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Select Devices Discontinued!

Product Change Notifications (PCNs) have been issued to discontinue select devices in
this data sheet.

The original datasheet pages have not been modified and do not reflect those changes.
Please refer to the table below for reference PCN and current product status.

Product Line Ordering Part Number Product Status Reference PCN

OR2C04A4T100-DB
OR2C04A3T100I-DB
OR2C04A4T144-DB . .
OR2CO04A OR2CO4A3T1441-DB Discontinued PCN#02-06
OR2C04A4J160-DB

OR2C04A45208-DB

OR2C06A4T100-DB
OR2C06A4T144-DB
OR2C06A3T144I1-DB
OR2C06A4J160-DB
OR2C06A3J1601-DB . .
OR2CO06A OR2COBA4S208-DB Discontinued PCN#02-06
OR2C06A35208I-DB
OR2C06A3S2401-DB
OR2C06A4BA256-DB

OR2C06A3BA256I-DB

OR2C08A3J160I-DB
OR2C08A4S208-DB
OR2CO08A OR2C08A3S208I-DB Discontinued PCN#02-06
OR2C08A35240I1-DB
OR2C08A3M84I-D

OR2C10A4J160-DB
OR2C10A3J1601-DB
OR2C10A45208-DB . .
OR2C10A OR2C10A3BA2561-DB Discontinued PCN#02-06
OR2C10A4BA352-DB

OR2C10A3BA352I-DB

OR2C12A35208-DB
OR2C12A4S5208-DB
OR2C12A3S208I-DB . )
OR2C12A OR2C12A3S240-DB Discontinued PCN#02-06
OR2C12A4S240-DB

OR2C12A3S2401-DB
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OR2C12A
(Cont’'d)

OR2C12A4BA256-DB

OR2C12A3BA256I-DB

OR2C12A45304-DB

OR2C12A3S3041-DB

OR2C12A4BA352-DB

OR2C12A3BA352I-DB

OR2C12A4M84-D

Discontinued

PCN#02-06

OR2C15A

OR2C15A45208-DB

OR2C15A3S208I-DB

OR2C15A3PS208I-DB

OR2C15A45240-DB

OR2C15A35240I1-DB

OR2C15A4PS240-DB

OR2C15A3PS240I-DB

OR2C15A4BA256-DB

OR2C15A3BA256I-DB

OR2C15A45304-DB

OR2C15A4BA352-DB

OR2C15A3BA352I-DB

OR2C15A3M84I-D

Discontinued

PCN#02-06

OR2C26A

OR2C26A4PS208-DB

OR2C26A3PS208I-DB

OR2C26A4PS208I-DB

OR2C26A4PS240-DB

OR2C26A3PS240I-DB

OR2C26A4PS304-DB

OR2C26A3PS304I-DB

Discontinued

PCN#02-06

OR2C40A

OR2C40A4PS208-DB

OR2C40A3PS208I-DB

OR2C40A4PS208I-DB

OR2C40A4PS240-DB

OR2C40A4PS304-DB

OR2C40A3PS304I-DB

Discontinued

PCN#02-06

OR2TO04A

OR2T04A4T100I-DB

OR2T04A4T144-DB

OR2T04A4S208I-DB

Discontinued

PCN#02-06

OR2TO08A

OR2T08A5J160-DB

OR2T08A4J160I1-DB

OR2T08A55208-DB

OR2T08A45208-DB

OR2T08A4S208I-DB

OR2T08A452401-DB

OR2T08A5BA256-DB

OR2T08A4BA256-DB

OR2T08A4BA2561-DB

Discontinued

PCN#02-06
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OR2T10A

OR2T10A4J160I1-DB

OR2T10A4S208-DB

OR2T10A45208I-DB

OR2T10A5S5240-DB

OR2T10A45240-DB

OR2T10A4BA256-DB

Discontinued

PCN#02-06

OR2T15A

OR2T15A75208-DB

Discontinued

PCN#09-10

OR2T15A65208-DB

OR2T15A6S208I-DB

Active / Orderable

OR2T15A75240-DB

OR2T15A65240-DB

OR2T15A652401-DB

Discontinued

PCN#12A-09

OR2T15A7BA256-DB

Discontinued

PCN#09-10

OR2T15A6BA256-DB

Active / Orderable

OR2T15A7BA352-DB

Discontinued

PCN#02-06

OR2T15A6M84-D

Discontinued

PCN#09-10

OR2T15B

OR2T15B8S208-DB

OR2T15B75208-DB

OR2T15B7S208I-DB

OR2T15B7S2401-DB

OR2T15B8BA256-DB

OR2T15B7BA256-DB

OR2T15B7BA352-DB

OR2T15B7BA352I-DB

Discontinued

PCN#02-06

OR2T26A

OR2T26A7S208-DB

Discontinued

PCN#09-10

OR2T26A6S208-DB

OR2T26A6S208I-DB

Active / Orderable

OR2T26A7PS240-DB

OR2T26A6PS240-DB

OR2T26A6PS2401-DB

Discontinued

PCN#06-07

OR2T26A6BA352I-DB

OR2T26A6BC432-DB

OR2T26A6BC4321-DB

Discontinued

PCN#02-06

OR2T40A

OR2T40A7PS208-DB

OR2T40A6PS208-DB

OR2T40A6PS208I-DB

OR2T40A7PS240-DB

OR2T40A6PS240-DB

OR2T40A6PS2401-DB

Discontinued

PCN#06-07

OR2T40A7BA352-DB

OR2T40A6BA352I-DB

Discontinued

PCN#02-06

OR2T40B

OR2T40B7PS208I-DB

OR2T40B8BA352-DB

OR2T40B7BA352-DB

OR2T40B7BA352I-DB

OR2T40B8BC432-DB

OR2T40B7BC432-DB

OR2T40B7BC4321-DB

Discontinued

PCN#02-06
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ORCA® Series 2

Field-Programmable Gate Arrays

Features

m High-performance, cost-effective, low-power
0.35 ym CMOS technology (OR2CxxA), 0.3 um CMOS
technology (OR2TxxA), and 0.25 pm CMOS technology
(OR2TxxB), (four-input look-up table (LUT) delay less
than 1.0 ns with -8 speed grade)

m High density (up to 43,200 usable, logic-only gates; or
99,400 gates including RAM)

m Up to 480 user I/Os (OR2TxxA and OR2TxxB 1/Os are
5V tolerant to allow interconnection to both8.3 Vhand
5V devices, selectable on a per-pin basis)

m Four 16-bit look-up tables and four latches/flip-flops per
PFU, nibble-oriented for implementing 4-, 8-,:16-, and/or
32-bit (or wider) bus structures

m Eight 3-state buffers per PFUdor on-chip bus structures

m Fast, on-chip user SRAM has features, to simplify RAM
design and increase RAM speed:

— Asynchronous single port: 64 bits/PFU
— Synchronous single port: 64 bits/PFU
— Synchronous'dual port: 32 bits/PFU

m Improved ability to combine PFUs to createdarger, RAM
structures using mrite-port enable and 3-State buffers

m Fast, dense multiplierscan be created with the multiplier
mode (4 x 1 multiplier/PFU):

— 8% 8 multiplier requires only 46 PFUs
— 30%. increase in speed

m Flip-flop/latch options to allow programmable priority of
synchronous set/reset 8. clock enable

= Enhanced cascadable nibbleswide data path
capabilities for adders; subtractors, counters, multipliers,
and comparators including ntefnal fast-carry operation

Table 1. ORCA Series 2 FPGAs

Innovative; abundant;.and hierarchical nibble-

oriented routing resources that allow automatic use of
internal gates for all device densities without,sacrificing
performance

Upward bit stream compatible‘with the, ORCA ATT2Cxx/
ATT2Txx series of devices

m Pinout-compatible with new, ORCA Series 3 FPGAs

TTL or CMOS inputJévels programmable per pin for the
OR2CxxA (5 V) devices

Individually pragrammable drive capability:

12 mA sink/6 mA'source or 6 mA sink/3 mA source
Built-in boundary scan(7£££+1149.1 JTAG) and
3-stateralll/O pins;, (TS_ALL) testability functions
Multiple configuration options, including simple, low pin-
countiserial ROMs, and peripheral or JTAG modes for in-
system programming (ISP)

Full PCI'bus compliance for all devices

m Supported by industry-standard CAE tools for design

entry,)synthesis, and simulation with ispLEVER Develop-

ment System support (for back-end implementation)

New, added features (OR2TxxB) have:

— More /O per package than the OR2TxxA family

— No dedicated 5 V supply (VDD5)

— Faster configuration speed (40 MHz)

— Pin selectable /O clamping diodes provide 5V or 3.3V
PCI compliance and 5V tolerance

— Full PCI bus compliance in both 5V and 3.3V PCI sys-
tems

/EEE s a registered trademark of The Institute of Electrical and
Electronics Engineers, Inc.

Device g.:g;f # LUTs | Registers gz)’:”UBs'?; lézesr Array Size

OR2C04A/OR2T04A 4,800—11,000 400 400 6,400 160 10x 10
OR2C06A 6,900—15,900 576 576 9,216 192 12x12
OR2C08A/OR2T08A 9,400—21,600 784 724 12,544 224 14 x 14
OR2C10A/OR2T10A 12,300—28,300 1024 1024 16,384 256 16 x 16
OR2C12A 15,600—35,800 1296 1296 20,736 288 18x 18
OR2C15A/OR2T15A/OR2T15B | 19,200—44,200 1600 1600 25,600 320 20 x 20
OR2C26A/0OR2T26A 27,600—63,600 2304 2304 36,864 384 24 x 24
OR2C40A/OR2T40A/OR2T40B | 43,200—99,400 3600 3600 57,600 480 30 x 30

* The first number in the usable gates column assumes 48 gates per PFU (12 gates per four-input LUT/FF pair) for logic-only designs. The
second number assumes 30% of a design is RAM. PFUs used as RAM are counted at four gates per bit, with each PFU capable of

implementing a 16 x 4 RAM (or 256 gates) per PFU.
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ORCA Series 2 FPGAs

Description

The OARCA Series 2 series of SRAM-based FPGAs are
an enhanced version of the ATT2C/2T architecture.

The latest OACA series includes patented architectural
enhancements that make functions faster and easier to

design while conserving the use of PLCs and routing

resources.

The Series 2 devices can be used as drop-in replace-
ments for the ATT2Cxx/ATT2Txx series, respectively,
and they are also bit stream compatible with each
other. The usable gate counts associated with each
series are provided in Table 1. Both series are offered
in a variety of packages, speed grades, and tempera-

ture ranges.

The ORCA series FPGA consists of two basic ele-
ments: programmable logic cells (PLCs) and program-

Table 2. ORCA Series 2CA System Performance

mable input/output cells (PICs). An array of PLCs is
surrounded by PICs as shown in Figure 1. Each PLC
contains a programmable function unit (PFU). The
PLCs and PICs also contain routing resources and
configuration RAM. All logic is done in the PFU. Each
PFU contains four 16-bit look-up.tables (LUTs) and four
latches/flip-flops (FFs).

The PLC architecture provides a balanced mix of logic
and routing that allows a highenutilized gate/PFU than
alternative archite¢tures«The routing resources carry
logic signals between PFUs and 1/0 pads. The routing
in the PLC is' symmetrical@about the horizontal and ver-
tical axes. This improves routability by.allowing a bus of
signalsito be routed/into the PLC from any direction.

Some examples of the resources required and the per-
formance thatican be achievéd using these devices are
represented in Table 2.

. # Speed. Grade .
Function PFUs 3 > Unit
16-bit loadable up/down 4 66:7 4 87.0 | MHz
counter
16-bit accumulator 4 66.7 | 87.0 4 MHz
8 x 8 parallel multiplier:
— Multiplier mode, 22 19.3 | 254 | MHz
unpipelined’ 9 55.6 | 71.9 3 MHz
— ROM mode, unpipelined? 44 69.0°| 82.0r | MHz
— Multiplier mode, pipelined®
32 x 16 RAM:
— Single port (readand‘write/ 9 28.6 | 36.2 | MHz
cycle)?
— Single pert® 9 526 | 69.0 | MHz
—Dual.port® 16 52.6 | 83.3 | MHz
36-bit'parity, check (internal) 4 11.0 9.1 ns
32-bit address decode 3.25 9.5 7.5 ns
(internal)

1.Implemented using 4 x 1 multipliemode (unpipelined), register-to-register, two 8-bit inputs, one 16-bit output.

2« Implemented usifig two 16 x 12 ROMs and one 12-bit adder, one 8-bit input, one fixed operand, one 16-bit output.

3. Implementeddising 4 x 1 multiplier mode (fully pipelined), two 8-bit inputs, one 16-bit output (28 of 44 PFUs contain only pipelining registers).
4. Implemented‘using 16 x 4 synchronous single-port RAM mode allowing both read and write per clock cycle, including write/read address

multiplexer.

5. Implemented using16'x 4 synchronous single-port RAM mode allowing either read or write per clock cycle, including write/read address mul-

tiplexer.

6. Implemented using 16 x 2 synchronous dual-port RAM mode.

Lattice Semiconductor
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Table 3. ORCA Series 2TA System Performance

4 Speed Grade
Function PFUSs Unit
-4 -5 -6 -7

16-bit loadable up/down 4

counter

16-bit accumulator 4

8 x 8 parallel multiplier:

— Multiplier mode, 22

unpipelined’ 9

— ROM mode, unpipelined? 44

— Multiplier mode, pipelined®

32 x 16 RAM:

— Single port (read and write/ 9

cycle)*

— Single port® 9

— Dual port® 16

36-bit parity check (internal) 4

32-bit address decode 3.25

(internal)
1.Implemented using 4 x 1 multiplier mode (unpipelined), registe
2. Implemented using two 16 x 12 ROMs and one 12-bj , one 8-b out, i Y - tput.
3. Implemented using 4 x 1 multiplier mode (fully pip: -bi -bi FUs contain only pipelining registers).
4. Implemented using 16 x 4 synchronous single-| M mode allowing both rea i lock cycle, including write/read address
multiplexer.

5. Implemented using 16 x 4 synchronous si

tiplexer.
. Implemented using 16 x 2 synchrono ual-por

<
LS

M mode.

Lattice Semiconductor
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ORCA Series 2 FPGAs

Table 4. ORCA Series 2TB System Performance

. # Speed Grade .
Function PFUSs = ” Unit
16-bit loadable up/down 4 131.6 | 149.3 | MHz
counter
16-bit accumulator 4 131.6 | 149.3 | MHz
8 x 8 parallel multiplier:
— Multiplier mode, 22 37.7 448 | MHz
unpipelined' 9 103.1 | 120.5 | MHz
— ROM mode, unpipelined? 44 | 1235 | 1429 | MHz
— Multiplier mode, pipelined®
32 x 16 RAM:
— Single port (read and write/ 9 57.5 69.4
cycle)*
— Single port® 9 97.7
— Dual port® 16 97.7
36-bit parity check (internal) 4 6.1
32-bit address decode 3.25
(internal)

.Implemented using 4 x 1 multiplier mode (unpipelined), registe
. Implemented using two 16 x 12 ROMs and one 1 adder, 0

. Implemented using 4 x 1 multiplier mode (fully pipeline

H W=

multiplexer.
. Implemented using 16 x 4 synchro
multiplexer.
6. Implemented using 16 x 2 s

[$)]

Lattice Semiconductor

PFUs contain only pipelining registers).

per clock cycle, including write/read address
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Description (continued)

The FPGA’s functionality is determined by internal configuration RAM. The FPGA’s internal initialization/configura-
tion circuitry loads the configuration data at powerup or under system control. The RAM is loaded by using one of
several configuration modes. The configuration data resides externally in an EEPROM, EPROM, or ROM on the
circuit board, or any other storage media. Serial ROMs provide a simple, low pin count method fof configuring
FPGAs, while the peripheral and JTAG configuration modes allow for easy, in-system programming(ISP).
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Figure 1. Series 2 Array
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ispLEVER Development System Over-
view

The ispLEVER development system interfaces to front-
end design entry tools and provides the tools to pro-
duce a configured FPGA. In the design flow, the user
defines the functionality of the FPGA at two points: at
design entry and at the bit stream generation stage.

Following design entry, the development system’s map,
place, and route tools translate the netlist into a routed
FPGA. Its bit stream generator is then used to generate
the configuration data which is loaded into the FPGA’s
internal configuration RAM. When using the bit stream
generator, the user selects options that affect the func-
tionality of the FPGA. Combined with the front-end
tools, ispLEVER produces configuration data that
implements the various logic and routing options dis-
cussed in this data sheet.

Architecture

The ORCA Series FPGA is comprised of two,basic
elements: PLCs and PICs. Figure 1 shows an array/of
programmable logic cells (PLCs) surrounded by pro-
grammable input/output cells (PICs)»The Series 2 has
PLCs arranged in an array of 20 rows and 20 columns.
PICs are located on all four$idés of the FRGA between
the PLCs and the IC edge.

The location of a PLG is indicated by its row and col-
umn so that a PLC in the second row and thirdicolumn
is R2C3. PICs areiindicated, similarly, with PT (top) and
PB (bottom) designating rows and PL (left) and PR
(right) designating columns, followed.by. a number.Ahe
routing resources and configuration RAM are not
shown, but thejintérquad routing blocks (hiQ, vIQ)
pfesentin’the Series 2 series.are ‘shown.

Each RIC contains the necessaryil/O buffers to inter-
face to.bond pads. The PICs also contain the routing
resources needed to connectsignals from the bond
pads to/from PLEstEhe PICs do not contain any user-
accessible logic elements, such as flip-flops.

Combinatoriallogic is done in look-up tables (LUTs)
located in the PFU. The PFU can be used in different
modes to meet different logic requirements. The LUT’s
configurable medium-/large-grain architecture can be
used to implement from one to four combinatorial logic
functions. The flexibility of the LUT to handle wide input
functions, as well as multiple smaller input functions,
maximizes the gate count/PFU.

The LUTs can be programmed to operate in one of
three modes: combinatorial, ripple, or memory. In com-
binatorial mode, the LUTs can realize any four-, five-,
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or six-input logic functions. In ripple mode, the high-
speed carry logic is used for arithmetic functions, the
new multiplier function, or the enhanced data path
functions. In memory mode, the LUTs can be used as a
16 x 4 read/write or read-only memory (asynchronous
mode or the new synchronoussmode) or a new 16 x 2
dual-port memory.

Programmable Logic Cells

The programmable logic,cell (PLC) consists of a pro-
grammable'function unit(PFU) and routing resources.
All PLCs in the array are identical. The'PFW, which con-
tains, foun LUTs)and four latches/EFs for logic imple-
mentation, is discussed in thesmext'section.

Programmable Function Unit

The)PFUs are uséd, for logicaEach PFU has 19 exter-
nal inputs andssix outputs and can operate in several
modes. The functionality'of the inputs and outputs
dependsfonithe operating mode.

The PFU uses)three input data buses (A[4:0], B[4:0],
WD[3:0]), four'control inputs (CO, CK, CE, LSR), and a
carry input(CIN); the last is used for fast arithmetic
functions. There is a 5-bit output bus (O[4:0]) and a
carry-out, (COUT).

PROGRAMMABLE LOGIC CELL (PLC)
—wb3
—wb2
— lwb1 COUT|—
—wbo
N .V] 04—
—1{A3 o3|—
—{A2 PROGRAMMABLE o2—
— | FUNCTION UNIT o1 l—
— Ao (PFU) o0
—1B4
—B3
—1B2
—1B1
—1Bo
_len CO CK CE LSR
(ROUTING RESOURCES, CONFIGURATION RAM)

5-2750(F).r3

Figure 2. PFU Ports
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Figure 3. Simplified PFU Diagram

Figure 2.and Figure 3 show high-level'and detailed
views'of the ports in the PFU, respectively. The ports
are referenced with a twe=toyfour-character suffix to a
PFU’slocation. As mentioned, there are two 5-bit input
data buses (A[4:0] and B[4:0]) to the LUT, one 4-bit
input data bus (WD[3:0]):1o,the latches/FFs, and an
output data bus (O[4:0]).

Figure 3 shows the four latches/FFs (REG[3:0]) and the
64-bit look-up table (QLUT[3:0]) in the PFU. The PFU
does combinatorial logic in the LUT and sequential
logic in the latches/FFs. The LUT is static random
access memory (SRAM) and can be used for read/
write or read-only memory. The eight 3-state buffers

found in each PLC are also shown, although they actu-
ally reside external to the PFU.

Each latch/FF can accept data from the LUT. Alterna-
tively, the latches/FFs can accept direct data from
WD[3:0], eliminating the LUT delay if no combinatorial
function is needed. The LUT outputs can bypass the
latches/FFs, which reduces the delay out of the PFU. It
is possible to use the LUT and latches/FFs more or
less independently. For example, the latches/FFs can
be used as a 4-bit shift register, and the LUT can be
used to detect when a register has a particular pattern
in it.

Lattice Semiconductor
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Programmable Logic Cells (continued)

Table 5 lists the basic operating modes of the LUT. The
operating mode affects the functionality of the PFU
input and output ports and internal PFU routing. For
example, in some operating modes, the WD[3:0] inputs
are direct data inputs to the PFU latches/FFs. In the
dual 16 x 2 memory mode, the same WD[3:0] inputs
are used as a 4-bit data input bus into LUT memory.

The PFU is used in a variety of modes, as illustrated in
Figures 4 through 11, and it is these specific modes
that are most relevant to PFU functionality.

PFU Control Inputs

The four control inputs to the PFU are clock (CK), local
set/reset (LSR), clock enable (CE), and CO. The CK,
CE, and LSR inputs control the operation of all four
latches in the PFU. An active-low global set/reset
(GSRN) signal is also available to the latches/FFs‘in
every PFU. Their operation is discussed briefly.here,
and in more detail in the Latches/Flip-Flopsd&ection.
The polarity of the control inputs can be inverted.

The CKinput is distributed to each PEU from @ vertical
or horizontal net. The CE input inhibits the latches/FFs
from responding to data inputs<The CE input can be
disabled, always enabling the clock. Each latch/FF can
be independently programmed to be setor reset by the
LSR and the global set/reset (GSRN) signals. Each
PFU’s LSR input cambe configured as synchronous or
asynchronous. Thé GSRN signal is always asynchro-
nous. The LSR<ignal@pplies to all four latches/FES\in
a PFU. The LSR input candbe disabled (the default).
The asynchronous set/réset is dominant over clocked
inputs.

Theé CO inputiisiused as an input into the special PFU
gates for wide functions in combinatorial logic mode.
In the memory modes, this inputiis,alsoused as the
write-port enable input. ThesCO input can be disabled
(the default).

Look-Up Table Operating Modes

The look-up table (LUT) can be configured to operate
in one of three general modes:

= Combinatorial logic mode

= Ripple mode

= Memory mode

The combinatorial logic mode uses a 64-bit look-up
table to implement Boolean functions. The two 5-bit
logic inputs, A[4:0] and B[4:0], and the CO input are
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used as LUT inputs. The use of these ports changes
based on the PFU operating mode.

The functionality of the LUT is determined by its oper-
ating mode. The entries in Table 5 show the basic
modes of operation for combinatorial logic, ripple, and
memory functions in the LUT. Depending on the oper-
ating mode, the LUT can be divided into sub-LUTs. The
LUT is comprised of two* 32-bit half look-up tables,
HLUTA and HLUTB: Eachthalfdook-up table (HLUT) is
comprised of two quartér look<up tables (QLUTSs).
HLUTA consiststof QLUI2 and QLUTS3, while HLUTB
consists of QLUTO and QLUT1. The outputs of QLUTO,
QLUT1, QLUT2, and QLUT3 are FO#F1, F2, and F3,
respectively.

Table 5. Look-Up Table Opérating Modes

Mode Function

F4A | Two functions of four inpdts, some inputs
shared (QLUT2/QLUT3)

F4B | Two functions,of four inputs, some inputs
shared (QLUTO/QLUT1)

F5A |‘One function,of five inputs (HLUTA)

F5B )One function of five inputs (HLUTB)

R [4-bit ripple (LUT)

MA | 16'x 2 asynchronous memory (HLUTA)

MB | 16 x 2 asynchronous memory (HLUTB)

SSPMY1 16 x 4 synchronous single-port memory

SDPM| 16 x 2 synchronous dual-port memory

For combinatorial logic, the LUT can be used to do any
single function of six inputs, any two functions of five
inputs, or four functions of four inputs (with some inputs
shared), and three special functions based on the two
five-input functions and CO.




ORCA Series 2 FPGAs

Data Sheet
November 2006

Programmable Logic Cells (continued)

The LUT ripple mode operation offers standard arith-
metic functions, such as 4-bit adders, subtractors,
adder/subtractors, and counters. In the ORCA

Series 2, there are two new ripple modes available. The
first new mode is a 4 x 1 multiplier, and the second is a
4-bit comparator. These new modes offer the advan-
tages of faster speeds as well as denser logic capabili-
ties.

When the LUT is configured to operate in the memory
mode, a 16 x 2 asynchronous memory fits into an
HLUT. Both the MA and MB modes were available in
previous OACA architectures, and each mode can be
configured in an HLUT separately. In the Series 2,
there are two new memory modes available. The first is
a 16 x 4 synchronous single-port memory (SSPM), and
the second is a 16 x 2 synchronous dual-port memory
(SDPM). These new modes offer easier implementa-
tion, faster speeds, denser RAMs, and a dual-port
capability that wasn’t previously offered as an option_in
the ATT2Cxx/ATT2Txx families.

If the LUT is configured to operate in the ripple mode; it
cannot be used for basic combinatorial logicormemory
functions. In modes other than the rippleZSSPM, and
SDPM modes, combinations of operatifig modes are
possible. For example, the LUT candbesconfigured,as a
16 x 2 RAM in one HLUT and a fiye-input combinatorial
logic function in the second HLUT. This can be done by
configuring HLUTA in the MA'mode and HLUTB in the
F5B mode (or vice versa).

F4A/F4B Mode—Two Four-Input Functions

Each HLUT can bewsed to implement twodour-input
combinatorial functions, but the total number of inputs
into each#HLUT.€annot exceed five. The two,QLUTs
within each HLUT share three inputs. In HLUTAgthe
A1,/A2and A8)inputs are shared by QEUT2 and
QLUT3.Similarly, in HLUTB, the B1,'B2, and B3 inputs
are shared by QLUTO and QLUT 1. The four outputs are
FO, F14E2{ and F3. Thedesults can be routed to the
DO, D1, D2, and D3 latch/FF inputs or as an output of
the PFU. The use of the bUT for four functions of up to
four inputs each is given'in Eigure 4.

F5A/F5B Mode—One Five-Input Variable Function

Each HLUT can be used to implement any five-input
combinatorial function. The input ports are A[4:0] and
B[4:0], and the output ports are FO and F3. One five or
less input function is input into A[4:0], and the second
five or less input function is input into B[4:0]. The
results are routed to the latch/FF DO and latch/FF D3
inputs, or as a PFU output. The use of the LUT for two
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independent functions of up to five inputs is shown in
Figure 5. In this case, the LUT is configured in the F5A
and F5B modes. As a variation, the LUT can do one
function of up to five input variables and two four-input
functions using F5A and F4B modes or F4A and F5B
modes.

s = HLUTA
A3 —» A3

QulT3 F3
A2 A2
Al —» A1
A3 —» A3
A2 A2

QLUT2 2N
Al —» Al
A0 —» A0
B4 B4 HLUTB
B3 —» B3

QLUTI il
B2 > B2
B4 B1
B3 B3
B2 B2

QLUTO Fo
B1 B1
B0 —» B0

5-2753(F).r2

Figure 4.,F4 Mode—Four Functions of Four-
Input Variables

HLUTA
WEA A4
F3
A3 A3 QLUT3
A2 A2
F2
Al A1 QLUT2 >
A0 A0
WD3 wD3
WwD2 WD2 o
WPE )
HLUTB
B4 B4
B3 B3  QLUT{
B2 B2 Al
B1 B1  qLuTo
BO BO
5-2845(F).r2

Figure 5. F5 Mode—Two Functions of Five-Input
Variables
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F5M and F5X Modes—Special Function Modes co F3
The PFU contains logic to implement two special func- A4 A4 g
tion modes which are variations on the F5 mode. As A3, A3 QLUT3
with the F5 mode, the LUT implements two indepen- A2, A2 F3ub. o—] F2
dent five-input functions. Figure 6 and Figure 7 show Al Al >
the schematics for F5M and F5X modes, respectively. ) &
The F5X and F5M functions differ from the basic F5A/ A AO
F5B functions in that there are three logic gates which
have inputs from the two 5-input LUT outputs. In some
cases, this can be used for faster and/or wider logic B4 B4
functions. B3 B3 QLUTY
B2 B2 Fo Fi
As can be seen, two of the three inputs into the NAND, 4 -
XOR, and MUX gates, FO and F3, are from the LUT. QLuTo
The third input is from the CO input into PFU. Since the B0 B0 Fo
CO input bypasses the LUTs, it has a much smaller —
delay through the PFU than for all other inputs into the 5-2754(F).13
special PFU gates. This allows multiple PFUs to be h Figure 6. F5M Mode—Muitiplexed Function of Two
cascaded together while reducing the delay of.the criti- Independent Five-Input Variable
cal path through the PFUs. The output of the first'spe- Functions
cial function (either XOR or MUX) is F1. Since the XOR
and MUX share the F1 output, the F5X and F5M
modes are mutually exclusive. The gutput of thee NAND
PFU gate is F2 and is always available in either mode. co F3
To use either the F5M or F5X functiong,the LUT must Ad. A4 HLUTA -
be in the F5A/F5B mode;die.; only 5-input’LUTs A3 A3
allowed. In both the F5X/and F5Mdfunctions, the out- A2 A2 F3
puts of the five-inputsccombinatorial functions, FO and | F2
F3, are also usablé simultaneously with the special Pl — Al >
PFU gate outpuis. AD — A0
The output of the MUX ist
F1 = (HCUTA & C0) 4+ (HLUTB & C0) B4 — B4 HLUTB
F1 =(F3 & €0),+(F0 & C0) B3 B3 %} F
B2 _» B >
The output of the exclusive ORyis: B? Bf FO
F1 =HLUTA @ HLUTB @ CO B0 —» BO Fo
Fi=F3® FO ® CO >
Thie output of thé NAND is: S2785(F)r2

Figure 7. F5X Mode—Exclusive OR Function of Two
Independent Five-Input Variable
Functions

F2 = HLUTA & HLUTB & CO
F2=F3 & FO &C0

Lattice Semiconductor 11
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Co

A4 A4

A3 —» A3  QLUT3

A2 —» A2 F3

Al Al QLUT2

A0 A0 )
F1

B4 B4

B3 —» B3 QLUTT

B2 —» B2 Fo

B1 B1 qQLuTo

BO — BO

5-2751(F).r3

Figure 8. F5M Mode—One Six-Input Variable
Function

F5M Mode—One Six-Input Variable Function

The LUT can be used to implement any function,of six-
input variables. As shown in Figuré 8, five input signals
(A[4:0]) are routed into both the A[4:0] andB[4:0] ports,
and the CO port is used for the sixth,input: The output
port is F1.

Ripple Mode

The LUT can do‘ibble-wide ripple functionswith high=
speed carry logic. Each QLUT has a dedi¢ated carry-
out net to route the carryto/from the adjacent QLUT.
Using the internal carry circuits, fast@rithmetic,and
counterfunctions can be implemented.inrone PFU.
Similarly,.each'PEU has carry-in (CIN) and carry-out
(COUT) ports for fast-carry routing betweéen adjacent
PFUs.

The ripple mode is generally used in‘operations on two
4-bit buses. Each QLUT has two operands and a ripple
(generally carry) input, and provides a result and ripple
(generally carry) output. A single bit is rippled from the
previous QLUT and is used as input into the current
QLUT. For QLUTO, the ripple input is from the PFU CIN
port. The CIN data can come from either the fast-carry
routing or the PFU input B4, or it can be tied to logic 1
or logic 0.

The resulting output and ripple output are calculated by
using generate/propagate circuitry. In ripple mode, the
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two operands are input into A[3:0] and B[3:0]. The four
result bits, one per QLUT, are F[3:0] (see Figure 9).
The ripple output from QLUT3 can be routed to dedi-
cated carry-out circuitry into any of four adjacent PLCs,
or it can be placed on the O4 PFU output, or both. This
allows the PLCs to be cascaded in thé ripple mode so
that nibble-wide ripple functions can be expanded eas-
ily to any length.

| couT
couT

B3 — B3 F3

o A QLUTS .

A ap QLUT2 -

. B

21 y a1 OLUTH i

BO—» ig QLUTO Fo_

A0 — GIN

CIN 4

5-2756(F).r32

Figure 9. Ripple Mode

The ripple mode can be used in one of four submodes.
The first of these is adder/subtractor mode. In this
mode, each QLUT generates two separate outputs.
One of the two outputs selects whether the carry-in is
to be propagated to the carry-out of the current QLUT
or if the carry-out needs to be generated. The result of
this selection is placed on the carry-out signal, which is
connected to the next QLUT or the COUT signal, if it is
the last QLUT (QLUTS3).

The other QLUT output creates the result bit for each
QLUT that is connected to F[3:0]. If an adder/subtractor
is needed, the control signal to select addition or sub-
traction is input on A4. The result bit is created in one-
half of the QLUT from a single bit from each input bus,
along with the ripple input bit. These inputs are also
used to create the programmable propagate.
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The second submode is the counter submode (see
Figure 10). The present count is supplied to input
A[3:0], and then output F[3:0] will either be incre-
mented by one for an up counter or decremented by
one for a down counter. If an up counter or down
counter is needed, the control signal to select the direc-
tion (up or down) is input on A4. Generally, the latches/
FFs in the same PFU are used to hold the present
count value.

LUT
| > > COUT
A3 COUT | F3
QLUT3 D Q Q3
A
A2 - »| awme |2 D a -Q2
A
Al - o awm [P, D Q et
A
AO aLuTel | —FO D a Qo
CIN
A
CIN

5-4643(F).r1

Figure 10. Counter Submodeé with Flip-Flops
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In the third submode, multiplier submode, a single
PFU can affect a 4 x 1-bit multiply and sum with a par-
tial product (see Figure 11). The multiplier bit is input at
A4, and the multiplicand bits are input at B[3:0], where
B3 is the most significant bit (MSB). A[3:0] contains the
partial product (or other inputtobe summed) from a
previous stage. If A4 is logical 1 theymultiplicand is
added to the partial product. If A4 is logical zero, zero is
added to the partial product, whichfis the same as
passing the partial product. CIN can hold the carry-in
from the less significant PFUS if the multiplicand is
wider than 4¢bits, and COWT holds any carry-out from
the addition, which may then be used.as,part of the
produgchor routed to /another PFU in multiplier mode for
multiplicand width/éxpansion.

A3 B3 A2 B2 Ald B1 A0 BO
0 0 0 0
g 7 1' g 7 g / (+)/
Ml st awlia Q
COUT= \?j \? \? \JI:J CIN
Y Y Y Y
F3 F2 F1 FO

5-4620(F)

Figure 11. Multiplier Submode

Ripple mode’s fourth submode features equality
comparators, where one 4-bit bus is input on B[3:0],
another 4-bit bus is input on B[3:0], and the carry-in is
tied to 0 inside the PFU. The carry-out (=) signal will be
0if A= B or will be 1 if A = B. If larger than 4 bits, the
carry-out (=) signal can be cascaded using fast-carry
logic to the carry-in of any adjacent PFU. Comparators
for greater than or equal or less than (>, =, <) continue
to be supported using the ripple mode subtractor. The
use of this submode could be shown using Figure 9
with CIN tied to 0.
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Asynchronous Memory Modes—MA and MIB

The LUT in the PFU can be configured as either read/
write or read-only memory. A read/write address
(A[3:0], B[3:0]), write data (WD[1:0], WDI[3:2]), and two
write-enable (WE) ports are used for memory. In asyn-
chronous memory mode, each HLUT can be used as a
16 x 2 memory. Each HLUT is configured indepen-
dently, allowing functions such as a 16 x 2 memory in
one HLUT and a logic function of five input variables or
less in the other HLUT.

Figure 12 illustrates the use of the LUT for a 16 x 4
memory. When the LUTs are used as memory, there
are independent address, input data, and output data
buses. If the LUT is used as a 16 x 4 read/write mem-
ory, the A[3:0] and B[3:0] ports are address inputs
(A[3:0]). The A4 and B4 ports are write-enable (WE)
signals. The WD[3:0] inputs are the data inputs. The
F[3:0] data outputs can be routed out on the O[4:0]
PFU outputs or to the latch/FF D[3:0] inputs.

WEA A4 HLUTA
A3 _» A3
A2 _» A2
F3
A1 A1 -
A0 A0 F2
WD3 WD3
WD2 wp2.460
A
WPE _»
y
WEB — B4 GO HLUTB
WD1 _» WD
WDO WDO
F1
B3 B3
B2 B2 ro
B1 B1
B0 B0
5-2757(F).r3

Figure 12. MA/MB-Mode—16 x 4 RAM

To increase memory word depth above 16 (e.g., 32 x
4), two or more PLCs can be used. The address and
write data inputs for the two or more PLCs are tied
together (bit by bit), and the data outputs are routed
through the four 3-statable BIDIs available in each PFU
and are then tied together (bit by bit).

The control signal of the 3-statable BIDIs, called a RAM
bank-enable, is created from a decode of upper
address bits. The RAM bank-enable is then used to
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enable 4 bits of data from a PLC onto the read data
bus.

The OARCA Series 2 series also has a new AND func-
tion available for each PFU in RAM mode. The inputs to
this function are the write-enable (WE).signal and the
write-port enable (WPE) signal. Thedwrite-enable signal
is A4 for HLUTA and B4 for HLUTB, while the other
input into the AND gates for both HLUTs is the write-
port enable, input on CO orCIN. Generally, the WPE
input is driven by the same RAM banksenable signal
that controls the BIDIssimeach PFU:

The selection of which RAMbankto write datasinto
does not require the use of LUTs from othef PFUs, as
in previous @ACAarchitectures. This reduces the num-
ber of PFUsrequiredyfor RAMSs largerdhan 16 words in
depth.Note thaiif either HLUT is indVIA/MB mode, then
the same WRPE is active for both HLUIS.

do'incréase the memory’s word'size (€.g¥16 x 8), two
ormore PLCs are used again. The address, write-
enable, and write-portsenableiof the' PLCs are tied
together (bit by bit), and the dataiis different for each
PLC. Increasing bothsthe address locations and word
size is done by,using,a combination of these two tech-
niques.

The LUT can be used,simultaneously for both memory
and.a'combinatorial logic function. Figure 13 shows the
useofia LUT implementing a 16 x 2 RAM (HLUTA) and
any function of up to five input variables (HLUTB).

HLUTA
WEA A4
A3 A3 QLUT3 F3_
A2 A2
A1 Al QLUT2 F2_
A0 A0
WD3 WD3
Cco
WPE }
HLUTB
B4 B4
B3 B3  QLUTY
B2 B2 Fo_
B1 BT qLuTo
BO BO

5-2845(F).a.r

Figure 13. MA/F5 Mode—16 x 2 Memory and One
Function of Five Input Variables
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Synchronous Memory Modes—SSPM and SDPM

The MA/MB asynchronous memory modes described
previously allow the PFU to perform as a 16 x 4

(64 bits) single-port RAM. Synchronously writing to this
RAM requires the write-enable control signal to be
gated with the clock in another PFU to create a write
pulse. To simplify this functionality, the Series 2 devices
contain a synchronous single-port memory (SSPM)
mode, where the generation of the write pulse is done
in each PFU.

With SSPM mode, the entire LUT becomes a 16 x 4
RAM, as shown in Figure 14. In this mode, the input
ports are write enable (WE), write-port enable (WPE),
read/write address (A[3:0]), and write data (WD[3:0]).
To synchronously write the RAM, WE (input into a4)
and WPE (input into either CO or CIN) are latched and
ANDed together. The result of this AND function is‘sent
to a pulse generator in the LUT, which writes the,RAM
synchronous to the RAM clock. This RAM clock is'the
same one sent to the PFU latches/FFs; however, if nec-
essary, it can be programmably inverted.

WE |A4 5 q WRITE PULSE
GENERATOR
HLUTA
WR
WPE__ |CIN, CO=— B
WA[3:0] F2
RA[3:0]
WD[3:2]
A[3:0] |A[3:0], B[3:0] R
WDS:0]|wD[3:0] ol
HLUTB
»|WR
F1
WA[3:0] Fo
RA[3:0]
WDI[1:0]

5-4642(F).r1

Figure 14. SSPM Mode—16 x 4 Synchronous
Single-Port Memory

Lattice Semiconductor

The write address (WA[3:0]) and write data (WD[3:0])
are also latched by the RAM clock in order to simplify
the timing. Reading data from the RAM is done asyn-
chronously; thus, the read address (RA[3:0]) is not
latched. The result from the read operation is placed on
the LUT outputs (F[3:0]). ThefF[8:0] data outputs can
be routed out of the PFU ar sentdorthe latch/FF D[3:0]
inputs.

There are two ways‘to usethedatches/FFs in conjunc-
tion with the SSPM. If. the phase of the latch/FF clock
and the RAM.clock are the same, only a read address
or write address can be'supplied to the RAM that
meets the synchronous timing requirements of both
the RAMclockianddatch/FF clocki Therefore; either a
write to thexRAM-or a read from the RAM can be done
in each clock eycle, but not both. If the RAM clock is
inverted\from the latch/FE clockg then both a write to
the'RAM and a read from the RAM gan occur in each
clock cycle. This is done by adding an external write
address/read address multiplexer as shown in

Figure 15.

The write ,address'is supplied on the phase of the clock
that allows for setup to the RAM clock, and the read
addreéss,is supplied on the phase of the clock that
allows theread data to be set up to the latch/FF clock.
If a,higher-speed RAM is required that allows both a
read and write in each clock cycle, the synchronous
dual-port memory mode (SDPM) can be used, since it
does not require the use of an external multiplexer.

r——————-— - 1
| SSPM |
WRITE ADDRESS _ | WD |
A
READ ADDRESS _ |, | |
—>|—> WE D Q —I>
—»I—> WPE
RAM CLK I
I |
I |
I |
CLOCK
! PFU |
L — — — — — — — _— 4

5-4644(F).r1

Figure 15. SSPM with Read/Write per Clock Cycle
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UPPER ADDRESS BANK EN1
ADDRESS —| DECODE = ’
BITS LUT1
— WPE
4
DI DO
WR BIDI
16 x 4 RAM + )
. 4 BUFFERS/PFU
UPPER ADDRESS | pank ENz \r a4
ADDRESS —| DECODE =
BITS LUT2
WPE
DIN 4 DI DO |—
WR WR 4
CLK

Note: The lower address bits are not shown.

16 x 4 RAM +
4 BUFFERS/PFU
5-4640(F)

Figure 16. Synchronous RAM with Write-Port Enable (WPE)

To increase memory word depth aboved6(exg., 32 x
4), two or more PLCs can be used. The address,and
write data inputs for the two or mofe PLCs are tied
together (bit by bit), and the data outputs are routed
through the four 3-statable BiDIs'available in each
PFU. The BIDI outputs arefthen tied together (bit by
bit), as seen in Figure 16.

The control signals of the 3-statable BIDls, called RAM
bank-enable (BANK_EN1 and' BANK_EN2)are cre-
ated from a decode of uppef address bits{The RAM
bank-enablé is then used'to enable 4 bits|of data from
a PLC ontothefread data (DOUT) bus:

ThesSeries 2 series§ now has a new AND function avail-
able for.each PFU in RAM mgde. Theinputs to this
function are the write-enable (WE) sighal‘and the write-
port enablé (WPE) signal. The,writexenable signal is
input on A4, while the‘write-port.enable is input on CO
or CIN. Generally, the WPRE input is driven by the same
RAM bank-enable signal'that.controls the BIDIs in each
PFU.
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The selettion as to which RAM bank to write data into

does fot require the'use of LUTs from other PFUs, as

in previous OAEA architectures. This reduces the num-
ber of PEUs required for RAMs larger than 16 words in
depth.

A'special use of this method can be to increase word
depth'to 32 words. Since both the WPE input into the
RAM and the 3-state input into the BIDI can be
inverted, a decode of the one upper address bit is not
required. Instead, the bank-enable signal for both
banks is tied to the upper address bit, with the WPE
and 3-state inputs active-high for one bank and active-
low for the other.

To increase the memory’s word size (e.g., 16 x 8), two
or more PLCs are used again. The address, write-
enable, and write-port enable of the PLCs are tied
together (bit by bit), and the data is different for each
PLC. Increasing both the address locations and word
size is accomplished by using a combination of these
two techniques.

Lattice Semiconductor
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Figure 17. SDPM Mode—16 x 2 Synchronous
Dual-Port Memory

The Series 2 devices have added a‘'second synchro-
nous memory mode known@sithe synchronous dual-
port memory (SDPM) miode. This mode writes data
into the memory synchronously in the same manner
described previously for SSPM mode. The SDPM
mode differs in that two'separate 16 x 2 memories,are
created in each PFUY that have the same WE, WPE,
write data (WD[1:0]), and write address (WA[3:0])
inputs, a§'shown in Figure 17.

Thedutputs'ofiHLUTA (F[3:2]) operate thegsame way
they dodnSSPM 'mode—the read address comes
directly fromdhe A[3:0] inputs used to create the
latchedywrite address. The outputs of HLUTB (F[1:0])
operatein a dual-port mode where the write address
comes from the latched version'of A[3:0], and the read
address comesdirectly fromyRA[3:0], which is input on
B[3:0].

Since external multiplexing of the write address and
read address is not required, extremely fast RAMs can
be created. New system applications that require an
interface between two different asynchronous clocks
can also be implemented using the SDPM mode. An
example of this is accomplished by creating FIFOs
where one clock controls the synchronous write of data
into the FIFO, and the other clock controls the read
address to allow reading of data at any time from the
FIFO.

Lattice Semiconductor

Latches/Flip-Flops

The four latches/FFs in the PFU can be used in a vari-
ety of configurations. In some cases, the configuration
options apply to all four latches/FFs in the PFU. For
other options, each latch/FEdsiindependently program-
mable.

Table 6 summarizes these latch/FE/options. The
latches/FFs can befconfiguredas either positive or
negative level-sensitive'latches, or positive or negative
edge-triggeredilip-flopsyAlldatches/FFs in a given PFU
share the same clock, andthe clock to these latches/
FFs can be inverted. The input into €ach latch/FF is
from,either the'eorrésponding QlLUT output (F[3:0]) or
the'directdata input (WD[3:0])#For latehes/FFs located
in the two outer rings of PLCs, additionalinputs are
possible: These additional inputs are fast paths from
I/O"pads located in PI@s, in the same row or column as
the PLCs. If the latch/FR is,not'located in the two outer
rings of the PLCs; the latch/FF input can also be tied to
logic 0, whichds the default: The four latch/FF outputs,
Q[3:0], can be placed anithe five PFU outputs, O[4:0].

Table‘6. Configuration RAM Controlled Latch/
Flip-Flop Operation

Function Options

Functionality Common to All Latch/FFs in PFU

LSR Operation Asynchronous or synchronous

Clock Polarity Noninverted or inverted

Front-End Select | Direct (WD[3:0]) or from LUT
(F[3:0])

LSR Priority Either LSR or CE has priority

Functionality Set Individually in Each Latch/FF in PFU

Latch/FF Mode Latch or flip-flop

Set/Reset Mode | Set or Reset

The four latches/FFs in a PFU share the clock (CK),
clock enable (CE), and local set/reset (LSR) inputs.
When CE is disabled, each latch/FF retains its previous
value when clocked. Both the clock enable and LSR
inputs can be inverted to be active-low.
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The set/reset operation of the latch/FF is controlled by
two parameters: reset mode and set/reset value. When
the global set/reset (GSRN) or local set/reset (LSR) are
inactive, the storage element operates normally as a
latch or FF. The reset mode is used to select a synchro-
nous or asynchronous LSR operation. If synchronous,
LSR is enabled only if clock enable (CE) is active. For
the Series 2 series, a new option called the LSR prior-
ity allows the synchronous LSR to have priority over the
CE input, thereby setting or resetting the FF indepen-
dent of the state of CE. The clock enable is supported
on FFs, not latches. The clock enable function is imple-
mented by using a two-input multiplexer on the FF
input, with one input being the previous state of the FF
and the other input being the new data applied to the
FF. The select of this two-input multiplexer is clock
enable (CE), which selects either the new data or the
previous state. When CE is inactive, the FF output does
not change when the clock edge arrives.

The GSRN signal is only asynchronous, and it sets/
resets all latches/FFs in the FPGA based upon the set/
reset configuration bit for each latch/FF. The set/reset
value determines whether GSRN and LSRfare set or
reset inputs. The set/reset value is independent for
each latch/FF.

If the local set/reset is not needed, the latch/FF can be
configured to have a data front-end select. Two data
inputs are possible in the front-end select'mode, with
the LSR signal used to sélect which data input is used.
The data input into each'lateh/FF isdrom the output of
its associated QLUT F[3:0]'endirect from WDI[3:0],
bypassing the LUT In the front-end data selectimode,
both signals afe available to'the latches/FFs.

CE—\

PDINTB PDINTB F
PDINLR CE PDINLR CE CE
ngi D Ql~ F D Q _LOGI\(IDVD D Ql—
WD WD 0 WD
LOGIC.0 LOGIC 0

For PLCs that are in the two outside rows or columns of
the array, the latch/FFs can have two inputs in addition
to the F and WD inputs mentioned above. One input is
from an 1/O pad located at the PIC closest to either the
left or right of the given PLC (if the PLC is in the left two
columns or right two columns of the array). The other
input is from an I/O pad located atthe closest PIC
either above or below the givenyPLC (if the PLC is in
the top or the bottom two rows). It should,bé noted that
both inputs are available for a 2. X2 array of PLCs in
each corner of the array. Forihe entire array of PLCs, if
either or both of thesé inputs is.unavailable, the latch/
FF data input can be tied to.alogic 0 instead_(the
default).

To speed up the interface between signals external to
the FPGA and the laiches/FFs, there are direct paths
from latch/EF outputs 1o the 1/O pads. This is done for
each PLC thatiis adjacent to a®RIC.

The latches/FFs can be configuredin three modes:

1. Localsynchronous set/reset: the input into the PFU’s
LSR port is used to synchronously set or reset each
latch/FF.

2. Local asynchronous set/reset: the input into LSR
asynchronously,sets or resets each latch/FF.

3. Latch/FF,with front:end select: the data select signal
(actually"LSR) selects the input into the latches/FFs
between the LUT output and direct data in.

For.all'three modes, each latch/FF can be indepen-
dently‘programmed as either set or reset. Each latch/
FFinthe PFU is independently configured to operate
as either a latch or flip-flop. Figure 18 provides the logic
functionality of the front-end select, global set/reset,
and local set/reset operations.

PDINTB LSR

PDINLR

CE—\

SLSET
LSR
S_RESET GSRN
CLK LSR CLK CLK
SET RESET SET RESET SET RESET
GSRN | ) GSRN—¢
|CDI

Note: CD = configuration data.
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Figure 18. Latch/FF Set/Reset Configurations

5-2839(F).a
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PLC Routing Resources

Generally, the ispLEVER development system is used
to automatically route interconnections. Interactive
routing with the ispLEVER design editor (EPIC) is also
available for design optimization. To use EPIC for inter-
active layout, an understanding of the routing
resources is needed and is provided in this section.

The routing resources consist of switching circuitry and
metal interconnect segments. Generally, the metal
lines which carry the signals are designated as routing
nodes (lines). The switching circuitry connects the rout-
ing nodes, providing one or more of three basic func-
tions: signal switching, amplification, and isolation. A
net running from a PFU or PIC output (source) to a
PLC or PIC input (destination) consists of one or moré
lines, connected by switching circuitry designated.as
configurable interconnect points (CIPs).

The following sections discuss PLC, PIC, and interquad
routing resources. This section discussesthe,PLC
switching circuitry, intra-PLC routing, inter-PLC routing,
and clock distribution.

Configurable Interconnect Points

The process of connecting lines uses three basic types
of switching circuits: two(types of ¢onfigurable intercon-
nect points (CIPs) and bidirectional buffers (BIDIs). The
basic element in CIPs is one of more pass transistors,
each controlled'by,a.configuration RAM bitl The two
types of CIPs arethe mutdally exclusive (or multi-
plexed) CIP and the independent CIP.

A mutbally‘exclusive set of CIPs ¢ontains two or more
CIPs, only one of which can be on at a time. An inde-
pendent CIP_ has no such restrictionsiandican be on
independent of the state of othem€IPs. Figure 19
shows an example of both types of CIPs.
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Figure 19..Configurable Interconnect Point

3-Statable Bidirectional Buffers

Bidirectional buffers provide isolation as well as amplifi-
cation for signals routed a long distance. Bidirectional
butfers,are also used to drive signals directly onto
either vertical or horizontal XL and XH lines (to be
described later in the inter-PLC routing section). BIDIs
are’also used to indirectly route signals through the
switching lines. Any number from zero to eight BIDIs
can be used in a given PLC.

The BIDIs in a PLC are divided into two nibble-wide
sets of four (BIDI and BIDIH). Each of these sets has a
separate BIDI controller that can have an application
net connected to its TRI input, which is used to 3-state
enable the BIDIs. Although only one application net
can be connected to both BIDI controllers, the sense of
this signal (active-high, active-low, or ignored) can be
configured independently. Therefore, one set can be
used for driving signals, the other set can be used to
create 3-state buses, both sets can be used for 3-state
buses, and so forth.
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Figure 20. 3-Statable Bidirectional Buffers

IntrasPLC Routing

The funetion of the intra*PLC toutingiresources is to
connect the PFU’s input and output ports to the routing
resources used for entry to and exit from the PLC.
These are nets for providing\PFU feedback, turning
corners, or switching from one type of routing resource
to another.

PFU Input and Output Ports. There are 19 input ports
to each PFU. The PFU input ports are labeled A[4:0],
B[4:0], WD[3:0], CO, CK, LSR, CIN, and CE. The six
output ports are O[4:0] and COUT. These ports corre-
spond to those described in the PFU section.
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Switching Lines. There are four sets of switching lines
in each PLC, one in each corner. Each set consists of
five switching elements, labeled SUL[4:0], SUR[4:0],
SLL[4:0], and SLRJ[4:0], for the upper-left, upper-right,
lower-left, and lower-right sections of the PFUs,
respectively. The switching lines connéctito the PFU
inputs and outputs as well as the BIDI and'BIDIH lines,
to be described later. They alsosconnect to both the
horizontal and vertical X1 and X4 lines (inteér-PLC rout-
ing resources, described hélow).dh their specific corner.

One of the four sets ofsswitching,lines can be con-
nected to a set of switching lines.in"each of the four
adjacent PLCs or RICs. This allows direct routing of up
to five signals without using/inter-PLC routing.

BIDI/BIDIH Lines-There are two sets‘of bidirectional
lines imthe PLC, each set consisting of folr bidirec-
tional buffers: They are designated BIDI and BIDIH and
have similar functionality. The BIRI lines,are‘used in
conjunction with the XL lines, and the BIDIH lines are
used in conjunction with thexXH lines. Each side of the
fourBIDIs in the PLC is eonnected.to a BIDI line on the
left (BL[3:0]) and on the right (BR[3:0]). These lines can
be connected to the XL lines through CIPs, with BL[3:0]
connected tothe, vertical XL lines and BR[3:0] con-
nected tothe horizontal XL lines. Both BL[3:0] and
BR[3:0]thave CIPs‘which connect to the switching
lines.

Similarly, eachside of the four BIDIHs is connected to a
BIDIH, line: BLH[3:0] on the left and BRH[3:0] on the
right. These lines can also be connected to the XH
lines through CIPs, with BLH[3:0] connected to the ver-
tical XH lines and BRH[3:0] connected to the horizontal
XH lines. Both BLH[3:0] and BRH[3:0] have CIPs which
connect to the switching lines.

CIPs are also provided to connect the BIDIH and BIDIL
lines together on each side of the BIDIs. For example,

BLH3 can connect to BL3, while BRH3 can connect to
BR3.

Lattice Semiconductor
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Inter-PLC Routing Resources

The inter-PLC routing is used to route signals between
PLCs. The lines occur in groups of four, and differ in the
numbers of PLCs spanned. The X1 lines span one
PLC, the X4 lines span four PLCs, the XH lines span
one-half the width (height) of the PLC array, and the XL
lines span the width (height) of the PLC array. All types
of lines run in both horizontal and vertical directions.

Table 5 shows the groups of inter-PLC lines in each
PLC. In the table, there are two rows/columns each for
X1 and X4 lines. In the design editor, the horizontal X1
and X4 lines are located above and below the PFU.
Similarly, the vertical segments are located on each
side. The XL and XH lines only run below and to the left
of the PFU. The indexes specify individual lines within a
group. For example, the VX4[2] line runs vertically to
the left of the PFU, spans four PLCs, and is the third
line in the 4-bit wide bus.

Table 5. Inter-PLC Routing Resources

Horizontal Vertical Distance
Lines Lines Spanned
HX1[3:0] VX1[3:0] One PLC
HX1[7:4] VXA[7:4] One PLC
HX4[3:0] VX4[3:0] Four PLCs
HX4[7:4] VX4[7:4] Four PLCs
HXL[3:0] VXL[3:0] PLCArray
HXH[3:0] VXHI[3:0] 1/2/PLC Array
CKL, CKR CKT, CKB PLC Array

Figuré21 shows thée inter-PLC routing within one PLC.
Figure 22 providés a global view ofiinter-PLC routing
fesources across multiple PLECs.
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Figure 21. Single PLC View of Inter-PLC Lines

X1 LineszLhere are a total of 16 X1 lines per PLC:
eight vertical.and eight horizontal. Each of these is sub-
divided into nibble-wide buses: HX1[3:0], HX1[7:4],
VX1[3:0], and VX1[7:4]. An X1 line is one PLC long.
Ifanet is longer than one PLC, an X1 line can be
lengthened to n times its length by turning on n — 1
CIPs.’A signal is routed onto an X1 line via the switch-
ing lines.

X4 Lines. There are four sets of four X4 lines, for a total
of 16 X4 lines per PLC. They are HX4[3:0], HX4[7:4],
VX4[3:0], and VX4[7:4]. Each set of X4 lines is twisted
each time it passes through a PLC, and one of the four
is broken with a CIP. This allows a signal to be routed
for a length of four cells in any direction on a single line
without additional CIPs. The X4 lines can be used to
route any nets that require minimum delay. A longer net
is routed by connecting two X4 lines together by a CIP.
The X4 lines are accessed via the switching lines.
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XL Lines. The long XL lines run vertically and horizon-
tally the height and width of the array, respectively.
There are a total of eight XL lines per PLC: four hori-
zontal (HXL[3:0]) and four vertical (VXL[3:0]). Each
PLC column has four XL lines, and each PLC row has
four XL lines. Each of the XL lines connects to the two
PICs at either end. The Series 2, which consists of a
18 x 18 array of PLCs, contains 72 VXL and 72 HXL
lines. They are intended primarily for global signals
which must travel long distances and require minimum
delay and/or skew, such as clocks.

There are three methods for routing signals onto the XL
lines. In each PLC, there are two long-line drivers: one
for a horizontal XL line, and one for a vertical XL line.
Using the long-line drivers produces the least delay.
The XL lines can also be driven directly by PFU outputs
using the BIDI lines. In the third method, the XL lines
are accessed by the bidirectional buffers, again using
the BIDI lines.

XH Lines. Four by half (XH) lines run horizontally and
four XH lines run vertically in each row and celumn in
the array. These lines travel a distance of ane-half the
PLC array before being broken in the middle of the
array, where they connect to the interquad blocky(dis-
cussed later). They also connect at the periphery.of the
FPGA to the PICs, like the XL lines. The XH lines do
not twist like XL lines, allowing nibble-wide buses to be
routed easily.

Two of the three methods ofdoutingssignals onto the
XL lines can also be used forthedXH lines. A special
XH line driver isqot supplied forthe XH lines:

Clock Lines. For,a veryfast and low-skew clock (or
other global signal tree); clock lines+un,the entire
height.andwidth ofdhe PLC array: Thereqare two hori-
zontal clock lines‘per PLC row, (CKlg'CKR) and two
vertical clockilines per PLC column (CKT«CKB). The
source for these clock linessecan beyany of the four I/O
buffersiin'the PIC. Thedorizontal clock lines in a row
(CKL, CKR) are driven by the left and right PICs,
respectively. The vertical clockdines in a column (CKT,
CKB) are driven by the top'and bottom PICs, respec-
tively.

22

The clock lines are designed to be a clock spine. In
each PLC, there is a fast connection available from the
clock line to the long-line driver (described earlier).
With this connection, one of the clock lines in each PLC
can be used to drive one of the four XL lines perpendic-
ular to it, which, in turn, creates a clock tree.

This feature is discussed in detail in the'Clock Distribu-
tion Network section.

Minimizing Routing Delay.

The CIP is an active€lement useddo connect two lines.
As an active element, it addsssignificantly to thesresis-
tance and capacitance of a net, thus increaSing the
net’s delay. Jhe advantageof the X1 line over a X4 line
is routing flexibility-Asnet from PLC db‘to PLC ¢b is
easily routed by, using X1 lines. Asdmore CIPs are
added to'a net, the delay increases. Todncrease speed,
routes that are greater than two PLCs away are routed
on thé X4 lines because a,CIP islocated only in every
fourth PLG. A net that spanseight PLCs requires seven
X1 lines and six CIPsfUsing X4 lines, the same net
uses two lines and one CIP.

All routing resourcesiin the PLC can carry 4-bit buses.
In order fordata te be used at a destination PLC that is
in data path mode, the data must arrive unscrambled.
For example;,in data path operation, the least signifi-
cantbit 0 mustiarrive at either A[0] or B[O]. If the bus is
to berouted by using either X4 or XL lines (both of
which,twist as they propagate), the bus must be placed
onithe appropriate lines at the source PLC so that the
data arrives at the destination unscrambled. The
switching lines provide the most efficient means of con-
necting adjacent PLCs. Signals routed with these lines
have minimum propagation delay.
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Figure 22. Multiple PLC View of Inter-PLC Routing
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PLC Architectural Description

Figure 23 is an architectural drawing of the PLC which
reflects the PFU, the lines, and the CIPs. A discussion
of each of the letters in the drawing follows.

A. These are switching lines which give the router flexi-
bility. In general switching theory, the more levels of
indirection there are in the routing, the more routable
the network is. The switching lines can also connect
to adjacent PLCs.

The switching lines provide direct connections to
PLCs directly to the top, bottom, left, and right, with-
out using other routing resources. The ability to dis-
able this connection between PLCs is provided so
that each side of these connections can be used
exclusively as switching lines in their respective
PLC.

B. These CIPs connect the X1 routing. These are
located in the middle of the PLC to allow the blo¢k to
connect to either the left end of the horizontal X1 line
from the right or the right end of the horizental X1
line from the left, or both. By symmetrygihe same
principle is used in the vertical direction.The X1
lines are not twisted, making them suitablefor,data
paths.

C. This set of CIPs is used to,connect the X1 and X4
nets to the switching line§ or to'other X1 and X4
nets. The CIPs on thefmajordiagonal allow data 16
be transmitted from X1 nets to thé switching lines
without being scrambled:TheIPs on the major
diagonal also@llow unscrambled data tode passed
between the X1"and X4 nets.

In addition todhe major diagonal CIPs far the X1
lines, other CIPs provide an alternative eniry path
into the PLCuincase the first one.is@already used.
The.othen CIPs are arrayed in two patterns, as
shown. Both of these patterns start'with the main
diagonal, but the extra CIPs)are arrayed on either a
parallel diagonal shifted by one or'shifted by two
(modulo the size of theyvertical bus (5)). This allows
any four application nets incident to the PLC corner
to be transferred to the five switching lines in that
corner. Many patterns of five nets can also be trans-
ferred.
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D. The X4 lines are twisted at each PLC. One of the
four X4 lines is broken with a CIP, which allows a sig-
nal to be routed a distance of four PLCs in any direc-
tion on a single line without an intermediate CIP. The
X4 lines are less populated with CIPs than the X1
lines to increase their speed. A ClP'can be enabled
to extend an X4 line four more PLCs, andyso on.

For example, if an application’signal’is routed onto
HX4[4] in a PLC, it appeadrs on#X4[5] in'the PLC to
the right. This signal step-upontinues until it
reaches HX4[7], tworPLCs'later. At this point, the
user can break thie connection or continue the signal
for another four PLCs.

E. These symbolsiare bidirectional buffers (BIDIs).
There are four BIDIs per PLC, anddhey provide sig-
nal amplification as heeded to décrease signal
delay. The,BIDls are also used to transmit signals on
XL lines.

F These are the BIDI and BIDIH controllers. The 3-
state control signal.can be disabled. They can be
configured as active-high or active-low indepen-
dently of each/Gther:

G. This set ofCIPs allows a BIDI to get or put a signal
from oné set of switching lines on each side. The
BIDls can be accessed by the switching lines. These
CIPs allowra nibble of data to be routed though the
BIDls and continue to a subsequent block. They also
provide an alternative routing resource to improve
routability.

H.These CIPs are used to take data from/to the BIDIs
to/from the XL lines. These CIPs have been opti-
mized to allow the BIDI buffers to drive the large load
usually seen when using XL lines.

I. Each latch/FF can accept data: from an LUT output;
from a direct data input signal from general routing;
or, as in the case of PLCs located in the two rows
(columns) adjacent to PICs, directly from the pad. In
addition, the LUT outputs can bypass the latches/
FFs completely and output data on the general rout-
ing resources. The four inputs shown are used as
the direct input to the latches/FFs from general rout-
ing resources. If the LUT is in memory mode, the
four inputs WD[3:0] are the data input to the mem-
ory.
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Figure 23. PLC Architecture
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J. Any five of the eight output signals can be routed out
of the PLC. The eight signals are the four LUT out-
puts (FO, F1, F2, and F3) and the four latch/FF out-
puts (Q0, Q1, Q2, and Q3). This allows the user to
access all four latch/FF outputs, read the present
state and next state of a latch/FF, build a 4-bit shift
register, etc. Each of the outputs can drive any num-
ber of the five PFU outputs. The speed of a signal
can be increased by dividing its load among multiple
PFU output drivers.

K. These lines deliver the auxiliary signals’ clock
enable and set/reset to the latches/FFs. All four of
the latches/FFs share these signals.

L. This is the clock input to the latches/FFs. Any of the
horizontal and vertical XH or XL lines can drive the
clock of the PLC latches/FFs. Long-line drivers are
provided so that a PLC can drive one XL line in the
horizontal direction and one XL line in the vertical
direction. The XL lines in each direction exhibit thé
same properties as X4 lines, except there are no
CIPs. The clock lines (CKL, CKR, CKT, and CKB)
and multiplexers/drivers are used to conniect to the
XL lines for low-skew, low-delay global‘signals.

The long lines run the length or width of the PLC
array. They rotate to allow four PLCs in one row or
column to generate four independent glebal signals.
These lines do not have taybe used for clock routing.
Any highly used application net caniuse this
resource, especially©ne requiring low skew.

M. These lines are used to route the fast carry signal to/
from the neighiboring four PLCs. The carry=out
(COUT) ofthe PFWU canalso be routedout of the
PFU onto the fifth"output (O4). The carry-in (CIN)
signalican also be supplied by theiB4 input,to the
PEU.
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N. These are the 11 logic inputs to the LUT. The A[4:0]
inputs are provided into HLUTA, and the B[4:0]
inputs are provided into HLUTB. The CO input
bypasses the main LUT and is used in the pfumux,
pfuxor, and pfunand functions (F5M, F5X modes).
Since this input bypasses the LUt ¢an be used as
a fast path around the LUT, allowing therimplemen-
tation of fast, wide combinaterialfunctions. The CO
input can be disabled or inverted.

O. The XH lines run one-half'thé length, (width) of the
array before being.brokenby,a CIP.

P The BIDIHs are used to aecess the XH lines:

Q. The BIDIH lines arewused to connect thé BIDIHS to
the XSWilines, the XH'lines, or the BIDIines.

R. These CIPs connect the BIDI linés and'the BIDIH
lines.

S. These are clock lines (CKT, CKB, CKksand CKR)
with theamultiplexers afd drivers te connect to the
XL linés.

T. These CIPs connect XThlines'which cross in each
corner to allow turns'on the X1 lines without using
the XSW lines.

U. These/CIPs connect X4 lines and xsw lines, allowing
nets that run a distance that is not divisible by four to
be routed‘more efficiently.

V_This routing structure allows any PFU output, includ-
ing LU Tand latch/FF outputs, to be placed on O4
and be routed onto the fast carry routing.

W. This routing structure allows the fast carry routing to
be routed onto the CO PFU input.
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Programmable Input/Output Cells

The programmable input/output cells (PICs) are
located along the perimeter of the device. Each PIC
interfaces to four bond pads and contains the neces-
sary routing resources to provide an interface between
I/0O pads and the PLCs. Each PIC is composed of input
buffers, output buffers, and routing resources as
described below. Table 6 provides an overview of the
programmable functions in an 1/O cell. A is a simplified
diagram of the functionality of the OR2CxxA series I/O
cells, while B is a simplified functional diagram of the
OR2TxxA and OR2TxxB series I/O cells.

Table 6. Input/Output Cell Options

Input Option
Input Levels TTL/CMOS (OR2CxxA only)
5V PCI compliant (OR2CxxA only)
3.3V PCI compliant (OR2TxxA only)
3.3V and 5V PCI compliant
(OR2TxxB only)
Input Speed Fast/Delayed
Float Value Pull-up/Pull-down/None
Direct-in to FF | Fast/Delayed
Output Option
Output Drive 12 mA/64nA or 6 mA/3 mA
Output Speed | Fast/Slewlim/Sinklim
Output Source | FEDirectout/General Routing
Output Sense JdActiveshigh/-low
3-State Sense | Active-high/-low (3-state)
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Inputs

Each I/0O can be configured to be either an input, an
output, or bidirectional I/O. Inputs for the OR2CxxA can
be configured as either TTL or CMOS compatible. The
I/O for the OR2TxxA and OR2TxXB series devices are
5V tolerant, and will be described’ima later section of
this data sheet. Pull-upsor pull-down resistors are avail-
able on inputs to minimize.power.consumption.

To allow zero holdtime'to PLG)latches/FFs, the input
signal can bedelayed. When enabled, this delay affects
the input signal driven to'general routing, but does not
affect the clock input or the input linesthatdrive the
TRIDIbuffers (used to drive ontogXL, XH, BIDI, and
BIDIH lines).

A fast path from the input buffer to)the ¢clock lines is
also'provided. Any one,of the.four 1/Ofpads on any PIC
can be‘used to drive the clock linegenerated in that
PIC. This path cannot be'delayed.

To reduce thedime required to input a signal into the
FPGA, a dedicated path (PDIN) from the 1/O pads to
the PFUdlip=flops is provided. Like general input sig-
nals, this signal can‘be configured as normal or
delayed. The delayed direct input can be selected inde-
pendentlyfrem the delayed general input.

Inputs,should have transition times of less than 500 ns
and should not be left floating. If an input can float, a
pull-up or pull-down should be enabled. Floating inputs
increase power consumption, produce oscillations, and
increase system noise. The OR2CxxA inputs have a
typical hysteresis of approximately 280 mV (200 mV for
the OR2TxxA and OR2TxxB) to reduce sensitivity to
input noise. The PIC contains input circuitry which pro-
vides protection against latch-up and electrostatic dis-
charge.
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(continued)
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Figure 24. Simplified Diagrams
28

Outputs

The PIC’s output drivers have programmable drive
capability and slew rates. Three propagation delays
(fast, slewlim, sinklim) are available on output drivers.
The sinklim mode has the longest propagation delay
and is used to minimize system noise and minimize
power consumption. The fast and slewlim modes allow
critical timing to be met.

The drive current is 12 mA'sink/6 mA source for the
slewlim and fast output'speed selections and

6 mA sink/3 mA source for the sinklim output. Two adja-
cent outputs can be interconnected to increasetheyout-
put sink current te, 24 mA.

All outputs that are not speed criticalshould beconfig-
ured asysinklim to minimize power@nd noise. The num-
ber.of outputs,that switch simultaneously in the same
direction shouldbe limited to minimize ground bounce.
To, mihimize ground bounge problems, locate heavily
loaded output buffers near.the ground pads. Ground
bounce is generally afunction of . the driving circuits,
traces on the PCB,,and leads and'is best determined
with a circuit simulation.

Outputs canybe inverted; and 3-state control signals
can be active-high or,active-low. An open-drain output
may be obtained by using the same signal for driving
thefoutput and 3-state signal nets so that the buffer out-
put isienabled only by a low. At powerup, the output
drivers.are,in slewlim mode, and the input buffers are
configured-as TTL-level compatible with a pull-up. If an
output,is not to be driven in the selected configuration
mode, it is 3-stated.

5 V Tolerant I/O (OR2TxxA)

The I/0 on the OR2TxxA series devices allow intercon-
nection to both 3.3V and 5 V device (selectable on a
per-pin basis) by way of special VDD5 pins that have
been added to the OR2TxxA devices. If any 1/0O on the
OR2TxxA device interfaces to a 5V input, then all of
the VDD5 pins must be connected to the 5V supply. If
no pins on the device interface to a 5V signal, then the
VDDS5 pins must be connected to the 3.3 V supply.

If the VDD5 pins are disconnected (i.e., they are float-
ing), the device will not be damaged; however, the
device may not operate properly until VDD5 is returned
to a proper voltage level. If the VDD5 pins are then
shorted to ground, a large current flow will develop, and
the device may be damaged.
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(continued)

Regardless of the power supply that the VDD5 pins are
connected to (5 V or 3.3 V), the OR2TxxA devices will
drive the pin to the 3.3 V levels when the output buffer
is enabled. If the other device being driven by the
OR2TxxA device has TTL-compatible inputs, then the
device will not dissipate much input buffer power. This
is because the OR2TxxA output is being driven to a
higher level than the TTL level required. If the other
device has a CMOS-compatible input, the amount of
input buffer power will also be small. Both of these
power values are dependent upon the input buffer char-
acteristics of the other device when driven at the
OR2TxxA output buffer voltage levels.

The 2TxxA device has internal programmable pull-ups
on the I/O buffers. These pull-up voltages are always
referenced to VDD. This means that the VDD5 voltage
has no effect on the value of the pull-up voltage at the
pad. This voltage level is always sufficient toull'the
input buffer of the 2TxxA device to a high state. The pin
on the 2TxxA device will be at a level 1.0 V below VDD
(minimum of 2.0 V with a minimum VBD of 3.0 V))aThis
voltage is sufficient to pull the external pin up to a'3.3V
CMOS high-input level (1.8 V miin) or a TTL high-input
level (2.0 V min) in a 5V tolerant systemy,but it will
never pull the pad up to the VDD5 rail. Therefore, in a
5V tolerant system using 5 V CMOS parts, care must
be taken to evaluate'the use,of these pull-ups to pull
the pin of the 2TxXA device to a typical 5 V CMOS
high-input level(2:2 ¥ min),

For more information on®®'V tolerant I/Os, please see
ORCA®<Serjes 5 V Tolerant 1/Os Application Note
(AP992027FPGA) May 1999.

5 V. Tolerant /O (OR2TxxB)

The I/O on the OR2TxxB,Series,devices allow intercon-
nection to both 3@ Vhand 5V device (selectable on a
per-pin basis){ Unlike'the OR2TxxA family, when inter-
faceing into a8V signal, it no longer requires a Vop5
supply.

The OR2TxxB devices will drive the pin to the 3.3 V lev-
els when the output buffer is enabled. If the other
device being driven by the OR2TxxB device has TTL-
compatible inputs, then the device will not dissipate
much input buffer power. This is because the OR2TxxB
output is being driven to a higher level than the TTL
level required. If the other device has a CMOS-compat-
ible input, the amount of input buffer power will also be
small. Both of these power values are dependent upon
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the input buffer characteristics of the other device when
driven at the OR2TxxB output buffer voltage levels.

The OR2TxxB device has internal programmable pull-
ups on the I/O buffers. These pull-up voltages are
always referenced to VDD and.are always sufficient to
pull the input buffer of the @QR2TxxB device to a high
state. The pin on the OR2TxxBdevice will be at a level
1.0 V below VDD (minimum of 2.0 V.with a minimum
VDD of 3.0 V). Thisaioltageiis sufficient to pull the exter-
nal pin up to a 3.3V EMOS high-input level (1.8 V, min)
or a TTL highdnput level(2.0V, min) in a 5 V tolerant
system. Therefore, in a'5 V'tolerant system using 5V
CMOS parts, care must be taken to evaluate the use of
these pull-ups to pull the pin of thé OR2TxxB,device to
a typical's . CMOS high-inputdevel (2.2 V, min).

PCI Compliant 1/0

The,l/O on the OR2TxxB Series devices allows compli-
ance with PCldocal bus (Rev.2.1) 5V and 3.3 V signal-
ing environmentsy The signaling environment used for
each inputibuffer can be selected on a per-pin basis.
The selection provides the appropriate 1/0O clamping
diodes for PCl compliance.

OR2TxxB"devices have 5 V tolerant I/Os as previously
explained, but can optionally be selected on a pin-by-
pin basis,to be PCl bus 3.3 V signaling compliant (PCI
bus 5 V'signaling compliance occurs in 5 V tolerant
operation mode). Inputs may have a pull-up or pull-
down resistor selected on an input for signal stabiliza-
tion and power management. Input signals in a PIO
can be passed to PIC routing on any of three paths,
two general signal paths into PIC routing, and/or a fast
route into the clock routing system.

OR2TxxA series devices are only compliant in 3.3 V
PCI Local Bus (Rev 2.1) signalling environments.
OR2CxxA devices are only compliant in 5V PCI Local
Bus (Rev 2.1) signalling environments.
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(continued)
PIC Routing Resources

The PIC routing is designed to route 4-bit wide buses
efficiently. For example, any four consecutive 1/0 pads
can have both their input and output signals routed into
one PLC. Using only PIC routing, either the input or
output data can be routed to/from a single PLC from/to
any eight pads in a row, as in Figure 25.

The connections between PLCs and the 1/0O pad are
provided by two basic types of routing resources.
These are routing resources internal to the PIC and
routing resources used for PIC-PLC connection.
Figure 26 and Figure 27 show a high-level and detailed
view of these routing resources, respectively.
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Figure 25. Simplified PIC Routing Diagram

The PIC’s name is represented by. a twio=letter designa-
tion toindicate on whichssiderof the device it is located
followed by a numberto indicate\in which row or col-
umn it is located. The first letter, P, designates that the
cellis a PIC and not a PLC.\[he second letter indicates
the side of the array where the PIC is located. The four

sides are left (L), right (R), top (T), and bottom (B). The
individual I/0 pad is indicated by a single letter (either
A, B, C, or D) placed at the end of the PIC name. As an
example, PL10A indicates a pad located on the left
side of the array in the tenth row.

Each PIC has four pads and each pad can be config-
ured as an input, an output (3-statable)s@ direct output,
or a bidirectional I/O. When the pads-are used as
inputs, the external signals@re provided to the internal
circuitry at IN[3:0]. When the pads arewsed to provide
direct inputs to the latches/FFs, they are connected
through DIN[3:0]. When the pads are used as outputs,
the internal signalsiconnectto the pads through
OUTI3:0]. Wheén the'pads are used as direct outputs,
the output ffom thelatches/flip-flops indhe PLCs to the
PIC is designated DOWT[3:0]. Whenfthe outpuis,afe
3-statableythe 3:-state enable signals are TS[3:0].

Routing Resources Internal to the PIC

For.inter<PIC routing, the PIC contains 14 lines used to
routesignals around the perimeter of the FPGA. Figure
25 shows these lifiessrunning vertically for a PIC
located on thesleft side. Figure'26 shows the lines run-
ning horizontally for a PIC located at the top of the
FPGA.

PXL\Lines. Each PIC has two PXL lines, labeled
PXL[1:0]. Like the XL lines of the PLC, the PXL lines
spanythe entire edge of the FPGA.

PXH Lines. Each PIC has four PXH lines, labeled
PXH[3:0]. Like the XH lines of the PLC, the PXH lines
span half the edge of the FPGA.

PX2 Lines. There are four PX2 lines in each PIC,
labeled PX2[3:0]. The PX2 lines pass through two adja-
cent PICs before being broken. These are used to
route nets around the perimeter equally a distance of
two or more PICs.

PX1 Lines. Each PIC has four PX1 lines, labeled

PX1[3:0]. The PX1 lines are one PIC long and are
extended to adjacent PICs by enabling CIPs.

Lattice Semiconductor
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(continued)
PIC Architectural Description

The PIC architecture given in Figure 26 is described
using the following letter references. The figure depicts

a PIC at the top of the array, so inter-PIC routing is hor-

izontal and the indirect PIC-PLC routing is horizontal to
vertical. In some cases, letters are provided in more
than one location to indicate the path of a line.

A. As in the PLCs, the PIC contains a set of lines which
run the length (width) of the array. The PXL lines
connect in the corners of the array to other PXL
lines. The PXL lines also connect to the PIC BIDI,
PIC BIDIH, and LLDRYV lines. As in the PLC XL lines,
the PXH lines twist as they propagate through the
PICs.

B. As in the PLCs, the PIC contains a set of lines which
run one-half the length (width) of the array. The,PXH
lines connect in the corners and in the middle of the
array perimeter to other PXH lines. The'PXH lines
also connect to the PIC BIDI, PIC BIDIH, and
LLDRV lines. As in the PLC XH lines, the PXH lines
do not twist as they propagatefthrough the PICs.

C. The PX2[3:0] lines span alength of two PICs before
intersecting with a CIPThe CIP allows the length of
a path using PX2 lines to be extended two PICs.

D. The PX1[3:0] lines'span a,single PIC before inter-
secting with aCIP. The CIP allows the length of,a
path using PX1 lines to be extended by‘one PIC.

E. These are four dedicated direct output lines con-
nected to. the output'buffers. ThetDOUT[3:0]'signals
go'directly frome@ PLC latch/FFE to an output buffer,
minimizing the latch/FF to pad'propagation delay.

F."This is adirect path fromthe inputpadto the PLC
latch/flip-flops in the tworows (columns) adjacent to
PICs-This input allows a reduced setup time. Direct
inputs from the top and\bottom PIC rows are
PDINTBI3:0]¢ Direchinputs, from the left and right
PIC columns are PDINLR[3:0].

G.The OUT[3:0], TS[3:0], and IN[3:0] signals for each I/

O pad can be routed directly to the adjacent PLC’s
switching lines.

H. The four TRIDI buffers allow connections from the
pads to the PLC XL lines. The TRIDIs also allow
connections between the PLC XL lines and the
PBIDI lines, which are described in J below.

Lattice Semiconductor

I. The four TRIDIH buffers allow connections from the
pads to the PLC XH lines. The TRIDIHs also allow
connections between the PLC XH lines and the
pBIDIH lines, which are described in K below.

J. The PBIDI lines (bidi[3:0]) connect the PXL lines,
PXH lines, and the PX1 lines. These are bidirec-
tional in that the path can bedrom the PXL, PXH, or
PX1 lines to the XLdines, orfrom/the XL lines to the
PXL, PXH, or PXd lines.

K. The pBIDIH lines (BIDIH[3:0]) connect the PXL
lines, PXHdlines, and the'PX1 lines. These are bidi-
rectional in that the path can be from the PXL, PXH,
or PX1 lines to the XH lines, or fromthexXH lines to
the"'PXL, PXH,.of PX1 lines.

L. The LLIN[8:0] lines provide a fast'connection from
the I/O pads to the XL ahd XHdlines.

M.This set of CIPs allows the eight X1 lines (four on
each side) of the PLC perpendicular to the PIC to be
connected to €ither the' PX1 or PX2 lines in the PIC.

N. This set of CIPs allows_ the eight X4 lines (four on
each side) of the, PLC perpendicular to the PIC to be
connected io'the PX1 lines. This allows fast access
to/from thenl/O pads from/to the PLCs.

0. All four of,.the’PLC X4 lines in a group connect to all
four of the PLC X4 lines in the adjacent PLC through
a'CIP. (This differs from the OARCA 1C Series in
which'two of the X4 lines in adjacent PLCs are
directly connected without any CIPs.)

P The long-line driver (LLDRV) line can be driven by
the XSW4 switching line of the adjacent PLC. To pro-
vide connectivity to the pads, the LLDRYV line can
also connect to any of the four PXH or to one of the
PXL lines. The 3-state enable (TSJi]) for all four 1/0O
pads can be driven by XSW4, PXH, or PXL lines.

Q. For fast clock routing, one of the four I/O pads in
each PIC can be selected to be driven onto a dedi-
cated clock line. The clock line spans the length
(width) of the PLC array. This dedicated clock line is
typically used as a clock spine. In the PLCs, the
spine is connected to an XL line to provide a clock
branch in the perpendicular direction. Since there is
another clock line in the PIC on the opposite side of
the array, only one of the I/O pads in a given row
(column) can be used to generate a global signal in
this manner, if all PLCs are driven by the signal.
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Figure 26. PIC Architecture

PLC-PIC Routing:Resources

There issnoydirect connectiondetween the inter-PIC
lines and the PLC lines. All connectionsito/from the
PLC mustdbe done through the connecting lines which
are perpendicular tothe lines'in the PIC. The use of
perpendicular and parallel lines will be clearer if the
PLC and PIC architectures (Figure 23 and Figure 26)
are placed side by side. Twenty-nine lines in the PLC
can be connected to the 15 lines in the PIC.

Multiple connections between the PIC PX1 lines and
the PLC X1 lines are available. These allow buses
placed in any arbitrary order on the I/O pads to be
unscrambled when placed on the PLC X1 lines. Con-

32

nections are also available between the PIC PX2 lines
and the PLC X1 lines.

There are eight tridirectional (four TRIDI/four TRIDIH)
buffers in each PIC; they can do the following:

m Drive a signal from an 1/0O pad onto one of the adja-
cent PLC’s XL or XH lines

= Drive a signal from an I/O pad onto one of the two
PXL or four PXH lines in the PIC

= Drive a signal from the PLC XL or XH lines onto one
of the two PXL or four PXH lines in the PIC

= Drive a signal from the PIC PXL or PXH lines onto
one of the PLC XL or XH lines

Lattice Semiconductor
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(continued)

Figure 27 shows paths to and from pads and the use of MUX CIPs to connect lines. Detail A shows six MUX CIPs

for the pad PO used to construct the net for the 3-state signal. In the MUX CIP, one of six li
to form the net. In this case, the ts0 signal can be driven by either of the two PXLs, P
LLDRYV lines. Detail B shows the four MUX CIPs used to drive the P1 output. The sou

XSW[1], PX1[1], PX1[3], or PX2[2].

PA

PXL[1] —

PXL[0]

PXH[O]
PXH[

PXH[2

PX2[0]
PX2[1]

PX1[0]
PX1[1]
PX1[2
P
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C,

DOUT[0]

DOUT[1]  DOUT[2]  DOUT[3]

Figure 27. PIC Detail
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is connected to a line
1], XSWI[OQ], or the
UT1 is either

5-2843.BL(F).2C.r3
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Interquad Routing

In all the ORCA Series 2 devices, the PLC array is split
into four equal quadrants. In between these quadrants,
routing has been added to route signals between the
quadrants, especially to the quadrant in the opposite
corner. The two types of interquad blocks, vertical and
horizontal, are pitch matched to PICs. Vertical inter-
quad blocks (vIQ) run between quadrants on the left
and right, while horizontal interquad blocks (hIQ) run

between top and bottom quadrants. Since hlQ and vIQ
blocks have the same logic, only the hlQ block is
described below.

The interquad routing connects XL and XH lines. It
does not affect local routing (XSW, X1,.X4, fast carry),
so local routing is the same, whethgr PLC-PLC con-
nections cross quadrants or not. Theresare no\connec-
tions to the local lines in the intérquad blocks. Figure 28
presents a (not to scale) view of interqéad routing.

SEE
DETAIL IN =\

FIGURE 29

TMID

vIQ3[4:0]

vIQ2[4:0]
vIQ1[4:0]
VIQO[4:0]

RMID

5 hiQ3[4:0]

i 5 N\ NIQ240]

LMID | 5 | hiQ1[4:0]
\__J5 /50 hlQo4:0]

BMID

NENEENENENENENENENENENENNENNNENENNEEENEN
5-4538(F)

Figure 28. Interquad Routing
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Interquad Routing (continued)

In the hIQ block in Figure 29, the XH lines from one
quadrant connect through a CIP to its counterpart in
the opposite quadrant, creating a path that spans the
PLC array. Since a passive CIP is used to connect the
two XH lines, a 3-state signal can be routed on the two
XH lines in the opposite quadrants, and then they can
be connected through this CIP.

In the hlQ block, the 20 hIQ lines span the array in a
horizontal direction. The 20 hlQ lines consist of four

groups of five lines each. To effectively route nibble-
wide buses, each of these sets of five lines can connect
to only one of the bits of the nibble for both the XH and
XL. For example, hlQO lines can only connect to the
XHO0 and XLO lines, and the hlQ1 lines can connect
only to the XH1 and XL1 linesj ete. Buffers are provided
for routing signals from the XH andiXL lines onto the
hiQ lines and from the_ hIQ'lines onto the XH and XL
lines. Therefore, a connection fremfne quadrant to
another can be made using only two XH lines (one in
each quadrant) and'one interquad line.
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Figure 29. hiQ Block Detail
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Interquad Routing (continued)
Subquad Routing (OR2C40A/OR2T40A Only)

In the ORCA OR2C40A/OR2T40A/OR2T40B, each
quadrant of the device is split into smaller arrays of
PLCs called subquads. Each of these subquads is
made of a 4 x 4 array of PLCs (for a total of 16 per sub-
quadrant), except at the outer edges of array, which
have less than 16 PLCs per subquad. New routing
resources, called subquad lines, have been added
between each adjacent pair of subquads to enhance
the routability of the device. A portion of the center of
the OR2C40A and OR2T40A array is shown in Figure
30, including the subquad blocks containing a 4 x 4
array of PLCs, the interquad routing lines, and the sub-
quad routing lines.

All of the inter-PLC routing resources discussed previ-
ously continue to be routed between a PLC and its
adjacent PLC, even if the two adjacent PLCs are in dif-
ferent subquad blocks. Since the PLC routing has not
been modified for the OR2C40A/OR2T40A architec-
tures, this means that all of the sameffouting connec-
tions are possible for these devices as forrany other
ORCA 2C series device. In thisaway, both the
OR2C40A and OR2T40A/OR2T40B areyupwardly com-
patible when compared with the AFT2CxXx series
devices. As the inter-PLC routing runs between sub-
quad blocks, it crossés the new subquad lines. When
this happens, CIPs are useddo connect the subguad
lines to the X4.and/onthe XH lines which lie along the
other axis ofithe PLC array.
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Figure 30. Subquad Blocks and Subquad Routing
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Interquad Routing (continued)
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Figure 31. Horizontal Subquad Routing
Connectivity

The X4 and XH lines make the only connections 1o the
subquad lines; therefore, the arfay remains symmetri-
cal and homogeneous. Since.each subguad is made
from a 4 x 4 array of PLCs, the distance between sets
of subquad lines is four PLCs, which is also the dis-
tance between the bfeaks of the X4 lines. Therefore,
each X4 line will efoss exactly one set of subquad.lines:
Since all X4 linés make the same connections to'the
subquad lines that they cross, all X4 lines in the array
have the same conneciivity, and the symmetry of the
routing is‘preservedaSince all XH lines'crossthe same
number of subgquad blocks, the symmetry is'maintained
for the XH lines as well.

The new subquad lines travel adength of eight PLCs
(seven PLCs on the outside’edge) before they are bro-
ken. Unlike other inter-PLC linesythey cannot be con-
nected end-to-endwAs shown inFigure 30, some of the
horizontal (vertical) subguad lines have connectivity to
the subquadto the left'of (above) the current subquad,
while others have connectivity to the subquad to the
right (below). This allows connections to/from the cur-
rent subquad from/to the PLCs in all subquads that sur-
round it.

Between all subquads, including in the center of the
array, there are three groups of subquad lines where
each group contains four lines. Figure 31 shows the
connectivity of these three groups of subquad lines
(HSUB) to the VX4 and VXH lines running between a
vertical pair of PLCs. Between each vertical pair of
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subqguad blocks, four of the blocks shown in Figure 31
are used, one for each pair of vertical PLCs.

The first two groups, depicted as A and B, have con-
nectivity to only one of the two sets of X4 lines between
pairs of PLCs. Since they are_very lightly loaded, they
are very fast. The third group, C, connects to both
groups of X4 lines between pairs of PLCs, as well as all
of the XH lines between’pairs of PLCs, providing high
flexibility. The connectivitydfor the vertical subquad rout-
ing (Vsub) is the sames@s deseribed above for the hori-
zontal subquadrouting, when rotated onto the other
axis.

At the eenter row and column of each quadrant, a
fourth group of subguad lines has been added. These
subquad lines only have connéctivity.to,the/XH lines.
The XH lines‘are also brokén at this point, which
means that each XH line travels one-half of the quad-
rant (i-e., one-quarter‘@fithe device) before it is broken
by a CIP. Since the XH lines,can be connected end-to-
end, the resulting'line can be either one-quarter, one-
half, three-quarters, ‘ontheentire length of the array.
The connectivity‘ofithe XH'lines and this fourth group of
subquad-lines, indicated as D, are detailed in Figure
32. Again, thexconnectivity for the vertical subquad
roating (VSUB) is the same as the horizontal subquad
routing, when,rotated onto the other axis.

Eeby Sy=Zg RE=)
XXX OXXXX XXX
>>> > > > > > > > > >
é HSUB[11]
HSUB[11] T HSUBL10]
HSUB[10] \iig A
&— HSUB[9]
HSUBIS] &— HSUB[g]
HSUBI8]
e
HSUB[14] HSUB13] D
HSUB[1S] HSUB[12
HSUB[12] [12]
HSUB[7] —> & HSUB[7]
HSUB[6] —<®> & HSUBI6]
HSUBI5] & &1+— Hsusp] ~C
HSUB[4] @ ©— HsuB[4|
HSUB[3] — HSUB[3]
HSUB[2] — [P HSUB[2] \
HSUBI[1] )i HSUBI[1]
HSUB(0] ? HSUB[0]
Egoy EZEZE ENES
NINENEN FESTT
5-4202(F).r3
Figure 32. Horizontal Subquad Routing
Connectivity (Half Quad)
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PIC Interquad (MID) Routing

Between the PICs in each quadrant, there is also con-
nectivity between the PIC routing and the interquad
routing. These blocks are called LMID (left), TMID
(top), RMID (right), and BMID (bottom). The TMID rout-
ing is shown in Figure 33. As with the hlQ and vIiQ
blocks, the only connectivity to the PIC routing is to the
global PXH and PXL lines.

PXL[1] >

The PXH lines from the one quadrant can be con-
nected through a CIP to its counterpart in the opposite
quadrant, providing a path that spans the array of PICs.
Since a passive CIP is used to connect the two PXH
lines, a 3-state signal can be routed on the two PXH
lines in the opposite quadrants, an onnected
through this CIP. As with the hlQ a ks, CIPs
and buffers allow nibble-wide n een the
interquad lines, the XH line d the
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\%ure 33. Top (TMID) Routing

VIQ2[0]
VIQ3[0]

5-4201(F).r4

Lattice Semiconductor



Data Sheet
November 2006

ORCA Series 2 FPGAs

Programmable Corner Cells
Programmable Routing

The programmable corner cell (PCC) contains the cir-
cuitry to connect the routing of the two PICs in each
corner of the device. The PIC PX1 and PX2 lines are
directly connected together from one PIC to another.
The PIC PXL lines are connected from one block to
another through tridirectional buffers. Four CIPs in
each corner connect the four PXH lines from each side
of the device.

Special-Purpose Functions

In addition to routing functions, special-purpose func-
tions are located in each FPGA corner. The upper-left
PCC contains connections to the boundary-scan logic.
The upper-right PCC contains connections to the read-
back logic and the connectivity to the global 3-state
signal (TS_ALL). The lower-left PCC contains connec-
tions to the internal oscillator.

The lower-right PCC contains connegtions to the,start-
up and global reset logic. During eonfiguration, the
RESET input pad always initiates a‘configuration abort,
as described in the FPGA States of Operation section.
After configuration, the global'set/reset signal (GSRN)
can either be disabled (the defauli); directly connected
to the RESET input pad, or sourced by a lower-right
corner signal. If the RESET input pad is not used,as a
global reset aftér configuration, this pad can be used
as a normal input'pad. During start-up, the release ‘of
the global set/reset, the‘release of the I/Os, and the
release of the external DONE signal can eachbe timed
individually basedupon the start-up clock.dhe start-up
clock can’come from CCLK or it cambe routed into the
start<up blogkousing the lower-right corner routing
resources: More details on staft-up can be found in the
FPGA States of Operation section.
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Clock Distribution Network

The ORCA Series 2 clock distribution schemes use pri-
mary and secondary clocks. This provides the system
designer with additional flexibility in assigning clock
input pins.

One advantage is that board=lével clock traces routed
to the FPGA are shorter. On a PC board, the added
length of high-spegd clogk traces routed to dedicated
clock input pins can significantly increase the parasitic
impedances«The primary, advantage of the OACA
clock distribution is the availability of a large number of
clocks,since all /0 pins are configurable as clocks.

Primary Clock

Theprimary clock distfibution is shewn in Figure 34. If
the clock signal is from an I/O pad; it can be driven onto
a clock line. The ¢loek linesde not provide clock signals
directly to thedPFU;they act as clock spines from which
clocks are branched to XL lines. The XL lines then feed
the clocks to'PEUs. A multiplexer in each PLC is used

to tramsition from the'clock spine to the branch.

Fora clockispinerin the horizontal direction, the inputs
into,the multiplexer are the two lines from the left and
right PICs (CKL and CKR) and the local clock line from
the perpendicular direction (HCK). This signal is then
buffered and driven onto one of the vertical XL lines,
forming the branches. The same structure is used for a
clock spine in the vertical direction. In this case, the
multiplexer selects from lines from the top and bottom
PICs (CKT, CKB, and VCK) and drives the signal onto
one of the horizontal XL lines.

Figure 34 illustrates the distribution of the low-skew pri-
mary clock to a large number of loads using a main
spine and branches. Each row (column) has two dedi-
cated clock lines originating from PICs on opposite
sides of the array. The clock is input from the pads to
the dedicated clock line CKT to form the clock spine
(see Figure 34, Detail A). From the clock spine, net
branches are routed using horizontal XL lines and then
PLC clock inputs are tapped from the XL lines, as
shown in Figure 34, Detail B.
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Figure 34. Primary Clock Distribution
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Secondary Clock

There are times when a primary clock is either not
available or not desired, and a secondary clock is
needed. For example:

= Only one input pad per PIC can be placed on the
clock routing. If a second input padsin a given PIC
requires global signal routing, a secondary clock
route must be used.

m Since there is only one branch drivérin each PLC for
either direction (vertical and horizontal), both clock
lines in a particular row or¢olumn (CKL and:€GKR, for
example) cannot drive a branch. Therefore, two
clocks should'not be placed into /O padsin PICsion
the opposite\sides of the same row/or column., if glo-
bal elocks are to be‘used.

m_Since theclock lines can onlybe driven from input
pads, internally generated clocks,should use second-
ary clockfrouting.

Figure 85 illustrates the secondary/clock distribution. If
the clock signal ariginates fromeither the left or right
side of the FPGA/ it can be routed through the TRIDI
buffers in the*RI€ ontayone of the adjacent PLC’s hori-
zontal XLdines. If the clack signal originates from the
top or bottom of the FPGA, the vertical XL lines are
used for routing. In either case, an XL line is used as
the clock spine. In the same manner, if a clock is only
going to be used in one quadrant, the XH lines can be
used-as a clock spine. The routing of the clock spine
fromythe input pads to the VXL (VXH) using the BIDIs
(BIDIHs) is shown in Figure 35, Detail A.

In'each PLC, a low-skew connection through a long-
line driver can be used to connect a horizontal XL line
to a vertical XL line or vice versa. As shown in Figure
35, Detail B, this is used to route the branches from the
clock spine. If the clock spine is a vertical XL line, then
the branches are horizontal XL lines and vice versa.
The clock is then routed into each PLC from the XL line
clock branches.

To minimize skew, the PLC clock input for all PLCs
must be connected to the branch XL lines, not the
spine XL line. Even in PLCs where the clock is routed
from the spine to the branches, the clock should be
routed back into the PLC from the clock branch.

If the clock is to drive only a limited number of loads,
the PFUs can be connected directly to the clock spine.
In this case, all flip-flops driven by the clock must be
located in the same row or column.
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Clock Distribution Network (continued)

Alternatively, the clock can be routed from the spine to
the branches by using the BIDls instead of the long-line
drivers. This results in added delay in the clock net, but
the clock skew is approximately equal to the clock
routed using the long-line drivers. This method can be
used to create a clock that is used in only one quad-
rant. The XH lines act as a clock spine, which is then
routed to perpendicular XH lines (the branches) using
the BIDIHs.

Clock signals, such as the output of a counter, can also
be generated in PLCs and routed onto an XL line,
which then acts as a clock spine. Although the clock
can be generated in any PLC, it is recommended that
the clock be located as close to the center of the FPGA
as possible to minimize clock skew.

Selecting Clock Input Pins

Any user I/O pin on an OACA FPGA can bé used as'a
very fast, low-skew clock input. Choosing the first clock
pin is completely arbitrary, but using_ a pin thatis,near
the center of an edge of the devicef(as shown in‘Fig-
ures 34 and 35) will provide thedowest skew clock net-
work. The pin-to-pin timing numbers'in the Timing
Characteristics section of this'data book assume that
the clock pin is in one of/the four PICs at the center of
any side of the device.

Once the first clo€k pindas been chosen, thererare
only two sets of‘pins{withinsthe center fouf PICs on
each side of the device) that should not be chosen as
the secand clock pin:‘a pin from the same PIC; and/or a
pin fram the'PIC ondhe exact oppoésite edge of the die
(i.e4 if a pin‘froms@ PIC on the top edge is€hosen for
the first'clock, the same PIC.on.the bottom/edge should
not be chosén for the second clock).

These rules should befollowed iteratively until a total of
eight\clocks (or otherglobal signals) have been
selected: four fromithe left/right sides of the device, and
four from the #0p/bottom, sides of the device. If more
than eight clocks are needed, then select another pin
outside the center four PICs to use primary-clock rout-
ing, use secondary-clock routing for any pin, or use
local clock routing.

If it is desired to use a pin for one of the first eight
clocks that is not within the center four PICs of any side
of the device and primary clock routing is desired, the
pad names (see Pin Information) of the two clock pins
on the top or bottom of the device cannot be a multi-
plier of four PICs away. The same rule applies to clock
pins on the left or right side of the device.

Lattice Semiconductor

The following equation can be used to determine pin
names:

Pad number = P[RL][TB]n % (i x 4)[A — D]
Where i = 1—8, and n is the current PIC number.
For more information, pleasefrefer to Utiizing the

ORCA® OR2C/TxxA Clock Distribition Network Appli-
cation Note (AP97-055EPGA).
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Figure 35. Secondary Clock Distribution
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FPGA States of Operation

Prior to becoming operational, the FPGA goes through a
sequence of states, including initialization, configuration,
and start-up. Figure 36 outlines these three FPGA
states.

POWERUP
— POWER-ON TIME DELAY

!

INITIALIZATION <
— CLEAR CONFIGURATION MEMORY
—INIT LOW, HDC HIGH, LDC LOW

YES YES

CONFIGURATION
—M[3:0] MODE IS SELECTED
— CONFIGURATION DATA FRAME WRITTEN
—INIT HIGH, HDC HIGH, LDC LOW
—DOUT ACTIVE

START-UP
—ACTIVE I/O
— RELEASE INTERNAL RESET
— DONE GOES HIGH

OPERATION

5-4529(F).r6

Figure 36. FPGA States‘of Operation

Initialization

Upon.powerup, thedevice goes through.ansinitialization
process. First, an'internal power-on=reset circuit is trig-
geredawhen power is applied-When VDD réaches the
voltage at which portions.efithe FPGAbegin to operate
(2.5 V4o 8'V for the OR2CxxA, 2.2V 10 2.7 V for the
OR2TxxA/OR2TxxB); the I/Os are configured based on
the configuration mode,@s,detérmined by the mode
select inputs M[2:0]. A time-out delay is initiated when
VDD reaches between 3.0 V and 4.0 V (OR2CxxA) or
2.7V 1o 3.0 V (OR2TxxA/2TxxB) to allow the power
supply voltage to stabilize. The INIT and DONE outputs
are low. At powerup, if VDD does not rise from 2.0 V to
VDD in less than 25 ms, the user should delay configu-
ration by inputting a low into INIT, PRGM, or RESET
until VDD is greater than the recommended minimum
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operating voltage (4.75 V for OR2CxxA commercial
devices and 3.0 V for OR2TxxA/B devices).

At the end of initialization, the default configuration
option is that the configuration RAM is written to a low
state. This prevents shorts prior to configuration. As a
configuration option, after the first configuration (i.e., at
reconfiguration), the user can reconfigure without
clearing the internal configuration RAM firsts

The active-low, open-drainfinitialization signal INIT is
released and must be pulled high by.am external resis-
tor when initialization'is'ecompletexd0 synchronize the
configuration of multiple FPGAs, one or more INI pins
should be wiresANDed. If INIT is held low by one or
more FPGAs\ oran external device, the FRGA remains
in the initialization state. INIT can be u§ed to signal that
the FRGAs are not yet initialized. After INIT goes high
for two internal clock cycles, the modedines (M[3:0])
are sampled and the FPGA efiters the configuration
states

The highfduring configurationi(HDC), low during config-
uration (LDC), and DONE,signalsiare active outputs in
the FPGA'’s initialization.and\configuration states. HDC,
EDC, and DONE can\be used to provide control of
external logic sighals'such as reset, bus enable, or
PROM enable during configuration. For parallel master
configdration,modes, these signals provide PROM
enable contral and allow the data pins to be shared
with user logic signals.

If configuration has begun, an assertion of RESET or
PRGM initiates an abort, returning the FPGA to the ini-
tialization state. The PRGM and RESET pins must be
pulled back high before the FPGA will enter the config-
uration state. During the start-up and operating states,
only the assertion of PRGM causes a reconfiguration.

In the master configuration modes, the FPGA is the
source of configuration clock (CCLK). In this mode, the
initialization state is extended to ensure that, in daisy-
chain operation, all daisy-chained slave devices are
ready. Independent of differences in clock rates, master
mode devices remain in the initialization state an addi-
tional six internal clock cycles after INIT goes high.

When configuration is initiated, a counter in the FPGA
is set to 0 and begins to count configuration clock
cycles applied to the FPGA. As each configuration data
frame is supplied to the FPGA, it is internally assem-
bled into data words. Each data word is loaded into the
internal configuration memory. The configuration load-
ing process is complete when the internal length count
equals the loaded length count in the length count field,
and the required end of configuration frame is written.
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FPGA States of Operation (continued)
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Figure 37. Initialization/Configuration/Start-Up Waveforms

All OR2CxxA l/Os'operate as TTL inputs ddring config-
uration(OR2TxxA/OR2TxxBl/Os‘are. CM@S-only). All
I/Os that are‘not used during the configuration process
are 3-statéd with internal pull<ups. During configura-
tionythe PLC latch/FEs\are held set/reset and the inter-
nal BIDI buffers are 3-stated.<The TRIDIs in the PICs
are not 3-stated. The combinatorial logic begins to
function as the FPGAis configured. Figure 37 shows
the general waveform of the initialization, configuration,
and start-up states.
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Configuration

The ORCA Series FPGA functionality is determined by
the state of internal configuration RAM. This configura-
tion RAM can be loaded in a number of different
modes. In these configuration modes, the FPGA can
act as a master or a slave of other devices in the sys-
tem. The decision as to which configuration mode to
use is a system design issue. The next section dis-
cusses configuration in detail, including the configura-
tion data format and the configuration modes used to
load the configuration data in the FPGA.
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Start-Up

After configuration, the FPGA enters the start-up
phase. This phase is the transition between the config-
uration and operational states and begins when the
number of CCLKSs received after INIT goes high is
equal to the value of the length count field in the config-
uration frame and when the end of configuration frame
has been written. The system design issue in the start-
up phase is to ensure the user I/0Os become active
without inadvertently activating devices in the system
or causing bus contention. A second system design
concern is the timing of the release of global set/reset
of the PLC latches/FFs.

There are configuration options that control the relative
timing of three events: DONE going high, release of the
set/reset of internal FFs, and user 1/Os becoming
active. Figure 38 shows the start-up timing for both the
ORCA and ATT3000 Series FPGAs. The system
designer determines the relative timing of the 1/Os
becoming active, DONE going high, and the release of
the set/reset of internal FFs. In the OACA Series
FPGA, the three events can occur in any arbitrary
sequence. This means that they can occur before or
after each other, or they can occur simultaneously.

There are four main start-up modes: CCLK. NOSYNC,
CCLK_SYNC, UCLK_NOSYNC,'and UCLK] SYNC.
The only difference between the modes. starting with
CCLK and those starting'with MCLK is that for the
UCLK modes, a user clock'must befsupplied to the
start-up logic. The timing of'start<up events is then
based upon thiswser clock, rather than CClK: The dif=
ference between the SYNCfand NOSYNC modes is
that, for SYNC mode, the timing of two ofthe start-up
events (felease of the set/reset of intéfhal FES,and the
I/0s becoming,active) is triggered by thewrise of the
external DONE pin followed by a variable number of
risings€lock edges (either CCLK ar UCLK): For the
NOSYNC mode, the timingof these two events is
based only on either GCLK or UCLK.

DONE is an open-drain bidirectional pin that may
include an optional (enabled\by default) pull-up resistor
to accommodate wired ANDing. The open-drain DONE
signals from multiple FPGAs can be tied together
(ANDed) with a pull-up (internal or external) and used
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as an active-high ready signal, an active-low PROM
enable, or a reset to other portions of the system.
When used in SYNC mode, these ANDed DONE pins
can be used to synchronize the other two start-up
events, since they can all be synchronized to the same
external signal. This signal will not ris€ until all FPGAs
release their DONE pins, allowing the signahto be
pulled high.

The default for OARCA is thefCCLKLSYNC synchro-
nized start-up mode where DONE is released on the
first CCLK rising edgesC# (see Eigufe 38). Since this is
a synchronized start-up mode, the open-drain DONE
signal can be held low externally to stop the e€currence
of the other twQ start-up.events. Once the/DONE pin
has been released and pulled up to a high'level, the
other two start-up events can be programmed individu-
ally to‘either happen immediately<r aftef up to four ris-
ingfedges of CCLK (Di, Di + 14Di +2, Di + 3¢Di + 4).
The default is for both events tothappen immediately
after DONEis released and pulled high.

A commonly used design technique is to release
DONE one or more clock cyclesbefore allowing the 1/0
to become active: This allows\other configuration
devices, suchias,PROMSs, to be disconnected using the
DONE signal so'that there is no bus contention when
the I/0Os'become active. In addition to controlling the
FPGA'during start-up, other start-up techniques that
avoidcontentionyinclude using isolation devices
betweenithe FPGA and other circuits in the system,
reassigning,!/O locations and maintaining I/Os as
3-stated outputs until contentions are resolved.

Each of these start-up options can be selected during
bit stream generation in ispLEVER, using Advanced
Options. For more information, please see the
ispLEVER documentation.

Reconfiguration

To reconfigure the FPGA when the device is operating
in the system, a low pulse is input into PRGM. The con-
figuration data in the FPGA is cleared, and the 1/Os not
used for configuration are 3-stated. The FPGA then
samples the mode select inputs and begins reconfigu-
ration. When reconfiguration is complete, DONE is
released, allowing it to be pulled high.
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Figure 38. Start-Up Waveforms
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Partial Reconfiguration

All ORCA device families have been designed to allow
a partial reconfiguration of the FPGA at any time. This
is done by setting a bit stream option in the previous
configuration sequence that tellsithe FPGA to not reset
all of the configuration RANM duringsa reconfiguration.
Then only the configuration frames that are to be modi-
fied need to be rewritten, thereby reducing the configu-
ration time.

Other bit streamyoptions arefalso available that allow
one portion/of the FPGA 10 remain in operation while a
partial reconfigurationiis being donedfthis.is done, the
user must be eareful 1o not causeontention between
thedwo configurations (the bit stream,resident in the
FPGA andthe partial reconfiguration‘bit.stream) as the
second reconfiguration bit‘'stream is being loaded.

Other Configuration Options

Configuration options used during device start-up were
previouslysdiscussed in the FPGA States of Operation
section of'this data sheet. There are many other config-
uration options)available to the user that can be set
ddaring bit stream’generation in ispLEVER. These
include options to enable boundary scan, readback
options, and options to control and use the internal
oscillatorafter configuration.

Other useful options that affect the next configuration
(not the current configuration process) include options
to disable the global set/reset during configuration, dis-
able the 3-state of I/Os during configuration, and dis-
able the reset of internal RAMs during configuration to
allow for partial configurations (see above). For more
information on how to set these and other configuration
options, please see the ispLEVER documentation.

Configuration Data Format

The ispLEVER development system interfaces with
front-end design entry tools and provides the tools to
produce a fully configured FPGA. This section dis-
cusses using the ispLEVER development system to
generate configuration RAM data and then provides
the details of the configuration frame format.

The OARCA Series 2 series of FPGAs are enhanced
versions of the OAFCA ATT2Cxx/ATT2Txx architectures
that provide upward bit stream compatibility for both
series of devices as well as with each other.
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Using ispLEVER to Generate
Configuration RAM Data

The configuration data defines the I/O functionality,
logic, and interconnections. The bit stream is generated
by the development system. The bit stream created by
the bit stream generation tool is a series of 1s and Os
used to write the FPGA configuration RAM. The bit
stream can be loaded into the FPGA using one of the
configuration modes discussed later. In the bit stream
generator, the designer selects options which affect the
FPGA'’s functionality. Using the output of the bit stream
generator, circuit.bit, the development system’s down-
load tool can load the configuration data into the ORCA
series FPGA evaluation board from a PC or worksta-
tion. Alternatively, a user can program a PROM (such
as the ATT1700A Series Serial ROM or a standard
EPROM) and load the FPGA from the PROM. The
development system’s PROM programming tool pro-
duces a file in .mks or .exo format.

Configuration Data Frame

A detailed description of the frame format is'shoewn in
Figure 39. The header frame begins'with a series of 1s
and a preamble of 0010, followed by a 24-bit length
count field representing the total'number of configura-
tion clocks needed to complete the loading of the

Table 7. Configuration Frame Size

FPGAs. Following the header frame is an optional ID
frame. This frame contains data used to determine if
the bit stream is being loaded to the correct type of
ORCAFPGA (i.e., a bit stream generated for an
OR2C15A is being sent to an OR2C15A). Since the
OR2CxxA devices are bit stream compatible with the
ATT2Cxx, ATT2Txx, OR2TxxA, and OR21xxB families,
a bit stream from any of these devices will not cause an
error when loaded into an OR2CxxA, OR2TxxA, or
OR2TxxB device. The ID frame has a secondary func-
tion of optionally enabling the parity echecking logic for
the rest of the data frames.

The configuration data frameés follow. Each frame Starts
with a 0 start bit and ‘ends with three or more 1 stop
bits. Following eachystart'bit are four cantrol bits: a pro-
gram bit, set'to\1 if this\is a data frame; a compress bit,
set tod ifithis is a compressed frame; and the opar and
epar parity bits (see Bit StreamyError Checking). An
11-bit dddress field that determines in‘whi€h column
the FPGA is,to be written(is, followediby alignment and
write control bits. For uncompressed frames, the data
bits needed to write one eolumniin the FPGA are next.
For compressed ffames, therdata bits from the previous
frame are senhto a different EPGA column, as speci-
fied by the new address,bits; therefore, new data bits
are not required. When configuration of the current
FPGA(is finished, an'end-of-configuration frame (where
thegorogram bibis set to 0) is sent to the FPGA. The
length and number of data frames and information on
thesPROM  size for the Series 3 FPGAs are given in
Table 7.

, OR2C/ OR2C/ OR2C/ OR2C/ OR2C/ OR2C/
B5VICG 2104A | OF2C06 | 31084 | 2110a |OF2CT12A| o1i58/8 | 2T26A | 2T40A/B
# of Frames 480 568 656 744 832 920 1096 1378
DatarBits/Frame 140 130 150 170 190 210 250 316
Configuration, Data 52,800/ | 73,840 | 98,400 | 126,480 | 158,080 | 193,200 | 274,000 | 435,448
(#of frames x # of data bits/frame)
Maximum Total # Bits/Frame 136 160 176 200 216 240 280 344
(align bits, 1 write bit,:8 stop bits)
Maximum Configuration Data 65,280 90,880 115,456 | 148,800 | 179,712 | 220,800 | 306,880 | 474,032
(# bits x # of frames)
Maximum PROM Size (bits) 65,504 91,128 115,720 | 149,088 | 180,016 | 221,128 | 307,248 | 474,464
(add 48-bit header, ID frame, and
40-bit end of configuration frame)
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Configuration Data Format (continued)

The data frames for all the Series 2 series devices are given in Table 8. An alignment field is required in the slave
parallel mode for the uncompressed format. The alignment field (shown by [A]) is a series of Os: five for the
OR2C06A, OR2C10A/OR2T10A, OR2C15A/OR2T15A/OR2T15B, and OR2C26A/OR2T26A,; three for the
OR2C40A/OR2T40A/OR2T40B; and one for the OR2C04A/OR2T04A, OR2C08A/OR2T08A, and OR2C12A.The
alignment field is not required in any other mode.

Table 8. Configuration Data Frames

OR2C04A/OR2T04A

Uncompressed 010 opar epar [addr10:0] [A]1[Data109:0]111
Compressed 011 opar epar [addr10:0] 111

OR2C06A

Uncompressed 010 opar epar [addr10:0] [A]1[Data129:0]1 11
Compressed 011 opar epar [addr10:0] 111
OR2C08A/OR2T08A

Uncompressed 010 opar epar [addr10:0] [A]i{Data149:0]111
Compressed 011 opar epar [addr10:0] 141
OR2C10A/OR2T10A

Uncompressed 010 opar epar [addrd40:0] [A]1[Data169:0]111
Compressed 011 opar epar [addr10:0] 111

OR2C12A

Uncompressed 010 opar epar [addr10:0] [A]1[Data182:0]1 11
Compressed 011 opaf epar [addr10:0] 111

OR2C15A/OR2T15A/OR2T15B

Uncompressed 040 opar epar [addr10:0] [A]1[Data209:0]11.1
Compressed 011 oparepar [addr10:0] 111
OR2C26A/OR2T26A

Uncompressed 010 opar epar [addrd0:0h[A] 1[Data249:0]111
Compressed 011%opar epar [addr10:0] 111

OR2C40A/OR2T40A/0OR2T40B

Uncompressed 010 opar epar [addr10:0)[A]1[Data315:0]111
Compressed 011 opar/epar [addn10:0] 111
$S 5S
<< <<
EIGHT 1s 40010 g \ 44 A
~ \
\——/Vv/

LEADING HEADER
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FPGA #1

END OF
CONFIGURATION
FRAME

Figure 39. Serial Configuration Data Format
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CONFIGURATION
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FPGA #2
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Configuration Data Format (continued)

Table 9. Configuration Frame Format and Contents

11111111 Leading header—4 bits minimum dummy bits
Header 0010 Preamble
24-Bit Length Count | Configuration frame length
1111 Trailing header—4 bits minimum dummy bits
0 Frame start
P—1 Must be set to 1 to indicate data frame
Cc—o0 Must be set to 0 to indicate uncompressed
Opar, Epar Frame parity bits
ID Frame Addr[10:0] = ID frame address
(Optional) 11111111111
Prty_En Set to 1 to enable parity
Reserved [42:0] Reserved bits setto 0
ID 20-bit part ID
111 Three or more stop bits (high) to'separate frames
0 Frame start
P—1or0 1 indicates data‘frame; Odndicates all frames are written
C—1oro0 Uncompressed—O0 indicates data and address,are supplied;
. ] Compressed—1 indicates only address is\supplied
Configuration Opar, Epar Frame patity bits
Fe::e Addr[10:0] Column address in FPGA to bewrittén
A Alignment bit (different number of s needed for each part)
(repeated for - .
each data frame) 1 . Write blt—usgd in uncompressed data frame
Data Bits Needed only in ansuncompressed data frame
111 One or more stopibits (high) to separate frames
End of 0010011411111111 | 16 bits==00 indicates)all frames are written
Configuration
Postamble 11111150, Additional.1s

Note: For slave parallel modeythe byte containing the preamble must be 11110010. The number of leading header dummy bits must
be (n * 8) +4, wheren is any nonnegative integer and the number of trailing dummy bits must be (n * 8), where n is any positive
integer. The number, of stop bits/frame for slave parallel mode must be (x * 8), where x is a positive integer. Note also that the bit
Stream 'generator tool supplies a bit streamwhich is compatible with all configuration modes, including slave parallel mode.
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Bit Stream Error Checking

There are three different types of bit stream error
checking performed in the OACA Series 2 FPGAs:
ID frame, frame alignment, and parity checking.

An optional ID data frame can be sent to a specified
address in the FPGA. This ID frame contains a unique
code for the part it was generated for which is com-
pared within the FPGA. Any differences are flagged as
an ID error. This frame is automatically created by the
bit stream generation program in ispLEVER.

Every data frame in the FPGA begins with a start bit
set to 0 and three or more stop bits set to 1. If any of
the three previous bits were a 0 when a start bit is

encountered, it is flagged as a frame alignment error.

Parity checking is also done on the FPGA for each
frame, if it has been enabled by setting the prty_en bit
to 1 in the ID frame. This is set by enabling the parity
check option in the bit stream generation program of
ispLEVER. Two parity bits, opar and epar, arefused,to
check the parity of bits in alternating bit positions to
even parity in each data frame. If an odd number of
ones is found for either the even bitsy(starting with.the
start bit) or the odd bits (starting with the program bit),
then a parity error is flagged.

When any of the three possibleyerrors aceur, the FPGA.
is forced into the INIT state, forcing INIT low. The FPGA
will remain in this state until either the RESET or PRGM
pins are asserted.

FPGA Configuration Modes

Theretare eight methods for configuring the FPGA.
Seven ofsthe ‘configuration modes are selected on the
MO; M4, and M2 inputs. Ther€ighth configdration mode
is accessed through the boundary-scan interface. A
fourthiinput, M3, is used to Select the frequency of the
internal oscillator, whichiis the,source for CCLK in
some configuratiommodesyT he'nominal frequencies of
the internal oscillatorare 1.25 MHz and 10 MHz. The
1.25 MHz frequency is'selected when the M3 input is
unconnected ordriven(io a high state.

There are three basic FPGA configuration modes:
master, slave, and peripheral. The configuration data
can be transmitted to the FPGA serially or in parallel
bytes. As a master, the FPGA provides the control sig-
nals out to strobe data in. As a slave device, a clock is
generated externally and provided into CCLK. In the
peripheral mode, the FPGA acts as a microprocessor
peripheral. Table 10 lists the functions of the configura-
tion mode pins.

Lattice Semiconductor

Table 10. Configuration Modes

m2| M1| Mo| ccLk | Comfiguration | p.,
Mode
0 0 0 | Output Master Serial
0 0 1 | Input Slave Parallel Parallel
0 1 0 | Reserved
0 1 1 | Input Sync Peripheral Parallel
1 0 0 | Output Master(up) Parallel
1 0 1 | Quiput Async Peripheral | Parallel
1 1 0 | Output Master (down) Parallel
1 1 1 | Input Slave Serial
Master ParalleldMode

The master parallel configurationanode is generally
used.to interface to industry=standard.byte-wide mem-
ory, such as the 27644and larger EPROMs. Figure 40
provides the conngections for master parallel mode. The
FPGA outputs an18:bit address on A[17:0] to memory
and reads oné byte of'configuration data on the rising
edge of RCLK. The parallel bytes are internally serial-
ized starting withytherleast significant bit, DO.

DOUT = TO DAISY-

A[17:0] |== A[17:0] CHAINED
CCLK l—» DEVICES
D[7:0] 4 - D[7:0]
ORCA
EPROM SERIES
OF DONE FPGA
CE

PROGRAM ——————— PRGM

Voo o—— M2 HDC [»
Voo OR GND ———{ M1 IDC [
——{Mo RCLK [

5-4483(F)

Figure 40. Master Parallel Configuration Schematic

There are two parallel master modes: master up and
master down. In master up, the starting memory
address is 00000 Hex and the FPGA increments the
address for each byte loaded. In master down, the
starting memory address is 3FFFF Hex and the FPGA
decrements the address.

One master mode FPGA can interface to the memory
and provide configuration data on DOUT to additional
FPGAs in a daisy chain. The configuration data on
DOUT is provided synchronously with the falling edge
of CCLK. The frequency of the CCLK output is eight
times that of RCLK.
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FPGA Configuration Modes (continued)
Master Serial Mode

In the master serial mode, the FPGA loads the configu-
ration data from an external serial ROM. The configura-
tion data is either loaded automatically at start-up or on
a PRGM command to reconfigure. The ATT1700 and
ATT1700A Series can be used to configure the FPGA
in the master serial mode. This provides a simple 4-pin
interface in an 8-pin package. The ATT1736, ATT1765,
and ATT17128 serial ROMs store 32K, 64K, and 128K
bits, respectively.

Configuration in the master serial mode can be done at
powerup and/or upon a configure command. The sys-
tem or the FPGA must activate the serial ROM's
RESET/OE and CE inputs. At powerup, the FPGA and
serial ROM each contain internal power-on reset cir-
cuitry that allows the FPGA to be configured without
the system providing an external signal. The power-on
reset circuitry causes the serial ROM's internal address
pointer to be reset. After powerup, the FPGA automati-
cally enters its initialization phase.

The serial ROM/FPGA interface used depends on such
factors as the availability of a system resét pulse, avail-
ability of an intelligent host to generate a configure
command, whether a single serial ROM is used or,mul-
tiple serial ROMs are cascaded, whether the serial
ROM contains a single or multiple configuration pro-
grams, etc. Because of differing system. réquirements
and capabilities, a singlefFPGA7serial ROM interfacefis
generally not appropriate for‘all applications.

Data is read in the FPGA sequéntially from the serial
ROM. The DATA output fromsthe serial ROM'is con-
nected diregctly into thexDIN input of the FPGA. The
CCLK output franrthe FPGA is connected to,the
CLOCK input‘of theserial ROM. During the configura-
tionfprocess, CCLlK clocks one data bif on each rising
edge.

Since the data and clockare,directiconnects, the
FPGA/serial ROM design task is to'use the system or
FPGA to enable the RESET/OE and CE of the serial
ROM(s). There are severahmethods for enabling the
serial ROM’s RESET/OE and CE inputs. The serial
ROM's RESET/OE is programmable to function with
RESET active-high and OE active-low or RESET active-
low and OE active-high.

In Figure 41, serial ROMs are cascaded to configure
multiple daisy-chained FPGAs. The host generates a
500 ns low pulse into the FPGA's PRGM input. The
FPGA’s INIT input is connected to the serial ROM’s
RESET/OE input, which has been programmed to
function with RESET active-low and OE active-high.
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The FPGA DONE is routed to the CE pin. The low on

DONE enables the serial ROMs. At the completion of
configuration, the high on the FPGA's DONE disables
the serial ROM.

Serial ROMs can also be cascaded to.support the con-
figuration of multiple FPGAs or to lead a single FPGA
when configuration data requirements.€xceed the
capacity of a single serial ROM. After the last bit from
the first serial ROM is readgthe serial ROM outputs
CEO low and 3-states the DATAfoutputs The next serial
ROM recognizes the lowson CE input and outputs con-
figuration data on thie DATA output. After configuration
is complete, the FRGA’s DONE output into CE disables
the serial ROMs:

This FPGA/serial ROM interface is not used'imapplica-
tions imwhichiaserial ROM storesdmultiplée configura-
tiongrograms. In\these applications, the next
configuration program to be loaded is stored at the
ROMdocation that follows the last address for the previ-
ous configuration program. The reason the interface in
Figured1 will not work in this @pplication is that the low
output'on the INIT signal'would reset the serial ROM
address pointer, causing'the first configuration to be
reloaded.

In someapplications, there can be contention on the
FPGA'S DINypin. During configuration, DIN receives
configuration.data, and after configuration, it is a user
I/O. lfthere is contention, an early DONE at start-up
(selected in ispLEVER) may correct the problem. An
alternative’is to use LDC to drive the serial ROM's CE
pin.In.order to reduce noise, it is generally better to run
the master serial configuration at 1.25 MHz (M3 pin
tied high), rather than 10 MHz, if possible.

TO DAISY-
CHAINED
DATA »| DIN DOUT|— DEVICES
CLK CCLK
ATT1700A
CE o DONE
RESET/OE INIT
CEO ORCA
— SERIES
DATA FPGA
CLK
ATT1700A PRGM
CE p— M2
RESET/OE M1
CEO Mo
| =
TO MORE
SERIAL ROMs PROGRAM
AS NEEDED

5-4456.1(F)

Figure 41. Master Serial Configuration Schematic

Lattice Semiconductor



Data Sheet
November 2006

ORCA Series 2 FPGAs

FPGA Configuration Modes (continued)

Asynchronous Peripheral Mode

Figure 42 shows the connections needed for the asyn-
chronous peripheral mode. In this mode, the FPGA
system interface is similar to that of a microprocessor-
peripheral interface. The microprocessor generates the
control signals to write an 8-bit byte into the FPGA. The
FPGA control inputs include active-low CS0 and active-
high CS1 chip selects, a write WR input, and a read RD
input. The chip selects can be cycled or maintained at a
static level during the configuration cycle. Each byte of
data is written into the FPGA’s D[7:0] input pins.

The FPGA provides a RDY status output to indicate
that another byte can be loaded. A low on RDY indi-
cates that the double-buffered hold/shift registers are
not ready to receive data, and this pin must be moni
tored to go high before another byte of data can be
written. The shortest time RDY is low occurs when a
byte is loaded into the hold register and the shift régis-
ter is empty, in which case the byte is immeédiately
transferred to the shift register. The longesttime for
RDY to remain low occurs when a byie is loadediinto
the holding register and the shift régister has just
started shifting configuration data into,configuration
RAM.

The RDY status is also available on the D7 pin by
enabling the chip selects, setting WR high, and apply=
ing RD low, where the RD input.is‘an output enable for
the D7 pin when/RD isdow. The D[6:0] pins are not
enabled to drive ' whén RD ishlow and, thus, only act as
input pins in asynchronods peripheral mode.

DOUT=> TO DAISY-
8 PRGM CHAINED
»| D[7:0] . '@eLK|—» DEVICES
- RDY/BUSY
INIT
DONE
MICRO-
PROCESSOR L csy ORCA
| | <ADDRESS SERIES
DECODELOGIC =% CS1 “FpGA
| [* sBus{  [™9RD
CONTROLLER |0 WR
Vop O M2 HDC |-
M1
?L — MO LDC|—

5-4484(F)

Figure 42. Asynchronous Peripheral Configuration
Schematic
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Synchronous Peripheral Mode

In the synchronous peripheral mode, byte-wide data is
input into D[7:0] on the rising edge of the CCLK input.
The first data byte is clocked in on the second CCLK
after INIT goes high. Subseguient’data bytes are
clocked in on every eighth(risings€dge of CCLK. The
RDY signal is an outputiwhich acts as an acknowledge.
RDY goes high one CCLK, afterdatais clocked and,
after one CCLK cycle, returns low. The process repeats
until all of the data is loadeddnto the FPGA. The data
begins shifting'on DOUT 1.5 cycles after it is loaded in
parallel. It requires additional CCLKs after.the last byte
is loadéd to.complete the shifting.Figure 43ishows the
connections for synchronous peripheral mode.

As with master,modes, the peripheralmodes can be
used as the lead FPGA far a daisy chain of slave
FPGAs.

> TO DAISY-
CHAINED
DOUT |—» DEVICES
7 PRGM
— »-| D[7:0]
ORCA
SERIES
MICRO- FPGA
PROCESSOR
»| CCLK
RDY/BUSY
INIT

!

M2 HDC
Mo LD

7

5-4486(F)

Figure 43. Synchronous Peripheral Configuration
Schematic
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Slave Serial Mode

The slave serial mode is primarily used when multiple
FPGAs are configured in a daisy chain. The serial slave
serial mode is also used on the FPGA evaluation board
which interfaces to the download cable. A device in the
slave serial mode can be used as the lead device in a
daisy chain. Figure 44 shows the connections for the
slave serial configuration mode.

The configuration data is provided into the FPGA’s DIN
input synchronous with the configuration clock CCLK
input. After the FPGA has loaded its configuration data,
it retransmits the incoming configuration data on
DOUT. CCLK is routed into all slave serial mode
devices in parallel.

Multiple slave FPGAs can be loaded with identical con-
figurations simultaneously. This is done by loading the
configuration data into the DIN inputs in parallel.

> TO DAISY-
GHAINED
DOUT |—»<DEVICES

INIT
MICRO- ORCA
PROCESSOR PRGM  SERIES
OR FRGA
DOWNLOAD DONE
CABLE célk
DIN

\/pD

Me HDC
M1
Mo LDC >

Figure 44. Slave Serial Configuration Schematic

v

5-4485(F)
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Slave Parallel Mode

The slave parallel mode is essentially the same as the
slave serial mode except that 8 bits of data are input on
pins D[7:0] for each CCLK cycle. Due to 8 bits of data
being input per CCLK cycle, the DOWT pin does not
contain a valid bit stream for slave [parallelmede. As a
result, the lead device cannot be used'in the slave
parallel mode in a daisy-chaif configuration.

Figure 45 is a schematic ofithefconnections for the
slave parallel configuration mode. WR and CS0 are
active-low chip select signals, and CS1 is an active-
high chip select signal. These chip selects allow the
user to configreamultiple EPGAs in slavefparallel
mode using.an 8-bitdata bus commontto all of the
FPGAs. These chip selects can then be usedto sélect
the FPGA(s). to be configured with a,given bit stream,
but'once an'FPGA has been sélected, it canhot be
deselected until it has been completely programmed.

8
~D17:0]
DONE
cok LA
MICRO- g
PROCESSOR - pram FPCeA
SYSTEM Voo
csi
CSo
WR
M2 HDC |—
M1 LDC}—
1 Imo

5-4487(F)

Figure 45. Slave Parallel Configuration Schematic
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FPGA Configuration Modes (continued)
Daisy Chain

Multiple FPGAs can be configured by using a daisy
chain of the FPGAs. Daisy chaining uses a lead FPGA
and one or more FPGAs configured in slave serial
mode. The lead FPGA can be configured in any mode
except slave parallel mode. (Daisy chaining is not avail-
able with the boundary-scan ram_w instruction, dis-
cussed later.)

All daisy-chained FPGAs are connected in series.
Each FPGA reads and shifts the preamble and length
count in on positive CCLK and out on negative CCLK
edges.

An upstream FPGA that has received the preamble
and length count outputs a high on DOUT until it has
received the appropriate number of data frames so that
downstream FPGAs do not receive frame start bits
(0s). After loading and retransmitting the preamble and
length count to a daisy chain of slave devices, thelead
device loads its configuration data frames:The loading
of configuration data continues after the lead'device
has received its configuration datadf its internalframe
bit counter has not reached the length count. When the
configuration RAM is full and the number of bits
received is less than the lengthycount field, the FPGA
shifts any additional data'out on DOUT.

The configuration data is'read into DIN of slave devices
on the positive edge of CCLK;@and shifted out:DOUT

on the negative edge of CCLK. Figure 46 shows the
connections for loading multiple FPGAs in a daisy-
chain configuration.

The generation of CCLK for the daisy-chained devices
which are in slave serial mode differs depending on the
configuration mode of the léad device. A master paral-
lel mode device uses its internal timing generator to
produce an internal CCEK at'eight times its memory
address rate (RCLK). Thefasynchronous peripheral
mode device outputsieight CCLKs for each write cycle.
If the lead deviceyis configured in either synchronous
peripheral or a slave mode, CCLK is routed to the lead
device and to all of the daisy-chained devices.

ThedevelopmentiSystem can create,a compaosite
configurationybit stream for configuringidaisy-chained
FPGAs. The frame format is a preamble, a length count
for the total bit stream, multiple’concatenated data
frames, an end-of-configuration,frame per device, a
postamble, and an additional fillbit per device in the
serial chain.

As seen in Figure 46, therlINIT pins for all of the FPGAs
are connécted,together. This is required to guarantee
that powerup,and-initialization will work correctly. In
general, the DONE pins for all of the FPGAs are also
connected tegether as shown to guarantee that all of
the EPGAs enter the start-up state simultaneously. This
may not be required, depending upon the start-up
sequence desired.

L CCLK

»|{ CCLK CCLK
A[17:0] fe Al 7:0] DOUT > DOUT DIN DOUT f—»
EPROM ORCA ORCA SOHCAS
. . SERIES SERIES ERIE
D[7:0f P70l e pGA FPGA FPGA
oel . Bone MASTER SLAVE #1 SLAVE #2 Voo
CE f—] DONE DONE %
—] __ —{ PRGM —
— &M Nl | [voo [FREM N | | [vob INTT
PROGRAM
Vb o M2 HDC HDC M2 HDC Vop
Voo OR __|M1 ()] [bC M LDC
GND MO 1 LDC
 — RCLK RCLK Mo RCLK

5-4488(F)

Figure 46. Daisy-Chain Configuration Schematic
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Special Function Blocks

Special function blocks in the Series 2 provide extra
capabilities beyond general FPGA operation. These
blocks reside in the corners of the FPGA array.

Single Function Blocks

Most of the special function blocks perform a specific
dedicated function. These functions are data/configura-
tion readback control, global 3-state control (TS_ALL),
internal oscillator generation, global set/reset (GSRN),
and start-up logic.

Readback Logic

The readback logic is located in the upper right corner
of the FPGA.

Readback is used to read back the configuration data
and, optionally, the state of the PFU outputs. A read-
back operation can be done while the FPGA is in nof-
mal system operation. The readback operation cafnnot
be daisy-chained. To use readback, the user selects
options in the bit stream generator in the ispLEVER
development system.

Table 11 provides readback options selected'in the bit
stream generator tool. The table provides the number

of times that the configuration data can begead back.

This is intended primarily to_give the user control over
the security of the FPGA’s{configuration‘program. The
user can prohibit readback (0)s allow a single readback
(1), or allow unrestricted readbackd{(U).

Table 11. Readback Options

Option Function

0 Prohibit‘fReadback

1 Allow One Readback Only

U Allow Unrestricted'Numberiof Readbacks

The pins used for readback are readback data
(RD_DATA), read configuration/(RD_CFG), and configu-
ration clock (CCLK). A readback operation is initiated
by a high-to-low transition on' RD_CFG. The RD_CFG
input must remain low during the readback operation.
The readback operation can be restarted at frame 0 by
driving the RD_CFG pin high, applying at least two ris-
ing edges of CCLK, and then driving RD_CFG low
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again. One bit of data is shifted out on RD_DATA at the
rising edge of CCLK. The first start bit of the readback
frame is transmitted out several cycles after the first ris-
ing edge of CCLK after RD_CFG is input low (see Table
48, Readback Timing Characteristics in the Timing
Characteristics section).

It should be noted that the RD_DATA. output pin is also
used as the dedicated boundarfy*scan output pin, TDO.
If this pin is being used as IDO, the RD_DATA output
from readback can be routediinternallysto any other pin
desired. The RD_CFGdnput pin is also used to control
the global 3-state (TS_ALL) function. Before and during
configuration, the TS, ALL signal is always driven by
the RD_CFG input and readback is disabled. After con-
figuration, the selection‘asto whether this input drives
the readback or global 3-state functionis determined
by a sét of,bit stteam options. If used astthe RD_CFG
input for readback, the internaldlS_"ALL input'can be
routeddnternally to be driven by.any inputdin.

The readback frame contains the configuration data
and'thefstate of the internal logic. During readback, the
value of all five PEU outputs can'be captured. The fol-
lowing options are allowed when doing a capture of the
PFU outputs:

1. Do not capture data (the data written to the capture
RAMs, usually 0,'will be read back).

2. Capture dataupon entering readback.

3., Capture data based upon a configurable signal
internal to the FPGA. If this signal is tied to
logic 0, capture RAMs are written continuously.

4. Capture data on either options 2 or 3 above.

The readback frame has a similar, but not identical, for-
mat to the configuration frame. This eases a bitwise
comparison between the configuration and readback
data. The readback data is not inverted. Every data
frame has one low start bit and one high stop bit. The
preamble, including the length count field, is not part of
the readback frame. The readback frame contains
states in locations not used in the configuration. These
locations need to be masked out when comparing the
configuration and readback frames. The development
system optionally provides a readback bit stream to
compare to readback from the FPGA. Also note that if
any of the LUTs are used as RAM and new data is writ-
ten to them, these bits will not have the same values as
the original configuration data frame either.
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Special Function Blocks (continued)

Global 3-State Control (TS_ALL)

The TS_ALL block resides in the upper-right corner of
the FPGA array.

To increase the testability of the OACA Series FPGAs,
the global 3-state function (TS_ALL) disables the
device. The TS_ALL signal is driven from either an
external pin or an internal signal. Before and during
configuration, the TS_ALL signal is driven by the input
pad RD_CFG. After configuration, the TS_ALL signal
can be disabled, driven from the RD_CFG input pad, or
driven by a general routing signal in the upper-right cor-
ner. Before configuration, TS_ALL is active-low; after
configuration, the sense of TS_ALL can be inverted.

The following occur when TS_ALL is activated:

1. All of the user I/O output buffers are 3-stated, the
user I/O input buffers are pulled up (with the pull=
down disabled), and the input buffers are configured
with TTL input thresholds (OR2CxxA only).

2. The TDO/RD_DATA output buffer is 3-stated.

3. The RD_CFG, RESET, and PRGM input buffers remain
active with a pull-up.

4. The DONE output buffer is 3¢stated; and the input
buffer is pulled-up.

Internal Oscillator

The internal oscillator residesiinthe lower-left corner of
the FPGA array/lt hasfutput clock frequencies of
1.25 MHz and 10:MHz. The'internal oscillator is the
source of the internal ECLK used for configuration. /It
may alsé be used after .configuration as’'a general*
purpose clock,signal.

Lattice Semiconductor

Global Set/Reset (GSRN)

The GSRN logic resides in the lower-right corner of the
FPGA. GSRN is an invertible, default, active-low signal
that is used to reset all of the user-accessible latches/

FFs on the device. GSRN is automatically asserted at

powerup and during configdration of the device.

The timing of the release of GSRN at the end of config-
uration can be programmed in thesstart-up logic
described below. Following configuration, GSRN may
be connected to the RESET pin‘via dedicated routing,
or it may beonnectedtoany signal via normal routing.
Within each PFU, individual FFs and latehes can be
programmed to either be set or resét when GSRN is
asserted.

The RESET input pad has aépecial relatiohship to
GSRN. During configuration, the' RESET input pad
always initiates a configuration abort; as described in
the FPGA States of Operation'section. After configura-
tiom;, the global set/reset signal (GSRN) can either be
disabled (the default);directly connected to the RESET
input pad, or sourced by:a lower-right corner signal. If
the RESETinput pad.is not used as a global reset after
configuration, this‘pad’can be used as a normal input
pad

Start-Up Logic

The start-up logic block is located in the lower right cor-
ner of the FPGA. This block can be configured to coor-
dinate the relative timing of the release of GSRN, the
activation of all user 1/Os, and the assertion of the
DONE signal at the end of configuration. If a start-up
clock is used to time these events, the start-up clock
can come from CCLK, or it can be routed into the start-
up block using lower-right corner routing resources.
These signals are described in the Start-Up subsection
of the FPGA States of Operation section.
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Special Function Blocks (continued)
Boundary Scan

The increasing complexity of integrated circuits (ICs)
and IC packages has increased the difficulty of testing
printed-circuit boards (PCBs). To address this testing
problem, the /EEE standard 1149.1 - 1990 (/EEE Stan-
dard Test Access Port and Boundary-Scan Architec-
ture) is implemented in the OACA series of FPGAs. It
allows users to efficiently test the interconnection
between integrated circuits on a PCB as well as test
the integrated circuit itself. The /E££1149.1 standard
is a well-defined protocol that ensures interoperability
among boundary-scan (BSCAN) equipped devices
from different vendors.

The /EEE1149.1 standard defines a test access port
(TAP) that consists of a 4-pin interface with an optional
reset pin for boundary-scan testing of integrated cir-
cuits in a system. The OARCA series FPGA provides
four interface pins: test data in (TDI), test mode selegt
(TMS), test clock (TCK), and test data out (TDO).Zhe
PRGM pin used to reconfigure the device also resets
the boundary-scan logic.

The user test host serially loads test commands and
test data into the FPGA through these pins 1o drive out-
puts and examine inputs. In the configuration shown in
Figure 47, where boundary scanfis used to.test ICs,
test data is transmitted serially into,TDI ofthe first
BSCAN device (U1), through TDO/TBI. connections
between BSCAN devices (U2 and U3), and out TDOf
the last BSCAN device (U4){In this€onfiguration, the
TMS and TCK signals are routed‘to all boundary-scan
ICs in parallel softhat all boundary-scan components
operate in thefsame state. I other configurations, mul-
tiple scan paths are usediinstead of a single\ring. When
multiple Scan paths are used, each«ing is indepen-
dentlysecontrolled by its own TMS and TCKisignals.

Figure 48 provides a systemdnterface for components
used in the boundary-scan testing,of PCBs. The three
major components shown are the test host, boundary-
scan support circuit,@nd the devices under test
(DUTs). The DUTs shown,here’are OARCA Series
FPGAs with dedicated boundary-scan circuitry. The
test host is normally one of the following: automatic test
equipment (ATE), a workstation, a PC, or a micropro-
cessor.
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Key: BSC = boundary-scan cell, BDC = bidirectional data cell,
and DCC = data control cell.

Figure 47. Printed-Circuit Board with Boundary-
Scan Circuitry

The boundary-scan support circuit shown in Figure 48
is the 497AA Boundary-Scan Master (BSM). The BSM
off-loads tasks from the test host to increase test
throughput. To interface between the test host and the
DUTs, the BSM has a general microprocessor interface
and provides parallel-to-serial/serial-to-parallel conver-
sion, as well as three 8K data buffers.
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Figure 48. Boundary-Scan Interface

The BSM also increases test throughput with'a dedi-
cated automatic test-pattern generator and with com-
pression of the test response with a signature analysis
register. The PC-based boundary-s€an test card/soft-
ware allows a user to quickly pretotype a boundary-
scan test setup.

Boundary-Scan Instructions

The ORCA Seri€s boundary-scan circuitry iS usedhfor
three mandatory /EEE 1149)1 tests (EXTEST, SAM-
PLE/PRELOAD, BYPASS) and four OACA-defined
instructions. The 3-bit wide instruction register supports
the eight instructions listed in Table 12.

Tabled2. Boundary-Scandnstructions

Code instruction
000 EXTEST

001 PLCyScan Ring1

010 RAM Write (RAM_W)

011 Reserved

100 SAMPRLE/PRELOAD

101 PLC Scan Ring 2

110 RAM Read (RAM_R)

111 BYPASS

Lattice Semiconductor

The external test(EXTEST) instruction allows the inter-
connectighssbetween ICs in a system to be tested for
openssand stuck-at faults. If an EXTEST instruction is
performed for the system shown in Figure 47, the con-
nectionsbetween U1 and U2 (shown by nets a, b, and
C).can be tested by driving a value onto the given nets
fromone device and then determining whether the
same value is seen at the other device. This is deter-
mined by shifting 2 bits of data for each pin (one for the
output value and one for the 3-state value) through the
BSR until each one aligns to the appropriate pin.
Then, based upon the value of the 3-state signal, either
the 1/0 pad is driven to the value given in the BSR, or
the BSR is updated with the input value from the 1/0
pad, which allows it to be shifted out TDO.

The SAMPLE instruction is useful for system debug-
ging and fault diagnosis by allowing the data at the
FPGA’s I/Os to be observed during normal operation.
The data for all of the I/Os is captured simultaneously
into the BSR, allowing them to be shifted-out TDO to
the test host. Since each I/O buffer in the PICs is bidi-
rectional, two pieces of data are captured for each I/O
pad: the value at the 1/0 pad and the value of the
3-state control signal.
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There are four OACA-defined instructions. The PLC
scan rings 1 and 2 (PSR1, PSR2) allow user-defined
internal scan paths using the PLC latches/FFs. The
RAM_Write Enable (RAM_W) instruction allows the
user to serially configure the FPGA through TDI. The
RAM_Read Enable (RAM_R) allows the user to read
back RAM contents on TDO after configuration.

ORCA Boundary-Scan Circuitry

The OARCA Series boundary-scan circuitry includes a
test access port controller (TAPC), instruction register
(IR), boundary-scan register (BSR), and bypass regis-
ter. It also includes circuitry to support the four pre-
defined instructions.

Figure 49 shows a functional diagram of the boundary-
scan circuitry that is implemented in the OAFCA series.
The input pins’ (TMS, TCK, and TDI) locations vary
depending on the part, and the output pin is the dedi-
cated TDO/RD_DATA output pad. Test data in (TDJ) is
the serial input data. Test mode select (TMS) controls
the boundary-scan test access port controller, (TAPC).
Test clock (TCK) is the test clock on the board.

The BSR is a series connection of boundary-scan cells
(BSCs) around the periphery of the IC. Each I/0 pad on
the FPGA, except for CCLK, DONE, and the boundary-
scan pins (TCK, TDI, TMS, and TDO), is included in the
BSR. The first BSC in the BSR (connected to TDI) is
located in the first PIC I/O pad on the left of the top side
of the FPGA (PTA PIC). The BSR pfoceeds clockwise
around the top, right, bottom, and left,sides of the array.
The last BSC in the BSR (connectedto TDO) is located
on the top of the left side ofithe arfay (PLAS).

The bypass instruction uses.asinglefF which resyn-
chronizes test data that'is not partfthe current scan
operation. In a bypass instrugtion;test data received on
TDl is shifted out of the bypass register to TDO. Since
the BSR (which'requiresiartwo FF delay for each pad)
is bypassed; test throughput is increased whendevices
that are,not part of a'test operationfare bypassed.

The'boundary=scan logic is enabled béfore and during
configuration. After configuration,ia configdration
option determines whether.or not'houndary-scan logic
is‘used.

The 32-bit boundary-scamidentification register con-
tains the manufacturer'sylD number, unique part num-
ber, and version, but is not implemented in the OARCA
series of EPGAS. If boundary scan is not used, TMS,
TDI, and TCK become user 1/Os, and TDO is 3-stated
or uséd inthe, readback operation.
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Figure 49. ORCA Series Boundary-Scan Circuitry Functional Diagram
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ORCA Series TAP Controller (TAPC)

The ORCA Series TAP controller (TAPC) is a 1149.1
compatible test access port controller. The 16 JTAG
state assignments from the /EEE 1149.1 specification
are used. The TAPC is controlled by TCK and TMS. The
TAPC states are used for loading the IR to allow three
basic functions in testing: providing test stimuli
(Update-DR), test execution (Run-Test/ldle), and
obtaining test responses (Capture-DR). The TAPC
allows the test host to shift in and out both instructions
and test data/results. The inputs and outputs of the
TAPC are provided in the table below. The outputs are
primarily the control signals to the instruction register
and the data register.

Table 13. TAP Controller Input/Outputs

Symbol | I/O Function
TMS | | Test Mode Select
TCK | | Test Clock
PUR | | Powerup Reset
PRGM | | BSCAN Resét
TRESET O | Test Logic'Reset
Select O | Seleget IR (high); Select DR (low)
Enable O | Test Data Out'Enable
Capture-DR | O Capture/Parallel Load DR
Capture-IR |£O | Capture/Parallel LoaddR
Shift-DR O | ShiftiData Register
Shift-DR O |'Shift InstructionsRegister
Update-DRy| O4| Update/Parallel Load DR
Updaté-IR { O | Update/Parallel Load IR

Lattice Semiconductor

The TAPC generates control signals which allow cap-
ture, shift, and update operations on the instruction and
data registers. In the capture operation, data is loaded
into the register. In the shift operation, the captured
data is shifted out while new data is shifted in. In the
update operation, either thenstruction register is
loaded for instruction decode, orthe,boundary-scan
register is updated for control of outputs.

The test host generates adest by providing input into
the OACA Series TMSdnput synchronous with TCK.
This sequencesithe TAPC through states in order to
perform the'desired function on the instruction register
or a data register. Figure 50 provides'a diagram of the
state transitions for4he TAPC. The' next stateiis deter-
mined by the TMS input value.

1 TEST-LOGIC- |
RESET b
0

b RUN-TEST/ |4 SELECT- 1 SELECT- 1
IDLE DR-SCAN IR-SCAN

10 YO
T CAPTURE DR | HcapTure R |
Yo L
SHIFT-DR Do SHIFT-IR Do
K K
EXIT1-DR EXTI-R [

Yo L
| Pause-DR Oo | Pause-R Oo
v v

EXIT2-DR | EXIT2-R |
v v
| uPpaTE-DR | uppatE-R |—
1y [o 1y lo
L]

5-5370(F)

Figure 50. TAP Controller State Transition Diagram
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Boundary-Scan Cells

Figure 51 is a diagram of the boundary-scan cell (BSC)
in the OACA series PICs. There are four BSCs in each
PIC: one for each pad, except as noted above. The
BSCs are connected serially to form the BSR. The BSC
controls the functionality of the in, out, and 3-state sig-
nals for each pad.

The BSC allows the I/O to function in either the normal
or test mode. Normal mode is defined as when an out-
put buffer receives input from the PLC array and pro-
vides output at the pad or when an input buffer
provides input from the pad to the PLC array. In the test
mode, the BSC executes a boundary-scan operation,
such as shifting in scan data from an upstream BSC in
the BSR, providing test stimuli to the pad, capturing
test data at the pad, etc.

The primary functions of the BSC are shifting scan data
serially in the BSR and observing input (P_IN), output
(P_OUT), and 3-state (P_TS) signals at the pads.dhe
BSC consists of two circuits: the bidirectional data cell
is used to access the input and output data, and the

direction control cell is used to access the 3-state
value. Both cells consist of a flip-flop used to shift scan
data which feeds a flip-flop to control the I/O buffer. The
bidirectional data cell is connected serially to the direc-
tion control cell to form a boundary-scan shift register.

The TAPC signals (capture, updateshiftn, treset, and
TCK) and the MODE signal control theoperation of the
BSC. The bidirectional data cell is also controlled by
the high out/low in (HOLI) signal generated by the
direction control cell. When HOLI'is low, the bidirec-
tional data cell receivesiinput bufferdata into the BSC.
When HOLI is high{the BSC is loaded with functional
data from the PLC.

The MODE signabhis generated from the decode of the
instruction register. When the MODE_signal'is high
(EXTEST), the scan data is propagated toythe output
buffer. Whenithe MODE signal is lown(BYPASS, or
SAMPLE), functional data from the FPGA sfinternal
logic.s propagated to the output buffer.

The boundary-scan description language (BSDL) is
provided for each device in the . OACA series of FPGAs.
The BSDL is genérated.from,a device profile, pinout,
and other boundary-scaninformation.

SCAN IN
1/0 BUFFER
PAD_IN 1
P_IN |
BIDIRECTIONAL DATA CELL PAD_OUT
0 I
° ]
¢ Df Q D Q 1
! \,H L PAD_TS
P_OUT 1
—
HOLI
ﬁ
Pl o - 1
P_TS ] D
b
L
DIRECTION CONTROL CELL

SHIFTN/CAPTURE TCK

SCAN OUT UPDATE/TCK

MODE

5-2844(F).r4

Figure 51. Boundary-Scan Cell
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Boundary-Scan Timing
To ensure race-free operation, data chang ifi . inputs are clocked in on
the rising edge of TCK, while changes on ) i n the execution of an EXTEST
instruction, parallel data is output fr : dge of TCK. The maximum fre-

Figure 52 shows timing waveforms
u .

sequence the TAPC thro tes. T
clocked into the DUT on rising edge.

iagram shows the use of TMS to
s data on the falling edge of TCK, and it is
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To define speed grades, the OACA Series part number
designation (see Table 54) uses a single-digit number
to designate a speed grade. This number is not related
to any single ac parameter. Higher numbers indicate a
faster set of timing parameters. The actual speed sort-
ing is based on testing the delay in a path consisting of
an input buffer, combinatorial delay through all PLCs in
a row, and an output buffer. Other tests are then done
to verify other delay parameters, such as routing
delays, setup times to FFs, etc.

The most accurate timing characteristics are reported
by the timing analyzer in the ispLEVER development
system. A timing report provided by the development
system after layout divides path delays into logic and
routing delays. The timing analyzer can also provide
logic delays prior to layout. While this allows routing
budget estimates, there is wide variance in routing
delays associated with different layouts.

The logic timing parameters noted in the Electrical
Characteristics section of this data sheet are the same
as those in the design tools. In the PFU timing given'in
Tables 31—79, symbol names are generally‘@concate-
nation of the PFU operating mode (as defined in

Table 5) and the parameter type. The wildcard echarac-
ter (*) is used in symbol names to indicate that'the
parameter applies to any sub-LUT. The setup, hold,
and propagation delay parameters, defined below, are
designated in the symbol name by.the SET, HLD, and
DEL characters, respectively.

The values given for the parameters are the same as
those used during production testing and speed bin-
ning of the devices.The junction temperature and sup-
ply voltage uSed to characterize the devices are listed
in the delay tables: Actual delays at nominahtempera-
ture and voltage for best-case progesses can bermuch
better than the values given.

It should be noted that the junction temperature used in
the tables is generally 85,6, The junction temperature
for the"!EPGA dependsfon the power dissipated by the
device, the package thermal characteristics (8Ja), and
the ambient temperature, as calculated in the following
equation and as discussed further in the Package
Thermal Characteristics section:

TJmax = TAmax + (P * Gua) °C

Note: The user must determine this junction tempera-
ture to see if the delays from ispLEVER should
be derated based on the following derating
tables.
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Table 14A and 14B and provide approximate power
supply and junction temperature derating for OR2CxxA
commercial and industrial devices. Table 15A and 15B
provides the same information for the OR2TxxA and
OR2TxxB devices (both commercial and industrial).
The delay values in this data sheet and reported by
ispLEVER are shown as 1.00in the tablestThe method
for determining the maximum junction temperature is
defined in the Thermal Characteristics section. Taken
cumulatively, the range ofgaraméter values for best-
case vs. worst-case processing, supply’voltage, and
junction temperaturefcan approach 3'to 1.

Table 14A. Derating for Commercial Devices

(OR2CxxA)
TJ Power SupplyVoltage
(°C) 475V 5.0V 525V
0 0.81 0.79 0.77
25 0.85 0.83 0.81
85 1.00 0.97 0.95
100 1.05 1.02 1.00
125 142 1.09 1.07
Table 14B..Derating for Industrial Devices
(OR2CxxA)
TJ Power Supply Voltage
(Ch.| 45V | 4.75V| 50V | 525V | 55V
-40 0.71 0.70 0.68 0.66 0.65
0 0.80 0.78 0.76 0.74 0.73
25 0.84 0.82 0.80 0.78 0.77
85 1.00 0.97 0.94 0.93 0.91
100 1.05 1.01 0.99 0.97 0.95
125 1.12 1.09 1.06 1.04 1.02

Table 15A. Derating for Commercial/Industrial
Devices (OR2TxxA)

TJ Power Supply Voltage
(°C) 3.0V 3.3v 36V
-40 0.73 0.66 0.61

0 0.82 0.73 0.68
25 0.87 0.78 0.72
85 1.00 0.90 0.83
100 1.04 0.94 0.87
125 1.10 1.00 0.92
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Table 15B. Derating for Commercial/Industrial

Devices (OR2TxxB)

TJ Power Supply Voltage
(°C)| 30v | 315V | 33V | 345V | 36V
—40| 0.81 0.78 0.76 0.74 0.73

0| 0.86 0.83 0.80 0.77 0.76
25| 09 0.87 0.83 0.8 0.78
85 1.0 0.95 0.93 0.88 0.86
100] 1.02 0.98 0.95 0.91 0.88
125| 1.06 1.03 0.98 0.95 0.92

Note: The derating tables shown above are for a typical critical path
that contains 33% logic delay and 66% routing delay. Since the
routing delay derates at a higher rate than the logic delay, paths
with more than 66% routing delay will derate at a higher rate
than shown in the table. The approximate derating values vs.
temperature are 0.26% per °C for logic delay and 0.45% per °C
for routing delay. The approximate derating values vs. voltage
are 0.13% per mV for both logic and routing delays at 25 °C.

In addition to supply voltage, process variation, and
operating temperature, circuit and process improve-
ments of the OACA series FPGAs over time will result
in significant improvement of the actual performance
over those listed for a speed grade. Even though lower
speed grades may still be available, the distribution of
yield to timing parameters may be several speed bins
higher than that designated on a product brand. Design
practices need to consider best-case timing parame-
ters (e.g., delays& 0), as well'as'worst-case timing.

The routing delays are a funetion of fan-out and the
capacitance associatedawith the CIPs and metal inter-
connectiin the path. The number ofdogic elements that
can berdriveny(or fan-out) by PFUs is unlimited,
althoughsthe delay to reach a valid logic level can
exceed timing requirementst It is difficuli;to make accu-
rate routing delay estimates priorito,design compilation
basedon fan-out. This,is because the CAE software
may delete redundantiogic inserted by the designer to
reduce fan-out, and/or. it may also automatically reduce
fan-out by netfsplitting.

The waveform'test points are given in the Measure-
ment Conditions section of this data sheet. The timing
parameters given in‘the electrical characteristics tables
in this data sheet follow industry practices, and the val-
ues they reflect are described below.

m Propagation Delay—the time between the specified
reference points. The delays provided are the worst
case of the tphh and tpll delays for noninverting func-
tions, tplh and tphl for inverting functions, and tphz
and tplz for 3-state enable.

m Setup Time—the interval immediately preceding the
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transition of a clock or latch enable signal, during
which the data must be stable to ensure it is recog-
nized as the intended value.

m Hold Time—the interval immediately following the
transition of a clock or latch.enable signal, during
which the data must be héld stable to ensure it is rec-
ognized as the intended value.

m 3-state Enable—the time from.when a TS[3:0] signal
becomes active@nd thé output pad reaches the high-
impedance state.

Estimating Power Dissipation
OR2CxxA

The total operating power dissipatedds estimated by
summing the standby (IDBSB); internal, and external
power dissipated<l he internal and external power is
the power consumed,in the|PLCs and PICs, respec-
tively. In general)the standby power is small and may
be neglected. The total operating power is as follows:

PT=Z PpPLC + = PPIC

The internal operating power is made up of two parts:

clock generation and PFU output power. The PFU out-
put'power can be estimated based upon the number of
PFU outputs switching when driving an average fan-out
of two:

PPFU = 0.16 mMW/MHz

For each PFU output that switches, 0.16 mW/MHz
needs to be multiplied times the frequency (in MHz)
that the output switches. Generally, this can be esti-
mated by using one-half the clock rate, multiplied by
some activity factor; for example, 20%.

The power dissipated by the clock generation circuitry
is based upon four parts: the fixed clock power, the
power/clock branch row or column, the clock power dis-
sipated in each PFU that uses this particular clock, and
the power from the subset of those PFUs that is config-
ured in either of the two synchronous modes (SSPM or
SDPM). Therefore, the clock power can be calculated
for the four parts using the following equations:

OR2CO04A Clock Power

P = [0.62 mW/MHz
+ (0.22 mW/MHz — Branch) (# Branches)
+ (0.022 mW/MHz — PFU) (# PFUs)
+ (0.006 mW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2C04A clock power = 3.9 mW/MHz.

63



ORCA Series 2 FPGAs

Data Sheet
November 2006

Estimating Power Dissipation (continued)

OR2CO06A Clock Power

P = [0.63 mW/MHz
+ (0.25 mW/MHz — Branch) (# Branches)
+ (0.022 mW/MHz — PFU) (# PFUs)
+ (0.006 mW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2CO06A clock power = 5.3 mW/MHz.

OR2CO08A Clock Power

P = [0.65 mW/MHz
+ (0.29 mW/MHz — Branch) (# Branches)
+ (0.022 mW/MHz — PFU) (# PFUs)
+ (0.006 mW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2CO08A clock power = 6.6 mW/MHz.

OR2C10A Clock Power

P =[0.66 mW/MHz
+ (0.32 mW/MHz — Branch) (# Branches)
+ (0.022 mW/MHz — PFU) (# PFUs)
+ (0.006 mW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typieal circuit)
OR2C10A clock power = 8.6mW/MHz.

OR2C12A Clock Power

P =[0.68 mW/MHz
+ (0.35 mWIMHz — Branch) (# Branches)
+ (0.022mW/MHz — PFU) (# PFUs)
+ (0006 mW/MHz&~ SMEM_PFU)
(#SMEM_PFUs)] fCLK

Fora quick estimate, the worst-case _(typical circuit)
OR2C12Aclock power = 10.5'mW/MHz.
OR2C15A Clock Power

P = [0.69 mW/MHz
+ (0.38 mMW/MHz'= Branch) (# Branches)
+ (0.022 mW/MHz —PFEU) (# PFUs)
+ (0.006 mW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2C15A clock power = 12.7 mW/MHz.

OR2C26A Clock Power

P =[0.73 mW/MHz
+ (0.44 mW/MHz — Branch) (# Branches)
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+ (0.022 MW/MHz — PFU) (# PFUs)
+ (0.006 MW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2C26A clock power = 17.8 mW/MHz.,

OR2C40A Clock Power

P = [0.77 mW/MHz
+ (0.53 mW/MHz — Branch) (# Branches)
+ (0.022 mW/MHz — PFU) (# PFUs)
+ (0.006 mW/MHz - SMEM<PFU)
(# SMEM_PFUs)] {€LK

For a quick estimate, the warst-case (typical circuit)
OR2C40A ¢lock power =26.6 mW/MHz,

The power dissipatediin a PIC is the sumdf the power
dissipated imthe four 1/0s in the PICyThis consists of
power dissipated by inputs and ac power dissipated by
outputs. The power dissipated in‘each I/0O depends on
whether itds configured as an input; output, or input/
outputidf an I/O is opérating asian output, then there is
a power dissipation componentfor PIN, as well as
POuT. This is because theroutput feeds back to the
input.

The power dissipated by'a TTL input buffer is estimated
as:

PTIL= 2.2 mW + 0.17 mW/MHz

Thespower, dissipated by an input buffer is estimated
as:

Pcmos = 0.17 mW/MHz

The ac power dissipation from an output or bidirec-
tional is estimated by the following:

PouT = (CL + 8.8 pF) x VDD? x F Watts
where the unit for CL is farads, and the unit for F is Hz.

As an example of estimating power dissipation,
suppose that a fully utilized OR2C15A has an average
of three outputs for each of the 400 PFUs, that all

20 clock branches are used, that 150 of the 400 PFUs
have FFs clocked at 40 MHz (16 of which are operating
in a synchronous memory mode), and that the PFU
outputs have an average activity factor of 20%.

Twenty TTL-configured inputs, 20 CMOS-configured
inputs, 32 outputs driving 30 pF loads, and 16 bidirec-
tional I/Os driving 50 pF loads are also generated from
the 40 MHz clock with an average activity factor of
20%. The worst-case (VDD = 5.25 V) power dissipation
is estimated as follows:

PPFU = 400 x 3 (0.16 mW/MHz x 20 MHz x 20%)
= 768 mW
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Estimating Power Dissipation (continued)
PcLk =[0.69 mW/MHz + (0.38 mW/MHz — Branch)
(20 Branches)
+ (0.022 mW/MHz — PFU) (150 PFUs)
+ (0.006 mW/MHz — SMEM_PFU)
(16 SMEM_PFUs)] [40 MHZ]
=427 mW

=20x[2.2 mW + (0.17 mW/MHz x 20 MHz
X 200/0)]
=57 mW

PcMos = 20 x [0.17 mW x 20 MHz x 20%)]
=13 mW

PouT =30 x [(30 pF + 8.8 pF) x (5.25)? x 20 MHz
X 20%]
=128 mW

— 16 x [(50 pF + 8.8 pF) x (5.25)2 x 20 MHZ
X 2070]
=104 mW

PTTL

PBID

TOTAL = 1.50 W

OR2TxxA

The total operating power dissipated is estimated by
summing the standby (IDDSB), intérnal, and external
power dissipated. The internal and external power'is
the power consumed infthe PLCs and PICs réspec-
tively. In general; thedstandby power is small'and may
be neglected. The total operating power is as follows:

PT =3 PprLC + Z PPIC

The internal operating power is made up of two parts:
clock géneration'and PFU output power. The PFU out-
putpower can be estimated based upon‘the number of
PFU outputs switching whendriving an average fan-out
of two:

PPFu,= 0.08 mMW/MHz

For each PFU output that switches, 0.08 mW/MHz
needs to be multiplieddimes the frequency (in MHz)
that the output switches. Generally, this can be esti-
mated by using one-half the clock rate, multiplied by
some activity factor; for example, 20%.

The power dissipated by the clock generation circuitry
is based upon four parts: the fixed clock power, the
power/clock branch row or column, the clock power dis-
sipated in each PFU that uses this particular clock, and
the power from the subset of those PFUs that is config-
ured in either of the two synchronous modes (SSPM or

Lattice Semiconductor

SDPM). Therefore, the clock power can be calculated
for the four parts using the following equations:

OR2T04A Clock Power

P = [0.29 mW/MHz
+ (0.10 mW/MHz — Bfanch) (# Branches)
+ (0.01 mW/MHz — PEU)(# PFUs)
+ (0.003 mW/MHz — SMEM_PFU)
(# SMEM£PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2TO04A clock power =148 mW/MHz.

OR2T08A Clock Power

P = [0.81 mW/MHz
+ (0.12 mW/MHz — Branch), (# Branches)
+ (0.01 mW/MHz —<PEU)(# PFUs)
+ (0.003 mW/MHz — SMEM_PEU)
(# SMEM_PFUs)] fCLK

For a quick estimate; the warst-case (typical circuit)
OR2TO08A clockipower= 32 mW/MHz.

OR2T10A Clock:Power

P =[0.32mW/MHz
+ (0.4 mMW/MHz — Branch) (# Branches)
+ (0.01 mW/MHz — PFU) (# PFUs)
+(0.003 mW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

Fona quick estimate, the worst-case (typical circuit)
OR2T10A clock power = 4.0 mW/MHz.
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Estimating Power Dissipation (continued)

OR2T15A Clock Power

P =[0.34 mW/MHz
+ (0.17 mW/MHz — Branch) (# Branches)
+ (0.01 mW/MHz — PFU) (# PFUs)
+ (0.003 mMW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2T15A clock power = 5.9 mW/MHz.

OR2T26A Clock Power

P = [0.35 mW/MHz
+ (0.19 mW/MHz — Branch) (# Branches)
+ (0.01 mW/MHz — PFU) (# PFUs)
+ (0.003 mW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2T26A clock power = 8.3 mW/MHz.

OR2T40A Clock Power

P =[0.37 mW/MHz
+ (0.23 mW/MHz — Branch) (# Branches)
+ (0.01 mMW/MHz — PFU) (# PFUs)
+ (0.003 mW/MHz — SMEM_PEU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2T40A clock power = 124 mW/MHz.

The power dissipated infa PICis the sum of the power
dissipated in the four 1/Os'in the PIC. This consists of
power dissipated by inputs andvac power dissipated by
outputs. The power dissipated in each 1/0 depends on
whether it is€€onfigured asfan input, output, or input/
output. If @an'l/O4dsroperating as an output,then there is
a power dissipation component forPIN, as well'as
Pourt. This is'becatse the outputffeedsback.to the
input.

The powerdissipated by.aninput buffer(ViH = VbD —
0.3 V or higher) is estimated-as:

PIN =0:09 mW/MHz

The 5V tolerant input buffer feature dissipates addi-
tional dc power. The dc power, PTOL, is always dissi-
pated for the OR2TxxA, regardless of the number of
5V tolerant input buffers used when the VDD5 pins are
connected to a 5V supply as shown in Table 16. This
power is not dissipated when the VDD5 pins are con-
nected to the 3.3 V supply.
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Table 16. DC Power for 5 V Tolerant I/Os for
OR2TxxA devices

Device PTtoL (VDbD5 = 5.25 V)
2TO04A 1.7 mW
2T08A 2.4 mwW
2T10A 2.7 mW
2T15A 3.4 mW
2T26A 4.0mwW
2T40A 5.0 mW

The ac power dissipation from an“output or bidirec-
tional is estimated by the following:

PoUT = (CL+ 8.8 pF) x VDD? x0F Watts
wheredhe unit for CL'is farads, and'the unit for F is Hz.

Asfan example of estimating power dissipation,
Suppose that a fully utilized OR2T15A has an average
of three outputs for each®@fithe 400 PFUs, that all

20 clock’branches arefused, that 150 of the 400 PFUs
have FFs clocked at 40'MHz (16 of which are operating
in @ synchronous' memeory mede), and that the PFU
outputs have an average activity factor of 20%.

Twenty inputs, 32 outputs driving 30 pF loads, and

16 bidirectional 1/0Os driving 50 pF loads are also gen-
erated fromthe 40 MHz clock with an average activity
factor ef 20%. The worst-case (VDD = 3.6 V) power dis-
sipation is estimated as follows:

PPEU =400 x 3 (0.08 mW/MHz x 20 MHz x 20%)
= 384 mW

PCLK =[0.34 mW/MHz + (0.17 mW/MHz — Branch)
(20 Branches)
+ (0.01 mW/MHz — PFU) (150 PFUs)
+ (0.003 mW/MHz — SMEM_PFU)
(16 SMEM_PFUs)] [40 MHZz]
=212mW

PIN =20 x[0.09 mW/MHz x 20 MHz x 20%)]
=7 mW

=3.4mW

PouT =30 x [(30 pF + 8.8 pF) x (3.6)2 x 20 MHz
X 20%]
=60 mW

PBID =16 x[(50 pF + 8.8 pF) x (3.6)% x 20 MHz
X 200/0]
=49 mW

TOTAL =0.72W

PTOL
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Estimating Power Dissipation (continued)
OR2T15B and OR2T40B

The total operating power dissipated is estimated by
summing the standby (IDDSB), internal, and external
power dissipated. The internal and external power is
the power consumed in the PLCs and PICs, respec-
tively. In general, the standby power is small and may
be neglected. The total operating power is as follows:

PT =X PPLC + = PPIC

The internal operating power is made up of two parts:

clock generation and PFU output power. The PFU out-
put power can be estimated based upon the number of
PFU outputs switching when driving an average fan-out
of two:

PpPFU = 0.08 mMW/MHz

For each PFU output that switches, 0.08 mW/MHz
needs to be multiplied times the frequency (in.MHz)
that the output switches. Generally, this candoe esti-
mated by using one-half the clock rate, multiplied by
some activity factor; for example, 20%.

The power dissipated by the clockfgeneration cireuitry
is based upon four parts: the fixed clock power, the
power/clock branch row or column, the elock power dis-
sipated in each PFU that gses this particular clock, and
the power from the subset of those'PFUs that is config-
ured in either of the #lwo synchronous modes (SSPM or
SDPM). Thereforg; the clock power can be caleulated
for the four parts using the following equations:

OR2T15B Clock Power

P = [0:30mW/MHz
+ (0.85"mW/MHz — Branch) (# Branches)
4 (0.008 MW/MHz — PFU) (# PEUs)
+ (04002 mW/MHz ~ SMEMnPFU)
(# SMEM_PEUSs)JfCLK

For a quick estimate, the worsi-€ase (typical circuit)
OR2T15B clock power,~ 3.9mW/MHz.

OR2T40B Clock-Power

P =[0.42 mW/MHz
+ (0.118 mW/MHz — Branch) (# Branches)
+ (0.008 mMW/MHz — PFU) (# PFUs)
+ (0.002 mW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2T40B clock power = 5.5 mW/MHz.

The power dissipated in a PIC is the sum of the power
dissipated in the four I/Os in the PIC. This consists of
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power dissipated by inputs and ac power dissipated by
outputs. The power dissipated in each 1/0 depends on
whether it is configured as an input, output, or input/
output. If an I/O is operating as an output, then there is
a power dissipation component for PIN, as well as
Pour. This is because the outpubfeeds back to the
input.

The power dissipateddy an input buffer (VIH = VDD —
0.3 V or higher) is gstimated as:

PIN'="0.033/mW/MHz

The OR2TxxB 5V tolerant input buffer feature does not
dissipate additional 'dc power.

Thedac powerdissipation from an-output orbidirec-
tional is estimated by the following:

PouT = (CL + 8.8(pF) xA/bD? x FWatts
wherethe unit for CL is farads, anddhe unit for F is Hz.

Asqan example of‘estimating\power dissipation,
suppose that afully utilized/OR2T15B has an average
of three outputs for eachiof the 400 PFUs, that all

20 clockdranehes are used, that 150 of the 400 PFUs
have FFs cloeckedat 40 MHz (16 of which are operating
in assynchronous memory mode), and that the PFU
outputs have an‘average activity factor of 20%.

Twenty inputs, 32 outputs driving 30 pF loads, and

16 bidirectional I/Os driving 50 pF loads are also gen-
erated from the 40 MHz clock with an average activity
factor of 20%. The worst-case (VDD = 3.6 V) power dis-
sipation is estimated as follows:

PpFu = 400 x 3 (0.08 mW/MHz x 20 MHz x 20%)
= 384 mW
PcLk =[0.30 mW/MHz + (0.085 mW/MHz — Branch)

(20 Branches)
+ (0.008 mW/MHz — PFU) (150 PFUs)
+ (0.002 mW/MHz — SMEM_PFU)

(16 SMEM_PFUs)] [40 MHz]

=129 mW
PIN =20 x[0.033 mW/MHz x 20 MHz x 20%)]
=3 mW
PTOL =34 mW
PouT =30 x [(30 pF + 8.8 pF) x (3.6)? x 20 MHz
X 2070]
=60 mW
PBID =16 x [(50 pF + 8.8 pF) x (3.6)? x 20 MHz
X 20%)]
=49 mW
TOTAL =0.72W
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Pin Information
Pin Descriptions

This section describes the pins found on the Series 2 FPGAs. Any pin not described in this table is a user-program-
mable 1/0O. During configuration, the user-programmable 1/Os are 3-stated with an internal pull-upsresistor enabled.

Table 17. Pin Descriptions

Symbol /o Description
Dedicated Pins
VDD — | Positive power supply.
GND — | Ground supply.
I/O-VDD5 — | 5V tolerant select. (For 2TxxA only.) All VDD5 pins mustbettied to either the 5 V power

supply if 5 V tolerant I/O buffers are to be used, or.to,the 3.3 V power stpply(VDD) if
they are not. For 2CxxA and 2TxxB devices, these pins are user-programmable |/Os.

RESET | | During configuration, RESET forces)the restart of configuration and apull-up is
enabled. After configuration, RESET can be used as a general FRGA'input.or as a
direct input, which causes all PLC lat€hes/FFs to be asynchronously, set/reset.

CCLK I | In the master and asynchronous periphefal modes, CCLK'is an output which strobes
configuration data in. Inithe slave orsynchronous peripheral modesCCLK is input syn-
chronous with the data en DIN er D[7:0].

DONE I/O | DONE is a bidirectional pimwith'an optional pull-up resistor. As’an active-high, open-
drain output, a‘high-level onthis signal indicates that'configuration is complete. As an
input, a lowdevel on DONE delays FPGA(start-up after configuration®.

PRGM | | PRGM is an active:low input that forces the restart of configuration and resets the
boun@dary-scan circuitry. This pin always has‘amactive pull-up.

RD_CFG | | This pin must'be held high during device, initialization until the INIT pin goes high.
This pimalways has an active pullup.

During,configuration, RD_CFG is, an-active-low input that activates the TS_ALL function
and3-states all of the I/O.

After configurationyRD_CFG.ecan be selected (via a bit stream option) to activate the
TS_ALL function as described above, or, if readback is enabled via a bit stream option,
a high-to-low transition on RD_CFG will initiate readback of the configuration data,
includingsPFU outpuisstates, starting with frame address 0.

RDaDATA/TDQ O | RDLDATA/TDQ is a dual-function pin. If used for readback, RD_DATA provides configu-
ration data out. If used in boundary scan, TDO is test data out.

Special-Purpose Pins (Become User I/O After Configuration)

RDY/RCLK O | During configuration in peripheral mode, RDY indicates another byte can be written to
the FPGA. If a read operation is done when the device is selected, the same status is
also available on D7 in asynchronous peripheral mode. After configuration, the pin is a
user-programmable I/O*.

During the master parallel configuration mode RCLK, which'is a read output signal to an
external memory. This output is not normally used. After configuration, this pin is a user-
programmable 1/0O pin*.

DIN | | During slave serial or master serial configuration modes, DIN accepts serial configura-
tion data synchronous with CCLK. During parallel configuration modes, DIN is the DO
input. During configuration, a pull-up is enabled, and after configuration, this pin is a
user-programmable /O pin*.

* The FPGA States of Operation section contains more information on how to control these signals during start-up. The timing of DONE
release is controlled by one set of bit stream options, and the timing of the simultaneous release of all other configuration pins (and the acti-
vation of all user 1/Os) is controlled by a second set of options.
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Pin Information (continued)
Table 17. Pin Descriptions (continued)

Symbol /0 Description

Special-Purpose Pins Special-Purpose Pins (Become User I/O After Configuration) (continued)

MO, M1, M2 | | During powerup and initialization, MO—M2 are used to seléct the.configuration mode
with their values latched on the rising edge of INIT. See, Tablei7 for the configuration
modes. During configuration, a pull-up is enabled, and after configuration, the pins are
user-programmable I/O*.

M3 | | During powerup and initialization, M3 is used to select the spéed of the internal oscilla-
tor during configuration, with its value latched on the rising‘edge of INIT. When M3 is
low, the oscillator frequency is 10 MHz. When M3 isdiigh,‘the oscillatorisy1.25 MHz.
During configuration, a pull-up is enabled, and after configuration, this pinisa user-pro-
grammable 1/O pin*.

TDI, TCK, TMS | | If boundary scan is used, these pins are TestiData In, Test Clock, andTest Mode Select
inputs. If boundary scan is net'selected, all boundary-scan‘functions are inhibited once
configuration is complete,and thesepins are user-programmable 1/O4ins. Even if
boundary scan is not used, either TCK'or TMS must be held at legi€¢ 1 during configura-
tion. Each pin has a pull-up@nabled during configuration®,

HDC O | High During Configuration is,output high until.configuration is complete. It is used as a
control outputdndicatingithat configuration is nat.eompletet After configuration, this pin
is a user-programmable /O pin*.

LDC O | Low During Configuration is output lew, until eonfiguration is complete. It is used as a
contrél output indicating that configuration is‘not,complete. After configuration, this pin
is@ user-programmable 1/0O pin*.

INIT I/0_LINIT is a bidirectional signal before and during configuration. During configuration, a
pull-up is enabled, but an‘external pull-up resistor is recommended. As an active-low
open#drain output, INIT is heldhlow during power stabilization and internal clearing of
memory. As an active-low ifput, INIT holds the FPGA in the wait-state before the start
oficonfiguration. After configuration, the pin is a user-programmable 1/O pin*.

CS0, CS1, WR, RD areiusedin the asynchronous peripheral configuration modes. The
FPGA is selected when CSO is low and CS1 is high. When selected, a low on the write
strobe, WR, loads the/data on D[7:0] inputs into an internal data buffer. WR, CS0, and
CS1gare also usedas chip selects in the slave parallel mode.

0
n
o
o)
@
3
=
o
O

A low on RD changes D7 into a status output. As a status indication, a high indicates
ready and.adow indicates busy. WR and RD should not be used simultaneously. If they
arepthe write strobe overrides. During configuration, a pull-up is enabled, and after con-
figuration, the pins are user-programmable 1/O pins*.

A[17:0] O |MDuring master parallel configuration mode, A[17:0] address the configuration EPROM.
During configuration, a pull-up is enabled, and after configuration, the pins are user-
programmable 1/O pins*.

D[7:0] | | During master parallel, peripheral, and slave parallel configuration modes, D[7:0]
receive configuration data and each pin has a pull-up enabled. After configuration, the
pins are user-programmable 1/O pins*.

DOUT O | During configuration, DOUT is the serial data output that can drive the DIN of daisy-
chained slave LCA devices. Data out on DOUT changes on the falling edge of CCLK.
After configuration, DOUT is a user-programmable 1/O pin*.

* The FPGA States of Operation section contains more information on how to control these signals during start-up. The timing of DONE

release is controlled by one set of bit stream options, and the timing of the simultaneous release of all other configuration pins (and the acti-
vation of all user 1/Os) is controlled by a second set of options.

Lattice Semiconductor 69



ORCA Series 2 FPGAs

Data Sheet
November 2006
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Package Compatibility

The package pinouts are consistent across OACA
Series FPGAs with the following exception: some user
/0 pins that do not have any special functions will
be converted to VDD5 pins for the OR2TxxA series.
If the designer does not use these pins for the
OR2CxxA and OR2TxxB series, then pinout compati-
bility will be maintained between the OFCA OR2CxxA,
OR2TxxA, and OR2TxxB series of FPGAs. Note that
they must be connected to a power supply for the
OR2TxxA series.

Package pinouts being consistent across all OACA
Series FPGAs enables a designer to select a package
based on I/O requirements and change the FPGA with-
out laying out the printed-circuit board again. The
change might be to a larger FPGA if additional func-
tionality is needed, or it might be to a smaller FPGA to
decrease unit cost.

Table 18A provides the number of user I/Os available
for the OARCA OR2CxxA and OR2TxxB Series FPGAs

for each available package, and Table 18B provides the
number of user I/Os available in the OFACA OR2TxxA
series. It should be noted that the number of user I/Os
available for the OR2TxxA series is reduced from the
equivalent OR2CxxA devices by the number of
required VDD5 pins, as shown in Table 18B. The pins
that are converted from user I/0 to'VDD5.are,denoted
as 1/0-VDD5 in the pin information tables (Table 19
through 28). Each package has six dedicatéd configu-
ration pins.

Table 19—Table 28. provide the \package pin and pin
function for the OACA Series 2 FPGAs and packages.
The bond pad name is identified in the PIC nomencla-
ture used in the ispLEV.ER design editor.

When the number ofhEPGA bond pads exceeds, the
numberof package pins, bond pads are uhused. When
the numberiof package pins exceeds,the number of
bond pads, package pins are lefbuunconnegcted (no
connects). When a package pin is to be'left as a no
connect for & specific die, it is.indicated as a note in the
deviceypad column forthe FPGA. The tables provide no
information on unused pads.

Table 18A. ORCA OR2CxxA and OR2TxxB Series FPGA I/Os Summary

Device 84-Pin | 100-Pin | 144<Pin’| 160-Pin 2;3;;’,7 2;8#7 256-Pin '?gg? 352-Pin | 432-Pin
PLCC | TQFP | TQFP QFP SQFP2 | sQFP2 PBGA SQFP2 PBGA | EBGA

OR2C04A

User I/Os 64 77 114 130 160 — — — — —
VDD/VSS 14 17 24 24 31 — — — — —
OR2CO06A

User I/Os — 77 114 130 171 192 192 — — —
VDD/VSS — 17 24 24 31 42 26 — — —
OR2CO08A

User I/Os — — — 130 171 192 — — — —
VDD/VSS — — — 24 31 40 — — — —
OR2C10A

User 1/O8s — — — 130 171 — 221 — 256 —
VDD/VSS — — — 24 31 — 26 — 48 —
OR2C12A

User I/Os 64 — — — 171 192 223 252 288 —
VDD/VSS 14 — — — 31 42 26 46 48 —
OR2C15A/OR2T15B

User I/Os 64 — — — 171 192 223 252 298 —
VDD/VSS 14 — — — 31 42 26 46 48 —
OR2C26A

User I/Os — — — — 171 192 — 252 — —
VDD/VSS — — — — 31 42 — 46 — —
OR2C40A/OR2T40B

User I/Os — — — — 171 192 — 252 — —
VDD/VSS — — — — 31 42 — 46 — —
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Pin Information (continued)

Table 18B. ORCA OR2TxxA Series FPGA I/Os Summary

84-Pin | 100-Pin | 144-Pin | 160-Pin 2303#7 2‘;1‘3#7 256-Pin | 352-Pin | 432-Pin
PLCC | TQFP | TQFP | QFP PBGA | E EBGA

SQFP2 SQFP2

OR2T04A o _

User I/Os — 74 110 — 152 — s —
VDD/VSS — 17 24 — 31 —
VDD5 — 3 4 8
OR2T08A
User I/Os
VDD/VSS
VDD5
OR2T10A
User I/Os
VDD/VSS
VDD5
OR2T15A
User I/Os
VDD/VSS
VDD5
OR2T26A
User I/Os
VDD/VSS
VDD5
OR2T40A
User I/Os
VDD/VSS
VDD5

N
X o

Device
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Pin Information (continued)

Compatibility with Series 3 FPGAs

Pinouts for the OR2CxxA, OR2TxxA, and OR2TxxB devices will be consistent with the Series 3 FPGAs for all
devices offered in the same packages. This includes the following pins: VDD, Vss, VDD5 (OR3C/Ixxx series only),
and all configuration pins. Identical to the OR2TxxB devices, Series 3 devices provide 5 V tolerantl/Os without a
dedicated VDD5 supply

The following restrictions apply:

1.

There are two configuration modes supported in the OR2C/TxxA series that are.not supported in the
Series 3 FPGAs series: master parallel down and synchronous peripheral modes. The Series 3 FPGAs have two
new microprocessor interface (MPI) configuration modes that are unavailable in the Séries 2.

. There are 4 pins—one per each device side—that are user 1/0O in the OR2C/TxxA series which can®©nly be used

as fast dedicated clocks or global inputs in the Series 3 series. Thesé pins-are also used to drive,the Express-
CLK to the I/0 FFs on their given side of the device. These four middle ExpressCLK pins shodld not be used to
connect to a programmable clock manager (PCM). A corner ExpressCLK input should be used instead (see note
below). See Table 18C for a list of these pins in each package.

. There are two other pins that are user 1/0O in both the Series 2.and Series 3 series but also have optional added

functionality in the Series 3 series. Each of these pins drives‘the ExpressCLKs on‘two sides of.the device. They
also have fast connectivity to the programmable cle€k manager.(PCM). See Table 18C for a preliminary list of
these pins in each package.

Table 18C. Series 3 ExpressCLK Pins

Pin Name/ 208-Pin 240-Pin 256-Pin 352-Pin 432-Pin
Package SQFP2 SQFP2 PBGA PBGA EBGA
ECKL 22 26 K3 N2 R29
ECKB 80 91 W14 AE14 AH16
ECKR 134 152 K18 N23 T2
ECKT 178 207 B11 B14 C15
I/O—SECKLL 49 56 Wi1 AB4 AG29
I/O—SECKUR 159 184 A19 A25 D5

Note: The ECKR{ECKL, ECKT, arld’ECKB pins drive the ExpressCLK on their given edge of the device, while I/O—SECKLL and

I/10—SECKUR drive an\ExpressCLK on two edges of thé device and provide connectivity to the programmable clock manager.
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Pin Information (continued)

Table 19. OR2C04A, OR2C12A, and OR2C/2T15A 84-Pin PLCC Pinout

Pin | 2C04A Pad | 2C12A Pad ZC/FZ,;’,“ Function
1 Vss Vss Vss Vss
2 PT5A PTOA PT10A /O-D2
3 Vss Vss Vss Vss
4 PT4D PT8D PT9D /O-D1
5 PT4A PT8A PTOA /O-DO/DIN
6 PT3A PT7A PT8A /0-DOUT
7 PT2D PT6D PT7D /O-VDD5
8 PT2A PT5A PT6A
9 PTID PT3A PT4A 0-
10 PT1A PT1A PTIA
11 RD_DATA/TDO |RD_DATA/TDO | RD_DATA/TDO
12 VDD VDD
13 Vss Vss
14 PL1C PL2D
15 PL1A PL4A
16 PL2D PL5A
17 PL2A PLGA
18 PL3A PL7A
19 PL4D
20
o1
22
23
24
25
26 /O-A10
O-A11
/O-A12
/O-A13
/O-A14
/O-A15
CCLK
VDD
Vss
35 /O-A16
36 PB3D PB4D O-A17
37 PB5B PB6B O
38 PB2D PB6D PB7D O
39 PB3A PB7A PBSA O
40 PB4A PBBA PB9A 0
41 PB4D PBSD PB9D e
42 PB5A PB9A PB10A O
43 Vss Vss Vss Vss

Note: The pins labeled 1/0-VDD5 are user 1/Os for the OR2CxxA and OR2TxxB
series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 19. OR2C04A, OR2C12A, and OR2C/2T15A 84-Pin PLCC Pinout (continued)

Pin | 2C04A Pad | 2C12A Pad ch:;“ Function
44 PB6A PB10A PB11A 0
45 Vss Vss Vss Vss
46 PB7A PB11A PB12A /O-VDD5
47 PB7D PB11D PB12D 0
48 PBSA PB12A PB13A /O-HDC
49 PB9A PB13A PB14A /O-IDC
50 PB9D PB13D PB14D e

51 PB10A PB15A PB16A VO-INIT
52 | PB10D PB18D PB20D O
53 DONE DONE DONE DONE
54 | RESET RESET RESET

55 PRGM PRGM PRGM

56 | PR1OA PR18A PR20A

57 | PR10D PR1GA PR17A

58 PROA PR15D PR16D

59 PR9D PR13A PR14A
60 PR8A PR12A PR13A
61 PR7A PR11A 2A

62 PR7D PR11D 2D

63 PR6A PR10A

64 VDD VDD

65 PR5A PR9

66 Vss

67 PR4A

68 PR4D

69

70

71

72 I/0O-RD

73 I/O-WR

RD_CFG

VDD
Vss

77 PT19A I/0-RDY/RCLK

78 PT16D I/0-D7

79 PT15D I/0

80 PT14B I/0-D6

81 PT13A I/0-D5

82 PT7D PT11D PT12D I/0

83 PT7A PT11A PT12A I/0-D4

84 PT6A PT10A PT11A I/0-D3

Note: The pins labeled 1/0-VDD5 are user 1/Os for the OR2CxxA and OR2TxxB
series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 20. OR2C/2T04A and OR2CO06A 100-Pin TQFP Pinout

pin | 2€2T04A | 5006A Pad |  Function pin | 2C€2T04A | »c06APad | Function
Pad Pad

1 VDD VDD VDD 43 PB8C PB9C /0

2 Vss Vss Vss 44 PB8D PBOD I/0

3 PL1C PL1A I/0-A0 45 PB9A PB10A I/O-LDC

4 PL1A PL2A I/0-A1 46 PB9D PB10D 110

5 PL2D PL3D 1/0-A2 47 PB10A PB11A I/O-INIT

6 PL2A PL3A I/0-A3 48 RPB10D PB12A /0

7 PL3D PL4D I/0 49 DONE DONE DONE

8 PL3A PL4A I/0-A4 50 VDD VDD VDD

9 PL4D PL5D I/0O-A5 51 RESET RESET RESET
10 PL4A PL5A I/0O-A6 52 PRGM PRGM PRGM
11 PL5D PL6D I/0 58 PR10A PR12A 1/0-MO
12 PL5A PL6A I/0-A7 54 PR10D PR11A /10
13 VDD VDD VDD 55 PR9A PR10A 1/0-M1
14 PL6A PL7A I/0-A8 56 PR9D PR10D I/0
15 Vss Vss Vss 57 PRSA PR9A 1/0-M2
16 PL7D PL8D [/O-A9 58 PR8D PR9D I/0
17 PL7A PL8A 1/0-A10 59 PR7A PR8A 1/0-M3
18 PL8A PL9A 1/10-Ald 60 PR7D PR8D /0
19 PLAD PL10D I/0-A12 61 \/Ss Vss Vss
20 PL9C PL10C I/O 62 PR6A PR7A I/0
21 PL9A PLE10A 1/0-A13 63 VDD VDD VDD
22 PL10D PL11A I/O-A14 64 PR5A PR6A 1/0
23 PL10A PL12A 1/0-A15 65 Vss Vss Vss
24 Vss Vss Vss 66 PR4A PR5A I/0-VDD5
25 CCLK CCLK CCLK 67 PR4D PR5D /10
26 VDD VDD VDD 68 PR3A PR4A I/O-CSH
27 Vss Vss V/ss 69 PR3D PR4D I/0
28 PB1A PB1A 1/O-A16 70 PR2A PR3A I/O-CS0
29 PB1C PB1D /10 71 PR2D PR3D /0
30 PB1D PB2A I/O-A17 72 PR1A PR2A 1/0O-RD
31 PB2A PB3A /10 73 PR1C PR2D /0
32 PB2D PB3D I/0 74 PR1D PR1A I/O-WR
33 PB3A PB4A 1/0 75 RD_CFG RD_CFG RD_CFG
34 PB4A PB5A /10 76 VDD VDD VDD
35 PB4D PB5D /10 77 Vss Vss Vss
36 PB5A PB6A /10 78 PT10C PT12A I/0-RDY/RCLK
37 Vss Vss Vss 79 PTOD PT11A I/10-D7
38 PB6A PB7A 1/0 80 PT9C PT10D I/0
39 Vss Vss Vss 81 PT9A PT10A I/0-D6
40 PB7A PBSA I/O-VDD5 82 PT8D PT9D I/0
41 PB7D PB8D /10 83 PT8A PT9A I/0-D5
42 PB8A PB9A 1/0-HDC 84 PT7D PT8D /10

Note: The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA
series.
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Pin Information (continued)

Table 20. OR2C/2T04A and OR2C06A 100-Pin TQFP Pinout (continued)

pin | 2C2TO4A | 5006A Pad|  Function pin | 2C2T04A | >006A Pad | Function
Pad Pad

85 PT7A PT8A V/O-D4 93 PT3D

86 PT6D PT7D 0 94 PT3A

87 PT6A PT7A /O-D3 95 PT2D

88 Vss Vss Vss 96 PT2A

89 PT5A PT6A /O-D2 97 PTiD

90 Vss Vss Vss 98 PT1C

91 PT4D PT5D /O-D1 99

92 PT4A PT5A VO-DODIN || 100 | RD

Note: The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB seri
series.
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Table 21. OR2C/2T04A and OR2C06A 144-Pin TQFP Pinout
pin | 2C2T04A | >c06APad | Function pin | 2€2T04A | 50064 pad |  Function
Pad Pad
1 VDD VDD VDD 43 PB2B PB3B 110
2 Vss Vss Vss 44 PB2D PB3D I/0
3 PL1C PL1A I/0-A0 45 VDD VDD VDD
4 PL1B PL2D I/0 46 PB3A PB4A I/0
5 PL1A PL2A I/0-A1 47 PB3D PB4D 110
6 PL2D PL3D I/0-A2 48 PB4A PB5A 110
7 PL2A PL3A I/0-A3 49 PB4C PB5C /0
8 PL3D PL4D I/0 50 PB4D PB5D I/0
9 PL3C PL4C I/0 51 PB5A PBBA 1/0
10 PL3A PL4A I/O-A4 52 PB5C PB6C I/0
11 PL4D PL5D I/0-A5 53 PB5D PB6D 110
12 PL4C PL5C I/0 54 Vss Vss Vss
13 PL4A PL5A I/O<A6 55 PB6A PB7A I/0
14 Vss Vss \/Ss 56 PB6C PB7C I/0
15 PL5D PL6D /O 57 PB6D PB7D I/0
16 PL5C PL6C I/0 58 PB7A PBS8A I/O-VDD5
17 PL5A PL6A 1/O-A7 59 PB7D PB8D 110
18 VDD VDD \/DD 60 PB8A PB9A I/0-HDC
19 PL6D Pl7D /0 61 PB8C PB9C /0
20 PL6C PL7C I/O-VDD5 62 PB8D PB9D I/0
21 PL6A PL7A I/O-A8 63 VDD VDD VDD
22 Vss Vss Vss 64 PB9A PB10A I/O-LDC
23 PL7D PL8D I/10-A9 65 PB9C PB10C 110
24 PL7A PL8A 1/0-A10 66 PB9D PB10D I/0
25 PL8D PLOD 1’0 67 PB10A PB11A I/O-INIT
26 PL8C PL9C I/0 68 PB10C PB11D I/0
27 PL8A PL9A 1/O-A11 69 PB10D PB12A I/0
28 PL9D PL10D 1/0-A12 70 Vss Vss Vss
29 RPLO9C PL10C /10 71 DONE DONE DONE
30 PL9A PL10A 1/0-A13 72 VDD VDD VDD
31 PL10D PE11A I/0-A14 73 Vss Vss Vss
32 PL10C PL12D 1/0 74 RESET RESET RESET
33 PL10B PL12B I/0 75 PRGM PRGM PRGM
34 PL10A PL12A I/0-A15 76 PR10A PR12A I/O-M0O
35 \/ss Vss Vss 77 PR10B PR12D /0
36 CCLK CCLK CCLK 78 PR10D PR11A /0
37 VDD VDD VDD 79 PR9A PR10A I/0-M1
38 Vss Vss Vss 80 PR9C PR10C I/0
39 PB1A PB1A I/0-A16 81 PR9D PR10D I/0
40 PB1C PB1D 1/0 82 PRSA PR9A I/O-M2
41 PB1D PB2A 1/10-A17 83 PR8B PR9B 110
42 PB2A PB3A /0 84 PR8D PR9D 110

Note: The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA

series.
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Table 21. OR2C/2T04A and OR2CO06A 144-Pin TQFP Pinout (continued)

78

1/O-VDD5 areyuse

pin | 2C2T04A | 2c06APad |  Function || pin | 2¢2T9%A | 2c06A Pad|  Function
Pad Pad
85 PR7A PRSA 1/0-M3 115 PT9C
86 PR7D PR8D /0 116 PT9B
87 Vss Vss Vss 117 PT9A
88 PR6A PR7A /0 118 VDD
89 PR6C PR7C /0 119 PT8D /0
90 PR6D PR7D /0 120 PT8A
91 VDD VDD VDD 121 PT7D
92 PR5A PR6A /0 122 PT7B 8B
93 PR5C PR6C /0 123 PT7A PT8A
94 PR5D PR6D /0 124 6D PT7D £ |
95 Vss Vss Vss 125 | ', PT6C PT7C & O
96 PR4A PR5A /O-VDD5 126 | PT7A |, 4/0-D3
97 PR4C PR5C /0 | 127 Vss VsS. | Vss
98 PR4D PR5D /0 |"128 |« PT5D RT6D | /0
99 PR3A PR4A I/0-CS Ih, 1299 PT5C <), PI /0
100 PR3D PR4D [ ‘» 130 PT5A PTHA 1/0-D2
101 PR2A PR3A |/O-CSt 31 PT4D_ | PT5D /0-D1
102 PR2D PR3D /0 132 PT4C ), PT5C /0
103 PR1A PR2A 133 PT4 PT5A /0-DO/DIN
104 PR1B 134 PT3D PT4D /0
105 PR1C A PT4A I/0-DOUT
106 PR1D DD VDD VDD
107 Vss PT2D PT3D /0-VDD5
108 RD_CFG PT2C PT3C /0
109 VDD PT2A PT3A /O-TDI
110 Vss PT1D PT2A //0-TMS
111 PT PT1C PT1D /0
142 PT1A PT1A 1/0-TCK
143 Vss Vss Vss
144 RD_DATA/ RD_DATA/ RD_DATA/TDO
TDO TDO

R2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA
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Table 22. OR2C04A, OR2C06A, OR2C/2T08A, and OR2C/2T10A 160-Pin QFP Pinout

Pin 2C04A Pad 2C06A Pad 2C/2T08A Pad 2C/2T10A Pad Function
1 VDD VDD VDD VDD
2 Vss Vss Vss Vss
3 PL1D PL1D PL1D 1/0
4 PL1C PL1A PL2D I/0-A0
5 PL1B PL2D PL3D I/0
6 PL1A PL2A PL3A I/0-A1
7 PL2D PL3D -A2
8 PL2C PL3C
9 PL2A PL3A 3
10 PL3D PL4D
11 PL3C PL4C
12 PL3A PL4A I/O-A4
13 PL4D PL5D I/O-A5
14 PL4C PL5C I/0
15 PL4A PL5 I/O-A6
16 Vss Vss
17 PL5D I/0
18 PL5C PL8C I/0
19 PL5A PL8A I/0-A7
20 VDD VDD VDD
21 PLAD I/0
22 PL9C I/O-VDD5
23 PL9A I/O-A8
24 Vss Vss
25 PL9D PL10D I/0-A9
PL9B PL10B I/0
PL9A PL10A 1/0-A10
PL10D PL11D I/0
PL10C PL11C I/0
PL9A PL10A PL11A I/0-A11
PL10D PL11D PL12D 1/0-A12
PL10C PL11C PL12C I/0
PL10B PL11B PL12B I/0
34 PL10A PL11A PL13D I/0-A13
35 PL11A PL12A PL14C I/0-A14
36 PL12D PL13D PL15D I/0
37 PL10B PL12B PL14D PL16D I/0
38 PL10A PL12A PL14A PL16A I/0-A15
39 CCLK CCLK CCLK CCLK CCLK
40 Vss Vss Vss Vss Vss

Note: The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA
series.
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Table 22. OR2C04A, OR2C06A, OR2C/2T08A, and OR2C/2T10A 160-Pin QFP Pinout (continued)

Pin 2C04A Pad 2C06A Pad 2C/2T08A Pad 2C/2T10A Pad Function
41 VDD VDD VDD VDD VDD
42 Vss Vss Vss Vss Vss
43 PB1A PB1A PB1A PB1A 1/0-A16
44 PB1B PB1C PB2A PB2A e
45 PB1C PB1D PB2D PB2D I/0
46 PB1D PB2A PB3A PB3B I/0-A17
47 PB2A PB3A PB3D PB4D I/0.
48 PB2B PB3B PB4A PB5A 1/O
49 PB2C PB3C PB4C PB5C I/0
50 PB2D PB3D PB4D PB5D I/O
51 VDD VDD VDD VDD VDD
52 PB3A PB4A PB5A PB6A I/0
53 PB3D PB4D PB5D PB6D I/0
54 PB4A PB5A PBG6A PB7A I/0
55 PB4C PB5C PB6C PB7C I/0
56 PB4D PB5D PB6D PB7D I/0
57 PB5A PB6A PB7A PB8A IO
58 PB5C PB6C PB7C PB8C IO
59 PB5D PB6D PB7D PB8D I/0
60 Vss Vss Vss Vss Vss
61 PB6A PB7A PB8A PB9A IO
62 PB6C PB7C PB8C PB9OC I/0
63 PB6D PB7D PB8D PBOD I/0
64 PB7A PB8A PB9A PB10A I/O-VDD5
65 PB7D PB8D PB9D PB10D I/0
66 PB8A PB9A PB10A PB11A I/0-HDC
67 PB8C PB9C PB10C PB11C I/0
68 PB8D PB9D PB10D PB11D I/0
69 VDD VDD VDD VDD VDD
70 PB9A PB10A PB11A PB12A I/O-LDC
/1 PB9B PB10B PB11D PB13A I/O
72 PBOC PB10C PB12A PB13B IO
73 PB9D PB10D PB12B PB13C IO
74 PB10A PB11A PB12C PB13D I/O-INIT
75 PB10B PB11C PB12D PB14A I/0
76 PB10C PB11D PB13D PB15D I/0
77 PB10D PB12A PB14D PB16D I/O
78 Vss Vss Vss Vss Vss
79 DONE DONE DONE DONE DONE
80 VDD VDD VDD VDD VDD
81 Vss Vss Vss Vss Vss

Note: The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA
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series.
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Table 22. OR2C04A, OR2C06A, OR2C/2T08A, and OR2C/2T10A 160-Pin QFP Pinout (continued)

Pin 2C04A Pad 2C06A Pad 2C/2T08A Pad 2C/2T10A Pad Function
82 RESET RESET RESET RESET RESET
83 PRGM PRGM PRGM PRGM PRGM
84 PR10A PR12A PR14A PR16A I/O0-M0
85 PR10B PR12D PR13A PR15A 110
86 PR10C PR11A PR13D PR15D 110
87 PR10D PR11B PR12A PR14A 1/0
88 PR9A PR10A PR11A PR13B 1/O-M1
89 PR9B PR10B PR11B PR13C 1/©
90 PR9C PR10C PR11C PR12A /0
91 PR9D PR10D PR11D PR12B 170
92 PR8A PR9A PR10A PR11A 1/10-M2
93 PR8B PR9B PR10B PR11B 1/0
94 PR8D PR9D PR10D PR11D 1/0
95 PR7A PR8A PR9A PR10A 1/0-M3
96 PR7D PR8D PR9D PR10D 1/0
97 Vss Vss Vss \/ss Vss
98 PR6A PR7A PR8A PR9OA /10
99 PR6C PR7C PR8C PR9C 1/0
100 PR6D PR7D PR8D PR9D 110
101 VDD VDb VDD VDD VDD
102 PR5A PR6A PR7A PR8A 110
103 PR5C PRe6C PR7C PR8C 110
104 PR5D PReD PR7D PR8D /10
105 Vss Vss Vss Vss Vss
106 PR4A PR5A PR6A PR7A I/O-VDD5
107 PR4C PR5C PR6C PR7C I/O
108 PR4D PR5D PR6D PR7D 1/0
109 PR3A PR4A PR5A PR6A I/0-CS1
110 PR3B PR4B PR5B PR6B 110
114 PR3D PR4D PR5D PR6D I/O
112 PR2A PR3A PR4A PR5A I/0O-CS0
113 PR2C PR3C PR4B PR4B I/O
114 PR2D PR3D PR4D PR4D I/O
115 PR1A PR2A PR3A PR3A I/O-RD
116 PR1B PR2C PR3C PR3C I/O
117 PR1C PR2D PR3D PR3D I/O
118 PR1D PR1A PR2A PR2A I/O-WR
119 Vss Vss Vss Vss Vss
120 RD_CFG RD_CFG RD_CFG RD_CFG RD_CFG
121 VDD VDD VDD VDD VDD
122 Vss Vss Vss Vss Vss

Note: The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA

series.
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Table 22. OR2C04A, OR2C06A, OR2C/2T08A, and OR2C/2T10A 160-Pin QFP Pinout (continued)

Pin 2C04A Pad 2C06A Pad 2C/2T08A Pad 2C/2T10A Pad Function
123 PT10D PT12D PT14D PT16D I/O
124 PT10C PT12A PT13D PT15D I/0<RDY/RCLK
125 PT10B PT11D PT13A PT15A /O
126 PT10A PT11C PT12D PT14D 1’0
127 PT9D PT11A PT12C PT13D I/0-D7
128 PT9C PT10D PT12A PT13B 110
129 PT9B PT10C PT11D PT13A /10
130 PT9A PT10A PT11B RT12B 1/0-D6
131 VDD VDD VDD VDD VDb
132 PT8D PT9D PT10D PTH1D 1/0
133 PT8A PTOA PT10A PT11A [/O-D5
134 PT7D PT8D PT9D PT10D 110
135 PT7B PT8B PT9B PT10B I/0
136 PT7A PT8A PT9A PT40A I/0-D4
137 PT6D PT7D PT8D PT9D I/0
138 PT6C PT7C PT8C PT9C I/0
139 PT6A PT7A PT8A PTOA I/O0-D3
140 Vss Vss Vss Vss Vss
141 PT5D PT6D PT7D PT8D 110
142 PT5C PT6C PT7C PT8C 1/0
143 PT5A PTBA PT7A PT8A I/0-D2
144 PT4D PT5D PT6D PT7D I/0-D1
145 PT4C PT5C PT6C PT7C I/0
146 PT4A PT5A PT6A PT7A I/0-D0/DIN
147 PT3D PT4D RPT5D PT6D I/0
148 PT3C PT4C PT5C PT6C I/0
149 PT3A PT4A PT5A PT6A I/0-DOUT
150 VDD VDD VDD VDD VDD
151 PT2D PT3D PT4D PT5D I/O-VDD5
152 PT2C PT3C PT4C PT5A I/O
153 PT2B PT3B PT4B PT4D I/O
154 PT2A PT3A PT4A PT4A I/O-TDI
155 PT1D PT2A PT3A PT3A I/O-TMS
156 PT1C PT1D PT2A PT2A I/O
157 PT1B PT1C PT1D PT1D I/O
158 PT1A PT1A PT1A PT1A I/O-TCK
159 Vss Vss Vss Vss Vss
160 RD DATA/TDO RD DATA/TDO RD _DATA/TDO RD DATA/TDO RD DATA/TDO

Note: The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA
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series.
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Table 23. OR2C/2T04A, OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B,
OR2C/2T26A, and OR2C/2T40A/B 208-Pin SQFP/SQFP2 Pinout

Pin ZC/’§;'34A 2C06A Pad 2C/§;'38A ZC/Z’I";DA 2C12A Pad 2C/2’;I';d5A/B 20/§;'56A 2C/2IZgA/B Function
1 VSS VSS VSS VSS VSS VSS VSS VSS VSS
2 VSS VSS VSS VSS VSS VSS VSS VSS VSS
3 PL1D PL1D PL1D PL1D PL1D PL1D PL1D. PL1D 110
4 PL1C PL1A PL2D PL2D PL2D PL2D PL2D PL3D I/0-A0
5 PL1B PL2D PL3D PL3D PL3D PL4D PL4D. PL5D 1/0-VDD5
6 See Note PL2C PL3C PL3C PL3A PL4A RL4A PL6D 110
7 PL1A PL2A PL3A PL3A PL4A PL5A PL5A PL8D 1/0O-A1
8 PL2D PL3D PL4D PL4A PL5A PL6A PL6A PL9A 1/0-A2
9 PL2C PL3C PL4C PL5C PL6D PL7D PL7D PL10D 1/0
10 PL2B PL3B PL4B PL5B PL6B PL7B PL7B PL40B 1/0
11 PL2A PL3A PL4A PL5A PL6A PL7A PL7A PL10A I/O-A3
12 VDD VDD VDD VDD VDD VDD VDD VDD VDD
13 PL3D PL4D PL5D PL6D PL7D PL8D PL8D PLTD 110
14 PL3C PL4C PL5C PL6C PL7C PL8C PL8A PL11A 110
15 PL3B PL4B PL5B PL6B PL7B PL8B PLOD PL12D 110
16 PL3A PL4A PL5A PL6A PL7A PL8A PLOA PL12A I/0-A4
17 PL4D PL5D PL6D PL7D PL8D PLID PL10D PL13D I/0-A5
18 PL4C PL5C PLEC PL7C PL8C PLOC PL10A PL13A 110
19 PL4B PL5B PL6B PL7B PL8B PL9B PL11D PL14D 110
20 PL4A PL5A PL6A PL7A PL8A PLOA PL11A PL14A I/0-A6
21 VSS VSS VSS VSS VSS VSS VSS VSS VSS
22 PL5D PL6D RIEZD PL8D PL9D PL10D PL12D PL15D 1/0
23 PL5C PL6C PL7C PL8C PL9C PL10C PL12C PL15C 1/0
24 PL5B PL6EB PL7B PL8B PL9B PL10B PL12B PL15B 1/0
25 PL5A PL6A PL7A PL8A PLOA PL10A PL12A PL15A I/O-A7
26 VDD VDD VDD VDD VDD VDD VDD VDD VDD
27 PL6D PL7D PL8D PLOD PL10D PL11D PL13D PL16D 110
28 PL6C PL7C PL8C PL9C PL10C PL11C PL13C PL16C 1/0-VDD5
29 PL6B PL7B PL8B PLOB PL10B PL11B PL13B PL16B 110
30 PLBA PL7A PL8A PLOA PL10A PL11A PL13A PL16A I/0O-A8
31 VSS VSS VSS VSS VSS VSS VSS VSS VSS
32 PL7D PL8D. PLOD PL10D PL11D PL12D PL14D PL17D I/0-A9
33 PL7C PL8C PLOC PL10C PL11C PL12C PL14A PL17A 110
34 PL7B PL8B PL9B PL10B PL11B PL12B PL15D PL18D 1/0
35 PL7A PL8A PL9A PL10A PL11A PL12A PL15A PL18A I/0-A10
36 PL8D PLOD PL10D PL11D PL12D PL13D PL16D PL19D 1/0
37 PL8C PLOC PL10C PL11C PL12C PL13C PL16A PL19A 1/0
38 PL8B PL9B PL10B PL11B PL12B PL13B PL17D PL20D 1/0

39 PL8A PL9A PL10A PL11A PL12A PL13A PL17A PL20A I/0-A11

40 VDD VDD VDD VDD VDD VDD VDD VDD VDD

41 PL9D PL10D PL11D PL12D PL13D PL14D PL18D PL21D I/0-A12

42 PL9C PL10C PL11C PL12C PL13B PL14B PL18B PL21B 110

43 PL9B PL10B PL11B PL12B PL14D PL15D PL19D PL22D 110

Notes:

The OR2C04A and OR2T04A do not have bond pads connected to 208-pin SQFP package pin numbers 6, 45, 47, 56, 60, 102, 153, 154, 166,
201, and 203.

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 23. OR2C/2T04A, OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B,
OR2C/2T26A, and OR2C/2T40A/B 208-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C/’§;'34A 2C06A Pad 2C/§;'38A ZC/ﬁz'JDA 2C12A Pad 2C/2’Z;ld5A/B 20/§;'56A 2C/2IZ';13A/B Function
44 PLOA PL10A PL11A PL13D PL14B PL15B PL19B PL22B [/O-A13
45 | See Note PL11D PL12D PL13B PL15D PL16D PL20D PL23D I/0
46 PL10D PL11A PL12A PL14C PL16D PL17D PL21D PL25A I/0-A14
47 | See Note PL12D PL13D PL15D PL17D PL18D PL22D PL27D I/0
48 PL10C PL12C PL13A PL15A PL17A PL19D PI23D PL28D I/0
49 PL10B PL12B PL14D PL16D PL18C PL19A PL23A PL28A 110
50 PL10A PL12A PL14A PL16A PL18A PL20A PL24A PL30A 1/0-A15
51 VSS VSS VSS VSS VSS VSS VSS VSS VSS
52 CCLK CCLK CCLK CCLK CCLK CCLK CCLK CCLK CCLK
53 VSS VSS VSS VSS VSS VSS VSS VSS VSS
54 VSS VSS VSS VSS VSS VSS VSS \[SS VSS
55 PB1A PB1A PB1A PB1A PB1A PB1A PB1A PB1A I/O-A16
56 | See Note PB1B PB1D PB1D PB1D PB2A PB2A PB3A I/0
57 PB1B PB1C PB2A PB2A PB2A PB2D PB2D PB3D I/0-VDD5
58 PB1C PB1D PB2D PB2D PB2D PB3D PB3D PB4D 110
59 PB1D PB2A PB3A PB3B PB3D PB4D PB4D PB5D I/O-A17
60 | See Note PB2D PB3D PB4D PB4D PB5D PBSD PB6D I/0
61 PB2A PB3A PB4A PB5A PB5B PB6B PB6B PB7D I/0
62 PB2B PB3B PB4B PB5B PB5D PB6D PB6D PB8D I/0
63 PB2C PB3C PB4C PB5C PB6B PB7B PB7B PB9D I/0
64 PB2D PB3D PB4D PB5D PB6D PB7D PB7D PB10D I/0
65 VDD VDD VDD VDD VDD VDD VDD VDD VDD
66 PB3A PB4A PB5A PB6A PB7A PB8A PB8A PB11A I/0
67 PB3B PB4B PB5B PB6B PB7B PB8B PB8D PB11D I/0
68 PB3C PB4C PB5C PB6C PB7C PB8C PB9A PB12A 110
69 PB3D PB4D PB5D PB6D PB7D PB8D PB9D PB12D 110
70 PB4A PB5A PB6A PB7A PB8A PB9A PB10A PB13A 110
71 PB4B PB5B PB6B PB7B PB8B PB9B PB10D PB13D I/0
72 PB4C PB5C PB6C PB7C PB8C PB9C PB11A PB14A I/0
73 PB4D PB5D PB6D PB7D PB8D PB9D PB11D PB14D 1/0
74 V&S VSS VSS VSS VSS VSS VSS VSS VSS
75 PB5A PB6A PB7A PB8A PB9A PB10A PB12A PB15A 1/0
76 PB5B PB6B PB7B PB8B PB9B PB10B PB12B PB15B I/0
77 PB5C PB6C PB7C PB8C PB9C PB10C PB12C PB15C I/0
78 PB5D PB6D PB7D PB8D PB9D PB10D PB12D PB15D I/0
79 VSS VSS VSS VSS VSS VSS VSS VSS VSS
80 PB6A PB7A PB8A PB9A PB10A PB11A PB13A PB16A I/0
81 PB6B PB7B PB8B PB9B PB10B PB11B PB13B PB16B I/0
82 PB6C PB7C PB8C PB9C PB10C PB11C PB13C PB16C 110
83 PB6D PB7D PB8D PB9D PB10D PB11D PB13D PB16D 110
84 VSS VSS VSS VSS VSS VSS VSS VSS VSS
85 PB7A PB8A PB9A PB10A PB11A PB12A PB14A PB17A I/0-VDD5
86 PB7B PB8B PB9B PB10B PB11B PB12B PB14D PB17D 1/0

Notes:
The OR2C04A and OR2T04A do not have bond pads connected to 208-pin SQFP package pin numbers 6, 45, 47, 56, 60, 102, 153, 154, 166,
201, and 203.

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 23. OR2C/2T04A, OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B,
OR2C/2T26A, and OR2C/2T40A/B 208-Pin SQFP/SQFP2 Pinout (continued)

Pin 20/’§;'34A 2C06A Pad 2C/§;'38A ZC/i'ZDA 2C12A Pad 20/2’;I;Id5A/B 20/§;'56A 20/21:Z:gA/B Function
87 PB7C PB8C PB9C PB10C PB11C PB12C PB15A PB18A 110
88 PB7D PB8D PB9D PB10D PB11D PB12D PB15D PB18D I/0
89 PB8A PB9A PB10A PB11A PB12A PB13A PB16A PB19A I/0-HDC
90 PB8B PB9B PB10B PB11B PB12B PB13B PB16D PB19D I/0
91 PB8C PB9C PB10C PB11C PB12C PB13C PB17A PB20A I/0
92 PB8D PB9D PB10D PB11D PB12D PB13D PB17D PB20D I/0
93 VDD VDD VDD VDD VDD VDD VDD VDD VDD
94 PB9A PB10A PB11A PB12A PB13A PB14A PB18A PB21A I/0-LDC
95 PB9B PB10B PB11D PB13A PB13D PB14D PB18D PB22D I/0
96 PB9C PB10C PB12A PB13B PB14A PB15A PB19A PB23A I/0
97 PB9D PB10D PB12B PB13C PB14D PB15D PB19D PB24D, 1/0
98 PB10A PB11A PB12C PB13D PB15A PB16A PB20A PB25A I/O-INIT
99 PB10B PB11C PB12D PB14A PB16A PB17A PB21A PB26A 1/0
100 PB10C PB11D PB13A PB15A PB17A PB18A PB22A PB27A 110
101 PB10D PB12A PB13D PB15D PB18A PB19D PB23D PB28D 110
102 | See Note PB12D PB14D PB16D PB18D PB20D PB24D PB30D I/0
103 VSS VSS VSS VSS VSS VSS VSS VSS VSS
104 DONE DONE DONE DONE DONE DONE DONE DONE DONE
105 VSS VSS VSS VSS VSS VSS VSS VSS VSS
106 RESET RESET RESET RESET RESET RESET RESET RESET RESET
107 PRGM PRGM PRGM PRGM PRGM PRGM PRGM PRGM PRGM
108 PR10A PR12A PR14A PR16A PR18A PR20A PR24A PR30A I/0-M0
109 PR10B PR12D PR13A PR15A PR18D PR19A PR23A PR28A 110
110 PR10C PR#WA PR13D PR15D PR17B PR18A PR22A PR27A 1/0
111 PR10D PR11B PR12A PR14A PR16A PR17A PR21A PR26A 110
112 PR9A PR10A PR11A PR13B PR15D PR16D PR20D PR23D 1/O-M1
113 PR9B PR10B PR11B PR13C PR14A PR15A PR19A PR22A 1/0
114 PROC PR10C PR11C PR12A PR14D PR15D PR19D PR22D I/0-VDD5
145 PR9D PR10D PR11D PR12B PR13A PR14A PR18A PR21A 1/0
116 VDD VDD VDD VDD VDD VDD VDD VDD VDD
117 PR8A PR9A PR10A PR11A PR12A PR13A PR17A PR20A I/0-M2
118 PR8B PR9B PR10B PR11B PR12B PR13B PR17D PR20D I/0
119 PR8C PROC PR10C PR11C PR12C PR13C PR16A PR19A I/0
120 PR8D PR9D PR10D PR11D PR12D PR13D PR16D PR19D I/0
121 PR7A PR8A PR9A PR10A PR11A PR12A PR15A PR18A I/O-M3
122 PR7B PR8B PR9B PR10B PR11B PR12B PR15D PR18D 110
123 PR7C PR8C PROC PR10C PR11C PR12C PR14A PR17A 1/0
124 PR7D PR8D PR9D PR10D PR11D PR12D PR14D PR17D 1/0
125 VSS VSS VSS VSS VSS VSS VSS VSS VSS
126 PR6A PR7A PR8A PR9A PR10A PR11A PR13A PR16A I/0
127 PR6B PR7B PR8B PR9B PR10B PR11B PR13B PR16B I/0
128 PR6C PR7C PR8C PR9C PR10C PR11C PR13C PR16C I/0
129 PR6D PR7D PR8D PR9D PR10D PR11D PR13D PR16D I/0

Notes:
The OR2C04A and OR2T04A do not have bond pads connected to 208-pin SQFP package pin numbers 6, 45, 47, 56, 60, 102, 153, 154, 166,
201, and 203.

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 23. OR2C/2T04A, OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B,
OR2C/2T26A, and OR2C/2T40A/B 208-Pin SQFP/SQFP2 Pinout (continued)

Pin 20/’§;'34A 2C06A Pad 2C/§;'38A ZC/Z’I";DA 2C12A Pad 2C/2’;I';d5A/B 20/§;'56A 2C/2IZ';13A/B Function
130 VDD VDD VDD VDD VDD VDD VDD VDD VDD
131 PR5A PR6A PR7A PR8A PR9A PR10A PR12A PR15A 110
132 PR5B PR6B PR7B PR8B PR9B PR10B PR12B PR45B 110
133 PR5C PR6C PR7C PR8C PR9C PR10C PR12C PR15C /0
134 PR5D PR6D PR7D PR8D PR9D PR10D PR12D PR15D /0
135 VSS VSS VSS VSS VSS VSS VSS VSS VSS
136 PR4A PR5A PR6A PR7A PR8A PR9A PR11A PR14A 1/O-VDD5
137 PR4B PR5B PR6B PR7B PR8B PR9B PR11D PR14D 1/O
138 PR4C PR5C PR6C PR7C PR8C PROC PR10A PR13A /0
139 PR4D PR5D PR6D PR7D PR8D PRAD PR10D PR13D /0
140 PR3A PR4A PR5A PR6A PR7A PR8A PR9A PR12A 1/©-CSH
141 PR3B PR4B PR5B PR6B PR7B PR8B PR9D PR12D 110
142 PR3C PR4C PR5C PR6C PR7C PR8C PR8A PR11A 110
143 PR3D PR4D PR5D PR6D PR7D PR8D PR3D PR11D 110
144 VDD VDD VDD VDD VDD VDD VDD VDD VDD
145 PR2A PR3A PR4A PR5A PR6A PR7A PR7A PR10A I/0-CS0
146 PR2B PR3B PR4B PR4B PR6B PR7B PR7B PR10B 1/0
147 PR2C PR3C PR4C PR4C PR5B PR6B PR6B PR9B 1/0
148 PR2D PR3D PR4D PR4D PR5D PR6D PR6D PR9D 1/0
149 PR1A PR2A PR3A PR3A PR4A PR5A PR5A PR8A I/O-RD
150 PR1B PR2C PR3C PR3C PR4D PR5D PR5D PR6A 1/0
151 PR1C PR2D PR3D PR3D PR3A PR4A PR4A PR5A 1/0
152 PR1D PR1A PR2A PR2A PR2A PR3A PR3A PR4A I/O-WR
153 | See Note PR1G PR2D PR2D PR2C PR2A PR2A PR3A 110
154 | See Note PR1D PR1A PR1A PR1A PR1A PR1A PR2A 110
155 VSS VSS VSS VSS VSS VSS VSS VSS VSS
156 | RD_CFG RD_CFG RD_CFG RD=CEG RD_CFG RD_CFG RD_CFG RD_CFG RD_CFG
157 VSS VSS VSS VSS VSS VSS VSS VSS VSS
158 VSS VSS VSS VSS VSS VSS VSS VSS VSS
159 PT10D PT12D PT14D PT16D PT18D PT20D PT24D PT30D 110
160 PT10C PT12A P713D PT15D PT17D PT19A PT23A PT28A 1/0-RDY/RCLK
161 PT10B PT11D PT13A PT15A PT16D PT17D PT21D PT26D 1/0
162 PT10A PT11C PT12D PT14D PT16A PT17A PT21A PT26A 1/0
163 PT9D PT11A PT12C PT13D PT15D PT16D PT20D PT25D I/0-D7
164 PT9C PT10D PT12A PT13B PT14D PT15D PT19D PT24D 1/0-VDD5
165 PT9B PT10C PT11D PT13A PT14A PT15A PT19A PT23D 110
166 | See Note PT10B PT11C PT12D PT13D PT14D PT18D PT22D 110
167 PT9A PT10A PT11B PT12B PT13B PT14B PT18B PT21D I/0-D6
168 VDD VDD VDD VDD VDD VDD VDD VDD VDD
169 PT8D PT9D PT10D PT11D PT12D PT13D PT17D PT20D 110
170 PT8C PT9C PT10C PT11C PT12C PT13C PT17A PT20A 110
171 PT8B PT9B PT10B PT11B PT12B PT13B PT16D PT19D 110
172 PT8A PT9A PT10A PT11A PT12A PT13A PT16A PT19A I/0-D5
Notes:

The OR2C04A and OR2T04A do not have bond pads connected to 208-pin SQFP package pin numbers 6, 45, 47, 56, 60, 102, 153, 154, 166,

201, and 203.

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 23. OR2C/2T04A, OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B,
OR2C/2T26A, and OR2C/2T40A/B 208-Pin SQFP/SQFP2 Pinout (continued)

Pin 20/’§;'34A 2C06A Pad 2C/§;'38A ZC/li;I";DA 2C12A Pad 20/2’;I;ld5A/B 20/§;'56A 2C/2FZIgA/B Function
173 PT7D PT8D PT9D PT10D PT11D PT12D PT15D PT18D 110
174 PT7C PT8C PT9C PT10C PT11C PT12C PT15A PT18A 110
175 PT7B PT8B PT9B PT10B PT11B PT12B PT14D PT17D I/0
176 PT7A PT8A PT9A PT10A PT11A PT12A PT14A PT17A I/0-D4
177 VSS VSS VSS VSS VSS VSS VSS VSS VSS
178 PT6D PT7D PT8D PT9D PT10D PT11D PT138D PT16D I/0
179 PT6C PT7C PT8C PT9C PT10C PT11C PT13C PT16C I/0
180 PT6B PT7B PT8B PT9B PT10B PT11B PT13B PT168B 1/0
181 PT6A PT7A PT8A PT9A PT10A PT11A PT13A PT16A 1/0-D3
182 VSS VSS VSS VSS VSS VSS VSS VSS VSS
183 PT5D PT6D PT7D PT8D PT9D PT10D PT12D PT15D I/0
184 PT5C PT6C PT7C PT8C PT9C PT10C PT12C PT15C 110
185 PT5B PT6B PT7B PT8B PT9B PT10B PT12B PT15B I/0-VDD5
186 PT5A PT6A PT7A PT8A PTOA PT10A PT12A PT15A I/0-D2
187 VSS VSS VSS VSS VSS VSS VSS§ VSS VSS
188 PT4D PT5D PT6D PT7D PT8D PT9D PT11D PT14D I/0-D1
189 PT4C PT5C PT6C PT7C PT8C PT9C PTI1A PT14A 110
190 PT4B PT5B PT6B PT7B PT8B PToB PT10D PT13D I/0
191 PT4A PT5A PT6A PT7A PT8A PTOA PT10A PT13A I/0-DO/DIN
192 PT3D PT4D PT5D PT6D PT7D PT8D PT9D PT12D I/0
193 PT3C PT4C PT5C PT6C PT7C PT8C PT9A PT12A I/0
194 PT3B PT4B RPT5B PT6B PT7B PT8B PT8D PT11D I/0
195 PT3A PT4A PT5A PT6A PT7A PT8A PT8A PT11A I/0-DOUT
196 VDD VDD VDD VDD VDD VDD VDD VDD VDD
197 PT2D PT3D PT4D PT5D PT6D PT7D PT7D PT10D 110
198 PT2C PT3C PT4C PT5A PT6A PT7A PT7A PTOA 110
199 PT2B PT3B PT4B PT4D PT5C PT6C PT6C PT8A 110
200 PT2A PT3A PT4A PT4A PT5A PT6A PT6A PT7A I/O-TDI
201°| See Note PT2D RT3D PT3D PT4A PT5A PT5A PT6A 1/0
202 PT1D PT2A PT3A PT3A PT3A PT4A PT4A PT5A I/0-TMS
2038 | See'Note PT1D P12D PT2D PT2C PT3A PT3A PT4A 1/0
204 PT1C PT1C PT2A PT2A PT2A PT2A PT2A PT3A 1/0
205 PT1B PT1B PT1D PT1D PT1D PT1D PT1D PT2D 1/0
206 PT1A PTTA PT1A PT1A PT1A PT1A PT1A PT1A I/O-TCK
207 VSS VSS VSS VSS VSS VSS VSS VSS VSS
208 | RD_DATAL| RD_DATA/ | RD_DATA/ | RD_DATA/ | RD_DATA/ | RD_DATA/ | RD_DATA/ | RD_DATA/ | RD_DATA/TDO
TDO DO TDO TDO TDO TDO TDO TDO

Notes:
The OR2C04A and OR2T04A do not have bond pads connected to 208-pin SQFP package pin numbers 6, 45, 47, 56, 60, 102, 153, 154, 166,
201, and 203.

The pins labeled I/O-VDD5 are user 1/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 24. OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B, OR2C/2T26A,
and OR2C/2T40A/B 240-Pin SQFP/SQFP2 Pinout

, 2C/2T08A | 2C/2T10A 2C/2T15B | 2C/2T26A |2C/2T40A/B ,
Pin | 2C06A Pad Pad Pad 2C12A Pad Pad Pad Pad Function
1 VSS VSS VSS VSS VSS VSS \/SS VSS
2 VDD VDD VDD VDD VDD VDD VDD VDD
3 PL1D PL1D PL1D PL1D PL1D PL1D PL1D /10
4 PL1C PL1B PL1B PL1C PL1C PL1GC PL1A /0
5 PL1B PL1A PL1A PL1B PL1B PL1B PL2D I/0
6 PL1A PL2D PL2D PL2D PL2D PL2D PL3D 1/0-A0
7 VSS VSS VSS VSS VSS \V/SS VSS VSS
8 PL2D PL3D PL3D PL3D PL4D PL4D PL5D 1/0=VDD5
9 PL2C PL3C PL3C PL3A PL4A PL4A PL6D 110
10 PL2B PL3B PL3B PL4D PL5D PL5D PL7D o]
11 PL2A PL3A PL3A PL4A PL5A PL5A PL8D 1/0-A1
12 PL3D PL4D PL4A PL5A PL6A PL6A PL9A I/0-A2
13 PL3C PL4C PL5C PL6D PL7D PL7D. PL10D 110
14 PL3B PL4B PL5B PL6B PL7B PL7B PL10B I/0
15 PL3A PL4A PL5A PLBA PL7A PL7A PL10A I/0-A3
16 VDD VDD VDD VDD VDD VDD VDD VDD
17 PL4D PL5D PL6D, PL7D PL8D RL8D PL11D 110
18 PL4C PL5C PL6C PL7C PL8C PL8A PL11A 110
19 PL4B PL5B PL6B PL7B PL8B PLOD PL12D 110
20 PL4A PL5A PLGA PL7A PL8BA PL9A PL12A I/0-A4
21 PL5D PL6D PL7D: PL8D PL9D PL10D PL13D I/O-A5
22 PL5C PL6C PL7C PL8C PLOC PL10A PL13A /0
23 PL5B PL6B PL7B PL8B RL9B PL11D PL14D 110
24 PL5A PLBA PL7A PL8A PL9A PL11A PL14A I/0-A6
25 VSs VSS VSS \/SS VSS VSS VSS VSS
26 PL6D PL7D PL8D PL9D PL10D PL12D PL15D 110
27 PL6C PL7C PL8C PLOC PL10C PL12C PL15C /0
28 PL6B PL7B PL8B PLO9B PL10B PL12B PL15B 110
29 PL6A PL7A PL8A PL9A PL10A PL12A PL15A I/0-A7
30 VDD VDD VDD VDD VDD VDD VDD VDD
31 PL7D PL8D PLOD PL10D PL11D PL13D PL16D 110
32 PL7C PL8C PLOC PL10C PL11C PL13C PL16C 1/0-VDD5
33 PL7B PL8B PL9B PL10B PL11B PL13B PL16B /0
34 PL7A PL8A PL9A PL10A PL11A PL13A PL16A I/0-A8
35 VSs VSS VSS VSS VSS VSS VSS VSS
36 PL8D PL9D PL10D PL11D PL12D PL14D PL17D I/0-A9
37 PL8C PL9C PL10C PL11C PL12C PL14A PL17A 110
38 PL8B PL9B PL10B PL11B PL12B PL15D PL18D 110
39 PL8A PL9A PL10A PL11A PL12A PL15A PL18A 1/0-A10
40 PLOD PL10D PL11D PL12D PL13D PL16D PL19D 110
41 PLOC PL10C PL11C PL12C PL13C PL16A PL19A 110
42 PLO9B PL10B PL11B PL12B PL13B PL17D PL20D 110

Notes:

The OR2C/2T08A and OR2C/2T10A do not have bond pads connected to 240-pin SQFP package pin numbers 113 and 188.
The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 24. OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B, OR2C/2T26A,
and OR2C/2T40A/B 240-Pin SQFP/SQFP2 Pinout (continued)

, 2C/2T08A | 2C/2T10A 2C/2T15B | 2C/2T26A |2CG/2T40A/B ,
Pin | 2C06A Pad Pad Pad 2C12A Pad Pad Pad Pad Function
43 PL9A PL10A PL11A PL12A PL13A PL17A PL20A 1/10-A11
44 VDD VDD VDD VDD VDD VDD VDD VDD
45 PL10D PL11D PL12D PL13D PL14D PL18D PL21D 1/10-A12
46 PL10C PL11C PL12C PL13B PL14B PL18B PL21B /0
47 PL10B PL11B PL12B PL14D PL15D PL19D PL22D /0
48 PL10A PL11A PL13D PL14B PL15B PL19B PL22B 1/0-A13
49 PL11D PL12D PL13B PL14A PL15A Pl19A PL22A 110
50 PL11C PL12C PL13A PL15D PL16D PL20D PL23D 110
51 PL11B PL12B PL14D PL15B PL16B PL20B PL24D 110
52 PL11A PL12A PL14C PL16D PL17D PL21D PL25A 1/10-A14
53 VSS VSS VSS VSS VSS VSS VSS VSS
54 PL12D PL13D PL15D PL17D PL18D PL22D PL27D 110
55 PL12C PL13A PL15A PL17A PL19D PL23D PL28D 110
56 PL12B PL14D PL16D PL18C PL19A PL23A PL28A 110
57 PL12A PL14A PL16A PL18A PL20A PL24A PL30A 1/10-A15
58 VSS VSS VSS VSS \SS VSS VSS VSS
59 CCLK CCLK CCLK CCLK CCLK CCLK CCLK CCLK
60 VDD VDD VDD VDD VDD VDD VDD VDD
61 VSs VSS VSS VSS VSS VSS VSS VSs
62 VSs VSS VSS VSS VSs VSsS VSS VSs
63 PB1A RB1A PB1A PB1A PBTA PB1A PB1A 1/0-A16
64 PB1B PB1D PB1D PB1D PB2A PB2A PB3A 110
65 PB1C RPB2A PB2A PB2A PB2D PB2D PB3D 1/0-VDD5
66 PB1D PB2D PB2D PB2D PB3D PB3D PB4D 110
67 VSs VSS VSSs VSs VSS VSS VSS VSs
68 PB2A PB3A PB3B PB3D PB4D PB4D PB5D 1/10-A17
69 PB2B PB3B PB4B PB4D PB5D PB5D PB6D 110
70 PB2C PB3C PB4C PB5A PB6A PB6A PB7A 110
71 PB2D PB3D PB4D PB5B PB6B PB6B PB7D /0
72 PB3A PB4A PB5A PB5D PB6D PB6D PB8D 110
73 PB3B PB4B PB5B PB6A PB7A PB7A PB9A 110
74 PB3C PB4C PB5C PB6B PB7B PB7B PB9D 110
75 PB3D PB4D. PB5D PB6D PB7D PB7D PB10D 110
76 VDD VDD VDD VDD VDD VDD VDD VDD
77 PB4A PB5A PB6A PB7A PB8A PB8A PB11A /0
78 PB4B PB5B PB6B PB7B PB8B PB8D PB11D 110
79 PB4C PB5C PB6C PB7C PB8C PB9A PB12A 110
80 PB4D PB5D PB6D PB7D PB8D PB9D PB12D 110
81 PB5A PB6A PB7A PB8A PB9A PB10A PB13A 110
82 PB5B PB6B PB7B PB8B PB9B PB10D PB13D 110
83 PB5C PB6C PB7C PB8C PB9C PB11A PB14A 110
84 PB5D PB6D PB7D PB8D PB9D PB11D PB14D /10

Notes:
The OR2C/2T08A and OR2C/2T10A do not have bond pads connected to 240-pin SQFP package pin numbers 113 and 188.

The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 24. OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B, OR2C/2T26A,
and OR2C/2T40A/B 240-Pin SQFP/SQFP2 Pinout (continued)

, 2C/2T08A | 2C/2T10A 2C/2T15B | 2C/2T26A |2C/2T40A/B ,
Pin | 2C06A Pad Pad Pad 2C12A Pad Pad Pad Pad Function
85 Vss Vss Vss Vss VSs VsSs \[SS VSS
86 PB6A PB7A PB8A PB9A PB10A PB12A PB15A I/O
87 PB6B PB7B PB8B PB9B PB10B PB12B PB15B I/0
88 PB6C PB7C PB8C PB9C PB10C PB12G PB15C I/0
89 PB6D PB7D PB8D PB9D PB10D PB412D PB15D I/0
90 VSSs VSS VSS VSSs VSS VSS VSS VSS
91 PB7A PB8A PB9A PB10A PB11A PB13A PB16A I/O
92 PB7B PB8B PB9B PB10B PB11B PB13B PB16B /0
93 PB7C PB8C PBOC PB10C PB11C PB13C PB16C 110
94 PB7D PB8D PB9D PB10D PB11D PB13D PB16D /0
95 VSsS VSS VSS VSS VSS VSS VSS VSS
96 PB8A PB9A PB10A PB11A PB12A PB14A PB17A 1/0-VDD5
97 PB8B PB9B PB10B PB11B PB12B PB14D PB17D I/O
98 PB8C PB9C PB10C PB11C PB12C PB15A PB18A I/0
99 PB8D PB9D PB10D PB11D PB12D PB15D PB18D I/0
100 PB9A PB10A PB11A PB12A PB13A PB16A PB19A I/0-HDC
101 PB9B PB10B PB11B PB12B PB13B PB16D PB19D I/0
102 PB9C PB10C PB14C PB12C PB13C PB17A PB20A I/0
103 PB9D PB10D PB11D PB12D PB13D PB17D PB20D I/O
104 VDD VDD VDD VDD /DD VDD VDD VDD
105 PB10A PB11A PB12A PB13A PB14A PB18A PB21A I/0-LDC
106 PB10B PB11D PB13A PB13D PB14D PB18D PB22D I/0
107 PB10C PB12A PB13B PB14A PB15A PB19A PB23A I/0
108 PB10D PB12B PB13C PB14D PB?15D PB19D PB24D I/0
109 PB11A PB12C PB13D PB15A PB16A PB20A PB25A I/O-INIT
110 PB11B PB12D PB14A PB15D PB16D PB20D PB25D I/0
111 PBi1d€C PB13A PB15A PB16A PB17A PB21A PB26A I/0
112 PB11D PB13B PB15B PB16D PB17D PB21D PB26D I/0
113 \/SS See Note See Note VSs VSS VSS VSS VSS
114 PB12A PB13D PB45D PB17A PB18A PB22A PB27A I/O
115 PB12B PB14A PB16A PB17D PB19A PB23A PB28A I/0
116 PB12C PB14B PB16B PB18A PB19D PB23D PB28D I/0
117 PB12D PB14D PB16D PB18D PB20D PB24D PB30D I/0
118 Vss VSS VsS VSS VSS VSS VSS VsSS
119 DONE DONE DONE DONE DONE DONE DONE DONE
120 VDD VDD VDD VDD VDD VDD VDD VDD
121 Vss Vss Vss Vss VSs Vss VSS Vss
122 RESET RESET RESET RESET RESET RESET RESET RESET
123 PRGM PRGM PRGM PRGM PRGM PRGM PRGM PRGM
124 PR12A PR14A PR16A PR18A PR20A PR24A PR30A 1/0-M0
125 PR12B PR14D PR16D PR18C PR20D PR24D PR29D I/0
126 PR12C PR13A PR15A PR18D PR19A PR23A PR28A I/0

Notes:
The OR2C/2T08A and OR2C/2T10A do not have bond pads connected to 240-pin SQFP package pin numbers 113 and 188.

The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 24. OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B, OR2C/2T26A,
and OR2C/2T40A/B 240-Pin SQFP/SQFP2 Pinout (continued)

. 2C/2T08A | 2C/2T10A 2C/2T15B | 2C/2T26A |2€/2T40A/B ,
Pin | 2C06A Pad Pad Pad 2C12A Pad Pad Pad Pad Function
127 PR12D PR13D PR15D PR17B PR18A PR22A PR27A 110
128 VSS VSS VSS VSS VSS VSS VSS VSS
129 PR11A PR12A PR14A PR16A PR17A PR21A PR26A /0
130 PR11B PR12B PR14C PR16D PR17D PR21D PR25A /10
131 PR11C PR12C PR14D PR15A PR16A PR20A PR24A 110
132 PR11D PR12D PR13A PR15C PR16C PR20C PR24D 110
133 PR10A PR11A PR13B PR15D PR16D PR20D PR23D /O-M1
134 PR10B PR11B PR13C PR14A PR15A PR19A PR22A 110
135 PR10C PR11C PR12A PR14D PR15D PR19D PR22D 1/0-VDD5
136 PR10D PR11D PR12B PR13A PR14A PR18A PR21A /10
137 VDD VDD VDD VDD VDD VDD /DD VDD
138 PR9A PR10A PR11A PR12A PR13A PR17A PR20A 1/0-M2
139 PR9B PR10B PR11B PR12B PR13B PR17D PR20D 110
140 PR9C PR10C PR11C PR12C PR13C PR16A PR19A 110
141 PR9D PR10D PR11D PR12D PR13D PR16D PR19D 110
142 PR8A PR9A PR10A PR11A PR412A PR15A PR18A 1/0-M3
143 PR8B PR9B PR10B PR11B PR12B PR15D PR18D 110
144 PR8C PROC PR10C PR11C PR12C PR14A PR17A 110
145 PR8D PR9OD PR10D PR11D PR12D PR14D PR17D 110
146 VSS \SS VSS VSS VSS VSS VSS VSS
147 PR7A PR8A PR9A PR10A PR11A PR13A PR16A /0
148 PR7B PR8B PR9B PR10B PR11B PR13B PR16B /10
149 PR7C PR8C PROC PR10C PR11C PR13C PR16C 110
150 PR7D PR8D. PR9D PR10D PR11D PR13D PR16D 110
151 VDD VDD VDD VDD VDD VDD VDD VDD
152 PRGA PR7A PR8A PR9A PR10A PR12A PR15A 110
153 PR6B PR7B PR8B PR9B PR10B PR12B PR15B /0
154 PR6C PR7C PR8C PR9C PR10C PR12C PR15C /0
155 PR6D PR7D PR8D PRAD PR10D PR12D PR15D 110
156 V/SS VSS VSs VSs VSS VSS VSS VSsS
157 PR5A PR6A PR7A PR8A PR9A PR11A PR14A 1/0-VDD5
158 PR5B PR6B PR7B PR8B PR9B PR11D PR14D 110
159 PR5C PR6C PR7C PR8C PROC PR10A PR13A 110
160 PR5D PR6D PR7D PR8D PR9D PR10D PR13D /10
161 PR4A PR5A PR6A PR7A PR8A PR9A PR12A 1/0-CSH
162 PR4B PR5B PR6B PR7B PR8B PRAD PR12D 110
163 PR4C PR5C PR6C PR7C PR8C PR8A PR11A 110
164 PR4D PR5D PR6D PR7D PR8D PR8D PR11D 110
165 VDD VDD VDD VDD VDD VDD VDD VDD
166 PR3A PR4A PR5A PR6A PR7A PR7A PR10A I/0-CS0
167 PR3B PR4B PR4B PR6B PR7B PR7B PR10B 110
168 PR3C PR4C PR4C PR5B PR6B PR6B PR9B 110

Notes:
The OR2C/2T08A and OR2C/2T10A do not have bond pads connected to 240-pin SQFP package pin numbers 113 and 188.

The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 24. OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B, OR2C/2T26A,
and OR2C/2T40A/B 240-Pin SQFP/SQFP2 Pinout (continued)

, 2C/2T08A | 2C/2T10A 2C/2T15B | 2C/2T26A |2C/2T40A/B .
Pin | 2C06A Pad Pad Pad 2C12A Pad Pad Pad Pad Function
169 PR3D PR4D PR4D PR5D PReD PR6D PR9D I/0
170 PR2A PR3A PR3A PR4A PR5A PR5A PR8A I/0-RD
171 PR2B PR3B PR3B PR4B PR5B PR5B PR7A I/0
172 PR2C PR3C PR3C PR4D PR5D PR5D PR6A I/0
173 PR2D PR3D PR3D PR3A PR4A PR4A PR5A I/O
174 Vss VSS Vss Vss VSss VSss VSS VSS
175 PR1A PR2A PR2A PR2A PR3A PR3A PR4A |/O-WR
176 PR1B PR2D PR2D PR2C PR2A PR2A PR3A 1/O
177 PR1C PR1A PR1A PR1A PR1A PRTA PR2A 1/0
178 PR1D PR1D PR1D PR1D PR1D PR1D PR1D 1/0
179 VSSs VSS VSS VSs VSS VSS VSS VSS
180 | RD_CFGN | RD_CFGN | RD_CFGN | RD_CFGN“| RD{CFGN, | RD_CFGN_ RD_CFGN RD_CFGN
181 VSss VSS VSsS VSS VSS VSS VSS VSS
182 VDD VDD VDD VDD VDD VDD VDD VDD
183 VsS VSS VSS VSs VSS VSS VSs VSS
184 PT12D PT14D PT16D PT18D PT20D PT24D PT30D I/0
185 PT12C PT14C PT16C PT18B PT20A PT24A PT29A I/O
186 PT12B PT14A PT16A PT18A PT19D PT23D PT28D I/0
187 PT12A PT13D PT15D PT17D PT19A PT23A PT28A 1/0-RDY/RCLK
188 Vss See Note See Note VSS \/SS Vss Vss Vss
189 PT11D PT13B PT15B PT16D PT17D PT21D PT26D I/0
190 PT11C PT13A PT15A PT16C PT17C PT21C PT26C I/0
191 PT11B PT12D PT14D PT16A PT17A PT21A PT26A I/0
192 PT11A PT12¢€ PT13D PT15D PT16D PT20D PT25D I/0-D7
193 PT10D PT12A PT13B PT14D PT15D PT19D PT24D 1/0-VDD5
194 PT10C PT11D PT13A PT14A PT15A PT19A PT23D I/0
195 PT10B PT14C PT12D PT13D PT14D PT18D PT22D I/0
196 PT10A PT11B PT12B PT13B PT14B PT18B PT21D I/0-D6
197 VDD VDD VDD VDD VDD VDD VDD VDD
198 PTOD PT10D PT11D PT12D PT13D PT17D PT20D I/O
199 PT9C PT10G PT11C PT12C PT13C PT17A PT20A I/O
200 PTOB PT10B PT11B PT12B PT13B PT16D PT19D I/0
201 PT9A PT10A PT11A PT12A PT13A PT16A PT19A I/0-D5
202 PT8D PTOD PT10D PT11D PT12D PT15D PT18D I/0
203 PT8C PToC PT10C PT11C PT12C PT15A PT18A I/0
204 PT8B PT9B PT10B PT11B PT12B PT14D PT17D I/O
205 PT8A PTOA PT10A PT11A PT12A PT14A PT17A I/0-D4
206 Vss VSS Vss VSS VSS VSsS VSS VSS
207 PT7D PT8D PTOD PT10D PT11D PT13D PT16D I/0
208 PT7C PT8C PT9C PT10C PT11C PT13C PT16C I/0
209 PT7B PT8B PTO9B PT10B PT11B PT13B PT16B I/O
210 PT7A PT8A PTOA PT10A PT11A PT13A PT16A I/0-D3

Notes:

The OR2C/2T08A and OR2C/2T10A do not have bond pads connected to 240-pin SQFP package pin numbers 113 and 188.
The pins labeled 1/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 24. OR2C06A, OR2C/2T08A, OR2C/2T10A, OR2C12A, OR2C/2T15A/B, OR2C/2T26A,
and OR2C/2T40A/B 240-Pin SQFP/SQFP2 Pinout (continued)

. 2C/2T08A | 2C/2T10A 2C/2T15B | 2C/2T26A |2€/2T40A/B ,
Pin | 2C06A Pad Pad Pad 2C12A Pad Pad Pad Pad Function
211 VSS VSS VSS VSS VSS VSS Vss VSS
212 PT6D PT7D PT8D PT9D PT10D PT42D PT15D 110
213 PTeC PT7C PT8C PTOC PT10C PT12C PT15C /0
214 PT6B PT7B PT8B PT9B PT10B PT12B PT15B 1/0-VDD5
215 PT6A PT7A PT8A PT9A PT10A PT12A PT15A I/0-D2
216 VSs VSS VSs VSs VSS VSS VSS VSsS
217 PT5D PT6D PT7D PT8D RPT9D PT11D PT44D 1/0O-D1
218 PT5C PT6C PT7C PT8C PToC PT11A PT14A 110
219 PT5B PT6B PT7B PT8B PT9B PT10D PT48D /0
220 PT5A PT6A PT7A PT8A PI9A PT10A PT13A 1/0-DO/DIN
221 PT4D PT5D PTeD PI7D PT8D PTOD PT12D 110
222 PT4C PT5C PT6C PTZC PT8C PTOA PT12A 110
223 PT4B PT5B PTeB PT7B PT8B PT8D PT11D 110
224 PT4A PT5A PT6A PT7A PT8A PT8A PT11A 1/0-DOUT
225 VDD VDD VDD VDD VDD VbD VDD VDD
226 PT3D PT4D PT5D PT6D PI7D PT7D PT10D /0
227 PT3C PT4C PT5A PT6A PT7ZA PT7A PT9A 110
228 PT3B PT4B RPT4D PT5C PT6C PTeC PT8A I/0
229 PT3A PT4A PT4A PT5A PT6A PT6A PT7A 1/0-TDI
230 PT2D PT3D PT3D PT4D PT5D PT5D PT6D 110
231 PT2C RT3C PT3C PT4A PT5A PT5A PT6A 110
232 PT2B PT3B PT3B PT3D PT4D PT4D PT5D /0
233 PT2A PT3A PT3A PT3A PT4A PT4A PT5A I/0-TMS
234 VSs VSS VSs VSS VSS VSS VSS VSsS
235 PT1D PT2D PT2D PT2C PT3A PT3A PT4A 110
236 RT1C PT2A PT2A PT2A PT2A PT2A PT3A 110
237 PT1B PT1D PT1D PT1D PT1D PT1D PT2D 110
238 PTTA PT1A PT1A PT1A PT1A PT1A PT1A I/O-TCK
239 VSS VSS VSS VSs VSS VSS VSS VSS
240 |» RD_DATA/ RD (DATA/ RD DATA/ RD_DATA/ RD_DATA/ RD_DATA/ RD_DATA/ | RD_DATA/TDO

TDO TDO TDO TDO TDO TDO TDO

Notes:
The OR2C/2T08A4and OR2C/2T10A do not have bond pads connected to 240-pin SQFP package pin numbers 113 and 188.

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 25. OR2C06A, OR2T08A, OR2C/2T10A, OR2C12A, and OR2C/2T15A/B

256-Pin PBGA Pinout

Pin 2C06A Pad 2TO8A Pad 2C/2T10A Pad 2C12A Pad 2C/2T15A/B Pad Function
Cc2 PL1D PL1D PL1D PL1D PL1D I/O
D2 PL1C PL1B PL1B PL1C PL1G I/O
D3 PL1B PL1A PL1A PL1B PIK1B I/0
E4 PL1A PL2D PL2D PL2D PL2D I/0-A0
C1 — PL2C PL2C PL2C PL2A 110
D1 — PL2B PL2B PL2B PL3D 110
E3 — PL2A PL2A PL2A PLL3A 110
E2 PL2D PL3D PL3D PL3D PL4D I/O-VDD5
E1 PL2C PL3C PL3C PL3A PL4A J[®]
F3 PL2B PL3B PL3B PL4D PL5D I/Q
G4 PL2A PL3A PL3A PL4A PL5A 1/0-A1
F2 — — PL4D PL5D PL6D /O
F1 PL3D PL4D PL4A PL5A PL6A 1/0-A2
G3 PL3C PL4C PL5C PL6D PL7D I/0
G2 PL3B PL4B PL5B PL6B PL7B I/0
G1 PL3A PL4A PL5A PL6GA PL7A I/0-A3
H3 PL4D PL5D PLBD PL7D. PL8D 110
H2 PL4C PL5C PL6C PL7ZC PL8C I/0
H1 PL4B PL5B PL6B PL7B PL8B /0
J4 PL4A PL5A PLGA PL7A PL8A I/0-A4
J3 PL5D PLGD PL7D PL8D PL9D I/0O-A5
J2 PL5C RPL6C PL7C RL8C PLIC I/0
J1 PL5B PL6B PL7B PL8B PL9B 1’0
K2 PL5A RL6A PL7ZA PL8A PL9A 1/0-A6
K3 PL6D PL7ZD PL8D PLAD PL10D 110
K1 PL6C PL7C PL8C PL9C PL10C I/0
L1 PL6B PL7B PL8B PL9B PL10B I/0
L2 PL6A PL7A PL8A PL9A PL10A I/0-A7
L3 PLZD PL8D PLO9D PL10D PL11D 110
L4 PL7C PL8C PLOC PL10C PL11C 1/0-VDD5
Md PL7B PL8B PL9B PL10B PL11B 110
M2 PL7A PL8A PL9A PL10A PL11A I/0O-A8
M3 PL8D PLID PL10D PL11D PL12D I/0-A9
M4 PL8C PL9C PL10C PL11C PL12C I/0
N1 PL8B PL9B PL10B PL11B PL12B 110
N2 PL8A PL9A PL10A PL11A PL12A I/10-A10
N3 PLAD PL10D PL11D PL12D PL13D 1’0
P1 PL9C PL10C PL11C PL12C PL13C I/0
P2 PL9B PL10B PL11B PL12B PL13B I/0
R1 PL9A PL10A PL11A PL12A PL13A I/0O-A11

Notes:

The W3 pin on the 256-pin PBGA package is unconnected for all devices listed in this table.
The OR2C/2T08A do not have bond pads connected to the 256-pin PBGA package pins F2 and Y17.
The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 4 x 4 array of thermal balls located at the center of the package. The balls can be attached to the ground

plane of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 25. OR2C06A, OR2T08A, OR2C/2T10A, OR2C12A, and OR2C/2T15A/B
256-Pin PBGA Pinout (continued)

Pin 2CO06A Pad 2TO8A Pad 2C/2T10A Pad 2C12A Pad 2C/2T15A/BPad Function
P3 PL10D PL11D PL12D PL13D RL14D I/0-A12
R2 PL10C PL11C PL12C PL13B PL14B I/0
T PL10B PL11B PL12B PL14D PL15D I/0O
P4 PL10A PL11A PL13D PL14B PL15B I/0-A13
R3 PL11D PL12D PL13B PL14A Pl15A I/0
T2 PL11C PL12C PL13A PL15D PL16D I/0
U1 PL11B PL12B PL14D PL15B PL16B I/0
T3 PL11A PL12A PL14C PL16D PL17D I/0-A14
u2 — PL13D PL15D PL17D PL18D I/O-VDD5
V1 PL12D PL13C PL15C PL17C PL18C I/0
T4 PL12C PL13B PL15B PL17B RPL18A I/0
us PL12B PL13A PLA5A PL17A PL19D I/0
V2 — PL14D PL16D PL18D PL19C I/0
Wi1 — PL14C PL16C PL18C PL19A I/0
V3 — PL14B PL16B PL18B PL20D I/0O
W2 PL12A PL14A PL16A RiE18A PL20A I/0-A15
Y1 CCLK CCLK CCLK CCLK CCLK CCLK
Y2 PB1A PB1A PB1A PB1A PB1A I/0-A16
w4 — PB1C PB1C PB1C PB1D I/0
V4 PB1B PB1D PB1D PB1D PB2A I/0
us PB1C PB2A PB2A PB2A PB2D 1/0-VDD5
Y3 PB1D PB2B PB2B PB2B PB3A I/0
Y4 — PB2C PB2C PB2C PB3C I/0
V5 — PB2D PB2D PB2D PB3D I/0
W5 PB2A PB3A PB3B PB3D PB4D I/O-A17
Y5 PB2B PB3B PB4B PB4D PB5D I/0
V6 PB2C PB3C PB4C PB5A PB6A I/0O
uz PB2D PB3D PB4D PB5B PB6B I/0
W6 PB3A PB4A PB5A PB5D PB6D I/0
Y6 PB3B PB4B PB5B PB6A PB7A I/0
V7 PB3C PB4C PB5C PB6B PB7B I/0
W7 PB3D PB4D PB5D PB6D PB7D I/0
Y7 PB4A PB5A PB6A PB7A PB8A I/0O
V8 PB4B PB5B PB6B PB7B PB8B I/0O
W8 PB4C PB5C PB6C PB7C PB8C I/0
Y8 PB4D PB5D PB6D PB7D PB8D I/0
uo PB5A PB6A PB7A PB8A PB9A I/0
V9 PB5B PB6B PB7B PB8B PB9B I/0
W9 PB5C PB6C PB7C PB8C PB9C I/0O
Y9 PB5D PB6D PB7D PB8D PB9D I/0
Notes:

The W3 pin on the 256-pin PBGA package is unconnected for all devices listed in this table.
The OR2C/2T08A do not have bond pads connected to the 256-pin PBGA package pins F2 and Y17.
The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 4 x 4 array of thermal balls located at the center of the package. The balls can be attached to the ground
plane of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)
Table 25. OR2C06A, OR2T08A, OR2C/2T10A, OR2C12A, and OR2C/2T15A/B

256-Pin PBGA Pinout (continued)

Pin 2CO06A Pad 2T08A Pad 2C/2T10A Pad 2C12A Pad 2C/2T15A/B Pad. Function
W10 PB6A PB7A PB8A PB9A PB10A I/O
V10 PB6B PB7B PB8B PB9B PB10B I/O
Y10 PB6C PB7C PB8C PB9C PB10C I/O
Y11 PB6D PB7D PB8D PB9D PB10D I/O
W11 PB7A PB8A PB9A PB10A PB11A I/0
V11 PB7B PB8B PB9B PB10B PB11B I/0
Uit PB7C PB8C PB9C PB10C PB11C I/0
Y12 PB7D PB8D PBAD PB10D PB11D I/O
W12 PB8A PB9A PB10A PB11A PB12A I/Q-VDD5
Vi2 PB8B PB9B PB10B PB11B PB12B I/Q
ui2 PB8C PB9C PB10C PB11.C PB12C 11O
Y13 PB8D PB9D PB10D PB11D PB12D 110
W13 PB9A PB10A PB11A PB12A PB13A 1/0-HDC
V13 PB9B PB10B PB11B PB12B PB13B I/O
Y14 PB9C PB10C PB11C PB12C PB13C I/O
W14 PBOD PB10D PB11D PB12D PB13D I/O
Y15 PB10A PB11A PB12A PB13A PB14A I/O-LDC
Vi4 PB10B PB11B PB12C PB138B PB14B I/0
W15 PB10C PB11C PB12D PB13C PB14C I/0
Y16 PB10D PB11D PB13A PB13D PB14D I/O
ui4 — PB12A PB13B PB14A PB15A I/O
V15 — PB12B PB13C PB14D PB15D I/O
W16 PB11A PBi12C PB13D PB15A PB16A I/O-INIT
Y17 — — PBi14A PB15D PB16D I/0
V16 — PB12D PB14B PB16A PB17A 1/0-VDD5
W17 PB11B PB13A RB15A PB16D PB17D I/O
Y18 PB11C PB13B PB15B PB17A PB18A I/O
uie PB11D PB13C PB15C PB17C PB18D I/O
V17 PB12A PB13D PB15D PB17D PB19A I/0
W18 PB12B PBi4A PB16A PB18A PB19D I/0
Y19 PB12C PB14B PB16B PB18B PB20A I/0
V18 PB12D PB14C PB16C PB18C PB20B I/O
W19 — PB14D PB16D PB18D PB20D I/O
Y20 DONE DONE DONE DONE DONE DONE
W20 RESET RESET RESET RESET RESET RESET
V19 PRGM PRGM PRGM PRGM PRGM PRGM
ui9 PR12A PR14A PR16A PR18A PR20A I/0-M0
uis — PR14C PR16C PR18C PR20D I/O
T17 — PR14D PR16D PR18D PR19A I/O
V20 — PR13A PR15A PR17A PR19D I/O

Notes:

The W3 pin on the 256-pin PBGA package is unconnected for all devices listed in this table.
The OR2C/2T08A do not have bond pads connected to the 256-pin PBGA package pins F2 and Y17.
The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 4 x 4 array of thermal balls located at the center of the package. The balls can be attached to the ground

plane of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.

96

Lattice Semiconductor



Data Sheet
November 2006 ORCA Series 2 FPGAs

Pin Information (continued)

Table 25. OR2C06A, OR2T08A, OR2C/2T10A, OR2C12A, and OR2C/2T15A/B
256-Pin PBGA Pinout (continued)

Pin 2C06A Pad 2T08A Pad 2C/2T10A Pad 2C12A Pad 2C/2T15A/B)Pad Function
u20 PR12B PR13B PR15B PR17B PR18A I/0
T18 PR12C PR13C PR15C PR17C PR18B IO
T19 PR12D PR13D PR15D PR17D PR18D I/O
T20 PR11A PR12A PR14A PR16A PR1ZA I/O
R18 PR11B PR12B PR14C PR16D PR17D I/0
P17 PR11C PR12C PR14D PR15A PR16A I/0
R19 PR11D PR12D PR13A PR15C PR16C I/0
R20 PR10A PR11A PR13B PR15D PR16D 1/O-M1
P18 PR10B PR11B PR13C PR14A PR15A I/O
P19 PR10C PR11C PR12A PR14D PR15D I/O-VDD5
P20 PR10D PR11D PR12B PR13A PR14A I/0
N18 PROA PR10A PRATA PR12A PR13A I/0-M2
N19 PROB PR10B PR11B PR12B PR13B IO
N20 PR9C PR10C PR11C PR12C PR138C IO
M17 PROD PR10D PR11D PR12D PR13D I/O
M18 PR8A PR9A PR10A PR#HiA PR12A I/0-M3
M19 PR8B PRoOB PR10B PR11B PR12B I/0
M20 PR8C PROC PR10C PR11C PR12C I/0
L19 PR8D PR9OD PR10D PR11D PR12D IO
L18 PR7A PR8A PR9A PR10A PR11A IO
L20 PR7B PR8B PR9B PR10B PR11B I/O
K20 PR7C PR8C PR9C PR10C PR11C I/O
K19 PR7D. PR8D PR9D PR10D PR11D I/0
K18 PR6A PR7A PR8A PROA PR10A IO
K17 PR6B PR7B PR8B PROB PR10B IO
J20 PR6C PR7C PR8C PROC PR10C IO
J19 PReD PR7D PR8D PR9D PR10D IO
J18 PR5A PR6A PR7A PR8A PR9A I/0-VDD5
Jd17 PR5B PR6B PR7B PR8B PROB I/0
H20 PR5C PR6C PR7C PR8C PROC I/0
H19 PR5D PR6D PR7D PR8D PR9D I/0
Hi18 PR4A PRSA PR6A PR7A PR8A I/0-CS1
G20 PR4B PR5B PR6B PR7B PR8B I/O
G19 PR4C PR5C PR6C PR7C PR8C I/O
F20 PR4D PR5D PR6D PR7D PR8D I/0
G18 PR3A PR4A PR5A PR6A PR7A 1/0-CS0
F19 PR3B PR4B PR4B PR6B PR7B I/0
E20 PR3C PR4C PR4C PR5B PR6B IO
G17 PR3D PR4D PR4D PR5D PReD I/O
F18 PR2A PR3A PR3A PR4A PR5A I/O-RD

Notes:
The W3 pin on the 256-pin PBGA package is unconnected for all devices listed in this table.

The OR2C/2T08A do not have bond pads connected to the 256-pin PBGA package pins F2 and Y17.
The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 4 x 4 array of thermal balls located at the center of the package. The balls can be attached to the ground
plane of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 25. OR2C06A, OR2T08A, OR2C/2T10A, OR2C12A, and OR2C/2T15A/B

256-Pin PBGA Pinout (continued)

Pin 2CO06A Pad 2T08A Pad 2C/2T10A Pad 2C12A Pad 2C/2T15A/B Pad. Function
E19 PR2B PR3B PR3B PR4B PR5B I/O
D20 PR2C PR3C PR3C PR4D PR5D I/O
E18 PR2D PR3D PR3D PR3A PR4A I/O-VDD5
D19 PR1A PR2A PR2A PR2A PR3A I/O-WR
C20 PR1B PR2B PR2B PR2B PR3B I/0
E17 PR1C PR2C PR2C PR2C PR2A I/0
D18 PR1D PR2D PR2D PR2D PR2D 110
C19 — PR1A PR1A PR1A PR1A I/O
B20 — PR1B PR1B PR1B PR1B /O
C18 — PR1C PR1C PR1C PR1C I/Q
B19 — PR1D PR1D PR1D PR1D 11O
A20 RD_CFGN RD_CFGN RD_CFGN RD_CFGN RD_CFGN RD CFGN
A19 — PT14D PT16D PT18D PT20D I/0
B18 PT12D PT14C PT16C PT18C PT20C I/0
B17 PT12C PT14B PT16B PT18B PT20A I/O
C17 PT12B PT14A PT16A PT18A PT19D I/O
D16 PT12A PT13D PT15D PT17D PT19A I/O-RDY/RCLK
A18 — PT13C PT15C PTiZA PT18A I/0
A17 PT11D PT13B PT15B PT16D PT17D I/0
C16 PT11C PT13A PT15A PT16€ PT17C I/O
B16 PT11B PT412D PT14D PT16A PT17A I/O
A16 PT11A PT12C PT13D PT15D PT16D I/0-D7
Ci15 — PT12B PT13C PT15A PT16A I/0
D14 PT10D PT12A PT13B PT14D PT15D 1/0-VDD5
B15 PT10C PT11D PT13A PT14A PT15A I/0
A15 PT10B PT11C RT12D PT13D PT14D I/O
C14 PT40A PT11B PT12B PT13B PT14B I/0-D6
B14 PTID PT11A PT12A PT13A PT14A I/O
Al14 PTOC PT10D PT11D PT12D PT13D I/0
C13 — PT10C PT11C PT12C PT13C I/0
Bi13 P98 PT10B PT11B PT12B PT13B I/0
A13 PT9A PT10A PT11A PT12A PT13A I/0-D5
D12 PT8D PT9D PT10D PT11D PT12D I/O
Cc12 PT8C PT9C PT10C PT11C PT12C I/O
B12 PT8B PT9B PT10B PT11B PT12B I/0
A12 PT8A PTOA PT10A PT11A PT12A 1/0-D4
B11 PT7D PT8D PTOD PT10D PT11D I/0
C11 PT7C PT8C PT9C PT10C PT11C I/O
Al PT7B PT8B PT9B PT10B PT11B I/O
A10 PT7A PT8A PT9A PT10A PT11A I/0-D3

Notes:

The W3 pin on the 256-pin PBGA package is unconnected for all devices listed in this table.
The OR2C/2T08A do not have bond pads connected to the 256-pin PBGA package pins F2 and Y17.
The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 4 x 4 array of thermal balls located at the center of the package. The balls can be attached to the ground

plane of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 25. OR2C06A, OR2T08A, OR2C/2T10A, OR2C12A, and OR2C/2T15A/B
256-Pin PBGA Pinout (continued)

Pin 2C06A Pad 2T08A Pad 2C/2T10A Pad 2C12A Pad 2C/2T15A/BPad Function
B10 PT6D PT7D PT8D PTOD RT10D I/0
c10 PTeC PT7C PT8C PTOC PT10C I/O
D10 PTeB PT7B PT8B PTOB PT10B I/0-VDD5

A9 PT6A PT7A PT8A PT9A PT10A 1/0-D2

B9 PT5D PT6D PT7D PT8D P19D 1/0-D1

C9 PT5C PT6C PT7C PT8C PT9C I/0

D9 PT5B PT6B PT7B PT8B PT9B I/0

A8 PT5A PT6A PT7A PI8A PT9A I/©-D0O/DIN

B8 PT4D PT5D PTeD PT7D PT8D /10

C8 PT4C PT5C PTeC PT7C RPT8C I/0O

A7 PT4B PT5B PT6B PT7B PT8B I/0

B7 PT4A PT5A PT6A PT7A PT8A I/0-DOUT

A6 PT3D PT4D RPTS5D, PT6D PT7D I/0

c7 PT3C PT4C PT5A PT6A PT7A 110

B6 PT3B PT4B PT4D PT5C PT6C I/0O

A5 PT3A PT4A PT4A PT5A PT6A I/0-TDI

D7 PT2D PT3D P13D PT4D PT5D I/0

C6 PT2C PT3C PT3C PT4A PT5A 1/0-VDD5

B5 PT2B PT3B PT3B PT3D PT4D /0

A4 PT2A PT3A PT3A PT3A PT4A I/10-TMS

C5 — PT2D PT2D PT2D PT3D 110

B4 PT1D PT2C RT2C PT2C PT3A I/0

A3 PT1C P12B PT2B PT2B PT2D 110

D5 PTAB PT2A PT2A PT2A PT2A 110

C4 — PT1D PT1D PT1D PT1D /0

B3 —_ PT1C PT1C PT1C PT1C 110

B2 — PTiB PT1B PT1B PT1B 110

A2 PT1A PTTA PT1A PT1A PT1A I/0-TCK

C3 |RBD DATA/TDO | RD_DATA/TDO]| RD_DATA/TDO | RD_DATA/TDO | RD_DATA/TDO | RD_DATA/TDO

Al Vss Vss Vss Vss Vss Vss

D4 Vss Vss Vss Vss Vss Vss

D8 Vss VssS Vss Vss Vss Vss
D13 Vss \/ss Vss Vss Vss Vss
D17 Vss Vss Vss Vss Vss Vss

H4 V/ss Vss Vss Vss Vss Vss
H17 Vss Vss Vss Vss Vss Vss

N4 Vss Vss Vss Vss Vss Vss
N17 Vss Vss Vss Vss Vss Vss

u4 Vss Vss Vss Vss Vss Vss

Notes:

The W3 pin on the 256-pin PBGA package is unconnected for all devices listed in this table.
The OR2C/2T08A do not have bond pads connected to the 256-pin PBGA package pins F2 and Y17.
The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 4 x 4 array of thermal balls located at the center of the package. The balls can be attached to the ground
plane of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Table 25. OR2C06A, OR2T08A, OR2C/2T10A, OR2C12A, and OR2C/2T15A/B
256-Pin PBGA Pinout (continued)
Pin 2C06A Pad 2T08A Pad 2C/2T10A Pad 2C12A Pad 2C/2T15A/B Pa Function
us Vss Vss Vss Vss
u13 Vss Vss Vss Vss
U7 Vss Vss Vss Vss
B1 VDD VDD VDD VDD
D6 VDD VDD VDD VDD
D11 VDD VDD VDD VDD
D15 VDD VDD VDD
F4 VDD VDD VDD
F17 VDD VDD VDD
K4 VDD VDD VDD
L17 VDD VDD VDD
R4 VDD VDD VDD
R17 VDD VDD VDD
ue VDD VDD VD
u10 VDD VDD VDD
uis VDD VDD VDD
W3 — — No Connect
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC
Vss—ETC

The W3 pin on the 256-pih PBGA pa e is unconnected for all devices listed in this table.
The OR2C/2T08A do not ha ond pads connected to the 256-pin PBGA package pins F2 and Y17.
The pins labeled I/O-VDD5 are U Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 4 x 4 array of thermal balls located at the center of the package. The balls can be attached to the ground
plane of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 26. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
1 Vss Vss Vss Vss Vss
2 VDD VDD VDD VDD
3 Vss Vss Vss Vss
4 PL1D PL1D PL1D I/0
5 PL1C PL1C PL1C I/0
6 PL1B PL1B PL1B I/0
7 PL1A PL1A PL1A
8 PL2D PL2D -AO
9 PL2C PL2A
10 PL2B PL3D
11 PL2A PL3A
12 Vss Vss
13 PL3D PL4D
14 PL3A PL4A I/0
15 PL4D I/0
16 PL4A I/0-A1
17 PL5D I/0
18 PL5C I/0
19 PL5B I/0

20 PL5A I/0-A2
21 PL6D PL10D I/0
22 PL6C PL10C I/0
23 PL6B PL10B I/0
24 PL10A I/O-A3
25 VDD VDD
26 PL11D I/0
PL11A I/0
PL12D I/0
PL12A I/0-A4
PL13D I/0-A5
PL13A I/0
PL14D I/0
PL14A I/0-A6
Vss Vss
PL15D I/0
PL15C I/0
PL15B I/0
PL15A I/O-A7
VDD VDD
40 PL10D PL11D PL13D PL16D I/0
41 PL10C PL11C PL13C PL16C I/0
42 PL10B PL11B PL13B PL16B I/0
43 PL10A PL11A PL13A PL16A I/0-A8
44 Vss Vss Vss Vss Vss

Note: The OR2TxxA and OR2TxxB series are not offered in the 304-pin SQFP/SQFP2 packages.
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Pin Information (continued)

Table 26. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
45 PL11D PL12D PL14D PL17D [/0-A9
46 PL11C PL12C PL14A PL17A /0
47 PL11B PL12B PL15D PL18D /0
48 PL11A PL12A PL15A PL18A 1/0-A10
49 PL12D PL13D PL16D PL19D /0
50 PL12C PL13C PL16A PL19A I/0
51 PL12B PL13B PL17D PL20D 110
52 PL12A PL13A PL17A PL20A I/OAT1
53 VDD VDD VDD VDD VbD
54 PL13D PL14D PL18D PL21D 1/0-Al12
55 PL13B PL14B PL18B PL21B /O
56 PL13A PL14A PL18A PL21A /0
57 PL14D PL15D PL49D PL22D /(@]
58 PL14B PL15B PL19B PL22B 1/O-A13
59 PL14A PL15A PL19A PL22A /10
60 PL15D PL16D PL20D PL23D 1/0
61 PL15B PL16B PL20B PL24D 110
62 PL15A PL16A PL20A PL25D 1/0
63 PL16D PL17D PL21D PL25A 1/10-A14
64 PL16A PLA7A PL21A PL26A /10
65 Vss Vss Vss Vss Vss
66 PL17D PL18D PL22D PL27D /0
67 PL17C PL18C PL22C PL27C 10
68 PL17B PL18A PL22A PL27A /0
69 PL17A PL19D RL23D PL28D /0
70 PL18D PL19C PL23C PL28C I/0
71 PL18C PL19A PL23A PL28A /0
72 PL18B PL20D PL24D PL29A /0
73 PL18A PL20A PL24A PL30A I/0-A15
74 Vss VsS Vss Vss Vss
75 CCkK CCLK CCLK CCLK CCLK
76 /DD VDD VDD VDD VDD
77 Vss Vss Vss Vss Vss
78 VDD VDD VDD VDD VDD
79 Vss Vss Vss Vss Vss
80 PB1A PB1A PB1A PB1A 1/0-A16
81 PB1B PB1C PB1C PB2A /0
82 PB1C PB1D PB1D PB2D /0
83 PB1D PB2A PB2A PB3A /0
84 PB2A PB2D PB2D PB3D /0
85 PB2B PB3A PB3A PB4A /0
86 PB2C PB3C PB3C PB4C /0
87 PB2D PB3D PB3D PB4D /0
88 Vss Vss Vss Vss Vss
89 PB3A PB4A PB4A PB5A /0

Note: The OR2TxxA and OR2TxxB series are not offered in the 304-pin SQFP/SQFP2 packages.
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Pin Information (continued)

Table 26. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
90 PB3D PB4D PB4D PB5D I/0-A17
91 PB4A PB5A PB5A PB6A I/0
92 PB4D PB5D PB5D PB6D I/0
93 PB5A PB6A PB6A PB7A I/0
94 PB5B PB6B PB6B PB7D I/0
95 PB5C PB6C PB6C PB8A I/0
96 PBSD PB6D PB6D PB8D I/0
97 PB6A PB7A PB7A PBOA /O
98 PB6B PB7B PB7B PBAD 11O
99 PB6C PB7C PB7G PB10A I/0
100 PB6D PB7D PB7D PB10D e
101 VDD VDD VDD VDD VDD
102 PB7A PB8A PB8A PB11A I/0
103 PB7B PB8B PB8D PB11D I/0
104 PB7C PB8C PB9A PB12A I/0
105 PB7D PB8D PB9OD PB12D I/0
106 PB8A PB9A PB10A PB13A I/0
107 PB8B PB9B PB10D PB13D I/0
108 PB8C PBOC PB14A PB14A I/0
109 PB8D PBAD PB11D PB14D I/0
110 Vss Vss Vss Vss Vss
111 PB9A PB10A PB12A PB15A I/0
112 PB9B PB10B PB12B PB15B I/0
113 PB9C PB10C PB12C PB15C I/0
114 PB9D. PB10D PB12D PB15D I/0
115 Vss Vss Vss Vss Vss
116 PB10A PB11A PB13A PB16A I/0
117 PB10B PB11B PB13B PB16B I/0
148 PB10C PB11C PB13C PB16C I/0
119 PB10D PB11D PB13D PB16D I/0
120 Vss Vss Vss Vss Vss
121 PB11A PB12A PB14A PB17A I/0
122 PB14B PB12B PB14D PB17D I/0
123 PB11C PB12C PB15A PB18A I/0
124 PB11D PB12D PB15D PB18D I/0
125 PB12A PB13A PB16A PB19A I/0-HDC
126 PB12B PB13B PB16D PB19D I/0
127 PB12C PB13C PB17A PB20A I/0
128 PB12D PB13D PB17D PB20D I/0
129 VDD VDD VDD VDD VDD
130 PB13A PB14A PB18A PB21A I/O-LDC
131 PB13B PB14B PB18B PB21D I/0
132 PB13C PB14C PB18C PB22A I/0
133 PB13D PB14D PB18D PB22D I/0
134 PB14A PB15A PB19A PB23A I/0

Note: The OR2TxxA and OR2TxxB series are not offered in the 304-pin SQFP/SQFP2 packages.
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Table 26. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
135 PB14B PB15B PB19B PB24A I/0
136 PB14D PB15D PB19D PB24D I/0
137 PB15A PB16A PB20A PB25A I/O-INIT
138 PB15D PB16D PB20D PB25D 1/O
139 PB16A PB17A PB21A PB26A I/0
140 PB16D PB17D PB21D PB26D I/0
141 Vss Vss Vss Vss Vss
142 PB17A PB18A PB22A PB27A I/0
143 PB17B PB18B PB22B PB27B 1/©
144 PB17C PB18D PB22D PB27D I/O
145 PB17D PB19A PB23A PB28A YO
146 PB18A PB19D PB23D PB28D I/O
147 PB18B PB20A PB24A PB29A /0
148 PB18C PB20B PB24B PB29D I/0
149 PB18D PB20D PB24D PB30D I/0
150 Vss Vss Vss Vss Vss
151 DONE DONE DONE DONE DONE
152 VDD VDD \/DD VDD VDD
153 Vss Vss Vss Vss Vss
154 RESET RESET RESET RESET RESET
155 PRGM PRGM PRGM PRGM PRGM
156 PR18A PR20A PR24A PR30A 1/0-MO
157 PR18B PR20C PR24C PR29A I/O
158 PR18C PR20D PR24D PR29D I/0
159 PR18D PRT9A PR23A PR28A I/0
160 PR17A PR19D PR23D PR28D I/0
161 PR17B PR18A PR22A PR27A I/0
162 PR17C PR18B PR22B PR27B IO
163 PR17D PR18D PR22D PR27D I/0
164 Vss VsS Vss Vss Vss
165 PR16A PR17A PR21A PR26A I/0
166 PR16D PR17D PR21D PR25A I/0
167 PR15A PR16A PR20A PR24A I/0
168 PR15C PR16C PR20C PR24D I/0
169 PR15D PR16D PR20D PR23D 1/0-M1
170 PR14A PR15A PR19A PR22A I/0
171 PR14C PR15C PR19C PR22C I/0
172 PR14D PR15D PR19D PR22D I/0
173 PR13A PR14A PR18A PR21A I/0
174 PR13C PR14C PR18C PR21C IO
175 PR13D PR14D PR18D PR21D IO
176 VDD VDD VDD VDD VDD
177 PR12A PR13A PR17A PR20A I/0-M2
178 PR12B PR13B PR17D PR20D I/0
179 PR12C PR13C PR16A PR19A I/0

Note: The OR2TxxA and OR2TxxB series are not offered in the 304-pin SQFP/SQFP2 packages.
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Pin Information (continued)

Table 26. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
180 PR12D PR13D PR16D PR19D /0
181 PR11A PR12A PR15A PR18A 1/0-M3
182 PR11B PR12B PR15D PR48D /10
183 PR11C PR12C PR14A PR17A /0
184 PR11D PR12D PR14D PR17D 10
185 Vss Vss Vss Vss Vss
186 PR10A PR11A PR13A PR16A /10
187 PR10B PR11B PR13B PR16B /O
188 PR10C PR11C PR13¢€ PR16C /(@)
189 PR10D PR11D PR13D PR16D I/0
190 VDD VDD \/DD VDD VDD
191 PR9A PR10A PR12A PR15A 1/0
192 PR9B PR10B PR12B PR15B /10
193 PRoC PR10C PR12C PR15C /10
194 PROD PR10D PR12D PR15D /10
195 Vss Vss Vss Vss Vss
196 PR8A PR9A PR11A PR14A /0
197 PR8B PR9B PR11D PR14D /0
198 PR8C PROC PR10A PR13A /10
199 PR8D PR9D PR10D PR13D /10
200 PR7A PR8SA PR9A PR12A I/0-CS1
201 PR7B PR8B PROD PR12D /10
202 PR7C PR8C PR8A PR11A I/0
203 PR7D PR8D PR8D PR11D I/0
204 VDD VDD VDD VDD VDD
205 PR6A PR7A PR7A PR10A I/0-CS0
206 PR6B PR7B PR7B PR10B /10
207 PR6C PR7C PR7C PR10C 110
208 PR6D PR7D PR7D PR10D /0
209 PR5A PR6A PR6GA PR9A /0
210 PR5B PR6B PR6B PR9B /10
211 PR5C PR6C PR6C PR9C I/0
212 PR5D PR6D PR6D PR9D 1/0
213 PR4A PR5A PR5A PR8A 1/0-RD
214 PR4B PR5B PR5B PR7A /0
215 PR4D PR5D PR5D PRGA /0
216 PR3A PR4A PR4A PR5A /10
217 Vss Vss Vss Vss Vss
218 PR2A PR3A PR3A PR4A I/0O-WR
219 PR2B PR3B PR3B PR4B /10
220 PR2C PR2A PR2A PR3A /0
221 PR2D PR2D PR2D PR3D /0
222 PR1A PR1A PR1A PR2A /10
223 PR1B PR1B PR1B PR2D /10
224 PR1C PR1C PR1C PR1A /10

Note: The OR2TxxA and OR2TxxB series are not offered in the 304-pin SQFP/SQFP2 packages.
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Table 26. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
225 PR1D PR1D PR1D PR1D /0
226 Vss Vss Vss Vss Vss
227 RD_CFGN RD_CFGN RD_CFGN RD_CFGN RD_CFGN
228 VDD VDD VDD VDD VDD
229 Vss Vss Vss Vss Vss
230 VDD VDD VDD VDD VDD
231 Vss Vss Vss Vss Vss
232 PT18D PT20D PT24D PT30D /O
233 PT18C PT20C PT24C PT30A 1/©
234 PT18B PT20A PT24A PT29A /O
235 PT18A PT19D PT23D PT28D I/O
236 PT17D PT19A PT23A PT28A l/@-RDY/RCLK
237 PT17C PT18D P122D PT27D /(@]
238 PT17B PT18C PT22C PT27C /0
239 PT17A PT18A PT22A PT27A /0
240 Vss Vss Vss Vss Vss
241 PT16D PT17D PT21D PT26D I/0
242 PT16C PT17C P121C PT26C 1/0
243 PT16A PT17A PT21A PT26A /10
244 PT15D PT16D PT20D PT25D I/10-D7
245 PT15A PT16A PT20A PT25A /0
246 PT14D PT15D PT19D PT24D 110
247 PT14A PT15A PT19A PT23D I/0
248 PT13D PT14D PT18D PT22D /0
249 PT13C PT14C RPT18C PT22A 110
250 PT13B PT14B PT18B PT21D I/0-D6
251 PT13A PT14A PT18A PT21A /0
252 \V/bD VDD VDD VDD VDD
253 PT12D PT13D PT17D PT20D I/0
254 PT12C PT13C PT17A PT20A 1/0
255 PT12B PT13B PT16D PT19D /10
256 PT12A PT13A PT16A PT19A I/10-D5
257 PT11D PT12D PT15D PT18D /10
258 PT11C PT12C PT15A PT18A /0
259 PT11B PT12B PT14D PT17D /0
260 PT19A PT12A PT14A PT17A I/10-D4
261 Vss Vss Vss Vss Vss
262 PT10D PT11D PT13D PT16D /10
263 PT10C PT11C PT13C PT16C /10
264 PT10B PT11B PT13B PT16B /10
265 PT10A PT11A PT13A PT16A I/10-D3
266 Vss Vss Vss Vss Vss
267 PTOD PT10D PT12D PT15D /10
268 PTOC PT10C PT12C PT15C /10
269 PTOB PT10B PT12B PT15B /10

Note: The OR2TxxA and OR2TxxB series are not offered in the 304-pin SQFP/SQFP2 packages.
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Pin Information (continued)

Table 26. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
270 PT9A PT10A PT12A PT15A l/0-D2
271 Vss Vss Vss Vss Vss
272 PT8D PTOD PT11D 1/0-D1
273 PT8C PT9C PT11A /0
274 PT8B PT9B PT10D /0
275 PT8A PT9A PT10A 1/0-DO/DIN
276 PT7D PT8D PT9D
277 PT7C PT8C PT9A
278 PT7B PT8B
279 PT7A PT8A
280 VDD VDD
281 PT6D PT7D
282 PT6C PT7C /0
283 PT6B PT7B /0
284 PT6A PT7A /0
285 PT5D /0
286 PT5C /0
287 PT5B 1/0
288 PT5A PT7A l/O-TDI
289 PT4D PT6D /0
290 PT4A PT6A /0
291 PT3D PT5D /0
292 PT3A T4A PT5A I/O-TMS
293 5 : Vss Vss
294 2D PT3D PT4D /0
295 T2 PT3A PT4A /0
296 PT2B, 4 PT2D PT3D /0
297 4 PT2A PT2A PT3A /0
98 | " RTID PT1D PT1D PT2D /0
299 4 PT1C PT1C PT1C PT2A 1/0
300 | PTIB 4| " PTB PT1B PT1D /0
01 | 4"\ PT1A PT1A PT1A I/0-TCK
' 302 Vs -/ Vss Vss Vss Vss
303 RD_DATA/TD® ~ RD_DATA/TDO RD_DATA/TDO RD_DATA/TDO RD_DATA/TDO
804 VBDh, VDD VDD VDD VDD
Note: The OR2 %’ xxB series are not offered in the 304-pin SQFP/SQFP2 packages.
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Table 27. OR2C10A, OR2C12A, OR2C/2T15A/B, OR2T26A, and OR2T40A/B 352-Pin PBGA

Pinout
Pin 2C10A Pad 2C12A Pad | 2C/2T15A/B Pad| 2T26A Pad | OR2T40A/B Pad| Function
B1 PL1D PL1D PL1D PL1D PL1D I/0
c2 PL1C PL1C PL1C PL1C PLEAA I/0
C1 PL1B PL1B PL1B PL1B PL2D I/0
D2 PL1A PL1A PL1A PL1A PIE2A I/0
D3 PL2D PL2D PL2D PL2D PL3D I/0-A0
D1 PL2C PL2C PL2A PL2A PL3A 11O
E2 PL2B PL2B PL3D PL3D PL4D I/Q
E4 — — PL3B PL3B PL4B I/0
E3 PL2A PL2A PL3A PL3A PL4A IO
E1 PL3D PL3D PL4D PL4D VDDS 1/0-VDD5
F2 — PL3C PL4C PL4C RL5C I/0
G4 PL3C PL3B PL4B PL4B PL5B I/0
F3 — PL3A PL4A PL4A PLED I/0
F1 PL3B PL4D PL5D PL5D PL7D I/0
G2 — PL4C PL5C PL5C PL7C I/0
G1 — PL4B PL5B PL5B PL7B I/0
G3 PL3A PL4A PL5A PL5A PL8D I/O-A1
H2 PL4D PL5D PL6D PL6D PL9D I/0
J4 PL4C PL5C PL6C PL6C PL9C I/O
HA1 PL4B PL5B PL6EB PL6B PL9B I/0
H3 PL4A PL5A PLGA PL6A PL9A I/O-A2
J2 PL5D PL6D PL7D PL7D PL10D I/0
J1 PL5C PL6C PL7C PL7C PL10C I/0
K2 PL5B PL6B PL7B PL7B PL10B I/0
J3 PL5A PL6A PL7A PL7A PL10A I/O-A3
K1 PLED PL7D PL8D PL8D PL11D I/0
K4 PL6C PL7C PL8C PL8A PL11A I/0
L2 PL6B PLZB PL8B PL9D PL12D I/0
K3 PLG6A PL7A PL8A PL9A PL12A I/O-A4
L1 PL7D PL8D PL9D PL10D PL13D I/O-A5
M2 PL7C PL8C PLOC PL10A PL13A I/0
M1 PL7B PL8B PL9B PL11D PL14D I/0
L3 PL7A PL8A PL9A PL11A PL14A I/O-A6
N2 PL8D PLOD PL10D PL12D PL15D I/0
M4 PL8C PLOC PL10C PL12C PL15C I/0
N1 PL8B PL9B PL10B PL12B PL15B I/0
M3 PL8A PL9A PL10A PL12A PL15A I/O-A7
P2 PL9D PL10D PL11D PL13D PL16D I/0
Notes:

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 27. OR2C10A, OR2C12A, OR2C/2T15A/B, OR2T26A, and OR2T40A/B 352-Pin PBGA
Pinout (continued)

Pin 2C10A Pad 2C12A Pad | 2C/2T15A/B Pad| 2T26A Pad | OR2T40A/B Pad| Function
P4 PL9C PL10C PL11C PL13C \/BD5 I/O-VDD5
P1 PLOB PL10B PL11B PL13B PL16B I/0
N3 PLOA PL10A PL11A PL13A PLE16A I/O-A8
R2 PL10D PL11D PL12D PL14D PL17D I/0O-A9
P3 PL10C PL11C PL12C PL14A PL17A I/0
R1 PL10B PL11B PL12B PL15D PL18D I/0
T2 PL10A PL11A PL12A PL15A PL18A I/0-A10
R3 PL11D PL12D PL13D PL16D PL19D I/0
T1 PL11C PL12C PL13C PL16A PL19A I/0
R4 PL11B PL12B PL13B PL17D PL20D I/O
u2 PL11A PL12A PE13A PL17A PL20A I/0-A11
T3 PL12D PL13D PL14D PL18D PL21D I/0-A12
U1 — PL13C PL14C PL18C PL21C I/0
U4 PL12C PL13B PL14B PL18B PL21B I/0
V2 — PL13A PL14A PL18A PL21A I/0
U] PL12B PL14D PL15D PL19D PL22D I/0
V1 PL12A PL14C PL15C PL19C PL22C I/0
W2 PL13D PL14B PL15B PL19B PL22B I/0-A13
Wi1 PL13C PL14A PL15A PL19A PL22A I/0
V3 PL13B PL15D PL16D PL20D PL23D I/0
Y2 PL13A RL15C PL16C PL20C PL23C I/0
W4 PL14D PL15B PL16B PL20B PL24D I/0
Y1 - PL15A PL16A PL20A PL25D I/0
W3 PL14C PL16D PL17D PL21D PL25A I/0-A14
AA2 PL14B PL16C PL17C PL21C PL26C I/O
Y4 PL14A RPL16B PL17B PL21B PL26B I/0
AA1 g PL16A PL17A PL21A PL26A I/0
Y3 PL15D PL17D PL18D PL22D VDD5 I/O-VDD5
AB2 PL15C PL17C PL18C PL22C PL27C I/O
AB1 PL15B PL17B PL18A PL22A PL27A I/0
AA3 PL15A PL17A PL19D PL23D PL28D I/0
AC2 PL16D PL18D PL19C PL23C PL28C I/O
AB4 PL16C PL18C PL19A PL23A PL28A I/0
AC1 PL16B PL18B PL20D PL24D PL29A I/0
AB3 — — PL20C PL24C PL30C I/O
AD2 — — PL20B PL24B PL30B I/O
AC3 PL16A PL18A PL20A PL24A PL30A I/0-A15
AD1 CCLK CCLK CCLK CCLK PCCLK CCLK
AF2 PB1A PB1A PB1A PB1A PB1A I/0-A16
Notes:

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 27. OR2C10A, OR2C12A, OR2C/2T15A/B, OR2T26A, and OR2T40A/B 352-Pin PBGA
Pinout (continued)

Pin 2C10A Pad 2C12A Pad | 2C/2T15A/B Pad| 2T26A Pad | OR2T40A/B{Pad| Function
AE3 — — PB1B PB1B PB1B I/0
AF3 PB1B PB1B PB1C PB1C PB2A I/0
AE4 PB1C PB1C PB1D PB1D PB2D lfe
AD4 PB1D PB1D PB2A PB2A PB3A IO
AF4 PB2A PB2A PB2D PB2D VDDb5 I/0-VDD5
AE5 — PB2B PB3A PB3A PB4A /O
AC5 PB2B PB2C PB3C PB3C PB4C I/0
AD5 — PB2D PB3D PB3D PB4D I/0
AF5 PB2C PB3A PB4A PB4A PB5A /@
AE6 PB2D PB3B PB4B PB4B PB5B 7O
AC7 PB3A PB3C PB4C PB4C PBSC IO
AD6 PB3B PB3D PB4D PB4D PB5D I/1O-A17
AF6 — PB4A PB5A PB5A PB6A I/0
AE7 PB3C PB4B PB5B PB5B PB6B I/O
AF7 — PB4C PB5C PB5C PB6C IO
AD7 PB3D PB4D PBSD PB5D PB6D I/0
AES8 PB4A PB5A PB6A PB6A PB7A IO
AC9 PB4B PB5B PB6B PB6B PB7D IO
AF8 PB4C PB5C PB6C PB6C PB8A I/0
AD8 PB4D PB5D PB6D PB6D PB8D IO
AE9 PB5A PB6A PB7A PB7A PB9A I/0
AF9 PB5B PB6B PB7B PB7B PBAD I/0
AE10 PB5C PB6C PB7C PB7C PB10A IO
AD9 PB5D PB6D PB7D PB7D PB10D I/0
AF10 PB6A PB7A PB8A PB8A PB11A IO
AC10 PB6B PB7B PB8B PB8D PB11D I/0
AE11 PB6C PB7C PB8C PB9A PB12A I/0
AD10 PB6D PB7D. PB8D PBaD PB12D IO
AEAd PB7A PB8A PB9A PB10A PB13A IO
AE12 PB7B PB8B PB9B PB10D PB13D I/0
AF12 PB7C PB8C PBOC PB11A PB14A I/O
AD14 PB7D PB8D PBOD PB11D PB14D IO
AE13 PB8A PBY9A PB10A PB12A PB15A I/0
AC12 PB8B PB9B PB10B PB12B PB15B IO
AF13 PB8C PBOC PB10C PB12C PB15C IO
AD12 PB8D PBAD PB10D PB12D PB15D I/0
AE14 PB9A PB10A PB11A PB13A PB16A IO
AC14 PB9B PB10B PB11B PB13B PB16B I/0
AF14 PBOC PB10C PB11C PB13C PB16C I/0

Notes:
The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 27. OR2C10A, OR2C12A, OR2C/2T15A/B, OR2T26A, and OR2T40A/B 352-Pin PBGA
Pinout (continued)

Pin 2C10A Pad 2C12A Pad | 2C/2T15A/B Pad| 2T26A Pad | OR2T40A/B Pad| Function
AD13 PBaD PB10D PB11D PB13D PB46D I/0
AE15 PB10A PB11A PB12A PB14A VDD5 I/O-VDD5
AD14 PB10B PB11B PB12B PB14D PB17D I/0
AF15 PB10C PB11C PB12C PB15A PB18A I/0
AE16 PB10D PB11D PB12D PB15D PB18D I/0
AD15 PB11A PB12A PB13A PB16A PB19A I/O-HDC
AF16 PB11B PB12B PB13B PB16D PB19D I/0
AC15 PB11C PB12C PB13C PB17A PB20A I/0
AE17 PB11D PB12D PB13D PB17D PB20D I/0
AD16 PB12A PB13A PB14A PB18A PB2TA I/O-LDC
AF17 PB12B PB13B PB14B PB18B PB21D I/0
AC17 PB12C PB13C PB14C PB18C PB22A I/0
AE18 PB12D PB13D PB14D PB18D PB22D I/0
AD17 PB13A PB14A PB15A PB19A PB23A I/0
AF18 PB13B PB14B PB15B PB19B PB24A I/0
AE19 — PB14C PB15C PB19C PB24C I/0
AF19 PB13C PB14D PB15D PB19D PB24D I/0
AD18 PB13D PB15A PB16A PB20A PB25A I/O-INIT
AE20 — PB15B PB16B PB20B PB25B I/0
AC19 PB14A PB15C PB16C PB20C PB25C I/0
AF20 — RB15D PB16D PB20D PB25D I/0
AD19 PBi14B PB16A PB17A PB21A VDD5 I/O-VDD5
AE21 PB14C PB16B PB17B PB21B PB26B I/0
AC20 PB14D PB16C PB17C PB21C PB26C I/0
AF21 PB15A PB16D PB17D PB21D PB26D I/0
AD20 PB15B PB17A PB18A PB22A PB27A I/0
AE22 PB15C PB17B PB18B PB22B PB27B I/0
AF22 PB15D PB17C PB18D PB22D PB27D I/0
AD21 PB16A PB17D PB19A PB23A PB28A I/O
AE23 — - PB19C PB23B PB28B I/0
AC22 PB16B PB18A PB19D PB23D PB28D I/0
AF23 PB16C PB18B PB20A PB24A PB29A I/0
AD22 PB16D PB18C PB20B PB24B PB29D I/0
AE24 — — PB20C PB24C PB30C I/0
AD23 — PB18D PB20D PB24D PB30D I/O
AF24 DONE DONE DONE DONE PDONE DONE
AE26 RESET RESET RESET RESET PRESETN RESET
AD25 PRGM PRGM PRGM PRGM PPRGMN PRGM
AD26 PR16A PR18A PR20A PR24A PR30A I/0-MO0

Notes:

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 27. OR2C10A, OR2C12A, OR2C/2T15A/B, OR2T26A, and OR2T40A/B 352-Pin PBGA
Pinout (continued)

Pin 2C10A Pad 2C12A Pad | 2C/2T15A/B Pad| 2T26A Pad | OR2T40A/B{Pad/ Function
AC25 PR16B PR18B PR20C PR24C PR29A I/0
AC24 PR16C PR18C PR20D PR24D PR29D I/0
AC26 PR16D PR18D PR19A PR23A PR28A I/O
AB25 PR15A PR17A PR19D PR23D PR28D I/0
AB23 PR15B PR17B PR18A PR22A PR27A I/0
AB24 PR15C PR17C PR18B PR22B PR27B I/O
AB26 PR15D PR17D PR18D PR22D PR27D I/
AA25 PR14A PR16A PR17A RPR2TA PR26A I/0

Y23 PR14B PR16B PR17B PR21B PR26B 1/Q
AA24 PR14C PR16C PR17C PR21C PR26C 17O
AA26 — PR16D PR17D PR21D PR25A 1’0

Y25 PR14D PR15A PR16A PR20A PR24A I/0

Y26 — PR15B PR16B PR20B PR24B I/0

Y24 PR13A PR15C PR16C PR20C PR24D I/0
W25 PR13B PR15D PR16D PR20D PR23D I/O-M1

V23 PR13C PR14A PR15A PR19A PR22A I/0
W26 — PR14B PR15B PR19B PR22B I/0
W24 PR13D PR14GC PR15C PR19C PR22C I/O

V25 PR12A PR14D PR15D PR19D VDD5 I/O-VDD5

V26 PR12B PR13A PR14A PR18A PR21A I/0

u25 — PR13B PR14B PR18B PR21B I/0

V24 PR12C PR13C PR14C PR18C PR21C I/O

uz26 PR12D PR13D PR14D PR18D PR21D I/0

u23 PR11A PR12A PR13A PR17A PR20A I/0-M2

T25 PR11B PR12B PR13B PR17D PR20D I/0

u24 PR11C PR12C PR13C PR16A PR19A I/0

T26 PR11D PR12D PR13D PR16D PR19D I/0

R25 PR10A PRA1A PR12A PR15A PR18A I/O-M3

R26 PR10B PR11B PR12B PR15D PR18D I/0

T24 PR10C PR11C PR12C PR14A PR17A I/0

P25 PR10D PR11D PR12D PR14D PR17D I/0

R23 PR9A PR10A PR11A PR13A PR16A I/0

P26 PR9B PR10B PR11B PR13B PR16B I/0

R24 PR9C PR10C PR11C PR13C PR16C I/0

N25 PR9D PR10D PR11D PR13D PR16D I/0

N23 PR8A PR9A PR10A PR12A PR15A I/0

N26 PR8B PR9B PR10B PR12B PR15B I/0

P24 PR8C PR9C PR10C PR12C PR15C I/O

M25 PR8D PR9D PR10D PR12D PR15D I/0

Notes:

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 27. OR2C10A, OR2C12A, OR2C/2T15A/B, OR2T26A, and OR2T40A/B 352-Pin PBGA
Pinout (continued)

Pin 2C10A Pad 2C12A Pad | 2C/2T15A/B Pad| 2T26A Pad | OR2T40A/B Pad| Function
N24 PR7A PR8A PR9A PR11A \VBD5 I/0O-VDD5
M26 PR7B PR8B PRoB PR11D PR14D IO
L25 PR7C PR8C PR9C PR10A PR13A IO
M24 PR7D PR8D PR9D PR10D PR13D IO
L26 PR6A PR7A PR8A PR9A PR12A I/0-CS1
M23 PR6B PR7B PR8B PR9D PR12D I/0
K25 PR6C PR7C PR8C PR8A PR11A IO
L24 PR6D PR7D PR8D PR8D PR11D I/0
K26 PR5A PR6A PR7A PR7A PR10A I/0-CSo
K23 PR5B PR6B PR7B PR7B PR10B IO
J25 PR5C PR6C PR7C PR7C PR10C IO
K24 PR5D PR6D PR7D PR7D PR10D IO
J26 PR4A PR5A PREA PR6A PROA I/0
H25 PR4B PR5B PR6B PREB PR9B e}
H26 PR4C PR5C PReC PR6C PR9C IO
J24 PR4D PR5D PR6D PR6D PRoD I/0
G25 PR3A PR4A PR5A PRSA PR8A I/O-RD
H23 PR3B PR4B PR5B PR5B PR7A IO
G26 — PR4C PR5C PR5C PR7C IO
H24 PR3C PR4D PRSD PR5D PR6A I/0
F25 PR3D PR3A PR4A PR4A VbD5 I/0O-VDD5
G23 == PR3B PR4B PR4B PR5B IO
F26 = PR3C PR4C PR4C PR5C I/0
G24 < PR3D PR4D PR4D PR5D IO
E25 PR2A PR2A PR3A PR3A PR4A I/O-WR
E26 PR2B PR2B PR3B PR3B PR4B IO
F24 4 L — PR3D PR3D PR4D IO
D25 PR2C PR2C PR2A PR2A PR3A IO
E23 PR2D PR2D PR2D PR2D PR3D I/0
D26 PR1A PR1A PR1A PR1A PR2A I/0
E24 PR1B PR1B PR1B PR1B PR2D I/O
C25 PR1C PR1C PR1C PR1C PR1A I/0
D24 PR1D PR1D PR1D PR1D PR1D IO
C26 RD_CFGN RD_CFGN RD_CFGN RD_CFGN RD_CFGN RD_CFGN
A25 PT16D PT18D PT20D PT24D PT30D IO
B24 PT16C PT18C PT20C PT24C PT30A I/0
A24 — — PT20B PT24B PT29B IO
B23 PT16B PT18B PT20A PT24A PT29A IO
Cc23 PT16A PT18A PT19D PT23D PT28D IO

Notes:
The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 27. OR2C10A, OR2C12A, OR2C/2T15A/B, OR2T26A, and OR2T40A/B 352-Pin PBGA

Pinout (continued)

Pin 2C10A Pad 2C12A Pad | 2C/2T15A/B Pad| 2T26A Pad | OR2T40A/B{Pad/ Function
A23 PT15D PT17D PT19A PT23A PT28A I/O-RDY/

RCLK
B22 PT15C PT17C PT18D PT22D PT27D I/0
D22 PT15B PT17B PT18C PT22C PT27C I/O
Cc22 PT15A PT17A PT18A PT22A PT27A I/0
A22 PT14D PT16D PT17D PT21D PT26D 1O
B21 PT14C PT16C PT17C PT21C PT26C I/Q
D20 PT14B PT16B PT17B RPT21B PT26B I/0
C21 PT14A PT16A PT17A PT21A PT26A 1O
A21 PT13D PT15D PT16D PT20D PT25D 1/0-D7
B20 — PT15C PT16C PT20C PT25C I/0
A20 PT13C PT15B PT16B PT20B PT25B I/0
C20 — PT15A PT16A PT20A PT25A I/0
B19 PT13B PT14D PT15D PT19D VbD5 I/O-VDD5
D18 — PT14C PT15C PT19C PT24C I/0
A19 PT13A PT14B PT15B PT19B PT24B I/0
C19 — PT14A PT15A PI19A PT23D I/0
B18 PT12D PT13D PT14D PT18D PT22D I/0
A18 PT12C PT13C PT14C PT18C PT22A I/0
B17 PT12B PT13B PT14B PT18B PT21D 1/0-D6
ci18 PT12A PT13A PT14A PT18A PT21A I/0
A17 PT11D PT12D PT13D PT17D PT20D I/0
D17 PT11C PT12C PT13C PT17A PT20A I/0
B16 PT11B PT12B PT13B PT16D PT19D I/0
C17 PT11A PT12A PT13A PT16A PT19A 1/0-D5
A16 PT10D PT11D PT12D PT15D PT18D I/0
B15 PT10C PT11C PT12C PT15A PT18A I/0
A15 PT10B PTi4B PT12B PT14D PT17D I/0
Ci6 PT10A PT11A PT12A PT14A PT17A 1/0-D4
B14 PT9D PT10D PT11D PT13D PT16D 1’0
D15 PTOC PT10€C PT11C PT13C PT16C I/0
Al14 PT9B PT10B PT11B PT13B PT16B I/0
C15 PT9A PTT0A PT11A PT13A PT16A 1/0-D3
B13 PT8D PT9D PT10D PT12D PT15D I/0
D13 PT8C PT9C PT10C PT12C PT15C I/0
A13 PT8B PT9B PT10B PT12B VDD5 I/O-VDD5
Ci14 PT8A PTOA PT10A PT12A PT15A I/0-D2
B12 PT7D PT8D PT9D PT11D PT14D 1/0-D1
C13 PT7C PT8C PT9C PT11A PT14A I/0

Notes:

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 27. OR2C10A, OR2C12A, OR2C/2T15A/B, OR2T26A, and OR2T40A/B 352-Pin PBGA
Pinout (continued)

Pin 2C10A Pad 2C12A Pad | 2C/2T15A/B Pad| 2T26A Pad | OR2T40A/B Pad| Function
A12 PT7B PT8B PT9B PT10D PT13D IO
B11 PT7A PT8A PT9A PT10A PT13A I/0-DO/DIN
Cc12 PTeD PT7D PT8D PTOD PT12D I/0
A1 PT6C PT7C PT8C PT9A PT12A IO
D12 PT6B PT7B PT8B PT8D PT11D I/0
B10 PT6A PT7A PT8A PT8A/ PT11A I/0-DOUT
C11 PT5D PT6D PT7D PTZD PT10D IO
A10 PT5C PT6C PT7C PT7C PT10A I/0
D10 PT5B PT6EB PT7B PT7B PT9D IO
B9 PT5A PT6A PTZA PT7A PT9A lfe
C10 PT4D PT5D PT6D PT6D PT8D, I/0
A9 PT4C PT5C PT6C PT6C PT8A I/0
B8 PT4B PT5B PT6B PT6B PT7D lfe
A8 PT4A PT5A PT6A PT6A PT7A I/O-TDI
C9 — PT4D PT5D PT5D PT6D IO
B7 PT3D PT4C PT5C PI5C PT6C 1’0
D8 — PT4B PT5B PTSB PT6B IO
A7 PT3C PT4A PT5A PT5A VbD5 I/0O-VDD5
C8 — PT3D PT4D PT4D PT5D I/0
B6 PT3B PT3C PT4C PT4C PT5C I/0
D7 — P13B PT4B PT4B PT5B IO
A6 PT3A PT3A PI4A PT4A PT5A I/O-TMS
Cc7 PT2D PT2D PT3D PT3D PT4D I/0
B5 PT2C PT2C PT3A PT3A PT4A IO
A5 PT2B PT2B PT2D PT2D PT3D IO
Cé — g PT2C PT2C PT3C IO
B4 4 L — PT2B PT2B PT3B IO
D5 PT2A PT2A PT2A PT2A PT3A IO
A4 PT1D PI1D PT1D PT1D PT2D I/0
C5 PT1C PT1C PT1C PT1C PT2A I/0
B3 PT1B PT1B PT1B PT1B PT1D IO
C4 PT1A PT1A PT1A PT1A PT1A I/0-TCK
A3 RD_DATA/TDO | RD_DATA/TDO | RD_DATA/TDO | RD_DATA/TDO| RD_DATA/TDO | RD_DATA/
TDO
A1 Vss Vss Vss Vss Vss Vss
A2 Vss Vss Vss Vss Vss Vss
A26 Vss Vss Vss Vss Vss Vss
AC13 Vss Vss Vss Vss Vss Vss
AC18 Vss Vss Vss Vss Vss Vss
AC23 Vss Vss Vss Vss Vss Vss

Notes:
The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 27. OR2C10A, OR2C12A, OR2C/2T15A/B, OR2T26A, and OR2T40A/B 352-Pin PBGA

Pinout (continued)

Pin 2C10A Pad 2C12A Pad | 2C/2T15A/B Pad| 2T26A Pad | OR2T40A/B Function
AC4 Vss Vss Vss Vss
AC8 Vss Vss Vss Vss
AD24 Vss Vss Vss Vss
AD3 Vss Vss Vss Vss Vss
AE1 Vss Vss Vss Vss
AE2 Vss Vss Vss
AE25 Vss Vss Vss Vs
AF1 Vss Vss Vss
AF25 Vss Vss Vss
AF26 Vss Vss Vss
B2 Vss Vss Vss
B25 Vss Vss
B26 Vss Vss V
C24 Vss Vss
C3 Vss Vss
D14 Vss Vss
D19 Vss Vss Vss Vss
D23 Vss Vss Vss Vss
D4 Vss Vv Vss Vss
D9 Vss Vss Vss
H4 Vss SS Vss Vss
J23 Vss Vss Vss
Vss Vss Vss
Vss Vss Vss
Vss Vss Vss
Vss Vss Vss
VDD VDD VDD
VDD VDD VDD
VDD VDD VDD
VDD VDD VDD
VDD VDD VDD
VDD VDD VDD
VDD VDD VDD
VDD VDD VDD
VDD VDD VDD
D6 VDD VDD VDD VDD VDD VDD
F23 VDD VDD VDD VDD VDD VDD
F4 VDD VDD VDD VDD VDD VDD
L23 VDD VDD VDD VDD VDD VDD
Notes:

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)

Table 27. OR2C10A, OR2C12A, OR2C/2T15A/B, OR2T26A, and OR2T40A/B 352-Pin PBGA
Pinout (continued)

Pin 2C10A Pad 2C12A Pad | 2C/2T15A/B Pad| 2T26A Pad | OR2T40A/B Pad| Function

L4 VDD VDD VDD VDD VDD VDD
T23 VDD VDD VDD VDD VDD VDD
T4 VDD VDD VDD VDD VDD VDD
L11 Vss Vss Vss Vss \/ss VSs—ETC
L12 Vss Vss Vss Vss Vss Vss—ETC
L13 Vss Vss Vss Vss Vss Vss—ETC
L14 Vss Vss Vss Vss Vss Vss—ETC
L15 Vss Vss Vss Vss Vss Vss—ETC
L16 Vss Vss Vss Vss Vss Vss—ETC
M11 Vss Vss Vss Vss VSs VSs—ETC
M12 Vss Vss \/SS Vss \/ss Vss—ETC
M13 Vss Vss Vss Vss Vss Vss—ETC
M14 Vss Vss Vss Vss Vss Vss—ETC
M15 Vss Vss VSs Vss Vss VSs—ETC
M16 Vss Vss V/ss \/SS Vss VSs—ETC
N11 Vss Vss Vss \/SS Vss Vss—ETC
N12 Vss \/SS Vss Vss Vss Vss—ETC
N13 Vss Vss Vss \/Ss Vss Vss—ETC
N14 Vss Vss Vss Vss Vss Vss—ETC
N15 Vss Vss Vss Vss Vss Vss—ETC
N16 Vss V/ss \/SS Vss Vss VSs—ETC
P11 VsS Vss \/SS Vss Vss Vss—ETC
P12 \/Ss Vss Vss Vss Vss Vss—ETC
P13 Vss Vss Vss Vss Vss Vss—ETC
P14 Vss Vss Vss Vss Vss Vss—ETC
P15 Vss \/ss Vss Vss Vss Vss—ETC
P16 \/Ss Vss Vss Vss Vss Vss—ETC
R11 Vss Vss Vss Vss Vss VSs—ETC
Ri2 Vss \/SS Vss Vss Vss Vss—ETC
R13 Vss Vss Vss Vss Vss Vss—ETC
R14 Vss Vss Vss Vss Vss Vss—ETC
R15 Vss Vss Vss Vss Vss VSs—ETC
R16 Vss Vss Vss Vss Vss Vss—ETC
T11 V/ss Vss Vss Vss Vss VSs—ETC
T12 Vss Vss Vss Vss Vss Vss—ETC
T13 Vss Vss Vss Vss Vss Vss—ETC
T14 Vss Vss Vss Vss Vss Vss—ETC
T15 Vss Vss Vss Vss Vss VSs—ETC
T16 Vss Vss Vss Vss Vss VSs—ETC

Notes:

The pins labeled I/O-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)
Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout
Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
E28 PL1D PL1D PL1D
D29 PL1C PL1C PL1A
D30 PL1B PL1B PL2D
D31 PL1A PL1A PL2A
F28 PL2D PL2D PL3D
E29 PL2C PL2C PL3C
E30 PL2B PL2B
E31 PL2A PL2A
F29 PL3D PL3D
F30 PL3C PL3C
F31 PL3B PL3B
H28 PL3A PL3A
G29 PL4D PL4D
G30 PL4C
G31 PL4B
J28 PL4A
H29 PL5D
H30 PL5C
J29 PL5B
K28 PL5A
J30 PL6D
J31 PL6C
K29 PL6B
K30 PL6 PL9A 1/0-A2
PL10D I/0
PL10C I/0
PL10B I/0
PL10A 1/0-A3
PL11D 1/O-VDD5
PL11C I/0
PL11A I/0
PL12D I/0
PL12C I/0
PL12A 1/0-A4
PL13D 1/O-A5
PL13C I/0
PL13A I/0
PL14D I/0
PL14A I/0-A6
R29 PL10D PL12D PL15D I/0
R30 PL10C PL12C PL15C I/0
R31 PL10B PL12B PL15B /0
T29 PL10A PL12A PL15A 1/0-A7
Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled 1/0-VDD5 are user 1/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)

Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
T28 PL11D PL13D PL16D I/0
T30 PL11C PL13C PL16C I/O-VDD5
U31 PL11B PL13B PL16B I/0
uU30 PL11A PL13A PL16A I/0-A8
u29 PL12D PL14D PL17D I/0-A9
V31 — PL14C PIE17C I/0
V30 PL12C PL14A PL17A I/O
V29 PL12B PL15D PL18D I/0
W31 — PL15C PL18C IO
V28 PL12A PL15A PL18A I/0-A10
W30 PL13D PL16D PLE19D I/0
W29 — PL16C PL19C I/0
Y30 PL13C PL16A PL19A I/0
W28 PL13B PL17D PL20D I/0
Y29 PL13A Pk17A PL.20A I/0-A11
AA31 PL14D PL18D PL21D I/0-A12
AA30 PL14C PL18C PL21C I/0
Y28 PL14B PL18B PL21B I/0
AA29 PL14A PL18A PL21A I/0
AB31 PL15D PL19D PL22D I/0
AB30 PL15C PL19C PL22C I/0
AB29 PLA5B PL19B PL22B I/0-A13
AC31 PL15A PLASA PL22A I/0
AC30 PL16D PL20D PL23D I/0
AB28 PL16C PL20C PL23C I/0
AC29 PL16B PL20B PL24D I/0
AD30 PIL16A PL20A PL25D I/0
AD29 PL17D Pie21D PL25A I/0-A14
AC28 PL17C PL21C PL26C I/0
AE31 PL17B PL21B PL26B I/0
AE30 PLA7ZA PL21A PL26A I/0
AE29 PLL18D PL22D PL27D I/O-VDD5
AD28 PL18C PL22C PL27C I/0
AF31 PL18B PL22B PL27B I/0
AF30 PL18A PL22A PL27A I/0
AF29 PL19D PL23D PL28D I/0
AG31 PL19C PL23C PL28C I/0
AG30 PL19B PL23B PL28B I/0
AG29 PL19A PL23A PL28A I/0
AF28 PL20D PL24D PL29A I/0
AH31 PL20C PL24C PL30C I/0
AH30 PL20B PL24B PL30B I/0
AH29 PL20A PL24A PL30A I/0-A15
AG28 CCLK CCLK CCLK CCLK

Notes:
The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled I/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)
Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)

Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
AH27 PB1A PB1A PB1A I/O-A16
AJ28 PB1B PB1B PB1B I/0
AK28 PB1C PB1C PB2A I/0
AL28 PB1D PB1D PB2D I/0
AH26 PB2A PB2A PB3A I/0
AJ27 PB2B PB2B PB3B I/0
AK27 PB2C PB2C PB3C I/0
AL27 PB2D PB2D PB3D I/O-VDD5
AJ26 PB3A PB3A PB4A 110
AK26 PB3B PB3B PB4B 1/0
AL26 PB3C PB3C PB4C 1/O
AH24 PB3D PB3D PB4D 170
AJ25 PB4A PB4A PB5A 1/Q
AK25 PB4B PB4B PB5B /(@]
AL25 PB4C PB4C PB5C I/0
AH23 PB4D PB4D PB5D I/0-A17
AJ24 PB5A PB5A PB6A I/0
AK24 PB5B PB5B RPB6B I/0
AJ23 PB5C PB5C PB6C I/0
AH22 PB5D PB5D PB6D I/0
AK23 PBGA PB6A PB7A I/0
AL23 PB6B PB6B PB7D 1/0
AJ22 PB6C PB6C PB8A 1/0
AK22 PB6D PB6D PB8D I/0
AL22 PB7A PB7A PB9A I/0
AJ21 PB7B PB7B PB9D 1/0
AH20 PB7C PB7C PB10A 1/0
AK21 PB7D PB7D PB10D 1/0
AL21 — PB8A PB11A I/O-VDD5
AJ20 PB8A PB8B PB11B I/0
AH19 PB8B PB8D PB11D I/0
AK20 PB8C PB9A PB12A I/0
AJ19 — PB9B PB12B I/0
AK19 PB8D PB9D PB12D I/0
AH18 PB9A PB10A PB13A I/0
AL19 PB9B PB10D PB13D I/0
AJ18 PB9C PB11A PB14A I/0
AK18 — PB11B PB14B I/0
AL18 PB9D PB11D PB14D I/0
AJ17 PB10A PB12A PB15A I/0
AK17 PB10B PB12B PB15B I/0
AL17 PB10C PB12C PB15C I/0
AJ16 PB10D PB12D PB15D I/0
AH16 PB11A PB13A PB16A I/0

Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled I/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)

Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
AK16 PB11B PB13B PB16B I/0
AL15 PB11C PB13C PB16C I/0
AK15 PB11D PB13D PB16D I/0
AJ15 PB12A PB14A PB17A I/O-VDD5
AL14 PB12B PB14D PB17D I/0
AK14 PB12C PB15A PB18A I/0
AJd14 — PB15B PB18B I/O
AL13 PB12D PB15D PB18D I/0
AH14 PB13A PB16A PB19A I/0-HDC
AK13 — PB16B PB19B I/O.
AJ13 PB13B PB16D PB19D I/0
AK12 PB13C PB17A PB20A I/0
AH13 — PB17B PB20B I/0
AJ12 PB13D PB17D. PB20D I/0
AL11 PB14A PB18A PB21A I/O-LDC
AK11 PB14B PB18B PB21D I/0
AH12 PB14C PB18C PB22A I/0
AJ11 PB14D PB18D PB22D I/0
AL10 PB15A PB19A PB23A I/0
AK10 PB15B PB19B PB24A I/0
AJ10 PB15C PB19C PB24C I/0
AL9 PB15D PB19D PB24D I/0
AK9 PB16A PB20A PB25A I/O-INIT
AH10 PB16B PB20B PB25B I/0
AJ9 PB16C PB20C PB25C I/0
AK8 PB16D PB20D PB25D I/0
AJ8 PB17A PB21A PB26A I/O-VDbD5
AH9 PB17B PB21B PB26B I/0
AL7 PB17C PB21C PB26C I/0
AK7 PB17D PB21D PB26D I/0
AJ7 PB18A PB22A PB27A I/0
AH8 PB18B PB22B PB27B I/0
AL6 PB18C PB22C PB27C I/0
AK6 PB18D PB22D PB27D I/0
AJ6 PB19A PB23A PB28A I/0
AL5 PB19B PB23B PB28B I/0
AK5 PB19C PB23C PB28C I/0
AJ5 PB19D PB23D PB28D I/0
AH6 PB20A PB24A PB29A I/0
AL4 PB20B PB24B PB29D I/0
AK4 PB20C PB24C PB30C I/0
AJ4 PB20D PB24D PB30D I/0
AH5 DONE DONE DONE DONE
AG4 RESET RESET RESET RESET

Notes:
The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled I/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)
Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)
Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
AH3 PRGM PRGM PRGM PRGM
AH2 PR20A PR24A PR30A 1/0-M0O
AH1 PR20B PR24B PR30B 1/0
AF4 PR20C PR24C PR29A I/0
AG3 PR20D PR24D PR29D 1/0
AG2 PR19A PR23A PR28A I/O-VDD5
AG1 PR19B PR23B PR28B I/0
AF3 PR19C PR23C PR28C 10
AF2 PR19D PR23D PR28D IQ
AF1 PR18A PR22A PR27A I/0
AD4 PR18B PR22B PR27B 1/O
AE3 PR18C PR22C PR27C 170
AE2 PR18D PR22D PR27D 1/Q
AE1 PR17A PR21A PR26A /(@]
AC4 PR17B PR21B PR26B I/0
AD3 PR17C PR24C PR26C I/0
AD2 PR17D PR21D PR25A I/0
AC3 PR16A PR20A PR24A I/0
AB4 PR16B PR20B PR24B I/0
AC2 PR16C PR20C PR24D I/0
ACA1 PR16D PR20D PR23D 1/0-M1
AB3 PR15A PR19A PR22A I/0
AB2 PR15B PR19B PR22B I/0
AB1 PR15C PR19C PR22C I/0
AA3 PR15D PR19D PR22D I/O-VDD5
Y4 PR14A PR18A PR21A 1/0
AA2 PR14B PR18B PR21B I/0
AA1 PR14C PR18C PR21C I/0
Y3 PR14D PR18D PR21D I/0
W4 PR13A PR17A PR20A 1/0-M2
Y2 PR13B PR17D PR20D I/0
W3 PR13C PR16A PR19A 1/0
W2 PR13D PR16B PR19B I/0
V4 — PR16D PR19D I/0
Wi PR12A PR15A PR18A 1/0-M3
V3 — PR15D PR18D I/0
V2 PR12B PR14A PR17A I/0
V1 PR12C PR14B PR17B I/0
u3 PR12D PR14D PR17D I/0
u2 PR11A PR13A PR16A I/0
U1 PR11B PR13B PR16B I/0
T3 PR11C PR13C PR16C 110
T4 PR11D PR13D PR16D I/0
T2 PR10A PR12A PR15A 1/0
Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled I/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)

Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
R1 PR10B PR12B PR15B 110
R2 PR10C PR12C PR15C I/0
R3 PR10D PR12D PR15D I/0
P1 PR9A PR11A I/O-VDD5
P2 PR9B PR11C I/0
P3 PR9C PR11D I/0
N1 — PR10A O
P4 PR9D PR10C
N2 — PR10D
N3 PR8A PR9A
M2 PR8B
N4 PR8C
M3 PR8D [ I/0
L1 PR7A I/O-CS0
L2 PR7B I/0
M4 PR7C I/0
L3 PR7D I/0
K1 PR6A I/0
K2 PR6B I/0
K3 PR6C I/0
J1 PR6 I/0
J2 I/O-RD
K4 I/0
J3 110
H2 I/0
I/0-VDD5
I/0
I/0
I/0
I/O-WR
I/0
I/0
I/0
I/0
I/0
I/0
I/0
I/0
D1 PR1B PR1B PR2D 1/0
D2 PR1C PR1C PR1A /0
D3 PR1D PR1D PR1D /0
E4 RD_CFGN RD_CFGN RD_CFGN RD_CFGN
D5 PT20D PT24D PT30D 110
C4 PT20C PT24C PT30A I/0

Notes:
The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled I/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)
Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)
Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
B4 PT20B PT24B PT29B
A4 PT20A PT24A PT29A
D6 PT19D PT23D PT28D /O
C5 PT19C PT23C PT28C
B5 PT19B PT23B PT28B
A5 PT19A PT23A
Cé6 PT18D PT22D
B6 PT18C PT22C
A6 PT18B PT22B
D8 PT18A PT22A
c7 PT17D PT21D
B7 PT17C PT21C
A7 PT17B PT21B
D9 PT17A PT21A
c8 PT16D
B8 PT16C
C9 PT16B
D10 PT16A
B9 PT15D l/O-VDD5
A9 PT15C I/0
C10 PT15B I/0
PT15A I/0
I/O
1/0
1/0-D6
I/0
I/O
I/0
I/0-VDD5
I/0
l/0-D5
I/0
I/0
I/0
I/0
I/0
Al4 1/0-D4
C15 PT16D I/O
B15 PT16C I/0
A15 PT16B I/O
Cc16 PT16A 1/0-D3
D16 PT15D I/0
B16 PT15C I/0
A17 PT15B I/O-VDD5
Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled I/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)
Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)
Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
B17 PT10A PT12A PT15A l/0-D2
C17 PT9D PT11D D1
A18 — PT11C I/0
B18 PT9C PT11A I/O
Cc18 PT9B PT10D I/O
A19 — PT10C I/0
D18 PT9A PT10A 1/0-DO/DIN
B19 PT8D PT9D
Cc19 — PT9C
B20 PT8C PT9A
D19 PT8B PT8D
C20 PT8A PT8A
A21 PT7D
B21 PT7C
D20 PT7B
c21 PT7A
A22 PT6D
B22 PT6C
Cc22 PT6B
A23 PT6A l/O-TDI
B23 1’0
D22 PT6C I/0
c23 PT6B I/O
B24 PT6A I/O-VDD5
C24 PT5D I/0
PT5C I/0
PT5B I/0
PT5A I/O-TMS
PT3D PT4D I/O
PT3C PT4C I/0
PT3B PT4B I/O
PT3A PT4A I/O
PT2D PT3D I/0
PT2C PT3C I/0
PT2B PT3B I/0
PT2A PT3A I/0
PT1D PT2D I/0
PT1C PT2A I/O
B28 PT1B PT1B PT1D I/O
c28 PT1A PT1A PT1A I/O-TCK
D27 RD_DATA/TDO RD_DATA/TDO RD_DATA/TDO RD_DATA/TDO
A12 Vss Vss Vss Vss
A16 Vss Vss Vss Vss
A2 Vss Vss Vss Vss

Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled I/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)
Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)
Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
A20 Vss Vss Vss S
A24 Vss Vss Vss
A29 Vss Vss Vss SS
A3 Vss Vss Vss
A30 Vss Vss Vss SS
A8 Vss Vss Vss Vss
AD1 Vss Vss Vss
AD31 Vss Vss Vss
AJ1 Vss Vss
AJ2 Vss Vss
AJ30 Vss Vss
AJ31 Vss Vss
AK1 Vss Vss
AK29 Vss
AK3 Vss
AK31 Vss
AL12 Vss
AL16 Vss
AL2 Vss
AL20 Vss
AL24 Vss
AL29 Vss Vss
AL3 Vss Vss
AL30 Vss Vss
ALS8 Vss Vss
Vss Vss
Vss Vss
Vss Vss
Vss Vss
Vss Vss
Vss Vss
Vss Vss
Vss Vss
Vss Vss
Vss Vss
Vss Vss
M31 Vss Vss
T1 Vss Vss
T31 Vss Vss
Y1 Vss Vss
Y31 Vss Vss
A1 VDD VDD VDD VDD
A31 VDD VDD VDD VDD
Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled I/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)

Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
AA28 VDD VDD VDD VDD
AA4 VDD VDD VDD VDD
AE28 VDD VDD VDD VDD
AE4 VDD VDD VDD
AH11 VDD VDD VDD
AH15 VDD VDD VDD
AH17 VDD VDD
AH21 VDD VDD
AH25 VDD VDD
AH28 VDD VDD
AH4 VDD VDD
AH7 VDD
AJ29 VDD
AJ3 VDD
AK2 VDD
AK30 VDD
AL1 VDD
AL31 VDD
B2 VDD
B30 VDD
C29
C3 VDD VDD
D11 VDD VDD
D15 VDD VDD
D17 VDD VDD
D21 VDD VDD
VDD VDD
VDD VDD
VDD VDD
VDD VDD
VDD VDD
VDD VDD
VDD VDD
VDD VDD
VDD VDD
VDD VDD
u28 VDD VDD
U4 VDD VDD VDD
Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.
The pins labeled I/0-VDD5 are user I/Os for the OR2CxxA and OR2TxxB series, but they are connected to VDD5 for the OR2TxxA series.
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Package Thermal Characteristics

There are three thermal parameters that are in com-
mon use: OJA,}JC, and OJC. It should be noted that all
the parameters are affected, to varying degrees, by
package design (including paddle size) and choice of
materials, the amount of copper in the test board or
system board, and system airflow.

Table 29 contains the currently available thermal speci-
fications for FPGA packages mounted on both JEDEC
and non-JEDEC test boards. The thermal values for the
newer package types correspond to those packages
mounted on a JEDEC four-layer board (indicated as
Note 2 in the table). The values for the older packages,
however, correspond to those packages mounted on a
non-JEDEGC, single-layer, sparse copper board (see
Note 1). It should also be noted that the values for the
older packages are considered conservative.

OJA

This is the thermal resistance from junction to ambient
(a.k.a. theta-JA, R-theta, etc.).

TJ-TA
Q

BOJA =

where TJ is the junction temperature, TA is the ambient
air temperature, and Q is the_chip power.

Experimentally, ®JA is determined when'a special ther-
mal test die is assembled intofthe package of interest,
and the part is mounted on the thefrmal test board. The
diodes on the test chip are separately calibrated inan
oven. The package/board is placed either in a JEDEC
natural conyvéction bexiordn the wind tunnel, the latter
for forceddconvection measurements. A controlled
amount of‘power (Q)fis dissipateddn the test'chip’s
heatér resistor)the chip’s temperature(TJ) is deter-
mined by‘the forward drop ongthe diedes, and the ambi-
enttemperature (TA) is noted. Note thati®JA is
expressedin units of °C/watt.

YJC

This JEDEC designated parameter correlates the junc-
tion temperature to the case temperature. It is generally
used to infer the junction temperature while the device
is operating in the system. It is not considered a true
thermal resistance, and it is defined by:

TJ-TC
Q

YJC =
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where TcC is the case temperature at top dead center,
TJ is the junction temperature, and Q is the chip power.
During the ®JA measurements described above,
besides the other parameters measured, an additional
temperature reading, TcC, is made with a thermocouple
attached at top-dead-center of the case.WJC is also
expressed in units of °C/watt.

eJC

This is the thermal resistance fromfjunction to case. It
is most often used when attaching a heat sink-to.the
top of the package.'ltiis defined by:

TI-Tc

0JC =

Theparameters in this equation have been defined
above. However, the measurements'is perfarmed with
the case of the part pressed against a water-cooled
heat sink so’as to draw most of the heat generated by
the chip'out the top ofithe package/li'is this difference
in the measurement process that differentiates @Jc
from WJc. ©JC is a truéthermal resistance and is
expressed indnits of °C/watt.

eJB

This is the thermal resistance from junction to board
(a.k.am®Jb), It is defined by:

TJ-TB

Q
where TB is the temperature of the board adjacent to a
lead measured with a thermocouple. The other param-
eters on the right-hand side have been defined above.
This is considered a true thermal resistance, and the
measurement is made with a water-cooled heat sink
pressed against the board so as to draw most of the
heat out of the leads. Note that ®JB is expressed in
units of °C/watt, and that this parameter and the way it
is measured is still in JEDEC committee.

0OJB =
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Package Thermal Characteristics (continued)

FPGA Maximum Junction Temperature

Once the power dissipated by the FPGA has been determined (see the Estimating Power Dissipation section), the
maximum junction temperature of the FPGA can be found. This is needed to determine ifsspeed derating of the
device from the 85 °C junction temperature used in all of the delay tables is needed. Using the.maximum ambient
temperature, TAmax, and the power dissipated by the device, Q (expressed in °C), the maxXimum junction tempera-
ture is approximated by:

TJmax = TAmax + (Q * Gua)

Table 29 lists the thermal characteristics for all packages used with the Series 2 FPGAS.

Table 29. Series 2 Plastic Package Thermal Guidelines

®ua (°C/W) TA = 70 °C max
Package 0 fom 200 fpom 500 fpm Tu = 125 2C max
@ 0 fpm (W)
84-Pin PLCC' 40.0 35.0 — 1.4
100-Pin TQFP? 30.0—27.0 26—23 24.0—21.0 1.8—2.0
144-Pin TQFP' 52.0 39.0 — 1.1
160-Pin QFP? 24.0 21.5 20.5 2.3
208-Pin SQFP? 26.5 23.0 21.0 2.1
208-Pin SQFP2? 12.8 10:3 9.1 4.3
240-Pin SQFP? 25.5 22,5 21:0 2.2
240-Pin SQFP22 13.0 10.0 9.0 4.2
256-Pin PBGA? 3 22.5 19.0 17.5 2.4
256-Pin PBGA2 4 26.0 22.0 20.5 2.1
304-Pin SQFP? 27.5 24.0 22.5 2.0
304-Pin SQFP22 12.0 10.0 9.0 4.6
352-Pin PBGA? ® 19.0 16.0 15.0 2.9
352-Pin PBGA2 * 25.5 22.0 20.5 2.1
432-PindEBGA? 11.0 8.5 7.5 5.0

1. Mounted on asparsé copper one-layer test board.

2. Mounted on four=layer JEDEC standard test board with two power/ground planes.

8. With.thermal balls connected todoard ground plane.
4. Without thermal balls connegted to board ground plane.

Note: ThetbJc for the packages listéd is <1 °C/W. This implies that virtually all of the heat is dissipated through the board on which the package

is mounted.

Package LCoplanarity

The coplanarity limits'of the Series 2 series packages
are as follows:

TQFP: 3.15 mils
PLCC and QFP: 4.0 mils
PBGA: 8.0 mils

SQFP: 4.0 mils (240 and 304 only)
3.15 mils (all other sizes)

SQFP2:3.15 mils
m EBGA: 8.0 mils

Lattice Semiconductor

Package Parasitics

The electrical performance of an IC package, such as
signal quality and noise sensitivity, is directly affected
by the package parasitics. Table 30 lists eight parasitics
associated with the OARCA packages. These parasitics
represent the contributions of all components of a
package, which include the bond wires, all internal
package routing, and the external leads.

Four inductances in nH are listed: Lsw and LSL, the
self-inductance of the lead; and LMmw and LML, the
mutual inductance to the nearest neighbor lead.
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Package Parasitics (continued)

These parameters are important in determining ground bounce noise and inductive crosstalk noise. Three capaci-
tances in pF are listed: CMm, the mutual capacitance of the lead to the nearest neighbor lead; and C1 and C2, the

total capacitance of the lead to all other leads (all other leads are assumed to be grounded). These parameters are
important in determining capacitive crosstalk and the capacitive loading effect of the lead.

The parasitic values in Table 30 are for the circuit model of bond wire and package lead para utual
capacitance value is not used in the designer's model, then the value listed as mutual capacita hould be
added to each of the C1 and C2 capacitors.

Table 30. Series 2 Package Parasitics

Package Type Lsw Lmw

84-Pin PLCC 1
100-Pin TQFP 1
144-Pin TQFP
160-Pin QFP
208-Pin SQFP
208-Pin SQFP2
240-Pin SQFP
240-Pin SQFP2
256-Pin PBGA
304-Pin SQFP
304-Pin SQFP2
352-Pin PBGA
432-Pin EBGA

il OW W

1.5
1 0.3 3—5.5 0.5—1

CIRCUIT
BOARD PAD

5-3862(F).r2

Figure 53. Package Parasitics
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Absolute Maximum Ratings

Stresses in excess of the absolute maximum ratings can cause permanent damage to the device. These are abso-
lute stress ratings only. Functional operation of the device is not implied at these or any other conditions in excess of
those given in the operations sections of this data sheet. Exposure to absolute maximum ratings for extended periods
can adversely affect device reliability.

The ORCA Series FPGAs include circuitry designed to protect the chips from damagingssubstrate injection currents
and prevent accumulations of static charge. Nevertheless, conventional precautions should be©bserved during stor-
age, handling, and use to avoid exposure to excessive electrical stress.

Parameter Symbol Min Max. Unit
Storage Temperature Tstg -65 150 °C
Supply Voltage with Respect to Ground VDD -0,5 7.0 \
VDD5 Supply Voltage with Respect to Ground VDD5 VbD 7.0 \'
(OR2TxxA)
Input Signal with Respect to Ground — —05 VDD 4 0.3 Vv
OR2TxxA only VD5 +0.3
Signal Applied to High-impedance Output — -0.5 VDD+0.3 \
OR2TxxA only VDD5 +0.3
Maximum Soldering Temperature N — 260 °C
Recommended Operating Conditions
OR2CxxA OR2TxxA/OR2TxxB
Mode Temperature Supply Voltage Temperature Supply Voltage | Supply Voltage*
Range (VDD) Range (VpbD) (VDD5)
(Ambient) (Ambient)
Commercial 0°C'to 70 °C 5V'+ 5% 0°Cto70°C 3.0Vto3.6V VDD to 5.25V
Industrial —40°C40+85 °C 5V +10% —40 °C to +85 °C 3.0Vto 3.6V VDD t0 5.25V
Notes:

During powerupiand powerdown sequenging, VDD is allowed to be at a higher voltage level than VDD5 for up to 100 ms.

Ddring powerup sequencing of OR2TxxA'devices VDD should reach 1.0 V before voltage applied to VDD5 can be greater than the voltage applied

to VDD«

‘The ‘maximum recommended junctionftemperature (TJ) during operation is 125 °C.

*V/DD5 not used in OR2TxXB devices.

Lattice Semiconductor
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Electrical Characteristics

Table 31A. OR2CxxA and OR2TxxA Electrical Characteristics

OR2CxxA Commercial: VDD =5.0 V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0V 10 3.6 V, 0 °C = TA = 70 °C; OR2TxxA Industrial: VDD =3.0Vt0 3.6 V,-40°C < TA <

+85°C.
- . OR2CxxA OR2TxxA .
Parameter S‘_;/ "; Test Conditions _ - Unit
Y Min Max Min Max
Input Voltage: Input configured as CMOS
High VIH 50% VDD | VDD + 0.3|'50% VD5 | VDD5 + 0.3| V
Low VIL GND - 0.5|480% VDD [\GND=0.5 | 30% VDD5 | \/
Input Voltage: Input configured as TTL
High VIH (valid for OR2CxxA only) 20 (\VoD+03 — = v
Low VIL —-0.5 0.8 — — V
Output Voltage:
High VOH VDD = min, IOH = 6 mA or 3 mA 2.4 — 2.4 X V
Low VoL VDD = min, IOL = 12 mA or 6 mA - 0.4 — 0.4 Vv
Input Leakage Current IL VDD = Max, VIN = VSS or /DD -10 10 —10 10 pA
Standby Current: IDDSB OR2CxxA (TA = 25 °C, VDD.= 50 V)
OR2C04A/OR2T04A OR2TxxA (TA = 25 °C, VDD =8.3 V) — 65 = 4.0 mA
OR2C06A/OR2T0OBA internal oscillater running;, — 7.0 - 43 mA
OR2C08A/OR2T08A ~ no outputioads, — 7.7 — 4.8 mA
OR2C10A/OR2T10A inputs at VBD,or GND — 8.4 — 5.3 mA
OR2C12A (after configuration) o 9.2 — 5.8 mA
OR2C15A/OR2T15A = 10.0 — 6.3 mA
OR2C26A/OR2T26A — 12:2 — 7.8 mA
OR2C40A/OR2T40A — 16.3 — 10.6 mA
Standby Current: IDDSB OR2CxxA (TA 2,25 °C, VDD =4.0 V)
OR2C04A/OR2T04A OR2TxxA (TA'= 25 °C, VDD =3.8)\V) = 1.5 — 1.0 mA
OR2C06A/OR2T06A intérnal oscillator stopped, — 2.0 — 1.3 mA
OR2C08A/OR2T08A / no output loads, — 2.7 — 18 mA
OR2C10A/OR2T10A inputs at VDD.onGND — 3.4 — 2.3 mA
OR2C12A (after configuration) — 4.2 — 2.8 mA
OR2C15A/OR2T15A — 5.0 — 3.3 mA
OR2C26A/OR2T.26A — 7.2 — 4.8 mA
OR2C40A/OR2T40A — 11.3 — 7.6 mA
Data Retention Voltage VDR TA =25 °C 2.3 — 2.3 — v
Input Capacitance CIN OR2CXxxA (TA =25 °C, VDD = 5.0 V) — 9 — 9 pF
OR2TxxA (TAa= 25 °C, VDD = 3.3 V)
Test frequency = 1 MHz
Qutput Capacitance Cout OR2CxxA (TA =25°C, VDD = 5.0 V) — 9 — 9 pF
OR2TxxA (TA =25 °C, VDD = 3.3 V)
Test frequency = 1 MHz
DONEPull-up Resistor®’ | RDONE — 100k — 100k — Q
M3, M2, M1, and MO RM — 100k — 100k — Q
Pull-up Resistors*
I/0 Pad Static Pull-up IPU OR2CxxA (VDD = 5.25V, VIN = VSS, 14.4 50.9 14.4 50.9 pA
Current* TA =0 °C)
OR2TxxA (VDD = 3.6 V, VIN = VSS,
TA =0 °C)
I/O Pad Static Pull-down IPD OR2CxxA (VDD = 5.25V, VIN = VSS, 26 103 26 103 pA
Current TA =0 °C)
OR2TxxA (VDD = 3.6 V, VIN = VSS,
TA =0 °C)
I/O Pad Pull-up Resistor*| RPU VDD = All, VIN =VSS,TA=0°C 100k — 100k — Q
I/O Pad Pull-down RPD VDD = All, VIN=VDD, TA=0 °C 50k — 50k — Q
Resistor

* On the OR2TxxA devices, the pull-up resistor will externally pull the pin to a level 1.0 V below VbD.
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Electrical Characteristics (continued)

Table 31B. OR2TxxB Electrical Characteristics
OR2TxxB Commercial: VDD =3.0V 10 3.6 V, 0 °C = TA < 70 °C; OR2TxxB Industrial: VDD = 3.0 V t0 3.6 V, —40 °C < TA < +85°C.

Parameter Symbol Test Conditions Unit
Input Voltage: Input configured as CMOS
High VIH Vv
Low VIL 15% VDD v
Output Voltage:

High VOH VDD = min, IOH = 6 mA or Vv
Low VoL Vv
Input Leakage Current IL pA

Standby Current: IDDSB
OR2T15B mA
OR2T40B mA
Standby Current: IDDSB
OR2T15B 2.0 mA
OR2T40B 4.5 mA
Data Retention Voltage 2.3 — Vv
Input Capacitance — 8 pF
Output Capacitance — 8 pF
100k — Q
100k — Q
.BV,VIN=VSS, TA=0°C 14.4 50.9 pA
VDD =3.6V,VIN=VDD, TA=0 °C 26 103 pA
VDD =all, VIN=VSS, TA=0°C 100k — Q
VDD = all, VIN=VDD, TA=0°C 50k — Q
stor will externally pull the pin to a level 1.0 V below VbD.
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Timing Characteristics

Table 32A. OR2CxxA and OR2TxxA Combinatorial PFU Timing Characteristics

OR2CxxA Commercial: VDD = 5.0 V £ 5%, 0 °C < TA = 70 °C; OR2CxxA Industrial: VDD = 5.0 V £ 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD =3.0V t0 3.6 V, °C <TA < +85°C.

Speed
Parameter Symbol -3 4 -5 -6 . Uni
Min | Max| Min | Max| Min | Max| Min Mi a
Combinatorial Delays
(TJ = +85 °C, VDD = min):
Four Input Variables (A[4:0], F4* DEL — | 28| — |21 — | 1.7 1.4 13| ns
B[4:0] to F[3:0])
Five Input Variables (A[4:0], F5* DEL — |29 —| 22| — — 113
B[4:0] to F3, FO)
PFUMUX (A[4:0], B[4:0] to F1) MUX_DEL | — | 38| — | 3.2 2.6 19| — ns
PFUMUX (CO to f1) COMUX_DEL| — | 22| — — 1 1.5 11| —4 1.0
PFUNAND (A[4:0], B[4:0] to F2) ND_DEL — | 40| —48. — | 1.8 ns
PFUNAND (CO to F2) COND_DEL | — | 2.2 1 — — 1.0 \
PFUXOR (A[4:0], B[4:0] to F1) XOR_DEL | — | 45 — | 31| — |23 A
PFUXOR (CO to F1) COXOR_DEL| — | 2.2 .0 16| — — ns
Table 32B. OR2TxxB Combinatorial PFU Timin ara istics
OR2TxxB Commercial: VDD =3.0V1t03.6V,0°C<TA<7 O xB Industrial: V : V, 40 °C < TA < +85°C.

Parameter

Combinatorial Delays
(TJ = +85 °C, VDD = min):
Four Input Variables (A[4:
B[4:0] to F[3:0])
Five Input Variables (A
B[4:0] to F3, FO)
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XSW LINES

FDBK_DEL

A[4:0], B[4:0] ————» F‘(‘I*_DE%')E" 4
I
I
I

Al4:0], B[4:0] ————>

F5*_DEL

Co

5-4633(F).a
C = controlled by configuration RA|

Notes:
The parameters MUX_DEL, X

See Table 41 for an explanatio

ugh the'LUT in F5A/F5B modes.

' DEL, ND_DEL include the dela!
DBK L and OMUX_D

Fig, torial PFU Timing
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Table 33A. OR2CxxA and OR2TxxA Sequential PFU Timing Characteristics

OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C = TA =< 70 °C; OR2CxxA Industrial: VDD = 5.0 V + 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0 Vt0 3.6V, 0 °C = TA = 70 °C; OR2TxxA Industrial: VDD = 3.0 V t0 3.6 V, =40:°C < TA < +85 °C.

Speed
Parameter Symbol -3 4 -5 -6 4 Unit
Min | Max | Min | Max| Min | Max| Min | Max{ Min | Max
Input Requirements
Clock Low Time TecL 25| — | 20| — | 18| /&~ 17| — p4d6| — | ns
Clock High Time TcH 25| — | 20| — 18| — | 1.7 }es— ["16| — | ns
Global S/R Pulse Width (GSRN) TrRW 25| — | 20| — |A8|"— | 1.7} — | 16| — J£ns
Local S/R Pulse Width Tpw 25| — | 20| = 18}, — | 7| — | 1.6 — | s
Combinatorial Setup Times (TJ = 85 °C,
VDD = min):
Four Input Variables to Clock F4*_SET 1.7 — [ 98— |11 | — | 10| — [€09| 4~ | ns
(A[4:0], B[4:0] to CK)
Five Input Variables to Clock F5*_SET 19|~ | 18| — | 12| — | 1.0| — 0.9} =4 ns
(A[4:0], B[4:0] to CK)
PFUMUX to Clock (A[4:0], B[4:0] to CK) MUX_SET 29| — 28|/~ | 21| — | 16 p)h— | B — | ns
PFUMUX to Clock (CO to CK) COMUX_SET 4612 bp— | 0.9 — | 0.8 < 0.7y -~ | 06| — | ns
PFUNAND to Clock (A[4:0], B[4:0] to CK) ND_SET 291 =~ |22 — | 20| — || = |16 — | ns
PFUNAND to Clock (CO to CK) COND_SET. 12| — | 06| —| 05w=—.] 05} — | 05| — | ns
PFUXOR to Clock (A[4:0], B[4:0] to CK) XOR_SET 836 |4~ | 30| — [,27) — 21| ~ | 20| — | ns
PFUXOR to Clock (C0 to CK) COXOR_SET | 424 — [ 09| —4 08| —» 07| — | 06| — | ns
Data In to Clock (WD[3:0] to CK) D*_SET 0% — [ 01|~ 00)—|01| — 01| —| ns
Clock Enable to Clock (CE to CK) CKEN_SET 12| — | 104 — | 099y -~ | 09| — | 06| — | ns
Local Set/Reset (synchronous) (LSR to CK) LSR_SET 14| — |43 | —| 12| = | 11| — | 08| — | ns
Data Select to Clock (SEL to CK) SELECT_SET | 15| —ph14| —| 13| —| 12| — | 10| — | ns
Pad Direct In PDIN_SET 00| — 00| —[0Q0O| —| 00| —|00| — | ns
Combinatorial Hold Times (Ty = all, Vop = all):
Data In (WD[3:0] from CK) D*_HLD 04} —1+04| —| 04| —| 03| —[03] —| ns
Clock Enable (CE from CK) CKEN_HLD 04| — 00| — |00 —| 00| — |00 —| ns
Local Set/Reset (synchrondus), (LSR from CK) LSR_HLD 00 |(»—400| —| 00| —|00| —|[00|] —| ns
Data Select (sel from CK) SELECT HLD | 00|V — | 00| — | 00| — | 00| — [ 00| — | ns
Pad Direct In Hold (DIA[3:0], DIB[3:0].t6 CK)' PDIN_HLD 14|/— | 10| —| 09| — | 08| — | 08| — | ns
All Others — 004 — | 00| —| 00| —| 00| —|00| — | ns
Output Charactéristics
Sequential Délays (Ty = 85 °C£VbD = min):
Local S/R (asyne¢) to PFU Out (LSR to Q[3:0]) LSR. DEL — (34| — | 31| — | 25| — | 20| — | 16| ns
Global S/R toPFU Out(GSRN to Q[3:0]) GSR_DEL — (23| —|20| — | 16| — | 13| — | 12| ns
Clock tor PFUOut, (€K'to Q[3:0])—Register REG_DEL — (20| —| 19| — | 15| — | 13| — | 1.0]| ns
Clock to.PFU Out (CK to Q[3:0])—katch LTCH_DEL — |20 —|19| — | 15| — | 13| — | 1.0 ns
Transparent Latch (WD[3:0] to Q[3:0]) LTCH_DDEL — (27| —| 25| — | 20| —| 20| — | 18] ns

—_

.The inputbuffers contain a programmable delay to allow the hold time vs. the external clock pin to be equal to 0.
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Table 33B. OR2TxxB Sequential PFU Timing Characteristics
OR2TxxB Commercial: VDD = 3.0V t0 3.6V, 0 °C = TA = 70 °C; OR2TxxB Industrial: VDD =3.0Vt0 3.6 V,—40°C < TA =<

+85°C.
Speed "
Parameter Symbol 7 m Unit
Min Max | _Min |

Input Requirements ' '
Clock Low Time TeL 14
Clock High Time TcH
Global S/R Pulse Width (GSRN) TrRW
Local S/R Pulse Width Tpw
Combinatorial Setup Times (TJ = 85 °C,

VDD = min):

Four Input Variables to Clock F4*_SET

(A[4:0], B[4:0] to CK)
Five Input Variables to Clock
(A[4:0], B[4:0] to CK)
PFUMUX to Clock (A[4:0], B[4:0] to CK)
PFUMUX to Clock (CO to CK)
PFUNAND to Clock (A[4:0], B[4:0] to CK)
PFUNAND to Clock (CO to CK)
PFUXOR to Clock (A[4:0], B[4:0] to CK)

PFUXOR to Clock (C0 to CK)
Data In to Clock (WD[3:0] to CK) B
Clock Enable to Clock (CE to CK) CKEN_SET
Local Set/Reset (synchronous) (LSR to C LSR_SET
Data Select to Clock (SEL to SELECT_SET,
Pad Direct In PDIN_SET
— 0.0 — ns
— 0.0 — ns
) — 0.0 — ns
— 0.0 — ns
— 0.1 — ns
— 0.0 — ns
LSR_DEL 2.2 — 1.8 — ns
GSR_DEL 1.4 — 1.0 — ns
REG_DEL 1.0 — 1.0 — ns
LTCH_DEL 1.0 — 1.0 — ns
LTCH_DDEL 1.7 — 1.4 — ns

mable delay to allow the hold time vs. the external clock pin to be equal to 0.
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Table 34A. OR2CxxA and OR2TxxA Ripple Mode PFU Timing Characteristics

OR2CxxA Commercial: VDD = 5.0 V £ 5%, 0 °C < TA = 70 °C; OR2CxxA Industrial: VDD = 5.0 V £ 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0V t0 3.6V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 V t0 3.6 V, -40.°C < TA < +85 °C.

Parameter

Symbol

-3

-4

Min

Max

Min

Ripple Setup Times
(Ty = +85 °C, VpD = min):
Operands to Clock (A[3:0], B[3:0] to CK)
Bitwise Operands to Clock
(A[i], B[i] to CK at FIi])
Carry-in from Fast Carry to Clock
(CIN to CK)
Carry-in from General Routing to Clock
(B4 to CK)
Add/Subtract to Clock (A4 to CK)

RIP_SET
FRIP_SET

CIN_SET
B4 SET

AS_SET

Ripple Hold Times (Ty = all, Vb = all): All

TH

Ripple Delays (Ty = 85 °C, VDD = min):

Operands to Carry-out (A[3:0], B[3:0]
to COUT)

Operands to Carry-out (A[3:0], B[3:0]
to O4)

Operands to PFU Out (A[3:0], B[3:0]
to F[3:0])

Bitwise Operands to PFU Out (A[i], Bi]
to FIi])

Carry-in from Fast Carry to Carry-out
(CIN to COUT)

Carry-in from Fast Carry to Carry-out
(CIN to O4)

Carry-in from Fast Carry to PF
(CIN to F[3:0])

Carry-in from General Ro
out (B4 to COUT)

Carry-in from General Routing
out (B4 to O4)

Carry-in from

(A4 to O4)
(A4 to F[3:0]

ultiplier and 4-bit co!

138

RIP_CODEL
RIP_O4DEL

RIP_DE

B4 _CODEL

B4 O4DEL

2.3
0.9
1.7
2.3
3.1

3.9
4.3

1.3

2.2

0.7

1.3

2.2

25

3.1
3.5

— |14

— | 1.7

— | 0.6

— |14

— | 21

— | 23

— | 28
— | 3.1

ns

ns

ns

ns

ns

ns

ns
ns

tor

es use the appropriate ripple mode timing shown above.
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Table 34B. OR2TxxB Ripple Mode PFU Timing Characteristics

OR2TxxB Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA < 70 °C; OR2TxxB Industrial: VDD =3.0Vt0 3.6 V,-40°C < TA <

+85 °C.

Parameter

Symbol

Min

Ripple Setup Times
(Ty =85 °C, VDD = min):
Operands to Clock (A[3:0], B[3:0] to CK)
Bitwise Operands to Clock
(A[i], B[i] to CK at FIi])
Carry-in from Fast Carry to Clock
(CIN to CK)
Carry-in from General Routing to Clock
(B4 to CK)
Add/Subtract to Clock (A4 to CK)

RIP_SET
FRIP_SET

CIN_SET
B4 SET

AS_SET

Ripple Hold Times (TJ = all, Vop = all): All

Ripple Delays (TJ = 85 °C, VDD = min):

Operands to Carry-out (A[3:0], B[3:0]
to COUT)

Operands to Carry-out (A[3:0], B[3:0]
to O4)

Operands to PFU Out (A[3:0], B[3:0]
to F[3:0])

Bitwise Operands to PFU Out (A[i], Bli
to Fi])

Carry-in from Fast Carry to Car
(CIN to COUT)

Carry-in from Fast Carry to ry-out
(CIN to O4)

Carry-in from Fast toP
(CIN to F[3:0])

Carry-in from G

Lattice Semiconductor

0.6

1.2

1.5

0.6

1.2

1.5

2.2

2.8
2.9

Unit

ns
ns

ns

ns

ns
ns

ns

ns

ns

ns

— ns

parator submodes use the appropriate ripple mode timing shown above.
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Table 35A. OR2CxxA and OR2TxxA Asynchronous Memory Read Characteristics (MA/MB Modes)

OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 V to 3.6 V, —40.°C < TA < +85°C.

Speed

Parameter Symbol -3 -4 -5 -6 -7 Unit

Min| Max | Min| Max | Min| Max | Min| Max{ Min| Max

Read Operation (TJ = 85 °C, VDD = min):
Read Cycle Time TreC 36| — |27 — |24 ~Pp23| — |20 — | ns
Data Valid after Address (A[3:0], B[3:0] to F[3:0]) MEM*_ADEL| — | 28 | —| 21| — 1.7| — | 14| —| 1.3| ns

Read Operation, Clocking Data into Latch/Flip-flop
(Ty =85 °C, VDD = min):

Address to Clock Setup Time (A[3:0], B[3:0] to CK) | MEM*_ASET | 1.8| — | 1.2|4~— {14 | — | 1.0 — | 1.0 —| ms
Clock to PFU Out (CK to Q[3:0])—Register REG_DEL | —| 20| — |19 | = 15| —| 1.3| —4 1.0| “ns

Table 35B. OR2TxxB Asynchronous Memory Read Characteristics\(MA/MB Modes)
OR2TxxB Commercial: VDD = 3.0V t0 3.6 V, 0 °C = TA = 70 °C; OR2TxxB hdustrial: VDD = 3.0 V to 3.6 V)—40°C< TA < +85°C.

Speed
Parameter Symbol -7 -8 Unit
Min Max Min Max

Read Operation (TJ = 85 °C, VDD = min):

Read Cycle Time TrRC 1.9 b — 1.8 — ns

Data Valid after Address (A[3:0], B[3:0] to F[3:0}) MEM*_ADEL — 1.3 — 1.0 ns
Read Operation, Clocking Data into Latch/Flip-flop

(Ty =85 °C, VDD = min):

Address to Clock Setup Time (A[3:0], B[3:0] to CK) MEM*_ASET 0.9 — 0.8 — ns

Clock to PFU Out (CK to Q[3:0])—Register REG_DEL — 1.0 — 1.0 ns

[ TRC |
A[3:0], B[3:0] ><><><><>< ><><

MEM* ADEL

B0 X XX XX XXX XXX

5-3226(F).r4
Figure 55. Read Operation—Flip-Flop Bypass
A3:0{B[3:0] ><><><><><>< ><Z:
MEM*_ASET
cK ;4 \
l«——— REG_DEL ——»
o] XXX XX AXXXX
5-3227(F).r4

Figure 56. Read Operation—LUT Memory Loading Flip-Flops
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Table 36A. OR2CxxA and OR2TxxA Asynchronous Memory Write Characteristics (MA/MB Modes)

OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0Vt0 3.6 V, 0 °C = TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 V40 36 V, 40 °C < TA <
+85°C.

Speed.
Parameter Symbol -3 -4 5 26 .7 Unit
Min | Max| Min | Max | Min | Max | Min | Max| Min | Max

Write Operation (TJ = 85 °C, VDD = min):

Write Cycle Time TWC 78| — | 63| /— |57 =|52| —|51]| = ns

Write Enable (WREN) Pulse Width (A4/B4) TPW 25| — (20| —]| 18| — | 17| — | 1.6( — | ms
Setup Time (TJ = 85 °C, VDD = min):

Address to WREN (A[3:0]/B[3:0] to A4/B4) MEM*_AWRSET | 0.1 < ,0.0f =— [0.0 — [ 0.0| —=.| OO [p— | ns

Data to WREN (WDI[3:0] to A4/B4) MEM*_DWRSET | 0.0| —¢] 0.0 [“—»[ 00| — | 0.0 [4—~| 0.0 — [/ns

Address to WPE (A[3:0]/B[3:0] to C0) MEM*_APWRSET | 00,] — [(0:0| — 00| — | 0.0ff — [40:0| — | ns

Data to WPE (WD[3:0] to CO) MEM*_DPWRSET j}, 0.0f =1 00| — [ 0.0| — | 0.0 )—=[ 0.0 |,— | ns

WPE to WREN (CO to A4/B4) MEM*_WPESEX |20 | — | 15) — | 14| =11} —]| 1.14 — | ns
Hold Time (TJ = all, VDD = all):

Address from WREN (A[3:0]/B[3:0] from A4/B4) MEM*_ WRAHLD. 4 17| = | 18| — | 16| — | 16 [h— ["1.5| — | ns

Data from WREN (WDI[3:0] from A4/B4) MEM*_WRDHLD | 20}¢— [ 19| — | 154 ~ [ 16} — | 16| — | ns

Address from WPE (A[3:0/B[3:0] to C0) MEM* PWRAHLDY 38| — | 28| —¢ 25| — 24| — | 23| — | ns

Data from WPE (WDI[3:0] to C0) MEM*_ PWRDHLD | 84| — | 29| — |26y — 24| —| 23| — | ns

WPE from WREN (CO from A4/B4) MEM*, WPEHLD | 0.0 | — | 0.0ff ==9,0.0 ~— | 00| — | 00| — | ns

Table 36B. OR2TxxB Asynchronous Memory Write Characteristics (MA/MB Modes)

OR2TxxB Commercial: VDD = 3.0 Y10 8.6)V, 0 °C < TA < 70 °C; OR2TxxB Industrial: VDD =3.0Vt0 3.6 V,-40°C<TA =<
+85°C.

Speed
Parameter Symbol .7 -8 Unit
Min Max Min Max
Write Operation (TJ=852C, VDD = min):
Write Cycle Time Twe 5.1 — 4.2 — ns
Write Enable (WREN) Pulse Width (A4/B4) TPW 1.7 — 1.4 — ns
Setup Time (Tu.= 85 °C, /DD = min):
Address to WREN (A[3:0]/B[3:0] to A4/B4) MEM*_AWRSET 0.0 — 0.0 — ns
Data to WREN (WD[3:0] to A4/B4) MEM*_DWRSET 0.0 — 0.0 — ns
Address to WPE (A[3:0]/B[3:0] torC0) MEM*_APWRSET 0.0 — 0.0 — ns
Data to WPE (WDI[3:0] to CO) MEM*_DPWRSET 0.0 — 0.0 — ns
WPE to WREN (CO to A4/B4) MEM*_WPESET 1.0 — 0.8 — ns
Hold\Time (Ty = all, Vop < all):
Address from WREN (A[3:0]/B[3:0] ffom A4/B4) MEM*_WRAHLD 0.9 — 0.7 — ns
Data from WREN«(WD[3:0] fromyA4/B4) MEM*_WRDHLD 1.6 — 1.3 — ns
Address from WPE (A[3:0/B[3:0] to' CO) MEM*_PWRAHLD 2.3 — 1.9 — ns
Data from WPE (WD[3:0] to CO0) MEM*_PWRDHLD 2.3 — 1.9 — ns
WPE from WREN (€0 from A4/B4) MEM*_WPEHLD 0.0 — 0.0 — ns
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Twe

A[3:0], B[3:0] >Q<><>

N

MEM*_APWRSET

CO (WPE) 71

I
MEM*_WPESET

A4, B4 (WREN)

le— .| MEM* AWRSET

MEM*_DPWRSET

5-3228(F).r6
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Table 37A. OR2CxxA and OR2TxxA Asynchronous Memory Read During Write Operation (MA/MB Modes)

OR2CxxA Commercial: VDD = 5.0V + 5%, 0 °C < TA = 70 °C; OR2CxxA Industrial: VDD = 5.0 V + 10%, —40 °C < TA < +85 °C.

OR2TxxA Commercial: VDD = 3.0V t0 3.6 V, 0 °C =< TA < 70 °C; OR2TxxA Industrial: VDD = 3.0

+85°C.

Data to PFU Output Delay (WD[3:0] to F[3:0])

MEM*_DDEL

Table 37B. OR2TxxB Asynchronous Memory Re
OR2TxxB Commercial: VDD =3.0Vt0 3.6V, 0°C<TA <

+85°C.

Parameter

Parameter Symbol -3 4
Min | Max| Min
Read During Write Operation
(TJ =85 °C, VDD = min):
Write Enable (WREN) to PFU Output Delay MEM*_WRDEL | — | 4.9
(A4/B4 to F[3:0])
Write-port Enable (WPE) to PFU Output MEM*_PWRDEL| — | 6.4
Delay (CO to F[3:0])

Read During Write Operation
(TJ = +85 °C, VDD = min):
Write Enable (WREN) to PFU
(A4/B4 to F[3:0])
Write-port Enable (WPE) t
Delay (CO to F[3:0
Data to PFU Outp

Lattice Semiconductor

MEM*_WRD

6V,-40°C=<TA =<

-8

Max

Unit

3.9

4.0

2.4

ns

ns

ns
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A[3:0], B[3:0] ><><><X X>< >< ><

CO (WPE) 174
_ /
A4, B4 (WREN) /
1/
DATA STABLE
DURING
WREN AND WPE
wose) XXX

F[3:0]

woiso) XXX
DATA CHANGING
DURING

WREN AND WPE

5-3229(F).r6
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Table 38A. OR2CxxA and OR2TxxA Asynchronous Memory Read During Write, Clocking Data into Latch/

Flip-Flop (MA/MB Modes)
OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C < TA =< 70 °C; OR2CxxA Industrial: VDD = 5.0V , —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0Vt0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD = 3. to 0°C=TA=<
+85 °C.
Parameter Symbol

Min

Setup Time (TJ = 85 °C, VDD = min):
Address to Clock (A[3:0], B[3:0] to CK) MEM*_ASET 1.8
Write Enable (WREN) to Clock (A4/B4 to CK) | MEM*_WRSET | 4.4
Write-port Enable (WPE) to Clock (CO to CK) | MEM*_PWRSET | 5.9
Data (WD[3:0] to CK) MEM*_DSET | 2.6

Hold Time (TJ = All, VDD = All): All TH
Clock to PFU Out (CK to Q[3:0])—Register REG_DEL

Table 38B. OR2TxxB Asynchronous Memory
(MA/MB Modes)

OR2TxxB Commercial: VDD = 3.0 Vt0 3.6 V, 0 °Q

+85°C.
Parameter -8 Unit
Min Max
Setup Time (Ty =85 °C, VbD =
Address to Clock (A[3:0], B[ 0.8 — ns
Write Enable (WREN) to Cl 25 — ns
Write-port Enable 3.2 — ns
Data (WD[3:0] to 1.7 — ns
0.0 — ns
— 1.0 ns
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Al3:0], B3] XXXXX% S— XEAXAXXXXX

MEM*_PWRSET —»
CO (WPE)

TpPw

A4, B4 (WREN) /

Ny

—— MEM*_WRSET——

worso) X XX XXXAXXXX

\‘\' VAVAYAYAYAY, Q

‘ REG DEL

amor X XXXXAXXAX QA AN AR -

CK

5-3230(F).r6

Figure ad D Write—ClI. ng into Flip-Flop

€ .0
A
2
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Table 39A. OR2CxxA and OR2TxxA Synchronous Memory Write Characteristics (SSPM and SDPM Modes)

OR2CxxA Commercial: VDD =5.0 V £ 5%, 0 °C = TA = 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0Vt0 3.6V, 0°C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 V46 36 V, 40 °C < TA <
+85°C.

Speed
Parameter Symbol -3 4 -5 6 .7 Unit
Min | Max| Min| Max| Min| Max| Min [{Max| Min> | Max
Write Operation for Fast-RAM Mode':
Maximum Frequency FFSCK 526 — [833| — |909) — | 926] — | 962 | — | MHz
Clock Low Time TFSCL 95| — | 60| — | 55| — | 54 | — 5.2 — ns
Clock High Time TFSCH 95| — | 60| —¢{ 585 — | 54| — 5.2 — ns
Clock to Data Valid (CK to F[3:0])2 FMEMS_DEL — | 74| — | 62 |"—y 50 ["— | 53 — 52 | ns
Write Operation for Normal RAM Mode:
Maximum Frequency FSCK 33.3| — | 526 —[58.0| “— | 588| — J(59.8 |&— |'MHz
Clock Low Time TSCL 150 — |95 |»— | 85| — | 85| — 8.4 — ns
Clock High Time TSCH 150 < ['95|"— ||85| — | 85 |&— 8.4 —3 ns
Clock to Data Valid (CK to F[3:0]) MEMS_DEL — /86| =~ | 75— | 60| — |64 — 5.9 ns
Write Operation Setup Time:
Address to Clock (A[3:0)/B[3:0] to CK)| MEMS_ASET 00| “— ({004 — | 00| — | 00y — 0.0 — ns
Data to Clock (WD[3:0] to CK) MEMS_DSET. 00 — | 60| — | 0.0 < 00 [»— 0.0 — ns
Write Enable (WREN) to Clock MEMS_WRSET | 0.0 ~— [0.0| — | 0.0 | —f 0.0 [“— 0.0 — ns
(A4 to CK)
Write-port Enable (WPE) to Clock MEMS_PWRSET| 0.0 |[/— | 00| — 4 0.0| —{ 0.0 |[»— 0.0 — ns
(CO to CK)
Write Operation Hold Time:
Address to Clock (A[3:0])/B[3:0] to CK){" MEMS_AHLD 30| — | 22| — | 20 — | 19| — 1.8 — ns
Data to Clock (WD[3:0] to CK) MEMS_BHLD 30| — |22 [ — | 20| "— | 19| — 1.8 — ns
Write Enable (WREN) to Clock MEMS_WRHLD | 3.0 | =<}, 22| — 20| — | 19| — 1.8 — ns
(A4 to CK)
Write-port Enable (WPE) to Glock MEMS_PWRHL | 23gp— | 1.5 — | 14| — 19| — 1.2 —_ ns
(CO to CK) D

. Readback of the configuratien bit'stream when simultanéously writing to a PFU in either SSPM fast mode or SDPM fast mode is not allowed.
. Because the setup timeff data into the latches/FEs is less'than 0'ns;data written into the RAM can be loaded into a latch/FF in the same
PFU on the next opposite clock edge (one-half clock period).

N =

Table 39.B,OR2TxxB Synchronous Memory:Write Characteristics (SSPM and SDPM Modes)
OR2TxxB Commergial: VDD =3.0V 10 3.6 V, 0 %C < TA < 70 °C; OR2TxxB Industrial: VDD = 3.0 V t0 3.6 V, —-40 °C < TA < +85°C.

Speed
Parameter Symbol -7 -8 Unit
Min Max Min Max
Write Operation for Fast-RAM Mode!:
Maximum Frequency FFsck 97.7 — 112.4 — MHz
Clock Low Timé TrscL 5.1 — 4.5 — ns
Clock High Time TFscH 5.1 — 4.5 — ns
Clock to Data Validi(CK to F[3:0])2 FMEMS_DEL — 5.1 — 45 ns
Write Operation for Normal'RAM Mode:
Maximum Frequency Fsck 60.8 — 69.9 — MHz
Clock Low Time TscL 8.2 — 7.2 — ns
Clock High Time TscH 8.2 — 7.2 — ns
Clock to Data Valid (CK to F[3:0]) MEMS_DEL — 5.1 — 4.5 ns
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Timing Characteristics (continued)

Table 39.B OR2TxxB Synchronous Memory Write Characteristics (SSPM and SDPM Modes) (continued)
OR2TxxB Commercial: VDD =3.0Vt0 3.6 V,0 °C =< TA < 70 °C; OR2TxxB Industrial: VDD = 3.0 V t0 3.6 V, —-40 °C < TA < +85°C.

Speed
Parameter Symbol -7 -8 Unit
Min Max Min Max
Write Operation Setup Time:
Address to Clock (A[3:0]/B[3:0] to CK) MEMS_ASET 0.0 — 0.0 — ns
Data to Clock (WD[3:0] to CK) MEMS_DSET 0.0 — 0.0 — ns
Write Enable (WREN) to Clock MEMS_WRSET 0.0 — 0.0 — ns
(A4 to CK)
Write-port Enable (WPE) to Clock MEMS_PWRSET 0.0 — 0.0 — ns
(CO to CK)
Write Operation Hold Time:
Address to Clock (A[3:0]/B[3:0] to CK) MEMS_AHLD 1.0 — 0.8 —A ns
Data to Clock (WD[3:0] to CK) MEMS_DHLD 1.0 — 0.8 — ns
Write Enable (WREN) to Clock MEMS_WRHLD 1.0 — 0.8 — ns
(A4 to CK)
Write-port Enable (WPE) to Clock MEMS_PWRHLD 0.7 — 0.6 — ns
(CO to CK)

. Readback of the configuration bit stream when simultaneously writingito a PFU, inither SSPM fastdmode ‘or SDPM fast mode is not allowed.
. Because the setup time of data into the latches/FFs is less than 0 ns, data written into the RAM can‘beioaded inté a latch/FF in the same
PFU on the next opposite clock edge (one-half clock period).

N =

-— MEMS_ASET—>I<—>— MEMS_AHLD
A1, 81301 X X XXX XX XX ALQCOCIX XXX XXX X XXX

<—MEMS_DSET—>|<—>— MEMS_DHLD

wors:0l X X XXX XA XRX XX AL XX XXX K XXX XXXXXX

MEMS, WRSET=4= > MEMS_WRHLD
A4 (WREN) \

MEMSLPWRSET —= > MEMS_PWRHLD

C0 (WPE)

TFSCH/TSCH TrscL/TscL |
CK

mmXXXXXXXXXXXXXXXXXX&%I i _

Figure 60. Synchronous Memory Write Characteristics

5-4621(F).a
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Timing Characteristics (continued)
Table 40A. OR2CxxA and OR2TxxA Synchronous Memory Read Characteristics (SSPM and SDPM Modes)

OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD =3.0Vt0 3.6 V,-40°C <TA <

+85°C.

Speed

Parameter Symbol -3 -4 -5 -6 .7 Unit
Min | Max| Min| Max| Min| Max| Min|dMax| Min| Max

Read Operation (TJ = 85 °C, VDD = min):
Read Cycle Time TRC 36| — | 27| — | 24| — | 28|~ 120 — | ns
Data Valid After Address MEMS*_ADEL| — | 28| — | 21 | —~| 1.7 | —|"14 | — | 11 ns

(A[3:0], B[3:0] to F[3:0])

Read Operation, Clocking Data Into

Latch/FF (TJy = 85 °C, VDD = min):

Address to Clock Setup Time MEMS*_ASET| 18| — [ 120 — | 11y — | 1.0| —g 09| — |h.ns
(A[3:0], B[3:0] to CK)
Clock to PFU Output—Register REG_DEL — | 20— d9| — | 15| — | 18y~ 1.0, ns

(CK to Q[3:0])

Table 40B. OR2TxxB Synchronous Memory Read Characteristics (SSPM and SDPM Modes)

OR2TxxB Commercial: VDD =3.0Vt0 3.6 V, 0 °€ = TA = 70:°C; OR2TxxB Industrial:V¥bDD =3.0Vto 3.6 V,-40°C < TA =<
+85°C.

Speed
Parameter Symbol -7 -8 Unit
Min Max Min Max
Read Operation (TJ = 85 °C, VDD&Hin):
Read Cycle Time TrRC 1.9 — 1.8 — ns
Data Valid After Address MEMS*_ADEL — 1.8 — 1.4 ns
(A[3:0], B[3:0] to F[3:0])
Read Operation, Clocking Data into
Latch/FF (TJ = 85 °C, VDB = Min):
Address to Clock Setup Time MEMS*_ASET 0.9 — 0.8 — ns
(A[3:0], B[3:0] to CK)
Clock to'PFU Output—Register REG_DEL — 1.0 — 1.0 ns
(CK to'Q[3:0])

A1, sizoh X OO AKX

<«— MEM*_ADEL

F1:0) PR NHX KX XXX AN KX KX KX XXX

|<— MEM*_ASET

CK \

REG_DEL

ol X X XXX XXX XXX XXXXXXXXXXXAXRXAX

5-4622(F).r2.a

Figure 61. Synchronous Memory Read Cycle

Lattice Semiconductor 149



Data Sheet
ORCA Series 2 FPGAs November 2006

Timing Characteristics (continued)

Table 41A. OR2CxxA and OR2TxxA PFU Output MUX, PLC BIDI, and Direct Routing Timing Characteristics

OR2CxxA Commercial: VDD = 5.0 V £ 5%, 0 °C =< TA = 70 °C; OR2CxxA Industrial: VDD = 5.0 V £ 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0V 10 3.6 V, 0 °C < TA =< 70 °C; OR2TxxA Industrial: VDD = 3.0 V to 3.6 V, <TA < +85°C.

Speed
Parameter Symbol -3 -4 -5 -6
Min | Max| Min | Max| Min| Max| Min| I
PFU Output MUX (Ty = 85 °C, VDD = min)
Output MUX Delay (F[3:0)/Q[3:0] to O[4:0))| OMUX DEL| — [ 08| — [ 06] — ] 05
PLC 3-Statable BIDIs (Ty = 85 °C, VDD = min)
BIDI Propagation Delay TRI_DEL — | 10| — | 08
BIDI 3-state Enable/Disable Delay TRIEN_DEL| — | 1.3 1.0
Direct Routing (Ty = 85 °C, VDD = min)
PFU to PFU Delay (xSW) DIR_DEL — | 11
PFU Feedback (xSW) FDBK_DEL| — | 0.8

Table 41B. OR2TxxB PFU Output MUX, PLC BIDI, and D

OR2TxxB Commercial: VDD =3.0Vto3.6V,0°C <TA =< 702°C; 2TxxA Industrial: . . 0°C=TA=<
+85°C.
Parameter Unit
PFU Output MUX (TJ = 85 °C, VDD = min)
Output MUX Delay (F[3:01/Q[3:0] to O[4:0 ns
PLC 3-Statable BIDIs (TJ = 85 °C, VbD
BIDI Propagation Delay . . ns
BIDI 3-state Enable/Disable Del A1 — 0.9 ns
Direct Routing (Ty = 85 °C, VI
PFU to PFU Delay (xSW) DIR_DEL 0.6 — 0.5 ns
PFU Feedback (xSW) FDBK_DE 0.4 — 0.4 ns
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Timing Characteristics (continued)

Table 42A. OR2CxxA and OR2TxxA Internal Clock Delay

OR2CxxA Commercial: VDD =5.0V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0V t0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 V t —40°C<TA <
+85 °C.

(Ts = 8522Yl\t;§o = min) | Symbol -3 -4
Min | Max | Min | Max
OR2C04A/OR2T04A | CLK_DEL | — 4.4 — 4.3
OR2C06A CLK_DEL | — 45 — 4.4
OR2C08A/OR2T08A | CLK_DEL | — 46 — 4.5
OR2C10A/OR2T10A | CLK_DEL | — 4.7 — 4.6
OR2C12A CLK_DEL | — 4.8 — 4.7
OR2C15A/OR2T15A | CLK_DEL | — 4.9 — 4.8
OR2C26A/OR2T26A | CLK_DEL | — 5.1 —
OR2C40A/OR2T40A | CLK_DEL | — 5.4 —
Notes:
This clock delay is for a fully routed clock tree that uses th i i bo input ‘er delay and the clock routing

to the PFU CLK input. The delay will be reduced if an
Table 42B. OR2TxxB Internal Clock Delay

OR2TxxB Commercial: VDD = 3.0 V to '0°C =<
+85 °C.
Device Sym

DD=3.0Vto36V,-40°C=<TA=<

(Ts = 85 °C, Voo = min 8 Unit
Max
K_DEL . 3.1 ns
3.8 — 3.3 ns
Note: This clock de uses ary clock network. It includes both the input buffer delay and the clock
routing to the reduced if any of the clock branches are not used.
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Timing Characteristics (continued)

Table 43A. OR2CxxA and OR2TxxA OR2CxxA/OR2TxxA Global Clock to Output Delay (Pin-to-Pin)—Output
on Same Side of the Device as the Clock Pin

OR2CxxA Commercial: VDD = 5.0 V £ 5%, 0 °C <= TA < 70 °C; Industrial: VDD = 5.0 V £ 10%, —40 °C < TA < #85 °C; CL = 50 pF.
OR2TxxA Commercial: VDD = 3.0V t0 3.6 V, 0 °C = TA = 70 °C; Industrial: VDD = 3.0 V t0 3.6 V,—40 °C < TA < +85:°C; CL =

50 pF.
L. Speed
Description Device Unit
(TJ = 85 °C, VDD = min) -3 -4 -5 -6 7
Min | Max| Min | Max| Min | Max | Min |sMax)| Min |»Max
CLK Input Pin - OUTPUT Pin | OR2C/2T04A| — | 10.3| — 9.8 — 8.6 — — — — ns
(Fast) OR2C06A — | 104 | — 9.9 — 8.7 — — — — ns
OR2C/2TOBA| — | 105 — | 10.0| — 8.8 — — — — ns
OR2C/2T10A| — | 106| — | 101 | — 89 — — — — ns
OR2C12A — 10.7 — 10.2 — 9.0 — — — — ns
OR2C/2T15A| — | 10.8| — | 103 | — 9.1 — 8:3 — 647 ns
OR2C/2T26A| — | 11.0| — | 105 . — 9.2 — 8.4 — 6.9 ns
OR2C/2T40A — 11.4 — 10.8 — 9.5 = 8.6 — 7.0 ns
CLK Input Pin - OUTPUT Pin | OR2C/2T04A | — | 125| — | Md.7| <> 100| — — — — ns
(Slewlim) OR2C06A — | 126| — | M8 — | 101 | — — — — ns
OR2C/2TOBA | — | 127 | —afd1.9| — 4(10.2| — — — — ns
OR2C/2T10A| — | 128 |4— 1120 (“— | 10.3| — — — — ns
OR2C12A — | 1294 — | 124\ — | 104 | — — — — ns
OR2C/2T15A | — | 18.0 = | 122| — | 10.5| — 9.5 — 7.4 ns
OR2C/2T26A | — | 13.2| — . 123 | — | 10.6dh — 9.6 — 7.5 ns
OR2C/2T40A | < 136 | — | 126 | — | 109} = 9.8 — 7.7 ns
CLK Input Pin — OUTPUT Pin | OR2C/2T04A J& — | 14.7| — [ 13.7| — 4 181 | — — — — ns
(Sinklim) OR2C06A — | 48| — | 138 = [U32| — — — — ns
OR2C/2T08Ay — | 149 | — | 139 [ — | 133} — — — — ns
OR2C2T10A| — | 15.0| — | 14.0 [ = | 1349 — — — — ns
OR2C12A < (1561 | — | 141 | — 135 — — — — ns
QR2C/2T15A | — | 152 | — |“142| =, | 136| — | 121 | — | 10.0 ns
OR2C/2T26Ag« — | 153 | — | 143y — [18.7| — | 122| — | 10.7 ns
OR2C/2T40A| — | 157 [ — | 1467 — | 140| — | 124| — | 109 ns

Notes:
The pin-to-pin timing information fromiispLEVER is more accurate than this table. For earlier versions of ORCA
Foundry, the pin-to-pin timing parameters in this table should be used.instead of results reported by OARCA Foundry.

This clock delayais for a‘fully, routed clock tree that uses the primary clock network. It includes both the input buffer delay, the clock routing to
the PFU CLKdnput, the clock==#Q of the FF, and the'delay through the output buffer. The delay will be reduced if any of the clock branches are
not used. The given timing requires that the input,clock pin be located at one of the four center PICs on any side of the device and that the
direct FF—I/Q routing bedused.

If the cloek pin is‘notdocated at one of the four'center, PICs, this delay must be increased by up to the following amounts:
OR2C/2T04A =,1.5%, OR2C06A = 2.0%, OR2C/2T08A = 3.1%, OR2C/2T10A = 3.9%, OR2C12A = 4.9%, OR2C/2T15A = 5.7%,
OR2C/2T26A = 8.1%, OR2C/2T40A =12:5%.
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Timing Characteristics (continued)

Table 43B. OR2TxxB Global Clock to Output Delay (Pin-to-Pin)—Output on Same Side of the Device as the

Clock Pin

OR2TxxB Commercial: VDD =3.0Vt0 3.6 V,0°C <TA <70 °C;

Industrial: VDD = 3.0 V to 3.6 V, 40 °C < TA < +85 °C; CL=50 pF.

Description

Speed

Unit

(TJ =85 °C, VoD = min) Device _ 7
Min Max
CLK Input Pin = OUTPUT Pin OR2T15B — 7.3
(Fast) OR2T40B —
CLK Input Pin — OUTPUT Pin OR2T15B —
(Slewlim) OR2T40B —
CLK Input Pin — OUTPUT Pin OR2T15B —
(Sinklim) OR2T40B —

ns

Notes:

The pin-to-pin timing information from ispLEVER is more accurate
parameters in this table should be used instead of results repor

This clock delay is for a fully routed clock tree that uses the pri
PFU CLK input, the clock—Q of the FF, and the delay through
used. The given timing requires that the input clock pin

FF—1/O routing be used.

If the clock pin is not located at one of the four center
OR2T15B = 5.7%, OR2T40B = 12.5%.

G-
<&
N
¥ o
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Timing Characteristics (continued)

Table 44A. OR2CxxA/OR2TxxA Global Clock to Output Delay (Pin-to-Pin)—Output Not on Same

Side of the Device as the Clock Pin

OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C < TA < 70 °C; Industrial: VDD = 5.0 V £ 10%, —40 °C < TA =%85°C; CL = 50 pF.
OR2TxxA Commercial: VDD =3.0V 10 3.6 V,0°C <TA =70 °C;
Industrial: VDD = 3.0 V10 3.6 V, —40 °C < TA < +85 °C; CL = 50 pF.

L. Speed
Description Device Unit
(TJ = 85 °C, VbD = min) -3 -4 -5 -6 v
Min | Max| Min | Max| Min | Max| Min | Max |> Min\| Max
CLK Input Pin — OUTPUT Pin | OR2C/2T04A| — | 10.5| — 9.9 — 8.8 — — — — ns
(Fast) OR2C06A — | 106| — | 100 — 8.9 — — — — ns
OR2C/2TOBA| — | 10.8| — | 10.1| — 9.0 — — — — ns
OR2C/2T10A| — | 11.0| — | 10.3| — 9.2 — — — — ns
OR2C12A — | 112 — [ 105 — 9.4 — — — — ns
OR2C/2T15A| — | 115 — | 10.7| — 9.6 — 8.9 — 7.3 ns:
OR2C/2T26A| — | 11.9| — | 111 | —<| 10:0 |\ — 9.3 — 7.7 ns
OR2C/2T40A| — | 133 | — [ 1244 — | 114} — | 10.5| — 8.3 ns
CLK Input Pin — OUTPUT Pin | OR2C/2T04A| — | 127 | — | 148 —< ) 103| — — — — ns
(Slewlim) OR2C06A — | 129 — | 119 )— | 104 | — — — — ns
OR2C/2TOBA| — | 131 | —g12.04 — |[A05| — — — — ns
OR2C/2T10A| — | 133 | /&~ 122 — | 106| — — — — ns
OR2C12A — | 1354 — | 124} — | 108| — — — — ns
OR2C/2T15A| — | 136 | “—. | 126 | — | 11.0| = | 10y — 8.0 ns
OR2C/2T26A| — 141 —= 129 — 11.44— 1051 "— 8.4 ns
OR2C/2T40A| —(|155| — | 142| — | 126" — | 12| — 9.1 ns
CLK Input Pin = OUTPUT Pin | OR2C/2T04A |4— |\ 148 | — | 13.8| — [d184| — — — — ns
(Sinklim) OR2C06A — 4 150| — | 139 —«|'135| — — — — ns
OR2C/2TO8AYy — | 152 — | 141 | o— | 136 |h— — — — ns
OR2C/2T10A| — | 154 — | 142|"— | 13.7| = — — — ns
OR2C12A =.|156| — | 144 — p139| — — — — ns
OR2C/2T15A| — | 15.8| — |[946| =p| 141| — [ 127| — | 11.2 ns
OR2C/2T26Ayr— | 16.2| — [ 149 — [144| — [131| — | 116 ns
OR2C/2T40A| — | 176 |4— | 163 -~ | 156| — | 143| — | 122 ns

Notes:

The pin-to-pin timing information fromiispLEVER is more accurate than this table. For earlier versions of OACA Foundry, the pin-to-pin timing
parameters in this tabléyshould be used instead of results réported by, OACA Foundry.

This clock delayas for a fully,routed clock tree that uses the primary clock network. It includes both the input buffer delay, the clock routing to the
PFU CLK inpdt, the clock—Q of the FF, and the delay through the output buffer. The delay will be reduced if any of the clock branches are not
used. The given timing requires that the inputselock pin be located at one of the four center PICs on any side of the device and that the direct

FF—1/O routing be used

If the cloek pin is‘notdocated at one of the four'center PICs, this delay must be increased by up to the following amounts:

OR2C/2T04A =,1.5%, OR2C06A = 2.0%, OR2C/2T08A = 3.1%, OR2C/2T10A = 3.9%, OR2C12A = 4.9%, OR2C/2T15A = 5.7%,
OR2C/2T26A = 8.1%, OR2C/2T40A =12.5%.
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Table 44B. OR2TxxB Global Clock to Output Delay (Pin-to-Pin)—Output Not on Same Side of the Device as
the Clock Pin

OR2TxxB Commercial: VDD =3.0V 10 3.6 V,0°C <TA =70 °C;
Industrial: VDD = 3.0 V10 3.6 V, =40 °C < TA < +85 °C; CL = 50 pF.

D ot Speed
escription . . .
(TJ = 85 °C, Voo = min) Device _ 7 Unit
Min
CLK Input Pin — OUTPUT Pin OR2T15B — ns
(Fast) OR2T40B — ns
CLK Input Pin — OUTPUT Pin OR2T15B — ns
(Slewlim) OR2T40B — ns
CLK Input Pin — OUTPUT Pin OR2T15B — ns
(Sinklim) OR2T40B — ns
Notes:
The pin-to-pin timing information from ispLEVER is more accurate i i pin-to-pin timing

parameters in this table should be used instead of results report

This clock delay is for a fully routed clock tree that uses the pr
PFU CLK input, the clock—Q of the FF, and the delay through th
used. The given timing requires that the input clock pin k
FF—I/O routing be used.

ay, the clock routing to the
of the clock branches are not
the device and that the direct

. The delay will b
e four center

If the clock pin is not located at one of the four center
OR2T15B = 5.7%, OR2T40B = 12.5%.
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N
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Timing Characteristics (continued)

Table 45A. OR2CxxA/OR2TxxA Global Input to Clock Setup/Hold Time (Pin-to-Pin)

OR2CxxA Commercial: VDD = 5.0V = 5%, 0 °C < TA < 70 °C; Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0Vto 3.6 V, 0 °C < TA =< 70 °C; Industrial: VDD = 3.0 V to 3.6 V, —40 °C < TA’= #85 °C.

L Speed
Description Device 3 4 5 6 7 Unit
(Tu=all, Vob = all) i - - - .
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Input to CLK (TTL/CMOS) | OR2C/2T04A | 0.0 — 0.0 — 0.0 — — — — — ns
Setup Time (no delay) OR2C06A 0.0 — 0.0 — 0.0 — — — — — ns
OR2C/2T08A | 0.0 — 0.0 — 0.0 — — — — — ns
OR2C/2T10A | 0.0 — 0.0 — 0.0 — — — — — ns
OR2C12A 0.0 — 0.0 — 0.0 — — — — — ns
OR2C/2T15A | 0.0 — 0.0 — 0.0 — 0.0 — 0.0 — ns
OR2C/2T26A | 0.0 — 0.0 — 0.0 — 0.0 — 0.0 — ns
OR2C/2T40A | 0.0 — 0.0 — 0.0 — 0.0 — 0.0 — ns
Input to CLK (TTL/CMOS) | OR2C/2T04A | 5.5 — 4.2 — 4.0 — — — — — ns
Setup Time (delayed) OR2CO06A 5.4 — 4.1 — 39 — — — — — ns
OR2C/2T08A | 5.3 — 4.0 — 3.8 — — — — — ns
OR2C/2T10A| 5.0 — 3.9 — 3.7 — — — — — ns
OR2C12A 4.9 — 3.8 — 36 — — — — — ns
OR2C/2T15A | 4.7 — 3.6 — 3.4 — 4.1 — 4.1 — ns
OR2C/2T26A | 6.9 — 6.0 — 57 — 6.7 — 6.0 — ns
OR2C/2T40A | 6.4 — 15,5 — 5.2 — 6.5 — 5.8 — ns
Input to CLK (TTL/CMOS) | OR2C/2T04A | 4.0 — 38 — 3.6 — — — — — ns
Hold Time (no delay) OR2CO06A 4.1 — 3.9 — 3.7 — — — — — ns
OR2C/2T08A | 4.3 = 41 — 3.9 — — — —_ — ns
OR2C/2T10A | 4.6 — 4.4 — 4.2 — — — — — ns
OR2C12A 48 — 4.6 — 4.4 — — — — — ns
OR2C/2T15A | _5.1 — 4.9 —_ 4.7 — 4.2 — 3.7 — ns
OR2C/2T26A | 5.8 — 5.6 — (5.} — 4.6 — 4.1 — ns
OR2C/2T40A| 6.8 — 6.6 — 6.3 — 5.8 — 4.9 — ns
Input to CLK (TTL/CMOS) | OR2C/2T04A.| 0.0 — 0.0 — 0:0 — — — — — ns
Hold Time (delayed) OR2C06A 0.0 — 0.0 — 0.0 — — — — — ns
OR2C/2T08A |0.0 — 0.0 — 0:0 — — — — — ns
OR2C/2T10A |, 0.0 — 0.0 — 0.0 — — — — — ns
OR2C12A 0.0 — 0.0 — 0.0 — — — — — ns
OR2C/2T45A°| 0.0 — 0.0 — 0.0 — 0.0 — 0.0 — ns
OR2C/2T26A | 0.0 — 0.0 — 0.0 — 0.0 — 0.0 — ns
OR2C/2T40A | 0.0 — 0.0 — 0.0 — 0.0 — 0.0 — ns

Notes:
The pin-to4pin.timing parameters in this tablesshould be used instead of results reported by ispLEVER.

This cleck.delay is.for afully routed clock tree thatwses the primary clock network. It includes both the input buffer delay and the clock routing to
the/PFU CLK input. The delay will be reducedrif any of the clock branches are not used. The given Setup (Delayed and No delay) and Hold
(Delayed) timing, allows the input cloek pin to be located'in any PIC on any side of the device, but direct I/O—FF routing must be used. The Hold
(No'delay) timing assumes the clock pin isslocated at one of the four center PICs and direct I/O—FF routing is used. If it is not located at one of
the four eentér PICs, this delay mustbe increased by up to the following amounts: OR2C/2T04A = 5.3%, OR2C06A = 6.4%, OR2C/2T08A =
7.3%, OR2C/2T10A = 9.1%, OR2C12A = 10.8%, OR2C/2T15A = 12.2%, OR2C/2T26A = 16.1%, OR2C/2T40A = 21.2%.
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Timing Characteristics (continued)

Table 45B. OR2TxxB Global Input to Clock Setup/Hold Time (Pin-to-Pin)
OR2TxxB Commercial: VDb =3.0Vt0 3.6 V, 0 °C < TA < 70 °C; Industrial: Vbb = 3.0 V t0 3.6 V, 40 °C < TA < +85 °C.

D iofi Speed
escription Device -7 -8 Unit
(Ty = all, Vop = all) _ _
Min Max Min
Input to CLK (TTL/CMOS) OR2T15B 0.0 — 0.0 ns
Setup Time (no delay) OR2T40B 0.0 — ns
Input to CLK (TTL/CMOS) OR2T15B 47 — ns
Setup Time (delayed) OR2T40B 7.7 — ns
Input to CLK (TTL/CMOS) ns
- OR2T15B
Hold Time (no delay) OR2T40B 1 2 : : S
Input to CLK (TTL/CMOS) OR2T15B 0.0 —
Hold Time (delayed) OR2T40B 0.0
Notes:

The pin-to-pin timing parameters in this table should be used instea

d the clock routing to
no delay) and Hold
routing must be used. The Hold
ed. If it is not located at one of
=12.5%.

This clock delay is for a fully routed clock tree that uses the prim
the PFU CLK input. The delay will be reduced if any of the clo
(delayed) timing allows the input clock pin to be located in any
(no delay) timing assumes the clock pin is located at on

5-4847(F)

Figure 64. Globa

ck Setup/Hold Time
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Timing Characteristics (continued)

Table 46A. OR2CxxA/OR2TxxA Programmable 1/O Cell Timing Characteristics

OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C = TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0V 10 3.6 V, 0 °C < TA = 70 °C; OR2TxxA Industrial: VDD =3.0Vt0 3.6 V, — <TA = +85°C.

Speed
Parameter Symbol -3 4 -5 -6
Min | Max| Min| Max| Min| Max

Inputs (TJ = 85 °C, VDD = min)
Input Rise Time TR — | 500| — | 500| — | 500
Input Fall Time TF — | 500 — | 500| — | 500
Pad to In Delay PAD_INDEL | — | 15| — | 13| —

Pad to Nearest PFU Latch Output CHIP_LATCH | — | 47| — | 41

Delay Added to General Routing — — | 70| —| 60
(input buffer in delay mode for
OR2C/2T15A and smaller
devices)

Delay Added to General Routing — —
(input buffer in delay mode for
OR2C/2T26A and OR2C/2T40A)

Delay Added to Direct-FF Routing - —
(input buffer in delay mode for
OR2C/2T15A and smaller
devices)

Delay Added to Direct-FF Routing
(input buffer in delay mode for
OR2C/2T26A and OR2C/2T40A)
Outputs (TJ = 85 °C, VbD = min, C
PFU CK to Pad Delay (DOUT[3:
PAD):
Fast OUT_DEL(F) — | 50| — | 44| — | 33| ns
Slewlim ~DEL(SL) — | 64| — | 56| — | 441 ns
Sinklim _DEL(SI) — | 95| — | 83| — | 72| ns
Output to Pad Del T[3:0] to
PAD):
Fast OUT_DEL — | 36| — | 31 — | 27| — | 23 ns
OUT_DEL(S — | 55| — | 45| — | 39| — | 3.1 ns
— | 75| — | 76| — | 65| — | 6.2 ns
— | 40| — | 35| — | 31 — | 25 ns
— | 63| — | 52| — | 47| — | 37 ns
— | 84| — | 93| — | 80| — | 76| ns

the chip hold time to the nearest PFU latch is guaranteed to be 0 if the clock is routed using the
. It should also be noted that any signals routed on the clock lines or using the TRIDI buffers directly
d at any time.

primary clock network; (TJ = @
from the input buffer do not get d

The delays for all input buffers assume an input rise/fall time of <1 V/ns.
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Timing Characteristics (continued)

Table 46B. OR2TxxB Programmable 1/O Cell Timing Characteristics

OR2TxxA Commercial: VDD = 3.0 Vt0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD =3.0Vt0 3.6 V,-40°C < TA <
+85 °C.

Speed

Parameter Symbol -7 Unit

Min Max

Inputs (TJ = 85 °C, VDD = min)

Input Rise Time Tr ns
Input Fall Time TF ns
Pad to In Delay PAD_IN_DEL
Pad to Nearest PFU Latch Output CHIP_LATCH

Delay Added to General Routing -
(input buffer in delay mode for
OR2T15B and smaller devices)

Delay Added to General Routing
(input buffer in delay mode for
OR2T40B)

Delay Added to Direct-FF Routing
(input buffer in delay mode for
OR2T15B and smaller devices)

Delay Added to Direct-FF Routing
(input buffer in delay mode for
OR2T40B)

Outputs (TJ = 85 °C, VDD = mi 50 pF)
PFU CK to Pad Delay (DOUT to
PAD):

Fast UT_DEL(F) 2.8 — 25 ns
Slewlim UT_DEL(S 3.6 — 3.3 ns
Sinklim 8.3 — 8.0 ns
2.8 — 2.5 ns
3.6 — 3.3 ns
8.3 — 8.0 ns
3.0 — 2.7 ns
_DEL(SL) 3.8 — 3.4 ns
_DEL(SI) — 9.1 — 8.7 ns

from the input b delayed at any time.

The delays for all i assume an input rise/fall time of <1 V/ns.
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Timing Characteristics (continued)

Table 47. Series 2 General Configuration Mode Timing Characteristics

OR2CxxA Commercial: VDD = 5.0V + 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V + 10%, —40 °C < TA < +85 °C.
OR2TxxA/B Commercial: VDD =3.0Vt0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA/B Industrial: VDD = 3.0 V t0 3.6 V,
—-40°C <TA < +85°C.

Parameter Symbol Min Max Unit
All Configuration Modes
M[3:0] Setup Time to INIT High TSMODE 50.0 — ns
M[3:0] Hold Time from INIT High THMODE 60010 — ns
RESET Pulse Width Low to Start Reconfiguration TRW 50.0 = ns
PRGM Pulse Width Low to Start Reconfiguration TPGW 50.0 — ns
Master and Asynchronous Peripheral Modes
Power-on Reset Delay TPO 17.30 69.47 ms
CCLK Period (M3 = 0) TCCLK 66.0 265.00 ns
(M3 =1) 528.00 2120.00 ns
Configuration Latency (noncompressed): TeL
OR2C/2T04A (M3 =0) 4.31 17.30* ms
(M3 =1) 34.48 138.40* ms
OR2C/2T06A (M3 =0) 6.00 24.08* ms
(M3 =1) 48.00 192.64* ms
OR2C/2T08A (M3 =0) 7.62 30.60* ms
(M3 =1) 60.96 244 80" ms
OR2C/2T10A (M3 =0) 9:82 39.43* ms
(M3 =1) 78.56 315.44* ms
OR2C12A (M3 =0) 11.86 47.62* ms
(M3 &£1) 94.88 380.96* ms
OR2C/2T15A/2T15B (M3 = 0) 14.57 58.51* ms
(M3 =1) 116.56 468.08" ms
OR2C/2T26A (M8 = 0) 20.25 81.32* ms
(M3 = 1) 162.00 650.56" ms
OR2C/2T40A/2T40B (M3£ 0) 31.29 125.62* ms
(M3'=1) 250.32 1004.96* ms
Slave Serial and Synchronous Peripheral Modes
Power-on Reset Delay TpPO 4.33 17.37 ms
CCLK Period (OR2CxxA/OR2TxxA) TceLk 100.00 — ns
CCLK Period (OR2TxxB) TceLk 25.00 — ns
Configaration Latency (noncompressed): TcL
OR2C/2T04A 6.53 — ms
OR2C/2T06A 9.09 — ms
OR2C/2T08A 11.55 — ms
OR2C/2T10A 14.88 — ms
OR2C12A 17.97 — ms
OR2C/2T15A 22.08 — ms
OR2T15B 5.52 — ms
OR2C/2T26A 30.69 — ms
OR2C/2T40A 47.40 — ms
OR2T40B 11.85 — ms

* Not applicable to asynchronous peripheral mode.
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Timing Characteristics (continued)

Table 47. Series 2 General Configuration Mode Timing Characteristics (continued)

OR2CxxA Commercial: VDD = 5.0 V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA/B Commercial: VDD = 3.0 Vt0 3.6 V, 0 °C < TA = 70 °C; OR2TxxA/B Industrial: VDD = 3.0,\ito 3.6 V,
—-40°C <TA =< +85°C.

Parameter Symbol Min Max Unit
Slave Parallel Mode
Power-on Reset Delay TpPO 4.33 17.37 ms
CCLK Period (OR2CxxA/OR2TxxA) TceLk 100.00 — ns
CCLK Period (OR2TxxB) TceLk 25.0 — ns
Configuration Latency (noncompressed): TcL
OR2C/2T04A 0.82 — ms
OR2C/2T06A 1.14 — ms
OR2C/2T08A 1.44 a0 ms
OR2C/2T10A 1.86 — ms
OR2C12A 2.25 — ms
OR2C/2T15A 2.76 — ms
OR2T15B 0.69 — ms
OR2C/2T26A 3.84 — ms
OR2C/2T40A 5.98 — ms
OR2T40B 1248 — ms
Partial Reconfiguration (noncompressed): TPR
OR2C/2T04A 1.70 — ps/frame
OR2C/2T06A 2.00 — ps/frame
OR2C/2T08A 2.20 — ps/frame
OR2C/2T10A 2.50 — us/frame
OR2C12A 2.70 — ps/frame
OR2C/2T15A/2715B 3.00 — us/frame
OR2C/2T26A 3.50 — ps/frame
OR2C/2T40A/2T40B 4.30 — ps/frame
INIT Timing
INIT High'to CCLK Delay: TINIT_CLK
Slave Parallel 1.00 — ys
Slave Serial 1.00 — us
Synchronous Peripheral 1.00 — us
Master Serial:
(M3=1) 1.06 4.51 us
(M3'=0) 0.59 2.65 us
Master Parallel:
(M3 =1) 5.28 21.47 us
(M3 = 0) 1.12 4.77 us
Initialization Latency{PRGM high to INIT high): TIL
OR2C/2T04A 63.36 254.40 us
OR2C/2T06A 74.98 301.04 ys
OR2C/2T08A 86.59 347.68 ys
OR2C/2T10A 98.21 394.32 ys
OR2C12A 109.82 440.96 ys
OR2C/2T15A/2T15B 121.44 487.60 us
OR2C/2T26A 144.67 580.88 ps
OR2C/2T40A/2T40B 181.90 730.34 ys
INIT High to WR, Asynchronous Peripheral TINIT_WR 1.50 — ys

Note: TPO is triggered when VDD reaches between 3.0 V to 4.0 V for the OR2CxxA and between 2.7 V and 3.0 V for the OR2TxxA/OR2TxxB.

Lattice Semiconductor 161



Data Sheet
ORCA Series 2 FPGAs November 2006

Timing Characteristics (continued)

Series 2
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Timing Characteristics (continued)

Table 48. Series 2 Master Serial Configuration Mode Timing Characteristics
OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C = TA = 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.

OR2TxxA/B Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA =< 70 °C; OR2TxxA/B Industrial: VDD =

—40°C <TA < +85 °C.

Parameter Symbol Min
DIN Setup Time Ts 60.0
DIN Hold Time TH 0 ns
CCLK Frequency (M3 = 0) Fc 3.8 MHz
CCLK Frequency (M3 = 1) Fc 0.48 MHz
CCLK to DOUT Delay TD — ns

Note: Serial configuration data is transmitted out on DOUT on the falling edge o

CCLK

it is input DIN.

DIN

DOUT

@. Master Serial. Con

&

Lattice Semiconductor

ation Mode Timing Diagram
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Timing Characteristics (continued)

Table 49. Series 2 Master Parallel Configuration Mode Timing Characteristics
OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.

OR2TxxA/B Commercial: VDD =3.0Vt0 3.6 V, 0 °C < TA =< 70 °C; OR2TxxA/B Industrial: VDD = 3.0 V to 3
—-40°C <TA < +85°C.
Parameter Symbol ] Uni
RCLK to Address Valid Tav
ns

D[7:0] Setup Time to RCLK High Ts

D[7:0] Hold Time to RCLK High TH ns
RCLK Low Time (M3 = 0) TcL ns
RCLK High Time (M3 = 0) TCH

RCLK Low Time (M3 = 1) TcL

RCLK High Time (M3 = 1) TCH

CCLK to DOUT TD
Notes:

The RCLK period consists of seven CCLKs for RCLK low and one CCLK fe
Serial data is transmitted out on DOUT 1.5 CCLK cycles after the

Al17:0] >I<'
Tav
RCLK _‘/I/_\

D[7:0]

TcH A TcL
AN Y

Ts - —
VA |
BYTE N + 1 X

v o N,
.

D OG0 000000

CCLK

DOUT

1.44(F)

ster Parallel Configuration Mode Timing Diagram
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Timing Characteristics (continued)

Table 50. Series 2 Asynchronous Peripheral Configuration Mode Timing Characteristics

OR2CxxA Commercial: VDD = 5.0 V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V + 10%, —40 °C < TA < +85 °C.
OR2TxxA/B Commercial: VDD =3.0 V10 3.6 V, 0 °C =< TA = 70 °C; OR2TxxA/B Industrial: VDD = 3:0'Vito 3.6 V,

—40°C <TA < +85 °C.

Parameter Symbol Min Max Unit
WR, CS0, and CS1 Pulse Width TWR 100 — ns
D[7:0] Setup Time Ts 20 — ns
D[7:0] Hold Time TH 0 — ns
RDY Delay TRDY — 60 ns
RDY Low TB 1 8 CCLK Periods
Earliest WR After RDY Goes High* TWR2 0 — ns
RD to D7 Enable/Disable TDEN — 60 ns
CCLK to DOUT TD — 30 ns

* This parameter is valid whether the end of not RDY is determined from the RDY/RCLK pin or from the D7 pin.

Notes:

Serial data is transmitted out on DOUT on the falling edge of CCLK afterthe byte is input D[7:0].

D[6:0] timing is the same as the write data port of the D7 waveform\because D[6:0] are,not enabled.

650 X XXXXXXHKAN

AXKXIRXX

AXXXN

051 XXX XKXXAX

-« TWR——p
WR SL "4

Ts

NXXXXXX)

XXX

s KRRl S — Y

—| TDEN |<+—

TWR2 fa———— |
—| TDEN [«—

RD
RDY. \ 14
\
- TB
TRDY |le——
CCLK
To -«
DOUT PREVIOUS BYTE D7 DO X D1 X D2 X D3 X

Figure 68. Asynchronous Peripheral Configuration Mode Timing Diagram
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Timing Characteristics (continued)

Table 51A. OR2CxxA/OR2TxxA Synchronous Peripheral Configuration Mode Timing Characteristics

OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0V1t0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 V10 3.6 V, =40 °C < TA < +85 °C.

Parameter Symbol Min Max Unit
D[7:0] Setup Time Ts 20 — ns
D[7:0] Hold Time TH 0 — ns
CCLK High Time TcH 50 — ns
CCLK Low Time TcL 50 — ns
CCLK Frequency Fc — 10 MHZz
CCLK to DOUT TD — 30 ns

Note: Serial data is transmitted out on DOUT 1.5 clock cycles after the byte is input D[7:0].

Table 51B. OR2TxxB Synchronous Peripheral Configuration Mode Timing Characteristics
OR2TxxB Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA < 70 °C; OR2I1xxB Industrial: VDD = 3.0\ to 3.6 V, =40 °C < TA < +85 °C.

Parameter Symbol Min Max: Unit
D[7:0] Setup Time Ts 15 — ns
D[7:0] Hold Time TH 0 — ns
CCLK High Time TcH 12.5 — ns
CCLK Low Time Tcu 12.5 — ns
CCLK Frequency Fc — 40 MHz
CCLK to DOUT TD — 10 ns

Note: Serial data is transmitted out’'on DOUT, 1.5 clock cycles after the byte is‘input D[7:0].

CCLK

TINIT_eLK
INIT l

’

J ‘k To

-

TH |e—
-—

{ BYTE 1)
" 7

DOUT

o Xt X2 Xs X@ X Xo X7 Xe X

N

5-4534(F)

Figure 69. Synchronous Peripheral Configuration Mode Timing Diagram
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Timing Characteristics (continued)

Table 52A. OR2CxxA/OR2TxxA Slave Serial Configuration Mode Timing Characteristics

OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C = TA = 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.

OR2TxxA Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 V

V,-40°C <TA =< +85°C

Parameter Symbol Min Unit
DIN Setup Time Ts 20 ns
DIN Hold Time TH 0 ns
CCLK High Time TCH 50 ns
CCLK Low Time ToL 50 ns
CCLK Frequency Fc — Hz
CCLK to DOUT TD —
Note: Serial configuration data is transmitted out on DOUT on the falling edge
Table 52B. OR2TxxB Slave Serial Configuration M
OR2TxxB Commercial: VDD =3.0V1t03.6V,0°C <TA —40°C <TA<+85°C.
Parameter Symbol Unit
DIN Setup Time Ts ns
DIN Hold Time TH ns
CCLK High Time T, ns
CCLK Low Time L ns
CCLK Frequency MHz
CCLK to DOUT TD ns

Note: Serial configuration dat

&

5

transmi out on DOUT on

LK
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Timing Characteristics (continued)

Table 53A. OR2CxxA/OR2TxxA Slave Parallel Configuration Mode Timing Characteristics

OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0V1t0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 V10 3.6 V, =40 °C < TA < +85 °C.

Parameter Symbol Min Max Unit
CS0, CS1, WR Setup Time Tst 60 — ns
CS0, CS1, WR Hold Time TH1 20 — ns
D[7:0] Setup Time Ts2 20 By ns
D[7:0] Hold Time TH2 0 — ns
CCLK High Time TcH 50 — ns
CCLK Low Time TcL 50 — ns
CCLK Frequency Fc — 10 MHz

Note: Daisy chaining of FPGAs is not supported in this mode.

Table 53B. OR2TxxB Slave Parallel Configuration Mode Timing Characteristics

OR2TxxB Commercial: VDD =3.0Vt0 3.6 V, 0 °C < TA = 70.°2C; OR2TxxB Industrial: VDD =3.0 V'{0:3.6 V,~40 °C < TA < +85 °C.

Parameter Symbol Min Max Unit
CS0, CS1, WR Setup Time Ts1 — — —
CS0, CS1, WR Hold Time TH1 15 — ns
D[7:0] Setup Time Ts2 15 — ns
D[7:0] Hold Time TH2 0 — ns
CCLK High Time TCH 12:5 — ns
CCLK Low Time TcL 12.5 — ns
CCLK Frequency Fc — 40 MHz

Note: Daisy chaining of FPGASs is ot suppdrted in this mode,

95 WL IOX XK £

0 XXX L0 RAXX
W AR X0

le— TS1—»la—TH1 —>|

o TN A\

«—Tso—»la———TH2

—

D[7:0]

5-2848(F)

Figure 71. Slave Parallel Configuration Mode Timing Diagram
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Timing Characteristics (continued)

Table 54. Series 2 Readback Timing Characteristics
OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C = TA = 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA/B Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA =< 70 °C; OR2TxxA/B Industrial: VDD =
—40°C < TA < +85 °C.

Parameter Symbol Min Unit
RD_CFGN to CCLK Setup Time Ts ns
RD_CFGN High Width to Abort Readback CCLK

CCLK Low Time

CCLK High Time

CCLK Frequency

CCLK to RD_DATA Delay

RD_CFGN

CCLK

A 8o QOO Aermo

RD_DATA
q Figure 72. Readba ing Diagram

Q/V
7S

BIT 1
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Timing Characteristics (continued)

Table 55. Series 2 Boundary-Scan Timing Characteristics

OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0V1t0 3.6 V, 0 °C < TA = 70 °C; OR2TxxA Industrial: VDD =3.0Vt0 3.6 V, <TA<+85°C.

OR2TxxB Commercial: VDD =3.0Vt0 3.6 V, 0 °C < TA =< 70 °C; OR2TxxB Industrial: VDD = 3.0 V to 3.6 40 °C A < +85 °C.
-

Parameter Symbol Min it
TDI/TMS to TCK Setup Time Ts 25
TDI/TMS Hold Time from TCK TH 0
TCK Low Time TcL 50
TCK High Time TcH 50
TCK to TDO Delay TD —
TCK Frequency TTCK —

TCK

v

<T

ms ) ) ‘F

X A‘ 200N
00 @ . X
V ure 73. Bo ing Diagram
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Figure 76. Input Buffer Delays
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Output Buffer Characteristics -
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Package Outline Drawings
Terms and Definitions

Basic Size (BSC):  The basic size of a dimension is the size from which the limits for that dimension are derived
by the application of the allowance and the tolerance.

Design Size: The design size of a dimension is the actual size of the desi
and tolerance.

g an allowance for fit

Minimum (MIN) or
Maximum (MAX): Indicates the minimum or maximum allowable size
Reference (REF):  The reference dimension is an untoleranced dimension u i purposes only.

TypicaI (TYP)Z i arance is
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Package Outline Drawings (continued)
84-Pin PLCC

Dimensions are in millimeters.

- 30.353 MAX >
29.083 £ 0.076 |

PIN #1 IDENTIFIER ZONE
Iull_ll_ll_ll_lI_II_II_II_II_II‘1 II_II_II_II_II_II_II_II_II_II7_5I

12E LJ'

O

O ]
O

O ]
O ]
O ]
O

O

O

O

O

O ]
O ]
O ]
O ]
O ]
O ]
O ]
32[] []54

I.II.II.II.IL@JI_II_II_II_II_II_IIS_SI :

¥ SEATING PLANE

051 MIN ] 010
27 TyP 0.330/0.533 TYP

5-2347r.16

176 Lattice Semiconductor



Data Sheet
November 2006

ORCA Series 2 FPGAs

Package Outline Drawings (continued)
100-Pin TQFP

Dimensions are in millimeters.
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Package Outline Drawings (continued)
144-Pin TQFP

Dimensions are in millimeters.
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Package Outline Drawings (continued)
160-Pin QFP

Dimensions are in millimeters.
- 31.20 +0.20 >
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Package Outline Drawings (continued)
208-Pin SQFP

Dimensions are in millimeters.
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Package Outline Drawings (continued)
208-Pin SQFP2

Dimensions are in millimeters.

- 30.60 £ 0.20

- 28.00 +0.20 >
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Package Outline Drawings (continued)
240-Pin SQFP

Dimensions are in millimeters.

| 34.60 +0.20
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Package Outline Drawings (continued)

240-Pin SQFP2
Dimensions are in millimeters.
[ 34.60 = 0.20 >
- 32.00 = 0.20 -
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Package Outline Drawings (continued)

256-Pin PBGA

Dimensions are in millimeters.
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Package Outline Drawings (continued)

304-Pin SQFP
Dimensions are in millimeters.
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Package Outline Drawings (continued)
304-Pin SQFP2

Dimensions are in millimeters.
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ORCA Series 2 FPGAs

Package Outline Drawings (continued)

352-Pin PBGA

Dimensions are in millimeters.
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Package Outline Drawings (continued)

432-Pin EBGA

Dimensions are in millimeters.
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Ordering Information

OR2XXXX X XX XXX X—XX

L Packing Designator
DB =Dry P, Tray
D=DryP

Device Family ———
OR2CXXA
OR2TXXA
OR2TXXB

Speed Grade

Package Type
BA = Plastic Ball Grid Array (PBGA)
BC = Enhanced Ball Grid Array (EBGA)
J = Quad Flat Pack (QFP)

M = Plastic Leaded Chip Carrier (PLCC
PS = Power Quad Shrink Flat Package
S = Shrink Quad Flat Package (SQFP)
T = Thin Quad Flat Package (TQFP)

)
(S

Table 56. Ordering Information

Device Family ber Pci:n/BaII Grade Pa_cking
ount Designator
OR2C04A 84 C D
100 C DB
144 C DB
160 C DB
208 C DB
4 100 C DB
4 144 C DB
4 160 C DB
4 208 C DB
4 240 C DB
4 256 C DB
4 160 C DB
4 208 C DB
4 240 C DB
OR2C10A 4 160 C DB
OR2C10A4S208-DB? 4 SQFP 208 C DB
OR2C10A4BA256-DB? 4 PBGA 256 C DB
OR2C10A4BA352-DB? 4 PBGA 352 C DB
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Commercial
Device Family Part Number 2’: :Zg Pa_;_:;:a eg e ngf::’ Grade Depgicglzta’?or
OR2C12A OR2C12A4M84-D? 4 PLCC 84 C D
OR2C12A4S208-DB? 4 SQFP 208 C DB
OR2C12A4S240-DB? 4 SQFP 240 C DB
OR2C12A4BA256-DB? 4 PBGA 256 C DB
OR2C12A4S304-DB? 4 SQFP 304 C DB
OR2C12A4BA352-DB? 4 PLCC 352 C DB
OR2C12A3S208-DB? 3 SQFP 208 C DB
OR2C12A3S240-DB? 3 SQFP 240 C DB
OR2C15A OR2C15A4M84-D? 4 PLCC 84 C D
OR2C15A4PS208-DB? 4 SQFP2 208 C DB
OR2C15A4S208-DB? 4 SQFP 208 C DB
OR2C15A4S240-DB? 4 SQFP 240 C DB
OR2C15A4BA256-DB? 4 PBGA 256 C DB
OR2C15A4S304-DB? 4 SQFP 304 C DB
OR2C15A4BA352-DB? 4 EBGA 352 C DB
OR2C26A OR2C26A4PS208-DB? 4 SQFP2 208 C DB
OR2C26A4PS240-DB? 4 SQFP2 240 C DB
OR2C26A4PS304-DB? 4 SQFP2 304 C DB
OR2C40A OR2C40A4PS208-DB? 4 SQFP2 208 C DB
OR2C40A4PS240-DB? 4 SQFP2 240 C DB
OR2C40A4PS304-DB? 4 SQFP2 304 C DB
OR2TO04A OR2T04A5T100-DB? 5 TQFP 100 C DB
OR2T04A5T144-DB? 5 TQFP 144 C DB
OR2T04A5S208-DB? 5 SQFP 208 C DB
OR2T04A4T100-DB? 4 TQFP 100 C DB
OR2T04A4T144-DB3 4 TQFP 144 C DB
OR2T04A4S208-DB? 4 SQFP 208 C DB
OR2TO08A OR2T08A5J160-DB? 5 QFP 160 C DB
OR2T08A5S208<DB? 5 SQFP 208 C DB
OR2T08A5S240-DB? 5 SQFP 240 C DB
OR2T08A5BA256-DB? 5 PBGA 256 C DB
@R2T08A4J160-DB? 4 QFP 160 C DB
OR2T08A4S208-DB? 4 SQFP 208 C DB
OR2T08A4S240-DB? 4 SQFP 240 C DB
OR2T08A4BA256-DB? 4 PBGA 256 C DB
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Commercial
Device Family Part Number g’: :Zg Pa.;.;’;:’ e_q e ngf::’ Grade DZ;‘ZZZ?O’_

OR2T10A OR2T10A5J160-DB? 5 QFP 160 C DB
OR2T10A5S208-DB? 5 SQFP 208 C DB
OR2T10A5S240-DB? 5 SQFP 240 [ DB
OR2T10A5BA256-DB? 5 PBGA 256 C DB
OR2T10A4J160-DB? 4 QFP 160 C DB
OR2T10A4S208-DB? 4 SQFP. 208 [ DB
OR2T10A4S240-DB? 4 SQFP 240 C DB
OR2T10A4BA256-DB? 4 PBGA 256 C DB

OR2T15A OR2T15A7S208-DB 7 SQFP. 208 C DB
OR2T15A7S240-DB 7 SQFP 240 C DB
OR2T15A7BA256-DB 7 PBGA 256 C DB
OR2T15A7BA352-DB? 7 PBGA 352 C DB
OR2T15A6M84-D 6 PLCC 84 C D
OR2T15A6S208-DB 6 SQFP. 208 C DB
OR2T15A6S240-DB 6 SQFP 240 C DB
OR2T15A6BA256-DB 6 PBGA 256 C DB
OR2T15A6BA352-DB? 6 PBGA 352 C DB

OR2T15B OR2T15B85208-DB? 8 SQFP 208 [ DB
OR2T15B85240-DB? 8 SQFP 240 C DB
OR2T15B8BA256-DB? 8 PBGA 256 C DB
OR2T15B8BA852-DB? 8 PBGA 352 C DB
OR2T1587S208-DB? 7 SQFP 208 [ DB
OR2T15B7S240-DB? 7 SQFP 240 [ DB
OR2T15B7BA256-DB? 7 PBGA 256 C DB
OR2T15B7BA352-DB? 7 PBGA 352 C DB

OR2T26A OR2T26A7PS$208-DB’ 7 SQFP2 208 C DB
OR2T26A7S208-DB 7 SQFP 208 C DB
OR2T26A7PS240-DB® 7 SQFP2 240 C DB
OR2T26A7BA352-DB? 7 PBGA 352 [ DB
OR2T26A7BC432-DB? 7 EBGA 432 C DB
©R2T26A6PS208-DB’ 6 SQFP2 208 C DB
OR2T26A6S208-DB 6 SQFP 208 C DB
OR2T26A6PS240-DB? 6 SQFP2 240 [ DB
OR2T26A6BA352-DB? 6 PBGA 352 C DB
OR2T26A6BC432-DB? 6 EBGA 432 [ DB

OR2T40A OR2T40A7PS208-DB?® 7 SQFP2 208 C DB
OR2T40A7PS240-DB? 7 SQFP2 240 [ DB
OR2T40A7BA352-DB? 7 PBGA 352 C DB
OR2T40A6PS208-DB? 6 SQFP2 208 C DB
OR2T40A6PS240-DB?® 6 SQFP2 240 C DB
OR2T40A6BA352-DB? 6 PBGA 352 C DB
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Commercial
Device Family Part Number 2’: :Zg Pa_;_:;:a eg e ngf::’ Grade Depgicglzta’?or

OR2T40B OR2T40B8PS208-DB? 8 SQFP2 208 C DB
OR2T40B8BA352-DB? 8 PBGA 352 C DB
OR2T40B8BC432-DB? 8 EBGA 432 C DB
OR2T40B7PS208-DB? 7 SQFP2 208 C DB
OR2T40B7BA352-DB? 7 PBGA 352 C DB
OR2T40B7BC432-DB? 7 EBGA 432 C DB

Industrial
Device Family Part Number g’: :sg Pa_’c]:/ I;feg ¢ ngf::’ Grade D::izgla’tgor

OR2CO04A OR2C04A3T1001-DB? 3 TQFP. 100 | DB
OR2C04A3T144I-DB? 3 TQFP 144 I DB
OR2C04A3S208I-DB? 3 SQFP 208 I DB

OR2CO06A OR2C06A3T1001-DB? 3 TQFP 100 | DB
OR2C06A3T1441-DB? 3 TQFP 144 | DB
OR2C06A3J1601-DB? 3 QFP 160 | DB
OR2C06A3S208I-DB? 3 SQFP 208 | DB
OR2C06A3S2401-DB? 3 SQFP 240 | DB
OR2C06A3BA256{-DB? 3 PBGA 256 | DB

OR2CO08A OR2C08A3J160I1-DB? 3 QFP 160 | DB
OR2C08A3$208I-DB? 3 SQFP 208 | DB
OR2C08A3S240!-DB? 3 SQFP 240 | DB

OR2C10A OR2C10A341601-DB? 3 QFP 160 | DB
OR2C10A3S208I-DB? 3 SQFP 208 | DB
OR2C10A8BA256I-DB? 3 PBGA 256 | DB
OR2C10A3BA352|-DB? 8 QFP 352 | DB

OR2C12A OR2C12A3M84I1-D? 3 SQFP 84 | D
QR2C12A3S208I-DB? 3 SQFP 208 | DB
OR2C12A3S240/-DB? 3 SQFP 240 | DB
OR2C12A3BA256I-DB? 3 PBGA 256 | DB
OR2G12A3S3041-DB? 3 SPBGA 304 | DB
OR2C12A3BA352!-DB? 3 PLCC 352 | DB

OR2C15A OR2C15A3M84I1-D? 3 PLCC 84 | D
OR2C15A3S208I-DB? 3 SQFP 208 | DB
OR2C15A3PS208I-DB? 3 SQFP2 208 | DB
OR2C15A3S240I-DB? 3 SQFP 240 | DB
OR2C15A3PS240I1-DB? 3 SQFP2 240 | DB
OR2C15A3BA2561-DB? 3 PBGA 256 | DB
OR2C15A3BA352|-DB? 3 PBGA 352 | DB
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November 2006 ORCA Series 2 FPGAs
Industrial
Device Family Part Number g’: :Zg Pa.;.;’;:’ g e ngf::’ Grade Dgzi‘_g:’a’?or
OR2C26A OR2C26A3PS208BI-DB? 3 SQFP2 208 | DB
OR2C26A3PS208I-DB? 3 SQFP2 208 I DB
OR2C26A4PS208I-DB? 4 SQFP2 208 | DB
OR2C26A3PS2401-DB? 3 SQFP2 240 | DB
OR2C26A3PS304I-DB? 3 SQFP2 304 I DB
OR2C40A OR2C40A3PS208I-DB? 3 SQFP2 208 I DB
OR2C40A4PS208I-DB? 4 SQFP2 208 | DB
OR2C40A3PS2401-DB? 3 SQFP2 240 | DB
OR2C40A3PS304I-DB? 3 SQFP2 304 | DB
OR2T04A OR2T04A4T100I-DB? 4 TQFPR 100 I DB
OR2T04A4T1441-DB? 4 TQFP 144 I DB
OR2T04A4S208I-DB? 4 SQFP 208 | DB
OR2T08A OR2T08A4J1601-DB? 4 QFP 160 | DB
OR2T08A4S208I-DB? 4 SQFP. 208 I DB
OR2T08A4S2401-DB? 4 SQFP 240 I DB
OR2T08A4BA256|-DB*? 4 PBGA 256 I DB
OR2T10A OR2T10A4J1601DB? 4 QFP 160 I DB
OR2T10A45208I-DB? 4 SQFP 208 I DB
OR2T10A45240|-DB? 4 SQFP 240 I DB
OR2T10A4BA256|-DB? 4 PBGA 256 I DB
OR2T15A OR2T15A6S208I-DB 6 SQFP 208 I DB
OR2T15A6S240I1-DB 6 SQFP 240 I DB
OR2T15A6BA352]-DB? 6 PBGA 352 I DB
OR2T15B OR2T45B7S208I-DB? 7 SQFP 208 I DB
OR2T15B7S240l-DB? 7 SQFP 240 I DB
OR2T15B7BA256|-DB? 7 PBGA 256 I DB
OR2T15B7BA352I-DB? 7 PBGA 352 I DB
OR2T26A OR2T26A6PS208I:DB" 6 SQFP2 208 I DB
OR2T26A6S208I-DB 6 SQFP 208 | DB
OR2T26A6PS2401-DB?® 6 SQFP2 240 I DB
OR2T26A6BA352]-DB? 6 PBGA 352 I DB
OR2T26A6BC432I-DB? 6 EBGA 432 I DB
OR2T40A OR2T40A6PS208I-DB? 6 SQFP2 208 | DB
OR2T40A6PS2401-DB® 6 SQFP2 240 I DB
OR2T40A6BA352]-DB? 6 PBGA 352 I DB
OR2T40B OR2T40B7PS208I-DB? 7 SQFP2 208 I DB
OR2T40B7BA352]-DB? 7 PBGA 352 I DB
OR2T40B7BC432I-DB? 7 EBGA 432 I DB

1. Converted to S208 package device per PCN#11A-06
2. Discontinued per PCN #02-06. Contact Rochester Electronics for available inventory.
3. Discontinued per PCN #06-07. Contact Rochester Electronics for available inventory.
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