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Description (continued)

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

PLC Routing Resources

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

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

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

Configurable Interconnect Points

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

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

3-Statable Bidirectional Buffers

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

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

TRI

BIDI
CONTROLLER

1

BIDIH
CONTROLLER

RIGHT-LEFT BIDI

LEFT-RIGHT BIDI

UNUSED BIDI

LEFT-RIGHT BIDI

gl

RIGHT-LEET BIDIH

—— LEET-RIGHT BIDIH

UNUSED BIDIH

= LEFT-RIGHT BIDIH

A

5-4479p2(F)

Figure 20. 3-Statable Bidirectional Buffers

IntrasPLC Routing

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

PFU Input and Output Ports. There are 19 input ports
to each PFU. The PFU input ports are labeled A[4:0],
B[4:0], WD[3:0], CO, CK, LSR, CIN, and CE. The six
output ports are O[4:0] and COUT. These ports corre-
spond to those described in the PFU section.

20

Switching Lines. There are four sets of switching lines
in each PLC, one in each corner. Each set consists of
five switching elements, labeled SUL[4:0], SUR[4:0],
SLL[4:0], and SLRJ[4:0], for the upper-left, upper-right,
lower-left, and lower-right sections of the PFUs,
respectively. The switching lines connéctito the PFU
inputs and outputs as well as the BIDI and'BIDIH lines,
to be described later. They alsosconnect to both the
horizontal and vertical X1 and X4 lines (inteér-PLC rout-
ing resources, described hélow).dh their specific corner.

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

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

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

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

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

Lattice Semiconductor
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Programmable Logic Cells (continued)

Inter-PLC Routing Resources

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

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

Table 5. Inter-PLC Routing Resources

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

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

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

X4 Lines. There are four sets of four X4 lines, for a total
of 16 X4 lines per PLC. They are HX4[3:0], HX4[7:4],
VX4[3:0], and VX4[7:4]. Each set of X4 lines is twisted
each time it passes through a PLC, and one of the four
is broken with a CIP. This allows a signal to be routed
for a length of four cells in any direction on a single line
without additional CIPs. The X4 lines can be used to
route any nets that require minimum delay. A longer net
is routed by connecting two X4 lines together by a CIP.
The X4 lines are accessed via the switching lines.
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Figure 22. Multiple PLC View of Inter-PLC Routing
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(continued)
PIC Routing Resources

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

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

PXL PXH PX2 PX1

i

24 cK
ﬁ“L PLC X4
4
PADD || vo3 |4 +5 PLC X1
_£20p| C PSW
papc| | o2 |4 A
4 SWI'I'?(I.‘,(I:-IING 7~ BEebout
PADB |{ VOt MATRIX  |—24 PLGXL
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4
——“ PLC X1
ﬁ“L PLC X4
4/ pLCPIN

2|, 4|, haif 4

PXL PXH PX2 PX1
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Figure 25. Simplified PIC Routing Diagram

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

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

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

Routing Resources Internal to the PIC

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

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

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

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

PX1 Lines. Each PIC has four PX1 lines, labeled

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

Lattice Semiconductor
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FPGA Configuration Modes (continued)

Asynchronous Peripheral Mode

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

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

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

DOUT=> TO DAISY-
8 PRGM CHAINED
»| D[7:0] . '@eLK|—» DEVICES
- RDY/BUSY
INIT
DONE
MICRO-
PROCESSOR L csy ORCA
| | <ADDRESS SERIES
DECODELOGIC =% CS1 “FpGA
| [* sBus{  [™9RD
CONTROLLER |0 WR
Vop O M2 HDC |-
M1
?L — MO LDC|—
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Figure 42. Asynchronous Peripheral Configuration
Schematic
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Synchronous Peripheral Mode

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

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

> TO DAISY-
CHAINED
DOUT |—» DEVICES
7 PRGM
— »-| D[7:0]
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MICRO- FPGA
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Figure 43. Synchronous Peripheral Configuration
Schematic
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Special Function Blocks (continued)

Global 3-State Control (TS_ALL)

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

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

The following occur when TS_ALL is activated:

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

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

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

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

Internal Oscillator

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

Lattice Semiconductor

Global Set/Reset (GSRN)

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

FFs on the device. GSRN is automatically asserted at

powerup and during configdration of the device.

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

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

Start-Up Logic

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

OR2T15A Clock Power

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

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

OR2T26A Clock Power

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

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

OR2T40A Clock Power

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

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

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

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

PIN =0:09 mW/MHz

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

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

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

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

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

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

Twenty inputs, 32 outputs driving 30 pF loads, and

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

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

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

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

=3.4mW

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

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

TOTAL =0.72W

PTOL
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Estimating Power Dissipation (continued)
OR2T15B and OR2T40B

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

PT =X PPLC + = PPIC

The internal operating power is made up of two parts:

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

PpPFU = 0.08 mMW/MHz

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

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

OR2T15B Clock Power

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

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

OR2T40B Clock-Power

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

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

The power dissipated in a PIC is the sum of the power
dissipated in the four I/Os in the PIC. This consists of

Lattice Semiconductor

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

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

PIN'="0.033/mW/MHz

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

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

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

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

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

Twenty inputs, 32 outputs driving 30 pF loads, and

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

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

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

(16 SMEM_PFUs)] [40 MHz]

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

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

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

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

55 PRGM PRGM PRGM

56 | PR1OA PR18A PR20A

57 | PR10D PR1GA PR17A

58 PROA PR15D PR16D

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

62 PR7D PR11D 2D

63 PR6A PR10A

64 VDD VDD

65 PR5A PR9

66 Vss

67 PR4A

68 PR4D

69

70

71

72 I/0O-RD

73 I/O-WR

RD_CFG

VDD
Vss

77 PT19A I/0-RDY/RCLK

78 PT16D I/0-D7

79 PT15D I/0

80 PT14B I/0-D6

81 PT13A I/0-D5

82 PT7D PT11D PT12D I/0

83 PT7A PT11A PT12A I/0-D4

84 PT6A PT10A PT11A I/0-D3

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

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

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

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

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

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

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

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

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

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

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

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

The pins labeled VSS-ETC are the 6 x 6 array of thermal balls located at the center of the package. The balls can be attached to the ground plane
of the board for enhanced thermal capability (see Table 29), or they can be left unconnected.
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Pin Information (continued)
Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)
Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
AH3 PRGM PRGM PRGM PRGM
AH2 PR20A PR24A PR30A 1/0-M0O
AH1 PR20B PR24B PR30B 1/0
AF4 PR20C PR24C PR29A I/0
AG3 PR20D PR24D PR29D 1/0
AG2 PR19A PR23A PR28A I/O-VDD5
AG1 PR19B PR23B PR28B I/0
AF3 PR19C PR23C PR28C 10
AF2 PR19D PR23D PR28D IQ
AF1 PR18A PR22A PR27A I/0
AD4 PR18B PR22B PR27B 1/O
AE3 PR18C PR22C PR27C 170
AE2 PR18D PR22D PR27D 1/Q
AE1 PR17A PR21A PR26A /(@]
AC4 PR17B PR21B PR26B I/0
AD3 PR17C PR24C PR26C I/0
AD2 PR17D PR21D PR25A I/0
AC3 PR16A PR20A PR24A I/0
AB4 PR16B PR20B PR24B I/0
AC2 PR16C PR20C PR24D I/0
ACA1 PR16D PR20D PR23D 1/0-M1
AB3 PR15A PR19A PR22A I/0
AB2 PR15B PR19B PR22B I/0
AB1 PR15C PR19C PR22C I/0
AA3 PR15D PR19D PR22D I/O-VDD5
Y4 PR14A PR18A PR21A 1/0
AA2 PR14B PR18B PR21B I/0
AA1 PR14C PR18C PR21C I/0
Y3 PR14D PR18D PR21D I/0
W4 PR13A PR17A PR20A 1/0-M2
Y2 PR13B PR17D PR20D I/0
W3 PR13C PR16A PR19A 1/0
W2 PR13D PR16B PR19B I/0
V4 — PR16D PR19D I/0
Wi PR12A PR15A PR18A 1/0-M3
V3 — PR15D PR18D I/0
V2 PR12B PR14A PR17A I/0
V1 PR12C PR14B PR17B I/0
u3 PR12D PR14D PR17D I/0
u2 PR11A PR13A PR16A I/0
U1 PR11B PR13B PR16B I/0
T3 PR11C PR13C PR16C 110
T4 PR11D PR13D PR16D I/0
T2 PR10A PR12A PR15A 1/0
Notes:

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

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

Table 28. OR2T15A, OR2T26A, and OR2T40A/B 432-Pin EBGA Pinout (continued)

Pin 2T15A Pad 2T26A Pad 2T40A/B Pad Function
R1 PR10B PR12B PR15B 110
R2 PR10C PR12C PR15C I/0
R3 PR10D PR12D PR15D I/0
P1 PR9A PR11A I/O-VDD5
P2 PR9B PR11C I/0
P3 PR9C PR11D I/0
N1 — PR10A O
P4 PR9D PR10C
N2 — PR10D
N3 PR8A PR9A
M2 PR8B
N4 PR8C
M3 PR8D [ I/0
L1 PR7A I/O-CS0
L2 PR7B I/0
M4 PR7C I/0
L3 PR7D I/0
K1 PR6A I/0
K2 PR6B I/0
K3 PR6C I/0
J1 PR6 I/0
J2 I/O-RD
K4 I/0
J3 110
H2 I/0
I/0-VDD5
I/0
I/0
I/0
I/O-WR
I/0
I/0
I/0
I/0
I/0
I/0
I/0
I/0
D1 PR1B PR1B PR2D 1/0
D2 PR1C PR1C PR1A /0
D3 PR1D PR1D PR1D /0
E4 RD_CFGN RD_CFGN RD_CFGN RD_CFGN
D5 PT20D PT24D PT30D 110
C4 PT20C PT24C PT30A I/0

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

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

Table 37A. OR2CxxA and OR2TxxA Asynchronous Memory Read During Write Operation (MA/MB Modes)

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

OR2TxxA Commercial: VDD = 3.0V t0 3.6 V, 0 °C =< TA < 70 °C; OR2TxxA Industrial: VDD = 3.0

+85°C.

Data to PFU Output Delay (WD[3:0] to F[3:0])

MEM*_DDEL

Table 37B. OR2TxxB Asynchronous Memory Re
OR2TxxB Commercial: VDD =3.0Vt0 3.6V, 0°C<TA <

+85°C.

Parameter

Parameter Symbol -3 4
Min | Max| Min
Read During Write Operation
(TJ =85 °C, VDD = min):
Write Enable (WREN) to PFU Output Delay MEM*_WRDEL | — | 4.9
(A4/B4 to F[3:0])
Write-port Enable (WPE) to PFU Output MEM*_PWRDEL| — | 6.4
Delay (CO to F[3:0])

Read During Write Operation
(TJ = +85 °C, VDD = min):
Write Enable (WREN) to PFU
(A4/B4 to F[3:0])
Write-port Enable (WPE) t
Delay (CO to F[3:0
Data to PFU Outp

Lattice Semiconductor

MEM*_WRD

6V,-40°C=<TA =<

-8

Max

Unit

3.9

4.0

2.4

ns

ns

ns
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Timing Characteristics (continued)

Table 46A. OR2CxxA/OR2TxxA Programmable 1/O Cell Timing Characteristics

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

Speed
Parameter Symbol -3 4 -5 -6
Min | Max| Min| Max| Min| Max

Inputs (TJ = 85 °C, VDD = min)
Input Rise Time TR — | 500| — | 500| — | 500
Input Fall Time TF — | 500 — | 500| — | 500
Pad to In Delay PAD_INDEL | — | 15| — | 13| —

Pad to Nearest PFU Latch Output CHIP_LATCH | — | 47| — | 41

Delay Added to General Routing — — | 70| —| 60
(input buffer in delay mode for
OR2C/2T15A and smaller
devices)

Delay Added to General Routing — —
(input buffer in delay mode for
OR2C/2T26A and OR2C/2T40A)

Delay Added to Direct-FF Routing - —
(input buffer in delay mode for
OR2C/2T15A and smaller
devices)

Delay Added to Direct-FF Routing
(input buffer in delay mode for
OR2C/2T26A and OR2C/2T40A)
Outputs (TJ = 85 °C, VbD = min, C
PFU CK to Pad Delay (DOUT[3:
PAD):
Fast OUT_DEL(F) — | 50| — | 44| — | 33| ns
Slewlim ~DEL(SL) — | 64| — | 56| — | 441 ns
Sinklim _DEL(SI) — | 95| — | 83| — | 72| ns
Output to Pad Del T[3:0] to
PAD):
Fast OUT_DEL — | 36| — | 31 — | 27| — | 23 ns
OUT_DEL(S — | 55| — | 45| — | 39| — | 3.1 ns
— | 75| — | 76| — | 65| — | 6.2 ns
— | 40| — | 35| — | 31 — | 25 ns
— | 63| — | 52| — | 47| — | 37 ns
— | 84| — | 93| — | 80| — | 76| ns

the chip hold time to the nearest PFU latch is guaranteed to be 0 if the clock is routed using the
. It should also be noted that any signals routed on the clock lines or using the TRIDI buffers directly
d at any time.

primary clock network; (TJ = @
from the input buffer do not get d

The delays for all input buffers assume an input rise/fall time of <1 V/ns.
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Timing Characteristics (continued)

Table 49. Series 2 Master Parallel Configuration Mode Timing Characteristics
OR2CxxA Commercial: VDD = 5.0V £ 5%, 0 °C < TA < 70 °C; OR2CxxA Industrial: VDD = 5.0 V = 10%, —40 °C < TA < +85 °C.

OR2TxxA/B Commercial: VDD =3.0Vt0 3.6 V, 0 °C < TA =< 70 °C; OR2TxxA/B Industrial: VDD = 3.0 V to 3
—-40°C <TA < +85°C.
Parameter Symbol ] Uni
RCLK to Address Valid Tav
ns

D[7:0] Setup Time to RCLK High Ts

D[7:0] Hold Time to RCLK High TH ns
RCLK Low Time (M3 = 0) TcL ns
RCLK High Time (M3 = 0) TCH

RCLK Low Time (M3 = 1) TcL

RCLK High Time (M3 = 1) TCH

CCLK to DOUT TD
Notes:

The RCLK period consists of seven CCLKs for RCLK low and one CCLK fe
Serial data is transmitted out on DOUT 1.5 CCLK cycles after the

Al17:0] >I<'
Tav
RCLK _‘/I/_\

D[7:0]

TcH A TcL
AN Y

Ts - —
VA |
BYTE N + 1 X

v o N,
.

D OG0 000000

CCLK

DOUT

1.44(F)

ster Parallel Configuration Mode Timing Diagram
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Package Outline Drawings (continued)
208-Pin SQFP2

Dimensions are in millimeters.

- 30.60 £ 0.20

- 28.00 +0.20 >
21.0 REF

4
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A
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— i
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4| 010 @

Y
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A
P R

i
0 DETAIL B
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GHIP BONDED FACE DETAIL C.)
3.40 = 0.20
}
............................................. 410 MAX
_____________ T Y SEATING PLANE
J 1(0.08 5-3828(F)
0.25 MIN

CHIP BONDED FACE UP
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