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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

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 2-1. Simplified Block Diagram, LatticeXP2-17 Device (Top Level)

PFU Blocks 
The core of the LatticeXP2 device is made up of logic blocks in two forms, PFUs and PFFs. PFUs can be pro-
grammed to perform logic, arithmetic, distributed RAM and distributed ROM functions. PFF blocks can be pro-
grammed to perform logic, arithmetic and ROM functions. Except where necessary, the remainder of this data 
sheet will use the term PFU to refer to both PFU and PFF blocks. 

Each PFU block consists of four interconnected slices, numbered Slice 0 through Slice 3, as shown in Figure 2-2. 
All the interconnections to and from PFU blocks are from routing. There are 50 inputs and 23 outputs associated 
with each PFU block. 
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Figure 2-16. FlashBAK Technology

Memory Cascading 
Larger and deeper blocks of RAMs can be created using EBR sysMEM Blocks. Typically, the Lattice design tools 
cascade memory transparently, based on specific design inputs. 

Single, Dual and Pseudo-Dual Port Modes 
In all the sysMEM RAM modes the input data and address for the ports are registered at the input of the memory 
array. The output data of the memory is optionally registered at the output. 

EBR memory supports two forms of write behavior for single port or dual port operation: 

1. Normal – Data on the output appears only during a read cycle. During a write cycle, the data (at the current 
address) does not appear on the output. This mode is supported for all data widths. 

2. Write Through – A copy of the input data appears at the output of the same port during a write cycle. This 
mode is supported for all data widths. 

Memory Core Reset 
The memory array in the EBR utilizes latches at the A and B output ports. These latches can be reset asynchro-
nously or synchronously. RSTA and RSTB are local signals, which reset the output latches associated with Port A 
and Port B respectively. GSRN, the global reset signal, resets both ports. The output data latches and associated 
resets for both ports are as shown in Figure 2-17. 

Figure 2-17. Memory Core Reset
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MAC sysDSP Element 
In this case, the two operands, A and B, are multiplied and the result is added with the previous accumulated value. 
This accumulated value is available at the output. The user can enable the input and pipeline registers but the out-
put register is always enabled. The output register is used to store the accumulated value. The Accumulators in the 
DSP blocks in LatticeXP2 family can be initialized dynamically. A registered overflow signal is also available. The 
overflow conditions are provided later in this document. Figure 2-21 shows the MAC sysDSP element. 

Figure 2-21. MAC sysDSP
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MULTADDSUBSUM sysDSP Element 
In this case, the operands A0 and B0 are multiplied and the result is added/subtracted with the result of the multi-
plier operation of operands A1 and B1. Additionally the operands A2 and B2 are multiplied and the result is added/ 
subtracted with the result of the multiplier operation of operands A3 and B3. The result of both addition/subtraction 
are added in a summation block. The user can enable the input, output and pipeline registers. Figure 2-23 shows 
the MULTADDSUBSUM sysDSP element. 

Figure 2-23. MULTADDSUBSUM
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Global Clock, Clock Enable (CE) and Reset (RST) signals from routing are available to every DSP block. From four 
clock sources (CLK0, CLK1, CLK2, CLK3) one clock is selected for each input register, pipeline register and output 
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Table 2-11. PIO Signal List 

PIO 
The PIO contains four blocks: an input register block, output register block, tristate register block and a control logic 
block. These blocks contain registers for operating in a variety of modes along with necessary clock and selection 
logic.

Input Register Block 
The input register blocks for PIOs contain delay elements and registers that can be used to condition high-speed 
interface signals, such as DDR memory interfaces and source synchronous interfaces, before they are passed to 
the device core. Figure 2-26 shows the diagram of the input register block.

Input signals are fed from the sysIO buffer to the input register block (as signal DI). If desired, the input signal can 
bypass the register and delay elements and be used directly as a combinatorial signal (INDD), a clock (INCK) and, 
in selected blocks, the input to the DQS delay block. If an input delay is desired, designers can select either a fixed 
delay or a dynamic delay DEL[3:0]. The delay, if selected, reduces input register hold time requirements when 
using a global clock. 

The input block allows three modes of operation. In the Single Data Rate (SDR) mode, the data is registered, by 
one of the registers in the SDR Sync register block, with the system clock. In DDR mode two registers are used to 
sample the data on the positive and negative edges of the DQS signal which creates two data streams, D0 and D2. 
D0 and D2 are synchronized with the system clock before entering the core. Further information on this topic can 
be found in the DDR Memory Support section of this data sheet.

By combining input blocks of the complementary PIOs and sharing registers from output blocks, a gearbox function 
can be implemented, that takes a double data rate signal applied to PIOA and converts it as four data streams, 
IPOS0A, IPOS1A, IPOS0B and IPOS1B. Figure 2-26 shows the diagram using this gearbox function. For more 
information on this topic, please see TN1138, LatticeXP2 High Speed I/O Interface.

Name Type Description 

CE Control from the core Clock enables for input and output block flip-flops

CLK Control from the core System clocks for input and output blocks

ECLK1, ECLK2 Control from the core Fast edge clocks

LSR Control from the core Local Set/Reset

GSRN Control from routing Global Set/Reset (active low)

INCK2 Input to the core Input to Primary Clock Network or PLL reference inputs

DQS Input to PIO DQS signal from logic (routing) to PIO

INDD Input to the core Unregistered data input to core

INFF Input to the core Registered input on positive edge of the clock (CLK0)

IPOS0, IPOS1 Input to the core Double data rate registered inputs to the core

QPOS01, QPOS11 Input to the core Gearbox pipelined inputs to the core

QNEG01, QNEG11 Input to the core Gearbox pipelined inputs to the core

OPOS0, ONEG0, 
OPOS2, ONEG2 Output data from the core Output signals from the core for SDR and DDR operation

OPOS1 ONEG1 Tristate control from the core Signals to Tristate Register block for DDR operation

DEL[3:0] Control from the core Dynamic input delay control bits

TD Tristate control from the core Tristate signal from the core used in SDR operation

DDRCLKPOL Control from clock polarity bus Controls the polarity of the clock (CLK0) that feed the DDR input block

DQSXFER Control from core Controls signal to the Output block 

1. Signals available on left/right/bottom only.
2. Selected I/O.

www.latticesemi.com/dynamic/view_document.cfm?document_id=23977
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The signal DDRCLKPOL controls the polarity of the clock used in the synchronization registers. It ensures ade-
quate timing when data is transferred from the DQS to system clock domain. For further discussion on this topic, 
see the DDR Memory section of this data sheet. 

Figure 2-26. Input Register Block

Output Register Block 
The output register block provides the ability to register signals from the core of the device before they are passed 
to the sysIO buffers. The blocks on the PIOs on the left, right and bottom contain registers for SDR operation that 
are combined with an additional latch for DDR operation. Figure 2-27 shows the diagram of the Output Register 
Block for PIOs.

In SDR mode, ONEG0 feeds one of the flip-flops that then feeds the output. The flip-flop can be configured as a D-
type or latch. In DDR mode, ONEG0 and OPOS0 are fed into registers on the positive edge of the clock. At the next 
clock cycle the registered OPOS0 is latched. A multiplexer running off the same clock cycle selects the correct reg-
ister to feed the output (D0).

By combining output blocks of the complementary PIOs and sharing some registers from input blocks, a gearbox 
function can be implemented, to take four data streams ONEG0A, ONEG1A, ONEG1B and ONEG1B. Figure 2-27 
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Tristate Register Block 
The tristate register block provides the ability to register tri-state control signals from the core of the device before 
they are passed to the sysIO buffers. The block contains a register for SDR operation and an additional latch for 
DDR operation. Figure 2-27 shows the Tristate Register Block with the Output Block 

In SDR mode, ONEG1 feeds one of the flip-flops that then feeds the output. The flip-flop can be configured as D-
type or latch. In DDR mode, ONEG1 and OPOS1 are fed into registers on the positive edge of the clock. Then in 
the next clock the registered OPOS1 is latched. A multiplexer running off the same clock cycle selects the correct 
register for feeding to the output (D0).

Control Logic Block 
The control logic block allows the selection and modification of control signals for use in the PIO block. A clock sig-
nal is selected from general purpose routing, ECLK1, ECLK2 or a DQS signal (from the programmable DQS pin) 
and is provided to the input register block. The clock can optionally be inverted. 

DDR Memory Support 
PICs have additional circuitry to allow implementation of high speed source synchronous and DDR memory inter-
faces. 

PICs have registered elements that support DDR memory interfaces. Interfaces on the left and right edges are 
designed for DDR memories that support 16 bits of data, whereas interfaces on the top and bottom are designed 
for memories that support 18 bits of data. One of every 16 PIOs on the left and right and one of every 18 PIOs on 
the top and bottom contain delay elements to facilitate the generation of DQS signals. The DQS signals feed the 
DQS buses which span the set of 16 or 18 PIOs. Figure 2-28 and Figure 2-29 show the DQS pin assignments in 
each set of PIOs.

The exact DQS pins are shown in a dual function in the Logic Signal Connections table in this data sheet. Addi-
tional detail is provided in the Signal Descriptions table. The DQS signal from the bus is used to strobe the DDR 
data from the memory into input register blocks. For additional information on using DDR memory support please 
see TN1138, LatticeXP2 High Speed I/O Interface.

www.latticesemi.com/dynamic/view_document.cfm?document_id=23977
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Figure 2-28. DQS Input Routing (Left and Right)

Figure 2-29. DQS Input Routing (Top and Bottom)
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DQSXFER
LatticeXP2 devices provide a DQSXFER signal to the output buffer to assist it in data transfer to DDR memories 
that require DQS strobe be shifted 90o. This shifted DQS strobe is generated by the DQSDEL block. The 
DQSXFER signal runs the span of the data bus.

sysIO Buffer 
Each I/O is associated with a flexible buffer referred to as a sysIO buffer. These buffers are arranged around the 
periphery of the device in groups referred to as banks. The sysIO buffers allow users to implement the wide variety 
of standards that are found in today’s systems including LVCMOS, SSTL, HSTL, LVDS and LVPECL.

sysIO Buffer Banks 
LatticeXP2 devices have eight sysIO buffer banks for user I/Os arranged two per side. Each bank is capable of sup-
porting multiple I/O standards. Each sysIO bank has its own I/O supply voltage (VCCIO). In addition, each bank has 
voltage references, VREF1 and VREF2, that allow it to be completely independent from the others. Figure 2-32 
shows the eight banks and their associated supplies. 

In LatticeXP2 devices, single-ended output buffers and ratioed input buffers (LVTTL, LVCMOS and PCI) are pow-
ered using VCCIO. LVTTL, LVCMOS33, LVCMOS25 and LVCMOS12 can also be set as fixed threshold inputs inde-
pendent of VCCIO. 

Each bank can support up to two separate VREF voltages, VREF1 and VREF2, that set the threshold for the refer-
enced input buffers. Some dedicated I/O pins in a bank can be configured to be a reference voltage supply pin. 
Each I/O is individually configurable based on the bank’s supply and reference voltages. 

Figure 2-32. LatticeXP2 Banks
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Table 2-12. Supported Input Standards

Input Standard VREF (Nom.) VCCIO
1 (Nom.) 

Single Ended Interfaces 

LVTTL — —

LVCMOS33 — —

LVCMOS25 — —

LVCMOS18 — 1.8 

LVCMOS15 — 1.5 

LVCMOS12 — —

PCI33 — —

HSTL18 Class I, II 0.9 —

HSTL15 Class I 0.75 —

SSTL33 Class I, II 1.5 —

SSTL25 Class I, II 1.25 —

SSTL18 Class I, II  0.9 —

Differential Interfaces 

Differential SSTL18 Class I, II — —

Differential SSTL25 Class I, II — —

Differential SSTL33 Class I, II — —

Differential HSTL15 Class I — —

Differential HSTL18 Class I, II — —

LVDS, MLVDS, LVPECL, BLVDS, RSDS — —

1. When not specified, VCCIO can be set anywhere in the valid operating range (page 3-1). 
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Supply Current (Standby)1, 2, 3, 4

Over Recommended Operating Conditions

Symbol Parameter Device Typical5 Units 

ICC Core Power Supply Current

XP2-5 14 mA

XP2-8 18 mA

XP2-17 24 mA

XP2-30 35 mA

XP2-40 45 mA

ICCAUX Auxiliary Power Supply Current6

XP2-5 15 mA

XP2-8 15 mA

XP2-17 15 mA

XP2-30 16 mA

XP2-40 16 mA

ICCPLL PLL Power Supply Current (per PLL) 0.1 mA

ICCIO Bank Power Supply Current (per bank) 2 mA

ICCJ VCCJ Power Supply Current 0.25 mA

1. For further information on supply current, please see TN1139, Power Estimation and Management for LatticeXP2 Devices. 
2. Assumes all outputs are tristated, all inputs are configured as LVCMOS and held at the VCCIO or GND. 
3. Frequency 0 MHz. 
4. Pattern represents a “blank” configuration data file. 
5. TJ = 25oC, power supplies at nominal voltage. 
6. In fpBGA and ftBGA packages the PLLs are connected to and powered from the auxiliary power supply. For these packages, 

the actual auxiliary supply current is the sum of ICCAUX and ICCPLL. For csBGA, PQFP and TQFP packages the PLLs are 
powered independent of the auxiliary power supply.

www.latticesemi.com/dynamic/view_document.cfm?document_id=24561
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Typical Building Block Function Performance1

Pin-to-Pin Performance (LVCMOS25 12mA Drive)
 Function -7 Timing Units

Basic Functions

16-bit Decoder 4.4 ns

32-bit Decoder 5.2 ns

64-bit Decoder 5.6 ns

4:1 MUX 3.7 ns

8:1 MUX 3.9 ns

16:1 MUX 4.3 ns

32:1 MUX 4.5 ns

Register-to-Register Performance  
 Function -7 Timing Units

Basic Functions

16-bit Decoder 521 MHz

32-bit Decoder 537 MHz

64-bit Decoder 484 MHz

4:1 MUX 744 MHz

8:1 MUX 678 MHz

16:1 MUX 616 MHz

32:1 MUX 529 MHz

8-bit Adder 570 MHz

16-bit Adder 507 MHz

64-bit Adder 293 MHz

16-bit Counter 541 MHz

32-bit Counter 440 MHz

64-bit Counter 321 MHz

64-bit Accumulator 261 MHz

Embedded Memory Functions

512x36 Single Port RAM, EBR Output Registers 315 MHz

1024x18 True-Dual Port RAM (Write Through or Normal, EBR Output Registers) 315 MHz

1024x18 True-Dual Port RAM (Write Through or Normal, PLC Output Registers) 231 MHz

Distributed Memory Functions

16x4 Pseudo-Dual Port RAM (One PFU) 760 MHz

32x2 Pseudo-Dual Port RAM 455 MHz

64x1 Pseudo-Dual Port RAM 351 MHz

DSP Functions

18x18 Multiplier (All Registers) 342 MHz

9x9 Multiplier (All Registers) 342 MHz

36x36 Multiply (All Registers) 330 MHz

18x18 Multiply/Accumulate (Input and Output Registers) 218 MHz

18x18 Multiply-Add/Sub-Sum (All Registers) 292 MHz
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LatticeXP2 Family Timing Adders1, 2, 3, 4 
Over Recommended Operating Conditions

Buffer Type Description -7 -6 -5 Units

Input Adjusters

LVDS25 LVDS -0.26 -0.11 0.04 ns

BLVDS25 BLVDS -0.26 -0.11 0.04 ns

MLVDS LVDS -0.26 -0.11 0.04 ns

RSDS RSDS -0.26 -0.11 0.04 ns

LVPECL33 LVPECL -0.26 -0.11 0.04 ns

HSTL18_I HSTL_18 class I -0.23 -0.08 0.07 ns

HSTL18_II HSTL_18 class II -0.23 -0.08 0.07 ns

HSTL18D_I Differential HSTL 18 class I -0.28 -0.13 0.02 ns

HSTL18D_II Differential HSTL 18 class II -0.28 -0.13 0.02 ns

HSTL15_I HSTL_15 class I -0.23 -0.09 0.06 ns

HSTL15D_I Differential HSTL 15 class I -0.28 -0.13 0.01 ns

SSTL33_I SSTL_3 class I -0.20 -0.04 0.12 ns

SSTL33_II SSTL_3 class II -0.20 -0.04 0.12 ns

SSTL33D_I Differential SSTL_3 class I -0.27 -0.11 0.04 ns

SSTL33D_II Differential SSTL_3 class II -0.27 -0.11 0.04 ns

SSTL25_I SSTL_2 class I -0.21 -0.06 0.10 ns

SSTL25_II SSTL_2 class II -0.21 -0.06 0.10 ns

SSTL25D_I Differential SSTL_2 class I -0.27 -0.12 0.03 ns

SSTL25D_II Differential SSTL_2 class II -0.27 -0.12 0.03 ns

SSTL18_I SSTL_18 class I -0.23 -0.08 0.07 ns

SSTL18_II SSTL_18 class II -0.23 -0.08 0.07 ns

SSTL18D_I Differential SSTL_18 class I -0.28 -0.13 0.02 ns

SSTL18D_II Differential SSTL_18 class II -0.28 -0.13 0.02 ns

LVTTL33 LVTTL -0.09 0.05 0.18 ns

LVCMOS33 LVCMOS 3.3 -0.09 0.05 0.18 ns

LVCMOS25 LVCMOS 2.5 0.00 0.00 0.00 ns

LVCMOS18 LVCMOS 1.8 -0.23 -0.07 0.09 ns

LVCMOS15 LVCMOS 1.5 -0.20 -0.02 0.16 ns

LVCMOS12 LVCMOS 1.2 -0.35 -0.20 -0.04 ns

PCI33 3.3V PCI -0.09 0.05 0.18 ns

Output Adjusters

LVDS25E LVDS 2.5 E5 -0.25 0.02 0.30 ns

LVDS25 LVDS 2.5 -0.25 0.02 0.30 ns

BLVDS25 BLVDS 2.5 -0.28 0.00 0.28 ns

MLVDS MLVDS 2.55 -0.28 0.00 0.28 ns

RSDS RSDS 2.55 -0.25 0.02 0.30 ns

LVPECL33 LVPECL 3.35 -0.37 -0.10 0.18 ns

HSTL18_I HSTL_18 class I 8mA drive -0.17 0.13 0.43 ns

HSTL18_II HSTL_18 class II -0.29 0.00 0.29 ns

HSTL18D_I Differential HSTL 18 class I 8mA drive -0.17 0.13 0.43 ns

HSTL18D_II Differential HSTL 18 class II -0.29 0.00 0.29 ns
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HSTL15_I HSTL_15 class I 4mA drive 0.32 0.69 1.06 ns

HSTL15D_I Differential HSTL 15 class I 4mA drive 0.32 0.69 1.06 ns

SSTL33_I SSTL_3 class I -0.25 0.05 0.35 ns

SSTL33_II SSTL_3 class II -0.31 -0.02 0.27 ns

SSTL33D_I Differential SSTL_3 class I -0.25 0.05 0.35 ns

SSTL33D_II Differential SSTL_3 class II -0.31 -0.02 0.27 ns

SSTL25_I SSTL_2 class I 8mA drive -0.25 0.02 0.30 ns

SSTL25_II SSTL_2 class II 16mA drive -0.28 0.00 0.28 ns

SSTL25D_I Differential SSTL_2 class I 8mA drive -0.25 0.02 0.30 ns

SSTL25D_II Differential SSTL_2 class II 16mA drive -0.28 0.00 0.28 ns

SSTL18_I SSTL_1.8 class I -0.17 0.13 0.43 ns

SSTL18_II SSTL_1.8 class II 8mA drive -0.18 0.12 0.42 ns

SSTL18D_I Differential SSTL_1.8 class I -0.17 0.13 0.43 ns

SSTL18D_II Differential SSTL_1.8 class II 8mA drive -0.18 0.12 0.42 ns

LVTTL33_4mA LVTTL 4mA drive -0.37 -0.05 0.26 ns

LVTTL33_8mA LVTTL 8mA drive -0.45 -0.18 0.10 ns

LVTTL33_12mA LVTTL 12mA drive -0.52 -0.24 0.04 ns

LVTTL33_16mA LVTTL 16mA drive -0.43 -0.14 0.14 ns

LVTTL33_20mA LVTTL 20mA drive -0.46 -0.18 0.09 ns

LVCMOS33_4mA LVCMOS 3.3 4mA drive, fast slew rate -0.37 -0.05 0.26 ns

LVCMOS33_8mA LVCMOS 3.3 8mA drive, fast slew rate -0.45 -0.18 0.10 ns

LVCMOS33_12mA LVCMOS 3.3 12mA drive, fast slew rate -0.52 -0.24 0.04 ns

LVCMOS33_16mA LVCMOS 3.3 16mA drive, fast slew rate -0.43 -0.14 0.14 ns

LVCMOS33_20mA LVCMOS 3.3 20mA drive, fast slew rate -0.46 -0.18 0.09 ns

LVCMOS25_4mA LVCMOS 2.5 4mA drive, fast slew rate -0.42 -0.15 0.13 ns

LVCMOS25_8mA LVCMOS 2.5 8mA drive, fast slew rate -0.48 -0.21 0.05 ns

LVCMOS25_12mA LVCMOS 2.5 12mA drive, fast slew rate 0.00 0.00 0.00 ns

LVCMOS25_16mA LVCMOS 2.5 16mA drive, fast slew rate -0.45 -0.18 0.08 ns

LVCMOS25_20mA LVCMOS 2.5 20mA drive, fast slew rate -0.49 -0.22 0.04 ns

LVCMOS18_4mA LVCMOS 1.8 4mA drive, fast slew rate -0.46 -0.18 0.10 ns

LVCMOS18_8mA LVCMOS 1.8 8mA drive, fast slew rate -0.52 -0.25 0.02 ns

LVCMOS18_12mA LVCMOS 1.8 12mA drive, fast slew rate -0.56 -0.30 -0.03 ns

LVCMOS18_16mA LVCMOS 1.8 16mA drive, fast slew rate -0.50 -0.24 0.03 ns

LVCMOS15_4mA LVCMOS 1.5 4mA drive, fast slew rate -0.45 -0.17 0.11 ns

LVCMOS15_8mA LVCMOS 1.5 8mA drive, fast slew rate -0.53 -0.26 0.00 ns

LVCMOS12_2mA LVCMOS 1.2 2mA drive, fast slew rate -0.46 -0.19 0.08 ns

LVCMOS12_6mA LVCMOS 1.2 6mA drive, fast slew rate -0.55 -0.29 -0.02 ns

LVCMOS33_4mA LVCMOS 3.3 4mA drive, slow slew rate 0.98 1.41 1.84 ns

LVCMOS33_8mA LVCMOS 3.3 8mA drive, slow slew rate 0.74 1.16 1.58 ns

LVCMOS33_12mA LVCMOS 3.3 12mA drive, slow slew rate 0.56 0.97 1.38 ns

LVCMOS33_16mA LVCMOS 3.3 16mA drive, slow slew rate 0.77 1.19 1.61 ns

LVCMOS33_20mA LVCMOS 3.3 20mA drive, slow slew rate 0.57 0.98 1.40 ns

LatticeXP2 Family Timing Adders1, 2, 3, 4 (Continued)
Over Recommended Operating Conditions

Buffer Type Description -7 -6 -5 Units
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sysCLOCK PLL Timing
Over Recommended Operating Conditions

Parameter Description Conditions Min. Typ. Max. Units

fIN Input Clock Frequency (CLKI, CLKFB) 10 — 435 MHz

fOUT
Output Clock Frequency (CLKOP, 
CLKOS) 10 — 435 MHz

fOUT2 K-Divider Output Frequency
CLKOK 0.078 — 217.5 MHz

CLKOK2 3.3 — 145 MHz

fVCO PLL VCO Frequency  435 — 870 MHz

fPFD Phase Detector Input Frequency 10 — 435 MHz

AC Characteristics

tDT Output Clock Duty Cycle Default duty cycle selected 3 45 50 55 %

tCPA Coarse Phase Adjust -5 0 5 %

tPH
4 Output Phase Accuracy -5 0 5 %

tOPJIT
1 Output Clock Period Jitter

fOUT > 400 MHz — — ±50 ps

100 MHz < fOUT < 400 MHz — — ±125 ps

 fOUT < 100 MHz — — 0.025 UIPP

tSK Input Clock to Output Clock Skew N/M = integer — — ±240 ps

tOPW Output Clock Pulse Width At 90% or 10% 1 — — ns

tLOCK
2 PLL Lock-in Time

25 to 435 MHz — — 50 µs

10 to 25 MHz — — 100 µs

tIPJIT Input Clock Period Jitter — — ±200 ps

tFBKDLY External Feedback Delay — — 10 ns

tHI Input Clock High Time 90% to 90% 0.5 — — ns

tLO Input Clock Low Time 10% to 10% 0.5 — — ns

tRSTKW Reset Signal Pulse Width (RSTK) 10 — — ns

tRSTW Reset Signal Pulse Width (RST) 500 — — ns

1. Jitter sample is taken over 10,000 samples of the primary PLL output with clean reference clock. 
2. Output clock is valid after tLOCK for PLL reset and dynamic delay adjustment. 
3. Using LVDS output buffers. 
4. Relative to CLKOP.



3-29

DC and Switching Characteristics
LatticeXP2 Family Data Sheet

On-Chip Oscillator and Configuration Master Clock Characteristics
Over Recommended Operating Conditions

Figure 3-9. Master SPI Configuration Waveforms

Parameter Min. Max. Units

Master Clock Frequency Selected value -30% Selected value +30% MHz

Duty Cycle 40 60 %

Opcode Address

0    1    2    3      …    7    8    9   10    …   31  32  33  34    …   127  128

VCC

PROGRAMN

DONE

INITN

CSSPIN

CCLK

SISPI

SOSPI

Capture CFGxCapture CR0

Ignore Valid Bitstream
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Flash Download Time (from On-Chip Flash to SRAM)
Over Recommended Operating Conditions

Flash Program Time
Over Recommended Operating Conditions

Flash Erase Time
Over Recommended Operating Conditions

Symbol Parameter Min. Typ. Max. Units

tREFRESH

PROGRAMN Low-to-
High. Transition to Done 
High.

XP2-5 — 1.8 2.1 ms

XP2-8 — 1.9 2.3 ms

XP2-17 — 1.7 2.0 ms

XP2-30 — 2.0 2.1 ms

XP2-40 — 2.0 2.3 ms

Power-up refresh when 
PROGRAMN is pulled 
up to VCC 
(VCC=VCC Min)

XP2-5 — 1.8 2.1 ms

XP2-8 — 1.9 2.3 ms

XP2-17 — 1.7 2.0 ms

XP2-30 — 2.0 2.1 ms

XP2-40 — 2.0 2.3 ms

Device Flash Density

Program Time

UnitsTyp.

XP2-5  1.2M
TAG 1.0 ms

Main Array 1.1 s

XP2-8  2.0M
TAG 1.0 ms

Main Array 1.4 s

XP2-17  3.6M
TAG 1.0 ms

Main Array 1.8 s

XP2-30  6.0M
TAG 2.0 ms

Main Array 3.0 s

XP2-40  8.0M
TAG 2.0 ms

Main Array 4.0 s

Device Flash Density

Erase Time

UnitsTyp.

XP2-5  1.2M
TAG 1.0 s

Main Array 3.0 s

XP2-8  2.0M
TAG 1.0 s

Main Array 4.0 s

XP2-17  3.6M
TAG 1.0 s

Main Array 5.0 s

XP2-30  6.0M
TAG 2.0 s

Main Array 7.0 s

XP2-40  8.0M
TAG 2.0 s

Main Array 9.0 s
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Lead-Free Packaging
Commercial

Part Number Voltage Grade Package Pins Temp. LUTs (k)

LFXP2-5E-5MN132C 1.2V -5 Lead-Free csBGA 132 COM 5

LFXP2-5E-6MN132C 1.2V -6 Lead-Free csBGA 132 COM 5

LFXP2-5E-7MN132C 1.2V -7 Lead-Free csBGA 132 COM 5

LFXP2-5E-5TN144C 1.2V -5 Lead-Free TQFP 144 COM 5

LFXP2-5E-6TN144C 1.2V -6 Lead-Free TQFP 144 COM 5

LFXP2-5E-7TN144C 1.2V -7 Lead-Free TQFP 144 COM 5

LFXP2-5E-5QN208C 1.2V -5 Lead-Free PQFP 208 COM 5

LFXP2-5E-6QN208C 1.2V -6 Lead-Free PQFP 208 COM 5

LFXP2-5E-7QN208C 1.2V -7 Lead-Free PQFP 208 COM 5

LFXP2-5E-5FTN256C 1.2V -5 Lead-Free ftBGA 256 COM 5

LFXP2-5E-6FTN256C 1.2V -6 Lead-Free ftBGA 256 COM 5

LFXP2-5E-7FTN256C 1.2V -7 Lead-Free ftBGA 256 COM 5

Part Number Voltage Grade Package Pins Temp. LUTs (k)

LFXP2-8E-5MN132C 1.2V -5 Lead-Free csBGA 132 COM 8

LFXP2-8E-6MN132C 1.2V -6 Lead-Free csBGA 132 COM 8

LFXP2-8E-7MN132C 1.2V -7 Lead-Free csBGA 132 COM 8

LFXP2-8E-5TN144C 1.2V -5 Lead-Free TQFP 144 COM 8

LFXP2-8E-6TN144C 1.2V -6 Lead-Free TQFP 144 COM 8

LFXP2-8E-7TN144C 1.2V -7 Lead-Free TQFP 144 COM 8

LFXP2-8E-5QN208C 1.2V -5 Lead-Free PQFP 208 COM 8

LFXP2-8E-6QN208C 1.2V -6 Lead-Free PQFP 208 COM 8

LFXP2-8E-7QN208C 1.2V -7 Lead-Free PQFP 208 COM 8

LFXP2-8E-5FTN256C 1.2V -5 Lead-Free ftBGA 256 COM 8

LFXP2-8E-6FTN256C 1.2V -6 Lead-Free ftBGA 256 COM 8

LFXP2-8E-7FTN256C 1.2V -7 Lead-Free ftBGA 256 COM 8

Part Number Voltage Grade Package Pins Temp. LUTs (k)

LFXP2-17E-5QN208C 1.2V -5 Lead-Free PQFP 208 COM 17

LFXP2-17E-6QN208C 1.2V -6 Lead-Free PQFP 208 COM 17

LFXP2-17E-7QN208C 1.2V -7 Lead-Free PQFP 208 COM 17

LFXP2-17E-5FTN256C 1.2V -5 Lead-Free ftBGA 256 COM 17

LFXP2-17E-6FTN256C 1.2V -6 Lead-Free ftBGA 256 COM 17

LFXP2-17E-7FTN256C 1.2V -7 Lead-Free ftBGA 256 COM 17

LFXP2-17E-5FN484C 1.2V -5 Lead-Free fpBGA 484 COM 17

LFXP2-17E-6FN484C 1.2V -6 Lead-Free fpBGA 484 COM 17

LFXP2-17E-7FN484C 1.2V -7 Lead-Free fpBGA 484 COM 17
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Industrial

Part Number Voltage Grade Package Pins Temp. LUTs (k)

LFXP2-30E-5FTN256C 1.2V -5 Lead-Free ftBGA 256 COM 30

LFXP2-30E-6FTN256C 1.2V -6 Lead-Free ftBGA 256 COM 30

LFXP2-30E-7FTN256C 1.2V -7 Lead-Free ftBGA 256 COM 30

LFXP2-30E-5FN484C 1.2V -5 Lead-Free fpBGA 484 COM 30

LFXP2-30E-6FN484C 1.2V -6 Lead-Free fpBGA 484 COM 30

LFXP2-30E-7FN484C 1.2V -7 Lead-Free fpBGA 484 COM 30

LFXP2-30E-5FN672C 1.2V -5 Lead-Free fpBGA 672 COM 30

LFXP2-30E-6FN672C 1.2V -6 Lead-Free fpBGA 672 COM 30

LFXP2-30E-7FN672C 1.2V -7 Lead-Free fpBGA 672 COM 30

Part Number Voltage Grade Package Pins Temp. LUTs (k)

LFXP2-40E-5FN484C 1.2V -5 Lead-Free fpBGA 484 COM 40

LFXP2-40E-6FN484C 1.2V -6 Lead-Free fpBGA 484 COM 40

LFXP2-40E-7FN484C 1.2V -7 Lead-Free fpBGA 484 COM 40

LFXP2-40E-5FN672C 1.2V -5 Lead-Free fpBGA 672 COM 40

LFXP2-40E-6FN672C 1.2V -6 Lead-Free fpBGA 672 COM 40

LFXP2-40E-7FN672C 1.2V -7 Lead-Free fpBGA 672 COM 40

Part Number Voltage Grade Package Pins Temp. LUTs (k)

LFXP2-5E-5MN132I 1.2V -5 Lead-Free csBGA 132 IND 5

LFXP2-5E-6MN132I 1.2V -6 Lead-Free csBGA 132 IND 5

LFXP2-5E-5TN144I 1.2V -5 Lead-Free TQFP 144 IND 5

LFXP2-5E-6TN144I 1.2V -6 Lead-Free TQFP 144 IND 5

LFXP2-5E-5QN208I 1.2V -5 Lead-Free PQFP 208 IND 5

LFXP2-5E-6QN208I 1.2V -6 Lead-Free PQFP 208 IND 5

LFXP2-5E-5FTN256I 1.2V -5 Lead-Free ftBGA 256 IND 5

LFXP2-5E-6FTN256I 1.2V -6 Lead-Free ftBGA 256 IND 5

Part Number Voltage Grade Package Pins Temp. LUTs (k)

LFXP2-8E-5MN132I 1.2V -5 Lead-Free csBGA 132 IND 8

LFXP2-8E-6MN132I 1.2V -6 Lead-Free csBGA 132 IND 8

LFXP2-8E-5TN144I 1.2V -5 Lead-Free TQFP 144 IND 8

LFXP2-8E-6TN144I 1.2V -6 Lead-Free TQFP 144 IND 8

LFXP2-8E-5QN208I 1.2V -5 Lead-Free PQFP 208 IND 8

LFXP2-8E-6QN208I 1.2V -6 Lead-Free PQFP 208 IND 8

LFXP2-8E-5FTN256I 1.2V -5 Lead-Free ftBGA 256 IND 8

LFXP2-8E-6FTN256I 1.2V -6 Lead-Free ftBGA 256 IND 8



5-4

Ordering Information
LatticeXP2 Family Data Sheet

Part Number Voltage Grade Package Pins Temp. LUTs (k)

LFXP2-17E-5QN208I 1.2V -5 Lead-Free PQFP 208 IND 17

LFXP2-17E-6QN208I 1.2V -6 Lead-Free PQFP 208 IND 17

LFXP2-17E-5FTN256I 1.2V -5 Lead-Free ftBGA 256 IND 17

LFXP2-17E-6FTN256I 1.2V -6 Lead-Free ftBGA 256 IND 17

LFXP2-17E-5FN484I 1.2V -5 Lead-Free fpBGA 484 IND 17

LFXP2-17E-6FN484I 1.2V -6 Lead-Free fpBGA 484 IND 17

Part Number Voltage Grade Package Pins Temp. LUTs (k)

LFXP2-30E-5FTN256I 1.2V -5 Lead-Free ftBGA 256 IND 30

LFXP2-30E-6FTN256I 1.2V -6 Lead-Free ftBGA 256 IND 30

LFXP2-30E-5FN484I 1.2V -5 Lead-Free fpBGA 484 IND 30

LFXP2-30E-6FN484I 1.2V -6 Lead-Free fpBGA 484 IND 30

LFXP2-30E-5FN672I 1.2V -5 Lead-Free fpBGA 672 IND 30

LFXP2-30E-6FN672I 1.2V -6 Lead-Free fpBGA 672 IND 30

Part Number Voltage Grade Package Pins Temp. LUTs (k)

LFXP2-40E-5FN484I 1.2V -5 Lead-Free fpBGA 484 IND 40

LFXP2-40E-6FN484I 1.2V -6 Lead-Free fpBGA 484 IND 40

LFXP2-40E-5FN672I 1.2V -5 Lead-Free fpBGA 672 IND 40

LFXP2-40E-6FN672I 1.2V -6 Lead-Free fpBGA 672 IND 40


