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Architecture Overview

Each LatticeXP2 device contains an array of logic blocks surrounded by Programmable /O Cells (PIC). Inter-
spersed between the rows of logic blocks are rows of sysMEM™ Embedded Block RAM (EBR) and a row of sys-
DSP™ Digital Signal Processing blocks as shown in Figure 2-1.

On the left and right sides of the Programmable Functional Unit (PFU) array, there are Non-volatile Memory Blocks.
In configuration mode the nonvolatile memory is programmed via the IEEE 1149.1 TAP port or the sysCONFIG™
peripheral port. On power up, the configuration data is transferred from the Non-volatile Memory Blocks to the con-
figuration SRAM. With this technology, expensive external configuration memory is not required, and designs are
secured from unauthorized read-back. This transfer of data from non-volatile memory to configuration SRAM via
wide busses happens in microseconds, providing an “instant-on” capability that allows easy interfacing in many
applications. LatticeXP2 devices can also transfer data from the sysMEM EBR blocks to the Non-volatile Memory
Blocks at user request.

There are two kinds of logic blocks, the PFU and the PFU without RAM (PFF). The PFU contains the building
blocks for logic, arithmetic, RAM and ROM functions. The PFF block contains building blocks for logic, arithmetic
and ROM functions. Both PFU and PFF blocks are optimized for flexibility allowing complex designs to be imple-
mented quickly and efficiently. Logic Blocks are arranged in a two-dimensional array. Only one type of block is used
per row.

LatticeXP2 devices contain one or more rows of sysMEM EBR blocks. sysMEM EBRs are large dedicated 18Kbit
memory blocks. Each sysMEM block can be configured in a variety of depths and widths of RAM or ROM. In addi-
tion, LatticeXP2 devices contain up to two rows of DSP Blocks. Each DSP block has multipliers and adder/accumu-
lators, which are the building blocks for complex signal processing capabilities.

Each PIC block encompasses two PIOs (PIO pairs) with their respective syslO buffers. The syslO buffers of the
LatticeXP2 devices are arranged into eight banks, allowing the implementation of a wide variety of I/O standards.
PIO pairs on the left and right edges of the device can be configured as LVDS transmit/receive pairs. The PIC logic
also includes pre-engineered support to aid in the implementation of high speed source synchronous standards
such as 7:1 LVDS interfaces, found in many display applications, and memory interfaces including DDR and DDR2.

The LatticeXP2 registers in PFU and sysl/O can be configured to be SET or RESET. After power up and device is
configured, the device enters into user mode with these registers SET/RESET according to the configuration set-
ting, allowing device entering to a known state for predictable system function.

Other blocks provided include PLLs and configuration functions. The LatticeXP2 architecture provides up to four
General Purpose PLLs (GPLL) per device. The GPLL blocks are located in the corners of the device.

The configuration block that supports features such as configuration bit-stream de-encryption, transparent updates
and dual boot support is located between banks two and three. Every device in the LatticeXP2 family supports a
sysCONFIG port, muxed with bank seven 1/Os, which supports serial device configuration. A JTAG port is provided
between banks two and three.

This family also provides an on-chip oscillator. LatticeXP2 devices use 1.2V as their core voltage.
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Figure 2-2. PFU Diagram
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Slice 0 through Slice 2 contain two 4-input combinatorial Look-Up Tables (LUT4), which feed two registers. Slice 3
contains two LUT4s and no registers. For PFUs, Slice 0 and Slice 2 can also be configured as distributed memory,
a capability not available in PFF blocks. Table 2-1 shows the capability of the slices in both PFF and PFU blocks
along with the operation modes they enable. In addition, each PFU contains logic that allows the LUTs to be com-
bined to perform functions such as LUT5, LUT6, LUT7 and LUT8. There is control logic to perform set/reset func-
tions (programmable as synchronous/asynchronous), clock select, chip-select and wider RAM/ROM functions.
Figure 2-3 shows an overview of the internal logic of the slice. The registers in the slice can be configured as posi-
tive/negative edge triggered or level sensitive clocks.

Table 2-1. Resources and Modes Available per Slice

PFU BLock PFF Block

Slice Resources Modes Resources Modes

Slice 0 2 LUT4s and 2 Registers | Logic, Ripple, RAM, ROM | 2 LUT4s and 2 Registers Logic, Ripple, ROM
Slice 1 2 LUT4s and 2 Registers Logic, Ripple, ROM 2 LUT4s and 2 Registers Logic, Ripple, ROM
Slice 2 2 LUT4s and 2 Registers | Logic, Ripple, RAM, ROM | 2 LUT4s and 2 Registers Logic, Ripple, ROM
Slice 3 2 LUT4s Logic, ROM 2 LUT4s Logic, ROM

Slice 0 through Slice 2 have 14 input signals: 13 signals from routing and one from the carry-chain (from the adja-
cent slice or PFU). There are seven outputs: six to routing and one to carry-chain (to the adjacent PFU). Slice 3 has
13 input signals from routing and four signals to routing. Table 2-2 lists the signals associated with Slice 0 to Slice
2.
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Figure 2-3. Slice Diagram
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For Slices 0 and 2, memory control signals are generated from Slice 1 as follows:

WCK is CLK
WRE is from LSR

DI[3:2] for Slice 2 and DI[1:0] for Slice 0 data

WAD [A:D] is a 4bit address from slice 1 LUT input

Table 2-2. Slice Signal Descriptions

Function Type Signal Names Description
Input Data signal A0, BO, CO, DO |Inputs to LUT4
Input Data signal A1,B1,C1,D1 |Inputsto LUT4
Input Multi-purpose MO Multipurpose Input
Input Multi-purpose M1 Multipurpose Input
Input Control signal CE Clock Enable
Input Control signal LSR Local Set/Reset
Input Control signal CLK System Clock
Input Inter-PFU signal FCI Fast Carry-In’
Input Inter-slice signal FXA Intermediate signal to generate LUT6 and LUT7
Input Inter-slice signal FXB Intermediate signal to generate LUT6 and LUT7
Output Data signals FO, F1 LUT4 output register bypass signals
Output Data signals Qo, Q1 Register outputs
Output Data signals OFX0 Output of a LUT5 MUX
Output Data signals OFX1 Output of a LUT6, LUT7, LUT82 MUX depending on the slice
Output Inter-PFU signal FCO Slice 2 of each PFU is the fast carry chain output'

1. See Figure 2-3 for connection details.
2. Requires two PFUs.
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Modes of Operation
Each slice has up to four potential modes of operation: Logic, Ripple, RAM and ROM.

Logic Mode

In this mode, the LUTs in each slice are configured as LUT4s. A LUT4 has 16 possible input combinations. Four-
input logic functions are generated by programming the LUT4. Since there are two LUT4s per slice, a LUT5 can be
constructed within one slice. Larger LUTs such as LUT6, LUT7 and LUTS8, can be constructed by concatenating
two or more slices. Note that a LUT8 requires more than four slices.

Ripple Mode
Ripple mode allows efficient implementation of small arithmetic functions. In ripple mode, the following functions
can be implemented by each slice:

 Addition 2-bit

* Subtraction 2-bit

» Add/Subtract 2-bit using dynamic control
* Up counter 2-bit

* Down counter 2-bit

* Up/Down counter with async clear

e Up/Down counter with preload (sync)

* Ripple mode multiplier building block

e Multiplier support

e Comparator functions of A and B inputs
— A greater-than-or-equal-to B
— A not-equal-to B
— A less-than-or-equal-to B

Two carry signals, FCIl and FCO, are generated per slice in this mode, allowing fast arithmetic functions to be con-
structed by concatenating slices.

RAM Mode

In this mode, a 16x4-bit distributed Single Port RAM (SPR) can be constructed using each LUT block in Slice 0 and
Slice 2 as a 16x1-bit memory. Slice 1 is used to provide memory address and control signals. A 16x2-bit Pseudo
Dual Port RAM (PDPR) memory is created by using one slice as the read-write port and the other companion slice
as the read-only port.

The Lattice design tools support the creation of a variety of different size memories. Where appropriate, the soft-
ware will construct these using distributed memory primitives that represent the capabilities of the PFU. Table 2-3
shows the number of slices required to implement different distributed RAM primitives. For more information on
using RAM in LatticeXP2 devices, please see TN1137, LatticeXP2 Memory Usage Guide.

Table 2-3. Number of Slices Required For Implementing Distributed RAM

SPR 16X4 PDPR 16X4
Number of slices 3 3
Note: SPR = Single Port RAM, PDPR = Pseudo Dual Port RAM

ROM Mode
ROM mode uses the LUT logic; hence, Slices 0 through 3 can be used in the ROM mode. Preloading is accom-
plished through the programming interface during PFU configuration.
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Primary Clock Routing

The clock routing structure in LatticeXP2 devices consists of a network of eight primary clock lines (CLKO through
CLK7) per quadrant. The primary 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 2-9 shows the clock routing for one quadrant.
Each quadrant mux is identical. If desired, any clock can be routed globally.

Figure 2-9. Per Quadrant Primary Clock Selection

Primary Clock Sources: PLLs + CLKDIVs + PIOs + Routing
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8 Primary Clocks (CLKO to CLK7) per Quadrant

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 irrespective of when the select signal is
toggled. There are two DCS blocks per quadrant; in total, 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-
9).
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Figure 2-10 shows the timing waveforms of the default DCS operating mode. The DCS block can be programmed
to other modes. For more information on the DCS, please see TN1126, LatticeXP2 sysCLOCK PLL Design and

Usage Guide.
Figure 2-10. DCS Waveforms
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Secondary Clock/Control Routing

Secondary clocks in the LatticeXP2 devices are region-based resources. The benefit of region-based resources is
the relatively low injection delay and skew within the region, as compared to primary clocks. EBR rows, DSP rows
and a special vertical routing channel bound the secondary clock regions. This special vertical routing channel
aligns with either the left edge of the center DSP block in the DSP row or the center of the DSP row. Figure 2-11
shows this special vertical routing channel and the eight secondary clock regions for the LatticeXP2-40.
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Figure 2-16. FlashBAK Technology
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Memory Cascading

Larger and deeper blocks of RAMs can be created using EBR sysMEM Blocks. Typically, the Lattice design tools
cascade memory transparently, based on specific design inputs.

Single, Dual and Pseudo-Dual Port Modes

In all the sysMEM RAM modes the input data and address for the ports are registered at the input of the memory
array. The output data of the memory is optionally registered at the output.

EBR memory supports two forms of write behavior for single port or dual port operation:

1. Normal — Data on the output appears only during a read cycle. During a write cycle, the data (at the current
address) does not appear on the output. This mode is supported for all data widths.

2. Write Through — A copy of the input data appears at the output of the same port during a write cycle. This
mode is supported for all data widths.

Memory Core Reset

The memory array in the EBR utilizes latches at the A and B output ports. These latches can be reset asynchro-
nously or synchronously. RSTA and RSTB are local signals, which reset the output latches associated with Port A
and Port B respectively. GSRN, the global reset signal, resets both ports. The output data latches and associated
resets for both ports are as shown in Figure 2-17.

Figure 2-17. Memory Core Reset
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original backup configuration and try again. This all can be done without power cycling the system. For more
information please see TN1220, LatticeXP2 Dual Boot Feature.

For more information on device configuration, please see TN1141, LatticeXP2 sysCONFIG Usage Guide.

Soft Error Detect (SED) Support

LatticeXP2 devices have dedicated logic to perform Cyclic Redundancy Code (CRC) checks. During configuration,
the configuration data bitstream can be checked with the CRC logic block. In addition, LatticeXP2 devices can be
programmed for checking soft errors in SRAM. SED can be run on a programmed device when the user logic is not
active. In the event a soft error occurs, the device can be programmed to either reload from a known good boot
image (from internal Flash or external SPI memory) or generate an error signal.

For further information on SED support, please see TN1130, LatticeXP2 Soft Error Detection (SED) Usage Guide.

On-Chip Oscillator

Every LatticeXP2 device has an internal CMOS oscillator that is used to derive a Master Clock (CCLK) for configu-
ration. The oscillator and CCLK run continuously and are available to user logic after configuration is complete. The
available CCLK frequencies are listed in Table 2-14. When a different CCLK frequency is selected during the
design process, the following sequence takes place:

1. Device powers up with the default CCLK frequency.
2. During configuration, users select a different CCLK frequency.
3. CCLK frequency changes to the selected frequency after clock configuration bits are received.

This internal CMOS oscillator is available to the user by routing it as an input clock to the clock tree. For further
information on the use of this oscillator for configuration or user mode, please see TN1141, LatticeXP2 sysCON-
FIG Usage Guide.

Table 2-14. Selectable CCLKs and Oscillator Frequencies During Configuration and User Mode

CCLK/Oscillator (MHz)
2.5
3.1
43
5.4
6.9
8.1
9.2
10
13
15
20
26
32
40
54
80°
163°

1. Software default oscillator frequency.
2. Software default CCLK frequency.
3. Frequency not valid for CCLK.
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Density Shifting

The LatticeXP2 family is designed to ensure that different density devices in the same family and in the same pack-
age have the same pinout. Furthermore, the architecture ensures a high success rate when performing design
migration from lower density devices to higher density devices. In many cases, it is also possible to shift a lower uti-
lization design targeted for a high-density device to a lower density device. However, the exact details of the final
resource utilization will impact the likely success in each case.
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syslO Single-Ended DC Electrical Characteristics

Over Recommended Operating Conditions

Input/Output Vi Vi VoL Vou
Standard Min. (V) | Max. (V) Min. (V) | Max.(V) | Max.(V) | Min.(V) | lo.'(MA) | loy' (MA)
20, 16 -20, -16
04  |Vego-04 10 210,
LVCMOS33 0.3 0.8 2.0 3.6 ccio 12,8,4 | -12,-8,-4
02 |Veoio-02 0.1 0.1
20, 16 -20, -16
04  |Vogo - 0.4 10 219,
LVTTL33 0.3 0.8 2.0 3.6 ccio 12,8,4 | -12,-8,-4
02 |Veoio-02 0.1 0.1
20, 16 -20, -16
04  |Vogo - 0.4 16 219,
LVCMOS25 0.3 0.7 1.7 3.6 ccio 12,8,4 | -12,-8,-4
02 |Veoio-02 0.1 0.1
16, 12 16, -12
04 |Vego-0.4 o 1e e
LVCMOS18 -0.3 0.35 Vggio | 065 Vecio 3.6 ccio 8, 4 -8, -4
02 |Veoio-02 0.1 0.1
04 |Veoio-04 8, 4 -8, -4
LVCMOS15 0.3 0.35 Vocio | 065 Veoio 3.6
02 |Veoio-02 0.1 0.1
04 |Veoio-04 6,2 6, -2
LVCMOS12 0.3 0.35Voe | 0.65 Vg 3.6
02 |Veoio-02 0.1 0.1
PCI33 0.3 0.3Vecio | 05 Veoio 36 0.1 Veaio 109 Veeoio 15 05
SSTL33_| 0.3 VRer - 02 | VRer + 0.2 36 07 |Veoio- 1.1 8 -8
SSTL33_I 0.3 Vier - 0.2 | Vper + 0.2 36 05 |Veoio-0.9 16 16
76 76
SSTL25_| 0.3 Vger - 0.18 | Vger +0.18 3.6 054 [Veoio - 0.62 - -
15.2 15.2
SSTL25 I 0.3 VRer - 0.18 | VRgr +0.18 3.6 035 |Veoio- 0.43 - -
SSTL18_| 0.3 | Vgpgr-0.125 |Vper + 0.125| 3.6 04 |Veoio-04 6.7 6.7
8 -8
SSTL18 I 03  |VRgp-0.125 |VRgr +0.125| 3.6 028 |Veoio-0.28 - -
4 4
HSTL15_| 0.3 Vger - 0.1 | VReg +0.1 3.6 04  |Veoio-0.4 . .
8 -8
HSTL18_| 0.3 Vger - 0.1 | VRer + 0.1 3.6 04  |Veeio-0.4 - >
HSTL18_l 0.3 VRer - 0.1 | VRer + 0.1 36 04 |Veoio-04 16 16

1. The average DC current drawn by I/Os between GND connections, or between the last GND in an I/0 bank and the end of an I/O bank, as
shown in the logic signal connections table shall not exceed n * 8mA, where n is the number of I/Os between bank GND connections or
between the last GND in a bank and the end of a bank.
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Typical Building Block Function Performance’
Pin-to-Pin Performance (LVCMOS25 12mA Drive)

Function -7 Timing Units

Basic Functions

16-bit Decoder 4.4 ns
32-bit Decoder 52 ns
64-bit Decoder 5.6 ns
4:1 MUX 3.7 ns
8:1 MUX 3.9 ns
16:1 MUX 4.3 ns
32:1 MUX 4.5 ns

Register-to-Register Performance

Function -7 Timing Units
Basic Functions
16-bit Decoder 521 MHz
32-bit Decoder 537 MHz
64-bit Decoder 484 MHz
4:1 MUX 744 MHz
8:1 MUX 678 MHz
16:1 MUX 616 MHz
32:1 MUX 529 MHz
8-bit Adder 570 MHz
16-bit Adder 507 MHz
64-bit Adder 293 MHz
16-bit Counter 541 MHz
32-bit Counter 440 MHz
64-bit Counter 321 MHz
64-bit Accumulator 261 MHz
Embedded Memory Functions
512x36 Single Port RAM, EBR Output Registers 315 MHz
1024x18 True-Dual Port RAM (Write Through or Normal, EBR Output Registers) 315 MHz
1024x18 True-Dual Port RAM (Write Through or Normal, PLC Output Registers) 231 MHz
Distributed Memory Functions
16x4 Pseudo-Dual Port RAM (One PFU) 760 MHz
32x2 Pseudo-Dual Port RAM 455 MHz
64x1 Pseudo-Dual Port RAM 351 MHz
DSP Functions
18x18 Multiplier (All Registers) 342 MHz
9x9 Multiplier (All Registers) 342 MHz
36x36 Multiply (All Registers) 330 MHz
18x18 Multiply/Accumulate (Input and Output Registers) 218 MHz
18x18 Multiply-Add/Sub-Sum (All Registers) 292 MHz
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LatticeXP2 External Switching Characteristics (Continued)

Over Recommended Operating Conditions

7 -6 5

Parameter Description Device Min. Max. Min. Max. Min. Max. | Units

XP2-5 100 | — | 130 | — | 160 | — ns

XP2-8 100 | — | 130 | — | 160 | — ns

the gg’;i';ttef’rData Hold - PIO Input 55547 100 | — | 130 | — | 160 | — ns

XP2-30 120 | — | 160 | — | 190 | — ns

XP2-40 120 | — | 160 | — | 190 | — ns

XP2-5 100 | — | 130 | — | 160 | — ns

XP2-8 100 | — | 130 | — | 160 | — ns

woone  |QSBkoDan Sep IO Iy g = T | = | e | = |

XP2-30 120 | — | 160 | — | 190 | — ns

XP2-40 120 | — | 160 | — | 190 | — ns

XP2-5 000 | — | 000 | — | 000 | — ns

XP2-8 000 | — | 000 | — | 000 | — ns

I el e AR A

XP2-30 000 | — | 000 | — | 000 | — ns

XP2-40 000 | — | 000 | — | 000 | — ns

fuax_IOF gg’;’;tzeq“e”cy of /O and PFU [y py — a0 | — | 37 | — | 311 | MHz
General I/O Pin Parameters (using Primary Clock with PLL)'

XP2-5 — [ 300] — [ 33 | — | 370 ns

XP2-8 — [ 300 | — | 33 | — | 370 | ns

teopLL gfézg’ro“tp“t'”o Output  pr37 — | 300] — |33 | — | 370 | ns

XP2-30 — [ 300 ] — |33 | — | 370 | ns

XP2-40 — [ 300 | — | 33 | — | 370 | ns

XP2-5 100 | — | 120 | — | 140 | — ns

XP2-8 100 | — | 120 | — | 140 | — ns

tquPLL gg’g‘]’i';tté’rDataset“p'P'o Input p217 100 | — | 120 | — | 140 | — ns

XP2-30 100 | — | 120 | — | 140 | — ns

XP2-40 100 | — | 120 | — | 140 | — ns

XP2-5 090 | — | 110 | — | 130 | — ns

XP2-8 090 | — | 110 | — | 130 | — ns

tupLL gf&‘;t‘é’rDataHo'd'P'o Input %P5 17 090 | — | 110 | — | 130 | — | ns

XP2-30 100 | — | 120 | — | 140 | — ns

XP2-40 100 | — | 120 | — | 140 | — ns

XP2-5 190 | — | 210 | — | 230 | — ns

XP2-8 190 | — | 210 | — | 230 | — ns

O Al I L 0 B B

XP2-30 200 | — | 220 | — | 240 | — ns

XP2-40 200 | — | 220 | — | 240 | — ns
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LatticeXP2 Family Timing Adders™?%*

Over Recommended Operating Conditions

Buffer Type Description | -7 | -6 -5 Units

Input Adjusters

LVDS25 LVDS -0.26 -0.11 0.04 ns
BLVDS25 BLVDS -0.26 -0.11 0.04 ns
MLVDS LVDS -0.26 -0.11 0.04 ns
RSDS RSDS -0.26 -0.11 0.04 ns
LVPECL33 LVPECL -0.26 -0.11 0.04 ns
HSTL18_lI HSTL_18class | -0.23 -0.08 0.07 ns
HSTL18_lI HSTL_18class Il -0.23 -0.08 0.07 ns
HSTL18D_| Differential HSTL 18 class | -0.28 -0.13 0.02 ns
HSTL18D_lI Differential HSTL 18 class I -0.28 -0.13 0.02 ns
HSTL15_1 HSTL_15class | -0.23 -0.09 0.06 ns
HSTL15D_| Differential HSTL 15 class | -0.28 -0.13 0.01 ns
SSTL33_I SSTL_3class | -0.20 -0.04 0.12 ns
SSTL33_II SSTL_3class Il -0.20 -0.04 0.12 ns
SSTL33D_I Differential SSTL_3 class | -0.27 -0.11 0.04 ns
SSTL33D_lI Differential SSTL_3 class Il -0.27 -0.11 0.04 ns
SSTL25_| SSTL_2class | -0.21 -0.06 0.10 ns
SSTL25_I SSTL _2class I -0.21 -0.06 0.10 ns
SSTL25D_| Differential SSTL_2 class | -0.27 -0.12 0.03 ns
SSTL25D_lI Differential SSTL_2 class Il -0.27 -0.12 0.03 ns
SSTL18_I SSTL_18class | -0.23 -0.08 0.07 ns
SSTL18_lI SSTL_18class Il -0.23 -0.08 0.07 ns
SSTL18D_I Differential SSTL_18 class | -0.28 -0.13 0.02 ns
SSTL18D_lI Differential SSTL_18 class Il -0.28 -0.13 0.02 ns
LVTTL33 LVTTL -0.09 0.05 0.18 ns
LVCMOS33 LVCMOS 3.3 -0.09 0.05 0.18 ns
LVCMOS25 LVCMOS 2.5 0.00 0.00 0.00 ns
LVCMOS18 LVCMOS 1.8 -0.23 -0.07 0.09 ns
LVCMOS15 LVCMOS 1.5 -0.20 -0.02 0.16 ns
LVCMOS12 LVCMOS 1.2 -0.35 -0.20 -0.04 ns
PCI33 3.3V PCI -0.09 0.05 0.18 ns
Output Adjusters

LVDS25E LVDS 25 E® -0.25 0.02 0.30 ns
LVDS25 LVDS 2.5 -0.25 0.02 0.30 ns
BLVDS25 BLVDS 2.5 -0.28 0.00 0.28 ns
MLVDS MLVDS 2.5° -0.28 0.00 0.28 ns
RSDS RSDS 2.5° -0.25 0.02 0.30 ns
LVPECL33 LVPECL 3.3° -0.37 -0.10 0.18 ns
HSTL18_lI HSTL_18 class | 8mA drive -0.17 0.13 0.43 ns
HSTL18_lI HSTL_18class Il -0.29 0.00 0.29 ns
HSTL18D_lI Differential HSTL 18 class | 8mA drive -0.17 0.13 0.43 ns
HSTL18D_lI Differential HSTL 18 class I -0.29 0.00 0.29 ns
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On-Chip Oscillator and Configuration Master Clock Characteristics

Over Recommended Operating Conditions

Parameter

Min.

Max.

Units

Master Clock Frequency

Selected value -30%

Selected value +30%

MHz

Duty Cycle

40

60

%

Figure 3-9. Master SPI Configuration Waveforms
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Figure 3-10. JTAG Port Timing Waveforms
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Switching Test Conditions

Figure 3-11 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 3-6.

Figure 3-11. Output Test Load, LVTTL and LVCMOS Standards

\%s

R1
DUT ® Test Point
%m —— CL*

*CL Includes Test Fixture and Probe Capacitance

Table 3-6. 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) OpF |LVCMOS 1.8 = V(g 0/2 —
LVCMOS 1.5 = Vg 0/2 —
LVCMOS 1.2 = Vg o/2 —

LVCMOS 2.5 I/O (Z -> H) 0 1MQ Veeio/2 —
LVCMOS 2.5 /0 (Z -> L) 1MQ 0 Vocio/2 Veeio
LVCMOS 2.5 /0 (H -> Z) =) 100 Vo - 0.10 —
LVCMOS 2.5 /0 (L -> 2) 100 0 VoL +0.10 Veeio

Note: Output test conditions for all other interfaces are determined by the respective standards.
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Signal Descriptions (Cont.)

Signal Name /0 Description
TDO O  |Output pin. Test Data Out pin used to shift data out of a device using 1149.1.
VCCJ —  |Power supply pin for JTAG Test Access Port.

Configuration Pads (Used during sysCONFIG)

Mode pins used to specify configuration mode values latched on rising edge

CFG[1:0] ! of INITN. During configuration, an internal pull-up is enabled.
1 Open Drain pin. Indicates the FPGA is ready to be configured. During config-
INITN I/O A :
uration, a pull-up is enabled.
PROGRAMN | Init!ates configuration sequence when asserted low. This pin always has an
active pull-up.
Open Drain pin. Indicates that the configuration sequence is complete, and
DONE I/0 L
the startup sequence is in progress.
CCLK I/0  |Configuration Clock for configuring an FPGA in sysCONFIG mode.
SISPI? I/O  |Input data pin in slave SPI mode and Output data pin in Master SPI mode.
SOSPI? I/O  |Output data pin in slave SPI mode and Input data pin in Master SPI mode.
2 Chip select for external SPI Flash memory in Master SPI mode. This pin has
CSSPIN (0] .
a weak internal pull-up.
CSSPISN | Chip select in Slave SPI mode. This pin has a weak internal pull-up.
Test Output Enable tristates all I/O pins when driven low. This pin has a weak
TOE | internal pull-up, but when not used an external pull-up to V¢ is recom-

mended.

1. If not actively driven, the internal pull-up may not be sufficient. An external pull-up resistor of 4.7k to 10kQ2 is recommended.

2. When using the device in Master SPI mode, it must be mutually exclusive from JTAG operations (i.e. TCK tied to GND) or the JTAG TCK
must be free-running when used in a system JTAG test environment. If Master SPI mode is used in conjunction with a JTAG download
cable, the device power cycle is required after the cable is unplugged.
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Part Number Voltage Grade Package Pins Temp. LUTs (k)
LFXP2-30E-5FTN256C 1.2V -5 Lead-Free ftBGA 256 COM 30
LFXP2-30E-6FTN256C 1.2V -6 Lead-Free fiBGA 256 COM 30
LFXP2-30E-7FTN256C 1.2V -7 Lead-Free fiBGA 256 COM 30
LFXP2-30E-5FN484C 1.2V -5 Lead-Free fpBGA 484 COM 30
LFXP2-30E-6FN484C 1.2V -6 Lead-Free fpBGA 484 COM 30
LFXP2-30E-7FN484C 1.2V -7 Lead-Free fpBGA 484 COM 30
LFXP2-30E-5FN672C 1.2V -5 Lead-Free fpBGA 672 COM 30
LFXP2-30E-6FN672C 1.2V -6 Lead-Free fpBGA 672 COM 30
LFXP2-30E-7FN672C 1.2V -7 Lead-Free fpBGA 672 COM 30

Part Number Voltage Grade Package Pins Temp. LUTs (k)
LFXP2-40E-5FN484C 1.2V -5 Lead-Free fpBGA 484 COM 40
LFXP2-40E-6FN484C 1.2V -6 Lead-Free fpBGA 484 COM 40
LFXP2-40E-7FN484C 1.2V -7 Lead-Free fpBGA 484 COM 40
LFXP2-40E-5FN672C 1.2V -5 Lead-Free fpBGA 672 COM 40
LFXP2-40E-6FN672C 1.2V -6 Lead-Free fpBGA 672 COM 40
LFXP2-40E-7FN672C 1.2V -7 Lead-Free fpBGA 672 COM 40

Industrial

Part Number Voltage Grade Package Pins Temp. LUTs (k)
LFXP2-5E-5MN132I 1.2V -5 Lead-Free csBGA 132 IND 5
LFXP2-5E-6MN132I 1.2V -6 Lead-Free csBGA 132 IND 5
LFXP2-5E-5TN144| 1.2V -5 Lead-Free TQFP 144 IND 5
LFXP2-5E-6TN144| 1.2V -6 Lead-Free TQFP 144 IND 5
LFXP2-5E-5QN208I 1.2v -5 Lead-Free PQFP 208 IND 5
LFXP2-5E-6QN208I 1.2V -6 Lead-Free PQFP 208 IND 5
LFXP2-5E-5FTN256| 1.2V -5 Lead-Free ftBGA 256 IND 5
LFXP2-5E-6FTN256I 1.2v -6 Lead-Free ftBGA 256 IND 5

Part Number Voltage Grade Package Pins Temp. LUTs (k)
LFXP2-8E-5MN132I 1.2V -5 Lead-Free csBGA 132 IND 8
LFXP2-8E-6MN132I 1.2V -6 Lead-Free csBGA 132 IND 8
LFXP2-8E-5TN144| 1.2V -5 Lead-Free TQFP 144 IND 8
LFXP2-8E-6TN144I 1.2v -6 Lead-Free TQFP 144 IND 8
LFXP2-8E-5QN208I 1.2V -5 Lead-Free PQFP 208 IND 8
LFXP2-8E-6QN208I 1.2v -6 Lead-Free PQFP 208 IND 8
LFXP2-8E-5FTN256I 1.2v -5 Lead-Free ftBGA 256 IND 8
LFXP2-8E-6FTN256I 1.2V -6 Lead-Free ftBGA 256 IND 8
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Part Number Voltage Grade Package Pins Temp. LUTs (k)
LFXP2-17E-5QN208I 1.2V -5 Lead-Free PQFP 208 IND 17
LFXP2-17E-6QN208I 1.2V -6 Lead-Free PQFP 208 IND 17
LFXP2-17E-5FTN256I 1.2V -5 Lead-Free ftBGA 256 IND 17
LFXP2-17E-6FTN256I 1.2V -6 Lead-Free ftBGA 256 IND 17
LFXP2-17E-5FN484| 1.2V -5 Lead-Free fpBGA 484 IND 17
LFXP2-17E-6FN484| 1.2v -6 Lead-Free fpBGA 484 IND 17

Part Number Voltage Grade Package Pins Temp. LUTs (k)
LFXP2-30E-5FTN256| 1.2V -5 Lead-Free ftBGA 256 IND 30
LFXP2-30E-6FTN256I 1.2V -6 Lead-Free ftBGA 256 IND 30
LFXP2-30E-5FN484| 1.2v -5 Lead-Free fpBGA 484 IND 30
LFXP2-30E-6FN484| 1.2v -6 Lead-Free fpBGA 484 IND 30
LFXP2-30E-5FN672I 1.2V -5 Lead-Free fpBGA 672 IND 30
LFXP2-30E-6FN672| 1.2v -6 Lead-Free fpBGA 672 IND 30

Part Number Voltage Grade Package Pins Temp. LUTs (k)
LFXP2-40E-5FN484| 1.2v -5 Lead-Free fpBGA 484 IND 40
LFXP2-40E-6FN484| 1.2v -6 Lead-Free fpBGA 484 IND 40
LFXP2-40E-5FN672I 1.2V -5 Lead-Free fpBGA 672 IND 40
LFXP2-40E-6FN672I 1.2v -6 Lead-Free fpBGA 672 IND 40
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Revision History

September 2014

Data Sheet DS1009

Revision History

Date

Version

Section

Change Summary

May 2007

01.1

Initial release.

September 2007

01.2

DC and Switching
Characteristics

Added JTAG Port Timing Waveforms diagram.

Updated sysCLOCK PLL Timing table.

Pinout Information

Added Thermal Management text section.

February 2008

01.3

Architecture

Added LVCMOSS33D to Supported Output Standards table.

Clarified: “This Flash can be programmed through either the JTAG or
Slave SPI ports of the device. The SRAM configuration space can also
be infinitely reconfigured through the JTAG and Master SPI ports.”

Added External Slave SPI Port to Serial TAG Memory section. Updated
Serial TAG Memory diagram.

DC and Switching
Characteristics

Updated Flash Programming Specifications table.

Added “8W” specification to Hot Socketing Specifications table.

Updated Timing Tables

Clarifications for IIH in DC Electrical Characteristics table.

Added LVCMOS33D section

Updated DOA and DOA (Regs) to EBR Timing diagrams.

Removed Master Clock Frequency and Duty Cycle sections from the
LatticeXP2 sysCONFIG Port Timing Specifications table. These are
listed on the On-chip Oscillator and Configuration Master Clock Charac-
teristics table.

Changed CSSPIN to CSSPISN in description of tgcg, tscss, and tscsy
parameters. Removed tgog parameter.

Clarified On-chip Oscillator documentation

Added Switching Test Conditions

Pinout Information

Added “True LVDS Pairs Bonding Out per Bank,” “DDR Banks Bonding
Out per I/0 Bank,” and “PClI capable 1/0Os Bonding Out per Bank” to Pin
Information Summary in place of previous blank table “PCl and DDR
Capabilities of the Device-Package Combinations”

Removed pinout listing. This information is available on the LatticeXP2
product web pages

Ordering Information

Added XP2-17 “8W” and all other family OPNs.

April 2008

01.4

DC and Switching
Characteristics

Updated Absolute Maximum Ratings footnotes.

Updated Recommended Operating Conditions Table footnotes.

Updated Supply Current (Standby) Table

Updated Initialization Supply Current Table

Updated Programming and Erase Flash Supply Current Table

Updated Register to Register Performance Table

Updated LatticeXP2 External Switching Characteristics Table

Updated LatticeXP2 Internal Switching Characteristics Table

Updated sysCLOCK PLL Timing Table

© 2014 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
April 2008 01.4 DC and Switching Updated Flash Download Time (From On-Chip Flash to SRAM) Table
(cont.) (cont.) | Characteristics (cont.)

Updated Flash Program Time Table

Updated Flash Erase Time Table

Updated FlashBAK (from EBR to Flash) Table
Updated Hot Socketing Specifications Table footnotes
Pinout Information  |Updated Signal Descriptions Table

June 2008 01.5 Architecture Removed Read-Before-Write sysMEM EBR mode.
Clarification of the operation of the secondary clock regions.

DC and Switching  |Removed Read-Before-Write sysMEM EBR mode.
Characteristics

Pinout Information  |Updated DDR Banks Bonding Out per I/O Bank section of Pin Informa-
tion Summary Table.

August 2008 01.6 — Data sheet status changed from preliminary to final.
Architecture Clarification of the operation of the secondary clock regions.
DC and Switching  |Removed “8W” specification from Hot Socketing Specifications table.
Characteristics

Removed "8W" footnote from DC Electrical Characteristics table.

Updated Register-to-Register Performance table.

Ordering Information |Removed “8W” option from Part Number Description.
Removed XP2-17 “8W” OPNs.

April 2011 01.7 DC and Switching  |Recommended Operating Conditions table, added footnote 5.
Characteristics

On-Chip Flash Memory Specifications table, added footnote 1.
BLVDS DC Conditions, corrected column title to be Z0 = 90 ohms.
sysCONFIG Port Timing Specifications table, added footnote 1 for

INIT:
January 2012 01.8 Multiple Added support for Lattice Diamond design software.
Architecture Corrected information regarding SED support.
DC and Switching  |Added reference to ESD Performance Qualification Summary informa-
Characteristics tion.
May 2013 01.9 All Updated document with new corporate logo.
Architecture Architecture Overview — Added information on the state of the

register on power up and after configuration.

Added information regarding SED support.
DC and Switching Removed Input Clock Rise/Fall Time 1ns max from the sysCLOCK PLL

Characteristics Timing table.
Ordering Information |Updated topside mark in Ordering Information diagram.

March 2014 02.0 Architecture Updated Typical syslO 1/O Behavior During Power-up section. Added
information on POR signal deactivation.

August 2014 02.1 Architecture Updated Typical syslO 1/0 Behavior During Power-up section.
Described user I/Os during power up and before FPGA core logic is
active.

September 2014 2.2 DC and Switching  |Updated Switching Test Conditions section. Re-linked missing figure.
Characteristics

7-2



