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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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Total RAM Bits 4526080
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Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature -40°C ~ 100°C (TJ)

Package / Case 1156-BBGA

Supplier Device Package 1156-FPBGA (35x35)
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Features
 Higher Logic Density for Increased System 

Integration
• 17K to 149K LUTs
• 116 to 586 I/Os

 Embedded SERDES 
• 150 Mbps to 3.2 Gbps for Generic 8b10b, 10-bit 

SERDES, and 8-bit SERDES modes
• Data Rates 230 Mbps to 3.2 Gbps per channel 

for all other protocols
• Up to 16 channels per device: PCI Express, 

SONET/SDH, Ethernet (1GbE, SGMII, XAUI), 
CPRI, SMPTE 3G and Serial RapidIO

 sysDSP™
• Fully cascadable slice architecture
• 12 to 160 slices for high performance multiply 

and accumulate
• Powerful 54-bit ALU operations
• Time Division Multiplexing MAC Sharing
• Rounding and truncation
• Each slice supports

— Half 36x36, two 18x18 or four 9x9 multipliers
— Advanced 18x36 MAC and 18x18 Multiply-

Multiply-Accumulate (MMAC) operations
 Flexible Memory Resources

• Up to 6.85Mbits sysMEM™ Embedded Block 
RAM (EBR) 

• 36K to 303K bits distributed RAM
 sysCLOCK Analog PLLs and DLLs

• Two DLLs and up to ten PLLs per device
 Pre-Engineered Source Synchronous I/O

• DDR registers in I/O cells

• Dedicated read/write levelling functionality
• Dedicated gearing logic
• Source synchronous standards support

— ADC/DAC, 7:1 LVDS, XGMII
— High Speed ADC/DAC devices

• Dedicated DDR/DDR2/DDR3 memory with DQS 
support

• Optional Inter-Symbol Interference (ISI) 
correction on outputs

 Programmable sysI/O™ Buffer Supports 
Wide Range of Interfaces

• On-chip termination
• Optional equalization filter on inputs
• LVTTL and LVCMOS 33/25/18/15/12
• SSTL 33/25/18/15 I, II
• HSTL15 I and HSTL18 I, II
• PCI and Differential HSTL, SSTL
• LVDS, Bus-LVDS, LVPECL, RSDS, MLVDS

 Flexible Device Configuration 
• Dedicated bank for configuration I/Os
• SPI boot flash interface
• Dual-boot images supported
• Slave SPI
• TransFR™ I/O for simple field updates
• Soft Error Detect embedded macro

 System Level Support
• IEEE 1149.1 and IEEE 1532 compliant
• Reveal Logic Analyzer
• ORCAstra FPGA configuration utility
• On-chip oscillator for initialization & general use
• 1.2 V core power supply

Table 1-1. LatticeECP3™ Family Selection Guide
Device ECP3-17 ECP3-35 ECP3-70 ECP3-95 ECP3-150

LUTs (K) 17 33 67 92 149
sysMEM Blocks (18 Kbits) 38 72 240 240 372
Embedded Memory (Kbits) 700 1327 4420 4420 6850
Distributed RAM Bits (Kbits) 36 68 145 188 303
18 x 18 Multipliers 24 64 128 128 320
SERDES (Quad) 1 1 3 3 4
PLLs/DLLs 2 / 2 4 / 2 10 / 2 10 / 2 10 / 2
Packages and SERDES Channels/ I/O Combinations
328 csBGA (10 x 10 mm) 2 / 116
256 ftBGA (17 x 17 mm) 4 / 133 4 / 133   
484 fpBGA (23 x 23 mm) 4 / 222 4 / 295 4 / 295 4 / 295  
672 fpBGA (27 x 27 mm) 4 / 310 8 / 380 8 / 380 8 / 380
1156 fpBGA (35 x 35 mm)   12 / 490 12 / 490 16 / 586

LatticeECP3 Family Data Sheet
Introduction
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PLL/DLL Cascading 
LatticeECP3 devices have been designed to allow certain combinations of PLL and DLL cascading. The allowable 
combinations are: 

• PLL to PLL supported 

• PLL to DLL supported 

The DLLs in the LatticeECP3 are used to shift the clock in relation to the data for source synchronous inputs. PLLs 
are used for frequency synthesis and clock generation for source synchronous interfaces. Cascading PLL and DLL 
blocks allows applications to utilize the unique benefits of both DLLs and PLLs. 

For further information about the DLL, please see the list of technical documentation at the end of this data sheet. 

PLL/DLL PIO Input Pin Connections 
All LatticeECP3 devices contains two DLLs and up to ten PLLs, arranged in quadrants. If a PLL and a DLL are next 
to each other, they share input pins as shown in the Figure 2-7.

Figure 2-7. Sharing of PIO Pins by PLLs and DLLs in LatticeECP3 Devices

Clock Dividers
LatticeECP3 devices have two clock dividers, one on the left side and one on the right side of the device. These are 
intended to generate a slower-speed system clock from a high-speed edge clock. The block operates in a ÷2, ÷4 or 
÷8 mode and maintains a known phase relationship between the divided down clock and the high-speed clock 
based on the release of its reset signal. The clock dividers can be fed from selected PLL/DLL outputs, the Slave 
Delay lines, routing or from an external clock input. The clock divider outputs serve as primary clock sources and 
feed into the clock distribution network. The Reset (RST) control signal resets input and asynchronously forces all 
outputs to low. The RELEASE signal releases outputs synchronously to the input clock. For further information on 
clock dividers, please see TN1178, LatticeECP3 sysCLOCK PLL/DLL Design and Usage Guide. Figure 2-8 shows 
the clock divider connections.

PLL

DLLDLL_PIO

PLL_PIO

Note: Not every PLL has an associated DLL.

www.latticesemi.com/dynamic/view_document.cfm?document_id=32318
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Figure 2-10. Primary Clock Sources for LatticeECP3-35

Figure 2-11. Primary Clock Sources for LatticeECP3-70, -95, -150
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Figure 2-16. Per Region Secondary Clock Selection

Slice Clock Selection
Figure 2-17 shows the clock selections and Figure 2-18 shows the control selections for Slice0 through Slice2. All 
the primary clocks and seven secondary clocks are routed to this clock selection mux. Other signals can be used 
as a clock input to the slices via routing. Slice controls are generated from the secondary clocks/controls or other 
signals connected via routing.

If none of the signals are selected for both clock and control then the default value of the mux output is 1. Slice 3 
does not have any registers; therefore it does not have the clock or control muxes.

Figure 2-17. Slice0 through Slice2 Clock Selection

Figure 2-18. Slice0 through Slice2 Control Selection
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MULTADDSUBSUM DSP Element
In this case, the operands AA and AB are multiplied and the result is added/subtracted with the result of the multi-
plier operation of operands BA and BB of Slice 0. Additionally, the operands AA and AB are multiplied and the 
result is added/subtracted with the result of the multiplier operation of operands BA and BB of Slice 1. The results 
of both addition/subtractions are added by the second ALU following the slice cascade path. The user can enable 
the input, output and pipeline registers. Figure 2-30 and Figure 2-31 show the MULTADDSUBSUM sysDSP ele-
ment.

Figure 2-30. MULTADDSUBSUM Slice 0
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On-Chip Programmable Termination
The LatticeECP3 supports a variety of programmable on-chip terminations options, including:

• Dynamically switchable Single-Ended Termination with programmable resistor values of 40, 50, or 60 Ohms. 
External termination to Vtt should be used for DDR2 and DDR3 memory controller implementation.

• Common mode termination of 80, 100, 120 Ohms for differential inputs 

Figure 2-39. On-Chip Termination

See Table 2-12 for termination options for input modes.

Table 2-12. On-Chip Termination Options for Input Modes

IO_TYPE TERMINATE to VTT1, 2 DIFFERENTIAL TERMINATION RESISTOR1

LVDS25 þ 80, 100, 120

BLVDS25 þ 80, 100, 120

MLVDS þ 80, 100, 120

HSTL18_I 40, 50, 60 þ

HSTL18_II 40, 50, 60 þ

HSTL18D_I 40, 50, 60 þ

HSTL18D_II 40, 50, 60 þ

HSTL15_I 40, 50, 60 þ

HSTL15D_I 40, 50, 60 þ

SSTL25_I 40, 50, 60 þ

SSTL25_II 40, 50, 60 þ

SSTL25D_I 40, 50, 60 þ

SSTL25D_II 40, 50, 60 þ

SSTL18_I 40, 50, 60 þ

SSTL18_II 40, 50, 60 þ

SSTL18D_I 40, 50, 60 þ

SSTL18D_II 40, 50, 60 þ

SSTL15 40, 50, 60 þ

SSTL15D 40, 50, 60 þ

1. TERMINATE to VTT and DIFFRENTIAL TERMINATION RESISTOR when turned on can only have 
one setting per bank. Only left and right banks have this feature.
Use of TERMINATE to VTT and DIFFRENTIAL TERMINATION RESISTOR are mutually exclusive in 
an I/O bank.
On-chip termination tolerance +/– 20%

2. External termination to VTT should be used when implementing DDR2 and DDR3 memory controller.

Parallel Single-Ended Input Differential Input

Zo

+

-

Vtt

Control Signal

Off-chip On-Chip

Programmable resistance (40, 50 and 60 Ohms)

Z0

Z0

+

-

Off-chip On-Chip

Vtt*

*Vtt must be left floating for this termination
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There are some restrictions to be aware of when using spread spectrum. When a quad shares a PCI Express x1 
channel with a non-PCI Express channel, ensure that the reference clock for the quad is compatible with all proto-
cols within the quad. For example, a PCI Express spread spectrum reference clock is not compatible with most 
Gigabit Ethernet applications because of tight CTC ppm requirements.

While the LatticeECP3 architecture will allow the mixing of a PCI Express channel and a Gigabit Ethernet, Serial 
RapidIO or SGMII channel within the same quad, using a PCI Express spread spectrum clocking as the transmit 
reference clock will cause a violation of the Gigabit Ethernet, Serial RapidIO and SGMII transmit jitter specifica-
tions.

For further information on SERDES, please see TN1176, LatticeECP3 SERDES/PCS Usage Guide.

IEEE 1149.1-Compliant Boundary Scan Testability 
All LatticeECP3 devices have boundary scan cells that are accessed through an IEEE 1149.1 compliant Test 
Access Port (TAP). This allows functional testing of the circuit board on which the device is mounted through a 
serial scan path that can access all critical logic nodes. Internal registers are linked internally, allowing test data to 
be shifted in and loaded directly onto test nodes, or test data to be captured and shifted out for verification. The test 
access port consists of dedicated I/Os: TDI, TDO, TCK and TMS. The test access port has its own supply voltage 
VCCJ and can operate with LVCMOS3.3, 2.5, 1.8, 1.5 and 1.2 standards. 

For more information, please see TN1169, LatticeECP3 sysCONFIG Usage Guide.

Device Configuration 
All LatticeECP3 devices contain two ports that can be used for device configuration. The Test Access Port (TAP), 
which supports bit-wide configuration, and the sysCONFIG port, support dual-byte, byte and serial configuration. 
The TAP supports both the IEEE Standard 1149.1 Boundary Scan specification and the IEEE Standard 1532 In- 
System Configuration specification. The sysCONFIG port includes seven I/Os used as dedicated pins with the 
remaining pins used as dual-use pins. See TN1169, LatticeECP3 sysCONFIG Usage Guide for more information 
about using the dual-use pins as general purpose I/Os.

There are various ways to configure a LatticeECP3 device:

1. JTAG

2. Standard Serial Peripheral Interface (SPI and SPIm modes) - interface to boot PROM memory

3. System microprocessor to drive a x8 CPU port (PCM mode)

4. System microprocessor to drive a serial slave SPI port (SSPI mode)

5. Generic byte wide flash with a MachXO™ device, providing control and addressing

On power-up, the FPGA SRAM is ready to be configured using the selected sysCONFIG port. Once a configuration 
port is selected, it will remain active throughout that configuration cycle. The IEEE 1149.1 port can be activated any 
time after power-up by sending the appropriate command through the TAP port. 

LatticeECP3 devices also support the Slave SPI Interface. In this mode, the FPGA behaves like a SPI Flash device 
(slave mode) with the SPI port of the FPGA to perform read-write operations.

www.latticesemi.com/dynamic/view_document.cfm?document_id=32316
www.latticesemi.com/dynamic/view_document.cfm?document_id=32314
www.latticesemi.com/dynamic/view_document.cfm?document_id=32314
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LVDS25E
The top and bottom sides of LatticeECP3 devices support LVDS outputs via emulated complementary LVCMOS 
outputs in conjunction with a parallel resistor across the driver outputs. The scheme shown in Figure 3-1 is one 
possible solution for point-to-point signals.

Figure 3-1. LVDS25E Output Termination Example

Table 3-1. LVDS25E DC Conditions

LVCMOS33D
All I/O banks support emulated differential I/O using the LVCMOS33D I/O type. This option, along with the external 
resistor network, provides the system designer the flexibility to place differential outputs on an I/O bank with 3.3 V 
VCCIO. The default drive current for LVCMOS33D output is 12 mA with the option to change the device strength to 
4 mA, 8 mA, 16 mA or 20 mA. Follow the LVCMOS33 specifications for the DC characteristics of the LVCMOS33D.

Parameter  Description Typical Units

VCCIO Output Driver Supply (+/–5%) 2.50 V

ZOUT Driver Impedance 20 

RS Driver Series Resistor (+/–1%) 158 

RP Driver Parallel Resistor (+/–1%) 140 

RT Receiver Termination (+/–1%) 100 

VOH Output High Voltage 1.43 V

VOL Output Low Voltage 1.07 V

VOD Output Differential Voltage 0.35 V

VCM Output Common Mode Voltage 1.25 V

ZBACK Back Impedance 100.5 

IDC DC Output Current 6.03 mA

+ 
- 

RS=158 Ohms
(±1%)

RS=158 Ohms
(±1%)

RP = 140 Ohms
(±1%)

RT = 100 Ohms
(±1%)

OFF-chip 

Transmission line, Zo = 100 Ohm differential 

VCCIO = 2.5 V (±5%)

8 mA

VCCIO = 2.5 V (±5%)

ON-chip OFF-chip ON-chip

8 mA
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LVPECL33
The LatticeECP3 devices support the differential LVPECL standard. This standard is emulated using complemen-
tary LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The LVPECL input standard 
is supported by the LVDS differential input buffer. The scheme shown in Figure 3-3 is one possible solution for 
point-to-point signals.

Figure 3-3. Differential LVPECL33

Table 3-3. LVPECL33 DC Conditions1

Over Recommended Operating Conditions

Parameter Description Typical Units

VCCIO Output Driver Supply (+/–5%) 3.30 V

ZOUT Driver Impedance 10 

RS Driver Series Resistor (+/–1%) 93 

RP Driver Parallel Resistor (+/–1%) 196 

RT Receiver Termination (+/–1%) 100 

VOH Output High Voltage 2.05 V

VOL Output Low Voltage 1.25 V

VOD Output Differential Voltage 0.80 V

VCM Output Common Mode Voltage 1.65 V

ZBACK Back Impedance 100.5 

IDC DC Output Current 12.11 mA

1. For input buffer, see LVDS table.

Transmission line, 
Zo = 100 Ohm differential 

Off-chipOn-chip

VCCIO = 3.3 V 
(+/–5%)

VCCIO = 3.3 V 
(+/–5%)

RP = 196 Ohms 
(+/–1%)

RT = 100 Ohms 
(+/–1%)

RS = 93.1 Ohms 
(+/–1%)

RS = 93.1 Ohms 
(+/–1%)

16 mA

16 mA

+
–

Off-chip On-chip
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, 2Derating Timing Tables
Logic timing provided in the following sections of this data sheet and the Diamond and ispLEVER design tools are 
worst case numbers in the operating range. Actual delays at nominal temperature and voltage for best case pro-
cess, can be much better than the values given in the tables. The Diamond and ispLEVER design tools can provide 
logic timing numbers at a particular temperature and voltage.

18x18 Multiply/Accumulate (Input & Output Registers) 200 MHz

18x18 Multiply-Add/Sub (All Registers) 400 MHz

1. These timing numbers were generated using ispLEVER tool. Exact performance may vary with device and tool version. The tool uses inter-
nal parameters that have been characterized but are not tested on every device.

2. Commercial timing numbers are shown. Industrial numbers are typically slower and can be extracted from the Diamond or ispLEVER soft-
ware.

3. For details on -9 speed grade devices, please contact your Lattice Sales Representative.

Register-to-Register Performance1, 2, 3

 Function –8 Timing Units
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Generic DDRX2 Output with Clock and Data (>10 Bits Wide) Centered at Pin  Using PLL (GDDRX2_TX.PLL.Centered)10

Left and Right Sides

tDVBGDDR Data Valid Before CLK All ECP3EA Devices 285 — 370 — 431 — ps

tDVAGDDR Data Valid After CLK All ECP3EA Devices 285 — 370 — 432 — ps

fMAX_GDDR DDRX2 Clock Frequency All ECP3EA Devices — 500 — 420 — 375 MHz

Memory Interface

DDR/DDR2 I/O Pin Parameters (Input Data are Strobe Edge Aligned, Output Strobe Edge is Data Centered)4 

tDVADQ Data Valid After DQS (DDR Read) All ECP3 Devices — 0.225 — 0.225 — 0.225 UI

tDVEDQ Data Hold After DQS (DDR Read) All ECP3 Devices 0.64 — 0.64 — 0.64 — UI

tDQVBS Data Valid Before DQS All ECP3 Devices 0.25 — 0.25 — 0.25 — UI

tDQVAS Data Valid After DQS  All ECP3 Devices 0.25 — 0.25 — 0.25 — UI

fMAX_DDR DDR Clock Frequency All ECP3 Devices 95 200 95 200 95 166 MHz

fMAX_DDR2 DDR2 clock frequency All ECP3 Devices 125 266 125 200 125 166 MHz

DDR3 (Using PLL for SCLK) I/O Pin Parameters

tDVADQ Data Valid After DQS (DDR Read) All ECP3 Devices — 0.225 — 0.225 — 0.225 UI

tDVEDQ Data Hold After DQS (DDR Read) All ECP3 Devices 0.64 — 0.64 — 0.64 — UI

tDQVBS Data Valid Before DQS All ECP3 Devices 0.25 — 0.25 — 0.25 — UI

tDQVAS Data Valid After DQS  All ECP3 Devices 0.25 — 0.25 — 0.25 — UI

fMAX_DDR3 DDR3 clock frequency All ECP3 Devices 300 400 266 333 266 300 MHz

DDR3 Clock Timing

tCH (avg)9 Average High Pulse Width All ECP3 Devices 0.47 0.53 0.47 0.53 0.47 0.53 UI

tCL (avg)9 Average Low Pulse Width All ECP3 Devices 0.47 0.53 0.47 0.53 0.47 0.53 UI

tJIT (per, lck)9 Output Clock Period Jitter During 
DLL Locking Period All ECP3 Devices –90 90 –90 90 –90 90 ps

tJIT (cc, lck)9 Output Cycle-to-Cycle Period Jit-
ter During DLL Locking Period All ECP3 Devices — 180 — 180 — 180 ps

1. Commercial timing numbers are shown. Industrial numbers are typically slower and can be extracted from the Diamond or ispLEVER soft-
ware.

2. General I/O timing numbers based on LVCMOS 2.5, 12mA, Fast Slew Rate, 0pf load.
3. Generic DDR timing numbers based on LVDS I/O.
4. DDR timing numbers based on SSTL25. DDR2 timing numbers based on SSTL18.
5. DDR3 timing numbers based on SSTL15.
6. Uses LVDS I/O standard.
7. The current version of software does not support per bank skew numbers; this will be supported in a future release.
8. Maximum clock frequencies are tested under best case conditions. System performance may vary upon the user environment.
9. Using settings generated by IPexpress.
10. These numbers are generated using best case PLL located in the center of the device.
11. Uses SSTL25 Class II Differential I/O Standard.
12. All numbers are generated with ispLEVER 8.1 software.
13. For details on -9 speed grade devices, please contact your Lattice Sales Representative.

LatticeECP3 External Switching Characteristics (Continued)1, 2, 3, 13

Over Recommended Commercial Operating Conditions

Parameter Description Device

–8 –7 –6

UnitsMin. Max. Min. Max. Min. Max.



3-35

DC and Switching Characteristics
LatticeECP3 Family Data Sheet

DLL Timing
Over Recommended Operating Conditions

Parameter Description Condition Min. Typ. Max. Units 

fREF 
Input reference clock frequency (on-chip or 
off-chip)  133 — 500 MHz 

fFB Feedback clock frequency (on-chip or off-chip)  133 — 500 MHz 

fCLKOP
1 Output clock frequency, CLKOP  133 — 500 MHz 

fCLKOS
2 Output clock frequency, CLKOS  33.3 — 500 MHz 

tPJIT Output clock period jitter (clean input)   — 200 ps p-p 

tDUTY 

Output clock duty cycle (at 50% levels, 50% duty 
cycle input clock, 50% duty cycle circuit turned 
off, time reference delay mode) 

Edge Clock 40  60 % 

Primary Clock 30  70 % 

tDUTYTRD 

Output clock duty cycle (at 50% levels, arbitrary 
duty cycle input clock, 50% duty cycle circuit 
enabled, time reference delay mode) 

Primary Clock < 250 MHz 45  55 % 

Primary Clock 250 MHz 30  70 % 

Edge Clock 45  55 % 

tDUTYCIR 

Output clock duty cycle (at 50% levels, arbitrary 
duty cycle input clock, 50% duty cycle circuit 
enabled, clock injection removal mode) with DLL 
cascading

Primary Clock < 250 MHz 40  60 % 

Primary Clock  250 MHz 30  70 % 

Edge Clock 45  55 % 

tSKEW
3 Output clock to clock skew between two outputs 

with the same phase setting  — — 100 ps 

tPHASE 
Phase error measured at device pads between 
off-chip reference clock and feedback clocks  — — +/-400 ps 

tPWH 
Input clock minimum pulse width high (at 80% 
level)  550 — — ps 

tPWL Input clock minimum pulse width low (at 20% 
level)  550 — — ps 

tINSTB Input clock period jitter  — — 500 ps

tLOCK DLL lock time  8 — 8200 cycles 

tRSWD Digital reset minimum pulse width (at 80% level)  3 — — ns 

tDEL Delay step size  27 45 70 ps 

tRANGE1 
Max. delay setting for single delay block 
(64 taps)  1.9 3.1 4.4 ns 

tRANGE4 Max. delay setting for four chained delay blocks  7.6 12.4 17.6 ns 

1. CLKOP runs at the same frequency as the input clock.
2. CLKOS minimum frequency is obtained with divide by 4.
3. This is intended to be a “path-matching” design guideline and is not a measurable specification.
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Table 3-11. Periodic Receiver Jitter Tolerance Specification

Description Frequency Condition Min. Typ. Max. Units

Periodic 2.97 Gbps 600 mV differential eye — — 0.24 UI, p-p 

Periodic 2.5 Gbps 600 mV differential eye — — 0.22 UI, p-p 

Periodic 1.485 Gbps 600 mV differential eye — — 0.24 UI, p-p 

Periodic 622 Mbps 600 mV differential eye — — 0.15 UI, p-p 

Periodic 150 Mbps 600 mV differential eye — — 0.5 UI, p-p

Note: Values are measured with PRBS 27–1, all channels operating, FPGA Logic active, I/Os around SERDES 
pins quiet, voltages are nominal, room temperature.
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Figure 3-16. Jitter Transfer – 1.25 Gbps

Figure 3-17. Jitter Transfer – 622 Mbps
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Figure 3-30. SPI Configuration Waveforms

Figure 3-31. Slave SPI HOLDN Waveforms

SI/SPID0

CCLK/MCLK

SO/DOUT

tSUCDI tHCDI

tSSCH

tCODO

tSSCL

tHLCH

tCHHL

tCHHH

tHHCH

tHLQZ tHHQX

CCLK

SO

SI

HOLDN

SN



3-61

DC and Switching Characteristics
LatticeECP3 Family Data Sheet

sysI/O Differential Electrical Characteristics
Transition Reduced LVDS (TRLVDS DC Specification)

Over Recommended Operating Conditions

Mini LVDS
Over Recommended Operating Conditions

Symbol Description Min. Nom. Max. Units

VCCO Driver supply voltage (+/– 5%) 3.14 3.3 3.47 V

VID Input differential voltage 150 — 1200 mV

VICM Input common mode voltage 3 — 3.265 V

VCCO Termination supply voltage 3.14 3.3 3.47 V

RT Termination resistance (off-chip) 45 50 55 Ohms

Note: LatticeECP3 only supports the TRLVDS receiver.

Parameter Symbol Description Min. Typ. Max. Units

ZO Single-ended PCB trace impedance 30 50 75 Ohms

RT Differential termination resistance 50 100 150 Ohms

VOD Output voltage, differential, |VOP - VOM| 300 — 600 mV

VOS Output voltage, common mode, |VOP + VOM|/2 1 1.2 1.4 V

VOD Change in VOD, between H and L — — 50 mV

VID Change in VOS, between H and L — — 50 mV

VTHD Input voltage, differential, |VINP - VINM| 200 — 600 mV

VCM Input voltage, common mode, |VINP + VINM|/2 0.3+(VTHD/2) — 2.1-(VTHD/2)

TR, TF Output rise and fall times, 20% to 80% — — 550 ps

TODUTY Output clock duty cycle 40 — 60 %

Note: Data is for 6 mA differential current drive. Other differential driver current options are available.

Current 
Source

VCCO = 3.3 V

Z0

RT RTTransmitter

Receiver



4-5

Pinout Information
LatticeECP3 Family Data Sheet

Pin Information Summary 
Pin Information Summary ECP3-17EA ECP3-35EA ECP3-70EA

Pin Type
256 

ftBGA
328

csBGA
484 

fpBGA
256 

ftBGA
484 

fpBGA
672 

fpBGA
484 

fpBGA
672 

fpBGA
1156 

fpBGA

General Purpose 
Inputs/Outputs per Bank

Bank 0 26 20 36 26 42 48 42 60 86

Bank 1 14 10 24 14 36 36 36 48 78

Bank 2 6 7 12 6 24 24 24 34 36

Bank 3 18 12 44 16 54 59 54 59 86

Bank 6 20 11 44 18 63 61 63 67 86

Bank 7 19 26 32 19 36 42 36 48 54

Bank 8 24 24 24 24 24 24 24 24 24

General Purpose Inputs 
per Bank

Bank 0 0 0 0 0 0 0 0 0 0

Bank 1 0 0 0 0 0 0 0 0 0

Bank 2 2 2 2 2 4 4 4 8 8

Bank 3 0 0 0 2 4 4 4 12 12

Bank 6 0 0 0 2 4 4 4 12 12

Bank 7 4 4 4 4 4 4 4 8 8

Bank 8 0 0 0 0 0 0 0 0 0

General Purpose Out-
puts per Bank

Bank 0 0 0 0 0 0 0 0 0 0

Bank 1 0 0 0 0 0 0 0 0 0

Bank 2 0 0 0 0 0 0 0 0 0

Bank 3 0 0 0 0 0 0 0 0 0

Bank 6 0 0 0 0 0 0 0 0 0

Bank 7 0 0 0 0 0 0 0 0 0

Bank 8 0 0 0 0 0 0 0 0 0

Total Single-Ended User I/O 133 116 222 133 295 310 295 380 490

VCC 6 16 16 6 16 32 16 32 32

VCCAUX 4 5 8 4 8 12 8 12 16

VTT 4 7 4 4 4 4 4 4 8

VCCA 4 6 4 4 4 8 4 8 16

VCCPLL 2 2 4 2 4 4 4 4 4

VCCIO

Bank 0 2 3 2 2 2 4 2 4 4

Bank 1 2 3 2 2 2 4 2 4 4

Bank 2 2 2 2 2 2 4 2 4 4

Bank 3 2 3 2 2 2 4 2 4 4

Bank 6 2 3 2 2 2 4 2 4 4

Bank 7 2 3 2 2 2 4 2 4 4

Bank 8 1 2 2 1 2 2 2 2 2

VCCJ 1 1 1 1 1 1 1 1 1

TAP 4 4 4 4 4 4 4 4 4

GND, GNDIO 51 126 98 51 98 139 98 139 233

NC 0 0 73 0 0 96 0 0 238

Reserved1 0 0 2 0 2 2 2 2 2

SERDES 26 18 26 26 26 26 26 52 78

Miscellaneous Pins 8 8 8 8 8 8 8 8 8

Total Bonded Pins 256 328 484 256 484 672 484 672 1156
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Part Number Voltage Grade1 Power Package Pins Temp. LUTs (K) 

LFE3-150EA-6FN672C 1.2 V –6 STD Lead-Free fpBGA 672 COM 149

LFE3-150EA-7FN672C 1.2 V –7 STD Lead-Free fpBGA 672 COM 149

LFE3-150EA-8FN672C 1.2 V –8 STD Lead-Free fpBGA 672 COM 149

LFE3-150EA-6LFN672C 1.2 V –6 LOW Lead-Free fpBGA 672 COM 149

LFE3-150EA-7LFN672C 1.2 V –7 LOW Lead-Free fpBGA 672 COM 149

LFE3-150EA-8LFN672C 1.2 V –8 LOW Lead-Free fpBGA 672 COM 149

LFE3-150EA-6FN1156C 1.2 V –6 STD Lead-Free fpBGA 1156 COM 149

LFE3-150EA-7FN1156C 1.2 V –7 STD Lead-Free fpBGA 1156 COM 149

LFE3-150EA-8FN1156C 1.2 V –8 STD Lead-Free fpBGA 1156 COM 149

LFE3-150EA-6LFN1156C 1.2 V –6 LOW Lead-Free fpBGA 1156 COM 149

LFE3-150EA-7LFN1156C 1.2 V –7 LOW Lead-Free fpBGA 1156 COM 149

LFE3-150EA-8LFN1156C 1.2 V –8 LOW Lead-Free fpBGA 1156 COM 149

1. For ordering information on -9 speed grade devices, please contact your Lattice Sales Representative.

Part Number Voltage Grade Power Package Pins Temp. LUTs (K)

LFE3-150EA-6FN672CTW1 1.2 V –6 STD Lead-Free fpBGA 672 COM 149

LFE3-150EA-7FN672CTW1 1.2 V –7 STD Lead-Free fpBGA 672 COM 149

LFE3-150EA-8FN672CTW1 1.2 V –8 STD Lead-Free fpBGA 672 COM 149

LFE3-150EA-6FN1156CTW1 1.2 V –6 STD Lead-Free fpBGA 1156 COM 149

LFE3-150EA-7FN1156CTW1 1.2 V –7 STD Lead-Free fpBGA 1156 COM 149

LFE3-150EA-8FN1156CTW1 1.2 V –8 STD Lead-Free fpBGA 1156 COM 149

1. Note: Specifications for the LFE3-150EA-spFNpkgCTW and LFE3-150EA-spFNpkgITW devices, (where sp is the speed and 
pkg is the package), are the same as the LFE3-150EA-spFNpkgC and LFE3-150EA-spFNpkgI devices respectively, except 
as specified below.

• The CTC (Clock Tolerance Circuit) inside the SERDES hard PCS in the TW device is not functional but it can be bypassed 
and implemented in soft IP.

•  The SERDES XRES pin on the TW device passes CDM testing at 250 V.
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Industrial

The following devices may have associated errata. Specific devices with associated errata will be notated with a 
footnote.

Part Number Voltage Grade Power Package1 Pins Temp. LUTs (K) 

LFE3-17EA-6FTN256I 1.2 V –6 STD Lead-Free ftBGA 256 IND 17

LFE3-17EA-7FTN256I 1.2 V –7 STD Lead-Free ftBGA 256 IND 17

LFE3-17EA-8FTN256I 1.2 V –8 STD Lead-Free ftBGA 256 IND 17

LFE3-17EA-6LFTN256I 1.2 V –6 LOW Lead-Free ftBGA 256 IND 17

LFE3-17EA-7LFTN256I 1.2 V –7 LOW Lead-Free ftBGA 256 IND 17

LFE3-17EA-8LFTN256I 1.2 V –8 LOW Lead-Free ftBGA 256 IND 17

LFE3-17EA-6MG328I 1.2 V –6 STD Lead-Free csBGA 328 IND 17

LFE3-17EA-7MG328I 1.2 V –7 STD Lead-Free csBGA 328 IND 17

LFE3-17EA-8MG328I 1.2 V –8 STD Lead-Free csBGA 328 IND 17

LFE3-17EA-6LMG328I 1.2 V –6 LOW Green csBGA 328 IND 17

LFE3-17EA-7LMG328I 1.2 V –7 LOW Green csBGA 328 IND 17

LFE3-17EA-8LMG328I 1.2 V –8 LOW Green csBGA 328 IND 17

LFE3-17EA-6FN484I 1.2 V –6 STD Lead-Free fpBGA 484 IND 17

LFE3-17EA-7FN484I 1.2 V –7 STD Lead-Free fpBGA 484 IND 17

LFE3-17EA-8FN484I 1.2 V –8 STD Lead-Free fpBGA 484 IND 17

LFE3-17EA-6LFN484I 1.2 V –6 LOW Lead-Free fpBGA 484 IND 17

LFE3-17EA-7LFN484I 1.2 V –7 LOW Lead-Free fpBGA 484 IND 17

LFE3-17EA-8LFN484I 1.2 V –8 LOW Lead-Free fpBGA 484 IND 17

1. Green = Halogen free and lead free.

Part Number Voltage Grade1 Power Package Pins Temp. LUTs (K) 

LFE3-35EA-6FTN256I 1.2 V –6 STD Lead-Free ftBGA 256 IND 33

LFE3-35EA-7FTN256I 1.2 V –7 STD Lead-Free ftBGA 256 IND 33

LFE3-35EA-8FTN256I 1.2 V –8 STD Lead-Free ftBGA 256 IND 33

LFE3-35EA-6LFTN256I 1.2 V –6 LOW Lead-Free ftBGA 256 IND 33

LFE3-35EA-7LFTN256I 1.2 V –7 LOW Lead-Free ftBGA 256 IND 33

LFE3-35EA-8LFTN256I 1.2 V –8 LOW Lead-Free ftBGA 256 IND 33

LFE3-35EA-6FN484I 1.2 V –6 STD Lead-Free fpBGA 484 IND 33

LFE3-35EA-7FN484I 1.2 V –7 STD Lead-Free fpBGA 484 IND 33

LFE3-35EA-8FN484I 1.2 V –8 STD Lead-Free fpBGA 484 IND 33

LFE3-35EA-6LFN484I 1.2 V –6 LOW Lead-Free fpBGA 484 IND 33

LFE3-35EA-7LFN484I 1.2 V –7 LOW Lead-Free fpBGA 484 IND 33

LFE3-35EA-8LFN484I 1.2 V –8 LOW Lead-Free fpBGA 484 IND 33

LFE3-35EA-6FN672I 1.2 V –6 STD Lead-Free fpBGA 672 IND 33

LFE3-35EA-7FN672I 1.2 V –7 STD Lead-Free fpBGA 672 IND 33

LFE3-35EA-8FN672I 1.2 V –8 STD Lead-Free fpBGA 672 IND 33

LFE3-35EA-6LFN672I 1.2 V –6 LOW Lead-Free fpBGA 672 IND 33

LFE3-35EA-7LFN672I 1.2 V –7 LOW Lead-Free fpBGA 672 IND 33

LFE3-35EA-8LFN672I 1.2 V –8 LOW Lead-Free fpBGA 672 IND 33

1. For ordering information on -9 speed grade devices, please contact your Lattice Sales Representative.
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Deleted Reference Clock table for PCI Express Electrical and Timing 
AC and DC Characteristics.

Updated SMPTE AC/DC Characteristics Transmit table.

Updated Mini LVDS table.

Updated RSDS table.
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