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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.

Details

Product Status Not For New Designs

Number of LABs/CLBs 11500

Number of Logic Elements/Cells 92000

Total RAM Bits 4526080

Number of I/O 490

Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°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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Figure 2-1. Simplified Block Diagram, LatticeECP3-35 Device (Top Level)

PFU Blocks 
The core of the LatticeECP3 device consists of PFU blocks, which are provided in two forms, the PFU and PFF. 
The PFUs can be programmed to perform Logic, Arithmetic, Distributed RAM and Distributed ROM functions. PFF 
blocks can be programmed to perform Logic, Arithmetic and ROM functions. Except where necessary, the remain-
der 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 0-3 as shown in Figure 2-2. Each slice contains 
two LUTs. All the interconnections to and from PFU blocks are from routing. There are 50 inputs and 23 outputs 
associated with each PFU block. 

SERDES/PCS 
CH 3

SERDES/PCS 
CH 2

SERDES/PCS 
CH 1

SERDES/PCS 
CH 0

sysIO
Bank 

7 

sysIO
Bank

2 

sysIO 
Bank 0 

sysIO 
Bank 1 

sysIO Bank 3 sysIO Bank 6 

Configuration Logic: 
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Programmable 
Function Units:
Up to 149K LUTs

sysCLOCK 
PLLs & DLLs:
Frequency Synthesis 
and Clock Alignment
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Note: There is no Bank 4 or Bank 5 in LatticeECP3 devices.
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Figure 2-31. MULTADDSUBSUM Slice 1

Advanced sysDSP Slice Features
Cascading
The LatticeECP3 sysDSP slice has been enhanced to allow cascading. Adder trees are implemented fully in sys-
DSP slices, improving the performance. Cascading of slices uses the signals CIN, COUT and C Mux of the slice.

Addition
The LatticeECP3 sysDSP slice allows for the bypassing of multipliers and cascading of adder logic. High perfor-
mance adder functions are implemented without the use of LUTs. The maximum width adders that can be imple-
mented are 54-bit.

Rounding
The rounding operation is implemented in the ALU and is done by adding a constant followed by a truncation oper-
ation. The rounding methods supported are:

• Rounding to zero (RTZ)

• Rounding to infinity (RTI)

• Dynamic rounding

• Random rounding

• Convergent rounding 
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Programmable I/O Cells (PIC) 
Each PIC contains two PIOs connected to their respective sysI/O buffers as shown in Figure 2-32. The PIO Block 
supplies the output data (DO) and the tri-state control signal (TO) to the sysI/O buffer and receives input from the 
buffer. Table 2-11 provides the PIO signal list.

Figure 2-32. PIC Diagram

ONEGB
TS

INA
IPA

DEL[3:0]
ECLK1, ECLK2

SCLK
CE

LSR

ECLK1
ECLK2
SCLK

READ
DCNTL[5:0]

DYNDEL[7:0]
DQSI

PRMDET

GSRN

DDRLAT*
DDRCLKPOL*

ECLKDQSR*

DQCLK0*
DQCLK1*

DQSW*

CLK
CEOT

CEI

sysIO
Buffer

PADA 
“T”

PADB 
“C”

LSR
GSR

* Signals are available on left/right/top edges only.
** Signals are available on the left and right sides only
*** Selected PIO.

IOLD0

DI

Tristate
Register 

Block

Output
Register 

Block
(ISI)

Input
Register 

Block Control
Muxes

Read Control

Write Control

PIOB

PIOA

OPOSA
OPOSB

ONEGA**
ONEGB**

IPB

INCK
INDD

INB

IOLT0

I/Os in a DQS-12 Group, Except DQSN (Complement of DQS) I/Os

DQS Control Block 
(One per DQS Group of 12 I/Os)***



2-34

Architecture
LatticeECP3 Family Data Sheet

Figure 2-33. Input Register Block for Left, Right and Top Edges

Output Register Block 
The output register block registers signals from the core of the device before they are passed to the sysI/O buffers. 
The blocks on the left and right PIOs contain registers for SDR and full DDR operation. The topside PIO block is the 
same as the left and right sides except it does not support ODDRX2 gearing of output logic. ODDRX2 gearing is 
used in DDR3 memory interfaces.The PIO blocks on the bottom contain the SDR registers but do not support 
generic DDR. 

Figure 2-34 shows the Output Register Block for PIOs on the left and right edges. 

In SDR mode, OPOSA feeds one of the flip-flops that then feeds the output. The flip-flop can be configured as a 
Dtype or latch. In DDR mode, two of the inputs are fed into registers on the positive edge of the clock. At the next 
clock cycle, one of the registered outputs is also latched.

A multiplexer running off the same clock is used to switch the mux between the 11 and 01 inputs that will then feed 
the output.

A gearbox function can be implemented in the output register block that takes four data streams: OPOSA, ONEGA, 
OPOSB and ONEGB. All four data inputs are registered on the positive edge of the system clock and two of them 
are also latched. The data is then output at a high rate using a multiplexer that runs off the DQCLK0 and DQCLK1 
clocks. DQCLK0 and DQCLK1 are used in this case to transfer data from the system clock to the edge clock 
domain. These signals are generated in the DQS Write Control Logic block. See Figure 2-37 for an overview of the 
DQS write control logic.

Please see TN1180, LatticeECP3 High-Speed I/O Interface for more information on this topic.

Further discussion on using the DQS strobe in this module is discussed in the DDR Memory section of this data 
sheet.
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Figure 2-37. DQS Local Bus

Polarity Control Logic
In a typical DDR Memory interface design, the phase relationship between the incoming delayed DQS strobe and 
the internal system clock (during the READ cycle) is unknown. The LatticeECP3 family contains dedicated circuits 
to transfer data between these domains. A clock polarity selector is used to prevent set-up and hold violations at 
the domain transfer between DQS (delayed) and the system clock. This changes the edge on which the data is reg-
istered in the synchronizing registers in the input register block. This requires evaluation at the start of each READ 
cycle for the correct clock polarity. 

Prior to the READ operation in DDR memories, DQS is in tristate (pulled by termination). The DDR memory device 
drives DQS low at the start of the preamble state. A dedicated circuit detects the first DQS rising edge after the pre-
amble state. This signal is used to control the polarity of the clock to the synchronizing registers.

DDR3 Memory Support
LatticeECP3 supports the read and write leveling required for DDR3 memory interfaces.

Read leveling is supported by the use of the DDRCLKPOL and the DDRLAT signals generated in the DQS Read 
Control logic block. These signals dynamically control the capture of the data with respect to the DQS at the input 
register block. 
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Figure 2-38. LatticeECP3 Banks

LatticeECP3 devices contain two types of sysI/O buffer pairs. 

1. Top (Bank 0 and Bank 1) and Bottom sysIO Buffer Pairs (Single-Ended Outputs Only)
The sysI/O buffer pairs in the top banks of the device consist of two single-ended output drivers and two sets of 
single-ended input buffers (both ratioed and referenced). One of the referenced input buffers can also be con-
figured as a differential input. Only the top edge buffers have a programmable PCI clamp.

The two pads in the pair are described as “true” and “comp”, where the true pad is associated with the positive 
side of the differential input buffer and the comp (complementary) pad is associated with the negative side of 
the differential input buffer. 

The top and bottom sides are ideal for general purpose I/O, PCI, and inputs for LVDS (LVDS outputs are only 
allowed on the left and right sides). The top side can be used for the DDR3 ADDR/CMD signals. 

The I/O pins located on the top and bottom sides of the device (labeled PTxxA/B or PBxxA/B) are fully hot 
socketable. Note that the pads in Banks 3, 6 and 8 are wrapped around the corner of the device. In these 
banks, only the pads located on the top or bottom of the device are hot socketable. The top and bottom side 
pads can be identified by the Lattice Diamond tool.
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2. Left and Right (Banks 2, 3, 6 and 7) sysI/O Buffer Pairs (50% Differential and 100% Single-Ended Out-
puts)
The sysI/O buffer pairs in the left and right banks of the device consist of two single-ended output drivers, two 
sets of single-ended input buffers (both ratioed and referenced) and one differential output driver. One of the 
referenced input buffers can also be configured as a differential input. In these banks the two pads in the pair 
are described as “true” and “comp”, where the true pad is associated with the positive side of the differential I/O, 
and the comp (complementary) pad is associated with the negative side of the differential I/O. 

In addition, programmable on-chip input termination (parallel or differential, static or dynamic) is supported on 
these sides, which is required for DDR3 interface. However, there is no support for hot-socketing for the I/O 
pins located on the left and right side of the device as the PCI clamp is always enabled on these pins.

LVDS, RSDS, PPLVDS and Mini-LVDS differential output drivers are available on 50% of the buffer pairs on the 
left and right banks. 

3. Configuration Bank sysI/O Buffer Pairs (Single-Ended Outputs, Only on Shared Pins When Not Used by 
Configuration)
The sysI/O buffers in the Configuration Bank consist of ratioed single-ended output drivers and single-ended 
input buffers. This bank does not support PCI clamp like the other banks on the top, left, and right sides. 

The two pads in the pair are described as “true” and “comp”, where the true pad is associated with the positive 
side of the differential input buffer and the comp (complementary) pad is associated with the negative side of 
the differential input buffer. 

Programmable PCI clamps are only available on the top banks. PCI clamps are used primarily on inputs and bi-
directional pads to reduce ringing on the receiving end.

Typical sysI/O I/O Behavior During Power-up 
The internal power-on-reset (POR) signal is deactivated when VCC, VCCIO8 and VCCAUX have reached satisfactory 
levels. After the POR signal is deactivated, the FPGA core logic becomes active. It is the user’s responsibility to 
ensure that all other VCCIO banks are active with valid input logic levels to properly control the output logic states of 
all the I/O banks that are critical to the application. For more information about controlling the output logic state with 
valid input logic levels during power-up in LatticeECP3 devices, see the list of technical documentation at the end 
of this data sheet. 

The VCC and VCCAUX supply the power to the FPGA core fabric, whereas the VCCIO supplies power to the I/O buf-
fers. In order to simplify system design while providing consistent and predictable I/O behavior, it is recommended 
that the I/O buffers be powered-up prior to the FPGA core fabric. VCCIO supplies should be powered-up before or 
together with the VCC and VCCAUX supplies. 

Supported sysI/O Standards 
The LatticeECP3 sysI/O buffer supports both single-ended and differential standards. Single-ended standards can 
be further subdivided into LVCMOS, LVTTL and other standards. The buffers support the LVTTL, LVCMOS 1.2 V, 
1.5 V, 1.8 V, 2.5 V and 3.3 V standards. In the LVCMOS and LVTTL modes, the buffer has individual configuration 
options for drive strength, slew rates, bus maintenance (weak pull-up, weak pull-down, or a bus-keeper latch) and 
open drain. Other single-ended standards supported include SSTL and HSTL. Differential standards supported 
include LVDS, BLVDS, LVPECL, MLVDS, RSDS, Mini-LVDS, PPLVDS (point-to-point LVDS), TRLVDS (Transition 
Reduced LVDS), differential SSTL and differential HSTL. For further information on utilizing the sysI/O buffer to 
support a variety of standards please see TN1177, LatticeECP3 sysIO Usage Guide. 

www.latticesemi.com/dynamic/view_document.cfm?document_id=32317
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Hot Socketing Specifications1, 2, 3

Hot Socketing Requirements1, 2

ESD Performance
Please refer to the LatticeECP3 Product Family Qualification Summary for complete qualification data, including 
ESD performance.

Symbol Parameter Condition Min. Typ. Max. Units

IDK_HS4 Input or I/O Leakage Current 0 VIN  VIH (Max.) — — +/–1 mA

IDK5 Input or I/O Leakage Current
0  VIN < VCCIO — — +/–1 mA

VCCIO  VIN  VCCIO + 0.5V — 18 — mA

1. VCC, VCCAUX and VCCIO should rise/fall monotonically.
2. IDK is additive to IPU, IPD or IBH. 
3. LVCMOS and LVTTL only.
4. Applicable to general purpose I/O pins located on the top and bottom sides of the device.
5. Applicable to general purpose I/O pins located on the left and right sides of the device.

Description Min. Typ. Max. Units

Input current per SERDES I/O pin when device is powered down and inputs 
driven. — — 8 mA

1. Assumes the device is powered down, all supplies grounded, both P and N inputs driven by CML driver with maximum allowed VCCOB 
(1.575 V), 8b10b data, internal AC coupling.

2. Each P and N input must have less than the specified maximum input current. For a 16-channel device, the total input current would be 8 mA*16 
channels *2 input pins per channel = 256 mA

http://www.latticesemi.com/dynamic/view_document.cfm?document_id=34723
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sysI/O Differential Electrical Characteristics
LVDS25

Over Recommended Operating Conditions

Differential HSTL and SSTL
Differential HSTL and SSTL outputs are implemented as a pair of complementary single-ended outputs. All allow-
able single-ended output classes (class I and class II) are supported in this mode.

Parameter Description Test Conditions Min. Typ. Max. Units

VINP
1, VINM

1 Input Voltage 0 — 2.4 V

VCM
1 Input Common Mode Voltage Half the Sum of the Two Inputs 0.05 — 2.35 V

VTHD Differential Input Threshold Difference Between the Two Inputs +/–100 — — mV

IIN Input Current Power On or Power Off — — +/–10 µA

VOH Output High Voltage for VOP or VOM RT = 100 Ohm — 1.38 1.60 V

VOL Output Low Voltage for VOP or VOM RT = 100 Ohm 0.9 V 1.03 — V

VOD Output Voltage Differential (VOP - VOM), RT = 100 Ohm 250 350 450 mV

VOD 
Change in VOD Between High and 
Low — — 50 mV

VOS Output Voltage Offset (VOP + VOM)/2, RT = 100 Ohm 1.125 1.20 1.375 V

VOS Change in VOS Between H and L — — 50 mV

ISAB Output Short Circuit Current VOD = 0V Driver Outputs Shorted to 
Each Other — — 12 mA

1, On the left and right sides of the device, this specification is valid only for VCCIO = 2.5 V or 3.3 V.
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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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tH_DEL
Clock to Data Hold - PIO Input 
Register with Input Data Delay ECP3-150EA 0.0 — 0.0 — 0.0 — ns

fMAX_IO
Clock Frequency of I/O and PFU 
Register ECP3-150EA — 500 — 420 — 375 MHz

tCO
Clock to Output - PIO Output 
Register ECP3-70EA/95EA — 3.8 — 4.2 — 4.6 ns

tSU
Clock to Data Setup - PIO Input 
Register ECP3-70EA/95EA 0.0 — 0.0  — 0.0 — ns

tH
Clock to Data Hold - PIO Input 
Register ECP3-70EA/95EA 1.4 — 1.6 — 1.8 — ns

tSU_DEL
Clock to Data Setup - PIO Input 
Register with Data Input Delay ECP3-70EA/95EA 1.3 — 1.5 — 1.7 — ns

tH_DEL
Clock to Data Hold - PIO Input 
Register with Input Data Delay ECP3-70EA/95EA 0.0 — 0.0 — 0.0 — ns

fMAX_IO
Clock Frequency of I/O and PFU 
Register ECP3-70EA/95EA — 500 — 420 — 375 MHz

tCO
Clock to Output - PIO Output 
Register ECP3-35EA — 3.7 — 4.1 — 4.5 ns

tSU
Clock to Data Setup - PIO Input 
Register ECP3-35EA 0.0 — 0.0 — 0.0 — ns

tH
Clock to Data Hold - PIO Input 
Register ECP3-35EA 1.2 — 1.4 — 1.6 — ns

tSU_DEL
Clock to Data Setup - PIO Input 
Register with Data Input Delay ECP3-35EA 1.3 — 1.4 — 1.5 — ns

tH_DEL
Clock to Data Hold - PIO Input 
Register with Input Data Delay ECP3-35EA 0.0 — 0.0 — 0.0 — ns

fMAX_IO
Clock Frequency of I/O and PFU 
Register ECP3-35EA — 500 — 420 — 375 MHz

tCO
Clock to Output - PIO Output 
Register ECP3-17EA — 3.5 — 3.9 — 4.3 ns

tSU
Clock to Data Setup - PIO Input 
Register ECP3-17EA 0.0 — 0.0 — 0.0 — ns

tH
Clock to Data Hold - PIO Input 
Register ECP3-17EA 1.3 — 1.5 — 1.6 — ns

tSU_DEL
Clock to Data Setup - PIO Input 
Register with Data Input Delay ECP3-17EA 1.3 — 1.4 — 1.5 — ns

tH_DEL
Clock to Data Hold - PIO Input 
Register with Input Data Delay ECP3-17EA 0.0 — 0.0 — 0.0 — ns

fMAX_IO
Clock Frequency of I/O and PFU 
Register ECP3-17EA — 500 — 420 — 375 MHz

General I/O Pin Parameters Using Dedicated Clock Input Primary Clock with PLL with Clock Injection Removal Setting2

tCOPLL
Clock to Output - PIO Output 
Register ECP3-150EA — 3.3 — 3.6 — 39 ns

tSUPLL
Clock to Data Setup - PIO Input 
Register ECP3-150EA 0.7 — 0.8 — 0.9 — ns

tHPLL
Clock to Data Hold - PIO Input 
Register ECP3-150EA 0.8 — 0.9 — 1.0 — ns

tSU_DELPLL
Clock to Data Setup - PIO Input 
Register with Data Input Delay ECP3-150EA 1.6 — 1.8 — 2.0 — ns

tH_DELPLL
Clock to Data Hold - PIO Input 
Register with Input Data Delay ECP3-150EA — 0.0 — 0.0 — 0.0 ns

tCOPLL
Clock to Output - PIO Output 
Register ECP3-70EA/95EA — 3.3 — 3.5 — 3.8 ns

tSUPLL
Clock to Data Setup - PIO Input 
Register ECP3-70EA/95EA 0.7 — 0.8  — 0.9 — ns

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.
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Timing Diagrams
Figure 3-9. Read/Write Mode (Normal)

Note: Input data and address are registered at the positive edge of the clock and output data appears after the positive edge of the clock.

Figure 3-10. Read/Write Mode with Input and Output Registers
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LatticeECP3 Family Timing Adders1, 2, 3, 4, 5, 7 
Over Recommended Commercial Operating Conditions

Buffer Type Description –8 –7 –6 Units

Input Adjusters 

LVDS25E LVDS, Emulated, VCCIO = 2.5 V 0.03 –0.01 –0.03 ns

LVDS25 LVDS, VCCIO = 2.5 V 0.03 0.00 –0.04 ns

BLVDS25 BLVDS, Emulated, VCCIO = 2.5 V 0.03 0.00 –0.04 ns

MLVDS25 MLVDS, Emulated, VCCIO = 2.5 V 0.03 0.00 –0.04 ns

RSDS25 RSDS, VCCIO = 2.5 V 0.03 –0.01 –0.03 ns

PPLVDS Point-to-Point LVDS 0.03 –0.01 –0.03 ns

TRLVDS Transition-Reduced LVDS 0.03 0.00 –0.04 ns

Mini MLVDS Mini LVDS 0.03 –0.01 –0.03 ns

LVPECL33 LVPECL, Emulated, VCCIO = 3.3 V 0.17 0.23 0.28 ns

HSTL18_I HSTL_18 class I, VCCIO = 1.8 V 0.20 0.17 0.13 ns

HSTL18_II HSTL_18 class II, VCCIO = 1.8 V 0.20 0.17 0.13 ns

HSTL18D_I Differential HSTL 18 class I 0.20 0.17 0.13 ns

HSTL18D_II Differential HSTL 18 class II 0.20 0.17 0.13 ns

HSTL15_I HSTL_15 class I, VCCIO = 1.5 V 0.10 0.12 0.13 ns

HSTL15D_I Differential HSTL 15 class I 0.10 0.12 0.13 ns

SSTL33_I SSTL_3 class I, VCCIO = 3.3 V 0.17 0.23 0.28 ns

SSTL33_II SSTL_3 class II, VCCIO = 3.3 V 0.17 0.23 0.28 ns

SSTL33D_I Differential SSTL_3 class I 0.17 0.23 0.28 ns

SSTL33D_II Differential SSTL_3 class II 0.17 0.23 0.28 ns

SSTL25_I SSTL_2 class I, VCCIO = 2.5 V 0.12 0.14 0.16 ns

SSTL25_II SSTL_2 class II, VCCIO = 2.5 V 0.12 0.14 0.16 ns

SSTL25D_I Differential SSTL_2 class I 0.12 0.14 0.16 ns

SSTL25D_II Differential SSTL_2 class II 0.12 0.14 0.16 ns

SSTL18_I SSTL_18 class I, VCCIO = 1.8 V 0.08 0.06 0.04 ns

SSTL18_II SSTL_18 class II, VCCIO = 1.8 V 0.08 0.06 0.04 ns

SSTL18D_I Differential SSTL_18 class I 0.08 0.06 0.04 ns

SSTL18D_II Differential SSTL_18 class II 0.08 0.06 0.04 ns

SSTL15 SSTL_15, VCCIO = 1.5 V 0.087 0.059 0.032 ns

SSTL15D Differential SSTL_15 0.087 0.059 0.032 ns

LVTTL33 LVTTL, VCCIO = 3.3 V 0.07 0.07 0.07 ns

LVCMOS33 LVCMOS, VCCIO = 3.3 V 0.07 0.07 0.07 ns

LVCMOS25 LVCMOS, VCCIO = 2.5 V 0.00 0.00 0.00 ns

LVCMOS18 LVCMOS, VCCIO = 1.8 V –0.13 –0.13 –0.13 ns

LVCMOS15 LVCMOS, VCCIO = 1.5 V –0.07 –0.07 –0.07 ns

LVCMOS12 LVCMOS, VCCIO = 1.2 V –0.20 –0.19 –0.19 ns

PCI33 PCI, VCCIO = 3.3 V 0.07 0.07 0.07 ns

Output Adjusters 

LVDS25E LVDS, Emulated, VCCIO = 2.5 V 1.02 1.14 1.26 ns

LVDS25 LVDS, VCCIO = 2.5 V –0.11 –0.07 –0.03 ns

BLVDS25 BLVDS, Emulated, VCCIO = 2.5 V 1.01 1.13 1.25 ns

MLVDS25 MLVDS, Emulated, VCCIO = 2.5 V 1.01 1.13 1.25 ns



3-45

DC and Switching Characteristics
LatticeECP3 Family Data Sheet

XAUI/Serial Rapid I/O Type 3/CPRI LV E.30 Electrical and Timing 
Characteristics
AC and DC Characteristics
Table 3-13. Transmit

Over Recommended Operating Conditions

Table 3-14. Receive and Jitter Tolerance

Over Recommended Operating Conditions

Symbol Description Test Conditions Min. Typ. Max. Units

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

ZTX_DIFF_DC Differential impedance 80 100 120 Ohms

JTX_DDJ
2, 3, 4 Output data deterministic jitter — — 0.17 UI

JTX_TJ
1, 2, 3, 4 Total output data jitter — — 0.35 UI

1. Total jitter includes both deterministic jitter and random jitter.
2. Jitter values are measured with each CML output AC coupled into a 50-Ohm impedance (100-Ohm differential impedance).
3. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.
4. Values are measured at 2.5 Gbps.

Symbol Description Test Conditions Min. Typ. Max. Units

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 Ohms

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

1. Total jitter includes deterministic jitter, random jitter and sinusoidal jitter. The sinusoidal jitter tolerance mask is shown in Figure 3-18.
2. Jitter values are measured with each high-speed input AC coupled into a 50-Ohm impedance.
3. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.
4. Jitter tolerance parameters are characterized when Full Rx Equalization is enabled.
5. Values are measured at 2.5 Gbps.
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Figure 3-30. SPI Configuration Waveforms

Figure 3-31. Slave SPI HOLDN Waveforms
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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) 

LFE3-70EA-6FN484C 1.2 V –6 STD Lead-Free fpBGA 484 COM 67

LFE3-70EA-7FN484C 1.2 V –7 STD Lead-Free fpBGA 484 COM 67

LFE3-70EA-8FN484C 1.2 V –8 STD Lead-Free fpBGA 484 COM 67

LFE3-70EA-6LFN484C 1.2 V –6 LOW Lead-Free fpBGA 484 COM 67

LFE3-70EA-7LFN484C 1.2 V –7 LOW Lead-Free fpBGA 484 COM 67

LFE3-70EA-8LFN484C 1.2 V –8 LOW Lead-Free fpBGA 484 COM 67

LFE3-70EA-6FN672C 1.2 V –6 STD Lead-Free fpBGA 672 COM 67

LFE3-70EA-7FN672C 1.2 V –7 STD Lead-Free fpBGA 672 COM 67

LFE3-70EA-8FN672C 1.2 V –8 STD Lead-Free fpBGA 672 COM 67

LFE3-70EA-6LFN672C 1.2 V –6 LOW Lead-Free fpBGA 672 COM 67

LFE3-70EA-7LFN672C 1.2 V –7 LOW Lead-Free fpBGA 672 COM 67

LFE3-70EA-8LFN672C 1.2 V –8 LOW Lead-Free fpBGA 672 COM 67

LFE3-70EA-6FN1156C 1.2 V –6 STD Lead-Free fpBGA 1156 COM 67

LFE3-70EA-7FN1156C 1.2 V –7 STD Lead-Free fpBGA 1156 COM 67

LFE3-70EA-8FN1156C 1.2 V –8 STD Lead-Free fpBGA 1156 COM 67

LFE3-70EA-6LFN1156C 1.2 V –6 LOW Lead-Free fpBGA 1156 COM 67

LFE3-70EA-7LFN1156C 1.2 V –7 LOW Lead-Free fpBGA 1156 COM 67

LFE3-70EA-8LFN1156C 1.2 V –8 LOW Lead-Free fpBGA 1156 COM 67

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

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

LFE3-95EA-6FN484C 1.2 V –6 STD Lead-Free fpBGA 484 COM 92

LFE3-95EA-7FN484C 1.2 V –7 STD Lead-Free fpBGA 484 COM 92

LFE3-95EA-8FN484C 1.2 V –8 STD Lead-Free fpBGA 484 COM 92

LFE3-95EA-6LFN484C 1.2 V –6 LOW Lead-Free fpBGA 484 COM 92

LFE3-95EA-7LFN484C 1.2 V –7 LOW Lead-Free fpBGA 484 COM 92

LFE3-95EA-8LFN484C 1.2 V –8 LOW Lead-Free fpBGA 484 COM 92

LFE3-95EA-6FN672C 1.2 V –6 STD Lead-Free fpBGA 672 COM 92

LFE3-95EA-7FN672C 1.2 V –7 STD Lead-Free fpBGA 672 COM 92

LFE3-95EA-8FN672C 1.2 V –8 STD Lead-Free fpBGA 672 COM 92

LFE3-95EA-6LFN672C 1.2 V –6 LOW Lead-Free fpBGA 672 COM 92

LFE3-95EA-7LFN672C 1.2 V –7 LOW Lead-Free fpBGA 672 COM 92

LFE3-95EA-8LFN672C 1.2 V –8 LOW Lead-Free fpBGA 672 COM 92

LFE3-95EA-6FN1156C 1.2 V –6 STD Lead-Free fpBGA 1156 COM 92

LFE3-95EA-7FN1156C 1.2 V –7 STD Lead-Free fpBGA 1156 COM 92

LFE3-95EA-8FN1156C 1.2 V –8 STD Lead-Free fpBGA 1156 COM 92

LFE3-95EA-6LFN1156C 1.2 V –6 LOW Lead-Free fpBGA 1156 COM 92

LFE3-95EA-7LFN1156C 1.2 V –7 LOW Lead-Free fpBGA 1156 COM 92

LFE3-95EA-8LFN1156C 1.2 V –8 LOW Lead-Free fpBGA 1156 COM 92

1. For ordering information on -9 speed grade devices, please contact your Lattice Sales Representative.
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LatticeECP3 Maximum I/O Buffer Speed table – Description column, 
references to VCCIO = 3.0V changed to 3.3V.

Updated SERDES External Reference Clock Waveforms.

Transmitter and Receiver Latency Block Diagram – Updated sections of 
the diagram to match descriptions on the SERDES/PCS Latency Break-
down table. 

Pinout Information “Logic Signal Connections” section heading renamed “Package Pinout 
Information”. Software menu selections within this section have been 
updated.

Signal Descriptions table – Updated description for VCCA signal.

April 2012 02.2EA Architecture Updated first paragraph of Output Register Block section.

Updated the information about sysIO buffer pairs below Figure 2-38.

Updated the information relating to migration between devices in the 
Density Shifting section.

DC and Switching
Characteristics

Corrected the Definitions in the sysCLOCK PLL Timing table for tRST.

Ordering Information Updated topside marks with new logos in the Ordering Information sec-
tion.

February 2012 02.1EA All Updated document with new corporate logo.

November 2011 02.0EA Introduction Added information for LatticeECP3-17EA, 328-ball csBGA package.

Architecture Added information for LatticeECP3-17EA, 328-ball csBGA package.

DC and Switching 
Characteristics

Updated LatticeECP3 Supply Current table power numbers.

Typical Building Block Function Performance table, LatticeECP3 Exter-
nal Switching Characteristics table, LatticeECP3 Internal Switching 
Characteristics table and LatticeECP3 Family Timing Adders: Added 
speed grade -9 and updated speed grade -8, -7 and -6 timing numbers. 

Pinout Information Added information for LatticeECP3-17EA, 328-ball csBGA package.

Ordering Information Added information for LatticeECP3-17EA, 328-ball csBGA package.

Added ordering information for low power devices and -9 speed grade 
devices.

July 2011 01.9EA DC and Switching 
Characteristics

Removed ESD Performance table and added reference to LatticeECP3 
Product Family Qualification Summary document.

sysCLOCK PLL TIming table, added footnote 4.

External Reference Clock Specification table – removed reference to 
VREF-CM-AC and removed footnote for VREF-CM-AC.

Pinout Information Pin Information Summary table: Corrected VCCIO Bank8 data for
LatticeECP3-17EA 256-ball ftBGA package and LatticeECP-35EA 256-
ball ftBGA package.

April 2011 01.8EA Architecture Updated Secondary Clock/Control Sources text section.

DC and Switching 
Characteristics

Added data for 150 Mbps to SERDES Power Supply Requirements 
table.

Updated Frequencies in Table 3-6 Serial Output Timing and Levels

Added Data for 150 Mbps to Table 3-7 Channel Output Jitter

Corrected External Switching Characteristics table, Description for 
DDR3 Clock Timing, tJIT.

Corrected Internal Switching Characteristics table, Description for EBR 
Timing, tSUWREN_EBR and tHWREN_EBR.

Added footnote 1 to sysConfig Port Timing Specifications table.

Updated description for RX-CIDs to 150M in Table 3-9 Serial Input Data 
Specifications

Date Version Section Change Summary
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September 2009 01.4 Architecture Corrected link in sysMEM Memory Block section. 

Updated information for On-Chip Programmable Termination and modi-
fied corresponding figure. 

Added footnote 2 to On-Chip Programmable Termination Options for 
Input Modes table.

Corrected Per Quadrant Primary Clock Selection figure.

DC and Switching
Characteristics

Modified -8 Timing data for 1024x18 True-Dual Port RAM (Read-Before-
Write, EBR Output Registers)

Added ESD Performance table.

LatticeECP3 External Switching Characteristics table - updated data for 
tDIBGDDR, tW_PRI, tW_EDGE and tSKEW_EDGE_DQS. 

LatticeECP3 Internal Switching Characteristics table - updated data for 
tCOO_PIO and added footnote #4.

sysCLOCK PLL Timing table - updated data for fOUT.

External Reference Clock Specification (refclkp/refclkn) table - updated 
data for VREF-IN-SE and VREF-IN-DIFF.

LatticeECP3 sysCONFIG Port Timing Specifications table - updated 
data for tMWC.

Added TRLVDS DC Specification table and diagram.

Updated Mini LVDS table.

August 2009 01.3 DC and Switching
Characteristics

Corrected truncated numbers for VCCIB and VCCOB in Recommended 
Operating Conditions table.

July 2009 01.2 Multiple Changed references of “multi-boot” to “dual-boot” throughout the data 
sheet.

Architecture Updated On-Chip Programmable Termination bullets.

Updated On-Chip Termination Options for Input Modes table.

Updated On-Chip Termination figure.

DC and Switching
Characteristics

Changed min/max data for FREF_PPM and added footnote 4 in 
SERDES External Reference Clock Specification table.

Updated SERDES minimum frequency.

Pinout Information Corrected MCLK to be I/O and CCLK to be I in Signal Descriptions table

May 2009 01.1 All Removed references to Parallel burst mode Flash.

Introduction Features - Changed 250 Mbps to 230 Mbps in Embedded SERDES bul-
leted section and added a footnote to indicate 230 Mbps applies to 
8b10b and 10b12b applications.

Updated data for ECP3-17 in LatticeECP3 Family Selection Guide table.

Changed embedded memory from 552 to 700 Kbits in LatticeECP3 
Family Selection Guide table.

Architecture Updated description for CLKFB in General Purpose PLL Diagram.

Corrected Primary Clock Sources text section.

Corrected Secondary Clock/Control Sources text section.

Corrected Secondary Clock Regions table.

Corrected note below Detailed sysDSP Slice Diagram.

Corrected Clock, Clock Enable, and Reset Resources text section.

Corrected ECP3-17 EBR number in Embedded SRAM in the 
LatticeECP3 Family table.

Added On-Chip Termination Options for Input Modes table.

Updated Available SERDES Quads per LatticeECP3 Devices table.

Date Version Section Change Summary


