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System-Level Features

System-level features reduce glue logic requirements
and make a system on a chip possible. These features
in the OACA Series 3 include:

m Full PClI local bus compliance.

m Dual-use microprocessor interface (MPI) can be
used for configuration, readback, device control, and
device status, as well as for a general-purpose inter-
face to the FPGA. Glueless interface to /960" and
PowerPCt processors with user-configurable
address space provided.

m Parallel readback of configuration data capability with
the built-in microprocessor interface.

m Programmable clock manager (PCM) adjusts clock

Table 2. ORCA Series 3 System Performance

phase and duty cycle for input clock rates from

5 MHz to 120 MHz. The PCM may be combined with
FPGA logic to create complex functions, such as dig-
ital phase-locked loops (DPLL), frequency counters,
and frequency synthesizers or clock doublers. Two
PCMs are provided per device.

m True, internal, 3-state, bidirectional,buses with simple

control provided by the SLIC:

= 32 x 4 RAM per PFU, configurable as single- or dual-

port at >176 MHz. Create'large, fast RAM/ROM
blocks (128 x 8 indnly-eight PEWSs) using the SLIC
decoders as bank drivers,

* /960is a registered trademark of Intel Corporation.
1T PowerPCis a registered trademark of International, Business

Machinesi€orporation.

Speed .
Parameter #PFUs ) 5 6 7 Unit
16-bit Loadable Up/Down Counter 2 78 102 131 168 MHz
16-bit Accumulator 2 78 102 131 168 MHz
8 x 8 Parallel Multiplier:
Multiplier Mode, Unpipelined’ 11.5 19 25 30 38 MHz
ROM Mode, Unpipelined?® 8 51 66 80 102 MHz
Multiplier Mode, Pipelined® 15 76 104 127 166 MHz
32 x 16 RAM (synchronous):
Single-port, 3-state Bus* 4 97 127 | 151 192 MHz
Dual-port® 4 127 | 166 | 203 | 253 MHz
128 x 8 RAM (synchronous):
Single-port, 3-state Bug* 8 88 116 | 139 | 176 MHz
Dual-port® 8 88 116 | 139 | 176 MHz
8-bit Address Decode (internal):
Using Softwired LUTs 0.25 487 | 3.66 | 258 | 2.03 ns
Using SlICs® 0 235 | 1.82 | 123 | 0.99 ns
32-bit Address Decode (internal):
Using Softwired LUTs 2 16.06 | 12.07 | 9.01 7.03 ns
Using SLICs? 0 6.91 5.41 4.21 3.37 ns
36-bit Parity,Check (internal) 2 16.06 | 12.07 | 9.01 7.03 ns

. Implemented using 32 x 4 dual-port RAM mode.

NO Ok~ W=

. Implemented in five partially occupied SLICs.

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

. Implemeénted using two 32'x 12"ROMs and one 12-bit adder, one 8-bit input, one fixed operand, one 16-bit output.

. Implemented using 8 x4 multiplier mode (fully pipelined), two 8-bit inputs, one 16-bit output (7 of 15 PFUs contain only pipelining registers).
. Implemented using 32 x 4 RAM mode with read data on 3-state buffer to bidirectional read/write bus.

. Implemented in one partially oceupied SLIC with decoded output set up to CE in same PLC.

Lattice Semiconductor
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Programmable Logic Cells (continued)

BRI9

BRI9 ~ I
BLI9

/ '
BRI8 ~
BLI8

L/
BRI7 N
BLI7

L/
BRI6 ~

\

BLI6
—_— L
BRI5 \f )

BLI5S

L
BRI4
> N
14,
BLI4
/

TRI

HIGH Z WHEN

R
o?

BL|2
I e
BRI1 \_,7

BLI1

BRIO NG
5-5750(F) ]

,.BLlo 5-5748(F)
Figure 15. Bu Decoder Mode -
Figure 16. Decoder Mode

22 Lattice Semiconductor



Data Sheet
November 2006 ORCA Series 3C and 3T FPGAs

Programmable Logic Cells (continued)
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Programmable Input/Output Cells

(continued)

Table 9. PIO Options

Input Option
Input Level TTL, OR3Cxx only
CMOS, OR3Cxx or OR3Txxx
3.3V PCI Compliant, OR3Txxx
5V PCI Compliant, OR3Txxx
Input Speed Fast, Delayed
Float Value Pull-up, Pull-down, None
Register Mode Latch, FF, Fast Zero Hold FF,
None (direct input)
Clock Sense Inverted, Noninverted
Input Selection Input 1, Input 2, Clock Input
Output Option
Output Drive 12 mA/6 mA or 6 mA/3 mA
Current
Output Function Normal, Fast Open Drain
Output Speed Fast, Slewlim, Sinklim
Output Source FF Direct-outf General Routing

Output Sense

Active-high, Active-low

3-State Sense

Active-high, Active-low (3-state)

FF Clocking ExpressCLK, System Clock
Clock Sense Inverted, Noninverted
Logic Options See Tabler10.

1/0 Controls Option
Clock Enable Active-high, Active-low,

Always Enabled

Set/Reset Level

Active-high; Active-low,
No Local Reset

Set/Reset dype Synehronous, Asynchronous
Set/Reset Priority | CE‘over LSR, LSR over CE
GSR Control Enable GSR, Disable GSR

Lattice Semiconductor

5V Tolerant I/O

The 1/0 on the OR3Txxx Series devices allow intercon-
nection to both 3.3V and 5 V devices (selectable on a
per-pin basis).

The OR3Txxx devices will drive'the pin to the 3.3V lev-
els when the output buffer(is enableds If the other
device being driven byfthe OR3Txxx device has TTL-
compatible inputs, then the device will not dissipate
much input buffer'power. This is because the OR3Txxx
output is beingsdriven to,a higher level than the TTL
level required. If the other device has a CMOS-compat-
ible input, the amount of input bufferqpower will also be
smallBoth ‘of these power valuesfare dependent upon
thednput buffer'characteristics of the ether device when
driven at the ©R3Txxx output buffer voltage levels.

The,OR3Txxx device has‘internal programmable pull-
ups on the I/O buffers{ These pull-up voltages are
always referenced to VDD and are always sufficient to
pull'the input bufferof the OR3Txxx device to a high
state. The pinfon the OR3Txxx device will be at a level
1.0 V below VDD (minimum of 2.0 V with a minimum
VDD of 3.0 V). This voltage is sufficient to pull the exter-
nal piftup t0.@,3.3 V-CMOS high input level (1.8 V, min)
or/@TTL high'input level (2.0 V, min) in a 5V tolerant
system. Therefore, in a 5V tolerant system using 5V
CMOS parts; care must be taken to evaluate the use of
these pull-ups to pull the pin of the OR3Txxx device to
a typical 5 V CMOS high input level (2.2 V, min).

PCI Compliant I/O

The 1/0 on the OR3Txxx Series devices allows compli-
ance with PCI Local Bus (Rev.2.2) 5V and 3.3 V sig-
naling environments. The signaling environment used
for each input buffer can be selected on a per-pin
basis. The selection provides the appropriate 1/0
clamping diodes for PCI compliance. Choosing an IBT
input buffer will provide PCI compliance in OR3Txxx
devices. OR3Cxx devices have PCI Local Bus compli-
ant I/Os for 5 V signaling.

35



Data Sheet
November 2006

ORCA Series 3C and 3T FPGAs

Clock Distribution Network (continued)

ExpressCLK Inputs

There are four dedicated ExpressCLK pads on each
Series 3 device: one in the middle of each side. Two
other user 1/0 pads can also be used as corner
ExpressCLK inputs, one on the lower-left corner, and
one on the upper-right corner. The corner ExpressCLK
pads feed the ExpressCLK to the two sides of the array
that are adjacent to that corner, always driving the
same signal in both directions. The ExpressCLK route
from the middle pad and from the corner pad associ-
ated with that side are multiplexed and can be glitch-
lessly stopped/started under user control using the
StopCLK feature of the CLKCNTRL function block
(described under Special Function Blocks) on that side.
The ExpressCLK output of the programmable clock
manager (PCM) is programmably connected to the cor-
ner ExpressCLK routes. PCM blocks are found in the
same corners as the corner ExpressCLK signals.and
are described in the Special Function Blocks'section.
The ExpressCLK structure is shown in Figure 34 (PCM
blocks are not shown).
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Note: All multiplexefs are setduringiconfiguration.

Figure 34. ExpressCLK and Fast Clock Distribution

Selecting Clock Input Pins

Any user I/O pin on an OARCA FPGA can be used as a
fast, low-skew system clock input. Since the four dedi-
cated ExpressCLK inputs can only be used to distribute
global signals into the FPGA, these pins should be
selected first as clock pins. Within the interquad region
of the device, these clocks sourced by the ExpressCLK
inputs are called fast clocks. Choosing the next clock

Lattice Semiconductor

pin is completely arbitrary, but using a pin that is near
the center of an edge of the device will provide the low-
est skew system clock network. The pin-to-pin timing
numbers in the Timing Characteristics section assume
that the clock pin is in one of the PICs at the center of
any side of the device next tefan’ExpressCLK pad. For
actual timing characteristics for asgiven clock pin, use
the timing analyzer results fromispLEVER.

To select subsequent clock, pins, certain rules should
be followed. As discusseéd in the Programmable Input/
Output Cells section, PICs dre grouped into adjacent
pairs. Each/of these pairs contains eight 1/0Os, but only
one of the eight I/Os in a PIC pair can'be routed directly
onto_ d system elock spine. Therefore, to achieve top
performance, the'next clock input chosen should not be
one of the pins,from a PIC pair previously/used for a
clock input. If it is necessary. to have a second input in
the'same\PIC pair route onto globalsystem clock rout-
ing, the input can be routed toa free clock spine using
thesPIC switching'segment (pSW) connections to the
clock spine network at some small sacrifice in speed.
Alternatively, if'\globaldistfibution of the secondary
clock is notrequired, the signal can be routed on long
lines (xL) and inputto'the PFU clock input without
using a clock'spine.

Anether rule for choosing clock pins has to do with the
alternating nature of clock spine connections to the xL
and pxLyrouting segments. Starting at the left side of
the device, the first vertical clock spine from the top
connects to hxL[0] (horizontal xL[0]), and the first verti-
cal clock spine from the bottom connects to hxL[5] in all
PLC rows. The next vertical clock spine from the top
connects to hxL[1], and the next one from the bottom
connects to hxL[6]. This progression continues across
the device, and after a spine connects to hxL[9], the
next spine connects to hxL[0] again. Similar connec-
tions are made from horizontal clock spines to vxL (ver-
tical xL) lines from the top to the bottom of the device.
Because the OACA Series 3 clock routing only
requires the use of an xL line in every other row or col-
umn, even two inputs chosen 20 PLCs apart on the
same xL line will not conflict, but it is always better to
avoid these choices, if possible. The fast clock spines in
the interquad routing region also connect to xL[8] and
xL[9] for each set of xL lines, so it is better to avoid user
I/Os that connect to xL[8] or xL[9] when a fast clock is
used that might share one of these connections.
Another reason to use the fast clock spines is that
since they use only the xL[9:8] lines, they will not con-
flict with internal data buses which typically use xL[7:0].
For more details on clock selection, refer to application
notes on clock distribution in OACA Series 3 devices.
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Special Function Blocks (continued)

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 36, the con-
nections between U1 and U2 (shown by nets a, b, and
C) can be tested by driving a value 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
I/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/PRELOAD instruction is useful for sys-
tem debugging and fault diagnosis by allowing the data
at the FPGA’s 1/Os to be observed during normal

Table 14. Boundary-Scan ID Code

operation or written during test operation. The data for
all of the 1/Os is captured simultaneously into the BSR,
allowing them to be shifted-out TDO to the test host.
Since each I/O buffer in the PICs is bidirectional, two
pieces of data are captured for each I/O pad: the value
at the I/O pad and the valuef the 3-state control sig-
nal. For preload operation,/data.iswritten from the BSR
to all of the I/Os simultaneously.

There are five OACA-defihed instructions. The PLC
scan rings 1 and 2 (PSR1, PSR2) allow user-defined
internal scangpaths using the PLC latches/FFs. The
RAM_Write Enable (RAM_W) instruction allows the
user to serially configure the FPGAthrough TDI. The
RAM ‘Read Enable/(RAM_R) allews the user to read
back RAM eontents on TDO after configuration. The
IDCODE instruction allows the user to capture a 32-bit
identification code that isuniqué to each device and
serially output it at TDO. The IDCODE format is shown
in Table™14.

Device Vers_ion Part* Family Manufaf:turer LS_B
(4 bits) (104bits) | (6 bits) (11 bits) (1 bit)
OR3T20 0000 0011000000| 110000| 00000011101 1
OR3T30 0000 0111000000( 110000 | €00000011101 1
OR3T55 0000 0100100000| 110000%(3,00000011101 1
OR3C/T80 0000 0170100000 140000 [ »00000011101 1
OR3T125 0000 0011100000 110000 |, 00000011101 1

* PLC array. size of FPGA, reverse bit order:

NotesTable assumes vérsion 0.

Lattice Semiconductor
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Microprocessor Interface (MPI) (continued)

Device ID Registers

The MPI device ID is broken into four registers holding 1 byte each. The device ID that is available through the MPI
is the same as the boundary-scan ID code, except that the device ID in the MPI has a reverse bit order. There is no
means to overwrite any of the device ID as can be done with the boundary-scan ID, butthe MPl.scratchpad register
can be used as a personalization register. The format for the entire device ID is shown below followed by family and
device values and the partitioning of the device ID into the four device ID registers.

Table 23. Device ID Code

Version Part* Family Manufacturer MSB

4 bits 10 bits 6 bits 11, bits 1 bit

Example: (First version of OR3C80) 0000 0110100000 110000 00000011101 1

* PLC array size of FPGA.
Table 24 shows the family and device values for all parts covered, by this data sheet.

Table 24. Series 3 Family and Device ID Values

Family ID Device ID
Part Name (He)):) (Hex)
OR3T20 03 0oC
OR3T30 03 OE
ORS3T55 03 12
OR3C/T80 03 16
OR3T125 08 1C

Table 25 describes the device IDs for all parts covered by this data sheet as they are partitioned into the four regis-
ters found in the MPI.

Table 25. ORCA Series 3'Device ID Descriptions

Device ID\Register 1
Bit0 Logic 1. This bit is always a one.

Bits'[7:1] 0011.1014 the 7 least significant bits of the manufacturer ID.
Device ID Register 2

Bits [3:0] 0000, the 4 most significant bits of the manufacturer ID.

Bits [7:4] The 4 least significant bits of the 10-bit part number.
Device ID Register 3

Bits [5:0] The 6 most significant bits of the 10-bit part number.

Bits [7:6] The 2 least significant bits of the device family code.
Device ID Register 4

Bits [3:0] The 4 most significant bits of the device family code.

Bits [7:4] The 4-bit device version code.

Lattice Semiconductor 69
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Programmable Clock Manager (PCM) (continued)

PCM

INPUT CHARGE PUMP
CLOCK AND
LOW-PASS FILTER

PHASE
DETECTOR

EXPRESSCLK
PAD PROGRAMMABLE
{ DIVIDER

FROM
ROUTING DIvo

PROGRAMM

. RE
lmnnImnnInnm = EEDBAC

REGISTER 7
REGISTER 6
REGISTER 5
REGISTER 4
REGISTER 3
REGISTER 2
REGISTER 1
REGISTER 0 COMIIB_I!.\IAT

EREEEEEE

FPGA-PCM INTERFACE

SYSTEM CLOCK
OUTPUT

4_
>
>
|«

_IN[7:0] |—>
[2:0] }—»
[7:0]

WE
RE
LOCK

ADDR_IN

DATA_IN[7:
DATA_OUT[7:

5-5829(F)

al Block Diagram

72 Lattice Semiconductor



ORCA Series 3C and 3T FPGAs

Data Sheet

November 2006

Programmable Clock Manager (PCM)

(continued)

Table 29. PCM Oscillator Frequency Range 3Txxx

Table 30. PCM Oscillator Frequency Range 3Cxx

System System
Clock Clock
Output Output
Frequency T Frequency T

Register 4| Min (MHz) Max | Acquisition Register 4| Min (MHz) Max | Acquisition
76543210 | (MHz) NOM (MHz) (us) 76543210 | (MHz) NOM (MHz) (ps)
00XXX010 | 17.00 58.50 100.00 36.00 00XXX010| 10.50 73.00 135.00 36.00
00XXX011 | 16.10 52.50 89.00 37.00 00XXX011| 10.00 68.00 126.00 37.00
00XXX100 | 15.17 49.00 82.80 38.00 00XXX1004 9.50 63.00 117.00 38.00
00XXX101 | 14.25 45.00 76.50 39.00 00XXX101} 9.10 58.50 108:00 39.00
00XXX110 | 13.33 41.50 70.30 40.00 00XXX1,10| 8:60 53.80 99.00 40.00
00XXX111 | 12.40 38.00 64.00 41.00 00XXX114 28.10 49.00 90:00 41.00
01XXX000 | 12.20 36.75 61.30 43.75 01XXX000| 7.80 47.70 87.50 43.80
01XXX001 | 12.10 35.00 58.00 46.50 01XXX004} 7.60 46.30 85.00 46.50
01XXX010 | 11.90 33.00 54.30 49.25 01XXX010| 7.30 45.00 82.50 49.30
01XXX011 | 11.70 31.30 51.00 52400 01XXX011| 7.10 43:60 80.00 52.00
01XXX100 | 11.10 30.00 49.40 54.75 01XXX100| 6.80 42.10 77.50 55.00
01XXX101 | 10.50 29.15 47.80 57.50 01XXX101,| "6.50 40.75 75.00 57.50
01XXX110 | 10.00 28.10 46.20 60.25 01XXX410| 6.30 39.40 72.50 60.30
01XXX111 | 9.40 27.00 44.60 63.00 01XXX114 ,6.00 38.00 70.00 63.00
10000XXX | 9.20 26.25 43.30 65.40 10000XXX [“5:90 37.40 68.80 65.40
10001XXX | 9.00 25.65 42.30 67.80 10001XXX| 5.90 36.70 67.50 67.80
10010XXX | 8.80 25400 44.30 70.10 10010XXX| 5.80 36.00 66.30 70.10
10011XXX | 8.60 24.45 40.30 72.50 10011 XXX | 5.80 35.40 65.00 72.50
10100XXX | 8.40 23.70 39.00 74/90 10100XXX| 5.70 35.00 63.80 74.90
10101XXX| 8.10 22.90 37.70 77.30 10101 XXX | 5.60 34.10 62.50 77.30
10110XXX | ,7.90 22,20 36.50 79.60 10110XXX| 5.60 33.50 61.30 79.60
10111XXX|)7.70 21.50 35.20 82.00 10111XXX| 5.50 32.80 60.00 82.00
11000XXX | 47.60 20.80 34100 8430 11000XXX| 5.40 32.10 58.80 84.30
11004XXX | 7.45 20.10 32.80 86.50 11001 XXX| 5.40 31.50 57.50 86.50
11010XXX | “7.80 19.45 31.60 88.80 11010XXX| 5.30 30.70 56.30 88.80
T1011XXX| 7.20 18.85 3050 91.00 11011XXX| 5.30 30.10 55.00 91.00
11100XXX| 6.60 18.30 30.00 93.30 11100XXX| 5.20 29.50 53.80 93.30
11101XXX | 6.00 17.70 29.40 95.50 11101 XXX| 5.10 28.80 52.50 95.50
11110XXX | 5.50 17.10 28.60 97.80 11110XXX| 5.10 28.20 51.30 97.80
11111XXX| 5.00 16.50 28.00 100.00 11111XXX| 5.00 27.50 50.00 100.00

Note: Use of settings in the first three rows is not recommended.

X means don'’t care.
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Note: Use of settings in the first three rows is not recommended.
X means don’t care.
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FPGA States of Operation (continued)

Start-Up

After configuration, the FPGA enters the start-up
phase. This phase is the transition between the config-
uration and operational states and begins when the
number of CCLKSs received after INIT goes high is
equal to the value of the length count field in the config-
uration frame and when the end of configuration frame
has been written. The system design issue in the start-
up phase is to ensure the user 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.

There are configuration options that control the relative
timing of three events: DONE going high, release of thé
set/reset of internal FFs, and user I/Os becoming
active. Figure 51 shows the start-up timing for ORCA
FPGAs. The system designer determines thes€lative
timing of the 1/Os becoming active, DONE. going highj
and the release of the set/reset of internal EFs. In the
ORCA Series FPGA, the three events can occuhinany
arbitrary sequence. This means that they can occur
before or after each other, or they ¢an occur simulta-
neously.

There are four main start‘up modes: CCLK_NOSYNC,
CCLK_SYNC, UCLK_NQOSYNC, and UCLK_SYNG:
The only differencedetween,the modes starting with
CCLK and thosesstarting with-UCLK is that forthe
UCLK modes, a‘user clock.must be supplied to the
start-up logic. The timing«f start-up events is then
based upon this user¢lock, rather thanyCCLK: The'dif-
ference between the’'SYNC and NOSYNC modes'is
that' for SYNC mode, the timing of two of the start-up
eventsyrelease of the set/reset,of internal £Fs, and the
I/Os becoming active is triggered.by the'rise of the
externahDONE pin followedby a variable number of
rising clock edges (either CCLK or UCLK). For the
NOSYNC mode, the timing, of'these two events is
based only onéither CCLK or, UCLK.

Lattice Semiconductor

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

The déefault fonOACA is the CCLK_SYNC synchro-
nizéd\start-up mode where DONE‘is released on the
first CCLK rising edge, C1 (sée Figure 51){Since this is
aysynchronized start-up miode, the open-drain DONE
signal'can be held low.externally to stop the occurrence
of the other two start-up events. @nce the DONE pin
has\been releasethand pulled upto 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€CLK (Di, Di + 1, Di + 2, Di + 3, Di + 4).
The default is, forboth’events to happen immediately
after DONE s released and pulled high.

A commonly used design technique is to release
DONE one or more clock cycles before allowing the 1/0
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 I/Os become active. In addition to controlling 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 /O locations, and maintaining 1/Os as 3-
stated outputs until contentions are resolved.

Each of these start-up options can be selected during
bit stream generation in ispLEVER, using Advanced
Options. For more information, please see the
ispLEVER documentation.
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FPGA Configuration Modes (continued)
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FINISHED
READBACK?

Figure 60. Readback Through MPI
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Timing Characteristics (continued)

PLC Timing

Table 46. PFU Output MUX and Direct Routing Timing Characteristics

OR3Cxx Commercial: VDD = 5.0V + 5%, 0 °C < TA < 70 °C; Industrial: VDD = 5.0 V = 10%, -40°°C < TA < +85 °C.
OR3Txxx Commercial: VDD =3.0Vto 3.6V, 0 °C < TA < 70 °C; Industrial: VDD = 3.0 V t0 3.6 V, -40°C < TA < +85 °C.

Speed
Parameter :
Unit
(TJ = 85 °C, VDD = min) Symbol -4 -5 -6 -7 i
Min | Max | Min | Max |[“Min | Max | Min | Max
PFU Output MUX (Fan-out = 1)
Output MUX Delay (F[7:0)/Q[7:0] to O[9:0]) OMUX_DEL | — |0.50% — 9089 — | 085} — [10:28| ns
Carry-out MUX Delay (COUT to O9) COO9_DEL | — [{0349 — | 026 | — [€0.244 — |/0.18 | ns
Registered Carry-out MUX Delay (REGCOUT | RCOO8 DEL| — | 084 | “—) | 026 | —( [ 0.24| “—| 0.18| ns
to 08)
Direct Routing
PFU Feedback (xSW)* FDBK{DEL — [ 174 — |A41 | "—, | 48| — | 1.14| ns
PFU to Orthogonal PFU Delay (xSW to xSW) | ODIR_DEL —(V221| — (4% | — |} 175 — | 139 ns
PFU to Diagonal PFU Delay (xBID to xSW) DDIR_DEL & | 269| < 219\ — | 253 — | 198| ns
* This is general feedback using switching segments. See the combinatorial PFU timingitable for softwired look-up table feedback timing.
SLIC Timing
Table 47. Supplemental Logic and Interconnect Cell (SLIC) Timing Characteristics
OR3Cxx Commercial: VDD/= 5.0 V + 5%, 0 °C < TA < 70 °C; Industrial: VDD = 5.0 V £ 10%, —40 °C < TA < +85 °C.
OR3Txxx CommercialaVDD =3.0 V10 3.6 V, 0 °C < TAK 70 °C;Industrial: VDD = 3.0 V t0 3.6 V, —40 °C < TA < +85 °C.
Speed
Parameter .
Unit
(TJ =85.°C /DD = min) Symbol -4 -5 -6 7 ni
Min | Max | Min | Max | Min | Max | Min | Max
3-Statable BIDIs
BIDI Delay (BRx:to BLx, BLx to BRx) BUF_DEL — | 084 — | 070 — | 094| — | 0.77| ns
BIDI Delay (Ox to BRx, Ox toBLx) OBUF DEL | — | 0.72| — |061| — [0.87| — | 0.70| ns
BIDI 8-state Enable/Disablé Delay(LRI to'BL, BR) TRI_DEL — | 255 — |190| — [131| — | 1.01| ns
BIDI'38-state Enable/Disable Delay DECTRI_.DEL| — | 359 — |265| — |191| — | 148| ns
(BL, BR via DEC, TRl to.BL, BR)
Decoder
Decoder Delay (BR[9:8], BL[9:8] to DEC) DEC98 DEL| — | 2.39| — — | 127 — [ 1.02]| ns
Decoder Delay (BR[7:0]; BL[7:0] to DEC) DEC_DEL — | 235 — — | 1.28] — [ 0.99| ns
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Table 48. Programmable 1/0 (PIO) Timing Characteristics (continued)

OR3Cxx Commercial: VDD = 5.0 V £ 5%, 0 °C < TA < 70 °C; Industrial: VDD = 5.0 V £ 10%, —40 °C < TA < +85 °C.
OR3Txxx Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA < 70 °C; Industrial: VDD = 3.0 V t0 3.6 V, —40 °C < TA=<,+85 °C.

Speed
Parameter Symbol -4 -5 -6 -7 Unit
Min | Max | Min | Max | Min | Max»| Min | Max
PIO Logic Block Delays
Out to Pad (OUT[2:1] via logic to pad):
Fast OUTLF_DEL — |509| — |421| — /2638 | — 217 | ns
Slewlim OUTLSL_DEL — | 786 | — | 649 | —| | 349 | — |29 ns
Sinklim OUTLSI_DEL — | 941 | <798 — |/808| —47.32]| " ns
Outreg to Pad (OUTREG via logic to pad):
Fast OUTRF_DEL — | 671 | — | 544 | — | 356 — |278)|4ns
Slewlim OUTRSL_DEL — |47 | —\ | 779 — | 4420 —p352]| ns
Sinklim OUTRSI_DEL — 11038 — | 920 | — | 898 h~— |[784 | ns
Clock to Pad (ECLK, CLK via logic to pad):
Fast OUTCF_DEL — 1697 | — |568| — |37 — (291 ns
Slewlim OUTCSL_DEL —(|'9.744>— | 796 |<—, | 457 |\ — | 364 | ns
Sinklim OUTCSI_DEls — 1129 — | 9.45) — §9.13)] — |8.07| ns
3-State FF Delays
3-state Enable/Disable Delay (TS direct to
pad):
Fast TSF_DEL — | 493 o — 409} — [233| — |1.88]| ns
Slewlim TSSL_DEL — | 7700 — 637 — | 300 — [241]| ns
Sinklim TSSI_DEL — | 925 ) — | 786 | — |[795| — [723]| ns
Local Set/Reset (async) to Pad (LSR to
pad):
Fast TSLSRF_DEL — |825| —|665| — |424| — 339 ns
Slewlim TSLSRSL_DEL — 0y, — [ 892| — [492| — [392]| ns
Sinklim TSLSRSI_DEL — |1257 — |1041| — | 987 | — |[874| ns
Global Set/Reset to Pad (GSRN40 pad):
Fast TSGSRF_DEL - |752| — |609| — |38 | — [311]| ns
Slewlim TSGSRSL.DEL | |— (1028 — |836| — |455| — |3.64| ns
Sinklim TSGSRSI_DEL — (1184 — |985| — |951 | — |845]| ns
3-State FF Setup Timing:
TS to ExpréssCLK (TS toECLK) TSE_SET 0.00| — |000| — |0.00| — |0.00| — ns
TS to Clock (TS'to CLK) TS_SET 0.00| — |000| — |000| — |0.00| — ns
Local Set/Reset (syne) to Clock (LSR to TSESR_SET 028 — (021 — [017| — [0.18| — ns
ClzK)
3/State EFHoldTiming:
TIS:from ExpressCLK (TS from ECLK) TSE_HLD 08| — |068| — |[044| — |[034| — ns
TS from Clock (TS from CleK) TS_HLD 08| — [068| — [044| — (034 | — ns
Local Set/Reset (sync)from Clock TSLSR_HLD 000| — |[000| — |[000| — |[0.00| — ns
(LSR from CLK)
Clock to Pad Delay (ECLK, SCLK/to pad):
Fast TSREGF_DEL — | 594| — |482| — |284| — [223]| ns
Slewlim TSREGSL_DEL — | 870 — |710| — [352| — |276]| ns
Sinklim TSREGSI_DEL — [1026| — | 859 | — |847| — | 758 | ns

Note: 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. Microprocessor Interface (MPI) Timing Characteristics (continued)

OR3Cxx Commercial: VDD = 5.0 V £ 5%, 0 °C < TA < 70 °C; Industrial: VDD = 5.0 V + 10%, —40 °C < TA < +85 °C.
OR3Txxx Commercial: VDD =3.0 V10 3.6 V, 0 °C < TA < 70 °C; Industrial: VDD = 3.0 V t0 3.6 V, =40 °C < TA < +85 °C.

Speed
Parameter Symbol -4 -5 -6 -7 Unit
Min | Max | Min | Max | Min{pMax| Min | Max

User Logic Delay® UserlogicDelay | — | — | — | — &~ | = — | — | ns
User Start Delay (MPI_CLK falling to USTART)(®) USTART_DEL — | 36| =184 | " —3833| — | 28| ns
User Start Clear Delay (MPI_CLK to USTART) USTARTCLR_ DEL| — | 75 |[— | 7340 —"| 71| — 4#6:0 | ns
User End Delay (USTART low to UEND low)?) UEND_DEL — A&l —d — | — | A1 =hns
Synchronous User Timing:

User End Setup (UEND to MPI_CLK) UEND_SET 0.00{\ — [0.00/ — |0.00| 4~ "|0.000 —4| ns

User End Hold (UEND to MPI_CLK) UEND_HLD 70 | — | 0.95| — | 0.88] — 40.75| — | ns

Data Setup for Read (D[7:0] to MPI_CLK)®) RDS_SET = — | — | [ —— | ns

Data Hold for Read (D[7:0] from MPI_CLK)®) RDS_HiD — | = = | = | ==& — | ns
Asynchronous User Timing:

User End to Read Data Delay (UEND to RDA_DEL — | — | =h—U— /| —| — | ns

D[7:0))(1?
Data Hold from User Start (low)(®) RDA HLD — | —E ) — | — | — | — | ns
Interrupt Request Pulse Width(®) TUIRQPW — &2 = —| —| —| —| ns

1. For user system flexibility, CS0 and CS1 may befset.up to any one of the three rising clock edges, beginning with the rising clock edge when
MPI_STRB is low. If both chip selects are valid andtheysetup time is met, the MPI will\latch the'chip select state, and CS0 and CS1 may go

inactive before the end of the read/write cycle.
. 0.5 MPI_CLK.

. USTART_DEL is based ondhe falling,clock'edge.

O©o0ONOOhWDN

. This should be at least one MPI_CLK cycle.

. There is no specific time ‘@sseciated with this delay. The usér must assert UEND low to complete this cycle.
. The user must assert interrupt requestdow until a service foutine is executed.

10. User should setUpread data so that RDS_SET and RDS_HLD candbe met for the microprocessor timing.

Notes:

Read and write descriptions aré referenced to the hestmicroprocessor; e.g., a read is a read by the host (PowerPC, /960) from the FPGA.

. Write data and W/R have to be valid starting fromdthe clock cycle after both ADS and CS0'and CS1 are recognized.
. Write data and W/R have to be held until the microprocessor receives avalid RDYRCV.
. User Logic Delay has no predéfined value: Theiser must generate a UEND signal to complete the cycle.

PowerPC and %9601timings,to/from the clockeare relative to,theiclock at the FPGA microprocessor interface clock pin (MPI_CLK).
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Timing Characteristics (continued)

Table 51. Boundary-Scan Timing Characteristics

OR3Cxx Commercial: VDD = 5.0V + 5%, 0 °C < TA < 70 °C; Industrial: VDD = 5.0 V + 10%, —40 °C < TA < +85 °C.
OR3Txxx Commercial: VDD = 3.0 V10 3.6 V, 0 °C < TA < 70 °C; Industrial: VDD =3.0Vt0 3.6 V,-40 °C < T, +85 °C.

Parameter Symbol Min Max
TDI/TMS to TCK Setup Time Ts 25.0
TDI/TMS Hold Time from TCK TH 0.0
TCK Low Time ToL 50.0 ns
TCK High Time TcH 50.0 ns
TCK to TDO Delay TD —
TCK Frequency TTCK —

TCK \ / \ f
Ts TH—>

TMS

TDI

TDO

Figure 75. Bouo
<
T

5-6764(F)

ing Diagram
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Timing Characteristics (continued)

Table 60. General Configuration Mode Timing Characteristics (continued)

OR3Cxx Commercial: VDD = 5.0V + 5%, 0 °C < TA < 70 °C; Industrial: VDD = 5.0 V + 10%, —40 °C < TA < +85 °C.
OR3Txxx Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA < 70 °C; Industrial: VDD = 3.0 Vt0 3.6 V, —=40 °C < TA

Parameter Symbol Min
Slave Parallel Mode
Power-on Reset Delay TPO 3.90
CCLK Period: TceLK
OR3Cxx 40.00
OR3Txxx
Configuration Latency (normal mode):
OR3T20
OR3T30
OR3T55
OR3C80
OR3T80
OR3T125
Partial Reconfiguration (explicit mode):
OR3T20 ps/frame
OR3T30 ps/frame
OR3T55 — ps/frame
OR3C80 — ps/frame
OR3T80 — ps/frame
OR3T125 — ps/frame
INIT Timing
INIT High to CCLK Delay: TINIT_CCLK
Slave Parallel .00 — us
Slave Serial 1.00 — us
Master Serial:
(M3 =1) 1.00 3.40 us
(M3 =0) 0.50 2.00 us
Master Parall
4.80 16.20 us
1.00 3.60 us
0.21 0.68 ms
0.24 0.79 ms
0.30 1.00 ms
0.36 1.20 ms
0.45 1.50 ms
INIT High to WR, Asyn eripheral TINIT_WR 2.00 — us

Note: TPO is triggered when Vbbp reaches between 3.0 V to 4.0 V for the OR3Cxx and between 2.7 V and 3.0 V for the OR3Txxx.
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Table 63. Asynchronous Peripheral Configuration Mode Timing Characteristics

OR3Cxx Commercial: VDD = 5.0 V £ 5%, 0 °C < TA < 70 °C; Industrial: VDD = 5.0 V £ 10%, —40 °C < TA < +85 °C.
OR3Txxx Commercial: VDD = 3.0V t0 3.6 V, 0 °C < TA < 70 °C; Industrial: VDD = 3.0 V t0 3.6 V, —40 °C < TA=<,+85 °C.

Parameter Symbol Min Max Unit

WR, CS0, and CS1 Pulse Width TWR 50.00 ns
D[7:0] Setup Time: TS

3Cxx 20.00 ns
3Txxx 10.50 ns
D[7:0] Hold Time TH 0.00 — ns
RDY Delay TRDY — 40.00 ns
RDY Low TB 1.00 8.00 CCLK\Periods
Earliest WR After RDY Goes High* TWR2 0.00 — ns
RD to D7 Enable/Disable TDEN — 40.00 ns
CCLK to DOUT TD — 5.00 ns

* This parameter is valid whether the end of not RDY is determined from the RDY pin or from the D7 pin.

Notes:

Serial data is transmitted out on DOUT on the falling edge of CCLK afterthe\byte is input on D[7:0].
D[6:0] timing is the same as the write data portion of the D7 waveform because D[6:0] are not ehabled.by RD:

650 XXXAXXXXXN

ARXAAKXN

AXXXN

051 XXXXXXAXK

NAXKARXXN

XXX

WR

Twr
i_____J[

WXXXXXXK£

Ts > TH TwR2
WRITE DATA &X >< ><

—| TDEN ‘4—

]

—| TDEN |«—

RD
RDY \ 4
\
- TB >
—»! TRDY |le—
CCLK
Tp -
DOUT PREVIOUS BYTE D7 DO X D1 >< D2 X D3 ><

5-4533(F)

Figure 85. Asynchronous Peripheral Configuration Mode Timing Diagram
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Input/Output Buffer Measurement Conditions

Vce GND
[ ] [ ]
TO THE OUTPUT UNDER TEST ﬁ Tke
150 pF TO THE OUTPUT RIEST
— 50 pF

A. Load Used to Measure Propagation Delay
Note: Switch to Vop for TpLz/TPzL; switch to GND for TPHz/TPzH.

B. Load Used t i alling Edges
5-3234(F)

Figure T oads

PAD
ouT

(o]

Q VDD
ut[i] Vpbbp/2

Figure 90. Output Buffer Delays

W >
3.0V

PADIN 15V :\—
00V —_/ |
VbD
in[i] Vbo/2

/ |
Vss
TpPLL
—»|TPHH

Figure 91. Input Buffer Delays
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OR3T30 OR3T55 OR3C/T80 OR3T125
Pin Pad Pad Pad Pad Function
171 PR3B PR4B PR5B PR6A I/0
172 PR3C PR4D PR5D PR5A I/0
173 PR3D PR3A PR4A PR4A I/0
174 Vss Vss Vss Vss Vss
175 PR2A PR2A PR3A PR3A
176 PR2D PR2C PR2A PR2A
177 PR1A PR1A PR1A PR1A
178 PR1D PR1D PR1D PR1D
179 Vss Vss Vss Vss
180 PRD_CFGN PRD_CFGN PRD_CFGN
181 Vss Vss Vss
182 VDD VDD VDD
183 Vss Vss Vss
184 PT14D PT18D
185 PT14C PT18B
186 PT14A PT18A
187 PT13D PT17D
188 — Vss
189 PT16
190 I/0
191 I/0
192 1/10-D7
193 I/0
194 I/0
195 I/0
196 1/0-D6
197 VDD
198 I/0
199 P 15B PT19A I/0
10B PT15A PT18D I/0
PT10A T1 PT14C PT18A 1/0-D5
2 PTID 1 PT14B PT17D I/0
20 PT PTT1C PT13D PT17A I/0
204 PT9 PT11B PT13C PT16D I/0
205 PT9A PT11A PT13A PT16A 1/0-D4
206 Vss Vss Vss Vss Vss
207 PECKT PECKT PECKT PECKT I-ECKT
208 PT8C PT10C PT12C PT15C I/0
209 PT8B PT10B PT12B PT15B I/0
210 PT8A PT10A PT12A PT15A 1/0-D3
211 Vss Vss Vss Vss Vss
212 PT7D PTOD PT11D PT14D I/0
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