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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.

Details

Product Status Obsolete

Number of LABs/CLBs 1664

Number of Logic Elements/Cells 16640

Total RAM Bits 212992

Number of I/O 488

Number of Gates 1052000

Voltage - Supply 1.71V ~ 1.89V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 652-BGA

Supplier Device Package 652-BGA (45x45)
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APEX 20KC Programmable Logic Device Data Sheet
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.

Functional 
Description

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.

Each I/O pin is fed by an I/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 I/O support, 
including support for 1.8-V I/O, 2.5-V I/O, LVCMOS, LVTTL, LVPECL, 
3.3-V PCI, PCI-X, LVDS, GTL+, SSTL-2, SSTL-3, HSTL, CTT, and 3.3-V 
AGP I/O standards.
Altera Corporation  7





APEX 20KC Programmable Logic Device Data Sheet
Altera Corporation  9













APEX 20KC Programmable Logic Device Data Sheet
The register in the APEX 20KC 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. This 
feature is useful for cases where the APEX 20KC device controls an active-
low input or another device; it prevents inadvertent activation of the input 
upon power-up. 

Figure 25 shows how fast bidirectional I/O pins are implemented in 
APEX 20KC devices. This feature is useful for cases where the APEX 20KC 
device controls an active-low input or another device; it prevents 
inadvertent activation of the input upon power-up. 
Altera Corporation  39
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Figure 27 shows how a column IOE connects to the interconnect.

Figure 27. Column IOE Connection to the Interconnect

Dedicated Fast I/O Pins

APEX 20KC devices incorporate an enhancement to support bidirectional 
pins with high internal fan-out such as PCI control signals. These pins are 
called dedicated fast I/O pins (FAST1, FAST2, FAST3, and FAST4) and 
replace dedicated inputs. These pins can be used for fast clock, clear, or 
high fan-out logic signal distribution. They also can drive out. The 
dedicated fast I/O pin data output and tri-state control are driven by local 
interconnect from the adjacent MegaLAB for high speed. 

Row Interconnect

Column Interconnect

Each IOE can drive a column interconnect. IOEs can also
drive FastRow and column interconnects. Each IOE data 
and OE signal is driven by local interconnect.

Any LE or ESB can drive 
a column pin through a 
row, column, and MegaLAB
interconnect.

IOE IOE

LAB

An LE or ESB can drive a 
pin through a local 
interconnect for faster 
clock-to-output times.

MegaLAB Interconnect
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Figure 28. APEX 20KC I/O Banks

Notes to Figure 28:
(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 20KC 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. 

LVDS Input
Block (2)

(1)

LVDS Output
Block (2)

(1)
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

Regular I/O Banks Support
■  LVPECL
■  LVTTL
■  LVCMOS
■  2.5 V
■  1.8 V
■  3.3-V PCI
■  GTL+
■  HSTL
■  SSTL-2 Class I and II
■  SSTL-3 Class I and II
■  CTT
■  AGP
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Notes to Tables 17 through 20:
(1) See the Operating Requirements for Altera Devices Data Sheet.
(2) Minimum DC input is �0.5 V. During tr ansitions, the inputs may undershoot to �2.0 V or overshoot to 4.6 V for input 

currents less than 100 mA and time periods shorter than 20 ns.
(3) Numbers in parentheses are for industrial-temperature-range devices.
(4) Maximum V CC rise time is 100 ms, and VCC must rise monotonically.
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Table 41. APEX 20KC External Bidirectional Timing Parameters  Note (1)

Symbol Parameter Condition

tINSUBIDIR Setup time for bidirectional pins with global clock at LAB-adjacent input 
register

t Hold time for bidirectional pins with global clock at LAB-adjacent input 
Notes to Tables 40 and 41:
(1) These timing parameters are sample-tested only.
(2) For more information, refer to Table 43.

Tables 42 and 43 define the timing delays for each I/O standard. Some 
output standards require test load circ uits for AC timing measurements as 
shown in Figures 36 through 38.

INHBIDIR
register

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

(2)

tXZBIDIR Synchronous output enable register to output buffer disable delay (2)
tZXBIDIR Synchronous output enable register to output buffer enable delay (2)
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 register (2)
tXZBIDIRPLL Synchronous output enable register to output buffer disable delay with 

PLL
(2)

tZXBIDIRPLL  Synchronous output enable register to output buffer enable delay with 
PLL

(2)

Table 42. APEX 20KC Selectable I/O Standard Input Adder Delays  (Part 1 of 2)Note (1)

Symbol Parameter Condition

LVCMOS Input adder delay for the LVCMOS I/O standard
LVTTL Input adder delay for the LVTTL I/O standard
2.5 V Input adder delay for the 2.5-V I/O standard
1.8 V Input adder delay for the 1.8-V I/O standard
PCI Input adder delay for the PCI I/O standard
GTl+ Input adder delay for the GTL+ I/O standard
SSTL-3 Class I Input adder delay for the SSTL-3 Class I I/O standard
SSTL-3 Class II Input adder delay for the SSTL-3 Class II I/O standard
SSTL-2 Class I Input adder delay for the SSTL -2 Class I I/O standard
SSTL-2 Class II Input adder delay for the SSTL -2 Class II I/O standard
Altera Corporation  71



APEX 20KC Programmable Logic Device Data Sheet
Table 61. EP20K600C External Bidirectional Timing Parameters 

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

Min Max Min Max Min Max

tINSUBIDIR 2.03 2.57 2.97 ns

tINHBIDIR 0.00 0.00 0.00 ns

tOUTCOBIDIR 2.00 4.29 2.00 4.77 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 fMAX LE Timing Microparameters

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

Min Max Min Max Min Max

tSU 0.01 0.01 0.01 ns

tH 0.10 0.10 0.10 ns

tCO 0.27 0.30 0.32 ns

tLUT 0.66 0.79 0.92 ns
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