E ')( F l_ Lattice Semiconductor Corporation - LC5768VG-5F484C Datasheet

Details

Product Status
Programmable Type
Delay Time tpd(1) Max
Voltage Supply - Internal
Number of Logic Elements/Blocks
Number of Macrocells
Number of Gates
Number of I/O

Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

Understanding Embedded - CPLDs (Complex
Programmable Logic Devices)

Embedded - CPLDs, or Complex Programmable Logic
Devices, are highly versatile digital logic devices used in
electronic systems. These programmable components are
designed to perform complex logical operations and can
be customized for specific applications. Unlike fixed-
function ICs, CPLDs offer the flexibility to reprogram their
configuration, making them an ideal choice for various
embedded systems. They consist of a set of logic gates anc
programmable interconnects, allowing designers to
implement complex logic circuits without needing custom
hardware.

Applications of Embedded - CPLDs

Obsolete

In System Programmable
5ns

3V ~ 3.6V

24

768

304

0°C ~ 90°C (T))
Surface Mount
484-BBGA
484-FPBGA (23x23)

https://www.e-xfl.com/product-detail/lattice-semiconductor/Ic5768vg-5f484c

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/lc5768vg-5f484c-4478536
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-cplds-complex-programmable-logic-devices

Lattice Semiconductor iISpMACH 5000VG Family Data Sheet

Figure 1. Functional Block Diagram
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Overview

The ispMACH 5000VG devices consist of multiple SuperWIDE 68-input, 32-macrocell Generic Logic Blocks
(GLBs) interconnected by a tiered routing system. Figure 1 shows the functional block diagram of the ispMACH
5000VG. Groups of four GLBs, referred to as segments, are interconnected via a Segment Routing Pool (SRP).
Segments are interconnected via the Global Routing Pool (GRP.) Together the GLBs and the routing pools allow
designers to create large designs in a single device without compromising performance.

Each GLB has 68 inputs coming from the SRP and contains 163 product terms. These product terms form groups
of five product term clusters, which feed the PT sharing array or the macrocell directly. The ispMACH 5000VG
allows up to 160 product terms to be connected to a single macrocell via the product term expanders and PT Shar-
ing Array.

The macrocell is designed to provide flexible clocking and control functionality with the capability to select between
global, product term and block-level resources. The outputs of the macrocells are fed back into the switch matrices
and, if required, the syslO cell.

All'I/Os in the ispMACH 5000VG family are syslOs, which are split into four banks. Each bank has a separate 1/0
power supply and reference voltage. The syslO cells allow operation with a wide range of today’s emerging inter-
face standards. Within a bank, inputs can be set to a variety of standards, providing the reference voltage require-
ments of the chosen standards are compatible. Within a bank, the outputs can be set to differing standards,
providing the 1/0O power supply voltage and the reference voltage requirements of the chosen standard are compat-
ible. Support for this wide range of standards allows designers to achieve significantly higher board-level perfor-
mance compared to the more traditional LVCMOS standards.
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The ispMACH5000VG devices also contain sysCLOCK Phase Locked Loops (PLLs) that provide designers with
increased clocking flexibility. The PLLs can be used to synthesize new clocks for use on-chip or elsewhere within
the system. They can also be used to deskew clocks, again both at the chip and system levels. A variable delay line
capability further improves this and allows designers to retard or advance the clock in order to tune set-up and
clock-to-out times for optimal results. The ispMACH 5000VG Family Selection Guide (Table 1) details the key
attributes and packages for the ispMACH 5000VG devices.

ISpPMACH 5000VG Architecture

The ispMACH 5000VG Family of In-System Programmable High Density Logic Devices is based on segments con-
taining four Generic Logic Blocks (GLBs) and a hierarchical routing pool (GRP) structure interconnecting the seg-
ments. A segment routing pool (SRP) connects each GLB in a segment allowing the maximum flexibility and
speed.

Outputs from the GLBs drive the Segment Routing Pool (SRP) and the Global Routing Pool (GRP). Enhanced
switching resources are provided to allow signals in the Segment Routing Pool to drive any or all the GLBs in the
segment. Optimal switching is provided to allow all signals in the Global Routing Pool to be routed to any or all
SRPs. This mechanism allows fast, efficient connections across the entire device.

Segment

Each segment contains four GLBs and a segment routing pool (SRP). Each GLB has 32 internal feedback outputs
and 16 external feedback outputs, for a total of 48 outputs from each GLB feeding the SRP. The SRP contains up to
384 signals, 48 from each GLB and 192 from the GRP, with full routing capability. This routing scheme maximizes
the flexibility and speed of the device without sacrificing the routing.

Figure 2. Segment
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Each GLB contains 32 macrocells and a fully populated, programmable AND-array with 160 logic product terms
and three control product terms. The GLB has 68 inputs from the Segment Routing Pool, which are available in
both true and complement form for every product term. The three control product terms are used for shared reset,
clock and output enable functions. Figure 3 shows the structure of the GLB from the macrocell perspective. This is
referred to as a macrocell slice. There are 32 macrocell slices per GLB.

AND-Array

The programmable AND-Array consists of 68 inputs and 163 output product terms. The 68 inputs from the SRP are
used to form 136 lines in the AND-Array (true and complement of the inputs). Each line in the array can be con-
nected to any of the 163 output product terms via a wired AND. Each of the 160 logic product terms feed the Dual-
OR Array with the remaining three control product terms feeding the Shared PT Clock, Shared PT Reset and
Shared PT OE. Every set of five product terms from the 160 logic product terms forms a product term cluster start-
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Product Term Sharing Array

The Product Term Sharing Array (PTSA) consists of 32 inputs from the Dual-OR Array (Expandable PTSA OR) and
32 outputs directly to the macrocells. Each output is the OR term of any combination of the seven Expandable
PTSA OR terms connected to that output. Every Nth macrocell is connected to N-3, N-2, N-1, N, N+1, N+2 and
N+3 PTSA OR terms via a programmable connection. This wraps around the logic, Macrocell 0 gets its logic from
29, 30, 31, 0, 1, 2, 3. The Expandable PTSA OR used in conjunction with the PTSA allows wide functions to be
implemented easily and efficiently. Without using the Expandable PTSA OR capability, the greatest humber of
product terms that can be included in a single function with one pass of delay is 35. Figure 6 shows the graphical
representation of the PTSA.

Figure 6. Product Term Sharing Array
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The 32 registered macrocells in the GLB are driven by the 32 outputs from the PTSA or the PTSA bypass. Each
macrocell contains a programmable XOR gate, a programmable register/latch flip-flop and the necessary clocks
and control logic to allow combinatorial or registered operation.

The macrocells each have two outputs, which can be fed to the SRP, GRP and I/O cell. This dual or concurrent out-
put capability from the macrocell gives efficient use of the hardware resources. One output can be a registered
function for example, while the other output can be an unrelated combinatorial function. A direct register input from
the 1/0O cell facilitates efficient use of the macrocell to construct high-speed input registers.

Macrocell registers can be clocked from one of several global or product term clocks available on the device. A glo-
bal and product term clock enable is also provided, eliminating the need to gate the clock to the macrocell registers
directly. Reset and preset for the macrocell register is provided from both global and product term signals. The
macrocell register can be programmed to operate as a D-type register or a D-type latch. Figure 7 is a graphical rep-
resentation of the ispMACH 5000VG macrocell.
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Figure 8. 1/0 Cell
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The ispMACH 5000VG devices are divided into four syslO banks, where each bank is capable of supporting 14 dif-
ferent I/O standards. Each syslO bank has its own /O supply voltage (Vcco) and reference voltage (Vreg)
resources allowing each bank complete independence from the others. Each 1/0O within a bank is individually con-
figurable based on the Voo and Vigp settings. Table 2 lists the syslO standards with the typical values for Vo,

Vgeg and Vit

Table 2. ispMACH 5000VG Supported I/0O Standards

syslO Standard Veco VREE Vi
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 3.3 3.3V N/A N/A
PCI-X 3.3V N/A N/A
AGP-1X 3.3V N/A N/A
SSTL3, Class | &1l 3.3V 1.5v 1.5v
SSTL2, Class | & 1l 2.5V 1.25V 1.25V
CTT 3.3 3.3V 1.5v 1.5v
CTT 25 2.5V 1.25V 1.25V
HSTL, Class | 1.5v 0.75v 0.75v
HSTL, Class 11l 1.5v 0.9v 1.5v
GTL+ N/A 1.0v 1.5v
LVPECL, Differential* N/A N/A N/A
LvDS? N/A N/A N/A

1. LVDS and LVPECL are only supported on the dedicated clock pins.
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sysCLOCK PLL

The sysCLOCK PLL circuitry consists of Phase-Lock Loops (PLLs) and the various dividers, reset and feedback
signals associated with the PLLs. This feature gives the user the ability to synthesize clock frequencies and gener-
ate multiple clock signals for routing within the device. Furthermore, it can generate clock signals that are
deskewed either at the board level or the device level.

The ispMACH 5000VG devices provide two PLL circuits. PLLO receives its clock inputs from GCLK 0 and provides
outputs to CLK 0 (CLK 1 when using the secondary clock). PLL1 operates with signals from GCLK 3 and CLK 3
(CLK 2 when using the secondary clock). The PLL outputs (CLK_OUT) are routed via a dedicated net to a dedi-
cated pad. Further the buffers at these dedicated pads are regular I/O buffers that can select either the I/0O macro-
cell or the CLK_OUT (CLK_OUTO/CLK_OUT1) signal. The CLK_OUT nets are not routed through the GRP.
Additionally, there are two sets of signals used for external control. Each PLL has a set of PLL_RST, PLL_FBK and
PLL_LOCK signals. Figure 10 shows the ispMACH 5000VG PLL block diagram.

Figure 10. PLL Block Diagram
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In order to facilitate the multiply and divide capabilities of the PLL, each PLL has dividers associated with it: M, N
and K. The M divider is used to divide the clock signal, while the N divider is used to multiply the clock signal. The
K divider is only used when a secondary clock output is needed. This divider divides the primary clock output and
feeds to a separate global clock net. The V divider is used to provide lower frequency output clocks, while maintain-
ing a stable, high frequency output from the PLL's VCO circuit.

The PLL also has a delay feature that allows the output clock to be advanced or delayed to improve set-up and
clock-to-out times for better performance. This operates by inserting delay on the input or feedback lines in 0.5ns
increments from 0 to 3.5ns. For more information on the PLL, please refer to Technical Note TN1003: ispMACH
5000VG PLL Usage Guidelines .

Power Management

The ispMACH 5000VG devices provide unique power management controls. The devices have two power settings,
high power and low power, on a per node basis. Low power consumption is approximately 50% of high power con-
sumption with a timing delay adder (tLP) to the routing delay of the low power node. Each node can be configured
as either high power or low power. However, care should be taken when sharing product terms between nodes with
different power settings.

The ispMACH 5000VG devices also have a power-off feature for unused product terms. By default, any product
term that is not used is configured as such. This allows the device to operate at minimal power consumption with-
out affecting the timing of the design. For more information on power management, please refer to Technical Note
TN1002: Power Estimation in ispMACH 5000VG Devices.

10
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IEEE 1149.1-Compliant Boundary Scan Testability

All ispMACH 5000VG devices have boundary scan cells and are compliant to the IEEE 1149.1 standard. This
allows functional testing of the circuit board on which the device is mounted through a serial scan path that can
access all critical logic notes. Internal 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. The test access port has its own sup-
ply voltage and can operate with LVCMOS3.3, 2.5 and 1.8V standards.

syslO Quick Configuration

To facilitate the most efficient board test, the physical nature of the I/O cells must be set before running any continu-
ity tests. As these tests are fast, by nature, the overhead and time that is required for configuration of the I/Os’
physical nature should be minimal so that board test time is minimized. The ispMACH 5000VG family of devices
allows this by offering the user the ability to quickly configure the physical nature of the syslO cells. This quick con-
figuration takes milliseconds to complete, whereas it takes seconds for the entire device to be programmed. Lat-
tice's ispVYM™ System programming software can either perform the quick configuration through the PC parallel
port, or can generate the ATE or test vectors necessary for a third-party test system.

IEEE 1532-Compliant In-System Programming

In-system programming of devices provides a number of significant benefits including rapid prototyping, lower
inventory levels, higher quality and the ability to make in-field modifications. All ispMACH 5000VG devices provide
In-System Programming (ISP™) capability through their Boundary Scan Test Access Port. This capability has been
implemented in a manner that ensures that the port remains compliant to the IEEE 1532 standard. By using IEEE
1532 as the communication interface through which ISP is achieved, customers get the benefit of a standard, well-
defined interface.

The ispMACH 5000VG devices can be programmed across the commercial temperature and voltage range. The
PC-based Lattice software facilitates in-system programming of ispMACH 5000VG devices. The software takes the
JEDEC file output produced by the design implementation software, along with information about the scan chain,
and creates a set of vectors used to drive the scan chain. The software can use these vectors to drive a scan chain
via the parallel port of a PC. Alternatively, the software can output files in formats understood by common auto-
mated test equipment. This equipment can then be used to program ispMACH 5000VG devices during the testing
of a circuit board.

Security Bit

A programmable security bit is provided on the ispMACH 5000VG devices as a deterrent to unauthorized copying
of the array configuration patterns. Once programmed, this bit prevents readback of the programmed pattern by a
device programmer, securing proprietary design from competitors. The security bit also prevents programming and
verification. The entire device must be erased in order to erase the security bit.

Hot Socketing

The ispMACH 5000VG devices are well suited for those applications that require hot socketing capability. Hot sock-
eting a device requires that the device, when powered down, can tolerate active signals on the 1/Os and inputs with-
out being damaged. Additionally, it requires that the effects of the powered-down device be minimal on active
signals.

Density Migration

The ispMACH 5000 family has been designed to ensure that different density devices in the same package have
the same pin-out. Furthermore, the architecture ensures a high success rate when performing design migration
from lower density parts to higher density parts. In many cases, it is possible to shift a lower utilization design tar-
geted 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.

11
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DC Electrical Characteristics

Over Recommended Operating Conditions

Symbol Parameter Condition Min Typ Max | Units
e, gt | Input or I/O Leakage Current 0V =V)y = V|4 (MAX) — — | +-10 | uA
Vcco =33 | -30 — -150 uA
Ipy? 1/0 Weak Pull-up Resistor Current 0=VNy=0.7Vcco Veco=25| -20 — -150 uA
Veco=18 | -10 — -150 uA
Ipp2 1/0 Weak Pull-down Resistor Current | V| (MAX) = Vy = V|4 (MAX) 30 — 150 uA
IgqLs® | Bus Hold Low Sustaining Current VN = VL (MAX) 30 — — uA
Veco=33 | -30 — — uA
Iguns® | Bus Hold High Sustaining Current |V = 0.7 Veeo Veco=25 | -20 — — uA
Vcco =18 | -10 — — uA
lgHLo®> | Bus Hold Low Overdrive Current 0V =V)y = Vi (MAX) — — 150 uA
Iguno® | Bus Hold High Overdrive Current 0V = V|y = Vi (MAX) — — -150 uA
Icc®>*® | Operating Power Supply Current Vee = 3.3V — 380 — mA
VeHT Bus Hold Trip Points Vi . Viy v
(MAX) (MIN)
C, I/0O Capacitance® Vee =33V, Vio = 010 Vi (MAX) — 10 — pf
Vceo=3.3V, 25,18, 1.5
C, Clock Capacitance® Vee =33V, Vio = 010 Vi, (MAX) — 10 — pf
Veco=3.3Y,25,18,15
Cs Global Input Capacitance® Vee = 3.3V, Vip = 010 Vi (MAX) — 10 — pf
Vceo =3.3V, 25,18, 15

1. Input or I/O leakage current is measured with the pin configured as an input or as an I/O with the output driver tri-stated. It is not
measured with the output driver active. Bus maintenance circuits are disabled.

2. Only available for LVCMOS and LVTTL standards.

3.Tp =25°C, f = 1.0MHz.

4. Device configured with 16-bit counters.

5. Icc varies with specific device configuration and operating frequency.

13
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ISPMACH 51024VG External Switching Characteristics

Over Recommended Operating Conditions

-5 -75 -10 -12
Parameter Description*?? Min | Max | Min | Max | Min | Max | Min | Max | Units
tpD Data propagation delay, 5-PT bypass — 5.0 — 7.5 — 100 | — 12.0 ns
tpD_PTSA Data propagation delay, intrasegment path| — 6.0 — 9.0 — 115 — 135 ns
tpp_gLoBAL |Data propagation delay, intersegment path| — 6.5 — | 97| — | 130| — | 16.0| ns
GLB register setup time before clock,
ts 5-PT bypass 3.0 — 5.0 — 7.5 — 9.3 — ns
ts pTsa GLB register setup time before clock 3.0 — 6.0 — 8.5 — | 100 | — ns
GLB register setup time before clock, input
tsir register path 2.8 — 3.0 — 4.0 — 5.0 — ns
GLB register hold time before clock, 5-PT
th bypass 0.0 — 0.0 — 0.0 — 0.0 — ns
tH_pTSA GLB register hold time before clock 0.0 — 0.0 — 0.0 — 0.0 — ns
GLB register hold time before clock, input
tHIR reg. path 0.0 — 0.0 — 0.0 — 0.0 — ns
tco GLB register clock-to-output delay — 4.4 — 5.0 — 6.0 — 7.0 ns
tr External reset pin to output delay — 6.5 — 9.0 — 100 | — 10.9 ns
tRw External reset pulse duration 4.0 — 6.0 — 8.0 — 9.5 — ns
Input to output local product term output . . . .
tLPTOE/DlS enable/disable 7.0 9.75 115 13.4 ns
Input to output segment product term . . . .
tsPTOE/DIS output enable/disable 8.0 11.25 17.5 204 | ns
t{GOE/DIS Global OE input to output enable/disable — 6.2 — 7.5 — | 88 | — | 100 | ns
tcw Global clock width, high or low 1.6 — | 275 | — 3.6 — 43 — ns
Global gate width low (for low transparent) . . . .
tow or high (for high transparent) 18 215 36 43 ns
tWiR Input register clock width, high or low 1.8 — 275 | — 3.6 — 4.3 — ns
; Clock-to-out skew, block level — | 025 — |03 | — | 045 | — | 055 ns
SKEW Clock-to-out skew, segment level — 0.4 — 0.5 — 0.6 — 0.7 ns
fvax” Clock frequency with internal feedback 1786 | — |1170| — 87.0 | — 730 | — | MHz
Clock frequency with external feedback,
fuax (Ext.) 1/ (ts_proa * too) 1351 — | 909 | — |690| — |588 | — | MHz
fuax (Tog.)  [Clock frequency max Toggle 3125 — |1810| — |138.0| — |[116.0| — | MHz
Timing v.1.10

1. Timing numbers are based on default LVCMOS 3.3 I/O Buffers. Use timing adjusters provided to calculate timing for other standards.

2. Measured using standard switching circuit, assuming segment and 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 SRP feedback.
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Timing Model

The task of determining the timing through the ispMACH 5000VG family, like any CPLD, is relatively simple. The
timing model provided in Figure 11 shows the specific delay paths. Once the implementation of a given function is
determined either conceptually or from the software report file, the delay path of the function can easily be deter-
mined from the timing model. The Lattice design tools report the timing delays based on the same timing model for
a particular design. Note that the internal timing parameters are given for reference only, and are not tested. The
external timing parameters are tested and guaranteed for every device. For more information on the timing model
and usage, please refer to Technical Note TN1001: ispMACH 5000VG Timing Model Design and Usage Guidelines.

Figure 11. ispMACH 5000VG Timing Model
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ISPMACH 5768VG Internal Timing Parameters (Continued)

Over Recommended Operating Conditions

-5 -75 -10 -12
Parameter Description Min | Max | Min | Max | Min | Max | Min | Max | Units
tesr Block PT Set/Reset Delay — |2.00| — |[3.00| — |400| — |4.80| ns
tpTsR Macrocell PT Set/Reset Delay — |200| — |3.00] — |(400| — [480| ns
tspTOE Segment PT OE Delay — |240| — 360 — |7.75| — |9.10| ns
tpTOE Macrocell PT OE Delay — |140| — |220| — |1.75| — |2.10| ns
Notes: Timing v.1.20

1. Internal Timing Parameters are not tested and are for reference only. Refer to Timing Model in this data sheet for further details.
2. tpyL_pELAY IS the unitincrement by which the clock signal can be incremented. The PLL can adjust the clock signal by up to 3.5ns in either
direction in units of 0.5ns for each step.

ISPMACH 51024VG Internal Timing Parameters

Over Recommended Operating Conditions

-5 -75 -10 -12

Parameter Description Min | Max | Min | Max | Min | Max | Min | Max | Units
In/Out Delays
tiN Input Buffer Delay — |065| — (095 — |125| — |140| ns
toCLK N Global Clock Input Buffer Delay — |065| — |095| — |125| — [1.40| ns
tgoE Global OE Pin Delay — |405| — 500 — |6.00| — |7.00| ns
tsUE Delay through Output Buffer — |115| — 150 — |1.75| — |190| ns
ten Output Enable Time — |215| — |250| — |2.85| — [3.00| ns
tois Output Disable Time — |215| — 250 — |285| — |3.00| ns
trRsTh Global RESETbar Pin Delay — |460| — 650 — |7.00| — |7.50| ns
Routing Delays
tROUTE Delay through SRP — |280| — |420| — |565| — [6.90| ns
tpTsA Product Term Sharing Array Delay — |040| — |185| — |235| — |250| ns
tppB 5-PT Bypass Propagation Delay — |040| — |085| — |[135| — |1.80| ns
tppi Macrocell Propagation Delay — |100| — |050| — |050| — |0.80| ns
tINREG Input Buffer to Macrocell Register Delay — |300| — |305| — |350| — |440| ns
teRK Internal Feedback Delay — |0.00| — |000| — |0.00| — [0.00| ns
tecLk Global Clock Tree Delay — |085| — |0.70| — |055| — |0.65| ns
tpLL DELAY Programmable PLL Delay Increment — |050| — |050| — |050| — |0.50| ns
tpLL SEC DELAY g?j(tjglijctmal Delay When Using Secondary PLL — loeol — loeol — loeo!l — loeo!l ns
tGrP Global Routing Pool Delay — |150| — |225| — |3.00| — [4.00| ns
Register/Latch Delays
ts D-Register Setup Time 065| — |065| — |105| — |125| — ns
ts p1 D-Register Setup Time with PT Clock 065| — |065| — |105| — |125| — ns
ty D-Register Hold Time 0.00| — |000| — |0.00| — |0.00| — ns
tsT T-Register Setup Time 115 — (115 — |155| — |175| — ns
tsT pT T-Register Setup Time with PT Clock 115 — 115 — [155| — |1.75| — ns
tyT T-Register Hold Time 000 — (000 — [0.00| — |0.00| — ns
tcoi Register Clock to Output/Feedback MUX Time — |175| — |185| — |245| — |3.05| ns
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ISPMACH 51024VG Internal Timing Parameters (Continued)

Over Recommended Operating Conditions

-5 -75 -10 -12

Parameter Description Min | Max | Min | Max | Min | Max | Min | Max | Units
tces Clock Enable Setup Time 260 — [390| — [505| — [595| — ns
tceH Clock Enable Hold Time 060 — [090| — [1.20| — |145| — ns
tsL Latch Setup Time 280 — [420| — [550| — |6.60| — ns
tsL_pT Latch Setup Time with PT Clock 280 — [420| — |[550| — |6.60| — ns
th Latch Hold Time 000 — (000 — [0.00| — |0.00| — ns
tgoi Latch Gate to Output/Feedback MUX Time — |175| — 250 — |350| — |450| ns
too, Propagation Delay thiough Transparent Lalch © | |5 49| — |350| — [400| — [450| ns
ter Q%IQCS;?Q;US Reset or Set to Output/Feedback | _ | n76| _ |100| — |125| — |150!| ns
tsrr Asynchronous Reset or Set Recovery Delay — |1.00| — |150| — |2.00| — [250| ns
Control Delays
tecLk GLB PT Clock Delay — |310| — |[465| — |6.00] — |7.00| ns
tpTCLK Macrocell PT Clock Delay — |300| — (450 — |6.00| — |7.00| ns
tesr Block PT Set/Reset Delay — |200| — 300 — |400| — |480| ns
tpTsr Macrocell PT Set/Reset Delay — |200| — |3.00| — |(400| — [4.80| ns
tspTOE Segment PT OE Delay — |240| — (360 — |7.75| — |9.10| ns
tpTOE Macrocell PT OE Delay — |140| — |210| — |1.75| — |2.10| ns
Notes: Timing v.1.10

1. Internal Timing Parameters are not tested and are for reference only. Refer to Timing Model in this data sheet for further details.
2. tpLL_pELAY is the unit increment by which the clock signal can be incremented. The PLL can adjust the clock signal by up to 3.5ns in either
direction in units of 0.5ns for each step.
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SsysCLOCK PLL Timing

Over Recommended Operating Conditions?

Symbol Parameter Conditions Min Max Units
trtE Input clock, rise and fall time 20% to 80% — 3.0 ns
tiNSTR Input clock stability, period jitter (peak)* — — +/- 200 ps
tpwH Input clock, high time — 1.6 — ns
thwiL Input clock, low time — 1.6 — ns
fMDIVIN M Divider input, frequency range — 5 180 MHz
fubivouT M Divider output, frequency range — 5 180 MHz
fvDIvVIN V Divider input, frequency range — 60 200 MHz
fypivouT V Divider output, frequency range — 5 180 MHz
touTpuTY Output clock, duty cycle — 40 60 %

) 5MHZCE?“:DF,Q\?;ETZC§6MHZ — | *h2004 s
tirco) Output clock, cycle to cycle jitter (peak)
Clean Reference, . +/- 100 ps
80MHz = fypivouT = 180MHz
) , 5MHZCE?“:DF,Q\?;ETZC§6MHZ — | *h200 s
i) Output clock, accumulated phase jitter (peak)
Clean Reference, . +/- 100 ps
80MHz = fypivouT = 180MHz
tcLk_ouT puy |Input clock to CLK_OUT delay Internal feedback — 1 ns
t Input clock to external feedback delta External feedback — 500 ps
t ock Time to acquire phase lock after input stable — — 30 us
tpLL DELAY Delay increment — +/-0.35 | +/-0.65 ns
tRANGE Total output delay range — +/-2.45 | +/-4.55 ns
tpLL_RSTR Reset recovery time of the M-divider — 11.0 — ns
tpLL RSTW Minimum reset pulse width — 6.0 — ns
1. TF]is condition assures that the output phase jitter () will remain within specification.
2. Accumulated jitter measured over 10,000 waveform samples.
Boundary Scan Timing Specifications
Symbol Parameter Min. Max. Units
tgTcp TCK [BSCAN test] clock cycle 40 — ns
tsTCH TCK [BSCAN test] pulse width high 20 — ns
tgTcL TCK [BSCAN test] pulse width low 20 — ns
tgTsu TCK [BSCAN test] setup time 8 — ns
taTH TCK [BSCAN test] hold time 10 — ns
tBRE TCK [BSCAN test] rise and fall time 50 — mV/ns
tsTco TAP controller falling edge of clock to valid output — 10 ns
tgTOZ TAP controller falling edge of clock to data output disable — 10 ns
tsTvo TAP controller falling edge of clock to data output enable — 10 ns
tsvTCPSU BSCAN test Capture register setup time 8 — ns
tsTCPH BSCAN test Capture register hold time 10 — ns
tsTuCO BSCAN test Update reg, falling edge of clock to valid output — 25 ns
tsTUOZ BSCAN test Update reg, falling edge of clock to output disable — 25 ns
tsTUOV BSCAN test Update reg, falling edge of clock to output enable — 25 ns
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ISPMACH 5768VG Logic Signal Connections (Continued)

Bank 256 484 Bank 256 484
No. Signal fpBGA fpBGA No. Signal fpBGA fpBGA
3 4B-24 Gl1 M19 3 5A-24 C15 Cc22
3 4B-26 F11 M21 3 5A-22 D14 C18
3 4B-28 F10 L19 3 5A-20 Al4 C19
3 4B-30/CLK_OUT1 B11l L20 3 5A-18 C13 D17
3 GNDIO3 GND GND 3 5A-16 B13 Cc21
3 4A-30 NC M17 3 5A-14 NC NC
3 4A-28 NC M22 3 5A-12 NC NC
3 4A-26 NC K20 3 GNDIO3 GND GND
3 4A-24 NC L18 3 5A-10 NC NC
3 4A-22 NC L21 3 5A-8 NC NC
3 4A-20 NC K19 3 5A-6 NC B22
3 4A-18 NC L22 3 5A-4 NC D18
3 4A-16 NC K17 3 5A-2 NC B20
3 4A-14 E13 K22 3 5A-0 NC F17
3 4A-12 B12 L17 3 5D-0 NC B19
3 GNDIO3 GND GND 3 5D-2 NC C17
3 4A-10 E15 K21 3 GNDIO3 GND GND
3 4A-8 D15 K18 3 5D-4 NC A21
3 4A-6 NC Ji7 3 5D-6 NC D15
3 4A-4 NC J19 3 5D-8 NC A20
3 4A-2 D16 J22 3 5D-10 NC C16
3 4A-0 E12 J21 3 5D-12 NC Al9
3 5B-0 NC H19 3 5D-14 NC F16
3 5B-2 NC H20 3 5D-16 NC B16
3 5B-4 NC H17 3 5D-18 NC D14
3 5B-6 NC H18 3 5D-20 NC Al8
3 5B-8 NC H22 3 5D-22 A13 F15
3 5B-10 NC H21 3 5D-24 Al12 Al7
3 GNDIO3 GND GND 3 5D-26 All B15
3 5B-12 NC G20 3 GNDIO3 GND GND
3 5B-14 NC G22 3 5D-28 Al10 Al6
3 5B-16 NC G17 3 5D-30 C11 F14
3 5B-18 NC G21 3 5C-0 A9 C15
3 5B-20 NC F19 3 5C-2 D12 D13
3 5B-22 NC F20 3 5C-4 D11 E15
3 5B-24 A16 F22 3 5C-6 B10 F13
3 5B-26 B15 E22 3 5C-8 B9 B14
3 5B-28 Al5 E19 3 5C-10 E1l E13
3 5B-30 D13 E20 3 5C-12/VREF3 A8 A15
3 5A-30 B14 D22 3 5C-14 D10 D12
3 5A-28 B16 D21 3 5C-16 E10 Al4
3 GNDIO3 GND GND 3 5C-18 A7 B13
3 5A-26 C16 D20 3 GNDIO3 GND GND
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ISPMACH 51024VG Logic Signhal Connections (Continued)

Bank 484 676 Bank 484 676
No. Signal fpBGA | fpBGA No. Signal fpBGA | fpBGA
0 1A-30 K5 M3 1 2A-18 NC AA2
0 GNDIOO GND GND 1 2A-16 NC AA3
0 1B-30/CLK_OUTO N1 M2 1 2A-14 NC AB1
0 1B-28 M2 M1 1 2A-12 NC AB2
0 1B-26 P1 N6 1 GNDIO1 GND GND
0 1B-24 L4 N5 1 2A-10 NC AA5
0 1B-22 N2 N4 1 2A-8 NC AB3
0 1B-20 M3 N3 1 2A-6 NC AC1
0 1B-18 L5 N2 1 2A-4 NC AB4
0 1B-16 R1 N1 1 2A-2 NC AC2
0 1B-14 P2 P6 1 2A-0 NC AD1
0 1B-12 N3 P4 1 3B-0 R5 AC3
0 GNDIOO GND GND 1 3B-2 T2 AD2
0 1B-10 M6 P3 1 3B-4 T5 AE1
0 1B-8 M5 P2 1 3B-6 T3 AD3
0 1B-6/PLL_RSTO M4 P1 1 3B-8 Ul AE2
0 1B-4/PLL_FBKO N4 R4 1 3B-10 u4 AC5
0 1B-2 N6 R3 1 GNDIO1 GND GND
0 1B-0 N5 R2 1 3B-12 Vi AF1
1 2B-0 NC R1 1 3B-14 U3 AD4
1 2B-2 NC T1 1 3B-16 V5 AE3
1 2B-4 NC T3 1 3B-18 V2 AC6
1 2B-6 NC T2 1 3B-20 w1 AF2
1 2B-8 NC Ul 1 3B-22 V3 AG1
1 2B-10 NC u2 1 3B-24 w2 AF3
1 GNDIO1 GND GND 1 3B-26 Y1 AG2
1 2B-12 NC u3 1 3B-28 Y2 AH1
1 2B-14 NC u4 1 3B-30 W3 AE5
1 2B-16 NC Vi 1 3A-30 AA3 AF4
1 2B-18 NC V2 1 3A-28 w4 AG3
1 2B-20 NC V3 1 GNDIO1 GND GND
1 2B-22 NC V4 1 3A-26 W5 AEG6
1 2B-24 NC w1l 1 3A-24 Y4 AH2
1 2B-26 NC V6 1 3A-22 T6 AJl
1 2B-28 NC w2 1 3A-20 Y5 AG4
1 2B-30 NC w3 1 3A-18 U6 AF6
1 GNDIO1 GND GND 1 3A-16 AA4 AG5
1 2A-30 NC Y1 1 3A-14 NC AH4
1 2A-28 NC W5 1 3A-12 NC AJ3
1 2A-26 NC Y2 1 GNDIO1 GND GND
1 2A-24 NC Y3 1 3A-10 NC AK2
1 2A-22 NC AAl 1 3A-8 NC AES8
1 2A-20 NC Y4 1 3A-6 W6 AH5
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ISPMACH 51024VG Logic Signhal Connections (Continued)

Bank 484 676 Bank 484 676
No. Signal fpBGA | fpBGA No. Signal fpBGA | fpBGA
1 3A-4 V4 AJ4 2 4C-20 AA12 AJ20
1 3A-2 u7 AK3 2 GNDIO2 GND GND
1 3A-0 AB2 AK4 2 4C-18 Y13 AK21
1 3D-0 V7 AJ5 2 4C-16 AB13 AH20
1 3D-2 AA5 AH6 2 4C-14 W13 AF19
1 GNDIO1 GND GND 2 4C-12/VREF2 AA13 AJ21
1 3D-4 AB3 AF8 2 4C-10 u13 AG20
1 3D-6 Y6 AG7 2 4C-8 AB14 AK22
1 3D-8 AB4 AK5 2 4C-6 V13 AH21
1 3D-10 Y7 AJ6 2 4C-4 AAl14 AJ22
1 3D-12 AB5 AH7 2 4C-2 ul4 AK23
1 3D-14 V8 AK6 2 4C-0 AB15 AH22
1 3D-16 AA7 AJ7 2 4D-30 Y15 AJ23
1 3D-18 Y8 AH8 2 4D-28 AB16 AK24
1 3D-20 AB6 AG9 2 GNDIO2 GND GND
1 3D-22 w8 AK7 2 4D-26 AA15 AF21
1 3D-24 AA8 AF10 2 4D-24 w14 AG22
1 3D-26 Y10 AJ8 2 4D-22 AB17 AH23
1 GNDIO1 GND GND 2 4D-20 Y16 AJ24
1 3D-28 us AH9 2 4D-18 AA16 AK25
1 3D-30 AB7 AK8 2 4D-16 Y17 AH24
1 3C-0 u9 AJ9 2 4D-14 AB18 AJ25
1 3C-2 AA9 AH10 2 4D-12 V15 AK26
1 3C-4 W9 AK9 2 4D-10 AB19 AJ26
1 3C-6 AB8 AG1l1 2 4D-8 W15 AH25
1 3C-8 ul10 AJ10 2 4D-6 AB20 AG24
1 3C-10 AB9 AF12 2 4D-4 AA18 AF23
1 3C-12 V11 AH11 2 GNDIO2 GND GND
1 3C-14/VREF1 AA10 AK10 2 4D-2 u15 AK27
1 3C-16 V10 AJ11l 2 4D-0 w17 AK28
1 3C-18 AB10 AK11 2 4A-0 Ul6 AJ27
1 GNDIO1 GND GND 2 4A-2 AA19 AH26
1 3C-20 w10 AH12 2 4A-4 V16 AE23
1 3C-22 W11 AJ12 2 4A-6 AB21 AK29
1 3C-24 Uil AK12 2 4A-8 NC AJ28
1 3C-26 AAl1l AH13 2 4A-10 NC AH27
1 3C-28 V12 AJ13 2 GNDIO2 GND GND
1 3C-30 AB11 AK13 2 4A-12 NC AG26
2 4C-30 w12 AK18 2 4A-14 NC AF25
2 4C-28 Y11 AK19 2 4A-16 Y18 AJ29
2 4C-26 Y12 AJ19 2 4A-18 w18 AG27
2 4C-24 AB12 AH19 2 4A-20 AA20 AJ30
2 4C-22 U1z AK20 2 4A-22 W19 AH29
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ISPMACH 51024VG Logic Signhal Connections (Continued)

Bank 484 676 Bank 484 676
No. Signal fpBGA | fpBGA No. Signal fpBGA | fpBGA
2 4A-24 Y19 AE25 2 5B-24 NC V26
2 4A-26 V19 AG28 2 5B-22 NC V27
2 GNDIO2 GND GND 2 5B-20 NC V28
2 4A-28 Y21 AF27 2 5B-18 NC V29
2 4A-30 W20 AE26 2 5B-16 NC V30
2 4B-30 AA22 AH30 2 5B-14 NC u25
2 4B-28 w21 AG29 2 5B-12 NC u27
2 4B-26 Y22 AF28 2 GNDIO2 GND GND
2 4B-24 V20 AG30 2 5B-10 NC u28
2 4B-22 v21 AF29 2 5B-8 NC u29
2 4B-20 w22 AC25 2 5B-6 NC uU30
2 4B-18 V18 AE28 2 5B-4 NC T27
2 4B-16 u20 AF30 2 5B-2 NC T28
2 4B-14 V22 AD27 2 5B-0 NC T29
2 4B-12 u19 AE29 3 6B-0 R21 T30
2 GNDIO2 GND GND 3 6B-2 T22 R29
2 4B-10 u17 AC26 3 6B4/PLL_FBK1 P21 R27
2 4B-8 u22 AD28 3 6B6/PLL_RST1 N20 R28
2 4B-6 T20 AE30 3 6B-8 R22 R30
2 4B-4 T21 AD29 3 6B-10 N21 P30
2 4B-2 T17 AC28 3 GNDIO3 GND GND
2 4B-0 R20 AD30 3 6B-12 M18 P29
2 5A-0 NC AC29 3 6B-14 N19 P28
2 5A-2 NC AB27 3 6B-16 P22 P27
2 5A-4 NC AC30 3 6B-18 M20 N30
2 5A-6 NC AB28 3 6B-20 N22 N29
2 5A-8 NC AA26 3 6B-22 N17 N28
2 5A-10 NC AB29 3 6B-24 M19 N27
2 GNDIO2 GND GND 3 6B-26 M21 N25
2 5A-12 NC AB30 3 6B-28 L19 M30
2 5A-14 NC AA28 3 6B-30/CLK_OUT1 L20 M29
2 5A-16 NC AA29 3 GNDIO3 GND GND
2 5A-18 NC AA30 3 6A-30 M17 M28
2 5A-20 NC Y27 3 6A-28 M22 L30
2 5A-22 NC Y28 3 6A-26 K20 M26
2 5A-24 NC Y29 3 6A-24 L18 L29
2 5A-26 NC W26 3 6A-22 L21 L28
2 5A-28 NC Y30 3 6A-20 K19 L27
2 5A-30 NC w28 3 6A-18 L22 K30
2 GNDIO2 GND GND 3 6A-16 K17 K29
2 5B-30 NC W29 3 6A-14 K22 K28
2 5B-28 NC W30 3 6A-12 L17 J30
2 5B-26 NC V25 3 GNDIO3 GND GND
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ISPMACH 51024VG Logic Signhal Connections (Continued)

Bank 484 676 Bank 484 676
No. Signal fpBGA | fpBGA No. Signal fpBGA | fpBGA

3 6A-10 K21 J29 3 GNDIO3 GND GND
3 6A-8 K18 K26 3 7D-4 A21 E23
3 6A-6 J17 J28 3 7D-6 D15 D24
3 6A-4 J19 H30 3 7D-8 A20 C25
3 6A-2 J22 J27 3 7D-10 C16 A26
3 6A-0 J21 H29 3 7D-12 A19 B25
3 7B-0 H19 G30 3 7D-14 F16 C24
3 7B-2 H20 H28 3 7D-16 B16 A25
3 7B-4 H17 G29 3 7D-18 D14 B24
3 7B-6 H18 F30 3 7D-20 Al8 Cc23
3 7B-8 H22 G28 3 7D-22 F15 D22
3 7B-10 H21 H26 3 7D-24 Al7 A24
3 GNDIO3 GND GND 3 7D-26 B15 E21
3 7B-12 G20 F29 3 GNDIO3 GND GND
3 7B-14 G22 G27 3 7D-28 Al16 B23
3 7B-16 G17 E30 3 7D-30 F14 Cc22
3 7B-18 G21 F28 3 7C-0 C15 A23
3 7B-20 F19 H25 3 7C-2 D13 B22
3 7B-22 F20 E29 3 7C-4 E15 c21
3 7B-24 F22 D30 3 7C-6 F13 A22
3 7B-26 E22 E28 3 7C-8 B14 D20
3 7B-28 E19 D29 3 7C-10 E13 B21
3 7B-30 E20 C30 3 7C-12/VREF3 Al5 E19
3 7A-30 D22 F26 3 7C-14 D12 C20
3 7A-28 D21 E27 3 7C-16 Al4 A21
3 GNDIO3 GND GND 3 7C-18 B13 B20
3 7A-26 D20 D28 3 GNDIO3 GND GND
3 TA-24 Cc22 F25 3 7C-20 Al3 A20
3 7A-22 C18 C29 3 7C-22 B12 C19
3 7A-20 C19 B30 3 7C-24 C13 B19
3 7A-18 D17 D27 3 7C-26 Al2 Al9
3 7A-16 c21 E25 3 7C-28 C12 B18
3 7A-14 NC D26 3 7C-30 All Al18
3 7A-12 NC c27 — GCLKO P6 R5
3 GNDIO3 GND GND — GCLK1 R6 T6
3 7A-10 NC B28 — GCLK2 P17 R25
3 7A-8 NC A29 — GCLK3 P19 P26
3 7A-6 B22 F23 — GOEO R18 T26
3 TA-4 D18 C26 — GOE1l R17 R26
3 TA-2 B20 B27 — RESETB R19 T25
3 7A-0 F17 A28 — TCK R3 us
3 7D-0 B19 A27 — TDI R2 T5
3 7D-2 C17 B26 — TDO R4 V5
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ISPMACH 51024VG Logic Signal Connections (Continued)

Bank 484 676
No. Signal fpBGA | fpBGA
— T™MS T1 T4
— TOE T18 u26
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Signal Configuration
iSpPMACH 5768VG and 51024VG 484-ball fpBGA
22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

A o/ ol A
GND| I/O | /O | /O | /O | /O | IO VREF3 /o [ WO | WO | WO | IO VREFO /o | /O | /O | /O | /O | /O | 1/O |GND

B 110 |vcC| /o | 110 |vecos|veC| 1O | WO | O | WO | /O | VO | WO | /O | /O | /O |VCC |vccoo| /O | /O |vCC| /o | B

C |wo|wo|eND| o |wo | vo |wo | o |vec| o [wo | vo | wo |vee| o | vo | o | wo | wo |GND| o | wo | C

D 1o | o | vo |GND| /o | 1O |vecos| /o | WO | WO | WO | WO | 1o | 1O | 1O |vecoo| 1O | WO |GND| o | Vo | o | D

E /0 [vCCO3| |/O 1/0 [ VCC |vcco3| GND| 1/0 |vccos| 1/O 1/0 110 1/0 |vccoo| /O | GND |vecoo| VCC | I/O 1/0 [vccoo| I/0 E

F 1o [vec| 1o | o |vecos| 1o | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO | 1O |vccoo| 11O | 1O [vee| Wo | F

G | /O | VO | /O |vccos| GND| /O | GND|GND|GND | GND|GND | GND | GND | GND [GND |GND| /0 |GND |vccoo| 110 | 11O | 1O | G

H /O | /O | /O | /O | I/O | /O |GND|GND|GND|GND|GND |GND [GND|GND|GND|GND| I/O | /IO | /O [ WO | 1o | 1o | H

J I/0 | 1o |vCC| 11O |vccos| /O | GND|GND|GND | GND|GND | GND | GND | GND |GND |GND| 1/0 |vecoo| o [vec| o | o | I

K /o | o | 1O | VO | 11O | /O | GND|GND|GND | GND|GND |GND |GND|GND|GND|GND| /0 | 110 | o | 1o | o | o | K

L |wo|wo |[YO| yo | o | o |cnopi GND|GND | GND|GND | GND | GND | GND| GND |vecrolenoro| 110 | 110 | 110 | vo | o | L

CLK_OUTY|

110/

PLL_RSTO

N | vo | wo | " | yo |vecri| 1o | GND|GND|GND | GND|GND |GND |GND|GND |GND|GND| 10 | 1o | YO/ | o | o | VO

PLL_RST1 PLL_FBKO| CLK_OUT!(

M /O | 11O | 1O | 1O | 11O | 110 | GND|GND|GND|GND|GND |GND [GND|GND|GND|GND| /0 | I/O W [ wo | | M

P | o | YO/ |vcce |eoiks|vecoz| aoike| GND | GND | GND | GND| GND | GND | GND | GND | GND | GND |ecLkolvecor|veca| vee | o | 1o | P

PLL_FBK1|

R /0 | 1/O | I/O [RESETB|GOEO|GOE1| GND|GND|GND [ GND|GND | GND | GND | GND |GND | GND |GCLK1| I/O |TDO |TCK | TDI | /O | R

T /0 | 10 | /O [GND|TOE| 1/0 | GND|GND|GND|GND|GND |GND [GND|GND|GND|GND| I/O | I/O [GND| I/O | /O |TMS| T

U [ I/O |vcC| IO | 10 |vccoz| O | /O [ /O | WO | /O | WO | 11O | VO | WO | VO | O | /O |vccoa| /O | /O |VCC | 1O | U

Vv 110 | 110 110 110 1/0 |vccoz| 11O | 11O |vccoz| 110 110 110 110 |vccoi|l 11O | /O |vccoa| /O | 1/O 110 /o | 110 | V

W | /O [ 1/O |10 |[1/O | l/O | /O |GND| /O | /O |[1/O | l/O | I/O |1/O [ I/O | /O |GND| /O | /O | /O |[O |10 |10 |W

Y | 1o | 1O |vecoz| 11O | 1O | WO | O | WO [VCC| o | 1O | 1O | Yo |VCC| /o | O o | 1o | o |vecoi| o | o | Y

AA | 1o [vec| o |0 | vo |vec| o | o | wo | YO | yo | wo [ YO | wo | o | wo |vec | o | 1o | 1o |vee | Nct |AA
VREF2 VREF1

AB |GND| /o | /O [ /O | /O | /O [ /O | /O | WO | /O | VO | O | /O | WO | /O | WO | /O | /O | /O | /O | IO |GND|AB

22 21 20 19 18 17 16 15 14 13 12 11 100 9 8 7 6 5 4 3 2 1

ISPMACH 5768VG and 51024VG pimenmomve

Bottom View

1. NCs are not to be connected to any active signals, VCC or GND.

Note: Ball Al indicator dot on top side of package.
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Part Number Description

LC XXXXXVG — XX EXXX X XX

Device Family 4—,_

Device Number
5768 = 768 Macrocells
51024 = 1,024 Macrocells

Speed
5=5.0ns
75 =7.5ns
10 =10ns
12 = 12ns*

*Industrial grade only.

Ordering Information

—I_— Device Status

Blank = Final production
ES = Engineering Samples

Grade
C = Commercial
| = Industrial

Package
F256 = 256-Ball fpBGA
F484 = 484-Ball f{pBGA
F676 = 676-Ball fpBGA

0212/ispm5vg

Commercial
Part Number Package Pin Count | Macrocells Tpd \Voltage
LC51024VG-5F484C fpBGA 484 1024 5 3.3
LC51024VG-75F484C fpBGA 484 1024 7.5 3.3
LC51024VG-10F484C fpBGA 484 1024 10 3.3
LC51024VG-5F676C fpBGA 676 1024 5 3.3
LC51024VG-75F676C fpBGA 676 1024 7.5 3.3
LC51024VG-10F676C fpBGA 676 1024 10 3.3
LC5768VG-5F256C fpBGA 256 768 5 3.3
LC5768VG-75F256C fpBGA 256 768 7.5 3.3
LC5768VG-10F256C fpBGA 256 768 10 3.3
LC5768VG-5F484C fpBGA 484 768 5 3.3
LC5768VG-75F484C fpBGA 484 768 7.5 3.3
LC5768VG-10F484C fpBGA 484 768 10 3.3

Note: the ispMACH 5000VG family is dual-marked with both Commercial and Industrial grades. The Commercial speed grade
is one speed grade faster (i.e. LC51024VG-75F484C) than the Industrial speed grade (i.e. LC51024VG-10F484l).
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