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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
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ispXPLD 5000MX Family

3.3V, 2.5V and 1.8V In-System Programmable
eXpanded Programmable Logic Device XPLD™ Family

February 2010

Data Sheet

Features

B Flexible Multi-Function Block (MFB)

Architecture

e SuperWIDE™ logic (up to 136 inputs)

* Arithmetic capability

* Single- or Dual-port SRAM
* FIFO

» Ternary CAM

B sysCLOCK™ PLL Timing Control
* Multiply and divide between 1 and 32

* Clock shifting capability

» External feedback capability

B syslO™ 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
SSTL2,3(1&1ll)
HSTL (1, 1, 1V)
PCIl 3.3
GTL+
LvDS
LVPECL
LVTTL

Table 1. ispXPLD 5000MX Family Selection Guide

B Expanded In-System Programmability (ispXP™)
* Instant-on capability
* Single chip convenience
* In-System Programmable vianlEEE 1532

Interface

* Infinitely reconfigurable via IEEE 1532 or sys-
CONFIGI™ microprocessor interface
* Design security

B High Speed Operation
* 4.0ns pin-to-pin-delays, 300MHZz fyyax
» Deterministic timing

B Low Power Consumption
* Typical static powef; 20 t0- 50mA«(1.8V),

30 to 60mA (2.5/3.3V)
*1:8V core for [owrdynamic power

B Easy System Integration
* 3.3V (5000MV), 2.5V (5000MB) and 1.8V
(5000MC).power supply operation
e 5Violerant I/O for LVCMOS 3.3 and LVTTL

interfaces
IEEE 11491 interface for boundary scan testing
syslO quick configuration
Density migration

Multiple density and package options
PQFP and fine pitch BGA packaging
Lead-free package options

isSpXPLD 5256MX | ispXPLD 5512MX | ispXPLD 5768MX |ispXPLD 51024MX
Macrocells 256 512 768 1,024
MultisFunction 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
tppi(Pfopagation Delay) 4.0ns 4.5ns 5.0ns 5.2ns
ts (Register Set-up Time) 2.2ns 2.8ns 2.8ns 3.0ns
tco (Register Clock to ©ut Time) 2.8ns 3.0ns 3.2ns 3.7ns
fuax (Maximum Operating Frequency) 300MHz 275MHz 250MHz 250MHz
Functional Gates 75K 150K 225K 300K
I/Os 141 149/193/253 193/317 317/381
Packages 208 PQFP
256 fpBGA 256 fpBGA 256 fpBGA
484 fpBGA 484 fpBGA 484 fpBGA
672 fpBGA

© 2010 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand
or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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Figure 3. MFB in SuperWIDE Logic Modet
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Figure 15. PLL Block Diagram
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Figure 16. Connection of Optional PLL Inputs and Outplits

To GRP 4
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In order to facili

» ply ‘and divide capabilities of the PLL, each PLL has dividers associated with it: M, N
and K. The M divid

to divide the clock signal, while the N divider is used to multiply the clock signal. The
K divider is only used 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 PLLs VCO circuit. The PLL also has a delay feature that allows the out-
put clock to be advanced or delayed to improve set-up and clock-to-out times for better performance. For more
information on the PLL, please refer to TN1003, sysCLOCK PLL Usage Guide for ispXPGA, ispGDX2, ispXPLD
and ispMACH 5000VG Devices.
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Output Sharing Array (OSA)

A number of I/O pads are available in each syslO bank to route the selected number of macrocells from the MFB
outputs directly to the I/0 pads in logic mode. In the ispXPLD 5000MX, the large number of inputs and PTs to the
MFB as well as the presence of the PTSA can cover most routing flexibility of signals to I/O cells. The Output Shar-
ing Array gives additional routing capability and I/O access to an MFB when a wide output funiction takes up the
whole MFB and cannot be easily divided across multiple MFBs. By using the OSA, the wide outputfunction, such
as 32-bit FIFO, can have all of its output signals from the one MFB routed to I/O cells. In a given 1/Oblock, the wide
output functions must share the I/O pads with other logic functions.

The OSA bypass option routes the MFB signal directly to the I/O cell, allowing a direct connection to the 1/0 cell.
The logic functions use the option to provide faster speed to the outputs. The Logic Signal Connection tables list
the OSA bypass as the primary macrocell and OSA options as alternate macrocells:s Similarly, the Alternate Input
listing in the table shows the alternate macrocell input connection for asgiven /O pin. Figure 17 shows the alternate
macrocell connections in an 1/O cell.

syslO Banks

The ispXPLD 5000MX devices are divided into four syslObanks;consisting of multiple /0 céells, whére each bank
is capable of supporting 16 different 1/0 standards. Each sysl@,bank has its own I/O veltage (Vo) and reference
voltage (VRrgr) resources allowing complete independence ffom the others.

1/0 Cell

The 1/O cell of the ispXPLD 5000MX devices contains an output enable (OE);MUX, a programmable tri-state output
buffer, a programmable input buffer, and programmabledus-maintenance circuitry.

The I/O cell receives inputs from its associated macrocells and thé device pin. The 1/0O cell has a feedback line to its
associated macrocells and a direct path to, GRP. The output ehable (OE) MUX selects the OE signal per I/O cell.
The inputs to the OE MUX areqtheyfour global PTOE signals, PTOE and the two GOE signals. The OE MUX also
has the ability to choose either the true or inverse of each ofithese signals. The output of the OE MUX goes through
a logical AND with the TOE signal o allow easy trisstating ‘ofithe outputs for testing purposes. The MFBs are
grouped into segments(of four for the purpose of generating Shared PTOE signals. Each Shared PTOE signal is
derived from PT 163(from_one of‘the four MFBs¢Table 10 shows the segments. The PTOE signal is derived from
the first product term in®@ach macrocell cluster, which is, directly routed to the OE MUX. Therefore, every 1/O cell
can have a different OE signal. Figure 17 is a'graphicalrepresentation of the I/O cell.
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Table 12. ispXPLD 5000MX Supported I/O Standards

syslO Standard Nominal V¢eo Nominal VRgg Nominal V1
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 3.3V 1.5V 1.5V
SSTL2, Class | &I 2.5V 1.25V 1.25V
CTT 3.3 3.3V 1.5V 1.5V
CTT 25 2.5V 125V 1.25V
HSTL, Class | 1.5V 0.75V. 075V
HSTL, Class llI 1.5V 0.9V 0.75V.
HSTL, Class IV 1.5V 0.9V 0.78V
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

Table 13. Differential Interface Standard Support’'

syslO Buffer
Driver, Supported
LVDS - PP : —
Receiver Supported‘with standard termination
Driver Supported'with external resistor network
LVPECL - - o
Receiver Supported with,termination

1. For more information, refer to, TN1000 — syslO Usage Guidelines for Lattice Devices.

Control, Clock, sysCONFIG and JTAG Signals

Global clock pins supportthe same syslO standards as general purpose /0. When required the Vygr signal is
derived from(the adjacent'bank. Whenddifferentialhstahdards are supported two adjacent clock pins are paired to
form the ifiput. The TOE, PROGRAM/ CFGO0 and DONE pins of the ispXPLD 5000MX device are the only pins that
do notdave syslO capabilities. The JTAG TAP pins support only LVCMOS 3.3, 2.5 and 1.8V standards. The voltage
is contrelled by V.o, These pinsionly support the LVTTL and LVCMOS standards applicable to the power supply
voltage of the device. The global resety,global output enable pins are associated with Bank 2 and support all of the
syslO.standards.

Hotsocketing

THel/O on the ispXPLD 5000MXidevices are well suited for those applications that require hot socketing capability,
when configuredias,LVCMOS or LVTTL. Hot socketing a device requires that the device, when powered down, can
tolerate active signalsion the 1/0s and inputs without being damaged. Additionally, it requires that the effects of the
powered-down device'beé 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.
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Supply Current (Continued)

Symbol | Parameter ‘ Condition | Min. [ Typ® | Max. | Units
ispXPLD 51024
Vg = 3.3V, f = 1.0MHz - mA
lcc™? Operating Power Supply Current  |Vge =2.5V, f=1.0MHz — mA
Voo = 1.8V, f = 1.0MHz — mA
Veeco = 3.3V, f = 1.0MHz, unloaded mA
loco (S;:pﬂgyg e Supply Current 1y =~ "5 5V, f = 1.0MHz, unloaded mA
Voo = 1.8V, f = 1.0MHz, unloaded mA

VCCP = 33V, f=10MHz
VCCP = 25V, f=10MHz

| PLL Power Supply Current
ccp (per PLL Bank)

Voop = 1.8V, f = 10MHz
Vogy = 3.3V

I Standby IEEE 1149.1 TAP Power v o5V

ccJ Supply Current CCy ==
Vooy = 1.8V

1. Device configured with 16-bit counters.
2. ICC varies with specific device configuration and operating freq
3. Tp=25°C
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syslO Single Ended DC Electrical Characteristics

Over Recommended Operating Conditions

Input/Output Vi Vi VoL Vou Io.2 low®
Standard Min (V) Max (V) Min (V) Max (V) Max (V) Min (V) (mA) (mA)
04 04 20, 16, 12, |-20, -16, -12,
LVCMOS 3.3 -0.3 0.8 2.0 5.5 8,5183,4) | -8,-5.33, -4
0.2 Voo 02 0.1 -0.1
0.4 2.4 4 -4
LVTTL 0.3 0.8 2.0 5.5
0.2 Veoo 0.2 0.1 -0.1
16, 12,8, | -16,-12, -8,
LVCMOS 2.5 -0.3 0.7 17 3.6 04 Veco 041 533, 4 -5.33, -4
0:2 Voco - 0.2 0.1 20.1
LVCMOS 1.8"° -0.3 0.68 1.07 3.6 04 Vgeo - 0.4 8 -8
0.4 Voeo 0.4 | 12,5.33, 4 [212{-5.33, -4
LVCMOS 1.8° -0.3 0.68 1.07 3.6
0.2 Veeo - 0.2 0l -0.1
PCI 3.3 -0.3 1.08 15 3.6 01 Veeo | 0.9 Voéo 1.5 -0.5
AGP-1X* -0.3 1.08 15 3.6 0.1Veeo | 0.9 Veeo 15 -0.5
SSTL3 class | 0.3 VRer - 0.2 | Vpgg + 0.2 36 0.7 Veeo- 1.1 8 -8
SSTL3 class I -0.3 VRer - 0.2 | VRer +0.2 3.6 0.5 Vieco =09 16 -16
SSTL2 class | -0.3 VRer - 0.18 | Vger + 0:18 3.6 0.54 Voeo- 0.62 7.6 -7.6
SSTL2 class Il 0.3 VRer - 0.18 | VReg + 0.18 3.6 0.35 Veeo-0.43 15.2 -15.2
CTT3.3 -0.3 VRer - 0.24] Vgeg + 0.2 3.6 Vier-0.4 | Vgeg + 0.4 8 -8
CTT25 -0.3 VRer 0.8 | Mgeg + 0.2 3.6 VRer - 040 Veee + 0.4 8 -8
HSTL class | 0.3 Veer=0.1 | VRgg + 0.1 36 0.4 Voco - 0.4 8 -8
HSTL class Il -0.3 Vaer - 0.2 | Vgeg + 0.1 36 0.4 Veco - 0.4 24 -8
HSTL class IV -0.3 Vier - 0.3 | Vgeg + 0.1 3.6 0.4 Voeo - 0.4 48 -8
GTL+ -0.3 VRep-02 | Vgeg + 0.2 3.6 0.6 n/a 36 n/a

1. Software default setting.
2. The average DC current drawn by 1/Os between adjacent bank GND'connections, or between the last GND in an I/O bank and the end of the
1/0 bank, as shown in the‘logic signals connection table, shall not exceed n*8mA. Where n is the number of I/Os between bank GND con-
nections or between the last'GND in a bank andithe end of,a bank.
3. For 1.8V devices\(ispXPLDE000MC) these gpecifications are Vy_ = 0.35 * Ve and Vi = 0.65 * V.
4. For 1.8V devices (ispXPLD 5000MC) these specifications are V| = 0.3 * Vg * 3.3/1.8, V|3 = 0.5 * V¢ * 3.3/1.8.
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ispXPLD 5000MX Family Internal Switching Characteristics (Continued)

Over Recommended Operating Conditions

Base -4 -45 -5 -52 -75
Parameter Description Parameter | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Maxz| Min. | Max. | Units

Additional Delay for

tcasc PT Cascading — — (071 — |080| — |089| — 002} — |133| ns
between MFBs
Carry Chain Delay,

tcicomrs MFB to MFB — — | 03| — |039| — |044| < | 046 | — |0.66| ns
Carry Chain Delay,

tcicome Macro-Cell to — — |010| — |01 | =013 | — [013| — |0.19| ns
Macro-Cell
Routing Delay for

trLAG Extended Function — — |262| — 294"~ [|827| — |340| " —,|491| ns
Flags
Additional Flag tFLAGFULL’
Delay when FLAGAFULL, | _ _ — o vy

tFLAGEXP EXpanding Data tFLAGEMPTY, 2.57 2.89 3.21 3.34 4.82 ns
Widths tFLAGAEMPTY

tsum Counter Sum Delay tpTsA — (080 — 4090 — | 100§ — [1.04| — |150| ns

Optional Adjusters
Block Loadin

tBLA Adder 9 tROUTE — 0.04 —_— 0.04 — 0.05 — 0.05 — 0.07 ns

texp PT Expander Adder tROUTE —053| — | 060 [H— [066| — [069| — |099]| ns
Additional Delay for

tINDIO the Input Register tINREG —_ 0.50 —Z8 0.56 N 0.63 —_— 0.65 —_— 0.94 ns
Secondary PLL

tPLL_SEC_DELAY OUtpUt De%ay tPLL_DELAY —_ 0.91 e 0.91 —_— 0.91 —_— 0.91 —_— 0.91 ns

t|NEXP MFB Input Extender tROUTE — 0.62 o~ 0.70 —_— 0.78 —_— 0.81 —_— 1.16 ns

Input and Output Buffer Delays

t Input Buffer'Selec- tGCLK_IN, tIN, ns

101 tion Adder tcoE, tRsT ,

> Refer to syslO Adjuster Tables

t Output Buffer t ns

100 Selection Adder BUF

FIFO
Write'Data Setup

trIFOWGLKS béfore Write Clock —= -0.27| — |-027| — |-022| — |-022| — |-0.21| — ns
Time
Write DatadHold

tFlFOWCLKH after Write Clock — -0.01 — -0.01 — -0.01 — -0.01 — -0.01 — ns
Time
Opposite Clock

tFIFOGLKSKEW C}‘/’ge Delay — — |[140| — |140| — |176| — |[1.76 | — |1.83| ns
Write Cloek¢to Full

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

tF|FOAFULL Almost Full Flag —_— — 3.08 — 3.08 —_— 3.86 —_— 3.86 —_— 4.01 ns
Delay
Read Clock to

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

tFIFOAEMPTY Almost Empty Flag — — 3.08 — 3.08 — 3.86 — 3.86 — 4.01 ns
Delay
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Boundary Scan Timing Specifications

Over Recommended Operating Conditions

Parameter Description Min Max Units
teTcp TCK [BSCAN] clock pulse width ns
t8TCPH TCK [BSCAN] clock pulse width high ns
tBTCPL TCK [BSCAN] clock pulse width low ns
taTs TCK [BSCAN] setup time ns
tBTH TCK [BSCAN] hold time ns
tBTRF TCK [BSCAN] rise/fall time mV/ns
tsTco TAP controller falling edge of clock to valid output ns
tsTcobis TAP controller falling edge of clock to valid disable
tBTCOEN TAP controller falling edge of clock to valid enable
taTcRs BSCAN test capture register setup time
tBTCRH BSCAN test capture register hold time
tsuTCo BSCAN test update register, falling edge of clo ns
tsTUODIS ns
tBTUPOEN ns
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Power Estimation Equations
ICC =I1CC_DC + IMFB_CPLD + IMFB_ SRAM/PDPRAM/FIFO + IMFB_DPRAM + IMFB_CAM + IPLL_D

ICC_DC
Use the appropriate value for 5000MC (1.8V power supply) or 5000MV/B (2.5V/3.3V power supply) from the data
sheet.

IMFB_CPLD
= ((KO * CPLD MFB inputs + K1 * CPLD Logical Product Terms + K2 * CPLD GRP from MFB"+K3 * CPLD GRP
from IFB) * AF+ K4) * FREQ / 1000pA/mA

IMFB_CAM
= CAM Memory MFBs * ((FREQ * K8) + K9) (CAM operating in typical. mode)

IMFB_ SRAM/PDPRAM/FIFO
= (WR_PERCENT * (K1 + WR_ PERCENT * 8 * KO + K10 + K11) + RD_ PERCENT * (K14 128 * RDAPERCENT
* KO + 8 * OSW_PERCENT * K2)) * SRAM/PDPRAM/FIFO Memory MEBs * FREQ / 1000pA/mA

IMFB_ DPRAM
= (WR_ PERCENT * (2 * K1 + 2 * WR_ PERCENT * 8 * K0+ K10 + K11) + RDo PERCENT (2" K1 +2 * 128 *
RD_PERCENT * KO + 8 * OSW_PERCENT * K2)) * DPRAM Memory MFBs * FREQ / 1000pA/mA

IPLL_D
= K5 * PLL_FREQ * number of PLLs used. IPPL_B is the PLL digital componént;of the VCC supply current.

Analog portion of PLL supply current cénsumption, from PLL powenpin:
IPLL_A = (K6 * PLL_FREQ + K7) *number of PLLs used
Notes:

* ICC = Current cosumption of VCC power supply (mA)

* |CC-DC = IC€ DC component — Current.consumption at OMhz (mA)

* IMFB_CPLD = EPLD (n6n-memory logic) currenticonsumption (mA)

e IMFB_SRAM/PDPRAM/FIFO = Current consumption for SRAM, PDPRAM, and FIFO (mA)
* IMEBZDRPRAM =«Current consumption for DPRAM (mA)

* AMFB, CAM=(Current consumption forlCAM (mA)

e |[PliL D =.PLL Current consumption,of‘digital VCC power supply (mA)

e [PLL_A'=PLL analog/powerpimcurrent consumption (VCCP pin)
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Signals | 208 PQFP" 256 fpBGA?® 484 TpBGA, 5° 672 IpBGA™®
VCC 10,4976, 114, |D4, D13, F6, F11, L6, |A17, A6, AA2, AA21, AB17.  |AA21, ARG, F21. F6, G20, G7, J13,
153, 180 L11, N4, N13 AB6, B2, B21. D19, D4, F1.  |J14, K13, K14, L13, L14, M13. M14,
F22,G10, G11, G12, G13, K16, [N10, N11, N12, N15. N16, N17, N18,
K7.L16, L7, M16, M7, T10,  |N9, P10, P11, P12, P15, P16, P17,
T11, T12, T13, T14.T9, U1,  |P18, P9, R134814 T13. T14, U13,
U22, W19, W4 U14. V13, VA4, Y2057
VCCOO0 |5, 17, 189, 204 |A1, F7, G6 B9, C3, G8, GO, H7, J2, J7, P4 |H10, Hid, H8,HO, J8. J9, K8, L8, M8,
N8
VCCO1 |42.57.72 K6, L7, T1 AA9. R7. 13,78, Y3 P8l B8, 78, Us, V8, V9, W10, W11,
W8, W9
VCCO2 |85, 100,107, |K11,L10,T16 AA14, R16. T15, T20, Y20 P19, R19)T19, U19, V18, V19, W12,
121 W13W14, W15, W16, WiZ, W18,
W19
VCCO3 |146, 161, 176 |A16, F10, G11 B14, C20, G14, G150 H16)J16, [H13, H13, H14, H15, H16, H17, H18,
J21, P19 H19. J18, J19,_ K19, L19nM19,N19
VCCP 136 116 M22 N25
vCCJ |27 1 M1 N4
GND 15,29, 44, 81, |K1.C3, C14, E5, E12, |N1, AldA2, A21, A22 AA1.  |A11, A16)A2, A2, AE1, AE2, AE25.
119, 148, 185. |G7,G8, G9, G10, H7, |AA22( AB1AB22, B1, B22.  |AE26, AF110AF16, AF2, AF25. B1,
7.19,191, 205, |H8. H9, H10, J7, J8, J9, |C15, C8, D11, D18, E18, E5, |B2,B25, B26,310, J11, J12, J15, J16,
40,56, 70, 87, |J10, K7, K8, K9 K10, JE1Z.F6. G16,.G7, H10, H11. Q17 K10, K11, K12, K15, K16, K17,
101, 109, 123, M5, M12, P3 H12, H18, H14, H15, H20, H3, K48, KO, I, 110, L11, L12, L15, L16,
144, 160, 174 H8, HO,J10, J11, J12, J13001d, |1 170118, L26, L9, M10, M11. M12,
J15, J8JO. K10, K11.K12,  INi5, 6. M17, M18, M9, N13, N14.
K18)K14, K15, K8, K9, 10, W P13, P14, R10, R11, R12, R15, R16,
L11.L12, L13, L140 015 119, |R17. R18. R9, T1, T10, T11, T12,
L4, 18, L9, M10AM11, M12, > |T15 T16, T17, T18, T26, T9, U0,
M13, M14. Mi9. MM, N10,” |U11, U12, U15, U16, U17, U18, U9,
N11, N124N13, N14,NQ P10, |V10, V11, V12, V15, V16, V17
P11, P12, P18, P14, P9, R10,
R11.4R12, R18)R14, R15. RS,
RO, T16, TZW11hW12, Y15,
Y8
GNDP _ |134 K16 N22 P26
NC? - 5256MX: A2, A11, A12, |5512MX: P1, AA19, AB2, AB21, |A12, A13, A14, A15, AA10, AAT1,
A15 B2, B12, B15. ' W17, J6, K1, K17, K18, K19, K2, |AA12, AA13, AA14, AA15, AA16,
B16.C4 C12/C15,  |KB0IK21, K22, K3, K4, K5, K6. |AA17. AA7. AB10, AB11, AB12,
C16.D1, D11, D14, _a|L1,L17,L18, L2, L20, 21, 122, |AB13. AB14, AB15. AB16, AB17,
D15 D16, E1.E4, E10, |L3. L5, L6, M15, M17. M18, M2, |AC10. AC11, AC12, AC13, AC14,
E11.E18, E14, F4. 5. |M20, M21. M3, M5. M6, M8, |AC15. AC16. AC17. AD11, AD12,
F12l F13_ L1, L4. M8, |N15 N17, N18, N19, N2, N20, |AD13, AD14, AD15, AD16, AE11,
M7, M43 N2 N6, P1, |N21. N3, N4, N5, N6, N8, P15, |AE12, AE13, AE14, AE15, AE16,
P2 'P5 PG, P18, P14, |P17. P18, P2, P21, P22, P5.  |AF12. AF13, AF14, AF15 B11, B12,
P15, P16rR1, R2, R4, |P6, P8, U17, UG, V18, V5. W6 |B13, B14, B15, B16, C11, C12. C13,
R5, R6, R16, T2, T3, _ C14. C15, C16, C3, D10, D11, D12,
T4, 75,76 5768MX/51024MX: None D13, D14, D15, D16, D17, E10, E11,
_ E12. E13, E14, E15, E16, E17, E6,
Jy2MX/S768MX: L1 E7,E8, F10, F11, F12, F13, F14, F15,
F16, F17, G10, G11, G12, G13, G14,
G15, G16, G17, Y10, Y11, Y12, Y13,
Y14, Y15, Y16, Y17

N

N

. All grounds must be electrically connected at the board level.
. NC pins should not be connected to any active signals, Vg or GND.
. Balls for GND, V¢ and Vcox are connected within the substrate to their respective common signals. Pin orientation A1 starts from the

upper left corner of the top side view with alphabetical order ascending vertically and numerical order ascending horizontally.

age, one each for Vgcox.

. Pin orientation follows the conventional counter-clockwise order from pin 1 marking of the topside view.
. Internal GNDs and I/0 GNDs (Bank 0 - Bank 3)pare connected inside package. Vgco balls connect to four power planes within the pack-
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ispXPLD 5256MX Logic Signal Connections (Continued)

Alternate Outputs

Primary Macrocell/ 256 fpBGA

syslO Bank | LVDS Pair Function Macrocell 1 Macrocell 2 | Alternate Input | Ball Number

2 20P C14 - - C15 P11

2 20N C16/VREF2 - - Ci7 T14

2 21P c18 c8 D8 C19 R12

2 21N C20 C9 D9 - R13

2 22P C21 C10 D10 d N11

2 22N c22 C11 D11 C23 T15

2 23P C24 C12 D12 C25 R14

2 23N C26 C13 D18 c27 N12

2 24P c28 C14 Di14 C29 P12

2 24N C30 C15 D15 C31 R415

- - VCCO2 - - é VCCO2

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

2 25P DO 2 - DA N15

2 25N D2 - - D3 N14

2 26P D4 C16 D16 - N16

2 26N D5 C17 D17 < M16

2 27P D6 c18 D18 D7 M14

2 27N D8 C19 D19 D9 M15

- - VCC - = - VCC

2 28P D10 C20 D20 D11 L13

2 28N D12 c21 D21 D13 L12

2 29P D14 C22 D22 D15 L15

2 29N D16 C23 D23 D17 L16

- - GND - - - GND

2 30P D18 C24 D24 D19 L14

- - VCCO2 y - - VCCO2

2 30N D20 C25 D25 - K15

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

2 31P D21 C26 D26 - K14

2 31N D22 cz27 D27 D23 K12

2 32P D24 Cc28 D28 D25 K13

2 32N D26 C29 D29 D27 J13

2 33P D28 C30 D30 D29 J14

2 33N D30 C31 D31 D31 J12

- - TOE - - - J15

- - RESET - - - J11

- - GOEO - - - H11

- - GOE1 - - - H13

- - GNDP - - - NG Connectiont Tabie

- GCLK3N GCLK2 - - - H15

- - VCCP - - - NG Connaotong Table

- GCLK3P GCLK3 - - - H16
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ispXPLD 5512MX Logic Signal Connections (Continued)

Alternate Outputs

syslO LVDS | Primary Macrocell/ Alternate| 208 PQFP | 256 fpBGA | 484 fpBGA
Bank Pair Function Macrocell 1{Macrocell 2| Input |Pin Number| Ball Number | Ball Number
— — Vecoe — — — 85 Vceer Vecoz
2 29N E10 F5 H5 E11 86 M10 ui2
— — GND (Bank 2) — — — 87 GND(Bank 2)|GND (Bank 2)
2 30P E12 F6 H6 E13 88 M14 AB13
2 30N E16 F7 H7 E17 89 T13 Y13
2 31P E18 — — E19 90 P11 V13
2 31N E20/Vggro — — E21 91 T14 W13
2 32P E22 F8 H8 E23 92 R12 V14
2 32N E24 F9 H9 E25 93 R13 Wi4
2 33P E26 F10 H10 E27 94 N Y14
2 33N E28 F11 H11 E29 95 T15 AB14
2 34P FO F12 H12 F1 96 R14 AB15
2 34N F2 F13 H13 F3 97 Ni12 AA15
2 35P F4 F14 H14 F5 98 P12 Ui13
— — Vecoz — —X — - Vecoz Vecoz
2 35N F6 Fd5 H15 F7 99 R15 ui4
= = GND (Bank 2) = V- = — GND (Bank 2)|GND (Bank 2)
2 36P F8 EO — F9 — — W15
2 36N F10 E2 — F11 — — W16
2 37P F12 E4 — F13 — — Y16
2 37N F16 E6 < F17 — — AA16
2 38P F18 E8 — F19 — — AB16
2 38N F20 E10 ~ F21 — — AA17
2 39P F22 E12 N F23 — — Y17
2 39N F24 E16 — F25 — — AA18
2 40P F26 E20 — F27 — — W17
2 40N F28 E22 — F29 — — W18
2 41P GO — — G1 — — V15
< — Vocos 4 - - 100 Vecoz Vecoz
2 41N G2 — — G3 — — u15
2= i~ GND (Bank'2) = — — 101 GND (Bank 2)|GND (Bank 2)
2 42P G4 — — G5 102 P13 Y18
2 42N G6 — — G7 103 P15 V17
2 43P G8 — — G9 — M13 V16
2 43N G10 — — G11 — P14 u16
2 44P G12 — — G13 — — AB18
2 44N G14 — — G15 — — AB19
2 45P G16 — — G17 — — u18
2 45N G18 — — G19 — — T17
2 46P G20 — — G21 104 R16 AB20
2 46N G22 — — G23 105 P16 AA20
2 47P G24 — — G25 106 N15 Y19
— — Vecoe - - — 107 Vecoz Vecoz
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ispXPLD 5512MX Logic Signal Connections (Continued)

syslO | LVDS | Primary Macrocell/ | _ Alternate Outputs | apernate| 208 PQFP | 256 fpBGA | 484 fpBGA
Bank Pair Function Macrocell 1{Macrocell 2| Input |Pin Number| Ball Number | Ball Number
0 96N M12 M23 023 M13 196 B5 A10
0 96P M10 M22 022 M11 197 A3 A9
0 97N M8 M21 021 M9 198 B4 C9
0 97P M6 M20 020 M7 199 B3 D9
0 98N M5 M19 019 — 200 C5 F9
0 98P M4 M18 018 — 201 C6 E9
0 99N M2 M1 O1 M3 202 D5 A8
- - Vecoo - - - — Vecoo Vecoo
0 99P MO MO 0o M1 203 D6 B8
— — GND (Bank 0) — — B — GND _(Bank 0)|GND _(Bank 0)
0 100N N30 029 — N31 — — A7
0 100P N28 028 -4 N29 — — B7
0 101N N26 027 — N27 — — A5
0 101P N24 026 == N25 < h— B5
0 102N N22 025 —= N23 — — B6
0 102P N21 024 — — — — Cc7
0 103N N20 023 - — — — E8
0 103P N18 022 —_ N19 — — E7
0 104N N16 021 — N17 - — E6
0 104P N14 020 — N15 — — D6
0 105N N12 019 < N13 — — D8
— — Veeoo - — — 204 Veecoo Vecoo
0 105P N10 018 ~ N11 — — F8
— — GND)(Bank 0) — 9 — 205 | GND (Bank 0)|GND (Bank 0)
0 106N N8 Oo17 — N9 — — F7
0 106P N6 016 — N7 — — D7
0 107N N5 015 — — 206 A2 C6
0 107P N4 O14 — — 207 B2 C5
0 108N N2 043 — N3 — — C4
0 108P NO 012 — N1 — — D5

1. Notavailable for differential pair.

Global Clock LVDS pair, options:"'GCLKO and GCLK1, as well as GCLK2 and GCLK3, can be paired together to
receive differential clocks; where,GCLKO and GCLK3 are the positive LVDS inputs.
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ispXPLD 5768MX Logic Signal Connections (Continued)

Alternate Outputs

Primary Macrocell/ Alternate 256 fpBGA 484 fpBGA

syslO Bank | LVDS Pair Function Macrocell 1 | Macrocell 2 Inputs Ball Number | Ball Number

- - TCK - - - J6 T1

- - TDO - - - K2 V1

1 oP A30/DATAOQ Co AO A31 K3 Wi+

1 ON A28/DATA1 C1 A1l A29 J3 Y1

1 1P A26/DATA2 Cc2 A2 A27 J5 P3

1 1N A24/DATA3 C3 A3 A25 J4 R3

1 2P A22/DATA4 C4 A4 A23 L2 T2

1 2N A20/DATA5 C5 A5 A21 M1 U2

- - GND (Bank 1) - - - GND (Bank 1).| GND (Bank 1)

1 3P A18/DATA6 Cc6 A6 A19 K4 V2

- - VCCO1 - - - VCCOA1 VCCO1

1 3N A16/DATA7 Cc7 A7 A17 L3 w2

- - GND - - - GND GND

1 4P A14/INITB Ccs A8 A15 K5 R4

1 4N A12/CSB C9 A9 A13 L5 T4

1 5P A10/READ C10 A10 A1 N1 R6

1 5N A8/CCLK Cii1 A11 A9 M2 R5

1 6P A6 - - A7 — U3

- - VCC - - - VCC VCC

1 6N A4 - - A5 P1 V3

1 7P A2 - - A3 M3 Y2

1 7N AO - - A1l L4 W3

1 8P B30 DO - B31 N2 us

1 8N B28 D2 - B29 P2 T5

= = GND (Bank 1) = = = GND (Bank 1) | GND (Bank 1)

1 9P B26 D4 - B27 R1 U4

- - VCCO1 - - - VCCO1 VCCO1

1 9N B24 D6 - B25 R2 V4

1 10P B22 D8 - B23 T2 AA3

1 10N B20 D10 - B21 T3 AB3

1 - B18 D12 - B19 — Y4

- - DONE - - - M4 AA4

1 11P B14 - - B15 — AB2

1 11N B12 - - B13 — ué

- - GND (Bank 1) - - - GND (Bank 1) | GND (Bank 1)

1 12P B10 - - B11 — V5

- - VCCO1 - - - VCCO1 VCCO1

1 12N B8 - - B9 — W6

1 13P B6 C12 A12 B7 N3 AB4

1 13N B4 C13 A13 B5 P4 AB5

1 14P B2 C14 A4 B3 N5 T6

1 14N BO C15 A15 B1 M6 u7z

- - PROGRAMB - - - R3 W5
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ispXPLD 5768MX Logic Signal Connections (Continued)

Alternate Outputs

Primary Macrocell/ Alternate 256 fpBGA 484 fpBGA

syslO Bank | LVDS Pair Function Macrocell 1 | Macrocell 2 Inputs Ball Number | Ball Number

1 - Cc28 D14 - C29 P5 us

- - GND (Bank 1) - - - GND (Bank.1) | GND (Bank 1)

1 15P C26 D16 - cz7 T4 V6

- - VCCO1 - - - VCCO1 VCCO1

1 15N C24 D18 - C25 T5 V7

- - GND - - - GND GND

1 16P Cc22 D20 - C23 R4 Y5

- - VCC - - - VCC VCC

1 16N Cc20 D22 - C21 N6 AA5S

1 17P C18 - - C19 R5 Y6

1 17N C16 - = C17 P6 Y7

1 18P C14 - : C15 - AAB

1 18N Cc12 - - C13 — AA7

1 19P C10 - < C14 — W7

1 19N Ccs - - C9 M7 V8

1 20P Cc6 - - C7 T6 W8

1 20N C4 - - C5 R6 U9

- - GND (Bank 1) - - - GND (Bank 1) | GND (Bank 1)

- - CFGO - = 3 L8 u10

- - VCCO1 - - - VCCO1 VCCO1

1 21P Co c16 A16 C1 T7 AB7

1 21N D30 C17 A17 D31 R7 AA8

1 22P D28 C18 A18 D29 N7 AB8

1 22N D26 C19 A19 D27 P7 AB9

1 23P D24 C20 A20 D25 T8 W9

1 23N D22 C21 A21 D23 R8 Y9

1 24P D20 C22 A22 D21 M8 AB10

1 24N D18 C23 A23 D19 P8 AA10

1 - D16/ VREF1 - - D17 L9 W10

1 25P D14 C24 A24 D15 N8 Y10

1 25N D12 C25 A25 D13 M9 Y11

- - GND (Bank 1) - - - GND (Bank 1) | GND (Bank 1)

1 26P D10 C26 A26 D11 N10 V9

- - VCCO1 - - - VCCO1 VCCO1

1 26N D8 Cc27 A27 D9 T9 V10

1 27P D6 ca8 A28 D7 T10 AA11

- - GND - - - GND GND

1 27N D4 C29 A29 D5 R9 AB11

- - VCC - - - VCC VCC

1 28P D2 C30 A30 D3 P9 Ui

1 28N DO C31 A31 D1 N9 V11

2 29P EO FO HO E1 T11 AB12

- - VCC - - - VCC VCC
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ispXPLD 5768MX Logic Signal Connections (Continued)

Primary Macrocell/ Alternate Outputs Alternate | 256 fpBGA | 484 fpBGA

syslO Bank | LVDS Pair Function Macrocell 1 | Macrocell 2 Inputs Ball Number | Ball Number

3 76P L30/PLL_FBK1 LO Jo L31 F15 E21

3 77N MO/PLL_RST1 P27 N27 M1 H12 G22

3 77P M2 P26 N26 M3 G14 F21

= = GND (Bank 3) = = = GND (Bank<8) | GND (Bank 3)

3 78N M4 P25 N25 M5 F16 H21

- - VCCO3 - - - VECO3 VCCO3

3 78P M6 P24 N24 - E16 G21

- - GND - - - GND GND

3 79N M8 P23 N23 M9 G13 D22

3 79P M10 P22 N22 M11 Gi2 D21

3 80N M12 P21 N21 M13 F14 J20

3 80P M14/CLK_OUT1 P20 N20 M15 E15 J19

3 81N M16 N31 - M17 F12 E20

- - VCC - y - VCC VCC

3 81P M18 N30 M30 M9 F13 F20

3 82N M20 N29 M28 M21 D16 H17

3 82P M22 N28 M26 M23 D15 H18

- - GND (Bank 3) - - - GND (Bank 3) | GND (Bank 3)

3 83N M24 N27 - M25 — J18

- - VCCO3 - - - VCCO3 VCCO3

3 83P M26 N26 - M27 — H19

3 84N M28 N25 : M29 — G20

3 84P M30 N24 - M31 — G19

- - GND - - - GND GND

3 85N NO N23 - N1 — Cc22

- - VCC - - - VCC VCC

3 85P N2 N22 - N3 — C21

3 86N N4 N21 - - — D20

3 86P N6 N20 - - — C19

3 87N N8 N19 - N9 C16 F19

3 87P N10 N18 - N11 B16 E19

- - GND (Bank 3) - - - GND (Bank 3) | GND (Bank 3)

3 88N N12 N17 - N13 C15 G18

- - VCCO3 - - - VCCO3 VCCO3

3 88P. N14 N16 - N15 B15 F18

3 89N N16 N15 - N17 E14 B20

3 89P N18 N14 - N19 D14 B19

3 90N N20 N13 - N21 E13 A20

3 90P N22 N12 - N23 A15 A19

3 91N N24 P19 N19 N25 D12 D18

3 91P N26 P18 N18 N27 B14 C18

3 92N N28 P17 N17 N29 C13 G17

3 92P N30 P16 N16 N31 A14 F16
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Global Clock LVDS pair options: GCLKO and GCLK1, as well as GCLK2 and GCLKS, can be paired together to receive differen-
tial clocks; where GCLKO and GCLKS3 are the positive LVDS inputs.




Lattice Semiconductor ispXPLD 5000MX Family Data Sheet

Part Number Description
LG XO00KX X X = XX XX XXX X

Device Family é ; Grade
LC C = Commiercial
Device Number | = Industrial
5256 = 256 Macrocells )
5512 = 512 Macrocells Pin/Ball Count
5768 = 768 Macrocells 208
51024 = 1,024 Macrocells g0
484
Memory 672
M
Supply Voltage Package
FN = Lead-Free fpBGA
B=25V
C=1.8V Q =PQFP.
QN'= Lead-Free/PQFP
Speed
4 =4.0ns
45 =4.5ns
5=5.0ns
52 =5.2ns
75 =7.5ns

Ordering Information

Note: For voltage families offerednin industrial temperature, grades.and for all but the slowest commercial speed
grade, the speed grades on these devices are dual marked. For example, the commercial speed grade -45XXXXC
is also marked with the industrial grade -75I. The commercial grade is always one speed grade faster than the
associated dual mark industrial grade. The slowest commercial speed grade is marked as commercial grade only.
In addition, the fastest comimercial’'speed grade«(=5) for the LC5768MB/MV devices, at Lattice's discretion, will uti-
lize either a commercial gradetonly single-mark or a dual-mark format in conjunction with the slower industrial
speed grade (-75).

Conventional Packaging
ispXPLD 5000MC (1.8V) Commercial Devices

Device Part Number Macrocells | Voltage (V) | tpp (ns) Package PCI:r:)ll?:t" 110 Grade
LC5256MC-4F256C 256 1.8 4.0 fpBGA 256 141 C
LC5256MC |LC5256MC-5F256C 256 1.8 5.0 fpBGA 256 141 C
LC5256MC-75F256C 256 1.8 7.5 fpBGA 256 141 C
LC5512MC-45Q208C 512 1.8 4.5 PQFP 208 149 C
LC5512MC-75Q208C 512 1.8 7.5 PQFP 208 149 C
LC5512MC LC5512MC-45F256C 512 1.8 4.5 fpBGA 256 193 C
LC5512MC-75F256C 512 1.8 7.5 fpBGA 256 193 C
LC5512MC-45F484C 512 1.8 4.5 fpBGA 484 253 C
LC5512MC-75F484C 512 1.8 7.5 fpBGA 484 253 C
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Lead-Free Packaging
ispXPLD 5000MC (1.8V) Lead-Free Commercial Devices

Device Part Number Macrocells | Voltage (V) | tpp (ns) Package Pclbrgl?:tl I /10 Grade
LC5256MC-4FN256C 256 1.8 4.0 |Lead-free fpBGA | 4256 141 C
LC5256MC |LC5256MC-5FN256C 256 1.8 5.0 |Lead-free fpBGA | | 256 141 C
LC5256MC-75FN256C 256 1.8 7.5 Lead-free fpBGA| 256 141 C
LC5512MC-45QN208C 512 1.8 4.5 Lead-free®QFP4 208 149 C
LC5512MC-75QN208C 512 1.8 7.5 Lead-free PQFP.| 208 149 C
LC5512MC LC5512MC-45FN256C 512 1.8 45 Lead-free fpBGA| 256 193 C
LC5512MC-75FN256C 512 1.8 7.5 |Lead-free fpBGA | 256 193 C
LC5512MC-45FN484C 512 1.8 4.5 | kead-free fpBGA | 484 253 C
LC5512MC-75FN484C 512 1.8 7.5 Lead-free f[pBGA | 484 253 C
LC5768MC-5FN256C 768 1.8 5.0 | Lead-free fpBGA | 4256 193 C
LC5768MC LC5768MC-75FN256C 768 1.8 7.5% | head-free fpBGA | 256 193 C
LC5768MC-5FN484C 768 148 5.0 Lead-free fpBGA |, 484 317 C
LC5768MC-75FN484C 768 1.8 745 | Lead-free/fpBGA | * 484 317 C
LC51024MC-52FN484C 1024 1.8 5.2 | Lead-free fpBGA | /484 317 C
LC51024MC LC51024MC-75FN484C 1024 1.8 7.5 |Lead-free fpBGA| 484 317 C
LC51024MC-52FN672C 1024 1.8 5.2 |Lead-freefpBGA | 672 381 C
LC51024MC-75FN672C 1024 1.8 7.5 |Lead-free fpBGA| 672 381 C
ispXPLD 5000MC (1.8V) Lead-Free Industrial Devices
Pin/Ball
Device Part Number Macrocells | Voltage (V) |'tpp(ns) Package Count /0 Grade
LC5256MC LC5256MC-5EN256! 256 1.8 5.0 |Lead-free fpBGA| 256 141 I
LC5256MEC<75FN256! 256 1.8 7.5 |Lead-free fpBGA| 256 141 |
LC5512MC-75QN208I 512 1.8 7.5 Lead-free PQFP | 208 149 |
LC5512MC “{LE€5512MC-75FN256I 512 1.8 7.5 Lead-free fpBGA 256 193 |
LC5512MC-75FN484| 512 1.8 7.5 |Lead-free fpBGA | 484 253 |
LC5768MC-75FN256l 768 1.8 7.5 |Lead-free fpBGA| 256 193 I
LC5768MC
LC5768MC-75FN4841 768 1.8 7.5 |Lead-free fpBGA | 484 317 I
LC51024MC-75FN484| 1024 1.8 7.5 Lead-free fpBGA 484 317 |
LC51024MC
LC51024MC-75EN672i 1024 1.8 7.5 |Lead-free fpBGA| 672 381 |
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