
Intel - EP20K600EFC784-3 Datasheet

Welcome to E-XFL.COM

Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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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

– NativeLinkTM 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, Revision Control System (RCS), and Source Code Control 
System (SCCS )

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

Device 144-Pin 
TQFP

208-Pin 
PQFP
RQFP

240-Pin 
PQFP
RQFP

356-Pin BGA 652-Pin BGA 655-Pin PGA

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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Note to Table 9:
(1) This connection is supported in APEX 20KE devices only.

Product-Term Logic

The product-term portion of the MultiCore architecture is implemented 
with the ESB. The ESB can be configured to act as a block of macrocells on 
an ESB-by-ESB basis. Each ESB is fed by 32 inputs from the adjacent local 
interconnect; therefore, it can be driven by the MegaLAB interconnect or 
the adjacent LAB. Also, nine ESB macrocells feed back into the ESB 
through the local interconnect for higher performance. Dedicated clock 
pins, global signals, and additional inputs from the local interconnect 
drive the ESB control signals.

In product-term mode, each ESB contains 16 macrocells. Each macrocell 
consists of two product terms and a programmable register. Figure 13 
shows the ESB in product-term mode.

Table 9. APEX 20K Routing Scheme

Source Destination

Row 
I/O Pin

Column 
I/O Pin

LE ESB Local 
Interconnect

MegaLAB 
Interconnect

Row 
FastTrack 

Interconnect

Column 
FastTrack 

Interconnect

FastRow 
Interconnect

Row I/O Pin v v v v

Column I/O 
Pin

v v 

(1)

LE v v v v

ESB v v v v

Local 
Interconnect

v v v v

MegaLAB 
Interconnect

v

Row 
FastTrack 
Interconnect

v v

Column 
FastTrack 
Interconnect

v v

FastRow 
Interconnect

v 

(1)
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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

Note to Figure 15:
(1) APEX 20KE devices have four dedicated clocks.

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.

CLK2 CLKENA2 CLK1 CLKENA1 CLR2 CLR1

Dedicated
Clocks

Global
Signals

Local
Interconnect

Local
Interconnect

Local
Interconnect

Local
Interconnect

2 or 4 (1)

4
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Input/Output Clock Mode

The input/output clock mode contains two clocks. One clock controls all 
registers for inputs into the ESB: data input, WE, RE, read address, and 
write address. The other clock controls the ESB data output registers. The 
ESB also supports clock enable and asynchronous clear signals; these 
signals also control the reading and writing of registers independently. 
Input/output clock mode is commonly used for applications where the 
reads and writes occur at the same system frequency, but require different 
clock enable signals for the input and output registers. Figure 21 shows 
the ESB in input/output clock mode.

Figure 21. ESB in Input/Output Clock Mode Note (1)

Notes to Figure 21:
(1) All registers can be cleared asynchronously by ESB local interconnect signals, global signals, or the chip-wide reset.
(2) APEX 20KE devices have four dedicated clocks.

Single-Port Mode

The APEX 20K ESB also supports a single-port mode, which is used when 
simultaneous reads and writes are not required. See Figure 22.
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Figure 23. APEX 20KE CAM Block Diagram

CAM can be used in any application requiring high-speed searches, such 
as networking, communications, data compression, and cache 
management.

The APEX 20KE on-chip CAM provides faster system performance than 
traditional discrete CAM. Integrating CAM and logic into the APEX 20KE 
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.

wraddress[]
data[]
wren
inclock
inclocken
inaclr

data_address[]
match

outclock
outclocken

outaclr
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Advanced I/O Standard Support

APEX 20KE IOEs support the following I/O standards: LVTTL, 
LVCMOS, 1.8-V I/O, 2.5-V I/O, 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.

f For more information on I/O standards supported by APEX 20KE 
devices, see Application Note 117 (Using Selectable I/O Standards in Altera 
Devices).

The APEX 20KE 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. All I/O banks can support LVDS 
and LVPECL 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 particular 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 VREF 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. EP20K300E and larger 
APEX 20KE devices support the LVDS interface for data pins (smaller 
devices support LVDS clock pins, but not data pins). All EP20K300E and 
larger devices support the LVDS interface for data pins up to 155 Mbit per 
channel; EP20K400E devices and larger with an X-suffix on the ordering 
code add a serializer/deserializer circuit and PLL for higher-speed 
support.

Each bank can support multiple standards with the same VCCIO for 
output pins. Each bank can support one voltage-referenced I/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 as LVDS I/O banks, they support all 
of the other I/O standards. Figure 29 shows the arrangement of the 
APEX 20KE I/O banks.
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For designs that require both a multiplied and non-multiplied clock, the 
clock trace on the board can be connected to CLK2p. Table 14 shows the 
combinations supported by the ClockLock and ClockBoost circuitry. The 
CLK2p pin can feed both the ClockLock and ClockBoost circuitry in the 
APEX 20K device. However, when both circuits are used, the other clock 
pin (CLK1p) cannot be used.

APEX 20KE ClockLock Feature

APEX 20KE devices include an enhanced ClockLock feature set. These 
devices include up to four PLLs, which can be used independently. Two 
PLLs are designed for either general-purpose use or LVDS use (on devices 
that support LVDS I/O pins). The remaining two PLLs are designed for 
general-purpose use. The EP20K200E and smaller devices have two PLLs; 
the EP20K300E and larger devices have four PLLs.

The following sections describe some of the features offered by the 
APEX 20KE PLLs.

External PLL Feedback

The ClockLock circuit’s output can be driven off-chip to clock other 
devices in the system; further, the feedback loop of the PLL can be routed 
off-chip. This feature allows the designer to exercise fine control over the 
I/O interface between the APEX 20KE device and another high-speed 
device, such as SDRAM.

Clock Multiplication

The APEX 20KE ClockBoost circuit can multiply or divide clocks by a 
programmable number. The clock can be multiplied by m/(n × k) or  
m/(n × v), where m and k range from 2 to 160, and n and v range from 1 to 
16. Clock multiplication and division can be used for time-domain 
multiplexing and other functions, which can reduce design LE 
requirements.

Table 14. Multiplication Factor Combinations

Clock 1 Clock 2

×1 ×1

×1, ×2 ×2

×1, ×2, ×4 ×4
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Notes to Table 16:
(1) To implement the ClockLock and ClockBoost circuitry with the Quartus II software, designers must specify the 

input frequency. The Quartus II software tunes the PLL in the ClockLock and ClockBoost circuitry to this frequency. 
The fCLKDEV parameter specifies how much the incoming clock can differ from the specified frequency during 
device operation. Simulation does not reflect this parameter.

(2) Twenty-five thousand parts per million (PPM) equates to 2.5% of input clock period.
(3) During device configuration, the ClockLock and ClockBoost circuitry is configured before the rest of the device. If 

the incoming clock is supplied during configuration, the ClockLock and ClockBoost circuitry locks during 
configuration because the tLOCK value is less than the time required for configuration.

(4) The tJITTER specification is measured under long-term observation. 

Tables 17 and 18 summarize the ClockLock and ClockBoost parameters 
for APEX 20KE devices. 

Table 17. APEX 20KE ClockLock & ClockBoost Parameters Note (1)

Symbol Parameter Conditions Min Typ Max Unit

tR Input rise time 5 ns

tF Input fall time 5 ns

tINDUTY Input duty cycle 40 60 %

t INJITTER Input jitter peak-to-peak 2% of input 
period

peak-to-
peak

tOUTJITTER Jitter on ClockLock or ClockBoost-
generated clock

0.35% of 
output period

RMS

tOUTDUTY Duty cycle for ClockLock or 
ClockBoost-generated clock

45 55 %

tLOCK (2), (3) Time required for ClockLock or 
ClockBoost to acquire lock

40 µs
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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.

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

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)
56 Altera Corporation



APEX 20K Programmable Logic Device Family Data Sheet
Figure 33. Relationship between VCCIO & VCCINT for 3.3-V PCI Compliance

Figure 34 shows the typical output drive characteristics of APEX 20K 
devices with 3.3-V and 2.5-V VCCIO. The output driver is compatible with 
the 3.3-V PCI Local Bus Specification, Revision 2.2 (when VCCIO pins are 
connected to 3.3 V). 5-V tolerant APEX 20K devices in the -1 speed grade 
are 5-V PCI compliant over all operating conditions.

Figure 34. Output Drive Characteristics of APEX 20K Device Note (1)

Note to Figure 34:
(1) These are transient (AC) currents.
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Figure 35 shows the output drive characteristics of APEX 20KE devices.

Figure 35. Output Drive Characteristics of APEX 20KE Devices Note (1)

Note to Figure 35:
(1) These are transient (AC) currents.

Timing Model The high-performance FastTrack and MegaLAB interconnect routing 
resources ensure predictable performance, accurate simulation, and 
accurate timing analysis. This predictable performance contrasts with that 
of FPGAs, which use a segmented connection scheme and therefore have 
unpredictable performance. 
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Tables 32 and 33 describe APEX 20K external timing parameters.

tESBDATACO2 ESB clock-to-output delay without output registers

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

tPD ESB macrocell input to non-registered output

tPTERMSU ESB macrocell register setup time before clock

tPTERMCO ESB macrocell register clock-to-output delay 

tF1-4 Fanout delay using local interconnect

tF5-20 Fanout delay using MegaLab Interconnect

tF20+ Fanout delay using FastTrack Interconnect

tCH Minimum clock high time from clock pin

tCL Minimum clock low time from clock pin

tCLRP LE clear pulse width

tPREP LE preset pulse width

tESBCH Clock high time

tESBCL Clock low time

tESBWP Write pulse width

tESBRP Read pulse width

Table 31. APEX 20K fMAX Timing Parameters  (Part 2 of 2)

Symbol Parameter

Table 32. APEX 20K External Timing Parameters Note (1)

Symbol Clock Parameter

tINSU Setup time with global clock at IOE register

tINH Hold time with global clock at IOE register

tOUTCO Clock-to-output delay with global clock at IOE register

Table 33. APEX 20K External Bidirectional Timing Parameters Note (1)

Symbol Parameter Conditions

tINSUBIDIR Setup time for bidirectional pins with global clock at same-row or same-
column LE register

tINHBIDIR Hold time for bidirectional pins with global clock at same-row or same-
column LE register

tOUTCOBIDIR Clock-to-output delay for bidirectional pins with global clock at IOE 
register

C1 = 10 pF

tXZBIDIR Synchronous IOE output buffer disable delay C1 = 10 pF

tZXBIDIR Synchronous IOE output buffer enable delay, slow slew rate = off C1 = 10 pF
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Note to Tables 38 and 39:
(1) These timing parameters are sample-tested only.

Table 39. APEX 20KE External Bidirectional Timing Parameters Note (1)

Symbol Parameter Conditions

tINSUBIDIR Setup time for bidirectional pins with global clock at LAB adjacent Input 
Register

tINHBIDIR Hold time for bidirectional pins with global clock at LAB adjacent Input 
Register

tOUTCOBIDIR Clock-to-output delay for bidirectional pins with global clock at IOE output 
register

C1 = 10 pF

tXZBIDIR Synchronous Output Enable Register to output buffer disable delay C1 = 10 pF

tZXBIDIR Synchronous Output Enable Register output buffer enable delay C1 = 10 pF

tINSUBIDIRPLL Setup time for bidirectional pins with PLL clock at LAB adjacent Input 
Register

tINHBIDIRPLL Hold time for bidirectional pins with PLL clock at LAB adjacent Input 
Register

tOUTCOBIDIRPLL Clock-to-output delay for bidirectional pins with PLL clock at IOE output 
register

C1 = 10 pF

tXZBIDIRPLL Synchronous Output Enable Register to output buffer disable delay with 
PLL

C1 = 10 pF

tZXBIDIRPLL Synchronous Output Enable Register output buffer enable delay with PLL C1 = 10 pF
76 Altera Corporation
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Table 41. EP20K200 fMAX Timing Parameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Units

Min Max Min Max Min Max

tSU 0.5 0.6 0.8 ns

tH 0.7 0.8 1.0 ns

tCO 0.3 0.4 0.5 ns

tLUT 0.8 1.0 1.3 ns

tESBRC 1.7 2.1 2.4 ns

tESBWC 5.7 6.9 8.1 ns

tESBWESU 3.3 3.9 4.6 ns

tESBDATASU 2.2 2.7 3.1 ns

tESBDATAH 0.6 0.8 0.9 ns

tESBADDRSU 2.4 2.9 3.3 ns

tESBDATACO1 1.3 1.6 1.8 ns

tESBDATACO2 2.6 3.1 3.6 ns

tESBDD 2.5 3.3 3.6 ns

tPD 2.5 3.0 3.6 ns

tPTERMSU 2.3 2.7 3.2 ns

tPTERMCO 1.5 1.8 2.1 ns

tF1-4 0.5 0.6 0.7 ns

tF5-20 1.6 1.7 1.8 ns

tF20+ 2.2 2.2 2.3 ns

tCH 2.0 2.5 3.0 ns

tCL 2.0 2.5 3.0 ns

tCLRP 0.3 0.4 0.4 ns

tPREP 0.4 0.5 0.5 ns

tESBCH 2.0 2.5 3.0 ns

tESBCL 2.0 2.5 3.0 ns

tESBWP 1.6 1.9 2.2 ns

tESBRP 1.0 1.3 1.4 ns
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Tables 43 through 48 show the I/O external and external bidirectional 
timing parameter values for EP20K100, EP20K200, and EP20K400 
APEX 20K devices.

Table 42. EP20K400 fMAX Timing Parameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Units

Min Max Min Max Min Max

tSU 0.1 0.3 0.6 ns

tH 0.5 0.8 0.9 ns

tCO 0.1 0.4 0.6 ns

tLUT 1.0 1.2 1.4 ns

tESBRC 1.7 2.1 2.4 ns

tESBWC 5.7 6.9 8.1 ns

tESBWESU 3.3 3.9 4.6 ns

tESBDATASU 2.2 2.7 3.1 ns

tESBDATAH 0.6 0.8 0.9 ns

tESBADDRSU 2.4 2.9 3.3 ns

tESBDATACO1 1.3 1.6 1.8 ns

tESBDATACO2 2.5 3.1 3.6 ns

tESBDD 2.5 3.3 3.6 ns

tPD 2.5 3.1 3.6 ns

tPTERMSU 1.7 2.1 2.4 ns

tPTERMCO 1.0 1.2 1.4 ns

tF1-4 0.4 0.5 0.6 ns

tF5-20 2.6 2.8 2.9 ns

tF20+ 3.7 3.8 3.9 ns

tCH 2.0 2.5 3.0 ns

tCL 2.0 2.5 3.0 ns

tCLRP 0.5 0.6 0.8 ns

tPREP 0.5 0.5 0.5 ns

tESBCH 2.0 2.5 3.0 ns

tESBCL 2.0 2.5 3.0 ns

tESBWP 1.5 1.9 2.2 ns

tESBRP 1.0 1.2 1.4 ns
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Table 69. EP20K160E fMAX Routing Delays

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tF1-4 0.25 0.26 0.28 ns

tF5-20 1.00 1.18 1.35 ns

tF20+ 1.95 2.19 2.30 ns

Table 70. EP20K160E Minimum Pulse Width Timing Parameters 

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tCH 1.34 1.43 1.55 ns

tCL 1.34 1.43 1.55 ns

tCLRP 0.18 0.19 0.21 ns

tPREP 0.18 0.19 0.21 ns

tESBCH 1.34 1.43 1.55 ns

tESBCL 1.34 1.43 1.55 ns

tESBWP 1.15 1.45 1.73 ns

tESBRP 0.93 1.15 1.38 ns

Table 71. EP20K160E External Timing Parameters

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tI N S U  2.23 2.34 2.47 ns

tI N H 0.00 0.00 0.00 ns

tO U T C O 2.00 5.07 2.00 5.59 2.00 6.13 ns

tI N S U P L L  2.12 2.07 - ns

tI N H P L L  0.00 0.00 - ns

tO U T C O P L L 0.50 3.00 0.50 3.35 - - ns
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Table 86. EP20K400E fMAX 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

tESBSRC 2.30 2.66 2.93 ns

tESBAWC 3.09 3.58 3.99 ns

tESBSWC 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

tESBWESU 1.35 1.47 1.61 ns

tESBWEH 0.00 0.00 0.00 ns

tESBDATASU -0.18 -0.30 -0.27 ns

tESBDATAH 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

tESBDATACO2 2.18 2.55 2.85 ns

tESBDD 2.73 3.17 3.58 ns

tPD 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 98. EP20K1000E fMAX 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

tESBSWC 3.23 3.84 4.16 ns

tESBWASU 0.62 0.67 0.61 ns

tESBWAH 0.41 0.55 0.55 ns

tESBWDSU 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 0.11 0.04 0.11 ns

tESBRADDRSU 0.14 0.11 0.16 ns

tESBDATACO1 1.29 1.50 1.63 ns

tESBDATACO2 2.55 2.99 3.22 ns

tESBDD 3.12 3.57 3.85 ns

tPD 1.84 2.13 2.32 ns

tPTERMSU 1.08 1.19 1.32 ns

tPTERMCO 1.31 1.53 1.66 ns
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Tables 109 and 110 show selectable I/O standard input and output 
delays for APEX 20KE devices. If you select an I/O standard input or 
output delay other than LVCMOS, add or subtract the selected speed 
grade to or from the LVCMOS value.

Table 108. EP20K1500E External Bidirectional Timing Parameters

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

Min Max Min Max Min Max

tI N S U B I D I R 3.47 3.68 3.99 ns

tI N H B I D I R 0.00 0.00 0.00 ns

tO U T C O B I D I R 2.00 6.18 2.00 6.81 2.00 7.36 ns

tX Z B I D I R 6.91 7.62 8.38 ns

tZ X B I D I R 6.91 7.62 8.38 ns

tI N S U B I D I R P L L 3.05 3.26 ns

tI N H B I D I R P L L 0.00 0.00 ns

tO U T C O B I D I R P L L 0.50 2.67 0.50 2.99 ns

tX Z B I D I R P L L 3.41 3.80 ns

tZ X B I D I R P L L 3.41 3.80 ns

Table 109. Selectable I/O Standard Input Delays

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

Min Max Min Max Min Max Min

LVCMOS 0.00 0.00 0.00 ns

LVTTL 0.00 0.00 0.00 ns

2.5 V 0.00 0.04 0.05 ns

1.8 V –0.11 0.03 0.04 ns

PCI 0.01 0.09 0.10 ns

GTL+ –0.24 –0.23 –0.19 ns

SSTL-3 Class I –0.32 –0.21 –0.47 ns

SSTL-3 Class II –0.08 0.03 –0.23 ns

SSTL-2 Class I –0.17 –0.06 –0.32 ns

SSTL-2 Class II –0.16 –0.05 –0.31 ns

LVDS –0.12 –0.12 –0.12 ns

CTT  0.00 0.00 0.00 ns

AGP 0.00 0.00 0.00 ns
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Version 4.1

APEX 20K Programmable Logic Device Family Data Sheet version 4.1 
contains the following changes:

■ tESBWEH added to Figure 37 and Tables 35, 50, 56, 62, 68, 74, 86, 
92, 97, and 104.

■ Updated EP20K300E device internal and external timing 
numbers in Tables 79 through 84.
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