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Features

 

■

 

Flexible Multi-Function Block (MFB) 
Architecture

 

• SuperWIDE™ logic (up to 136 inputs)
• Arithmetic capability
• Single- or Dual-port SRAM
• FIFO
• Ternary CAM

 

■

 

sysCLOCK™ PLL Timing Control

 

• Multiply and divide between 1 and 32
• Clock shifting capability
• External feedback capability

 

■

 

sysIO™ Interfaces

 

• LVCMOS 1.8, 2.5, 3.3V
– Programmable impedance
– Hot-socketing
– Flexible bus-maintenance (Pull-up, pull-

down, bus-keeper, or none)
– Open drain operation

• SSTL 2, 3 (I & II)
• HSTL (I, III, IV)
• PCI 3.3
• GTL+
• LVDS
• LVPECL
• LVTTL

 

■

 

Expanded In-System Programmability (ispXP™)

 

• Instant-on capability
• Single chip convenience
• In-System Programmable via IEEE 1532

Interface
• Infinitely reconfigurable via IEEE 1532 or 

sysCONFIG™ microprocessor interface
• Design security

 

■

 

High Speed Operation

 

• 4.0ns pin-to-pin delays, 300MHz f

 

MAX

 

• Deterministic timing

 

■

 

Low Power Consumption

 

• Typical static power: 20 to 50mA (1.8V), 
30 to 60mA (2.5/3.3V)

• 1.8V core for low dynamic power

 

■

 

Easy System Integration

 

• 3.3V (5000MV), 2.5V (5000MB) and 1.8V 
(5000MC) power supply operation

• 5V tolerant I/O for LVCMOS 3.3 and LVTTL 
interfaces

• IEEE 1149.1 interface for boundary scan testing
• sysIO quick configuration
• Density migration
• Multiple density and package options
• PQFP and fine pitch BGA packaging
• Lead-free package options

 

Table 1. ispXPLD 5000MX Family Selection Guide

 

 ispXPLD 5256MX ispXPLD 5512MX ispXPLD 5768MX ispXPLD 51024MX

 

Macrocells 256 512 768 1,024

Multi-Function Blocks 8 16 24 32

Maximum RAM Bits 128K 256K 384K 512K

Maximum CAM Bits 48K 96K 144K 192K

sysCLOCK PLLs 2 2 2 2

t

 

PD

 

 (Propagation Delay) 4.0ns 4.5ns 5.0ns 5.2ns

t

 

S

 

 (Register Set-up Time) 2.2ns 2.8ns 2.8ns 3.0ns

t

 

CO

 

 (Register Clock to Out Time) 2.8ns 3.0ns 3.2ns 3.7ns

f

 

MAX

 

 (Maximum Operating Frequency) 300MHz 275MHz 250MHz 250MHz

System Gates 75K 150K 225K 300K

I/Os 141 149/193/253 193/317 317/381

Packages
256 fpBGA

208 PQFP
256 fpBGA
484 fpBGA

256 fpBGA
484 fpBGA 484 fpBGA

672 fpBGA



 

Lattice Semiconductor ispXPLD 5000MX Family Data Sheet

 

2

 

Figure 1. ispXPLD 5000MX Block Diagram 

 

Introduction

 

The ispXPLD 5000MX family represents a new class of device, referred to as the eXpanded Programmable Logic
Devices (XPLDs). These devices extend the capability of Lattice’s popular SuperWIDE ispMACH 5000 architecture
by providing flexible memory capability. The family supports single- or dual-port SRAM, FIFO, and ternary CAM
operation. Extra logic has also been included to allow efficient implementation of arithmetic functions. In addition,
sysCLOCK PLLs and sysIO interfaces provide support for the system-level needs of designers. 

The devices provide designers with a convenient one-chip solution that provides logic availability at boot-up, design
security, and extreme reconfigurability. The use of advanced process technology provides industry-leading perfor-
mance with combinatorial propagation delay as low as 4.0ns, 2.8ns clock-to-out delay, 2.2ns set-up time, and oper-
ating frequency up to 300MHz. This performance is coupled with low static and dynamic power consumption. The
ispXPLD 5000MX architecture provides predictable deterministic timing.

The availability of 3.3, 2.5 and 1.8V versions of these devices along with the flexibility of the sysIO interface helps
users meet the challenge of today’s mixed voltage designs. Inputs can be safely driven up to 5.5V when an I/O
bank is configured for 3.3V operation, making this family 5V tolerant. Boundary scan testability further eases inte-
gration into today’s complex systems. A variety of density and package options increase the likelihood of a good fit
for a particular application. Table 1 shows the members of the ispXPLD 5000MX family.

 

Architecture

 

The ispXPLD 5000MX devices consist of Multi-Function Blocks (MFBs) interconnected with a Global Routing Pool.
Signals enter and leave the device via one of four sysIO banks. Figure 1 shows the block diagram of the ispXPLD
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5000MX. Incoming signals may connect to the global routing pool or the registers in the MFBs. An Output Sharing
Array (OSA) increases the number of I/O available to each MFB, allowing a complete function high-performance
access to the I/O. There are four clock pins that drive four global clock nets within the device. Two sysCLOCK PLLs
are provided to allow the synthesis of new clocks and control of clock skews.

 

Multi-Function Block (MFB)

 

Each MFB in the ispXPLD 5000MX architecture can be configured in one of the six following modes. This provides
a flexible approach to implementing logic and memory that allows the designer to achieve the mix of functions that
are required for a particular design, maximizing resource utilization. The six modes supported by the MFB are:

• SuperWIDE Logic Mode
• True Dual-port SRAM Mode
• Pseudo Dual-port SRAM Mode
• Single-port SRAM Mode
• FIFO Mode
• Ternary CAM Mode

The MFB consists of a multi-function array and associated routing. Depending on the chosen functions the multi-
function array uses up to 68 inputs from the GRP and the four global clock and reset signals. The array outputs
data along with certain control functions to the macrocells. Output signals can be routed internally for use else-
where in the device and to the sysIO banks for output. Figure 2 shows the block diagram of the MFB. The various
configurations are described in more detail in the following sections.

 

Figure 2. MFB Block Diagram
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Table 12. ispXPLD 5000MX Supported I/O Standards

Table 13. Differential Interface Standard Support1

Control, Clock, sysCONFIG and JTAG Signals
Global clock pins support the same sysIO standards as general purpose I/O. When required the VREF signal is
derived from the adjacent bank. When differential standards are supported two adjacent clock pins are paired to
form the input. The TOE, PROGRAM, CFG0 and DONE pins of the ispXPLD 5000MX device are the only pins that
do not have sysIO capabilities. The JTAG TAP pins support only LVCMOS 3.3, 2.5 and 1.8V standards. The voltage
is controlled by VCCJ. These pins only support the LVTTL and LVCMOS standards applicable to the power supply
voltage of the device. The global reset global output enable pins are associated with Bank 2 and support all of the
sysIO standards.

Hotsocketing
The I/O on the ispXPLD 5000MX devices are well suited for those applications that require hot socketing capability,
when configured as LVCMOS or LVTTL. Hot socketing a device requires that the device, when powered down, can
tolerate active signals on the I/Os and inputs without being damaged. Additionally, it requires that the effects of the
powered-down device be minimal on active signals. 

Programmable Drive Strength
The drive strength of I/Os that are programmed as LVCMOS is tightly controlled and can be programmed to a vari-
ety of different values. Thus the impedance an output driver can be closely match to the characteristic impedance
of the line it is driving. This allows users to eliminate the need for external series termination resistors.

sysIO Standard Nominal VCCO Nominal VREF Nominal VTT

LVTTL 3.3V N/A N/A

LVCMOS-3.3 3.3V N/A N/A

LVCMOS-2.5 2.5V N/A N/A

LVCMOS-1.8 1.8V N/A N/A

PCI 3.3V 3.3V N/A N/A

AGP-1X 3.3V N/A N/A

SSTL3, Class I & II 3.3V 1.5V 1.5V

SSTL2, Class I & II 2.5V 1.25V 1.25V

CTT 3.3 3.3V 1.5V 1.5V

CTT 2.5 2.5V 1.25V 1.25V

HSTL, Class I 1.5V 0.75V 0.75V

HSTL, Class III 1.5V 0.9V 0.75V

HSTL, Class IV 1.5V 0.9V 0.75V

GTL+ N/A 1.0V 1.5V

LVPECL, Differential 2.5V, 3.3V N/A N/A

LVDS 2.5V, 3.3V N/A N/A

sysIO Buffer

LVDS
Driver Supported

Receiver Supported with standard termination

LVPECL
Driver Supported with external resistor network

Receiver Supported with termination
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Absolute Maximum Ratings1, 2, 3

ispXPLD 5000MC ispXPLD 5000MB/V
1.8V 2.5V/3.3V

Supply Voltage (VCC) . . . . . . . . . . . . . . . . . . . . . . . -0.5 to 2.5V . . . . . . . . . . . . . . . . -0.5 to 5.5V

PLL Supply Voltage (VCCP)  . . . . . . . . . . . . . . . . . . -0.5 to 2.5V . . . . . . . . . . . . . . . . -0.5 to 5.5V

Output Supply Voltage (VCCO) . . . . . . . . . . . . . . . . -0.5 to 4.5V . . . . . . . . . . . . . . . . -0.5 to 4.5V

IEEE 1149.1 TAP Supply Voltage (VCCJ) . . . . . . . . -0.5 to 4.5V . . . . . . . . . . . . . . . . -0.5 to 4.5V

Input Voltage Applied4, 5 . . . . . . . . . . . . . . . . . . . . . -0.5 to 5.5V . . . . . . . . . . . . . . . . -0.5 to 5.5V

Storage Temperature . . . . . . . . . . . . . . . . . . . . . . . -65 to 150°C  . . . . . . . . . . . . . . . -65 to 150°C

Junction Temperature (TJ) with Power Applied  . . . -55 to 150°C  . . . . . . . . . . . . . . . -55 to 150°C

1. Stress above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification
is not implied (while programming, following the programming specifications).

2. Compliance with the Lattice Thermal Management document is required.

3. All voltages referenced to GND.

4. Overshoot and Undershoot of -2V to (VIHMAX +2) volts not to exceed 6V is permitted for a duration of <20ns.

5. A maximum of 64 I/Os per device with VIN > 3.6V is allowed.

Recommended Operating Conditions

E2CMOS Erase Reprogram Specifications

Hot Socketing Characteristics1, 2, 3, 4

Symbol Parameter Min. Max. Units

VCC

Supply Voltage for 1.8V Devices (ispXPLD 5000MC) 1.65 1.95 V

Supply Voltage for 2.5V Devices (ispXPLD 5000MB) 2.3 2.7 V

Supply Voltage for 3.3V Devices (ispXPLD 5000MV) 3 3.6 V

VCCP

PLL Block Supply Voltage for PLL 1.8V Devices 1.65 1.95 V

PLL Block Supply Voltage for PLL 2.5V Devices 2.3 2.7 V

PLL Block Supply Voltage for PLL 3.3V Devices 3 3.6 V

TJ
Junction Temperature (Commercial Operation) 0 90 C

Junction Temperature (Industrial Operation) -40 105 C

Parameter Min. Max. Units

Erase/Reprogram Cycle1 1,000 — Cycles

1. Valid over commercial temperature range.

Symbol Parameter Condition Min. Typ. Max. Units

IDK Input or I/O Leakage Current 0 ≤ VIN ≤ 3.0V — +/-50 +/-800 μA

1. Insensitive to sequence of VCC and VCCO when VCCO ≤ 1.0V. For VCCO > 1.0V, VCC min must be present. However, assumes monotonic 
rise/fall rates for VCC and VCCO, provided (VIN - VCCO) ≤ 3.6V.

2. 0 ≤ VCC ≤ VCC (MAX), 0 ≤ VCCO ≤ VCCO (MAX)
3. IDK is additive to IPU, IPD or IBH. Device defaults to pull-up until non-volatile cells are active.
4. LVTTL, LVCMOS only.
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DC Electrical Characteristics
Over Recommended Operating Conditions

Symbol Parameter Condition Min. Typ. Max. Units

IIL, IIH
1 Input or I/O Leakage

0 ≤ VIN ≤ (VCCO - 0.2V) — — 10 µA

(VCCO - 0.2V) < VIN ≤ 3.6V — — 40 µA

IIH
4 Input High Leakage Current 3.6V < VIN ≤ 5.5V and

3.0V ≤ VCCO ≤ 3.6V — — 3 mA

IPU
3 I/O Active Pullup Current 0 ≤ VIN ≤ 0.7 VCCO -30 — -150 µA

IPD I/O Active Pulldown Current VIL (MAX) ≤ VIN ≤ VIH (MAX) 30 — 150 µA

IBHLS Bus Hold Low Sustaining Current VIN = VIL (MAX) 30 — — µA

IBHHS Bus Hold High Sustaining Current VIN = 0.7 VCCO 30 — — µA

IBHLO Bus Hold Low Overdrive Current 0 ≤ VIN ≤ VIH (MAX) — — 150 µA

IBHHO Bus Hold High Overdrive Current 0 ≤ VIN ≤ VIH (MAX) — — 150 µA

VBHT Bus Hold Trip Points 0 ≤ VIN ≤ VIH (MAX) VCCO * 0.35 — VCCO * 0.65 µA

C1 I/O Capacitance2
VCCO = 3.3V, 2.5V, 1.8V — 8 — pf

VCC = 1.8V, VIO = 0 to VIH (MAX) — 8 — pf

C2 Clock Capacitance2
VCCO = 3.3V, 2.5V, 1.8V — 8 — pf

VCC = 1.8V, VIO = 0 to VIH (MAX) — 8 — pf

C3 Global Input Capacitance2
VCCO = 3.3V, 2.5V, 1.8V — 8 — pf

VCC = 1.8V, VIO = 0 to VIH (MAX) — 8 — pf

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 tristated. It is not measured 
with the output driver active. Bus maintenance circuits are disabled.

2. TA 25°C, f=1.0MHz
3. IPU on JTAG pins has a maximum of -175µA for 5512MX devices.
4. 5V tolerant inputs and I/Os should be placed in banks where 3.0V ≤ VCCO ≤ 3.6V. The JTAG and sysCONFIG ports are not included for the 

5V tolerant interface.
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Supply Current 
Symbol Parameter Condition Min. Typ.3 Max. Units

ispXPLD 5256

ICC
1,2 Operating Power Supply Current

VCC = 3.3V, f = 1.0MHz — 26 — mA

VCC = 2.5V, f = 1.0MHz — 26 — mA

VCC = 1.8V, f = 1.0MHz — 16 — mA

ICCO
Standby Power Supply Current
(per I/O Bank)

VCCO = 3.3V, f = 1.0MHz, unloaded — 4 — mA

VCCO = 2.5V, f = 1.0MHz, unloaded — 4 — mA

VCCO = 1.8V, f = 1.0MHz, unloaded — 3 — mA

ICCP
PLL Power Supply Current
(per PLL Bank)

VCCP = 3.3V, f = 10MHz — 11 — mA

VCCP = 2.5V, f = 10MHz — 11 — mA

VCCP = 1.8V, f = 10MHz — 3 — mA

ICCJ
Standby IEEE 1149.1 TAP Power 
Supply Current

VCCJ = 3.3V — 1 — mA

VCCJ = 2.5V — 1 — mA

VCCJ = 1.8V — 1 — mA

ispXPLD 5512

ICC
1,2 Operating Power Supply Current

VCC = 3.3V, f = 1.0MHz — 33 — mA

VCC = 2.5V, f = 1.0MHz — 33 — mA

VCC = 1.8V, f = 1.0MHz — 22 — mA

ICCO
Standby Power Supply Current
(per I/O Bank)

VCCO = 3.3V, f = 1.0MHz, unloaded — 4 — mA

VCCO = 2.5V, f = 1.0MHz, unloaded — 4 — mA

VCCO = 1.8V, f = 1.0MHz, unloaded — 3 — mA

ICCP
PLL Power Supply Current
(per PLL Bank)

VCCP = 3.3V, f = 10MHz — 11 — mA

VCCP = 2.5V, f = 10MHz — 11 — mA

VCCP = 1.8V, f = 10MHz — 3 — mA

ICCJ
Standby IEEE 1149.1 TAP Power 
Supply Current

VCCJ = 3.3V — 1 — mA

VCCJ = 2.5V — 1 — mA

VCCJ = 1.8V — 1 — mA

ispXPLD 5768

ICC
1,2 Operating Power Supply Current

VCC = 3.3V, f = 1.0MHz — 40 — mA

VCC = 2.5V, f = 1.0MHz — 40 — mA

VCC = 1.8V, f = 1.0MHz — 30 — mA

ICCO
Standby Power Supply Current
(per I/O Bank)

VCCO = 3.3V, f = 1.0MHz, unloaded — 4 — mA

VCCO = 2.5V, f = 1.0MHz, unloaded — 4 — mA

VCCO = 1.8V, f = 1.0MHz, unloaded — 3 — mA

ICCP
PLL Power Supply Current
(per PLL Bank)

VCCP = 3.3V, f = 10MHz — 11 — mA

VCCP = 2.5V, f = 10MHz — 11 — mA

VCCP = 1.8V, f = 10MHz — 3 — mA

ICCJ
Standby IEEE 1149.1 TAP Power 
Supply Current

VCCJ = 3.3V — 1 — mA

VCCJ = 2.5V — 1 — mA

VCCJ = 1.8V — 1 — mA



Lattice Semiconductor ispXPLD 5000MX Family Data Sheet

29

ispXPLD 5000MX Family External Switching Characteristics 1, 2, 3

Over Recommended Operating Conditions

Parameter Description

-4 -45 -5 -52 -75

UnitsMin. Max. Min. Max. Min. Max. Min. Max. Min. Max.

tPD
Data Propagation Delay, 
5-PT Bypass — 4.0 — 4.5 — 5.0 — 5.2 — 7.5 ns

tPD_PTSA Data propagation delay — 4.8 — 5.7 — 6.0 — 6.5 — 9.5 ns

tS
MFB Register Setup Time 
Before Clock, 5-PT Bypass 2.2 — 2.8 — 2.8 — 3.0 — 4.5 — ns

tS_PTSA
MFB Register Setup Time 
Before Clock 2.5 — 3.1 — 3.1 — 3.6 — 5.5 — ns

tSIR

MFB Register Setup Time 
Before Clock, Input Register 
Path 

1.0 — 1.0 — 1.0 — 0.5 — 1.7 — ns

tH MFB Register Hold Time 
Before Clock, 5-PT Bypass 0.0 — 0.0 — 0.0 — 0.0 — 0.0 — ns

tH_PTSA MFB Register Hold Time 
Before Clock 0.0 — 0.0 — 0.0 — 0.0 — 0.0 — ns

tHIR

MFB Register Hold Time 
Before Clock, Input Register 
Path 

0.5 — 0.5 — 0.5 — 1.0 — 1.3 — ns

tCO
MFB Register Clock-to-Out-
put Delay — 2.8 — 3.0 — 3.2 — 3.7 — 5.0 ns

tR External Reset Pin to Output 
Delay — 4.0 — 4.5 — 5.0 — 5.0 — 7.5 ns

tRW Reset Pulse Duration 1.8 — 1.8 — 1.8 — 2.0 — 3.0 — ns

tLPTOE/DIS
Input to Output Local Product 
Term Output Enable/Disable — 6.0 — 7.0 — 7.5 — 8.5 — 10.5 ns

tSPTOE/DIS

Input to Output Shared 
Product Term Output Enable/
Disable 

— 6.0 — 7.0 — 7.5 — 8.5 — 10.5 ns

tGOE/DIS Global OE Input to Output 
Enable/Disable — 4.5 — 5.5 — 5.5 — 6.5 — 7.5 ns

tCW Clock Width, High or Low 1.5 — 1.5 — 1.5 — 1.8 — 2.5 — ns

tGW

Gate Width Low (for Low 
Transparent) or High (for 
High Transparent) 

1.5 — 1.5 — 1.5 — 1.8 — 2.5 — ns

tWIR
Input Register Clock Width, 
High or Low 1.5 — 1.5 — 1.5 — 1.8 — 2.5 — ns

tSKEW
Clock-to-Out Skew, Block 
Level — 0.6 — 0.6 — 0.6 — 0.6 — 1.0 ns

fMAX
4 Clock Frequency with 

Internal Feedback — 300 — 275 — 250 — 250 — 150 MHz

fMAX (Ext.) 
Clock Frequency with 
External Feedback,
1/ (tS + tCO)

— 200 — 171 — 166 — 149 — 105 MHz

fMAX (Tog.) Clock Frequency Max.
Toggle — 333 — 333 — 333 — 277 — 200 MHz

fMAX (CAMC)5 Clock Frequency to CAM 
(Configure Mode) — 280 — 280 — 230 — 230 — 168 MHz

fMAX (CAM)5 Clock Frequency to CAM 
(Compare Mode) — 150 — 150 — 150 — 135 — 90 MHz
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fMAX (RAM)5

Clock Frequency to RAM in:  

Single Port Mode — 155 — 155 — 155 — 155 — 93 MHz

Dual Port Mode — 155 — 155 — 155 — 155 — 93 MHz

Pseudo Dual Port Mode — 180 — 180 — 160 — 160 — 106 MHz

fMAX (FIFO)5 Clock Frequency to FIFO — 225 — 220 — 210 — 210 — 132 MHz

tPWR_ON Power-on Time — 200 — 200 — 200 — 200 — 200 µs

Timing v.1.8

1. Timing numbers are based on default LVCMOS 1.8 I/O buffers. Use timing adjusters provided to calculate timing for other standards.
2. Measured using standard switching circuit, global routing loading of 1, worst case PTSA loading and 1 output switching.
3. Pulse widths and clock widths less than minimum will cause unknown behavior.
4. Standard 16-bit counter using GRP feedback.
5. CAM, FIFO, RAM fMAX specification used shared PT Clk.

ispXPLD 5000MX Family External Switching Characteristics (Continued)1, 2, 3

Over Recommended Operating Conditions

Parameter Description

-4 -45 -5 -52 -75

UnitsMin. Max. Min. Max. Min. Max. Min. Max. Min. Max.
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ispXPLD 5000MX Family Internal Switching Characteristics 
Over Recommended Operating Conditions

Parameter Description
Base

Parameter

-4 -45 -5 -52 -75

UnitsMin. Max. Min. Max. Min. Max. Min. Max. Min. Max.

In/Out Delays

tIN Input Buffer Delay — — 0.70 — 0.91 — 0.96 — 1.11 — 1.30 ns

tGCLK_IN
Global Clock Input 
Buffer Delay — — 0.40 — 0.35 — 0.35 — 0.35 — 0.55 ns

tRST
Global RESET Pin 
Delay — — 3.77 — 4.24 — 4.71 — 4.71 — 7.07 ns

tGOE
Global OE Pin 
Delay — — 1.98 — 2.66 — 2.34 — 2.87 — 3.27 ns

tBUF
Delay through 
Output Buffer — — 1.16 — 1.30 — 1.45 — 1.60 — 2.17 ns

tEN Output Enable Time — — 2.52 — 2.84 — 3.16 — 3.63 — 4.23 ns

tDIS
Output Disable 
Time — — 1.92 — 2.40 — 2.40 — 2.40 — 3.60 ns

Routing Delays

tROUTE Delay through SRP — — 1.95 — 2.06 — 2.34 — 2.24 — 3.66 ns

tINREG

Input Buffer to 
Macrocell Register 
Delay

— — 0.60 — 0.60 — 0.60 — 0.47 — 1.63 ns

tPTSA
Product Term 
Sharing Array Delay — — 0.50 — 0.50 — 0.53 — 0.83 — 1.34 ns

tFBK
Internal Feedback 
Delay — — 0.19 — 0.02 — 0.39 — 0.03 — 0.60 ns

tGCLK
Global Clock Tree 
Delay — — 0.52 — 0.32 — 0.72 — 0.82 — 0.78 ns

tBCLK
Block PT Clock 
Delay — — 0.12 — 0.14 — 0.15 — 0.15 — 0.23 ns

tPTCLK
Macrocell PT Clock 
Delay — — 0.12 — 0.14 — 0.15 — 0.15 — 0.23 ns

tPLL_DELAY
Programmable PLL 
Delay Increment — — 0.30 — 0.30 — 0.30 — 0.30 — 0.30 ns

tBSR
Block PT Reset 
Delay — — 0.72 — 0.81 — 0.90 — 0.94 — 1.35 ns

tPTSR
Macrocell PT Set/
Reset Delay — — 0.60 — 0.75 — 0.75 — 0.75 — 1.13 ns

tLPTOE
Macrocell PT OE 
Delay — — 0.83 — 1.19 — 1.04 — 1.52 — 1.31 ns

tSPTOE
Segment PT OE 
Delay — — 0.83 — 1.19 — 1.04 — 1.52 — 1.31 ns

tOSA
Output Sharing 
Array Delay — — 0.80 — 0.90 — 1.00 — 1.00 — 1.50 ns

tPTOE Global PT OE Delay — — 0.83 — 1.04 — 1.04 — 1.04 — 1.56 ns

tPDB
5-PT Bypass 
Propagation Delay — — 0.20 — 0.23 — 0.25 — 0.25 — 0.38 ns

tPDI
Macrocell 
Propagation Delay — — 0.50 — 0.93 — 0.72 — 0.72 — 1.04 ns
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Registered Delays

tS
D-Register Setup 
Time, Global Clock — 0.28 — 0.31 — 0.35 — 0.55 — 0.52 — ns

tS_PT
D-Register Setup 
Time, PT Clock — -0.13 — -0.11 — -0.10 — -0.10 — -0.07 — ns

tH
D-Register Hold 
Time — 1.90 — 2.56 — 2.50 — 2.40 — 4.00 — ns

tCOi
Register Clock to 
OSA Time — — 0.72 — 1.03 — 0.68 — 0.93 — 1.50 ns

tCESi
Clock Enable Setup 
Time — 1.07 — 1.20 — 1.33 — 1.33 — 2.00 — ns

tCEHi
Clock Enable Hold 
Time — 0.00 — 0.00 — 0.00 — 0.00 — 0.00 — ns

tSIR

D-Input Register 
Setup Time, Global 
Clock

— 0.66 — 0.20 — 0.53 — 0.12 — 0.08 — ns

tSIR_PT

D-Input Register 
Setup Time, PT 
Clock

— 0.42 — 0.37 — 0.34 — 0.34 — 0.22 — ns

tHIR

D-Input Register 
Hold Time, Global 
Clock

— 0.84 — 1.31 — 1.01 — 1.41 — 2.91 — ns

tHIR_PT

D-Input Register 
Hold Time, PT 
Clock

— 0.00 — 0.00 — 0.00 — 0.00 — 0.00 — ns

Latched Delays

tSL
Latch Setup Time, 
Global Clock — 0.18 — 0.00 — 0.00 — 0.00 — 0.00 — ns

tSL_PT
Latch Setup Time, 
PT Clock — 0.18 — 0.00 — 0.00 — 0.00 — 0.34 — ns

tHL Latch Hold Time — -0.06 — 0.00 — 0.00 — 0.00 — -0.03 — ns

tGOi
Latch Gate to OSA 
Time — — 0.07 — 0.08 — 0.08 — 0.08 — 0.13 ns

tPDLi

Propagation Delay 
through Latch to 
OSA Transparent

— — 0.52 — 0.58 — 0.65 — 0.65 — 0.97 ns

Reset and Set Delays

tSRi

Asynchronous 
Reset or Set to OSA 
Delay

— — 0.23 — 0.26 — 0.29 — 0.29 — 0.43 ns

tSRR

Asynchronous 
Reset or Set 
Recovery

— — 0.42 — 0.47 — 0.53 — 0.55 — 0.79 ns

eXtended Function Routing Delays

tROUTEMF

Delay through SRP 
when Implementing 
Memory Functions

— — 2.00 — 2.25 — 2.51 — 2.61 — 3.76 ns

ispXPLD 5000MX Family Internal Switching Characteristics (Continued)
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tCASC

Additional Delay for 
PT Cascading 
between MFBs

— — 0.71 — 0.80 — 0.89 — 0.92 — 1.33 ns

tCICOMFB
Carry Chain Delay, 
MFB to MFB — — 0.35 — 0.39 — 0.44 — 0.46 — 0.66 ns

tCICOMC

Carry Chain Delay, 
Macro-Cell to 
Macro-Cell

— — 0.10 — 0.11 — 0.13 — 0.13 — 0.19 ns

tFLAG

Routing Delay for 
Extended Function 
Flags

— — 2.62 — 2.94 — 3.27 — 3.40 — 4.91 ns

tFLAGEXP

Additional Flag 
Delay when 
Expanding Data 
Widths 

tFLAGFULL, 
tFLAGAFULL, 
tFLAGEMPTY, 
tFLAGAEMPTY

— 2.57 — 2.89 — 3.21 — 3.34 — 4.82 ns

tSUM Counter Sum Delay tPTSA — 0.80 — 0.90 — 1.00 — 1.04 — 1.50 ns

Optional Adjusters

tBLA
Block Loading 
Adder tROUTE — 0.04 — 0.04 — 0.05 — 0.05 — 0.07 ns

tEXP PT Expander Adder tROUTE — 0.53 — 0.60 — 0.66 — 0.69 — 0.99 ns

tINDIO
Additional Delay for 
the Input Register tINREG — 0.50 — 0.56 — 0.63 — 0.65 — 0.94 ns

tPLL_SEC_DELA
Y

Secondary PLL 
Output Delay tPLL_DELAY — 0.91 — 0.91 — 0.91 — 0.91 — 0.91 ns

tINEXP MFB Input Extender tROUTE — 0.62 — 0.70 — 0.78 — 0.81 — 1.16 ns

Input and Output Buffer Delays

tIOI
Input Buffer Selec-
tion Adder

tGCLK_IN, tIN, 
tGOE, tRST Refer to sysIO Adjuster Tables

ns

tIOO
Output Buffer 
Selection Adder tBUF ns

FIFO

tFIFOWCLKS

Write Data Setup 
before Write Clock 
Time

— -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tFIFOWCLKH

Write Data Hold 
after Write Clock 
Time

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tFIFOCLKSKEW
Opposite Clock 
Cycle Delay — — 1.40 — 1.40 — 1.76 — 1.76 — 1.83 ns

tFIFOFULL
Write Clock to Full 
Flag Delay — — 3.08 — 3.08 — 3.85 — 3.85 — 4.00 ns

tFIFOAFULL

Write Clock to 
Almost Full Flag 
Delay

— — 3.08 — 3.08 — 3.86 — 3.86 — 4.01 ns

tFIFOEMPTY
Read Clock to 
Empty Flag Delay — — 3.08 — 3.08 — 3.86 — 3.86 — 4.01 ns

tFIFOAEMPTY

Read Clock to 
Almost Empty Flag 
Delay

— — 3.08 — 3.08 — 3.86 — 3.86 — 4.01 ns

ispXPLD 5000MX Family Internal Switching Characteristics (Continued)
Over Recommended Operating Conditions

Parameter Description
Base

Parameter

-4 -45 -5 -52 -75

UnitsMin. Max. Min. Max. Min. Max. Min. Max. Min. Max.



Lattice Semiconductor ispXPLD 5000MX Family Data Sheet

35

tFIFOWES
Write-Enable setup 
before Write Clock — 2.33 — 2.33 — 2.91 — 2.91 — 3.03 — ns

tFIFOWEH
Write-Enable hold 
after Write Clock — -2.95 — -2.95 — -2.36 — -2.36 — -2.27 — ns

tFIFORES
Read-Enable setup 
before Read Clock — 2.69 — 2.35 — 2.79 — 2.38 — 4.14 — ns

tFIFOREH
Read-Enable hold 
after Read Clock — -3.17 — -3.17 — -2.53 — -2.53 — -2.44 — ns

tFIFORSTO
Reset to Output 
Delay — — 3.30 — 3.30 — 4.13 — 4.13 — 4.29 ns

tFIFORSTR
Reset Recovery 
Time — 1.20 — 1.20 — 1.50 — 1.50 — 1.56 — ns

tFIFORSTPW Reset Pulse Width — 0.14 — 0.14 — 0.18 — 0.18 — 0.19 — ns

tFIFORCLKO
Read Clock to FIFO 
Out Delay — — 3.73 — 3.73 — 4.66 — 4.66 — 4.84 ns

CAM – Update Mode

tCAMMSS
Memory Select 
Setup before CLK — 1.40 — 0.70 — 1.50 — 1.40 — 1.44 — ns

tCAMMSH
Memory Select 
Hold after CLK — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tCAMENMSKS

Enable Mask 
Register Setup 
Time before CLK

— -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tCAMENMSKH

Enable Mask 
Register Setup 
Time after CLK

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tCAMADDS
Address Setup 
Time before Clock — -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tCAMADDH
Address Hold Time 
after Clock — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tCAMDATAS
Data Setup Time 
before Clock — -0.41 — -0.41 — -0.33 — -0.33 — -0.31 — ns

tCAMDATAH
Data Hold Time 
after Clock — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tCAMDCS
“Don’t Care” Setup 
Time before Clock — -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tCAMDCH
“Don’t Care” Hold 
Time after Clock — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tCAMRWS
R/W Setup Time 
before Clock — -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tCAMRWH
R/W Enable Hold 
Time after Clock — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tCAMCES
Clock Enable Setup 
Time before Clock — 1.55 — 1.55 — 1.94 — 1.94 — 2.02 — ns

tCAMCEH
Clock Enable Hold 
Time after Clock — -2.95 — -2.95 — -2.36 — -2.36 — -2.27 — ns
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tCAMWMSKS

Write Mask 
Register Setup 
Time before Clock

— -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tCAMWMSKH

Write Mask 
Register Setup 
Time after Clock

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tCAMRSTO
Reset to CAM 
Output Delay — — 3.30 — 3.30 — 4.13 — 4.13 — 4.29 ns

tCAMRSTR
Reset Recovery 
Time — 1.20 — 1.20 — 1.50 — 1.50 — 1.56 — ns

tCAMRSTPW Reset Pulse Width — 0.14 — 0.14 — 0.18 — 0.18 — 0.19 — ns

CAM – Compare Mode

tCAMDATAS
Data Setup Time 
before Clock — -0.41 — -0.41 — -0.33 — -0.33 — -0.31 — ns

tCAMDATAH
Data Hold Time 
after Clock — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tCAMENMSKS

Enable Mask 
Register Setup 
Time before Clock

— -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tCAMENMSKH

Enable Mask 
Register Setup 
Time after Clock

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tCAMCASC
CAM Width 
Expansion Delay — — 0.40 — 0.40 — 0.50 — 0.50 — 0.51 ns

tCAMCO

Clock to Output 
(Address Out) 
Delay

— — 6.19 — 6.13 — 6.81 — 6.61 — 9.63 ns

tCAMMATCH
Clock to Match Flag 
Delay — — 6.19 — 6.13 — 6.07 — 6.61 — 10.22 ns

tCAMMMATCH
Clock to Multi-
Match Flag Delay — — 5.50 — 5.50 — 6.38 — 6.38 — 7.72 ns

tCAMRSTFLAG
CAM Reset to Flags 
Delay — — 3.16 — 3.16 — 3.95 — 3.95 — 4.11 ns

Single Port RAM

tSPADDDATA
Address to Data 
Delay — — 5.97 — 5.97 — 5.97 — 5.97 — 7.76 ns

tSPMSS

Memory Select 
Setup Before Clock 
Time

— -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tSPMSH

Memory Select 
Hold time after 
Clock Time

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tSPCES
Clock Enable Setup 
before Clock Time — 2.30 — 2.30 — 2.30 — 2.30 — 9.80 — ns

tSPCEH

Clock Enable Hold 
time after Clock 
Time

— -2.95 — -2.95 — -2.95 — -2.95 — -2.27 — ns

tSPADDS
Address Setup 
before Clock Time — -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns
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tSPADDH
Address Hold time 
after Clock Time — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tSPRWS
R/W Setup before 
Clock Time — -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tSPRWH
R/W Hold time after 
Clock Time — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tSPDATAS
Data Setup before 
Clock Time — -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tSPDATAH
Data Hold time after 
Clock Time — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tSPCLKO
Clock to Output 
Delay — — 5.97 — 5.97 — 5.97 — 5.97 — 9.86 ns

tSPRSTO
Reset to RAM 
Output Delay — — 3.30 — 3.30 — 3.30 — 3.30 — 4.29 ns

tSPRSTR
Reset Recovery 
Time — 1.20 — 1.20 — 1.20 — 1.20 — 1.56 — ns

tSPRSTPW Reset Pulse Width — 0.14 — 0.14 — 0.14 — 0.14 — 0.19 — ns

Pseudo Dual Port RAM

tPDPMSS
Memory Select 
Setup Before Clock — -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tPDPMSH

Memory Select 
Hold time after 
Clock

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tPDPRCES

Clock Enable Setup 
before Read Clock 
Time

— 2.33 — 2.33 — 2.91 — 2.91 — 3.03 — ns

tPDPRCEH

Clock Enable Hold 
time after Read 
Clock Time

— -2.95 — -2.95 — -2.36 — -2.36 — -2.27 — ns

tPDPWCES

Clock Enable Setup 
before Write Clock 
Time

— 1.87 — 1.87 — 2.34 — 2.34 — 2.43 — ns

tPDPWCEH

Clock Enable Hold 
time after Write 
Clock Time

— -2.95 — -2.95 — -2.36 — -2.36 — -2.27 — ns

tPDPRADDS

Read Address 
Setup before Read 
Clock Time

— -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tPDPRADDH

Read Address Hold 
after Read Clock 
Time

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tPDPWADDS

Write Address 
Setup before Write 
Clock Time

— -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tPDPWADDH

Write Address Hold 
after Write Clock 
Time

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tPDPRWS
R/W Setup before 
Clock Time — -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns
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tPDPRWH
R/W Hold time after 
Clock Time — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tPDPDATAS
Data Setup before 
Clock Time — -0.27 — -0.27 — -0.22 — -0.22 — -0.21 — ns

tPDPDATAH
Data Hold time after 
Clock Time — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tPDPRCLKO
Read Clock to 
Output Delay — — 5.08 — 5.02 — 5.66 — 5.45 — 8.54 ns

tPDPCLKSKEW
Opposite Clock 
Cycle Delay — 1.40 — 1.40 — 1.76 — 1.76 — 1.83 — ns

tPDPRSTO
Reset to RAM 
Output Delay — — 3.30 — 3.30 — 4.13 — 4.13 — 4.29 ns

tPDPRSTR
Reset Recovery 
Time — 1.20 — 1.20 — 1.50 — 1.50 — 1.56 — ns

tPDPRSTPW Reset Pulse Width — 0.14 — 0.14 — 0.18 — 0.18 — 0.19 — ns

Dual Port RAM

tDPMSAS

Memory Select A 
Setup Before R/W A 
Time

— -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tDPMSAH

Memory Select 
Hold time after R/W 
A Time

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tDPCEAS

Clock Enable A 
Setup before Clock 
A Time

— 3.72 — 3.72 — 3.72 — 3.72 — 4.84 — ns

tDPCEAH

Clock Enable A 
Hold time after 
Clock A Time

— -2.95 — -2.95 — -2.95 — -2.95 — -2.27 — ns

tDPADDAS
Address A Setup 
before Clock A Time — -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tDPADDAH

Address A Hold 
time after Clock A 
Time

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tDPRWAS
R/W A Setup before 
Clock A Time — -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tDPRWAH
R/W A Hold time 
after Clock A Time — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tDPDATAAS
Write Data A Setup 
before Clock A Time — -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tDPDATAAH

Write Data A Hold 
time after Clock A 
Time

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tDPMSBS

Memory Select B 
Setup Before R/W B 
Time

— -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tDPMSBH

Memory Select 
Hold time after R/W 
B Time

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns
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tDPCEBS

Clock Enable B 
Setup before Clock 
B Time

— 2.33 — 2.33 — 2.33 — 2.33 — 3.03 — ns

tDPCEBH

Clock Enable Hold 
B after Clock B 
Time

— -2.95 — -2.95 — -2.95 — -2.95 — -2.27 — ns

tDPADDBS
Address B Setup 
before Clock B Time — -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tDPADDBH

Address B Hold 
time after Clock B 
Time

— -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tDPRWBS
R/W B Setup before 
Clock B Time — -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tDPRWBH
R/W B Hold time 
after Clock B Time — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tDPDATABS
Write Data B Setup 
before Clock B Time — -0.27 — -0.27 — -0.27 — -0.27 — -0.21 — ns

tDPDATABH
Write Data B Hold 
after Clock B Time — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns

tDPRCLKAO
Read Clock A to 
Output Delay — — 5.97 — 5.92 — 5.86 — 5.65 — 9.86 ns

tDPRCLKBO
Read Clock B to 
Output Delay — — 5.16 — 5.16 — 5.16 — 5.16 — 6.71 ns

tDPCLKSKEW
Opposite Clock 
Cycle Delay — 1.40 — 1.40 — 1.40 — 1.40 — 1.83 — ns

tDPRSTO
Reset to RAM 
Output Delay — — 3.30 — 3.30 — 3.30 — 3.30 — 4.29 ns

tDPRSTR
Reset Recovery 
Time — 1.20 — 1.20 — 1.20 — 1.20 — 1.56 — ns

tDPRSTPW Reset Pulse Width — 0.14 — 0.14 — 0.14 — 0.14 — 0.19 — ns

Timing v.1.8

1. The PT-delay to clock of RAM/FIFO/CAM should be tBCLK instead of tPTCLK.
2. The PT-delay to set/reset of RAM/FIFO/CAM should be tBSR instead of tPTSR.
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ispXPLD 5000MB (2.5V) Lead-Free Commercial Devices

ispXPLD 5000MB (2.5V) Lead-Free Industrial Devices

Device Part Number Macrocells Voltage (V) tPD (ns) Package
Pin/Ball 
Count I/O Grade

LC5256MB

LC5256MB-4FN256C 256 2.5 4.0 Lead-free fpBGA 256 141 C

LC5256MB-5FN256C 256 2.5 5.0 Lead-free fpBGA 256 141 C

LC5256MB-75FN256C 256 2.5 7.5 Lead-free fpBGA 256 141 C

LC5512MB

LC5512MB-45QN208C 512 2.5 4.5 Lead-free PQFP 208 149 C

LC5512MB-75QN208C 512 2.5 7.5 Lead-free PQFP 208 149 C

LC5512MB-45FN256C 512 2.5 4.5 Lead-free fpBGA 256 193 C

LC5512MB-75FN256C 512 2.5 7.5 Lead-free fpBGA 256 193 C

LC5512MB-45FN484C 512 2.5 4.5 Lead-free fpBGA 484 253 C

LC5512MB-75FN484C 512 2.5 7.5 Lead-free fpBGA 484 253 C

LC5768MB

LC5768MB-5FN256C 768 2.5 5.0 Lead-free fpBGA 256 193 C

LC5768MB-75FN256C 768 2.5 7.5 Lead-free fpBGA 256 193 C

LC5768MB-5FN484C 768 2.5 5.0 Lead-free fpBGA 484 317 C

LC5768MB-75FN484C 768 2.5 7.5 Lead-free fpBGA 484 317 C

LC51024MB

LC51024MB-52FN484C 1024 2.5 5.2 Lead-free fpBGA 484 317 C

LC51024MB-75FN484C 1024 2.5 7.5 Lead-free fpBGA 484 317 C

LC51024MB-52FN672C 1024 2.5 5.2 Lead-free fpBGA 672 381 C

LC51024MB-75FN672C 1024 2.5 7.5 Lead-free fpBGA 672 381 C

Device Part Number Macrocells Voltage (V) tPD (ns) Package
Pin/Ball 
Count I/O Grade

LC5256MB
LC5256MB-5FN256I 256 2.5 5.0 Lead-free fpBGA 256 141 I

LC5256MB-75FN256I 256 2.5 7.5 Lead-free fpBGA 256 141 I

LC5512MB

LC5512MB-75QN208I 512 2.5 7.5 Lead-free PQFP 208 149 I

LC5512MB-75FN256I 512 2.5 7.5 Lead-free fpBGA 256 193 I

LC5512MB-75FN484I 512 2.5 7.5 Lead-free fpBGA 484 253 I

LC5768MB
LC5768MB-75FN256I 768 2.5 7.5 Lead-free fpBGA 256 193 I

LC5768MB-75FN484I 768 2.5 7.5 Lead-free fpBGA 484 317 I

LC51024MB
LC51024MB-75FN484I 1024 2.5 7.5 Lead-free fpBGA 484 317 I

LC51024MB-75FN672I 1024 2.5 7.5 Lead-free fpBGA 672 381 I

ispXPLD 5000MV (3.3V) Lead-Free Commercial Devices 

Device Part Number Macrocells Voltage (V) tPD (ns) Package
Pin/Ball 
Count I/O Grade

LC5256MV

LC5256MV-4FN256C 256 3.3 4.0 Lead-free fpBGA 256 141 C

LC5256MV-5FN256C 256 3.3 5.0 Lead-free fpBGA 256 141 C

LC5256MV-75FN256C 256 3.3 7.5 Lead-free fpBGA 256 141 C

LC5512MV

LC5512MV-45QN208C 512 3.3 4.5 Lead-free PQFP 208 149 C

LC5512MV-75QN208C 512 3.3 7.5 Lead-free PQFP 208 149 C

LC5512MV-45FN256C 512 3.3 4.5 Lead-free fpBGA 256 193 C

LC5512MV-75FN256C 512 3.3 7.5 Lead-free fpBGA 256 193 C

LC5512MV-45FN484C 512 3.3 4.5 Lead-free fpBGA 484 253 C

LC5512MV-75FN484C 512 3.3 7.5 Lead-free fpBGA 484 253 C




