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APEX 20KC Programmable Logic Device Data Sheet

...and More
Features

Low-power operation design

- 18-V supply voltage (see Table 2)

- Copper interconnect reduces power consumption

- MultiVolt™1/0 support for 1.8-V, 2.5-V, and 3.3-V interfaces

—  ESBs offering programmable power-saving mode

Flexible clock management circuitry with up to four phase-locked

loops (PLLs)

—  Built-in low-skew clock tree

- Up to eight global clock signals

- ClockLock™ feature reducing clock delay and skew

- ClockBoost™ feature providing clock multiplication and
division

- ClockShift™ feature providing programmable clock phase and
delay shifting

Powerful I/0 features

—  Compliant with peripheral component interconnect Special
Interest Group (PCI SIG) PCI Local Bus Specification,
Revision 2.2 for 3.3-V operation at 33 or 66 MHz and 32 or 64 bits

—  Support for high-speed external memories, including DDR
synchronous dynamic RAM (SDRAM) and ZBT static RAM
(SRAM)

— 16 input and 16 output LVDS channels at 840 megabits per
second (Mbps)

- Direct connection from I/O pins to local interconnect providing
fast tcp and tg;; times for complex logic

- MultiVolt I/O support for 1.8-V, 2.5-V, and 3.3-V interfaces

-  Programmable clamp to Vo

— Individual tri-state output enable control for each pin

—  Programmable output slew-rate control to reduce switching
noise

- Support for advanced I/0 standards, including low-voltage
differential signaling (LVDS), LVPECL, PCI-X, AGP, CTT,
SSTL-3 and SSTL-2, GTL+, and HSTL Class I

—  Supports hot-socketing operation

—  Pull-up on I/0 pins before and during configuration

Table 2. APEX 20KC Supply Voltages

Feature Voltage

Internal supply voltage (VeoinT) 1.8V

MultiVolt I/O interface voltage levels (Vcci0) [1.8V,2.5V,3.3V,5.0V (1)

Note to Table 2:

)

APEX 20KC devices can be 5.0-V tolerant by using an external resistor.

Altera Corporation



APEX 20KC Programmable Logic Device Data Sheet

B Advanced interconnect structure

- Copper interconnect for high performance

- Four-level hierarchical FastTrack® interconnect structure
providing fast, predictable interconnect delays

- Dedicated carry chain that implements arithmetic functions such
as fast adders, counters, and comparators (automatically used by
software tools and megafunctions)

- Dedicated cascade chain that implements high-speed,
high-fan-in logic functions (automatically used by software tools
and megafunctions)

— Interleaved local interconnect allows one LE to drive 29 other
LEs through the fast local interconnect

B Advanced software support

- Software design support and automatic place-and-route
provided by the Altera® Quartus™ II development system for
Windows-based PCs, Sun SPARCstations, and HP 9000
Series 700/800 workstations

—  Altera MegaCore® functions and Altera Megafunction Partners
Program (AMPPSM) megafunctions optimized for APEX 20KC
architecture available

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

- Quartus II 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, RCS, and SCCS

Table 3. APEX 20KC QFP & BGA Package Options & I/0 Count  Notes (1), (2)

Device 208-Pin PQFP | 240-Pin PQFP | 356-Pin BGA | 652-Pin BGA

EP20K200C 136 168 271

EP20K400C 488
EP20K600C 488
EP20K1000C 488

Altera Corporation 3
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APEX 20KC devices include additional features such as enhanced I/O
standard support, CAM, additional global clocks, and enhanced
ClockLock clock circuitry. Table 7 shows the features included in
APEX 20KC devices.

Table 7. APEX 20KC Device Features (Part 1 of 2)

Feature APEX 20KC Devices
MultiCore system integration Full support
Hot-socketing support Full support
SignalTap logic analysis Full support
32-/64-bit, 33-MHz PCI Full compliance
32-/64-bit, 66-MHz PCI Full compliance in -7 and -8 speed grades in
selected devices
MultiVolt /0 1.8-V, 2.5-V, or 3.3-V Vg0

Vccio selected bank by bank
5.0-V tolerant with use of external resistor

ClockLock support Clock delay reduction

m/(n x v) clock multiplication
Drive ClockLock output off-chip
External clock feedback
ClockShift circuitry

LVDS support

Up to four PLLs

ClockShift clock phase adjustment

Dedicated clock and input pins Eight

Altera Corporation 5
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Functional
Description

Altera Corporation

After an APEX 20KC device has been configured, it can be reconfigured
in-circuit by resetting the device and loading new data. Real-time changes
can be made during system operation, enabling innovative reconfigurable
computing applications.

APEX 20KC devices are supported by the Altera Quartus II development
system, a single, integrated package that offers HDL and schematic design
entry, compilation and logic synthesis, full simulation and worst-case
timing analysis, SignalTap logic analysis, and device configuration. The
Quartus II software runs on Windows-based PCs, Sun SPARCstations,
and HP 9000 Series 700/800 workstations.

The Quartus II software provides NativeLink interfaces to other industry-
standard PC- and UNIX workstation-based EDA tools. For example,
designers can invoke the Quartus II software from within third-party
design tools. Further, the Quartus II software contains built-in optimized
synthesis libraries; synthesis tools can use these libraries to optimize
designs for APEX 20KC devices. For example, the Synopsys Design
Compiler library, supplied with the Quartus II development system,
includes DesignWare functions optimized for the APEX 20KC
architecture.

APEX 20KC devices incorporate LUT-based logic, product-term-based
logic, and memory into one device on an all-copper technology process.
Signal interconnections within APEX 20KC devices (as well as to and from
device pins) are provided by the FastTrack interconnect—a series of fast,
continuous row and column channels that run the entire length and width
of the device.

Each1/O pinis fed by an1/O element (IOE) located at the end of each row
and column of the FastTrack interconnect. Each IOE contains a
bidirectional I/O buffer and a register that can be used as either an input
or output register to feed input, output, or bidirectional signals. When
used with a dedicated clock pin, these registers provide exceptional
performance. IOEs provide a variety of features, such as 3.3-V, 64-bit,
66-MHz PCI compliance; JTAG BST support; slew-rate control; and
tri-state buffers. APEX 20KC devices offer enhanced 1/O support,
including support for 1.8-V1/0, 2.5-V1/0O, LVCMOS, LVTTL, LVPECL,
3.3-V PCI, PCI-X, LVDS, GTL+, SSTL-2, SSTL-3, HSTL, CTT, and 3.3-V
AGP I/0 standards.
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Figure 5. APEX 20KC Logic Element
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Each LE’s programmable register can be configured for D, T, JK, or SR
operation. The register’s clock and clear control signals can be driven by
global signals, general-purpose I/O pins, or any internal logic. For
combinatorial functions, the register is bypassed and the output of the
LUT drives the outputs of the LE.

Each LE has two outputs that drive the local, MegaLAB, or FastTrack
interconnect routing structure. Each output can be driven independently
by the LUT’s or register’s output. For example, the LUT can drive one
output while the register drives the other output. This feature, called
register packing, improves device utilization because the register and the
LUT can be used for unrelated functions. The LE can also drive out
registered and unregistered versions of the LUT output.

12 Altera Corporation
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16

LE Operating Modes
The APEX 20KC LE can operate in one of the following three modes:

B Normal mode
B Arithmetic mode
B Counter mode

Each mode uses LE resources differently. In each mode, seven available
inputs to the LE—the four data inputs from the LAB local interconnect,
the feedback from the programmable register, and the carry-in and
cascade-in from the previous LE—are directed to different destinations to
implement the desired logic function. LAB-wide signals provide clock,
asynchronous clear, asynchronous preset, asynchronous load,
synchronous clear, synchronous load, and clock enable control for the
register. These LAB-wide signals are available in all LE modes.

The Quartus II software, in conjunction with parameterized functions
such as LPM and DesignWare functions, automatically chooses the
appropriate mode for common functions such as counters, adders, and
multipliers. If required, the designer can also create special-purpose
functions that specify which LE operating mode to use for optimal
performance. Figure 8 shows the LE operating modes.

Altera Corporation
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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 I 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.

Altera Corporation
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The counter mode uses two 3-input LUTSs: one generates the counter data,
and the other generates the fast carry bit. A 2-to-1 multiplexer provides
synchronous loading, and another AND gate provides synchronous
clearing. If the cascade function is used by an LE in counter mode, the
synchronous clear or load overrides any signal carried on the cascade
chain. The synchronous clear overrides the synchronous load. LEs in
arithmetic mode can drive out registered and unregistered versions of the
LUT output.

Clear & Preset Logic Control

Logic for the register’s clear and preset signals is controlled by LAB-wide
signals. The LE directly supports an asynchronous clear function. The
Quartus II Compiler can use a NOT-gate push-back technique to emulate
an asynchronous preset or to emulate simultaneous preset and clear or
asynchronous load. However, this technique uses three additional LEs per
register. All emulation is performed automatically when the design is
compiled. Registers that emulate simultaneous preset and load will enter
an unknown state upon power-up or when the chip-wide reset is asserted.

In addition to the two clear and preset modes, APEX 20KC devices
provide a chip-wide reset pin (DEV_CLRn) that resets all registers in the
device. Use of this pin is controlled through an option in the Quartus II
software that is set before compilation. The chip-wide reset overrides all
other control signals. Registers using an asynchronous preset are preset
when the chip-wide reset is asserted; this effect results from the inversion
technique used to implement the asynchronous preset.

FastTrack Interconnect

In the APEX 20KC architecture, connections between LEs, ESBs, and I/O
pins are provided by the FastTrack interconnect. The FastTrack
interconnect 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 consists of row and column interconnect
channels that span the entire device. The row interconnect routes signals
throughout a row of MegaLAB structures; the column interconnect routes
signals throughout a column of MegaLAB structures. When using the row
and column interconnect, an LE, IOE, or ESB can drive any other LE, IOE,
or ESB in a device. See Figure 9.
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Figure 10. FastTrack Connection to Local Interconnect
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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 Control Logic

Dedicated 4
Clocks
Global 4
Signals

Local
Interconnect

Local
Interconnect

Local
Interconnect

Local
Interconnect

L‘JL‘JL‘iLJ

L4

CLK2 CLKENA2 CLK1 CLKENA1 CLR2 CLR1

Altera Corporation

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 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 20KC parallel expanders.
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Figure 23. APEX 20KC CAM Block Diagram
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CAM can be used in any application requiring high-speed searches, such
as networking, communications, data compression, and cache
management.

The APEX 20KC on-chip CAM provides faster system performance than
traditional discrete CAM. Integrating CAM and logic into the APEX 20KC
device eliminates off-chip and on-chip delays, improving system
performance.

When in CAM mode, the ESB implements 32-word, 32-bit CAM. Wider or
deeper CAM can be implemented by combining multiple CAMs with
some ancillary logic implemented in LEs. The Quartus II software
combines ESBs and LEs automatically to create larger CAMs.

CAM supports writing “don’t care” bits into words of the memory. The
“don’t care” bit can be used as a mask for CAM comparisons; any bit set
to “don’t care” has no effect on matches.

The output of the CAM can be encoded or unencoded. When encoded, the
ESB outputs an encoded address of the data’s location. For instance, if the
data is located in address 12, the ESB output is 12. When unencoded, the
ESB uses its 16 outputs to show the location of the data over two clock
cycles. In this case, if the data is located in address 12, the 12th output line
goes high. When using unencoded outputs, two clock cycles are required
to read the output because a 16-bit output bus is used to show the status
of 32 words.

The encoded output is better suited for designs that ensure duplicate data
is not written into the CAM. If duplicate data is written into two locations,
the CAM’s output will be incorrect. If the CAM may contain duplicate
data, the unencoded output is a better solution; CAM with unencoded
outputs can distinguish multiple data locations.

CAM can be pre-loaded with data during configuration, or it can be
written during system operation. In most cases, two clock cycles are
required to write each word into CAM. When “don’t care” bits are used,
a third clock cycle is required.
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Figure 25. APEX 20KC Bidirectional I/0 Registers
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Advanced 1/0 Standard Support

APEX 20KC IOEs support the following I/O standards: LVTTL,
LVCMOS, 1.8-V1/0, 2.5-V1/0, 3.3-V PCI, PCI-X, 3.3-V AGP, LVDS,
LVPECL, GTL+, CTT, HSTL Class I, SSTL-3 Class I and II, and SSTL-2
Class I and II.

e«@@ Formoreinformation onI/O standards supported by APEX 20KC

devices, see Application Note 117 (Using Selectable 1/O Standards in Altera
Devices).

The APEX 20KC device contains eight I/O banks. In QFP packages, the
banks are linked to form four I/O banks. The I/O banks directly support
all standards except LVDS and LVPECL. AllI/O banks can support LVDS
and LVPECL at up to 156 Mbps per channel with the addition of external
resistors. In addition, one block within a bank contains circuitry to
support high-speed True-LVDS and LVPECL inputs, and another block
within a bank supports high-speed True-LVDS and LVPECL outputs. The
LVDS blocks support all of the I/O standards. Each I/O bank has its own
VCCIO pins. A single device can support 1.8-V,2.5-V, and 3.3-V interfaces;
each bank can support a different standard independently. Each bank can
also use a separate Vgg level so that each bank can support any of the
terminated standards (such as SSTL-3) independently. Within a bank, any
one of the terminated standards can be supported. EP20K400C and larger
APEX 20KC devices support the LVDS interface for data pins (EP20K200C
devices support LVDS clock pins, but not data pins). EP20K400C and
EP20K600C devices support LVDS for data pins at up to 840 Mbps per
channel. EP20K1000C devices support LVDS on 16 channels at up to 750
Mbps.

Each bank can support multiple standards with the same VCCIO for
output pins. Each bank can support one voltage-referenced 1/O standard,
but it can support multiple I/O standards with the same VCCIO voltage
level. For example, when VCCIO is 3.3 V, a bank can support LVTTL,
LVCMOS, 3.3-V PCI, and SSTL-3 for inputs and outputs.

When the LVDS banks are not used for the LVDS I/O standard, they

support all of the other I/O standards. Figure 28 shows the arrangement
of the APEX 20KC I/0 banks.

Altera Corporation 43
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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 20KC ClockLock and ClockBoost circuitry will
lock onto the clock during configuration. The circuit will be ready for use
immediately after configuration. In APEX 20KC 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 29 shows the incoming and generated
clock specifications.

= For more information on ClockLock and ClockBoost circuitry,
see Application Note 115: Using the ClockLock and ClockBoost PLL
Features in APEX Devices.

Figure 29. Specifications for the Incoming & Generated Clocks

The t; parameter refers to the nominal input clock period; the ty parameter refers to the
nominal output clock period.
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Note to Figure 29:
(1) Rise and fall times are measured from 10% to 90%.

48 Altera Corporation



APEX 20KC Programmable Logic Device Data Sheet

Tables 11 and 12 summarize the ClockLock and ClockBoost parameters

for APEX 20KC devices.
Table 11. APEX 20KC ClockLock & ClockBoost Parameters  Note (1)

Symbol Parameter Condition Min Typ Max Unit
tp Input rise time ns
te Input fall time 5 ns
tinputy Input duty cycle 40 60 %
UNUITTER Input jitter peak-to-peak 2% of input %

period
toutsitter | RMS jitter on ClockLock or 0.35% of %
ClockBoost-generated clock output
period
toutpury | Duty cycle for ClockLock or 45 55 %
ClockBoost-generated clock
trock (2) (3)| Time required for ClockLock or 40 us
ClockBoost to acquire lock
Table 12. APEX 20KC Clock Input & Output Parameters (Part10f2)  Note (1)
Symbol Parameter I/0 Standard -7 Speed Grade | -8 Speed Grade | Units
Min Max Min Max
fvco (4) Voltage controlled oscillator 200 500 200 500 MHz
operating range
feLocko Clock0 PLL output frequency 1.5 335 1.5 200 MHz
for internal use
feLockt Clock1 PLL output frequency 20 335 20 200 MHz
for internal use
ferocko ext | Output clock frequency for 3.3-V LVTTL (5) (5) (5) (5) MHz
external clockO output 2 5.V LVTTL (5) (5) (5) (5) MHz
1.8-V LVTTL (5) (5) (5) (5) MHz
GTL+ (5) (5) (5) (5) MHz
SSTL-2 Class | (5) (5) (5) (5) MHz
SSTL-2 Class Il (5) (5) (5) (5) MHz
SSTL-3 Class | (5) (5) (5) (5) MHz
SSTL-3 Class Il (5) (5) (5) (5) MHz
LVDS (5) (5) (5) (5) MHz
ration 49
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Table 12. APEX 20KC Clock Input & Output Parameters (Part20f2)  Note (1)

Symbol Parameter 1/0 Standard -7 Speed Grade | -8 Speed Grade | Units
Min Max Min Max

ferock1_ext | Output clock frequency for 3.3-V LVTTL (5) (5) (5) (5) MHz

external clock1 output 25-V LVTTL (5) (5) (5) (5) MHz

1.8-V LVTTL (5) (5) (5) (5) MHz

GTL+ (5) (5) (5) (5) MHz

SSTL-2 Class | (5) (5) (5) (5) MHz

SSTL-2 Class I (5) (5) (5) (5) MHz

SSTL-3 Class | (5) (5) (5) (5) MHz

SSTL-3 Class Il (5) (5) (5) (5) MHz

LVDS (5) (5) (5) (5) MHz

fin Input clock frequency 3.3-V LVTTL (5) (5) (5) (5) MHz

2.5-V LVTTL (5) (5) (5) (5) MHz

1.8-V LVTTL (5) (5) (5) (5) MHz

GTL+ (5) (5) (5) (5) MHz

SSTL-2 Class | (5) (5) (5) (5) MHz

SSTL-2 Class Il (5) (5) (5) (5) MHz

SSTL-3 Class | (5) (5) (5) (5) MHz

SSTL-3 Class Il (5) (5) (5) (5) MHz

LVDS (5) (5) (5) (5) MHz

Notes to Tables 11 and 12:

(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 ps or 2,000 input clock cycles, whichever occurs first.

(3) Before configuration, the PLL circuits are disable and powered down. During configuration, the PLLs remain
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 < fy,o < 840 MHz for LVDS mode.

(5) Contact Altera Applications for information on these parameters.

SignalTap
Embedded

Logic Analyzer

50

APEX 20KC devices include device enhancements to support the
SignalTap embedded logic analyzer. By including this circuitry, the
APEX 20KC 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
1/0 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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Figure 30. APEX 20KC JTAG Waveforms
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Table 16 shows the JTAG timing parameters and values for APEX 20KC

devices.
Table 16. APEX 20KC JTAG Timing Parameters & Values
Symbol Parameter Min | Max | Unit
tycp TCK clock period 100 ns
tycH TCK clock high time 50 ns
tycL TCK clock low time 50 ns
typsu JTAG port setup time 20 ns
tyPH JTAG port hold time 45 ns
tyirco JTAG port clock to output 25 ns
tyipzx JTAG port high impedance to valid output 25 ns
tipxz 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 (JTAG) Boundary-Scan Testing in
Altera Devices)
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Table 30. SSTL-2 Class Il Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Veeio I/0 supply voltage 2.375 2.5 2.625 \Y
V7 Termination voltage Vger —0.04 VRer Vger + 0.04 \
VRer Reference voltage 1.15 1.25 1.35 \
ViH High-level input VRger + 0.18 Veeio + 0.3 \"
voltage

ViL Low-level input -0.3 VRer—0.18 \
voltage

Vou High-level output loy=-152mA (1) | V17 +0.76 \%
voltage

VoL Low-level output loL=15.2mA (2) V17 -0.76 \
voltage

Table 31. SSTL-3 Class | Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Veeio I/0 supply voltage 3.0 3.3 3.6 \
Vit Termination voltage Vger —0.05 VRer VReg + 0.05 \
VRer Reference voltage 1.3 1.5 1.7 \'
ViH High-level input Vgeg + 0.2 Veeio + 0.3 \"
voltage

ViL Low-level input -0.3 VRer— 0.2 \
voltage

Vou High-level output loy =-8mA (1) Vit +0.6 \
voltage

VoL Low-level output loL=8mA (2) Vir-0.6 \
voltage
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Figure 31. Output Drive Characteristics of APEX 20KC Devices
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Note to Figure 31:
(1) These are transient (AC) currents.
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Table 61. EP20K600C External Bidirectional Timing Parameters

Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max

tinsusiDIR 2.03 257 2.97 ns
tinHBIDIR 0.00 0.00 0.00 ns
touTCORBIDIR 2.00 429 2.00 477 2.00 5.11 ns
txzBiDIR 8.31 9.14 9.76 ns
tzxBIDIR 8.31 9.14 9.76 ns
tinsuBIDIRPLL 3.99 4.77 - ns
tiNHBIDIRPLL 0.00 0.00 - ns
touTcoBIDIRPLL 0.50 2.37 0.50 2.63 - - ns
txzBIDIRPLL 6.35 6.94 . ns
tzxBIDIRPLL 6.35 6.94 . ns

Table 62. EP20K1000C fy,y LE Timing Microparameters

Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
tsy 0.01 0.01 0.01 ns
ty 0.10 0.10 0.10 ns
tco 0.27 0.30 0.32 ns
tur 0.66 0.79 0.92 ns
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