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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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Note to Tables 1 and 2:
(1) The embedded IEEE Std. 1149.1 Joint Test Action Group (JTAG) boundary-scan circuitry contributes up to 

57,000 additional gates.

Additional 
Features

■ Designed for low-power operation
– 1.8-V and 2.5-V supply voltage (see Table 3)
– MultiVoltTM I/O interface support to interface with 1.8-V, 2.5-V, 

3.3-V, and 5.0-V devices (see Table 3)
– ESB offering programmable power-saving mode

Note to Table 3:
(1) APEX 20KE devices can be 5.0-V tolerant by using an external resistor.

Table 2. Additional APEX 20K Device Features Note (1)

Feature EP20K300E EP20K400 EP20K400E EP20K600E EP20K1000E EP20K1500E

Maximum system 
gates

728,000 1,052,000 1,052,000 1,537,000 1,772,000 2,392,000

Typical gates 300,000 400,000 400,000 600,000 1,000,000 1,500,000

LEs 11,520 16,640 16,640 24,320 38,400 51,840

ESBs 72 104 104 152 160 216

Maximum
RAM bits

147,456 212,992 212,992 311,296 327,680 442,368

Maximum 
macrocells

1,152 1,664 1,664 2,432 2,560 3,456

Maximum user I/O 
pins

408 502 488 588 708 808

Table 3. APEX 20K Supply Voltages

Feature Device

EP20K100
EP20K200
EP20K400

EP20K30E
EP20K60E
EP20K100E
EP20K160E
EP20K200E
EP20K300E
EP20K400E
EP20K600E
EP20K1000E
EP20K1500E

Internal supply voltage (VCCINT) 2.5 V 1.8 V

MultiVolt I/O interface voltage levels (VCCIO) 2.5 V, 3.3 V, 5.0 V 1.8 V, 2.5 V, 3.3 V, 5.0 V (1)
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■ 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
– ClockShiftTM programmable clock phase and delay shifting

■ Powerful I/O 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 
SDRAM and ZBT SRAM (ZBT is a trademark of Integrated 
Device Technology, Inc.)

– Bidirectional I/O performance (tCO + tSU) up to 250 MHz
– LVDS performance up to 840 Mbits per channel
– Direct connection from I/O pins to local interconnect providing 

fast tCO and tSU times for complex logic
– MultiVolt I/O interface support to interface with 1.8-V, 2.5-V, 

3.3-V, and 5.0-V devices (see Table 3)
– Programmable clamp to VCCIO
– Individual tri-state output enable control for each pin
– Programmable output slew-rate control to reduce switching 

noise
– Support for advanced I/O standards, including low-voltage 

differential signaling (LVDS), LVPECL, PCI-X, AGP, CTT, stub-
series terminated logic (SSTL-3 and SSTL-2), Gunning 
transceiver logic plus (GTL+), and high-speed terminated logic 
(HSTL Class I)

– Pull-up on I/O pins before and during configuration
■ Advanced interconnect structure

– 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

■ Advanced packaging options
– Available in a variety of packages with 144 to 1,020 pins (see 

Tables 4 through 7)
– FineLine BGA® packages maximize board space efficiency 

■ Advanced software support
– Software design support and automatic place-and-route 

provided by the Altera® Quartus® II development system for 
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Table 8. Comparison of APEX 20K & APEX 20KE Features

Feature APEX 20K Devices APEX 20KE Devices

MultiCore system integration Full support Full support

SignalTap logic analysis Full support Full support

32/64-Bit, 33-MHz PCI Full compliance in -1, -2 speed 
grades

Full compliance in -1, -2 speed grades

32/64-Bit, 66-MHz PCI - Full compliance in -1 speed grade

MultiVolt I/O 2.5-V or 3.3-V VCCIO
VCCIO selected for device
Certain devices are 5.0-V tolerant

1.8-V, 2.5-V, or 3.3-V VCCIO
VCCIO selected block-by-block
5.0-V tolerant with use of external resistor

ClockLock support Clock delay reduction
2× and 4× clock multiplication

Clock delay reduction
m /(n × v) or m /(n × k) clock multiplication 
Drive ClockLock output off-chip
External clock feedback
ClockShift
LVDS support
Up to four PLLs
ClockShift, clock phase adjustment

Dedicated clock and input pins Six Eight

I/O standard support 2.5-V, 3.3-V, 5.0-V I/O
3.3-V PCI
Low-voltage complementary 
metal-oxide semiconductor 
(LVCMOS)
Low-voltage transistor-to-transistor 
logic (LVTTL)

1.8-V, 2.5-V, 3.3-V, 5.0-V I/O
2.5-V I/O
3.3-V PCI and PCI-X
3.3-V Advanced Graphics Port (AGP)
Center tap terminated (CTT)
GTL+
LVCMOS
LVTTL
True-LVDS and LVPECL data pins  
(in EP20K300E and larger devices)
LVDS and LVPECL signaling (in all BGA 
and FineLine BGA devices)
LVDS and LVPECL data pins up to
156 Mbps (in -1 speed grade devices)
HSTL Class I
PCI-X
SSTL-2 Class I and II
SSTL-3 Class I and II

Memory support Dual-port RAM
FIFO
RAM
ROM

CAM
Dual-port RAM
FIFO
RAM
ROM
Altera Corporation  7
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All APEX 20K devices are reconfigurable and are 100% tested prior to 
shipment. As a result, test vectors do not have to be generated for fault 
coverage purposes. Instead, the designer can focus on simulation and 
design verification. In addition, the designer does not need to manage 
inventories of different application-specific integrated circuit (ASIC) 
designs; APEX 20K devices can be configured on the board for the specific 
functionality required.

APEX 20K devices are configured at system power-up with data stored in 
an Altera serial configuration device or provided by a system controller. 
Altera offers in-system programmability (ISP)-capable EPC1, EPC2, and 
EPC16 configuration devices, which configure APEX 20K devices via a 
serial data stream. Moreover, APEX 20K devices contain an optimized 
interface that permits microprocessors to configure APEX 20K devices 
serially or in parallel, and synchronously or asynchronously. The interface 
also enables microprocessors to treat APEX 20K devices as memory and 
configure the device by writing to a virtual memory location, making 
reconfiguration easy.

After an APEX 20K 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 20K 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 20K devices. For example, the Synopsys Design 
Compiler library, supplied with the Quartus II development system, 
includes DesignWare functions optimized for the APEX 20K architecture.
8 Altera Corporation
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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.

The APEX 20K architecture provides two types of dedicated high-speed 
data paths that connect adjacent LEs without using local interconnect 
paths: carry chains and cascade chains. A carry chain supports high-speed 
arithmetic functions such as counters and adders, while a cascade chain 
implements wide-input functions such as equality comparators with 
minimum delay. Carry and cascade chains connect LEs 1 through 10 in an 
LAB and all LABs in the same MegaLAB structure.

Carry Chain

The carry chain provides a very fast carry-forward function between LEs. 
The carry-in signal from a lower-order bit drives forward into the higher-
order bit via the carry chain, and feeds into both the LUT and the next 
portion of the carry chain. This feature allows the APEX 20K architecture 
to implement high-speed counters, adders, and comparators of arbitrary 
width. Carry chain logic can be created automatically by the Quartus II 
software Compiler during design processing, or manually by the designer 
during design entry. Parameterized functions such as library of 
parameterized modules (LPM) and DesignWare functions automatically 
take advantage of carry chains for the appropriate functions.

The Quartus II software Compiler creates carry chains longer than ten LEs 
by linking LABs together automatically. For enhanced fitting, a long carry 
chain skips alternate LABs in a MegaLAB™ structure. A carry chain longer 
than one LAB skips either from an even-numbered LAB to the next even-
numbered LAB, or from an odd-numbered LAB to the next odd-
numbered LAB. For example, the last LE of the first LAB in the upper-left 
MegaLAB structure carries to the first LE of the third LAB in the 
MegaLAB structure.

Figure 6 shows how an n-bit full adder can be implemented in n + 1 LEs 
with the carry chain. One portion of the LUT generates the sum of two bits 
using the input signals and the carry-in signal; the sum is routed to the 
output of the LE. The register can be bypassed for simple adders or used 
for accumulator functions. Another portion of the LUT and the carry chain 
logic generates the carry-out signal, which is routed directly to the carry-
in signal of the next-higher-order bit. The final carry-out signal is routed 
to an LE, where it is driven onto the local, MegaLAB, or FastTrack 
Interconnect routing structures.
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Cascade Chain

With the cascade chain, the APEX 20K architecture can implement 
functions with a very wide fan-in. Adjacent LUTs can compute portions 
of a function in parallel; the cascade chain serially connects the 
intermediate values. The cascade chain can use a logical AND or logical OR 
(via De Morgan’s inversion) to connect the outputs of adjacent LEs. Each 
additional LE provides four more inputs to the effective width of a 
function, with a short cascade delay. Cascade chain logic can be created 
automatically by the Quartus II software Compiler during design 
processing, or manually by the designer during design entry.

Cascade chains longer than ten LEs are implemented automatically by 
linking LABs together. For enhanced fitting, a long cascade chain skips 
alternate LABs in a MegaLAB structure. A cascade chain longer than one 
LAB skips either from an even-numbered LAB to the next even-numbered 
LAB, or from an odd-numbered LAB to the next odd-numbered LAB. For 
example, the last LE of the first LAB in the upper-left MegaLAB structure 
carries to the first LE of the third LAB in the MegaLAB structure. Figure 7 
shows how the cascade function can connect adjacent LEs to form 
functions with a wide fan-in.

Figure 7. APEX 20K Cascade Chain
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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)
Altera Corporation  25
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Figure 22. ESB in Single-Port Mode Note (1)

Notes to Figure 22:
(1) All registers can be asynchronously cleared by ESB local interconnect signals, global signals, or the chip-wide reset.
(2) APEX 20KE devices have four dedicated clocks.

Content-Addressable Memory

In APEX 20KE devices, the ESB can implement CAM. CAM can be 
thought of as the inverse of RAM. When read, RAM outputs the data for 
a given address. Conversely, CAM outputs an address for a given data 
word. For example, if the data FA12 is stored in address 14, the CAM 
outputs 14 when FA12 is driven into it.

CAM is used for high-speed search operations. When searching for data 
within a RAM block, the search is performed serially. Thus, finding a 
particular data word can take many cycles. CAM searches all addresses in 
parallel and outputs the address storing a particular word. When a match 
is found, a match flag is set high. Figure 23 shows the CAM block 
diagram.
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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
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data_address[]
match

outclock
outclocken

outaclr
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Implementing Logic in ROM

In addition to implementing logic with product terms, the ESB can 
implement logic functions when it is programmed with a read-only 
pattern during configuration, creating a large LUT. With LUTs, 
combinatorial functions are implemented by looking up the results, rather 
than by computing them. This implementation of combinatorial functions 
can be faster than using algorithms implemented in general logic, a 
performance advantage that is further enhanced by the fast access times of 
ESBs. The large capacity of ESBs enables designers to implement complex 
functions in one logic level without the routing delays associated with 
linked LEs or distributed RAM blocks. Parameterized functions such as 
LPM functions can take advantage of the ESB automatically. Further, the 
Quartus II software can implement portions of a design with ESBs where 
appropriate.

Programmable Speed/Power Control

APEX 20K ESBs offer a high-speed mode that supports very fast operation 
on an ESB-by-ESB basis. When high speed is not required, this feature can 
be turned off to reduce the ESB’s power dissipation by up to 50%. ESBs 
that run at low power incur a nominal timing delay adder. This 
Turbo BitTM option is available for ESBs that implement product-term 
logic or memory functions. An ESB that is not used will be powered down 
so that it does not consume DC current.

Designers can program each ESB in the APEX 20K device for either 
high-speed or low-power operation. As a result, speed-critical paths in the 
design can run at high speed, while the remaining paths operate at 
reduced power.

I/O Structure The APEX 20K IOE contains a bidirectional I/O buffer and a register that 
can be used either as an input register for external data requiring fast setup 
times, or as an output register for data requiring fast clock-to-output 
performance. IOEs can be used as input, output, or bidirectional pins. For 
fast bidirectional I/O timing, LE registers using local routing can improve 
setup times and OE timing. The Quartus II software Compiler uses the 
programmable inversion option to invert signals from the row and column 
interconnect automatically where appropriate. Because the APEX 20K IOE 
offers one output enable per pin, the Quartus II software Compiler can 
emulate open-drain operation efficiently.

The APEX 20K IOE includes programmable delays that can be activated to 
ensure zero hold times, minimum clock-to-output times, input IOE 
register-to-core register transfers, or core-to-output IOE register transfers. 
A path in which a pin directly drives a register may require the delay to 
ensure zero hold time, whereas a path in which a pin drives a register 
through combinatorial logic may not require the delay.
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Figure 29. APEX 20KE I/O Banks

Notes to Figure 29:
(1) For more information on placing I/O pins in LVDS blocks, refer to the Guidelines for 

Using LVDS Blocks section in Application Note 120 (Using LVDS in APEX 20KE 
Devices).

(2) If the LVDS input and output blocks are not used for LVDS, they can support all of 
the I/O standards and can be used as input, output, or bidirectional pins with 
VCCIO set to 3.3 V, 2.5 V, or 1.8 V.

Power Sequencing & Hot Socketing

Because APEX 20K and APEX 20KE devices can be used in a mixed-
voltage environment, they have been designed specifically to tolerate any 
possible power-up sequence. Therefore, the VCCIO and VCCINT power 
supplies may be powered in any order. 

f For more information, please refer to the “Power Sequencing 
Considerations” section in the Configuring APEX 20KE & APEX 20KC 
Devices chapter of the Configuration Devices Handbook.

Signals can be driven into APEX 20K devices before and during power-up 
without damaging the device. In addition, APEX 20K devices do not drive 
out during power-up. Once operating conditions are reached and the 
device is configured, APEX 20K and APEX 20KE devices operate as 
specified by the user.

LVDS/LVPECL
 Input
Block (2)

(1)

LVDS/LVPECL
 Output
Block (2)

(1)

Regular I/O Blocks Support
■  LVTTL
■  LVCMOS
■  2.5 V
■  1.8 V
■  3.3 V PCI
■  LVPECL
■  HSTL Class I
■  GTL+
■  SSTL-2 Class I and II
■  SSTL-3 Class I and II
■  CTT
■  AGP

Individual
Power Bus

I/O Bank 8

I/O Bank 1 I/O Bank 2

I/O Bank 3

I/O Bank 4

I/O Bank 5I/O Bank 6

I/O Bank 7
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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
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Table 29. APEX 20KE Device DC Operating Conditions Notes (7), (8), (9)

Symbol Parameter Conditions Min Typ Max Unit
VIH High-level LVTTL, CMOS, or 3.3-V 

PCI input voltage
1.7, 0.5 × VCCIO 
(10) 

4.1 V

VIL Low-level LVTTL, CMOS, or 3.3-V 
PCI input voltage

–0.5 0.8, 0.3 × VCCIO 
(10) 

V

VOH 3.3-V high-level LVTTL output 
voltage

IOH = –12 mA DC, 
VCCIO = 3.00 V (11) 

2.4 V

3.3-V high-level LVCMOS output 
voltage

IOH = –0.1 mA DC, 
VCCIO = 3.00 V (11)

VCCIO – 0.2 V

3.3-V high-level PCI output voltage IOH = –0.5 mA DC, 
VCCIO = 3.00 to 3.60 V 
(11) 

0.9 × VCCIO V

2.5-V high-level output voltage IOH = –0.1 mA DC, 
VCCIO = 2.30 V (11) 

2.1 V

IOH = –1 mA DC, 
VCCIO = 2.30 V (11) 

2.0 V

IOH = –2 mA DC, 
VCCIO = 2.30 V (11) 

1.7 V

VOL 3.3-V low-level LVTTL output 
voltage

IOL = 12 mA DC, 
VCCIO = 3.00 V (12)

0.4 V

3.3-V low-level LVCMOS output 
voltage

IOL = 0.1 mA DC, 
VCCIO = 3.00 V (12)

0.2 V

3.3-V low-level PCI output voltage IOL = 1.5 mA DC, 
VCCIO = 3.00 to 3.60 V 
(12)

0.1 × VCCIO V

2.5-V low-level output voltage IOL = 0.1 mA DC, 
VCCIO = 2.30 V (12)

0.2 V

IOL = 1 mA DC, 
VCCIO = 2.30 V (12)

0.4 V

IOL = 2 mA DC, 
VCCIO = 2.30 V (12)

0.7 V

II Input pin leakage current VI = 4.1 to –0.5 V (13) –10 10 µA

IOZ Tri-stated I/O pin leakage current VO = 4.1 to –0.5 V (13) –10 10 µA

ICC0 VCC supply current (standby) 
(All ESBs in power-down mode)

VI = ground, no load, no 
toggling inputs, -1 speed 
grade

10 mA

VI = ground, no load, no 
toggling inputs,
-2, -3 speed grades

5 mA

RCONF Value of I/O pin pull-up resistor 
before and during configuration

VCCIO = 3.0 V (14) 20 50 kΩ

VCCIO = 2.375 V (14) 30 80 kΩ

VCCIO = 1.71 V (14) 60 150 kΩ
64 Altera Corporation



APEX 20K Programmable Logic Device Family Data Sheet
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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Figures 38 and 39 show the asynchronous and synchronous timing 
waveforms, respectively, for the ESB macroparameters in Table 31.

Figure 38. ESB Asynchronous Timing Waveforms
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Table 52. EP20K30E Minimum Pulse Width Timing Parameters 

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tCH 0.55 0.78 1.15 ns

tCL 0.55 0.78 1.15 ns

tCLRP 0.22 0.31 0.46 ns

tPREP 0.22 0.31 0.46 ns

tESBCH 0.55 0.78 1.15 ns

tESBCL 0.55 0.78 1.15 ns

tESBWP 1.43 2.01 2.97 ns

tESBRP 1.15 1.62 2.39 ns

Table 53. EP20K30E External Timing Parameters

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tI N S U 2.02 2.13 2.24 ns

tI N H 0.00 0.00 0.00 ns

tO U T C O 2.00 4.88 2.00 5.36 2.00 5.88 ns

tI N S U P L L  2.11 2.23 - ns

tI N H P L L  0.00 0.00 - ns

tO U T C O P L L 0.50 2.60 0.50 2.88 - - ns

Table 54. EP20K30E External Bidirectional Timing Parameters

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tI N S U B I D I R 1.85 1.77 1.54 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 4.88 2.00 5.36 2.00 5.88 ns

tX Z B I D I R 7.48 8.46 9.83 ns

tZ X B I D I R 7.48 8.46 9.83 ns

tI N S U B I D I R P L L 4.12 4.24 - 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 2.60 0.50 2.88 - - ns

tX Z B I D I R P L L 5.21 5.99 - ns

tZ X B I D I R P L L 5.21 5.99 - ns
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Tables 55 through 60 describe fMAX LE Timing Microparameters, fMAX 
ESB Timing Microparameters, fMAX Routing Delays, Minimum Pulse 
Width Timing Parameters, External Timing Parameters, and External 
Bidirectional Timing Parameters for EP20K60E APEX 20KE devices.

Table 55. EP20K60E fMAX LE Timing Microparameters 

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tSU 0.17 0.15 0.16 ns

tH 0.32 0.33 0.39 ns

tCO 0.29 0.40 0.60 ns

tLUT 0.77 1.07 1.59 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 80. EP20K300E fMAX 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

tESBSWC 3.68 4.68 5.93 ns

tESBWASU 1.55 2.12 2.83 ns

tESBWAH 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

tESBWEH 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

tPD 1.68 2.29 3.06 ns

tPTERMSU 0.96 1.48 2.14 ns

tPTERMCO 1.05 1.22 1.42 ns

Table 81. EP20K300E fMAX Routing Delays

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tF1-4 0.22 0.24 0.26 ns

tF5-20 1.33 1.43 1.58 ns

tF20+ 3.63 3.93 4.35 ns
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Tables 91 through 96 describe fMAX LE Timing Microparameters, fMAX 
ESB Timing Microparameters, fMAX Routing Delays, Minimum Pulse 
Width Timing Parameters, External Timing Parameters, and External 
Bidirectional Timing Parameters for EP20K600E APEX 20KE devices.

Table 90. EP20K400E 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 2.93 3.23 3.44 ns

tI N H B ID IR 0.00 0.00 0.00 ns

tO U T C O B I D I R 2.00 5.25 2.00 5.79 2.00 6.32 ns

tX Z B I D I R 5.95 6.77 7.12 ns

tZ X B I D I R 5.95 6.77 7.12 ns

tI N S U B I D I R P L L 4.31 4.76 - ns

tI N H B ID IR P L L 0.00 0.00 - ns

tO U T C O B I D I R P L L 0.50 2.25 0.50 2.45 - - ns

tX Z B I D I R P L L 2.94 3.43 - ns

tZ X B I D I R P L L 2.94 3.43 - ns

Table 91. EP20K600E fMAX LE Timing Microparameters 

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

Min Max Min Max Min Max

tSU 0.16 0.16 0.17 ns

tH 0.29 0.33 0.37 ns

tCO 0.65 0.38 0.49 ns

tLUT 0.70 1.00 1.30 ns
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