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Windows-based PCs, Sun SPARCstations, and HP 9000
Series 700/800 workstations

—  Altera MegaCore® functions and Altera Megafunction Partners
Program (AMPPSM) megafunctions

- NativeLink™ integration with popular synthesis, simulation,
and timing analysis tools

—  QuartusII SignalTap® embedded logic analyzer simplifies
in-system design evaluation by giving access to internal nodes
during device operation

—  Supports popular revision-control software packages including
PVCS, Revision Control System (RCS), and Source Code Control
System (SCCS))

Table 4. APEX 20K QFP, BGA & PGA Package Options & I/0 Count  Notes (1), (2)

Device 144-Pin | 208-Pin | 240-Pin |356-Pin BGA | 652-Pin BGA | 655-Pin PGA
TOFP POFP PQFP
RQFP RQFP
EP20K30E 92 125
EP20K60E 92 148 151 196
EP20K100 101 159 189 252
EP20K100E 92 151 183 246
EP20K160E 88 143 175 271
EP20K200 144 174 277
EP20K200E 136 168 271 376
EP20K300E 152 408
EP20K400 502 502
EP20K400E 488
EP20K600E 488
EP20K1000E 488
EP20K1500E 488
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Normal Mode

The normal mode is suitable for general logic applications, combinatorial
functions, or wide decoding functions that can take advantage of a
cascade chain. In normal mode, four data inputs from the LAB local
interconnect and the carry-in are inputs to a four-input LUT. The
Quartus II software Compiler automatically selects the carry-in or the
DATA3 signal as one of the inputs to the LUT. The LUT output can be
combined with the cascade-in signal to form a cascade chain through the
cascade-out signal. LEs in normal mode support packed registers.

Arithmetic Mode

The arithmetic mode is ideal for implementing adders, accumulators, and
comparators. An LE in arithmetic mode uses two 3-input LUTs. One LUT
computes a three-input function; the other generates a carry output. As
shown in Figure 8, the first LUT uses the carry-in signal and two data
inputs from the LAB local interconnect to generate a combinatorial or
registered output. For example, when implementing an adder, this output
is the sum of three signals: DATA1, DATA2, and carry-in. The second LUT
uses the same three signals to generate a carry-out signal, thereby creating
a carry chain. The arithmetic mode also supports simultaneous use of the
cascade chain. LEs in arithmetic mode can drive out registered and
unregistered versions of the LUT output.

The Quartus II software implements parameterized functions that use the
arithmetic mode automatically where appropriate; the designer does not
need to specify how the carry chain will be used.

Counter Mode

The counter mode offers clock enable, counter enable, synchronous
up/down control, synchronous clear, and synchronous load options. The
counter enable and synchronous up/down control signals are generated
from the data inputs of the LAB local interconnect. The synchronous clear
and synchronous load options are LAB-wide signals that affect all
registers in the LAB. Consequently, if any of the LEs in an LAB use the
counter mode, other LEs in that LAB must be used as part of the same
counter or be used for a combinatorial function. The Quartus II software
automatically places any registers that are not used by the counter into
other LABs.
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The programmable register also supports an asynchronous clear function.
Within the ESB, two asynchronous clears are generated from global
signals and the local interconnect. Each macrocell can either choose
between the two asynchronous clear signals or choose to not be cleared.
Either of the two clear signals can be inverted within the ESB. Figure 15
shows the ESB control logic when implementing product-terms.

Figure 15. ESB Product-Term Mode Conirol Logic
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Parallel Expanders

Parallel expanders are unused product terms that can be allocated to a
neighboring macrocell to implement fast, complex logic functions.
Parallel expanders allow up to 32 product terms to feed the macrocell OR
logic directly, with two product terms provided by the macrocell and 30
parallel expanders provided by the neighboring macrocells in the ESB.

The Quartus II software Compiler can allocate up to 15 sets of up to two
parallel expanders per set to the macrocells automatically. Each set of two
parallel expanders incurs a small, incremental timing delay. Figure 16
shows the APEX 20K parallel expanders.

Altera Corporation
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Figure 16. APEX 20K Parallel Expanders
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The ESB can implement various types of memory blocks, including
dual-port RAM, ROM, FIFO, and CAM blocks. The ESB includes input
and output registers; the input registers synchronize writes, and the
output registers can pipeline designs to improve system performance. The
ESB offers a dual-port mode, which supports simultaneous reads and
writes at two different clock frequencies. Figure 17 shows the ESB block
diagram.

Figure 17. ESB Block Diagram
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APEX 20KE devices include an enhanced IOE, which drives the FastRow
interconnect. The FastRow interconnect connects a column I/O pin
directly to the LAB local interconnect within two MegaLAB structures.
This feature provides fast setup times for pins that drive high fan-outs
with complex logic, such as PCI designs. For fast bidirectional I/ O timing,
LE registers using local routing can improve setup times and OE timing.
The APEX 20KE IOE also includes direct support for open-drain
operation, giving faster clock-to-output for open-drain signals. Some
programmable delays in the APEX 20KE IOE offer multiple levels of delay
to fine-tune setup and hold time requirements. The Quartus II software
compiler can set these delays automatically to minimize setup time while
providing a zero hold time.

Table 11 describes the APEX 20KE programmable delays and their logic
options in the Quartus II software.

Table 11. APEX 20KE Programmable Delay Chains
Programmable Delays Quartus 1l Logic Option
Input Pin to Core Delay Decrease input delay to internal cells
Input Pin to Input Register Delay Decrease input delay to input registers
Core to Output Register Delay Decrease input delay to output register
Output Register tcg Delay Increase delay to output pin
Clock Enable Delay Increase clock enable delay

The register in the APEX 20KE IOE can be programmed to power-up high
or low after configuration is complete. If it is programmed to power-up
low, an asynchronous clear can control the register. If it is programmed to
power-up high, an asynchronous preset can control the register. Figure 26
shows how fast bidirectional I/O pins are implemented in APEX 20KE
devices. This feature is useful for cases where the APEX 20KE device
controls an active-low input or another device; it prevents inadvertent
activation of the input upon power-up.
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Clock Phase & Delay Adjustment

The APEX 20KE ClockShift feature allows the clock phase and delay to be
adjusted. The clock phase can be adjusted by 90° steps. The clock delay
can be adjusted to increase or decrease the clock delay by an arbitrary
amount, up to one clock period.

LVDS Support

Two PLLs are designed to support the LVDS interface. When using LVDS,
the I/O clock runs at a slower rate than the data transfer rate. Thus, PLLs
are used to multiply the I/O clock internally to capture the LVDS data. For
example, an I/O clock may run at 105 MHz to support 840 megabits per
second (Mbps) LVDS data transfer. In this example, the PLL multiplies the
incoming clock by eight to support the high-speed data transfer. You can
use PLLs in EP20K400E and larger devices for high-speed LVDS
interfacing.

Lock Signals

The APEX 20KE ClockLock circuitry supports individual LOCK signals.
The LOCK signal drives high when the ClockLock circuit has locked onto
the input clock. The LOCK signals are optional for each ClockLock circuit;
when not used, they are I/O pins.

ClockLock & ClockBoost Timing Parameters

For the ClockLock and ClockBoost circuitry to function properly, the
incoming clock must meet certain requirements. If these specifications are
not met, the circuitry may not lock onto the incoming clock, which
generates an erroneous clock within the device. The clock generated by
the ClockLock and ClockBoost circuitry must also meet certain
specifications. If the incoming clock meets these requirements during
configuration, the APEX 20K ClockLock and ClockBoost circuitry will
lock onto the clock during configuration. The circuit will be ready for use
immediately after configuration. In APEX 20KE devices, the clock input
standard is programmable, so the PLL cannot respond to the clock until
the device is configured. The PLL locks onto the input clock as soon as
configuration is complete. Figure 30 shows the incoming and generated
clock specifications.

s For more information on ClockLock and ClockBoost circuitry,

see Application Note 115: Using the ClockLock and ClockBoost PLL
Features in APEX Devices.
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Table 18. APEX 20KE Clock Input & Output Parameters

(Part2 of 2) Note (1)

Symbol Parameter 1/0 Standard | -1X Speed Grade -2X Speed Grade | Units
Min Max Min Max
fin Input clock frequency 3.3-V LVTTL 1.5 290 1.5 257 MHz
2.5-V LVTTL 15 281 15 250 | MHz
1.8-V LVTTL 1.5 272 15 243 | MHz
GTL+ 1.5 303 1.5 261 | MHz
SSTL-2 Class 1.5 291 15 253 | MHz
I
SSTL-2 Class 1.5 291 15 253 | MHz
]
SSTL-3 Class 15 300 1.5 260 | MHz
I
SSTL-3 Class 15 300 1.5 260 | MHz
I
LVDS 15 420 1.5 350 | MHz

Notes to Tables 17 and 18:
(1)  Allinput clock specifications must be met. The PLL may not lock onto an incoming clock if the clock specifications

are not met, creating an erroneous clock within the device.
(2) The maximum lock time is 40 us or 2000 input clock cycles, whichever occurs first.

(3) Before configuration, the PLL circuits are disable and powered down. During configuration, the PLLs are still
disabled. The PLLs begin to lock once the device is in the user mode. If the clock enable feature is used, lock begins
once the CLKLK_ENA pin goes high in user mode.

(4) The PLL VCO operating range is 200 MHz 0 fyco 0 840 MHz for LVDS mode.

SignalTap

Embedded
Logic Analyzer

54

APEX 20K devices include device enhancements to support the SignalTap
embedded logic analyzer. By including this circuitry, the APEX 20K
device provides the ability to monitor design operation over a period of

time through the IEEE Std. 1149.1 (JTAG) circuitry; a designer can analyze
internal logic at speed without bringing internal signals to the I/O pins.

This feature is particularly important for advanced packages such as
FineLine BGA packages because adding a connection to a pin during the
debugging process can be difficult after a board is designed and
manufactured.

Altera Corporation
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The APEX 20K device instruction register length is 10 bits. The APEX 20K
device USERCODE register length is 32 bits. Tables 20 and 21 show the
boundary-scan register length and device IDCODE information for
APEX 20K devices.

Table 20. APEX 20K Boundary-Scan Register Length

Device Boundary-Scan Register Length
EP20K30E 420
EP20K60E 624
EP20K100 786

EP20K100E 774

EP20K160E 984
EP20K200 1,176
EP20K200E 1,164
EP20K300E 1,266
EP20K400 1,536
EP20K400E 1,506
EP20K600E 1,806
EP20K1000E 2,190
EP20K1500E 1(1)

Note to Table 20:
This device does not support JTAG boundary scan testing.

@

Altera Corporation
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Generic Testing

58

Table 22 shows the JTAG timing parameters and values for APEX 20K
devices.

Table 22. APEX 20K JTAG Timing Parameters & Values
Symbol Parameter Min | Max | Unit
ticp TCK clock period 100 ns
ticH TCK clock high time 50 ns
tyoL TCK clock low time 50 ns
typsu JTAG port setup time 20 ns
tpH JTAG port hold time 45 ns
tpco JTAG port clock to output 25 ns
typzx JTAG port high impedance to valid output 25 ns
tpxz JTAG port valid output to high impedance 25 ns
tyssu Capture register setup time 20 ns
tysH Capture register hold time 45 ns
tysco Update register clock to output 35 ns
tyszx Update register high impedance to valid output 35 ns
tysxz Update register valid output to high impedance 35 ns

For more information, see the following documents:

W Application Note 39 (IEEE Std. 1149.1 (JTTAG) Boundary-Scan Testing in
Altera Devices)
W Jam Programming & Test Language Specification

Each APEX 20K 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 APEX 20K
devices are made under conditions equivalent to those shown in

Figure 32. Multiple test patterns can be used to configure devices during
all stages of the production flow.

Altera Corporation
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Note to Tables 32 and 33:

(1)  These timing parameters are sample-tested only.

74

Tables 34 through 37 show APEX 20KE LE, ESB, routing, and functional
timing microparameters for the fj;4x timing model.

Table 34. APEX 20KE LE Timing Microparameters

Symbol Parameter
tsu LE register setup time before clock
ty LE register hold time after clock
tco LE register clock-to-output delay
tLut LUT delay for data-in to data-out

Table 35. APEX 20KE ESB Timing Microparameters

Symbol Parameter

tesBARC ESB Asynchronous read cycle time

tesesrc ESB Synchronous read cycle time

tesawe ESB Asynchronous write cycle time

teseswe ESB Synchronous write cycle time

tEsBWASU ESB write address setup time with respect to WE

tESBWAH ESB write address hold time with respect to WE

tesBwDsU ESB data setup time with respect to WE

tESBWDH ESB data hold time with respect to WE

tEsBRASU ESB read address setup time with respect to RE

tesBRAH ESB read address hold time with respect to RE

tesBWESU ESB WE setup time before clock when using input register

tEsBWEH ESB WE hold time after clock when using input register

tESBDATASU ESB data setup time before clock when using input register

tESBDATAH ESB data hold time after clock when using input register

tESBWADDRSU ESB write address setup time before clock when using input
registers

tESBRADDRSU ESB read address setup time before clock when using input
registers

tESBDATACO1 ESB clock-to-output delay when using output registers

tesBDATACO2 ESB clock-to-output delay without output registers

tesBDD ESB data-in to data-out delay for RAM mode

tpp ESB Macrocell input to non-registered output

tPTERMSU ESB Macrocell register setup time before clock

tPTERMCO ESB Macrocell register clock-to-output delay

Altera Corporation
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Table 42. EP20K400 fyzx Timing Parameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Units
Min Max Min Max Min Max
tsy 0.1 03 06 ns
ty 0.5 0.8 0.9 ns
tco 0.1 0.4 0.6 ns
tLuT 1.0 12 14 ns
tessRC 17 2.1 2.4 ns
tesawe 5.7 6.9 8.1 ns
tesBwEsU 3.3 3.9 4.6 ns
tESBDATASU 22 2.7 3.1 ns
tESBDATAH 0.6 058 0.9 ns
tesBADDRSU 24 2.9 3.3 ns
tESBDATACO!1 1.3 1.6 1.8 ns
tESBDATACO?2 2.5 3.1 3.6 ns
tesBDD 25 3.3 3.6 ns
trp 25 3.1 3.6 ns
tPTERMSU 1.7 2.1 2.4 ns
tPTERMCO 1.0 1.2 1.4 ns
tr1-4 0.4 0.5 0.6 ns
trs.20 26 28 2.9 ns
teo0s 3.7 3.8 3.9 ns
toH 2.0 2.5 3.0 ns
toL 2.0 2.5 3.0 ns
toLRp 0.5 0.6 0.8 ns
tPREP 0.5 0.5 0.5 ns
tesBcH 2.0 2.5 3.0 ns
tessoL 2.0 2.5 3.0 ns
tesewp 1.5 1.9 2.2 ns
tessRP 1.0 1.2 1.4 ns

Altera Corporation

Tables 43 through 48 show the I/O external and external bidirectional

timing parameter values for EP20K100, EP20K200, and EP20K400

APEX 20K devices.
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Notes to Tables 43 through 48:

(1)  This parameter is measured without using ClockLock or ClockBoost circuits.
(2) This parameter is measured using ClockLock or ClockBoost circuits.

Tables 49 through 54 describe fy 4 x LE Timing Microparameters, fy14x
ESB Timing Microparameters, fy14x Routing Delays, Minimum Pulse
Width Timing Parameters, External Timing Parameters, and External
Bidirectional Timing Parameters for EP20K30E APEX 20KE devices.

Table 49. EP20K30E fyy LE Timing Microparameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tsu 0.01 0.02 0.02 ns
ty 0.11 0.16 0.23 ns
tco 0.32 0.45 0.67 ns
tLUT 0.85 1.20 1.77 ns
82 Altera Corporation
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Table 56. EP20KG6OE fy,x ESB Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tEsBARC 1.83 2,57 3.79 ns
tesBsRC 2.46 3.26 4.61 ns
tesBawc 3.50 4.90 7.23 ns
teseswc 3.77 4.90 6.79 ns
tesBwaAsU 1.59 2.23 3.29 ns
tespwAH 0.00 0.00 0.00 ns
tesBwDsU 1.75 2.46 3.62 ns
teSBWDH 0.00 0.00 0.00 ns
tesBrAsU 1.76 2.47 3.64 ns
tesBRAH 0.00 0.00 0.00 ns
tesBWESU 1.68 2.49 3.87 ns
teSBWENH 0.00 0.00 0.00 ns
tesBDATASU 0.08 0.43 1.04 ns
tESBDATAH 0.13 0.13 0.13 ns
tESBWADDRSU 0.29 0.72 1.46 ns
tESBRADDRSU 0.36 0.81 1.58 ns
tesBDATACO1 1.06 1.24 1.55 ns
tesBDATACO2 2.39 3.35 4.94 ns
tesBDD 3.50 4.90 7.23 ns
tep 1.72 2.41 3.56 ns
tPTERMSU 0.99 1.56 2.55 ns
trTERMCO 1.07 1.26 1.08 ns
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Table 74. EP20K200E fy4y ESB Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tesBARC 1.68 2.06 2.24 ns
tesBsRc 2.27 2.77 3.18 ns
tesBawc 3.10 3.86 4.50 ns
tesBswe 2.90 3.67 4.21 ns
tesBwASU 0.55 0.67 0.74 ns
tESBWAH 0.36 0.46 0.48 ns
tesBwDSU 0.69 0.83 0.95 ns
tesBWDH 0.36 0.46 0.48 ns
tesBRASU 1.61 1.90 2.09 ns
tesBRAH 0.00 0.00 0.01 ns
tesBWESU 1.42 1.71 2.01 ns
tesBWEH 0.00 0.00 0.00 ns
tesBDATASU -0.06 -0.07 0.05 ns
tESBDATAH 0.13 0.13 0.13 ns
tESBWADDRSU 0.11 0.13 0.31 ns
tESBRADDRSU 0.18 0.23 0.39 ns
tesBDATACO1 1.09 1.35 1.51 ns
tESBDATACO2 2.19 2.75 3.22 ns
tEsBDD 2.75 3.41 4.03 ns
tep 1.58 1.97 2.33 ns
tPTERMSU 1.00 1.22 1.51 ns
tpTERMCO 1.10 1.37 1.09 ns
Table 75. EP20K200E fyy Routing Delays
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
trq4 0.25 0.27 0.29 ns
tes.00 1.02 1.20 1.41 ns
teoos 1.99 2.23 2.53 ns
Altera Corporation 95
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Table 78. EP20K200E External Bidirectional Timing Parameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max

tiNsuBIDIR 2.81 3.19 3.54 ns
Y NHBIDIR 0.00 0.00 0.00 ns
touTcoBIDIR 2.00 5.12 2.00 5.62 2.00 6.11 ns
txzBIDIR 7.51 8.32 8.67 ns
tzxBIDIR 7.51 8.32 8.67 ns
YINSUBIDIRPLL 3.30 3.64 - ns
YNHBIDIRPLL 0.00 0.00 - ns
touTtcoBIDIRPLL 0.50 3.01 0.50 3.36 B B ns
txZzBIDIRPLL 5.40 6.05 - ns
tzxBIDIRPLL 5.40 6.05 - ns

Tables 79 through 84 describe f4x LE Timing Microparameters, fp14x
ESB Timing Microparameters, f14x Routing Delays, Minimum Pulse
Width Timing Parameters, External Timing Parameters, and External
Bidirectional Timing Parameters for EP20K300E APEX 20KE devices.

Table 79. EP20K300E fyuy LE Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tsy 0.16 0.17 0.18 ns
ty 0.31 0.33 0.38 ns
tco 0.28 0.38 0.51 ns
tLuT 0.79 1.07 1.43 ns
Altera Corporation 97
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Table 80. EP20K300E fy4x ESB Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tEsBARC 1.79 2.44 3.25 ns
tesBsRC 2.40 3.12 4.01 ns
tesBawc 3.41 4.65 6.20 ns
teseswc 3.68 4.68 5.93 ns
tesBwaAsU 1.55 2.12 2.83 ns
tespwAH 0.00 0.00 0.00 ns
tesBwDsU 1.71 2.33 3.11 ns
teSBWDH 0.00 0.00 0.00 ns
tEsBRASU 1.72 2.34 3.13 ns
tesBRAH 0.00 0.00 0.00 ns
tesBWESU 1.63 2.36 3.28 ns
teSBWENH 0.00 0.00 0.00 ns
tesBDATASU 0.07 0.39 0.80 ns
tESBDATAH 0.13 0.13 0.13 ns
tESBWADDRSU 0.27 0.67 1.17 ns
tESBRADDRSU 0.34 0.75 1.28 ns
tesBDATACO1 1.03 1.20 1.40 ns
tesBDATACO2 2.33 3.18 4.24 ns
tesBDD 3.41 4.65 6.20 ns
tep 1.68 2.29 3.06 ns
thTERMSU 0.96 1.48 2.14 ns
tpTERMCO 1.05 1.22 1.42 ns

Table 81. EP20K300E fy,x Routing Delays

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tr1-a 0.22 0.24 0.26 ns
tF5—20 1.33 1.43 1.58 ns
troos 3.63 3.93 4.35 ns
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Table 86. EP20K400E fy,y ESB Timing Microparameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max

tesBARC 1.67 1.91 1.99 ns
tesBsRe 2.30 2.66 2.93 ns
tesBAWG 3.09 3.58 3.99 ns
tesBswe 3.01 3.65 4.05 ns
tesBwASU 0.54 0.63 0.65 ns
tesBWAH 0.36 0.43 0.42 ns
tesBwDSU 0.69 0.77 0.84 ns
tesBWDH 0.36 0.43 0.42 ns
tesBRASU 1.61 1.77 1.86 ns
tesBRAH 0.00 0.00 0.01 ns
tesBwWESU 1.35 1.47 1.61 ns
tesBWEH 0.00 0.00 0.00 ns
tESBDATASU -0.18 -0.30 -0.27 ns
teseDATAH 0.13 0.13 0.13 ns
tesBWADDRSU -0.02 -0.11 -0.03 ns
tESBRADDRSU 0.06 -0.01 -0.05 ns
tesBDATACO1 1.16 1.40 1.54 ns
tesepDATACO2 2.18 2.55 2.85 ns
tEsBDD 2.73 3.17 3.58 ns
) 1.57 1.83 2.07 ns
tPTERMSU 0.92 0.99 1.18 ns
tpTERMCO 1.18 1.43 1.17 ns
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Table 87. EP20K400E fy,x Routing Delays

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
trq.a 0.25 0.25 0.26 ns
tF5-2O 1.01 1.12 1.25 ns
tF20+ 3.71 3.92 417 ns
Table 88. EP20K400E Minimum Pulse Width Timing Parameters
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
ton 1.36 222 2.35 ns
toL 1.36 2.26 2.35 ns
tcLrp 0.18 0.18 0.19 ns
tPF{EP 0.18 0.18 0.19 ns
tESBCH 1.36 2.26 2.35 ns
tESBCL 1.36 2.26 2.35 ns
tESBWP 1.17 1.38 1.56 ns
tESBRP 0.94 1.09 1.25 ns
Table 89. EP20K400E External Timing Parameters
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
t|NSU 2.51 2.64 2.77 ns
tiNH 0.00 0.00 0.00 ns
touTco 2.00 5.25 2.00 5.79 2.00 6.32 ns
tINSUPLL 3.221 3.38 - ns
thHPLL 0.00 0.00 - ns
tOUTCOPLL 0.50 2.25 0.50 2.45 - - ns
102 Altera Corporation




APEX 20K Programmable Logic Device Family Data Sheet

Table 102. EP20K1000E External Bidirectional Timing Parameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max

tiNsuBIDIR 3.22 3.33 3.51 ns
YNHBIDIR 0.00 0.00 0.00 ns
touTcoBIDIR 2.00 5.75 2.00 6.33 2.00 6.90 ns
txzBIDIR 6.31 7.09 7.76 ns
tzxBIDIR 6.31 7.09 7.76 ns
tinsusipirpLL 3.25 3.26 ns
YNHBIDIRPLL 0.00 0.00 ns
toUTCOBIDIRPLL 0.50 2.25 0.50 2.99 ns
txZzBIDIRPLL 2.81 3.80 ns
tzxBIDIRPLL 2.81 3.80 ns

Tables 103 through 108 describe fy14x LE Timing Microparameters, f14x
ESB Timing Microparameters, f14x Routing Delays, Minimum Pulse
Width Timing Parameters, External Timing Parameters, and External
Bidirectional Timing Parameters for EP20K1500E APEX 20KE devices.

Table 103. EP20K1500E fy,x LE Timing Microparameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tsu 0.25 0.25 0.25 ns
ty 0.25 0.25 0.25 ns
tco 0.28 0.32 0.33 ns
tLut 0.80 0.95 1.13 ns
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Table 104. EP20K1500E fyy ESB Timing Microparameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tesBARC 1.78 2.02 1.95 ns
tesBsRC 2,52 2.91 3.14 ns
tesBAWC 3.52 4.11 4.40 ns
teseswe 3.23 3.84 4.16 ns
tesBwASU 0.62 0.67 0.61 ns
tesBWAH 0.41 0.55 0.55 ns
tesBwbsu 0.77 0.79 0.81 ns
tesBwDH 0.41 0.55 0.55 ns
tesBRASU 1.74 1.92 1.85 ns
teSBRAH 0.00 0.01 0.23 ns
tesBwEsU 2.07 2.28 2.41 ns
tesBWEH 0.00 0.00 0.00 ns
tESBDATASU 0.25 0.27 0.29 ns
tESBDATAH 0.13 0.13 0.13 ns
tESBWADDRSU 0.1 0.04 0.11 ns
tESBRADDRSU 0.14 0.11 0.16 ns
tESBDATACO1 1.29 1.50 1.63 ns
teseDATACO2 2.55 2.99 3.22 ns
tesBDD 3.12 3.57 3.85 ns
tpp 1.84 2.13 2.32 ns
tpTERMSU 1.08 1.19 1.32 ns
tpTERMCO 1.31 1.53 1.66 ns

Table 105. EP20K1500E fy,x Routing Delays

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tr1-a 0.28 0.28 0.28 ns
t’:s_zo 1.36 1.50 1.62 ns
troos 4.43 4.48 5.07 ns
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