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Features

High-performance, cost-effective, low-power

0.35 um/0.3 um CMOS technology, with a migration
plan to 0.25 um (four-input look-up table delay less
than 1.4 ns with -6 speed grade, less than 1.1 ns with
preliminary -7 speed grade)

‘High density (up to 43,200 usable, logic-only gates;

or 99,400 gates including RAM)

Up to 480 user 1/Os (OR2TxxA I/Os are 5V

tolerant to allow interconnectiontoboth3.3Vand 5V
devices, selectable on a per-pin basis)

Four 16-bit look-up tables and four latches/Alip-flops
per PFU, nibble-oriented for implementing

4-, 8-, 16-, and/or 32-bit (or wider) bus structures
Eight 3-state buffers per PFU for on-chip bus struc-

Flip-tiop/iatch options to allow programmable priority
of synchronous set/reset vs. clock enable

Enhanced cascadable nibble-wide data path
capabilities for adders, subtractors, counters, muiti-
pliers, and comparators including internal fast-carry
operation

innovative, abundant, and hierarchical nibble-
oriented routing resources that allow automatic use
of internal gates for all device densities without sacri-
ficing performance

Upward bit stream compatible from the ORCA
ATT2Cxx/ATT2Txx series of devices
Pinout-compatible with new ORCA 3C/Txxx series
FPGAs

TTL or CMOS input levels programmabie per pin for
the OR2CxxA (5.0 V) devices

tures » Individually programmable drive capability: 12 mA
= Fast on-chip user SRAM has features to simplify sink/6 mA source or 6 mA sink/3 mA source
RAM design and increase RAM speed: n Built-in boundary scan (/EEE 1149.1 JTAG) and
— Asynchronous single port: 64 bits/PFU 3-state all VO pins (TS_ALL) testabiity functions
— Synchronous single port: 64 bits/PFU s Muttiple configuration options, including simple, tow
— Synchronous dual port: 32 bits/PFU pin-count serial ROMs, and peripheral or JTAG
= Improved ability to combine PFUs to create larger modes for in-system programming (ISP}
RAM structures using write-port enable and s Full PCI bus compliance for all devices
3-state buffers » Supported by industry-standard CAE tools for design
s Fast, dense multipliers can be created with the multi- entry, synthesis, and simulation with ORCA Foundry
plier mode (4 x 1 multiplier/PFU): Development System support {for back-end imple-
- 8 x 8 multiplier requires only 16 PFUs mentation)
— 30% increase in speed
Table 1. ORCA OR2CxxA/OR2TxxA Series FPGAs
Device gz::: Latches/FFs x:;t;:sr 3301" Array Size
OR2C04A/OR2T04A 4,800—11,000 400 6,400 160 10x 10
OR2C06A/OR2T06A 6,900—15,900 576 9,216 192 12x12
OR2C08A/OR2T08A 9,400—21,600 784 12,544 224 14 x 14
OR2C10A/OR2T10A 12,300~-28,300 1024 16,384 256 16 x 16
OR2C12A/OR2T12A 15,600—35,800 1296 20,736 288 18x 18
OR2C15A/OR2T15A 19,200—44,200 1600 25,600 320 20x 20
OR2C26A/OR2T26A 27,600--63,600 2304 36,864 384 24 x 24
OR2C40A/OR2T40A 43,200—99,400 3600 57,600 480 30 x30

* The first number in the usabie 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 4 gates per bit, with each PFU capable of

implementing a 16 x 4 RAM (or 256 gates) per PFU.
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Description

The ORCA OR2CxxA/OR2TxxA series of SRAM-
based FPGAs are an enhanced version of the ORCA
2C/2T architecture. The latest ORCA series includes
patented architectural enhancements that make func-
tions faster and easier to design while conserving the
use of PLCs and routing resources.

The OR2CxxA/OR2TxxA devices can be used as drop-
in replacements for the ATT2Cx/ATT2Txx series,
respectively, and they are also bit stream compatible
with each other. Both series of devices are imple-
mented using 0.35 wm/0.3 um processes: one process
for each geometry is optimized for 5.0 V operation, and
the other is optimized for 3.3 V operation to allow
enhanced system speeds at less than half the power.
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 temperature
ranges.

The ORCA series FPGA consists of two basic ele-
ments: programmabile logic cells (PLCs) and program-
mabie input/output cells (PICs). An array of PLCs is
surrounded by PICs as shown in Figure 1. Each PLC
contains-a programmabile 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
latchesffiip-flops (FFs).

The PLC architecture provides a balanced mix of logic
and routing that allows a higher utilized gate/PFU than
alternative architectures. The routing resources carry
logic signals between PFUs and 1/O pads. The routing
in the PLC is symmetrical about the horizontal and ver-
tical axes. This improves routability by aliowing a bus of
signals to be routed into the PLC from any direction.

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

The FPGA's functionality is determined by interna!
configuration RAM. The FPGA's internal initialization/
configuration circuitry loads the configuration data at
powerup or under system control. The RAM is loaded
by using one of several configuration modes. The con-
figuration 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 for configuring FPGAs, while the periph-
eral and JTAG configuration modes allow for easy, in-
system programming (ISP).

Table 2. ORCA OR2CxxA/OR2TxxA System Performance

# Speed Grade .

Function PFUs 2 3 "y ry y 3 Unit
16-bit loadable up/down counter 4 51.0 66.7 87.0 104.2 | 1299 | 1549 | MHz
16-bit accumulator 4 51.0 66.7 87.0 1042 | 129.9 | 1549 | MHz
8 x 8 parallel multiplier:
— Muttiplier mode, unpipelined’ 22 14.2 19.3 25.1 31.0 36.0 42.1 MHz
— ROM mode, unpipelined?® 9 41.5 55.6 71.9 87.7 1075 | 1289 | MHz
— Multiplier mode, pipelined® 44 50.5 69.0 82.0 103.1 | 1250 | 147.1 | MHz
32 x 16 RAM:
— Single port (read and write/cycle)? 9 21.8 28.6 36.2 45.5 53.8 63.3 | MHz
— Single port® 9 38.2 52.6 69.0 86.2 92.6 96.2 | MHz
— Dual port® 18 38.2 52.6 83.3 90.9 92.6 96.2 | MHz
36-bit parity check (internat) 4 139 11.0 9.1 7.4 5.6 5.0 ns
32-bit address decode (internal) 3.25 12.3 9.5 7.5 6.1 4.6 4.0 ns

FAN SR

multiplexer.

0

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

. implemented using 4 x 1 multiplier mode (unpipelined), register-to-register, two B-bit inputs, one 16-bit output.

. implemented using two 16 x 12 ROMs and one 12-bit adder, one 8-bit input, one fixed operand, one 16-bit cutput.

. Implemented using 4 x 1 multiplier mode (fully pipelined), two 8-bit inputs, one 18-bit output (28 of 44 PFUs contain only pipelining registers.)
. Implemented using 16 x 4 synchronous single-port RAM mode aliowing both read and write per clock cycle, including write/read address

. Implemented using 16 x 4 synchronous singie-port RAM mode allowing either read or write per clock cycle, including write/read address mui-

Note: Shaded values are preliminary information. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.

Lucent Technologies Inc.
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Description (continued)
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Figure 1. OR2C15A/OR2T15A Array

ORCA Foundry Development System Overview

The ORCA Foundry 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 in the
design flow: 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 functional-
ity of the FPGA. Combined with the front-end tools, ORCA Foundry produces configuration data that implements
the various logic and routing options discussed in this data sheet.
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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 OR2C/2T15A
has PLCs arranged in an array of 20 rows and 20 col-
umns. PICs are located on all four sides of the FPGA
between the PLCs and the |C edge.

The location of a PLC is indicated by its row and col-
umn so that a PLC in the second row and third column
is R2C3. PICs are indicated similarly, with PT (top) and
PB (bottom) designating rows and PL (left) and PR
(right) designating columns, followed by a number. The
routing resources and configuration RAM are not
shown, but the interquad routing blocks (hiQ, viQ)
present in the OR2CxxA/OR2TxxA series are shown.

Each PIC contains the necessary I/O buffers to inter-
face to bond pads. The PICs also contain the routing
resources needed to connect signals from the bond
pads to/from PLCs. The PICs do not contain any user-
accessible logic elements, such as flip-flops.

Combinatorial logic 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-,
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 synchronous mode) or a new 16 x 2
duai-port memory.

Lucent Technologies Inc.

Programmable Logic Cells

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

Programmable Function Unit

The PFUs are used for logic. Each PFU has 19 exter-
nal inputs and six outputs and can operate in several
modes. The functionality of the inputs and outputs
depends on the 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 1ast is used for fast arithmetic func-
tions. There is a 5-bit output bus (0[4:0}) and a carry-
out (cout).

B

Figure 2 and Figure 3 show high-level and detailed
views of the ports in the PFU, respectively. The ports
are referenced with a two- to four-character suffix to a
PFU’s location. 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]) to the latches/FFs, and an out-
put data bus (of4:0}).

PROGRAMMABLE LOGIC CELL (PLC)
——{ wd3
— wd2
ey wd1 cout fr—-
- wd0
— a4 o4 |——
-—- a3 o3 |—
—] a2 PROGRAMMABLE 02 |—
— a1 FUNCTION UNIT ol —
— a0 (PFU) a0
—1p4
—— b3
— b2
—~1 b1
—1 b0
—cin c0 ck ce lsr
(ROUTING RESOURCES, CONFIGURATION RAM)

5-2750(F)

Figure 2. PFU Ports
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Programmable Logic Cells (continued)
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Key: C = controlled by configuration RAM.

5-4573(F)

Figure 3. Simplified PFU Diagram

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.

2-208

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.

Lucent Technologies Inc.
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Programmable Logic Cells (continued)

Table 3 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 C0.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-Flops section.
The polarity of the control inputs can be inverted.

The CK input is distributed to each PFU from a 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 set or reset by the
LSR and the giobal set/reset (GSRN) signals. Each
PFU’s LSR input can be configured as synchronous or
asynchronous. The GSRN signal is always asynchro-
nous. The LSR signal applies to alit four latches/FFs in
a PFU. The LSR input can be disabied (the default).
The asynchronous set/reset is dominant over clocked
inputs.

The CO input is used as an input into the special PFU
gates for wide functions in combinatorial logic mode.
In the memory modes, this input is also used as the
write-port enable input. The CO input can be disabled
(the default).

Lucent Technologies Inc.

Look-Up Table Operating Modes

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

w 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
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 2 show the basic
modes of operation for combinatorial logic, rippie, 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. Each half iook-up table (HLUT) is
comprised of two quarter look-up tables (QLUTS).
HLUTA consists of QLUT2 and QLUT3, while HLUTB
consists of QLUTO and QLUT1. The outputs of QLUTO,
QLUT1, QLUT2, and QLUT3 are 10, 1, 12, and {3,
respectively.

Table 3. Look-Up Table Operating Modes

Mode Function

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

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

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)

SSPM| 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.

2-209



PO

ORCA OR2CxxA and OR2TxxA Series FPGAs

FPGA Data Book

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
OR2CxxA/OR2TxxA series, there are two new ripple
modes available. The first new mode is a 4 X 1 muilti-
plier, and the second is a 4-bit comparator. These new
modes offer the advantages of faster speeds as well as
denser logic capabilities.

When the LUT is configured to operate in the memory
mode, a 16 x 2 asynchronous memory fits into a HLUT.
Both the MA and MB modes were available in previous
ORCA architectures, and each mode can be config-
ured in a HLUT separately. In the ORCA OR2CxxA/
OR2TxxA series, 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 synchro-
nous dual-port memory (SDPM). These new modes
offer easier implementation, faster speeds, denser
RAMSs, and a dual-port capability that wasn't previously
offered as an option.

If the LUT is configured to operate in the ripple mode, it
cannot be used for basic combinatorial logic or memory
functions. In modes other than the ripple, SSPM, and
SDPM modes, combinations of operating modes are
possible. For example, the LUT can be configured as a
16 x 2 RAM in one HLUT and a five-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 be used to implement two four-input
combinatorial functions, but the total number of inputs
into each HLUT cannot exceed five. The two QLUTs
within each HLUT share three inputs. in HLUTA, the
ai, a2, and a3 inputs are shared by QLUT2 and
QLUT3. Similarly, in HLUTB, the b1, b2, and b3 inputs
are shared by QLUTO0 and QLUT1. The four outputs are
{0, 1, 2, and 3. The results can be routed to the d0,
d1, d2, and d3 latch/FF inputs or as an output of the
PFU. The use of the LUT for four functions of up to four
inputs each is given in Figure 4.
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Figure 4. F4 Mode—Four Functions of Four input
Variables

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 {0 and {3. 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 d0 and latch/FF d3 inputs, or
as a PFU output. The use of the LUT for two indepen-
dent 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.

HLUTA

Ad a4
A3 a3 QLUT3
A2 a2 13
Al al  QLUT2
AC a0

R YY)
B4 ba
B3 b3 QLUTH
B2 b2 i
B1 b1 aLuTto
B0 b0
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Figure 5. F5 Mode—Two Functions of Five input
Variables
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F5M and F5X Modes—Special Function Modes

The PFU contains logic to implement two special func-
tion modes which are variations on the F5 mode. As
with the F5 mode, the LUT implements two indepen-
dent five-input functions. Figure 6 and Figure 7 show
the schematics for F5M and F5X modes, respectively.
The F5X and F5M functions differ from the basic F5A/
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
functions.

As can be seen, two of the three inputs into the NAND,
XOR, and MUX gates, {0 and {3, are from the LUT. The
third input is from the CO input into PFU. Since the CO
input bypasses the LUTs, it has a much smaller delay
through the PFU than for all other inputs into the spe-
cial PFU gates. This allows multiple PFUs to be cas-
caded together while reducing the delay of the criticai
path through the PFUs. The output of the first special
function (either XOR or MUX) is f1. Since the XOR and
MUX share the {1 output, the F5X and F5M modes are
mutually exclusive. The output of the NAND PFU gate
is i2 and is always available in either mode.

To use either the F5M or F5X functions, the LUT must
be in the F5A/F5B mode; i.e., only 5-input LUTs
allowed. In both the F5X and F5M functions, the out-
puts of the five-input combinatorial functions, f0 and {3,
are also usable simultaneously with the special PFU
gate outputs.

The output of the MUX is:

f1 = (HLUTA & C0) + (HLUTB & C0)
f1 = (13 & CO) + (10 & TO)

The output of the exclusive OR is:
f1 = HLUTA @ HLUTB @ CO
f1=13®@i0@COo

The output of the NAND is:
f2 = HLUTA & HLUTB & CO
t2=13&70&CO

Lucent Technologies Inc.
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Figure 6. F5M Mode——Multiplexed Function of Two
Independent Five-input Variable

Functions
co 13
A4 a4 HLUTA
A3 a3
A2 a2 3
f2
A1 at _:Dr
AO a0
B4 b4 HLUTB
B3 b3 L__)sD 1
82 b2 o
B1 b1
BO %) fo

§-2755(F)

Figure 7. F5X Mode—Exclusive OR Function of
Two Independent Five-Input Variable
Functions
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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 Figure 8, five input signals
(A[4:0]) are routed into both the a[4:0] and b[4:0] ports,
and the CO port is used for the sixth input. The output
port is f1.

Ripple Mode

The LUT can do nibble-wide ripple functions with high-
speed carry logic. Each QLUT has a dedicated carry-
out net to route the carry to/from the adjacent QLUT.
Using the internal carry circuits, fast arithmetic and
counter functions can be implemented in one PFU.
Similarly, each PFU has carry-in (CIN) and carry-out
(COUT) ports for tast-carry routing between 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.
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The resulting output and ripple output are calculated by
using generate/propagate circuitry. In ripple mode, the
two operands are input into a[3:0] and b{3:0]. The four
result bits, one per QLUT, are {3:0] (see Figure 9). The
ripple output from QLUT3 can be routed to dedicated
carry-out circuitry into any of four adjacent PLCs, or it
can be placed on the 04 PFU output, or both. This
allows the PLCs to be cascaded in the ripple mode so
that nibble-wide ripple functions can be expanded eas-
ily to any length.

couT
3 b3 étlg'rs fa
A3 a3
t
B2 b2 2
A2 a2 QLUT2
B1 bt f1
Al a1 QLUTI
BO b0 g1 uto 0
AO a0 cin
. ¢
CiN— 5-2756(F)

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 [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.

Lucent Technologies Inc.
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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 incremented
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 direction (up or
down) is input on a4. Generally, the latches/FFs in the
same PFU are used to hold the present count value.

LY
cout
A3 cout 13
aLuT3 b Q a3
P
A2 aLutz |2 X o
Al awr -1 iu a q1
AD auto | 10 ) o
cin l
CIN

5-4643(F)

Figure 10. Counter Submode with Flip-Flops
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In the third submode, multiplier submode, a single
PFU can effect a 4 x 1 bit muitiply 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 input to be summed) from a
previous stage. If a4 is logical 1, the multiplicand is
added to the partial product. If a4 is logical zero, zero is
added to the partial product, which is the same as
passing the partial product. CIN can hold the carry-in
from the less significant PFUSs if the multiplicand is
wider than 4 bits, and COUT holds any carry-out from
the addition, which may then be used as part of the
product or routed to another PFU in muitiplier mode for
multiplicand width expansion.

A3 B3 A2 Bz At Bt A0 BO

0 o ° 0
< s <
N l’( N/
COUT-] -M_— - cIN
1 i - i —
Y ] A 1]
Fa F2 F1 Fo
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Figure 11. Multiplier Submode

Ripple mode’s fourth submode features equality
comparators, where one 4-bit bus is input on a[3:0},
another 4-bit bus is input on b[3:0], and the carry-inis
tied to 0 inside the PFU. The carry-out (#) signal will be
0if A =B or will be 1if 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 MB

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], wd[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 fora 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
{(3:0] data outputs can be routed out on the o{4:0] PFU
outputs or to the latch/FF d[3:0] inputs.

WE 24 HLUTA
A3 a3
A2 a2
13
Al at
A0 a0 2
WD3 wd3
WD2 wiz c0
WPE
b4 <0 HLUTB
WD1 wd
WD0 wdo
1
b3
b2 fo
Ll o1
_{bo
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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 BIDlIs, called a RAM
bank-enable, is created from a decode of upper
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address bits. The RAM bank-enable is then used to
enable 4 bits of data from a PLC onto the read data
bus.

The ORCA OR2CxxA/OR2TxxA series also has a new
AND function 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. The
write-enable signal is a4 for HLUTA and b4 for HLUTB,
while the other input into the AND gates for both
HLUTSs is the write-port enable, input on CO or CIN.
Generally, the WPE input is driven by the same RAM
bank-enabie signal that controls the BIDIs in each PFU.

The selection of which RAM bank to write data into
does not require the use of LUTs from other PFUs, as
in previous ORCA architectures. This reduces the num-
ber of PFUs required for RAMs larger than 16 words in
depth. Note that if either HLUT is in MA/MB mode, then
the same WPE is active for both HLUTSs.

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 done by using a combination of these two tech-
niques.

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

HLUTA
WEA a4 "
A3 a3 QLUT3
A2 a2
At al  QLUT2 ©
AOQ a0
wD3 wd3
wD2 wd2 ¢
WPE $
T T T T T T T T T T s
B4 b4
B3 b3  QLUT1
B2 b2 10
B1 b1 qLuto
B0 b0o
5-2845.a(F)

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 perfformas 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 OR2CxxA/
OR2TxxA 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 WRITE PULSE
GENERATOR
HLUTA
wr
WPE |0, cin B
wa[3:0] f2
ra{3:0]
wdf3:2]
3:0 -0}, b{3:0
A[3:0] |af3:0], b{3:0} 551
WO{3:0}] waf3:0)
[*J]
L | HLUTB
Lewfwr
11
= wa(3:0] 1o
raf3:0]
wd[1:0]
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Figure 14. SSPM Mode—16 x 4 Synchronous
Single-Port Memory
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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]). The f[3:0] data outputs can be
routed out of the PFU or sent to the latch/FF d[3:0)
inputs.

There are two ways to use the latches/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 RAM clock and latch/FF clock. Therefore, either a
write to the RAM or a read from the RAM can be done
in each clock cycle, but not both. If the RAM clock is
inverted from the latch/FF clock, then both a write to
the RAM and a read from the RAM can occur in each
clock cycle. This is done by adding an external write
address/read address muitiplexer as shown in

Figure 15.

The write address is supplied on the phase of the clock
that aflows for setup to the RAM clock, and the read
address is supplied on the phase of the clock that
allows the read data to be setup 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.

SSPM |
WRITE ADDRESS
—_— wd |
READ ADDRESS |
we 1D Q ——'>
wpe |
HAM CLK
P> !
|
CLOCK I
PFU I
b o i o e e e - - ]
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Figure 15, SSPM with Read/Write per Clock Cycle

2-215

[A]



>

ORCA OR2CxxA and OR2TxxA Series FPGAs

FPGA Data Book

Programmable Logic Cells (continued)

UPPER | ADDRESS | pank EN
ADDRESS —»| DECODE = *
BITS LUT1
— WPE
4
—ol  po
] WR BIDI
16 x4 RAM +
4 BUFFERS/PFU 4
UPPER | ADDRESS | pank enz §—~pbout
ADDRESS —| DECODE = »
BTs  _ | T
WPE
DIN 4 Dl DO|—
WR WR
LK X BID!
16x 4 RAM +
4 BUFFERS/PFU

Note: The lower address bits are not shown.

5-4840(F)

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

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. The BIDI! outputs are then tied together (bit by
bit), as seen in Figure 16.

The control signals of the 3-statable BIDIs, called RAM
bank-enable (BANK_EN1 and BANK_EN2), are cre-
ated from a decode of upper address bits. The RAM
bank-enable is then used to enabie 4 bits of data from
a PLC onto the read data (DOUT) bus.

The OR2CxxA/OR2TxxA series now has a new AND
function available tor each PFU in RAM mode. The
inputs to this function are the write-enable (WE) signal
and the write-port enable (WPE) signal. The write-
enable signal is input on a4, while the write-port enabie
is input on CO or cin. Generally, the WPE input is driven
by the same RAM bank-enable signal that controls the
BIDIs in each PFU.
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The selection as to which RAM bank to write data into
does not require the use of LUTs from other PFUs, as
in previous ORCA architectures. This reduces the num-
ber of PFUs 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.

Lucent Technologies Inc.
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Figure 17. SDPM Mode—16 x 2 Synchronous
Dual-Port Memory

The OR2CxxA/OR2TxxA devices have added a sec-
ond synchronous memory mode known as the syn-
chronous dual-port memory (SDPM) mode. 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 PFU that have the same
WE, WPE, write data (wd[1:0]), and write address
(wa[3:0]) inputs, as shown in Figure 17.

The outputs of HLUTA (f[3:2]) operate the same way
they do in SSPM mode—the read address comes
directly from the A[3:0] inputs used to create the
latiched write address. The outputs of HLUTB (f[1.:0])
operate in a dual-port mode where the write address
comes from the tatched version of A[3:0], and the read
address comes directly from RA[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.

Lucent Technologies Inc.

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/FF is independently program-
mable.

Table 4 summarizes these latch/FF options. The
latches/FFs can be configured as either positive or
negative level sensitive latches, or positive or negative
edge-triggered flip-flops. All latches/FFs in a given PFU
share the same clock, and the clock to these latches/
FFs can be inverted. The input into each latch/FF is
from either the corresponding QLUT output (f[3:0) or
the direct data input (wd[3:0]). For latches/FFs located
in the two outer rings of PLCs, additional inputs are
possible. These additional inputs are fast paths from
I/0 pads located in PICs in the same row or column as
the PLCs. If the latch/FF is not located in the two outer
rings of the PLCs, the latch/FF input can also be tied to
logic 0, which is the default. The four latch/FF outputs,
q{3:0), can be placed on the five PFU outputs, o[4:0].

Table 4. Configuration RAM Controlied 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 Individuaily 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 OR2CxxA/OR2TxxA series, a new option called the
LSR priority allows the synchronous LSR to have prior-
ity over the CE input, thereby setting or resetting the FF
independent of the state of CE. The clock enable is
supported on FFs, not latches. The clock enable func-
tion is implemented 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
o 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 LSR are 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 select which data input is used.
The data input into each latch/FF is from the output of
its associated QLUT f[3:0] or direct from wd[3:0},
bypassing the LUT. In the front-end data select mode,
both signals are available to the latches/FFs.

pdintb pdintb
pdinir CE pdinir CE wd CE
1 |4 q t d jogic 0 d
wd wd wd
logic 0 — logic 0

s _set
LSR
_:D—« s_res
ST
CK LSR
set res
GSRN I: )
S

A. Latch/FF with Local
Synchronous Set or Reset

Note: CD = configuration data.

CE L8R

B. Latch/FF with Local
Asynchronous Set or Reset

For PLCs that are in the two outside rows or columns of
the array, the iatch/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 /O pad located at the closest PiC
either above or below the given PLC (if the PLC is in
the top or the bottom two rows). It should be noted that
both inputs are available for a 2 x 2 array of PLCs in
each corner of the array. For the entire array of PLCs, if
either or both of these inputs is unavailable, the latch/
FF data input can be tied to a logic 0 instead (the
default).

To speed up the interface between signals external to
the FPGA and the latches/FFs, there are direct paths
from latch/FF outputs to the I/O pads. This is done for
each PLC that is adjacent to a PIC.

The latches/FFs can be configured in three modes:

1. Local synchronous 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/
FF in the 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 ——
pdinl; —

]

CK CK
set res set res

GSRN —

C. Latch/FF with Front-End Select
5-2839(F)

Figure 18. Latch/FF Set/Reset Configurations
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PLC Routing Resources

Generally, the ORCA Foundry Development System is
used to automatically route interconnections. Interac-
tive routing with the ORCA Foundry design editor
(EPIC ) is also available for design optimization. To use
EPIC for interactive layout, an understanding of the
routing resources is needed and is provided in this sec-
tion.

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 more
lines, connected by switching circuitry designated as
configurable interconnect points (CIPs).

The following sections discuss PLC, PIC, and interquad
routing resources. This section discusses the 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 configurable intercon-
nect points (CIPs) and bidirectional buffers (BIDis). The
basic element in CIPs is one or more pass transistors,
each controlled by a configuration RAM bit. The two
types of CIPs are the mutually exclusive (or multi-
plexed) CIP and the independent CIP.

A mutually exclusive set of CIPs contains two or more
CIPs, only one of which can be on at a time. An inde-
pendent CIP has no such restrictions and can be on
independent of the state of other CIPs. 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
buffers are also used to drive signais 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 BID1 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-fow, 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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Intra-PLC Routing

The function of the intra-PLC routing resources 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 nineteen
input ports to each PFU. The PFU input ports are
labelled a[4:0}, b[4:0], wd[3:0], CO, CK, LSR, cin, and
CE. The six output ports are 0[4:0] and cout. These
ports correspond to those described in the PFU sec-
tion.
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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, labelled suif4:0], sur{4:0],
sli{4:0], and sii{4:0], for the upper-left, upper-right,
lower-left, and lower-right sections of the PFUs,
respectively. The switching lines connect to the PFU
inputs and outputs as well as the BID! and BIDIH lines,
to be described later. They also connect to both the
horizontal and vertical x1 and x4 lines (inter-PLC rout-
ing resources, described below) in their specific corner.

One of the four sets of switching lines can be con-
nected to a set of switching lines in each of the four
adjacent PLCs or PICs. This altows direct routing of up
to five signals without using inter-PLC routing.

BIDVBIDIH Lines. There are two sets of bidirectional
lines in the PLC, each set consisting of four bidirec-
tional buffers. They are designated BID! and BIDIH and
have similar functionality. The BIDI fines are used in
conjunction with the xL lines, and the BIDIH lines are
used in conjunction with the xH lines. Each side of the
four BIDis in the PLC is connected 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 to the vertical xL lines and BR[3:0] con-
nected to the horizontal xL lines. Both BL[3:0] and
BR[3:0] have CIPs which connect to the switching
lines.

Similarly, each side 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 vertical
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.
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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-PL.C Routing Resources

Horizontal Vertical Distance
Lines Lines Spanned

hx1{3:0] vx1{3:0] One PLC
hx1[7:4] vx1{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} PLC Array
hxH[3:0) vxH[3:0] 1/2 PLC Array
ckl, ckr ckt, ckb PLC Array

Figure 21 shows the inter-PLC routing within one PLC,
Figure 22 provides a global view of inter-PL.C routing
resources across multiple PLCs.
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Figure 21, Single PLC View of inter-PLC Lines

x1 Lines. There 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.

It a net is longer than one PLC, an x1 line can be
lengthened to n times its length by turningon 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 fonger 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 verticaily 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 OR2C/2T12A, 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 column in
the array. These lines travel a distance of one-half the
PLC array before being broken in the middle of the
array, where they connect to the interquad block (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 of routing signals onto the
xL lines can also be used for the xH lines. A special xH
line driver is not supplied for the xH lines.

Clock Lines. For a very fast and low-skew clock (or
other global signal tree}), clock lines run the entire
height and width of the PLC array. There are two hori-
zontal clock lines per PLC row (CKL, CKR) and two
vertical clock lines per PLC column (CKT, CKB). The
source for these clock lines can be any of the four I/O
buffers in the PIC. The horizontal clock lines in a row
{CKL, CKR) are driven by the left and right PiCs,
respectively. The vertical clock lines in a column (CKT,
CKBj) are driven by the top and bottom PICs, respec-
tively.
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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 element used to connect two lines.
As an active element, it adds significantly to the resis-
tance and capacitance of a net, thus increasing the
net’s delay. The advantage of the x1 line over a x4 line
is routing flexibility. A net from PLC db to PLC cb is
easily routed by using x1 lines. As more CIPs are
added to a net, the delay increases. To increase speed,
routes that are greater than two PLCs away are routed
on the x4 lines because a CIP is focated only in every
fourth PLC. A net that spans eight PL.Cs requires seven
x1 lines and six CIPs. Using x4 lines, the same net
uses two lines and one CIP.

All routing resources in the PLC can carry 4-bit buses.
In order for data to 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-
cant bit 0 must arrive at either a{0] or bf0]. If the bus is
to be routed by using either x4 or xL lines (both of
which twist as they propagate), the bus must be placed
on the appropriate lines at the source PLC so that the
data arrives at the destinaticn 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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PL.C 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.

These CIPs connect the x1 routing. These are
located in the middie of the PLC to allow the block to
connect to either the left end of the horizontal x1 line
from the right or the right end of the horizontal x1
line from the left, or both. By symmetry, the same
principle is used in the vertical direction. The x1 lines
are not twisted, making them suitable for data paths.

. This set of CIPs is used to connect the x1 and x4

nets to the switching lines or to other x1 and x4 nets.
The CiPs on the major diagonal allow data to be
transmitted from x1 nets to the switching lines with-
out being scrambied. The CiPs on the major diago-
nal also allow unscrambled data to be passed
between the x1 and x4 nets.

In addition to the major diagonal CIPs for the x1
lines, other CIPs provide an alternative entry path
into the PLC in case the first one is already used.
The other 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 the vertical 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 signal to
be routed a distance of four PLCs in any direction 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 CIP can be enabled to
extend an x4 line four more PLCs, and so on.

For example, if an application signal is routed onto
hx4[4) in a PLC, it appears on hx4[5] in the PLC to
the right. This signal step-up continues until it
reaches hx4[7], two PLCs later. At this point, the
user can break the connection or continue the signal
for another four PLCs.

E. These symbols are bidirectional buffers (BIDIs).
There are four BIDIs per PLC, and they provide sig-
nal amplification as needed to decrease signal
delay. The BIDIs are also used to transmit signals on
xL lines.

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

G. This set of CIPs allows a BIDI to get or put a signal
from one set of switching lines on each side. The
BIDIs can be accessed by the switching lines. These
CIPs allow a nibble of data to be routed though the
BiDIs 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 BID! buffers to drive the large load
usually seen when using xL lines.

I. Each latch/FF can accept data: from a 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 memory.
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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 (f0, f1, {2, and {3) and the four latch/FF outputs
(90, g1, 92, and g3). 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 number of the
five PFU outputs. The speed of a signal can be
increased by dividing its load among multipte 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.

. This is the clock input to the iatches/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 the
same properties as x4 lines, except there are no
ClIPs. The clock lines (ckl, ckr, ckt, and ckb} and mui-
tiplexers/drivers are used to connect 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 giobal signals.
These lines do not have to be used for clock routing.
Any highly used application net can use this
resource, especiaily one requiring low skew.

M. These lines are used to route the fast carry signal to/

from the neighboring four PLCs. The carry-out (cout)
of the PFU can also be routed out of the PFU onto
the fifth output (04). The carry-in (cin) signai can
also be supplied by the b4 input to the PFU.
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N.

0.

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 C0 input
bypasses the main LUT and is used in the pfumux,
pfuxor, and pfunand functions (F5M, FSX modes).
Since this input bypasses the LUT, it can be used as

‘a fast path around the LUT, allowing the implemen-

tation of fast, wide combinatorial functions. The C0
input can be disabled or inverted.

The xH lines run one-half the length (width) of the
array before being broken by a CIP.

P. The BIDIHs are used to access the xH lines.
Q. The BIDIH lines are used to connect the BIDIHs to

R.

S.

the xsw lines, the xH lines, or the BIDI lines.

These CIPs connect the BIDI lines and the BIDIH
lines.

These are clock lines (ckt, ckb, ckl, and ckr) with the
multiplexers and drivers to connect to the xL lines.

These CIPs connect x1 lines which cross in each
corner to allow turns on the x1 lines without using
the xsw lines.

. 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.

. This routing structure ailows any PFU output, includ-

ing LUT and latch/FF outputs, to be placed on 04
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.

Lucent Technologies Inc.
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Programmabie 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
/O 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 VO cell. Figure 24A is a
simplified diagram of the functionality of the OR2CxxA
series /O cells, while Figure 24B is a simplified func-
tional diagram of the OR2TxxA series /O cells.

Table 6. Input/Output Cell Options

input Option

Input Levels TTL/CMOS (OR2CxxA only)
Input Speed Fast/Delayed
Float Value Pull-up/Pull-down/None
Direct-in to FF Fast/Delayed

Output Option
Qutput Drive 12 mA/6 mA or 6§ mA/3 mA
Output Speed Fast/Slewlim/Sinkiim
Output Source FF Direct-out/General Routing
Output Sense Active-high/-low
3-State Sense Active-high/-low (3-state)

Lucent Technologies Inc.

Inputs

Each /O can be configured to be either an input, an
output, or bidirectional /O. inputs for the OR2CxxA can
be configured as either TTL or CMOS compatible. The
1/Q for the OR2TxxA series devices are 5.0 V tolerant,
and will be described in a later section of this data
sheet. Pull-up or pull-down resistors are available on
inputs to minimize power consumption.

To allow zero hold time 1o PLC latches/FFs, the input
signal can be delayed. When enabled, this delay affects
the input signal driven to general routing, but does not
affect the clock input or the input lines that drive the
TRIDI buffers (used to drive onto xL, xH, bidi, and bidih
lines).

A fast path from the input butfer to the clock lines is
also provided. Any one of the four /O pads on any PIC
can be used to drive the clock line generated in that
PIC. This path cannot be delayed.

To reduce the time required to input a signal into the
FPGA, a dedicated path (pdin} from the /O pads to the
PFU flip-flops is provided. Like general input signals,
this signal can be configured as normal or delayed. The
delayed direct input can be selected independently
from 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 putl-down should be enabled. Floating inputs
increase power consumption, produce osgcillations, and
increase system noise. The OR2CxxA inputs have a
typical hysteresis of approximately 280 mV (200 mV for
the OR2TxxA) 10 reduce sensitivity to input noise. The
PIC contains input circuitry which provides protection
against fatch-up and electrostatic discharge.
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Programmabile input/Output Cells

(continued)
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Figure 24A. Simplified Diagram of OR2CxxA
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Figure 24B. Simplified Diagram of OR2TxxA
Programmable /O Cell (PIC)
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Outputs

The PIC’s output drivers have programmable drive
capability and slew rates. Three propagation delays
(fast, slewlim, sinkiim) are avaitable 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 increase the out-
put sink current to 24 mA.

All outputs that are not speed critical should be config-
ured as sinklim to minimize power and noise. The num-
ber of outputs that switch simultaneocusly in the same
direction should be limited to minimize ground bounce.
To minimize ground bounce problems, locate heavily
loaded output buffers near the ground pads. Ground
bounce is generally a function of the driving circuits,
traces on the PCB, and loads and is best determined
with a circuit simulation.

Outputs can be 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
the output and 3-state signal nets so that the buffer out-
put is enabled only by a low. At powerup, the output
drivers are in slewlim mode, and the input butfers 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.

5V Tolerant /O

The /O on the OR2TxxA series devices allow intercon-
nection to both 3.3 V 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 I/O on the
OR2TxxA device interface to a 5V input, then all of the
VDDS pins must be connected to the 5 V supply. if no
pins on the device interface to a 5V signal, then the
VD5 pins must be connected to the 3.3 V supply.

if the VDDS5 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 VD05 pins are then
shorted to ground, a large current flow will develop, and
the device may be damaged.

Lucent Technologies Inc.
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(continued)

Regardless of the power supply the VDDS pins are con-
nected to (5V 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 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 puli-up voltage at the
pad. This voltage leve! is always sufficient to pull 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 Vpp of 3.0 V). This
voltage is sufficient to pull the external pinuptoa3.3V
CMOS high input level (1.8 V min) or a TTL high input
level (2.0 V min) in a 5 V tolerant system, but it will
never pull the pad up to the VDDS5 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 puli
the pin of the 2TxxA device to a typical 5 V CMOS high
input level (2.2 V min).

For more information on 5 V tolerant 1/Os, please see
ORCA® Series 5 V Tolerant /Os Application Note
(APS7-040FPGA), May 1997.
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PIC Routing Resources

The PIC routing is designed to route 4-bit wide buses
efficiently. For example, any four consecutive IO 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 fromAto
any eight pads in a row, as in Figure 25,

The connections between PLCs and the /O 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.

pxL pxH px2 pxi
bide

—g/— ck
| % picxa
4
PAD O} 703 — +5 PLCx1
4 —<— PLC psw
[PAD C}-{ w02 ] PIC 4
A SWITCHING | PLC dout
PAD B /01 | MATRIX _,L4 PLC xL
4
PAD A {700 <] 7 PLCxH
—< PLC x1
|42 prcxa
44 PLC din

LT
pxL pxH px2 pxt

5-4504(C)2C

Figure 25. Simplified PIC Routing Diagram
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{continued)

The PIC’s name is represented by a two-letter designa-
tion to indicate on which side of the device it is located
followed by a number to indicate in which row or col-
umn it is located. The first letter, P, designates that the
cell is a PIC and not a PLC. The 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/O 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), a direct output,
or a bidirectional O. When the pads are used as
inputs, the external signals are provided to the internal
circuitry at in[3:0). When the pads are used to provide
direct inputs to the latches/FFs, they are connected
through din[3:0]. When the pads are used as outputs,
the internal signals connect to the pads through
out[3:0]. When the pads are used as direct outputs, the
output from the latches/ilip-flops in the PLCs to the PIC
is designated dout[3:0]. When the outputs are
3-statable, the 3-state enable signals are ts{3:0].
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Routing Resources Internal to the PIC

For inter-PIC routing, the PIC contains fourteen lines
used to route signals around the perimeter of the
FPGA. Figure 25 shows these lines running vertically
for a PIC located on the left side. Figure 26 shows the
lines running horizontally for a PIC located at the top of
the FPGA.

pxL Lines. Each PIC has two pxL lines, labelled
pxL[1:0]. Like the xL lines of the PLC, the pxL lines
span the entire edge of the FPGA.

pxH Lines. Each PIC has four pxH lines, labelled
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,
labelied 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, labelled

px1[3:0]. The px1 lines are one PIC long and are
extended to adjacent PICs by enabling CIPs.

Lucent Technologies Inc.
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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 an line.

A.As in the PLCs, the PIC contains a set of lines which
run the length (width) of the array. The pxL lines con-
nect in the corners of the array to other pxL lines.
The pxL lines also connect to the PIC BIDI, PIC
BIDIH, and LLDRV 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-haif the length (width) of the array. The pxH
lines connect in the corners and in the middie of the
array perimeter to other pxH lines. The pxH lines
also connect to the PIC BID}, PIC BIDIH, and
LLDRV lines. As in the PL.C xH lines, the pxH lines
do not twist as they propagate through the PICs.

C.The px2[3:0] lines span a length of two PICs before
intersecting with a CIP. The CIP allows the length of
a path using px2 fines to be extended two PICs.

D. The px1[3:0} lines span a single PIC before inter-
secting with a CIP. The CIP aliows 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. The dout[3:0] signals go
directly from a PLC latch/FF to an output buffer, min-
imizing the latch/FF to pad propagation delay.

F. This is a direct path trom the input pad to the PLC
latch/flip-flops in the two rows (columns) adjacent to
PiCs. This input allows a reduced setup time. Direct
inputs from the top and bottom PIC rows are
pdintb[3:0]. Direct inputs from the left and right PIC
columns are pdinir{3:0].

G.The out]3:0], ts[3:0}, and in[3:0] signais for each /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 con-
nections between the PLC xL lines and the pBIDi
lines, which are described in J below.

}. 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.

Lucent Technologies inc.

J. The pBIDI lings (bidi[3:0]) connect the pxL lines, pxH
lines, and the px1 lines. These are bidirectional in
that the path can be from the pxL, pxH, or px1 lines
to the xL lines, or from the xL lines to the pxL, pxH,
or px1 lines.

K. The pBIDIH lines (bidih[3:0}) connect the pxL lines,
pxH lines, and the px1 lines. These are bidirectional
in that the path can be from the pxL., pxH, or px1
lines to the xH lines, or from the xH lines to the pxL,
pxH, or px1 lines.

L. The in[3:0] lines provide a fast connection from the
I/O pads to the xL and xH lines.

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 either 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 to the px1 lines. This allows fast access
to/from the /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 ORCA 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 LLDRV line can
also connect to any of the four pxH or to one of the
pxL lines, The 3-state enable (ts[i}) for ali four /O
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 fine to provide a clock
pranch in the perpendicutar 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
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(continued)
PLC-PIC Routing Resources

There is no direct connection between the inter-PIC
lines and the PLC lines. All connections toffrom the
PLC must be done through the connecting lines which
are perpendicular to the 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 fifteen lines in the PIC.

Muitiple connections between the PIC px1 lines and
the PLC x1 lines are available. These allow buses
placed in any arbitrary order on the /O pads to be
unscrambled when placed on the PLC x1 fines. Con-
nections are also available between the PIC px2 lines
and the PLC x1 lines.

There are eight tridirectional (four TRIDMour TRIDIN)
butfers in each PIC; they can do the following:

» Drive a signal from an /O pad onto one of the adja-
cent PLC's xL or xH lines

m Drive a signal from an /O pad onto one of the two
pxL or four pxH lines in the PIC

s 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

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 lines is con-
nected 1o a line to form the net. In this case, the ts0 sig-
nal can be driven by either of the two pxLs, px1[0],
px1{1}, xswil0}], or the lidrv lines. Detail B shows the four
MUX CiPs used to drive the P1 output. The source fine
for out1 is either xswi1], px1{1], px1{3], or px2[2].
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Interquad Routing

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

run between top and bottom quadrants. Since hiQ and
vIQ blocks have the same logic, only the hiQ 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, whether PLC-PLC connections
cross quadrants or not. There are no connections to
the local lines in the interquad blocks. Figure 28 pre-
sents a (not to scale) view of interquad routing.
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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
fwo 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 hIQ 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
xHO and xLO lines, and the hiQ1 lines can connect only
to the xH1 and xL1 lines, etc. Buffers are provided for
routing signals from the xH and xL lines onto the hiQ
lines and from the hlQ lines onto the xH and xL lines.
Therefore, a connection from one 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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Subquad Routing (OR2C40A/OR2T40A
Only)

In the ORCA OR2C40A/OR2T40A, each quadrant of
the device is split into smaller arrays of PLCs called
subquads. Each of these subquads is madeofa 4 x 4
array of PLCs (for a total of 16 per subquadrant),
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 adja-
cent 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 subquad 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 same routing connec-

tions are possible for these devices as for any other
ORCA 2C series device. In this way, both the
OR2C40A and OR2T40A are upwardly compatible
when compared with the ATT2Cxx series devices. As
the inter-PLC routing runs between subquad blocks, it
crosses the new subquad lines. When this happens,
CIPs are used to connect the subquad lines to the x4
and/or the xH lines which lie along the other axis of the
PLC array.

The x4 and xH lines make the only connections to the
subquad lines; therefore, the array remains symmetri-
cal and homogeneous. Since each subquad is made
from a 4 x 4 array of PLCs, the distance between seis
of subquad lines is four PLCs, which is also the dis-
tance between the breaks of the x4 lines. Therefore,
each x4 line will cross exactly one set of subquad lines.
Since all x4 lines make the same connections to the
subquad lines that they cross, all x4 lines in the array
have the same connectivity, and the symmetry of the
routing is preserved. Since all xH lines cross the same
number of subguad blocks, the symmetry is maintained
for the xH lines as well.
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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 new subgquad fines travel a length of eight PLCs
(seven PLCs on the outside edge) before they are bro-
ken. Unlike other inter-PLC lines, they cannot be con-
nected end-to-end. As shown in Figure 30, some of the
horizontal (vertical} subquad lines have connectivity to
the subquad to 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 subguad lines
(hsub) to the vx4 and vxH lines running between a ver-
tical pair of PLCs. Between each vertical pair of sub-
quad 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 connectivity for the vertical subguad rout-
ing {vsub) is the same as described above for the hori-
zontal subquad routing, when rotated onto the other
axis.
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At the center row and column of each quadrant, a
fourth group of subquad lines has been added. These
subquad lines only have connectivity to the xH fines.
The xH lines are also broken at this point, which means
that each xH line travels one-haif of the quadrant (i.e.,
one-quarter of the 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, or the entire fength of the array. The connec-
tivity of the xH lines and this fourth group of subguad
lines, indicated as D, are dstailed in Figure 32. Again,
the connectivity for the vertical subquad routing (vsub)
is the same as the horizontal subquad routing, when
rotated onto the other axis.
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Figure 32. Horizontal Subquad Routing
Connectivity (Half Quad)
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interquad Routing (continued)

The pxH lines from the one quadrant can be connected

through a CIP 1o its counterpart in the opposite quad-

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 calied LMID (left), TMID
(top), RMID (right), and BMID (bottom). The TMID rout-
ing is shown in Figure 33. As with the hiQ and viQ
blocks, the only connectivity to the PIC routing is to the
global pxH and pxL lines.

rant, 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, and then connected
through this CIP. As with the hiQ and vIQ blocks, CiPs
and buffers allow nibble-wide connections between the
interquad lines, the xH lines, and the xL lines.

pxLIO) pxLIO]
pxL1] > pxt[1]
pxH[3] 5 © b pxH{3]
pxH{2] D & b pxH[2]
pxH{1] b & pxH(1}
pxH[0] b < b pxH{0}
px4[3] px4{3)
px4[2} px4[2]
pxd[1} px4{1}
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hx4{3} hxA[3}
hx4{2) hxa{2]
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Figure 33. Top (TMID) Routing
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Programmable Corner Celis
Programmable Routing

The programmable corner ceil (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 connections
to the internal oscillator.

The lower-right PCC contains connections to the start-
up and global reset logic. During configuration, 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 default), 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 after 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 each be timed
individually based upon the start-up clock. The start-up
clock can come from CCLK or it can be routed into the
start-up block using the fower-right corner routing
resources. More details on start-up can be found in the
FPGA States of Operation section.
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Clock Distribution Network

The ORCA OR2CxxA/OR2TxxA Series clock distribu-
tion schemes use primary and secondary clocks. This
provides the system designer with additional flexibility
in assigning clock input pins.

One advantage is that board-leve! clock traces routed
to the FPGA are shorter. On a PC board, the added
length of high-speed clock traces routed to dedicated
clock input pins can significantly increase the parasitic
impedances. The primary advantage of the ORCA
clock distribution is the availability of a large number of
clocks, since all 1/O pins are configurable as clocks.

Primary Clock

The primary clock distribution is shown in Figure 34. if
the clock signal is from an /O pad, it can be driven onto
a clock line. The clock lines do not provide clock signals
directly to the PFU; they act as clock spines from which
clocks are branched to xL lines. The xL lines then feed
the clocks to PFUs. A multiplexer in each PLC is used

to transition from the clock spine to the branch.

For a clock spine in 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 tine from the
perpendicular direction (hck). This signal is then buff-
ered and driven onto one of the vertical xL lines, form-
ing 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 ontc 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, Detait B.
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Clock Distribution Network (continued)
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Figure 34. Primary Ciock 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:

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

m Since there is only one branch driver in each PLC for
either direction (vertical and horizontal), both clock
lines in a particular row or column (ckl and ckr, for
example) cannot drive a branch. Therefore, two
clocks should not be placed into /O pads in PICs on
the opposite sides of the same row or column if glo-
bal clocks are to be used.

n Since the clock lines can only be driven from input
pads, internally generated clocks should use second-
ary clock routing.

Figure 35 illustrates the secondary clock distribution. If
the clock signal originates from either the left or right
side of the FPGA, it can be routed through the TRID!
buffers in the PIC onto one of the adjacent PLC's hori-
zontal xL lines. If the clock 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
from the 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 xt. 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 timited 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 BIDIs instead of the long-fine
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 guad-
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 /O pin on an ORCA FPGA canbe used as a
very fast, low-skew clock input. Choosing the first clock
pin is completely arbitrary, but using a pin that is near
the center of an edge of the device {as shown in Fig-
ures 34 and 35) will provide the lowest 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 4 PICs at the center of any
side of the device.

Once the first clock pin has been chosen, there are
only two sets of pins (within the center 4 PICs on each
side of the device) that should not be chosen as the
second clock pin: a pin from the same PIC, and/or a pin
from the PIC on the exact opposite edge of the die (i.e.,
if a pin from a PIC on the top edge is chosen for the
first clock, the same PIC on the bottom edge should not
be chosen for the second clock).

These rules should be followed iteratively until a total of
8 clocks (or other global signals) have been selected:
4 from the left/right sides of the device, and 4 from the
top/bottom sides of the device. It more than 8 clocks
are needed, then select another pin outside the center
4 PICs to use primary-clock routing, 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 8 clocks
that is not within the center 4 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 multiplier
of four PICs away. The same rule applies to clock pins
on the left or right side of the device. The following
equation can be used to determine pin names:
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Pad number = P[RL][TBIn + (i x 4){A - D}
Where i = 1—8, and n is the current PIC number.
For more information, please refer to Utilizing the

ORCA® OR2C/TxxA Clock Distribution Network Appli-
cation Note (AP97-055FPGA).
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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

1

INITIALIZATION
| ~ CLEAR CONFIGURATION
MEMORY

- INIT LOW, HDC HIGH, EDT Low

CONFIGURATION
- g:@ MODE IS SELECTED
— CONFIGURATICN DATA FRAME
WRITTEN LOW
- [NIT HIGH, HDC HIGH, LBT 1Low

- DOUT ACTIVE

|

START-UP

~ ACTIVE /O
— RELEASE INTERNAL RESET Low
-~ DONE GOES HIGH

|

| OPERATION

5-4529(F)

Figure 36. FPGA States of Operation

Initialization

Upon powerup, the device goes through an initialization
process. First, an internal power-on-reset circuit is trig-
gered when power is applied. When VDD reaches the
voltage at which portions of the FPGA begin to operate
(2.5V to 3V for the OR2CxxA, 2.2V to 2.7 V for the
OR2TxxA), the I/Os are configured based on the config-
uration mode, as determined by the mode select inputs
M[2:0]. A time-out delay is initiated when VDD reaches
between 3.0V and 4.0V (OR2CxxA) or 2.7V tc 3.0V
(OR2TxxA) to allow the power supply voltage to stabi-
lize. 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 configuration by inputting a low
into TNIT, PRGM, or %’E—S'E'?until VDD is greater than the
recommended minimum operating voltage (4.75 V for
OR2CxxA commercial devices and 3.0 V for OR2TxxA
devices).
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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 clear-
ing the internal configuration RAM first.

The active-low, open-drain initialization signal INIT is
released and must be pulled high by an external resistor
when initialization is complete. To synchronize the con-
figuration of multiple FPGAs, one or more INIT pins
should be wire-ANDed. If INIT is held low by one or
more FPGAs or an external device, the FPGA remains
in the initialization state. INIT can be used to signat that
the FPGAs are not yet initialized. After INIT goes high for
two internal clock cycles, the mode lines (M[3:0]) are
sampled and the FPGA enters the configuration state.

The higih during configuration (HDC), low during configu-
ration (LDC), and DONE signals are active outputs in the
FPGA’s initialization and configuration states. HDC,
DT, and DONE can be used to provide control of exter-
nal logic signals such as reset, bus enable, or PROM
enable during configuration. For parallel master configu-
ration modes, these signals provide PROM enable con-
trol 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 pins must be
pulled back high before the FPGA will enter the configu-
ration 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 INTT 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 assembled into
data words, Each data word is loaded into the internal
configuration memory. The configuration loading pro-
cess 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.

All OR2CxxA 1/Os operate as TTL inputs during configu-
ration (OR2TxxA |/Os are CMQOS-only). All I/Os that are
not used during the configuration process are 3-stated
with internal pull-ups. During configuration, the PLC
latch/FFs are held set/reset and the internal BIDI buffers
are 3-stated. The TRIDIs in the PICs are not 3-stated.
The combinatorial logic begins to function as the FPGA
is configured. Figure 37 shows the general waveform of
the initialization, configuration, and start-up states.

Lucent Technologies Inc.



FPGA Data Book

ORCA OR2CxxA/OR2TxxA Series FPGAs

FPGA States of Operation (continued)
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Figure 37. Initialization/Configuration/Start-Up Waveforms

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.

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 CCLKs received after INTT 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 1/Os 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.
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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 /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 I/Os
becoming active, DONE going high, and the release of
the set/reset of internal FFs. In the ORCA Series
FPGA, the three events can occur in any arbitrary
sequence. This means thal 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 UCLK is that for the
UCLK modes, a user clock must be supplied to the
start-up logic. The timing of start-up events is then
based upon this user clock, rather than CCLK. The dif-
ference between the SYNC and NOSYNC modes is
that, for SYNC mode, the timing of two of the start-up
events (release of the set/reset of internal FFs and the
Os becoming active) is triggered by the rise of the
external DONE pin followed by a variable number of
rising clock edges (either CCLK or UCLK). For the
NOSYNC mode, the timing of these two events is
based only on either CCLK or UCLK.
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FPGA States of Operation (continued)

DONE is an open drain bidirectional pin that may
include an optionai (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
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 rise until all FPGAs
release their DONE pins, allowing the signal to be
pulled high.

The default for ORCA is the CCLK_SYNC synchro-
nized start-up mode where DONE is released on the
first CCLK rising edge, C1 (see Figure 38). Since this is
a synchronized start-up mode, the open drain DONE
signal can be held low externally to stop the occurrence
of the other two 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 or after up to four ris-
ing edges of CCLK (Di, Di + 1, Di + 2, Di + 3, Di + 4).
The default is for both events to happen immediately
after DONE is released and pulied high.

A commonly used design technique is to release
DONE one or more clock cycles before allowing the 1O
to become active. This allows other configuration
devices, such as PROMs, to be disconnected using the
DONE signal so that there is no bus contention when
the 1/Os become active. In addition to controliing the
FPGA during start-up, other start-up techniques that
avoid contention include using isolation devices
between the FPGA and other circuits in the system,
reassigning /0 locations and maintaining I/Os as
3-stated outputs untif contentions are resoived.

Each of these start-up options can be selected during
bit stream generation in ORCA Foundry, using
Advanced Options. For more information, please see
the ORCA Foundry 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 I/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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FPGA States of Operation (continued)
Partial Reconfiguration

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

Other bit stream options are also available that allow
one portion of the FPGA to remain in operation while a
partial reconfiguration is being done. If this is done, the
user must be careful to not cause contention between
the two configurations (the bit stream resident in the
FPGA and the partial reconfiguration bit stream) as the
second reconfiguration bit stream is being loaded.

Other Configuration Options

Configuration options used during device start-up were
previously discussed 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
during bit stream generation in ORCA Foundry. These
include options to enable boundary scan, readback
options, and options to control and use the internal
oscillator after 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 ORCA Foundry documenta-
tion.

Configuration Data Format

The ORCA Foundry 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 ORCA Foundry Development System
to generate configuration RAM data and then provides
the details of the configuration frame format.

The ORCA OR2CxxA/OR2TxxA series of FPGAs are
enhanced versions of the OARCA ATT2Cxx/ATT2Txx
architectures that provide upward bit stream compati-
bility for both series of devices as well as with each
other.

Lucent Technologies inc.

Using ORCA Foundry to Generate
Configuration RAM Data

The configuration data defines the I/O tunctionality,
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 0s
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 tunctionality. 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.

oy

Configuration Data Frame

A detailed description of the frame format is shown 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
FPGAs. Following the header frame is an optional 1D
frame. This frame contains data used to determine if
the bit stream is being loaded to the correct type of
ORCA FPGA (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, and OR2TxxA families, a bit
stream from any of these devices will not cause an
error when loaded into an OR2CxxA or OR2TxxA
device. The ID frame has a secondary function of
optionally enabling the parity checking logic for the rest
of the data frames.

The configuration data frames follow. Each trame starts
with a 0 start bit and ends with three or more 1 stop
bits. Following each start bit are four control bits: a pro-
gram bit, set to 1 if this is a data frame; a compress bit,
set to 1 if this is a compressed frame; and the opar and
epar parity bits (see Bit Stream Error Checking). An
11-bit address field that determines in which column
the FPGA is to be written is followed by alignment and
write control bits. For uncompressed frames, the data
bits needed to write one column in the FPGA are next.
For compressed frames, the data bits from the previous
frame are sent to a different FPGA 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
the program bit is set to 0) is sent to the FPGA. The
length and number of data frames and information on
the PROM size for the OR2CxxA/OR2TxxA series
FPGAs are given in Table 7.
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Configuration Data Format (continued)

Table 7. Configuration Frame Size

Devices OR2C/ OR2c/ OR2C/ OR2C/ OR2C/ OR2C/ OR2C/ | OR2C/
2TO04A 2T06A 2TO8A 2T10A 2T12A 2T15A 2T26A 2T40A
# of Frames 480 568 656 744 832 920 1096 1378
Data Bits/Frame 110 130 150 170 190 210 250 316
Configuration Data
(# of frames x # of data bits/frame) 52,800 | 73,840 | 98,400 | 126,480 | 158,080 | 193,200 | 274,000 | 435,448
Maximum Total # Bits/Frame
(align bits, 1 write bit, 8 stop bits) 136 160 176 200 218 240 280 344
Maximurmn Configuration Data .
(# bits x # of frames) 65,280 | 90,880 | 115456 | 148,800 | 179,712 | 220,800 | 306,880 | 474,032
Maximum PROM Size (bits)
(add 48-bit header, 1D frame, and | 65,504 | 91,128 | 115720 | 149,088 | 180,016 | 221,128 | 307,248 | 474,464
40-bit end of configuration frame)

The data frames for all the OR2CxxA/OR2TxxA series devices are given in Table 8. An alignment field is required
in the slave parallet mode for the uncompressed format. The alignment field (shown by [A]) is a series of Os: five for
the OR2C06A/OR2T06A, OR2C10A/OR2T10A, OR2C15A/OR2T15A, and OR2C26A/OR2T26A,; three for the
OR2C40A/OR2T40A; and one for the OR2C04A/OR2T04A, OR2COBA/OR2TO8A, and OR2C12A/OR2T12A. The
alignment field is not required in any other mode.

Table 8. Configuration Data Frames

OR2CO04A/OR2T04A

Uncompressed 010 opar epar [addr10:0]} [A]1[Data109:0}1 11
Compressed 011 opar epar [addr10:0] 111
OR2CO6A/OR2TO6A

Uncompressed 010 opar epar [addr10:0] [A]1[Data129:0]1 11
Compressed 011 opar epar [addr10:0} 111
OR2CO8A/OR2T08A

Uncompressed 010 opar epar [addr10:0] [A]1[Data149:0]111
Compressed 011 opar epar [addr10:0} 111
OR2C10A/OR2T10A

Uncompressed 010 opar epar [addr10:0] [A]1[Data169:0]111
Compressed 011 opar epar [addr10:0] 111
OR2C12A/OR2T12A

Uncompressed 010 opar epar [addr10:0] [A]1[Data189:0}111
Compressed 011 opar epar [addr10:0] 111
OR2C15A/OR2T15A

Uncompressed 010 opar epar [addr10:0] [A]1[Data209:0]111
Compressed 011 opar epar [addr10:0] 111
OR2C26A/OR2T26A

Uncompressed 010 opar epar [addr10:0] [A]1]{Data249:0]111
Compressed 011 opar epar [addr10:0] 111
OR2C40A/OR2T40A

Uncompressed 010 opar epar [addr10:0} [A]1[Data315:0}111
Compressed 011 opar epar [addr10:0] 111
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Configuration Data Format (continued)

> »7
EIGHT 1s 0010 55 —35
N’ ~ -
rreeie O, AT PosTAveLE
COUNT
T CONFISURATION CONFISURATION
LEADING HEADER FRAME FRAME
FPGA #1 FPGA #2 S4830(F)
Figure 39. Serial Configuration Data Format
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
c—0 Must be set to 0 to indicate uncompressed
Opar, Epar Frame parity bits
ID Frame Addi[10:0] = ID frame address
(Optional) 11111111111
Prty_En Set to 1 to enable parity
Reserved [42:0] | Reserved bits setto 0
1D 20-bit part ID
111 Three or more stop bits (high) to separate frames
0 Frame start
P—1o0r0 1 indicates data frame; 0 indicates all frames are written
C—1or0 Uncormpressed — O indicates data and address are supplied;
: R Compressed — 1 indicates only address is supplied
Configuration Opar, Epar Frame parity bits
F?:rtnae Addr{10:0] Column address in FPGA to be written
A Alignment bit (different number of Os needed for each part)
(repeated for 1 Write bit — used in uncom f
each data frame) ' : pressed data frame
Data Bits Needed only in an uncompressed data frame
111 One or more stop bits (high) to separate frames
End of 0010011111111111 [ 16 bits—00 indicates all frames are written
Configuration
Postamble iAEE AN dditional 1s

Note: For slave paraliel mode, the byte containing the preamble must be 11110010. The number of leading header dummy bits must
be (n * 8) + 4, where n 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 parailel mode must be (x * 8), where x is a positive integer. Note also that the bit
stream generator tool supplies a bit stream which is compatible with all configuration modes, including stave parallel mode.

Figure 40. Configuration Frame Format and Contents
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Bit Stream Error Checking Table 9. Configuration Modes

There are three different types of bit stream error M2{ M1| MO| CCLK Configuration Data

checking performed in the ORCA OR2CxxA FPGAS: Mode

ID frame, frame alignment, and parity checking. 0| 0] O |Ouput | Master Serial
0 0 1 [ Input Slave Parallel Paralie!

An optional ID data frame can be sent to a specified o1 1 0 | Reserved

address in the FPGA. This ID frame contains a unique 01 1 1 | Input Sync Perpheral | Parallel

code for the part it was generated for which is com- 1 0| 0 |Output Master (up) Parallel

pared within the FPGA. Any differences are flagged as 3 0 1 | Output Async Peripheral | Parallel

an 1D error. This frame is automatically created by the 7 7 0 | Output Master (down) Parallel

bit stream generation program in ORCA Foundry. i 1 1 [ Input Slave Senal

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 O 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
ORCA Foundry. Two parity bits, opar and epar, are
used to check the parity of bits in alternating bit posi-
tions to even parity in each data frame. If an odd num-
ber of ones is found for either the even bits (starting
with the start bit) or the odd bits (starting with the pro-
gram bit), then a parity error is flagged.

When any of the three possible errors occur, 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

There are eight methods for configuring the FPGA.
Seven of the configuration modes are selected on the
MO, M1, and M2 inputs. The eighth configuration mode
is accessed through the boundary-scan interface. A
fourth input, M3, is used to select the frequency of the
internal oscillator, which is the source for CCLK in
some configuration modes. The nominal frequencies of
the internal oscillator are 1.25 MHz and 10 MHz. The
1,25 MHz frequency is selected when the M3 input is
unconnected or driven to 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 9 lists the functions of the configura-
tion mode pins.
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Master Parallel Mode

The master parallel configuration mode is generally
used to interface to industry-standard byte-wide mem-
ory, such as the 2764 and larger EPROMSs. Figure 41
provides the connections for master parallel mode. The
FPGA outputs an 18-bit address on A[17:0] to memory
and reads one byte of configuration data on the rising
edge of RCLK. The parallel bytes are internally serial-
ized starting with the least significant bit, DO.

DOUT—* TO DAISY-
CHAINED
Al17:0] AN 70 oLk} DEVICES
D{7:0 D[7:0}
ORCA
EPROM SERIES
o FPGA
OE ::;j_—— DONE G
CE
PROGRAM ————————»-| PRGM
Voo 01 M2 HDC|—»
Voo OR GND M1 ocl>
N Mo RCLK |-+

= 5-4483(C)

Figure 41. 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 PAGM command to reconfigure. The ATT1700 and
ATT1700A Series can be used to configure the FPGA
in the master serial mode. This provides a simple four-
pin interface in an eight-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
raset 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 reset 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 requirements
and capabilities, a single FPGA/serial ROM interface is
generally not appropriate for ali applications.

Data is read in the FPGA sequentially from the serial
ROM. The DATA output from the serial ROM is con-
nected directly into the DIN input of the FPGA. The
CCLK output from the FPGA is connected to the
CLOCK input of the serial ROM. During the configura-
tion process, CCLK clocks one data bit on each rising
edge.

Since the data and clock are direct connects, 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 several methods for enabling the
serial ROM's RESET/OE and CE inputs. The serial
ROM's RESET/OE is programmabie to function with
RESET active-high and OE active-low or RESET active-
low and OE active-high.

In Figure 42, serial ROMs are cascaded to configure
muitiple 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 ROMs’
RESET/OE input, which has been programmed to
function with RESET active-low and OE active-high. The

Lucent Technologies Inc.

FPGA DONE is routed to the CE pin. The low on DONE
enables the serial ROMs. At the completion of configu-
ration, 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 load a single FPGA
when configuration data requirements exceed the
capacity of a single serial ROM. After the last bit from
the first serial ROM is read, the serial ROM outputs
CED low and 3-states the DATA output. The next serial
ROM recognizes the low on CE input and outputs con-
figuration data on the DATA output. After configuration
is complete, the FPGA's DONE output into CE disables
the serial ROMs.

This FPGA/serial ROM interface is not used in applica-
tions in which a serial ROM stores multiple configura-
tion programs. In these applications, the next
configuration program to be loaded is stored at the
ROM location that follows the last address for the previ-
ous configuration program. The reason the interface in
Figure 42 will not work in this application is that the low
output on the INIT signal would reset the serial ROM
address pointer, causing the first configuration to be
reloaded.

In some applications, there can be contention on the
FPGA's DIN pin. During configuration, DIN receives
configuration data, and after configuration, it is a user
/0. If there is contention, an early DONE at start-up
{selected in ORCA Foundry) may correct the problem.
An alternative is to use [DCT 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 p DONE
RESET/IOE R
CED ORCA
— SERIES
DATA T FPGA
CLK
ATT1700A <l
CE p— M2
RESET/OE M1
TEC Mo
SERIAL FOM PROGRA
1Al s A
AS NEEDED 5-4456.1(F)

Figure 42, Master Serial Configuration Schematic
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FPGA Contfiguration Modes (continued)
Asynchronous Peripheral Mode

Figure 43 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 TS0 and active-
high CS1 chip selects, a write WH input, and a read RD
input. The chip selects can be cycled or maintained ata
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 regis-
ter is empty, in which case the byte is immediately
transferred to the shift register. The longest time for
RDY to remain low occurs when a byte is loaded into
the holding register and the shift register 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 is low. The D[6:0] pins are not
enabled to drive when RD is low and, thus, only act as
input pins in asynchronous peripheral mode.

DOUT [—»TO DAISY-

CHAINED
5 PRGM coLK |- DEVICES
OI0)
ROY
INIT
DONE

Pﬁgg&%OR
ADDRESS &8 ORCA
DECODE LOGIC cs1 SERIES
FPGA
l BUS '::gif)
CONTROLLER| WR

Voo M2 HDC|—»
=
MO LoC |

5-4484(C)

Figure 43. 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. Subsequent data bytes are
clocked in on every eighth rising edge of CCLK. The
RDY signal is an output which acts as an acknowledge.
RDY goes high one CCLK after data is clocked and,
after one CCLK cycle, returns low. The process repeats
until all of the data is loaded into the FPGA. The data
begins shifting on DOUT 1.5 cycles after it is loaded in
paraliel. It requires additional CCLKs after the last byte
is loaded to complete the shifting. Figure 44 shows the
connections for synchronous peripheral mode.

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

TO DAISY-
CHAINED
DOUT |—» DEVICES
3 PRGM
DI7:0)
ORCA
MICRO- SERIES
PROCESSOR FPGA
cCLK
ROY
INIT

M2 HOC|—»
Voo M1 _
Mo LDC =

Figure 44. Synchronous Peripheral Configuration
Schematic

5-4486(C)
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FPGA Configuration Modes (continued)
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 45 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.

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

Slave Paraliel 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 DOUT pin does not
contain a valid bit stream for slave parallel mode. As a
result, the lead device cannot be used in the slave
parallel mode in a daisy-chain configuration.

Figure 46 is a schematic of the connections 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 aliow the
user to configure multiple FPGAs in slave paralle!
mode using an 8-bit data bus common to all of the
FPGAs. These chip selects can then be used to select
the FPGA(s) to be configured with a given bit stream,
but once an FPGA has been selected, it cannot be
deselected until it has been completely programmed.

TO DAISY-
CHAINED
DOUT }-» DEVICES
NIT
MICRO- O
pnocgo Rsson PRGM
ORCA
DOWNLOAD DONE SERIES
CABLE CCLK FPGA
DIN
Voo
E M2 HOC |~
M1 i
MO [Ro 08
5-4485(C)

Figure 45. Slave Serial Configuration Schematic
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8 D[7:0]
DONE
INT  opca
MICRO- ceik
PROCESSOR SEQIES
SYSTEM PRGM
Voo
cs1
cso
WR
M2 HOC—+
M1 Loch—
=
5-4487(C)

Figure 46. 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 paraliel mode. (Daisy chaining is not avail-
abie 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, the lead
device loads its configuration data frames. The loading
of configuration data continues after the lead device
has received its configuration data if its internal frame
bit counter has not reached the length count. When the
configuration RAM is full and the number of bits
received is less than the length count 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 47 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 lead device. A master paral-
iel mode device uses its internal timing generator to
produce an internal CCLK at eight times its memory
address rate (RCLK). The asynchronous peripheral
mode device outputs eight CCLKs for each write cycle.
if the lead device is configured in either synchronous
peripheral or a slave mode, CCLK is routed to the lead
device and to all of the daisy-chained devices.

The development system can create a composite
configuration bit stream for configuring daisy-chained
FPGAs. The frame format is a preamble, a length count
for the total bit stream, muitiple concatenated data
frames, an end-of-configuration frame per device, a
postambie, and an additional fill bit per device in the
serial chain.

As seen in Figure 47, the TNIT pins for all of the FPGAs
are connected 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 together as shown to guarantee that all of
the FPGAs enter the start-up state simultaneously. This
may not be required, depending upon the start-up
sequence desired.

\—- CCLK L CCLK L CCLK
DOUT OIN DouT DIN DOUT |-——»
A[17:0] s A[17:0]
ORCA ORCA OACA
EPROM SERIES SERIES SERIES
D{7:0] | D(7:0) FPGA FPGA FPGA
MASTER SLAVE #1 SLAVE #2 v
o33 DONE g
CE DONE DONE é
S . PRGM __ r—{ PRGM —
— = PRGM e | PRGM i vor]PRG T
PROGRAM
Voo o—{ M2 I-_'ID_CW M2 HDC M2 Hoc| | Voo
VocéOR — M1 D% M bt M1 bc !
ND _{Mo RCLK| MO RCLK MO RCLK

2-2562

Figure 47. Daisy-Chain Configuration Schematic
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Special Function Blocks

Special function blocks in the OR2C/TxxA series pro-
vide 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, optionaily, the state of the PFU outputs. A read-
back operation can be done while the FPGA is in nor-
mal system operation. The readback operation cannot
be daisy-chained. To use readback, the user selects
options in the bit stream generator in the ORCA
Foundry Development System.

Table 10 provides readback options selected in the bit
stream generator tool. The table provides the number
of times that the configuration data can be read 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}, aliow a single readback
(1), or aliow unrestricted readback (U).

Table 10. Readback Options

Option Function

0 Prohibit Readback

1 Allow One Readback Only

U Allow Unrestricted Number of 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
again. One bit of data is shifted out on RD_DATA at the
rising edge of CCLK. The first start bit of the readback
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frame is transmitted out several cycles after the first ris-
ing edge of CCLK after HD_CFG is input low (see Table
53, Readback Timing Characteristics in the Timing
Characteristics section).

It should be noted that the RD_DATA output pin is also
used as the dedicated boundary-scan output pin, TDO.
If this pin is being used as TDO, the RD_DATA output
from readback can be routed internally to any other pin
desired. The RD_CFG input pin is aiso used to control
the global 3-state (TS_ALL) furiction. 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 as to whether this input drives
the readback or global 3-state function is determined
by a set of bit stream options. If used as the RD_CFG
input for readback, the internal TS_ALL input can be
routed internally to be driven by any input pin.

The readback frame contains the configuration data
and the state of the internal logic. During readback, the
value of all five PFU 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 data upon entering readback.

3. Capture data based upon a configurable signai
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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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 ORCA 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 signai
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. Ali of the user I/O output buffers are 3-stated, the
user /O input buffers are pulled up (with the puil-
down disabled), and the input buffers are configured
with TTL input thresholds (OR2TxxA 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 resides in the lower-left corner of
the FPGA array. It has output clock frequencies of
1.25 MHz and 10 MHz. The internal oscillator is the
source of the internal CCLK used for configuration. It
may also be used after configuration as a general-
purpose clock signal.

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/
EFs on the device. GSRN is automatically asserted at
powerup and during configuration of the device.

The timing of the release of GSRN at the end of config-
uration can be programmed in the start-up logic
described below. Following configuration, GSRN may
be connected to the RESET pin via dedicated routing,
or it may be connected to any signal via normal routing.
Within each PFU, individual FFs and latches can be
programmed to either be set or reset when GSRNis
asserted.
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The BESET input pad has a special relationship to
GSRN. During configuration, the RESET input pad
always initiates a configuration abort, as described in
the FPGA States of Operation section. After configura-
tion, 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 AESET input 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.

Lucent Technologies Inc.
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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 ORCA 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 /EEE 1149.1 standard
is a well-defined protocol that ensures interoperability
among boundary-scan (BSCAN) equipped devices
from different vendors.

The IEEE 1149.1 standard defines a test access port
(TAP) that consists of a four-pin interface with an
optional reset pin for boundary-scan testing of inte-
grated circuits in a system. The ORCA Series FPGA
provides four interface pins: test data in (TD1), test
mode select (TMS), test clock (TCK), and test data out
(TDO). The 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 to drive out-
puts and examine inputs. In the configuration shown in
Figure 48, where boundary scan is used to test ICs,
test data is transmitted serially into TDI of the first
BSCAN device (U1), through TDO/TDI connections
between BSCAN devices (U2 and U3), and out TDO of
the last BSCAN device (U4). In this configuration, the
TMS and TCK signals are routed to alf boundary-scan
ICs in parallel so that all boundary-scan components
operate in the same state. In other configurations, mul-
tiple scan paths are used instead of a single ring. When
multiple scan paths are used, each ring is indepen-
dently controfied by its own TMS and TCK signals.

Figure 49 provides a system interface for components
used in the boundary-scan testing of PCBs. The three
major components shown are the test host, boundary-
scan support circuit, and the devices under test
(DUTs). The DUTs shown here are ORCA 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.

Lucent Technoiogies Inc.
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Figure 48. Printed-Circuit Board with Boundary-
Scan Circuitry

The boundary-scan support circuit shown in Figure 49
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 generai microprocessor interface
and provides parallel-to-serial/serial-to-parallel conver-
sion, as well as three 8K data buffers.
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Figure 49. 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-scan test card/soft-
ware allows a user to quickly prototype a boundary-
scan test setup.

Boundary-Scan Instructions

The ORCA Series boundary-scan circuitry is used for
three mandatory /EEE 1149.1 tests (EXTEST, SAM-
PLE/PRELOAD, BYPASS) and four ORCA-defined
instructions. The 3-bit wide instruction register supports
the eight instructions listed in Table 11.

Table 11. Boundary-Scan Instructions

Code Instruction

000 EXTEST

001 PLC Scan Ring 1

010 RAM Write (RAM_W)

011 Reserved

100 SAMPLE/PRELOAD

101 PLC Scan Ring 2

110 RAM Read (RAM_R)

111 BYPASS
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The external test (EXTEST) instruction allows the inter-
connections between ICs in a system to be tested for
opens and stuck-at faults. If an EXTEST instruction is
performed for the system shown in Figure 48, the con-
nections between U1 and U2 (shown by nets a, b, and
c) can be tested by driving a vaiue onto the given nets
from one 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 /O pad is driven to the value given in the BSR, or
the BSR is updated with the input value from the 1/O
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 simuitaneously
into the BSR, allowing them to be shifted-out TDO to
the test host. Since each /O buffer in the PICs is bidi-
rectional, two pieces of data are captured for each VO
pad: the value at the /O pad and the vaiue of the
3-state control signal.

Lucent Technologies Inc.
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There are four ORCA-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 ORCA Series boundary-scan circuitry inciudes 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 50 shows a functional diagram of the boundary-
scan circuitry that is implemented in the ORCA 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 (TD}) is
the serial input data. Test mode select (TMS) controls
the boundary-scan est access port controlier {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 /O pad on
the FPGA, except for CCLK, DONE, and the boundary-
scan pins (TCK, TDI, TMS, and TDQ)}, 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 proceeds clockwise
around the top, right, bottom, and left sides of the array.
The last BSC in the BSR (connected to TDO) is located
on the top of the left side of the array (PLA3).

The bypass instruction uses a single FF which resyn-
chronizes test data that is not part of the current scan
operation. In a bypass instruction, test data received on
TDI is shifted out of the bypass register to TDO. Since
the BSR (which requires a two FF delay for each pad)
is bypassed, test throughput is increased when devices
that are not part of a test operation are bypassed.

The boundary-scan logic is enabled before and during
configuration. After configuration, a configuration
option determines whether or not boundary-scan logic
is used.

The 32-bit boundary-scan identification register con-
tains the manufacturer’s iD number, unique part num-
ber, and version, but is not implemented in the ORCA
series of FPGAs. If boundary scan is not used, TMS,
TDI, and TCK become user ¥0Os, and TDO is 3-stated
or used in the readback operation.
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Figure 50. ORCA
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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/Idle), 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 pro-
vided in the table below. The outputs are primarily the
control signals to the instruction register and the data
register.

Table 12. TAP Controlier input/Outputs

Symbol o Function
TMS I | Test Mode Select
TCK I | Test Clock
PUR I | Powerup Reset
PRGM | | BSCAN Reset
TRESET O | Test Logic Reset
Select O | Select IR (high); Select DR (low)
Enable O | Test Data Out Enable
Capture DR | O | Capture/Parallel Load DR
Capture IR | O | Capture/Parallel Load IR
Shift DR O | Shift Data Register
Shift IR O | Shift Instruction Register
Update DR | O | Update/Parallel Load DR
Update IR | O | Update/Parallel Load IR
2-258

The TAPC generates control signals which aliow 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 the instruction register is
loaded for instruction decode, or the boundary-scan
register is updated for control of outputs.

The test host generates a test by providing input into
the ORCA Series TMS input synchronous with TCK.
This sequences the TAPC through states in order to
perform the desired function on the instruction register
or a data register. Figure 51 provides a diagram of the
state transitions for the TAPC. The next state is deter-
mined by the TMS input value.
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Figure 51. TAP Controller State Transition Diagram
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Boundary-Scan Cells

Figure 52 is a diagram of the boundary-scan cell (BSC)
in the ORCA 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 normai
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. The
BSC consists of two circuits: the bidirectional data cell
is used to access the input and output data, and the

direction controi 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-fiop to control the /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, update, shiftn, treset, and
TCK) and the MODE signal control the operation 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 receives input buffer data into the BSC.
When HOLI is high, the BSC is loaded with functional
data from the PLC.

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

The boundary-scan description language (BSDL) is
provided for each device in the ORCA series of FPGAs.
The BSDL is generated from a device profile, pinout,
and other boundary-scan information.
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Figure 52. Boundary-Scan Cell
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Figure 53. Instruction Register Scan Timing Diagram

Boundary-Scan Timing

To ensure race-free operation, data changes on specific clock edges. The TMS and TDI inputs are clocked in on the
rising edge of TCK, while changes on TDO occur on the falling edge of TCK. In the execution of an EXTEST
instruction, parallel data is output from the BSR to the FPGA pads on the falling edge of TCK. The maximum fre-
quency allowed for TCK is 10 MHz.

Figure 53 shows timing waveforms for an instruction scan operation. The diagram shows the use of TMS to
sequence the TAPC through states. The test host (or BSM) changes data on the falling edge of TCK, and it is
clocked into the DUT on the rising edge.
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To define speed grades, the ORCA Series part number
designation (see Table 52) 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 ORCA Foundry Develop-
ment System. A timing report provided by the develop-
ment system after layout divides path delays into logic
and routing delays. The timing analyzer can also pro-
vide logic delays prior to layout. While this allows rout-
ing 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—53, symbol names are generally a concate-
nation of the PFU operating mode (as defined in

Table 3) and the parameter type. The wildcard charac-
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 nominal tempera-
ture and voltage for best-case processes can be much
better than the values given.

It should be noted that the junction temperature used in
the tables is generally 85 °C. The junction temperature
for the FPGA depends on the power dissipated by the
device, the package thermal characteristics (©sa), and
the ambient temperature, as calculated in the following
equation and as discussed further in the Package
Thermat Characteristics section:

Tumax = TAmax + (P » ©48) °C
Note: The user must determine this junction tempera-
ture to see if the delays from ORCA Foundry

should be derated based on the following derat-
ing tables.

Lucem Technologies inc.

Tables 13A and 13B and provide approximate power
supply and junction temperature derating for OR2CxxA
commercial and industrial devices. Table 14 provides
the same information for the OR2TxxA devices (both
commercial and industrial). The delay values in this
data sheet and reported by ORCA Foundry are shown
as 1.00 in the tables. The method for determining the
maximum junction temperature is defined in the Ther-
mal Characteristics section. Taken cumulatively, the
range of parameter values for best-case vs. worst-case
processing, supply voltage, and junction temperature
can approach 3to 1.

Table 13A. Derating for Commercial Devices

(OR2CxxA)
TJ Power Supply Voltage
(°C) 4,75V 50V 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 1.12 1.09 1.07
Table 13B. Derating for Industrial Devices
(OR2CxxA)
TJ Power Supply Voltage
(°C) | a5V | 475V | 50V | 525V | S5V
-40 0.71 0.70 | 0.68 0.66 0.65
0 0.80 | 0.78 0.76 0.74 073
25 084 | 082 0.80 078 | 077
85 1.00 | 097 | 094 093 | 091
100 1.05 1.01 0.99 097 | 0.95
125 1.12 1.09 1.06 1.04 1.02

Table 14. Derating for Commercial/Industrial

Devices (OR2TxxA)
T4 Power Supply Voitage
0 3.0V 33V 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

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. voitage
are 0.13% per mV for both logic and routing delays at 25 °C.

2-261



]

ORCA OR2CxxA/OR2TxxA Series FPGAs

FPGA Data Book

ORCATiming Characteristics

(continued)

In addition to supply voltage, process variation, and
operating temperature, circuit and process improve-
ments of the ORCA series FPGAs over time will resuit
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 function of fan-out and the
capacitance associated with the CIPs and metal inter-
connect in the path. The number of logic elements that
can be driven {or fan-out) by PFUs is unlimited,
although the delay to reach a valid logic level can
exceed timing requirements. It is difficult to make accu-
rate routing delay estimates prior to design compilation
based on fan-out. This is because the CAE software
may delete redundant logic inserted by the designer to
reduce fan-out, and/or it may also automatically reduce
fan-out by net splitting.

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 foliow industry practices, and the val-
ues they reflect are described below.

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

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

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

3-state Enable — the time from when a ts[3:0] signal
becomes active and the output pad reaches the high-
impedance state.
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Estimating Power Dissipation
OR2CxxA

The total operating power dissipated is estimated by
summing the standby (IDDSB), internal, and external
powaer 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:

Ppru = 0.16 mW/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:

OR2C04A Clock Power

P = {0.62 mW/MHz
+ (0.22 mW/MHz - Branch) (# Branches)
+ {0.022 mW/MHz - PFU) (# PFUs)
+ (0.008 mW/MHz ~ SMEM_PFU)
{# SMEM_PFUs)]} fCLK

For a quick estimate, the worst-case (typical circuit)
OR2CO04A Clock Power =~ 3.9 mW/MHz.

OR2C06A 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)} {CLK

For a gquick estimate, the worst-case (typical circuit)
OR2CO06A Clock Power = 5.3 mW/MHz.
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Estimating Power Dissipation (continued)

OR2CO8A Clock Power

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

For a quick estimate, the worst-case (typical circuit)
OR2CO08A Clock Power = 6.6 mW/MHMz.

OR2C10A Clock Power

P = [0.66 mMW/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 (typical circuit)
OR2C10A Clock Power = 8.6 mW/MHMz.

OR2C12A Clock Power

P = [0.68 mW/MHz
+ (0.35 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)
OR2C12A Ciock Power = 10.5 mW/MHz.

OR2C15A Clock Power

P = [0.69 mW/MHz
+ (0.38 mW/MHz - Branch) (# Branches)
+ (0.022 mW/MHz —~ PFU) (# PFUs)
+ {0.006 mW/MHz - SMEM_PFU)
(# SMEM_PFUs)] ICLK

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)
+ (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,
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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)] {CLK

For a quick estimate, the worst-case (typical circuit)
OR2C40A Clock Power = 26.6 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
power dissipated by inputs and ac power dissipated by
outputs. The power dissipated in each IO depends on
whether it is configured as an input, output, or input/
output. if an /O is operating as an output, then there is
a power dissipation component for PiN, as well as
PouT. This is because the output feeds back to the
input.

The power dissipated by a TTL input buffer is estimated
as:
PTTL = 2.2 mW + 0.17 mW/MHz

The power 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 VoD? 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 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:

PPrFy = 400 x 3 (0.16 mW/MHz x 20 MHz x 20%)
= 768 mW

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
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PTTL =20x[2.2 MW + (0.17 mW/MHz x 20 MHz
X 20%)]
=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
PBID = 16 x[(50 pF + 8.8 pF) x (5.25)2 x 20 MHz
X 20%)]
=104 mW
TOTAL = 1.50 W
OR2TxxA

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:

PPFU = 0.08 mW/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 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:
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OR2TO04A Clock Power

P = {0.29 mW/MHz
+ (0.10 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)
OR2T04A Ciock Power = 1.8 mW/MHz.

OR2T06A Clock Power

P = [0.30 mW/MHz
+ (0.11 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)
OR2TO06A Clock Power = 2.4 mW/MHz.

OR2T08A Clock Power

P = [0.31 mW/MHz
+ (0.12 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)
OR2TO08A Clock Power ~ 3.2 mW/MHz.

OR2T10A Clock Power

P = [0.32 mW/MHz
+ (0.14 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)
OR2T10A Clock Power = 4.0 mW/MHz.

OR2T12A Clock Power

P = [0.33 mW/MHz
+ (0.15 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)
OR2T12A Clock Power =~ 4.9 mW/MHz.
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OR2T15A Clock Power

P = [0.34 mW/MHz
+ (0.17 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)
OR2T15A Clock Power = 5.9 mW/MHz.

OR2T26A Clock Power

P = [0.35 mMW/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 mW/MHz — PFU) (# PFUs)
+ (0.003 mW/MHz — SMEM_PFU)
(# SMEM_PFUs)] fCLK

For a quick estimate, the worst-case (typical circuit)
OR2T40A Clock Power = 12.4 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
power dissipated by inputs and ac power dissipated by
outputs. The power dissipated in each 1/O 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
Pourt. This is because the output feeds back to the
input.

The power dissipated by an input buffer (Vi4 = VoD —
0.3 V or higher) is estimated as:

PiN = 0.09 mW/MHz

The 5 V tolerant input buffer feature dissipates addi-
tional dc power. The dc power, PTOL, is always dissi-
pated for the OR2TxxA, regardiess of the number of
5V tolerant input buffers used when the VDDS5 pins are
connected to a 5V supply as shown in Table 15. This
power is not dissipated when the VDDS5 pins are con-
nected to the 3.3 V supply.
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Table 15. dc Power for 5V Tolerant VOs

Device ProL {(VDD5 = 5.25V)
2T04A 1.7 mwW
2TOBA 2.0 mwW
2TOBA 2.4 mwW
2T10A 2.7 mw
2T12A 3.0mw
2T15A 34 mW
2T26A 4.0mW
2T40A 5.0 mW

The ac power dissipation from an output or bidirec-
tionat 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 OR2T15A 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 inputs, 32 outputs driving 30 pF loads, and

16 bidirectional 1/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

Pcik = [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 MHz]

=212 mW
PIN =20 x [0.09 mW/MHz x 20 MHz x 20%]
=7mW
ProL =34 mwW
PouT = 30 x {(30 pF + 8.8 pF) x (3.6)% x 20 MHz
X 20%)]
=60 mW
Peip = 16 x [(50 pF + 8.8 pF) x (3.6)° x 20 MHz
X 20%)]
=49 mW
TOTAL =0.72 W
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Pin Information
Pin Descriptions
This section describes the pins found on the OR2C/TxxA Series FPGAs. Any pin not described in this table is a

user-programmable /0. During configuration, the user-programmable I/Os are 3-stated with an internal pull-up
resistor enabled.

Table 16. Pin Descriptions

Symbol ; 1o | Description
Dedicated Pins
VDD — | Positive power supply.
GND — | Ground supply.
VDD5 - | 5V tolerant select. All VDD5 pins must be tied to either the 5 V power supply if 5 V toler-
ant /O buffers are to be used, or to the 3.3 V power supply (VDD) if they are not.
RESET { | During configuration, RESET forces the restart of configuration and a pull-up is

enabled. After configuration, RESET can be used as a general FPGA input or as a
direct input, which causes all PLC latches/FFs to be asynchronously set/reset.

CCLK I | In the master and asynchronous peripheral modes, CCLK is an output which strobes
configuration data in. In the slave or synchronous peripheral mode, CCLK is input syn-
chronous with the data on DIN or D[7:0].

DONE I/O | DONE is a bidirectional pin with an optional pull-up resistor. As an active-high, open-
drain output, a high-levei on this signal indicates that configuration is complete. As an
input, a low level on DONE delays FPGA start-up after configuration*.

PRGM | | PRGM is an active-low input that forces the restart of configuration and resets the
boundary-scan circuitry. This pin always has an active pull-up.
RD_CFG 1| This pin must be held high during device initialization until the INIT pin goes high.

During configuration, RD_CFG is an active-low input that activates the TS_ALL function
and 3-states all of the /0.

After configuration, RD_CFG can 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,
including PFU output states, starting with frame address 0.

RD_DATA/TDO O | RD_DATA/TDO 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 /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 pinis a
user-programmable 1/0*.

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 /O pin*.

DIN 1 | 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 pinis 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 ane set of bit stream options, and the timing of the simultaneous retease of all other configuration pins {(and the acti-
vation of all user /Os) is controfled by a second set of options.
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Table 16. Pin Descriptions (continued)

Symbol I 170 I Description
Special-Purpose Pins Special-Purpose Pins (Become user /O after configuration) (continued)
MO, M1, M2 | | During powerup and initialization, MO—M2 are used to select the configuration mode

with their values latched on the rising edge of INIT. See Table 9 for the configuration
modes. During configuration, a pull-up is enabled, and after configuration, the pins are
user-programmable I/0”.

M3 | | During powerup and initialization, M3 is used to select the speed 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 is high, the oscillator is 1.25 MHz.
During configuration, a pull-up is enabled, and after configuration, this pin is a user-pro-
grammable /O pin*.

TDI, TCK, TMS | | if boundary scan is used, these pins are Test Data In, Test Clock, and Test Mode Select
inputs. If boundary scan is not selected, all boundary-scan functions are inhibited once
configuration is complete, and these pins are user-programmabie /O pins. Even if
boundary scan is not used, either TCK or TMS must be held at logic 1 during configura-
tion. Each pin has a pull-up enabled during configuration™.

HDC O | High During Configuration is output high until configuration is complete. It is used as a

control output indicating that configuration is not complete. After configuration, this pin
is a user-programmabie /O pin®.

l

LDC O | Low During Configuration is output low until configuration is complete. it is used as a
control output indicating that configuration is not complete. After configuration, this pin
is a user-programmable /O pin*.

INIT /O | INIT is a bidirectional signal before and during configuration. During configuration, a

pull-up is enabled, but an extarnal pull-up resistor is recommended. As an active-low
open-drain output, INIT is held low during power stabilization and internal ciearing of
memory. As an active-low input, INTT holds the FPGA in the wait-state before the start
of configuration. After configuration, the pin is a user-programmable /O pin*.

C30,CS1,WR,BD | | |CSQ, cS1, WR, RD are used in the asynchronous peripheral configuration modes. The
FPGA is selected when C80 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
CS1 are also used as chip selects in the slave parallel mode.

A low on RD changes D7 into a status output. As a status indication, a high indicates
ready and a low indicates busy. WR and RD should not be used simultaneously. if they
are, the write strobe overrides. During configuration, a pull-up is enabled, and after con-
figuration, the pins are user-programmable 1/0 pins*.

A[17:0} O | During 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 /O pins®.

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

DOUT O | During configuration, DOUT is the serial data output that can drive the DIN of daisy-
chained slave L.CA 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 alt other configuration pins (and the acti-
vation of alt user 1/0s) is controlled by a second set of options.
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Package Compatibility

The package pinouts are consistent across ORCA
Series FPGAs with the following exception: some user
/O pins that do not have any special functions will
be converted to Vob5 pins for the OR2TxxA series.
I the designer does not use these pins for the
OR2CxxA series, then pinout compatibility will be
maintained between the ORCA OR2CxxA and
OR2TxxA series of FPGAs. Note that they must be
connected 1o a power supply for the OR2TxxA series.

Package pinouts being consistent across all ORCA
Series FPGAs enables a designer to select a package
based on /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 17A provides the number of user 1/Os available
for the ORCA OR2CxxA Series FPGAs for each avail-

able package, and Table 17 provides the number of
user /Os available in the ORCA 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 17B. The pins that are converted
from user /O to VoD5 are denoted as “l//O-VD05” in the
pin information tables (Tables 18 through 28). Each
package has six dedicated configuration pins.

Tables 1828 provide the package pin and pin func-

tion for the ORCA OR2CxxA/OR2TxxA series FPGAs
and packages. The bond pad name is identified in the
PIC nomenclature used in the ORCA Foundry design
editor.

When the number of FPGA bond pads exceeds the
number of package pins, bond pads are unused. When
the number of package pins exceeds the number of
bond pads, package pins are left unconnected (no
connects). Whan a package pin is to be left as a no
connect for a specific die, it is indicated as a note in the
device pad column for the FPGA. The tables provide no
information on unused pads.

Table 17A. ORCA OR2CxxA Series FPGA /Os Summary

Device | #4-Pin | 100-Pin| 144-Pin | 160-Pin | 2000 "'s‘g';:;’ 256-Pin | ot | 352-Pin | 432-Pin | 600-Pin
PLCC | TQFP | TQFP | OFP | (oo, | coeps | PBGA | Socp, | PBGA | EBGA | EBGA
OR2CO04A
User 1Os 64 77 114 130 160 | — - — — — —
VDDIVSS 14 17 24 24 3 - — — — — —
OR2CO06A
User I/Os 64 77 14 130 171 192 192 — — — —
VDD/VSS 14 17 24 24 31 42 26 o — —_ —
OR2C08A
User 1/0s 64 — — 130 171 192 221 — — — —
VDD/VSS 14 — — 24 31 40 26 — — — —
OR2C10A
User I/Os 64 — — 130 171 192 221 — 256 — —
VDD/VSS 14 — — 24 31 40 26 — 48 — —
OR2C12A
User I/Os 64 — — — 171 192 223 252 288 — —
VDD/VSS 14 — — — 31 42 26 46 48 — —
OR2ZC15A
User Os 64 — — — 171 192 223 252 298 320 —
VDD/VSS 14 — — — 31 42 26 46 48 84 —
OR2C26A
User /0s — — — — 171 192 — 252 298 342 384
VDD/VSS — — — — 31 42 — 46 48 84 140
OR2C40A
User /Os — — —_ — 171 192 — 252 — 342 454
VDD/VSS — — — — 31 42 — 46 — 84 140
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Table 17B. ORCA OR2TxxA Series FPGA /Os Summary

208-Pin

240-Pin

. 84-Pin [100-Pin | 144-Pin | 160-Pin 256-Pin | 352-Pin | 432-Pin | 600-Pin
Device SQFP/ | SQFP/

PLCC | TQFP | TQFP | QFP | C-vo) | coppp | PBGA | PBGA | EBGA | EBGA
OR2TO04A
User 1/Os 62 74 110 126 152 — — — — —
VDD/VSS 14 17 24 24 31 — — — _ —
VDD5 2 3 4 4 8 — —_ — — —
OR2T06A
User /Os 62 74 110 126 163 184 182 — — —
VDD/VSS 14 17 24 24 31 42 26 — — —
VDD5 2 3 4 4 8 8 10 — — —
OR2T08A
User /Os 62 o - 126 163 184 209 — — —_
VDD/VSS 14 — — 24 31 40 26 — — -
VDDS 2 — — 4 8 8 12 — — —
OR2T10A
User 1/Os 62 — — 126 163 184 209 244 — —
VDD/VSS 14 - — 24 31 40 26 48 — —
VDD5 2 — - 4 8 8 12 12 — —
OR2T12A
User /Os 62 — — — 163 184 211 276 — —
VDD/VSS 14 — — — 31 42 26 48 - —
VDD5 2 — — — 8 8 12 12 — —
OR2T15A
User I/Os 62 — — — 163 184 211 286 307 —
VDD/VSS 14 - — — 31 42 26 48 84 —
VDD5 2 — — — 8 8 12 12 12 —
OR2T26A
User I/Os — — - — 163 184 — 286 326 368
VDD/VSS — — — — 31 42 — 48 84 140
VDD5 - - — — 8 8 — 12 16 16
OR2T40A
User 1/0s — — - — 163 184 — 286 326 438
VDD/VSS — — — — 31 42 — 48 84 140
VD5 - — — — 8 8 — 12 16 16
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Compatibility with OR3C/Txxx Series

Pinouts for the OR2CxxA and OR2TxxA devices will be consistent with the upcoming OR3C/Txxx series for ail
devices offered in the same packages. This includes the following pins: VoD, Vss, Vbd5 (OR3C/Txxx series only),
and all configuration pins.

The following restrictions apply:

1. There are two configuration modes supported in the OR2C/TxxA series that are not supported in the
ORB3C/Txxx series: master parallel down and synchronous peripheral modes. The OR3C/Txxx FPGAs have two
new microprocessor interface (MPI) configuration modes that are unavailable in the OR2C/TxxA Series.

2. There are four pins—one per each device side—that are user I/O in the OR2C/TxxA series which can only be
used as fast dedicated clocks or global inputs in the OR3C/Txxx series. These pins are also used to drive the
ExpressCLK to the I/O FFs on their given side of the device. These four middie ExpressCLK pins should not be
used to connect to a programmable clock manager (PCM). A corner ExpressCLK input should be used instead
(see note below). See Table 17C for a list of these pins in each package.

3. There are two other pins that are user /O in both the OR2C/TxxA and OR3C/Txxx series but also have optional
added functionality in the OR3C/Txxx series. Each of these pins drives the ExpressCLKs on two sides of the
device. They also have fast connectivity to the programmabile clock manager (PCM). See Table 17C for a prelim-
inary list of these pins in each package.

Table 17C. OR3C/Txxx ExpressCLK Pins

Pin Name/ 208-Pin 240-Pin 256-Pin 352-Pin 432-Pin 600-Pin
Package SQFP2 SQFP2 PBGA PBGA EBGA EBGA
ECKL 22 26 K3 N2 R29 U33
ECKB 80 91 Wit AE14 AH16 AM18
ECKR 131 152 K18 N23 T2 V2
ECKT 178 207 B11 Bi4 ci15 C17
I/O—SECKLL 49 56 Wi AB4 AG29 AK34
IJO—SECKUR 159 184 A19 A25 D5 D5

Note: The ECKR, ECKL, ECKT, and ECKB pins drive the ExpressCLK on their given edge of the device, while I/O—SECKLL and
1/O—SECKUR drive an ExpressCLK on two edges of the device and provide connectivity to the programmable clock manager.
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Table 18. OR2C/2T04A, OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, and OR2C/2T15A
84-Pin PLCC Pinout

Pin 2C/2T04A 2C/2TOBA 2C/2TO8A 2C/2T10A 2C/12T12A 2C/2T15A Function
Pad Pad Pad Pad Pad Pad

1 Vss Vvss Vss Vss Vss Vss Vss

2 PT5A PT6A PT7A PT8A PTOA PT10A 110-D2
3 Vss Vss Vss Vss Vvss Vss Vss

4 PT4D PT5D PT6D PT7D PT8D PTSD 1/0-D1
5 PT4A PT5A PT6A PT7A PTBA PTIA 1/O-DO/DIN
6 PT3A PT4A PT5A PT6A PT7A PT8A VO-DOUT
7 PT2D PT3D PT4D PT5D PT6D PT7D /O-VDD5
8 PT2A PT3A PT4A PT4A PT5A PTBA VO-TDI
9 PT1D PT2A PT3A PT3A PT3A PT4A 110-TMS
10 PT1A PT1A PT1A PT1A PT1A PT1A 1YO-TCK
11 |RD_DATA/TDO [RD_DATA/TDC [ RD_DATA/TDO | RD_DATA/TDO| RD_DATA/TDO| RD_DATA/TDO| RD_DATA/TDO
12 VDD VDD VoD VoD VoD VoD VDD
13 Vss Vss Vss Vss Vss Vss Vss
14 PLIC PL1A PL2D PL2D PL2D PL2D 110-A0
15 PL1A PL2A PL3A PL3A PL4A PLSA 1/O-A1
16 PL2D PL3D PL4D PL4A PL5A PLBA 110-A2
17 PL2A PL3A PL4A PL5A PLBA PL7A VO-A3
18 PL3A PL4A PL5A PLBA PL7A PLBA /O-A4
19 PL4D PL5D PLED PL7D PL8D PLSD 1/0-A5
20 PL4A PL5A PLBA PL7A PL8A PL9A 1/O-AB
21 PL5A PLBA PL7A PL8A PL9A PL10A I10-A7
22 VDD VDD VDD VoD VbD VDo VoD
23 PLBA PL7A PLBA PLYA PL10A PL11A 1/0-A8
24 Vss Vss Vss Vss Vss Vss Vss
25 PL7D PL8D PLID PL10D PL11D PL12D 110-A8
26 PL7A PL8A PLOA PL10A PL11A PL12A 1/O-A10
27 PL8A PL9A PL10A PL11A PL12A PL13A 110-A11
28 PLOD PL10D PL11D PL12D PL13D PL14D 110-A12
29 PLY9A PL10A PL11A PL13D PL14B PL15B 110-A13
30 PL10D PL11A PL12A PL14C PL16D PL17D I/10-A14
31 PL10A PL12A PL14A PL16A PL18A PL20A 1/0-A15
32 CCLK CCLK CCLK CCLK CCLK CCLK CCLK
33 VoD VDD Voo VbD VDD VDD VDD
34 Vss Vss Vss Vss Vss Vss Vss
35 PB1A PB1A PB1A PB1A PB1A PB1A 1/0-A16
36 PB1D PB2A PB3A PB3B PB3D PB4D 110-A17
37 PB2A PB3A PB3D PB4D PB5B PB&B o
38 PB2D PB3D PB4D PB5D PB6D PE7D 1{e]

39 PB3A PB4A PB5A PB6A PB7A PBSA 1o

40 PB4A PB5A PB6A PB7A PB8A PB9A /O

41 PB4D PB5D PB6D PB7D PB8D PBID 110
42 PBSA PB6A PB7A PBBA PB9A PB10A o]
43 Vs§ Vss Vss Vss Vss Vss Vss

Note: The pins tabeled “I/O-VDDS” are user FOs for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.
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Pin Information (continued)

Table 18. OR2C/2T04A, OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, and OR2C/2T15A
84-Pin PLCC Pinout (continued)

Pin 2C/2T04A | 2C/2TO6A | 2C/2TOBA | 2C/2T10A | 2C/2T12A 2C/2T15A Function
Pad Pad Pad Pad Pad Pad

44 PB6A PB7A PBSA " PB9A PB10A PB11A 1[e)
45 Vss Vss Vss Vss Vss Vss Vss
46 PB7A PBSA PB2A PB10A PB11A PB12A I10-VDD5
47 PB7D PB8D PBSD PB10D PB11D PB12D 110

2 48 PB8A PBYA PB10A PB11A PB12A PB13A VO-HDC
49 PBYA PB10A PB11A PB12A PB13A PB14A 1/0-IDC
50 PBID PB10D PB11D PB13A PB13D PB14D [I[e)
51 PB10A PB11A PB12C PB13D PB15A PB16A I/O-INIT
52 PB10D PB12A PB13D PB1sD PB18D PB20D 110
53 DONE DONE DONE DONE DONE DONE DONE
54 RESET AESET RESET RESET RESET RESET RESET
55 PRGM PRGM PRGM PRGM PRGM PRGM PRGM
56 PR10A PR12A PR14A PR16A PR18A PR20A 1/O-MO
57 PR10D PR11A PR12A PR14A PR16A PR17A 110
58 PRYA PR10A PR11A PR13B PR15D PR16D 1/O-M1
59 PRSD PR10D PR11D PR12B PR13A PR14A 1o
60 PR8A PR9YA PR10A PR11A PR12A PR13A 1/O-M2
61 PR7A PRSA PR9A PR10A PR11A PR12A 1/0-M3
62 PR7D PRSD PROD PR10D PR11D PR12D o)
63 PREA PR7A PR8D PR9D PR10A PR11A o
64 VoD VDD VDD VDD VDD VDD VDD
65 PRSA PR6A PR7A PRSA PR9A PR10A o
66 Vss Vss Vss Vss Vss Vss Vss
67 PR4A PR5A PRBA PR7A PR8A PRYA [I7e)
68 PR4D PRSD PR6D PR7D PRSD PR9D Vo
69 PR3A PR4A PRSA PRBA PR7A PRBA 1/0-CS1
70 PR2A PR3A PR4A PR5A PR6A PR7A I/O-C50
71 PR2D PR3D PR4D PR4D PR5D PR6D 110
72 PR1A PR2A PR3A PR3A PR4A PR5A /O-RD
73 PR1D PR1A PR2A PR2A PR2A PR3A VO-WR
74 RD_CFG RD_CFG RD_CFG RD_CFG RD_CFG RD_CFG RD_CFG
75 VoD VoD VDD Vo VDo VoD VDD
76 Vss Vss Vss Vss Vss Vss Vss
77 PT10C PT12A PT13D PT15D PT17D PT19A I/0-RDY/RCLK
78 PTOD PT11A PT12C PT13D PT15D PT16D 110-D7
79 PT9C PT10D PT11D PT13A PT14D PT15D 110
80 PT9A PT10A PT11B PT12B PT13B PT14B 110-D6
81 PT8A PT9A PT10A PT11A PT12A PT13A 110-D5
82 PT7D PT8D PTSD PT10D PT11D PT12D 176
83 PT7A PT8A PT9A PT10A PT11A PT12A I/0-D4
84 PT6A PT7A PT8A PT9A PT10A PT11A I/0-D3

Note: The pins labeled “(/Q-VDD5" are user 1/Os for the OR2CxxA saries, but they are connected to VDD5 for the ORZTxxA serias.
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Pin Information (continued)

Table 19. OR2C/2T04A and OR2C/2T06A 100-Pin TQFP Pinout

Pin 2c1§:g4A ZCI::gﬁA Function Pin 2 C/::rA ZCIP2;I'gGA Function
1 VDD VDD VoD 43 PB8C PBaC 7/e]
2 Vss Vss Vss 44 PB8D PBaD /0
3 PLIC PL1A 1O-AO 45 PBSA PB10A 11O-LDC
4 PL1A PL2A 11O-A1 46 PBaD PB10D o]

5 PL2D PL3D 110-A2 47 PB10A PB11A /O-INIT
6 PL2A PL3A 110-A3 48 PB10D PB12A 1[0]
7 PL3D PL4D o 49 DONE DONE DONE
8 PL3A PL4A 1HO-A4 50 VDD VoD VoD
9 PLAD PL5D 1/0O-A5 51 RESET RESET AESET
10 PL4A PLSA O-A6 52 PRGM PRGM PRGM
11 PL5D PLED 10 53 PR10A PR12A 1/0-MO
12 PLSA PL6A VO-A7 54 PR10D PR11A 1o
13 Voo VDD VoD 55 PRYA PR10A 1O-M1
14 PLBA PL7A VO-A8 56 PR9D PR10D {f[e]
15 Vss Vss Vss 57 PRBA PR9A 1/0-M2
16 PL7D PLBD 11O-A9 58 PR8D PRAD o
17 PL7A PLBA 110-A10 59 PR7A PR8A /0-M3
18 PL8A PLOA 110-A11 60 PR7D PR8D 17O
19 PLI9D PL10D /O-A12 61 Vvss Vss Vss
20 PLAC PL10C VO 62 PR6A PR7A 1o
21 PL9A PL10A I/O-A13 63 VDD VDD VoD
22 PLIOD PL11A YO-A14 64 PR5A PREA 716
23 PL10A PL12A 1/O-A15 65 Vss Vss Vss

24 Vss Vss Vss 66 PR4A PR5A 1/0-VDD5

25 CCLK CCLK CCLK 67 PR4D PR5D O

26 Voo Voo Voo 68 PR3A PR4A 1/0-CSt

27 Vss Vss Vss 69 PR3D PR4D 110

28 PB1A PB1A I1O-A16 70 PR2A PR3A 11O-CS0

29 PB1C PB1D 18] 71 PR2D PR3D /]e]

30 PB1D PB2A I/O-A17 72 PR1A PR2A I/O-RD

31 PB2A PB3A {1{®] 73 PR1C PR2D l{e]

32 P20 PB3D 18] 74 PR1D PR1A 110-WR

33 PB3A PB4A 1O 75 RD_CFG RD_CFG RD_CFG

34 PB4A PB5A 110 76 Vop VDD VoD

35 PB4D PBSD 1o 77 Vss Vss Vss

36 PB5A PB6A 1O 78 PT10C PT12A 1/0-RDY/RCLK

37 Vss Vss Vss 79 PTID PT11A /0-D7

38 PB6A PB7A 110 80 PT9C PT10D o]

39 Vss Vss Vss 81 PT9A PT10A 110-D6

40 PB7A PB8A 1/0-VDD5 82 PT8D PTOD 170

41 PB7D PB8D o 83 PT8A PTOA 1/0-D5

42 PB8A PBYA 1/0-HDC 84 PT7D PT8D 110

Note: The pins labeled “I/O-VDD5” are user I/Os for the OR2CxxA series, but they are connected o VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 19. OR2C/2T04A and OR2C/2T06A 100-Pin TQFP Pinout (continued)

Pin zcz::rn 2CI§:‘:6A Function Pin 20/:;!‘34A ZCIs;I‘gGA Function

85 PT7A PT8A 110O-D4 93 PT3D PT4D 110

86 PT6D PT7D o] 94 PT3A PT4A 1/0-DOUT

87 PT6A PT7A 110-D3 a5 PT2D PT3D 1/O-VDD5

88 Vss Vss Vss 96 PT2A PT3A 1/O-TDI

89 PT5A PT6A 1/0-D2 97 PTID PT2A I/O-TMS
90 Vss Vss Vss 98 PTIC PTID o)

91 PT4D PT5D 1/0-D1 99 PT1A PT1A I/O-TCK

92 PT4A PT5A 1/0-DO/DIN 100 RD_DATA/ RD_DATA/ RD_DATA/TDO

TDO TDO

Note: Thae pins labeled “1/0-VDDS” are user /Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 20. OR2C/2T04A and OR2C/2T06A 144-Pin TQFP Pinout

Pin 2CI§:‘34A 20,5;-36‘\ Function Pin 20’::34‘\ 2 CIg;’:SA Function
1 VDD VDD %) 43 PB2B PB3B Ife)
2 Vss Vss Vss 44 PB2D PB3D 1O
3 PL1C PL1A I/O-AD 45 VDD Vob VDD
4 PL1B PL2D 10 46 PB3A PB4A 1o

5 PL1A PL2A 1/0-A1 47 PB3D PB4D /0

6 PL2D PL3D /O-A2 48 PB4A PB5A 11O
7 PL2A PL3A /O-A3 49 PB4C PB5C ¥o
8 PL3D PL4D 1o 50 PB4D PB5D /0
9 PL3C PLAC i/0 51 PB5A PBBA /O
10 PL3A PL4A 1/0-A4 52 PB5C PB6C e}
11 PL4D PL5D I/O-A5 53 PB5D PB6D 1]
12 PLAC PL5C 6] 54 Vss Vss Vss
13 PL4A PL5SA 1/O-A6 55 PB6A PB7A O
14 Vss Vss Vss 56 PB6C PB7C 1)
15 PL5D PL6D /0 57 PB6D PB7D (]
16 PL5C PL6C 110 58 PB7A PBSA 1/0-VDD5
17 PL5A PLBA I/0-A7 59 PB7D PB8D ]
18 VoD VDD VDD 60 PB8A PB9A 1/O-HDC
19 PL8D PL7D 110 61 PB8C PB9C [lle}
20 PL6C PL7C 1/0-VDD5 62 PBaD PB9D [I’e)
21 PLBA PL7A 1/O-A8 63 VDD Vob VDD
22 Vss Vss Vss 64 PB9A PB10A 11O-IDC
23 PL7D PLBD i/0-A9 65 PBaC PB10C e
24 PL7A PL8A 1/0-A10 66 PB9D PB10D [le)
25 PL8D PLaD ] 67 PB10A PB11A /O-INIT
26 PL8C PLSC 1/Q 68 PB10C PB11D o
27 PL8A PLOA 11O-A11 69 PB10D PB12A [Ie]
28 PLOD PL10OD 1/10-A12 70 Vss Vss Vss
29 PLIC PL10C [le) 71 DONE DONE DONE
30 PL9A PL10A /O-A13 72 VoD VbD VDD
3 PL10D PL11A 1/0-A14 73 Vss Vss Vss
32 PL10C PL12D 1O 74 RESET RESET RESET
33 PL1OB PLi2B 17O 75 PRGM PRGM PRGM
34 PL10A PL12A 1/0-A15 76 PR10A PR12A 1/10-MO
35 Vss Vss Vss 77 PR10B PR12D o)
36 CCLK CCLK CCLK 78 PR10D PR11A 1e]
37 VbD VoD VoD 79 PR9A PR10A 1/0-M1
38 Vss Vss Vss 80 PRaC PR10C e}
39 PB1A PB1A 1/0-A16 81 PRSD PR10D [Ie)
40 PBi1C PB1D 110 82 PR8A PR9A 1/10-M2
41 PBiD PB2A 1/0-A17 83 PR8B PR9B e}
42 PB2A PB3A 170 84 PR8D PRYD /O

Note: The pins labeled “I/O-VDDS” are user Os for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.
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Pin Information (continued)

Table 20. OR2C/2T04A and OR2C/2T06A 144-Pin TQFP Pinout (continued)

Pin 2”::34‘\ 20/3;!’36[\ Function Pin ZClgaT:’)atA ZCI:;I':GA Function
85 PR7A PR8A /O-M3 115 PTSC PT10D 110

86 PR7D PR8D /O 116 PTO9B PT10C 170

87 Vss Vss Vss 117 PTOA PT10A 1/0-D6
88 PR6A PR7A 11O 118 VoD Voo VoD
89 PR6C PR7C 110 119 PT8D PT9D /0

90 PR6D PR7D 110 120 PT8A PT9A 110-D5

91 Voo VoD VDD 121 PT7D PT8D 110

92 PR5A PRE6A [I{e] 122 PT7B PT8B o)

93 PR5C PR6C [I[s] 123 PT7A PT8A 110-D4
94 PR5D PR6D 110 124 PT&D PT7D 170

95 Vss Vss Vss 125 PT6C PT7C 110

96 PR4A PR5A 1/0-VoD5 126 PT6A PT7A 1/0-D3
97 PR4C PRSC /O 127 Vss Vss Vss

98 PR4D PR5D [1/e] 128 PTsD PT6D 1O

99 PR3A PR4A I/O-CS1 129 PTS5C PT6C 11O
100 PR3D PR4D VO 130 PT5A PT6A 1/0-D2
101 PR2A PR3A I/O-TS0 131 PT4D PT5D YO-D1
102 PR2D PR3D /O 132 PTAC PT5C 110
103 PR1A PR2A I/O-RD 133 PT4A PTSA YO-DO/DIN
104 PR1B PR2C 1o} 134 PT3D PT4D e}
105 PR1C PR2D [I]e] 135 PT3A PT4A 11O-DOUT
106 PR1D PR1A 1/O-WR 136 VDD VDD VDD
107 Vss Vss Vvss 137 PT2D PT3D 1/O-VDDS
108 RD_CFG RD_CFG RD_CFG 138 PT2C PT3C 1o
109 VDD VDD VoD 139 PT2A PT3A 1/O-TDI
110 Vss Vss Vss 140 PTiD PT2A I1O-TMS
1M1 PT10D PT12D o] 141 PTiC PT1D 6]
112 PT10C PT12A 1/O-RDY/RCLK 142 PT1A PT1A I/O-TCK
113 PT10B PT11D 11O 143 Vss Vss Vss
114 PT9D PT11A 110-D7 144 RD_DATA/ RD_DATA/ RD_DATA/TDO

TDO TDO

Note: The pins labeled “i/O-VDDS” are user /Os for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.
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Table 21. OR2C/2T04A, OR2C/2T06A, OR2C/2TOBA, and OR2C/2T10A 160-Pin QFP Pinout

Pin 2C/2TO4A Pad 2C/2TO06A Pad 2C/2T08A Pad 2C/2T10A Pad Function
1 VoD VoD VoD VDD VDo
2 Vss Vss Vss Vvss vss
3 PL1D PL1D PL1D PL1D 1o
4 PLIC PL1A PL2D PL2D 110-AC
5 PLIB PL2D PL3D PL3D VO

6 PL1A PL2A PL3A PL3A 1O-A1
7 PL2D PL3D PL4AD PL4A VO-A2
8 PL2C PL3C PL4C PL5C 1o
9 PL2A PL3A PL4A PL5A 1/0-A3
10 PL3D PLAD PL5D PL6D 10

11 PL3C PL4AC PLSC PL6C 11O
12 PL3A PL4A PL5A PLBA 1/C-A4
13 PL4D PL5D PLSD PL7D 1/O-A8S
14 PL4C PL5C PL6C PL7C fle]
15 PL4A PL5A PL6A PL7A 1/O-AB
16 Vss Vss Vss Vss Vss
17 PL5D PL6D PL7D PL8D 1O
18 PL5C PL6C PL7C PL8C f{e]
19 PL5A PL6A PL7A PL8A 1O-A7
20 VoD VpD Voo VDD VDD
21 PLED PL7D PL8D PLID o]
22 PLBC PL7C PLBC PLOC 1/0-VpD5S
23 PL6A PL7A PL8A PLSA 1/0-A8
24 Vss Vss Vss Vss Vss
25 PL7D PL8D PLOD PL10D 1HO-AQ
26 PL7B PL8B PLOB PL10B o
27 PL7A PL8A PLYA PL10A 1YO-A10
28 PL8D PLID PL10D PL11D /o]
29 PLBC PLOC PL10C PLH1IC 1O
30 PL8A PLO9A PL10A PL11A 1O-A11
31 PLSD PL10OD PL11D PL12D I1O-A12
32 PLIC PL10OC PL11C PL12C o
33 PLIB PL10B PL11B PL12B 1O
34 PLYA PL10A PL11A PL13D I10-A13
35 PLIOD PL11A PL12A PL14C O-A14
36 PL10C PL12D PL13D PL15D Vo
37 PL10B PL12B PL14D PL16D o)
38 PL10A PL12A PL14A PL16A 110-A15
39 CCLK CCLK CCLK CCLK CCLK
40 Vss Vvss Vss Vss Vss
41 Voo Von Voo VoD VoD
42 Vss Vss Vss Vvss Vss

Note: The pins labeled “/O-VDD5” are user 1/Os for the OR2CxxA series, but they are connacted to VODS for the OR2TxxA series.
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Pin Information (continued)

Table 21. OR2C/2T04A, OR2C/2T06A, OR2C/2T08A, and OR2C/2T10A 160-Pin QFP Pinout (continued)

Pin 2C/2TO4A Pad 2C/2T06A Pad 2C/2TO8A Pad 2C/2T10A Pad Function
43 PB1A PB1A PB1A PB1A /O-A16
44 PB1B PB1C PB2A PB2A f[e]
45 PB1C PB1D PB2D PB2D /o
46 PB1D PB2A PB3A PB3B 1/O-A17
47 PB2A PB3A PB3D PB4D o]
48 PB2B PB3B PB4A PB5A 1le]
49 PB2C PB3C PB4C PB5C o)
50 PB2D PB3D PB4D PB5D e}
51 VDD VoD VoD Vob VbD
52 PB3A PB4A PB5A PB6A 1o
53 " PB3D PB4D PB5D PB6D o]
54 PB4A PBSA PB6A PB7A 1o
55 PB4C PB5C PB6C PB7C o]
56 PB4D PB5D PB6D PB7D 110
57 PB5A PB6A PB7A PBSA e
58 PB5C PB6C PB7C PB8C e
59 PBSD PB6D PB7D PB8D o]
60 Vss Vss Vss Vss Vss
61 PB6A PB7A PB8A PBYA /o]
62 PB6C PB7C PB8C PBIC 1o
63 PB6D PB7D PB8D PB9D 1O
64 PB7A PBBA PBSA PB10A /O-VDDS
65 PB7D PB8D PBAD PB10D le]
66 PB8A PBYA PB10A PB11A 1/0-HDC
67 PB8C PBoC PB10C PB11C 1o
68 PB8D PB3ID PB10D PB11D 1o
69 Vob VDD VDD VDD VDD
70 PB9A PB10A PB11A PB12A YO-LDC
71 PB9B PB10B PB11D PB13A Te]
72 PBOC PB10C PB12A PB13B O
73 PBID PB10D PBi12B PB13C 1e]
74 PB10A PB11A PB12C PB13D O-INIT
75 PB108B PB11C PB12D PB14A [l{e]
76 PB10C PB11D PB13D PB15D 10
77 PB10D PB12A PB14D PB16D 70
78 Vss Vss Vss Vss Vss
79 DONE DONE DONE DONE DONE
80 VbD VDD VDD Voo VoD
81 Vss Vss Vss Vss Vss
82 RESET RESET RESET RESET RESET
83 PRGM PHGM PRGM PRGM PRGM
84 PR10CA PR12A PR14A PR16A 1/O-MO

Note: The pins labeled “1/O-VDDS" are user Os for the OR2CxxA serigs, but they are connected to VDD5 for the OR2TxxA serigs.
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Table 21. OR2C/2T04A, OR2C/2T06A, OR2C/2T08A, and OR2C/2T10A 160-Pin QFP Pinout (continued)

Pin 2C/2T04A Pad 2C/2TO6A Pad 2C/2TO8A Pad 2C/2T10A Pad Function
85 PR10B PR12D PR13A PR15A o
86 PR10C PR11A PR13D PR15D 11O
87 PR10D PR11B PR12A PR14A [{e]
88 PROA PR10A PR11A PR13B 1/0-M1
89 PRSB PR10B PR11B PR13C Ie]
20 PRoC PR10C PR11C PR12A Vo]
91 PRSD PR10D PR11D PR12B 1le]
92 PRBA PRSA PR10A PR11A 110-M2
93 PR8B PR9B PR10B PR11B Ie]
94 PR8D PR3D PR10D PR11D o]
95 PR7A PR8A PR9A PR10A 1/0-M3
96 PR7D PR8D PRSD PR10D 70
97 Vss Vss Vss Vss Vss
98 PR6A PR7A PR8A PR9A Ie]
99 PR6C PR7C PR8C PR9SC l[e]
100 PR6D PR7D PR8D PRSD o]
101 VDD VoD Voo VDD VbD
102 PR5A PR6A PR7A PR8A o]
103 PRsC PRe6C PR7C PR8C 1o
104 PR5D PR6D PR7D PR8D le]
105 Vss Vss Vss Vss Vss
106 PR4A PRSA PR6A PR7A i/O-VoD5
107 PR4C PR5C PR6C PR7C l{e]
108 PR4D PR5D PR6D PR7D 110
109 PR3A PR4A PR5A PR6A ¥O-CS1
110 PR3B PR4B PR5B PReB /0]
111 PR3D PR4D PR5D PR6D o]
112 PR2A PR3A PR4A PR5A 1/O-CS0
113 PR2C PR3C PR4B PR4B l{e]
114 PR2D PR3D PR4D PR4D [e]
115 PR1A PR2A PR3A PR3A I/O-RD
116 PR1B PR2C PR3C PR3C [7[e]
117 PR1C PR2D PR3D PR3D /O
118 PR1D PR1A PR2A PR2A I1O-WR
119 Vss Vss Vss Vss Vss
120 RD_CFG RD_CFG RD_CFG RD_CFG RD_CFG
121 VDD VoD VoD VoD VDpD
122 Vss Vss Vss Vss Vss
123 PT10D PTi2D PT14D PT16D 11O
124 PT10C PT12A PT13D PT15D 1/0-RDY/RCLK
125 PT108 PT11D PT13A PT15A /O

Note: The pins labeled “I/O-VDD5” are user /Os for the OR2CxxA series, but they are connected to VODS5 for the OR2TxxA series.
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Pin Information (continued)

Table 21. OR2C/2T04A, OR2C/2T06A, OR2C/2TO8A, and OR2C/2T10A 160-Pin QFP Pinout (continued)

Pin 2C/2T04A Pad 2C/2TO6A Pad 2C/2TO8A Pad 2C/2T10A Pad Function
126 PT10A PT11C PT12D PT14D /@]
127 PTIOD PTHA PT12C PT13D 1/O-D7
128 PT9C PT10D PT12A PT13B [l{e]
129 PT9B PT10C PT11D PT13A 110
130 PT9A PT10A PT11B PTi2B 1/O-D6
131 VoD VDD VoD VoD VDD
132 PTBD PT9D PT10D PT11D /0
133 PTBA PTOA PT10A PT11A 1/0-D5
134 PT7D PT8D PTID PT10D IO
135 PT7B PT8B PT9B PT108 11O
136 PT7A PT8A PTOA PT10A 1¥1O-D4
137 PT6D PT7D PT8D PTID 170
138 PT6C PT7C PT8C PT9C 1O
139 PTBA PT7A PT8A PT9A 110O-D3
140 Vss Vss Vss Vss Vss
141 PTSD PT6D PT7D PT8D [}
142 PT5C PT6C PT7C PT8BC 1o
143 PT5A PT6A PT7A PT8A 110-D2
144 PT4D PT5D PT6D PT7D ¥O-D1
145 PT4C PT5C PT6C PT7C 7o)
146 PT4A PT5A PT6A PT7A 1/0-DO/DIN
147 PT3D PT4D PT5D PT6D o
148 PT3C PT4C PT5C PT6C o
149 PT3A PT4A PT5A PTBA 110-DOUT
150 Vbo VoD Vob VbD VoD
151 PT2D PT3D PT4D PT5D 1/0-VDD5
152 PT2C PT3C PT4C PT5A f/e]
153 PT2B PT38 PT4B PT4D 110
154 PT2A PT3A PT4A PT4A /O-TDI
155 PT1D PT2A PT3A PT3A 1/0O-TMS
156 PT1C PT1D PT2A PT2A 10
157 PTiB PT1C PT1D PTiD [l{e]
158 PT1A PT1A PT1A PT1A 1O-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 “I/O-VDDS" are user 1/Os for the OR2CxxA series, but they are conn
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Pin Information (continued)

Table 22. OR2C/2T04A, OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/
2T26A, and OR2C/2T40A 208-Pin SQFP/SQFP2 Pinout

Pin 2C/2TO4A | 2C/2TO6A | 2C/2TOBA | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2TA0A Eunction
Pad Pad Pad Pad Pad Pad Pad Pad

1 Vvss Vss Vss VS§Ss VES vss vss vss Vss

2 vss vss vss vss V8s vss Vss vss vss

3 PL1D PL1D PL1D PLID PL1D PL1D PL1D PL1D o

4 PLIC PLIA PL2D PL20 PL2D PL2D PL2D PL3D YO-AD

5 PL1B PL2D PL3D PL3D PL3D PL4D PL4D PL5D 1/0-VDD5

6 See Note PL2C PL3C PL3C PL3A PL4A PL4A PLED I{e}

7 PL1A PL2A PL3A PL3A PL4A PL5A PL5A PL8D 1/0-A1

8 PL2D PL3D PLAD PLAA PLBA PL6A PLBA PLSA 1/0-A2

9 PL2C PL3C PL4AC PLSC PL6D PL7D PL7D PL1OD [I{e]
10 PL2B PL3B PL4B PLSB pPL6B PL7B PL7B PL1OB f{e]

1 PL2A PL3A PL4A PLSA PLBA PL7A PL7A PL10A 1/0-A3
12 VDD vDD VoD VDD VDD VDD VDD VDD VDD
13 PL3D PL4D PLSD PL6ED PL7D PLBD PL8D PL11D /o]
14 PL3C PL4C PL5C PL6EC PL7C PLBC PL8A PL11A 1o
15 PL3B PL4B PL5B PLEB PL7B PL8B PLSD PL12D 110
16 PL3A PL4A PL5A PLBA PL7A PLBA PL9A PL12A 1/0-A4
17 PLAD PLSD - PLED PL7D PLED PLSD PL1QD PL13D 1/Q-A5
18 PL4C PL5C PL6C PL7C PL8C PLOC PL10A PL13A o
19 PL4B PL5B PLEB PL7B PL8B PL9B PL11D PL14D /O
20 PL4A PL5SA PL6A PL7A PLBA PLOA PL11A PL14A 1/O-AB
21 VES V8Ss vss V8s VS8s VER Vss vss Vss
22 PLSD PLED PL7D PL8D PLSD PL10OD PL12D PL18D 110
23 PL5C PL6C PL7C PL8C PLeC PL10OC PL12C PL1SC /0
24 PL5B PL6B PL7B PLSB PL9B PL10B PL12B PL15B 170
25 PLSA PLBA PL7A PL8BA PLOA PL10A PL12A PL15A 1/0-A7
26 VDD VDD VDD VDD VDD VDD VDD VDD VDD
27 PLED PL7D PL8BD PL9D PL1GD PL11D PL13D PL16D o
28 PL6C PL7C PL8C PLOC PL10C PL11C PL13C PL16C /O-VDDS
29 PLEB PL7B pL8B PLoB PL10B PL11B PL13B PL16B o
30 PL6A PL7A PLBA PL9A PL10A PL11A PL13A PL16A I/O-A8
31 VsS V8Ss V8s Vvss vss V8s Vvss Vss vss
32 PL7D PLBD PLOD PL10OD PL11D PL12D PL14D PLI7D /O-A9
33 PL7C PLBC PLOC PL10C PL11C PL12C PL14A PL17A o
34 PL7B PLBB PL9B PL10B PL11B PL12B PL15D PL18D 1o
35 PL7A PLBA PL9A PL10A PL11A PL12A PL15A PL18A 1/0-A10
36 PLBD PLSD PL1GD PL11D pL12D PL13D PL16D PL19D [1{e]
37 PL8C PLSC PL10C PLI1C PL12C PL13C PL16A PL19A I{e]
38 PL8B PLOB PL10B PL11B PL12B PL13B PL17D PL20D [I{e]
39 PLBA PLBA PL10A PL11A PL12A PL13A PL17A PL20A 110-A11
40 VDD vbD VvbD VDD VDD VDD VDD VDD VDD
41 PLOD PL1GD PL11D PL12D PL13D PL14D PL18D PL21D 1/O-A12
42 PLOC PL10C PL11C PL12C PL13B PL14B PL18B PL21B o

Notes:

The 6R2004A 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 “//O-VDD5" are user 1/0s for the OR2CxxA series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 22. OR2C/2T04A, OR2C/2TO6A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/
2T26A, and OR2C/2T40A 208-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C/2TO4A | 2C/2TO6A | 2C/2TOBA | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2T40A Eunction
Pad Pad Pad Pad Pad Pad Pad Pad
43 PLgB PL10B PL11B PL12B PL14D PL15D PL19D PL22D O
44 PLYA PL10A PL11A PL13D PL14B PL15B PL19B PL22B /0-A13
45 | See Note PL11D PL12D PL13B PL15D PL16D PL20D PL23D /1O
46 PL10D PL11A PL12A PL14C PL16D PL17D PL21D PL25A I/O-A14
47 | See Nots PL12D PL13D PL15D PL17D PL18D PL22D PL27D lje}
48 PL10C PL12C PL13A PL15A PL17A PL19D PL23D PL28D 1o
49 PL10B PL12B PL14D PL16D PL18C PL19A PL23A PL28BA o
50 PL10A PL12A PL14A PL16A PL18A PL20A PL24A PL30A I/O-A15
51 vss vss Vss Vss Vss Vvss Vss V8s Vvss
52 CCLK CCLK CCLK CCLK CCLK CCLK CCLK CCLK CCLK
53 Vss Vss Vss Vss Vss Vi) Vvss vss Vvss
54 vss Vvss vss Vvss vss Vvss Vss Vss Vss
55 PB1A PB1A PB1A PB1A PB1A PB1A PB1A PB1A /O-A16
56 | See Note PB1B PB1D PB1D PB1D PB2A PB2A PB3A o
57 PB1B PB1C PB2A PB2A PB2A PB2D PB2D PB3D IfO-VDDS
58 PB1C PB1D PB2D PB2D PB2D PB3D PB3D PB4D o]
59 PB1D PB2A PB3A PB3B PB3D PB4D PB4D PBSD 11O-A17
60 | See Note PB2D PB3D PB4D PB4D PB5D PBS5D PB6D o]
61 PB2A PB3A PB4A PB5A PBSB PB6B PB6B PB7D /0
62 PB2B PB38 PB4B PBSB PBSD PB6D PB6D PB8D 170
63 PB2C PB3C PB4C PB5C PB6B PB7B PB7B PBSD 170
64 PB2D PB3D PB4D PBSD PB6D PB7D PB7D PB1OD e}
65 VDD VDD VDD VDD VoD VDD VDD VDD VDD
66 PB3A PB4A PBSA PB6A PB7A PB8A PBBA PB11A 70
67 PB3B PB4B PB5B PB6B PB7B PB8B PBaD PB11D 70
68 PB3C PB4C PB5C PB6C PB7C PB8C PBYA PB12A O
69 PB3D PB4D PBSD PB6D PB7D PB8D PBSD PB12D 10
70 PB4A PBSA PB6A PB7A PB8A PB9A PB10A PB13A /0
71 PB4B PB5B PB6B PB7B PB8B PB9B PB10D PB13D 1o
72 PB4C PB5C PB6C PB7C PB8C PB9C PB11A PB14A 1o
73 PB4D PB5D PB6D PB7D PB8D PBID PB11D PB14D 1o
74 Vss Vss Vss VSsSs vss Vvss Vss VsSs Vss
75 PB5A PBBA PB7A PBBA PB9A PB10A PB12A PB15A O
76 PB5B PB6B PB7B PB8B PBgB PB10B PBi2B PB158 lje}
77 PBSC PBEC PB7C PB8C PB9C PB10C PB12C PB15C o
78 PB5D PB6D PB7D PB8D PB9D pBt1oD PB12D PB15D 1o
79 VES) V88 vss vss Vss Vvss vss Vvss Vss
80 PB6A PB7A PBBA PBYA PB10A PB11A PB13A PB16A 1O
8t PB6B PB78 PB8B PB9B PB10B PB11B PB138 PB16B Vo
82 PB6C PB7C PB8C PB9C PB10C PB11C PB13C PB16C o
83 PB6D PB7D PB8D PB9D PB10D PB11D PB13D PB16D e,
84 Vvss Vss vss VsSs VSss vss Vss Vss vss

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 “VO-VDDS" are user 1/Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 22. OR2C/2T04A, OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/
2T26A, and OR2C/2T40A 208-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C/2T04A | 2C/2TO6A | 2C/2TOBA | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2T40A Function
Pad Pad Pad Pad Pad Pad Pad Pad

85 PB7A PB8A PBYA PB10A PB11A PB12A PB14A PB17A 1/0-VDD5
86 PB7B PBaB PB9B PB10B PB11B PB12B PB14D PB17D e}
87 PB7C PB8C PB9C PB10C PB11C PB12C PB15A PB18A ]
88 PB7D PBBD PBAD PB10D PB11D PB12D PB15D PB18D YO
89 PB8A PB9A PB10A PB11A PB12A PB13A PB16A PB19A 11O-HDC
90 PB8B PBIB PB10B PB11B PB12B PB13B PB16D PB19D o
91 PB8C PBIC PB10C PB11C PB12C PB13C PB17A PB20A Vo
92 PB8D PB9D PB10D PB11D PB12D PB13D PB17D PB20D 10
93 VDD VDD VoD VDD VoD VDD VDD VoD \'{e12]
94 PBYA PB10A PB11A PB12A PB13A PB14A PB18A PB21A 1101DC
95 PB9B PB10B PB11D PB13A PB13D PB14D PB18D PB22D e}
96 PB9C PB10C PB12A PB138 PB14A PB15A PB19A PB23A /O
97 PBOD PB10D PB12B PB13C PB14D PB15D PB19D PB24D o
98 PB10A PB11A PB12C PB13D PB15A PB16A PB20A PB25A VO-INIT
99 PB10B PB11C PB12D PB14A PB16A PB17A PB21A PB26A l{e}
100 | PB1OC PB11D PB13A PB15A PB17A PB1BA PB22A PB27A 11O
101 PB10D PB12A PB13D PB18D PB18A PB1SD PB23D PB28D 11O
102 | SeeNote | PB12D PB14D PB16D PB18D PB20D PB24D PB30D l{e}
103 Vss Vvss VS§ vss Vss Vss VsS Vss vss
104 | DONE DONE DONE DONE DONE DONE DONE DONE DONE
105 Vss Vvs§s Vvss Vss VsS VSS Vss VSS Vss
106 [ RESET | RESET | RESET | RESET | RESET | RESET | HESET | RESET RESET
107 | PRGM PRGM PRGM PRGM PRGM PRGM PHGM PAGM PRGM
108 | PR10A PR12A PH14A PR16A PR18A PR20A PR24A PR30A 1/0-M0O
109 | PR10B PR12D PR13A PR15A PR18D PR1SA PR23A PR28A 110
110 PR10C PR11A PR13D PR15D PR17B PR18A PR22A PR27A o
111 | PR10D PR11B PR12A PR14A PR16A PRI7A PR21A PR26A o
112 PRSA PR10A PR11A PR13B PR15D PR16D PR20D PR23D VO-M1
113 PR9B PR10B PR11B PR13C PR14A PR15A PR19A PR22A l{e}
114 PROC PR10C PR11C PR12A PR14D PR15D PR19D PR22D 1/O-VDD5S
115 PRID PR10D PR11D PR12B PR13A PR14A PR18A PR21A IO
116 VDD VDD VDD VDD VDD VDD VDD VDD VDD
117 PRBA PRYA PR10A PR11A PR12A PR13A PR17A PR20A 1/O-M2
118 PR8B PRY9B PR10B PR11B PR12B PR13B PR17D PR20D 10
119 PR8C PRSC PR10C PR11C PR12C PR13C PR16A PR19A (e}
120 PR8D PRSD PR10D PR11D PR12D PR13D PR16D PR19D 110
121 PR7A PR8A PRGA PR10A PR11A PR12A PR15A PR18A 1VQO-M3
122 PR7B PR3B PR9B PR10B PR11B PR12B PR15D PR18D o
123 PR7C PR8C PROC PR10C PR11C PR12C PR14A PR17A l{e}
124 PR7D PR8D PRID PR10D PR11D PR12D PR14D PR17D l{e}
125 Vss Vss Vss V8s VSS V8s VSS V§s Vss
126 PR6A PR7A PRBA PROA PR10A PR11A PR13A PR16A o

Notes:
The OR2G04A 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 labsted “/0-VDDS” are user 1/Os for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.
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Pin Information (continued)

Table 22. OR2C/2T04A, OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/
2T26A, and OR2C/2T40A 208-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C/2TO4A | 2C/2TOBA | 2C/2TOBA | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2T40A Function
Pad Pad Pad Pad Pad Pad Pad Pad
127 PREB PR7B PRSB PR9B PR10B PR11B PR13B PR16B e
128 PR6C PR7C PR8C PRSC PR10C PR11C PR13C PR16C 110
129 PR6D PR7D PR8D PRYD PR10D PR11D PR13D PR16D Vo
130 VDD VDD VDD VDD VDD VDD VDD VDD VDD
131 PR5A PRBA PR7A PR8A PROA PR10A PR12A PR15A 110
132 PR5B PR6B PR7B PR8B PRY9B PR10B PR12B PR15B /O
133 PRS5C PR6C PR7C PR8C PREC PR10C PR12C PR15C YO
134 PR5D PR6&D PR7D PR8D PRSD PR10D PR12D PR15D lje}
135 vss Vvss V8S$ VsS Vss Vss Vss Vss V§s
136 PR4A PRSA PREA PR7A PRBA PRYA PR11A PR14A 1/O-VDD5
137 PR4B PR5B PR6B PR7B PR8B PRYB PR11D PR14D /O
138 PR4C PR5C PR6C PR7C PR8C PRIC PR10A PR13A [l{e]
139 PR4D PR5D PR6D PR7D PR8D PRSD PR10D PR13D [l[e}
140 PR3A PR4A PRSA PR6A PR7A PR8A PROA PR12A /O-CS1
141 PR3B PR4B PR5B PR6B PR7B PREB PRED PR12D (o}
142 PR3C PR4C PRSC PR6C PR7C PR8C PRBA PR11A 1o
143 PR3D PR4D PRSD PR6D PR7D PR8D PR8D PR11D l{e}
144 VDD VDD Voo VoD VDD VDD VoD VoD VDD
145 PR2A PR3A PR4A PRSA PR6A PR7A PR7A PR10A 1710-C50
146 PR2B PR3B PR4B PR4B PR6B PR78B PR7B PR10B 110
147 PR2C PR3C PR4C PR4C PRSB PREB PR6B PR9B 710
148 PR2D PR3D PR4D PR4D PR5D PRED PR6D PRSD 110
149 PR1A PR2A PR3A PR3A PR4A PRSA PRSA PRBA 1/O-RD
150 PR1B PR2C PR3C PR3C PR4D PR&D PR5D PR6A o
151 PRI1C PR2D PR3D PR3D PR3A PR4A PR4A PRS5A o
152 PR1D PR1A PR2A PR2A PR2A PR3A PR3A PR4A VO-WR
153 | See Note PR1C PR2D PR2D PR2C PR2A PR2A PR3A 1o
154 | See Note PR1D PR1A PR1A PR1A PR1A PR1A PR2A e
155 Vvss VSs V8s V8s Vss Vvss VsSs vss vss
156 | RD_CFG | RD_CFG | RD_CFG | RD_CFG | RD_CFG | RD_CFG | RD_CFG | RD_crG RD_CFG
157 Vvss Vss Vvss V8s V8s VSS Vss Vss V§S
158 Vvss Vss VSS Vss Vss Vss Vss vss VS§s
159 | PT10D PT12D PT14D PT16D PT18D PT20D PT24D PT30D lle}
160 | PT10C PT12A PT13D PT18D PT17D PT19A PT23A PT28A 1/0-BDY/RCLK
161 PT10B PT11D PT13A PT15A PT16D PT17D PT21D PT26D 1o
162 | PT10A PT11C PT12D PT14D PT16A PT17A PT21A PT26A o
163 PT9D PT11A PT12C PT13D PT15D PT16D PT20D PT25D 1/0-D7
164 PT9C PT10D PT12A PT13B PT14D PT15D PT19D PT24D 1/O-VDDS
165 PT98 PT10C PT11D PT13A PT14A PT15A PT19A PT23D /j®]
166 | See Note PT108 PT11C PT12D PT13D PT14D PT18D PT220 1o}
167 PTOA PT10A PT11B PT12B PT13B PT14B PT18B PT21D 110-D6
168 VDD VDD VDD VDD VDD VbD VoD VDD VDD

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

The pins labeled “/O-VDD5” are user 1/Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 22. OR2C/2T04A, OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/
2T26A, and OR2C/2T40A 208-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C/2T04A | 2C/2TO6A | 2C/2TO8A | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2T40A Function
Pad Pad Pad Pad Pad Pad Pad Pad
169 PT8D PTID PT10D PT11D PT12D PT13D PT17D PT20D o
170 PT8C PT9C PT10C PT11C PT12C PT13C PT17A PT20A 1o
171 PT8B PT9B PT10B PT11B PT12B PT13B PT16D PT19D 1o
172 PT8A PT9A PT10A PT11A PT12A PT13A PT16A PT19A 110-DS
173 PT7D PT8D PT9D PT10D PT11D PT12D PT15D PT18D o
174 PT7C PT8C PTIC PT10C PT11C PT12C PT15A PT18A 11O
175 PT78 PT88 PT9B PT10B PT11B PT12B PT14D PT17D l{e}
176 PT7A PT8A PT9A PT10A PT11A PT12A PT14A PT17A /1O-D4
177 Vss Vss V§S Vss VSS VSss Vss Vss Vss
178 PT6D PT7D PT8D PT9D PT10D PT11D PT13D PT16D 10O
179 PT6C PT7C PT8C PT9C PT10C PT11C PT13C PT16C 10
180 PT6B PT7B PT8B PT9B PT10B PT11B PT13B PT16B 10
181 PT6A PT7A PT8A PTOA PT10A PT11A PT13A PT16A 1/0-D3
182 Vss VSS vss Vv8s VeSS Vvss Vss VSs V§s
183 PT5D PT6D PT7D PT8D PT9D PT10D PT12D PT15D e
184 PTS5C PT6C PT7C PT8C PT9C PT10C PT12C PT15C o
185 PT5B PT6B PT78B PT88 PT9B PT10B PT128 PT15B /O-VDDS
186 PT5A PT6A PT7A PTBA PT9A PT10A PT12A PT15A 110-D2
187 Vss V8s Vs§ V8ss VES VEE] Vss Vss VS§s
188 PT4D PT5D PT6D PT7D PT8D PTOD PT11D PT14D VO-D
189 PT4C PT5C PT6C PT7C PT8C PTSC PTHA PT14A e}
180 PT4B PT58B PTEB PT78 PT8B PT9B PT10D PT13D [lje}
191 PT4A PT5A PT6A PT7A PT8A PT9A PT10A PT13A 1/0-DO/DIN
192 PT3D PT4D PT5D PTED PT7D PT8D PTOD PT12D l{e}
193 PT3C PT4C PT5C PT6C PT7C PT8C PT9A PT12A 1O
194 PT3B PT4B PT5B PT6B PT78 PT8B PT8D PT11D [l{e)
195 PT3A PT4A PT5A PT6A PT7A PT8A PTBA PT11A 1/0-DOUT
196 VDD VDD VoD VDD VDD VDD VDD VDD VDD
197 PT2D PT3D PT4D PT5D PT6ED PT7D PT7D PT10D l{e}
198 PT2C PT3C PT4C PT5A PTEA PT7A PT7A PTI9A 1o
199 PT2B PT3B PT4B PT4D PT5C PT6C PT6C PT8A o
200 PT2A PT3A PT4A PT4A PT5A PT6A PTEA PT7A 1/O-TDI
201 | See Note PT2D PT3D PT3D PT4A PT5A PT5A PT6A 1O
202 PT1D PT2A PT3A PT3A PT3A PT4A PT4A PT5A 1O-TMS
203 | See Note PT1D PT2D PT2D PT2C PT3A PT3A PT4A o
204 PT1C PT1C PT2A PT2A PT2A PT2A PT2A PT3A le}
205 PT1B PTiB PT1D PT1D PT1D PT1D PT1D PT2D [I{e]
206 PT1A PT1A PT1A PT1A PT1A PT1A PT1A PT1A YO-TCK
207 vss Vss Vss V8S VA vss Vss VSsS vss
208 | RD_DATA/| RD_DATA/| RD_DATA/| RD_DATA/| RD_DATA/| RD_DATA/[ RD_DATA/| RD_DATA/| RD_DATA/TDO
TDO TDO ™0 TDO TDO DO TDO DO

Notes:
The OR2C04A and OR2T04A do not havs 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 [/0s for the OR2CxxA series, but they are connected to VDDS for the QOR2TxxA series.
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Pin Information (continued)

Table 23. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and
OR2C/2T40A 240-Pin SQFP/SQFP2 Pinout

Pin 2C/2TO6A | 2C/2TO8A | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2T40A Function
Pad Pad Pad Pad Pad Pad Pad
1 vss vss Vss VeSS Vvss Vvss Vvss Vvss
2 VDD VDD VDD VDD VDD VDD VDD VDD
3 PL1D PLID PL1D PL1D PL1D PL1D PL1D /O
4 PL1C PL1IB PL1B PLIC PLIC PL1C PL1A o
5 PL1B PL1A PL1A PL1B PL1B PL1B PL2D o
6 PL1A PL2D PL2D PL2D PL2D PL2D PL3D 1/O-AQ
7 vss Vvss VsS Vss Vvss VES] Vss Vvss
8 PL2D PL3D PL3D PL3D PL4D PL4D PL5D 1/O-VDDS
9 PL2C PL3C PL3C PL3A PL4A PL4A PLED /[e]
10 PL2B PL3B PL3B PL4D PLSD PLSD PL7D 1O
i1 PL2A PL3A PL3A PL4A PL5A PLSA PL8D 1/1O-A1
12 PL3D PL4D PL4A PL5A PLBA PL6A PL9A 110-A2
13 PL3C PLAC PL5C PLED PL7D PL7D PL10D [l{e}
14 PL3B PLAB PL5B PL6B PL78B PL7B PL10B o
15 PL3A PL4A PL5A PL6A PL7A PL7A PL10A 1/O-A3
16 VDD VDD VDD VDD VoD VDo VDD VDD
17 PL4D PL5D PL6D PL7D PLBD PL8D PL11D l{e}
18 PL4AC PLSC PL6C PL7C PL8C PL8A PL11A e}
19 PL4B PL5B PL6B PL7B PL8B PLOD PL12D o
20 PL4A PLSA PLBA PL7A PL8A PLYA PL12A 1/10-Ad
21 PLED PLED PL7D PL8D PLOD PL10D PL13D 1/O-AS
22 PLSC PLEC PL7C PL8C PLOC PL10A PL13A /je]
23 PL5B PL6B PL7B PL8B PL9B PL11D PL14D 110
24 PLSA PLBA PL7A PLBA PL9A PL11A PL14A 110-A6
25 Vvss vss Vss Vss Vss Vss vss Vss
26 PL6D PL7D PL8D PLOD PL10D PL12D PL16D le}
27 PLEC PL7C PL8C PLIC PL10C PL12C PL1SC /O
28 PLEB PL78B PL8B PLOB PL10B PL12B PL15B e}
29 PLEA PL7A PL8A PLOA PL10A PL12A PL15A /O-A7
30 VDD VoD VDD VDD VDD VDD VDD VDD
31 _PL7D PL8D PLOD PL10D PL1tD PL13D PL16D e}
32 PL7C PL8C PLOC PL10C PL11C PL13C PL16C 1/0-VDD5
33 PL7B PL8B PL9B PL10B PL1IB PL13B PL16B e}
34 PL7A PLBA PL9A PL10A PL11A PL13A PL16A 1/0-A8
35 Vss Vss V§s Vss Vss Vss VSs VES
36 PL8D PLOD PL10D PL11D PL12D PL14D PL17D /O-A9
37 PL8C PLOC PL10C PL11C PL12C PL14A PL17A e}
38 PL8B PL9B PL10B PL11B PL12B PL15D PL18D VO
39 PL8A PLIA PL10A PL11A PL12A PL15A PL18A /O-A10
40 PLID PL10D PL11D PL12D PL13D PL16D PL1SD e}
41 PL9C PL10C PL11C PL12C PL13C PL16A PL19A 10

Notes:
The OR2C/2T08A and QR2C/2T10A do not have bond pads connected to 240-pin SQFP package pin numbers 113 and 188.

The pins labeled “/O-VOD5” are user I/Os for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.
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Pin Information (continued)

Table 23. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and
OR2C/2T40A 240-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C/2TOBA | 2C/2TO8A | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2TA0A Function
Pad Pad Pad Pad Pad Pad Pad
42 PL9B PL10B PL11B PL12B PL13B PLI7D PL20D O
43 PLIA PL10A PL11A PL12A PL13A PL17A PL20A /O-A11
44 VoD VoD VoD VDD VDD VDD VDD VDD
45 PL1OD PL11D PL12D PL13D PL14D PL18D PL21D VO-A12
46 PL10C PL11C PL12C PL13B PL148B PL18B PL21B /O
47 PL10B PL11B PL12B PL14D PL15D PL19D PL22D o k
48 PL10A PL11A PL13D PL14B PL15B PL19B PL22B 1/0-A13
49 PL11D PL12D PL13B PL14A PL15A PL19A PL22A /o]
50 PL11C PL12C PL13A PL1SD PL16D PL20D PL23D /0
51 PL11B PL12B PL14D PL15B PL16B PL20B PL24D YO
52 PL11A PL12A PL14C PL16D PL17D PL21D PL25A 1/1O-A14
53 VSs Vvss Vvss Vss vss vss vss Vss
54 PLI2D PL13D PL15D PL17D PL18D PL22D PL27D 1O
55 PL12C PL13A PL15A PL17A PL19D PL23D PL28D 170
56 PL12B PL14D PL16D PL18C PL19A PL23A PL28A Vo
57 PL12A PL14A PL16A PL18A PL20A PL24A PL30A fO-A15
58 VS§Ss Vss VES) Vss Vss Vss Vss Vss
59 CCLK CCLK CCLK CCLK CCLK CCLK CCLK CCLK
60 VDD VDD VDD VDD VDD VDD VDD VbD
61 Vss Vss vss Vvss Vss Vvss V§s Vss
62 Vss Vss V§s vss Vss Vss V§s Vss
63 PB1A PB1A PB1A PB1A PB1A PB1A PB1A /O-A16
64 PB1B PB1D PB1D PB1D PB2A PB2A PB3A Vo
65 PB1C PB2A PB2A PB2A PB2D PB2D PB3D //O-VDD5
66 PB1D PB2D PB2D PB2D PB3D PB3D PB4D ['{e]
67 Vss Vss Vss Vvss Vss Vss Vss VSS
68 PB2A PB3A PB38 PB3D PB4D PB4D PBSD 11O-A17
69 PB2B PB38 PB4B PB4D PBSD PBSD PB6D e}
70 PB2C PB3C PB4C PB5A PB6A PB6A PB7A e}
71 PB2D PB3D PB4D PBSB PB6R PB6B PB7D e}
72 PB3A PB4A PBSA PBSD PB6D PB6D PB8D 1o
73 PB3B PB4B PBSB PB6A PB7A PB7A PB9A /0
74 PB3C PB4C PB5C PB6B PB7B PB7B PBID e}
75 PB3D PB4D PB5D PBeD PB7D PB7D PB10D yo
76 VDD VDD VDD VDD VoD VoD VDD VvbD
77 PB4A PBSA PB6A PB7A PBBA PB8A PB11A iQ
78 PB4B PB5B PBEB PB78B PBBB PB8D PB11D e}
79 PB4C PB5C PB6C PB7C PB8C PB9A PB12A e}
80 PB4D PBSD PB6D PB7D PB8D PBID PB12D o
a1 PB5A PB6A PB7A PB8A PBIA PB10A PB13A 110
82 PB5B PB6B PB7B PB8B PB9B PB10D PB13D O

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 labsled “/0-VDDS" are user 1/Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 23. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and
OR2C/2T40A 240-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C/2TO6A | 2C/2TOBA | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2T40A Funetion
Pad Pad Pad Pad Pad Pad Pad

83 PBSC PB6C PB7C PB8C PBSC PB11A PB14A [1[e]

84 PB5D PB6D PB7D PBBD PB9D PB11D PB14D 1[0}

85 vss vss Vss Vss vss Vss vss vss

86 PBEA PB7A PB8A PB9A PB10A PB12A PB15A I{e]

2 87 PB6B PB7B PB8B PB9B PB10B PB12B PB15B [l{e]
88 PB6C PB7C PB8C PBIC PB10C PBi12C PBI15C 1o
89 PB6D PB7D PB8D PBID PB10D PBi2D PB15D 1o
20 vss Vvss Vv3s Vss vss Vvss Vss Vss
91 PB7A PBBA PBYA PB10A PB11A PB13A PB16A o
92 PB7B PB8B PBY9B PB10B PB11B PB13B PB16B Ie]
93 PB7C PB8C PBIC PB10C PB11C PB13C PB16C 11O
94 PB7D PB8D PB9D PB10D PB11D PB13D PB16D le]
95 vss Vss vss vss Vvss Vss vVss vss
96 PBBA PBYA PB10A PB11A PB12A PB14A PB17A YO-VDD5
97 PB8B PBg9B PB10B PB11B PB128B PB14D PB17D l{e]
98 PB8C PB9C PB1OC PB11C PB12C PB15A PB18A o]
a9 £B8D PBID PB1OD PB11D PB12D PB15D PB18D /o]
100 PB9A PB10A PB11A PB12A PB13A PB16A PB19A 1/0-HDC
101 FBoB PB10B PB11B PB12B PB13B PB16D PB19D /o]
102 PB9C PB10C PB11C PB12C PB13C PB17A PB20A [/[o]
103 PBID PB10D PB11D PB12D PB13D PB17D PB20D [t{e]
104 VoD ) VDD VDD VDD VDD VDD VDD
105 PB10A PB11A PB12A PB13A PB14A PB18A PB21A 1/O-LDC
106 PB10B PB11D PB13A PB13D PB14D PB18D PB22D /0]
107 PB10C PB12A PB13B PB14A PB15A PB19A PB23A /o]
108 PB10D PB12B PB13C PB14D PB15SD PB1SD PB24D i0]
109 PB11A PB12C PB13D PB15A PB16A PB20A PB25A YYO-INIT
110 PB11B PB12D PB14A PB15D PB16D PB20D PB25D 1o
111 PB11C PB13A PB15A PB16A PB17A PB21A PB26A o]
112 PB11D PB13B PB158B PB16D PB17D PB21D PB26D Vo
113 VSsS See Note See Note vss VSss Vss Vss Vss
114 PB12A PB13D PB15D PB17A PB18A PB22A PB27A 1[e]
115 PB12B PB14A PB16A PB17D PB19A PB23A PB28A Vo
116 PB12C PB14B PB16B PB18A PB19D PB23D PB28D Vo]
117 P8120 PB14D PB16D PB18D PB20D PB24D PB30D (8]
118 Vss Vss vss Vss Vvss Vss Vss vss
119 DONE DONE DONE DONE DONE DONE DONE DONE
120 VDD VDD VDD VDD VDD VDD VDD VDD
121 Vss Vvss vss Vss Vss Vss Vvss Vss
122| RESET RESET RESET RESET RESET RESET RESET RESET
123 PRGM PRGM PRGM PRGM PRGM PRGM PRGM PRGM

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 *I/O-VDDS” are user I/0s for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.
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Pin Information (continued)

Table 23. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and
OR2C/2T40A 240-Pin SQFP/SQFP2 Pinout {continued)

Pin 2C/2TOBA | 2C/2TOBA | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2T40A Function
Pad Pad Pad Pad Pad Pad Pad

124 PR12A PR14A PR16A PR18A PR20A PR24A PR30A 1/O-M0O
125 PR12B PR14D PR16D PR18C PR20D PR24D PR29D O
126 PR12C PR13A PR15A PR18D PR19A PR23A PR28A O
127 PR12D PR13D PR15D PR17B PR1BA PR22A PR27A Uje]
128 Vss vss Vss Vss Vss VsS VSS Vss
129 PR11A PR12A PR14A PR16A PR17A PR21A PR26A 1o
130 PR11B PR12B PR14C PRt16D PR17D PR21D PR25A IO
131 PR11C PR12C PR14D PR15A PR16A PR20A PR24A lje}
132 PR11D PR12D PR13A PR15C PR16C PR20C PR24D o
133 PR10A PR11A PR13B PR15D PR16D PR20D PR23D 1/O-M1
134 PR10B PR11B PR13C PR14A PR15A PR18A PR22A /o]
135 PR10C PR11C PR12A PR14D PR15D PR19D PR22D 1/0-VDDS
136 PR10D PR11D PR12B PR13A PR14A PR18A PR21A /O
137 VDD VDD VDD VDD VDD VDD VDD VDD
138 PROA PR10A PR11A PR12A PR13A PR17A PR20A O-M2
138 PR9B PR10B PR11B PR12B PR13B PR17D PR20D 1o
140 PRSC PR10C PR11C PR12C PR13C PR16A PR19A lje}
141 PRSD PR1OD PRUID PR12D PR13D PR16D PR19D O
142 PR8A PR9A PR10A PR11A PR12A PR15A PR18A O-M3
143 PR8B PR9B PR10B PR11B PR12B PR15D PR18D [
144 PR8C PR9C PR10C PR11C PR12C PR14A PR17A o
145 PR8D PR9D PR10D PR11D PR12D PR14D PR17D 10
146 Vss VSs Vvss Vss vss Vss V§S Vss
147 PR7A PRBA PROA PR10A PR11A PR13A PR16A o
148 PR7B PR8BB PR9B PR10B PR11B PR13B PR16B lje}
149 PR7C PR8C PRSC PR10C PR11C PR13C PR16C /0
150 PR7D PR8D PRYD PR10D PR11D PR13D PR16D o
151 VDD VDD VDD VDD VDD VDD VoD VDD
152 PREA PR7A PR8A PR9A PR10A PR12A PR15A 1o
153 PR6B PR7B PR8B PRYB PR10B PR12B PR15B 10
154 PR6C PR7C PR8C PR9C PR10C PR12C PR15C o
155 PRED PR7D PR8D PRSD PR10D PR12D PR15D /o]
156 Vss VA Vss Vss Vss VsS VSsS vss
157 PRSA PR6A PR7A PR8A PR9A PR11A PR14A 1/0-VDDS
158 PR5B PR&B PR78 PRaB PR9B PR11D PR14D je}
159 PR5C PR6C PR7C PR8C PRIC PR10A PR13A 0
160 PRSD PR6D PR7D PR8D PR9ID PR10D PR13D l{e}
161 PR4A PRSA PR6A PR7A PR8A PR9A PR12A 1/0-CS1
162 PR4B PR58 PR6B PR78 PRSB PRSD PR12D YO
163 PRAC PRSC PR6C PR7C PR8C PR8A PR11A /0
164 PR4D PR5D PR6D PR7D PR8D PR8D PR11D e}

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 “/O-VDD5" are user 1/Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 23. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and
OR2C/2T40A 240-Pin SQFP/SQFP2 Pinout (continued)

- 2C/2TO6A | 2C/2T0BA | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2T40A Eunction
Pad Pad Pad Pad Pad Pad Pad
165 VDD VDD VDD VDD VDD VDD VDD VDD
166 PR3A PR4A PRSA PRGA PR7A PR7A PR10A YO-CS0
167 PR38 PR4B PR4B PR6B PR7B PR7B PR10B /O
168 PR3C PR4C PR4C PR5B PR6B PR6B PR9B o
169 PR3D PR4D PR4D PR5D PR6D PR6D PROD I%e)
170 PR2A PR3A PR3A PR4A PR5SA PR5A PR8A VO-RD
171 PR2B PR3B PR3B PR4B PR5B PR5B PR7A 10
172 PR2C PR3C PR3C PR4D PRSD PRSD PR6A VO
173 PR2D PR3D PR3D PR3A PR4A PR4A PR5A VO
174 Vss Vss Vss Vss Vss VSS Vss Vvss
175 PR1A PR2A PR2A PR2ZA PR3A PR3A PR4A /O-WR
176 PR1B PR2D PR2D PR2C PR2A PR2A PR3A Vo
177 PR1C PR1A PR1A PR1A PR1A PR1A PR2A )
178 PR1D PR1D PR1D PR1D PRID PR1D PR1D )
179 Vss VSs Vss VSS Vss Vss Vss VS8s
180 | RD_CFGN | RD_CFGN | RD_CFGN | RD_CFGN | RD_CFGN | RD_CFGN | RD_CFGN RD_CFGN
181 Vss VsSs . Vss VSsS V8s VSsS Vss V8s
182 VDD VDD VDD VDD VDD VDD VDD VDD
183 vVss Vss Vss VSss VSS V§s VsSs Vss
184 PT12D PT14D PT16D PT18D PT20D PT24D PT30D VO
185 PT12C PT14C PT16C PT188 PT20A PT24A PT29A 1O
186 PT12B PT14A PT16A PT18A PT19D PT23D PT28D 17s)
187 PT12A PT13D PT15D PT17D PT19A PT23A PT28A | IJO-RDY/RCLK
188 Vss See Note See Note VSS Vss VSss VSs Vss
189 PT11D PT138B PT158B PT16D PT17D PT21D PT26D 110
190 PT11C PT13A PT15A PT16C PT17C PT21C PT26C %)
191 PT11B PT12D PT14D PT16A PT17A PT21A PT26A 7o)
192 PTHA PT12C PT13D PT15D PT16D PT200 PT25D I10-D7
193 PT10D PT12A PT138 PT14D PT15D PT19D PT24D 1/0-VDD5
194 PT10C PT11D PT13A PT14A PT15A PT19A PT23D YO
195 PT10B PT11C PT12D PT13D PT14D PT18D PT22D o)
196 PT10A PT11B PT12B PT13B PT14B PT188 PT21D VO-D6
197 VDD VDD VDD VDD VDD VDD VDD VDD
198 PT9D PT10D PT11D PT12D PT13D PT17D PT20D Vo
199 PT9C PT10C PT1IC PT12C PT13C PT17A PT20A Vo
200 PTSB PT108 PT11B PT12B PT13B PT16D PT19D o
201 PT9A PT10A PT11A PT12A PT13A PT16A PT19A 1/O-D5
202 PT8D PTID PT10D PT11D PT12D PT15D PT18D 1)
203 PT8C PTSC PT10C PT11C PT12C PT15A PT18A %)
204 PT8B PTI98 PT10B PT118 PT128 PT14D PT17D %)
205 PT8A PT9A PT10A PTH1A PTi2A PT14A PT17A 110-D4

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 “I/O-VDDS5" are user 1/Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 23. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and
OR2C/2T40A 240-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C/2TO6A | 2C/2TOBA | 2C/2T10A | 2C/2T12A | 2C/2T15A | 2C/2T26A | 2C/2T40A Function
Pad Pad Pad Pad Pad Pad Pad
206 VsSS Vvss Vss vss Vss vss Vss Vvss
207 PT7D PT8D PT9D PT10D PT11D PT13D PT16D o
208 PT7C PT8C PT9C PT10C PT11C PT13C PT16C Ifo
209 PT7B PT8B PT98 PT10B PT11B PT13B PTi16B [Ye]
210 PT7A PT8A PT9A PT10A PT11A PT13A PT16A 1¥0-D3
211 Vss vss Vvss Vss Vss vss V8s Vss
212 PTED PT7D PT8D PTSD PT10D PT12D PT15D (0]
213 PT6C PT7C PT8C PTSC PT10C PT12C PT15C [l{e]
214 PT6B PT78 PT8B PT9B PT10B PTi2B PT158B 1/0-VDD5
215 PT6A PT7A PT8A PTSA PT10A PT12A PT15A 110-D2
216 VssS vss VSS Vvss vss vss vss Vvss
217 PT5D PTED PT7D PT8D PT9D PT11D PT14D 110-D1
218 PT5C PT6C PT7C PT8C PT9C PT11A PT14A 1e]
219 PT5B PTEB PT78 PT8B PT9B PT10D PT13D 110
220 PT5A PT6A PT7A PT8A PT9A PT10A PT13A 1/0-DO/DIN
221 PT4D PTSD PT6D PT7D PT8D PT9D PT12D I{9]
222 PT4C PTSC PT6C PT7C PT8C PT9A PT12A /0
223 PT4B PT5B PT6B PT7B PT8B PTBD PT11D o]
224 PT4A PTHA PTEA PT7A PTBA PT8A PT11A 110-DOUT
225 VDD VDD VDD VDD VDD VDD VDD VDD
226 PT3D PT4D PTSD PT6D PT7D PT7D PT10D I{e]
227 PT3C PT4AC PT5A PT6A PT7A PT7A PTOA 1O
228 PT38 PT4B PT4D PT&C PT8C PT6C PTBA 170
229 PT3A PT4A PT4A PT5A PTEA PT6A PT7A VO-TDI
230 PT2D PT3D PT3D PT4D PT5D PTSD PT6D /O
231 PT2C PT3C PT3C PT4A PT5A PT5A PTEBA 1o
232 PT2B PT3B PT3B PT3D PT4D PT4D PTSD 18]
233 PT2A PT3A PT3A PT3A PT4A PT4A PT5A 110-TMS
234 vss VSS vss vss vss vss Vss Vss
235 PT1D PT2D PT2D PT2C PT3A PT3A PT4A 110
236 PTIC PT2A PT2A PT2A PT2A PT2A PT3A o
237 PT1B PT1D PT1D PT1D PTiD PT1D PT2D {e]
238 PT1A PT1A PT1A PT1A PT1A PT1A PT1A 1/O-TCK
239 VAL VAN VSSs vss VSss Vss VA 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/2TOBA and OR2C/2T10A do not have bond pads connected to 240-pin SQFP package pin numbers 113 and 188.
The pins labeied “VO-VDD5" are user /Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 24. OR2C/2T06A, OR2C/2T0BA, OR2C/2T10A, OR2C/2T12A, and OR2C/2T15A

256-Pin PBGA Pinout
Pin 2C/2T06A Pad 2C/2T08A Pad 2C/2T10A Pad 2C/2T12A Pad 2C/2T15A Pad Function
c2 PLID PL1D PLID PLID PL1D 110
D2 PLIC PL1B PL1B PLI1C PL1C 110
D3 PL1B PL1A PL1A PL1B PL1B 1/e]
E4 PL1A PL2D PL2D PL2D PL2D 1/0-A0
C1 — PL2C PL2C PL2C PL2A /(o]
D1 — PL2B PL2B PL2B PL3D 1O
E3 — PL2A PL2A PL2A PL3A 1O
E2 PL2D PL3D PL3D PL3D PLAD 1/0-VoD5
E1 PL2C PL3C PL3C PL3A PL4A 110
F3 PL2B PL3B PL3B PL4D PL5D 11O
G4 PL2A PL3A PL3A PL4A PL5A /O-A1
F2 — — PL4D PL5D PLED 11O
F1 PL3D PLAD PL4A PL5A PLBA 11O-A2
G3 PL3C PLAC PL5C PLED PL7D 11O
G2 PL3B PL4B PL5B PL6B PL7B 110
G1 PL3A PL4A PL5A PLBA PL7A 1/0-A3
H3 PLAD PL5D PLED PL7D PL8D 1o
H2 PL4AC RL5C PL6C PL7C PL8C o
H1 PL4AB PL5B PL6B PL7B PL8B WO
Ja PL4A PL5A PLBA PL7A PLBA 1/0-A4
J3 PL5D PL6D PL7D PLBD PLOD 1/O-A5
J2 PL5C PL6C PL7C PL8C PLIC 1o}
J1 PL5B PL6B PL7B PL8B PLOB o
K2 PL5A PLBA PL7A PLBA PLSA 1/0O-A6
K3 PLED PL7D PLBD PLOD PL10D O
K1 PLEC PL7C PLBC PLIC PL10C 1[e]
L1 PL68 PL7B PL8B PLOB PL10B /O
L2 PLEA PL7A PL8A PL9A PL10A 11O-A7
L3 PL7D PL8D PLID PL10D PL11D (o]
L4 PL7C PL8C PLAC PL10C PL11C I/O-VDD5
M1 PL7B PL8B PL9B PL10B PL11B {1[®)
M2 PL7A PLBA PLOA PL10A PL11A /0O-A8
M3 PL8D PLID PL10D PL11D PL12D 1/0-A9
M4 PL8C PLIC PL10C PL11C PL12C 110
N1 PL8B PL9B PL10B PL11B PL12B I{e]
N2 PL8A PLYA PL10A PL11A PL12A 1O-A10
N3 PLOD PL10D PL11D PL12D PL13D 1O
P1 PLOC PL10C PL11C PL12C PL13C 110
P2 PL9B PL10B PL11B PL12B PL13B 7/e]

Notes:

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

The OR2C/2T0BA do not have bond pads connected to the 256-pin PBGA package pins F2 and Y17.

The pins labeled “I/0-VDDS” are user g/Os for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.

The pins labeled "VSS-ETC" are the 4 x 4 amray 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 28), or they can be left unconnected.
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Pin Information (continued)

Table 24. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, and OR2C/2T15A
256-Pin PBGA Pinout (continued)

Pin | 2C/2TO6A Pad | 2C/2T0BAPad | 2C/2T10APad | 2C/2T12APad | 2C/2T15A Pad Function
R1 PLYA PL10A PL11A PL12A PL13A /O-A11
P3 PL10D PL11D PL12D PL13D PL14D /O-A12
R2 PL10C PL11C PL12C PL13B PL14B o
™ PL10B PL11B PL12B PL14D PL15D 110
P4 PL10A PL11A PL13D PL14B PL15B /O-A13
R3 PL11D PL12D PL13B PL14A PL15A O
T2 PL11C PL12C PL13A PL15D PL16D 1o
U1 PL11B PL12B PL14D PL15B PL16B O
T3 PL11A PL12A PL14C PL16D PL17D /O-A14
U2 —_— PL13D PL15D PL17D PL18D 1/0-Voo5
Vi PL12D PL13C PL15C PL17C PL18C o
T4 PL12C PL13B PL15B PL17B PL18A o
U3 PL12B PL13A PL15A PL17A PL19D /0
V2 — PL14D PL16D PL18D PL19C 10
Wi — PL14C PL16C PL18C PL19A 0
V3 — PL14B PL16B PL18B PL20D 1o
w2 PL12A PL14A PL16A PL18A PL20A 1/0-A15
Y1 CCLK CCLK CCLK CCLK CCLK CCLK
Y2 PB1A PBtA PB1A PBtA PB1A 1/0-A16
W4 — PB1C PB1C PB1C PB1D e
V4 PB1B PB1D PB1iD PB1D PB2A /10
us PBi1C PB2A PB2A PB2A PB2D 1O-VDD5
Y3 PB1D PB2B PB2B PB2B PB3A ]
Y4 — PB2C PB2C PB2C PB3C o
V5 —_— PB2D PB2D PB2D PB3D 110
W5 PB2A PB3A PB3B PB3D PB4D I1O-A17
Y5 PB2B PB3B PB4B PB4D PB5D /o
V6 PB2C PB3C PB4C PB5A PB6A o
U7 PB2D PB3D PB4D PB5B PB6B O
Wé PB3A PB4A PBSA PB5D PB6D Vo
Y6 PB3B PB4B PB5B PB6A PB7A 110
V7 PB3C PB4C PB5C PB6B PB7B o
W7 PB3D PB4D PB5D PB6D PB7D 1o
Y7 PB4A PB5A PB6A PB7A PB8A O
V8 PB4B PB5B PBeB PB7B PB8B o
wa PB4C PB5C PB6C PB7C PB8C O
Y8 PB4D PB5D PB6D PB7D PB8D IO
U9 PBSA PB6A PB7A PBBA PBYA 110
V9 PBSB PBéB PB7B PB8B PB9B o

Notes:

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

The OR2C/2TOBA do not have bond pads connected to the 256-pin PBGA package pins F2 and ¥17.

The pins labeled “/O-VDD5" are user /Os for the OR2CxxA series, but they are connected to VDDS 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 28), or they can be left unconnected.
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Pin Information (continued)

Table 24. OR2C/2T06A, OR2C/2T0BA, OR2C/2T10A, OR2C/2T12A, and OR2C/2T15A
256-Pin PBGA Pinout (continued)

Pin | 2C/2TO6A Pad | 2C/2TOBA Pad | 2C/2T10APad | 2C/2T12APad | 2C/2T15A Pad Function
W9 PB5C PB6C PB7C PB8C PB9C o
Y9 PB5D PB6D PB7D PB8D PBSD /O
W10 PB6A PB7A PB8A PBSA PB10A O
V10 PB6B PB7B PB8B PB9B PB10B o
Y10 PB6C PB7C PB8C PB9C PB10C YO
Yi1 PB6D PB7D PB8D PB9D PB10D O
W11 PB7A PB8A PB9A PB10A PB11A o
Vi1 PB7B PB8B PB9B PB10B PB11B O
Ut PB7C PB8C PB9C PB10C PB11C %)
Y12 PB7D PB8D PBSD PB10D PB11D 110
W12 PB8A PBSA PB10A PB11A PB12A /O-Vob5
vi2 PB8B PBoB PB10B PB11B PB12B o
U12 PB8C PB9C PB10C PB11C PB12C /o
Y13 PB8D PB9D PB10D PB11D PB12D o
W13 PBYA PB10A PB11A PB12A PB13A I10-HDC
V13 PB9B PB10B PB11B PB12B PB13B Vo
Y14 PBaC PB10C PB11C PB12C PB13C o]
Wi4 PB9D PB10D PB11D PBt12D PB13D i8]
Y15 PB10A PB11A PB12A PB13A PB14A /O-IDC
Vi4 PB10B PB11B PBi2C PB13B PB14B /O
W15 PB10C PB11C PB12D PB13C PB14C 110
Y16 PB10D PB11D PB13A PB13D PB14D 110
U4 — PB12A PB13B PB14A PB15A /0
Vi5 — PB12B PB13C PB14D PB15D /O
W16 PB11A PB12C PB13D PB15A PB16A O-INIT
Y17 — — PB14A PB15D PB16D /10
V16 — PB12D PB14B PB16A PB17A 11O-VoDS
W17 PB11B PB13A PB15A PB16D PB17D IO
Y18 PB11C PB13B PB15B PB17A PB18A 11O
U186 PB11D PB13C PB15C PB17C PB18D WO
V17 PB12A PB13D PB15D PB17D PB1SA 110
w18 PB12B PB14A PB16A PB18A PB19D o
Y19 PB12C PB14B PB16B PB18B PB20A /O
AL PB12D PB14C PB16C PB18C PB20B /O
W19 — PB14D PB16D PB18D PB20D 110
Y20 DONE DONE DONE DONE DONE DONE
wao RESET RESET RESET RESET RESET RESET
Vi9 PRGM PRGM PRGM PRGM PRGM PRGM
U1g PR12A PR14A PR16A PR18A PR20A 1#1O-MO

Notes:

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

The OR2C/2TO8A do not have bond pads connected to the 256-pin PBGA package pins F2 and Y17.

The pins labeled “I/O-VDDS” are user 1/Os jor the OR2CxxA series, but they are connected to VDDS 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 28), or they can be left unconnected.
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Pin Information (continued)

Table 24. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, and OR2C/2T15A
256-Pin PBGA Pinout (continued)

Pin | 2C/2TO6APad | 2C/2TOBAPad | 2C/2T10APad | 2C/2T12APad | 2C/2T15A Pad Function
uisg — PR14C PR16C PR18C PR20D e
T17 — PR14D PR16D PR18D PR19A /O
Va0 — PR13A PR15A PR17A PR19D YO
U20 PR12B PR13B PR15B PR17B PR18A e}
T18 PR12C PR13C PR15C PR17C PR18B /O
T19 PR12D PR13D PR15D PR17D PR18D o
T20 PR11A PR12A PR14A PR16A PR17A /0
R18 PR11B PR12B PR14C PR16D PR17D o
P17 PR11C PR12C PR14D PR15A PR16A 11O
R19 PR11D PR12D PR13A PR15C PR16C YO
R20 PR10A PR11A PR13B PR15D PR16D 1O-M1
P18 PR10B PR11B PR13C PR14A PR15A 110
P19 PR10C PR11C PR12A PR14D PR15D /O-VDDS
P20 PR10D PR11D PR12B PR13A PR14A WO
N18 PR9A PR10A PR11A PR12A PR13A /1O-M2
N19 PR9B PR10B PR11B PR12B PR13B /o
N20 PR9C PR10C PR11C PR12C PR13C 11O
M17 PR@D PR10D PR11D PR12D PR13D YO
M18 PRBA PRYA PR10A PR11A PR12A 1/O-M3
M1i9 PR8B PR9B PR10B PR11B PR12B O
M20 PRBC PRSC PR10C PR11C PR12C o
L19 PR8D PRID PR10D PR11D PR12D O
L18 PR7A PR8A PRYA PR10A PR11A L8]
L20 PR7B PR8B PR9B PR10B PR11B /o
K20 PR7C PR8C PR9C PR10C PR11C 1o
K19 PR7D PR8D PR9D PR10D PR11D YO
K18 PRGA PR7A PR8A PRYA PR10A /O
K17 PR6B PR78 PR8B PR9B PR10B s}
J20 PR6C PR7C PR8C PR9C PR10C O
J19 PR6D PR7D PR8D PR9D PR10D o
J18 PR5A PREA PR7A PR8A PR9A 1/0-VoD5
J17 PR5B PREB PR7B PR8B PR3B /0
H20 PR5C PR6C PR7C PR8C PROC )
H19 PR5D PR6D PR7D PR8D PROD 110
H18 PR4A PR5A PR6A PR7A PR8A 1/0-CS1
G20 PR4B PR5B PR6B PR7B PR8B IO
G19 PR4C PRSC PR6C PR7C PR8C 1O
F20 PR4D PRSD PR6D PR7D PR8D 10
G18 PR3A PR4A PRSA PRBA PR7A 1/O-CS0

Notes:

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

The OR2C/2T0O8A do not have bond pads connected to the 256-pin PBGA package pins F2 and Y17.
The pins labeled “/O-VDDS” are user I/Os for the OR2CxxA series, but they are connected to VDDS 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 28), or they can be left unconnected.
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Pin Information (continued)

Table 24. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, and OR2C/2T15A
256-Pin PBGA Pinout (continued)

Pin | 2C/2TO6A Pad | 2C/2TO8APad | 2C/2T10APad | 2C/2T12APad | 2C/2T15A Pad Function
F19 PR3B PR4B PR4B PReB PR7B 110
E20 PR3C PR4C PR4C PR5B PR6HB 110
G17 PR3D PR4D PR4D PR5D PR6D 110
F18 PR2A PR3A PR3A PR4A PR5A /O-RD
E19 PR2B PR3B PR3B PR4B PR5B 110
D20 PR2C PR3C PR3C PR4D PR5D 1[¢}
E18 PR2D PR3D PR3D PR3A PR4A 1/0-VDD5
D19 PR1A PR2A PR2A PR2A PR3A 1/1O-WR
c20 PR1B PR2B PR2B PR2B PR3B Vo
E17 PR1C PR2C PR2C PR2C PR2A o
D18 PR1D PR2D PR2D PR2D PR2D o
C19 — PR1A PR1A PR1A PR1A o
820 — PR1B PR1B PR1B PR1B /o
c18 — PRiC PR1C PR1C PRiC o)
B19 — PR1D PR1D PR1D PR1D )
A20 RD_CFGN RD_CFGN RD_CFGN RD_CFGN RO_CFGN RD_CFGN
A19 — PT14D PT16D PT18D PT20D o
B18 PT12D PT14C PT16C PT18C PT20C 1o
B17 PT12C PT148 PT168B PT18B PT20A 1’0
C17 PT12B PT14A PT16A PT18A PT19D 110
D16 PT12A PT13D PT15D PT17D PT19A I/O-RDY/RCLK
A18 — PT13C PT15C PT17A PT18A 110
A17 PT11D PT13B PT15B PT16D PT17D 1O
C16 PT11C PTi3A PT15A PT16C PT17C e}
B16 PT11B PT12D PT14D PT16A PT17A /0
A16 PT11A PT12C PT13D PT15D PT16D 1/0-D7
C15 _— PT12B PT13C PT15A PT16A 110
D14 PT10D PT12A PT13B PT14D PT15D 1/O-VDD5
B15 PT10C PT11D PT13A PT14A PT15A 1o
A15 PT10B PT11C PT12D PT13D PT14D Vo
C14 PT10A PT118 PT12B PT13B PT14B 1/0-D6
B14 PT9D PT11A PT12A PT13A PT14A I7e}
Al4 PTIC PT10D PT11D PT12D PT13D 1o
C13 — PT10C PT11C PT12C PT13C 10
B13 PT9B PT10B PT11B PT12B PT13B 170
A13 PT9A PT10A PT11A PT12A PT13A 1/O-D5
D12 PT8D PTID PT10D PT11D PT12D 110
c12 PT8C PT9C PT10C PTTIC PT12C o)
B2 PT8B PT9B PT10B PT118 PT12B 110

Notes:

The W3 pin on the 256-pin PBGA package is unconnected for all devices listed in this table.
The OR2C/2T08BA do not have bond pads connected to the 256-pin PBGA package pins F2 and Y17.
The pins labeled “/0-VDDS" are user 1/Os for the OR2CxXA series, but they are connected to VDDS5 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 (sea Table 28), or they can be left unconnected.
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Pin Information (continued)

Table 24. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, and OR2C/2T15A
256-Pin PBGA Pinout (continued)

Pin 2C/2TO6A Pad 2C/2T08A Pad 2C/2T10A Pad 2C/2T12A Pad 2C/2T15A Pad Function
A12 PTBA PTOA PT10A PT11A PT12A 1/0-D4
B1t PT7D PT8D PTaD PT10D PT11D 7]
C11 PT7C PT8C PTOC PT10C PT1iC 110
At1 PT7B PT8B PT9B PT10B PT11B IO
A10 PT7A PTBA PTOA PT10A PT11A 170-D3
B10 PT6D PT7D PT8D PT9D PT10D o
C10 PT6C PT7C PT8C PT9C PT10C 1o}
D10 PT6B PT7B PT8B PT9B PT108 1/0-VDD5

A9 PT6A PT7A PT8A PT9A PT10A 1/0-D2

B9 PT5D PT6D PT7D PT8D PTOD 1/0-D1

C3 PT5C PT6C PT7C PT8C PTOC 11O

D9 PT58 PTeB PT7B PT8B PTOB 170

A8 PT5A PT6A PT7A PT8A PT9A 1/0-DO/DIN

B8 PT4D PTSD PTeD PT7D PT8D l[e]

Cc8 PT4C PT5C PT6C PT7C PT8C /10

A7 PT4B PT5B PTeB PT7B PT8B /0

B7 PT4A PT5A PT6A PT7A PT8A 110-DOUT

A6 PT3D PT4D PTs5D PTED PT7D /0

Cc7 PT3C PTAC PT5A PTBA PT7A 110

B6 PT3B PT4B PT4D PT5C PT6C 110

A5 PT3A PT4A PT4A PT5A PT6A YO-TDI

D7 PT2D PT3D PT3D PT4D PT5D 7o)

Cé PT2C PT3C PT3C PT4A PT5A /O-VDD5

B5 PT2B PT3B PT3B PT3D PT4D 1O

A4 PT2A PT3A PT3A PT3A PT4A 1/O-TMS

C5 — PT2D PT2D PT2D PT3D le]

B4 PT1D PT2C PT2C PT2C PT3A 11O

A3 PT1C PT2B PT2B PT2B PT2D 110

D5 PTiB PT2A PT2A PT2A PT2A 1O

C4 — PT1D PT1D PT1D PT1D /0

B3 — PT1C PT1C PTiC PT1C [lie]

B2 —_— PT1B PTiB PTiB PTiB o]

A2 PT1A PT1A PT1A PT1A PT1A I/O-TCK

C3 | RD_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 Vvss

D8 Vss Vss Vss Vss Vss Vss
D13 Vss Vss Vss vss Vss Vss
D17 Vss Vss Vss Vss Vss Vss

Notes:

The W3 pin on the 256-pin PBGA package is unconnacted for all devices listed in this table.
The OR2C/2T08A do not have bond pads connected 1o the 256-pin PBGA package pins F2 and Y17.
The pins iabeled “I/O-VDDS” are user I/Os for the OR2CxxA series, but they are connected to VDDS5 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 28), or they can be left unconnected.
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Pin Information (continued)

Table 24. OR2C/2T06A, OR2C/2T08A, OR2C/2T10A, OR2C/2T12A, and OR2C/2T15A
256-Pin PBGA Pinout (continued)

Pin 2C/2TO6A Pad 2C/2T08A Pad 2C/2T10A Pad 2C/2T12A Pad 2C/2T15A Pad Function
H4 Vss Vss Vss Vss Vss Vss
H17 Vss Vss Vss Vss Vss Vss

N4 Vss Vss Vss Vss Vss Vss
N17 Vss Vss Vvss Vss Vss Vss

U4 Vss Vss Vss Vss Vss Vss

U8 Vss Vss Vss Vss Vss Vss
U13 Vss Vss Vss Vss Vss Vss
u17 Vss Vss Vss Vss Vss Vss

B VDD VDD VDD VoD VDD VD
D6 VoD VDD Vob Vbp VDD VDD
D11 Vpb VDD VDD VbD Vbb VDD
D15 VDo VoD VoD VDD VDo VDD

F4 VDD VoD VDD VpD VoD VDD
F17 VoD VoD VDD VDD VDD VoD

K4 VDD VoD VoD VoD Voo VDD
L17 VDD VDD VDD VoD VoD VDD
R4 Vbb VoD VDD VDD VoD VDD
R17 VoD VoD VbD VoD VDD VoD

use Voo VDD VoD VDD VDD VpD
U10 Voo VDD VoD VoD VDD VoD
uts VDD VDD Vob Vob Vob VDD
w3 —_ — — — — No Connect
J10 Vss Vss Vss Vss Vss Vss—ETC
J11 Vss Vss Vss Vss Vss Vss—ETC
J12 Vss Vss Vss Vss Vss Vss—ETC

Jo Vss Vss Vss Vss Vss Vss—ETC
K10 Vss Vss Vss Vss Vss Vss—ETC
K11 Vss Vss Vss Vss Vss Vss—ETC
K12 Vss Vss Vss Vss Vss Vss—ETC
K9 Vss Vss Vss Vss Vss Vss—ETC
L10 Vss Vss Vss Vss Vss Vss—ETC
L1 Vss Vss Vss Vss Vvss Vss—ETC
Li2 Vss Vss Vss Vss Vss Vss—ETC

L9 Vss Vss Vss Vss Vss Vss—ETC
M10 Vss Vss Vss Vss Vss Vss—ETC
M11 Vss Vss Vss Vvss Vss Vss—ETC
M12 Vss Vss Vss Vss Vss Vss—ETC
M9 Vss Vs$ Vss Vss Vss Vss—ETC

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-VODS™ are user /Os for the OR2CxxA series, but they are connected to VOD5 for the OR2TxxA series.

The pins labeled "VSS-ETC" are the 4 x 4 array of thermal balis 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 28), or they can be left unconnected.
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Pin Information (continued)

Table 25. 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 Vop Voo VDb VDD VoD
3 Vss Vss Vss Vss Vss
4 PL1D PLID PL1D PL1D 110
5 PL1C PL1C PLIC PL1A 1o
6 PL1B PL1B PL1B PL2D [
7 PL1A PL1A PL1A PL2A 1o
8 PL2D PL2D PL2D PL3D 1/O-AQ
9 PL2C PL2A PL2A PL3A 110

10 PL2B PL3D PL3D PL4D 6]
11 PL2A PL3A PL3A PL4A 10
12 Vss Vss Vss Vss Vss
13 PL3D PL4D PL4D PL5D 110
14 PL3A PL4A PL4A PLED fle]
15 PL4D PL5D PLSD PL7D [I{e]
16 PL4A PLSA PL5A pL8D 1/0-A1
17 PL5D PL6D PL6D PLID 110
18 PL5C PL6C PL6C PLAC 11O
19 PL5B PL6B PL6B PLOB 110
20 PL5A PLSA PLBA PLOA /1O-A2
21 PLED PL7D PL7D PL10D 11O
22 PL6C PL7C PL7C PL10C 110
23 PL6B PL7B PL7B PL10B 11O
24 PL6A PL7A PL7A PL10A /O-A3
25 Vpo VDD VbD VDD VDD
26 PL7D PL8D pPL8D PL11D o]
27 PL7C PL8C PL8A PL11A 110
28 PL7B PL8B PLID PL12D [l{e]
29 PL7A PL8A PL9A PL12A /O-A4
30 PL8D PLID PL10OD PL13D 110-A5
31 PL8C PLOC PL10A PL13A 170
32 PL8B PLOB PL11D PL14D 10
33 PLBA PLOA PL11A PL14A I/O0-A6
34 Vvss Vvss Vss Vss Vss
35 PLOD PL10OD PL12D PL15D i0
36 PL9C PL10C PL12C PL15C 110
37 PLIB PL10B pL128 PL1SB 16}
38 PL9A PL10A PL12A PL15A 1/0-A7
39 VoD VDD VbD VDD VDD
40 PL10OD PL11D PL13D PL16D 0]
41 PL10C PL11C PL13C PL16C 110
42 PL10B PL11B PL13B PL16B 110
43 PL10A PL11A PL13A PL16A 1/0-A8
44 Vss Vss Vss Vss Vvss
45 PL11D PL12D PL14D PL17D 1/0-AQ

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

Table 25. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
46 PL11C PL12C PL14A PL17A 110
47 PL11B PL12B PL15D PL18D 110
48 PL11A PL12A PL15A PL18A 110-A10
49 PL12D PL13D PL16D PL18D 110
50 PL12C PL13C PL16A PL19A 110
51 PL12B PL13B PL17D PL20D e}
52 PL12A PL13A PL17A PL20A VO-A11
53 VoD VDD Voo VDD VDD
54 PL13D PL14D PL18D PL21D YO-A12
55 PL13B PL14B PL18B PL21B 110
56 PL13A PL14A PL18A PL21A o)
57 PL14D PL15D PL19D PL22D /0
58 PL14B PL15B PL19B PL22B 110-A13
59 PL14A PL15A PL19A PL22A 110
60 PL15D PL16D PL20D PL23D 110
61 PL15B PL16B PL20B PL24D [le]
62 PL15A PL16A PL20A PL25D /0
63 PL16D PL17D PL21D PL25A 1/0-A14
64 PL16A PL17A PL21A PL26A e}
65 Vss Vss Vss Vss Vss
66 PL17D PL18D PL22D PL27D [le)
67 PL17C PL18C PL22C PL27C [Ie)
68 PL17B PL18A PL22A PL27A 7o)
69 PLI7A PL19D PL23D PL28D 110
70 PL18D PL19C PL23C PL28C /O
71 PL18C PL19A PL23A PL28A 1O
72 PL18B PL20D PL24D PL29A [{e]
73 PL18A PL20A PL24A PL30A 1/0-A15
74 Vss Vss Vss Vss Vss
75 CCLK CCLK CCLK CCLK CCLK
76 VDD VoD VbD VoD VoD
77 Vss Vss Vss Vss Vss
78 Voo VDD VoD VoD Voo
79 Vss Vss Vss Vss Vss
80 PB1A PB1A PB1A PB1A 1/O-A16
81 PB1B PBi1C PB1C PB2A 1O
82 PB1C PB1D PB1D PB2D o)
83 PB1D PB2A PB2A PB3A /O
84 PB2A PB2D PB2D PB3D o)
85 PB2B PB3A PB3A PB4A I]s)
86 PB2C PB3C PB3C PB4C [Ie)
87 PB2D PB3D PB3D PB4D [Ie)
88 Vss Vss Vss Vss Vss
89 PB3A PB4A PB4A PB5A o)
90 PRB3D PB4D PB4D PB5D HO-A17

Note: The OR2TxxA series is not offered in the 304-pin SQFP/SQFP2 packages.
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Pin information (continued)

Table 25. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2CA0A Pad Function
9 PB4A PB5A PB5A PB6A /o]
92 PB4D PB5D PBSD PBED 1o
93 PBSA PB6A PB6A PB7A io
94 PB5B PB6B PB6B PB7D 16
95 PB5C PB6C PB6C PB8A 7o)
96 PBSD PB6D PB6D PB8D 1O
97 PB6A PB7A PB7A PB9A o
98 PBeB PB7B PB7B PBAD 11O
99 PB6C PB7C PB7C PB10A 17O
100 PB6D PB7D PB7D PB10D 10
101 Voo VDD VoD Vob VDD
102 PB7A PB8A PBBA PB11A e}
103 PB7B PB8sB PB8D PB11D 11O
104 PB7C PB8C PBOA PB12A 1[e]
105 PB7D PB8D PB9D PB12D 110
106 PB8A PB9A PB10A PB13A l[®)
107 PB88 PB9B PB10D PB13D 7[e]
108 PB8C PBAC PB11A PB14A 7]
109 PB8D PBID PB11D PB14D e}
110 Vss Vss Vss Vss Vss
111 PB9A PB10A PB12A PB15A 70
112 PB9B PB10B PB12B PB158 18]
113 PBIC PB10C PB12C PB15C 1o
114 PBaD PB10D PB12D PB15D 10
115 Vss Vss Vss Vss Vss
116 PB10A PB11A PB13A PB16A [F[o]
117 PB108 PB118 PB138 PBi6B 110
118 PB10C PB11C PB13C PB16C (e}
119 PB10D PB11D PB13D PB16D 1/6]
120 Vss Vss Vss Vss Vss
121 PB11A PB12A PB14A PB17A /o]
122 PB11B PB12B PB14D PB17D 110
123 PB11C PBi2C PB15A PB18A 0]
124 PB11D PB12D PB15D PB18D 11O
125 PB12A PB13A PB16A PB19A 1/O-HDC
126 pPB12B PB13B PB16D PB18D 1o
127 PBt2C PB13C PB17A PB20A 170
128 PB12D PB13D PB17D PB20D 1o}
129 VoD VpD VDD VDD VDD
130 PB13A PB14A PB18A PB21A I/O-LDC
131 PB13B PB14B PBi18B PB21D 110
132 PB13C PB14C PB18C PB22A e}
133 PB13D PB14D PB18D PB22D He]
134 PB14A PB15A PB19A PB23A 1o
135 PB14B PB15B PB19B PB24A /O

Note: The OR2TxxA series is not offered in the 304-pin SQFP/SQFP2 packages.
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Table 25. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
136 PB14D PB15D PB19D PB24D /O
137 PB15A PB16A PB20A PB25A I/O-INIT
138 PB15D PB16D PB20D PB25D IO
139 PB16A PB17A PB21A PB26A YO
140 PB16D PB17D PB21D PB26D /0
141 Vss Vss Vss Vss Vss
142 PB17A PB18A PB22A PB27A 11O
143 PB178B PB18B PB22B PB27B 110
144 PB17C PB18D PB22D PB27D 11O
145 PB17D PB19A PB23A PB28A /O
146 PB18A PB13D PB23D PB28D 110
147 PB18B PB20A PB24A PB29A o
148 PB18C PB20B PB24B PB29D O
149 PB18D PB20D PB24D PB30D 11O
150 Vss Vss Vss Vss Vss
151 DONE DONE DONE DONE DONE
152 \'zels} VDD VoD VDD VDD
153 V3s Vss Vss Vss Vss
154 RESET RESET RESET RESET RESET
155 PRGM PRGM PRGM PRGM PRGM
156 PR18A PR20A PR24A PR30A 1/O-MO
157 PR18B PR20C PR24C PR29A o
158 PR18C PR20D PR24D PR29D /O
159 PR18D PR19A PR23A PR28A 10O
160 PR17A PR19D PR23D PR28D 1o
161 PR17B PR18A PR22A PR27A o
162 PR17C PR18B PR22B PR27B o
163 PR17D PR18D PR22D PR27D 110
164 Vss Vss Vss Vss Vss
165 PR16A PR17A PR21A PR26A /O
166 PR16D PR17D PR21D PR25A l{e]
167 PR15A PR16A PR20A PR24A /10
168 PR15C PR16C PR20C PR24D /0
169 PR15D PR16D PR20D PR23D 1/0-M1
170 PR14A PR15A PR19A PR22A 1/0
171 PR14C PR15C PR19C PR22C 11O
172 PR14D PR15D PR19D PR22D /]
173 PR13A PR14A PR18A PR21A /O
174 PR13C PR14C PR18C PR21C /O
175 PR13D PR14D PR18D PR21D 11O
176 VoD VoD VDD VoD VDD
177 PR12A PR13A PR17A PR20A 110-M2
178 PR128B PR13B PR17D PR20D /O
179 PR12C PR13C PR16A PR19A 11O
180 PR12D PR13D PR16D PR1SD 1{e]

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

Table 25. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
181 PR11A PR12A PR15A PR18A ¥O-M3
182 PR11B PR12B PR15D PR18D T/e]
183 PR11C PR12C PR14A PR17A 17O
184 PR11D PR12D PR14D PR17D 11O
185 Vss Vss Vss Vss Vss
186 PR10A PR11A PR13A PR16A o
187 PR10B PR11B PR13B PR16B 1e]
188 PR10C PR11C PR13C PR16C 110
189 PR10D PR11D PR13D PR16D 1710
190 Voo Voo VDD VoD Voo
191 PRIA PR10A PR12A PR15A 7(e}
192 PROB PR10B PR12B PR15B /0
193 PRAC PR10C PRt12C PR15C 1o
194 PRID PR10D PR12D PR15D 1o
195 Vss Vss Vss Vss Vss
196 PR8BA PR9A PR11A PR14A e}
197 PR8B PR9B PR11D PR14D 110
198 PR8C PR9C PR10A PR13A 11O
199 PR8D PRID PR10D PR13D i1o
200 PR7A PRBA PROA PR12A 1/0-CS1
201 PR7B PR8B PR9D PR12D e}
202 PR7C PRBC PR8SA PR11A 1o
203 PR7D PR8D PR8D PR11D 10O
204 VDD Voo VDD VDD VDb
205 PR6A PR7A PR7A PR10A 1/0-CS0
206 PRéB PR7B PR78 PR10B o]
207 PR6C PR7C PR7C PR10C 110
208 PR6D PR7D PR7D PR10D 1]
209 PR5A PR6A PR6A PR9A s}
210 PR5B PR6B PRe6B PR9B e}
211 PRSC PRBC PR&C PR9C e}
212 PRSD PR6D PR&D PR9D /O
213 PR4A PR5A PR5A PR8A 1/O-RD
214 PR4B PR5B PR5B PR7A o]
215 PR4D PRSD PR5D PRBA /0
216 PR3A PR4A PR4A PR5A [I]e]
217 Vss Vss Vss Vss Vss
218 PR2A PR3A PR3A PR4A I/O-WR
219 PR2B PR3B PR3B PR4B 110
220 PR2C PR2A PR2A PR3A 10
221 PR2D PR2D PR2D PR3D )
222 PR1A PR1A PR1A PR2A 1o
223 PR1B PR1B PR1B PR2D 1/0
224 PR1C PR1C PR1C PR1A /O
225 PRiD PRI1D PR1D PR1D Ie]

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

Table 25. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
226 Vss Vss Vss Vss Vss
227 RD_CFGN RD_CFGN RD_CFGN RD_CFGN RD_CFGN
228 Voo Voo Voo VoD VDD
229 Vss Vss Vss Vss Vss
230 VoD Vob Vbo VoD Voo
231 Vss Vss Vss Vss Vss
232 PT18D PT20D PT24D PT30D o]
233 PTi8C PT20C PT24C PT30A 110
234 PT1i88 PT20A PT24A PT29A 110
235 PT18A PT19D PT23D PT28D 11O
236 PT17D PT19A PT23A PT28A O-RDY/RCLK
237 PT17C PT18D PT22D PT27D [l[e]
238 PT17B PT18C PT22C PT27C /O
239 PT17A PT18A PT22A PT27A VO
240 Vss Vss Vss Vss Vss
241 PTi6D PT17D PT21D PT26D 7[0]
242 PTi16C PT17C PT21C PT26C [[[e]
243 PT16A PT17A PT21A PT26A [I[e]
244 PT15D PT16D PT20D PT25D 11O-D7
245 PT15A PT16A PT20A PT25A 11O
246 PT14D PT15D PT19D PT24D 1O
247 PT14A PT15A PT19A PT23D O
248 PT13D PT14D PT18D PT22D /o]
249 PT13C PT14C PT18C PT22A /O
250 PT138B PT14B PT18B PT21D 1/O-D6
251 PT13A PT14A PT18A PT21A [[e)
252 VoD VoD VoD VbD VoD
253 PT12D PT13D PT17D PT20D 7o)
254 PT12C PT13C PT17A PT20A O
255 PT12B PT13B PT16D PT19D o)
256 PT12A PT13A PT16A PT19A /O-D5
257 PT11D PT12D PT15D PT18D 11O
258 PT11C PT12C PT15A PT18A /O
259 PT11B PT12B PT14D PT17D 17O
260 PT11A PT12A PT14A PT17A 1/O-D4
261 Vss Vss vss Vss Vss
262 PT10D PT11D PT13D PT16D 1O
263 PT10C PT11C PT13C PT16C [le)
264 PT10B PT11B PT13B PT16B 11O
265 PT10A PT11A PT13A PT16A 1/0-D3
266 Vss Vss Vss Vss Vss
267 PT9D PT1i0D PT12D PT15D O
268 PT9C PT10C PT12C PT15C [I[e]
269 PT9B PT10B PT12B PT15B /10
270 PT9A PT10A PT12A PT15A 1/0-D2

Note: The OR2TxxA serias is not offered in the 304-pin SQFP/SQFP2 packages.
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Pin Information (continued)

Table 25. OR2C12A, OR2C15A, OR2C26A, and OR2C40A 304-Pin SQFP/SQFP2 Pinout (continued)

Pin 2C12A Pad 2C15A Pad 2C26A Pad 2C40A Pad Function
271 Vss Vss Vss Vss Vss
272 PT8D PT9D PT11D PT14D 1/10-D1
273 PT8C PT9C PT11A PT14A 110
274 PT8B PT9B PT10D PT13D /0
275 PTBA PT9A PT10A PT13A O-DO/DIN
276 PT7D PT8D PTSD PT12D e
277 PT7C PT8C PT9A PT12A 110
278 PT7B PT8B PT8D PT11D 0]
279 PT7A PT8A PT8A PT11A 1YO-DOUT
280 VoD VoD VDD VDD VoD
281 PT6D PT7D PT7D PT10D I{e]
282 PT6C PT7C PT7C PT10A 110
283 PT6B PT17B PT7B PT9D [{o]
284 PT6A PT7A PT7A PT9A le]
285 PTS5D PTED PT6D PT8D He]
286 PT5C PT6C PT6C PT8A 1O
287 PT5B PT6B PT6B PT7D /0
288 PT5A PT6A PT6A PT7A 1/0-TDI
289 PT4D PT5D PT5D PT6D 1O
290 PT4A PT5A PT5A PT6A /0
291 PT3D PT4D PT4D PT5D 1]
292 PT3A PT4A PT4A PT5A 1/O-TMS
293 Vvss Vvss Vss Vss Vss
204 PT2D PT3D PT3D PT4D [l[e]
295 PT2C PT3A PT3A PT4A 11O
296 PT2B PT2D PT2D PT3D 1O
297 PT2A PT2A PT2A PT3A [[e;
298 PT1D PT1D PT1D PT2D (e
299 PT1C PT1C PT1C PT2A 11O
300 PT1B PTiB PT1B PT1D 170
301 PT1A PT1A PT1A PT1A 1HO-TCK
302 Vss Vss Vss Vss Vss
303 RD_DATA/TDO RD_DATA/TDO RD_DATA/TDO RD_DATA/TDO RD_DATA/TDO
304 VoD Vob Vob VoD VDD

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

Table 26. OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and OR2T40A 352-Pin PBGA Pinout

Pin | 2C/2T10A Pad | 2C/2T12A Pad | 2C/2T15A Pad | 2C/2T26A Pad | OR2T40A Pad Function
B1 PL1D PLID PL1D PL1D PLID o
C2 PL1C PL1C PLIC PL1C PL1A 1o
1 PL1B PL1B PL1B PL1B PL2D 110
D2 PL1A PL1A PL1A PL1A PL2A 110
D3 PL2D PL2D PL2D PL2D PL3D I/0-A0
D1 PL2C PL2C PL2A PL2A PL3A o
E2 PL2B PL2B PL3D PL3D PL4D O
E4 — — PL3B PL3B PL4B YO
E3 PL2A PL2A PL3A PL3A PL4A YO
E1 PL3D PL3D PL4D PL4D VDD5 1/0-VDD5
F2 — PL3C PL4C PL4C PLEC Yo
G4 PL3C PL3B PL4B PL4B PL5B e}
F3 - PL3A PL4A PL4A PL&D YO
F1 PL3B PL4D PLSD PL5D PL7D ]
G2 —_ PLAC PL5C PL5C PL7C YO
G1 — PL4B PL5B PL5B PL7B YO
G3 PL3A PL4A PL5A PLSA PL8D I10-A1
H2 PL4D PL5D PLeD PL6D PLID YO
J4 PLAC PL5C PL6C PLEC PLOC YO
H1 PL4B PL5B PL6B PL6B PLOB 8]
H3 PL4A PL5A PLBA PL6A PL9A /O-A2
J2 PL5D PLED PL7D PL7D PL1OD 10
J1 PL5C PL6C PL7C PL7C PL10C 8]
K2 PL5B PL6B PL7B PL7B PL10B 1O
J3 PLSA PLEA PL7A PL7A PL10A 1/0-A3
K1 PLED PL7D PL8D PL8D PL11D /O
K4 PLEC PL7C PL8C PLBA PL11A O
L2 PL6B PL7B PL8B PL9D PL12D 1O
K3 PLBA PL7A PLBA PLSA PL12A I/O-A4
L1 PL7D PL8D PLSD PL10D PL13D I/0-A5
M2 PL7C PL8C PLOC PL10A PL13A O
M1 PL7B PL8B PL9B PL11D PL14D /0
L3 PL7A PLBA PL9A PL11A PL14A /O-A6
N2 PL8D PL9D PL10D PL12D PL16D /0
M4 PLBC PL9C PL10C PL12C PL15C /O
N1 PL8B PLSB PL10B PL12B PL15B 110
M3 PL8A PLSA PL10A PL12A PL15A 10-A7
P2 PLID PL10D PL11D PL13D PL16D i8]
P4 PLOC PL10C PL11C PL13C Vo5 //0-VoD5
P1 PL9B PL10B PL11B PL13B PL16B O
N3 PLOA PL10A PL11A PL13A PL16A I/O-AB
R2 PL1CD PL11D PL12D PL14D PL17D 1/10-A9
P3 PL10C PL11C PL12C PL14A PL17A e
R1 PL10B PLi11B PL12B PL15D PL18D o

Notes:
The pins labeled “/O-VDD5" are user 1/Os for the OR2CxxA series, but they are connected to VDDS 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 bails can be attached to the ground
ptane of the board for Enhanced Thermal Capability (see Table 28), or they can be left unconnected.
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Pin Information (continued)

Table 26. OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and OR2T40A 352-Pin PBGA Pinout (continued)

Pin 2C/2T10A Pad | 2C/2T12A Pad | 2C/2T15A Pad | 2C/2T26A Pad | OR2T40A Pad Function
T2 PL10A PL11A PL12A PL15A PL18BA 1/10-A10
R3 PL11D PL12D PL13D PL16D PL19D O
T PL11C PL12C PL13C PL16A PL19A /}e]
R4 PL11B PL12B PL13B PL17D PL20D /O
U2 PL11A PL12A PL13A PL17A PL20A 1/0-A11
T3 PL12D PL13D PL14D PL18D PL21D 1/0-A12
U1 — PL13C PL14C PL18C PL21C 110 "
U4 PL12C PL13B PL14B PL18B PL21B 110 -
V2 — PL13A PL14A PL18A PLZ1A /O
U3 PL12B PL14D PL15D PL19D PL22D 110
VAl PL12A PL14C PL15C PL19C PL22C 10
W2 PL13D PL14B PL15B PL13B PL22B 1/O-A13
W1 PL13C PL14A PL15A PL19A PL22A O
V3 PL13B PL15D PL16D PL20D PL23D 7o)
Y2 PL13A PL15C PL16C PL20C PL23C 170
w4 PL14D PL15B PL16B PL20B PL24D 18]
Y1 — PL15A PL16A PL20A PL25D /O
W3 PL14C PL16D PL17D PL21D PL25A 1/0-A14
AA2 PL14B PL16C PL17C PL21C PL26C /O
Y4 PL14A PL16B PL17B PL21B PL26B O
AA1 — PL16A PL17A PL21A PL2BA 11O
Y3 PL15D PL17D PL.18D PL22D VDD5 /O-VpD5
AB2 PL15C PL17C PL18C PL22C PL27C /O
AB1 PL15B PL17B PL18A PL22A PL27A 110
AA3 PL15A PL17A PL19D PL23D PL28D 11O
AC2 PL16D PL18D PL19C PL23C PL28C l}e]
AB4 PL16C PL18C PL19A PL23A PL28A VO
AC1 PL16B PL18B PL20D PL24D PL29A O
AB3 — — PL20C PL24C PL30C e
AD2 — — PL20B PL24B PL30B o
AGC3 PL16A PL18A PL20A PL24A PL30A /O-A15
AD1 CCLK CCLK CCLK CCLK PCCLK CCLK
AF2 PB1A PB1A PB1A PB1A PB1A 110-A16
AE3 — — PB1B PB1B PB1B 1o
AF3 PB1B PB1B PB1C PB1C PB2A 7O
AE4 PB1C PB1C PB1D PB1D PB2D 10
AD4 PB1D PB1D PB2A PB2A PB3A 1e]
AF4 PB2A PB2A PB2D PB2D VoD5 1/0-VoDS
AES — PB2B PB3A PB3A PB4A 10
AC5 PB2B PB2C PB3C PB3C PB4C 110
AD5 — PB2D PB3D PB3D PB4D 1{®]
AF5 PB2C PB3A PB4A PB4A PB5A [{e]
AE6 PB2D PB3B PB4B PB4B PB5B 1o
Notes:

The pins labeled “/O-VDDS" are user 1/Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.

The pins labeled *VsS-ETC" are the 6 x 6 array of thermal balis 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 28), or they can be left unconnected.
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Pin Information (continued)

Table 26. OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and OR2T40A 352-Pin PBGA Pinout (continued)

Pin | 2C/2T10A Pad | 2C/2T12A Pad | 2C/2T15A Pad | 2C/2T26A Pad | OR2T40A Pad Function
AC7 PB3A PB3C PB4C PB4C PBSC le}
AD6 PB3B PB3D PB4D PB4D PB5D 1/1O-A17
AF6 - PB4A PBS5A PBSA PB6A Vo
AE7 PB3C PB4B PB5B PB5B PB6B /O
AF7 — PB4C PB5C PBSC PB6C /O
AD7 PB3D PB4D PBSD PBSD PBED 8]
AES8 PB4A PBSA PB6A PB6A PB7A /e
AC9 PB4B PB58B PB68B PB6B PB7D VO
AF8 PB4C PB5C PB6C PB6C PB8A /O
AD8 PB4D PB5D PB6D PB6D PB8D e
AE9 PBSA PB6A PB7A PB7A PBYA e
AF9 PB5B PBEB PB7B PB7B PB9D 1O

AE10 PB5C PB&C PB7C PB7C PB10A /O
ADS PBSD PB6D PB7D PB7D PB10D /1O
AF10 PB6A PB7A PBBA PBBA PB11A 11O
AC10 PB6B PB78 PB8B PB8D PB11D WO
AE11 PB6C PB7C PB8C PBSYA PB12A o
AD10 PB6D PB7D PB8D PB9D PB12D 1o
AF11 PB7A PB8A PBYA PB10A PB13A o
AE12 PB7B PB8B PBSB PB10D PB13D e
AF12 PB7C PB8C PBI9C PB11A PB14A 10
AD11 PB7D PB8D PBSD PB11D PB14D O
AE13 PBBA PB9A PB10A PB12A PB1SA 110
AC12 PB8B PB9B PB10B PB12B PB15B 110
AF13 PB8C PBIC PB10C PB12C PB15C 1O
AD12 PB8D PB9D PB10D PB12D PB15D /0
AE14 PB9A PB10A PB11A PB13A PB16A 1O
AC14 PBS8 PB10B PB11B PB13B PB16B VO
AF14 PBIC PB10C PB11C PB13C PB16C 110
AD13 PBOD PB10D PB11D PB13D PB16D /je]
AE15 PB10A PB11A PB12A PB14A VDD5 1/0-VDD5
AD14 PB10B PB11B PB12B PB14D PB17D 110
AF15 PB10C PB11C PB12C PB15A PB18A e
AE16 PB1GD PB11D PB12D PB15D PB18D /O
AD15 PB11A PB12A PB13A PB16A PB19A /O-HDC
AF16 PB11B PB12B PB13B PB16D PB19D /O
AC15 PB11C PB12C PB13C PB17A PB20A /O
AE17 PB11D PB12D PB13D PB17D PB20D o
AD16 PB1ZA PB13A PB14A PB18A PB21A 1/0-LDC
AF17 PB1ZB PB13B PB14B PB18B PB21D e
AC17 PB12C PB13C PB14C PB18C PB22A /O
AE18 PB12D PB13D PB14D PB18D PB22D 1O

Notes:
The pins labeled “HO-VDDS” are user 1/Os for the OR2CxxA series, but they are connected to VDOS 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 28), or they can be left unconnected.
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Pin Information (continued)

Table 26. OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and OR2T40A 352-Pin PBGA Pinout (continued)

Pin | 2C/2T10A Pad | 2C/2T12A Pad | 2C/2T15A Pad | 2C/2T26A Pad | OR2T40A Pad| Function
AD17 PB13A . PB14A PB15A PB19A PB23A 7o)
AF18 PB13B PB14B PB15B PB19B PB24A o)
AE19 — PB14C PB15C PB19C PB24C o)
AF19 PB13C PB14D PB15D PB19D PB24D VO
AD18 PB13D PB15A PB16A PB20A PB25A VO-TNIT
AE20 = PB158 PB16B PB20B PB25B o
AC19 PB14A PB15C PB16C PB20C PB25C 7o)
AF20 = PB15D PB16D PB20D PB25D 7]
AD19 PB14B PB16A PB17A PB21A VoD5 1/O-VD05
AE21 PB14C PB16B PB17B PB21B PB268 o)
AC20 PB14D PB16C PB17C PB21C PB26C 70
AF21 PB15A PB16D PB17D PB21D PB26D 0
AD20 PB15B PB17A PB18A PB22A PB27A 70
AE22 PB15C PB17B PB18B PB22B PB278 70
AF22 PB15D PB17C PB18D PB22D PB27D 7o
AD21 PB16A PB17D PB19A PB23A PB28A 0
AEZ23 - - PB19C PB23B PB288 70
AC22 PB16B PB18A PB19D PB23D PB28D 70
AF23 PB16C PB18B PB20A PB24A PB29A 0
AD22 PB16D PB18C PB20B PB24B PB29D o
AE24 - = PB20C PB24C PB30C 7o)
AD23 o PB18D PB20D PB24D PB30D 70
AF24 DONE DONE DONE DONE PDONE DONE
AE26 RESET RESET RESE RESET PRESETN RESET
AD25 PRGM PRGM PRGM PRGM PPRGMN PRGM
AD26 PR16A PR18 PR20A PR24A PR30A VO-MO
AC25 PR16B PR18B PR20C PR24C PR2OA s}
AC24 PR16C PR18C PR20D PR24D PR29D o
AC26 PR16D PR18D PR19A PR23A PR28A 70
AB25 PR15A PR17A PR19D PR23D PR28D 70
AB23 FR15B PR17B PR18A PR22A PR27A o)
AB24 PR15C PR17C PR18B PR22B PR27B 7o)
AB26 PR15D PR17D PR18D PR22D PR27D 7o)
AA25 PR14A PRI16A PR17A PR21A PRZ6A 7o)
Y23 PR14B PR16B PR17B PR21B PRZ6B o
AAZA PR14C PR16C PR17C PR21C PR26C o
AA26 = PR16D PR17D PR21D PR25A 70
Y25 PR14D PR15A PR16A PR20A PR24A 7o
Y26 - PR15B PR16B PR20B PR24B o)
Y24 PR13A PR15C PR16C PR20C PR24D o)
W25 PR13B PR15D PR16D PR20D PR23D 7O-M1
V23 PR13C PR14A PR15A PR19A PRZ2A 70
W26 = PR14B PR15B PR19B PR22B 7o)

Notes:
The pins labeled “/O-VDDS" are user 1/Os for the OR2CxxA series, but they are connected to VDDS5 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 28), or they can be ieft unconnected.
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Pin Information (continued)

Table 26. OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and OR2T40A 352-Pin PBGA Pinout (continued)

Pin | 2C/2T10A Pad | 2C/2T12A Pad | 2C/2T15A Pad | 2C/2T26A Pad | OR2T40A Pad Function
W24 PR13D PR14C PR15C PR19C’ PR22C /O
V25 PR12A PR14D PR15D PR19D VDD5 1/O-VDD5
Va6 PR12B PR13A PR14A PR18A PR21A O
U25 — PR13B PR14B PR18B PR21B /O
V24 PR12C PR13C PR14C PR18C PR21C /O
uz2e PR12D PR13D PR14D PR18D PR21D 1o
uz23 PR11A PR12A PR13A PR17A PR20A I/O-M2
T25 PR11B PR12B PR13B PR17D PR20D (e}
uz24 PR11C PR12C PR13C PR16A PR19A YO
T26 PR11D PR12D PR13D PR16D PR19D 4]
R25 PR10A PR11A PR12A PR15A PR18A /O-M3
R26 PR10B PR11B PR12B PR15D PR18D Ije;
T24 PR10C PR11C PR12C PR14A PR17A 10
P25 PR10D PR11D PR12D PR14D PR17D 8]
R23 PRIA PR10A PR11A PR13A PR16A YO
P26 PRIB PR10B PR11B PR13B PR16B o
R24 PRSC PR10C PR11C PR13C PR16C e}
N25 PR9D PR10D PR11D PR13D PR16D }e]
N23 PRSA PRSA PR10A PR12A PR15A YO
N26 PR8B PR9B PR10B PR12B PR15B o
P24 PR8C PRSC PR10C PR12C PR15C e}
M25 PR8BD PR9D PR10D PR12D PR15D e}
N24 PR7A PRBA PRYA PR11A VDD5 1/O-VDD5
M26 PR7B PR8B PR9B PR11D PR14D O
L25 PR7C PR8C PR9C PR10A PR13A /O
M24 PR7D PR8D PRYD PR10D PR13D /O
L26 PR6A PR7A PRBA PRYA PR12A I/O-CS1
M23 PReB PR7B PR8B PROD PR12D /O
K25 PR6C PR7C PRsC PR8A PR11A e}
124 PR6D PR7D PR8D PR8D PR11D 1O
K26 PRSA PR6A PR7A PR7A PR10A 1/0-CS0
K23 PR58 PR6B PR7B PR7B PR10B /o]
J25 PR5C PR6C PR7C PR7C PR10C O
K24 PR5D PR6D PR7D PR7D PR10D /0O
J26 PR4A PR5A PR6A PR6A PRYA e
H25 PR4B PR5B PR6B PR6B PR9B /0
H26 PR4C PR5C PR6C PR6C PR9OC 11O
J24 PR4D PR5D PR6D PR6D PRSD O
G25 PR3A PR4A PR5A PR5A PR8A I/O-RD
H23 PR3B PR4B PR5B PRSB PR7A O
G26 — PR4C PR5C PR5C PR7C e}
H24 PR3C PR4D PR5D PR5D PRGA O

Notes:
The pins labeled “i/O-VDDS5” are user /Os for the OR2CxxA series, but they are connected to VDDS5 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 28}, or they can be left unconnected.
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Pin Information (continued)

Table 26. OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and OR2T40A 352-Pin PBGA Pinout (continued)

Pin | 2C/2T10A Pad | 2C/2T12A Pad | 2C/2T15A Pad | 2C/2T26A Pad | OR2T40A Pad| Function
F25 PR3D PR3A PR4A PR4A VoD5 1/0-Vob5
G23 — PR3B PR4B PR4B PR5B 110
F26 — PR3C PR4C PR4C PR5C 170)
G24 — PR3D PR4D PR4D PR5D O
E25 PR2A PR2A PR3A PR3A PR4A /O-WR
E26 PR2B PR2B PR3B PR3B PR4B 170
F24 — — PR3D PR3D PR4D Te)
D25 PR2C PR2C PR2A PR2A PR3A 110
E23 PR2D PR2D PR2D PR2D PR3D [T7e]
D26 PR1A PR1A PR1A PR1A PR2A o)
E24 PR1B PR1B PR1B PR1B PR2D o
C25 PRIC PR1C PRIC PRIC PR1A 1[e)
D24 PR1D PR1D PRiD PR1D PR1D IO
C26 BD_CFGN RD_CFGN RD_CFGN RD_CFGN RD.CFGN | RD_GCFGN |
A25 PT16D PT18D PT20D PT24D PT30D 7s)
B24 PT16C PTi8C PT20C PT24C PT30A Ts)
A24 — — PT208B PT24B PT298B 110
B23 PT16B PT18B PT20A PT24A PT29A 70
C23 PT16A PT18A PT19D PT23D PT28D o)
A23 PT15D PT17D PT19A PT23A PT28A 1/O-RDY/RCLK
B22 PT15C PT17C PT18D PT22D PT27D /O
D22 PT158 PT17B PT18C PT22C PT27C 170
C22 PT15A PT17A PT18A PT22A PT27A o)
AZ22 PT14D PT16D PT17D PT21D PT26D 18]
B21 PT14C PT16C PT17C PT21C PT26C IO
D20 PT14B PT16B PT178 PT21B PT26B 170
c21 PT14A PT16A PT17A PT21A PT26A VO
A21 PT13D PT15D PT16D PT20D PT25D 10-D7
B20 — PT15C PT16C PT20C PT25C s)
AZ20 PT13C PT15B PT168 PT20B PT25B o)
C20 — PT15A PT16A PT20A PT25A VO
B19 PT13B PT14D PT15D PT19D VDD5 /O-VoD5
D18 — PT14C PT15C PT19C PT24C 10
Atg PT13A PT14B PT158 PT198 PT24B 1[e)
c19 — PT14A PT15A PT19A PT23D o)
B18 PT12D PT13D PT14D PT18D PT22D 170
Al8 PT12C PT13C PT14C PT18C PT22A 7o)
B17 PT128B PT138B PT14B PT18B PT21D 1/O-D6
ci8 PT12A PT13A PT14A PT18A PT21A WO
A17 PT1iD PT12D0 PT13D PT17D PT20D 16)
D17 PT11C PT12C PT13C PT17A PT20A I[s]
B16 PT11B PT128 PT13B PT16D PT19D T7e)
ci7 PT1iA PT12A PT13A PT16A PT19A 1/0-D5
A16 PT10D PT11D PT12D PT15D PT18D 110

Notes:

The pins labeled “//O-VDDS” are user /s for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.
The pins labeled "VSS-ETC" are the 6 x 6 array of thermal balls iocated at the center of the package. The balls can be attached to the ground

plane of the board for Enhanced Thermal Capability (see Table 28), or they can be left unconnected.
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Pin Information (continued)

Table 26. OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and OR2T40A 352-Pin PBGA Pinout (continued)

Pin | 2C/2T10A Pad | 2C/2T12A Pad | 2C/2T15A Pad | 2C/2T26A Pad | OR2T40A Pad Function
B15 PT10C PT11C PT12C PT15A PT18A e
Al15 PT108 PT11B PT12B PT14D PT17D o
C16 PT10A PT11A PT12A PT14A PT17A 1/0-D4
Bi14 PT9D PT10D PT11D PT13D PT16D Yo
D15 PTSC PT10C PT11C PT13C PT16C Vo
Al4 PT9B PT10B PT11B PT138 PT168 o
Ci15 PT9A PT10A PT11A PT13A PT16A O-D3
B13 PT8D PT9D PT10D PT12D PT15D L8]
D13 PT8C PT9C PT10C PT12C PT15C YO
At3 PT8B PT9B PT10B PT12B Vbo5 1/0-VDDS
C14 PT8A PT9A PT10A PT12A PT15A 1/10-D2
B12 PT7D PT8D PTSD PT11D PT14D 1/0-D1
C13 PT7C PT8C PT9C PT11A PT14A o
A2 PT78 PT8B PT9B PT10D PT13D o
B11 PT7A PT8BA PT9A PT10A PT13A 1/0-DO/DIN
Cci2 PT6D PT7D PT8D PTOD PT12D O
Al1 PT6C PT7C PT8C PT9A PT12A /0
D12 PTeB PT78 PT8B PT8D PT11D 8]
B10 PT6A PT7A PTBA PT8A/ PT11A /O-DOUT
cH PT5D PT6D PT7D PT7D PT10D o
A10 PT5C PT6C PT7C PT7C PT10A o
D10 PT5B PTeB PT7B PT7B PT9D o
B9 PT5A PTBA PT7A PT7A PT9A e}
C10 PT4D PT5D PT6D PTeD PT8D e
A9 PT4C PT5C PT6C PT6C PTBA je]
B8 PT4B PT5B PT6B PTeB PT7D /o
A8 PT4A PT5A PT6A PT6A PT7A I/O-TDI
Cs - PT4D PTsD PT5D PT8D e
B7 PT3D PT4C PT5C PT5C PT6C i)
D8 — PT4B PT5B PT5B PT6B )
A7 PT3C PT4A PT5A PT5A Vo5 1/O-VoD5
cs — PT3D PT4D PT4D PT5D o
B6 PT3B PT3C PT4C PT4C PT5C 110
D7 — PT3B PT4B PT48B PTS5B o
AB PT3A PT3A PT4A PT4A PT5A VO-TMS
C7 PT2D PT2D PT3D PT3D PT4D 110
BS PT2C PT2C PT3A PT3A PT4A 110
A5 PT2B PT2B PT2D PT2D PT3D O
C6 - — PT2C PT2C PT3C /O
B4 — — PT2B ' PT2B PT38 o
D5 PT2A PT2A PT2A PT2A PT3A ]
Ad PT1D PT1D PT1D PT1D PT2D o
C5 PT1C PT1C PTiC PT1C PT2A O
B3 PT1B PT1B PT1B PTiB PT1D ULe]

Notes:
The pins labeled “V/O-VDDS” are user I/Os for the OR2CxxA series, but they are connected to VDDS 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 balis can be attached to the ground
plane of the board for Enhanced Thermat Capability (see Table 28), or they can be left unconnected.
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Pin Information (continued)

Table 26. OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and OR2T40A 352-Pin PBGA Pinout (continued)

Pin 2C/2T10A Pad | 2C/2T12A Pad | 2C/2T15A Pad | 2C/2T26A Pad | OR2T40A Pad Function
C4 PT1A PT1A PT1A PT1A PT1A 1/O-TCK
A3 RD_DATA/TDO | RD_DATA/TDO | RD_DATA/TDO | RD_DATA/TDO | RD_DATA/TDO | RD_DATA/TDO
Al 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
AC4 Vss Vss Vss Vss Vss Vss
AC8 Vss Vss Vss Vss Vss Vss
AD24 Vss Vss Vss Vss Vss Vss
AD3 Vss Vss Vss Vss Vss Vss
AE1 Vss V§s Vss Vss Vss Vss
AE2 Vss Vss vss Vss Vss Vss
AE25 Vss Vss Vss Vss Vss Vss
AF1 Vss Vss Vss Vss Vss Vss
AF25 Vss Vss Vss Vss Vss Vss
AF26 Vss Vss Vss Vss Vss Vss
B2 Vss Vss Vss Vss Vss Vss
B25 Vss Vss Vss Vss Vss Vss§
B26 Vss Vss Vss Vss Vss Vss
C24 Vss Vss Vss Vss Vss Vss
C3 Vvss Vss Vss Vss Vss Vss
D14 Vss Vss Vss Vss Vss Vss
D19 Vss Vss Vss Vss Vss Vss
D23 Vss Vss Vss Vss Vss Vss
D4 Vss Vss Vss vss Vss Vss
D9 Vss Vss Vss Vss Vss Vss
H4 Vss Vss Vss Vss Vss Vss
J23 Vss Vss Vvss Vss Vss Vss
N4 Vss Vss Vss Vss Vss Vss
P23 Vvss Vss Vss Vss Vss Vss
'z Vss Vss Vss Vss Vss Vss
W23 Vss Vss Vss Vss Vss Vss
AA23 VoD VDD VDD VDD Vbo VDD
AA4 VoD VoD VDD VDD VDb VoD
AC11 Voo Voo Voo VDD VDD VoD
AC16 VoD Vob VoD VoD VDD VoD
AC21 VDD VoD VDD VDD Vob VoD
AC6 Voo Vob VDD VDD VDD VDD
D11 VDD VDD VDD Voo VDD VoD
Dt6 VoD Voo VoD VDD Voo VoD
D21 Voo VoD VoD VDD VDD VDD
D6 Voo VoD VDD VDD VoD Voo

Notes:

The pins labsled “//O-VDD5" are user I/Os for the OR2CxxA series, but they are connected to VODS 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 28), or they can be left unconnected.
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Pin Information (continued)

Table 26. OR2C/2T10A, OR2C/2T12A, OR2C/2T15A, OR2C/2T26A, and OR2T40A 352-Pin PBGA Pinout (continued)

Pin 2C/2T10A Pad | 2C/2T12A Pad | 2C/2T15A Pad | 2C/2T26A Pad | OR2T40A Pad Function
F23 Vob Vop VoD VDD Vob VoD

F4 VoD VobD VoD VoD VDD VoD
123 Vob VoD VDD VDD VoD VoD

L4 VDD Vop VDD VbD ) VDD
T23 VDD VDD VoD VDD VDD VDD

T4 VDD VoD VDD VoD Vob VoD
L1 Vss Vss Vss Vss Vss 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 Vvss Vss vss Vss—ETC
M13 Vss Vss Vss Vss Vss Vss—ETC
Mi4 Vss Vvss Vss Vss Vss Vss—ETC
M15 Vss Vss Vss Vss Vss Vss—ETC
M16 Vss Vss Vss Vss Vss Vss—ETC
N11 Vss Vss Vss Vss Vss Vss—ETC
N12 Vss Vss Vvss Vss Vss Vss—ETC
N13 Vss Vss Vss Vss Vss Vss—ETC
N14 Vss Vss Vss Vss Vss Vss—ETC
N15 Vss Vss Vss Vss Vss Vss—ETC
N16 Vss Vss Vss Vss Vss Vss—ETC
P11 Vss Vss Vss Vss Vss VsSs—ETC
P12 Vss Vss Vss Vss Vss Vss—ETC
P13 Vss Vss Vss Vss vss Vss—ETC
P14 Vss Vss Vss Vss Vss Vss—ETC
P15 Vss Vss Vss Vss Vss Vss—ETC
P16 Vss Vss Vss Vss Vss Vss—ETC
R11 Vss Vvss Vss Vss Vss Vss—ETC
R12 Vss Vss Vss Vss Vss Vss—ETC
R13 Vss Vss Vss Vss Vss Vss—ETC
R14 Vss Vvss Vss Vss Vss Vss—ETC
R15 Vss Vss Vss Vss Vss Vss—ETC
R16 Vss Vss Vss Vss Vss Vss—ETC
T Vss Vss Vss Vss Vss Vss—ETC
T12 Vss Vss Vss Vss Vss Vss—ETC
T13 Vss Vss Vss Vss Vss Vss—ETC
T4 Vss Vss Vss Vss vss Vss—ETC
T15 Vss Vss Vss Vss Vss Vss—ETC
T16 Vvss Vss Vss Vss Vvss Vss—ETC

Notes:
The pins labeled “I/O-VDDS™ are user I/Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.

The pins labeled "VSS-ETC" are the 6 x 6 array of thermat 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 28), or they can be left unconnected.
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Pin Information (continued)

Table 27. OR2C/2T15A, OR2C/2T26A, and OR2C/2T40A 432-Pin EBGA Pinout

Pin 2C/2T15A Pad 2C/2T26A Pad 2C/2T40A Pad Function
E28 PL1D PL1D PL1D 110
D29 PLIC PL1C PL1A /O
D30 PL1B PL1B PL2D 110
D31 PL1A PL1A PL2A /0
F28 PL2D PL2D PL3D 1/O-AD
E29 PL2C PL2C PL3C o
E30 PL2B PL2B PL3B 1/0
E31 PL2A PL2A PL3A 110
F29 PL3D PL3D PL4D 110
F30 PL3C PL3C PLAC i1
F31 PL3B PL3B PL4B 7/e]
H28 PL3A PL3A PL4A 1e]
G29 PL4D PL4D PL5D 1/0O-VDD5
G30 PLAC PLAC PL5C 110
G31 PLAB PL4B PL5B 10
J28 PL4A PL4A PLED 7[e]
H29 PL5D PL5D PL7D 110
H30 PL5C PL5C PL7C /10
J29 PL5B PL5B PL78B /0
K28 PL5A PL5A PL8D 1/0-A1
J30 PLED PL6D PLID 110
J31 PL6C PL6C PLIC 1O
K29 PL6B PL6B PLSB 110
K30 PLBA PL6A PLSA 1/0-A2
K31 PL7D PL7D PL10D 11O
L29 PL7C PL7C PL10C 110
M28 PL78B PL7B PL10B /O
L30 PL7A PL7A PL10A 1/0-A3
L31 -— PL8D PL11D 1O-VDDS
M29 PLBD PL8C PL11C 1o
N28 PL8C PL8A PL11A 110
M30 PL8B PLAD PL12D 110
N2g9 — PLac PL12C 11O
N30 PL8A PL9A PL12A 1HO-A4
P28 PL9D PL10D PL13D 1/0-A5
N31 — PL10C PL13C /O
P29 PLaC PL10A PL13A 110
P30 PLIB PL11D PL14D 1O
P31 PLIA PL11A PL14A 1/O-A6
R29 PL10D PL12D PL15D 110
R30 PL10C PL12C PL15C 1O
R31 PL10B PL12B PL15B 1O
T29 PL10A PL12A PL15A /O-A7
T28 PL11D PL13D PL16D J{e]
T30 PL11C PL13C PL16C 1/O-VDD5
Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.
The pins labeled “VO-VDD5™ are user 1/Os for the OR2CxxA series, but they are connacted to VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 27. OR2C/2T15A, OR2C/2T26A, and OR2C/2T40A 432-Pin EBGA Pinout (continued)

Pin 2C/2T15A Pad 2C/2T26A Pad 2C/2T40A Pad Function
U31 PL11B PL13B PL16B 1O
U30 PL11A PL13A PL16A 1/0-A8
U29 PL12D PL14D PL17D 1/0-A3
V31 — PL14C PL17C (o]
V30 PL12C PL14A PL17A 110
V29 PL12B PL15D PL18D 110
w31 — PL15C PL18C 170
vas PL12A PL15A PL18A 1/0-A10
W30 PL13D PL16D PL19D /0
w29 — PL16C PL19C 1710
Y30 PL13C PL16A PL19A [I[e]
w28 PL13B PL17D PL20D [[e]
Y29 PL13A PL17A PL20A 1/0-A11
AA31 PL14D PL18D PL21D I10-A12
AA30D PL14C PL18C PL21C 110
Y28 PL14B PL18B PL21B 110
AA29 PL14A PL18A PL21A 11O
AB31 PL15D PL19D PL22D 11O
AB30 PL15C PL19C PL22C 110
AB29 PL15B PL19B PL22B 1/0-A13
AC31 PL15A PL19A PL22A 11O
AC30 PL16D PL20D PL23D 110
AB28 PL16C PL20C PL23C 110
AC29 PL16B PL20B PL24D 110
AD30 PL16A PL20A PL25D 11O
AD29 PL17D PL21D PL25A 11O-A14
AC28 PL17C PL21C PL26C /0
AE31 PL17B PL21B PL26B 110
AE30 PL17A PL21A PL26A 11O
AE29 PL18D PL22D PL27D 1/0-VoD5
AD28 PL18C PL22C PL27C 110
AF31 PL18B PL22B PL27B /0
AF30 PL18A PL22A PL27A /O
AF29 PL19D PL23D PL28D 110
AG31 PL19C PL23C PL28C [I[s]
AG30 PL19B PL23B PL28B 11O
AG29 PL1SA PL23A PL28A 11O
AF28 PL20D PL24D PL29A 11O
AH31 PL20C PL24C PL30C [[{e)
AH30 PL20B PL24B PL30B 110
AH29 PL20A PL24A PL30A 1/0-A15
AG28 CCLK CCLK CCLK CCLK
AH27 PB1A PB1A PB1A 1/0-A16
AJ28 PB1B PB1B PB1B 1o
AK28 PB1C PB1C PB2A [I[e]
Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.
The pins labeled “VO-VDD5” are user I/Os for the OR2CxxA series, but they are connacted to VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 27. OR2C/2T15A, OR2C/2T26A, and OR2C/2T40A 432-Pin EBGA Pinout (continued)

Pin 2C/2T15A Pad 2C/2T26A Pad 2C/2T40A Pad Function
AL28 PB1D PB1D PB2D [I{e]
AH26 PB2A PB2A PB3A 110
AJ27 PB2B PB2B PB3B 110
AK27 PB2C PB2C PB3C 1]
AL27 PB2D PB2D PB3D /O-VDD5
AJ26 PB3A PB3A PB4A 110
AK26 PB3B PB3B PB4B VO
AL26 PB3C PB3C PB4AC 170
AH24 PB3D PB3D PB4D ‘ 170
AJ25 PB4A PB4A PB5A /0O
AK25 PB4B PB4B PBEB 110
AL25 PB4C PB4C PB5C 110
AH23 PB4D PB4D PB5D 1/O-A17
AJ24 PB5A PBSA PB6A 7[0]
AK24 PB5B PB5B PB6B {I{e]
AJ23 PB5C PBsC PBeC 1o
AH22 PB5D PB5D PB6D 11O
AK23 PBBA PB6A PB7A /(o]
AL23 PB6B PB6B PB7D /O
AJ22 PB6C PB6C PB8BA [7[e]
AK22 PBED PB6D PB3D /0
AL22 PB7A PB7A PB9A 1O
AJ21 PB7B PB7B PB9D 110
AH20 PB7C PB7C PB10A 1o
AK21 PB7D PB7D PB10D 1O
AL21 —_ PBBA PB11A 1/0O-VOD5
AJ20 PB8A PB8B PB11B 170
AH19 PB8B PB8D PB11D o]
AK20 PB8C PB9A PB12A 7/0]
AJ19 —_— PB9B PB12B I]e]
AK19 PB8D PBaD PB12D 1o
AH18 PB9A PB10A PB13A /(0]
AL18 PB9B PB10D PB13D YO
AJi8 PBIC PB11A PB14A (6]
AK18 — PB11B PB14B 110
AL18 PBAD PB11D PB14D 170
A7 PB10A PB12A PB15A 1’0
AK17 PB10B PB12B PB158B 1{e]
AL17 PB10C PB12C PB15C /O
AJ16 PB10D PB12D PB15D 110
AH16 PB11A PB13A PB16A 1le}
AK16 PB11B PB13B PB16B O
AL15 PB11C PB13C PB16C [1le)
AK15 PB11D PB13D PB16D 110
AJ15 PB12A PB14A PB17A 1/O-VDD5

Notes:
The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeied “I/O-VODS” are user 1/0s for the OR2CxxA saries, but thay are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 27. OR2C/2T15A, OR2C/2T26A, and OR2C/2T40A 432-Pin EBGA Pinout (continued)

Pin 2C/2T15A Pad 2C/2T26A Pad 2C/2T40A Pad Function
AL14 PB12B PB14D PB17D I7e)
AK14 PB12C PB15A PB18A 1O
AJ14 — PB158 PB18B 17e}
AL13 PB12D PB15D PB18D 170
AH14 PB13A PB16A PB19A VO-HDC
AK13 — PB168 PB198 110

AJ13 PB13B PB16D PB19D /0
AK12 PB13C PB17A PB20A Vo
AH13 — PB178 PB20B 7o)
AJ12 PB13D PB17D PB20D /O
AL11 PB14A PB18A PB21A I/O-TDbC
AK11 PB14B PB18B PB21D /0
AH12 PB14C PB18C PB22A /0
AJT1 PB14D PB18D PB22D /0
AL10 PB15A PB19A PB23A /0
AK10 PB15B PB19B PB24A /O
AJ10 PB15C PB19C PB24C 170

ALS PB15D PB19D PB24D 170
AK9 PB16A PB20A PB25A I/O-INIT
AH10 PB168B PB20B PB25B 1VO
AJ9 PB16C PB20C PB25C [Te)
AKS PB16D PB20D PB25D 78]
AJ8 PB17A PB21A PB26A 1/0-VoD5
AH9 PB178B PB21B PB26B /0
AL7 PB17C PB21C PB26C 7o)
AK7 PB17D PB21D PB26D /0
AJ7 PB18A PB22A PB27A 178
AH8 PB18B PB22B PB27B o
AL6 PB18C PB22C PB27C 110
AK6 PB18D PB22D PB27D 170
AJ6 PB19A PB23A PB28BA 110
AL5 PB19B PB23B PB28B 70
AKS PB19C PB23C PB28C 170
AJ5 PB19D PB23D PB28D 110
AH6 PB20A PB24A PB29A 170
AL4 PB20B PB24B PB29D 110
AK4 PB20C PB24C PB30C 7o}
AJd PB20D PB24D PB30D 110
AH5 DONE DONE DONE DONE
AG4 RESET RESET RESET RESET
AH3 PRGM PRAGM PRGM PRGM
AH2 PR20A PR24A PR30A 1/O-MO
AH1 PR20B PR24B PR30B 110
AF4 PR20C PR24C PR29A IO
AG3 PR20D PR24D PR29D 11O

Notes:
The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled “I/O-VDDS” are user /0s for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.
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Pin Information (continued)

Table 27. OR2C/2T15A, OR2C/2T26A, and OR2C/2T40A 432-Pin EBGA Pinout (continued)

Pin 2C/2T15A Pad 2C/2T26A Pad 2C/2T40A Pad Function
AG2 PR19A PR23A PR28A 1/0-VDDS
AG1 PR19B PR23B PR28B 1o
AF3 PR19C PR23C PR28C o
AF2 PR19D PR23D PR28D [e)
AF1 PR18A PR22A PR27A /O
AD4 PR18B PR22B PR278 l{e]
AE3 PR18C PR22C PR27C 10
AE2 PR18D PR22D PR27D /O
AE1 PR17A PR21A PR26A o
AC4 PR178B PR21B PR26B o
AD3 PR17C PR21C PR26C 1o
AD2 PR17D PR21D PR25A IO
AC3 PR16A PR20A PR24A i)
AB4 PR16B PR20B PR248 10
AC2 PR16C PR20C PR24D e}
AC1 PR16D PR20D PR23D /O-M1
AB3 PR15A PR19A PR22A /o
AB2 PR15B PR198B PR22B O
AB1 PR15C PR19C PR22C 110
AA3 PR15D PR18D PR22D 1/O-VDD5

Y4 PR14A PR18A PR21A 110
AA2 PR14B PR18B PR21B o
AA1 PR14C PR18C PR21C ie]

Y3 PR14D PR18D PR21D /O

W4 PR13A PR17A PR20A 110-M2

Y2 PR13B PR17D PR20D Vo
W3 PR13C PR16A PR19A 10
w2 PR13D PR16B PR19B /O

V4 — PR16D PR19D YO
w1 PR12A PR15A PR18A /O-M3

V3 — PR15D PR18D /O

V2 PR12B PR14A PR17A o

Vi PR12C PR14B PR17B o

U3 PR12D PR14D PR17D WO

U2 PR11A PR13A PR16A O

Ut PR11B PR13B PR16B 110

T3 PR11C PR13C PR16C /10

T4 PR11D PR13D PR16D O

T2 PR10A PR12A PR15A 10

R1 PR10B PR12B PR15B e}

R2 PR10C PR12C PR15C /O

R3 PR10D PR12D PR15D e}

P1 PR9A PR11A PR14A 1/0-VoD5

P2 PR9B PR11C PR14C /0

P3 PR9C PR11D PR14D e

Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.
The pins labeled “/O-VDD5" are user 1/0s for the OR2CxxA series, but they are connected to VDD5 for the OR2TxxA series.
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Pin Information (continued)

Table 27. OR2C/2T15A, OR2C/2T26A, and OR2C/2T40A 432-Pin EBGA Pinout (continued)

Pin 2C/2T15A Pad 2C/2T26A Pad 2C/2T40A Pad Function
N1 — PR10A PR13A 110
P4 PROD PR10C PR13C [7{e]
N2 — PR10D PR13D 110
N3 PR8A PRYA PR12A 1/0-CS1
M2 PR8B PR9D PR12D 110
N4 PR8C PR8A PR11A /O
2 M3 - PR8D PR8D PR11D 1/0
L1 PR7A PR7A PR10A 1/0-CS0
L2 PR7B PR7B PR10B 110
M4 PR7C PR7C PR10C 110
L3 PR7D PR7D PR10D 110
K1 PR6A PR6A PR9A 1o}
K2 PR6B PR6B PR9B /0
K3 PR6C PR6C PR9C 110
J1 PRGD PR6D PROD 110
J2 PR5A PR5A PRBA I/0-RD
K4 PRSB PR5B PR7A /O
J3 PRSC PRSC PR7C /0
H2 PR5D PR5D PRBA 11O
H3 PR4A PR4A PR5A 1/O-VoDS
J4 PR4B PR4B PR5B [o]
G1 PR4C PR4C PRsC 110
G2 PR4D PR4D PR5D 11O
G3 PR3A PR3A PR4A /O-WR
H4 PR3B PR3B PR4B 11O
F1 PR3C PR3C PR4C [/[e]
F2 PR3D PR3D PR4D /O
F3 PR2A PR2A PR3A 110
E1 PR2B PR2B PR3B 110
E2 PR2C PR2C PR3C 11O
E3 PR2D PR2D PR3D 7/e]
F4 PR1A PR1A PR2A o]
D1 PR1B PR1B PR2D 110
D2 PR1C PR1C PR1A 110
D3 PR1D PR1D PR1D 1o
E4 RD_CFGN RD_CFGN RD_CFGN RD_CFGN
D5 PT20D PT24D PT30D /O
C4 PT20C PT24C PT30A 170
B4 PT20B PT24B PT29B IO
Ad PT20A PT24A PT29A 11O
D6 PT18D PT23D PT28D 110
C5 PT18C PT23C PT28C o
B5 PT19B PT23B PT28B 110
A5 PT19A PT23A PT28A 1/O-RDY/RCLK
cé PT18D PT22D PT27D 1[0}

Notes:
The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled “/O-VDDE” are user 1/Os for the OR2CxxA series, but they are connected to VDD5 for the ORI2TxxA series.
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Pin Information (continued)

Table 27. OR2C/2T15A, OR2C/2T26A, and OR2C/2T40A 432-Pin EBGA Pinout (continued)

Pin 2C/2T15A Pad 2C/2T26A Pad 2C/2T40A Pad Function
Bé PT18C PT22C PT27C VO
A6 PT18B PT22B PT27B 110
D8 PT18A PT22A PT27A O
Cc7 PT17D PT21D PT26D o
B7 PT17C PT21C PT26C 170
A7 PT17B PT21B PT26B o
D9 PT17A PT21A PT26A [l(s]
C8 PT16D PT20D PT25D ¥0-D7
BB PT18C PT20C PT25C i8]
C9 PT16B PT20B PT258 110
D10 PT16A PT20A PT25A VO
B9 PT15D PT19D PT24D /O-VDD5
A9 PT15C PT19C PT24C Uie]
C10 PT15B PT19B PT24B O
B10 PT15A PT19A PT23D Vo
A10 PT14D PT18D PT22D /0
c1l PT14C PT18C PT22A ie]
D12 PT148B PT18B PT21D 1/10-D8
B11 PT14A PT18A PT21A /O
At1 PT13D PT17D PT20D e
c12 PT13C PT17A PT20A o
D13 — PT16D PT19D 1/O-VoD5
B12 PT13B PT16B PT19B O
C13 PT13A PT16A PT19A ‘ /0-D5
B13 PT12D PT15D PT18D [lie]
D14 — PT15B PT18B O
At3 PT12C PT15A PT18A 110
C14 PT12B PT14D PT17D /O
B14 _ PT14B PT17B 10
Al4 PT12A PT14A PT17A 1/0-D4
C15 PT11D PT13D PT16D 70
B15 PT11C PT13C PT16C 70
A1S5 PT11B PT13B PT16B YO
Cc16 PT11A PT13A PT16A 1/0-D3
D16 PT10D PT12D PT15D o
B16 PT10C PT12C PT15C /O
A7 PT10B PT12B PT158 1/0-VpD5
B17 PT10A PT12A PT15A /0-D2
Cc17 PT9D PT11D PT14D D1
A18 —_ PT11C PT14C O
Bi8 PT9C PT11A PT14A /O
C18 PT9B PT10D PT13D e
A19 — PT10C PT13C /0
D18 PTGA PT10A PT13A 1/0-DO/DIN
B19 PT8D PTSD PT12D 11O

Notes:
The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled “l/O-VDD5" are user 1/Os for the OR2CxxA serles, but they are connected to VODS5 for the OR2TxxA series.
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Pin Information (continued)

Table 27. OR2C/2T15A, OR2C/2T26A, and OR2C/2T40A 432-Pin EBGA Pinout (continued)

Pin 2C/2T15A Pad 2C/2T26A Pad 2C/2T40A Pad Function
c19 — PTaC PT12C 7[e]
B20 PT8C PT9A PT12A [I[e)
D19 PT8B PT8D PT11D [Ye)
C20 PT8A PT8A PT11A 1/0-DOUT
A21 PT7D PT7D PT10D /O
B21 PT7C PT7C PT10A 110
D20 PT7B PT7B PT9D 1o
Cc21 PT7A PT7A PT9A 110
A22 PT6D PT&D PT8D [1[e)
B22 PT6C PT6C PTBA 110
Cc22 PTEB PT6EB PT7D 11O
A23 PT6A PT6A PT7A 1/O-TDI
B23 PT5D PT5D PT6D 110
D22 PT5C PT5C PT6C [I{e]
c23 PT5B PT5B PT6B 110
B24 PT5A PT5A PT6A 1/0-VDD5
C24 PT4D PT4D PT5D Vo
D23 PT4C PT4AC PT5C s)
A25 PT4B PT4B PT58B [{[e]
B25 PT4A PT4A PT5A /O-TMS
C25 PT3D PT3D PT4D 1O
D24 PT3C PT3C PT4C 110
A26 PT3B PT3B PT4B 110
B26 PT3A PT3A PT4A 11O
C26 PT2D PT2D PT3D [I{e]
A27 PT2C PT2C PT3C 1o
B27 PT2B PT2B PT3B 1o
c27 PT2A PT2A PT3A 110
D26 PT1D PT1D PT2D e}
A28 PT1C PT1C PT2A e}
B28 PT1B PTiB PT1D [I[e]
C28 PT1A PT1A PT1A /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
A20 Vss Vss Vss Vss
A24 Vss Vss Vss Vss
A29 Vss Vss Vss Vss
A3 Vss Vss Vss Vss
A30 Vvss Vss Vss Vss
A8 Vss Vss Vss Vss
AD1 Vss Vss Vss Vss
AD31 Vss Vss Vss Vss
AN Vss Vss Vss Vss

Notes:

The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.
The pins labeled “VO-VDDS5" are user /Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA saries.
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Pin Information (continued)

Table 27. OR2C/2T15A, OR2C/2T26A, and OR2C/2T40A 432-Pin EBGA Pinout (continued)

Pin 2C/2T15A Pad 2C/2T26A Pad 2C/2T40A Pad Function
AJ2 Vss Vss Vss Vss
AJ30 Vss Vss Vss Vss
AJ31 Vss Vss Vss Vss
AK1 Vss Vss Vss Vss
AK29 Vss Vss Vss Vss
AK3 Vss Vss Vss Vss
AK31 Vss Vss Vss Vss
AL12 Vss Vss Vss Vss
AlL16 Vss Vss Vss Vss
AL2 Vss Vss Vss Vss
AL20 Vss Vss Vss Vss
AlL24 Vss Vss Vss Vss
AL29 Vss Vss Vss vss
AL3 Vss Vss Vss Vss
AL30 Vss Vss Vss Vss
ALS Vss Vss Vss Vss
B1 Vss Vss Vss Vss
B29 Vss Vss Vss Vss
B3 Vss Vss Vss Vss
B31 Vss Vss Vss Vss
Ct Vss Vss Vss Vss
c2 Vss Vss Vss Vss
C30 Vss Vss vss Vss
C31 Vss Vss Vss Vss
H1 Vss Vss Vss Vss
H31 Vss Vss Vss Vss
M Vss Vss Vss Vss
M31 Vss Vss Vss Vss
T Vss Vss Vss Vss
T31 Vss Vss Vss Vss
Y1 Vvss Vss Vss Vvss
Y31 Vss Vss Vss Vss
Al VDD Vbb VoD VDD
A31 VbD VDD VpD VDD
AA28 VDD Voo VoD VDo
AA4 VbD VDD VDD VoD
AE28 VDD Voo VDD VDD
AE4 VDD VDD VDD VDD
AH11 VDD VoD VDD VDD
AH15 VoD VDD VDD VDD
AH17 VDD VoD VDD VDD
AH21 VDD VDD VDD VoD
AH25 VoD VDD VoD VDD
AH28 VoD Voo VoD VDD
AH4 VoD VoD Vpo VoD

Notes:
The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled “I/O-VDD5" are user I/Os for the OR2CxxA series, but they are connected to VODS5 for the OR2TxxA sefies.
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Pin information (continued)

Table 27. OR2C/2T15A, OR2C/2T26A, and OR2C/2T40A 432-Pin EBGA Pinout (continued)

Pin 2C/2T15A Pad 2C/2T26A Pad 2C/2T40A Pad Function
AH7 VoD VbD VDD \sls}
AJ29 VbD VDD VDo VDD
AJ3 VoD Vop VDD VDD
AK2 VoD VDD VoD VpD
AK30 VoD VDD VbD VDD
AlL1 VoD VbD VoD VDD

AL31 VoD Voo VoD VDD
L B2 VDD VoD VoD VoD

B30 VoD VDD VbD VDD
Cc29 VoD VDD VoD VDD

C3 VoD VDD VoD VbD
D11 VDD VoD Vop VDD
D15 VoD VDD VDD VDD
D17 VDD VbD VDD VDD
D21 Vop VDD VoD VDD
D25 VpD VDD VoD VDD
D28 Vob Vbo VDb VoD

D4 Vbp VDD VoD VDD

D7 VoD VDD VoD VoD
G28 VoD VDD VDD VDD

G4 VDD VDD Vbb VDD

1.28 VoD VDD VDD VoD

L4 VDD VDD VbD VoD
R28 Voo VDD VDD VoD

R4 VDD VDD VoD VDD
u28 VoD VoD VoD VDD

U4 VDD Vbo VDD VoD

Notes:
The OR2T15A pin AG2 is not connected in the 432-pin EBGA package.

The pins labeled “I/O-VDDS" are user /0s for the DR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.
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Pin Information (continued)

Table 28. OR2C/2T26A and OR2C/2T40A 600-Pin EBGA Pinout

Pin | ORCIZY2SA [ ORICETAOA | Finction | | pin | OPRCITESA | ORZGRTAOA | cupcion
E32 PL1D PL1D 10 R35 PL10B PL13B 110
E33 —_ PL1C 1o T32 PL10A PL13A O
E34 PL1C PL1A /O T33 PL11D PL14D o
F31 PL1B PL2D 1o T34 PL11C PL14C VO
F32 PL1A PL2A O U31 PL11B PL14B [e]
F33 PL2D PL3D 1/QO-A0 u32 PL11A PL14A 110-A6
F34 PL2C PL3C /8] U33 PL12D PL15D /10
G31 PL2B PL3B 0 U34 PL12C PL15C o
G32 PL2A PL3A o V33 PL12B PL15B 1]
G33 PL3D PL4D ] V31 PL12A PL15A VO-A7
G34 PL3C PLAC O V32 PL13D PL16D VO
H31 PL3B PL4B e V34 PL13C PL16C 1/O-VDDS
H32 PL3A PL4A 1O W3s PL13B PL16B 110
H33 PL4D PL5D 1/0-VDD5 W33 PL13A PL16A /O-A8
H34 PLAC PL5C 170 W31 PL14D PL17D /O-A9
J31 PL4B PL5B o w32 PL14C PL17C [e]
J32 — PL5A o W34 PL14B PL17B Ui}
J33 PL4A PL&6D 9] Y34 PL14A PL17A 1O
J34 — PL6C O Y33 PL15D PL18D 18]
J35 — PLEB o Y32 PL15C PL18C O
K31 - PLBA /O AA35 PL15B PL18B 110
K32 PL5D PL7D /O AA34 PL15A PL18A 1/0-A10
K33 PL5C PL7C /O AA33 PL16D PL19D [e]
K34 PL5B PL7B ) AA31 PL16C PL19C Qo
K35 — PL7A /0 AA32 PL16B PL19B 110
L32 PL5A PL8D 1/O-A1 AB35 PL16A PL19A YO
L33 — PL8C O AB34 PL17D PL20D VO
L34 — PL8B /O AB33 PL17C PL20C /O
L35 — PLBA 17O AB31 PL17B PL20B 110
M31 PL6D PL9D VO AB32 PL17A PL20A VO-A11
M32 PL6C PLAC i8] AC34 PL18D PL21D /O-A12
M33 PL6B PL9B e} AC33 PL18C PL21C 1o
M34 PLBA PL9A /O-A2 AC32 PL18B PL21B 1O
M35 PL7D PL10D /O AC3H PL18A PL21A O
N31 PL7C PL10C o AD35 PL18D PL22D /O
N32 PL7B PL10B lie] AD34 PL18C PL22C o
N33 PL7A PL10A 1/1Q-A3 AD33 PL19B PL22B /O-A13
N34 PL8D PL11D 1/0-VDD5 AD32 PL19A PL22A 0
P31 PLBC PL11C O AD31 PL20D PL23D O
P32 PL8B PL11B o AE35 PL20C PL23C WO
P33 PL8A PL11A o AE34 — PL23B O
P34 PLID PL12D 1o AE33 — PL23A 10
P35 PLIC PL12C YO AE32 PL20B PL24D WO
R31 PL9B PL12B e) AF35 - PL24C e}
R32 PL9A PL12A 1/0-A4 AF34 — PL.248 18]
R33 PL10D PL13D 1/QO-AS AF33 — PL24A O
R34 PL10C “PL13C o AF32 PL20A PL26D [[8]

Note: The pins labsled “¥O-VDD5” are user 1/Os for the OR2CxxA series, but they are connecied to VDDS for the OR2TodA series.
Lucent Technologies Inc.
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Pin Information (continued)

Table 28. OR2C/2T26A and OR2C/2T40A 600-Pin EBGA Pinout (continued)

Pin omg:‘:;m“ ORzng‘M Function Pin omgﬁr”‘\ OR%TMA Function
AF31 — PL25C 1O ANZ25 — PB8B 110
AG35 — PL25B 110 AP25 — PB8C 1O
AG34 PL21D PL25A 11O-A14 AR25 PB6D PB8D 110
AG33 — PL26D 11O Al24 PB7A PB2A VO
AG32 PL21C PL26C 8] AM24 — PB9B [I]e]
AG31 PL21B PL26B 110 AN24 — PB9C 110
AH34 PL21A PL26A (o] AP24 PB7B PBID /O
AH33 PL22D PL27D 1/0-VDD5 AR24 PB7C PB10A /0
AH32 pPL22C PL27C 110 AL23 — PB10B /O
AH31 PL22B PL27B 110 AM23 — PB10C 110
AJ34 PL22A PL27A /O AN23 PB7D PB10D 110
AJ33 PL23D PL28D /O AP23 PBBA PB11A 1/O-VDD5
AJ32 PL23C PL28C 11O AL22 PB8B PB11B 110
AJ31 PL23B PL28B 110 AM22 PB8C PB11C /0
AK34 PL23A PL28BA /O AN22 PB8D PB11D /O
AK33 — PL29D 11O AP22 PB9A PB12A /O
AK32 PL24D PL29A /O AR22 PB9B PB12B /@]
AK31 PL24C PL30C /O AL21 PBIC PB12C (e}
AL34 PL24B PL30B 110 AM21 PBID PB12D /[e]
AL33 PL24A PL30A 11O-A15 AN21 PB10A PB13A 1O
AL32 CCLK CCLK CCLK AP21 PB10B PB13B i10
AM31 PB1A PB1A 1/O-A16 AR21 PB10C PB13C 11O
AN31 PB1B PB1B 11O AM20 PB10D PB13D 1o
AP31 — PB1D fie] AN20 PB11A PB14A 1o
AL30 PB1C PB2A [} AP20 PB11B PB14B 110
AM30 PB1D PB2D /O AL19 PB11C PB14C o]
AN30 PB2A PB3A /O AM19 PB11D PB14D 1O
AP30 PB2B PB3B /O AN19 PB12A PB15A {1®]
AL29 PB2C PB3C e} AP19 PB12B PB15B 110
AM29 PB2D PB3D 1/O-VDD5 AN18 PB12C PB15C /]9
AN29 PB3A PB4A 11O AL18 PB12D PB15D O
AP29 PB3B PB4B /G AM18 PB13A PB16A /{e]
AL28 PB3C PB4C 8] AP18 PB13B PB16B 110
AM28 PB3D PB4D 11O AR17 PB13C PB16C 11O
AN28 PB4A PBSA o] AN17 PB13D PB16D /o]
AP28 PB4B PB5B 11O AlL17 PB14A PB17A 1/0-VDD5
AL27 PB4AC PB5C 1O AM17 PB14B PB17B 11O
AM27 PB4D PBSD 11O-A17 AP17 PB14C PB17C 110
AN27 PBSA PB6A (e} AP16 PB14D PB17D 11O
AP27 PBsB PB6B /0 AN16 PB15A PB18A 110
AR27 PBSC PB6C /0 AM16 PB15B PB18B o]
AL26 PBsD PB6D 110 AR15 PB15C PB18C /0
AM26 PB6A PB7A /O AP15 PB15D PB18D 110
AN26 — PB7B 10 AN15 PB16A PB19A 1/O-HDC
AP26 — PB7C O AL15 PB16B PB19B 1O
AR26 PB6B PB7D /O AM15 PB16C PB19C l{e]
AM25 PB6C PB8A 1O AR14 PB16D PB19D /0

Note: The pins labeled “/O-VDD5" are user /Os for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.
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Pin Information (continued)

Table 28. OR2C/2T26A and OR2C/2T40A 600-Pin EBGA Pinout (continued)

OR2C/2T26A

OR2C/2T40A

OR2C/2T26A

OR2C/2T40A

Pin Pad Pad Function Pin Pad Pad Function
AP14 PB17A PB20A 1o AK3 PR24D PR29D {1[]
AN14 PB178 PB20B O AK2 PR23A PR28A 1/O-VDD5
AL14 PB17C PB20C /O AJS PR23B PR28B /O
AM14 PB17D PB20D o AJ4 PR23C PR28C 110
AP13 PB18A PB21A 1/0-LDC AJ3 PR23D PR28D e}
AN13 — PB21B o) AJ2 PR22A PR27A [I{e]
AM13 — PB21C 11O AHS5 PR22B PR27B 1{e]
AL13 PB18B PB21D 1O AH4 PR22C PR27C 110
AR12 PB18C PB22A 110 AH3 PR22D PR27D 110
AP12 — PB22B 11O AH2 PR21A PR26A 110
AN12 — PB22C [lje)] AG5 PR21B PR26B 1e)
AM12 PB18D PB22D [1[e) AG4 PR21C PR26C [I[e)
AL12 PB19A PB23A [[[e] AG3 — PR26D /e
AR11 — PB23B 7[e] AG2 PR21D PR25A [l{e]
AP11 — PB23C 10 AG1 — PR25B 1710
AN11 - PB23D [Ie] AF5 — PR25C o]
AM11 PB19B PB24A [He) AF4 —_ PR25D 70
AR10 — PB24B [Ie} AF3 PR20A PR24A o]
AP10 PB19C PB24C [lje) AF2 PR20B PR24B /O
AN10 PB190D PB24D o AF1 — PR24C /(o]
AM10 PB20A PB25A //O-INIT AE4 PR20C PR24D 170
AL10 PB208 PB258 [l{e] AE3 — PR23A [l[e)

AR9 PB20C PB25C 1o AE2 — PR238B /0

AP9 PB20D PB25D 1o AE1 — PR23C [[{e]

AN9 PB21A PB26A 1/0O-Vop5 AD5 PR20D PR23D 17O-M1
AM9 PB21B PB26B 110 AD4 PR19A PR22A [{e]
AlL9 PB21C PB26C 18] AD3 PR19B PR228B 110
AP8 PB21D PB26D 1o AD2 PR19C PR22C [I(e]
AN8 PB22A PB27A 1O AD1 PR19D PR22D 1/0-VoD5
AMS8 PB22B PB27B 11O AC5 PR18A PR21A 170
AL8 PB22C PB27C [[e] AC4 PR18B PR21B 110
AP7 PB22D PB27D o] AC3 PR18C . PR21C l{e]
AN7 PB23A PB28A [I[e] AC2 PR18D PR21D o]
AM7 PB23B PB28B o ABS5 PR17A PR20A 1/O0-M2
AL7 PB23C PB28C 11O AB4 PR17B PR20B 110
AP6 PB23D PB28D o] AB3 PR17C PR20C o)
ANSB PB24A PB29A 10 AB2 PR17D PR20D l{e]
AM6 PB248 PB29D 10 AB1 PR16A PR19A 110
ALS — PB30A je] AAS PR16B PR198B 0
AP5 PB24C PB30C 1] AA4 PR16C PR19C IO
AN5S PB24D PB30D /O AA3 PR16D PR19D [I{e]
AMS DONE DONE DONE AA2 PR15A PR18A 170-M3

AL4 RESET RESET RESET AA1 PR15B PR18B /O

AL3 PRGM PRGM PRGM Y4 PR15C PR18C 110

AL2 PR24A PR30A 1/O-MO Y3 PR15D PR18D [[{e]

AK5 PR24B PR30B 110 Y2 PR14A PR17A /0

AK4 PR24C PR29A 170 w5 PR14B PR178B 110

Note: The pins labeted “/O-VDD5" are user 1/Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.
Lucent Technologies Inc.
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Pin Information (continued)

Table 28. OR2C/2T26A and OR2C/2T40A 600-Pin EBGA Pinout (continued)

Pin onzg:z;r 26A OR2(P::2dT4OA Function Pin ORZgI:;TZGA ORZgIaZdTMA Function
W4 PR14C PR17C O J5 PR4B PR58B lie]
W3 PR14D PR17D ] H2 PR4C PR5C o
w2 PR13A PR16A /O H3 PR4D PR5D o
V3 PR13B PR16B Vo H4 PR3A PR4A I/O-WR
V5 PR13C PR16C o H5 PR3B PR4B 110
= V4 PR13D PR16D e} G2 PR3C PR4C o)
i~ va PR12A PR15A YO G3 PR3D PR4D o
U1 PR12B PR15B Vo G4 PR2A PR3A o
U3 PRi12C PR15C e G5 PR2B PR3B O
Us PR12D PR15D o F2 PR2C PR3C O
U4 PR11A PR14A 1/0-VDD5 F3 PR2D PR3D {e]
Uz PR11B PR14B O F4 PR1A PR2A 1o
T2 PR11C PR14C Yo F5 PR1B PR2D o
T3 PR11D PR14D o E2 PRIC PR1A 1o
T4 PR10A PR13A Vo E3 PR1D PR1D O
R1 PR10B PR13B Vo E4 RD_CFGN | RD_CFGN RD_CFGN
R2 PR10C PR13C VO D5 PT24D PT30D o
R3 PR10D PR13D 7] C5 — PT30C o
R5 PRYA PR12A /O-CS1 B5 PT24C PT30A YO
R4 PRgB PR12B /O E6 PT24B PT298 e
P1 PRSC PR12C O D6 PT24A PT28A Vo
P2 PRSD PR12D o Cé PT23D PT28D o
P3 PR8A PR11A VO B6 PT23C PT28C o
P5 PR3B PR11B /O E7 PT23B PT28B o
P4 PR8C PR11C o D7 PT23A PT28A 1/O-RDY/RCLK
N2 PR8D PR11D l{e] c7 PT22D PT27D 1o
N3 PR7A PR10A 1/O-C50 B7 PT22C PT27C /0
N4 PR78 PR10B o E8 PT228B PT27B 8]
N5 PR7C PR10C o D8 PT22A PT27A Vo
M1 PR7D PR10D o Cs PT21D PT26D 14e]
M2 PR6A PRYA o B8 PT21C PT26C VO
M3 PR6B PRIB e} E9 PT21B PT26B O
M4 PR6C PRoC o D9 PT21A PT26A o
M5 PR6D PR9D Vo Cc9 PT20D PT25D 110-D7
L1 PR5A PRBA I/O-RD B9 PT20C PT25C /O
L2 — PR8B Yo A9 PT208 PT258 Vo
L3 — PR8C Vo E10 PT20A PT25A /O
L4 — PR8D Yo D10 PT19D PT24D /O-VoD5
K1 PR5B PR7A O C10 PT18C PT24C /1o
K2 —_ PR7B o B10 PT19B PT24B /0
K3 PRS5C PR7C i) A10 — PT24A 18]
K4 —_ PR7D e D11 PT19A PT23D /O
K5 PR5D PREA O C11 — PT23C 10
J1 — PR6B YO B11 — PT23B 10
J2 — PR6C YO A1l - PT23A 10
J3 — PR6D O E12 PT18D PT22D o
J4 PR4A PRSA /O-VoDS D12 — PT22C 110

Note: The pins labeled “//O-VDDS" are user 1/Os for the OR2CxxA series, but they are connected to VDD5 for the OR2TxxA series.
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Table 28. OR2C/2T26A and OR2C/2T40A 600-Pin EBGA Pinout (continued)

OR2C/2T26A

OR2C/2T40A

OR2C/2T26A

OR2C/2T40A

Pin Pad pad Function Pin pad Pad Function
C12 — PT22B l{e] Cc23 — PT10C /O
B12 PT18C PT22A o] D23 — PT108B [I[e)
A12 PT18B PT21D /0-D6 E23 PT7C PT10A 1/0
Et13 — PT21C [I[[e] A24 PT7B PT9D 7o}
D13 — PT21B [Ile) B24 —_— PT9C [1{e]
C13 PT18A PT21A [I{e) C24 — PTIB {e;
B13 PT17D PT20D 7o) D24 PT7A PT9A 18]
E14 PT17C PT20C O E24 PT6D PT8D [I[e]
D14 PT17B PT208B [[{e] A25 — PT8C O
Cl4 PT17A PT20A [I]e] B25 — PT8B O
B14 PT16D PT19D 1/0-VDD5S C25 PTeC PTBA e}
Al4 PT16C PT19C [Ie) D25 PT6B PT7D /0O
E15 PT168 PT19B [[{e] A26 — PT7C I{e]
D15 PT16A PT19A 11O-D5 B26 — PT7B O
C15 PT15D PT18D 110 C26 PTBA PT7A /O-TDI
B15 PT15C PT18C 17O D26 PTSD PT6D 110
A15 PT158 PT18B o] E26 PT5C PT6C /O
D16 PT15A PT18A 1] A27 PT5B PT6B /O
C16 PT14D PT17D 110 B27 PT5A PTBA 1/0-VDD5
B16 PT14C PT17C 10 c27 PT4D PT5D Qo
E17 PT14B PT178 [fie] D27 PT4C PT5C 1le]
D17 PT14A PT17A 1/0-D4 E27 PT4B PT5B 10
C17 PT13D PT16D 110 B28 PT4A PT5A {/O-TMS
B17 PT13C PT16C /O C28 PT3D PT4D [l{e]
Cci8 PT13B PT16B lje] D28 PT3C PT4C /0O
E18 PT13A PT16A ¥O-D3 E28 PT3B PT4B [[[e]
D18 PT12D PT18D [1[e] B29 PT3A PT4A 17O
B18 PT12C PT15C [le] C29 PT2D PT3D [[e]
A19 PT12B PT158B 110-VoD5 D29 PT2C PT3C e}
Cc19 PT12A PT15A 110-D2 E29 PT2B PT3B [{e]
E19 PT11D PT14D 1/0-D1 B30 PT2A PT3A [[e]
D19 PT11C PT14C le] C30 PTI1D PT2D [I{e]
B19 PT11B PT148 (e} D30 PT1C PT2A [Te]
B20 PT11A PT14A [[[e] E30 PT1B PT1D 10
c20 PT10D PT13D [[[e) B31 — PT1C 110
D20 PT10C PT13C 170 C31 PT1A PT1A YO-TCK
A21 PT10B PT13B 11O D31 RD_DATA/ RD_DATA/ RD_DATA/
B21 PT10A PT13A 1/0-DO/DIN PTDO PTDO TDO
c21 PTOD PT12D ) A13 Vss Vss Vss
E21 PT9C PT12C [I{e] A16 Vss Vss Vss
D21 PT9B PT12B [1(e] A20 Vss Vss Vss
A22 PT9A PT12A Ie] A23 Vss Vss Vss
B22 PT8D PT11D [e] A28 Vss Vss Vss
Cc22 PT8C PTH1C [[e] A29 Vss Vss Vss
E22 PT88 PT11B o] A3 Vss Vss Vss
D22 PTBA PT11A 11O-DOUT A32 Vss Vss Vss
B23 PT7D PT10D 11O A33 Vss Vss Vss

Note: The pins labsled “¥O-VDDS" are user I/Os for the OR2CxxA series, but they are connected to VDD5 for the QR2TxxA series.
Lucent Technologies Inc.

2-329




ORCA OR2CxxA/OR2TxxA Series FPGAs FPGA Data Book

Pin Information (continued)

Table 28. OR2C/2T26A and OR2C/2T40A 600-Pin EBGA Pinout (continued)

Pin ORZgI::zsA 0R2glazc"l'40A Function Pin onzgz;rzslx ORZgI:thlOA Function
Ad Vss Vss Vss D1 Vss Vss Vss
A7 Vss Vss Vss D2 Vss Vss Vss
A8 Vss Vss Vss D3 Vss Vss Vss
AC1 Vss Vss Vss D33 Vss Vss Vss
AC35 Vss Vss Vss D34 Vss Vss Vss
- AH1 Vss Vss Vss D35 vss Vss Vss
AH35 Vss Vss Vss G1 Vss Vss Vss
AJ1 Vss Vss Vss G35 Vss Vss Vss
AJ35 Vss Vss Vss H1 Vss Vss Vss
AM1 Vss Vss Vss H35 Vss Vss Vss
AM2 Vss Vss Vss N1 Vss Vss Vss
AM3 Vss Vvss Vss N35 Vss Vss Vss
AM33 Vss Vvss Vss T1 Vss Vss Vss
AM34 Vss Vss Vvss T35 Vss Vss Vss
AM35 Vss Vss Vss Y1 Vss Vss Vss
AN1 Vss Vss Vss Y35 Vss Vss Vss
AN2 Vss Vss Vss A1 VDD VoD VDD
AN32 Vss Vss Vss A17 VbD Vbb VDD
AN34 Vss Vss Vss A18 VDD VDD VDD
AN35 Vss Vss Vss A2 VDD VDD VoD
AN4 Vss Vss Vss A30 VDD VDD VDD
AP3 Vss Vss Vss A31 VDD Voo VDD
AP32 Vss Vss Vss A34 VoD VDD VDD
AP33 Vss Vss Vss A35 VDD VDD VoD
AP4 Vvss Vss Vss A5 VDD VoD VDD
AR13 Vss Vss Vss AbB VoD VoD Voo
AR16 Vss Vss Vss AE31 VDD VoD VoD
AR20 Vss Vss Vss AES VDD VDD VoD
AR23 Vss Vss Vss AK1 VoD VoD Vob
AR28 Vss Vss Vss AK35 VoD VoD Vop
AR29 Vss Vss Vss AL1 VDD Vob VoD
AR3 Vss Vss Vss AL11 VDD VoD VDD
AR32 Vss Vss Vss AL18 VDo VDD VbD
AR33 Vss Vss Vss AL20 VDD VDD VDD
AR4 Vss Vss Vss AL25 VoD VoD VDD
AR7 Vss Vss Vss AL31 VDD VoD VoD
ARS8 Vss Vss Vss AL35 VDD VDD VDD
B3 Vss Vss Vss ALS5 VDD VoD VoD
B32 Vss Vss Vss AM32 VoD VDD )
B33 Vss Vss Vss AM4 VDD VDD VoD
B4 Vss Vss Vss AN3 VDD VDD Vob
C1 Vss Vss Vss AN33 VoD VoD Vop
c2 Vss Vss Vss AP1 VDD VDD Voo
C32 Vss Vss Vss AP2Z VDD VDD VDD
C34 Vss Vss Vss AP34 VDD Voo VDD
C35 Vss Vss Vss AP35 VoD VDD VDD
C4 Vss Vss Vss AR1 VDD VDD VoD

Note: The pins labeled “/O-VDD5" are user I/Os for the OR2CxxA series, but they are connected to VDDS for the OR2TxxA series.
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Pin Information (continued)

Table 28. OR2C/2T26A and OR2C/2T40A 600-Pin EBGA Pinout (continued)

OR2C/2T26A

OR2C/2T40A

OR2C/2T26A

OR2C/2T40A

Pin Pad Pad Function Pin Pad Pad Function
AR18 VoD VDD VDD E16 VDD VDD VDD
AR19 VoD VDD VoD E20 Voo Voo VDD

AR2 VDD VDD VDD E25 Vop Vbb VbD
AR30 VoD VDD VDD E31 VoD VDD VoD
AR31 VbD Voo VoD E35 VoD VDD VoD
AR34 VoD o) VDD E5 VoD VDD Vop
AR35 VDD VDD VoD F1 VoD VDD VbD

AR5 Voo VoD VoD F35 VDD VoD VDD
ARB VoD VoD VDD .31 VDD VoD VDD

B1 VDD VoD VoD LS VDD VoD VDD

B2 VoD VoD Vob T31 VDD VDD VbD

B34 VoD VoD Vob T5 VoD VDD Voo

B35 VDD VDD Vob Uss VDD VDD VoD

C3 VDD VoD VoD Vi VoD VDD VDD

C33 VDD VDD VDD V35 VDD VoD VoD

D32 VDD VoD VDD W1 VoD VDD Voo

Da VDD VDD Voo Y31 VoD VoD VbD

E1 VDD VoD VDD Y5 VoD VoD VDD

E11 VoD VoD VDD

Note: The pins labeled “I/O-VDD5” are user 1Os for the OR2CxxA series, but they are connected to VDDS5 for the OR2TxxA series.

Lucent Technologies Inc.
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Package Thermal Characteristics

There are three thermal parameters that are in com-
mon use: GJA, YIC, and ©JC. It should be noted that all
the parameters are affected, to varying degrees, by
package design {including paddie size) and choice of
materials, the amount of copper in the test board or
system board, and system airflow.

The data base containing the thermal values for alt of
Lucent Technologies’ IC packages is currently being
updated to conform to modern JEDEC standards.
Thus, Table 29 contains the currently available thermal
specifications for Lucent Technologies' FPGA pack-
ages 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, cor-
respond to those packages mounted on a non-JEDEC,
single-layer, sparse copper board (see Note 1). 1t
should also be noted that the values for the older pack-
ages are considered conservative.

OJA

This is the thermal resistance from junction to ambient
(a.k.a. theta-JA, R-theta, etc.).

T4-TA
OJA = —a
where TJ is the junction temperature, TA is the ambient
air temperature, and Q is the chip power.

Experimentally, QJA is determined when a special ther-
mal test die is assembled into the package of interest,
and the part is mounted on the thermal test board. The
diodes on the test chip are separately calibrated in an
oven. The package/board is placed either in a JEDEC
natural convection box or in the wind tunnel, the latter
for forced convection measurements. A controlied
amount of power (Q) is dissipated in the test chip’s
heater resistor, the chip’s temperature (TJ) is deter-
mined by the forward drop on the diodes, and the ambi-
ent temperature (Ta) is noted. Note that &JaA is
expressed in 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

wic a
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where TC is the case temperature at top dead center,
T4 is the junction temperature, and Q is the chip power.
During the ©JA measurements described above,
besides the other parameters measured, an additionai
temperature reading, T¢, is made with a thermocouple
attached at top-dead-center of the case. VJC is also
expressed in units of °C/watt.

eJc

This is the thermal resistance from junction to case. It
is most often used when attaching a heat sink to the
top of the package. It is defined by:

_T4-TC
Ta

The parameters in this equation have been defined
above. However, the measurements is performed 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 of the package. It is this difference
in the measurement process that differentiates @uc
from Wuc. ©Jc is a true thermal resistance and is
expressed in units of °C/watt.

eJc

oJB

This is the thermal resistance from junction to board
(a.k.a., ©J). 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 ©@JsB is expressed in
units of °C/watt, and that this parameter and the way it
is measured is still in JEDEC committee.

QJB =

FPGA Maximum Junction Temperature

Once the power dissipated by the FPGA has been
determined (see the Estimating Power Dissipation sec-
tion), the maximum junction temperature of the FPGA
can be found. This is needed to determine if speed der-
ating 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 max-
imum junction temperature is approximated by:

TJmax = TAmax + (Q * ©JA)
Table 29 lists the thermal characteristics for all pack-
ages used with the ORCA OR2C/TxxA Series of

FPGAs.
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Package Thermal Characteristics (continued)

Table 29. ORCA OR2CxxA/OR2TxxA Plastic Package Thermal Guidelines

Sua (°C/W) TA = 70 °C max
Package 0 fpm 200 fpm 400 fpm 500 fpm T4 = 125 °C max
@ 0 fpm (W)
84-Pin PLCC' 40.0 35.0 32.0 — 1.4
100-Pin TQFP2 30.0—27.0 26—23 — 24.0—21.0 1.8~2.0
144-Pin TQFP? 52.0 39.0 36.0 — 1.1
160-Pin QF P2 24.0 (est.) 21.5 (est.) — 20.5 (est.) 2.3 (est.)
208-Pin SQFP? 26.5 23.0 — 21.0 2.1
208-Pin SQFP22 12.8 10.3 — 9.1 4.3
240-Pin SQFP2 25.5 225 — 21.0 2.2
240-Pin SQFP27? 130 10.0 —_ 9.0 4.2
256-Pin PBGA23 225 19.0 — 17.5 2.4
256-Pin PBGA24 26.0 22.0 — 205 21
304-Pin SQFP? 275 24.0 —_ 225 2.0
304-Pin SQFP2? 12.0 (est.) 10.0 (est.) — 9.0 (est.) 4.6 (est.)
352-Pin PBGAZ3 19.0 16.0 — 15.0 2.9
352-Pin PBGA2* 255 22.0 _ 20.5 2.4
432-Pin EBGA? 11.0 85 — 7.5 5.0
600-Pin EBGA? 10.0 (est.) 7.5 (est.) — 7.0 (est.) 5.5 (est.)

1. Mounted on a sparse copper one-layer test board.

2. Mounted on four-layer JEDEC standard test board with two power/ground planes.

3. With thermal balls connected to board ground plane.
4. Without thermal balls connected to board ground plane.

Note: The Yuc for the packages listed is <1 °C/W. This implies that virtually all of the heat is dissipated through the board on which the package

is mounted,

Package Coplanarity

The coplanarity limits of the ORCA OR2CxxA/
OR2TxxA series packages are as foliows:
w TQFP: 3.15 mils
s PLCC and QFP: 4.0 mils
» PBGA: 8.0 mils
= SQFP: 4.0 mils (240 and 304 only)
3.15 mils {all other sizes)
m SQFP2: 3.15 mils
s EBGA: 8.0 mils

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 sight parasitics
associated with the ORCA 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.

Lucent Technologies Inc.

Four inductances in nH are listed: Lsw and LsL, the
self-inductance of the lead; and LMw and LM, the
mutual inductance to the nearest neighbor lead. These
parameters are important in determining ground
bounce noise and inductive crosstalk noise. Three
capacitances in pF are listed: Cwm, the mutual capaci-
tance of the lead to the nearest neighbor lead; and C1
and Cz2, the total capacitance of the lead to all other
leads (all other leads are assumed to be grounded).
These parameters are important in determining capaci-
tive crosstalk and the capacitive loading effect of the
lead.

The parasitic values in Table 30 are for the circuit
mode) of bond wire and package lead parasitics. If the
mutual capacitance vaiue is not used in the designer's
model, then the value listed as mutual capacitance
should be added to each of the Ct and Cz capacitors.
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Package Parasitics (continued)
Table 30. ORCA OR2CxxA/OR2TxxA Package Parasitics

Package Type Lsw Lmw Rw C1 C2 Cm Lst LMo
84-Pin PLCC 3 1 140 1 1 0.5 711 3—6
100-Pin TQFP 3 1 150 0.5 0.5 0.4 4—6 2—3
144-Pin TQFP 3 1 140 1 1 0.6 46 2—2.5
160-Pin QFP 4 15 180 15 1.5 1 10—13 6—8
208-Pin SQFP 4 2 200 1 1 1 7—10 4—6
208-Pin SQFP2 4 2 200 1 1 1 69 4—6
240-Pin SQFP 4 2 200 1 1 1 8—12 5—8
240-Pin SQFP2 4 2 200 1 1 1 711 4—7
256-Pin PBGA 5 2 220 1 1 1 5--8 2—4
304-Pin SQFP 5 2 220 1 1 1 12—18 7—12
304-Pin SQFP2 5 2 220 1 1 1 11—17 7—12
352-Pin PBGA 5 2 220 1.5 1.5 1.5 7—12 36
432-Pin EBGA 4 1.5 500 1 1 0.3 355 0.5—1
600-Pin EBGA 4 1.5 500 1 1 0.4 3—6 0.5—1

CIRCUIT
Lsw Aw Lst BOARD PAD
PAD N
I + Ct ’ Ca
Lvw Cm Lmu I
PADN+1 L l
Lsw Rw LstL
= C1

T

Figure 54. Package Parasitics

5-3862(C)R2
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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 damaging substrate injection cur-
rents and prevent accumulations of static charge. Nevertheless, conventional precautions should be observed dur-
ing storage, 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 VoD ~0.5 7.0 A
VD05 Supply Voltage with Respect to Ground VoD5 VDD 7.0 \
{OR2TxxA)
Input Signal with Respect to Ground — -0.5 VoD + 0.3 "
Signal Applied to High-impedance Output —_ -0.5 Vob +0.3 A
Maximum Soldering Temperature — — 260 °C
Note: During powerup and powerdown sequencing, VDD is allowed to be at a higher voltage level than VDDS for up to 100 ms.
Recommended Operating Conditions
OR2CxxA OR2TxxA
Mode Temperature Supply Voitage Temperature Supply Voitage | Supply Voltage
Range (Vobn) Range (Vop) (VDD5)
(Ambient) (Ambient)
Commercial 0°Cto70°C 5V+5% 0°Cto70°C 30Vic 36V VDD to 5256V
Industrial —40 °C to +85 °C 5V+10% —~40 °C to +85 °C 30Vio 36V Vopto 525V
Note: The maximum recommended junction temperature (TJ) during operation is 125 °C.
Lucent Technologies Inc. 2-335
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Electrical Characteristics

Table 31. 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 = 3.0 Vto 3.6 V, 0 °C < TA £ 70 °C; OR2TxxA industrial: VDD = 3.0 Vto 3.6 V, ~40°C < TA < +85 °C.

Parameter Symbol Test Conditions OR2CxxA OR2TxxA Unit
Min Max Min Max

Input Voltage: Input configured as CMOS

High VIH (inciudes OR2TxxA) 70% VoD | VDD + 0.3| 80% VDD | VDD + 0.3| v

Low ViL GND - 0.5 20% VDD | GND - 0.5| 15% VDD Y
Input Voltage: Input configured as TTL

High ViH (not valid for OR2TxxA) 20 |VDD+03| — - v

Low VIL -0.5 0.8 — —_ v
Output Voltage:

High VOH VDD =Min, IOH=6 mA or3mA 2.4 — 2.4 — \'4
Low VOL VDD = Min, IOL = 12 mA or 6 mA —_ 0.4 — 0.4 Vv
Input Leakage Cuirent L VDD = Max, VIN = VSS or VDD -10 10 -10 10 I

Standby Current: iDDSB | OR2CxxA (TA=25°C, VDD =5.0V)
OR2C04A/OR2T04A OR2TxxA (TA=25°C,VDD=3.3V)| — 65 - 4.0 mA
OR2COBA/OR2TOBA internal oscillator running, — 7.0 — 4.3 mA
OR2C0B8A/OR2TO8A no output foads, — 7.7 — 4.8 mA
OR2C10A/OR2T10A inputs at VDD or GND — 8.4 — 5.3 mA
OR2C12A/OR2T12A (after configuration) -_ 9.2 — 5.8 mA
OR2C15A/OR2T15A —_ 10.0 — 6.3 mA
OR2C26A/0OR2T26A — 12.2 — 7.8 mA
OR2C40A/OR2T40A —_ 16.3 — 10.6 mA

Standby Current: IDDSB | OR2CxxA (TA=25°C,VDD=5.0V)
OR2C04A/OR2T04A OR2TxxA (TA=25°C, VDD =33V)| — 1.5 —_ 1.0 mA
OR2CO6A/OR2TO6A internal oscillator stopped, — 2.0 - 1.3 mA
OR2CO8A/OR2TOBA no output loads, — 2.7 - 1.8 mA
OR2C10A/OR2T10A inputs at VDD or GND — 34 — 23 mA
OR2C12A/OR2T12A (after configuration) — 42 - 28 mA
OR2C15A/0R2T15A —_ 5.0 — 33 mA
OR2C26A/0OR2T26A — 7.2 — 48 mA
OR2C40A/OR2T40A — 11.3 —_ 7.6 mA

Data Retention Voltage VDR TA=25°C 23 — 23 — \

Input Capacitance CIN OR2CxxA (TA=25°C, VDD =5.0V) — g —_— 9 pF

OR2TxxA (TA =25 °C, VDD = 3.3 V)
Test frequency = 1 MHz
Output Capacitance CouT | OR2CxxA (TA=25°C,VOD=5.0V) — 9 —_ 9 pF
OR2TxxA (TA=25°C, VDD =3.3V)
Test frequency = 1 MHz

DONE Puli-up Resistor” | RDONE — 100K — 100K —_ Q

M3, M2, M1, and MO RM — 100K s 100K —_ Q
Pull-up Resistors*

IO Pad Static Puli-up IPU VDD =525V, VIN=VSS, TA=0°C 14.4 50.9 14.4 50.9 A
Current*

I/O Pad Static Pull-down IPD VDD =525V, VIN=VDD, TA=0°C 26 103 26 103 pHA
Current

I/O Pad Pull-up Resistor*| RPU VDD = All, VIN=VSS, TA=0°C 100K — 100K — Q

/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 Voo,
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Timing Characteristics

Table 32. 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: VOD = 3.0V 10 3.6V, 0 °C < TA £ 70 °C; OR2TxxA Industrial: VOD = 3.0 V1o 3.6 V, ~40 °C < TA< +85 °C.

Speed
Parameter Symbot -2 .3 -4 -5 -6 7 Unit
Min |Max | Min { Max | Min | Max | Min | Max| Min | Max| Min|Max
Combinatorial Delays )
(TJ = +85 °C, VDD = Min):

Four Input Variables (a[4:0], b{4:0] F4"_DEL — |40 — (28| — |21 — | 17| — |14 = ]| 11| ns

to f{3:0])
Five Input Variables (a{4:0], b[4:0] F5*_DEL — | 41| — 29| — |22 — 18| — |14} —]|12] ns
to 13, 10)
PFUMUX (af4:0], b[4:0] to f1) MUX DEL | — | 47| — 38| — 32| — |26 — | 1.9| —} 17| ns
PFUMUX (CO to f1) COMUX_DEL| — | 30| — |22} — | 49| —~[15] — | 11| ~] 10| ns
PFUNAND (a[4:0], b{4:0] to f2) ND_DEL — | 47| —| 40| — | 33| —| 27| — | 18] —]| 16| ns
PFUNAND (CO to f2) COND DEL | — 27| — |22 — | 18| — | 15| — [ 10} — ]| 08| ns
PFUXOR (a[4:0], b{4:0] to {1) XORDEL | — |56 — | 45| — |38 — |31 —| 23] ~|20]| ns
PFUXOR (COto 1) COXOR_DEL| — | 31| —} 22} —} 20} —| 16| — |11} —~} 10| ns

Note: Shaded values are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.

XSW LINES
Jl FDBK_DEL ll
PFU OUTPUT MUX
[ it i |
| | ; ™
R F4 DEL | 4 , f30]
a{4:0), bj4:0] ————» |47 }
| |
| I
l Fs*.DEL | 2 P
a(4:0], bid:0} ——‘———b LTJT I 2‘ ol4:0)
i MUX_DEL h I g
J f1
| c
a[4:0], bi4:0] — 1 0 |2 qxoRDE] N :
: ND_DEL E 12
| COMUX_DEL, COXOR_DEL, COND_DEL | w.
co
b o e e e e e ——— o — 4 5-4633(F)

C = controlled by configuration RAM,

Notes:
The parameters MUX_DEL, XOR_DEL, and ND_DEL include the delay through the LUT in FSA/FSB modes.
See Table 41 for an explanation of FOBK_DEL and OMUX_DEL.

Figure 55. Combinatorial PFU Timing
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Timing Characteristics (continued)

Table 33. Sequential PFU Timing Characteristics

OR2CxxA Commercial: VDD = 5.0 V + 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V + 10%, ~40 °C S TA < +85 °C.

OR2TxxA Commercial: VDD = 3.0 V10 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 .2 3 -4 -5 -6 -7 Unit
Min | Max | Min | Max | Min [Max | Min [Max| Min [Max | Min [Max
Input Requirements
Clock Low Time TeL 32| — |25 — 20} — | 18| —} 17| — | 16| — | ns
Ciock High Time Ten 32| — | 25| — |20 —~ | 18| — [ 17| — | 16| —| ns
Global S/R Pulse Width (GSRN) Taw 2Bf — | 25| — 20| — | 18| — [ 17| — | 18| — | ns
Local S/R Pulse Width Tew 30} —~ |26 — |20 — | 18| — [ 17| —]16] — | ns
Combinatorial Setup Times (Ts = +85 °C,
Voo = Min):
Four Input Variables to Clock F4*_SET 24| — (17| — [ 13| — [ 14| — | 10| — 109 — | ns
(a{4:0}, b{4:0] to CK)
Five Input Variables to Clock F5*_SET 25| —~ |19 — [13] —| 12| —~[10] —} 09| — | ns
(a[4:0}, b[4:0] to CK)
PFUMUX to Clock (af4:0], b{4:0] to CK) MUX_SET 39| — | 29| — |23 — |2V —| 18| — |14 —| ns
PFUMUX to Clock (CO to CK) COMUX_SET | 15| — | 12| — | 09| — | 08| —| 07| —108] —| ns
PFUNAND to Clock (a[4:0], b{4:0] to CK) ND_SET 39| — | 29| — |22 —| 20| — [ 17| — | 15| —| ns
PFUNAND to Clock (CO to CK) COND_SET 17| — | 12| — | 06| —| 05| —| 05| —{ 05| — | ns
PFUXOR to Clock (af4:0], b{4:0] to CK) XOR_SET 48| — | 36| — |30 — | 27| —| 21| —{ 19| —~ | ns
PFUXOR to Clock (CO to CK) COXOR_SET | t6| —~ | 12| — | 08| —| 08| —| 07| —| 06| — | ns
Data In to Clock (wd[3:0] to CK) D*_SET 05| — | 01| — |01 —|O00]| —|Ot] —| 04| —| ns
Clock Enable to Clock (CE to CK) CKEN_SET 16| — | 12| —|[10] — | 08| —|[09] —| 06| —| ns
Local Set/Reset (synchronous) (LSR to CK) LSR_SET 17 — | 14| — | 13| — |12 — [ 11| —1 08| — | ns
Data Select to Clock (sel to CK) SELECT_SET | 19| — | 15| — | 14] — | 13| — | 1.2] — | 10| — | ns
Pad Direct in PDIN_SET 00| —~ | 00| — | 00| — |00} —|0O| —{00] — | ns
Combinatorial Hold Times (Ty = All, Voo = All):
Data In (wd{3:0] from CK) D*_HLD 06| —| 04| — (04| —| 04| — 03] —] 03| — | ns
Clock Enable (CE from CK) CKEN.HLD | 06| — [ 04| — | 00| — |00} —| 00| —] 00| —| ns
Local Set/Reset (synchronous) (LSR from CK) LSR_HLD 00| — 00| —|[O0O| — |00 —| 00| — 00| —}| ns
Data Select (sel from CK) SELECT HLD | 00| — (00| — | 00| — [ 00} —|0O0| — | 00| — | ns
Pad Direct In Hoid (dia[3:0}, dib{3:0] to CK)" PDIN_HLD 15 —~ 14| — | 10| — |09 — | 08| —[ 07| —| ns
All Others — 00| — ] 00| — |00 —|00] —|0O]|] —| 00| —| ns
Qutput Characteristics
Sequential Delays (Ty = +85 °C, VDD = Min):
Local S/R (async) to PFU Out (LSR to g{3:0]) LSR_OEL — 1 45| — [ 34| — |31 —| 25| — |20 — | 1.7| ns
Global S/R to PFU Out (GSAN to q[3:0]) GSR_DEL — 129 — |23 —~}20| — 16| —[13] —{12] ns
Clock to PFU Out (CK to q[3:0]) — Register REG_DEL — 24 — 20| — (19| —} 15| — [ 13 — | 10| ns
Clock to PFU Out (CK to q[3:0]) — Latch LTCH_DEL —~ | 25| — | 20| — 19| — 15| —|13] —] 10| ns
Transparent Laich (wd[3:0] to g[3:0]) LTCH DDEL | — | 35| — | 27| — | 25| — 20| —|20] — ]| 17| ns

* The input buffers contain a programmable delay to allow the hold time vs. the external clock pin to be equal to 0.

Note: Shaded values are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.
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Timing Characteristics (continued)

Table 34. Ripple Mode PFU Timing Characteristics

OR2CxxA Commercial: VOD = 5.0 V + §%, 0 °C £ TA £ 70 °C; OR2CxxA Industrial: VDD = 5.0 V 1 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VOD =3.0V10 3.6 V, 0°C < TA £ 70 °C; OR2TxxA industrial: VDD = 3.0V 10 3.6 V, 40 °C < TA < +85 °C.

Speed
Parameter Symbol 2 3 4 5 £ 7 Unit
Min | Max | Min { Max | Min | Max { Min | Max | Min | Max | Min | Max
Ripple Setup Times
(Ty = +85 °C, Vob = Min):

Operands to Clock (a[3:0], b{3:0] to CK) RIP_SET 67| — | 50| — 137 — 33| —| 28| — | 25| ~ | ns

Bit-Wise Operands to Clock FRIP.SET | 24 — | 17| — | 13| — | 12| —} 10| — | 098] ~ | ns
(alil, bfi} to CK at 1[i)

Carry-in from Fast Carry to Clock CIN.SET (40} — | 32| — (19| — | 17| — | 14| — | 13| ~— | ns
(cin to CK)

Carry-in from General Routing to Clock B4_SET 40y — | 32| — |18 —~ [ 17| — [ 14| — | 13| —~ | ns
{b4 to CK}

Add/Subtract to Clock (a4 to CK) AS_SET 82| — | 56| — | 43| — | 39| — 32| — | 29| — | ns
Ripple Hold Times (Ty = All, Voo = Allj: All ™ 00| — |00 — 00| —JOO| — {00 —}|0QO] — | ns
Ripple Delays (TJ = +85 °C, VoD = Min):

Operands to Carry-Out (a{3:0], b{3:0] RIP_CODEL| — | 54| — | 38| — 33| — |26 —1 21 — | 17| ns

to cout)
Operands to Canry-Out (a{3:0), b[3:0} RIP_O4DEL| — | 69} — | 48] — | 42| — [ 34| — | 26} — | 28] ns
to o4)

Operands to PFU Out (a[3:0], b[3:0} RIP_DEL — 1 B2| — |60 — | 47| — | 38| —| 32| — | 28] ns
to f{3:0])

Bit-Wise Operands to PFU Out (afi], bif FRIPDEL | — | 40 — {28 — |21 — | 17| — [ 16| — | t4| ns
to f[i))

Carry-In from Fast Carry to Carry-Out CIN.CODEL; — | 18| — [ 18| — | 11| — |09 — | 07| — | 05] ns
(cin to cout)

Carry-in from Fast Carry to Carry-Out CINO4DEL| — | 35| — | 26} — | 21| — | 17| —~ | 13| — | 10| ns
{cin to od)

Carry-in from Fast Carry to PFU Out CIN_DEL — | 56| — 42| — | 29| — | 23| —}| 22| ~ | 17| ns
{cin to 1[3:0))

Carry-In from General Routingto Carry- | B4 CODEL | — | 18| — [ 16 — [ 11 — (09| — 07| — | 06| ns
Out (b4 to cout)

Carry-in from General RoutingtoCarry- | B4 O4DEL | — | 35| — | 26| — [ 21| —~ [ 17| ~ | 1.3] — | 10| ns
Qut (b4 to 04d)

Carry-in from General Routing to PFU B4_DEL — | 56 — | 42| — | 29| — 23] — ] 22| -~ | 21 ns
Out (b4 to {3:0))

Add/Subtract to Carry-Out (a4 to cout) ASCODEL| — | 61| — |45 — | 39| — [ 31| — | 25| — | 22| ns

Add/Subtract to Carry-Qut (a4 to o4) ASO4DEL | — | 76| — | 56| — [ 49| — | 38| — | 81| — | 27| ns

Add/Subtract to PFU Out (a4 to {3:0]) AS_DEL — |87} —|68) — | 53| —| 43| —| 35| — | 31| ns
Notes:

The new 4 x 1 muitiplier and 4-bit comparator submodes use the appropriate ripple mode timing shown above.
Shaded values are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.
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Timing Characteristics (continued)

Table 35. Asynchronous Memory Read Characteristics (MA/MB Modes)

OR2CxxA Commercial: VDD = 5.0 V + 5%, 0 °C < TA < 70 °G; OR2CxxA Industrial: VOD = 5.0 V + 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0 V10 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 2 .3 -4 3 5 7 Unit
Min| Max |Min| Max [ Min| Max | Min | Max | Min | Max | Ntin | Max

Read Operation (TJ = 85 °C, Vob = Min):
Read Cycle Time TRC 51 — 36| — [27 — |24 — |23 — |20} — | ns
Data Valid after Address (a[3:0], b[3:0] to f{3:0]) MEM"_ADEL| —| 40| — | 28} —| 21| —}17] -] 14| —] 1.4] ns

Read Opaenation, Clocking Data into Latch/Flip-Flop
(T4 =85 °C, VoD = Min):

Address to Clock Setup Time (a[3:0], b[3:0} to CK) | MEM"_ASET | 24| — [18| — | 12| — | 11| —|10] — |08} — | ns
Clock to PFU Out (CK to q[3:0]) — Register REGDEL | — | 24| —| 20 — 19| —[ 15| —} 13| ~]| 10| ns

Nota: Shaded values are prefiminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.

L THC 1
a[3:0], b{3:0] JO(X

MEM*_ADEL

o0 X XXX XAXXXXXXX

Figure 56. Read Operation—Flip-Flop Bypass

5-3226(F)

oo LXK XX

MEM"_ASET

CK }‘ \

fe———— REG_DEL

sl XXXXXXXXX

Figure 57. Read Operation—LUT Memory Loading Flip-Flops

5-3227(F)
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Timing Characteristics (continued)

Table 36. Asynchronous Memory Write Characteristics (MA/MB Modes)

OR2CxxA Commercial: VOD = 5.0 V £ 5%, 0 °C < TA £ 70 °C; OR2CxxA Industrial: VDD = 5.0V + 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD =3.0 V10 3.6 V, 0°C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 V10 3.6 V,-40°C < TA < +85 °C,

Speed
Parameter Symbol 2 .3 4 -5 3 .7 Unit
Min | Max [ Min [ Max | Min [ Max | Min | Max | Min | Max | Min: | Max
Writa Operation (Ty = +85 °C, VbD = Min):
Write Cycle Time Twc 55 —| 45| —| 38 — |34 — |33 30| — | ns
Write Enable (wren) Pulss Width (a4/b4) Tew 30| — |25 —| 20| —| 18] —] 17 18| —| ns
Setup Time (Tu = +85 °C, Vo = Min):
Address to wren (a[3:0/b[3:0] to ad/b4) MEM"_AWRSET } 0.t — | 01| — | 00| — | 0.0] — ) 00 col = | ns
Data o wren {(wd]3:0] fo a4/b4) MEM*_DWRSET | 00| — | 00 — | 00 — | 00} — | 0.0 001 — | ns
Addrass to wpe (a[3:01b[3:0] to C0} MEM"_APWRSET| 00| — | 00| — | 00| — 00| — | 00 - p0] — | ns
Data to wpe {wd[3:0] to CO0) MEM*_DPWRSET| 00| —~— | 00| — [ 00| — | 00] — | 00 00| — | ns
wpe to wren (CO to a4/b4) MEM* WPESET | 25| — | 20| — | 18| — [ 14| — | 1.1 11| = | ns
Hoid Time (T3 = All, Voo = All):
Address from wren (a{3:015[3:0] from ad/b4); MEM*_WRAHLD | 24| — | 17| — | 18] — | 16| — | 1.6 14 — 1| ns
Data from wren (wd[3:0] from a4/b4) MEM" WRDHLD | 24| — | 20| — [ 19| — | 15! — | 186 1.5 —| ns
Address from wpe (a[3:0/b[3:0] to CO) MEM*_PWRAHLD| 38| — [ 33| — | 28| —| 25| — | 24 22— | ns
Data from wpe (wd{3:0] to CO) MEM"_PWRDHLD| 39} — | 34| — 29| — 26| — | 24 221 — | ns
wpe from wren (CO from ad/b4) MEM* WPEHLD | 00} — | 00| — | 00| — | 0.0 — | 00 00} — | ns
Note: Shaded values are prefiminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.
Twe
w0509 KR XXXXIXXK
MEM*_APWRSET MEM*_PWRAHLD
C0 (wpe) 7( X\
i ]
MEM*_WPESET Tew MEM*_WPEHLD
a4, b4 (wren) ’ J( \
N
le—— ] MEM_AWRSET } MEM*_WRAHLD
MEM"_DPWRSET | MEM*_PWRDHLD
wat0] XX X XXX XXX AXXK AXXXXX
" e .
MEM*_DWRSET t MEM*_WROHLD 5.3228(F)
Figure 58. Write Operation
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Timing Characteristics (continued)

Table 37. Asynchronous Memory Read During Write Operation (MA/MB Modes)

OR2CxxA Commercial: VDD = 5.0 V + 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0V + 10%, 40 °C < TA < +85°C.
OR2TxxA Commercial: VDD = 3.0 Vt0 3.6 V, 0 °C < TA < 70 °C; OR2T)xA Industrial: VDD = 3.0 V1o 3.6 V,~40°C < TA< +85°C.

Parameter

Speed

Symbol -2 -3

-4

-5 -5 7 Unit

Min | Max| Min [ Max| Min | Max | Min

Max | Min | Max | Min | Max

Read During Write Operation
(T4 = +85 °C, Voo = Min):

Write Enable (wren) to PFU Output Delay MEM* WRDEL | — [ 70| — | 49] — | 48| — | 39 — | 40| — | 39| ns
(a4/b4 to f{3:0])
Write-Port Enabie (wpe) to PFU Qutput MEM*_PWRDEL| — | 90| — | 64| — | 58| — | 47| — | 47| ~ | 45| ns
Delay (CO to {3:0])
Data to PFU QOutput Delay (wd{3:0] to {3:0]) MEM*_DDEL — | 50| — |36 — |31 — |25 —{25] —]22]| ns
Note: Shaded values are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.
a[3:0}, b{3:0) ><><><X >O< >< >(
co (wpe) 4 \
Tew |
ad, b4 (wren) 4
L/
DATA STABLE
DURING
wren AND wpe
waso) XXX XXX
MEM*_PWRDEL
MEM*_WRDEL
waso XXX
| -
DATAD%I;‘;'\'EJC(;EING I MEM:PWRDEL MEM*_DDEL
wren AND wpe MEM*_WRDEL

f{3:0}

XXXXXAK

XXXXXXXAX

Figure 59. Read During Write
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Timing Characteristics (continued)

Table 38. Asynchronous Memory Read During Write, Clocking Data Into Latch/Flip-Flop (MA/MB 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.
OR2ZTxxA Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 Vto 3.6 V, 40 °C <TA < +85 °C.

Speed
Parameter Symbol -2 3 -4 5 3 7 Unit
. Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min ; Max
Setup Time (TJ = +85 °C, VDD = Min):
Address to Clock (a3:0}, b{3:0] to CK) MEM*_ASET | 24 — | 18| — |12 — 11| —|1to0] — |08} | ns
Write Enable (wren) to Clock (ad/b4 to CK) | MEM*_WRSET | 54 — | 44| — [ 38| — | 34| — [ 31] — | 28] — | ns
Write-port Enablae (wpe) to Clock (CO to CK) | MEM*_PWRSET| 74| — | 59| — [ 48| ~ | 43| — | 40| — | 37— | ns
Data (wd{3:0] to CK) MEM*_DSET | 35| — | 26| — | 26| — | 23| —[22] — | 20] — [ ns
Hold Time (Tu = All, Voo = All): All TH 00| —|[00| — 00| —{ 00| — |00} — |00} — | ns
Clock to PFU Out {CK to g{3:0]) — Register REG_DEL — 24| — 20| —]| 19| —|[15] — [ 13| — | 10| ns
Note: Shaded values are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.
a(39], 3] XXXXX)E XXX XXXXX
MEM*_ASET ———»]
MEM"_PWRSET ———»
€0 (wpe) \
Trw |
a4, b4 (wren) 4 J&
— 7
[e—— MEM*_WRSET ——
watza) X X XX XXXXXXX XXXXXXXXXX
— MEM~_DSET
CK /‘ \
REG_DEL
w0l OOKKX
5-3230(F}
Figure 60. Read During Write—Clocking Data into Flip-Flop
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Timing Characteristics (continued)

Table 38. 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 = 3.0V 10 3.6 V, 0°C < TA< 70 °C; OR2TxxA Industrial: VDD = 3.0 V 10 3.6 V, ~40 °C < TA < +85 °C.

Speed
Parameter Symbol -2 -3 -4 5 $ -7 Unit
Min | Max | Min | Max| Min | Max| Min] Max| Min | Max| wmm Max
Write Operation for Fast-RAM Mode®: -
Maximum Frequency Frsck 382| — [526| — |833] — |908] — [o26] — [ o82] MHz
Clock Low Time TrscL 181 —lo95| —| 60| — |55 —| 54| — 52 - | ns
Clock High Time TrscH 131 —|9es5) — 60| — (55| —| 54| —] 52 I = ns
Clock to Data Valid (CK to £3:0})? FMEMSDEL | — | 90| — | 74| — (62| —[50] — | 53] —~ 149 ns
Write Operation for Normal RAM Mode:
Maximum Frequency
Clock Low Time Fsck 243f — 333 ~ |528] — 580 — |s588] — 61.0 ] — | MHz
Clock High Time TscL 206| — |150| — | 95| — | 85| — | 85| — 8.2 -— ns
Clock to Data Valid (CK to f3:0}) TscH 206 — 150 — [ 95| — | 85] — | 85| — B2 — ns
MEMS_DEL — [ 109| — ) 86| —| 75| — | 60 — | 6.4 — 59 | ns
Write Operation Setup Time:
Address to Clock (a]3:0/b{3:0] to CK), MEMS_ASET 00 —}1 00| — 00| — 00| — | 00| — 0.0 — ns
Data to Clock (wd[3:0] to CK) MEMS_DSET 00| — 00| — oo —Joo0o| — | 00| — 0.0 — ns
Wirite Enable (wren) to Clock MEMS_WRSET | 00| — | 00| — | 00| — | 00| — | 00| — 0.0 — ns
(a4 to CK)
Write-port Enable (wpe) to Clock MEMS_PWRSET| 00| — | 00| — [ 00| — | 00| — 00} — 0.0 —- ns
{CO to CK)
Write Operation Hold Time:
Address to Clock (a[3:0b{3:0} to CK)| MEMS_AHLD | 38| — [ 30| — | 22| —~ | 20| — 1 19| —| 17| — ns
Data to Clock (wd[3:0} to CK) MEMS_DHLD 38| — [ 30| — | 22| — 20| — 19| — 1.7 — ns
Write Enable (wren) to Clock MEMS WRHLD | 38| — [ 30| — | 22| — | 20| — 19| — 1.7 — ns
(a4 to CK)
Write-port Enable (wpe) to Clock MEMS_PWRHLD| 33| — | 23| — { 15| — | 1.4] — 1.9 — 1.2 — ns
{CO to CK)
1. Readback of the configuration bit stream when simuitaneously writing to a PFU in either SSPM fast mode or SDPM fast mode is not altowsd.
2. Because tha setup time of data into the latches/FFs 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).
Note: Shaded values are prefiminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.

le~ MEMS_ASET->{«———=— MEMS_AHLD

atsol bisol )X XX XXXCXXKK AL XOOCOOCOOCTOOK XX
e~ MEMS_DSET»|+———=1~ MEMS_DHLD

w00 XXX XEXIK XXX XXX XXX XEXER

MEMS_WRSET | MEMS_WRHLD
a4 (wren) / \\
MEMS_PWRSET MEMS_PWRHLD
CO (wpe) 4 *

-TFSCH/TSCH TrscL/TscL
CK

I LRSS0 Sa—

5-4621(F)

Figure 61. Synchronous Memory Write Characteristics
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Timing Characteristics (continued)

Tabte 40. Synchronous Memory Read Characteristics (SSPM and SDPM Modes)

OR2CxxA Commercial: VDD = 5.0 V + 5%, 0 °C < TA £ 70 °C; OR2CxxA Industrial: VOD = 5.0 V + 10%, —40 °C S TA < +85 °C.
OR2TxxA Commercial: VOD =3.0Vt0 3.6 V, 0 °C < TA £ 70 °C; OR2TxxA Industrial: VDD = 3.0 V10 36V, 40 °C < TA < +85 °C.

Speed
Parameter Symbol -2 -4 -5 -6 7 Unit
Min | Max| Min | Max| Min| Max | Min| Max | Min| Max | Min| Max
Read Operation (Ts = 85 °C, Vob = Min):
Read Cycle Time TRC 5.1 — | 36| — | 27| — (24 — |23 — |20} — ns
Data Valid After Address MEMS*_ADEL| — | 40} — | 28| —| 21| — [ 17| — | 14| ] 11| ns
(af3:0), b{3:0] to f3:0]) .
Read Operation, Clocking Data Into
Latch/FF (TJ = 85 °C, VoD = Min):
Address to Clock Setup Time MEMS* ASET| 24| — | 18| — [ 12| ~ | 1t|] — |10] — | 08} ~— ns
(a[3:0}, b{3:0] to CK)
Clock to PFU Output — Register REG_DEL — | 24 — 20| —| 18| — | 45| —| 13| —} 10| ns
(CK to qf3:0))
Note: Shaded valuas are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.
a0, biz0). X X XXX XXX XAXX
[—————MEM”_ADEL
130) XXXXXXXXXXXXXXXXXXXXXXXJ(
|<—MEM‘MASET
CK ;l_l( \
REG_DEL
039 XX XX XXX XXX XXX XXX XXX XXX KXXXX
5-4622(F)
Figure 62. Synchronous Memory Read Cycle
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Timing Characteristics (continued)

Table 41. PFU Output MUX, PLC BIDI, and Direct Routing Timing Characteristics

OR2CxxA Commercial: VDD = 5.0 V 1 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VOD = 5.0 V + 10%, 40 °C < TA < +85 °C.

OR2TxxA Commercial: VDD = 3.0 V10 3.6 V, 0°C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 Vto 3.6 V, ~40 °C < TA < +85 °C,

Speed
Parameter Symbol -2 -3 -4 -5 L] 7 Unit
Min | Max| Min [ Max | Min [ Max| Min | Max| Min | Max Min | Max

PFU Output MUX (T, = 85 °C, VoD = Min)
Output MUX Delay (f3:0/q(3:0] to of4:0]) [ OMUX DEL] — [ 1.1 — [ 08] — | 6.6] — | 05] —To4] —=Jo4] ns
PLC 3-Statable BiDis (T, = 85 °C, Voo = Min)
BIDI Propagation Delay TRI_DEL — (12} — |10} —|o0B] —[07] — 06 —J 05 ns
BIDI 3-state Enable/Disable Delay TRENDEL| — | 17| —[13| — 10| —|08| — | 08| — | 67| ns
Direct Routing (T = 85 °C, VoD = Min)
PFU to PFU Delay (xSW) DRDEL | — ) 14| — 11 —[o9] —To7[ —[ 068 — ] 08 ns
PFU Feedback (xSW) FOBKDEL| — | 10| — 1 08| — |07} —|[o08| — | 05| — | 05] ns

Note: Shaded values are preliminary. Speed grades of -5, -6, and -7 are for OR2T>xxA devices only.
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Timing Characteristics (continued)

Table 42. Clock Delay

OR2CxxA Commercial: VDD = 5.0 V + 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VOD = 5.0 V + 10%, -40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0 V10 3.6 V, 0 °C < TA <70 °C; OR2TxxA Industrial: VDD = 3.0 V10 3.6V, 40 °C < TA< +85 °C,

. Speed
. 85"32’ . viny | Symbe! ) 3 3 5 % I Unit
Min | Max | Min | Max | Min | Max | Min | Max [ Min | Max | Min | Max
OR2CO04A/OR2TO4A | CLK_DEL [ — 46 -— 44 — 43 — 3.6 — — - — ns
ORZCOSA/OR2TO6A | CLK DEL | — 47 — 4.5 _ 4.4 —_ 3.7 — 3.6 — 3.0 ns
OR2COBA/OR2T08A | CLK_DEL | — 48 — 46 — 4.5 — 3.8 _ — —_ — ns
OR2C10A/OR2T10A | CLK DEL [ — 4.9 - 4.7 — 4.6 — 3.9 — 3.8 - 3.2 ns
OR2C12A/0R2T12A | CLK DEL| — 5.0 — 48 — 4.7 — 4.0 — — — — ns
OR2C15A/OR2T15A | CLK DEL| — 5.1 — 49 — 4.8 — 41 - 3.9 -— 33 ns
OR2C26A/OR2T26A | CLK DEL| — 5.2 — 5.1 - 5.0 — 4.2 — 4.0 — 34 ns
OR2C40A/OR2T40A | CLK DEL | — 5.6 — 5.4 — 53 — 45 - 4.2 — 3.6 ns

Notes:
This clock delay is for a fully routed clock tree that uses the primary clock network. it includes both the input bufter delay and the clock routing to
the PFU CLK input. The delay will be reduced if any of the clock branches are not used.

Note: Shaded values are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.
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Timing Characteristics (continued)
Table 43A. 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: VOD = 3.0 V10 3.6 V, 0 °C < TA £ 70 °C; Industrial: VDD = 3.0 V10 3.6 V, —40 °C < TA < +85 °C;CL=50pF.

Description Speed
(T = 85 °C, Voo = Min) Device 2 3 -4 5 3 -7 Unit
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
CLK input Pin —> OUTPUT Pin | OR2C/2TO4A | — | 11.7| ~ | 10.3| — 9.8 _ 8.6 — — — — ns
(Fast) OR2C/2TOBA| — | 11.81 — | 104 — 9.9 — 8.7 —_— 7.8 — 8.4 ns
OR2C/2TOBA| — | 119 — | 105 — | 10.0| — 8.8 e — — — ns
OR2C/2T10A| — | 120 — | 106 — | 10.1| — 8.9 — 8.1 — 6.8 ns
OR2C/2T12A]| — | 12t — | 10.7| — | 10.2| — 9.0 — - - — ns
OR2C/2TiI5A| — [ 1221 — [ 108 — | 103 — 941 — 8.3 -— 71 ns
OR2C/2T26A | — { 123| — | 11.0| — | 105} — 9.2 ~— 8.4 — 73 ns
OR2C/2T40A | — | 127 — | 114} — | 108] — 9.5 —_ 8.6 —— 8.0 ns
CLK Input Pin — QUTPUT Pin | OR2C/2TO4A | — | 139| — | 125} — | 1.7} — | 100 — — o — ns
(Slewtim) OR2C/2TOBA| — | t40| — | 126 — | 11.8| — | 101 — 9.0 e 7 ns
OR2C/2TOBA| — | 141 — [ 127] — | 11.9| — | 102 — — — — ns
OR2C/2T10A| — | 142| — | 128 — | 120 — | 103 — 9.3 — 8.1 ns
OR2CRTI2A| — | 143 — | 129 — | 121 — | 104} ~— — — - ns
OR2C/2T15A| — | 144) —~ | 130} — [ 122} — | 105} — 9.5 — 8.4 ns
OR2C/2T26A| — | 145| — | 132| — [ 123 — | 106! — 9.6 _ 8.6 ns
OR2C/2T40A| — | 149 — | 136} — [ 126 ~— | 109} — 98 el 9.3 ns
CLK Input Pin — QUTPUT Pin | OR2C/2TO4A | — | 157| — | 147 — [ 137 — [ 131} — — — — ns
{Sinklim) OR2CR2TOBA | — | 158 — | 148 — | 138 — | 132} — | 116} —~ | 103 ns
OR2C/2TO8A | — | 159] — | 149| — | 138| — | 133 — -— —_ — ns
OR2C/2T10A| — | 160 — | 150 — | 140 — | 134| — [ 118} — | 10.7 ns
OR2C/2T12A| — [ 161| — [ 151 — | 141 — | 135] — - — - ns
OR2C/2T15A| — | 162 — [ 152 — | 142} — [ 136] — | 121 ~— ] 110 ns
OR2C/2T26A| — | 163 — [ 163] — | 143] — | 137 — | 122| — | 1.2 ns
OR2C/2T4a0A | — | 67| — | 187 — 1 146 — | 140 — | 124 — | 119 ns

Notes:
The pin-to-pin timing information from ORCA Foundry version 9.2 and later is more accurate than this table. For earlier versions of ORCA
Foundry, the pin-to-pin timing paramaters in this table should be used instead of resuits reported by ORCA Foundry.

This clock delay is 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 input, 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/O routing be used.

1If the clock pin is not located at one of the four center PiCs, this delay must be increased by up to the following amounts:
OR2C/2T04A = 1.5%, OR2C/2TO6A = 2.0%, OR2C/2TO8A = 3.1%, OR2C/2T10A = 3.9%, OR2C/2T12A = 4.9%, OR2C/2T15A = 5.7%,
OR2C/2T26A = 8.1%, OR2C/2T40A = 12.5%.

Note: Shaded valuas are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.

D Q —{>E| OUTPUT (50 pF LOAD)

ClK D—-D—}

5-4846(F)

Figure 63. Global Clock to Output Delay
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Timing Characteristics (continued)

Table 43B. OR2CxxA/OR2TxxA Global Ciock to OQutput Delay (Pin-to-Pin)}—Output Not on Same
Side of the Device as the Clock Pin

OR2CxxA Commetcial: VOD = 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 = 3.0 V1o 3.6 V, 0 °C S TA < 70 °C; Industrial: VDD = 3.0 V 10 3.6 V, 40 °C < TA < +85 °C; CL= 50pF.

. Speed
Description
(T4 = 85 °C, VoD = Min) Device 2 3 4 5 % .7 Unit
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max [ Min | Max

CLK Input Pin — OUTPUT Pin | OR2C/2T0O4A| — | 118} — | 105| — [ 99 — | 88 | — — -— — ns
(Fast) OR2C/2TO6A| — | 120| — | 106| — | 10.0| — 89| ~ | 81 - | &7 ns
OR2C/2TOBA| — | 122 — [ 108 — | 10| — | 80| — - |- — ns

OR2C/2T10A| — | 124 — | 110| — | 103 — | 82| — | 885 |. — | 73 ns

OR2C/2T12A| — | 126 — [ 1t2| — | 105 — | 8.4 | — — - - ns

OR2C/2T15A| — | 128] — | 115 — | 107| — | 96| — | 89| — | 78 ns

OR2C/2T26A| — | 181 — [ 118 — [ 11| — | 100| —~ | 8.3 [~ | B3 ns

OR2C/2TA0A| — | 144| — | 133 — | 124 — | 11| — | 105} —= 9.6 ns

CLK input Pin — OUTPUT Pin | OR2C/2TO4A| — | 41| — | 127} — | 118 — | 103]| — - - - ns
(Stewlim) OR2C/2T06A| — | 143 — | 129} — | 19| — | 104} ~ | 83| — | 81 ns
OR2C/2TOBA| — | 44| — | 131 — | 120 — | 105] — - - - ns

OR2C/2T10A} — | 146) — | 133] — | 122| — | 106 — | 97| - | BT ns

OR2C/2T12A} — | 148| — | 135 — | 124 — | 108 — —_ — — ns

OR2C/2T15A} — | 150 — | 136 ~— | 126 ~— | 11.0] — | 101} — | 81 ns

OR2C/2T26A ~ | 1583] — | 141| — | 129 — | 114 — | 105} — | &7 ns

OR2C/2T40A| — | 167 — | 155| — | 142] — | 125 — | 11.7] —"| 110 ns

CLK input Pin » OUTPUT Pin | OR2C/2T04A| — | 15.9| — | 148 — | 138 — | 134] — -— — — ns
(Sinklim) OR2C/2TO6A| — | 16.0| — | 150 — | 139 — | 135 — | 119} — | 106 ns
OR2C/2T08A| — | 16.2| — [ 1582| — | 141} — [ 136| — — — — ns

OR2C/2T10A| — | 164 | — | 154 — | 142} — [ 137} — | 123} — | 11.2 ns

OR2C/2T12A| — | 166 — | 156| — | 144} — | 139] — — —— — ns

OR2C/2T15A| — | 168 — | 158 — | 146| — | 141} — | 127} — | 11.7 ns

OR2C/2T26A| — | 171 — | 162 — | 149 — [ 144 — | 131} — [ 122 ns

OR2C/2T40A| — | 185| — | 176| — | 163| — | 156] ~— | 143} —~ | 135 ns

Notes:
The pin-to-pin timing information from ORCA Foundry version 9.2 and later 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 ORCA Foundry.

This clock delay is 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 input, 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-s1/O routing be used.

If the clock pin is not located at one of the four center PICs, this delay must be increased by up to the following amounts:
OR2C/2T04A = 1.5%, OR2C/2TO6A = 2.0%, OR2C/2TOBA = 3.1%, OR2C/2T10A = 3.9%, OR2C/2T12A = 4.9%, OR2C/2T15A = 5.7%,
OR2C/2T26A = 8.1%, OR2C/2T40A = 12.5%.

Note: Shaded values are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.

D Q—{>JOUTPUT (50 pF LOAD)

CK-PD—P

5-4846(F)

Figure 64. Global Clock to Output Delay
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Timing Characteristics (continued)

Table 44. OR2CxxA/OR2TxxA Global Input to Clock Setup/Hold Time (Pin-to-Pin)

OR2CxxA Commercial: Vb = 5.0 V 1 5%, 0 °C < Ta < 70 °C; industrial: Vbp = 5.0 V £ 10%, ~40 °C < TA < +85 °C.
OR2TxxA Commercial: Vob = 3.0 V1o 3.6 V, 0°C < TA < 70 °C; industrial: VoD = 3.0 V 10 3.6 V, —40 °C < TA < +85 °C.

. Speed
o O P on Al Device ) 3 ry 3 r; 7 Unit
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Win | Max

Input to CLK (TTL/CMOS) | OR2C/2T04A| 0.0 — 0.0 — 0.0 -— 0.0 —_ — _ — — ns
Setup Time (No delay) | OR2C/2TO6A| 0.0 — 0.0 — 0.0 — 0.0 —_ 0.0 — 0.0 -— ns
OR2C/2TOBA| 0.0 — 0.0 — 0.0 —_ 0.0 — o -— — — ns

OR2C/2T10A} 0.0 _ 0.0 — 0.0 - 0.0 —_ 0.0 - 0.0 - ns

OR2C/2T12A| 0.0 — 0.0 — 0.0 —_— 0.0 o —_ — —_ o ns

OR2C/2T15A| 0.0 e 0.0 — 0.0 —_ 0.0 —_ 0.0 —_ 0.0 — ns

OR2C/2T26A | 0.0 —_— 0.0 -_— 0.0 — 0.0 — 0.0 -_ 0.0 — ns

OR2C/2T40A| 0.0 — 0.0 — 0.0 — 0.0 — 0.0 e 00 .} ~ ns

Input to CLK (TTL/CMOS) | OR2C/2T04A| 5.8 — 5.5 — 4.2 —_ 4.0 —_ —_ — — — ns
Setup Time (Delayed) OR2C/2TO6A | 5.7 — 54 — 4.1 —_ 3.9 — 4.4 -_ 4.4 - ns
OR2C/2T08A| 5.6 — 53 —_ 4.0 —_ 38 — —_ ~— -— — ns

OR2C/2T10A| 5.3 — 5.0 — 3.9 —_ 3.7 —_ 4.2 — 4.2 — ns

OR2C/2T12A| 5.2 — 49 — 3.8 —_— 3.6 — - — — — ns

OR2C/2T15A | 49 —_ 4.7 — 3.6 — 34 — 4.1 — 4.1 —— ns

OR2C/2T26A | 7.3 — 69 — 6.0 — 57 —_ 6.7 — 6.0 — ns

OR2C/2T40A| 6.8 — 6.4 e 5.5 — 5.2 — 6.5 — 5.8 o ns

Input to CLK (TTL/CMOS) | OR2C/2T04A| 4.2 — 4.0 — 3.8 — 3.6 — — - — — ns
Hold Time (No delay) OR2C/2TO6A | 4.3 — 4.1 — 3.9 — 3.7 — 3.6 -— 31 —_ ns
OR2C/2T0OBA| 45 — 4.3 — 4.1 — 3.9 —_ — -— —_ — ns

OR2C/2T10A| 48| — | 486 | — | 44| — | 42| — | 39| — | 34 | — ns

OR2C/2T12A| 5.0 — 4.8 — 46 — 4.4 — —_ — — —_ ns

OR2C/2T15A | 54 —_— 5.1 — 4.9 — 4,7 — 4.2 - a7 — ns

OR2C/2T26A | 6.2 — 58 — 5.6 — 5.3 —_ 4.6 — 4.1 e ns

OR2C/2T40A| 7.9 — 6.8 — 6.6 — 6.3 — 5.8 — 4.9 d ns

Input to CLK (TTL/CMOS) | OR2C/2T04A | 0.0 — 0.0 —_ 0.0 — 0.0 — — _ -— — ns
Hold Time (Delaysd) OR2C/2T06A | 0.0 — 0.0 — 0.0 — 0.0 e 0.0 —_ 6.0 — ns
OR2C/2T08A | 0.0 —_ C.0 — 0.0 —_ 0.0 — — — — - ns

OR2C/2T10A| 0.0 —_ 0.0 — 0.0 —_ 0.0 — 0.0 —_ 0.0 — ns

OR2C/2T12A| 0.0 - 0.0 — 0.0 - 0.0 — — — -— —_ ns

OR2C/2T15A| 0.0 — 0.0 — 0.0 — 0.0 —_ 0.0 — 00 || —~— ns

OR2C/2T26A | 0.0 — 0.0 —_— 0.0 — 0.0 -— 0.0 —_ 0.0 - ns

OR2C/2T40A | 0.0 — 0.0 — 0.0 —_ 0.0 — 0.0 — 00| — ns

Notes:
The pin-to-pin timing parameters in this table should be used instead of resuits reported by ORCA Foundry.

This clock delay is for a fully routed clock tree that uses the primary clock network. It includes both the input buffer delay and the clock routing to
the PFU CLK input. The delay will be reduced if any of the clock branches are not used. The given Setup (Delayed and No delay) and Hold
(Delayed) timing aliows the input clock pin to be located in any PIC on any side of the device, but direct I/O—FF routing must be used. The Hoid
(No delay) timing assumes the clock pin is located 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 center PICs, this delay must be increased by up to the following amounts: OR2C/2T04A = 5.3%, OR2C/2T06A = 6.4%, OR2C/2T08A =
7.3%, OR2C/2T10A = 9.1%, OR2C/2T12A = 10.8%, OR2C/2T15A = 12.2%, OR2C/2T26A = 16.1%, OR2C/2T40A = 21.2%.

Note: Shaded values are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.

INPUT O—D——D @

CLk I 5-4847(F)

Figure 65. Global Input to Clock Setup/Hold Time
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Timing Characteristics (continued)

Tabie 45. Programmable /O Cell Timing Characteristics

OR2CxxA Commercial: VDD = 5.0V 1 5%, 0 °C S TA < 70 °C; OR2CxxA Industrial: VOD = 5.0 V + 10%, ~40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0 V10 3.6 V, 0 °C < TA £ 70 °C; OR2TxxA Industrial: VDD = 3.0 V10 3.6 V, 40 °C < TA < +85 °C.

Speed
Parameter Symbol -2 -3 -4 -5 -6 -7 Unit
Min | Max | Min [ Max| Min [ Max| Min [ Max| Min [ Max| Min | Max

Inputs (TJ = 85 °C, Voo = Min)

Input Rise Time TR — | 500 | — [ 500 — | 500 — | s00[ — | 500 — | 500] ns
Input Fall Time TF — | 500 | — | 500] — | 500| -~ 500 ~— | 500| ~—:| 500| ns
Pad to in Delay PAD_IN_DEL - 17| — 18] — | 13 -~ | 12| — | 12} —| 11 ns
Pad to Nearest PFU Latch Output CHIP_LATCH — | 82| —}| 47| — | 41| —~ | 35| — 31| —~ | 28] ns
Detay Added to General Routing - - | 8| —|70| — |60 — 59| — | 62| =58 ns
(input buffer in delay mode for

OR2C/2T15A and smaller

devices)

Delay Added to General Routing - — | 10| —| 97| —| 86| —| 86| —| 90| — |88 ns
(input buffer in delay mode for

OR2C/2T26A and OR2C/2T40A)

Delay Added to Direct-FF Routing - — |80} — 1 868| —}59| — |60} —|64] — |60 ns
(input buffer in delay mode for

OR2C/2T15A and smaller

davices)

Delay Added to Direct-FF Routing - — | 108} — 102 — | 85| — 86| — | 91| — |79 ns
(input butfer in delay mode for

OR2C/2T26A and OR2C/2T40A)

OQutputs (T = 85 °C, Voo = Min, CL = §0 pF)

PFU CK to Pad Delay {dout{3:0] to

pad):

Fast DOUT_DEL(F) — 71 62| — | 55| —| 50| — | 44| — | 35 ns
Slewlim DOUT_DEL(SL)| — 9.4 — {84! — | 74| — | 64 — | 56| — | 48 ns
Sinklim DOUT_DEL(SI)| — 1.2 105 — | 94| — | 95| — 1 83| — | 75 ns
Qutput to Pad Delay (out{3:0] to

pad):

Fast OUTDELF) | — | 50| — | 40| — | 36| — 34| — 27| — | 23] ns
Slewlim ouT pEL(SL) | — | 67 — | 63| — [ 55| — |45 — | 39| — | 36| ns
Sinklim outpelshy | — | 98| — | 72| —| 75| —| 76| — 1 65] —| 63| ns
3-state Enable Delay (ts{3:0] to

pad):

Fast TS_DEL(F) — | 88| — | 47| —| 40| — | 85] — | 31| —| 298| ns
Slewlim TS_DEL(SL) — 75 — 70| —| 63| — (52| — | 47| ~— | 43 ns
Sinklim TS_DEL(SI) —_ 06 — | 79| — (84| — | 93| — 180} — |78 ns
Notes:

If the input buffer is placed in delay mode, the chip hold time to the nearest PFU latch is guaranteed to be 0 if the clock is routed using the

primary clock network; (TJ = All, Voo = All). It should alse be noted that any signals routed on the clock lines or using the TRIDI buffers directly
from the input buffer do not get delayed at any time.

The delays for all input buffers assume an input rise/fall time of <1 V/ns.
Note: Shaded values are preliminary. Speed grades of -5, -6, and -7 are for OR2TxxA devices only.
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Timing Characteristics (continued)

Table 46. General Configuration Mode Tiring Characteristics

OR2CxxA Commercial: VDD = 5.0 V + 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VOD = 5.0 V + 10%, —40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0 V10 3.6 V, 0 °C £ TA < 70 °C; OR2TxxA Industrial: VDD = 3.0 V to 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 600.0 — ns
RESET Pulse Width Low to Start Reconfiguration TRW 50.0 — ns
| PRGM Pulse Width Low to Start Reconfiguration Traw 50.0 — ns
Master and Asynchronous Peripheral Modes
Power-on Reset Delay TPO 17.30 69.47 ms
CCLK Period (M3 = 0) Tecewk 66.00 265.00 ns
(M3 =1) 528.00 2120.00 ns
Configuration Latency (noncompressed) TcL
OR2C/2T04A (M3 =0) 4.31 17.30* ms
(M3=1) 34.48 138.40" ms
OR2C/2TO6A (M3 = 0) 6.00 24.08* ms
M3=1) 48.00 192.64* ms
OR2C/2T08A (M3=0) 7.82 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
OR2C/2T12A (M3 =0) 11.86 47.62* ms
(M3 =1) 94.88 380.96" ms
OR2C/2T15A (M3 =0) 14.57 58.51 ms
(M3 =1) 116.56 468.08" ms
OR2C/2T26A (M3 =0) 20.25 81.32* ms
M3 =1) 162.00 650.56" ms
OR2C/2T40A (M3 =0) 31.29 125.62* ms
(M3=1) 250.32 1004.96~ ms
Slave Serial and Synchronous Peripheral Modes
Power-on Reset Delay TrPO 4.33 17.37 ms
CCLK Period TCCLK 100.00 - ns
Configuration Latency (noncompressed): ToL
OR2C/2T04A 6.53 — ms
OR2C/2T06A 9.09 - ms
OR2C/2T0BA 11.55 — ms
OR2C/2T10A 14.88 — ms
OR2C/2T12A . 17.97 — ms
OR2C/2T15A 22.08 —_ ms
OR2C/2T26A 30.69 —_ ms
OR2C/2T40A 47.40 - ms

* Not applicable to asynchronous peripheral mode.
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Timing Characteristics (continued)

Table 46. General Configuration Mode Timing Characteristics (continued)

OR2CxxA Commercial: VDD = 5.0V + 5%, 0 °C < TA £ 70 °C; QR2CxxA Industrial: VDD = 5.0 V £ 10%, -40°C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0 Vto 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VDD = 3.0V to 3.6 V, -40°C < TA £ +85 °C,

Parameter Symbol Min Max Unit
Slave Paraliel Mode
Power-on Reset Delay TPO 4.33 17.37 ms
CCLK Period TceLK 100.00 —_— ns
Configuration Latency (Noncompressed): TcL
OR2C/2T04A 0.82 — ms
OR2C/2T06A 1.14 — ms
OR2C/2T08A 1.44 —_ ms
OR2C/2T10A 1.86 — ms
OR2C/2T12A 2.25 — ms
OR2C/2T15A 2.76 — ms
OR2C/2T26A 3.84 —_ ms
OR2C/2T40A - 5.93 — ms
Partial Reconfiguration (Noncompressed) TPR
OR2C/2T04A 1.70 —_ psfframe
OR2C/2TOBA 2.00 — us/frame
OR2C/2T08A 2.20 — usfframe
OR2C/2T10A 250 | — ps/frame
OR2C/2T12A 270 — us/frame
OR2C/2T15A 3.00 — us/frame
OR2C/2T26A 3.50 — ps/frame
OR2C/2T40A 4.30 - us/frame
INIT Timing
INIT High to CCLK Delay TiNIT_CCLK
Slave Paraliet 1.00 — us
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 ps
Master Paralle!
(M3=1) 5.28 21.47 us
M3=0) 1.12 4.77 us
Initialization Latency (PRGM high to TNIT high) T
OR2C/2T04A 63.36 254.40 us
OR2C/2T06A 74.98 301.04 Hs
OR2C/2T08A 86.59 347.68 us
OR2C/2T10A 98.21 394.32 us
OR2C/2T12A 109.82 440.96 us
OR2C/2T15A 121.44 487.60 ps
OR2C/2T26A 144,67 580.88 us
OR2C/2T40A 181.90 730.34 ps
NIT High to WR, Asynchronous Peripheral TINIT_WR 1.50 — us

Note: TPO is triggered when Voo reaches betwsen 3.0 V to 4.0 V for the OR2CxxA and between 2.7 V and 3.0V for the OR2TxxA.
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Timing Characteristics (continued)

Voo T
Tro+TiL »|
PRGM ;|(‘
T Traw

INIT 7?1
[ TiIT_CLK

Teowk

CCLK

—— ] — THMODE

TSMODE
M[3:0] %
TeL |
DONE ;l(—'\—

5-4531(F)

Figure 66. General Configuration Mode Timing Diagram
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Timing Characteristics (continued)

Table 47. Master Serial Configuration Mode Timing Characteristics

OR2CxxA Commercial: VDD = 5.0 V £ 5%, 0 °C £ TA < 70 °C; OR2CxxA Industrial: VOD = 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: VOD =3.0V10 3.6 V, -40°C < TA < +85 °C.

Parameter Symbol Min Nom Max Unit
DIN Setup Time Ts 60.0 — — ns
DIN Hold Time TH 0 — — ns
CCLK Freguency (M3 =0Q) Fc 38 10.0 15.2 MHz
CCLK Frequency (M3 = 1) Fc 0.48 1.25 19 MHz
CCLK to DOUT Delay To — — 30 ns

Note: Sarial configuration data is transmitted out on DOUT on the falling edge of CCLK after it is input DIN.

CCLK \ /

Ts TH

DIN BITN i X
55

o
pouT BITN x -
55 5-4532(F)

Figure 67. Master Serial Configuration Mode Timing Diagram

Lucent Technologies Inc. 2-355



ORCA OR2CxxA and OR2TxxA Series FPGAs FPGA Data Book

Timing Characteristics (continued)

Table 48. Master Parallel Configuration Mode Timing Characteristics

OR2CxxA Commercial: VDD = 5.0 V 1 5%, 0 °C £ TA £ 70 °C; OR2CxxA Industrial: VOD = 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, —40 °C < TA < +85 °C.

Parameter Symbol Min Max Unit
RCLK to Address Valid Tav 0 200 ns
D{7:0] Setup Time to RCLK High Ts 60 — ns
D[7:0] Hold Time to RCLK High TH 0 — ns
RCLK Low Time (M3 = 0) Tei 462 1855 ns
RCLK High Time (M3 = 0) TcH 66 265 ns
RCLK Low Time (M3 = 1) Tecu 3696 14840 ns
RCLK High Time (M3 = 1) TcH 528 2120 ns
CCLK to DOUT To — 30 ns

Notes:
The RCLK period consists of seven CCLKs for RCLK low and one CCLK for RCLK high.

Serial data is transmitted out on DOUT 1.5 CCLK cycles after the byte is input D{7:0),

A[17:0] { K X
— Tav

TcH | Teu
m_}r‘\ X N\
I Ts TH
D[7:0} * BYTEN BYTEN + 1 X

CCLK

DOUT

144(F)

Figure 68. Master Parallel Configuration Mode Timing Diagram
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Timing Characteristics (continued)

Table 49. 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 Commercial: VDD = 3.0V 1036V, 0°C S TAS 70 °C; OR2TxxA Industrial: VDD =3.0V10 3.6 V, 40 °C < TA < +85°C.

Parameter Symbol Min Max Unit

WH, T30, 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 T8 1 8 CCLK Periods -
Earliest WH After RDY Goes High* TwR2 0 — ns

RD to D7 Enable/Disable TDEN — 60 ns

CCLK to DOUT To — 30 ns

* This parameter is valid whethar 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 after the byte is input D[7:0].
D[6:0] iming is the same as the write data port of the D7 waveform because D[6:0] are not enabled.

o5 X XXXXXAXXN XXX

_ [:m_*l
o7 XXXXX)OOk -

AN
XXX

™ %XX ;w«———j\;
Ka g XK

)
RDY N
TROY tt——

WRITE DATA

To
pouT PREVIOUS BYTE b7 0o X D1 X D2 X D3 x
5-4533.a
Figure 69. Asynchronous Peripheral Configuration Mode Timing Diagram
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Timing Characteristics (continued)

Table 50. Synchronous 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 Commercial: VDD = 3.0V 10 3.6 V, 0 °C < TA £ 70 °C; OR2TxxA Industrial: VDD = 3.0 V10 3.6 V, ~40 °C < TA < +B5 °C.

Parameter Symboli 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 TeL 50 — ns
CCLK Frequency Fc — 10 MHz
CCLK to DOUT To — 30 ns

Note: Serial data is transmitted out on DOUT 1.5 clock cycles after the byte is input D{7:0).

CCLK

THIT_CLK.

NIT THP——-—-
—»i TS
0(7:01———_@ BYTE 1 )
‘.Jr_To
¥ X X2 X X X5 X e X7 X7 X

SN

5-4534(F)

o S\

Figure 70. Synchronous Peripheral Configuration Mode Timing Diagram

2-358 Lucent Technologies Inc.



FPGA Data Book

ORCA OR2CxxA and OR2TxxA Series FPGAs

Timing Characteristics (continued)

Table 51. Slave Serial 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 Commercial: VDD = 3.0 V10 3.6 V, 0°C < TA £ 70 °C; OR2TxxA Industrial: VDD = 3.0V 10 3.6 V, -40°C < TA < +85°C.

Parameter Symbol Min Max Unit
DIN Setup Time Ts 20 — ns
DIN Hold Time TH 0 — ns
CCLK High Time TCH 50 — ns
CCLK Low Time TeL 50 — ns
CCLK Frequency Fc — 10 MHz
CCLK to DOUT TD — 30 ns
Note: Serial configuration data is transmitted out on DOUT on the falling edge of CCLK after it is input on DIN.
DIN
CCLK
DOUT ; BITN
X X 5-4535(F)

Figure 71. Slave Serial Configuration Mode Timing Diagram
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Timing Characteristics (continued)

Table 52. Slave Parallel 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 Commercial: VDD = 3.0 V10 3.6 V, 0 °C < TA £ 70 °C; OR2TxxA Industrial: VDD = 3.0 V to 3.6 V, ~40 °C < TA < +85 °C.

Parameter Symbol Min Max Unit
CS80, CS1, WR Setup Time Ts1 60 — ns
€80, CS1, WR Hold Time TH1 20 — ns
D[7:0] Setup Time Ts2 20 — 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.

w0 XOOOXCKK 20000

f— TS1 —wfat—TH1 —m]

5-2848(F)

Figure 72. Slave Parallel Configuration Mode Timing Diagram
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Timing Characteristics (continued)

Table 53. Readback Timing Characteristics

OR2CxxA Commercial: VOD = 5.0 V £ 5%, 0 °C £ TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V + 10%, 40 °C < TA < +85 °C.
OR2TxxA Commercial: VOD = 3.0V 10 3.6 V, 0 °C < TA < 70 °C; OR2TxxA Industrial: VOD = 3.0 V10 3.6 V, ~40 °C s TA < +85 °C.

RD_CFGN T
Ts

CCLK

Teu

|e— TO

A

Parameter Symbol Min Max Unit
RD_CFGN to CCLK Setup Time Ts 50 — ns
RD_CFGN High Width to Abort Readback TRBA 2 — CCLK
CCLK Low Time Teu 50 — ns
CCLK High Time TcH 50 — ns
CCLK Frequency Fc — 10 MHz
CCLK to RD_DATA Delay To —_— 50 ns

TreA

L

L BITO

Figure 73. Readback Timing Diagram
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Timing Characteristics (continued)

Table 54. Boundary-Scan Timing Characteristics

OR2CxxA Commercial: VDD = 5.0 V 5%, 0 °C < TA S 70 °C; OR2CxxA Industrial: VOD = 5.0 V  10%, ~40 °C < TA < +85 °C.
OR2TxxA Commercial: VDD = 3.0 V10 3.6 V, 0°C < TA < 70 °C; OR2TxxA Industrial: VOD = 3.0V t0 3.6 V, -40°C < TA < +85 °C.

Parameter Symbol Min Max Unit
TDITMS to TCK Setup Time Ts 25 — ns
TDI/TMS Hold Time from TCK TH 0 -— ns
TCK Low Time TcL 50 -— ns
TCK High Time TcH 50 — ns
TCK to TDO Delay To — 20 ns
TCK Frequency TTCK — 10 MHz
AR Ve VAR VAR VAN
Ts—eia-TH
™S - N

To! X X X X
O X X X j( X X_

Figure 74. Boundary-Scan Timing Diagram

BSTOD(C)

2-362 Lucent Technologies Inc.



FPGA Data Book ORCA OR2CxxA/OR2TxxA Series FPGAs

Measurement Conditions

VED Gr:D Note: Switch to Voo for
TrZ/TPzy,;
switch to GND for
Tenz/Tezn.
? 1 kQ
TO THE OUTPUT UNDER TEST »_—_L
50 pF TO THE OUTPUT UNDER TEST >—i
l: 50 pF
A. Load Used to Measure Propagation Delay B. L.oad Used to Measure Rising/Falling Edges
5-3234(F)
Figure 75. ac Test Loads
tsfi]
outil PAD
OUT | ac TEST LOADS (SHOWN ABOVE)
Voo
outlil Voo/2
or2 jmf\_
PAD {5y ___ |
OUT pov
v’l TP
TPHH 5-3233.4(F)

Figure 76. Output Buffer Delays
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PADIN 15V
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Voo ﬁ——\
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V55—t
—J —w TELL
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Figure 77. input Buffer Delays
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Output Buffer Characteristics
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Output Buffer Characteristics (continued)
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A

Absolute Maximum Ratings, 2-336
Adder (see LUT Operating Modes)
Architecture
Overview, 2-207
PLC, 2-225
PIC, 2-232

Bidirectional Buffers (BIDIs), 2-216, 2-219, 2-220, 2-
222, 2-224
(see also Routing and SLIC)
Bit Stream (see FPGA Configuration)
Bit Stream Error Checking, 2-248
(see also FPGA States of Operation)
Boundary Scan, 2-245, 2-255, 2-257, 2-260

C

Clock Distribution Network, 2-239—2-241

Inputs, 2-241
Selecting Clock Input Pins, 2-241

Clock Enable (CE), 2-203, 2-207, 2-209, 2-217, 2-218,
2-226, 2-338

Comparator (see LUT Operating Modes)

Configuration (see FPGA States of Operation
or FPGA Configuration)

Control inputs, 2-207, 2-209

E

Electrical Characteristics, 2-336
Error Checking (see FPGA Configuration)

F

5V Tolerant /O, 2-228—2-229, 2-266
FPGA Configuration
Configuration Frame Format, 2-245—2-247
Configuration Modes, 2-248, 2-266—2-267, 2-270
Asynchronous Peripheral Mode, 2-250, 2-252,
2-266
Daisy-Chaining, 2-252
Master Parallel Mode, 2-248
Master Serial Mode, 2-249
Slave Parallel Mode, 2-246, 2-247, 2-251,
2-252, 2-267
Siave Serial Mode, 2-251—2-252
Synchronous Peripheral Mode, 2-250
Data Format, 2-245—2-247
Using ORCA Foundry to Generate RAM Data,
2-245
FPGA States of Operation, 2-242—2-245
Configuration, 2-243
Initialization, 2-242

2-366

Other Configuration Options, 2-245
Partial Reconfiguration, 2-245
Reconfiguration, 2-244

Start-Up, 2-243

G

GSR (see GSRN)
GSRN, 2-208, 2-209, 2-218, 2-239, 2-338

[EEE Standard 1149.1, 2-203
(see also Boundary Scan)
Initialization (see FPGA States of Operation)
Input/Output Buffers (see PICs)
Measurement Conditions, 2-363
Output Buffer Characteristics, 2-364—2-365

J
JTAG (see Boundary Scan)

L

Look-up Table (LUT) Operating Modes, 2-209—2-217
Adder-Subtractor Submode, 2-212
Counter Submode, 2-213
Equality Comparators, 2-213
Logic Modes, 2-209—2-211
Memory Mode, 2-214—2-217

Asynchronous Memory, 2-214
Synchronous Memory, 2-215
Muttiplier Submode, 2-213
Ripple Mode, 2-212
LS8R, 2-207—2-209, 2-217-—2-218

Maximum Ratings (see Absolute Maximum Ratings)
Multiplier (see LUT Operating Modes)

(o)

ORCA Foundry Development System Overview, 2-206
Ordering Information, 2-383

Package Matrix, 2-384

Package Options, 2-383

Temperature Options, 2-383

Voltage Options, 2-383
Output (see PICs)

P

Package Outline Drawings, 2-366—2-380
Package Matrix, 2-384
Package Outline Drawings, 2-366
84-Pin PLCC, 2-367
100-Pin TQFP, 2-368
144-Pin TQFP, 2-369
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160-Pin QFP, 2-370
208-Pin SQFP, 2-371
208-Pin SQFP2, 2-372
240-Pin SQFP, 2-373
240-Pin SQFP2, 2-374
256-Pin PBGA, 2-375
304-Pin SQFP, 2-376
304-Pin SQFP2, 2-377
352-Pin PBGA, 2-378
432-Pin EBGA, 2-379
600-Pin EBGA, 2-380
Terms and Definitions, 2-366
Pin Information, 2-266—2-331
84-Pin PLCC, 2-266
100-Pin TQFPR, 2-273
144-Pin TQFP, 2-275
160-Pin QFP, 2-277
208-Pin SQFP/SQFP2, 2-281
240-Pin SQFP/SQFP2, 2-286
256-Pin PBGA, 2-292
304-Pin SQFP/SQFP2, 2-299
352-Pin PBGA, 2-306
432-Pin EBGA Pinout, 2-315
600-Pin EBGA Pinout, 2-325
Package Compatibility, 2-268
Pin Descriptions, 2-266
Power Dissipation, 2-262—2-265
5V Tolerant /O, 2-265
OR2CxxA, 2-262
OR2TxxA, 2-264
Programmable Function Unit (PFU), 2-207—2-218
Control Inputs, 2-207, 2-203
Operating Modes, 2-209—2-217
Latches/Flip-Flops, 2-217—2-218
Programmabile Input/Output Celis (PICs),
2-2272-233
5V Tolerant /O, 2-228
Architecture, 2-231—2-232
Inputs, 2-227
Outputs, 2-228
Open-Drain Output Option, 2-228
Propagation Delays, 2-228
Overview, 2-227
Zero-Hold Input, 2-227
Programmable Logic Cells (PLCs), 2-207—2-226
Architecture, 2-224—2-226
Latches/Flip-Flops, 2-217—2-218
PFU, 2-207—2-218
Routing, 2-219—2-226

R

RAM (see also FPGA Configuration), 2-219, 2-245,

2-337, 2-345
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Dual-pont, 2-205, 2-209, 2-215—2-217
Single-port, 2-205, 2-209, 2-214—2-217
Recommended Operating Conditions, 2-335
Reconfiguration (see FPGA States of Operation)
Routing
3-Statable Bidirectional Buffers, 2-219—2-220,
2-346
Clock Routing, 2-226, 2-347—2-350
(see also Clock Distribution Network)
Configurable Interconnect Points (CIPs), 2-219
Fast-Carry Routing, 2-226
inter-PLC Routing Resources, 2-220—2-221 -
Interquad Routing, 2-207, 2-219, 2-234—2-238 -
Intra-PLC Routing Resources, 2-220
Minimizing Routing Delay, 2-222
PLC Routing, 2-219—2-226, 2-236
Programmable Corner Celf Routing, 2-239
PIC Routing, 2-229—2-233

S

Boundary Scan, 2-255-2-261

Global 3-State Control (TS_ALL), 2-239, 2-266
Global Set/Reset (GSRN), 2-209, 2-218, 2-239
Internal Oscillator, 2-239

Readback Logic, 2-239

Start-up, 2-243 (see also FPGA States of Operation)
Subtractor (see LUT Operating Modes)

System Clock (see Clock Distribution Network)

T

3-state (see Bidirectional Buffers, TS_ALL)
Timing Characteristics, 2-337-2-362

Asynchronous Peripheral Configuration Mode,

2-357

Boundary-Scan Timing, 2-362

Clock Timing, 2-347

General Configuration Mode Timing, 2-352

Master Parallel Contiguration Mode, 2-356

Master Serial Configuration Mode, 2-355

PFU Timing, 2-357

PIO Timing, 2-351

PLC Timing, 2-346

Readback Timing, 2-361

Slave Parallel Configuration Mode, 2-360

Slave Serial Configuration Mode, 2-359
Tolerant 1/O, 2-228 (see also 5 V Tolerant /0)
TS_ALL, 2-203, 2-239, 2-266

U—2
Zero-hold Inputs, 2-227
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Ordering Information

Example: OR2C12A-4§ 240
DEVICE TYPE J -1—7 TEMPERATURE RANGE
SPEED GRADE NUMBER OF PINS
PACKAGE TYPE

OR2C12A, -4 Speed Grade, 240-pin Shrink Quad Flat Pack, Commercial Temperature.

Table 55. FPGA Voltage Options

Device Voltage
OR2CxxA 5.0
OR2TxxA 3.3

Table 56. FPGA Temperature Options

Symbol Description Temperature
(Blank) Commercial 0°Cto70°C
| Industrial —40 °C to +85 °C

Table 57. FPGA Package Options

Symbol Description
BA Plastic Ball Grid Array (FBGA)
BC Enhanced Ball Grid Array (EBGA)
J Quad Flat Package (QFP)
M Plastic Leaded Chip Carrier (PLCC)
PS Power Quad Shrink Flat Package (SQFP2)
S Shrink Quad Flat Package (SQFP)
T Thin Quad Flat Package (TQFP)
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Ordering Information (continued)

Table 58. ORCA OR2CxxA/OR2TxxA Series Package Matrix

206-Pin | 240-Pin 364-Pin
ElAJ EIAJ EIAJ
Packages | S4FIn | 100-Pin | 144Pin | 160-Pin | SQFP/ | SQFP/ | 256-Pin | SQFP/ | 352.Pin | 432-Pin | 600-Pin
PLCC | TQFP | TQFP | QFP | SGFP2 | SQFP2 | PBGA | SOFP2 | PBGA | EBGA | EBGA
$208/ | 9240 $3047
M84 TI00 | T144 | J160 | PS208 | PS240 | BA256 | PS304 | BA3S2 | BC432 | BCEOO
OR2C/2T04A|  Cl Cl 7] Ci Ci = — = - — -
OR2C/2TOBA | Cl cl Ci Ci Ci ci 7] = = - -
ORRC/ZTOBA|  CI — — 5] 5] ci 3] = — — -
OR2C/ZTIGA|  Ci — — cl 7] cl <] — i — =
OR2C/2T1ZA|  ClI = — = <] 7] 3] 7] i = —
OR2C/2TI5A | CF = — = ct ] Cl l ol ol —
OR2C/2T26A| — — = = Cl Gi = Ci ci Cl Ci
OR2CIZT40A | — — = — cl al = Cl cl cl al

Key: C = commercial, | = industrial.

Notes:

The package options with the SQFP/SQFP2 designation in the tabie above use the SQFP package for all densities up to and including the

OR2C/T15A, while the OR2C/T26A and the OR2C/2T40A use the SQFP2,
The OR2TxxA series is not offered in the 304-pin SQFP/SQFP2 packages.

The OR2C40A is not offered in a 352-pin PBGA.
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