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Programmable Logic Cells (continued)

Look-Up Table Operating Modes

The operating mode affects the functionality of the PFU input and output ports and internal PFU routing. For exam-
ple, in some operating modes, the DIN[7:0] inputs are direct data inputs to the PFU latches/FFs. In memory mode,
the same DIN[7:0] inputs are used as a 4-bit write data input bus and a 4-bit write address.input,bus into LUT
memory.

Table 3 lists the basic operating modes of the LUT. Figure 4—Figure 10 show block diagrams of the LUT operating
modes. The accompanying descriptions demonstrate each mode’s use for generating logic.

Table 3. Look-Up Table Operating Modes

Mode Function

Logic |4- and 5-input LUTs; softwired LUTs; latches/FFstwith direct input or LUT input; CIN,as direct input to
ninth FF or as pass through to COUT.

Half Logic/| Upper four LUTs and latches/FFs in logic modejlewer four LUTs and latches/FFs in_ripple mode; CIN
Half Rip- | and ninth FF for logic or ripple functions:

ple

Ripple | All LUTs combined to perform ripple-throigh data functions. EightLUT registers available for direct-in
use or to register ripple output. Ninth EF dedicated to ripple out, if used. The submodes of ripple mode
are adder/subtractor, counter; multiplier,;)and'‘comparator.

Memory | All LUTs and latches/FFs usediocreate a 32 x 4 synchronous dual:port RAM. Can be used as single-
port or as ROM.

PFU Control Inputs

Each PFU has five routablé control inputsrand an active:low, asynehronous global set/reset (GSRN) signal that
affects all latches and FFEs in the device. The five controlinputs are’CLK, LSR, CE, ASWE, and SEL, and their
functionality for each,logic mode of the PFU (discussédisubsequently) is shown in Table 4. The clock signal to the
PFU is CLK, CE stands for.clock'enable, which_is its primaryfunction. LSR is the local set/reset signal that can be
configured as synchrenous or asynchronous. The selection of set or reset is made for each latch/FF and is not a
function of the signal itself{/ASWE stands for add/subtract/write enable, which are its functions, along with being an
optional clock enable, and SEL is used to dynamically select between direct PFU input and LUT output data as the
input to thelatches/EFFs.

Allof the controlsignals can be disabled and/or inverted via the configuration logic. A disabled clock enable indi-
cates that the clock is alwayssenabled. A disabled LSR indicates that the latch/FF never sets/resets (except from
GSRN). A disabled SEL input indicates‘that DIN[7:0] PFU inputs are routed to the latches/FFs. For logic and ripple
modes of the PFU, the LSRy#CE, and ASWE (as a clock enable) inputs can be disabled individually for each nibble
(latch/FF[3:0], latch/FF[Z:4]) and for the ninth FF.

Lattice Semiconductor 11
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Programmable Logic Cells (continued)

Softwired LUT submode uses F4 and F5 LUTs and internal PFU feedback routing to generate complex logic func-
tions up to three LUT-levels deep. Figure 3 shows multiplexers between the Kz[3:0] inputs to the PFU and the
LUTs. These multiplexers can be independently configured to route certain LUT outputs to the input of other LUTs.
In this manner, very complex logic functions, some of up to 21 inputs, can be implementéd in a single PFU at
greatly enhanced speeds.

Figure 5 shows several softwired LUT topologies. In this figure, each circle represénts either an F4 or F5 LUT. It is
important to note that an LUT output that is fed back for softwired use is still availableito bé registered or output
from the PFU. This means, for instance, that a logic equation that is needed by.itself and as a term in a larger equa-
tion need only be generated once and PLC routing resources will not be required to use it in the larger equation.

FOUR 7-INPUT FUNCTIONS IN ONE PFU TWO 9-INPUT FUNCTIONS IN ONE PFU

i

ONE 17-INPUT FUNCTION IN ONE PEU ONE 21-INPUT FUNCTION IN ONE PFU

() o (9

o

TWO OF FOUR 10-INPUT FUNCTIONS IN ONE PFU ONE OF TWO 12-INPUT FUNCTIONS IN ONE PFU

5-5753(F)

5-5754(F)

KEY:

4-INPUT LUT @ 5-INPUT LUT

Figure 5. Softwired LUT Topology Examples

Lattice Semiconductor 13
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Programmable Input/Output Cells

The programmable input/output cells (PICs) are
located along the perimeter of the device. The PIC’s
name is represented by a two-letter designation to indi-
cate on which side of the device it is located followed
by a number to indicate in which row or column 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 indi-
vidual 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 interfaces to four bond pads and contains the
necessary routing resources to provide an interface
between I/O pads and the PLCs. Each PIC is com-
posed of four programmable 1/Os (PIOs) and significant
routing resources. Each PIO contains input buffers,
output buffers, routing resources, latches/FFs, and
logic and can be configured as an input, output, or
bidirectional I/0.

PICs in the Series 3 FPGAs have significant local rout-
ing resources, similar to routing in the PLCs. This new
routing increases the ability to fix user pinouts prior to
placement and routing of a design and still maintain
routability. The flexibility provided by the routing also
provides for increased signal speed due'to a greater
variety of signal paths possible.

Included in the PIC routing is & fast path from the input
pins to the SLICs in each of‘the thtee adjacent PLCs
(one orthogonal and two diagonal). This feature allows
for input signals to beawery quickly pfocessed by the
SLIC decoder function and used on-chip or sent back
off of the FPGA. Also, new tg the Series 3 PlOs are
latches and FFs'and options for using fast; dedicated
clocks called ExpressCLKs. These features will all be
discussed in‘'subsequent sections.

A diagram of,a single PIO (one offourdna PIC) is
shown in Figure 22. Table 9 pfovides an,ovérview of
the programmable functions in an /O cell.

PIO LOGIC
O AND
o NAND
o OR
o NOR
o, XOR
4 XNOR
aix PULL-MODE
8,0UT10UTREG o\uP
@ OUT20UTREG @ DOWN R CLKIN
ouTi T S 0'QUT10UT2 o NONE
o —1P°
o - PAD [FD}4 D QHD1 Q INT &
9 oute b4
= B ECLK-{ 0 NORMAL |9CK £
E o INVERTED 5
3 o J el [ LEVEL MODE S - 3
x ECLK UDp Q TS o
= ->—\| oTTL SD o
S SCEK, 4 gg oIRESET BUFFER [0 CMOS 1 INREGMODE —LSR
o o
oL CE | 1osp |9 SET . Lo o) _MODE O LATCHFF o RESET
o LATCH
O FAST 0 SET
1 CK | o sLew o FF
tSR O CE_OVERLLSR | —|Lsr | |osINK IN2
*—‘Di o LSR_OVER CE
4 _{ o asylNe

O ENABLE_GSR
0 DISABLE_GSR

5-5805(F).c

Figure 22. OR3C/Txxx Programmable Input/Output (PIO) Image from ispLEVER
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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).

X X

Lo |

CLKCNTRY
BLOCK

N\
' ' \
| ,.]_Lj ‘\\\ FAST CLOCKS

E x EXPRESSCLKS TO PIOs

EXPRESSCLK PADS

X
I~

5-5802(F)

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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Programmable Clock Manager (PCM)

(continued)

PCM Applications

The applications discussed below are only a small
sampling of the possible uses for the PCM. Check the
Lattice website for additional application notes.

Clock Phase Adjustment

The PCM may be used to adjust the phase of the input
clock. The result is an output clock which has its active
edge either preceding or following the active edge of
the input clock. Clock phase adjustment is accom-
plished in DLL mode by delaying the clock. This is dis-
cussed in the Delay-Locked Loop (DLL) Mode section.
Examples of using the delayed clock as an early or late
phase-adjusted clock are outlined in the following para-
graphs.

An output clock that precedes the input clock can,be
used to compensate for clock delay that is largely‘due
to excessive loading. The preceding output clock is
really not early relative to the input clock, but'is delayed
almost a full cycle. This is shown indFigure 48A.The
amount of delay that is being compensated for, plus

clock setup time and some margin, is the amount less
than one full clock cycle that the output clock is delayed
from the input clock.

In some systems, it is desirable to operate logic from
several clocks that operate at different phases. This
technique is often used in microprocessor-based sys-
tems to transfer and process.data synchronously
between functional aréas, but without incurring exces-
sive delays. Figure48B shows‘an input clock and an
output clock operating480° out of phase. It also shows
a version of therinput clockthat was shifted approxi-
mately 180° using logic'gates to create an inverter.
Note that the inverted clock is reallyshiftéd more than
180° due, to'the propagation delay of the inverter. The
PCM output . clock'does not suffer from this delay. Addi-
tionally, the'180° shifted PCM output could be shifted
by,some smaller amountdo effect'an early 180° shifted
cloek that also accounts forloading€ffects.

In terms of degrees of phase shift, the phase of a clock
isfadjustable in DLLimode with resolution relative to the
delay incremént,(see Table 27):

Phase Adjustment = (Delay)* 11.25,
Phase Adjustment = ((Delay)* 11.25) — 360,

Delay < 16
Delay > 16

—»| |«— CLOCKDELAY AND SETUP
BEING COMPENSATED

"7 DLL DELAY
INPUT CLOCK | | | | | |

OUTPUT CLOCK | | | | | | |

A. Generating an Early Clock

UNINTENDED PHASE

SHIFT DUE TO
INVERTER DELAY

T—T DLL DELAY

INPUT CLOCK | | | | | |

PCM OUTPUT CLOCK | | ‘ | | | |
INVERTED INPUT CLOCK | | | | | | |

B. Multiphase Clock Generation Using the DLL

5-5979(F)

Figure 48. Clock Phase Adjustment Using the PCM

Lattice Semiconductor
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Configuration Data Format (continued)

V{4 V(4
177 17
CONFIGURATION DATA CONFIGURATION DATA
V4 V(4
0010 01 4 01 4 00
— AN A A A J
e G G Y
PREAMBLE LENGTH ID FRAME CONFIGURATION CONFIGURATION POSTAMBLE
N COUNT y DATA FRAME 1 DATA FRAME 2

T
CONFIGURATION HEADER

5-5759(F)
Figure 52. Serial Configuration Data Format—Autoincrement Mode
2¢ Z¢
77 27
CONFIGURATION DATA CONFIGURATION DATA
Z¢ 2
0010 0 1 7 00 0 1 7 00 00
A A A A )
Y ' N ' R4 Y
PREAMBLE LENGTH CONFIGURATION ADDRESS CONFIGURATION ADDRESS
COUNT ID FRAME DATA FRAME 1 FRAME 1 DATA FRAME 2 FRAME 2 POSTAMBLE
“ J
Vo
CONFIGURATION HEADER
5-5760(F)

Figure 53. Serial Configuration Data Format—EXxplicit Mode

Table 32. Configuration Frame Format and Contents

11110010 Preamble
Header 24-bit Length Count | Configuration frame length:
11111111 Trailing header—8hits.

010144111011 1141 | ID frame header.
Configuration'Mode | 00 = auteincrement, 01 = explicit.

ID Frame Reserved j41:0] Reserved bits'set t0°0.
ID 20-bit part ID;
Checksum 8=bit'checksum.
1111111 Eight,stop bits (high) to separate frames.
01 Data frame header.
Configuration Data Bits Number of data bits depends upon device.
F?:rt:e Alignment BiS = 0 String of 0 bits added to bit stream to make frame header, plus data

bits reach a byte boundary.

(repeated for each

data frame) Checksum 8-bit checksum.
1011191 Eight stop bits (high) to separate frames.
00 Address frame header.
Configuration 14 Address Bits 14-bit address of location to start data storage.
Address -
Frame Checksum 8-bit checksum.
11111111 Eight stop bits (high) to separate frames.
00 Postamble header.
Postamble 11111111 111111 Dummy address.

1111111111111 16 stop bits.”

* In MPI configuration mode, the number of stop bits = 32.

Note: For slave parallel 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 parallel mode must be (x * 8), where x is a positive integer. Note also that the bit
stream generator tool supplies a bit stream that is compatible with all configuration modes, including slave parallel mode.
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FPGA Configuration Modes (continued)

There are two options for using the host interrupt
request in configuration mode. The configuration con-
trol register offers control bits to enable the interrupt on
either a bit stream error or to notify the host processor
when the FPGA is ready for more configuration data.
The MPI status register may be used in conjunction
with, or in place of, the interrupt request options. The
status register contains a 2-bit field to indicate the bit
stream error status. As previously mentioned, there is
also a bit to indicate the MPI’s readiness to receive
another byte of configuration data. A flow chart of the
MPI configuration process is shown in Figure 59. The
MPI status and configuration register bit maps can be
found in the Special Function Blocks section and MPI
configuration timing information is available in the Tim-
ing Characteristics section of this data sheet.

TO DAISY-
%OCE; [ CHAINED
8 DEVICES
D[7:0] D[7:0]
A[27:31] A[4:0]
CLKOUT MPI_CLK
RD/WR MPI_RW
TA MPLACK 1A
rowerPc 1A _ SERIES 3
BI MPI_BI FPGA
TRQx MPT_IRQ
TS MPI_STRB
A26 CSo DONE [—
A25 CS1 INID—
HDC |—
[DC |-
5-5761(F)

Note: FPGA shown as a mémory-mapped peripheralusing €S6,and
CS1. Other decoding schemes are possible using CS0 and/or
CSi.

Figure 57 PowerPCINPI Configuration Schematic

/960 SYSTEM CLOCK——
3 TO DAISY-
AD[7:0] D[7:0] %Cc)ld; ::CaAINESD
CLKIN e DEVICES
WR MPL RW
RDYRCV MPLACK
XI,':IE = MPIZIRQ ORCA
1960 MPI_ALE  gpRIES 3
ADS »MPI_STRB  FPGA
BEO > MPI_BEO
BET »| MPI_BET
VDD DONE |—>
INIT >
L lcst DG >
y CSo oC -

5-5762(F)

Note: FPGA shown as only system peripheral with fixed chip select
signals. For multiperipheral systems, address decoding and/or
latching can be used to implement chip selects.

Figure 58. /960MPI Configuration Schematic
Lattice Semiconductor

Configuration readback can also be performed via the
MPI when it is in user mode. The MPI is enabled in user
mode by setting the MP_USER bit to 1 in the configura-
tion control register prior to the start of configuration or
through a configuration option. To perform readback,
the host processor writes thefl4=bit readback start
address to the readback addresseegisters and sets the
RD_CFG bit to 0 in the eonfiguration control register.
Readback data is returned 8 bits,at a time to the read-
back data registerfand is‘valid when the DATA_RDY bit
of the status register.is 1. There is no error checking
during readback. A flow chart of the MPI readback
operation is shown imFigure 60. The RB..DATA pin
used for dedicated FPGA readbacK is invalid during
MPl4eadback.

POWER ONAVITH
VALID M[3:0]

(]

WRITE CONFIGURATION
CONTROL REGISTER BITS

(]
READ STATUS REGISTER

READ STATUS REGISTER

ERROR BIT STREAM ERROR?

DATA_RDY =17

WRITE DATATO
CONFIGURATION DATA REG

5-5763(F)

Figure 59. Configuration Through MPI
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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 (see the Daisy-
Chaining section). It is also used on the FPGA evalua-
tion board that interfaces to the download cable. A
device in the slave serial mode can be used as the lead
device in a daisy-chain. Figure 61 shows the connec-
tions for the slave serial configuration mode.

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

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

== TO\DAISY-
CHAINED
DOUT |—» DEVICES

iNIT
MICRO- ORCA
PROCESSOR PRGM  SERIES
OR FPGA
DOWNLOAD DONE
CABLE COLK
DIN

VbD

M2 HDC
M1
MO i5c |

Figure 61. Slave Serial Configuration Schematic

1

5-4485(F)

Lattice Semiconductor

Slave Parallel Mode

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

Figure 62 is a schemati€ of the connections for the
slave parallel.eonfiguration mode. WR and CS0 are
active-low chip select signals, and CS1 is an active-
high chip select signal. These chip selects,allow the
user to configure multiple FPGAsdn slave parallel
mode using,an-8-bit data bus commeon to all of the
FPGAs. These, chip selects can then'beyused to select
the FRGA(s) to be configured with'a given bit stream.
The chip selects must.be active for each valid CCLK
cycle until the device hasibeen completely pro-
grammed. They can be inactive between cycles but
must meet theysetuprand hold times for each valid pos-
itive CCLK. D[7:0] of thesFPGA can be connected to
D[7:0] ofdhe,microprocessor only if a standard prom
file formatis used. If @.bit or .rbt file is used from
ispkEVER, then the user must mirror the bytes in the
bit or .rbt file OR’leave the .bit or .rbt file unchanged
andiconnect D[7:0] of the FPGA to D[0:7] of the micro-
Processor.

| D[7:0]
DONE
INIT ORCA
MICRO- COLK ~ SERIES
PROCESSOR PRGM
SYSTEM vep
CS1
€S0
WR
M2 HDC [—»
M1 LDC|—=
—— MO

5-4487(F)

Figure 62. Slave Parallel Configuration Schematic
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Timing Characteristics (continued)

Table 48. Programmable 1/O (PIO) 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 = 3.0 Vt0 3.6 V, 0 °C < TA < 70 °C; Industrial: VDD = 3.0 V to 3.6 V, —40:°C < TA < +85 °C.

Speed
Parameter Symbol -4 -5 -6 -7 Unit
Min | Max | Min { Max / Min‘|.Max | Min | Max
Output Delays (TJ = 85 °C, VDD = min, CL = 50 pF)
Output to Pad (OUT2, OUT1 direct to pad):
Fast OUTF_DEL — | 509 — (421 — |263| — [217 | ns
Slewlim OUTSL_DEL — | 786 — 649 | — | 349 | —nl 291 | ns
Sinklim OUTSI_DEL — 4941 — /798| — |808| — |7.32| ns
3-state Enable/Disable Delay (TS to pad):
Fast TSF_DEL — | 4983 |h— [4.09| = 12334 —[1.88| ns
Slewlim TSSL_DEL — | 7.70 |¥"— | 637 [— |8.00| — |241 | ns
Sinklim TSSI_DEL —= 1925| — |786 [ —=4|7.954— |7.23| ns
Local Set/Reset (async) to Pad (LSR to pad):
Fast OUTKSRF DEL'| — |9.03| —.|7.25| — 1496 | — |3.94| ns
Slewlim OUTLSRSK DEL | /&~ [11.79] — 953 | "— |582| — | 467 | ns
Sinklim OUTLSRSI_DEL{ "— |[13.35|4— 11002| — |10.38) — |9.10| ns
Global Set/Reset to Pad (GSRN to pad):
Fast OUTGSRF_DEL | — | 830um— [6.69| — [439| — |3.46| ns
Slewlim OUTGSRSL_DEL| — 411:06f — [8.97 | — |507| — |399| ns
Sinklim OUTGSRSI_DEL | —<|12.62| — [10.46| — |[10.02] — | 8.81 ns
Output FF Setup Timing:
Out to ExpressCLK (OUT[2:1] t6 ECLK) OUTE_SET 0:00| — p0.0O| — |(000| — |0.00| — ns
Out to Clock (OUT[2:1] to CLK) OUT_SET 0.00,/ — 1000 — |[000| — |0.00| — ns
Clock Enable to Clock (CE to CLK) OUTCESET | 091 |»— |067| — |056| — |045| — ns
Local Set/Reset (sync) to Clock (LSR to CLK) | OUTLSR_SET,| 0.41 [*— |032| — |026| — |024| — ns
Output FF Hold Timing:
Out from ExpressCLK (OUT[2:1]from ECLK) OUTE_HLD 073| — |058| — |036| — |029| — ns
Out from Clock(OUT[2:1] from CLK) OuT_HLD 073 — |058| — |036| — |029| — ns
Clock Enable framyGlock (CE,from CLK) OUTCE HLD" | 0.00| — |0.00| — |0.00| — |0.00| — ns
Local Set/Reset (syng) frem Clock (LSR from | OUTLSR HLD | 0.00| — |0.00| — [0.00| — [0.00| — ns
CLK)
Clock.o Pad\Delay (ECLK, SCLK to pad):
Fast OUTREGF_ DEL | — |6.71| — [544| — [356| — |2.78| ns
Slewlim OUTREGSL _DEL| — 947 | — |7.71| — |442| — |352| ns
Sinklim OUTREGSI_DEL| — ([11.08| — |9.20| — |898| — |794| ns
Additional Delay If Using Open Draif OD_DEL — | 020 — | 0.16] — | 0.10| — | 0.08| 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 54. OR3Cxx ExpressCLK to Output Delay (Pin-to-Pin)
OR3Cxx 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.

OR3Txxx Commercial: VDD =3.0Vt0 3.6V, 0 °C <TA <70 °C; Industrial: VDD =3.0Vt0 3.6 V, —

<TA< +85°C;CL = 50

pF.
Description . .
(T4 = 85 °C, Vb = min) Device Unit

Max
ECLK Middle Input Pin=OUTPUT Pin OR3T20 438 | ns
(Fast) OR3T30 440 | ns
OR3T55 4.44 | ns
OR3C/T80 449 | ns
OR3T125 4.58 | ns
ECLK Middle Input Pin—=OUTPUT Pin OR3T20 491 | ns
(Slewlim) OR3T30 493 | ns
OR3T55 497 | ns
5.02 | ns
511 | ns
ECLK Middle Input Pin-=OUTPUT Pin 9.65 | ns
(Sinklim) 9.67 | ns
9.71 | ns
O 9.76 | ns
(0] 9.85 | ns
Additional Delay if ECLK Corner Pi d OR3T20 158 | ns
OR3T30 1.90 1.67 | ns
OR3T55 2.09 1.84 | ns
R3C/T80 2.28 2.02 | ns
2.57 229 | ns

Notes:
Timing is without th

This clock delay is
PIO CLK input, the clo
one of the si

Lattice Semiconductor

s the ExpressCLK network. It includes both the input buffer delay, the clock routing to the

rough the output buffer. The given timing requires that the input clock pin be located at

a PIO be used.

Qf{>0 OUTPUT (50 pF LOAD)

CLKCNTRL

ECLK

Figure 76. ExpressCLK to Output Delay

5-4846(F).a
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Table 58. OR3C/Txxx Input to Fast Clock Setup/Hold Time (Pin-to-Pin)

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 =3.0Vt0 3.6 V, 0 °C < TA < 70 °C; Industrial: VDD = 3.0 V t0 3.6 V, =40 °C < TA.<+85 °C.

L Speed
Description Device Unit
(TJ = 85 °C, VDD = min) -4 -5 -6 -7
Min | Max | Min | Max | Min | Max [ Min 9 Max

Output Not on Same Side of Device As Input Clock (Fast Clock Delays Using ExpressCLK Inputs)
Input to FCLK Setup Time (middle OR3T20 — — 0.00 — 0400 — 000 — ns
ECLK pin) OR3T30 — — | 000 | — | 000 | — (V000 | — ns
OR3T55 0.00 — 0.00 — 0.00 — 0.00 — ns
OR3C/T80 | 0.00 — 0.00 — 0.00 — 0.00 — ns
OR3T125 — — 0.00 — 0:00 — 0.00 R ns
Input to FCLK Setup Time (middle OR3T20 — — 0.80 A 058 — 200 — ns
ECLK pin, delayed data input) OR3T30 — — | 074 m—" | 055 | — |Q@iu74d — ns
OR3T55 0.29 — 0.62 — 0.51 — 211 — ns
OR3C/T80 | 0.14 — 0.50 — 0.46 — 2.06 — ns
OR3T125 — — 0.22 — 0.33 — 1.90 — ns
Input to FCLK Setup Time (corner OR3T20 — B 0.00 — 0.00 — 0,00 — ns
ECLK pin) OR3T30 — — 000 | — | 0.00n—"[l000 | — ns
OR3T55 0.00 — 0.00 — 0.00 — 0.00 — ns
OR3C/T80 .| 0.00 — 0.00 — 0.00 — 0.00 — ns
OR3T125 — — 0.00 — 0.00 — 0.00 — ns
Input to FCLK Setup Time (corner |  OR3720 — — 0.00 — 0200 — 0.00 — ns
ECLK pin, delayed data input) OR3T30 — — | 000 "% | 000 | — | 000 | — ns
OR3T55 0.00 — 0.00 — 0.00 — 0.00 — ns
OR3C/T80 | 0.00 — 0.00 — 0.00 — 0.00 — ns
OR3T125 — — 0.00 — 0.00 — 0.00 — ns
Input to FCLK Hold Time (middle OR3T20 — — 4.99 — 3.72 — 3.27 — ns
ECLK pin) OR3T30 — —) 450 | — | 38| — | 33| — ns
OR3T55 6.33 — 4.97 — 3.96 — 3.52 — ns
OR3C/T80 | 6.95 — 5.49 — 4.15 — 3.72 — ns
OR3T125 — — 6.36 — 4.47 — 4.05 — ns

Notes:

The pin-to-pin timing parameters in this table should'be used instead of results reported by ispLEVER.

The FCLK delays are ford@ fully routed clock tree that uses'the ExpressCLK input into the fast clock network. It includes both the input buffer
delay andthe clockirodting to the PFU CLKinpdt. The delay will be reduced if any of the clock branches are not used.
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Timing Characteristics (continued)

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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Timing Characteristics (continued)

Readback Timing

Table 66. Readback Timing Characteristics

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

Parameter Symbol Min
RD_CFG to CCLK Setup Time TS 50.00
RD_CFG High Width to Abort Readback TRBA
CCLK Low Time TcL
CCLK High Time TCH
CCLK Frequency Fc

CCLK to RD_DATA Delay
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Table 70. OR3T20 144-Pin TQFP Pinout
OR3T20

Pin Pad Function
1 VDD VDD

2 VSS VSS

3 PL1A I/O-A0/MPI_BEO
4 PL2D I/O

5 PL2A I/O-A1/MPI_BE1
6 PL3D I/0-A2

7 PL3A I/0-A3

8 PL4D I/O

9 PL4C I/0

10 PL4A I/O-A4

11 PL5D I/O-A5

12 PL5C I/0

13 PL5A I/O-A6

14 VSS VSS

15 PECKL [-ECKL

16 PL6C I/0

17 PLGA I/O-A7/MPI_
18 VDD

19 PL7D

20 PL7C

21 PL7A

22 VSS

23

24

I/O-SECKLL
34 I/O-A15
35 VSS
36 PCCLK CCLK
37 VDD VDD
38 VSS VSS
39 PB1A I/O0-A16
40 PB1D 1’0
41 PB2A I/O0-A17
42 PB3A 1’0

Lattice Semiconductor
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OR3T20 | OR3T30 | OR3T55
Pin Pad Pad Pad Function
N19| PR9B PR10B PR12B I/0
N20 | PR9C PR10C PR12C I/0
M17| PR9D PR10D PR12D I/0
M18| PR8A PR9A PR11A 1/O-M3
M19| PR8B PR9B PR11B I/0
M20| PR8C PR9C PR11C I/0
L19 | PR8D PR9D PR11D I/0
L18 | PR7A PR8A PR10A I/0
L20 | PR7B PR8B PR10B I/O
K20 | PR7C PR8C PR10C I/0
K19 | PR7D PR8D PR10D I/0
K18 | PECKR | PECKR | PECKR I-ECKR
K17 | PR6B PR7B PR9B I/0
J20 | PR6C PR7C PROC I/0
J19 | PR6D PR7D PR9D
J18 | PR5A PR6A PR8A
J17 | PR5B PR6B PR8B
H20| PR5C PR6C PR8C
H19| PR5D PR6D PR8D
H18 | PR4A PR5A
G20 | PR4B PR5B
G19| PR4C PR5C I/0
F20 | PR4D I/0
G18| PR3A 1/Q-CS0
F19 | PR3B
PR3
O-RD/MPJ_STRB
I/0
PR3 A I/0
I/O-WR
2B I/O
C R2C I/0
PR2D I/0
1 PR1A I/O
1B PR1B I/0
R1C PR1C I/0
B19 — PR1D PR1D I/0
A20 | PRD_CFGN | PRD_CFGN | PRD_CFGN| RD_CFG
A19 | PT12D PT14D PT18D | I/O-SECKUR
B18 — PT14C PT18C I/0
B17 | PT12C PT14B PT18B I/0
C17| PT12B PT14A PT18A I/0
D16 | PT12A PT13D PT17D  |yoRovRCLKMPI ALE
A18 — PT13C PT17A I/0

Lattice Semiconductor
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Pin OR3T55 OR3C/T80 OR3T125 Function
Pad Pad Pad
R16 Vss Vss Vss Vss*
T11 Vss Vss Vss Vss*
T12 Vss Vss Vss Vss*
T13 Vss Vss Vss Vss*
T14 Vss Vss Vss Vss*
T15 Vss Vss Vss Vss*
T16 Vss Vss Vss Vss*
AA23 VDD VDD VDD VDD
AA4 VDD VDD VDD VDD
AC11 VDD VDD VDD VDD
AC16 VDD VDD VDD VD
AC21 VDD VDD VDD
AC6 VDD VDD VDD
D11 VDD
D16 VDD
D21 VDD
D6 VDD
F23 VDD
F4 VDD
L23 VDD
L4 VDD
T23 VDD
T4 VDD

*Thermally enhanced connection.
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Package Outline Diagrams (continued)

208-Pin SQFP2

Dimensions are in millimeters.
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