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ACEX 1K Programmable Logic Device Family Data Sheet

Functional
Description

For more information on the configuration of ACEX 1K devices, see the
following documents:

m  Configuration Devices for ACEX, APEX, FLEX, & Mercury Devices Data
Sheet
MasterBlaster Serial/lUSB Communications Cable Data Sheet
ByteBlasterMV Parallel Port Download Cable Data Sheet
BitBlaster Serial Download Cable Data Sheet

ACEX 1K devices are supported by Altera development systems, which
are integrated packages that offer schematic, text (including AHDL), and
waveform design entry, compilation and logic synthesis, full simulation
and worst-case timing analysis, and device configuration. The software
provides EDIF 200 and 300, LPM, VHDL, Verilog HDL, and other
interfaces for additional design entry and simulation support from other
industry-standard PC- and UNIX workstation-based EDA tools.

The Altera software works easily with common gate array EDA tools for
synthesis and simulation. For example, the Altera software can generate
Verilog HDL files for simulation with tools such as Cadence Verilog-XL.
Additionally, the Altera software contains EDA libraries that use device-
specific features such as carry chains, which are used for fast counter and
arithmetic functions. For instance, the Synopsys Design Compiler library
supplied with the Altera development system includes DesignWare
functions that are optimized for the ACEX 1K device architecture.

The Altera development systems run on Windows-based PCs and Sun
SPARCstation, and HP 9000 Series 700/800 workstations.

For more information, see the MAX+PLUS Il Programmable Logic
Development System & Software Data Sheet and the Quartus Programmable
Logic Development System & Software Data Sheet.

Each ACEX 1K device contains an enhanced embedded array that
implements memory and specialized logic functions, and a logic array
that implements general logic.

The embedded array consists of a series of EABs. When implementing
memory functions, each EAB provides 4,096 bits, which can be used to
create RAM, ROM, dual-port RAM, or first-in first-out (FIFO) functions.
When implementing logic, each EAB can contribute 100 to 600 gates
towards complex logic functions such as multipliers, microcontrollers,
state machines, and DSP functions. EABs can be used independently, or
multiple EABs can be combined to implement larger functions.

Altera Corporation
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Figure 7. ACEX 1K LAB
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Notes:

(1) EP1K10, EP1K30, and EP1K50 devices have 22 inputs to the LAB local interconnect channel from the row; EP1K100
devices have 26.

(2) EP1K10, EP1K30, and EP1K50 devices have 30 LAB local interconnect channels; EP1K100 devices have 34.
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Each LAB provides four control signals with programmable inversion
that can be used in all eight LEs. Two of these signals can be used as clocks,
the other two can be used for clear/preset control. The LAB clocks can be
driven by the dedicated clock input pins, global signals, /0 signals, or
internal signals via the LAB local interconnect. The LAB preset and clear
control signals can be driven by the global signals, 1/0 signals, or internal
signals via the LAB local interconnect. The global control signals are
typically used for global clock, clear, or preset signals because they
provide asynchronous control with very low skew across the device. If
logic is required on a control signal, it can be generated in one or more LEs
in any LAB and driven into the local interconnect of the target LAB. In
addition, the global control signals can be generated from LE outputs.

Logic Element

The LE, the smallest unit of logic in the ACEX 1K architecture, has a
compact size that provides efficient logic utilization. Each LE contains a
4-input LUT, which is a function generator that can quickly compute any
function of four variables. In addition, each LE contains a programmable
flipflop with a synchronous clock enable, a carry chain, and a cascade
chain. Each LE drives both the local and the FastTrack Interconnect
routing structure. Figure 8 shows the ACEX 1K LE.

15



ACEX 1K Programmable Logic Device Family Data Sheet

Figure 11. ACEX 1K LE Operating Modes

LE-Out to FastTrack
Interconnect

LE-Out to Local
Interconnect

LE-Out

P LE-Out

Normal Mode
Carry-In Cascade-In
datal _[ (B
data2
4-Input o PRN
LUT Q
data3 —
ENA
F CLRN
data4 L4
v
Cascade-Out
Arithmetic Mode
Carry-In Cascade-In
PRN
datal l
3-Input ) D Q
data2 LUT ]
ENA
3-Input CLRN
LUT
\/
Carry-Out Cascade-Out
Up/Down Counter Mode
Carry-In Cascade-In
|
datal (ena) i 3 PRN
1 -Input T
data2 (u/d) LUT D Q
o —]
data3 (data) ENA
3-Input CLRN
LUT
\
data4 (nload) Carry-Out Cascade-Out
Clearahle Counter Mode
Carry-In
datal (ena) J.‘ PRN
3-Input )
data2 (ncll
ata2 (nclr) LuT 1 D Q
0 —]
data3 (data) ENA
3-Input ; C'?RN
LUT
\/
data4 (nload)

Altera Corporation

Carry-Out Cascade-Out

P LE-Out

21



ACEX 1K Programmable Logic Device Family Data Sheet

Altera Corporation

Asynchronous Clear

The flipflop can be cleared by either LABCTRL1 or LABCTRL2. In this
mode, the preset signal is tied to VCC to deactivate it.

Asynchronous Preset

An asynchronous preset is implemented as an asynchronous load, or with
an asynchronous clear. If DATA3 is tied to VCC, asserting LABCTRL1
asynchronously loads a one into the register. Alternatively, the Altera
software can provide preset control by using the clear and inverting the
register’s input and output. Inversion control is available for the inputs to
both LEs and IOEs. Therefore, if a register is preset by only one of the two
LABCTRL signals, the DATA3 input is not needed and can be used for one
of the LE operating modes.

Asynchronous Preset & Clear

When implementing asynchronous clear and preset, LABCTRL1 controls
the preset, and LABCTRL2 controls the clear. DATAS is tied to VCC, so that
asserting LABCTRL1 asynchronously loads a one into the register,

effectively presetting the register. Asserting LABCTRL2 clears the register.

Asynchronous Load with Clear

When implementing an asynchronous load in conjunction with the clear,
LABCTRL1 implements the asynchronous load of DATA3 by controlling
the register preset and clear. LABCTRL2 implements the clear by
controlling the register clear; LABCTRL2 does not have to feed the preset
circuits.

Asynchronous Load with Preset

When implementing an asynchronous load in conjunction with preset, the
Altera software provides preset control by using the clear and inverting
the input and output of the register. Asserting LABCTRL2 presets the
register, while asserting LABCTRL 1 loads the register. The Altera software
inverts the signal that drives DATA3 to account for the inversion of the
register’s output.

Asynchronous Load without Preset or Clear

When implementing an asynchronous load without preset or clear,
LABCTRL1 implements the asynchronous load of DATA3 by controlling
the register preset and clear.
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FastTrack Interconnect Routing Structure

In the ACEX 1K architecture, connections between LEs, EABs, and device
170 pins are provided by the FastTrack Interconnect routing structure,
which is a series of continuous horizontal and vertical routing channels
that traverse the device. This global routing structure provides
predictable performance, even in complex designs. In contrast, the
segmented routing in FPGAs requires switch matrices to connect a
variable number of routing paths, increasing the delays between logic
resources and reducing performance.

The FastTrack Interconnect routing structure consists of row and column
interconnect channels that span the entire device. Each row of LABs is
served by a dedicated row interconnect. The row interconnect can drive
170 pins and feed other LABs in the row. The column interconnect routes
signals between rows and can drive 1/0 pins.

Row channels drive into the LAB or EAB local interconnect. The row
signal is buffered at every LAB or EAB to reduce the effect of fan-out on
delay. A row channel can be driven by an LE or by one of three column
channels. These four signals feed dual 4-to-1 multiplexers that connect to
two specific row channels. These multiplexers, which are connected to
each LE, allow column channels to drive row channels even when all eight
LEs in a LAB drive the row interconnect.

Each column of LABs or EABs is served by a dedicated column
interconnect. The column interconnect that serves the EABs has twice as
many channels as other column interconnects. The column interconnect
can then drive 170 pins or another row’s interconnect to route the signals
to other LABs or EABs in the device. A signal from the column
interconnect, which can be either the output of a LE or an input from an
170 pin, must be routed to the row interconnect before it can enter a LAB
or EAB. Each row channel that is driven by an IOE or EAB can drive one
specific column channel.

Access to row and column channels can be switched between LEs in
adjacent pairs of LABs. For example, a LE in one LAB can drive the row
and column channels normally driven by a particular LE in the adjacent
LAB in the same row, and vice versa. This flexibility enables routing
resources to be used more efficiently. Figure 13 shows the ACEX 1K LAB.
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SameFrame
Pin-Outs

Altera Corporation

ACEX 1K devices support the SameFrame pin-out feature for

FineLine BGA packages. The SameFrame pin-out feature is the
arrangement of balls on FineLine BGA packages such that the lower-ball-
count packages form a subset of the higher-ball-count packages.
SameFrame pin-outs provide the flexibility to migrate not only from
device to device within the same package, but also from one package to
another. A given printed circuit board (PCB) layout can support multiple
device density/package combinations. For example, a single board layout
can support a range of devices from an EP1K10 device in a 256-pin
FineLine BGA package to an EP1K100 device in a 484-pin FineLine BGA
package.

The Altera software provides support to design PCBs with SameFrame
pin-out devices. Devices can be defined for present and future use. The
Altera software generates pin-outs describing how to lay out a board that
takes advantage of this migration. Figure 18 shows an example of
SameFrame pin-out.

Figure 18. SameFrame Pin-Out Example

Printed Circuit Board
Designed for 484-Pin FineLine BGA Package

484-Pin

FineLine
BGA

256-Pin FineLine BGA Package  484-Pin FineLine BGA Package
(Reduced I/0 Count or (Increased I/0 Count or
Logic Requirements) Logic Requirements)

Table 10 shows the ACEX 1K device/package combinations that support
SameFrame pin-outs for ACEX 1K devices. All FineLine BGA packages
support SameFrame pin-outs, providing the flexibility to migrate not only
from device to device within the same package, but also from one package
to another. The 1/0 count will vary from device to device.
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ClockLock &
ClockBoost
Features

36

For more information, search for “SameFrame” in MAX+PLUS Il Help.

Table 10. ACEX 1K SameFrame Pin-Out Support

Device 256-Pin 484-Pin
FineLine FineLine
BGA BGA
EP1K10 v 1)
EP1K30 v @
EP1K50 v v
EP1K100 v v
Note:
(1) This option is supported with a 256-pin FineLine BGA package and SameFrame
migration.

To support high-speed designs, -1 and -2 speed grade ACEX 1K devices
offer ClockLock and ClockBoost circuitry containing a phase-locked loop
(PLL) that is used to increase design speed and reduce resource usage. The
ClockLock circuitry uses asynchronizing PLL that reduces the clock delay
and skew within a device. This reduction minimizes clock-to-output and
setup times while maintaining zero hold times. The ClockBoost circuitry,
which provides a clock multiplier, allows the designer to enhance device
area efficiency by sharing resources within the device. The ClockBoost
feature allows the designer to distribute a low-speed clock and multiply
that clock on-device. Combined, the ClockLock and ClockBoost features
provide significant improvements in system performance and
bandwidth.

The ClockLock and ClockBoost features in ACEX 1K devices are enabled
through the Alterasoftware. External devices are not required to use these
features. The output of the ClockLock and ClockBoost circuits is not
available at any of the device pins.

The ClockLock and ClockBoost circuitry lock onto the rising edge of the
incoming clock. The circuit output can drive the clock inputs of registers
only; the generated clock cannot be gated or inverted.

The dedicated clock pin (GCLK1) supplies the clock to the ClockLock and

ClockBoost circuitry. When the dedicated clock pin is driving the
ClockLock or ClockBoost circuitry, it cannot drive elsewhere in the device.

Altera Corporation
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Power
Sequencing &
Hot-Socketing

Altera Corporation

The VCCI NT pins must always be connected to a 2.5-V power supply.
With a 2.5-V V¢ nT level, input voltages are compatible with 2.5-V, 3.3-
V, and 5.0-V inputs. The VCClI Opins can be connected to either a 2.5-V or
3.3-V power supply, depending on the output requirements. When the
VCCI Opins are connected to a 2.5-V power supply, the output levels are
compatible with 2.5-V systems. When the VCCI Opins are connected to a
3.3-V power supply, the output high is at 3.3V and is therefore compatible
with 3.3-V or 5.0-V systems. Devices operating with V¢ g levels higher
than 3.0 V achieve a faster timing delay of top, instead of tgp;.

Table 13 summarizes ACEX 1K MultiVolt I/0 support.

Table 13. ACEX 1K MultiVolt I/O Support
Veeo (V) Input Signal (V) Output Signal (V)
2.5 3.3 5.0 2.5 3.3 5.0
25 v oVl vae v
3.3 v/ v vV | V@ v v
Notes:

(1) The PCI clamping diode must be disabled on an input which is driven with a
voltage higher than V¢ o.

(2)  When Ve 0 =33V, an ACEX 1K device can drive a 2.5-V device that has 3.3-V
tolerant inputs.

Open-drain output pins on ACEX 1K devices (with a pull-up resistor to
the 5.0-V supply) can drive 5.0-V CMOS input pins that require a higher
V |y than LVTTL. When the open-drain pin is active, it will drive low.
When the pin is inactive, the resistor will pull up the trace to 5.0 V, thereby
meeting the CMOS Vg requirement. The open-drain pin will only drive
low or tri-state; it will never drive high. The rise time is dependent on the
value of the pull-up resistor and load impedance. The Ig_ current
specification should be considered when selecting a pull-up resistor.

Because ACEX 1K devices can be used in a mixed-voltage environment,
they have been designed specifically to tolerate any possible power-up
sequence. The Vccio and Ve nt POWer planes can be powered in any
order.

Signals can be driven into ACEX 1K devices before and during power up
without damaging the device. Additionally, ACEX 1K devices do not
drive out during power up. Once operating conditions are reached,
ACEX 1K devices operate as specified by the user.
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Generic Testing

Each ACEX 1K device is functionally tested. Complete testing of each
configurable static random access memory (SRAM) bit and all logic

functionality ensures 100% yield. AC test measurements for ACEX 1K
devices are made under conditions equivalent to those shown in

Figure 21. Multiple test patterns can be used to configure devices during
all stages of the production flow.

Figure 21. ACEX 1K AC Test Conditions

Power supply transients can affect AC

measurements. Simultaneous transitions of VCCIO
multiple outputs should be avoided for
accurate measurement. Threshold tests 703 Q

must not be performed under AC (481 Q]

conditions. Large-amplitude, fast-ground- Device To Test
current transients normally occur as the ~ Output _ System
device outputs discharge the load = —
capacitances. When these transients flow

through the parasitic inductance between 8.06kQ < C1 (includes

the device ground pin and the test system [481 Q] JIG capacitance)
ground, significant reductions in Device input

observable noise immunity can result. rise and fall

Numbers in brackets are for 2.5-V devices times<3ns
or outputs. Numbers without brackets are
for 3.3-V devices or outputs.

Operating Tables 18 through 21 provide i_nformation on ab_solute mf':l)_(imum ratings,
. recommended operating conditions, DC operating conditions, and

Conditions capacitance for 2.5-V ACEX 1K devices.

Table 18. ACEX 1K Device Absolute Maximum Ratings ~ Note (1)

Symbol Parameter Conditions Min Max Unit
Veeint | Supply voltage With respect to ground (2) -0.5 3.6 \%
Vecio -0.5 4.6 \
\ DC input voltage -2.0 5.75 \%
lout DC output current, per pin =25 25 mA
Tste Storage temperature No bias —65 150 °C
Tavs Ambient temperature Under bias —65 135 °C
T; Junction temperature PQFP, TQFP, and BGA packages, under 135 °C

bias
45
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Table 19. ACEX 1K Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Veent | Supply voltage for internal logic | (3), (4) 2.375 2.625 \%
and input buffers (2.375) (2.625)
Veeio Supply voltage for output buffers, |(3), (4) 3.00 (3.00) | 3.60 (3.60) \
3.3-V operation
Supply voltage for output buffers, |(3), (4) 2.375 2.625 \
2.5-V operation (2.375) (2.625)
V| Input voltage (2), (5) -0.5 5.75 \%
Vo Output voltage 0 Vceio \
Ta Ambient temperature Commercial range 0 70 °C
Industrial range -40 85 °C
T, Junction temperature Commercial range 0 85 °C
Industrial range -40 100 °C
Extended range -40 125 °C
tr Input rise time 40 ns
te Input fall time 40 ns
Table 20. ACEX 1K Device DC Operating Conditions (Part 1 of 2)  Notes (6), (7)
Symbol Parameter Conditions Min Typ Max Unit
\um High-level input voltage 1.7, 5.75 \%
0.5 x Vo (8)
Vi Low-level input voltage —0.5 0.8, \
0.3 xVgcio (8)
VoH 3.3-V high-level TTL output loy =—8 mA DC, 2.4 Vv
voltage Veeio=3.00V (9)
3.3-V high-level CMOS output |lgy =—-0.1 mA DC, Veeio—0.2 \
voltage Veeio=3.00V (9)
3.3-V high-level PCI output loy =—0.5mA DC, 0.9 xtVcco \
voltage Veeio=3.00t03.60 V
9
2.5-V high-level output voltage |lgy = —0.1 mA DC, 21 \%
Veeio = 2.375V (9)
loy =—-1 mA DC, 2.0 \
Veeio = 2.375V (9)
loy =—2 mA DC, 17 \
Veeio=2.375V (9)
46 Altera Corporation
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Figure 23. Output Drive Characteristics of ACEX 1K Devices
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The continuous, high-performance FastTrack Interconnect routing
resources ensure accurate simulation and timing analysis as well as
predictable performance. This predictable performance contrasts with
that of FPGASs, which use a segmented connection scheme and, therefore,
have an unpredictable performance.

Device performance can be estimated by following the signal path from a
source, through the interconnect, to the destination. For example, the
registered performance between two LEs on the same row can be
calculated by adding the following parameters:

LE register clock-to-output delay (tco)
Interconnect delay (tsamerow)

LE look-up table delay (t, 7)

LE register setup time (tg)

The routing delay depends on the placement of the source and destination
LEs. A more complex registered path may involve multiple combinatorial
LEs between the source and destination LEs.

Timing simulation and delay prediction are available with the simulator
and Timing Analyzer, or with industry-standard EDA tools. The
Simulator offers both pre-synthesis functional simulation to evaluate logic
design accuracy and post-synthesis timing simulation with 0.1-ns
resolution. The Timing Analyzer provides point-to-point timing delay
information, setup and hold time analysis, and device-wide performance
analysis.

Altera Corporation
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Figure 28. Synchronous Bidirectional Pin External Timing Model
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Tables 29 and 30 show the asynchronous and synchronous timing

waveforms, respectively, for the EAB macroparameters in Table 24.

Figure 29. EAB Asynchronous Timing Waveforms
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Figure 30. EAB Synchronous Timing Waveforms
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Tables 22 through 26 describe the ACEX 1K device internal timing
parameters.

Table 22. LE Timing Microparameters (Part1of2)  Note (1)

Symbol Parameter Conditions
tuT LUT delay for data-in
teLut LUT delay for carry-in
tRLUT LUT delay for LE register feedback
tPACKED Data-in to packed register delay
ten LE register enable delay
tcico Carry-in to carry-out delay
tcGEN Data-in to carry-out delay
tcGENR LE register feedback to carry-out delay
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Table 22. LE Timing Microparameters (Part2of2)  Note (1)

Symbol Parameter Conditions
tcasc Cascade-in to cascade-out delay
tc LE register control signal delay
tco LE register clock-to-output delay
tcoms Combinatorial delay
tsy LE register setup time for data and enable signals before clock; LE register

recovery time after asynchronous clear, preset, or load
ty LE register hold time for data and enable signals after clock
tpRE LE register preset delay
tclr LE register clear delay
teH Minimum clock high time from clock pin
toL Minimum clock low time from clock pin
Table 23. IOE Timing Microparameters  Note (1)

Symbol Parameter Conditions
tiop IOE data delay
tioc IOE register control signal delay
tioco IOE register clock-to-output delay
tiocomB IOE combinatorial delay
tiosu IOE register setup time for data and enable signals before clock; IOE register

recovery time after asynchronous clear

tioH IOE register hold time for data and enable signals after clock
tocLr IOE register clear time
top1 Output buffer and pad delay, slow slew rate = off, Vocio = 3.3V C1=35pF (2)
topz Output buffer and pad delay, slow slew rate = off, Vccio = 2.5V C1=35pF (3)
tops Output buffer and pad delay, slow slew rate = on C1=35pF (4)
txz IOE output buffer disable delay
trx1 IOE output buffer enable delay, slow slew rate = off, Voo = 3.3V C1=35pF (2)
trxo IOE output buffer enable delay, slow slew rate = off, Voo = 2.5V C1=35pF (3)
trx3 IOE output buffer enable delay, slow slew rate = on C1=35pF (4)
tNREG IOE input pad and buffer to IOE register delay
torp IOE register feedback delay
tincomB IOE input pad and buffer to FastTrack Interconnect delay
Altera Corporation 55
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Table 26. Interconnect Timing Microparameters  Nofe (1)

Symbol Parameter Conditions
toin2IOE Delay from dedicated input pin to IOE control input (7
tDIN2LE Delay from dedicated input pin to LE or EAB control input (7)
tDIN2DATA Delay from dedicated input or clock to LE or EAB data (7)
tbcLK210E Delay from dedicated clock pin to IOE clock (7)
tbcLkoLE Delay from dedicated clock pin to LE or EAB clock (7
tSAMELAB Routing delay for an LE driving another LE in the same LAB (7)
tsAMEROW Routing delay for a row IOE, LE, or EAB driving a row IOE, LE, or EAB in the |(7)

same row
tsamecoLumn | Routing delay for an LE driving an IOE in the same column (7)
tDIFFROW Routing delay for a column IOE, LE, or EAB driving an LE or EAB in a different | (7)
row
trworows Routing delay for a row IOE or EAB driving an LE or EAB in a different row | (7)
{LEPERIPH Routing delay for an LE driving a control signal of an |OE via the peripheral |(7)
control bus
tLABCARRY Routing delay for the carry-out signal of an LE driving the carry-in signal of a
different LE in a different LAB
tLABCASC Routing delay for the cascade-out signal of an LE driving the cascade-in
signal of a different LE in a different LAB

Notes to tables:

(1) Microparameters are timing delays contributed by individual architectural elements. These parameters cannot be
measured explicitly.

(2) Operating conditions: Vccjo = 3.3V + 10% for commercial or industrial and extended use in ACEX 1K devices

(3) Operating conditions: Vo = 2.5V + 5% for commercial or industrial and extended use in ACEX 1K devices.

(4) Operating conditions: Vecio=25Vor3.3V.

(5) Because the RAM in the EAB is self-timed, this parameter can be ignored when the VE signal is registered.

(6) EAB macroparameters are internal parameters that can simplify predicting the behavior of an EAB at its boundary;
these parameters are calculated by summing selected microparameters.

(7) These parameters are worst-case values for typical applications. Post-compilation timing simulation and timing
analysis are required to determine actual worst-case performance.
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Tables 30 through 36 show EP1K10 device internal and external timing

parameters.

Table 30. EP1K10 Device LE Timing Microparameters  Nofe (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max

Lyt 0.7 0.8 1.1 ns
teLut 0.5 0.6 0.8 ns
trLUT 0.6 0.7 1.0 ns
tpACKED 0.4 0.4 0.5 ns
ten 0.9 1.0 1.3 ns
tcico 0.1 0.1 0.2 ns
teEN 0.4 0.5 0.7 ns
tcGENR 0.1 0.1 0.2 ns
tcasc 0.7 0.9 11 ns
te 11 1.3 1.7 ns
tco 0.5 0.7 0.9 ns
tcoms 0.4 0.5 0.7 ns
tsy 0.7 0.8 1.0 ns
ty 0.9 1.0 1.1 ns
tpRE 0.8 1.0 14 ns
telr 0.9 1.0 1.4 ns
ten 2.0 25 25 ns
toL 2.0 25 25 ns
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Table 37. EP1K30 Device LE Timing Microparameters (Part 2 of 2) Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tCOMB 0.4 0.4 0.6 ns
tsy 0.4 0.6 0.6 ns
tH 0.7 1.0 1.3 ns
tPRE 0.8 0.9 1.2 ns
tolr 0.8 0.9 1.2 ns
ten 2.0 25 25 ns
teL 2.0 25 2.5 ns
Table 38. EP1K30 Device IOE Timing Microparameters ~ Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tiop 2.4 2.8 3.8 ns
t|oc 0.3 0.4 0.5 ns
tioco 1.0 11 1.6 ns
t|OCOMB 0.0 0.0 0.0 ns
tiosu 1.2 1.4 1.9 ns
tIOH 0.3 04 0.5 ns
t|OCLR 1.0 1.1 1.6 ns
tops 1.9 2.3 3.0 ns
tODZ 1.4 1.8 2.5 ns
tops 4.4 5.2 7.0 ns
tyz 2.7 3.1 43 ns
tzx1 2.7 3.1 4.3 ns
tzx2 2.2 2.6 3.8 ns
tzx3 5.2 6.0 8.3 ns
t|NREG 3.4 4.1 55 ns
tIOFD 0.8 1.3 2.4 ns
tNCOMB 0.8 1.3 2.4 ns
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Table 40. EP1K30 Device EAB Internal Timing Macroparameters ~ Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max

teABAA 6.4 7.6 8.8 ns
teABRCOMB 6.4 7.6 8.8 ns
{EABRCREG 4.4 5.1 6.0 ns
teaBWP 25 2.9 3.3 ns
teaBWCOMB 6.0 7.0 8.0 ns
{EABWCREG 6.8 7.8 9.0 ns
teABDD 5.7 6.7 7.7 ns
tEABDATACO 0.8 0.9 1.1 ns
tEABDATASU 15 1.7 2.0 ns
{EABDATAH 0.0 0.0 0.0 ns
tEABWESU 13 1.4 1.7 ns
tEABWEH 0.0 0.0 0.0 ns
tEABWDSU 15 17 2.0 ns
teABWOH 0.0 0.0 0.0 ns
{tEABWASU 3.0 3.6 4.3 ns
teaBWAH 05 0.5 0.4 ns
tEABWO 5.1 6.0 6.8 ns
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Table 48. EP1K50 Device Interconnect Timing Microparameters ~ Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
{biN2IOE 3.1 3.7 4.6 ns
tD|N2LE 1.7 2.1 2.7 ns
tD|N2DATA 2.7 3.1 5.1 ns
tDCLKZIOE 1.6 1.9 2.6 ns
tbcLkaLE 1.7 2.1 2.7 ns
tsAMELAB 0.1 0.1 0.2 ns
tsamMEROW 15 1.7 2.4 ns
tSAMECOLUMN 1.0 1.3 2.1 ns
toIFFROW 2.5 3.0 4.5 ns
trworows 4.0 4.7 6.9 ns
tLEPER":’H 2.6 2.9 3.4 ns
{ ABCARRY 0.1 0.2 0.2 ns
tLaBCASC 0.8 1.0 1.3 ns
Table 49. EP1K50 External Timing Parameters  Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tDRR 8.0 9.5 12.5 ns
tinsu () 2.4 2.9 3.9 ns
tiy (2) 0.0 0.0 0.0 ns
toutco (2) 2.0 4.3 2.0 5.2 2.0 7.3 ns
tinsu (3) 2.4 2.9 - ns
t|NH 3) 0.0 0.0 - ns
tOUTCO (3) 0.5 3.3 0.5 4.1 - - ns
tPC|SU 2.4 2.9 - ns
tPC|H 0.0 0.0 - ns
tpc|co 2.0 6.0 2.0 7.7 - - ns
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