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APEX 20K Programmable Logic Device Family Data Sheet

General
Description

APEX™ 20K devices are the first PLDs designed with the MultiCore
architecture, which combines the strengths of LUT-based and product-
term-based devices with an enhanced memory structure. LUT-based logic
provides optimized performance and efficiency for data-path, register-
intensive, mathematical, or digital signal processing (DSP) designs.
Product-term-based logic is optimized for complex combinatorial paths,
such as complex state machines. LUT- and product-term-based logic
combined with memory functions and a wide variety of MegaCore and
AMPP functions make the APEX 20K device architecture uniquely suited
for system-on-a-programmable-chip designs. Applications historically
requiring a combination of LUT-, product-term-, and memory-based
devices can now be integrated into one APEX 20K device.

APEX 20KE devices are a superset of APEX 20K devices and include
additional features such as advanced I/O standard support, CAM,
additional global clocks, and enhanced ClockLock clock circuitry. In
addition, APEX 20KE devices extend the APEX 20K family to 1.5 million
gates. APEX 20KE devices are denoted with an “E” suffix in the device
name (e.g., the EP20K1000E device is an APEX 20KE device). Table 8
compares the features included in APEX 20K and APEX 20KE devices.

Altera Corporation
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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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Logic Element

The LE, the smallest unit of logic in the APEX 20K architecture, is compact
and provides efficient logic usage. Each LE contains a four-input LUT,

which is a function generator that can quickly implement any function of
four variables. In addition, each LE contains a programmable register and
carry and cascade chains. Each LE drives the local interconnect, MegaLAB
interconnect, and FastTrack Interconnect routing structures. See Figure 5.

Figure 5. APEX 20K 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.
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Figure 6. APEX 20K Carry Chain
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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 12. APEX 20KE FastRow Interconnect
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Table 9 summarizes how various elements of the APEX 20K architecture

drive each other.
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Figure 26. APEX 20KE Bidirectional I/0 Registers
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This programmable delay has four settings: off and three levels of delay.
The output enable and input registers are LE registers in the LAB adjacent to the bidirectional pin.

Altera Corporation
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Each IOE drives a row, column, MegaLAB, or local interconnect when
used as an input or bidirectional pin. A row IOE can drive a local,
MegaAB, row, and column interconnect; a column IOE can drive the
column interconnect. Figure 27 shows how a row IOE connects to the

interconnect.

Figure 27. Row IOE Connection to the Interconnect
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Figure 28 shows how a column IOE connects to the interconnect.

Figure 28. Column IOE Connection to the Interconnect
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Dedicated Fast I/0 Pins

APEX 20KE devices incorporate an enhancement to support bidirectional
pins with high internal fanout 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 fanout 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.

Altera Corporation
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Clock Phase & Delay Adjustment

The APEX 20KE ClockShift feature allows the clock phase and delay to be
adjusted. The clock phase can be adjusted by 90° steps. The clock delay
can be adjusted to increase or decrease the clock delay by an arbitrary
amount, up to one clock period.

LVDS Support

Two PLLs are designed to support the LVDS interface. When using LVDS,
the I/O clock runs at a slower rate than the data transfer rate. Thus, PLLs
are used to multiply the I/O clock internally to capture the LVDS data. For
example, an I/O clock may run at 105 MHz to support 840 megabits per
second (Mbps) LVDS data transfer. In this example, the PLL multiplies the
incoming clock by eight to support the high-speed data transfer. You can
use PLLs in EP20K400E and larger devices for high-speed LVDS
interfacing.

Lock Signals

The APEX 20KE ClockLock circuitry supports individual LOCK signals.
The LOCK signal drives high when the ClockLock circuit has locked onto
the input clock. The LOCK signals are optional for each ClockLock circuit;
when not used, they are I/O pins.

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 20K ClockLock and ClockBoost circuitry will
lock onto the clock during configuration. The circuit will be ready for use
immediately after configuration. In APEX 20KE 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 30 shows the incoming and generated
clock specifications.

s For more information on ClockLock and ClockBoost circuitry,

see Application Note 115: Using the ClockLock and ClockBoost PLL
Features in APEX Devices.
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Figure 30. Specifications for the Incoming & Generated Clocks Note (1)
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Note to Figure 30:

(1) The tI parameter refers to the nominal input clock period; the tO parameter refers
to the nominal output clock period.

Table 15 summarizes the APEX 20K ClockLock and ClockBoost
parameters for -1 speed-grade devices.

Table 15. APEX 20K ClockLock & ClockBoost Parameters for -1 Speed-Grade Devices (Part 1 of 2)

Symbol Parameter Min Max Unit
fout Output frequency 25 180 MHz
foki (1) Input clock frequency (ClockBoost clock 25 180 (1) MHz
multiplication factor equals 1)

foLke Input clock frequency (ClockBoost clock 16 90 MHz
multiplication factor equals 2)

foLka Input clock frequency (ClockBoost clock 10 48 MHz
multiplication factor equals 4)

toutpuTy Duty cycle for ClockLock/ClockBoost-generated 40 60 %
clock

foLkpeV Input deviation from user specification in the 25,000 (3) PPM
Quartus Il software (ClockBoost clock
multiplication factor equals 1) (2)

tR Input rise time 5 ns

te Input fall time 5 ns

tLock Time required for ClockLock/ClockBoost to 10 us
acquire lock (4)
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Table 18. APEX 20KE Clock Input & Output Parameters  (Part 10f2) Note (1)
Symbol Parameter 1/0 Standard | -1X Speed Grade -2X Speed Grade | Units
Min Max Min Max
fvco (4) Voltage controlled oscillator 200 500 200 500 MHz
operating range
fCLOCKo Clock0 PLL output frequency 1.5 335 15 200 MHz
for internal use
foLock1 Clock1 PLL output frequency 20 335 20 200 MHz
for internal use
foLocko_ExT | Output clock frequency for 3.3-V LVTTL 1.5 245 1.5 226 | MHz
external clocko output 25VLVTTL | 15 234 15 221 | MHz
1.8-VLVTTL 1.5 223 1.5 216 MHz
GTL+ 1.5 205 1.5 193 MHz
SSTL-2 Class 1.5 158 1.5 157 MHz
|
SSTL-2 Class 1.5 142 1.5 142 MHz
1l
SSTL-3 Class 1.5 166 1.5 162 MHz
|
SSTL-3 Class 1.5 149 1.5 146 MHz
1l
LVDS 1.5 420 1.5 350 MHz
foLock1_gxT | Output clock frequency for 3.3-V LVTTL 20 245 20 226 MHz
external clock1 output 2.5V LVTTL 20 234 20 221 | MHz
1.8-VLVTTL 20 223 20 216 MHz
GTL+ 20 205 20 193 MHz
SSTL-2 Class 20 158 20 157 MHz
|
SSTL-2 Class 20 142 20 142 MHz
1l
SSTL-3 Class 20 166 20 162 | MHz
|
SSTL-3 Class 20 149 20 146 MHz
1l
LVDS 20 420 20 350 MHz
Altera Corporation 53
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Operating
Conditions

Figure 32. APEX 20K AC Test Conditions  Note (1)
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Note to Figure 32:

(1) Power supply transients can affect AC measurements. Simultaneous transitions of
multiple outputs should be avoided for accurate measurement. Threshold tests
must not be performed under AC conditions. Large-amplitude, fast-ground-
current transients normally occur as the device outputs discharge the load
capacitances. When these transients flow through the parasitic inductance between
the device ground pin and the test system ground, significant reductions in
observable noise immunity can result.

Tables 23 through 26 provide information on absolute maximum ratings,
recommended operating conditions, DC operating conditions, and
capacitance for 2.5-V APEX 20K devices.

Table 23. APEX 20K 5.0-V Tolerant Device Absolute Maximum Ratings  Notes (1), (2)

Symbol Parameter Conditions Min Max | Unit
VeeinT Supply voltage With respect to ground (3) -0.5 3.6 \'
Vceio -0.5 4.6 \Y
A DC input voltage -2.0 5.75 \
lout DC output current, per pin -25 25 mA
Tstg Storage temperature No bias —65 150 °C
Tavs Ambient temperature Under bias -65 135 °C
TJ Junction temperature PQFP, RQFP, TQFP, and BGA packages, 135 °C
under bias
Ceramic PGA packages, under bias 150 °C
Altera Corporation 59



APEX 20K Programmable Logic Device Family Data Sheet

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 46. EP20K200 External Bidirectional Timing Parameters

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

tinsusiDir (1) 1.9 2.3 2.6 ns
tinmBioR (1) 0.0 0.0 0.0 ns
toutcospir (1) 2.0 4.6 2.0 5.6 2.0 6.8 ns
txzeioig (1) 5.0 5.9 6.9 ns
tzxgioir (1) 5.0 5.9 6.9 ns
tinsusiDIR (2) 1.1 1.2 - ns
tinuBiDIR (2) 0.0 0.0 - ns
toutcosipir (2) 0.5 2.7 0.5 3.1 - - ns
txzeiDIR (2) 4.3 5.0 - ns
tzxeiDIR (2) 4.3 5.0 - ns

Table 47. EP20K400 External Timing Parameters

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

tinsu (1) 1.4 1.8 2.0 ns
tine (1) 0.0 0.0 0.0 ns
toutco (1) 2.0 4.9 2.0 6.1 2.0 7.0 ns
tinsu (@) 0.4 1.0 - ns
tine (2) 0.0 0.0 - ns
toutco (2) 0.5 3.1 0.5 4.1 - - ns

Table 48. EP20K400 External Bidirectional Timing Parameters

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

tinsusiDir (7) 1.4 1.8 2.0 ns
tinniDir (1) 0.0 0.0 0.0 ns
toutcosipir (1) 2.0 4.9 2.0 6.1 2.0 7.0 ns
txzeioir (1) 7.3 8.9 10.3 ns
tzxgioir (1) 7.3 8.9 10.3 ns
tinsusiDIr (2) 0.5 1.0 - ns
tinuBiDIR (2) 0.0 0.0 - ns
toutcosipir (2) 0.5 3.1 0.5 4.1 - - ns
txzeiDIR (2) 6.2 7.6 - ns
tzxgiDIR (2) 6.2 7.6 - ns
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Table 72. EP20K160E External Bidirectional Timing Parameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tiNsuBIDIR 2.86 3.24 3.54 ns
tNHBIDIR 0.00 0.00 0.00 ns
touTcoBIDIR 2.00 5.07 2.00 5.59 2.00 6.13 ns
txzBIDIR 7.43 8.23 8.58 ns
tzxBIDIR 7.43 8.23 8.58 ns
tiNsuBIDIRPLL 4.93 5.48 - ns
YINHBIDIRPLL 0.00 0.00 - ns
toutcoBIDIRPLL 0.50 3.00 0.50 3.35 - - ns
txzBIDIRPLL 5.36 5.99 - ns
tzxBIDIRPLL 5.36 5.99 - ns

Tables 73 through 78 describe fj;4x LE Timing Microparameters, fyax
ESB Timing Microparameters, fy14x Routing Delays, Minimum Pulse
Width Timing Parameters, External Timing Parameters, and External
Bidirectional Timing Parameters for EP20K200E APEX 20KE devices.

Table 73. EP20K200E fy,x LE Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tsy 0.23 0.24 0.26 ns
ty 0.23 0.24 0.26 ns
tco 0.26 0.31 0.36 ns
tLuT 0.70 0.90 1.14 ns
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Table 74. EP20K200E fy4y ESB Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tesBARC 1.68 2.06 2.24 ns
tesBsRc 2.27 2.77 3.18 ns
tesBawc 3.10 3.86 4.50 ns
tesBswe 2.90 3.67 4.21 ns
tesBwASU 0.55 0.67 0.74 ns
tESBWAH 0.36 0.46 0.48 ns
tesBwDSU 0.69 0.83 0.95 ns
tesBWDH 0.36 0.46 0.48 ns
tesBRASU 1.61 1.90 2.09 ns
tesBRAH 0.00 0.00 0.01 ns
tesBWESU 1.42 1.71 2.01 ns
tesBWEH 0.00 0.00 0.00 ns
tesBDATASU -0.06 -0.07 0.05 ns
tESBDATAH 0.13 0.13 0.13 ns
tESBWADDRSU 0.11 0.13 0.31 ns
tESBRADDRSU 0.18 0.23 0.39 ns
tesBDATACO1 1.09 1.35 1.51 ns
tESBDATACO2 2.19 2.75 3.22 ns
tEsBDD 2.75 3.41 4.03 ns
tep 1.58 1.97 2.33 ns
tPTERMSU 1.00 1.22 1.51 ns
tpTERMCO 1.10 1.37 1.09 ns
Table 75. EP20K200E fyy Routing Delays
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
trq4 0.25 0.27 0.29 ns
tes.00 1.02 1.20 1.41 ns
teoos 1.99 2.23 2.53 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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Table 78. EP20K200E External Bidirectional Timing Parameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max

tiNsuBIDIR 2.81 3.19 3.54 ns
Y NHBIDIR 0.00 0.00 0.00 ns
touTcoBIDIR 2.00 5.12 2.00 5.62 2.00 6.11 ns
txzBIDIR 7.51 8.32 8.67 ns
tzxBIDIR 7.51 8.32 8.67 ns
YINSUBIDIRPLL 3.30 3.64 - ns
YNHBIDIRPLL 0.00 0.00 - ns
touTtcoBIDIRPLL 0.50 3.01 0.50 3.36 B B ns
txZzBIDIRPLL 5.40 6.05 - ns
tzxBIDIRPLL 5.40 6.05 - ns

Tables 79 through 84 describe f4x LE Timing Microparameters, fp14x
ESB Timing Microparameters, f14x Routing Delays, Minimum Pulse
Width Timing Parameters, External Timing Parameters, and External
Bidirectional Timing Parameters for EP20K300E APEX 20KE devices.

Table 79. EP20K300E fyuy LE Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tsy 0.16 0.17 0.18 ns
ty 0.31 0.33 0.38 ns
tco 0.28 0.38 0.51 ns
tLuT 0.79 1.07 1.43 ns
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Table 98. EP20K1000E fyx 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
tesBsRe 2.52 2.91 3.14 ns
tesBawc 3.52 4.11 4.40 ns
tesBswe 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 0.04 011 =
tESBRADDRSU 0.14 0.11 0.16 ns
tesBDATACO1 1.29 1.50 1.63 ns
tesepDATACO2 2.55 2.99 3.22 ns
tesBDD 3.12 3.57 3.85 ns
) 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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