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Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Figure 2.3. Slice Diagram 
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Figure 2.4. Connectivity Supporting LUT5, LUT6, LUT7, and LUT8 

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 Multi-purpose M0 Multipurpose Input 

Input Multi-purpose M1 Multipurpose Input 

Input Control signal CE Clock Enable 

Input Control signal LSR Local Set/Reset 

Input Control signal CLK System Clock 

Input Inter-PFU signal FCI Fast Carry-in1 

Input Inter-slice signal FXA Intermediate signal to generate LUT6, LUT7 and LUT82 

Input Inter-slice signal FXB Intermediate signal to generate LUT6, LUT7 and LUT82 

Output Data signals F0, F1 LUT4 output register bypass signals 

Output Data signals Q0, Q1 Register outputs 

Output Inter-PFU signal FCO Fast carry chain output1 

Notes: 

1. See Figure 2.3 on page 15 for connection details. 
2. Requires two adjacent PFUs. 
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Figure 2.6. LFE5UM/LFE5UM5G-85 Clocking 

 Primary Clocks 

The ECP5/ECP5-5G device family provides low-skew, high fan-out clock distribution to all synchronous elements in the 
FPGA fabric through the Primary Clock Network. 

The primary clock network is divided into four clocking quadrants: Top Left (TL), Bottom Left (BL), Top Right (TR), and 
Bottom Right (BR). Each of these quadrants has 16 clocks that can be distributed to the fabric in the quadrant. 

The Lattice Diamond software can automatically route each clock to one of the four quadrants up to a maximum of 16 
clocks per quadrant. The user can change how the clocks are routed by specifying a preference in the Lattice Diamond 
software to locate the clock to specific. The ECP5/ECP5-5G device provides the user with a maximum of 64 unique clock 
input sources that can be routed to the primary Clock network. 

Primary clock sources are: 

 Dedicated clock input pins 

 PLL outputs 

 CLKDIV outputs 

 Internal FPGA fabric entries (with minimum general routing) 

 SERDES/PCS/PCSDIV clocks 

 OSC clock 

These sources are routed to one of four clock switches called a Mid Mux. The outputs of the Mid MUX are routed to 
the center of the FPGA where another clock switch, called the Center MUX, is used to route the primary clock sources 
to primary clock distribution to the ECP5/ECP5-5G fabric. These routing muxes are shown in Figure 2.6. Since there is a 
maximum of 60 unique clock input sources to the clocking quadrants, there are potentially 64 unique clock domains 
that can be used in the ECP5/ECP5-5G Device. For more information about the primary clock tree and connections, 
refer to ECP5 and ECP5-5G sysClock PLL/DLL Design and Usage Guide (TN1263). 

 Dynamic Clock Control 

The Dynamic Clock Control (DCC), Quadrant Clock enable/disable feature allows internal logic control of the quadrant 
primary clock network. When a clock network is disabled, the clock signal is static and not toggle. All the logic fed by 
that clock will not toggle, reducing the overall power consumption of the device. The disable function will not create 
glitch and increase the clock latency to the primary clock network. 

This DCC controls the clock sources from the Primary CLOCK MIDMUX before they are fed to the Primary Center MUXs 
that drive the quadrant clock network. For more information about the DCC, refer to ECP5 and ECP5-5G sysClock 
PLL/DLL Design and Usage Guide (TN1263). 
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 Dynamic Clock Select 

The Dynamic Clock Select (DCS) is a smart multiplexer function available in the primary clock routing. It switches 
between two independent input clock sources. Depending on the operation modes, it switches between two (2) 
independent input clock sources either with or without any glitches. This is achieved regardless of when the select 
signal is toggled. Both input clocks must be running to achieve functioning glitch-less DCS output clock, but it is not 
required running clocks when used as non-glitch-less normal clock multiplexer. 

There are two DCS blocks per device that are fed to all quadrants. The inputs to the DCS block come from all the output 
of MIDMUXs and Clock from CIB located at the center of the PLC array core. The output of the DCS is connected to one 
of the inputs of Primary Clock Center MUX. 

Figure 2.7 shows the timing waveforms of the default DCS operating mode. The DCS block can be programmed to other 
modes. For more information about the DCS, refer to ECP5 and ECP5-5G sysClock PLL/DLL Design and Usage Guide 
(TN1263). 

CLK0

SEL

CLKO

CLK1

 

Figure 2.7. DCS Waveforms 

 Edge Clock 

ECP5/ECP5-5G devices have a number of high-speed edge clocks that are intended for use with the PIOs in the 
implementation of high-speed interfaces. There are two ECLK networks per bank IO on the Left and Right sides of the 
devices. 

Each Edge Clock can be sourced from the following: 

 Dedicated Clock input pins (PCLK) 

 DLLDEL output (Clock delayed by 90o) 

 PLL outputs (CLKOP and CLKOS) 

 ECLKBRIDGE 

 Internal Nodes 
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Figure 2.13. Comparison of General DSP and ECP5/ECP5-5G Approaches 

 sysDSP Slice Architecture Features 

The ECP5/ECP5-5G sysDSP Slice has been significantly enhanced to provide functions needed for advanced processing 
applications. These enhancements provide improved flexibility and resource utilization. 

The ECP5/ECP5-5G sysDSP Slice supports many functions that include the following: 

 Symmetry support. The primary target application is wireless. 1D Symmetry is useful for many applications that 
use FIR filters when their coefficients have symmetry or asymmetry characteristics. The main motivation for using 
1D symmetry is cost/size optimization. The expected size reduction is up to 2x. 

 Odd mode – Filter with Odd number of taps 

 Even mode – Filter with Even number of taps 

 Two dimensional (2D) symmetry mode – supports 2D filters for mainly video applications 

 Dual-multiplier architecture. Lower accumulator overhead to half and the latency to half compared to single 
multiplier architecture 

 Fully cascadable DSP across slices. Support for symmetric, asymmetric and non-symmetric filters. 

 Multiply (one 18x36, two 18x18 or four 9x9 Multiplies per Slice) 

 Multiply (36x36 by cascading across two sysDSP slices) 

 Multiply Accumulate (supports one 18x36 multiplier result accumulation or two 18x18 multiplier result 
accumulation) 

 Two Multiplies feeding one Accumulate per cycle for increased processing with lower latency (two 18x18 
Multiplies feed into an accumulator that can accumulate up to 52 bits) 

 Pipeline registers 

 1D Symmetry support. The coefficients of FIR filters have symmetry or negative symmetry characteristics. 

 Odd mode – Filter with Odd number of taps 

 Even mode – Filter with Even number of taps 

 2D Symmetry support. The coefficients of 2D FIR filters have symmetry or negative symmetry characteristics. 

 3*3 and 3*5 – Internal DSP Slice support 
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Figure 2.23. DQS Grouping on the Left and Right Edges 

 DLL Calibrated DQS Delay and Control Block (DQSBUF) 

To support DDR memory interfaces (DDR2/3, LPDDR2/3), the DQS strobe signal from the memory must be used to 
capture the data (DQ) in the PIC registers during memory reads. This signal is output from the DDR memory device 
aligned to data transitions and must be time shifted before it can be used to capture data in the PIC. This time shifted is 
achieved by using DQSDEL programmable delay line in the DQS Delay Block (DQS read circuit). The DQSDEL is 
implemented as a slave delay line and works in conjunction with a master DDRDLL. 

This block also includes slave delay line to generate delayed clocks used in the write side to generate DQ and DQS with 
correct phases within one DQS group. There is a third delay line inside this block used to provide write leveling feature 
for DDR write if needed. 

Each of the read and write side delays can be dynamically shifted using margin control signals that can be controlled by 
the core logic. 

FIFO Control Block shown in Figure 2.24 generates the Read and Write Pointers for the FIFO block inside the Input 
Register Block. These pointers are generated to control the DQS to ECLK domain crossing using the FIFO module. 
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 SERDES and Physical Coding Sublayer 
LFE5UM/LFE5UM5G devices feature up to 4 channels of embedded SERDES/PCS arranged in dual-channel blocks at the 
bottom of the devices. Each channel supports up to 3.2 Gb/s (ECP5), or up to 5 Gb/s (ECP5-5G) data rate. Figure 2.27 
shows the position of the dual blocks for the LFE5-85. Table 2.13 shows the location of available SERDES Duals for all 
devices. The LFE5UM/LFE5UM5G SERDES/PCS supports a range of popular serial protocols, including: 

 PCI Express Gen1 and Gen2 (2.5 Gb/s) on ECP5UM; Gen 1, Gen2 (2.5 Gb/s and 5 Gb/s) on ECP5-5G 

 Ethernet (XAUI, GbE – 1000 Base CS/SX/LX and SGMII) 

 SMPTE SDI (3G-SDI, HD-SDI, SD-SDI) 

 CPRI (E.6.LV: 614.4 Mb/s, E.12.LV: 1228.8 Mb/s, E.24.LV: 2457.6 Mb/s, E.30.LV: 3072 Mb/s), also  
E.48.LV2:4915 Mb/s in ECP5-5G 

 JESD204A/B – ADC and DAC converter interface: 312.5 Mb/s to 3.125 Gb/s (ECP5) / 5 Gb/s (ECP5-5G)  

Each dual contains two dedicated SERDES for high speed, full duplex serial data transfer. Each dual also has a PCS block 
that interfaces to the SERDES channels and contains protocol specific digital logic to support the standards listed above. 
The PCS block also contains interface logic to the FPGA fabric. All PCS logic for dedicated protocol support can also be 
bypassed to allow raw 8-bit or 10-bit interfaces to the FPGA fabric. 

Even though the SERDES/PCS blocks are arranged in duals, multiple baud rates can be supported within a dual with the 
use of dedicated, per channel /1, /2 and /11 rate dividers. Additionally, two duals can be arranged together to form x4 
channel link. 

ECP5UM devices and ECP5-5G devices are pin-to-pin compatible. But, the ECP5UM devices require 1.1 V on VCCA, 
VCCHRX and VCCHTX supplies. ECP5-5G devices require 1.2 V on these supplies. When designing either family device 
with migration in mind, these supplies need to be connected such that it is possible to adjust the voltage level on these 
supplies. 

When a SERDES Dual in a 2-Dual device is not used, the power VCCA power supply for that Dual should be connected. It 
is advised to connect the VCCA of unused channel to core if the user knows he will not use the Dual at all, or it should 
be connected to a different regulated supply, if that Dual may be used in the future. 

For an unused channel in a Dual, it is advised to connect the VCCHTX to VCCA, and user can leave VCCHRX 
unconnected. 

For information on how to use the SERDES/PCS blocks to support specific protocols, as well on how to combine 
multiple protocols and baud rates within a device, refer to ECP5 and ECP5-5G SERDES/PCS Usage Guide (TN1261). 
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Table 2.14. Available SERDES Duals per LFE5UM/LFE5UM5G Devices 

Package LFE5UM/LFE5UM5G-25 LFE5UM/LFE5UM5G-45 LFE5UM/LFE5UM5G-85 

285 csfBGA 1 1 1 

381 caBGA 1 2 2 

554 caBGA — 2 2 

756 caBGA — — 2 

 

 SERDES Block 

A SERDES receiver channel may receive the serial differential data stream, equalize the signal, perform Clock and Data 
Recovery (CDR) and de-serialize the data stream before passing the 8- or 10-bit data to the PCS logic. The SERDES 
transmitter channel may receive the parallel 8- or 10-bit data, serialize the data and transmit the serial bit stream 
through the differential drivers. Figure 2.28 shows a single-channel SERDES/PCS block. Each SERDES channel provides a 
recovered clock and a SERDES transmit clock to the PCS block and to the FPGA core logic. 

Each transmit channel, receiver channel, and SERDES PLL shares the same power supply (VCCA). The output and input 
buffers of each channel have their own independent power supplies (VCCHTX and VCCHRX). 

HDOUTP

HDOUTN

* 1/8 or 1/10 line rate

Deserializer
1:8/1:10

Word Alignment
8b/10b Decoder

Serializer
8:1/10:1

8b/10b
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SERDES PCS
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BypassBypassBypass

De-emphasis
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Receiver

Recovered Clock*

Receive Clock

Transmit Clock

SERDES Tx Clock
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Transmit Data
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Recovery

RX_REFCLK
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Figure 2.28. Simplified Channel Block Diagram for SERDES/PCS Block 

 PCS 

As shown in Figure 2.28, the PCS receives the parallel digital data from the deserializer and selects the polarity, 
performs word alignment, decodes (8b/10b), provides Clock Tolerance Compensation and transfers the clock domain 
from the recovered clock to the FPGA clock via the Down Sample FIFO. 

For the transmit channel, the PCS block receives the parallel data from the FPGA core, encodes it with 8b/10b, selects 
the polarity and passes the 8/10 bit data to the transmit SERDES channel. 

The PCS also provides bypass modes that allow a direct 8-bit or 10-bit interface from the SERDES to the FPGA logic. The 
PCS interface to the FPGA can also be programmed to run at 1/2 speed for a 16-bit or 20-bit interface to the FPGA logic. 

Some of the enhancements in LFE5UM/LFE5UM5G SERDES/PCS include: 

 Higher clock/channel granularity: Dual channel architecture provides more clock resource per channel. 

 Enhanced Tx de-emphasis: Programmable pre- and post-cursors improves Tx output signaling 

 Bit-slip function in PCS: Improves logic needed to perform Word Alignment function 

Refer to ECP5 and ECP5-5G SERDES/PCS Usage Guide (TN1261) for more information. 
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Table 3.22. ECP5/ECP5-5G External Switching Characteristics (Continued) 

Parameter Description Device 
–8 –7 –6 

Unit 
Min Max Min Max Min Max 

Generic DDR Output 

Generic DDRX1 Outputs With Clock and Data Centered at Pin (GDDRX1_TX.SCLK.Centered) Using PCLK Clock Input - Figure 3.6 

tDVB_GDDRX1_centered 
Data Output Valid before CLK 
Output 

All Devices –0.67 — –0.67 — –0.67 — 
ns + 

1/2 UI 

tDVA_GDDRX1_centered 
Data Output Valid after CLK 
Output 

All Devices –0.67 — –0.67 — –0.67 — 
ns + 

1/2 UI 

fDATA_GDDRX1_centered GDDRX1 Data Rate All Devices — 500 — 500 — 500 Mb/s 

fMAX_GDDRX1_centered GDDRX1 CLK Frequency (SCLK) All Devices — 250 — 250 — 250 MHz 

Generic DDRX1 Outputs With Clock and Data Aligned at Pin (GDDRX1_TX.SCLK.Aligned) Using PCLK Clock Input - Figure 3.9 

tDIB_GDDRX1_aligned 
Data Output Invalid before 
CLK Output 

All Devices –0.3 — –0.3 — –0.3 — ns 

tDIA_GDDRX1_aligned 
Data Output Invalid after CLK 
Output 

All Devices — 0.3 — 0.3 — 0.3 ns 

fDATA_GDDRX1_aligned GDDRX1 Data Rate All Devices — 500 — 500 — 500 Mb/s 

fMAX_GDDRX1_aligned GDDRX1 CLK Frequency (SCLK) All Devices — 250 — 250 — 250 MHz 

Generic DDRX2 Outputs With Clock and Data Centered at Pin (GDDRX2_TX.ECLK.Centered) Using PCLK Clock Input, Left and 
Right sides Only - Figure 3.8 

tDVB_GDDRX2_centered 
Data Output Valid Before CLK 
Output 

All Devices 
–

0.442 
— –0.56 — 

–
0.676 

— 
ns + 

1/2 UI 

tDVA_GDDRX2_centered 
Data Output Valid After CLK 
Output 

All Devices — 0.442 — 0.56 — 0.676 
ns + 

1/2 UI 

fDATA_GDDRX2_centered GDDRX2 Data Rate All Devices — 800 — 700 — 624 Mb/s 

fMAX_GDDRX2_centered GDDRX2 CLK Frequency (ECLK) All Devices — 400 — 350 — 312 MHz 

Generic DDRX2 Outputs With Clock and Data Aligned at Pin (GDDRX2_TX.ECLK.Aligned) Using PCLK Clock Input, Left and Right 
sides Only - Figure 3.9 

tDIB_GDDRX2_aligned 
Data Output Invalid before 
CLK Output 

All Devices –0.16 — –0.18 — –0.2 — ns 

tDIA_GDDRX2_aligned 
Data Output Invalid after CLK 
Output 

All Devices — 0.16 — 0.18 — 0.2 ns 

fDATA_GDDRX2_aligned GDDRX2 Data Rate All Devices — 800 — 700 — 624 Mb/s 

fMAX_GDDRX2_aligned GDDRX2 CLK Frequency (ECLK) All Devices — 400 — 350 — 312 MHz 

Video DDRX71 Outputs With Clock and Data Aligned at Pin (GDDRX71_TX.ECLK) Using PLL Clock Input, Left and Right sides Only 
- Figure 3.12 

tDIB_LVDS71_i 
Data Output Invalid before 
CLK Output 

All Devices –0.16 — –0.18 — –0.2 — 
ns +  

(i) * UI 

tDIA_LVDS71_i 
Data Output Invalid after CLK 
Output 

All Devices — 0.16 — 0.18 — 0.2 
ns +  

(i) * UI 
fDATA_LVDS71 DDR71 Data Rate All Devices — 756 — 620 — 525 Mb/s 

fMAX_LVDS71 DDR71 CLK Frequency (ECLK) All Devices — 378 — 310 — 262.5 MHz 

Memory Interface 

DDR2/DDR3/DDR3L/LPDDR2/LPDDR3 READ (DQ Input Data are Aligned to DQS)  

tDVBDQ_DDR2 

tDVBDQ_DDR3 

tDVBDQ_DDR3L 

tDVBDQ_LPDDR2 

tDVBDQ_LPDDR3 

Data Output Valid before DQS 
Input 

All Devices — –0.26 — 
–

0.317 
— 

–
0.374 

ns + 1/2 
UI 

tDVADQ_DDR2 

tDVADQ_DDR3 

tDVADQ_DDR3L 

tDVADQ_LPDDR2 

tDVADQ_LPDDR3 

Data Output Valid after DQS 
Input 

All Devices 0.26 — 0.317 — 0.374 — 
ns + 1/2 

UI 

Table 3.22. ECP5/ECP5-5G External Switching Characteristics (Continued) 
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 SERDES High-Speed Data Receiver 

Table 3.27. Serial Input Data Specifications 

Symbol Description Min Typ Max Unit 

VRX-DIFF-S Differential input sensitivity 150 — 1760 mV, p-p 

VRX-IN Input levels 0 — VCCA +0.52
 V 

VRX-CM-DCCM 
Input common mode range (internal DC coupled 
mode) 

0.6 — VCCA V 

VRX-CM-ACCM 
Input common mode range (internal AC coupled 

mode)2
 

0.1 — VCCA +0.2 V 

TRX-RELOCK SCDR re-lock time1
 — 1000 — Bits 

ZRX-TERM Input termination 50/75 Ω /High Z –20% 50/75/5 K +20% Ω 

RLRX-RL Return loss (without package) — — –10 dB 

Notes: 

1. This is the typical number of bit times to re-lock to a new phase or frequency within ±300 ppm, assuming 8b10b encoded data. 
2. Up to 1.655 for ECP5, and 1.76 for ECP5-5G. 

 Input Data Jitter Tolerance 
A receiver’s ability to tolerate incoming signal jitter is very dependent on jitter type. High speed serial interface 
standards have recognized the dependency on jitter type and have specifications to indicate tolerance levels for 
different jitter types as they relate to specific protocols. Sinusoidal jitter is considered to be a worst case jitter type. 

Table 3.28. Receiver Total Jitter Tolerance Specification 

Description Frequency Condition Min Typ Max Unit 

Deterministic 

5 Gb/s 

400 mV differential eye — — TBD UI, p-p 

Random 400 mV differential eye — — TBD UI, p-p 

Total 400 mV differential eye — — TBD UI, p-p 

Deterministic 

3.125 Gb/s 

400 mV differential eye — — 0.37 UI, p-p 

Random 400 mV differential eye — — 0.18 UI, p-p 

Total 400 mV differential eye — — 0.65 UI, p-p 

Deterministic 

2.5 Gb/s 

400 mV differential eye — — 0.37 UI, p-p 

Random 400 mV differential eye — — 0.18 UI, p-p 

Total 400 mV differential eye — — 0.65 UI, p-p 

Deterministic 

1.25 Gb/s 

400 mV differential eye — — 0.37 UI, p-p 

Random 400 mV differential eye — — 0.18 UI, p-p 

Total 400 mV differential eye — — 0.65 UI, p-p 

Notes: 

1. Jitter tolerance measurements are done with protocol compliance tests: 3.125 Gb/s - XAUI Standard, 2.5 Gb/s - PCIe Standard, 
1.25 Gb/s - SGMII Standard. 

2. For ECP5-5G family devices only. 
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 PCIe (5 Gb/s) – Preliminary AC and DC Characteristics 

Over recommended operating conditions. 

Table 3.31. PCIe (5 Gb/s) 

Symbol Description Test Conditions Min Typ Max Unit 

Transmit1 

UI Unit Interval — 199.94 200 200.06 ps 

BWTX-PKG-PLL2 
Tx PLL bandwidth corresponding to 
PKGTX-PLL2 

— 5 — 16 MHz 

PKGTX-PLL2 Tx PLL Peaking — — — 1 dB 

VTX-DIFF-PP Differential p-p Tx voltage swing — 0.8 — 1.2 V, p-p 

VTX-DIFF-PP-LOW 
Low power differential p-p Tx voltage 
swing 

— 0.4 — 1.2 V, p-p 

VTX-DE-RATIO-3.5dB Tx de-emphasis level ratio at 3.5dB — 3 — 4 dB 

VTX-DE-RATIO-6dB Tx de-emphasis level ratio at 6dB — 5.5 — 6.5 dB 

TMIN-PULSE Instantaneous lone pulse width —  — — UI 

TTX-RISE-FALL Transmitter rise and fall time —  — — UI 

TTX-EYE 
Transmitter Eye, including all jitter 
sources 

— 0.75 — — UI 

TTX-DJ Tx deterministic jitter > 1.5 MHz — — — 0.15 UI 

TTX-RJ Tx RMS jitter < 1.5 MHz — — — 3 
ps, 

RMS 

TRF-MISMATCH Tx rise/fall time mismatch — — —  UI 

RLTX-DIFF 
Tx Differential Return Loss, including 
package and silicon 

50 MHz < freq < 
1.25 GHz 

10 — — dB 

1.25 GHz < freq 
< 2.5 GHz 

8 — — dB 

RLTX-CM 
Tx Common Mode Return Loss, 
including package and silicon 

50 MHz < freq < 
2.5 GHz 

6 — — dB 

ZTX-DIFF-DC DC differential Impedance — — — 120 Ω 

VTX-CM-AC-PP 
Tx AC peak common mode voltage, 
peak-peak 

— — —  
mV, 

p-p 

ITX-SHORT Transmitter short-circuit current — — — 90 mA 

VTX-DC-CM 
Transmitter DC common-mode 
voltage 

— 0 — 1.2 V 

VTX-IDLE-DIFF-DC Electrical Idle Output DC voltage — 0 — 5 mV 

VTX-IDLE-DIFF-AC-p 
Electrical Idle Differential Output 
peak voltage 

— — —  mV 

VTX-RCV-DETECT 
Voltage change allowed during 
Receiver Detect 

— — — 600 mV 

TTX-IDLE-MIN Min. time in Electrical Idle — 20 — — ns 

TTX-IDLE-SET-TO-IDLE 
Max. time from EI Order Set to valid 
Electrical Idle 

— — — 8 ns 

TTX-IDLE-TO-DIFF-DATA 
Max. time from Electrical Idle to valid 
differential output 

— — — 8 ns 

LTX-SKEW Lane-to-lane output skew — — —  ps 
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 XAUI/CPRI LV E.30 Electrical and Timing Characteristics 

 AC and DC Characteristics 

Over recommended operating conditions. 

Table 3.33. Transmit 

Symbol Description Test Conditions Min Typ Max Unit 

TRF Differential rise/fall time 20% to 80% — 80 — ps 

ZTX_DIFF_DC Differential impedance — 80 100 120 Ω 

JTX_DDJ
2, 3  Output data deterministic jitter — — — 0.17 UI 

JTX_TJ
1, 2, 3 Total output data jitter — — — 0.35 UI 

Notes: 

1. Total jitter includes both deterministic jitter and random jitter. 
2. Jitter values are measured with each CML output AC coupled into a 50 Ω impedance (100 Ω differential impedance). 
3. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal. 

Over recommended operating conditions. 

Table 3.34. Receive and Jitter Tolerance 

Symbol Description Test Conditions Min Typ Max Unit 

RLRX_DIFF Differential return loss 
From 100 MHz 

to 3.125 GHz 
10 — — dB 

RLRX_CM Common mode return loss 
From 100 MHz 

to 3.125 GHz 
6 — — dB 

ZRX_DIFF Differential termination resistance — 80 100 120 Ω 

JRX_DJ
1, 2, 3 Deterministic jitter tolerance (peak-to-peak) — — — 0.37 UI 

JRX_RJ
1, 2, 3 Random jitter tolerance (peak-to-peak) — — — 0.18 UI 

JRX_SJ
1, 2, 3 Sinusoidal jitter tolerance (peak-to-peak) — — — 0.10 UI 

JRX_TJ
1, 2, 3 Total jitter tolerance (peak-to-peak) — — — 0.65 UI 

TRX_EYE Receiver eye opening — 0.35 — — UI 

Notes: 

1. Total jitter includes deterministic jitter, random jitter and sinusoidal jitter. 
2. Jitter values are measured with each high-speed input AC coupled into a 50 Ω impedance. 
3. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal. 

 CPRI LV E.24/SGMII(2.5Gbps) Electrical and Timing Characteristics 

 AC and DC Characteristics 

Table 3.35. Transmit 

Symbol Description Test Conditions Min Typ Max Unit 

TRF
1 Differential rise/fall time 20% to 80% — 80 — ps 

ZTX_DIFF_DC Differential impedance — 80 100 120 Ω 

JTX_DDJ
3, 4 Output data deterministic jitter — — — 0.17 UI 

JTX_TJ
2, 3, 4 Total output data jitter — — — 0.35 UI 

Notes: 

1. Rise and Fall times measured with board trace, connector and approximately 2.5 pf load. 
2. Total jitter includes both deterministic jitter and random jitter. The random jitter is the total jitter minus the actual 

deterministic jitter. 
3. Jitter values are measured with each CML output AC coupled into a 50 Ω impedance (100 Ω differential impedance). 
4. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal. 
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 SMPTE SD/HD-SDI/3G-SDI (Serial Digital Interface) Electrical and Timing 
Characteristics 

 AC and DC Characteristics 

Table 3.39. Transmit 

Symbol Description Test Conditions Min Typ Max Unit 

BRSDO Serial data rate — 270 — 2975 Mb/s 

TJALIGNMENT
2 Serial output jitter, alignment 270 Mb/s6 — — 0.2 UI 

TJALIGNMENT
2 Serial output jitter, alignment 1485 Mb/s — — 0.2 UI 

TJALIGNMENT
1, 2 Serial output jitter, alignment 2970 Mb/s — — 0.3 UI 

TJTIMING Serial output jitter, timing 270 Mb/s6 — — 0.2 UI 

TJTIMING Serial output jitter, timing 1485 Mb/s — — 1 UI 

TJTIMING Serial output jitter, timing 2970 Mb/s — — 2 UI 

Notes: 

1. Timing jitter is measured in accordance with SMPTE serial data transmission standards. 
2. Jitter is defined in accordance with SMPTE RP1 184-1996 as: jitter at an equipment output in the absence of input jitter. 
3. All Tx jitter are measured at the output of an industry standard cable driver, with the Lattice SERDES device configured to 50 Ω 

output impedance connecting to the external cable driver with differential signaling. 
4. The cable driver drives: RL=75 Ω, AC-coupled at 270, 1485, or 2970 Mb/s. 
5. All LFE5UM/LFE5UM5G devices are compliant with all SMPTE compliance tests, except 3G-SDI Level-A pathological compliance 

pattern test. 
6. 270 Mb/s is supported with Rate Divider only. 

Table 3.40. Receive 

Symbol Description Test Conditions Min Typ Max Unit 

BRSDI Serial input data rate — 270 — 2970 Mb/s 

 

Table 3.41. Reference Clock 

Symbol Description Test Conditions Min Typ Max Unit 

FVCLK Video output clock frequency — 54 — 148.5 MHz 

DCV Duty cycle, video clock — 45 50 55 % 

Note: SD-SDI (270 Mb/s) is supported with Rate Divider only. For Single Rate: Reference Clock = 54 MHz and Rate Divider = /2. For 
Tri-Rate: Reference Clock = 148.5 MHz and Rate Divider = /11. 
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Figure 3.16. sysCONFIG Parallel Port Write Cycle 
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Figure 3.17. sysCONFIG Slave Serial Port Timing 
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Pin Information Summary 
LFE5UM/ 

LFE5UM5G-25 
LFE5UM/LFE5UM5G-45 LFE5UM/LFE5UM5G-85 

Pin Type 
285 

csfBG
A 

381 

caBGA 

285 
csfBGA 

381 

caBG
A 

554 

caBGA 

285 

csfBGA 

381 

caBG
A 

554 

caBGA 

756 

caBGA 

TAP 4 4 4 4 4 4 4 4 4 

Miscellaneous Dedicated Pins 7 7 7 7 7 7 7 7 7 

GND 83 59 83 59 113 83 59 113 166 

NC 1 8 1 2 33 1 0 17 29 

Reserved 0 2 0 2 4 0 2 4 4 

SERDES 14 28 14 28 28 14 28 28 28 

VCCA (SERDES) 
VCCA0 2 2 2 2 6 2 2 6 8 

VCCA1 0 2 0 2 6 0 2 6 9 

VCCAUX (SERDES) 
VCCAUXA0 2 2 2 2 2 2 2 2 2 

VCCAUXA1 0 2 0 2 2 0 2 2 2 

GNDA (SERDES) 26 26 26 26 49 26 26 49 60 

Total Balls 285 381 285 381 554 285 381 554 756 

High Speed Differential Input 
/ Output Pairs 

Bank 0 0 0 0 0 0 0 0 0 0 

Bank 1 0 0 0 0 0 0 0 0 0 

Bank 2 10/8 16/8 10/8 16/8 16/8 10/8 17/9 16/8 24/12 

Bank 3 14/7 16/8 14/7 16/8 24/12 14/7 16/8 24/12 32/16 

Bank 4 0 0 0 0 0 0 0 0 0 

Bank 6 13/6 16/8 13/6 16/8 24/12 13/6 16/8 24/12 32/16 

Bank 7 8/6 16/8 8/6 16/8 16/8 8/6 16/8 16/8 24/12 

Bank 8 0 0 0 0 0 0 0 0 0 

Total High Speed Differential I/O Pairs 45/2
7 

64/32 45/27 64/3
2 

80/40 45/27 65/3
3 

80/40 112/5
6 

DQS Groups 

(> 11 pins in group) 

 

 

Bank 0 0 0 0 0 0 0 0 0 0 

Bank 1 0 0 0 0 0 0 0 0 0 

Bank 2 1 2 1 2 2 1 2 2 3 

Bank 3 2 2 2 2 3 2 2 3 4 

Bank 4 0 0 0 0 0 0 0 0 0 

Bank 6 2 2 2 2 3 2 2 3 4 

Bank 7 1 2 1 2 2 1 2 2 3 

Bank 8 0 0 0 0 0 0 0 0 0 

Total DQS Groups 6 8 6 8 10 6 8 10 14 
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Supplemental Information 

For Further Information 
A variety of technical notes for the ECP5/ECP5-5G family are available. 

 High-Speed PCB Design Considerations (TN1033) 

 Transmission of High-Speed Serial Signals Over Common Cable Media (TN1066) 

 PCB Layout Recommendations for BGA Packages (TN1074) 

 Minimizing System Interruption During Configuration Using TransFR Technology (TN1087) 

 Electrical Recommendations for Lattice SERDES (FPGA-TN-02077) 

 LatticeECP3, ECP-5 and ECP5-5G Soft Error Detection (SED)/Correction (SEC) Usage Guide (TN1184) 

 Using TraceID (TN1207) 

 Sub-LVDS Signaling Using Lattice Devices (TN1210) 

 Advanced Security Encryption Key Programming Guide for ECP5, ECP5-5G, LatticeECP3, and LatticeECP2/MS 
Devices (TN1215) 

 LatticeECP3, LatticeECP2/M, ECP5 and ECP5-5G Dual Boot and Multiple Boot Feature (TN1216) 

 ECP5 and ECP5-5G sysCONFIG Usage Guide (TN1260) 

 ECP5 and ECP5-5G SERDES/PCS Usage Guide (TN1261) 

 ECP5 and ECP5-5G sysIO Usage Guide (TN1262) 

 ECP5 and ECP5-5G sysClock PLL/DLL Design and Usage Guide (TN1263) 

 ECP5 and ECP5-5G Memory Usage Guide (TN1264) 

 ECP5 and ECP5-5G High-Speed I/O Interface (TN1265) 

 Power Consumption and Management for ECP5 and ECP5-5G Devices (TN1266) 

 ECP5 and ECP5-5G sysDSP Usage Guide (TN1267) 

 ECP5 and ECP5-5G Hardware Checklist (FPGA-TN-02038) 

 Solder Reflow Guide for Surface Mount Devices (FPGA-TN-02041) 

 ECP5 and ECP5-5G PCI Express Soft IP Ease of Use Guidelines (FPGA-TN-02045) 

 Programming External SPI Flash through JTAG for ECP5/ECP5-5G (FPGA-TN-02050) 

 Adding Scalable Power and Thermal Management to ECP5 Using L-ASC10 (AN6095) 

For further information on interface standards refer to the following websites: 

 JEDEC Standards (LVTTL, LVCMOS, SSTL): www.jedec.org 

 PCI: www.pcisig.com 
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