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chain in order to better match the reference and feedback signals. This digital code from the ALU is also transmit-
ted via the Digital Control bus (DCNTL) bus to its associated Slave Delay lines (two per DLL). The ALUHOLD input
allows the user to suspend the ALU output at its current value. The UDDCNTL signal allows the user to latch the
current value on the DCNTL bus.

The DLL has two clock outputs, CLKOP and CLKOS. These outputs can individually select one of the outputs from
the tapped delay line. The CLKOS has optional fine delay shift and divider blocks to allow this output to be further
modified, if required. The fine delay shift block allows the CLKOS output to phase shifted a further 45, 22.5 or 11.25
degrees relative to its normal position. Both the CLKOS and CLKOP outputs are available with optional duty cycle
correction. Divide by two and divide by four frequencies are available at CLKOS. The LOCK output signal is
asserted when the DLL is locked. Figure 2-5 shows the DLL block diagram and Table 2-5 provides a description of
the DLL inputs and outputs.

The user can configure the DLL for many common functions such as time reference delay mode and clock injection
removal mode. Lattice provides primitives in its design tools for these functions.

Figure 2-5. Delay Locked Loop Diagram (DLL)
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* This signal is not user accessible. This can only be used to feed the slave delay line.
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Figure 2-8. Clock Divider Connections
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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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Note: Clock inputs can be configured in differential or single-ended mode.
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Edge Clock Sources

Edge clock resources can be driven from a variety of sources at the same edge. Edge clock resources can be
driven from adjacent edge clock P1Os, primary clock PIOs, PLLs, DLLs, Slave Delay and clock dividers as shown in
Figure 2-19.

Figure 2-19. Edge Clock Sources
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Notes:

1. Clock inputs can be configured in differential or single ended mode.
2. The two DLLs can also drive the two top edge clocks.

3. The top left and top right PLL can also drive the two top edge clocks.

Edge Clock Routing

LatticeECP3 devices have a number of high-speed edge clocks that are intended for use with the PIOs in the
implementation of high-speed interfaces. There are six edge clocks per device: two edge clocks on each of the top,
left, and right edges. Different PLL and DLL outputs are routed to the two muxes on the left and right sides of the
device. In addition, the CLKINDEL signal (generated from the DLL Slave Delay Line block) is routed to all the edge
clock muxes on the left and right sides of the device. Figure 2-20 shows the selection muxes for these clocks.
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Figure 2-37. DQS Local Bus
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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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2. Left and Right (Banks 2, 3, 6 and 7) sysl/O Buffer Pairs (50% Differential and 100% Single-Ended Out-
puts)
The sysl/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 1/0,
and the comp (complementary) pad is associated with the negative side of the differential 1/0.

In addition, programmable on-chip input termination (parallel or differential, static or dynamic) is supported on
these sides, which is required for DDRS3 interface. However, there is no support for hot-socketing for the I/0O
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 sysl/O Buffer Pairs (Single-Ended Outputs, Only on Shared Pins When Not Used by
Configuration)
The sysl/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 sysl/O I/0 Behavior During Power-up

The internal power-on-reset (POR) signal is deactivated when V¢, Vociog @and Veooaux 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 Vg banks are active with valid input logic levels to properly control the output logic states of
all the I/0O 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 Ve and Veeaux supply the power to the FPGA core fabric, whereas the V¢ o supplies power to the 1/O buf-
fers. In order to simplify system design while providing consistent and predictable I/O behavior, it is recommended
that the 1/O buffers be powered-up prior to the FPGA core fabric. Vg0 supplies should be powered-up before or
together with the V¢ and Vcayx supplies.

Supported sysl/O Standards

The LatticeECP3 sysl/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,
1.5V, 1.8V, 2.5V 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 sysl/O buffer to
support a variety of standards please see TN1177, LatticeECP3 syslO Usage Guide.
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Figure 2-40. SERDES/PCS Quads (LatticeECP3-150)
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Table 2-13. LatticeECP3 SERDES Standard Support

Data Rate Number of
Standard (Mbps) General/Link Width Encoding Style

PCI Express 1.1 2500 x1, x2, x4 8b10b
Gigabit Ethernet 1250, 2500 x1 8b10b
SGMII 1250 x1 8b10b
XAUI 3125 x4 8b10b
Serial RapidlO Type |, 1250, x1, x4 8b10b
Serial RapidlO Type |, 2500,
Serial RapidlO Type lll 3125
CPRI-1, 614.4, x1 8b10b
CPRI-2, 1228.8,
CPRI-3, 2457.6,
CPRI-4 3072.0

143", x1 NRZI/Scrambled

1777,
SD-SDI 270
(259M, 344M) 360,

540
HD-SDI 1483.5,
(292M) 1485 x1 NRZI/Scrambled
3G-SDI 2967,
(424M) 5970 x1 NRZI/Scrambled
SONET-STS-32 155.52 x1 N/A
SONET-STS-122 622.08 x1 N/A
SONET-STS-482 2488 x1 N/A

1. For slower rates, the SERDES are bypassed and CML signals are directly connected to the FPGA routing.

2. The SONET protocol is supported in 8-bit SERDES mode. See TN1176 Lattice ECP3 SERDES/PCS Usage Guide for more information.
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BLVDS25

The LatticeECP3 devices support the BLVDS standard. This standard is emulated using complementary LVCMOS
outputs in conjunction with a parallel external resistor across the driver outputs. BLVDS is intended for use when
multi-drop and bi-directional multi-point differential signaling is required. The scheme shown in Figure 3-2 is one
possible solution for bi-directional multi-point differential signals.

Figure 3-2. BLVDS25 Multi-point Output Example
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Table 3-2. BLYDS25 DC Conditions’

Over Recommended Operating Conditions

Typical
Parameter Description Zo =450 | Zo=90Q Units
Veeio Output Driver Supply (+/— 5%) 2.50 2.50 \Y
Zout Driver Impedance 10.00 10.00 Q
Rs Driver Series Resistor (+/— 1%) 90.00 90.00 Q
RrL Driver Parallel Resistor (+/— 1%) 45.00 90.00 Q
Rrr Receiver Termination (+/— 1%) 45.00 90.00 Q
VoH Output High Voltage 1.38 1.48 \
VoL Output Low Voltage 1.12 1.02 \Y
Vob Output Differential Voltage 0.25 0.46 \
Vewm Output Common Mode Voltage 1.25 1.25 Vv
Ibc DC Output Current 11.24 10.20 mA

1. For input buffer, see LVDS table.
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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
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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 Output with Clock and Data (>10 Bits Wide) Centered at Pin Using PLL (GDDRX2_TX.PLL.Centered)"
Left and Right Sides
tbvBGDDR Data Valid Before CLK All ECP3EA Devices | 285 — 370 — 431 — ps
tovAGDDR Data Valid After CLK All ECP3EA Devices | 285 — 370 — 432 — ps
fMAX_GDDR DDRX2 Clock Frequency All ECP3EA Devices | — 500 — 420 — 375 MHz
Memory Interface
DDR/DDR2 I/O Pin Parameters (Input Data are Strobe Edge Aligned, Output Strobe Edge is Data Centered)*
tovaba Data Valid After DQS (DDR Read) |All ECP3 Devices — 0.225 — 0.225 — 0.225 ul
toveEDQ Data Hold After DQS (DDR Read) |All ECP3 Devices 0.64 — 0.64 — 0.64 — ul
tbaves Data Valid Before DQS All ECP3 Devices 0.25 — 0.25 — 0.25 — ul
tbqvas Data Valid After DQS All ECP3 Devices 0.25 — 0.25 — 0.25 — ul
fmMAX_DDR DDR Clock Frequency All ECP3 Devices 95 200 95 200 95 166 MHz
fvMAX_DDR2 DDR2 clock frequency All ECP3 Devices 125 266 125 200 125 166 MHz
DDR3 (Using PLL for SCLK) I/O Pin Parameters
tovabaq Data Valid After DQS (DDR Read) |All ECP3 Devices = 0.225 = 0.225 = 0.225 ul
toveEDQ Data Hold After DQS (DDR Read) |All ECP3 Devices 0.64 = 0.64 — 0.64 — ul
tbqves Data Valid Before DQS All ECP3 Devices 0.25 = 0.25 = 0.25 = ul
tbquas Data Valid After DQS All ECP3 Devices 0.25 = 0.25 = 0.25 = ul
fMAX_DDR3 DDRS clock frequency All ECP3 Devices 300 400 266 333 266 300 MHz
DDR3 Clock Timing
tey (avg)® Average High Pulse Width All ECP3 Devices 0.47 0.53 0.47 0.53 0.47 0.53 ul
toL (avg)® Average Low Pulse Width All ECP3 Devices 0.47 0.53 0.47 0.53 0.47 0.53 ul
ty7 (per, Ick)? gﬁtl_pfggk'ﬁ%k;’;’ig’g Jitter During | o ECP3 Devices | 90 | 90 | -90 | 90 | -90 | 90 | ps
ty7 (cc, Ick)® %‘tgﬂtriﬁg%el_'lt_oiggﬁ'ﬁgpggﬁgdd”‘ All ECP3 Devices — | 180 | — | 180 | — | 180 | ps

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

ware.

General I/O timing numbers based on LVCMOS 2.5, 12mA, Fast Slew Rate, Opf load.
Generic DDR timing numbers based on LVDS 1/O.
DDR timing numbers based on SSTL25. DDR2 timing numbers based on SSTL18.

Uses LVDS I/O s

tandard.

The current version of software does not support per bank skew numbers; this will be supported in a future release.

2
3
4.
5. DDRS3 timing numbers based on SSTL15.
6
7
8

. Maximum clock frequencies are tested under best case conditions. System performance may vary upon the user environment.
9. Using settings generated by IPexpress.

. These numbers are generated using best case PLL located in the center of the device.
. Uses SSTL25 Class Il Differential I/O Standard.
. All numbers are generated with ispLEVER 8.1 software.
. For details on -9 speed grade devices, please contact your Lattice Sales Representative.
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LatticeECP3 Internal Switching Characteristics"*°
Over Recommended Commercial Operating Conditions

-8 -7 -6

Parameter Description Min. ‘ Max. | Min. ‘ Max. | Min Max. | Units.
PFU/PFF Logic Mode Timing
tLuTa_PFU LUT4 delay (A to D inputs to F output) — 0.147 — 0.163 — 0.179 ns
tLuTe_PFU LUT®6 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
{LSRREC_PFU éls:{Jnchcl)gzgous Set/Reset recovery time for 0.298 0.345 0.391 ns
tsum_PFuU Clock to Mux (M0,M1) Input Setup Time 0.134 — 0.144 — 0.153 — ns
tum_PFU Clock to Mux (MO,M1) Input Hold Time -0.097 — -0.103 — -0.109 — ns
tsub_pFu Clock to D input setup time 0.061 — 0.068 — 0.075 — ns
tHp_PFU Clock to D input hold time 0.019 — 0.013 — 0.015 — ns
tekeQ PFU gg’rﬁ'i‘gtfrgigﬁ)'ay’ (D-type Register — |o243| — |o0273| — |0303]| ns
PFU Dual Port Memory Mode Timing
tcoraM_PFU Clock to Output (F Port) — 0.710 — 0.803 — 0.897 ns
tsubaTA_PFU Data Setup Time -0.137 — -0.155 — -0.174 — ns
tHDATA_PFU Data Hold Time 0.188 — 0.217 — 0.246 — ns
tsuappr_pru  |Address Setup Time -0.227 — -0.257 — —-0.286 — ns
tHADDR_PFU Address Hold Time 0.240 — 0.275 — 0.310 — ns
tsuwren_pru | Write/Read Enable Setup Time —-0.055 — —-0.055 — —-0.063 — ns
tywren_pru | 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 PO Output Buffer Delay (LVCMOS25) — 1.241 — 1.301 — 1.361 ns
IOLOGIC Input/Output Timing
tsulpio ICnI%L(J:’I[(;:{egister Setup Time (Data Before 0.956 . 1124 . 1293 . ns
th_pio Input Register Hold Time (Data after Clock) | 0.225 — 0.184 — 0.240 — ns
tcoo_pio Output Register Clock to Output Delay* - 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
tco0, EBR glé);ilét(evr\/rlte) to output from EBR output - 0.31 . 0.32 . 0.33 ns
tsupata_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)

1
1
1
1
1 1 1 1 1 1
CsA | , X X X X
L 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 T T T T T
1 1 1 1 1 1
WEA | \ \ , . X
1 1 1 1 1
1 1 1 1 1 1
: : : : Three consecullive writes to AO :
1 1 1 1 1 1
ADA | X A0 X x Al x X 1 1 A0 1 X
1 1 1 1 1 1
f . T . T T T T
! tsu !t 1 | 1 1
1 I&»nl»: 1 1 1 1
\ | | x :( 5 K j
L 1 1 1 1 1
1 ! 1 ! ) | , | , | | |
! 1 _taccess, 1 taccEss 1 tACCESS_ | 1 1tACCESS
| | 1 i f [ > ! ! |
I T T T T T
Data from Prev Read \ \ ! |
1 [ DO D1
DOA 1 or Write 1 X 1 X 1 X D:z X D:? X D4
1 + + 1 1
1 1
1 1

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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DLL Timing
Over Recommended Operating Conditions

Parameter Description Condition Min. Typ. Max. | Units
Input reference clock frequency (on-chip or -

fREF Off'Ch|p) 133 500 MHz

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

foLkop' Output clock frequency, CLKOP 133 — 500 MHz

foLkos? Output clock frequency, CLKOS 33.3 — 500 MHz

teuiT Qutput clock period jitter (clean input) — 200 | psp-p
Output clock duty cycle (at 50% levels, 50% duty |Edge Clock 40 60 %

touTy cycle input clock, 50% duty cycle circuit turned - N
off, time reference delay mode) Primary Clock 30 70 %
Output clock duty cycle (at 50% levels, arbitrary |Primary Clock <250 MHz | 45 55 %

toutyTRD  |duty cycle input clock, 50% duty cycle circuit Primary Clock > 250 MHz 30 70 %
enabled, time reference delay mode) Edge Clock 45 55 %
Output clock duty cycle (at 50% levels, arbitrary |Primary Clock < 250 MHz 40 60 %
duty cycle input clock, 50% duty cycle circuit ; > P

DUTYCIR | enabled, clock injection removal mode) with DLL Primary Clock>250 MHz | 30 70 *
cascading Edge Clock 45 55 %

3 Output clock to clock skew between two outputs . .

tsKEW with the same phase setting 100 ps

t Phase error measured at device pads between . . +/-400 s

PHASE off-chip reference clock and feedback clocks P
Input clock minimum pulse width high (at 80%

tPWH Ie\?el) P 9 ( ° 550 — — ps
Input clock minimum pulse width low (at 20%

tPWL Ie\?el) P ( ° 550 — — ps

tinsTB Input clock period jitter — — 500 ps

tL ock DLL lock time 8 — 8200 | cycles

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

tDEL Delay step size 27 45 70 ps
Max. delay setting for single delay block

tRANGE! | (64 tape) Y 9 9 y 1.9 3.1 4.4 ns

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

1. CLKOP runs at the same frequency as the input clock.
2. CLKOS minimum frequency is obtained with divide by 4.
3. This is intended to be a “path-matching” design guideline and is not a measurable specification.
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Figure 3-30. SPI Configuration Waveforms
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Figure 3-31. Slave SPI HOLDN Waveforms
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Pin Information Summary (Cont.)

Pin Information Summary ECP3-70EA
Pin Type 484 fpBGA 672 fpBGA 1156 fpBGA
Bank 0 21 30 43
Bank 1 18 24 39
. ) Bank 2 8 12 13
ngtélsieéjalg'fferentlal Bank 3 20 23 33
Bank 6 22 25 33
Bank 7 11 16 18
Bank 8 12 12 12
Bank 0 0 0 0
Bank 1 0 0 0
_ ) ) Bank 2 6 9 9
glgz}sé):ff Differential I/ Bank 3 9 12 16
Bank 6 11 14 16
Bank 7 9 12 13
Bank 8 0 0 0
Bank 0 42/21 60/30 86/43
Bank 1 36/18 48/24 78/39
Total Single-Ended/ Bank 2 28/14 42/21 44/22
Total Differential 1/0 Bank 3 58/29 71/35 98/49
per Bank Bank 6 67/33 78/39 98/49
Bank 7 40/20 56/28 62/31
Bank 8 24/12 24/12 24/12
Bank 0 3 5 7
Bank 1 3 4 7
Bank 2 2 3 3
pl?eDr%Sr:lc()‘ups Bonded Bank 3 3 2 5
Bank 6 4 4 5
Bank 7 3 4 4
Configuration Bank 8 0 0 0
SERDES Quads 1 2 3

1. Some DQS groups may not support DQS-12. Refer to the device pinout (.csv) file.
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Pin Information Summary (Cont.)

Pin Information Summary ECP3-95EA ECP3-150EA
484 672 1156 672 1156
Pin Type fpBGA fpBGA fpBGA fpBGA fpBGA
Bank 0 42 60 86 60 94
Bank 1 36 48 78 48 86
Bank 2 24 34 36 34 58
e e park [ Bo0KD CE N O I N
Bank 6 63 67 86 67 104
Bank 7 36 48 54 48 76
Bank 8 24 24 24 24 24
Bank 0 0 0 0 0 0
Bank 1 0 0 0 0 0
Bank 2 4 8 8 8 8
g:;lfral Purpose Inputs per Bank 3 2 12 12 12 12
Bank 6 4 12 12 12 12
Bank 7 4 8 8 8 8
Bank 8 0 0 0 0 0
Bank 0 0 0 0 0 0
Bank 1 0 0 0 0 0
Bank 2 0 0 0 0 0
g:rr:keral Purpose Outputs per Bank 3 0 0 0 0 0
Bank 6 0 0 0 0 0
Bank 7 0 0 0 0 0
Bank 8 0 0 0 0 0
Total Single-Ended User 1/O 295 380 490 380 586
VCC 16 32 32 32 32
VCCAUX 8 12 16 12 16
VTT 4 4 8 4 8
VCCA 4 8 16 8 16
VCCPLL 4 4 4 4 4
Bank 0 2 4 4 4 4
Bank 1 2 4 4 4 4
Bank 2 2 4 4 4 4
VCCIO Bank 3 2 4 4 4 4
Bank 6 2 4 4 4 4
Bank 7 2 4 4 4 4
Bank 8 2 2 2 2 2
VCCJ 1 1 1 1 1
TAP 4 4 4 4 4
GND, GNDIO 98 139 233 139 233
NC 0 0 238 0 116
Reserved' 2 2 2 2 2
SERDES 26 52 78 52 104
Miscellaneous Pins 8 8 8 8 8
Total Bonded Pins 484 672 1156 672 1156
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Part Number Voltage Grade' Power Package Pins Temp. LUTs (K)
LFE3-70EA-6FN484C 1.2V -6 STD Lead-Free fpBGA 484 COM 67
LFE3-70EA-7FN484C 1.2V -7 STD Lead-Free fpBGA 484 COM 67
LFE3-70EA-8FN484C 1.2V -8 STD Lead-Free fpBGA 484 COM 67
LFE3-70EA-6LFN484C 1.2V -6 Low Lead-Free fpBGA 484 COoM 67
LFE3-70EA-7LFN484C 1.2V -7 LOW Lead-Free fpBGA 484 COM 67
LFE3-70EA-8LFN484C 1.2V -8 LOW Lead-Free fpBGA 484 COoM 67
LFE3-70EA-6FN672C 1.2V -6 STD Lead-Free fpBGA 672 COM 67
LFE3-70EA-7FN672C 1.2V -7 STD Lead-Free fpBGA 672 COM 67
LFE3-70EA-8FN672C 1.2V -8 STD Lead-Free fpBGA 672 COM 67
LFE3-70EA-6LFN672C 1.2V ) LoOw Lead-Free fpBGA 672 COoM 67
LFE3-70EA-7LFN672C 1.2V -7 Low Lead-Free fpBGA 672 COoM 67
LFE3-70EA-8LFN672C 1.2V -8 LOW Lead-Free fpBGA 672 COM 67
LFE3-70EA-6FN1156C 1.2V —6 STD Lead-Free fpBGA 1156 COM 67
LFE3-70EA-7FN1156C 1.2V -7 STD Lead-Free fpBGA 1156 COM 67
LFE3-70EA-8FN1156C 1.2V -8 STD Lead-Free fpBGA 1156 COM 67
LFE3-70EA-6LFN1156C 1.2V -6 Low Lead-Free fpBGA 1156 COM 67
LFE3-70EA-7LFN1156C 1.2V -7 Low Lead-Free fpBGA 1156 COM 67
LFE3-70EA-8LFN1156C 1.2V -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 Grade' Power Package Pins Temp. LUTs (K)
LFE3-95EA-6FN484C 1.2V —6 STD Lead-Free fpBGA 484 COM 92
LFE3-95EA-7FN484C 1.2V -7 STD Lead-Free fpBGA 484 COM 92
LFE3-95EA-8FN484C 1.2V -8 STD Lead-Free fpBGA 484 COM 92
LFE3-95EA-6LFN484C 1.2V —6 LOW Lead-Free fpBGA 484 COM 92
LFE3-95EA-7LFN484C 1.2V -7 LOW Lead-Free fpBGA 484 COM 92
LFE3-95EA-8LFN484C 1.2V -8 LOW Lead-Free fpBGA 484 COoM 92
LFE3-95EA-6FN672C 1.2V —6 STD Lead-Free fpBGA 672 COM 92
LFE3-95EA-7FN672C 1.2V -7 STD Lead-Free fpBGA 672 COM 92
LFE3-95EA-8FN672C 1.2V -8 STD Lead-Free fpBGA 672 COM 92
LFE3-95EA-6LFN672C 1.2V —6 LOW Lead-Free fpBGA 672 COM 92
LFE3-95EA-7LFN672C 1.2V -7 LOW Lead-Free fpBGA 672 COM 92
LFE3-95EA-8LFN672C 1.2V -8 LOW Lead-Free fpBGA 672 COoM 92
LFE3-95EA-6FN1156C 1.2V —6 STD Lead-Free fpBGA 1156 COM 92
LFE3-95EA-7FN1156C 1.2V -7 STD Lead-Free fpBGA 1156 COM 92
LFE3-95EA-8FN1156C 1.2V -8 STD Lead-Free fpBGA 1156 COoM 92
LFE3-95EA-6LFN1156C 1.2V ) Low Lead-Free fpBGA 1156 COM 92
LFE3-95EA-7LFN1156C 1.2V -7 LOW Lead-Free fpBGA 1156 COM 92
LFE3-95EA-8LFN1156C 1.2V -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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Part Number Voltage Grade' Power Package Pins Temp. LUTs (K)
LFE3-150EA-6FN672I 1.2V -6 STD Lead-Free fpBGA 672 IND 149
LFE3-150EA-7FN672I 1.2V -7 STD Lead-Free fpBGA 672 IND 149
LFE3-150EA-8FN672I 1.2V -8 STD Lead-Free fpBGA 672 IND 149
LFE3-150EA-6LFN672I 1.2V -6 LOW Lead-Free fpBGA 672 IND 149
LFE3-150EA-7LFN672I 1.2V -7 LOW Lead-Free fpBGA 672 IND 149
LFE3-150EA-8LFN672| 1.2V -8 LOW Lead-Free fpBGA 672 IND 149
LFE3-150EA-6FN11561 1.2V -6 STD Lead-Free fpBGA 1156 IND 149
LFE3-150EA-7FN1156l 1.2V -7 STD Lead-Free fpBGA 1156 IND 149
LFE3-150EA-8FN11561 1.2V -8 STD Lead-Free fpBGA 1156 IND 149
LFE3-150EA-6LFN1156I 1.2V -6 LOW Lead-Free fpBGA 1156 IND 149
LFE3-150EA-7LFN1156l 1.2V -7 LOW Lead-Free fpBGA 1156 IND 149
LFE3-150EA-8LFN1156I 1.2V -8 LOW Lead-Free fpBGA 1156 IND 149

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

Part Number Voltage Grade Power Package Pins Temp. LUTs (K)
LFE3-150EA-6FN672ITW! 1.2V -6 STD Lead-Free fpBGA 672 IND 149
LFE3-150EA-7FN672ITW' 1.2V -7 STD Lead-Free fpBGA 672 IND 149
LFE3-150EA-8FN672ITW' 1.2V -8 STD Lead-Free fpBGA 672 IND 149
LFE3-150EA-6FN11561TW! 1.2V -6 STD Lead-Free fpBGA 1156 IND 149
LFE3-150EA-7FN11561TW! 1.2V -7 STD Lead-Free fpBGA 1156 IND 149
LFE3-150EA-8FN11561TW! 1.2V -8 STD Lead-Free fpBGA 1156 IND 149

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

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

* The SERDES XRES pin on the TW device passes CDM testing at 250V.
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For Further Information

A variety of technical notes for the LatticeECP3 family are available on the Lattice website at www.latticesemi.com.

* TN1169, LatticeECP3 sysCONFIG Usage Guide

* TN1176, LatticeECP3 SERDES/PCS Usage Guide

e TN1177, LatticeECP3 syslO Usage Guide

* TN1178, LatticeECP3 sysCLOCK PLL/DLL Design and Usage Guide
* TN1179, LatticeECP3 Memory Usage Guide

* TN1180, LatticeECP3 High-Speed 1/O Interface

* TN1181, Power Consumption and Management for LatticeECP3 Devices
* TN1182, LatticeECP3 sysDSP Usage Guide

* TN1184, LatticeECP3 Soft Error Detection (SED) Usage Guide

* TN1189, LatticeECP3 Hardware Checklist

* TN1215, LatticeECP2MS and LatticeECP2S Devices

* TN1216, LatticeECP2/M and LatticeECP3 Dual Boot Feature Advanced Security Encryption Key Program-
ming Guide for LatticeECP3

e TN1222, LatticeECP3 Slave SPI Port User's Guide

For further information on interface standards refer to the following websites:

» JEDEC Standards (LVTTL, LVCMOS, SSTL, HSTL): www.jedec.org
* PCl: www.pcisig.com
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www.latticesemi.com/~/media/Documents/ApplicationNotes/AD/AdvancedSecurityEncryptionKeyProgrammingGuideforLatticeECP3LatticeECP2MSandLatticeECP2SDevices.PDF
www.latticesemi.com/~/media/Documents/ApplicationNotes/L/AM/LatticeECP2MandLatticeECP3DualBootFeature.PDF
www.latticesemi.com/~/media/Documents/ApplicationNotes/L/AM/LatticeECP2MandLatticeECP3DualBootFeature.PDF
www.latticesemi.com/dynamic/view_document.cfm?document_id=32318
www.latticesemi.com/dynamic/view_document.cfm?document_id=32319
www.latticesemi.com/dynamic/view_document.cfm?document_id=32320
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www.latticesemi.com/~/media/Documents/ApplicationNotes/L/AM/LatticeECP3SlaveSPIPortUsersGuide.pdf
www.pcisig.com
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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

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 V¢ signal.

April 2012

02.2EA

Architecture

Updated first paragraph of Output Register Block section.

Updated the information about syslO 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 tggt-

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 fiBGA 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
DDRS3 Clock Timing, t-

Corrected Internal Switching Characteristics table, Description for EBR
Timing, tsywren_esr and tywreN_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
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