink-NX sysCLOCK PLL/DLL Design and Usage Guide (FPGA-TN-

02095). 

2.3.3. Clock Distribution Network 

There are two main clock distribution networks for any member of the CrossLink-NX product family, namely Primary 
Clock (PCLK) and Edge Clock (ECLK). These clock networks can be driven from many different sources, such as Clock 
Pins, PLL outputs, DLLDEL outputs, Clock divider outputs, SERDES/PCS clocks and user logic. There are clock divider 
blocks (ECLKDIV and PCLKDIV) to provide a slower clock from these clock sources.  

CrossLink-NX supports glitchless Dynamic Clock Control (DCC) for the PCLK Clock to save dynamic power. There are also 
Dynamic Clock Selection logic to allow glitchless selection between two clocks for the PCLK network (DCS). 

Overview of Clocking Network is shown in Figure 2.7 for CrossLink-NX device. The shaded blocks (PCIe and upper left 
PLL) are not available in the 17K Logic Cell device. 
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