E ')( F l_Lattice Semiconductor Corporation - LFE3-70E-8FN1156C Datasheet

Welcome to E-XFL.COM

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
indisnensahle in numerous fields. In telecommunications.

Details

Product Status Obsolete
Number of LABs/CLBs 8375
Number of Logic Elements/Cells 67000
Total RAM Bits 4526080
Number of I/O 490

Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (T))

Package / Case 1156-BBGA

Supplier Device Package 1156-FPBGA (35x35)

Purchase URL https://www.e-xfl.com/product-detail/lattice-semiconductor/Ife3-70e-8fn1156¢c

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/lfe3-70e-8fn1156c-4494675
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-fpgas-field-programmable-gate-array

Architecture
Lattice Semiconductor LatticeECP3 Family Data Sheet

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 1/0s, 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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This allows designers to use highly parallel implementations of DSP functions. Designers can optimize DSP perfor-
mance vs. area by choosing appropriate levels of parallelism. Figure 2-23 compares the fully serial implementation
to the mixed parallel and serial implementation.

Figure 2-23. Comparison of General DSP and LatticeECP3 Approaches
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LatticeECP3 sysDSP Slice Architecture Features

The LatticeECP3 sysDSP Slice has been significantly enhanced to provide functions needed for advanced pro-
cessing applications. These enhancements provide improved flexibility and resource utilization.

The LatticeECP3 sysDSP Slice supports many functions that include the following:

* Multiply (one 18x36, two.18x18 or four 9x9 Multiplies per Slice)
* Multiply (36x36 by cascading across two sysDSP slices)
* Multiply Accumulate (up to 18x36 Multipliers feeding an Accumulator that can have up to 54-bit resolution)

» Two Multiplies feeding one Accumulate per cycle for increased processing with lower latency (two 18x18 Mul-
tiplies feed into an accumulator that can accumulate up to 52 bits)

* Flexible saturation and rounding options to satisfy a diverse set of applications situations

* Flexible cascading across DSP slices
— Minimizes fabric use for common DSP and ALU functions
— Enables implementation of FIR Filter or similar structures using dedicated sysDSP slice resources only
— Provides matching pipeline registers
— Can be configured to continue cascading from one row of sysDSP slices to another for longer cascade
chains

* Flexible and Powerful Arithmetic Logic Unit (ALU) Supports:
— Dynamically selectable ALU OPCODE
— Ternary arithmetic (addition/subtraction of three inputs)
— Bit-wise two-input logic operations (AND, OR, NAND, NOR, XOR and XNOR)
— Eight flexible and programmable ALU flags that can be used for multiple pattern detection scenarios, such
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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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MULTADDSUB DSP Element

In this case, the operands AA and AB are multiplied and the result is added/subtracted with the result of the multi-
plier operation of operands BA and BB. The user can enable the input, output and pipeline registers. Figure 2-29
shows the MULTADDSUB sysDSP element.

Figure 2-29. MULTADDSUB
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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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Two adjacent PIOs can be joined to provide a differential I/O pair (labeled as “T” and “C”) as shown in Figure 2-32.
The PAD Labels “T” and “C” distinguish the two P1Os. Approximately 50% of the PIO pairs on the left and right
edges of the device can be configured as true LVDS outputs. All I/O pairs can operate as LVDS inputs.

Table 2-11. PIO Signal List

Name Type Description

INDD Input Data Register bypassed input. This is not the same port as INCK.

IPA, INA, IPB, INB Input Data Ports to core for input data

OPOSA, ONEGA', Output Data Output signals from core. An exception is the ONEGB port, used for tristate logic

OPOSB, ONEGB' at the DQS pad.

CE PIO Control Clock enables for input and output block flip-flops.

SCLK PIO Control System Clock (PCLK) for input and output/TS blocks. Connected from clock ISB.

LSR PIO Control Local Set/Reset

ECLK1, ECLK2 PIO Control Edge clock sources. Entire PIO selects one of two sources using mux.

ECLKDQSR! Read Control From DQS_STROBE, shifted strobe for memory interfaces only.

DDRCLKPOL' Read Control Ensures transfer from DQS domain to SCLK domain.

DDRLAT! Read Control Usec:]to guarantee INDDRX2 gearing by selectively enabling a D-Flip-Flop in dat-
apath.

DEL[3:0] Read Control Dynamic input delay control bits.

INCK To Clock Distribution |PIO treated as clock PIO, path to distribute to primary clocks and PLL.

and PLL

TS Tristate Data Tristate signal from core (SDR)

DQCLKO', DQCLK1! Write Control Two clocks edges, 90 degrees out of phase, used in output gearing.

DQSW? Write Control Used for output and tristate logic at DQS only.

DYNDEL[7:0] Write Control Shifting of write clocks for specific DQS group, using 6:0 each step is approxi-
mately 25ps, 128 steps. Bit 7 is an invert (timing depends on input frequency).
There is also a static control for this 8-bit setting, enabled with a memory cell.

DCNTL[6:0] PIO Control Original delay code from DDR DLL

DATAVALID' Output Data Status flag from DATAVALID logic, used to indicate when input data is captured in
IOLOGIC and valid to core.

READ For DQS_Strobe |Read signal for DDR memory interface

DQSI For DQS_Strobe | Unshifted DQS strobe from input pad

PRMBDET For DQS_Strobe |DQSI biased to go high when DQSI is tristate, goes to input logic block as well as
core‘logic.

GSRN Control from routing |Global Set/Reset

1. Signals available on left/right/top edges only.

2. Selected PIO.

PIO

The PIO contains four blocks: an input register block, output register block, tristate register block and a control logic
block. These blocks contain registers for operating in a variety of modes along with the necessary clock and selec-
tion logic.

Input Register Block

The input register blocks for the P1Os, in the left, right and top edges, contain delay elements and registers that can
be used to condition high-speed interface signals, such as DDR memory interfaces and source synchronous inter-
faces, before they are passed to the device core. Figure 2-33 shows the input register block for the left, right and
top edges. The input register block for the bottom edge contains one element to register the input signal and no
DDR registers. The following description applies to the input register block for PIOs in the left, right and top edges
only.
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(referred to as DQS) is not free-running so this approach cannot be used. The DQS Delay block provides the
required clock alignment for DDR memory interfaces.

The delay required for the DQS signal is generated by two dedicated DLLs (DDR DLL) on opposite side of the
device. Each DLL creates DQS delays in its half of the device as shown in Figure 2-36. The DDR DLL on the left
side will generate delays for all the DQS Strobe pins on Banks 0, 7 and 6 and DDR DLL on the right will generate
delays for all the DQS pins on Banks 1, 2 and 3. The DDR DLL loop compensates for temperature, voltage and pro-
cess variations by using the system clock and DLL feedback loop. DDR DLL communicates the required delay to
the DQS delay block using a 7-bit calibration bus (DCNTL[6:0])

The DQS signal (selected PIOs only, as shown in Figure 2-35) feeds from the PAD through a DQS control logic
block to a dedicated DQS routing resource. The DQS control logic block consists of DQS Read Control logic block
that generates control signals for the read side and DQS Write Control logic that generates the control signals
required for the write side. A more detailed DQS control diagram is shown in Figure 2-37, which shows how the
DQS control blocks interact with the data paths.

The DQS Read control logic receives the delay generated by the DDR DLL on its side and delays the incoming
DQS signal by 90 degrees. This delayed ECLKDQSR is routed to 10 or 11 DQ pads covered by that DQS signal.
This block also contains a polarity control logic that generates a DDRCLKPOL signal, which controls the polarity of
the clock to the sync registers in the input register blocks. The DQS Read control logic also generates a DDRLAT
signal that is in the input register block to transfer data from the first set of DDR register to the second set of DDR
registers when using the DDRX2 gearbox mode for DDR3 memory interface.

The DQS Write control logic block generates the DQCLKO and DQCLK1 clocks used to control the output gearing
in the Output register block which generates the DDR data output and the DQS output. They are also used to con-
trol the generation of the DQS output through the DQS output register block: In addition to the DCNTL [6:0] input
from the DDR DLL, the DQS Write control block also uses a Dynamic Delay DYN DEL [7:0] attribute which is used
to further delay the DQS to accomplish the write leveling found in DDR3 memory. Write leveling is controlled by the
DDR memory controller implementation. The DYN DELAY can set 128 possible delay step settings. In addition, the
most significant bit will invert the clock for a 180-degree shift of the incoming clock. This will generate the DQSW
signal used to generate the DQS output in the DQS output register block.

Figure 2-36 and Figure 2-37 show how the DQS transition signals that are routed to the PIOs.

Please see TN1180, LatticeECP3 High-Speed I/O Interface for more information on this topic.
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Hot Socketing Specifications® **

Symbol Parameter Condition Min. Typ. Max. Units
IDK_HS? Input or I/O Leakage Current |0 <V|y < Vg (Max.) — — +/-1 mA
o<Vp<V — — +/-1 mA
IDK® Input or I/O Leakage Current IN= TCCIO
VCC|O < V|N < VCClO + 0.5V —_— 18 —_— mA
1. Ve, Vecaux @and Vego should rise/fall monotonically.
2. Applicable to general purpose I/O pins in top I/O banks only.
3. IDK is additive to |pu, IPW or IBH'
4. LVCMOS and LVTTL only.
5. Applicable to general purpose 1/O pins in left and right I/O banks only.
Hot Socketing Requirements™-?
Description Min. Typ- Max. Units
Input current per SERDES 1/O pin when device is powered down and inputs 1 @ 8 mA

driven.

1. Assumes the device is powered down, all supplies grounded, both P and.N inputs driven by CML driver with maximum allowed VCCOB

(1.575V), 8b10b data, internal AC coupling.

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

ESD Performance

Pin Group ESD Stress Min. Units
All pins HBM 1000 \Y
All pins except high-speed serial and XRES' CDM 500 \"
High-speed serial inputs CDM 400 \

1. The XRES pin on the TW device passes CDM testing at 250V.
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DC Electrical Characteristics

Over Recommended Operating Conditions

Symbol Parameter Condition Min. Typ. Max. Units
he, iw"* |Input or I/O Low Leakage 0<Vn< (Vegio - 0.2V) — — 10 pA
hy'® Input or I/O High Leakage (Vecio - 0.2V) < Viy £ 3.6V — — 150 pA
Ipy I/0 Active Pull-up Current 0<V|N<0.7Veeio -30 — -210 pA
lpp I/0 Active Pull-down Current VL (MAX) < VN < Vecio 30 — 210 MA
IBHLS Bus Hold Low Sustaining Current |V,y = V| (MAX) 30 — — HA
IBHHS Bus Hold High Sustaining Current|V|y = 0.7 Vccio -30 — — MA
IsHLO Bus Hold Low Overdrive Current |0 <V|y<Vccio — — 210 pA
IsqHo  |Bus Hold High Overdrive Current [0 <V |\ < Voo = — -210 HA
VBHT Bus Hold Trip Points 0 <V|n £ Vi (MAX) VL (MAX) — Vig(MIN)| ~ V
C1 I/O Capacitance? xgg'g Tg\? \<’/|(23.iv(’) 1(')8\\//;; (ﬁ/IVA;()ZV - 8 1 pf
c2 Dedicated Input Capacitance? Vecio = 3.3V, 2.5V, 1.8V, 1.5V, 1.2V, ' 6 N pf

Ve = 1.2V, Vg = 0 to V) (MAX)

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. Tp 25°C, f = 1.0MHz.

w

. Applicable to general purpose I/Os in top and bottom banks:

4. When used as Vggs maximum leakage= 25pA.
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LatticeECP3 Supply Current (Standby)" >3 %36

Over Recommended Operating Conditions

Symbol Parameter Device Typical Units
ECP-17EA 89.30 mA
ECP3-35EA 89.30 mA
ECP3-70E 226.30 mA

lcc Core Power Supply Current ECP3-70EA 230.60 mA
ECP3-95E 226.30 mA
ECP3-95EA 230.60 mA
ECP3-150EA 370.80 mA
ECP-17EA 28.20 mA
ECP3-35EA 28.20 mA
ECP3-70E 30.60 mA

lccaux  |Auxiliary Power Supply Current ECP3-70EA 30.60 mA
ECP3-95E 30.60 mA
ECP3-95EA 30.60 mA
ECP3-150EA 45.70 mA
ECP-17EA 0.05 mA
ECP3-35EA 0.03 mA
ECP3-70E 0.02 mA

leepLL PLL Power Supply Current (Per PLL) ECP3-70EA 0.02 mA
ECP3-95E 0.02 mA
ECP3-95EA 0.02 mA
ECP3-150EA 0.02 mA
ECP-17EA 1.38 mA
ECP3-35EA 1.38 mA
ECP3-70E 1.43 mA

lccio Bank Power Supply Current (Per Bank) ECP3-70EA 1.43 mA
ECP3-95E 1.43 mA
ECP3-95EA 1.43 mA
ECP3-150EA 1.46 mA

lecy JTAG Power Supply Current All Devices 2.50 mA
ECP-17EA 5.90 mA
ECP3-35EA 5.90 mA
ECP3-70E 17.80 mA

lcca Transmit, Receive, PLL and Reference Clock Buffer Power Supply |ECP3-70EA 17.80 mA
ECP3-95E 17.80 mA
ECP3-95EA 17.80 mA
ECP3-150EA 23.80 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 in ispLEVER.
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sysl/O Recommended Operating Conditions

Vecio Vrer (V)

Standard Min. Typ. Max. Min. Typ. Max.
LVCMOS33? 3.135 3.3 3.465 — — —
LVCMOS252 2.375 25 2.625 — — —
LVCMOS18 1.71 1.8 1.89 — — —
LVCMOS15 1.425 15 1.575 — — —
LVCMOS122 1.14 1.2 1.26 — — —
LVTTL33? 3.135 3.3 3.465 — — —
PCI33 3.135 3.3 3.465 — — —
SSTL15® 1.43 1.5 1.57 0.68 0.75 0.9
SSTL18_I, 112 1.71 1.8 1.89 0.833 0.9 0.969
SSTL25_1, I? 2.375 25 2.625 1.15 1.25 1.35
SSTL33_I, II? 3.135 3.3 3.465 1.3 1.5 1.7
HSTL15_I? 1.425 1.5 1.575 0.68 0.75 0.9
HSTL18_I, II? 1.71 1.8 1.89 0.816 0.9 1.08
LVDS252 2.375 25 2.625 —4 = —
MLVDS25' 2.375 25 2.625 — L —
LVPECL33"? 3.135 3.3 3.465 — N —
Mini LVDS — — & — — —
BLVDS25"2 2.375 2.5 2.625 & — —
RSDS25"2 2.375 25 2.625 a— — —
RSDS25E"2 2.375 25 2.625 == — —
TRLVDS 3.14 3.3 3.47 — — —
PPLVDS 3.14/2.25 3.3/2.5 3.47/2.75 — — —
SSTL15D 1.43 1.5 1.57 — — —
SSTL18D_I2, I 1.71 1.8 1.89 — — —
SSTL25D_ P 112 2.375 25 2.625 — — —
SSTL33D_ I, 112 3.1385 3.3 3.465 — — —
HSTL15D_I? 1.425 1.5 1.575 — — —
HSTL18D_ I3 112 1.71 1.8 1.89 — — —

1. Inputs on chip. Outputs are implemented with the addition of external resistors.
2. For input voltage compatibility, refer to the "Mixed Voltage Support" section of TN1177, LatticeECP3 syslO Usage Guide.
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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
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Table 3-1. LVDS25E DC Conditions

Parameter Description Typical Units
Vceio Output Driver Supply (+/-5%) 2.50 \
Zout Driver Impedance 20 Q
Rs Driver Series Resistor (+/-1%) 158 Q
Rp Driver Parallel Resistor (+/-1%) 140 Q
Rt Receiver Termination (+/-1%) 100 Q
VoH Output High Voltage 1.43 \
VoL Output Low Voltage 1.07 \Y
Vob Output Differential Voltage 0.35 \%
Vewm Output Common Mode Voltage 1.25 \%
ZBACK Back Impedance 100.5 Q
Ibc DC Output Current 6.03 mA

LVCMOS33D

All I/0O banks support emulated differential I/O using the LVCMOS33D 1/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 3.3V
Vceio- The default drive current for LVCMOS33D output is 12mA with the option to change the device strength to
4mA, 8mA, 16mA or 20mA. Follow the LYVCMOSS33 specifications for the DC characteristics of the LVCMOS33D.
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LatticeECP3 External Switching Characteristics (Continued)'-2

Over Recommended Commercial Operating Conditions

-8 -7 -6
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
tDVECLKGDDR Data Hold After CLK ECP3-70E/95E | 0.765 — 0.765 — 0.765 — Ul
fmax_GDDR DDR/DDRX2 Clock Frequency?® ECP3-70E/95E | — | 500 | — | 420 | — | 375 | MHz

Generic DDRX2 Inputs with Clock and Data (<10 Bits Wide) Centered at Pin (GDDRX2_RX.DQS.Centered) using DQS
Pin for Clock Input

Left and Right Sides

tsuGDDR Data Setup Before CLK ECP3-150EA — — — ns
tHGDDR Data Hold After CLK ECP3-150EA 4 = = ns
fMAX_GDDR DDRX2 Clock Frequency ECP3-150EA S = = ns

Generic DDRX2 Inputs with Clock and Data (<10 Bits Side) Aligned at Pin (GDDRX2_RX.DQS.Aligned) Using DQS Pin

for Clock Input

Left and Right Sides

Data Setup Before CLK (Left and
tvACLKGDDR | Right Sid eF)’ ( ECP3-150EA | — — —
Data Hold After CLK (Left and Right
'DVECLKGDDR  |Sine) ( 9" JECP3-150EA * A —
DDRX2 Clock Frequency (Left and g 9 - .
fmax_GDDR Right Side) ECP3-150EA
Generic DDRX1 Output with Clock and Data (>10 Bits Wide) Centered at Pin (GDDRX1_TX.SCLK.Centered)
Left, Right and Top Sides
tDVBGDDR Data Valid Before CLK ECP3-150EA ) — —
tDVAGDDH Data Valid After CLK ECP3-150EA -2 — —
fMAX_GDDR DDRX1 Clock Frequency ECP3-150EA & = =

Generic DDRX1 Outputs with clock in the center of da

ta window, with

PLL 90

-degree shifte

d clock ouput

(GDDRX1_TX.ECLK.Centered)

tDiIBGDDR Data Invalid Before CLK ECP3-70E/95E | 670 | — | 670 | — | 670 | — ps
tpIAGDDR Data Invalid After CLK ECP3-70E/95E | 670 | — | 670 | — | 670 | — ps
fMAX_GDDR DDRX1 Clock Frequency ECP3-70E/95E | — | 250 | — | 250 | — | 250 | MHz
Generic DDRX1 Output with Clock and Data (> 10 Bits Wide) Aligned at Pin (GDDRX1_TX.SCLK.Aligned)

Left, Right and Top Sides

tDIBGDDR Data Hold After CLK ECP3-150EA — — —

tDIAGDDR Data Setup Before CLK ECP3-150EA — — —

fmAX_GDDR DDRX1 Clock Frequency ECP3-150EA = = =

Generic DDRX1 Outputs with clock and data edge aligned, without PLL

tDiIBGDDR Data Invalid Before CLK ECP3-70E/95E | — | 330 | — | 330 | — | 330 ps
tpIAGDDR Data Invalid After CLK ECP3-70E/95E | — | 330 | — | 330 | — | 330 ps
fmax_GDDR DDRX1 Clock Frequency ECP3-70E/95E | — | 250 | — | 250 | — | 250 | MHz

Generic DDRX1 Output with Clock and Data (<10 Bits Wide) Centered at Pin (GDDRX1_TX.DQS.Centered)

Left, Right and Top Sides

tbvBGDDR Data Valid Before CLK ECP3-150EA — — —
tDVAGDDR Data Valid After CLK ECP3-150EA — — —
fmax_GDDR DDRX1 Clock Frequency ECP3-150EA = = =
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LatticeECP3 Internal Switching Characteristics' 2
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) — 0.273 — 0.307 — 0.342 ns
tLsr PFU Set/Reset to output of PFU (Asynchronus) — 0.593 — 0.674 — 0.756 ns
{LSRREG_PFU éls:{Jnchr;igous Set/Reset recovery time for . 0.298 P 0.345 . 0.391 ns
tsum_PFuU Clock to Mux (M0,M1) Input Setup Time 0.134 — 0.144 — 0.153 — ns
thm_PFU Clock to Mux (M0O,M1) Input Hold Time -0.097 P -0.103 — -0.109 — ns
tsup_pru 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
tckeq PFU 8'(;’;‘;9‘&%3%’5‘“ (D-type Register — 0243 | — |o0273| — |0303]| ns
PFU Dual Port Memory Mode Timing
tcoraM_PFU Clock to Output (F Port) — 0.710 N 0.803 - 0.897 ns
tsupaTa_PFU Data Setup Time -0.137 — -0.155 — -0.174 — ns
tHDATA_PFU Data Hold Time 0188 | — 0217 | — | 0246 | — ns
tsuappr_pru  |Address Setup Time -0.227 = -0.257 e -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
tHWREN_PFU Write/Read Enable Hold Time 0.059 » 0.059 — 0.071 — ns
PIC Timing
PIO Input/Output Buffer Timing
tiNn_PIO Input Buffer Delay (LVCMOS25) N 0.423 — 0.466 — 0.508 ns
touT PO Output Buffer Delay (LVCMOS25) — 1.115 — 1.155 — 1.196 ns
IOLOGIC Input/Output Timing
tsul_pio I(r;lp())LéL;:{egister Setup Time (Data Before 0.956 . 1124 . 1293 . ns
th_pio Input Register Hold Time (Data after Clock) 0.313 — 0.395 — 0.378 — ns
tcoo_pio Output Register Clock to Output Delay* — 1.455 — 1.564 — 1.674 ns
tsuce_prio 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 i(;ltgcr:k (Write) to output from EBR output Reg- - 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
tsuappr EBr | Setup Address to EBR Memroy -0.071 — -0.070 — -0.068 — ns
tHADDR_EBR Hold Address to EBR Memory 0.118 — 0.098 — 0.077 — ns
tsuwren_epr | Setup Write/Read Enable to PFU Memory -0.107 — -0.106 — -0.106 — ns
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LatticeECP3 Internal Switching Characteristics"? (Continued)

Over Recommended Commercial Operating Conditions

-8 -7 -6
Parameter Description Min. Max. Min. Max. Min. Max. | Units.

tHwWREN_EBR Hold Write/Read Enable to PFU Memory 0.141 — 0.145 — 0.149 — ns
Clock Enable Setup Time to EBR Output

tSUCE_EBR Register 0.087 0.096 0.104 ns
Clock Enable Hold Time to EBR Output

tHCE_EBR Register -0.066 -0.080 -0.094 ns
Byte Enable Set-Up Time to EBR Output ) ) .

tSUBE_EBR Register 0.071 0.070 0.068 ns
Byte Enable Hold Time to EBR Output

tHBE_EBR Register 0.118 0.098 0.077 ns

DSP Block Timing®

tsul_psp Input Register Setup Time 0.32 — 0.36 N 0.39 ~ ns

th_psp Input Register Hold Time -0.17 — -0.19 = -0.21 — ns

tsup_psp Pipeline Register Setup Time 2.23 — 2.30 g 2.37 — ns

tHp_psp Pipeline Register Hold Time -1.02 — -1.09 — -1.15 — ns

tsuo_psp Output Register Setup Time 3.09 = 3.22 — 3.34 — ns

tHo_Dsp Output Register Hold Time -1.67 — -1.76 — -1.84 — ns

tcol_psp Input Register Clock to Output Time —3 3.68 — 4.03 — 4.38 ns

tcop_psp Pipeline Register Clock to Output Time — 1.30 2 1.47 — 1.64 ns

tcoo_psp Output Register Clock to Output Time 4 0.58 — 0.60 — 0.62 ns

tsuopT DsP Opcode Register Setup Time 0.31 — 0.35 — 0.39 — ns

tHoPT DsP Opcode Register Hold Time -0.20 a -0.24 — -0.27 — ns
Cascade_data through ALU to Output

ISUDATA_DSP Register Setup Time 1.55 ) 1.67 - 1.78 - ns
Cascade_data through ALU to Output

tHPDATA_DSP Register Hold Time R - -0.53 - -0.61 - ns

1. Internal parameters are characterized but not tested on every device.

2. Commercial timing numbers are shown. Industrial timing numbers are typically slower and can be extracted from the ispLEVER software.
3. DSP slice is configured in Multiply Add/Sub 18x18 mode.

4. The output register is in Flip-flop mode.
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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
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 I&»nl»: 1 1 1 1
\ | | x :( 5 ¥ |
L 1 1 L 1 I
1 ! 1 ! ) | , | . | | |
! I _tacCESs 1 tACCESS | 'm' 1 |<t&555>|
1 1 \ i* f 1 ! 1 I A
1 T T T T T
Data from Prev Read y \ ! |
1 I Do
DOA 1 or Write 1 X [ X E:l X D? X D3| 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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SERDES External Reference Clock

The external reference clock selection and its interface are a critical part of system applications for this product.
Table 3-12 specifies reference clock requirements, over the full range of operating conditions.

Table 3-12. External Reference Clock Specification (refclkp/refcikn)

Symbol Description Min. Typ. Max. Units
FREr Frequency range 15 — 320 MHz
FREE-PPM Frequency tolerance* -1000 — 1000 ppm
VREF-IN-SE Input swing, single-ended clock’ 200 — Veea mV, p-p
VREF-IN-DIFF Input swing, differential clock 200 — 2*Veea dirfrgéep:{t?al
VREE-IN Input levels 0 — Veea + 0.3 \
VREF-CM-AC Input common mode range (AC coupled)? 0.125 — Veea \
DRer Duty cycle® 40 — 60 %
TReF-R Rise time (20% to 80%) 200 500 1000 ps
TREF-F Fall time (80% to 20%) 200 500 1000 ps
ZrerN-TERM-DIEE | Differential input termination -20% 100/2K +20% Ohms
CREF-IN-CAP Input capacitance — — 7 pF

1. The signal swing for a single-ended input clock must be as large as the p-p differential swing of a differential input clock to get the same gain
at the input receiver. Lower swings for the clock may be possible, but will tend to increase jitter.
2. When AC coupled, the input common mode range is determined by:
(Min input level) + (Peak-to-peak input swing)/2 < (Input common mode voltage) < (Max input level) - (Peak-to-peak input swing)/2
3. Measured at 50% amplitude.
4. Depending on the application, the PLL_LOL_SET and CDR_LOL_SET control registers may be adjusted for other tolerance values as
described in TN1176, LatticeECP3 SERDES/PCS Usage Guide.

Figure 3-13. SERDES External Reference Clock Waveforms
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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
Transmit'
ul Unit interval 399.88| 400 400.12 ps
VIX-DIFF_P-P Differential peak-to-peak output voltage 0.8 1.0 1.2 \"
V% DE-RATIO rDa(tai-oemphasis differential output voltage 3 35 4 dB
Viy.omaG P \I/?ol\lllt:glgC peak common-mode output . - 20 mv
Vrxrov-oeTeCT ing receivr dotoeton — | | e |mv
V1x.Dc-cm Tx DC common mode voltage 0 — |Vecog+ 5% V
ITx-SHORT Output short circuit current \\//;f([[’)‘f:gg\\// — — 90 mA
ZTX-DIFF-DC Differential output impedance 80 100 120 Ohms
RLyrx-piFr Differential return loss 10 — — dB
Rlx.cm Common mode return loss 6.0 — — dB
Trx-RISE Tx output rise time 20 to 80% 0.125 | — — ul
Trx-FALL Tx output fall time 20 to 80% 0.125 | — — ul
Lrx.SkEW Lane-to-lane static output skew for all . - 13 ns

- lanes in port/link
TTx-EYE Transmitter eye width 0.75 — — ul
Ty EYE-MEDIAN-TO-MAX JITTER Maximum time betyve_en jitter medi.an . . 0.125 ul
and maximum deviation from median
Receive’?
ul Unit Interval 399.88| 400 400.12 ps
VRX-DIFF_p-P Differential peak-to-peak input voltage 0.34° | — 1.2 Vv
VRX-IDLE-DET-DIFF_P-P Idle detect threshold voltage 65 — 340° mV
VRX.OMAC. P ?c?fpili\r/g common mode voltage for AC _ _ 150 mv
ZRX-DIFF-DC DC differential input impedance 80 100 120 Ohms
ZRrx-DC DC input impedance 40 50 60 Ohms
ZRX-HIGH-IMP-DC Power-down DC input impedance 200K | — — Ohms
RLRx-pIFF Differential return loss 10 — — dB
RLRx-cm Common mode return loss 6.0 — — dB
Maximum time required for receiver to

TRX-IDLE-DET-DIFF-ENTERTIME (r;c:i)gcize and signal an unexpected idle — — — 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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