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Introduction

The LatticeECP3™ (EConomy Plus Third generation) family of FPGA devices is optimized to deliver high perfor-
mance features such as an enhanced DSP architecture, high speed SERDES and high speed source synchronous
interfaces in an economical FPGA fabric. This combination is achieved through advances in device architecture
and the use of 65 nm technology making the devices suitable for high-volume, high-speed, low-cost applications.

The LatticeECP3 device family expands look-up-table (LUT) capacity to 149K logic elements and supports up to
586 user 1/Os. The LatticeECP3 device family also offers up to 320 18 x 18 multipliers and a wide range of parallel
I/O standards.

The LatticeECP3 FPGA fabric is optimized with high performance and low cost in mind. The LatticeECP3 devices
utilize reconfigurable SRAM logic technology and provide popular building blocks such as LUT-based logic, distrib-
uted and embedded memory, Phase Locked Loops (PLLs), Delay Locked Loops (DLLs), pre-engineered source
synchronous I/O support, enhanced sysDSP slices and advanced configuration support, including encryption and
dual-boot capabilities.

The pre-engineered source synchronous logic implemented in the LatticeECP3 device family supports a broad
range of interface standards, including DDR3, XGMII and 7:1 LVDS.

The LatticeECP3 device family also features high speed SERDES with dedicated PCS functions. High jitter toler-
ance and low transmit jitter allow the SERDES plus PCS blocks to be configured to support an array of popular
data protocols including PCI Express, SMPTE, Ethernet (XAUI, GbE, and SGMII) and CPRI. Transmit Pre-empha-
sis and Receive Equalization settings make the SERDES suitable for transmission and reception over various
forms of media.

The LatticeECP3 devices also provide flexible, reliable and secure configuration options, such as dual-boot capa-
bility, bit-stream encryption, and TransFR field upgrade features.

The Lattice Diamond™ and ispLEVER® design software allows large complex designs to be efficiently imple-
mented using the LatticeECP3 FPGA family. Synthesis library support for LatticeECP3 is available for popular logic
synthesis tools. Diamond and ispLEVER tools use the synthesis tool output along with the constraints from its floor
planning tools to place and route the design in the LatticeECP3 device. The tools extract the timing from the routing
and back-annotate it into the design for timing verification.

Lattice provides many pre-engineered IP (Intellectual Property) modules for the LatticeECP3 family. By using these
configurable soft core IPs as standardized blocks, designers are free to concentrate on the unique aspects of their
design, increasing their productivity.
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Figure 2-1. Simplified Block Diagram, LatticeECP3-35 Device (Top Level)

syslO syslO Configuration Logic:
Bank 0 Bank 1 Dual-boot, Encryption
and Transparent Updates

JTAG

I_—'—— On-chip Oscillator

Pre-engineered Source

() () () (S ([ () e[S ) () [ ) () (S ) [ B ) Synchronous Support:
syslO syslO DDRS3 - 800 Mbps
Bank Bank Generic - Up to 1 Gbps
7 2

Enhanced DSP —

Slices: Multiply,

Accumulate and ALU

sysCLOCK Enmmmmmmay 20505 COJICHIBETOREA0-00 O0C00RAOREEoERR0G FOCEOSCe il

PLLs & DLLs: - 00000000000 oo
Frequency Synthesis

and Clock Alignment

C C ] ] Flexible syslO:
LVCMOS, HSTL,
SSTL, LVDS

Up to 486 I/0s

sysMEM Block

RAM: 18 Kbit
SEEEEeEee Flexible Routing:
00000000 Optimized for speed
00000000 and routability
000000000000000 0C 1000C |m}
8808AdAAAdnA00A So00000! 5
0000000c
OO0000a;
0000000C
Programmable SERDES/PCS||SERDES/PCS| SERDES/PCS||SERDES/PC
Function Units: [ [ [ [ [ CH3 CH2 CH1 CHO
Up to 149K LUTs
syslO Bank 6 \ syslO Bank 3
A4 4 TT44 & ] 44 4 7 SN
E 3.2 Gbps SERDES
v v v v
Note: There is no Bank 4 or Bank 5 in LatticeECP3 devices.

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 LUTSs. All the interconnections to and from PFU blocks are from routing. There are 50 inputs and 23 outputs
associated with each PFU block.
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Primary Clock Routing

The purpose of the primary clock routing is to distribute primary clock sources to the destination quadrants of the
device. A global primary clock is a primary clock that is distributed to all quadrants. The clock routing structure in
LatticeECP3 devices consists of a network of eight primary clock lines (CLKO through CLK7) per quadrant. The pri-
mary clocks of each quadrant are generated from muxes located in the center of the device. All the clock sources
are connected to these muxes. Figure 2-12 shows the clock routing for one quadrant. Each quadrant mux is identi-
cal. If desired, any clock can be routed globally.

Figure 2-12. Per Quadrant Primary Clock Selection
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Dynamic Clock Control (DCC)

The DCC (Quadrant Clock Enable/Disable) feature allows internal logic control of the quadrant primary clock net-
work. When a clock network is disabled, all the logic fed by that clock does not toggle, reducing the overall power
consumption of the device.

Dynamic Clock Select (DCS)

The DCS is a smart multiplexer function available in the primary clock routing. It switches between two independent
input clock sources without any glitches or runt pulses. This is achieved regardless of when the select signal is tog-
gled. There are two DCS blocks per quadrant; in total, there are eight DCS blocks per device. The inputs to the
DCS block come from the center muxes. The output of the DCS is connected to primary clocks CLK6 and CLK7
(see Figure 2-12).

Figure 2-13 shows the timing waveforms of the default DCS operating mode. The DCS block can be programmed
to other modes. For more information about the DCS, please see the list of technical documentation at the end of
this data sheet.

Figure 2-13. DCS Waveforms
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as, overflow, underflow and convergent rounding, etc.

— Flexible cascading across slices to get larger functions

e RTL Synthesis friendly synchronous reset on all registers, while still supporting asynchronous reset for legacy

users

¢ Dynamic MUX selection to allow Time Division Multiplexing (TDM) of resources for applications that require
processor-like flexibility that enables different functions for each clock cycle

For most cases, as shown in Figure 2-24, the LatticeECP3 DSP slice is backwards-compatible with the
LatticeECP2™ sysDSP block, such that, legacy applications can be targeted to the LatticeECP3 sysDSP slice. The
functionality of one LatticeECP2 sysDSP Block can be mapped into two adjacent LatticeECP3 sysDSP slices, as

shown in Figure 2-25.

Figure 2-24. Simplified sysDSP Slice Block Diagram
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ALU Flags

The sysDSP slice provides a number of flags from the ALU including:

Equal to zero (EQZ2)

Equal to zero with mask (EQZM)
Equal to one with mask (EQOM)

Equal to pattern with mask (EQPAT)

Equal to bit inverted pattern with mask (EQPATB)
Accumulator Overflow (OVER)

Accumulator Underflow (UNDER)
Either over or under flow supporting LatticeECP2 legacy designs (OVERUNDER)

Clock, Clock Enable and Reset Resources

Global Clock, Clock Enable and Reset signals from routing are available to every sysDSP slice. From four clock
sources (CLKO, CLK1, CLK2, and CLK3) one clock is selected for each input register, pipeline register and output
register. Similarly Clock Enable (CE) and Reset (RST) are selected at each input register, pipeline register and out-
put register.

Resources Available in the LatticeECP3 Family

Table 2-9 shows the maximum number of multipliers for each member of the LatticeECP3 family. Table 2-10 shows
the maximum available EBR RAM Blocks in each LatticeECP3 device. EBR blocks, together with Distributed RAM
can be used to store variables locally for fast DSP operations.

Table 2-9. Maximum Number of DSP Slices in the LatticeECP3 Family

Device DSP Slices 9x9 Multiplier 18x18 Multiplier 36x36 Multiplier
ECP3-17 12 48 24 6
ECP3-35 32 128 64 16
ECP3-70 64 256 128 32
ECP3-95 64 256 128 32
ECP3-150 160 640 320 80

Table 2-10. Embedded SRAM in the LatticeECP3 Family

Total EBR SRAM

Device EBR SRAM Block (Kbits)
ECP3-17 38 700
ECP3-35 72 1327
ECP3-70 240 4420
ECP3-95 240 4420

ECP3-150 372 6850
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Programmable 1/O Cells (PIC)

Each PIC contains two PIOs connected to their respective sysl/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 sysl/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 2-14. Available SERDES Quads per LatticeECP3 Devices

Package ECP3-17 ECP3-35 ECP3-70 ECP3-95 ECP3-150
256 ftBGA 1 1 — — —
328 csBGA 2 channels — — — —
484 fpBGA 1 1 1 1
672 fpBGA — 1 2 2 2
1156 fpBGA — — 3 3 4

SERDES Block

A SERDES receiver channel may receive the serial differential data stream, equalize the signal, perform Clock and
Data Recovery (CDR) and de-serialize the data stream before passing the 8- or 10-bit data to the PCS logic. The
SERDES transmitter channel may receive the parallel 8- or 10-bit data, serialize the data and transmit the serial bit
stream through the differential drivers. Figure 2-41 shows a single-channel SERDES/PCS block. Each SERDES
channel provides a recovered clock and a SERDES transmit clock to the PCS block and to the FPGA core logic.

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

Figure 2-41. Simplified Channel Block Diagram for SERDES/PCS Block
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PCS

As shown in Figure 2-41, the PCS receives the parallel digital data from the deserializer and selects the polarity,
performs word alignment, decodes (8b/10b), provides Clock Tolerance Compensation and transfers the clock
domain from the recovered clock to the FPGA clock via the Down Sample FIFO.

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

The PCS also provides bypass modes that allow a direct 8-bit or 10-bit interface from the SERDES to the FPGA
logic. The PCS interface to the FPGA can also be programmed to run at 1/2 speed for a 16-bit or 20-bit interface to
the FPGA logic.
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LatticeECP3 Supply Current (Standby)" >3 %36

Over Recommended Operating Conditions

Typical

Symbol Parameter Device -6L, -7L, 8L -6,-7,-8 Units
ECP-17EA 29.8 49.4 mA
ECP3-35EA 53.7 89.4 mA

lcc Core Power Supply Current ECP3-70EA 137.3 230.7 mA
ECP3-95EA 137.3 230.7 mA
ECP3-150EA 219.5 370.9 mA
ECP-17EA 18.3 19.4 mA
ECP3-35EA 19.6 23.1 mA

lccaux  |Auxiliary Power Supply Current ECP3-70EA 26.5 32.4 mA
ECP3-95EA 26.5 32.4 mA
ECP3-150EA 37.0 45.7 mA
ECP-17EA 0.0 0.0 mA
ECP3-35EA 0.1 0.1 mA

lccpLL PLL Power Supply Current (Per PLL) ECP3-70EA 0.1 0.1 mA
ECP3-95EA 0.1 0.1 mA
ECP3-150EA 0.1 0.1 mA
ECP-17EA 1.3 1.4 mA
ECP3-35EA 1.3 1.4 mA

lccio Bank Power Supply Current (Per Bank) ECP3-70EA 1.4 15 mA
ECP3-95EA 1.4 15 mA
ECP3-150EA 1.4 15 mA

lccy JTAG Power Supply Current All Devices 25 25 mA
ECP-17EA 6.1 6.1 mA

) ) ECP3-35EA 6.1 6.1 mA

leca -Fl;r:fr:g]r:téeRgI%ec;\lieéqulf_eLr I%T)(aver Supply ECP3-70EA 183 183 mA
ECP3-95EA 18.3 18.3 mA
ECP3-150EA 24.4 24.4 mA

1. For further information on supply current, please see the list of technical documentation at the end of this data sheet.

2. Assumes all outputs are tristated, all inputs are configured as LVCMOS and held at the Vg o or GND.

3. Frequency 0 MHz.

4. Pattern represents a “blank” configuration data file.

5. T, =85 °C, power supplies at nominal voltage.

6. To determine the LatticeECP3 peak start-up current data, use the Power Calculator tool.

3-4
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MLVDS25

The LatticeECP3 devices support the differential MLVDS standard. This standard is emulated using complemen-
tary LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The MLVDS input standard is
supported by the LVDS differential input buffer. The scheme shown in Figure 3-5 is one possible solution for
MLVDS standard implementation. Resistor values in Figure 3-5 are industry standard values for 1% resistors.

Figure 3-5. MLVDS25 (Multipoint Low Voltage Differential Signaling)
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Table 3-5. MLVDS25 DC Conditions’

Sy

Typical
Parameter Description Zo=50Q Zo=70Q Units
Vceio Output Driver Supply (+/-5%) 2.50 2.50 Vv
Zout Driver Impedance 10.00 10.00 Q
Rs Driver Series Resistor (+/—1%) 35.00 35.00 Q
Ry Driver Parallel Resistor (+/—1%) 50.00 70.00 Q
Rr Receiver Termination (+/—1%) 50.00 70.00 Q
VoH Output High Voltage 1.52 1.60 Vv
VoL Output Low Voltage 0.98 0.90 Vv
Vobp Output Differential Voltage 0.54 0.70 \Y
Vewm Output Common Mode Voltage 1.25 1.25 \
Ioc DC Output Current 21.74 20.00 mA

1. For input buffer, see LVDS table.
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Typical Building Block Function Performance
Pin-to-Pin Performance (LVCMOS25 12 mA Drive)"??

Function -8 Timing Units

Basic Functions

16-bit Decoder 4.7 ns
32-bit Decoder 4.7 ns
64-bit Decoder 5.7 ns
4:1 MUX 4.1 ns
8:1 MUX 4.3 ns
16:1 MUX 4.7 ns
32:1 MUX 4.8 ns

1. These functions were generated using the ispLEVER design tool. Exact performance may vary with device and tool version. The tool uses
internal 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.

Register-to-Register Performance’ %2

Function -8 Timing Units
Basic Functions
16-bit Decoder 500 MHz
32-bit Decoder 500 MHz
64-bit Decoder 500 MHz
4:1 MUX 500 MHz
8:1 MUX 500 MHz
16:1 MUX 500 MHz
32:1 MUX 445 MHz
8-bit adder 500 MHz
16-bit adder 500 MHz
64-bit adder 305 MHz
16-bit counter 500 MHz
32-bit counter 460 MHz
64-bit counter 320 MHz
64-bit accumulator 315 MHz
Embedded Memory Functions
512x36 Single Port RAM, EBR Output Registers 340 MHz
1024x18 True-Dual Port RAM (Write Through or Normal, EBR Output Registers) 340 MHz
1024x18 True-Dual Port RAM (Read-Before-Write, EBR Output Registers 130 MHz
1024x18 True-Dual Port RAM (Write Through or Normal, PLC Output Registers) 245 MHz
Distributed Memory Functions
16x4 Pseudo-Dual Port RAM (One PFU) 500 MHz
32x4 Pseudo-Dual Port RAM 500 MHz
64x8 Pseudo-Dual Port RAM 400 MHz
DSP Function
18x18 Multiplier (All Registers) 400 MHz
9x9 Multiplier (All Registers) 400 MHz
36x36 Multiply (All Registers) 260 MHz

3-14
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LatticeECP3 External Switching Characteristics (Continued)’ 2313

Over Recommended Commercial Operating Conditions

-8 =7 s
Parameter Description Device Min. Max. Min. Max. Min. Max. | Units
tipLL gg’g"i';tfr Data Hold - PIO Input - |gcpa 70ga05A | 07 | — | 07 | — | 08 | — ns
tsu_DELPLL gg’;‘;t‘é’r Data [?aett;?nbm% ('a?g;“ ECP3-70EA/9SEA | 16 | — | 18 | — | 20 | — ns
woere SOOI eorsrommmsen | 00 | — | o0 | — |00 | — | =
toopLL g'é’g;t‘e"r‘)“tp“t - PIO Output ECP3-35EA — | 82| — | 34| — | 36 | ns
tSUPLL gg’;‘;tte"r Data Setup - PIO Input  Fopg g5 A 06 | — |07 | — | o8 | — ns
tupLL g'é’é’l';tte"r Bata Hold - RIOInput | F=pa 35 03 | — | 03 | — | 04 | — ns
o SOOI eorswma | e | — |7 | = e | = | =
o [GCASDARES O Lecrosen | 00 | — | oo | — |00 | — | n
toopLL gl(;)gcilét?rOutput - PIO Output ECP3-17EA — 30 | — 33 | — 35 ns
tSUPLL g'é’é’i';t‘eor Data Setup - PIO Input | Ecpa 17 06 | — |07 | — | o8 | — ns
tpLL gg’g"i';tfr Data Hold - PIO Input  |Ecpa 17 03 | — 03 | — 04 | — ns
wonm | QAC SRS POUR Jcpaizen | 16 | — | 17 | — | 1 | — | =
t pELPLL Fegstor it Inut Data ey~ |ECP3-17EA 00 | — |00 | — |00 | — | ns

Generic DDR"

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

tsucDDR Data Setup Before CLK All ECP3EA Devices | 480 — 480 — 480 — ps
tHoGDDR Data Hold After CLK All ECP3EA Devices | 480 — 480 — 480 — ps
fvAX_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 ul
tDVECLKGDDR Data Hold After CLK All ECP3EA Devices | 0.775 — 0.775 — 0.775 — ul
fMAX_GDDR DDRXT1 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 ul
tDVECLKGDDR Data Hold After CLK All ECP3EA Devices | 0.775 — 0.775 — 0.775 — Ul
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

T Data Setup Before CLK |AIECP3EA Devices| — [0225 | — [o0225| — [0225] Ul
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LatticeECP3 External Switching Characteristics (Continued)’ 2313

Over Recommended Commercial Operating Conditions

-8 -7 —6

Parameter Description Device Min. | Max. Min. | Max. Min. Max. | Units
Generic DDRX2 Inputs with Clock and Data (>10bits wide) are Aligned at Pin (GDDRX2_RX.ECLK.Aligned)
(No CLKDIV)
Left and Right Sides Using DLLCLKPIN for Clock Input
tDVACLKGDDR Data Setup Before CLK ECP3-150EA — 0.225 — 0.225 — 0.225 ul
tDVECLKGDDR Data Hold After CLK ECP3-150EA 0775 | — | 0.775 — | 0775 | — ul
fmMax_cpbR DDRX2 Clock Frequency ECP3-150EA — 460 — 385 — 345 MHz
tDVACLKGDDR Data Setup Before CLK ECP3-70EA/95EA — 0.225 — 0.225 — 0.225 ul
{DVECLKGDDR Data Hold After CLK ECP3-70EA/95EA 0.775 — 0.775 — 0.775 — ul
fMAX_GDDR DDRX2 Clock Frequency ECP3-70EA/95EA — 460 — 385 — 311 MHz
tDVACLKGDDR Data Setup Before CLK ECP3-35EA — 0.210 — 0.210 — 0.210 ul
tDVECLKGDDR Data Hold After CLK ECP3-35EA 0.790 — 0.790 — 0.790 — ul
fMAX_GDDR DDRX2 Clock Frequency ECP3-35EA — 460 — 385 — 311 MHz
{OVAGLKGDDR (Dl_ae‘f";‘ Setup ;ftf%'ig eCS';K ECP3-17EA — lo2t0| — |o2t0| — |o210]| u
tDVECLKGDDR Data Hold After CLK ECP3-17EA 0.790 — 0.790 — 0.790 — ul
fMAX_GDDR DDRX2 Clock Frequency ECP3-17EA = 460 = 385 = 311 MHz
Top Side Using PCLK Pin for Clock Input
{DVACLKGDDR Data Setup Before CLK ECP3-150EA — 0.225 — 0.225 — 0.225 ul
tDVECLKGDDR Data Hold After CLK ECP3-150EA 0.775 — 0.775 — 0.775 — ul
fvax_GDDR DDRX2 Clock Frequency ECP3-150EA — 235 — 170 — 130 MHz
tDVACLKGDDR Data Setup Before CLK ECP3-70EA/95EA — | 0225 | — |o0225 | — | 0225 ul
tDOVECLKGDDR Data Hold After CLK ECP3-70EA/95EA | 0.775 | — | 0.775 — (0775 | — ul
fMAX_GDDR DDRX2 Clock Frequency ECP3-70EA/95EA = 235 = 170 = 130 MHz
{DVACLKGDDR Data Setup Before CLK ECP3-35EA — 0.210 — 0.210 — 0.210 ul
tDVECLKGDDR Data Hold After CLK ECP3-35EA 0.790 — 0.790 — 0.790 — ul
fvax_GDDR DDRX2 Clock Frequency ECP3-35EA — 235 — 170 — 130 MHz
tDVACLKGDDR Data Setup Before CLK ECP3-17EA = 0.210 = 0.210 = 0.210 ul
tDVECLKGDDR Data Hold After CLK ECP3-17EA 0.790 = 0.790 = 0.790 = ul
fMAX_GDDR DDRX2 Clock Frequency ECP3-17EA = 235 = 170 = 130 MHz
IGem:ric DDRX2 Inputs with Clock and Data (<10 Bits Wide) Centered at Pin (GDDRX2_RX.DQS.Centered) Using DQS Pin for Clock
npu
Left and Right Sides
tsuGDDR Data Setup Before CLK All ECP3EA Devices | 330 — 330 — 352 — ps
tHoGDDR Data Hold After CLK All ECP3EA Devices | 330 — 330 — 352 — ps
fMAX_GDDR DDRX2 Clock Frequency All ECP3EA Devices| — 400 — 400 — 375 MHz
Generic DDRX2 Inputs with Clock and Data (<10 Bits Wide) Aligned at Pin (GDDRX2_RX.DQS.Aligned) Using DQS Pin for Clock Input
Left and Right Sides
tDVACLKGDDR Data Setup Before CLK All ECP3EA Devices | — 0.225 = 0.225 = 0.225 ul
tDVECLKGDDR Data Hold After CLK All ECP3EA Devices | 0.775 = 0.775 = 0.775 = ul
fMAX_GDDR DDRX2 Clock Frequency All ECP3EA Devices | — 400 = 400 = 375 MHz
Generic DDRX1 Output with Clock and Data (>10 Bits Wide) Centered at Pin (GDDRX1_TX.SCLK.Centered)'
tovBGDDR Data Valid Before CLK ECP3-150EA 670 — 670 — 670 — ps
tovAGDDR Data Valid After CLK ECP3-150EA 670 — 670 — 670 — ps
fMAX_GDDR DDRX1 Clock Frequency ECP3-150EA — 250 — 250 — 250 MHz
tovBGDDR Data Valid Before CLK ECP3-70EA/95EA 666 — 665 — 664 — ps
tovAGDDR Data Valid After CLK ECP3-70EA/95EA 666 — 665 — 664 — ps

3-20




DC and Switching Characteristics
LatticeECP3 Family Data Sheet

= LATTICE

LatticeECP3 sysCONFIG Port Timing Specifications

Over Recommended Operating Conditions

Parameter ‘ Description ‘ Min. ‘ Max. ‘ Units
POR, Configuration Initialization, and Wakeup
Time from the Application of Vg, Vocaux Of Vooios™ (Whichever |Master mode — 23 ms
ticra is the Last to Cross the POR Trip Point) to the Rising Edge of
INITN Slave mode — 6 ms

tyme Time from t,cgg to the Valid Master MCLK — 5 Hs
tPRGM PROGRAMN Low Time to Start Configuration 25 — ns
tPRGMRY PROGRAMN Pin Pulse Rejection — 10 ns
toPPINIT Delay Time from PROGRAMN Low to INITN Low — 37 ns
topppone | Delay Time from PROGRAMN Low to DONE Low — 37 ns
toiniT PROGRAMN High to INITN High Delay — 1 ms
tvwe Additional Wake Master Clock Signals After DONE Pin is High 100 500 | cycles
tcz MCLK From Active To Low To High-Z — 300 ns
tiobiss 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
tsuco Data Setup Time to CCLK/MCLK 5 — ns
theol Data Hold Time to CCLK/MCLK 1 — ns
tcopo 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

Without encryption — 33 MHz
fooLk CCLK Frequency - -

With encryption — 20 MHz
Master and Slave Parallel
tsucs CSN[1:0] Setup Time to CCLK/MCLK 7 — ns
thes CSN[1:0] Hold Time to CCLK/MCLK 1 — ns
tsuwp WRITEN Setup Time to CCLK/MCLK 7 — ns
thwp WRITEN Hold Time to CCLK/MCLK 1 — ns
toce CCLK/MCLK to BUSY Delay Time — 12 ns
tcorD CCLK to Out for Read Data — 12 ns
tgscH CCLK Minimum High Pulse 6 — ns
tascL CCLK Minimum Low Pulse 6 — ns
tsscyc Byte Slave Cycle Time 30 — ns

Without encryption — 33 MHz
feolk CCLK/MCLK Frequency : .

With encryption — 20 MHz
Master and Slave SPI
tcrax INITN High to MCLK Low — 80 ns
tcsspi INITN High to CSSPIN Low 0.2 2 us
tsocpo MCLK Low to Output Valid — 15 ns
tcspPiD CSSPIN[0:1] Low to First MCLK Edge Setup Time 0.3 us

Without encryption — 33 MHz
fooLk CCLK Frequency . -

With encryption — 20 MHz
tsscH CCLK Minimum High Pulse 5 — ns
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JTAG Port Timing Specifications

Over Recommended Operating Conditions

Symbol Parameter Min Max Units
fmax TCK clock frequency — 25 MHz
tsTcp TCK [BSCAN] clock pulse width 40 — ns
t8TCPH TCK [BSCAN] clock pulse width high 20 — ns
tsTCPL TCK [BSCAN] clock pulse width low 20 — ns
taTs TCK [BSCAN] setup time 10 — ns
taTH TCK [BSCAN] hold time 8 — ns
tsTRF TCK [BSCAN] rise/fall time 50 — mV/ns
tsTco TAP controller falling edge of clock to valid output — 10 ns
tsTCODIS TAP controller falling edge of clock to valid disable — 10 ns
tBTCOEN TAP controller falling edge of clock to valid enable — 10 ns
tsTCRS BSCAN test capture register setup time 8 — ns
t8TCRH BSCAN test capture register hold time 25 — ns
tsuTco BSCAN test update register, falling edge of clock to valid output — 25 ns
tsTUODIS BSCAN test update register, falling edge of clock to valid disable — 25 ns
tBTUPOEN BSCAN test update register, falling edge of clock to valid enable — 25 ns

Figure 3-32. JTAG Port Timing Waveforms

TMS ><

oI X

4 g7 —Pfe—— tgTH —W
tgTcPH —Pe— tBTCPL —P «——  tgrcP—— >
TCK I 4/7
tBTCOEN tsTCO tBTCODIS
TDO Valid Data Valid Data
i «——1BTCRH —
BTCRS
Data to be
captured Data Captured ><
from 1/0O
< tBTUPOEN ‘P‘ <+— tBuTCO <+—tBTUODIS
Data to be . )
driven out | Valid Data Valid Data
to I/0
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Switching Test Conditions

Figure 3-33 shows the output test load that is used for AC testing. The specific values for resistance, capacitance,
voltage, and other test conditions are shown in Table 3-23.

Figure 3-33. Output Test Load, LVTTL and LVCMOS Standards

Vr

R1
DUT ® Test Point
%RZ —— CL*

*CL Includes Test Fixture and Probe Capacitance

Table 3-23. Test Fixture Required Components, Non-Terminated Interfaces

Test Condition R4 R, C. Timing Ref. Vi
LVCMOS 3.3 = 1.5V —
LVCMOS 2.5 = Vg 0/2 —
LVTTL and other LVCMOS settings (L -> H, H-> L) 0 °9) 0pF [LVCMOS 1.8 = V(go/2 —
LVCMOS 1.5 = Vg 0/2 —
LVCMOS 1.2 = Vg o/2 —

LVCMOS 2.5 1/0 (Z -> H) o0 1MQ 0pF  |Vceio/2 —
LVCMOS 2.5 1/0 (Z -> L) 1 MQ 00 0pF [Veeio2 Veeio
LVCMOS 2.5 1/0 (H -> 2) o0 100 0pF [Vou-0.10 —
LVCMOS 2.5 1/0 (L -> Z) 100 00 0pF [Vo_+0.10 Veeo

Note: Output test conditions for all other interfaces are determined by the respective standards.
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Point-to-Point LVDS (PPLVDS)

Over Recommended Operating Conditions

Description Min. Typ. Max. Units
Output driver supply (+/— 5%) 8.14 8.3 847 v
2.25 25 2.75 \'%
Input differential voltage 100 — 400 mV
Input common mode voltage 0.2 — 2.3 \'%
Output differential voltage 130 — 400 mV
Output common mode voltage 0.5 0.8 1.4 \

RSDS

Over Recommended Operating Conditions

Parameter Symbol Description Min. Typ. Max. Units
Vob Output voltage, differential, Rt = 100 Ohms 100 200 600 mV
Vos Output voltage, common mode 0.5 1.2 1.5 \%
IrsDs Differential driver output current 1 2 6 mA
V1D Input voltage differential 100 — — mV
Vewm Input common mode voltage 0.3 — 1.5 \%
TR, T Output rise and fall times, 20% to 80% — 500 — ps
TopuTy Output clock duty cycle 35 50 65 %

Note: Data is for 2 mA drive. Other differential driver current options are available.
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Signal Descriptions (Cont.)

Signal Name /0 Description
D7/SPIDO e E’grr]allel configuration 1/0. SPI/SPIm data input. Open drain during configura-
DI/CSSPION/CEN I/O |Serial data input for slave serial mode. SPI/SPIm mode chip select.

Dedicated SERDES Signals®

PCS[Index]_HDINNm

High-speed input, negative channel m

PCSIIndex]_HDOUTNm

High-speed output, negative channel m

PCS[Index]_REFCLKN

Negative Reference Clock Input

PCSJ[Index]_HDINPm

High-speed input, positive channel m

PCSIIndex]_HDOUTPm

High-speed output, positive channel m

PCS[Index]_REFCLKP

|
O
|
|
O
|

Positive Reference Clock Input

PCSJ[Index]_VCCOBmM

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 1/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.
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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 Package' Pins Temp. LUTs (K)
LFE3-17EA-6FTN256I 1.2V ) STD Lead-Free ftBGA 256 IND 17
LFE3-17EA-7FTN256I 1.2V -7 STD Lead-Free ftBGA 256 IND 17
LFE3-17EA-8FTN256I 1.2V -8 STD Lead-Free ftBGA 256 IND 17
LFE3-17EA-6LFTN256I 1.2V ) LOW Lead-Free ftBGA 256 IND 17
LFE3-17EA-7LFTN256I 1.2V -7 LOW Lead-Free ftBGA 256 IND 17
LFE3-17EA-8LFTN256I 1.2V -8 LOW Lead-Free ftBGA 256 IND 17
LFE3-17EA-6MG328| 1.2V ) STD Lead-Free csBGA 328 IND 17
LFE3-17EA-7MG328I 1.2V -7 STD Lead-Free csBGA 328 IND 17
LFE3-17EA-8MG328I 1.2V -8 STD Lead-Free csBGA 328 IND 17
LFE3-17EA-6LMG328I 1.2V ) LOW Green csBGA 328 IND 17
LFE3-17EA-7LMG328I 1.2V -7 LOW Green csBGA 328 IND 17
LFE3-17EA-8LMG328I 1.2V -8 LOW Green csBGA 328 IND 17
LFE3-17EA-6FN484| 1.2V ) STD Lead-Free fpBGA 484 IND 17
LFE3-17EA-7FN484| 1.2V -7 STD Lead-Free fpBGA 484 IND 17
LFE3-17EA-8FN484| 1.2V -8 STD Lead-Free fpBGA 484 IND 17
LFE3-17EA-6LFN484I 1.2V ) LOw Lead-Free fpBGA 484 IND 17
LFE3-17EA-7LFN484| 1.2V -7 LOW Lead-Free fpBGA 484 IND 17
LFE3-17EA-8LFN484I 1.2V -8 LOw Lead-Free fpBGA 484 IND 17

1. Green = Halogen free and lead free.

Part Number Voltage Grade' Power Package Pins Temp. LUTs (K)
LFE3-35EA-6FTN256I 1.2V -6 STD Lead-Free ftBGA 256 IND 33
LFE3-35EA-7FTN256I 1.2V -7 STD Lead-Free ftBGA 256 IND 33
LFE3-35EA-8FTN256I 1.2V -8 STD Lead-Free ftBGA 256 IND 33
LFE3-35EA-6LFTN256I 1.2V ) LOwW Lead-Free ftBGA 256 IND 33
LFE3-35EA-7LFTN256I 1.2V -7 LOW Lead-Free ftBGA 256 IND 33
LFE3-35EA-8LFTN256I 1.2V -8 LOW Lead-Free ftBGA 256 IND 33
LFE3-35EA-6FN484| 1.2V -6 STD Lead-Free fpBGA 484 IND 33
LFE3-35EA-7FN484| 1.2V -7 STD Lead-Free fpBGA 484 IND 33
LFE3-35EA-8FN484| 1.2V -8 STD Lead-Free fpBGA 484 IND 33
LFE3-35EA-6LFN484I 1.2V -6 LOW Lead-Free fpBGA 484 IND 33
LFE3-35EA-7LFN484| 1.2V -7 LOW Lead-Free fpBGA 484 IND 33
LFE3-35EA-8LFN484| 1.2V -8 LOW Lead-Free fpBGA 484 IND 33
LFE3-35EA-6FN672I 1.2V -6 STD Lead-Free fpBGA 672 IND 33
LFE3-35EA-7FN672I 1.2V -7 STD Lead-Free fpBGA 672 IND 33
LFE3-35EA-8FN672I 1.2V -8 STD Lead-Free fpBGA 672 IND 33
LFE3-35EA-6LFN672I 1.2V -6 LOW Lead-Free fpBGA 672 IND 33
LFE3-35EA-7LFN672I 1.2V -7 LOW Lead-Free fpBGA 672 IND 33
LFE3-35EA-8LFN672I 1.2V -8 LOwW 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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Revision History

March 2015 Data Sheet DS1021
Date Version Section Change Summary
March 2015 2.8EA Pinout Information  |Updated Package Pinout Information section. Changed reference to
All http://www.latticesemi.com/Products/FPGAandCPLD/LatticeECP3.
Minor style/formatting changes.
April 2014 02.7EA DC and Switching Updated LatticeECP3 Supply Current (Standby) table power numbers.
Characteristics Removed speed grade -9 timing numbers in the following sections:
— Typical Building Block Function Performance
— LatticeECP3 External Switching Characteristics
— LatticeECP3 Internal Switching Characteristics
— LatticeECP3 Family Timing Adders
Ordering Information |Removed ordering information for -9 speed grade devices.
March 2014 02.6EA DC and Switching  |Added information to the sysl/O Single-Ended DC Electrical Character-
Characteristics istics section footnote.
February 2014 | 02.5EA DC and Switching  |Updated Hot Socketing Specifications table. Changed Ip,, to Ipp in foot-
Characteristics note 3.
Updated the following figures:
— Figure 3-25, sysCONFIG Port Timing
— Figure 3-27, Wake-Up Timing
Supplemental Added technical note references.
Information
September 2013| 02.4EA DC and Switching  |Updated the Wake-Up Timing Diagram
Characteristics Added the following figures:
— Master SPI POR Waveforms
— SPI Configuration Waveforms
— Slave SPI HOLDN Waveforms
Added tIODISS and tIOENSS parameters in LatticeECP3 sysCONFIG
Port Timing Specifications table.
June 2013 02.3EA Architecture sysl/O Buffer Banks text section — Updated description of “Top (Bank 0

and Bank 1) and Bottom syslO Buffer Pairs (Single-Ended Outputs
Only)” for hot socketing information.

sysl/O Buffer Banks text section — Updated description of “Configuration
Bank sysl/O Buffer Pairs (Single-Ended Outputs, Only on Shared Pins
When Not Used by Configuration)” for PCI clamp information.

On-Chip Oscillator section — clarified the speed of the internal CMOS
oscillator (130 MHz +/- 15%).

Architecture Overview section — Added information on the state of the
register on power up and after configuration.

DC and Switching
Characteristics

sysl/O Recommended Operating Conditions table — Removed refer-
ence to footnote 1 from RSDS standard.

sysl/O Single-Ended DC Electrical Characteristics table — Modified foot-
note 1.

Added Oscillator Output Frequency table.

LatticeECP3 sysCONFIG Port Timing Specifications table — Updated
min. column for tcopp parameter.

LatticeECP3 Family Timing Adders table — Description column, refer-
ences to VCCIO = 3.0V changed to 3.3V. For PPLVDS, description
changed from emulated to True LVDS and VCCIO = 2.5V changed to
VCCIO = 2.5V or 3.3V.

© 2015 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand
or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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Date

Version

Section

Change Summary

Updated Frequency to 150 Mbps in Table 3-11 Periodic Receiver Jitter
Tolerance Specification

December 2010

01.7EA

Multiple

Data sheet made final. Removed “preliminary” headings.

Removed data for 70E and 95E devices. A separate data sheet is avail-
able for these specific devices.

Updated for Lattice Diamond design software.

Introduction

Corrected number of user I/Os

Architecture

Corrected the package type in Table 2-14 Available SERDES Quad per
LatticeECP3 Devices.

Updated description of General Purpose PLL

Added additional information in the Flexible Quad SERDES Architecture
section.

Added footnotes and corrected the information in Table 2-16 Selectable
master Clock (MCCLK) Frequencies During Configuration (Nominal).

Updated Figure 2-16, Per Region Secondary Clock Selection.

Updated description for On-Chip Programmable Termination.

Added information about number of rows of DSP slices.

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

Updated information for syslO buffer pairs.

Corrected minimum number of General Purpose PLLs (was 4, now 2).

DC and Switching
Characteristics

Regenerated sysCONFIG Port Timing figure.

Added tyy (clock pulse width) in External Switching Characteristics
table.

Corrected units, revised and added data, and corrected footnote 1 in
External Switching Characteristics table.

Added Jitter Transfer figures in SERDES External Reference Clock sec-
tion.

Corrected capacitance information in the DC Electrical Characteristics
table.

Corrected data in the Register-to-Register Performance table.

Corrected GDDR Parameter name HOGDDR.

Corrected RSDS25 -7 data in Family Timing Adders table.

Added footnotes 10-12 to DDR data information in the External Switch-
ing Characteristics table.

Corrected titles for Figures 3-7 (DDR/DDR2/DDR3 Parameters) and
3-8 (Generic DDR/DDRX2 Parameters).

Updated titles for Figures 3-5 (MLVDS25 (Multipoint Low Voltage Differ-
ential Signaling)) and 3-6 (Generic DDRX1/DDRX2 (With Clock and
Data Edges Aligned)).

Updated Supply Current table.

Added GDDR interface information to the External Switching and Char-
acteristics table.

Added footnote to syslO Recommended Operating Conditions table.

Added footnote to LVDS25 table.

Corrected DDR section footnotes and references.

Corrected Hot Socketing support from “top and bottom banks” to “top
and bottom 1/O pins”.

Pinout Information

Updated description for VT Tx.

7-3



