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Lattice Semiconductor ispXPGA Family Data Sheet

ispXPGA Family Overview

The ispXPGA family of devices provides the ideal vehicle for the creation of high-performance logic designs that
are both non-volatile and infinitely re-programmable. Other FPGA solutions force a compromise, being either re-
programmable or non-volatile. This family couples this capability with a mainstream architecture containing the fea-
tures required for today’s system-level design.

The ispXPGA family is available in two options. The standard device supports sysHSI capability for ultra fast serial
communications while the lower-cost “E-Series” supports the same high-performancé FPGA fabrictwithout the sys-
HSI Block.

Electrically Erasable CMOS (E2CMOS) memory cells provide the ispXPGA family. with’ non-volatile capability.
These allow logic to be functional microseconds after power is applied, allowing easy interfacing in many applica-
tions. This capability also means that expensive external configuration memories are not required andthatdesigns
can be secured from unauthorized read back. Internal SRAM cells allow, the device to be infinitely. reconfigured if
desired. Both the SRAM and E?CMOS cells can be programmed andverified through the IEEE)1532'industry stan-
dard. Additionally, the SRAM cells can be configured and read-back through the sysCONFEIG™ peripheral port.

The family spans the density and I/O range required for the majority of today’s logic designs, 139K40"1.25M func-
tional gates and 160 to 496 1/0. The devices are available for©®peration from 1.8V, 2.5V, and 3.8V power supplies,
providing easy integration into the overall system.

System-level design needs are met throughthe incerporation of sysMEM\dual-pert¢memory blocks, syslO
advanced 1/0O support, and sysCLOCK Phasé Locked Loops (PLLs). High-speed serial communications are sup-
ported through multiple sysHSI blocks, which provide clock data recovery (CDR) and serialization/de-serialization
(SERDES).

The ispLEVER™ design tool from Iatticerallows easy implementation of designs using the ispXPGA product. Syn-
thesis library support is available ,for major logic synthesis, tools. The ispLEVER tool takes the output from these
common synthesis packagesfand place and routes the design in thenispXPGA product. The tool supports floor
planning and the management of othér constraints within the device. The tool also provides outputs to common
timing analysis tools fordiming analysis.

To increase designer productivity, Lattice provides a vatiety of,pre-designed modules referred to as IP cores for the
ispXPGA product. These IP cofes allow designers to concentrate on the unique portions of their design while using
pre-designed,blocks to implément standard functions such as bus interfaces, standard communication interfaces,
and memory-controllers,

Through thewuse of advanced technology and innovative architecture the ispXPGA FPGA devices provide design-
ers with,excellent speed performance. Although design dependent, many typical designs can run at over 150MHz.
Certain‘designs can run at over 300MHz. Table 2 details the performance of several building blocks commonly
used.by logic designers.

Table 2. ispXPGA Speed Performance for Typical Building Blocks

Function Performance
8:1 Asynch MUX 150 MHz
1:32 Asynch Demultiplexer 125 MHz
8 x 8 2-LL Pipelined Multiplier 225 MHz
32-bit Up/Down Counter 290 MHz
32-bit Shift Register 360 MHz
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Architecture Overview

The ispXPGA architecture is a symmetrical architecture consisting of an array of Programmable Function Units
(PFUs) enclosed by Input Output Groups (PICs) with columns of sysMEM Embedded Block RAMs (EBRs) distrib-
uted throughout the array. Figure 1 illustrates the ispXPGA architecture. Each PIC has two corresponding syslO
blocks, each of which includes one input and output buffer. On two sides of the device, between the PICs and the
syslO blocks, there are sysHSI High-Speed Interface blocks. The symmetrical architecture allows'designers to eas-
ily implement their designs, since any logic function can be placed in any section of theéydevice.

The PFUs contain the basic building blocks to create logic, memory, arithmeticgand register functions. They are
optimized for speed and flexibility allowing complex designs to be implemented quickly and efficiently.

The PICs interface the PFUs and EBRs to the external pins of the device/ They allow the signals to be registered
quickly to minimize setup times for high-speed designs. They also allow connections directly to thé different logic
elements for fast access to combinatorial functions.

The sysMEM EBRs are large, fast memory elements that can be configured as RAM, ROM; FIFO, and,other stor-
age types. They are designed to facilitate both single and dual-port memory for high-speed applications.

These three components of the architecture are interconhected via a high-speed, flexible,routing array. The routing
array consists of Variable Length Interconnect (VLI) lines,between.the PICs, PFUs, and"EBRs. There is additional
routing available to the PFU for feedback and direct.routing of sighals to adjacent'PEUs or PICs.

The syslO blocks consist of configurable input@nd output buffers connected directly tothe PICs. These buffers can
be configured to interface with 16 different 1/0 standards. This allows the iSpXPGA to interface with other devices
without the need for external transceivers:

The sysHSI blocks provide the ne€essary components to allow: the iSpXPGA device to transfer data at up to
800Mbps using the LVDS standard. These eomponents include serializing, de-serializing, and clock data recovery
(CDR) logic.

The sysCLOCK blocks provide clock multiplication/divisiony.clock, distribution, delay compensation, and increased
performance through the use of PLLCircuitry that manipulatesthe global clocks. There is one sysCLOCK block for
each global clock tree in the device.
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Figure 6. ispXPGA Wide Logic Generator
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3 SE for a total of eight registers in each PFU. This high register count assists in
nt pipelined applications with no utilization penalty. Each register can be configured as a latch

ei synchronous or asynchronous set or reset. Figure 2 shows the signals that feed the
register’s D inputs. Feed-through signals in the architecture ensure that registers are efficiently utilized even if the
accompanying LUT is occupied.

Control Logic

The control signals available to the registers in a PFU are Clock, Clock Enable, and Set/Reset. Figure 7 shows the
various options available to generate the clock signal. As can be seen, the clock signal is the output of a 12:1 MUX
with true and compliment versions available from the 12:1 MUX. Each CSE can chose whether it uses the true or
complement form of the clock. Figure 8 shows the Set/Reset selection for each PFU in the ispXPGA. A common




Lattice Semiconductor ispXPGA Family Data Sheet

Configuration and Programming

The ispXPGA family of devices takes a unique approach to FPGA configuration memory. It contains two types of
memory, Static RAM and non-volatile E2CMOS cells. The static RAM is used to control the functionality of the
device during normal operation and the EECMOS memory cells are used to load the SRAM. The E.CMOS memory
module can be thought of as the hard drive for the ispXPGA configuration and the SRAM astthe working configura-
tion memory. There is a one-to-one relationship between SRAM memory and the E2CMQ@S cellsiThe SRAM can
be configured either from the E2CMOS memory or from an external source, as shown.in Figure 21.

Figure 21 shows the different ports and modes that are used in the configuration ahd pregramming of the ispXPGA
devices. There are two possible ports that can be used for configuration of the SRAM‘memory: the ISP port which
supports the IEEE 1149.1 Test Access Port (TAP) Std., accommodates bit-wide configuration. The sysCONFIG
port allows byte-wide configuration of the SRAM configuration memory. When programming the E2CMQOS memory,
only the 1149.1 TAP can be used.

Configuration and programming done through the 1149.1 Test Access Port (TAP) supportsaboth the IEEE Std.
1149.1 Boundary Scan TAP specification and the IEEE Std. 1532 In-System Configuration.$pecificationydo config-
ure or program the device using the 1149.1 TAP the device must be.in‘the ISP mode. To ¢onfigure the, SRAM mem-
ory using the sysCONFIG Port, the device must be in thelsysCONFIG mode. Upon power-up, the device’s SRAM
memory can be configured either from the E2CMOS mémoryfr from an external sourceithrough the sysCONFIG
mode. Additionally, the SRAM can be re-configured fromithe E’GMOS memory by executing a “REFRESH.” See
TN1026, ispXP_ Configuration Usage Guidelinesjifor, moreint depth information on the' different programming
modes, timing and wake-up.

Figure 21. ispXP Block Diagram
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Supports IEEE 1149.1 Boundary Scan Testability

All ispXPGA devicesthave boundary scan cells and supports the IEEE 1149.1 standard. This allows functional test-
ing of the circuit board en which the device is mounted through a serial scan path that can access all critical logic
notes. Internal boundary scan registers are linked internally, allowing test data to be shifted in and loaded directly
onto test nodes, or test node data to be captured and shifted out for verification. In addition, these devices can be
linked into a board-level serial scan path for more board level testing.

Security Scheme

A programmable security scheme is provided on the ispXPGA devices as a deterrent to unauthorized copying of
the array configuration patterns. Once programmed, the security scheme prevents read-back of the programmed
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ispXPGA 125B/C & ispXPGA 125EB/EC PFU Timing Parameters

Over Recommended Operating Conditions

-5' -4 -3

Parameter Description Min. | Max. | Min. | Max.«{=Min. | Max. | Units
Functional Delays
LUTs
tLuT4 4-Input LUT Delay — 0.41 = 044 = 0.51 ns
tLuts 5-Input LUT Delay — 0.73 < 0.79 — 0.91 ns
tLute 6-Input LUT Delay — 0.86 — 0.93 — 1.07 | ns
Shift Register (LUT)
tisR s Shift Register Setup Time -0.64| —, |-062| — |-0531 — ns
tL sR H Shift Register Hold Time 0.61 — 063 | — [ 072y — ns
tLsr co Shift Register Clock to Output Delay S 0.70 — 0.75 — 0.86 | ns
Arithmetic Functions
t cTHRUR MC (Macro Cell) Carry In to MC Carry Out Delay{Ripple) | “— 0.08 — 0.09 — 0.10 ns
t cTHRUL? MC Carry In to MC Carry Out Delay (Look Ahéad) — 0.05 — 0.05 4 0.06 | ns
t STHRU MC Sum In to MC Sum Out Delay — 0.42 — | 0.45 — 052 | ns
t.sincour  |MC Sum In to MC Carry Out Delay — 0.29 — 0.31 — 0.36 | ns
t cinsoutr  |MC Carry In to MC Sum Out Delay (Ripple) — 0.36 B 0.39 — 0.45 | ns
t cinsouTe  |MC Carry In to MC Sum Out Delay (Look Ahead) =, | 0.26 — | 0.28 — 0.32 | ns
Feed-thru
T PFU Feed-Thru Delay lL— |01 | — [o16] — [o18] ns
Distributed RAM
ttram co | Clock to RAM Oufput — (124 — [133 | — [ 153 ns
tiramap_ s |Address Setup Time -0.41 — |-040| — |-034| — ns
t RAMD_S Data Setup Time 0.21 — 0.22 — 0.25 — ns
t ramwe s | Write Enable Setup Time 0.45 — 0.46 — 0.53 — ns
t ramap_H  |Address Hold Time 0.58 — 0.60 — 0.69 — ns
t RAMD_H Data Hold Time 0.11 — | 0.1 — | 013 | — ns
t RamwE. 44> |Write EnabléHold Time 0.12 — 0.12 — 0.14 — ns
t ranmcPw  {Clock Palse Width (High or Lew) 2.91 — 3.00 — 3.45 — ns
t RAMADO Address to Output Delay — 0.86 — 0.93 — 1.07 ns
Register/Latch Delays
Registers
1 co Register Clock to Output Delay — 0.58 — 0.62 — 0.71 ns
t“s Register Setup Time (Data before Clock) 0.14 — 0.14 — 0.16 — ns
tH Register. Hold Time (Data after Clock) -012| — |-012| — |-0.10| — ns
tLce s RegisterClock Enable Setup Time 011} — |-011| — [-009| — ns
tLcE H Register Clock Enable Hold Time 0.11 — | 0.1 — | 013 | — ns
Latches
i co Latch Gate to Output Delay — | 009| — |010| — | 012 | ns
t s Latch Setup Time 014 | — | 014 | — | 016 | — ns
t H Latch Hold Time -012| — |-012| — |-0.10| — ns
tLLPD Latch Propagation Delay (Transparent Mode) — 0.09 — 0.10 — 0.12 ns
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ispXPGA 125B/C & ispXPGA 125EB/EC PFU Timing Parameters (Cont.)

Over Recommended Operating Conditions

-5 -4 -3

Parameter Description Min. | Max. | Min. | Max.{=Min. | Max. | Units
Reset/Set
t ASSRO Asynchronous Set/Reset to Output — 1.09 | — 197 | — 1.35 | ns
t AssrPW Asynchronous Set/Reset Pulse Width 419 — 4.50 — | 5.18 — ns
tLASSRR Asynchronous Set/Reset Recovery — 0.51 —, (055 — 0.63 | ns
tissk s Synchronous Set/Reset Setup Time -0.08 | —##y0.08 |, = | -0.03 | — ns
t ssR H Synchronous Set/Reset Hold Time 0.03 — 0.03 — 0.03 — ns
1. Only available for ispXPGA 125B and ispXPGA 125EB (2.5V/3.3V) devices. Timing v.0.3
2. t cTHRUL quoted bit by bit.
ispXPGA 125B/C & ispXPGA 125EB/EC PIC Timing Parameters

-5 -4 -3

Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Units
Register/Latch Delays
tio_co Register Clock to Output Delay — | 0.89y] — | 096 | — 1.10 | ns
to s Register Setup Time (Data before Clock) 0.05 — 1.0.05 g 0.06 — ns
tio_H Register Hold Time (Data after Clock) 0.06 = 0.06 — 0.07 — ns
tioce s Register Clock Enable Setupfime -0.08y| —»|-003| — |[-0.03| — ns
tioce_H Register Clock Enable Hold Time 0.13 0.13 — 0.15 — ns
tio_co Latch Gate to Output Delay — | 068 | — |073| — | 084 | ns
tioL s Latch Setup Time 0.05 — 0.05 — 0.06 — ns
tioL_H Latch Hold Time 0.06 — 0.06 — 0.07 — ns
tioLPD Latch Propag@ation Delay (Transparent Mode) — 0.09 — 0.10 — 0.12 ns
toAsSRO Asynchronous Set/Reset'to Output — 1.00 | — 1.08 | — 124 | ns
tioASRPW Asynchronods Set/Réeset Pulse Width 4.19 — 4.50 — 5.18 — ns
tioASRR Asynchronous)Sét/Reset Recovery Time — 0.23 — 0.25 — 029 | ns
Input/Output Delays
tioBUF Output,Buffer Delay — 0.97 — 1.04 — 1.20 | ns
tioin Input Buffer Delay — 057 | — 0.61 — 0.70 | ns
toEN Output Enable Delay — | 0583 | — |057| — | 066 | ns
tiobis Output Disable Delay — |-014| — |-013| — |-011| ns
tiorT Feed-thru Delay — 0.19 — 0.20 — 0.23 ns
1. Only‘available for ispXPGA»125B and ispXPGA 125EB (2.5V/3.3V) devices. Timing v.0.3
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ispXPGA 125B/C & ispXPGA 125EB/EC Timing Adders

Base -5’ -4 -3
Parameter Description Parameter | Min. ‘ Max. | Min. ‘ Max. | Min. ‘ Max. |Units

Optional Adders

hoINDLY Input Delay — — 428 — | 46 |a=]529 | ns

tjo01 Input Adjusters

LVTTL_in Using 3.3V TTL tioIN — 0.5 — 0.5 — 0.5 ns

LVCMOS_18_in Using 1.8V CMOS tioN — 0.0 — 0.0 — 0.0 ns

LVCMOS_25_in Using 2.5V CMOS tion — 0.3 — 0.3 — 0.3 ns

LVCMOS_33_in Using 3.3V CMOS tioN — 0.5 a 0.5 — 0.5 ns

AGP_1X_in Using AGP 1x tion é 1.0 2 1.0 y 1.0 ns

CTT25_in Using CTT 2.5V tioin - 1.0 g 1.0 D 1.0 ns

CTT33_in Using CTT 3.3V tioIN = 1.0 — 1.0 — 1.0 ns

GTL+_in Using GTL+ tioin & 0.5 — 0.5 — 0.5 ns

HSTL_L_in Using HSTL 2.5V, Class | tiond = 0.5 — 0.5 —2 0.5 ns

HSTL_IIl_in Using HSTL 2.5V, Class I tion — 0.5 — 0.5 = 0.5 ns

LVDS_in Using Low Voltage tioIN — 0.8 N 0.8 — 0.8 ns
Differential Signaling (LVDS)

BLVDS_in Using Bus Low Voltage tioIN — 0.8 — 0.8 — 0.8 ns
Differential Signaling (BLVDS)

LVPECL_in Using Low Voltage PECL tion | 08 | — 08 | — 0.8 | ns

PCL_in Using PCI tioin — 1.0 — 1.0 — 1.0 ns

SSTL2_L_in Using SSTL 2.5V, Class | tioin — 0.8 — 0.8 — 0.8 ns

SSTL2_ll_in Using'SSTL 2.5V, Class Il tioin — 0.5 — 0.5 — 0.5 ns

SSTL3_Lin Using SSTL 348V, Class | tioN — 0.8 — 0.8 — 0.8 ns

SSTL3_l_in Using SSTL 3.8V, Class Il tioin — 0.8 — 0.8 — 0.8 ns

tj0o Output Adjusters

Slow Slew UsingSlow Slew (LVTTL and [topur tioen | — 0.7 — 0.7 — 0.7 ns
LVCGMOS Outputs only)

LVTTL_out Using 3.3V TTL«Drive tioBuF tioEn, | — 1.0 — 1.0 — 1.0 ns

tiopis

LVCMQS 18_.4mA_out Using 1.8V GMOS Standard, (tiopur tioen, | — 0.8 — 0.8 — 0.8 ns
4mA Drive tiobis

LVCMOS_18_5.88mA_out |Using 1.8V.€MOS Standard, |togur tioen, | — 0.6 — 0.6 — 0.6 ns
5.33mA Drive tIODIS

LVCMOS. 18~ 8mA_out Using 1.8V CMOS Standard, |togur tioen, | — 0.0 — 0.0 — 0.0 ns
8mA Drive tIODIS

LVCMOS_18_12mACout {Using 1.8V CMOS Standard, |togur tioen, | — 0.2 — 0.2 — 0.2 ns
12mA Drive tIODIS

LVCMOS_25_4mA_out Using 2.5V CMOS Standard, (tiopur tioen, | — 0.7 — 0.7 — 0.7 ns
4mA Drive tiobis

LVCMOS_25_5.33mA_out | Using 2.5V CMOS Standard, |togur tioen, | — 0.5 — 0.5 — 0.5 ns
5.33 mA Drive tiobis

LVCMOS_25_8mA_out Using 2.5V CMOS Standard, (tiopur tioen, | — 0.5 — 0.5 — 0.5 ns
8mA Drive tiobis

LVCMOS_25_12mA_out |Using 2.5V CMOS Standard, |tosur tioen, | — 0.5 — 0.5 — 0.5 ns
12mA Drive tiobis

LVCMOS_25_16mA_out |Using 2.5V CMOS Standard, |topur tioen, | — 0.5 — 0.5 — 0.5 ns
16mA Drive tiobis
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ispXPGA 200B/C & ispXPGA 200EB/EC EBR Timing Parameters

-5 -4 -3

Parameter Description Min. ‘ Max. | Min. ‘ Max. | Min. ‘ Max. | Units
Synchronous Write
teeswap_s |Address Setup Delay 0.59 — 0.61 = 0.70 — ns
teeswap_H |Address Hold Delay 040 | — |-0394 — [-033| — ns
tesswcpw | Clock Pulse Width 316 | — | 340 | — |#891 | — ns
tesswwe_s | Write Enable Setup Time 012 | — |12 — |[-010| — ns
teeswwe H | Write Enable Hold Time 0.16 —a 0.16 —4 0.18 — ns
tegswp_s  |Data Setup Time 027 | (— | 028 ["— |03 | — ns
teBswD_H Data Hold Time -0272 | '— |-026| — |-022| — ns
Synchronous Read
teBSR_co Clock to Data Delay = 2.04 — 2.19 — 2 52 ns
tesrap_s  |Address Setup Delay 010, — [ o010 | & |02 | — ns
teesrap H  |Address Hold Delay -0.07 ) — | -0.074. — | -0.064] @ — ns
tessrocpw  |Clock Pulse Width 316 | — | 340 [\~ [.801 | — ns
teesrce s |Clock Enable Setup Time -1.76 | — [ — | -145| — ns
teesrce 1 |Clock Enable Hold Time 1.64 —< 1.69 v 1.94 — ns
tegsrwe_s | Write Enable Setup Time -0.18 jgo— [-017 [T— | -0.14 | — ns
teesrwe_ 1 |Write Enable Hold Time 0.12 R 0.12 — 0.14 — ns
tessrween | Write Enable to Data EnablecTime — 1.02 — 1.05 — 1.21 ns
tessrwepis | Write Enable to Data Disable Time — 0.99 — 1.02 — 1.17 ns
tEBSREN Output Enable to Data Enable Time — 1.02 — 1.05 — 1.21 ns
tEBSRDIS Output Enable to Data Disable Time R 0.83 — 0.86 — 0.99 ns
Asynchronous Read
tEBARADO Address tofNew ValidiData'Delay — 2.39 — 2.46 — 2.83 ns
tesaraD H |Address to Previous Valid Data Delay. — 2.10 — 2.17 — 2.50 ns
tesaRrween | Write Enable to Data Enable Time — 1.01 — 1.04 — 1.20 ns
tesarwEDISs [Write EnabletoiData Disable Time — 0.98 — 1.01 — 1.16 ns
tEBAREN Output Enable to Data Enable Time — 1.02 — 1.05 — 1.21 ns
tEBARDIS Output'Enable to Data Disable Time — 0.83 — 0.86 — 0.99 ns
1. Only available for ispXPGA 200B andiispXPGA 200EB (2.5V/3.3V) devices. Timing v.0.3
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ispXPGA 500B/C & ispXPGA 500EB/EC External Switching Characteristics

Over Recommended Operating Conditions

-5' -4 -3
Parameter Description Conditions Min. | Max. | Min. | MaxaglsMin. | Max. | Units
Global Clock Input to Out- |PIO Output Register

tco out P puteg — | 64| — |69 =0 79 | ns

tg Global Clock Input Setup (I:(Ia%}llnput Register without input 29 | — |£27 |ao— 4283 | — ns

ty Global Clock Input Hold gé%}',”p“t Register withoutinput | 55 | __1"39. | 47 45 | — | ns

t Global Clock Input Setup [PIO Input Register with input delay| 3.3 — 3:6 — 41 — ns

SINDLY

f Global Clock Input Hold | PIO Input Register with input delay | 40.0 — 0.0 — 00 B

HINDLY

Global Clock Input to P10 Output Register using PLL A . A

tcopLL Output without delay 3.2 3.4 394y ns
PIO Input Register without.input

tspLL Global Clock Input Setup delay L?sing P?_L without dela;) 0:1 — 02 |©— 403 v ns
P10 Input Register without input _ o _

thpLL Global Clock Input Hold delay using PLL without delay 0.8 0.9 1.0 ns
PIO Input Register.withinput dela

tsinoLypLL | Global Clock Input Setup using IgLL witghout delay P Y 67 | & |22 — | 83 — ns
PIO InputRegister with input dela

thinoLypLL | Global Clock Input Hold using IgLL witghout delay P Y| 4@Wm— 10 | — | 34| — ns

1. Only available for ispXPGA 500B and ispXPGA 500EB (2.5V/3:8V) devices. Timing v.0.3
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ispXPGA 1200B/C & ispXPGA 1200EB/EC External Switching

Characteristics
Over Recommended Operating Conditions
-5' -4 -3
Parameter Description Conditions Min. | Max. | Min. | Max. | Min:, | Max. | Units
teo ‘?Llj?bal Clock Input to Out- |PIO Output Register — |66 | = 71 |82 | ns
ts Global Clock Input Setup CF;(Ie(l)aSI/npUt Register without input 27 | — [Nl —a 23 | — ns
ty Global Clock Input Hold gé%)'/”p“t Register withoutinput |, 5 #8777 46 | 53 | — | ns
tsiNDLY Global Clock Input Setup |PIO Input Register with input delay | £8.8 N 3.8 — 4.4 R ns
tHINDLY Global Clock Input Hold | PIO Input Register with input delay|, 0:0 = 0.0 — 0.0 —
Global Clock Input to PIO Output Register using PLL - . .
tcopLL Output without delay g & ¥ |
P10 Input Register without'input _ A _
tspLL Global Clock Input Setup delay using PLL withalt delay 0.5 0% 0.6 ns
P10 Input Register without input _ D _
tHPLL Global Clock Input Hold delay using PLLawithout delay, 0.8 0.8 1.0 ns
PIO Input Régister with,input delay A y .
tsinpLypLL | Global Clock Input Setup using PLLWithout delay 7.6 7.6 8.8 ns
PIO Input Register with'input delay |4, N N _
tHINDLYPLL Global Clock Input Hold using PLL without delay 4.1 4.0 3.4 ns
1. Only available for ispXPGA 1200B and ispXPGA 1200EB (2.5V/3.3V) devices. Timing v.0.2
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sysHSI Block Timing

Figure 24 provides a graphical representation of the SERDES receiver input requirements. It provides guidance on
a number of input parameters, including signal amplitude and rise time limits, noise and jitter limits, and P and N
input skew tolerance.

Figure 24. Receive Data Eye Diagram Template (Differential)

VTHD AT T
200 mV Differential ¢ D
+/- 100 mV Single Ended Yol

:HA > - -
' Ay TR0y ! ity

jtry - Optimum Threshold Crossing Jitter

The data pattern eye opening at the receive end of a link is considered the ultimate measure of received signal
quality. Almost all detrimental characteristics ‘of a transmit signal and thesinterconnection link design result in eye
closure. This combined with the eye-opening limitations/f the line receiver can‘provide a good indication of a link’s
ability to transfer error-free data.

Signal jitter is of special interest ta system designers. It is oftén the primary, limiting characteristic of long digital
links and of systems with high noise level environments. An.interesting characteristic of the clock and data recovery
(CDR) portion of the ispXPGA SERDES receiver is its ability, to filteriincoming signal jitter that is below the clock
recovery PLL bandwidth. For signals with high levels of.low frequency jitter, the receiver can detect incoming data
error free, with eye openings significantly less than that shown'in Figure 24.
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Lock-in Timing

CDRX_SS LOCK-IN (DE-SKEW) TIMING

SIN X wmin 1200 syNePAT K DATA (SERIAL)
CAL | ' mIN.1100LscYCLE |
. I ; l . ‘ I l tHDSVNC
I tsysyne |
SYDT |
|

o7 RIKKKK KGR DATA (PARALL

| TRAINING SEQUENCE | SS MODE D. SFE

CDR_10B12B LOCK-IN TIMING

SIN X 1024 SYNCPAT

SYDT _|

RXD(0:9) MK KK CPA DATA (PARALLEL)
|

&

CDR_8B10B LOCK-

240 Idle Pattern(960 TRCP)

IR

Idle Pa

ATA (PARALLEL)

SYDT Timing

Parallel Data

SYNC PATTERN

DT TIMING FOR CDRX_8B10B

CCLK

SYDT Y ‘{l y—\ |
| | | I
RXD(0:9) -@mmmc@mmmmm D2

I ro! |
[~ IDLE PATTERN-«g—{—» IDLE PATTERN <—|_pp Data
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Deserializer Timing

8B/10B DESERIALIZER DELAY TIMING
SYMBOL N SYMBOL N+1

SYMBOL N+2

RECCLK

RXD X SYMBOL N-1 > SYMBOLN

10B/12B DESERIALIZER DELAY TIMING
| SYMBOL N

RECCLK

RXD  symBOLN-2 X

CDRX SS DESERIALI TIMING

SYMBOL N+2

SYMBOL N

Tewrercik _>

.
tHSIT)(DDATAH H

TXD > <
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ispXPGA Logic Signal Connections: 516-Ball fpBGA (Cont.)

LFX500 LFX200 LFX125
LVDS Pair/ LVDS Pair/ LVDS Pair/
516-Ball Second sysHSI Second sysHSI Second sysHSI
BGA Ball Signal Name Function Reserved' Signal Name Function Reserved' Signal Name Function Reserved'
J29 BK5_1022 HSI4B_SOUTP 116P/HSI4 NC NC
GND (Bank 5) =
H29 BK5_1023 HSI4B_SOUTN 116N/HSI4 NC NG
F30 BK5_1024 117P/HSI5 NC NC =
G29 BK5_1025 117N/HSI5 NC NC
H28 BK5_1026 HSI5A_SINP 118P/HSI5 NC NC
H27 BK5_1027 HSI5A_SINN 118N/HSI5 NC NC
E30 BK5_1028 119P/HSI5 NC - NC
F29 BK5_1029 119N/HSI5 NC 5 NC
G28 BK5_1030 | HSISA_SOUTP | 120P/HSI5 NC NC - L
GND (Bank 5) - -
G27 BK5_1031 HSISA_SOUTN | 120N/HSI5 NC NC -
E29 BK5_1032 VREF5 121P/HSI5 BK5_l016 VREF5 73P/HSI3 BK5_IO14 VREF5 62P/HSI1
F28 BK5_1033 121N/HSI5 BK5_I017 73N/HSI3 BK5L1015 62N/HSI1
D30 BK5_1034 HSI5B_SINP 122P/HSI5 BK5_1018 HSI8B SINP 74P/HSI3 BK5_I016 HSHB_SINP 63P/HSI1
GND (Bank 5)
C30 BK5_1035 HSI5B_SINN 122N/HSI5 BK5_lO19 HSI3BASINN 74N/HSI3 BK5.1017 HSI1B_SINN 63N/HSI1
D29 BK5_1036 123P/HSI5 BK5_1020, 75P/HSI3 NC
D28 BK5_1037 123N/HSI5 BK5_1021 75N/HSI3 NC
E28 BK5_1038 | HSI5SB_SOUTP | 124P/HSI5 BK5_1022 HSI3B_SOUTP 76PIHSI3 BK51020 HSIHB_SOUTP 65P/HSI1
GND (Bank 5) - GND (Bank 5)
E27 BK5_1039 | HSISB_SOUTN | _A24N/HSI5 BK5_1023 | HSI3B_SOUTN 76N/HSI3 BK5_l021 HSIHB_SOUTN 65N/HSI1
C29 BK5_1040 125P BK5_1024 - 77P/HSI3 BK5_1018 64P/HSI1
B30 BK5_1041 125N BK5_1025 77N/HSI3 BK5_1019 64N/HSI1
A29 CFGO 4 CFGO CFGO
B28 DONE S 3 DONE = DONE
A28 PROGRAMb PROGRAMb = PROGRAMb
D26 BK6_100, INITb 126P BK6_100 INITb 78P BK6_100 INITb 66P
Cc27 BK6_IO1 CCLK 126N BK6_IO1 CCLK 78N BK6_IO1 CCLK 66N
B27 BK6_I02 127P BK6_I02 79P BK6_I02 67P
GND (Bank 6) P GNP _(Bank®6)
A27 BK6._ 103 127N BK6_103 79N BK6_103 67N
C26 BK6_I04 CSb 128P BK6_l04 CSb 80P BK6_l04 CSb 68P
- - GND (Bank 6)
B26 BK6_105 Read 128N BK6_IO5 Read 80N BK6_IO5 Read 68N
A26 BK6_I06 129P NC NC
C25 BK6_I07 129N NC NC
D24 BK6_108 = 130P NC NC
B25 BK6_I09 130N NC NC
A25 BK64010 h 131P NC NC
GND (Bank 6) =
C24 BK6_lO11 131N NC NC
D23 BK6_lO12 132P NC NC
B24 BK6_1013 132N NC - - NC -
Cc23 BK6_l014 133P NC - - NC -
A24 BK6_l015 - 133N NC - - NC - -
C22 BK6_l016 - 134P NC - - NC - -
B23 BK6_1017 - 134N NC - - NC - -
B22 BK6_1018 DATA7 135P BK6_I06 DATA7 81P BK6_I06 DATA7 69P
GND (Bank 6)
A23 BK6_I1019 DATA6 135N BK6_IO07 DATA6 81N BK6_IO07 DATA6 69N
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ispXPGA Logic Signal Connections: 516-Ball fpBGA (Cont.)

LFX500 LFX200 LFX125
LVDS Pair/ LVDS Pair/ LVDS Pair/
516-Ball Second sysHSI Second sysHSI Second sysHSI
BGA Ball Signal Name Function Reserved' Signal Name Function Reserved' Signal Name Function Reserved'

A10 BK7_1018 156P NC NC
B10 BK7_1019 156N NC NC =
C10 BK7_1020 VREF7 157P BK7_lO16 VREF7 99P BK7 4012 VREF7 83P
D10 BK7_l021 157N BK7_lO017 99N BK7 1013 = 83N
B9 BK7_l022 158P BK7_1018 100P BK7_l014 84P

GND (Bank 7) -
Cc9 BK7_1023 158N BK7_l1019 100N BK721015 84N
A8 BK7_1024 159P BK7_1020 101P BKZ_IO16 85P

- GND (Bank 7)

B8 BK7_1025 159N BK7_1021 101N BK7_1017 - 85N
Cc8 BK7_1026 160P NC - NC 2
D8 BK7_1027 160N NC NC -
A7 BK7_1028 161P NC S NC
B7 BK7_1029 161N NC NC
Cc7 BK7_I030 162P NC = NC =

GND (Bank 7)
D7 BK7_lO31 162N NC 2 NC
A6 BK7_l032 163P NC 4 NC
B6 BK7_1033 163N NC = NC
B5 BK7_1034 164P NC - NC
Cé6 BK7_1035 164N NC - - NC - -
A5 BK7_1036 - 165P NC - - NC - -
A4 BK7_1037 - 165N NC - b NC - -
B4 BK7_1038 - 166P BK7_1022 - 102P BK7_1018 - 86P

GND (Bank 7) 4 GND (Bank 7)
C5 BK7_1039 S 166N BK7_1028 = 102N BK7_l019 86N
A3 BK7_l040 167P BK7_l024 = 103P BK7_1020 87P
A2 BK7_l041 ~ 167N BK7_1025 103N BK7_l021 87N
D5 TDO TDO TDO
C4 VCCJ VCCJ VvCCJ
B3 TDI - TDI TDI - -

1. If a sysHSI Blockiis used, the indicated sysHSI reserved pins are unavailable for general purpose 1/O use.
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ispXPGA Logic Signal Connections: 680-Ball fpBGA (Cont.)

LFX1200
680-Ball fpBGA Signal Name Second Function LVDS Pair/sysHSI Reserved'

C24 BK1_lO7 SS_CLKINON 34N
A22 BK1_108 - 35P
D22 BK1_l09 - 35N
A23 BK1_lO10 - 36P

- GND (Bank 1) - =
B25 BK1_IO11 - 36N
D23 BK1_lO12 PLL_RST2 37P
A24 BK1_1013 PLL_RST3 37N
A25 BK1_1014 - 38P
E24 BK1_1015 - 38N
D24 BK1_1016 - 39P.
A26 BK1_1017 - 39N
D25 BK1_lO18 - 40P

- GND (Bank 1) < -
C25 BK1_IO19 < 40N
B26 BK1_1020 - 41P/HSI3
B27 BK1_l021 - 41N/HSI3
D26 BK1_1022 - 42P/HSI3
A27 BK1_1023 - 42N/HSI3
A28 BK1_1024 - 43P/HSI3
E26 BK1£1025 - 43N/HSI3
ca7 BK1_1026 HSISA_SOUTP 44P/HSI3

- GND (Bank 1) - -
D27 BKt_1027 HSIBA_SOUTN 44N/HSI3
B28 BK1_1028 - 45P/HSI3
A30 BK1 1029 - 45N/HSI3
Cc28 BK1_1030 HSI3A_SINP 46P/HSI3
D28 BK1_IO31 HSI3A_SINN 46N/HSI3
A31 BK1_1082 - 47P/HSI3
B30 BK1L1033 - 47N/HSI3
E28 BK111034 HSI3B_SOUTP 48P/HSI3

- GND (Bankih) - -
D29 BK111035 HSI3B_SOUTN 48N/HSI3
C29 BK1_1036 - 49P/HSI4
B31 BK1_1037 - 49N/HSI4
D30 BK1_1038 HSI3B_SINP 50P/HSI4
E30 BK1_I1039 HSI3B_SINN 50N/HSI4
A32 BK1_1040 - 51P/HSI4
C31 BK1_1041 - 51N/HSI4
D31 BK1_1042 HSI4A_SOUTP 52P/HSI4

- GND (Bank 1) - -
C32 BK1_1043 HSI4A_SOUTN 52N/HSI14
B32 BK1_1044 - 53P/HSI4
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ispXPGA Logic Signal Connections: 680-Ball fpBGA (Cont.)

LFX1200
680-Ball fpBGA Signal Name Second Function LVDS Pair/sysHSI Reserved'

- GND (Bank 4) - -
AW26 BK4_1043 - 145N
AV25 BK4_1044 - 146P
AT24 BK4_1045 - 146N
AU24 BK4_1046 - 147P
AU25 BK4_1047 - 147N
AW25 BK4_1048 PLL_RST4 148P
AW24 BK4_1049 PLL_RST5 148N
AU23 BK4_I050 - 149P

= GND (Bank 4) - -
AT23 BK4_1051 - 149N
AvV24 BK4_1052 - 150P
AW23 BK4_1053 - 150N
AV23 BK4_1054 SS_CEKKIN1P 151P
AU22 BK4_l055 SS,. CLKINAN 151N
AR21 BK4_l056 PLL) FBK4 152P
AT22 BK4_1057 PLL FBK5 152N
AV22 BK4_1058 SS_CLKOUT1P 153P

= GND (Bank 4) - -
Av21 BK4_1059 SS_CLKOUT1N 153N
AT21 BK441060 CLK<OuT4 154P
AU21 BK4_1061 CLK OUT5 154N

- GND (Bank 4) - -
AT19 GCLK4 - LVDS Pair2P
AU19 GCLK5 - LVDS Pair2N
AW22 \VCCP1 - -
AR20 GNDP1 - -
AU18 GCLK6 - LVDS Pair3P
AT18 GCLK7 - LVDS Pair3N

s GND (Bank 5) - B
AV17 BK5.100 CLK_OuUT6 155P
AV18 BK5_104 CLK_OuUT7 155N
AW21 BK5_102 PLL_FBK6 156P

- GND (Bank 5) - -
AV19 BK5_103 PLL_FBK7 156N
AR19 BK5_104 - 157P/HSI7
AW19 BK5_l05 - 157N/HSI7
AW18 BK5_106 PLL_RST6 158P/HSI7
AW17 BK5_107 PLL_RST7 158N/HSI7
AT17 BK5_108 - 159P/HSI7
AV16 BK5_109 - 159N/HSI7
AU17 BK5_1010 HSI7A_SINP 160P/HSI7

- GND (Bank 5) - -
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ispXPGA Logic Signal Connections: 900-Ball fpBGA (Cont.)

LFX1200 LFX500
900 fpBGA Second LVDS Pair/ Second LVDS Pair/
Ball Signal Name Function sysHSI Reserved'] Signal Name Function sysHSI Reserved'
AK5 BK2_107 - 65N BK2_107 - 45N
AE7 BK2_108 - 66P BK2_108 = 46P
AF7 BK2_I09 - 66N BK2_I09 - 46N
AG7 BK2_1010 - 67P BK2_1010 = 47P

- GND (Bank 2) - - GND (Bank 2) - -

AH7 BK2_IO11 - 67N BK2_IO41 - 47N
AES8 BK2_1012 VREF2 68P BK2_1021 VREF2 52N
AF8 BK2_1013 - 68N BK2_1020 - 52P
AJ6 BK2_IO14 - 69P BK2_ 1012 - 48P
AK6 BK2_1015 - 69N BK2_10138 - 48N
AG8 BK2_l016 - 70P BK2_1014 - 49P
AH8 BK2_IO17 - 70N BK2 1015 - 49N
AJ7 BK2_1018 - 71P BK2_1016 = 50P
- GND (Bank 2) - - - - -
AK7 BK2_I019 - 71N BK2_IO17 = 50N
AF9 BK2_1020 - 72P BK210138 - 51P

- - 2 4 GND (Bank 2) - -

AG9 BK2_I021 - 72N BK2.,1019 - 51N

AJ8 BK2_1022 = 73P NC - -
AK8 BK2_1023 - 73N NC - -
AD10 BK2_1024 - 74P NC - -
AE10 BK2_1025 - 74N NC - -
AJ9 BKk2 1026 - 75P NC - -
- GND, (Bank 2) - - - - -
AK9 BK2_1027. - 75N NC - -
AF10 BK2_1028 s 76P NC - -
AG10 BK2_1029 - 76N NC - -
AK10 BK2_1030 - 77P NC - -
AJ10 BK2_1031 - 77N NC - -
AE11 BK2_1032 - 78P NC - -
AF11 BK2_1083 - 78N NC - -
AG11 BK2.1034 - 79P NC - -

- GND (Bank 2) - - - - -
AH11 BK2_1085 - 79N NC - -
AE12 BK2,1036 - 80P NC - -
AF12 BK2:1037 - 80N NC - -
AJ11 BK2_1038 - 81P NC - -
AK11 BK2_1039 - 81N NC - -
AG12 BK2_1040 - 82P NC - -
AH12 BK2_1041 - 82N NC - -
AK12 BK2_1042 - 83P BK2_1022 - 53P

GND (Bank 2)
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ispXPGA Logic Signal Connections: 900-Ball fpBGA (Cont.)

LFX1200 LFX500
900 fpBGA Second LVDS Pair/ Second LVDS Pair/
Ball Signal Name Function sysHSI Reserved'] Signal Name Function sysHSI Reserved'
AJ25 BK3_1050 - 118P BK3_1030 - 78P
- GND (Bank 3) - - GND (Bank 3) - -
AK25 BK3_IO51 - 118N BK3_1031 - 78N
AF24 BK3_1052 - 119P BK3_1032 R 79P
AE24 BK3_1053 - 119N BK3_1033 - 79N
AK26 BK3_I054 - 120P BK3_1084 4 80P
AJ26 BK3_l055 - 120N BK3_lO35 - 80N
AH25 BK3_I056 - 121P BK3_1036 - 81P
AG25 BK3_l1057 - 121N BKS3_IO37 - 81N
AK27 BK3_1058 - 122P BK3_1038 - 82P
- GND (Bank 3) - - GND, (Bank 3) - -
AJ27 BK3_1059 - 122N BKS3» 1039 - 82N
AG26 BK3_1060 - 123P BK3_1040 = 83P
AH26 BK3_l061 - 123N BK3_1041 - 83N
AK28 GSR - & GSR = -
AJ28 DXP - = DXP - -
AH27 DXN 2 4 DXN - -
AG28 BK4_IO0 - 124P BK4,.100 - 84P
AF27 BK4_101 = 124N BK4:101 - 84N
AF28 BK4_102 - 125PR BK4_I02 - 85P/HSI3
= GND (Bank/4) = = GND(Bank 4) - -
AE26 BK4_.103 - 125N BK4_103 - 85N/HSI3
AE27 BK4 104 - 126P BK4_104 - 86P/HSI3
AE28 BK4 105 - 126N BK4_105 - 86N/HSI3
AH30 BK4_106 HSI5A_SINP 127P BK4_1010 HSI3A_SINP 89P/HSI3
- - S 5 GND (Bank 4) - -
AH29 BK4 107 HSISA_SINN 127N BK4_1011 HSI3A_SINN 89N/HSI3
AD25 BK4_108 - 128P BK4_1012 - 90P/HSI3
AD26 BK4_109 - 128N BK4_1013 - 90N/HSI3
AG29 BK4_1010 HSI5AL SOUTP 129P/HSI5 BK4_1014 HSI3A_SOUTP 91P/HSI3
= GND (Bank 4) s = = = =
AG30 BK4.1011 HSI5A_SOUTN 129N/HSI5 BK4_IO015 HSIBA_SOUTN 91N/HSI3
AD27 BK4 1012 VREF4 130P/HSI5 BK4_IO17 VREF4 92N/HSI3
AD28 BK4_1013 - 130N/HSI5 BK4_1016 - 92P/HSI3
AF29 BK4,1014 HSI5B_SINP 131P/HSI5 BK4_106 - 87P/HSI3
AF30 BK4:-1015 HSI5B_SINN 131N/HSI5 BK4_107 - 87N/HSI3
AC25 BK4_1016 - 132P/HSI5 BK4_108 - 88P/HSI3
AC26 BK4_1017 - 132N/HSI5 BK4_109 - 88N/HSI3
AE29 BK4_I1018 HSI5B_SOUTP 133P/HSI5 NC - -
= GND (Bank 4) - - - - -
AE30 BK4_I019 HSI5B_SOUTN 133N/HSI5 NC - -
AC28 BK4_1020 - 134P/HSI5 NC - -
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ispXPGA Logic Signal Connections: 900-Ball fpBGA (Cont.)

LFX1200 LFX500
900 fpBGA Second LVDS Pair/ Second LVDS Pair/
Ball Signal Name Function sysHSI Reserved'] Signal Name Function sysHSI Reserved'
F10 BK7_1036 - 235P NC - -
G10 BK7_1037 - 235N NC - -
A8 BK7_1038 - 236P NC - -
B8 BK7_1039 - 236N NC = -
D9 BK7_1040 - 237P BK7_1022 - 158P
- - - - GND (Bank 7) - -
E9 BK7_1041 - 237N BK7_1023 - 158N
A7 BK7_1042 - 238P BK7_1024 - 159P
- GND (Bank 7) - - - -
B7 BK7_1043 - 238N BK7_1025 - 159N
(0F:] BK7_1044 - 239P, BK7_1026 - 160P
D8 BK7_1045 - 239N BK7 1027 - 160N
A6 BK7_1046 - 240P BK7_1021 = 157N
B6 BK7_1047 VREF7 240N BK7_1020 VREF7 157P
E8 BK7_1048 - 241P BK7_1028 - 161P
F8 BK7_1049 - 241N BK7 1029 - 161N
Cc7 BK7_1050 a 242P BK7_1080 - 162P
- GND (Bank 7) = - GND (Bank.7) = =
D7 BK7_lO51 = 242N BK7_1081 - 162N
E7 BK7_1052 - 243P BK7_1032 - 163P
F7 BK7_IO53 - 243N BK7_I033 - 163N
A5 BK7_1054 - 244P BK7_1034 - 164P
B5 BK7 1055 - 244N BK7_1035 - 164N
C6 BK7_lO56 - 245P BK7_1036 - 165P
D6 BK7_lIO57. - 245N BK7_1037 - 165N
D5 BK7_1058 s 246P BK7_1038 - 166P
- GND4(Bank 7) - - GND (Bank 7) - -
C5 BK7_1059 - 246N BK7_1039 - 166N
B4 BK7_1060 : 247P BK7_1040 - 167P
A4 BK7_IO61 - 247N BK7_1041 - 167N
A3 TDO - - TDO - -
B3 VCCJ - - VCCJ - -
C4 TDI - - TDI - -

1. If a sysHSI Block is used, the indicated sysHSI reserved pins are unavailable for general purpose 1/O use.
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