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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 295

Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 484-BBGA

Supplier Device Package 484-FPBGA (23x23)

Purchase URL https://www.e-xfl.com/product-detail/lattice-semiconductor/lfe3-95ea-9fn484c

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/lfe3-95ea-9fn484c-4485247
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-fpgas-field-programmable-gate-array
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Figure 2-8. Clock Divider Connections

Clock Distribution Network 
LatticeECP3 devices have eight quadrant-based primary clocks and eight secondary clock/control sources. Two 
high performance edge clocks are available on the top, left, and right edges of the device to support high speed 
interfaces. These clock sources are selected from external I/Os, the sysCLOCK PLLs, DLLs or routing. These clock 
sources are fed throughout the chip via a clock distribution system. 

Primary Clock Sources 
LatticeECP3 devices derive clocks from six primary source types: PLL outputs, DLL outputs, CLKDIV outputs, ded-
icated clock inputs, routing and SERDES Quads. LatticeECP3 devices have two to ten sysCLOCK PLLs and two 
DLLs, located on the left and right sides of the device. There are six dedicated clock inputs: two on the top side, two 
on the left side and two on the right side of the device. Figures 2-9, 2-10 and 2-11 show the primary clock sources 
for LatticeECP3 devices.

Figure 2-9. Primary Clock Sources for LatticeECP3-17
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Table 2-6. Secondary Clock Regions

Figure 2-15. LatticeECP3-70 and LatticeECP3-95 Secondary Clock Regions

Device
Number of Secondary Clock 

Regions

ECP3-17 16

ECP3-35 16

ECP3-70 20

ECP3-95 20

ECP3-150 36

sysIO Bank 0 sysIO Bank 1

SERDES

sy
sI

O
 B

an
k 

7

sy
sI

O
 B

an
k 

2

sy
sI

O
 B

an
k 

6

sy
sI

O
 B

an
k 

3
C

o
n

fi
g

u
ra

ti
o

n
 B

an
k

Secondary Clock
Region R1C1

Secondary Clock
Region R2C1

Secondary Clock
Region R3C1

Secondary Clock
Region R4C1

Secondary Clock
Region R5C1

Secondary Clock
Region R1C2

Secondary Clock
Region R2C2

Secondary Clock
Region R3C2

Secondary Clock
Region R4C2

Secondary Clock
Region R5C2

Secondary Clock
Region R1C3

Vertical Routing Channel
Regional Boundary

Secondary Clock
Region R2C3

Secondary Clock
Region R3C3

Secondary Clock
Region R4C3

Secondary Clock
Region R5C3

Secondary Clock
Region R1C4

Secondary Clock
Region R2C4

Secondary Clock
Region R3C4

Secondary Clock
Region R4C4

Secondary Clock
Region R5C4

EBR Row
Regional Boundary

EBR Row
Regional Boundary

Spine Repeaters



2-23

Architecture
LatticeECP3 Family Data Sheet

Figure 2-25. Detailed sysDSP Slice Diagram

The LatticeECP2 sysDSP block supports the following basic elements.

• MULT (Multiply)

• MAC (Multiply, Accumulate)

• MULTADDSUB (Multiply, Addition/Subtraction)

• MULTADDSUBSUM (Multiply, Addition/Subtraction, Summation)

Table 2-8 shows the capabilities of each of the LatticeECP3 slices versus the above functions.

Table 2-8. Maximum Number of Elements in a Slice

Some options are available in the four elements. The input register in all the elements can be directly loaded or can 
be loaded as a shift register from previous operand registers. By selecting “dynamic operation” the following opera-
tions are possible:

• In the Add/Sub option the Accumulator can be switched between addition and subtraction on every cycle.

• The loading of operands can switch between parallel and serial operations.

Width of Multiply x9 x18 x36

MULT 4 2 1/2

MAC 1 1 —

MULTADDSUB 2 1 —

MULTADDSUBSUM 11 1/2 —

1. One slice can implement 1/2 9x9 m9x9addsubsum and two m9x9addsubsum with two slices.

R= A ± B ± C
R = Logic (B, C)

AA AB BA BB

MULTA MULTB

BMUXAMUX

C
M

U
X

ALU

A_ALU B_ALU

IR

PRPR

OR

Rounding
A_ALU

OPCODEC

CIN COUT

SROB

SROA

SRIB

SRIA

C_ALU

0

0 0

From FPGA Core

To FPGA Core

IR = Input Register
PR = Pipeline Register
OR = Output Register
FR = Flag Register

Note: A_ALU, B_ALU and C_ALU are internal signals generated by combining bits from AA, AB, BA BB and C
inputs. See TN1182, LatticeECP3 sysDSP Usage Guide, for further information.

Next
DSP Slice

Previous
DSP Slice

IR 

IR IR IR IR 

OROR FR

  ==

PR

IR



2-26

Architecture
LatticeECP3 Family Data Sheet

MMAC DSP Element
The LatticeECP3 supports a MAC with two multipliers. This is called Multiply Multiply Accumulate or MMAC. In this 
case, the two operands, AA and AB, are multiplied and the result is added with the previous accumulated value and 
with the result of the multiplier operation of operands BA and BB. This accumulated value is available at the output. 
The user can enable the input and pipeline registers, but the output register is always enabled. The output register 
is used to store the accumulated value. The ALU is configured as the accumulator in the sysDSP slice. A registered 
overflow signal is also available. The overflow conditions are provided later in this document. Figure 2-28 shows the 
MMAC sysDSP element. 

Figure 2-28. MMAC sysDSP Element

R= A ± B ± C
R = Logic (B, C)

AA AB BA BB

MULTA MULTB

BMUXAMUX

C
M

U
X

ALU

A_ALU B_ALU

IR

PR

OR

Rounding
A_ALU

OPCODEC

CIN COUT

SROB

SROA

SRIB

SRIA

C_ALU

0

0 0

From FPGA Core

To FPGA Core

IR = Input Register
PR = Pipeline Register
OR = Output Register
FR = Flag Register

Next
DSP Slice

Previous
DSP Slice

IR 

IR IR IR IR 

OROR FR

  ==

PR

IR

PR



2-31

Architecture
LatticeECP3 Family Data Sheet

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
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Table 2-16. Selectable Master Clock (MCCLK) Frequencies During Configuration (Nominal)

Density Shifting 
The LatticeECP3 family is designed to ensure that different density devices in the same family and in the same 
package have the same pinout. Furthermore, the architecture ensures a high success rate when performing design 
migration from lower density devices to higher density devices. In many cases, it is also possible to shift a lower uti-
lization design targeted for a high-density device to a lower density device. However, the exact details of the final 
resource utilization will impact the likelihood of success in each case. An example is that some user I/Os may 
become No Connects in smaller devices in the same package. Refer to the LatticeECP3 Pin Migration Tables and 
Diamond software for specific restrictions and limitations.

MCCLK (MHz) MCCLK (MHz) 

10

2.51 13

4.3 152

5.4 20

6.9 26

8.1 333

9.2

1. Software default MCCLK frequency. Hardware default is 3.1 MHz.
2. Maximum MCCLK with encryption enabled.
3. Maximum MCCLK without encryption.

http://www.latticesemi.com/dynamic/index.cfm?fuseaction=view_documents&document_type=32&sloc=01-01-00-10
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DC Electrical Characteristics
Over Recommended Operating Conditions

Symbol Parameter Condition Min. Typ. Max. Units

IIL, IIH
1, 4 Input or I/O Low Leakage 0  VIN  (VCCIO - 0.2 V) — — 10 µA

IIH
1, 3 Input or I/O High Leakage (VCCIO - 0.2 V) < VIN  3.6 V — — 150 µA

IPU I/O Active Pull-up Current 0  VIN  0.7 VCCIO –30 — –210 µA

IPD I/O Active Pull-down Current VIL (MAX)  VIN  VCCIO 30 — 210 µA

IBHLS Bus Hold Low Sustaining Current VIN = VIL (MAX) 30 — — µA

IBHHS Bus Hold High Sustaining Current VIN = 0.7 VCCIO –30 — — µA

IBHLO Bus Hold Low Overdrive Current 0  VIN  VCCIO — — 210 µA

IBHHO Bus Hold High Overdrive Current 0  VIN  VCCIO — — –210 µA

VBHT Bus Hold Trip Points 0  VIN  VIH (MAX) VIL (MAX) — VIH (MIN) V

C1 I/O Capacitance2 VCCIO = 3.3 V, 2.5 V, 1.8 V, 1.5 V, 1.2 V, 
VCC = 1.2 V, VIO = 0 to VIH (MAX) 

— 5 8 pf

C2 Dedicated Input Capacitance2 VCCIO = 3.3 V, 2.5 V, 1.8 V, 1.5 V, 1.2 V, 
VCC = 1.2 V, VIO = 0 to VIH (MAX) 

— 5 7 pf

1. Input or I/O leakage current is measured with the pin configured as an input or as an I/O with the output driver tri-stated. It is not measured 
with the output driver active. Bus maintenance circuits are disabled. 

2. TA 25 oC, f = 1.0 MHz.
3. Applicable to general purpose I/Os in top and bottom banks.
4. When used as VREF, maximum leakage= 25 µA.
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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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tHPLL
Clock to Data Hold - PIO Input 
Register ECP3-70EA/95EA 0.7 — 0.7 — 0.8 — ns

tSU_DELPLL
Clock to Data Setup - PIO Input 
Register with Data Input Delay ECP3-70EA/95EA 1.6 — 1.8 — 2.0 — ns

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

tCOPLL
Clock to Output - PIO Output 
Register ECP3-35EA — 3.2 — 3.4 — 3.6 ns

tSUPLL
Clock to Data Setup - PIO Input 
Register ECP3-35EA 0.6 — 0.7 — 0.8 — ns

tHPLL
Clock to Data Hold - PIO Input 
Register ECP3-35EA 0.3 — 0.3 — 0.4 — ns

tSU_DELPLL
Clock to Data Setup - PIO Input 
Register with Data Input Delay ECP3-35EA 1.6 — 1.7 — 1.8 — ns

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

tCOPLL
Clock to Output - PIO Output 
Register ECP3-17EA — 3.0 — 3.3 — 3.5 ns

tSUPLL
Clock to Data Setup - PIO Input 
Register ECP3-17EA 0.6 — 0.7 — 0.8 — ns

tHPLL
Clock to Data Hold - PIO Input 
Register ECP3-17EA 0.3 — 0.3 — 0.4 — ns

tSU_DELPLL
Clock to Data Setup - PIO Input 
Register with Data Input Delay ECP3-17EA 1.6 — 1.7 — 1.8 — ns

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

Generic DDR12

Generic DDRX1 Inputs with Clock and Data (>10 Bits Wide) Centered at Pin (GDDRX1_RX.SCLK.Centered) Using PCLK Pin for Clock 
Input

tSUGDDR Data Setup Before CLK All ECP3EA Devices 480 — 480 — 480 — ps

tHOGDDR Data Hold After CLK All ECP3EA Devices 480 — 480  — 480 — ps

fMAX_GDDR DDRX1 Clock Frequency All ECP3EA Devices — 250 — 250 — 250 MHz

Generic DDRX1 Inputs with Clock and Data (>10 Bits Wide) Aligned at Pin (GDDRX1_RX.SCLK.PLL.Aligned) Using PLLCLKIN Pin for 
Clock Input

Data Left, Right, and Top Sides and Clock Left and Right Sides

tDVACLKGDDR Data Setup Before CLK All ECP3EA Devices — 0.225 — 0.225 — 0.225 UI

tDVECLKGDDR Data Hold After CLK All ECP3EA Devices 0.775 — 0.775 — 0.775 — UI

fMAX_GDDR DDRX1 Clock Frequency All ECP3EA Devices — 250 — 250 — 250 MHz

Generic DDRX1 Inputs with Clock and Data (>10 Bits Wide) Aligned at Pin (GDDRX1_RX.SCLK.Aligned) Using DLL - CLKIN Pin for 
Clock Input

Data Left, Right and Top Sides and Clock Left and Right Sides

tDVACLKGDDR Data Setup Before CLK All ECP3EA Devices — 0.225 — 0.225 — 0.225 UI

tDVECLKGDDR Data Hold After CLK All ECP3EA Devices 0.775 — 0.775  — 0.775 — UI

fMAX_GDDR DDRX1 Clock Frequency All ECP3EA Devices — 250 — 250 — 250 MHz

Generic DDRX1 Inputs with Clock and Data (<10 Bits Wide) Centered at Pin (GDDRX1_RX.DQS.Centered)  Using DQS Pin for Clock 
Input

tSUGDDR Data Setup After CLK All ECP3EA Devices 535 — 535 — 535 — ps

tHOGDDR Data Hold After CLK All ECP3EA Devices 535 — 535  — 535 — ps

fMAX_GDDR DDRX1 Clock Frequency All ECP3EA Devices — 250 — 250 — 250 MHz

Generic DDRX1 Inputs with Clock and Data (<10bits wide) Aligned at Pin (GDDRX1_RX.DQS.Aligned) Using DQS Pin for Clock Input

Data and Clock Left and Right Sides

tDVACLKGDDR Data Setup Before CLK All ECP3EA Devices — 0.225 — 0.225 — 0.225 UI

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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LatticeECP3 Internal Switching Characteristics1, 2, 5 
Over Recommended Commercial Operating Conditions

Parameter Description

–8 –7 –6

Units.Min. Max. Min. Max. Min. Max.

PFU/PFF Logic Mode Timing

tLUT4_PFU LUT4 delay (A to D inputs to F output) — 0.147 — 0.163 — 0.179 ns

tLUT6_PFU LUT6 delay (A to D inputs to OFX output) — 0.281 — 0.335 — 0.379 ns

tLSR_PFU Set/Reset to output of PFU (Asynchronous) — 0.593 — 0.674 — 0.756 ns

tLSRREC_PFU
Asynchronous Set/Reset recovery time for 
PFU Logic 0.298 0.345 0.391 ns

tSUM_PFU Clock to Mux (M0,M1) Input Setup Time 0.134 — 0.144 — 0.153 — ns

tHM_PFU Clock to Mux (M0,M1) Input Hold Time –0.097 — –0.103 — –0.109 — ns

tSUD_PFU Clock to D input setup time 0.061 — 0.068 — 0.075 — ns

tHD_PFU Clock to D input hold time 0.019 — 0.013 — 0.015 — ns

tCK2Q_PFU 
Clock to Q delay, (D-type Register 
Configuration) — 0.243 — 0.273 — 0.303 ns

PFU Dual Port Memory Mode Timing

tCORAM_PFU Clock to Output (F Port) — 0.710 — 0.803 — 0.897 ns

tSUDATA_PFU Data Setup Time –0.137 — –0.155 — –0.174 — ns

tHDATA_PFU Data Hold Time 0.188 — 0.217 — 0.246 — ns

tSUADDR_PFU Address Setup Time –0.227 — –0.257 — –0.286 — ns

tHADDR_PFU Address Hold Time 0.240 — 0.275 — 0.310 — ns

tSUWREN_PFU Write/Read Enable Setup Time –0.055 — –0.055 — –0.063 — ns

tHWREN_PFU Write/Read Enable Hold Time 0.059 — 0.059 — 0.071 — ns

PIC Timing

PIO Input/Output Buffer Timing

tIN_PIO Input Buffer Delay (LVCMOS25) — 0.423 — 0.466 — 0.508 ns

tOUT_PIO Output Buffer Delay (LVCMOS25) — 1.241 — 1.301 — 1.361 ns

IOLOGIC Input/Output Timing

tSUI_PIO
Input Register Setup Time (Data Before 
Clock) 0.956 — 1.124 — 1.293 — ns

tHI_PIO Input Register Hold Time (Data after Clock) 0.225 — 0.184 — 0.240 — ns

tCOO_PIO Output Register Clock to Output Delay4 - 1.09 - 1.16 - 1.23 ns

tSUCE_PIO Input Register Clock Enable Setup Time 0.220 — 0.185 — 0.150 — ns

tHCE_PIO Input Register Clock Enable Hold Time –0.085 — –0.072 — –0.058 — ns

tSULSR_PIO Set/Reset Setup Time 0.117 — 0.103 — 0.088 — ns

tHLSR_PIO Set/Reset Hold Time –0.107 — –0.094 — –0.081 — ns

EBR Timing

tCO_EBR Clock (Read) to output from Address or Data — 2.78 — 2.89 — 2.99 ns

tCOO_EBR
Clock (Write) to output from EBR output 
Register — 0.31 — 0.32 — 0.33 ns

tSUDATA_EBR Setup Data to EBR Memory –0.218 — –0.227 — –0.237 — ns

tHDATA_EBR Hold Data to EBR Memory 0.249 — 0.257 — 0.265 — ns

tSUADDR_EBR Setup Address to EBR Memory –0.071 — –0.070 — –0.068 — ns

tHADDR_EBR Hold Address to EBR Memory 0.118 — 0.098 — 0.077 — ns

tSUWREN_EBR Setup Write/Read Enable to EBR Memory –0.107 — –0.106 — –0.106 — ns
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Figure 3-11. Write Through (SP Read/Write on Port A, Input Registers Only)

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.
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SERDES High-Speed Data Transmitter1 
Table 3-6. Serial Output Timing and Levels

Symbol Description Frequency Min. Typ. Max. Units

VTX-DIFF-P-P-1.44 Differential swing (1.44 V setting)1, 2 0.15 to 3.125 Gbps 1150 1440 1730 mV, p-p

VTX-DIFF-P-P-1.35 Differential swing (1.35 V setting)1, 2 0.15 to 3.125 Gbps 1080 1350 1620 mV, p-p

VTX-DIFF-P-P-1.26 Differential swing (1.26 V setting)1, 2 0.15 to 3.125 Gbps 1000 1260 1510 mV, p-p

VTX-DIFF-P-P-1.13 Differential swing (1.13 V setting)1, 2 0.15 to 3.125 Gbps 840 1130 1420 mV, p-p

VTX-DIFF-P-P-1.04 Differential swing (1.04 V setting)1, 2 0.15 to 3.125 Gbps 780 1040 1300 mV, p-p

VTX-DIFF-P-P-0.92 Differential swing (0.92 V setting)1, 2 0.15 to 3.125 Gbps 690 920 1150 mV, p-p

VTX-DIFF-P-P-0.87 Differential swing (0.87 V setting)1, 2 0.15 to 3.125 Gbps 650 870 1090 mV, p-p

VTX-DIFF-P-P-0.78 Differential swing (0.78 V setting)1, 2 0.15 to 3.125 Gbps 585 780 975 mV, p-p

VTX-DIFF-P-P-0.64 Differential swing (0.64 V setting)1, 2 0.15 to 3.125 Gbps 480 640 800 mV, p-p

VOCM Output common mode voltage — VCCOB
–0.75

VCCOB
–0.60

VCCOB
–0.45 V

TTX-R Rise time (20% to 80%) — 145 185 265 ps

TTX-F Fall time (80% to 20%) — 145 185 265 ps

ZTX-OI-SE
Output Impedance 50/75/HiZ Ohms 
(single ended) — –20% 50/75/

Hi Z  +20% Ohms

RLTX-RL Return loss (with package) — 10  dB

TTX-INTRASKEW
Lane-to-lane TX skew within a 
SERDES quad block (intra-quad) — — — 200 ps

TTX-INTERSKEW
3 Lane-to-lane skew between SERDES 

quad blocks (inter-quad) — — — 1UI +200 ps

1. All measurements are with 50 Ohm impedance.
2. See TN1176, LatticeECP3 SERDES/PCS Usage Guide for actual binary settings and the min-max range.
3. Inter-quad skew is between all SERDES channels on the device and requires the use of a low skew internal reference clock.

www.latticesemi.com/dynamic/view_document.cfm?document_id=32316
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Table 3-7. Channel Output Jitter

Description Frequency Min. Typ. Max. Units

Deterministic 3.125 Gbps — — 0.17 UI, p-p

Random 3.125 Gbps — — 0.25 UI, p-p

Total 3.125 Gbps — — 0.35 UI, p-p

Deterministic 2.5 Gbps — — 0.17 UI, p-p

Random 2.5 Gbps — — 0.20 UI, p-p

Total 2.5 Gbps — — 0.35 UI, p-p

Deterministic 1.25 Gbps — — 0.10 UI, p-p

Random 1.25 Gbps — — 0.22 UI, p-p

Total 1.25 Gbps — — 0.24 UI, p-p

Deterministic 622 Mbps — — 0.10 UI, p-p

Random 622 Mbps — — 0.20 UI, p-p

Total 622 Mbps — — 0.24 UI, p-p

Deterministic 250 Mbps — — 0.10 UI, p-p

Random 250 Mbps — — 0.18 UI, p-p

Total 250 Mbps — — 0.24 UI, p-p

Deterministic 150 Mbps — — 0.10 UI, p-p

Random 150 Mbps — — 0.18 UI, p-p

Total 150 Mbps — — 0.24 UI, p-p

Note: Values are measured with PRBS 27-1, all channels operating, FPGA logic active, I/Os around SERDES pins quiet, 
reference clock @ 10X mode.
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SERDES/PCS Block Latency
Table 3-8 describes the latency of each functional block in the transmitter and receiver. Latency is given in parallel 
clock cycles. Figure 3-12 shows the location of each block.

Table 3-8. SERDES/PCS Latency Breakdown

Figure 3-12. Transmitter and Receiver Latency Block Diagram

Item Description Min. Avg. Max. Fixed Bypass Units

Transmit Data Latency1

T1

FPGA Bridge - Gearing disabled with different clocks 1 3 5 — 1 word clk

FPGA Bridge - Gearing disabled with same clocks — — — 3 1 word clk

FPGA Bridge - Gearing enabled 1 3 5 — — word clk

T2 8b10b Encoder — — — 2 1 word clk

T3 SERDES Bridge transmit — — — 2 1 word clk

T4
Serializer: 8-bit mode — — — 15 + 1 — UI + ps

Serializer: 10-bit mode — — — 18 + 1 — UI + ps

T5
Pre-emphasis ON — — — 1 + 2 — UI + ps

Pre-emphasis OFF — — — 0 + 3 — UI + ps

Receive Data Latency2

R1
Equalization ON — — — 1 — UI + ps

Equalization OFF — — — 2 — UI + ps

R2
Deserializer: 8-bit mode — — — 10 + 3 — UI + ps

Deserializer: 10-bit mode — — — 12 + 3 — UI + ps

R3 SERDES Bridge receive — — — 2 — word clk

R4 Word alignment 3.1 — 4 — — word clk

R5 8b10b decoder — — — 1 — word clk

R6 Clock Tolerance Compensation 7 15 23 1 1 word clk

R7

FPGA Bridge - Gearing disabled with different clocks 1 3 5 — 1 word clk

FPGA Bridge - Gearing disabled with same clocks — — — 3 1 word clk

FPGA Bridge - Gearing enabled 1 3 5 — — word clk

1. 1 = –245 ps, 2 = +88 ps, 3 = +112 ps. 
2. 1 = +118 ps, 2 = +132 ps, 3 = +700 ps. 
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PCI Express Electrical and Timing Characteristics 
AC and DC Characteristics

Over Recommended Operating Conditions

Symbol Description Test Conditions Min Typ Max Units

Transmit1

UI Unit interval 399.88 400 400.12 ps

VTX-DIFF_P-P Differential peak-to-peak output voltage 0.8 1.0 1.2 V

VTX-DE-RATIO
De-emphasis differential output voltage 
ratio –3 –3.5 -4 dB

VTX-CM-AC_P
RMS AC peak common-mode output 
voltage — — 20 mV

VTX-RCV-DETECT
Amount of voltage change allowed dur-
ing receiver detection — — 600 mV

VTX-DC-CM Tx DC common mode voltage 0 — VCCOB + 5% V

ITX-SHORT Output short circuit current VTX-D+=0.0 V
VTX-D-=0.0 V — — 90 mA

ZTX-DIFF-DC Differential output impedance 80 100 120 Ohms

RLTX-DIFF Differential return loss 10 — — dB

RLTX-CM Common mode return loss 6.0 — — dB

TTX-RISE Tx output rise time 20 to 80% 0.125 — — UI

TTX-FALL Tx output fall time 20 to 80% 0.125 — — UI

LTX-SKEW
Lane-to-lane static output skew for all 
lanes in port/link — — 1.3 ns

TTX-EYE Transmitter eye width 0.75 — — UI

TTX-EYE-MEDIAN-TO-MAX-JITTER
Maximum time between jitter median 
and maximum deviation from median — — 0.125 UI

Receive1, 2

UI Unit Interval 399.88 400 400.12 ps

VRX-DIFF_P-P Differential peak-to-peak input voltage 0.343 — 1.2 V

VRX-IDLE-DET-DIFF_P-P Idle detect threshold voltage 65 — 3403 mV

VRX-CM-AC_P
Receiver common mode voltage for AC 
coupling — — 150 mV

ZRX-DIFF-DC DC differential input impedance 80 100 120 Ohms

ZRX-DC DC input impedance 40 50 60 Ohms

ZRX-HIGH-IMP-DC Power-down DC input impedance 200K — — Ohms

RLRX-DIFF Differential return loss 10 — — dB

RLRX-CM Common mode return loss 6.0 — — dB

TRX-IDLE-DET-DIFF-ENTERTIME

Maximum time required for receiver to 
recognize and signal an unexpected idle 
on link

— — — ms

1. Values are measured at 2.5 Gbps.
2. Measured with external AC-coupling on the receiver.
3.Not in compliance with PCI Express 1.1 standard.
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LatticeECP3 sysCONFIG Port Timing Specifications 
Over Recommended Operating Conditions

Parameter Description Min. Max. Units

POR, Configuration Initialization, and Wakeup

tICFG

Time from the Application of VCC, VCCAUX or VCCIO8* (Whichever 
is the Last to Cross the POR Trip Point) to the Rising Edge of 
INITN

Master mode — 23 ms

Slave mode — 6 ms

tVMC Time from tICFG to the Valid Master MCLK — 5 µs

tPRGM PROGRAMN Low Time to Start Configuration 25 — ns

tPRGMRJ PROGRAMN Pin Pulse Rejection — 10 ns

tDPPINIT Delay Time from PROGRAMN Low to INITN Low — 37 ns

tDPPDONE Delay Time from PROGRAMN Low to DONE Low — 37 ns

tDINIT
1 PROGRAMN High to INITN High Delay — 1 ms

tMWC Additional Wake Master Clock Signals After DONE Pin is High 100 500 cycles

tCZ MCLK From Active To Low To High-Z — 300 ns

tIODISS User I/O Disable from PROGRAMN Low — 100 ns

tIOENSS User I/O Enabled Time from CCLK Edge During Wake-up Sequence — 100 ns

All Configuration Modes

tSUCDI Data Setup Time to CCLK/MCLK 5 — ns

tHCDI Data Hold Time to CCLK/MCLK 1 — ns

tCODO CCLK/MCLK to DOUT in Flowthrough Mode -0.2 12 ns

Slave Serial

tSSCH CCLK Minimum High Pulse 5 — ns

tSSCL CCLK Minimum Low Pulse 5 — ns

fCCLK CCLK Frequency
Without encryption — 33 MHz

With encryption — 20 MHz

Master and Slave Parallel

tSUCS CSN[1:0] Setup Time to CCLK/MCLK 7 — ns

tHCS CSN[1:0] Hold Time to CCLK/MCLK 1 — ns

tSUWD WRITEN Setup Time to CCLK/MCLK 7 — ns

tHWD WRITEN Hold Time to CCLK/MCLK 1 — ns

tDCB CCLK/MCLK to BUSY Delay Time — 12 ns

tCORD CCLK to Out for Read Data — 12 ns

tBSCH CCLK Minimum High Pulse 6 — ns

tBSCL CCLK Minimum Low Pulse 6 — ns

tBSCYC Byte Slave Cycle Time 30 — ns

fCCLK CCLK/MCLK Frequency
Without encryption — 33 MHz

With encryption — 20 MHz

Master and Slave SPI

tCFGX INITN High to MCLK Low — 80 ns

tCSSPI INITN High to CSSPIN Low 0.2 2 µs

tSOCDO MCLK Low to Output Valid — 15 ns

tCSPID CSSPIN[0:1] Low to First MCLK Edge Setup Time 0.3 µs

fCCLK CCLK Frequency
Without encryption — 33 MHz

With encryption — 20 MHz

tSSCH CCLK Minimum High Pulse 5 — ns



3-54

DC and Switching Characteristics
LatticeECP3 Family Data Sheet

Figure 3-21. sysCONFIG Parallel Port Write Cycle

Figure 3-22. sysCONFIG Master Serial Port Timing

Figure 3-23. sysCONFIG Slave Serial Port Timing
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 LatticeECP3 Family Data Sheet
Pinout Information

Signal Descriptions 
Signal Name I/O Description 

General Purpose

P[Edge] [Row/Column Number]_[A/B] I/O 

[Edge] indicates the edge of the device on which the pad is located. Valid 
edge designations are L (Left), B (Bottom), R (Right), T (Top). 

[Row/Column Number] indicates the PFU row or the column of the device on 
which the PIC exists. When Edge is T (Top) or B (Bottom), only need to spec-
ify Column Number. When Edge is L (Left) or R (Right), only need to specify 
Row Number.

[A/B] indicates the PIO within the PIC to which the pad is connected. Some of 
these user-programmable pins are shared with special function pins. These 
pins, when not used as special purpose pins, can be programmed as I/Os for 
user logic. During configuration the user-programmable I/Os are tri-stated 
with an internal pull-up resistor enabled. If any pin is not used (or not bonded 
to a package pin), it is also tri-stated with an internal pull-up resistor enabled 
after configuration. 

P[Edge][Row Number]E_[A/B/C/D] I These general purpose signals are input-only pins and are located near the 
PLLs.

GSRN I Global RESET signal (active low). Any I/O pin can be GSRN. 

NC — No connect. 

RESERVED — This pin is reserved and should not be connected to anything on the board.

GND — Ground. Dedicated pins. 

VCC — Power supply pins for core logic. Dedicated pins. 

VCCAUX — Auxiliary power supply pin. This dedicated pin powers all the differential and 
referenced input buffers. 

VCCIOx — Dedicated power supply pins for I/O bank x. 

VCCA —
SERDES, transmit, receive, PLL and reference clock buffer power supply. All 
VCCA supply pins must always be powered to the recommended operating 
voltage range. If no SERDES channels are used, connect VCCA to VCC.

VCCPLL_[LOC] — General purpose PLL supply pins where LOC=L (left) or R (right).

VREF1_x, VREF2_x — Reference supply pins for I/O bank x. Pre-determined pins in each bank are 
assigned as VREF inputs. When not used, they may be used as I/O pins. 

VTTx — Power supply for on-chip termination of I/Os.

XRES1 — 10 kOhm +/-1% resistor must be connected between this pad and ground. 

PLL, DLL and Clock Functions

[LOC][num]_GPLL[T, C]_IN_[index] I General Purpose PLL (GPLL) input pads: LUM, LLM, RUM, RLM, num = row 
from center, T = true and C = complement, index A,B,C...at each side. 

[LOC][num]_GPLL[T, C]_FB_[index] I Optional feedback GPLL input pads: LUM, LLM, RUM, RLM, num = row from 
center, T = true and C = complement, index A,B,C...at each side. 

[LOC]0_GDLLT_IN_[index]2 I/O General Purpose DLL (GDLL) input pads where LOC=RUM or LUM, T is True 
Complement, index is A or B.

[LOC]0_GDLLT_FB_[index]2 I/O Optional feedback GDLL input pads where LOC=RUM or LUM, T is True 
Complement, index is A or B.

PCLK[T, C][n:0]_[3:0]2 I/O Primary Clock pads, T = true and C = complement, n per side, indexed by 
bank and 0, 1, 2, 3 within bank. 
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D7/SPID0 I/O Parallel configuration I/O. SPI/SPIm data input. Open drain during configura-
tion.

DI/CSSPI0N/CEN I/O Serial data input for slave serial mode. SPI/SPIm mode chip select. 

Dedicated SERDES Signals3

PCS[Index]_HDINNm I High-speed input, negative channel m 

PCS[Index]_HDOUTNm O High-speed output, negative channel m 

PCS[Index]_REFCLKN I Negative Reference Clock Input 

PCS[Index]_HDINPm I High-speed input, positive channel m 

PCS[Index]_HDOUTPm O High-speed output, positive channel m 

PCS[Index]_REFCLKP I Positive Reference Clock Input 

PCS[Index]_VCCOBm — Output buffer power supply, channel m (1.2V/1.5)

PCS[Index]_VCCIBm — Input buffer power supply, channel m (1.2V/1.5V) 

1. When placing switching I/Os around these critical pins that are designed to supply the device with the proper reference or supply voltage, 
care must be given. 

2. These pins are dedicated inputs or can be used as general purpose I/O.
3. m defines the associated channel in the quad. 

Signal Descriptions (Cont.)
Signal Name I/O Description 
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Pin Information Summary (Cont.)
Pin Information Summary ECP3-17EA ECP3-35EA

Pin Type 256 ftBGA 328 csBGA 484 fpBGA 256 ftBGA 484 fpBGA 672 fpBGA

Emulated Differential I/O per 
Bank

Bank 0 13 10 18 13 21 24

Bank 1 7 5 12 7 18 18

Bank 2 2 2 4 1 8 8

Bank 3 4 2 13 5 20 19

Bank 6 5 1 13 6 22 20

Bank 7 6 9 10 6 11 13

Bank 8 12 12 12 12 12 12

Highspeed Differential I/O per 
Bank

Bank 0 0 0 0 0 0 0

Bank 1 0 0 0 0 0 0

Bank 2 2 2 3 3 6 6

Bank 3 5 4 9 4 9 12

Bank 6 5 4 9 4 11 12

Bank 7 5 6 8 5 9 10

Bank 8 0 0 0 0 0 0

Total Single Ended/ Total 
Differential I/O per Bank

Bank 0 26/13 20/10 36/18 26/13 42/21 48/24

Bank 1 14/7 10/5 24/12 14/7 36/18 36/18

Bank 2 8/4 9/4 14/7 8/4 28/14 28/14

Bank 3 18/9 12/6 44/22 18/9 58/29 63/31

Bank 6 20/10 11/5 44/22 20/10 67/33 65/32

Bank 7 23/11 30/15 36/18 23/11 40/20 46/23

Bank 8 24/12 24/12 24/12 24/12 24/12 24/12

DDR Groups Bonded per 
Bank2

Bank 0 2 1 3 2 3 4

Bank 1 1 0 2 1 3 3

Bank 2 0 0 1 0 2 2

Bank 3 1 0 3 1 3 4

Bank 6 1 0 3 1 4 4

Bank 7 1 2 2 1 3 3

Configuration 
Bank 8 0 0 0 0 0 0

SERDES Quads 1 1 1 1 1 1

1. These pins must remain floating on the board.
2. Some DQS groups may not support DQS-12. Refer to the device pinout (.csv) file.


