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APEX 20K Programmable Logic Device Family Data Sheet

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.
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Functional
Description

APEX 20K devices incorporate LUT-based logic, product-term-based
logic, and memory into one device. Signal interconnections within
APEX 20K 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 20KE devices offer enhanced I/O support,
including support for 1.8-V1/0, 2.5-V 1/O, 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.

The ESB can implement a variety of memory functions, including CAM,
RAM, dual-port RAM, ROM, and FIFO functions. Embedding the
memory directly into the die improves performance and reduces die area
compared to distributed-RAM implementations. Moreover, the
abundance of cascadable ESBs ensures that the APEX 20K device can
implement multiple wide memory blocks for high-density designs. The
ESB’s high speed ensures it can implement small memory blocks without
any speed penalty. The abundance of ESBs ensures that designers can
create as many different-sized memory blocks as the system requires.
Figure 1 shows an overview of the APEX 20K device.

Figure 1. APEX 20K Device Block Diagram
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Figure 6. APEX 20K Carry Chain
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Altera Corporation

LE Operating Modes
The APEX 20K 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.
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Figure 8. APEX 20K LE Operating Modes
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LEs in normal mode support register packing.

There are two LAB-wide clock enables per LAB.

When using the carry-in in normal mode, the packed register feature is unavailable.

A register feedback multiplexer is available on LE1 of each LAB.

The DATA1 and DATA2 input signals can supply counter enable, up or down control, or register feedback signals for
LEs other than the second LE in an LAB.

The LAB-wide synchronous clear and LAB wide synchronous load affect all registers in an LAB.

Altera Corporation
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Figure 9. APEX 20K Interconnect Structure
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A row line can be driven directly by LEs, IOEs, or ESBs in that row.
Further, a column line can drive a row line, allowing an LE, IOE, or ESB to
drive elements in a different row via the column and row interconnect.
The row interconnect drives the MegaLAB interconnect to drive LEs,
IOEs, or ESBs in a particular MegaLAB structure.

A column line can be directly driven by LEs, IOEs, or ESBs in that column.
A column line on a device’s left or right edge can also be driven by row
IOEs. The column line is used to route signals from one row to another. A
column line can drive a row line; it can also drive the MegalLAB
interconnect directly, allowing faster connections between rows.

Figure 10 shows how the FastTrack Interconnect uses the local
interconnect to drive LEs within MegaLAB structures.
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For more information on APEX 20KE devices and CAM, see Application
Note 119 (Implementing High-Speed Search Applications with APEX CAM).

Driving Signals to the ESB

ESBs provide flexible options for driving control signals. Different clocks
can be used for the ESB inputs and outputs. Registers can be inserted
independently on the data input, data output, read address, write
address, WE, and RE signals. The global signals and the local interconnect
can drive the WE and RE signals. The global signals, dedicated clock pins,
and local interconnect can drive the ESB clock signals. Because the LEs
drive the local interconnect, the LEs can control the WE and RE signals and
the ESB clock, clock enable, and asynchronous clear signals. Figure 24
shows the ESB control signal generation logic.

Figure 24. ESB Control Signal Generation
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(1) APEX 20KE devices have four dedicated clocks.
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An ESB is fed by the local interconnect, which is driven by adjacent LEs
(for high-speed connection to the ESB) or the MegaLAB interconnect. The
ESB can drive the local, MegaLLAB, or FastTrack Interconnect routing
structure to drive LEs and IOEs in the same MegaLAB structure or
anywhere in the device.

Altera Corporation
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APEX 20KE devices also support the MultiVolt I/O interface feature. The
APEX 20KE VCCINT pins must always be connected to a 1.8-V power
supply. With a 1.8-V Vit level, input pins are 1.8-V, 2.5-V, and 3.3-V
tolerant. The VCCIO pins can be connected to eithera 1.8-V, 2.5-V, or 3.3-V
power supply, depending on the I/O standard requirements. When the
VCCIO pins are connected to a 1.8-V power supply, the output levels are
compatible with 1.8-V systems. When VCCIO pins are connected toa 2.5-V
power supply, the output levels are compatible with 2.5-V systems. When
VCCIO pins are connected to a 3.3-V power supply, the output high is
3.3 V and compatible with 3.3-V or 5.0-V systems. An APEX 20KE device
is 5.0-V tolerant with the addition of a resistor.

Table 13 summarizes APEX 20KE MultiVolt I/O support.

Table 13. APEX 20KE MultiVolt I/0 Support  Note (1)

Veeio (V) Input Signals (V) Output Signals (V)
1.8 2.5 3.3 5.0 1.8 2.5 3.3 5.0
1.8 v v v v
25 v v v v
3.3 v v v/ 2 v (3)

Notes to Table 13:

(1)  The PCI clamping diode must be disabled to drive an input with voltages higher than Vo, except for the 5.0-V

input case.

(2) An APEX 20KE device can be made 5.0-V tolerant with the addition of an external resistor. You also need a PCI

clamp and series resistor.

(3) When Vo = 3.3V, an APEX 20KE device can drive a 2.5-V device with 3.3-V tolerant inputs.

ClockLock &
ClockBoost
Features

Altera Corporation

APEX 20K devices support the ClockLock and ClockBoost clock
management features, which are implemented with PLLs. The ClockLock
circuitry uses a synchronizing PLL that reduces the clock delay and skew
within a device. This reduction minimizes clock-to-output and setup
times while maintaining zero hold times. The ClockBoost circuitry, which
provides a clock multiplier, allows the designer to enhance device area
efficiency by sharing resources within the device. The ClockBoost
circuitry allows the designer to distribute a low-speed clock and multiply
that clock on-device. APEX 20K devices include a high-speed clock tree;
unlike ASICs, the user does not have to design and optimize the clock tree.
The ClockLock and ClockBoost features work in conjunction with the
APEX 20K device’s high-speed clock to provide significant improvements
in system performance and band-width. Devices with an X-suffix on the
ordering code include the ClockLock circuit.

The ClockLock and ClockBoost features in APEX 20K devices are enabled

through the Quartus II software. External devices are not required to use
these features.
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Table 21. 32-Bit APEX 20K Device IDCODE
Device IDCODE (32 Bits) (7)
Version Part Number (16 Bits) Manufacturer 1 (1 Bit)
(4 Bits) Identity (11 Bits) 2)
EP20K30E 0000 1000 0000 0011 0000 000 0110 1110 1
EP20K60E 0000 1000 0000 0110 0000 000 0110 1110 1
EP20K100 0000 0000 0100 0001 0110 000 0110 1110 1
EP20K100E 0000 1000 0001 0000 0000 000 0110 1110 1
EP20K160E 0000 1000 0001 0110 0000 000 0110 1110 1
EP20K200 0000 0000 1000 0011 0010 000 0110 1110 1
EP20K200E 0000 1000 0010 0000 0000 000 0110 1110 1
EP20K300E 0000 1000 0011 0000 0000 000 0110 1110 1
EP20K400 0000 0001 0110 0110 0100 000 0110 1110 1
EP20K400E 0000 1000 0100 0000 0000 000 0110 1110 1
EP20K600E 0000 1000 0110 0000 0000 000 0110 1110 1
EP20K1000E 0000 1001 0000 0000 0000 000 0110 1110 1
Notes to Table 21:
(1) The most significant bit (MSB) is on the left.
(2) The IDCODE's least significant bit (LSB) is always 1.
Figure 31 shows the timing requirements for the JTAG signals.
Figure 31. APEX 20K JTAG Waveforms
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Table 24. APEX 20K 5.0-V Tolerant Device Recommended Operating Conditions  Note (2)

Symbol Parameter Conditions Min Max | Unit
Veeint | Supply voltage for internal logic | (4), (5) 2.375 2.625 \
and input buffers (2.375) (2.625)
Vecio | Supply voltage for output buffers, | (4), (5) 3.00 (3.00) | 3.60 (3.60) | V
3.3-V operation
Supply voltage for output buffers, | (4), (5) 2.375 2.625 \
2.5-V operation (2.375) (2.625)
V| Input voltage (3), (6) -0.5 5.75 \
Vo Output voltage 0 Vceio v
Ty Junction temperature For commercial use 0 85 °C
For industrial use —40 100 °C
tR Input rise time 40 ns
te Input fall time 40 ns

Table 25. APEX 20K 5.0-V Tolerant Device DC Operating Conditions (Part 10f2) Notes (2), (7), (8)

Symbol Parameter Conditions Min Typ Max Unit
Vin High-level input voltage 1.7, 0.5 xVecio 5.75 \
9)
Vi Low-level input voltage -0.5 0.8, 0.3 xVgcio \
%)
Vou 3.3-V high-level TTL output loy=-8 mA DC, 24 Vv
voltage Veeipo=3.00V (10)
3.3-V high-level CMOS output loy =-0.1 mADC, Vecio—0.2 \'
voltage VCClO =3.00V (70)
3.3-V high-level PCl output voltage | gy = —0.5 mA DC, 0.9 xVeeio Vv
VCCIO =3.00t03.60 V
(10)
2.5-V high-level output voltage lon =-0.1 mADC, 2.1 \'
Voo =230V (10)
loy=—-1mADC, 2.0 Vv
Veeio =230V (10)
loy=-2mADC, 1.7 \
Vecio=2.30V (10)
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Table 28. APEX 20KE Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max | Unit
VeeinT Supply voltage for internal logic and (3), (4) 1.71(1.71) | 1.89(1.89) | V
input buffers
Veeio Supply voltage for output buffers, 3.3-V | (3), (4) 3.00 (3.00) | 3.60(3.60) | V
operation
Supply voltage for output buffers, 2.5-V | (3), (4) 2.375 2.625 \
operation (2.375) (2.625)
Supply voltage for output buffers, 1.8-V | (3), (4) 1.71(1.71) | 1.89(1.89) | V
operation
V, Input voltage (5), (6) -0.5 4.0 \
VO Output voltage 0 Vcc|o \
Ty Junction temperature For commercial use 0 85 °C
For industrial use —40 100 °C
tr Input rise time 40 ns
te Input fall time 40 ns
Altera Corporation 63
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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 31. APEX 20K fyux Timing Parameters  (Part 2 of 2)

Symbol Parameter
tESBDATACO2 ESB clock-to-output delay without output registers
tessDD ESB data-in to data-out delay for RAM mode
tpp ESB macrocell input to non-registered output
tPTERMSU ESB macrocell register setup time before clock
tPTERMCO ESB macrocell register clock-to-output delay
tF14 Fanout delay using local interconnect
tr5.20 Fanout delay using Megalab Interconnect
troos Fanout delay using FastTrack Interconnect
tcH Minimum clock high time from clock pin
toL Minimum clock low time from clock pin
tcLrp LE clear pulse width
tPREP LE preset pulse width
tescH Clock high time
teseoL Clock low time
tesswp Write pulse width
tesBRP Read pulse width

Tables 32 and 33 describe APEX 20K external timing parameters.

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
tiINHBIDIR 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 C1=10pF
register
txzBIDIR Synchronous IOE output buffer disable delay C1=10pF
tzxBIDIR Synchronous IOE output buffer enable delay, slow slew rate = off C1=10pF
Altera Corporation 73
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Table 50. EP20K30E fy4y ESB Timing Microparameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tesBARC 2.03 2.86 4.24 ns
tesBsRc 2.58 3.49 5.02 ns
tesBawC 3.88 5.45 8.08 ns
tesBswe 4.08 5.35 7.48 ns
tesBWASU 1.77 2.49 3.68 ns
tegBWAH 0.00 0.00 0.00 ns
tesewbsu 1.95 2.74 4.05 ns
tESBWDH 0.00 0.00 0.00 ns
tesBRrASU 1.96 2.75 4.07 ns
teseRAH 0.00 0.00 0.00 ns
tEsBWESU 1.80 2.73 4.28 ns
tESBWEH 0.00 0.00 0.00 ns
tESBDATASU 0.07 0.48 1.17 ns
teseDATAH 0.13 0.13 0.13 ns
tesBWADDRSU 0.30 0.80 1.64 ns
tESBRADDRSU 0.37 0.90 1.78 ns
tesBDATACO1 1.11 1.32 1.67 ns
tEsBDATACO2 2.65 3.73 5.53 ns
tesBDD 3.88 5.45 8.08 ns
tep 1.91 2.69 3.98 ns
tPTERMSU 1.04 1.71 2.82 ns
tpTERMCO 1.13 1.34 1.69 ns
Table 51. EP20K30E fy,y Routing Delays
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
trq.a 0.24 0.27 0.31 ns
tes.00 1.03 1.14 1.30 ns
teogs 1.42 1.54 1.77 ns
Altera Corporation 83
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Table 68. EP20K160E fy4x ESB Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tEsBARC 1.65 2.02 2.11 ns
tesBsRC 2.21 2.70 3.11 ns
tesBAWC 3.04 3.79 4.42 ns
teseswe 2.81 3.56 410 ns
tesBwaAsu 0.54 0.66 0.73 ns
tesBWAH 0.36 0.45 0.47 ns
tesBwDsU 0.68 0.81 0.94 ns
tESBWDH 0.36 0.45 0.47 ns
tESBRASU 1.58 1.87 2.06 ns
tesBRAH 0.00 0.00 0.01 ns
tesBWESU 1.41 1.71 2.00 ns
tespwEn 0.00 0.00 0.00 ns
tesBDATASU -0.02 -0.03 0.09 ns
tESBDATAH 0.13 0.13 0.13 ns
tESBWADDRSU 0.14 0.17 0.35 ns
tESBRADDRSU 0.21 0.27 0.43 ns
tESBDATACOT 1.04 1.30 1.46 ns
tesBDATACO2 2.15 2.70 3.16 ns
tesBDD 2.69 3.35 3.97 ns
tpp 1.55 1.93 2.29 ns
tPTERMSU 1.01 1.23 1.52 ns
tpTERMCO 1.06 1.32 1.04 ns
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Table 69. EP20K160E fy4y Routing Delays

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
teq-a 0.25 0.26 0.28 ns
trs.00 1.00 1.18 1.35 ns
troos 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
ton 1.34 1.43 1.55 ns
toL 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
tESBRF’ 0.93 1.15 1.38 ns
Table 71. EP20K160E External Timing Parameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
t|NSU 2.23 2.34 2.47 ns
tiNH 0.00 0.00 0.00 ns
toutco 2.00 5.07 2.00 5.59 2.00 6.13 ns
thSUPLL 212 2.07 - ns
thHPLL 0.00 0.00 - ns
tOUTCOPLL 0.50 3.00 0.50 3.35 - - ns
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Table 76. EP20K200E Minimum Pulse Width Timing Parameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
to 1.36 2.44 2.65 ns
toL 1.36 2.44 2.65 ns
toLrp 0.18 0.19 0.21 ns
tprEP 0.18 0.19 0.21 ns
tesecH 1.36 2.44 2.65 ns
tessoL 1.36 2.44 2.65 ns
tespwp 1.18 1.48 1.76 ns
teseRP 0.95 1.17 1.41 ns

Table 77. EP20K200E External Timing Parameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tinsu 2.24 2.35 2.47 ns
Nk 0.00 0.00 0.00 ns
touTCO 2.00 512 2.00 562 2.00 6.11 ns
thSUPLL 2.13 2.07 - ns
thHPLL 0.00 0.00 - ns
toutcoprLL 0.50 3.01 0.50 3.36 - - ns
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Tables 97 through 102 describe f14x LE Timing Microparameters, fj;4x
ESB Timing Microparameters, fy14x Routing Delays, Minimum Pulse
Width Timing Parameters, External Timing Parameters, and External
Bidirectional Timing Parameters for EP20K1000E APEX 20KE devices.

Table 97. EP20K1000E fy,x LE Timing Microparameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tsu 0.25 0.25 0.25 ns
ty 0.25 0.25 0.25 ns
tco 0.28 0.32 0.33 ns
tLuT 0.80 0.95 1.13 ns
106 Altera Corporation
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Table 108. EP20K1500E External Bidirectional Timing Parameters
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tNSUBIDIR 3.47 3.68 3.99 ns
Y NHBIDIR 0.00 0.00 0.00 ns
touTCOBIDIR 2.00 6.18 2.00 6.81 2.00 7.36 ns
txzBIDIR 6.91 7.62 8.38 ns
tzxBIDIR 6.91 7.62 8.38 ns
tiNSUBIDIRPLL 3.05 3.26 ns
YINHBIDIRPLL 0.00 0.00 ns
touTCOBIDIRPLL 0.50 2.67 0.50 2.99 ns
txzBIDIRPLL 3.41 3.80 ns
tzXxBIDIRPLL 3.41 3.80 ns

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 109. Selectable I/0 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
25V 0.00 0.04 0.05 ns
1.8V -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 | -0.32 -0.21 -0.47 ns
SSTL-3 Class Il -0.08 0.03 -0.23 ns
SSTL-2 Class | -0.17 -0.06 -0.32 ns
SSTL-2 Class Il -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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APEX 20K Programmable Logic Device Family Data Sheet

Version 4.1

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

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

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